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I.   INTRODUCTION 

Sonoma Ecology Center (SEC) conducted the Sonoma Creek Watershed Fish 
Passage Barrier Assessment between June 2003 and December 2004. Funding 
was provided by the California Department of Fish and Game (CDFG) Agreement 
# P0210556, and the Bella Vista Foundation. The goals of this project were to 
compile a complete inventory of road and stream crossings that are potentially 
functioning as barriers to fish movement, to evaluate whether potential barriers 
pose a full or partial obstacle to fish passage, and to estimate the loss of habitat 
due to these barriers. This information is vital to begin the process of ranking 
these sites for remediation.  

Barriers to fish movement can cause significant adverse impacts on fish 
populations within a basin by restricting the ability of anadromous fish to leave 
and return to the system.  Barriers also restrict the ability of rearing juveniles and 
resident adults to shift location in order to follow food and other resources in the 
system.  The impact of barriers on salmonids should ultimately be assessed with 
respect to the quantity and quality of upstream habitat that is being permanently 
blocked to spawning anadromous fish.  By disrupting habitat connectivity, even a 
small number of barriers can have a significant impact on a population if the 
barriers obstruct access to large amounts of habitat. 

In addition to dams, in-channel structures (such as flow diversions, culverts, and 
road crossings) may create steep drops in the channel that cannot be jumped by 
fish or may concentrate flows to such a degree that fish cannot overcome the 
current to move upstream.  Even barriers that fish are able to pass after some 
effort may be significant if the level of effort required exhausts fish and reduces 
their reproductive fitness or longevity.  Although most attention is typically 
focused on barriers to upstream passage, some structures may also impair 
downstream movement of juvenile salmonids or outmigrating smolts. 

Based on habitat survey results identifying several known barriers on a handful of 
tributaries, we hypothesized that fish passage barriers may cut off a significant 
portion of potential spawning and rearing habitat.  The focus of this study 
consisted of evaluating every known stream road-crossing using CDFG protocols 
to determine whether or not culverts and other structures posed either a full or 
partial barrier to fish movement. 

This report contains information on the methods used in this study to assess 
potential fish passage barriers in the Sonoma Creek watershed, an inventory of 
site locations and characteristics, and data analysis results. The analysis results 
contained in this report include an initial ranking of sites determined to be 
functioning as full fish passage barriers, as well as an estimation of habitat loss 
due to these barriers.  
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As result of this study, SEC is now in a strong position to secure implementation 
funds for remediation of sites known to be adversely affection Salmon and 
steelhead populations within the watershed. At the time of this report, SEC has 
secured funds from the Bella Vista Foundation to begin restoration 
implementation on a full passage barrier, where Dunbar Road crosses Calabazas 
Creek. This site was given the highest priority for restoration based on the 
findings of this study (Table T1).   

 
 
II.  WATERSHED DESCRIPTION 
 
Sonoma Creek and its tributaries drain to San Pablo Bay, the northern part of 
San Francisco Bay.  The watershed is approximately 170 square miles and is 
located in Sonoma County, California. The location at the confluence with San 
Pablo Bay is T04N R05W S28.  Its location is 38 09'33" N latitude and 122 241 
25" W longitude. 
 
Sonoma Creek is a fourth-order stream and has approximately 31.5 miles of 
blue-line stream, according to the Sonoma, Glen Ellen, Kenwood, and Rutherford 
USGS 7.5 minute quadrangles.  Elevations range from about 8 feet above sea 
level at the Sonoma Creek/ Hwy. 121 bridge to 2,700 feet in the headwaters. 
Redwood, alder and bay trees dominate the upper reaches, and willow, alder, 
oaks, maple, buckeye, madrone, and bay dominate the lower reaches. State 
landholdings include Jack London, Annadel, and Sugarloaf Ridge State Parks, 
and Sonoma Developmental Center. Conservation easements on privately 
owned land have been established in increasing numbers over the past 15 years. 
The watershed’s land is managed for residential, recreational, light industrial/ 
commercial and agricultural uses. Grazing, chaparral, and forested lands are 
being converted to vineyards and rural residential uses.  
 
 
III.  METHODS 

 
Applied methods follow the guidelines and protocols described in Fish Passage 
Evaluation at Stream Crossings, part IX of the California Department of Fish and 
Game California Salmonid Stream Habitat Restoration Manual (Manual) (Flosi et 
al 2004). 

Locating Potential Barriers 

We generated a list of 144 intersections of roads and streams by inspecting maps 
in printed and electronic format.  These potential barriers were evaluated in the 
field using the steps below. 
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Initial Site Evaluations 

Initial site visits were designed to determine and note type of crossing (bridge, 
culvert, etc), to measure site location using GPS, and to determine if completion 
of a fish passage inventory data sheet and longitudinal survey was required.  
Culverts with natural streambed substrate throughout their length and with an 
inlet equal to or wider than the average upstream active channel width passed 
through a first-phase evaluation filter as “green.”  Green sites were determined to 
pose no barrier to fish migration and were noted as “no survey needed.”  An 
average of five recorded widths, upstream enough to be out of the influence of 
the culvert, was used to determine the active channel width.  Bridges spanning a 
natural substrate channel generally fell into this category as well. 

Longitudinal Survey and Fish Passage Data Inventory 

Sites that did not satisfy the “green” criteria were subject to the next phase of 
topographic survey and evaluation of culvert attributes.  Longitudinal surveys 
were conducted along a 200’ tape stretched along the thalweg of the channel.  
Surveys were generally initiated at the tailwater control of the first resting habitat 
above the crossing, continued through the culvert, and were completed 
downstream of the tailwater control of the outlet pool (Figure F1).  In cases where 
no outlet pool or control exists, a cross section was surveyed at the culvert outlet.  
A tripod-mounted transit level and stadia rod are used to shoot elevations at 
stations along the tape.  A minimum of six elevations and corresponding stations, 
were required for further passage analysis, measured at the following locations 
(indicated in Figure F1): Field surveys were conducted on 96 sites that did not 
satisfy the “green” criteria. (Table T2).  

 Tailwater control of first upstream resting habitat 

 Culvert inlet 

 Culvert outlet 

 Maximum depth within 5 feet of outlet, downstream of the culvert 

 Maximum depth of outlet pool 

 Outlet pool tailwater control (or cross-section) 

 Active channel margin at outlet pool 

Additional information gathered for completion of the inventory data sheet include 
culvert dimensions, digital photo documentation, site sketch, qualitative habitat 
description, and road fill estimates where applicable.  These additional 
measurements included:  

 Culvert length (to nearest 0.10 foot)  
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 Culvert dimensions: diameter (circular), or height and width (box culverts), or 
span and rise (pipe arches) 

 Culvert type: corrugated metal pipe (CSP), structural steel plate (SSP), 
concrete pipe, concrete box, bottomless pipe arch, squashed pipe-arch, or a 
composite of materials 

 Overall condition of pipe (good, fair, poor, extremely poor) 

 Height and width of rustline (if present) 

 Position relative to flow and stream gradient 

 Depth of jump pool below culvert 

 Height of jump required to enter culvert 

 Previous modifications (if any) to improve fish passage   

 Condition of previous modifications. 

Qualitative notes describing stream habitat immediately upstream and 
downstream of each culvert were recorded.  Where feasible, variable lengths of 
the stream channel above and below crossings were walked to detect presence 
of salmonids and provide additional information regarding habitat conditions. 

Data Entry and Passage Analyses 

All survey and site visit data were recorded on waterproof data sheets.  Data was 
entered into Excel templates provided by Ross Taylor and Associates and 
Michael Love and Associates, the primary authors of Fish Passage Evaluation at 
Stream Crossings.   A macro was created to calculate thalweg elevations of 
longitudinal profiles and compute culvert slopes. 

A filtering process was used to assist in identifying sites that either met, or failed 
to meet, state and federal fish passage criteria for all fish species and lifestages.  
Using the field inventory data, the following parameters were calculated: average 
active channel width, culvert slope, residual inlet depth and drop at outlet (Table 
T3).  The first-phase passage evaluation filter was employed to reduce the 
number of crossings that required an in-depth passage evaluation.  The filter 
criteria were designed to classify crossings into one of three categories based on 
culvert slope and magnitude of the outlet drop: 

 Green:  Conditions were assumed adequate for passage of all salmonids, 
including the weakest swimming life-stage (described above). No further 
passage evaluation needed.  
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 Gray:  Conditions may not be adequate for all salmonid species or life stages 
presumed present.  Additional analyses are required to determine extent of 
barrier for each species and lifestage. 

 Red: Conditions do not meet passage criteria at all flows for strongest 
swimming species presumed present.  Assume “no passage” and move to 
analysis of habitat quantity and quality upstream of the barrier. No further 
passage evaluation needed.  

The filtering process may be described using a flowchart (Figure F2).  Depending 
on the geographic location within California, species of interest will vary.  Within 
anadromous fish-bearing watersheds, CDFG has determined that culverts 
classified as “green” must meet upstream passage criteria for both adult and 
over-wintering juvenile salmonids at all expected migration flows.  Outlet drops 
that exceed 2 feet or culvert slopes that exceed 3% are judged to pose full 
barriers (classified as “red”), absent mitigating structures, as shown in Figure F2.   

  

Initial Ranking of Full Barriers 

The following criteria were used to rank sites functioning as full barriers (Table 
T1).  

1. Species diversity: Known current or historical presence of anadromous 
fish populations. Sources  include SEC Fish Census data, SEC Historical 
Ecology Reports, field observations. salmon = 2 points and steelhead = 2 
points.  Maximum score = 4 points. 

2. Length of upstream habitat: above each crossing, length in feet to 
sustained 8% gradient, or to the limit of anadromy identified in a recent 
habitat typing survey.  Score: Starting at a 500’ minimum; 0.5 points for 
each 500’ length class (example: 0 points for <500’; 1 point for 1,000’; 2 
points for 2,000’; 3.5 points for 3,500’; and so on).  Maximum score = 10 
points. 

3. Upstream habitat quality: Habitat quality was established using existing 
habitat survey data where available. In the absence of existing data, 
upstream habitat was evaluated in the field at the time of the survey. For 
each stream, assign a “multiplier” of quality (relative to other streams in 
inventory) after reviewing available habitat information.  

• Score: 1.0 = Excellent- Relatively undeveloped, “pristine” 
watershed conditions.  Habitat features include dense riparian 
zones with mix of mature native species, frequent pools, high-
quality spawning areas, cool summer water temperatures, complex 
in-channel habitat, and/or channel floodplain relatively intact.  High 
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likelihood of no future human development.  Presence of migration 
barrier(s) is obviously the watershed’s limiting factor. 

 
• 0.75 = Good- Habitat is fairly intact, but human activities have 

altered the watershed with likelihood of continued activities.  Habitat 
still includes dense riparian zones of native species, frequent pools, 
spawning gravels, cool summer water temperatures, complex in-
channel habitat, and/or channel floodplain relatively intact.  
Presence of migration barrier(s) is most likely one of the 
watershed’s primary limiting factor. 

 
• 0.5 = Fair- Human activities have altered the watershed with 

likelihood of continued (or increased) activities, with apparent 
effects to watershed processes and features.  Habitat impacts 
include riparian zone present but lack of mature conifers and/or 
presence of non-native species, infrequent pools, sedimentation 
evident in spawning areas (pool tails and riffle crests), summer 
water temperatures periodically exceed stressful levels for 
salmonids, sparse in-channel complex habitat, floodplain intact or 
slightly modified).  Presence of migration barrier(s) may be one of 
the watershed’s limiting factor (out of several factors). 

 
• 0.25 = Poor- Human activities have drastically altered the 

watershed with high likelihood of continued (or increased) activities, 
with apparent effects to watershed processes.  Habitat impacts 
include riparian zones absent or severely degraded, little or no pool 
formations, excessive sedimentation evident in spawning areas 
(pool tails and riffle crests), stressful to lethal summer water 
temperatures common, lack of in-channel habitat, floodplain 
severely modified with levees, riprap, and/or residential or 
commercial development.  Other limiting factors within watershed 
are most likely of a higher priority for restoration than remediation of 
migration barriers. 

 
• Total habitat score:  Multiply #2 by #3 for habitat “score”. A 

multiplier assigned for habitat quality, weighs the final score more 
on quality than sheer quantity of upstream habitat (Table T1).  

 
4. Estimated remediation project cost: Sites were evaluated individually 

based on projected treatment options and associated estimated costs.  

22 sites were classified as “gray” in the filter results (Table T3), and will require 
further analysis using “FishXing” software in order to rank these sites. SEC will 
actively seek the funds needed to initiate this next step in the barriers data 
analysis.  
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Estimating Habitat Losses Due to Full Barriers 

A goal of this analysis was to identify potential fish habitat loss due to full barriers 
to fish passage.  The following targets were identified as measures of habitat 
loss:  

 subwatershed area lost to the most downstream full barrier (measured in 
acres)  

 percent of the total subwatershed lost 

 densified stream length within the subwatershed lost 

 percent of total densified stream length within the subwatershed lost 

 percent of the total freshwater area of the Sonoma Creek watershed lost 

 percent of total freshwater stream length within the Sonoma Creek watershed 
lost 

A densified stream network was mapped by first modeling the potential network 
using a 12-acre accumulation threshold for channel initiation based on the 10m 
DEM (Figure F3). These potential channel locations were then verified using 
stereo air photo pairs and a zoom transfer stereoscope.  We then created 
tributary subwatershed polygons measured from the confluence of Sonoma 
Creek.  These basins may be created using an Arc “xtools” extension.  These 
subwatersheds were created using an ArcView extension called Basin1 using a 
flow accumulation grid and a flow direction grid, both derived from the 10m DEM.  
Intersecting subwatershed polygons with the densified stream network allowed 
us to quantify the area and densified stream length of affected subwatersheds.  
This process was repeated using the furthest downstream barriers found to 
estimate subwatershed area and densified stream length cut-off by full barriers.  
The percent loss within each of the subwatersheds was calculated in Excel. 
Totals were also created in this table to determine the amount of freshwater 
habitat lost within the Sonoma Creek watershed.   
 
 
IV.  RESULTS AND DISCUSSION 

A total of 22 full barriers were identified using the CDFG protocol.  Our GIS 
analysis showed these barriers were concentrated in 12 tributary subwatersheds  
(Table T4).  On average, affected subwatersheds lost approximately 50% of 
upstream habitat measured both in units of area and densified stream length.  
Essentially 100% of subwatershed habitat is estimated to be lost on Yulupa, 
Snag, Kohler, Stuart, Mill, and Dowdall Creeks.  Greater than 50% of stream 
habitat is estimated lost on the Pythian, West Agua Caliente, and Calabazas 
drainages.  Habitat losses (based on densified stream length) ranging from 11% 
to 41% were measured in the Arroyo Seco, Nathanson, and Rodgers/Fowler 
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Creek drainages.  Summed in total, these habitat losses amount to a 25% 
reduction in freshwater stream habitat in the Sonoma Creek watershed.  The 
magnitude of habitat losses appear significant based on quantity and quality of 
habitat lost. These data, and other information collected in the course of the 
limiting factor analysis, will provide a basis for refining prioritization of barriers for 
removal.  
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Residual Pool Depth = (Elev Tailwater Control – Elev Pool Bottom)  
 
Outlet Depth = (Elev Tailwater Control – Elev Culvert Outlet) (No outlet drop if Outlet 

Depth > 0) 
 
Residual Inlet Depth = (Elev Tailwater Control – Elev Culvert Inlet)  
 
Figure F1.  Measurements Used in GREEN-GREY-RED Filtering Criteria 
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Figure F2.  GREEN-GRAY-RED Passage Evaluation Filter Flowchart. 
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Table T1. Sonoma Creek Watershed - Full Barrier Rankings            

FILTER 
OUTPUT SITE ID CREEK 

SITE 
LOCATION 

PRESUMED 
SPECIES 

SPECIES 
DIVERSITY 

SCORE 

UPSTREAM 
LENGTH 

OF 
HABITAT(ft) 
USED FOR 
SCORING 

HABITAT 
LENGTH 
SCORE 

HABITAT 
QUALITY 
MODIFIER 

BASIS OF 
HABITAT 
QUALITY 
MODIFIER 

TOTAL 
OF 

HABITAT 
SCORE 

TOTAL 
SCORE 

INITIAL 
RANK 

RED 
YULU-

193 
YULUPA 
CREEK       

WARM 
SPRINGS RD 

STHD, 
CHNK 4 63223 63.2 0.75 OBSERVATION 47.4 51.4 1 

RED 
CARR-

194 CARRIGER GROVE ST  
STHD, 
CHNK 4 30285 30.3 1.00 

HABITAT 
SURVEY 30.3 34.3 2 

RED 
CALA-

196 
CALABAZAS 

CREEK 
DUNBAR 

ROAD 
STHD, 
CHNK 4 29050 29.1 1.00 

HABITAT 
SURVEY 29.1 33.1 3 

RED 
CARR-

19 CARRIGER 
Grove St #1 

DST 
STHD, 
CHNK 4 18736 18.7 1.00 

HABITAT 
SURVEY 18.7 22.7 4 

RED 
STUA-

191       
STUART 
CREEK  

ARNOLD 
DRIVE 

PRIVATE 
STHD, 
CHNK 4 15646 15.6 1.00 

HABITAT 
SURVEY 15.6 19.6 5 

RED 
STUA-

192 
STUART 
CREEK 

GLEN OAKS 
DAM 

STHD, 
CHNK 4 12849 12.8 1.00 

HABITAT 
SURVEY 12.8 16.8 6 

RED 
MILL-
187 

MILL 
CREEK 

REDWOOD 
ROAD 

STHD, 
CHNK 4 13701 13.7 0.75 

HABITAT 
SURVEY 10.3 14.3 7 

RED 
TRIN-
129 

TRINITY 
CREEK 

TRINITY 
QUARRY RD 

STHD, 
CHNK 4 13095 13.1 0.75 OBSERVATION 9.8 13.8 8 

RED FISH-50 
FISHER 
CREEK  KINNEYBROOK 

STHD, 
CHNK 4 12627 12.6 0.75 OBSERVATION 9.5 13.5 9 

RED PYTH-95 PYTHIAN PYTHIAN 
STHD, 
CHNK 4 11519 11.5 0.75 OBSERVATION 8.6 12.6 10 

RED 
DOWD-

30 DOWDELL RIVERSIDE 
STHD, 
CHNK 4 33500 33.5 0.25 OBSERVATION 8.4 12.4 11 

RED 
SNAG-

107 
SNAG 

CREEK 
WARM 

SPRINGS RD 
STHD, 
CHNK 4 15484 15.5 0.50 

HABITAT 
SURVEY 7.7 11.7 12 

RED 
SNAG-

108 
SNAG 

CREEK 
ENTERPRISE 

RD 
STHD, 
CHNK 4 11675 11.7 0.50 

HABITAT 
SURVEY 5.8 9.8 13 

RED 
TRIN-
131 

TRINITY 
CREEK-
SOUTH 
FORK 

DUNBAR 
ROAD 

STHD, 
CHNK 4 7774 7.8 0.75 OBSERVATION 5.8 9.8 14 

RED 
HARA-

64 HARASTHY DENMARK 
STHD, 
CHNK 4 22989 23.0 0.25 OBSERVATION 5.7 9.7 15 

RED 
AGUA-

200 
AGUA 

CALIENTE 
NORRBOM RD 

PRIVATE 
STHD, 
CHNK 4 11356 11.4 0.50 

HABITAT 
SURVEY 5.7 9.7 16 

RED 
TRIN-
134 

TRINITY 
CREEK TRINITY RD #1 

STHD, 
CHNK 4 5941 5.9 0.75 OBSERVATION 4.5 8.5 17 



Table T1. Sonoma Creek Watershed - Full Barrier Rankings            

FILTER 
OUTPUT SITE ID CREEK 

SITE 
LOCATION 

PRESUMED 
SPECIES 

SPECIES 
DIVERSITY 

SCORE 

UPSTREAM 
LENGTH 

OF 
HABITAT(ft) 
USED FOR 
SCORING 

HABITAT 
LENGTH 
SCORE 

HABITAT 
QUALITY 
MODIFIER 

BASIS OF 
HABITAT 
QUALITY 
MODIFIER 

TOTAL 
OF 

HABITAT 
SCORE 

TOTAL 
SCORE 

INITIAL 
RANK 

RED 
AGUA-

203 

AGUA 
CALIENTE-

WEST 
FORK 

AGUA 
CALIENTE 

ROAD 
STHD, 
CHNK 4 6538 6.5 0.50 

HABITAT 
SURVEY 3.3 7.3 18 

RED 
KOHL-

199 
KOHLER 
CREEK ARNOLD DR. 

STHD, 
CHNK 4 4784 4.8 0.50 OBSERVATION 2.4 6.4 19 

RED FRYE-54 
FRYER 
CREEK MACARTHUR 

STHD, 
CHNK 4 4102 4.1 0.25 OBSERVATION 1.0 5.0 20 
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ANNELLA ANNE-1 OAKMONT 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N07.0W25

38 25 
23.09239 

-122 34 
51.54557 BOX CONCRETE N/A 55.0 

AGUA 
CALIENTE 

AGUA-
200 PRIVATE PROPERTY 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N05.0W30

38 20 
10.44478 

-122 27 
05.61463 FORD CONCRETE N/A 9.2 

AGUA 
CALIENTE-

NORTH 
FORK 

AGUA-
202 SAM KEENE PROPERTY 

AGUA 
CALIENTE, 
SONOMA 

CREEK, SAN 
PABLO BAY M06.0N05.0W30

38 20 
08.53433 

-122 27 
01.55192 Circular CONCRETE N/A 19.0 

AGUA 
CALIENTE-

SOUTH 
FORK 

AGUA-
201 SAM KEENE PROPERTY 

AGUA 
CALIENTE, 
SONOMA 

CREEK, SAN 
PABLO BAY M06.0N05.0W30

38 20 
05.47955 

-122 26 
57.63494 Circular CONCRETE N/A 16.0 

AGUA 
CALIENTE-

WEST FORK 
AGUA-

179 ARNOLD DR. 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N05.0W30

38 20 
05.47955 

-122 26 
57.63494 BOX CONCRETE N/A 42.2 

AGUA 
CALIENTE-

WEST FORK 
AGUA-

204 LOMA VISTA-DST 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N05.0W30

38 20 
05.47955 

-122 26 
57.63494 BOX CONCRETE N/A 33.0 

AGUA 
CALIENTE-

WEST FORK 
AGUA-

205 LOMA VISTA-UST 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W01

38 18 
19.50491 

-122 28 
39.66031 Circular CSP 

2-
2/3'X1/2" 31.0 
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AGUA 
CALIENTE-

WEST FORK 
AGUA-

203 AGUA CALIENTE 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N05.0W30

38 20 
05.47955 

-122 26 
57.63494 BOX CONCRETE N/A 48.5 

AROYO 
SECO 

ARRO-
11 EAST NAPA 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N05.0W08

38 17 
22.64582 

-122 26 
05.82382 

Open-
Bottom Arch 

CONCRETE 
& 

ALUMINUM   41.0 

ARROYO 
SECO ARRO-7 LOVALL VALLEY 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N05.0W08

38 17 
35.55794 

-122 26 
01.67719 BOX CONCRETE N/A 32.9 

ARROYO 
SECO ARRO-8 DENMARK 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N05.0W16

38 16 
40.42319 

-122 25 
38.43181 BOX CONCRETE N/A 60.0 

ARROYO 
SECO 

ARR0-
10 NAPA RD 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N05.0W21

38 16 
17.25481 

-122 25 
35.89579 BOX CONCRETE N/A 43.6 

ARROYO 
SECO 1 OF 2 ARRO-6 HYDE 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N05.0W20

38 15 
56.68218 

-122 25 
46.12868 BOX CONCRETE N/A 46.5 

ARROYO 
SECO 2 OF 2 ARRO-6 HYDE 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N05.0W20

38 15 
56.68218 

-122 25 
46.12868 

Open-
Bottom Arch CONCRETE N/A 46.5 



TABLE T2    SONOMA VALLEY STREAM CROSSING LOCATIONS AND CHARACTERISTICS, part 1 

St
re

am
 N

am
e 

 ID
 #

 

R
oa

d 
N

am
e 

D
ra

in
ag

e 

To
w

ns
hi

p,
 R

an
ge

, 
Se

ct
io

n 

La
tit

ud
e 

C
oo

rd
in

at
es

 

Lo
ng

itu
de

 C
oo

rd
in

at
es

 

Ty
pe

 o
f C

ul
ve

rt
 

C
on

st
ru

ct
io

n 
M

at
er

ia
l 

C
or

ru
ga

tio
n 

D
im

en
si

on
s 

C
ul

ve
rt

 L
en

gt
h 

(ft
) 

(in
cl

. a
pr

on
) 

BUTLER 
BUTL-

13 
BR. COHN RANCH #2 

UST 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W22

38 20 
54.74000 

-122 30 
10.18368 Circular CSP 

2-
2/3"X1/2" 20.2 

BUTLER 
BUTL-

14 HWY 12 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W22

38 21 
21.63877 

-122 30 
09.59918 BOX CONCRETE N/A 40.6 

BUTLER 
BUTL-

158 

BR. COHEN BY 
EUCALYPTUS & 

REDWOOD #1 DST 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W22

38 20 
47.83034 

-122 30 
06.35818 Circular ALUMINUM 

2-
2/3"X1/2" 0.0 

BUTLER 
BUTL-

197 HWY 12 #2 DST (dirt road) 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W22

38 21 
20.49790 

-122 30 
09.73915 BOX CONCRETE N/A 30.6 

BUTLER  
BUTL-

198 SDC DIRT RD #3 DST 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W22

38 21 
04.38872 

-122 30 
12.26902 Circular CSP 

2-
2/3"X1/2" 20.9 

CALABAZAS 
CREEK 

CALA-
196 DUNBAR ROAD 

SONOMA 
CREEK-SAN 
PABLO BAY M06.0N06.0W09

38 23 
00.27521 

-122 31 
16.42858 

BOX/OPEN-
BOTTOM 

ARCH CONCRETE N/A 43.5 

CALABAZAS-
MIDDLE 
FORK 

CALA-
18 HWY 12 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W04

38 23 
20.60495 

-122 31 
25.40658 BOX CONCRETE N/A 45.5 
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CALABAZAS-
MIDDLE 
FORK 

CALA-
206 DUNBAR ROAD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W09

38 23 
10.61398 

-122 31 
22.08652 BOX CONCRETE N/A 31.2 

CALABAZAS-
MIDDLE 
FORK 

CALA-
207 NELLIGAN 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W04

38 23 
50.90748 

-122 31 
06.73417 Circular CONCRETE N/A 31.5 

CARRIGER 
CREEK 

CARR-
19 GROVE ST #1 DST 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W09

38 17 
39.97554 

-122 31 
33.98948 BOX CONCRETE N/A 80.0 

CARRIGER 
CREEK 

CARR-
20 GROVE ST. #2 UST 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W05

38 18 
35.76190 

-122 33 
12.80369 CIRCULAR CONCRETE N/A 0.0 

CARRIGER 
CREEK 

CARR-
194 

GROVE ST-M GOODE'S 
PROPERTY 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W09

38 17 
34.04710 

-122 31 
20.43628 BOX CONCRETE N/A 11.0 

CHAMPLIN  
CHAM-

27 HWY116 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W26

38 14 
39.25565 

-122 30 
14.89097 Circular ALUMINUM 

2-2/3" X 
1/2" 111.0 

CHAMPLIN  
CHAM-

29 HWY 116-1 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W26

38 15 
10.07381 

-122 29 
16.31252 BOX CONCRETE N/A 50.7 
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DOWDELL 
DOWD-

30 RIVERSIDE 

 SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W02

38 17 
59.08254 

-122 29 
04.49574 BOX CONCRETE N/A 121.6 

DOWDELL 
DOWD-

31 ARNOLD DR 

 SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W02

38 17 
59.55086 

-122 29 
33.51912 BOX CONCRETE N/A 189.1 

DOWDELL 
DOWD-

33 VERANO AVE 

 SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W02

38 17 
58.65194 

-122 29 
35.90052 

BOX (under 
land) CONCRETE N/A   

FELDER 
CREEK 1 of 2 

FELD-
126 LEVERONI 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W13

38 16 
26.35039 

-122 29 
02.17349 BOX CONCRETE N/A 69.3 

FELDER 
CREEK 2 OF 

2 
FELD-

126 LEVERONI 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W13

38 16 
26.35039 

-122 29 
02.17349 BOX CONCRETE N/A 46.6 

FELTON 
FELT-

39 LAWNDALE 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N06.0W30

38 25 
36.78676 

-122 33 
57.45251 BOX N/A N/A 32.0 

FELTON 
FELT-

42 HWY 12 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N06.0W19

38 25 
48.53687 

-122 33 
56.89699 PIPE ARCH CSP 6"X2" 50.9 
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FELTON-
SOUTH 
FORK 

FELT-
43 FRANCESCOS 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N06.0W19

38 25 
51.18532 

-122 33 
40.12610 CSP CSP 

2-2/3" X 
1/2" 10.5 

FISHER 
CREEK FISH-46 

WARM SPRINGS RD #2 
DST 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N06.0W32

38 24 
22.41360 

-122 33 
04.01044 BOX CONCRETE N/A 57.2 

FISHER 
CREEK FISH-48 PARK 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N06.0W32

38 24 
41.90202 

-122 32 
54.09017 BOX CONCRETE N/A 30.7 

FISHER 
CREEK FISH-49 CHANNING 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N06.0W32

38 24 
45.43189 

-122 32 
51.56030 

Open-
Bottom Arch CONCRETE 6" X 2" 49.2 

FISHER 
CREEK 1 OF 

2 FISH-44 WARM SPRINGS RD 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N06.0W32

38 24 
49.27345 

-122 32 
43.66144 BOX CONCRETE N/A 55.0 

FISHER 
CREEK 2 OF 

2 FISH-44 WARM SPRINGS RD 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N06.0W32

38 24 
49.27345 

-122 32 
43.66144 BOX CONCRETE N/A 55.0 

FISHER 
CREEK 1 OF 

2 FISH-45 HWY 12 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N06.0W32

38 24 
49.27345 

-122 32 
43.66144 BOX CONCRETE N/A 56.5 
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FISHER 
CREEK 2 OF 

2 FISH-45 HWY 12 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N06.0W32

38 24 
49.27345 

-122 32 
43.66144 BOX CONCRETE N/A 56.5 

FISHER 
CREEK 1 OF 

2 FISH-47 
WARM SPRINGS RD #1 

UST 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N06.0W32

38 24 
27.51527 

-122 33 
03.05359 BOX CONCRETE N/A 44.0 

FISHER 
CREEK 2 OF 

2 FISH-47 
WARM SPRINGS RD #1 

UST 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N06.0W32

38 24 
27.51527 

-122 33 
03.05359 BOX CONCRETE N/A 44.0 

FISHER 
CREEK 1 OF 

2 FISH-50 KINNEYBROOK 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N06.0W29

38 25 
04.44475 

-122 32 
24.75204 Circular ALUMINUM 6" X 2" 62.0 

FISHER 
CREEK 2 OF 

2 FISH-50 KINNEYBROOK 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N06.0W29

38 25 
04.44475 

-122 32 
24.75204 Circular ALUMINUM 6" X 2" 62.0 

FRYER 
CREEK 

FRYE-
52 ARROYO/BETTENCOURT 

NATHANSON 
CREEK, 
SCHELL 

CREEK, SAN 
PABLO BAY M05.0N05.0W07

38 17 
11.90328 

-122 27 
52.32143 BOX CONCRETE N/A 73.5 

FRYER 
CREEK 

FRYE-
53 FISHER 

NATHANSON 
CREEK, 
SCHELL 

CREEK, SAN 
PABLO BAY M05.0N05.0W19

38 16 
17.85407 

-122 27 
38.90689 BOX CONCRETE N/A 35.0 
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FRYER 
CREEK 

FRYE-
54 MACARTHUR 

NATHANSON 
CREEK, 
SCHELL 

CREEK, SAN 
PABLO BAY M05.0N05.0W18

38 17 
07.64106 

-122 27 
52.90258 BOX CONCRETE N/A 2.5 

FRYER 
CREEK 

FRYE-
57 BROADWAY 

NATHANSON 
CREEK, 
SCHELL 

CREEK, SAN 
PABLO BAY M05.0N05.0W18

38 16 
19.87550 

-122 27 
39.50194 BOX CONCRETE N/A 37.9 

FRYER 
CREEK 

FRYE-
59 LEVERONI 

NATHANSON 
CREEK, 
SCHELL 

CREEK, SAN 
PABLO BAY M05.0N05.0W18

38 16 
34.16963 

-122 27 
53.67294 BOX CONCRETE N/A 203.0 

HARASTHY 
HARA-

64 DENMARK 

ARROYO 
SECO 

CREEK, 
SONOMA 

CREEK, SAN 
PABLO BAY M05.0N05.0W16

38 16 
35.95494 

-122 25 
35.00224         

HOOKER 
CREEK 

HOOK-
195 CAVEDALE 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W26

38 20 
20.53676 

-122 29 
24.04932 BOX CONCRETE N/A 48.5 

HYDE 
HYDE-

164 HYDE 

SCHELL 
CREEK, SAN 
PABLO BAY M05.0N05.0W28

38 15 
27.92095 

-122 25 
21.52394 PIPE ARCH ALUMINUM 6" X 2" 71.0 

KOHLER 
CREEK 

KOHL-
199 ARNOLD DR. 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W16

38 21 
32.41908 

-122 31 
31.06978 BOX CONCRETE N/A 69.5 
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MADRONE 
MADR-

75 Arnold Dr. 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W27

38 20 
14.27554 

-122 30 
42.77372 Box CONCRETE N/A 96.0 

MILL CREEK 
MILL-
186 ARNOLD DRIVE 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W22

38 20 
48.56665 

-122 30 
52.30854 BOX CONCRETE N/A 66.5 

MILL CREEK 
MILL-
187 REDWOOD ROAD 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W22

38 20 
50.86817 

-122 30 
49.41889 BOX CONCRETE N/A 72.0 

NATHANSON 
NATH-

78 PATTEN 

SCHELL 
CREEK, SAN 
PABLO BAY M05.0N05.0W07

38 17 
23.72698 

-122 27 
21.98092 BOX CONCRETE N/A 38.7 

NATHANSON 
NATH-

84 AUSTIN 

SCHELL 
CREEK, SAN 
PABLO BAY M05.0N05.0W18

38 17 
05.20476 

-122 27 
23.87077 BOX CONCRETE N/A 59.7 

NATHANSON 
NATH-

86 4TH STREET 

SCHELL 
CREEK, SAN 
PABLO BAY M05.0N05.0W07

38 17 
33.20549 

-122 26 
58.61260 

Open-
Bottom Arch CONCRETE N/A 107.0 

PEQUENO 
PEQU-

188 LARSON PARK   

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W35

38 19 
02.45399 

-122 29 
23.82972 

Concrete 
Chute CONCRETE N/A 47.0 
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PYTHIAN 
PYTH-

95 PYTHIAN 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N06.0W18

38 26 
52.48792 

-122 34 
26.26619 Circular ALUMINUM 

2-2/3" X 
1/2" 16.2 

PYTHIAN 
PYTH-

96 LOS GULLICOSE 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N07.0W24

38 26 
35.09999 

-122 34 
36.68646 

Open-
Bottom Arch CONCRETE N/A 26.0 

PYTHIAN 1 
OF 2 

PYTH-
97 HWY 12 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N07.0W24

38 26 
05.98186 

-122 34 
36.61435 BOX CONCRETE N/A 54.9 

PYTHIAN 2 
OF 2 

PYTH-
97 HWY 12 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M07.0N07.0W24

38 26 
05.98186 

-122 34 
36.61435 Box CONCRETE N/A 54.9 

RODGERS 
CREEK 

RODG-
102 WATMAUGH RD 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W23

38 15 
31.48711 

-122 29 
21.79558 BOX CONCRETE N/A 44.8 

RODGERS 
CREEK 

RODG-
103 VILLA COLOMBARD 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W23

38 15 
52.21030 

-122 29 
48.51301 BOX CONCRETE N/A 53.5 

RODGERS 
CREEK 1OF2 

RODG-
104 SOUTHBOUND ARNOLD 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W25

38 15 
18.88124 

-122 28 
49.19830 BOX CONCRETE N/A 73.0 



TABLE T2    SONOMA VALLEY STREAM CROSSING LOCATIONS AND CHARACTERISTICS, part 1 

St
re

am
 N

am
e 

 ID
 #

 

R
oa

d 
N

am
e 

D
ra

in
ag

e 

To
w

ns
hi

p,
 R

an
ge

, 
Se

ct
io

n 

La
tit

ud
e 

C
oo

rd
in

at
es

 

Lo
ng

itu
de

 C
oo

rd
in

at
es

 

Ty
pe

 o
f C

ul
ve

rt
 

C
on

st
ru

ct
io

n 
M

at
er

ia
l 

C
or

ru
ga

tio
n 

D
im

en
si

on
s 

C
ul

ve
rt

 L
en

gt
h 

(ft
) 

(in
cl

. a
pr

on
) 

RODGERS 
CREEK 2 0F2 

RODG-
104 SOUTHBOUND ARNOLD 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W25

38 15 
18.88124 

-122 28 
49.19830 BOX CONCRETE N/A 52.8 

RODGERS 
CREEK 1OF2 

RODG-
189 ARNOLD NORTH 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W25

38 15 
17.47130 

-122 28 
43.75178 BOX CONCRETE N/A 32.0 

RODGERS 
CREEK 2OF2 

RODG-
189 ARNOLD NORTH 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M05.0N06.0W25

38 15 
17.47130 

-122 28 
43.75178 BOX CONCRETE N/A 32.0 

SNAG 
CREEK 

SNAG-
107 WARM SPRINGS RD 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W08

38 22 
28.92598 

-122 32 
58.69817 BOX CONCRETE N/A 31.0 

SONOMA 
CREEK 

SONO-
110 ADOBE CANYON #1 

SAN PABLO 
BAY M07.0N06.0W21

38 26 
33.44276 

-122 31 
46.75105 

Open-
Bottom Arch CSP 6" X 2" 46.3 

SONOMA 
CREEK 

SONO-
190 LARSON PARK DAMN 

SAN PABLO 
BAY M06.0N06.0W35

38 19 
01.04718 

-122 29 
24.06854 DAM    N/A N/A 6.6 

STUART 
CREEK 

STUA-
191 
(7/1/03) 

ARNOLD 
DRIVE/PICCININI 

PROPERTY 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W16

38 22 
07.64926 

-122 31 
14.11687 BOX CONCRETE N/A 0.1 
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STUART 
CREEK 

STUA-
192 GLEN OAKS BRIDGE 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W15

38 22 
12.84913 

-122 30 
41.65024 

Dam w/ 
Notch CONCRETE N/A 11.5 

STUART 
CREEK 1 OF 

2 
STUA-

125 ARNOLD DRIVE 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W16

38 22 
07.12103 

-122 31 
16.18907 BOX CONCRETE N/A 57.2 

STUART 
CREEK 2 OF 

2 
STUA-

125 ARNOLD DRIVE 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W16

38 22 
07.12103 

-122 31 
16.18907 BOX CONCRETE N/A 65.0 

STUART 
CREEK 1 OF 

2 
STUA-

191 

ARNOLD 
DRIVE/PICCININI 

PROPERTY 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W16

38 22 
07.64926 

-122 31 
14.11687 BOX CONCRETE N/A 1.0 

STUART 
CREEK 2 OF 

2 
STUA-

191 

ARNOLD 
DRIVE/PICCININI 

PROPERTY 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W16

38 22 
07.64926 

-122 31 
14.11687 BOX CONCRETE 3"X1" 9.6 

TRINITY 
CREEK 

TRIN-
129 TRINITY QUARRY RD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W10

38 23 
02.05768 

-122 30 
48.10925 CSP ALUMINUM 

2-2/3" X 
1/2" 41.1 

TRINITY 
CREEK 

TRIN-
133 HWY 12 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W10

38 22 
56.20829 

-122 30 
58.11944 BOX CONCRETE N/A 36.3 
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TRINITY 
CREEK 

TRIN-
134 TRINITY RD #1 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W10

38 23 
01.49402 

-122 30 
25.23942 Circular CONCRETE N/A 82.4 

TRINITY 
CREEK 

TRIN-
208 DUNBAR ROAD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W09

38 22 
53.14228 

-122 31 
14.69917 BOX CONCRETE N/A 41.3 

TRINITY 
CREEK 

TRIN-
209 BONNIE RD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W10

38 22 
52.66391 

-122 30 
56.14481 Circular ALUMINUM 

2-2/3" X 
1/2" 58.7 

TRINITY 
CREEK-
NORTH 
FORK 

TRIN-
128 

NINS CANYON QUARRY 
RD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W10

38 23 
05.90528 

-122 30 
41.57640 CPC CONCRETE N/A 21.3 

TRINITY 
CREEK-
SOUTH 
FORK 

TRIN-
131 DUNBAR ROAD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W10

38 22 
27.45286 

-122 31 
03.75881 BOX CONCRETE N/A 50.5 

UPPER 
SNAG 

CREEK-
NORTH 
FORK 

SNAG-
108 ENTERPRISE RD#4 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W18

38 22 
04.21068 

-122 33 
43.69702 BOX CONCRETE N/A 47.9 

WHITMAN 
WHIT-

136 MADRONE #1 DST 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W27

38 20 
30.24798 

-122 30 
09.54065 BOX CONCRETE N/A 49.5 
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WHITMAN 
WHIT-

138 MADRONE #2 UST 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W26

38 20 
35.05031 

-122 29 
59.75707 BOX CONCRETE N/A 56.0 

WHITMAN 
WHIT-

140 HWY 12 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W23

38 20 
43.98662 

-122 29 
56.23051 BOX CONCRETE N/A 36.0 

WILSON 
WILS-
140 HWY 12 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W23

38 20 
43.98662 

-122 29 
56.23051 BOX CONCRETE N/A 44.0 

WILSON 
WILS-
141 MADRONE 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W27

38 20 
28.29538 

-122 30 
15.07381 BOX CONCRETE N/A 46.5 

YULUPA 
CREEK 

YULU-
193 WARM SPRINGS RD 

SONOMA 
CREEK, SAN 
PABLO BAY M06.0N06.0W08

38 22 
45.70824 

-122 33 
11.15946 BOX CONCRETE N/A 31.0 
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ANNELLA 
ANNE-

1 4.4 X 14.3 1.20 N/A HEADWALL <30o 
At stream 

grade 

YES- INLET = 4.92 
OUTLET = 3.37 

START= 67.0 END 
12.0 GOOD 12.80 NO Dry channel 

AGUA 
CALIENTE 

AGUA-
200 N/A -0.33 N/A N/A N/A 

Cascade 
over riprap NO FAIR N/A NO 

Continuous Flow, no 
fish observed 

AGUA 
CALIENTE-

NORTH 
FORK 

AGUA-
202 

DIAMETER 
2 0.61 N/A HEADWALL <30o 

At stream 
grade NO N/A 12.67 NO 

Continuous Flow, no 
fish observed 

AGUA 
CALIENTE-

SOUTH 
FORK 

AGUA-
201 

DIAMETER 
2.4 -0.12 N/A HEADWALL <30o 

Freefall into 
Pool NO FAIR 12.50 NO 

Continuous Flow, no 
fish observed 

AGUA 
CALIENTE-

WEST FORK 
AGUA-

179 3 X 5 0.69 N/A HEADWALL <30o 
At stream 

grade NO FAIR 9.67 NO 
Continuous Flow, No 

fish observed 

AGUA 
CALIENTE-

WEST FORK 
AGUA-

204 4.2 X 4.2 2.62 N/A HEADWALL <30o 
At stream 

grade NO N/A 9.20 NO 
Continuous Flow, no 

fish observed 

AGUA 
CALIENTE-

WEST FORK 
AGUA-

205 Diameter 4 -0.48 1.1 Projecting <30o 
At stream 

grade NO GOOD 9.63 NO 
Continuous Flow, No 

fish observed 

AGUA 
CALIENTE-

WEST FORK 
AGUA-

203 5.5X9.4 0.07 N/A HEADWALL <30o 
Freefall into 

Pool NO FAIR 19.88 NO 
Continuous Flow, No 

fish observed.  

AROYO 
SECO 

ARRO-
11 7.8 X 13.5 -2.59 3.3 HEADWALL <30o 

At stream 
grade 

YES- INLET= 
14.42 STATION 

START= 38 FAIR N/A NO 
Continuous Flow, No 

fish observed 
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ARROYO 
SECO 

ARRO-
7 6.05 X 16 0.43 N/A WINGWALL <30o 

 
1st=cascade 

over 
riprap/apron 

2nd= 
Freefall into 

pool NO GOOD 14.25 NO Dry Channel 

ARROYO 
SECO 

ARRO-
8 9 X 10 0.24 N/A WINGWALL <30o 

At stream 
grade NO N/A 12.00 NO 

Isolated Flows, NO 
Fish observed 

ARROYO 
SECO 

ARR0-
10 11.4 X 16.15 -0.27 N/A WINGWALL <30o 

At stream 
grade 

YES- INLET= .5 
OUTLET= 0 GOOD 13.40 NO 

Isolated Flows, NO 
Fish observed 

ARROYO 
SECO 1 OF 2 

ARRO-
6 12.3 X 25.0 -5.89 N/A HEADWALL 

30o - 
45o 

At stream 
grade 

YES-BUT NO 
DATA  GOOD 12.80 NO 

Isolated Flows, NO 
Fish observed 

ARROYO 
SECO 2 OF 2 

ARRO-
6 12.3 X 25.0 -3.16 N/A HEADWALL 

30o - 
45o 

At stream 
grade 

YES-BUT NO 
DATA  GOOD 12.80 NO 

Isolated Flows, NO 
Fish observed 

BUTLER 
BUTL-

13 
DIAMETER 

6 0.30 1.6 Wingwall <30o 
At stream 

grade NO 
Extremely 

Poor 11.50 NO 
Continuous Flow, no 

fish observe, tadpoles 

BUTLER 
BUTL-

14 5X6 1.11 N/A HEADWALL <30o 
At stream 

grade NO GOOD 10.40 NO 

Continuous Flow, no 
fish observed, several 

tadpoles 

BUTLER 
BUTL-

158 
DIAMETER 

6 ##### 2.5 HEADWALL N/A 
At stream 

grade NO 
Extremely 

Poor 11.00 NO 
Continuous Flow, no 

fish observed 

BUTLER 
BUTL-

197 5.74X5 -6.10 N/A Wingwall >45o 
Freefall into 

Pool 

YES-FULLY W/ 
SAND, 

COBBLESTONES, 
LARGE 

BOULDERS FAIR 6.60 NO 

Continuous Flow, no 
fish observed, several 

tadpoles 
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BUTLER  
BUTL-

198 
DIAMETER 

2 0.29 1.0 Projecting <30o 
At stream 

grade NO 
Extremely 

Poor 12.80 NO 
Continuous Flow, no 

fish observed 

CALABAZAS 
CREEK 

CALA-
196 

BOX=11.7 X 
22.6 

OBA=9.25 X 
22.2 4.33 N/A Wingwall 

30o - 
45o 

Freefall into 
Pool 

YES-BUT NO 
DATA  FAIR 13.8 

BARREL 
RETROFIT-
REFER TO 

DFG 
SURVEYS 

FROM 
1950'S OR 
SO. FISH 
LADDER 
LB/OUT. 

CONTINUOUS FLOW. 
SALMONID & ROACH 

(<3" AND <3"-6) 
PRESENT UP & 

DOWN STREAM IN 
MODERATE 

ABUNDANCE. AIR 
TEMP=32C WATER 

TEMP=18C 

CALABAZAS-
MIDDLE 
FORK 

CALA-
18 6 X 8 -0.79 N/A HEADWALL <30o 

At stream 
grade 

YES-
GRAVEL,COBBLE, 
BOULDERS INLET 

0 OUTLET .9 
START 32 END 6 FAIR 9.70 NO 

Continuous Flow, no 
fish observed 

CALABAZAS-
MIDDLE 
FORK 

CALA-
206 7.3X9.5 0.91 N/A HEADWALL >45o 

At stream 
grade NO N/A 13.75 NO 

Continuous Flow, no 
fish observed 

CALABAZAS-
MIDDLE 
FORK 

CALA-
207 

DIAMETER 
3 1.17 N/A Projecting 

30o - 
45o 

Freefall into 
Pool NO GOOD 7.00 NO 

Continuous Flow, no 
fish observed 

CARRIGER 
CREEK 

CARR-
19 12 X 12 5.14 N/A WINGWALL <30o 

Freefall into 
Pool 

YES-BUT NO 
DATA  FAIR 14.90 

YES-
Washington 

System 

Continuous Flows, 
Species: steelhead? 

3"-6", >6" several 
(<10) 

CARRIGER 
CREEK 

CARR-
20 

DIAMETER 
5' 0.00 N/A PROJECTING <30o 

Cascade 
over riprap NO GOOD 10.67 NO 

Isolated Flows, NO 
Fish observed 
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CARRIGER 
CREEK 

CARR-
194 N/A 0.00 N/A N/A N/A 

Cascade 
over riprap NO POOR N/A NO Continuous Flow 

CHAMPLIN  
CHAM-

27 
DIAMETER 

7' 1.41 1.3 WINGWALL <30o 
Freefall into 

Pool NO POOR 12.40 NO 
Dry Channel, no fish 

observed 

CHAMPLIN  
CHAM-

29 5.2 X 10.0 0.57 N/A WINGWALL <30o 
Freefall into 

Pool NO GOOD 12.44 NO 
Dry Channel, no fish 

observed 

DOWDELL 
DOWD-

30 8 X 8 0.37 N/A WINGWALL <30o 
Cascade 

over riprap NO GOOD 14.90 NO Dry Channel 

DOWDELL 
DOWD-

31 5.85 X 16 0.82 N/A WINGWALL <30o 
At stream 

grade 
YES-BUT NO 

DATA  GOOD 12.40 

NO-BUT 
CULVERT 

BUILT 
~1997 Dry Channel 

DOWDELL 
DOWD-

33 3.9 X 12.5 -0.05 N/A WINGWALL 
30o - 
45o 

At stream 
grade 

YES-BUT NO 
DATA  FAIR 9.58 NO 

Culvert is under 
ground. Dry Channel 

FELDER 
CREEK 1 of 2 

FELD-
126 5.9X10 0.26 N/A HEADWALL <30o 

At stream 
grade NO FAIR NO ACCESS-APPROX. 19 NO 

Continuous Flow, no 
fish observed, outlet is 
fenced with swinging 

plywood 

FELDER 
CREEK 2 OF 

2 
FELD-

126 5.9X10 -0.22 N/A HEADWALL <30o 
At stream 

grade NO FAIR NO ACCESS-APPROX. 19 NO 

Continuous Flow, no 
fish observed, outlet is 
fenced with swinging 

plywood 

FELTON 
FELT-

39 5X8 -1.22 N/A HEADWALL N/A 
At stream 

grade 

YES-LG COBBLE 
THEN SAND .26 

AVERAGE 
EMBEDDEDNESS FAIR 8.50 NO 

Continuous Flow, no 
fish observed, frogs, 

robins and geese 
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FELTON 
FELT-

42 5.6X10 1.49 N/A HEADWALL <30o 
At stream 

grade YES-GRAVEL GOOD 11.80 NO 
Continuous Flow, No 

fish observed 

FELTON-
SOUTH 
FORK 

FELT-
43 3 X 5 1.23 0.9 WINGWALL <30o 

At stream 
grade NO FAIR 6.33 NO 

ISOLATED Flow, No 
fish observed. 

CULVERT IS 4D' BUT 
SQUASHED TO 3 X 

5D'. THERE IS 
CONCRETE IN 
OUTLET POOL 

FISHER 
CREEK 

FISH-
46 7.0 X 14.05 -0.16 N/A WINGWALL <30o 

At stream 
grade YES GOOD 9.82 NO Dry Channel 

FISHER 
CREEK 

FISH-
48 3.75 X 8.55 -0.72 N/A HEADWALL <30o 

At stream 
grade 

YES-BUT NO 
DATA  GOOD 13.94 NO Dry Channel 

FISHER 
CREEK 

FISH-
49 5.2 X 9.0 -6.63 1.2 HEADWALL >45o 

At stream 
grade 

YES-BUT NO 
DATA  FAIR 9.66 NO 

Dry Channel, 
Upstream; adults & 
juveniles: species; 
Roach, <3", 3"-6", 

Several (<10) 
FISHER 

CREEK 1 OF 
2 

FISH-
44 3.5 X 7.5 1.23 N/A HEADWALL <30o 

At Stream 
grade YES GOOD 7.60 NO Dry Channel 

FISHER 
CREEK 2 OF 

2 
FISH-

44 4 X 7.5 1.23 N/A HEADWALL <30o 
At stream 

grade YES GOOD 7.60 NO Dry Channel 

FISHER 
CREEK 1 OF 

2 
FISH-

45 4.8 X 8.0 0.05 N/A HEADWALL <30o 
At stream 

grade 
YES-INLET = 1.5 

OUTLET = 1.5 GOOD 12.34 NO Dry Channel 

FISHER 
CREEK 2 OF 

2 
FISH-

45 4.8 X 8.0 0.37 N/A HEADWALL <30o 
At stream 

grade 
YES-INLET = 2 

OUTLET = 2 GOOD 12.34 NO Dry Channel 
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FISHER 
CREEK 1 OF 

2 
FISH-

47 3.7 X 6.5 0.02 N/A HEADWALL <30o 
At stream 

grade NO N/A N/A NO 

Dry Channel, Inlet 
Blocked with wire, 

non-functioning flow 
gate 

FISHER 
CREEK 2 OF 

2 
FISH-

47 4.0 x 6.5 -0.16 N/A HEADWALL <30o 
At stream 

grade 
YES-BUT NO 

DATA  N/A N/A NO Dry Channel 

FISHER 
CREEK 1 OF 

2 
FISH-

50 5 X 8.5 2.39 N/A PROJECTING <30o 
At stream 

grade 

YES-INLET = 
10.24 OUTLET = 

11.72 START = 51 
END = 113  

EMBEDDED =1.5 GOOD 14.20 NO Dry Channel 
FISHER 

CREEK 2 OF 
2 

FISH-
50 6.5 X 8.5 1.85 1.3 PROJECTING <30o 

At stream 
grade NO GOOD N/A NO Dry Channel 

FRYER 
CREEK 

FRYE-
52 6 X 9 -1.26 N/A HEADWALL <30o 

At stream 
grade N/A GOOD 20.30 NO 

Upstream tadpoles, 
crawdads, roach 

FRYER 
CREEK 

FRYE-
53 5.05 X 8.74 -0.23 N/A WINGWALL <30o 

At stream 
grade NO GOOD N/A NO Isolated flows 

FRYER 
CREEK 

FRYE-
54 5.5 X 17.0 28.40 N/A WINGWALL <30o 

Cascade 
over riprap NO GOOD 25.50 NO 

Continuous flow, 
upstream, juveniles; 
species: roach: <3", 
moderate (10-50) 
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FRYER 
CREEK 

FRYE-
57 5 X 9.87 0.29 N/A WINGWALL 

30o - 
45o 

At stream 
grade NO GOOD 13.46 NO 

Continuous flow, 
downstream juveniles, 

species; roach, <3", 
moderate (10-50), also 

saw bull frogs 

FRYER 
CREEK 

FRYE-
59 5.35 X 16.0 0.17 N/A HEADWALL <30o 

Cascade 
over riprap NO GOOD 15.67 NO Continuous flow 

HARASTHY 
HARA-

64   1.50 N/A WINGWALL <30o 
Freefall into 

Pool NO FAIR 9.80 NO Isolated flows 

HOOKER 
CREEK 

HOOK-
195 8 X 14.4 1.79 N/A HEADWALL <30o 

Freefall into 
Pool NO FAIR 11.90 NO 

Isolated Flows, 
Juveniles; Species: 
Salmonid, RBT <3", 

3"-6" moderate 
abundance (10-50) 

HYDE 
HYDE-

164 4.2 X 9 -0.52 N/A WINGWALL <30o 
At stream 

grade 

YES- INLET = 
10.58 OUTLET = 
10.21 START= 45 

END = 116 GOOD 8.00 NO Continuous flow 

KOHLER 
CREEK 

KOHL-
199 5.6 X 4.5 1.61 N/A HEADWALL >45o 

Freefall into 
Pool NO POOR 16.90 NO 

Continuous Flow, No 
fish observed 

MADRONE 
MADR-

75 6 X 7.8 2.18 N/A HEADWALL <30o 
At Stream 

Grade NO GOOD 17.4 No 
Continuous Flow, No 

fish observed 
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MILL CREEK 
MILL-
186 7.5 X 8 0.33 N/A HEADWALL <30o 

AT 
STREAM 
GRADE NO GOOD 8.3 

Inlet has a 
masonary 
rock weir 

3.5' 
upstream 

CONTINUOUS FLOW. 
NO FISH OBSERVED 
Gravel and cobble for 
85% of culvert bottom 

w/ thalweg scour areas 
down to concrete 

MILL CREEK 
MILL-
187   -0.57 N/A 

Flat concrete 
wall <30o 

Freefall into 
Pool NO NO DATA 9.4 NO 

CONTINUOUS FLOW. 
NO FISH OBSERVED. 

MILL CREEK-
LB BOX 2 OF 

2 
MILL-
187                       

NATHANSON 
NATH-

78 5.75 X 18.6 0.24 N/A HEADWALL <30o 
At stream 

grade NO GOOD 15.25 NO 
Continuous Flow, No 

fish observed 

NATHANSON 
NATH-

84 8 X 15.9 0.27 N/A HEADWALL <30o 
At stream 

grade YES-INLET= 1.4 FAIR 16.50 NO 
Continuous Flow, No 

fish observed 

NATHANSON 
NATH-

86 6 X 30 0.37 N/A HEADWALL <30o 
At stream 

grade NO FAIR 20.80 NO Continuous flow 

PEQUENO 
PEQU-

188 N/A 20.83 N/A N/A N/A 
Freefall into 

Pool NO N/A N/A NO 
Dry Channel with pool 

tailout 

PYTHIAN 
PYTH-

95 
5.2 

diameter(ft) 11.48 1.3 N/A <30o 

At Stream 
Grade (1.5' 

drop) No 
Extremely 

Poor 7.6 NO 

Isolated Flows, water 
is flowing underneath 

culvert,  

PYTHIAN 
PYTH-

96 5.8 X 11 1.15 N/A HEADWALL <30o 
At Stream 

Grade NO FAIR 13.4 No 

Continuous Flow, 
Juveniles <3' several 

(<10) species 
unknown 

PYTHIAN 1 
OF 2 

PYTH-
97 3.2 X 8 0.89 N/A HEADWALL <30o 

At Stream 
Grade NO GOOD 13.5 NO Dry Channel  
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PYTHIAN 2 
OF 2 

PYTH-
97 2.5 X 8 1.48 N/A HEADWALL <30o 

At Stream 
Grade 

YES-Inlet 9.93 
Outlet 10.74 GOOD 13.5 No 

LC=Inlet .93 
Sand=outlet .61 = 

embeddedness, Dry 
channel 

RODGERS 
CREEK 

RODG-
102 2.8 X 12 0.54 N/A HEADWALL <30o 

At Stream 
Grade NO FAIR 10.60 NO Dry Channel 

RODGERS 
CREEK 

RODG-
103 5.2 X 10.0 2.34 N/A HEADWALL <30o 

At Stream 
Grade NO GOOD 10.42 NO Dry Channel 

RODGERS 
CREEK 1OF2 

RODG-
104 9.23 X 7.99 -0.95 N/A WINGWALL <30o 

At Stream 
Grade NO GOOD 13.2 NO Dry Channel 

RODGERS 
CREEK 2 0F2 

RODG-
104 7.66 X 8.01 0.87 N/A WINGWALL <30o 

At Stream 
Grade NO GOOD 13.2 NO Dry Channel 

RODGERS 
CREEK 1OF2 

RODG-
189 7.35 X 7.72 -3.47 N/A WINGWALL <30o 

At Stream 
Grade NO FAIR 13.18 NO 

Isolated Flows, 
Upstream and 

Downstream juveniles 
Roach & Sucker <3" 

moderate (10-50) 

RODGERS 
CREEK 2OF2 

RODG-
189 6.48 X 7.93 1.22 N/A WINGWALL <30o 

At Stream 
Grade NO FAIR 13.18 NO 

Isolated Flows, 
Upstream and 

Downstream juveniles 
Roach & Sucker <3" 

moderate (10-50) 

SNAG 
CREEK 

SNAG-
107 7.4 X 10 -0.79 N/A WINGWALL <30o 

Freefall into 
Pool NO GOOD 14.0   

CONTINUOUS FLOW. 
NO FISH OBSURVED-

TOO MUDDY.  

SONOMA 
CREEK 

SONO-
110 10 X 12.9 3.63 N/A WINGWALL <30o 

At stream 
grade N/A GOOD 13.00 NO 

Continuous flow, 
upstream & 

downstream juveniles 
RBT, 3"-6", several 

(<10) 
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SONOMA 
CREEK 

SONO-
190 N/A 0.00 N/A N/A N/A 

Freefall into 
Pool NO N/A N/A NO Continuous flow 

STUART 
CREEK 

STUA-
191 
(7/1/03) 0? X 23.9 0.00 N/A Midwall <30o 

Freefall into 
Pool NO POOR 15.6 Yes 

Bridge w/ concrete 
bottom broken out 

back to wall, Isolated 
pools w/ juveniles RB 
trout: 4-5 observed (3-

6") 

STUART 
CREEK 

STUA-
192 6.8 X 6.8 5.83 N/A HEADWALL 

30o - 
45o 

Freefall into 
Pool NO POOR 20.8 NO 

Continuous Flow, No 
fish observed 

STUART 
CREEK 1 OF 

2 
STUA-

125 9.7 X 2.7 1.15 N/A WINGWALL 
30o - 
45o 

At Stream 
Grade NO FAIR 15.6 NO 

Continuous Flow, 
Juveniles: Species: 
RBT, Roach, <3" 

Moderate Abundance 
(10-50) 

STUART 
CREEK 2 OF 

2 
STUA-

125 0? X 8.1 3.12 N/A WINGWALL 
30o - 
45o 

At Stream 
Grade NO FAIR 15.6 NO 

Continuous Flow, 
Juveniles: Species: 
RBT, Roach, <3" 

Moderate Abundance 
(10-50), mostly 

covered w/ natural 
bottom 

STUART 
CREEK 1 OF 

2 
STUA-

191 3.5X8 0.00 N/A WINGWALL <30o 
Freefall into 

Pool NO 
Extremely 

Poor 19.60 NO 

Continuous Flow, none 
observed, Freefall is 
too high-degrading 

culvert 
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STUART 
CREEK 2 OF 

2 
STUA-

191 4.3X8 0.00 N/A HEADWALL 
30o - 
45o 

Freefall into 
Pool NO 

Extremely 
Poor 19.60 NO 

Continuous Flow, none 
observed, Freefall is 
too high-degrading 

culvert 

TRINITY 
CREEK 

TRIN-
129 

5.6 
diameter(ft) -1.19 1.4 PROJECTING >45o 

Freefall into 
Pool NO POOR 12.63 NO 

Continuous Flow, No 
fish observed 

TRINITY 
CREEK 

TRIN-
133 7.05 X 8.02 0.00 N/A HEADWALL >45o 

At stream 
grade NO GOOD 13.02 NO 

Continuous Flow, 
downstream rainbow 

trout, 3-6, several(<10) 

TRINITY 
CREEK 

TRIN-
134 3.4 X 5.62 4.94 N/A HEADWALL <30o 

At stream 
grade NO FAIR 9.77 NO 

CULVERT 
CONDITION 

DESCRIPTION: 
CROSSING IN SHAPE 

OF OVAL, HAS A 
SMASHED 

APPEARANCE.  
Continuous flow, 
observed bats in 

culvert.  

TRINITY 
CREEK 

TRIN-
208 6.6 X 6 0.22 N/A WINGWALL 

30o - 
45o 

At stream 
grade NO FAIR 11.10 NO 

Continuous Flow, no 
fish observed 
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TRINITY 
CREEK 

TRIN-
209 

8 
diameter(ft) 5.59 1.4 WINGWALL <30o 

At stream 
grade NO POOR 13.02 YES 

Continuous Flow, 
downstream rainbow 

trout, 3-6, 
several(<10). ALSO, 

CULVERT IS 
CONCRETE ARCH 
WITH CONCRETE 
BOTTOM ON UST 

HALF AND (8 X 6.65) 
THEN CSP FOR DST 

HALF 
TRINITY 
CREEK-
NORTH 
FORK 

TRIN-
128 

2.2 
diameter(ft) 3.38 N/A PROJECTING <30o 

At stream 
grade NO FAIR 7.63 NO 

Continuous Flow, No 
fish observed 

TRINITY 
CREEK-
SOUTH 
FORK 

TRIN-
131 4.75 X 3.8 -0.37 N/A HEADWALL <30o 

At stream 
grade 

YES-BUT NO 
DATA  GOOD 46.00 

YES-USED 
TO BE 

SHORTER 

Dry channel, used to 
be turtles, trout, newts, 

frogs but now only 
some mosquito fish 

observed 

UPPER 
SNAG 

CREEK-
NORTH 
FORK 

SNAG-
108 6.05 X 5.0 6.46 N/A WINGWALL <30o 

Freefall into 
Pool NO GOOD 8.7   

CONTINUOUS FLOW. 
NO FISH 

OBSERVED.MASSIVE 
EROSION TAKING 
PLACE HERE ON 

THE DS/RB.  

WHITMAN 
WHIT-

136 4.2X7 -0.24 N/A HEADWALL >45 
At stream 

grade NO FAIR 
CHANNELIZED ROCK 

WALL NO 
Continuous Flow, no 

fish observed 
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WHITMAN 
WHIT-

138 4.1X5 0.91 N/A HEADWALL N/A 
At stream 

grade 

NO-PARTIAL 
COBBLE & 
GRAVEL FAIR 

CHANNELIZED ROCK 
WALL NO 

Continuous Flow, no 
fish observed 

WHITMAN 
WHIT-

140 5.6X5 -3.55 N/A HEADWALL <30o 
At stream 

grade NO FAIR 12.00 NO 

Continuous Flow, 
upstream rainbow 

trout, juveniles 1-2 yrs 
old, steelhead:just 
one:it was dead no 

apparent body 
damage, water was 
milky:last rain was 2 

days ago 

WILSON 
WILS-
140 2.1 X 8 -3.55 N/A WINGWALL >45 

At stream 
grade 

YES- PARTIAL 
SILT ON RB N/A 6.00 NO 

Continuous Flow, no 
fish observed 

WILSON 
WILS-
141 6.2X8 0.19 N/A HEADWALL 30-45 

At stream 
grade NO FAIR 12.83 NO No fish observed 

YULUPA 
CREEK 

YULU-
193 10 X 10 0.88 N/A WINGWALL <30o 

Freefall into 
Pool NO FAIR 16.94 NO 

Continuous flow, 
downstream juveniles, 

salmonoid & roach, 
<3", several (<10) 

 



TABLE T3  SONOMA VALLEY POTENTIAL BARRIERS  
GREEN-GRAY-RED FILTER RESULTS, part 1 

Stream Location Natural Channel Option 

Stream Name ID # Road Name Drainage Culvert Type 

Culvert 
Embedded 

(yes/no/     
partial) 

Culvert 
Width 

(ft) 

Active 
Channel 

Width 
(ft) 

AGUA 
CALIENTE-

WEST FORK 
AGUA-

179 ARNOLD DR. 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 5.0 9.7 

AGUA 
CALIENTE 

AGUA-
200 SAM KEENE PROPERTY 

SONOMA 
CREEK, SAN 
PABLO BAY OTHER NO 22.0 15.0 

AGUA 
CALIENTE-

SOUTH FORK 
AGUA-

201 SAM KEENE PROPERTY 

AGUA 
CALIENTE, 
SONOMA 

CREEK, SAN 
PABLO BAY CIRCULAR NO 2.7 12.5 

AGUA 
CALIENTE-

NORTH 
FORK 

AGUA-
202 SAM KEENE PROPERTY 

AGUA 
CALIENTE, 
SONOMA 

CREEK, SAN 
PABLO BAY CIRCULAR NO 2.0 12.7 

AGUA 
CALIENTE-

WEST FORK 
AGUA-

203 AGUA CALIENTE 

AGUA 
CALIENTE, 
SONOMA 

CREEK, SAN 
PABLO BAY BOX NO 9.4 19.9 

AGUA 
CALIENTE-

WEST FORK 
AGUA-

204 LOMA VISTA DST 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 4.2 9.2 

AGUA 
CALIENTE-

WEST FORK 
AGUA-

205 LOMA VISTA UST 

SONOMA 
CREEK, SAN 
PABLO BAY CIRCULAR NO 4.0 9.6 

ANNELLA ANNE-1 OAKMONT 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 14.3 12.8 

ARROYO 
SECO 1 OF 2 ARRO-6 HYDE RD 

SONOMA 
CREEK, SAN 
PABLO BAY 

LB BOX OF 
DBLE BOX YES 12.8 12.8 

ARROYO 
SECO 2 OF 2 ARRO-6 HYDE RD 

SONOMA 
CREEK, SAN 
PABLO BAY 

RB BOX OF 
DBLE BOX NO 12.8 12.8 

ARROYO 
SECO ARRO-7 LOVELL VALLEY RD 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 16 14.3 

ARROYO 
SECO ARRO-8 DENMARK 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 10 12.0 



TABLE T3  SONOMA VALLEY POTENTIAL BARRIERS  
GREEN-GRAY-RED FILTER RESULTS, part 1 

Stream Location Natural Channel Option 

Stream Name ID # Road Name Drainage Culvert Type 

Culvert 
Embedded 

(yes/no/     
partial) 

Culvert 
Width 

(ft) 

Active 
Channel 

Width 
(ft) 

ARROYO 
SECO 

ARRO-
10 NAPA RD 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 16.15 13.4 

ARROYO 
SECO 

ARRO-
11 EAST NAPA RD 

SONOMA 
CREEK, SAN 
PABLO BAY OB ARCH YES 13.5 16.3 

BUTLER 
BUTL-

13 
BR. COHN RANCH #2 

UST 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY 

CORRUGATED 
STEEL PIPE NO 6 11.5 

BUTLER 
BUTL-

14 HWY 12 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 6 10.4 

BUTLER 
BUTL-

197 HWY 12 #2 DST 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 5 6.6 

BUTLER 
BUTL-

198 SDC DIRT RD #3 DST 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY 

CORRUGATED 
STEEL PIPE NO 2 12.8 

CALABAZAS-
MIDDLE 
FORK 

CALA-
18 HWY 12 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 8 9.7 

CALABAZAS 
CREEK 

CALA-
196 DUNBAR ROAD 

SONOMA 
CREEK, SAN 
PABLO BAY 

BOX&OPEN-
BOTTOM 

ARCH PARTIAL 22.4 13.9 

CALABAZAS 
CREEK 

CALA-
206 DUNBAR ROAD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 9.5 13.8 

CALABAZAS-
MIDDLE 
FORK 

CALA-
207 NELLIGAN 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY CIRCULAR NO 3 7.0 

CARRIGER 
CARR-

19 Grove St #1 DST 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 12 14.9 

CARRIGER 
CARR-

194 GROVE ST-M. GOODE'S 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 6.1 

DATA 
FROM 

ANOTHER 
PROJECT? 



TABLE T3  SONOMA VALLEY POTENTIAL BARRIERS  
GREEN-GRAY-RED FILTER RESULTS, part 1 

Stream Location Natural Channel Option 

Stream Name ID # Road Name Drainage Culvert Type 

Culvert 
Embedded 

(yes/no/     
partial) 

Culvert 
Width 

(ft) 

Active 
Channel 

Width 
(ft) 

CHAMPLIN(3)  
CHAM-

27 HWY116 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY CIRCULAR NO 7 12.4 

CHAMPLIN  
CHAM-

29 HWY 116-1 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 10 36.4 

DOWDALL 
DOWD-

30 RIVERSIDE 

 SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 8 14.9 

DOWDALL 
DOWD-

31 ARNOLD DR 

 SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 16 12.4 

DOWDALL 
DOWD-

33 VERANO AVE 

 SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 12.5 9.6 

FELDER 
CREEK 1 of 2 

FELD-
126 LEVERONI 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 10 19.0 

FELDER 
CREEK 2 OF 

2 
FELD-

126 LEVERONI 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX PARTIAL 10 19.0 

FELTON 
FELT-

39 LAWNDALE 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 8 8.5 

FELTON 
FELT-

42 HWY 12 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY PIPE ARCH YES 10 11.8 

FELTON-
SOUTH FORK 

FELT-
43 FRANCESCOS 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY CIRCULAR NO 4 6.3 

FISHER 
CREEK 1 OF 

2 FISH-44 WARM SPRINGS RD 

SONOMA 
CREEK, SAN 
PABLO BAY 

LB BOX OF 
DBLE BOX YES 7.5 7.6 

FISHER 
CREEK 2 OF 

2 FISH-44 WARM SPRINGS RD 

SONOMA 
CREEK, SAN 
PABLO BAY 

RB BOX OF 
DBLE BOX YES 7.5 7.6 



TABLE T3  SONOMA VALLEY POTENTIAL BARRIERS  
GREEN-GRAY-RED FILTER RESULTS, part 1 

Stream Location Natural Channel Option 

Stream Name ID # Road Name Drainage Culvert Type 

Culvert 
Embedded 

(yes/no/     
partial) 

Culvert 
Width 

(ft) 

Active 
Channel 

Width 
(ft) 

FISHER 
CREEK 1 OF 

2 FISH-45 HWY 12 

SONOMA 
CREEK, SAN 
PABLO BAY 

LB BOX OF 
DBLE BOX YES 8 12.3 

FISHER 
CREEK 2 OF 

2 FISH-45 HWY 12 

SONOMA 
CREEK, SAN 
PABLO BAY 

RB BOX OF 
DBLE BOX YES 8 12.3 

FISHER 
CREEK FISH-46 

WARM SPRINGS RD #2 
DST 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 11.3 9.8 

FISHER 
CREEK 1 OF 

2 FISH-47 
WARM SPRINGS RD #1 

UST 

SONOMA 
CREEK, SAN 
PABLO BAY 

LB BOX OF 
DBLE BOX NO 6.5 10.1 

FISHER 
CREEK 2 OF 

2 FISH-47 
WARM SPRINGS RD #1 

UST 

SONOMA 
CREEK, SAN 
PABLO BAY 

RB BOX OF 
DBLE BOX YES 6.5 10.1 

FISHER 
CREEK FISH-48 PARK 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 8.5 13.9 

FISHER 
CREEK FISH-49 CHANNING 

SONOMA 
CREEK, SAN 
PABLO BAY 

OPEN-
BOTTOM 

ARCH YES 9 9.7 

FISHER 
CREEK 1 OF 

2 FISH-50 KINNEYBROOK 

SONOMA 
CREEK, SAN 
PABLO BAY CIRCULAR YES 8.5 14.2 

FISHER 
CREEK 2 OF 

2 FISH-50 KINNEYBROOK 

SONOMA 
CREEK, SAN 
PABLO BAY CIRCULAR NO 8.5 14.2 

FRYER 
CREEK 

FRYE-
52 ARROYO/BETTENCOURT 

NATHANSON 
CREEK, 
SCHELL 

CREEK, SAN 
PABLO BAY BOX NO 9 17.3 

FRYER 
CREEK 

FRYE-
53 FISHER 

NATHANSON 
CREEK, 
SCHELL 

CREEK, SAN 
PABLO BAY BOX NO 8.74 14.70 

FRYER 
CREEK 

FRYE-
54 MACARTHUR 

NATHANSON 
CREEK, 
SCHELL 

CREEK, SAN 
PABLO BAY BOX NO 17 25.5 



TABLE T3  SONOMA VALLEY POTENTIAL BARRIERS  
GREEN-GRAY-RED FILTER RESULTS, part 1 

Stream Location Natural Channel Option 

Stream Name ID # Road Name Drainage Culvert Type 

Culvert 
Embedded 

(yes/no/     
partial) 

Culvert 
Width 

(ft) 

Active 
Channel 

Width 
(ft) 

FRYER 
CREEK 

FRYE-
57 BROADWAY 

NATHANSON 
CREEK, 
SCHELL 

CREEK, SAN 
PABLO BAY BOX NO 9.87 13.5 

FRYER 
CREEK 

FRYE-
59 LEVERONI 

NATHANSON 
CREEK, 
SCHELL 

CREEK, SAN 
PABLO BAY BOX NO 16 15.7 

HARASTHY 
HARA-

64 DENMARK 

ARROYO 
SECO 

CREEK, 
SONOMA 

CREEK, SAN 
PABLO BAY BOX NO 14 9.8 

HOOKER 
CREEK 

HOOK-
195 CAVEDALE 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 14.4 8.0 

HYDE 
HYDE-

164 HYDE 

SCHELL 
CREEK, SAN 
PABLO BAY 

PIPE ARCH WITH 
CONCRETE 

BOTTOM YES 9 10.0 

KOHLER 
CREEK 

KOHL-
199 ARNOLD DR. 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 4.5 16.9 

MADRONE 
MADR-

75 ARNOLD DR. 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 7.8 17.4 

MILL CREEK 
MILL-
186 ARNOLD DRIVE 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 8 8.3 

MILL CREEK 
MILL-
187 REDWOOD ROAD 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 8 9.4 

NATHANSON 
NATH-

78 PATTEN 

SCHELL 
CREEK, SAN 
PABLO BAY BOX NO 18.6 15.3 

NATHANSON 
NATH-

84 AUSTIN 

SCHELL 
CREEK, SAN 
PABLO BAY BOX YES 15.9 16.5 

NATHANSON 
NATH-

86 4TH STREET 

SCHELL 
CREEK, SAN 
PABLO BAY 

OPEN-
BOTTOM 

ARCH NO 30 20.8 



TABLE T3  SONOMA VALLEY POTENTIAL BARRIERS  
GREEN-GRAY-RED FILTER RESULTS, part 1 

Stream Location Natural Channel Option 

Stream Name ID # Road Name Drainage Culvert Type 

Culvert 
Embedded 

(yes/no/     
partial) 

Culvert 
Width 

(ft) 

Active 
Channel 

Width 
(ft) 

PEQUENO 
PEQU-

188 LARSON PARK 

SONOMA 
CREEK, SAN 
PABLO BAY 

CONCRETE 
CHUTE NO 10 30.0 

PYTHIAN 
PYTH-

95 PYTHIAN 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY CIRCULAR NO 5.2 7.6 

PYTHIAN 
PYTH-

96 LOS GULLICOSE 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY 

OPEN-
BOTTOM 

ARCH NO 11 13.4 

PYTHIAN 1 
OF 2 

PYTH-
97 HWY 12 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 8 13.5 

PYTHIAN 2 
OF 2 

PYTH-
97 HWY 12 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 8 13.5 

RODGERS 
CREEK 

RODG-
102 WATMAUGH RD 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 12 10.6 

RODGERS 
CREEK 

RODG-
103 VILLA COLOMBARD 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 10 10.4 

RODGERS 
CREEK 1OF2 

RODG-
104 SOUTHBOUND ARNOLD 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 7.99 13.2 

RODGERS 
CREEK 2 0F2 

RODG-
104 SOUTHBOUND ARNOLD 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 8.01 13.2 

RODGERS 
CREEK 1OF2 

RODG-
189 ARNOLD NORTH 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 7.72 13.2 

RODGERS 
CREEK 2OF2 

RODG-
189 ARNOLD NORTH 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 7.93 13.2 

SNAG 
CREEK 

SNAG-
107 WARM SPRINGS RD 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 10 14.0 



TABLE T3  SONOMA VALLEY POTENTIAL BARRIERS  
GREEN-GRAY-RED FILTER RESULTS, part 1 

Stream Location Natural Channel Option 

Stream Name ID # Road Name Drainage Culvert Type 

Culvert 
Embedded 

(yes/no/     
partial) 

Culvert 
Width 

(ft) 

Active 
Channel 

Width 
(ft) 

SNAG 
CREEK/MIDDLE 

FORK  
SNAG-

108 ENTERPRISE RD#4 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 5 8.7 

SONOMA 
CREEK 

SONO-
110 ADOBE CANYON #1 

SAN PABLO 
BAY 

PIPE OPEN-
BOTTOM 

ARCH NO 12.9 13.0 

SONOMA 
CREEK 

SONO-
190 LARSON PARK DAMN 

SAN PABLO 
BAY DAM NO     

STUART 
CREEK 1 OF 

2 
STUA-

125 ARNOLD DRIVE 

SONOMA 
CREEK, SAN 
PABLO BAY LB BOX NO 2.7 14.3 

STUART 
CREEK 2 OF 

2 
STUA-

125 ARNOLD DRIVE 

SONOMA 
CREEK, SAN 
PABLO BAY RB BOX NO 8.1 14.3 

STUART 
CREEK 1 OF 

2 

STUA-
191    
2ND 
SURVEY 
(3/2/04)      

ARNOLD 
DRIVE/PICCININI 

PROPERTY 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 8 19.6 

STUART 
CREEK 2 OF 

2 

STUA-
191    
2ND 
SURVEY 
(3/2/04)      

ARNOLD 
DRIVE/PICCININI 

PROPERTY 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 8 19.6 

STUART 
CREEK 

STUA-
192 GLEN OAKS BRIDGE 

SONOMA 
CREEK, SAN 
PABLO BAY 

DAMN WITH 
NOTCH NO 6.8 20.8 

TRINITY 
CREEK-
NORTH 
FORK 

TRIN-
128 

NUNS CANYON QUARRY 
RD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY 

CONCRETE 
PIPE NO 2.2 7.6 

TRINITY 
CREEK 

TRIN-
129 TRINITY QUARRY RD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY CSP NO 5.6 12.6 

TRINITY 
CREEK-

SOUTH FORK 
TRIN-
131 DUNBAR ROAD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX YES 3.8 4.7 



TABLE T3  SONOMA VALLEY POTENTIAL BARRIERS  
GREEN-GRAY-RED FILTER RESULTS, part 1 

Stream Location Natural Channel Option 

Stream Name ID # Road Name Drainage Culvert Type 

Culvert 
Embedded 

(yes/no/     
partial) 

Culvert 
Width 

(ft) 

Active 
Channel 

Width 
(ft) 

TRINITY 
CREEK 

TRIN-
133 HWY 12 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 8.02 13.0 

TRINITY 
CREEK 

TRIN-
134 TRINITY RD #1 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY CIRCULAR NO 5.57 9.8 

TRINITY 
CREEK 

TRIN-
208 DUNBAR ROAD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 6 6.9 

TRINITY 
CREEK 

TRIN-
209 BONNIE RD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY 

CONCRETE ARCH-
CONCRETE 

BOTTOM AND CSP NO 8 13.0 

WHITMAN 
WHIT-

136 MADRONE #1 DST 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 7 12.0 

WHITMAN 
WHIT-

138 MADRONE #2 UST 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX PARTIAL 5 12.0 

WHITMAN 
WHIT-

137 HWY 12 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 5 11.8 

WILSON 
WILS-
140 HWY 12 

SONOMA 
CREEK, SAN 
PABLO BAY BOX PARTIAL 8 6.0 

WILSON 
WILS-
141 MADRONE 

SONOMA 
CREEK, SAN 
PABLO BAY BOX NO 8 12.8 

YULUPA 
CREEK         

YULU-
193 WARM SPRINGS RD 

SONOMA 
CREEK, SAN 
PABLO BAY DOUBLE BOX NO 10 16.9 

 



 
TABLE T3  SONOMA VALLEY POTENTIAL BARRIERS 

GREEN-GRAY-RED FILTER RESULTS, part 2 

Stream Location Hydraulic Option Filter Output 
Final 

Output 

Stream Name ID # Road Name Drainage 

Residual 
Pool 

Depth 
(ft) 
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(ft) 

Residual 
Outlet 
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(%) 

Barrel 
Retrofit 
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Channel 
Option 
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Gray/Red 

Hydraulic 
Option 
Green/     

Gray/Red 

Conclusion 
from Filter 

Output 

AGUA 
CALIENTE-

WEST FORK AGUA-179 ARNOLD DR. 

SONOMA 
CREEK, SAN 
PABLO BAY -1.29 1.38 -1.11 0.69 NO NO GRAY GRAY 

AGUA 
CALIENTE AGUA-200 SAM KEENE PROPERTY 

SONOMA 
CREEK, SAN 
PABLO BAY -0.73 2.48 -2.51 -0.33 NO NO RED RED 

AGUA 
CALIENTE-

SOUTH FORK AGUA-201 SAM KEENE PROPERTY 

AGUA 
CALIENTE, 
SONOMA 

CREEK, SAN 
PABLO BAY -0.36 1.72 -1.74 -0.12 NO NO GRAY GRAY 

AGUA 
CALIENTE-

NORTH 
FORK AGUA-202 SAM KEENE PROPERTY 

AGUA 
CALIENTE, 
SONOMA 

CREEK, SAN 
PABLO BAY -0.85 1.03 -0.74 0.61 NO NO GRAY GRAY 

AGUA 
CALIENTE-

WEST FORK AGUA-203 AGUA CALIENTE 

AGUA 
CALIENTE, 
SONOMA 

CREEK, SAN 
PABLO BAY -0.20 3.60 -3.53 0.07 NO NO RED RED 

AGUA 
CALIENTE-

WEST FORK AGUA-204 LOMA VISTA DST 

SONOMA 
CREEK, SAN 
PABLO BAY -0.22 1.66 -0.62 2.62 NO NO GRAY GRAY 

AGUA 
CALIENTE-

WEST FORK AGUA-205 LOMA VISTA UST 

SONOMA 
CREEK, SAN 
PABLO BAY -0.56 -0.71 0.56 -0.48 NO NO GRAY GRAY 

ANNELLA ANNE-1 OAKMONT 

SONOMA 
CREEK, SAN 
PABLO BAY 1.35 1.84 -1.18 1.20 NO GREEN GRAY GREEN 

ARROYO 
SECO 1 OF 2 ARRO-6 HYDE RD 

SONOMA 
CREEK, SAN 
PABLO BAY 0.00 -2.15 -0.59 -5.89 NO GREEN GRAY GREEN 

ARROYO 
SECO 2 OF 2 ARRO-6 HYDE RD 

SONOMA 
CREEK, SAN 
PABLO BAY 0.00 -2.33 0.86 -3.16 NO NO GRAY GRAY 

ARROYO 
SECO ARRO-7 LOVELL VALLEY RD 

SONOMA 
CREEK, SAN 
PABLO BAY -3.68 1.66 2.30 0.43 NO NO GREEN GREEN 
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Green/     

Gray/Red 
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ARROYO 
SECO ARRO-8 DENMARK 

SONOMA 
CREEK, SAN 
PABLO BAY 0.23 0.90 -0.76 0.24 NO NO GRAY GRAY 

ARROYO 
SECO ARRO-10 NAPA RD 

SONOMA 
CREEK, SAN 
PABLO BAY   0.20 -0.31 -0.27 NO GREEN GRAY GREEN 

ARROYO 
SECO ARRO-11 EAST NAPA RD 

SONOMA 
CREEK, SAN 
PABLO BAY -0.93 -1.99 0.93 -2.59 NO GRAY GRAY GRAY 

BUTLER BUTL-13 
BR. COHN RANCH #2 

UST 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY -0.73 -0.36 0.42 0.30 NO NO GRAY GRAY 

BUTLER BUTL-14 HWY 12 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY -0.28 1.54 -1.09 1.11 NO NO GRAY GRAY 

BUTLER BUTL-197 HWY 12 #2 DST 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY -2.80 0.10 -1.56 -6.10 NO GRAY GRAY GRAY 

BUTLER BUTL-198 SDC DIRT RD #3 DST 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY -0.90 0.19 -0.13 0.29 NO NO GRAY GRAY 

CALABAZAS-
MIDDLE 
FORK CALA-18 HWY 12 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY 0.00 -0.36 0.00 -0.79 NO GRAY GRAY GRAY 

CALABAZAS 
CREEK CALA-196 DUNBAR ROAD 

SONOMA 
CREEK, SAN 
PABLO BAY -6.03 5.04 -3.30 4.33 OTHER NO RED RED 

CALABAZAS 
CREEK CALA-206 DUNBAR ROAD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY -1.19 -0.51 0.66 0.91 NO NO GRAY GRAY 

CALABAZAS-
MIDDLE 
FORK CALA-207 NELLIGAN 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY -1.58 1.13 -0.76 1.17 NO NO GRAY GRAY 
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CARRIGER CARR-19 Grove St #1 DST 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY 0.12 6.23 -2.21 5.14 YES RED RED RED 

CARRIGER CARR-194 GROVE ST-M. GOODE'S 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY -3.36 4.74 -4.74 0.00 NO NO RED RED 

CHAMPLIN(3)  CHAM-27 HWY116 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY 3.15 -4.30 2.66 1.41 NO NO GRAY GRAY 

CHAMPLIN  CHAM-29 HWY 116-1 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   1.45 -1.16 0.57 NO NO GRAY   

DOWDALL DOWD-30 RIVERSIDE 

 SONOMA 
CREEK, SAN 
PABLO BAY -2.13 13.95 -5.49 0.37 NO NO RED RED 

DOWDALL DOWD-31 ARNOLD DR 

 SONOMA 
CREEK, SAN 
PABLO BAY -0.18 2.29 -1.84 0.82 YES GREEN GRAY GREEN 

DOWDALL DOWD-33 VERANO AVE 

 SONOMA 
CREEK, SAN 
PABLO BAY -0.77 -0.33 0.33 -0.05 NO GREEN GRAY GREEN 

FELDER 
CREEK 1 of 2 FELD-126 LEVERONI 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   0.26 0.00 0.48 NO NO GRAY GRAY 

FELDER 
CREEK 2 OF 

2 FELD-126 LEVERONI 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   -0.13 0.00 -0.22 NO NO GRAY GRAY 

FELTON FELT-39 LAWNDALE 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY 0.14 -0.46 0.07 -1.22 NO GRAY GRAY GRAY 

FELTON FELT-42 HWY 12 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY -0.09 0.87 -0.11 1.49 NO GRAY GRAY GRAY 
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FELTON-
SOUTH FORK FELT-43 FRANCESCOS 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY -0.51 0.47 -0.16 2.95 NO NO GRAY GRAY 

FISHER 
CREEK 1 OF 

2 FISH-44 WARM SPRINGS RD 

SONOMA 
CREEK, SAN 
PABLO BAY   1.13 -0.46 1.23 NO GRAY GRAY GRAY 

FISHER 
CREEK 2 OF 

2 FISH-44 WARM SPRINGS RD 

SONOMA 
CREEK, SAN 
PABLO BAY   1.13 -0.46 1.23 NO GRAY GRAY GRAY 

FISHER 
CREEK 1 OF 

2 FISH-45 HWY 12 

SONOMA 
CREEK, SAN 
PABLO BAY   0.06 -0.03 0.05 NO GRAY GRAY GRAY 

FISHER 
CREEK 2 OF 

2 FISH-45 HWY 12 

SONOMA 
CREEK, SAN 
PABLO BAY   0.18 0.03 0.37 NO GRAY GRAY GRAY 

FISHER 
CREEK FISH-46 

WARM SPRINGS RD #2 
DST 

SONOMA 
CREEK, SAN 
PABLO BAY   0.41 -0.38 -0.16 NO GREEN GRAY GREEN 

FISHER 
CREEK 1 OF 

2 FISH-47 
WARM SPRINGS RD #1 

UST 

SONOMA 
CREEK, SAN 
PABLO BAY   1.28 -1.36 0.19 NO NO GRAY GRAY 

FISHER 
CREEK 2 OF 

2 FISH-47 
WARM SPRINGS RD #1 

UST 

SONOMA 
CREEK, SAN 
PABLO BAY   1.50 -1.57 -0.16 NO GRAY GRAY GRAY 

FISHER 
CREEK FISH-48 PARK 

SONOMA 
CREEK, SAN 
PABLO BAY   -1.03 0.81 -0.72 NO GRAY GRAY GRAY 

FISHER 
CREEK FISH-49 CHANNING 

SONOMA 
CREEK, SAN 
PABLO BAY -0.78 -2.65 -0.61 -6.63 NO GRAY GRAY GRAY 

FISHER 
CREEK 1 OF 

2 FISH-50 KINNEYBROOK 

SONOMA 
CREEK, SAN 
PABLO BAY 0.35 3.57 -2.09 2.39 NO RED RED RED 
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FISHER 
CREEK 2 OF 

2 FISH-50 KINNEYBROOK 

SONOMA 
CREEK, SAN 
PABLO BAY 0.35 2.25 -1.10 1.85 NO NO GRAY GRAY 

FRYER 
CREEK FRYE-52 ARROYO/BETTENCOURT 

NATHANSON 
CREEK, 
SCHELL 

CREEK, SAN 
PABLO BAY   -1.03 0.07 -1.26 NO NO GRAY GRAY 

FRYER 
CREEK FRYE-53 FISHER 

NATHANSON 
CREEK, 
SCHELL 

CREEK, SAN 
PABLO BAY   -0.20 0.21 -0.23 NO NO GRAY GRAY 

FRYER 
CREEK FRYE-54 MACARTHUR 

NATHANSON 
CREEK, 
SCHELL 

CREEK, SAN 
PABLO BAY -2.05 2.95 -2.79 28.40 NO NO RED RED 

FRYER 
CREEK FRYE-57 BROADWAY 

NATHANSON 
CREEK, 
SCHELL 

CREEK, SAN 
PABLO BAY 0.00 0.44 -0.34 0.29 NO NO GRAY GRAY 

FRYER 
CREEK FRYE-59 LEVERONI 

NATHANSON 
CREEK, 
SCHELL 

CREEK, SAN 
PABLO BAY   0.85 -0.51 0.17 NO NO GRAY GRAY 

HARASTHY HARA-64 DENMARK 

ARROYO 
SECO 

CREEK, 
SONOMA 

CREEK, SAN 
PABLO BAY -0.46 3.78 -2.41 1.50 NO NO RED RED 

HOOKER 
CREEK HOOK-195 CAVEDALE 

SONOMA 
CREEK, SAN 
PABLO BAY 1.79 -1.66 0.74 1.79 NO NO GRAY GRAY 

HYDE HYDE-164 HYDE 

SCHELL 
CREEK, SAN 
PABLO BAY   -0.37 0.00 -0.52 NO GRAY GRAY GRAY 

KOHLER 
CREEK KOHL-199 ARNOLD DR. 

SONOMA 
CREEK, SAN 
PABLO BAY -1.36 6.43 -5.50 1.61 NO NO RED RED 

MADRONE MADR-75 ARNOLD DR. 

SONOMA 
CREEK, SAN 
PABLO BAY 0.00 3.13 -0.90 2.18 NO NO GRAY GRAY 
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MILL CREEK MILL-186 ARNOLD DRIVE 

SONOMA 
CREEK, SAN 
PABLO BAY 0.00 0.80 0.02 0.33 NO GREEN GREEN GREEN 

MILL CREEK MILL-187 REDWOOD ROAD 

SONOMA 
CREEK, SAN 
PABLO BAY -1.93 3.19 -3.38 -0.57 NO NO RED RED 

NATHANSON NATH-78 PATTEN 

SCHELL 
CREEK, SAN 
PABLO BAY -0.83 1.23 -1.15 0.24 NO NO GRAY GRAY 

NATHANSON NATH-84 AUSTIN 

SCHELL 
CREEK, SAN 
PABLO BAY 0.00 1.68 -1.51 0.27 NO GRAY GRAY GRAY 

NATHANSON NATH-86 4TH STREET 

SCHELL 
CREEK, SAN 
PABLO BAY   2.70 -1.72 0.37 NO NO GRAY GRAY 

PEQUENO PEQU-188 LARSON PARK 

SONOMA 
CREEK, SAN 
PABLO BAY -2.58 7.48 2.31 20.83 NO NO GREEN GREEN 

PYTHIAN PYTH-95 PYTHIAN 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   9.97 -8.11 11.48 NO NO RED RED 

PYTHIAN PYTH-96 LOS GULLICOSE 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY -0.45 0.05 0.25 1.15 NO NO GRAY GRAY 

PYTHIAN 1 
OF 2 PYTH-97 HWY 12 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   0.53 -0.04 0.89 NO NO GRAY GRAY 

PYTHIAN 2 
OF 2 PYTH-97 HWY 12 

ANNELLA 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   1.46 -0.65 1.48 NO GRAY GRAY GRAY 

RODGERS 
CREEK RODG-102 WATMAUGH RD 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   0.24 0.00 0.54 NO GREEN GRAY GREEN 
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RODGERS 
CREEK RODG-103 VILLA COLOMBARD 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   -0.18 1.43 2.34 NO GRAY GRAY GRAY 

RODGERS 
CREEK 1OF2 RODG-104 SOUTHBOUND ARNOLD 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   -0.89 0.20 -0.95 NO GRAY GRAY GRAY 

RODGERS 
CREEK 2 0F2 RODG-104 SOUTHBOUND ARNOLD 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   1.10 -0.64 0.87 NO GRAY GRAY GRAY 

RODGERS 
CREEK 1OF2 RODG-189 ARNOLD NORTH 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   -1.09 -0.02 -3.47 NO GRAY GRAY GRAY 

RODGERS 
CREEK 2OF2 RODG-189 ARNOLD NORTH 

FOWLER 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   -0.68 1.07 1.22 NO GRAY GRAY GRAY 

SNAG 
CREEK SNAG-107 WARM SPRINGS RD 

SONOMA 
CREEK, SAN 
PABLO BAY -3.44 3.91 -4.10 -0.79 NO NO RED RED 

SNAG 
CREEK/MIDDLE 

FORK  SNAG-108 ENTERPRISE RD#4 

SONOMA 
CREEK, SAN 
PABLO BAY 89.39 96.24 -94.29 6.46 NO NO RED RED 

SONOMA 
CREEK SONO-110 ADOBE CANYON #1 

SAN PABLO 
BAY -2.13 0.83 0.85 3.63 NO NO GREEN GREEN 

SONOMA 
CREEK SONO-190 LARSON PARK DAMN 

SAN PABLO 
BAY             GRAY 0 

STUART 
CREEK 1 OF 

2 STUA-125 ARNOLD DRIVE 

SONOMA 
CREEK, SAN 
PABLO BAY   0.58 -0.21 1.15 NO NO GRAY GRAY 

STUART 
CREEK 2 OF 

2 STUA-125 ARNOLD DRIVE 

SONOMA 
CREEK, SAN 
PABLO BAY   1.96 0.44 3.12 NO NO GREEN GREEN 
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STUART 
CREEK 1 OF 

2 
STUA-191    
2ND SURVEY 
(3/2/04)      

ARNOLD 
DRIVE/PICCININI 

PROPERTY 

SONOMA 
CREEK, SAN 
PABLO BAY -3.95 6.79 -6.79 0.00 NO NO RED RED 

STUART 
CREEK 2 OF 

2 
STUA-191    
2ND SURVEY 
(3/2/04)      

ARNOLD 
DRIVE/PICCININI 

PROPERTY 

SONOMA 
CREEK, SAN 
PABLO BAY -6.83 5.39 -5.39 0.00 NO NO RED RED 

STUART 
CREEK STUA-192 GLEN OAKS BRIDGE 

SONOMA 
CREEK, SAN 
PABLO BAY -6.04 4.45 -3.78 5.83 NO NO RED RED 

TRINITY 
CREEK-
NORTH 
FORK TRIN-128 

NUNS CANYON QUARRY 
RD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY -0.88 0.43 0.29 3.38 NO NO RED RED 

TRINITY 
CREEK TRIN-129 TRINITY QUARRY RD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY -3.77 1.93 -2.42 -1.19 NO NO RED RED 

TRINITY 
CREEK-

SOUTH FORK TRIN-131 DUNBAR ROAD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   3.02 -3.19 -0.37 NO RED RED RED 

TRINITY 
CREEK TRIN-133 HWY 12 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   0.00 0.00 0.00 NO NO GRAY GRAY 

TRINITY 
CREEK TRIN-134 TRINITY RD #1 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY -0.78 4.66 -0.60 4.94 NO NO RED RED 

TRINITY 
CREEK TRIN-208 DUNBAR ROAD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY -0.64 0.43 -0.29 0.22 NO NO GRAY GRAY 

TRINITY 
CREEK TRIN-209 BONNIE RD 

CALABAZAS 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY -1.39 1.51 1.09 5.59 NO NO GREEN GREEN 

WHITMAN WHIT-136 MADRONE #1 DST 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   -0.42 0.30 -0.24 NO NO GRAY GRAY 
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WHITMAN WHIT-138 MADRONE #2 UST 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   0.10 0.41 0.91 NO NO GRAY GRAY 

WHITMAN WHIT-137 HWY 12 

WILSON 
CREEK, 

SONOMA 
CREEK, SAN 
PABLO BAY   -1.33 1.00 -0.92 NO NO GRAY GRAY 

WILSON WILS-140 HWY 12 

SONOMA 
CREEK, SAN 
PABLO BAY   -1.56 0.00 -3.55 NO NO GRAY GRAY 

WILSON WILS-141 MADRONE 

SONOMA 
CREEK, SAN 
PABLO BAY   -0.37 0.66 0.19 NO NO GRAY GRAY 

YULUPA 
CREEK         YULU-193 WARM SPRINGS RD 

SONOMA 
CREEK, SAN 
PABLO BAY -2.53 3.94 -3.70 0.88 NO NO RED RED 

 



Fish Passage Assessment, Sonoma Creek, 2005 11

 
 
 

Table T4.   Habitat Loss Due to Full Barriers 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Drainage Basin 

Number 
of Full  
Barriers 
in 
Drainage 

Area 
Lost to 
Barriers 
(ac) 

Total 
Drainage 
Area 
(ac) 

% Area 
Loss to 
Barriers

Stream 
Length 
Lost to 
Barriers 
(mi) 

Total 
Drainage 
Stream 
Length 
(mi) 

% 
Stream 
Length 
Loss to 
Barriers

Pythian  1 634 1,055 60% 7.6 11.1 68%
West Agua 
Caliente 1 432 560 77% 4.2 4.7 89%
Yulupa/Annadel 1 4,255 4,255 100% 26.2 26.2 100%
Snag 2 1,034 1,034 100% 10.4 10.4 100%
Kohler 1 383 383 100% 3.1 3.1 100%
Calabazas/Stuart 7 5,739 7,537 76% 41.8 54.9 76%
Mill 2 609 609 100% 3.8 3.8 100%
Rodgers/Fowler 2 3,529 12,226 29% 28 91.6 31%
Agua Caliente 1 703 2,958 24% 6.5 30.3 21%
Nathanson 1 736 4,733 16% 4.6 42 11%
Arroyo Seco 2 1,730 4,689 37% 20.5 50.3 41%
Dowdall 1 1,054 1,054 100% 11.8 11.8 100%
 
Totals 22 20,838 41,093 51% 168.5 340.2   
Average Loss       50%
% Freshwater Watershed 
Loss 20,838 89,538 23% 168.5 679.5 25%
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S O N O M A  C R E E K  WAT E R S H E D
A tool for developing an action plan for the Critical Coastal Areas program

AN INTRODUCTION TO THE  HISTORICAL  ECOLOGY OF THE

K. Ridolfi Sonoma Creek

This publication is intended as an introduction to how 

historical ecology can help local residents and resource 

managers understand current conditions and develop 

strategies for environmental recovery in the Sonoma Creek 

watershed. The watershed has experienced substantial 

physical and ecological change due to the history of 

human activity and development. Understanding this 

history can help identify opportunities to restore natural 

watershed function within the contemporary landscape. 

This document highlights areas of interest for potential 

restoration including historical freshwater wetlands 

and stream channels in the watershed. The highlighted 

opportunity areas will guide the stakeholders of the 

Sonoma Creek watershed participating in the Critical 

Coastal Areas (CCA) Program pilot study to identify and 

prioritize actions that will improve watershed health.  

The CCA Program seeks to improve water quality along 

the California coast through the implementation of 

management measures to reduce the effects of diffuse 

sources of pollution such as urban and agricultural runoff.

Scattered throughout local and regional archives, historical information represents a valuable and often untapped 

resource for watershed management. Can an understanding of the historical landscape help us guide future landscape 

modifications? Can this understanding help re-establish native habitats and ecosystem function? How did natural and 

cultural processes create the historic ecosystems that still persists as fragments in the current landscape? 

For more information on the CCA program, please visit  http://www.coastal.ca.gov/nps/cca-nps.html.

Authors • Arthur Dawson, Micha Salomon, Alison Whipple, and Robin Grossinger   
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Funding for this project has been provided in full or in part through an agreement with the State Water Resources Control 
Board. The contents of this document do not necessarily reflect the views and policies of the State Water Resources Control 
Board, nor does mention of trade names or commercial products constitute endorsement or recommendation for use. www.sfei.org
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S O N O M A  C R E E K  WAT E R S H E D Sonoma Creek Watershed: Past and Present
“Sonoma is a fountain of fountains,” wrote Father Jose Altimira in July of 1823, as he explored 

the North Bay, looking for the best place to build a mission. He found more water in Sonoma 

Valley than anywhere else, recording in detail the many creeks, ponds, springs, and wetlands 

that he came across. Even in dry years, the priest’s native guides informed him, “the perma-

nent small waters are innumerable.” Four years later, and a month further into the dry season, 

French traveler Auguste Duhaut-Cilly (1827) gave a similar picture, describing Sonoma Valley as 

“a plain of great extent . . . everywhere watered and crossed by streams of fresh water.” Histori-

cal maps and aerial photographs confirm these early observations.

Since 1823, human activity has changed the watershed in many ways. 

The net effect has been to dramatically increase the speed with which 

water moves through the watershed, creating a “Freeway to the Bay” 

for storm runoff. This condition has contributed to major water issues 

currently facing the Sonoma Valley watershed: channel incision, bed 

and bank erosion, high sediment load, flooding and associated property 

damage, groundwater depletion, loss of wetlands, instream habitat, and  

recreational opportunities. 

Sonoma es un manantial a 
manantiales.

   - Altimira 1823

Sonoma is a fountain of fountains.

Shaping the Future: Opportunity Areas
Over the last two centuries, the 

relationships between the tributaries, 

wetlands, groundwater, and the main stem 

of Sonoma Creek have been substantially 

altered.  Historical ecology provides a tool 

for developing action plans for Critical 

Coastal Areas. Historical ecology research 

provides both technical information and an educational perspective 

that can help us recognize and respond to environmental change. While 

this preview shows some of the types of analysis that could be useful 

for the Sonoma Creek Watershed CCA, much more historical information 

about the local landscape is available and remains to be compiled. For 

more information about historical ecology methods and resources, 

please go to www.sfei.org/HEP.

Wetland Restoration Opportunity Areas [page 4-5]:

	 •	 	Protect	and	restore	wetlands	within	the	former	Kenwood	Marsh	area	

and other areas

	 •	 	Recreate	floodwater	retention	areas

	 •	 	Seasonal	wetland/Swale	protection	and	restoration	at	several	

locations

Stream Channel Restoration Opportunity Areas [page 6-7]:

	 •	 	Recreate	distributary	systems	and	functions	

	 •	 Restore	historical	confluence	configurations

	 •	 Encourage	no	net	runoff	from	development
Image courtesy K. Ridolfi
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HISTORICAL CONDITIONS

	 •	 Abundant	water

	 •	 Low	channel	connectivity

	 •	 Extensive	wetland	complexes

	 •	 High	habitat	quality	and	diversity

	 •	 High	water	quality

MODERN CONDITIONS 

	 •	 Decreased	surface	and	groundwater

	 •	 	Increased	channel	connectivity	

	 •	 Increased	flood	risk

	 •	 Habitat	reduction	and	fragmentation

	 •	 Decreased	water	quality	



Perennial Wetlands
Early maps and accounts (Anonymous 1837; 

Peabody 1851, Boggs 1861) describe a large 

marsh complex near the upper end of the 

watershed covering about 400 acres. Known as 

the Kenwood Marsh (right  A: 1851, B: 1942 , C: 

2005), these wetlands stretched five miles 

from the watershed boundary (Pythian 

Road), through present-day Kenwood, to 

near Dunbar School in Glen Ellen. In fact, this 

marsh was part of a larger wetland complex 

extending to present-day Santa Rosa. This 

suggests that a subsurface connection existed, 

and may still exist, between the Sonoma 

Creek and Santa Rosa Creek watersheds. 

Groundwater was exceptionally high 

throughout this part of Sonoma Valley. Parts 

of the Kenwood Marsh probably held surface 

water throughout the year. By catching runoff 

from winter storms and releasing it over 

many months, the Kenwood Marsh acted as a 

sponge, reducing downstream flooding and 

increasing the flow of Sonoma Creek during 

the summer dry season.

Smaller wetlands existed in many other parts 

of the watershed. On the eastern side of what 

is now the city of Sonoma, Altimira described 

six or seven small ponds, “some between 

willows and others amidst tules.” An elder 

remembered “vernal pools all over the place” 

in this especially wet area, which extended 

several miles from the base of the hills near Lachryma Montis (Vallejo’s home) southeast all the 

way to tidewater at Sonoma Slough. Another elder recalled two artesian ponds on property 

his family has owned since 1860, that could be drained for irrigation and would refill overnight. 

Altimira also described ponds in the southwestern part of the valley at a former village site his 

native informant called pulpula. This Coast Miwok word has been translated as “ponds.”
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Present-day 
Kenwood

Present-day 
Kenwood

1851 1942

Historically, Sonoma Valley’s abundant wetlands 

ranged from seasonal swales and vernal pools to 

perennial features such as willow thickets, tule stands, 

and open water. Many of these wetlands were watered 

directly by tributaries flowing out of the hills and onto 

the valley floor. These pages discuss perennial wetlands 

(below) and seasonal wetlands (right).

Freshwater Wetlands 
SONOMA CREEK WATERSHED1

Map courtesy The Bancroft Library, UC Berkeley

Photo by the Sonoma Ecology Center
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Seasonal Wetlands
Seasonal wetlands such as swales and vernal pools dotted the valley floor. Altimira’s 

description of “innumerable small waters” may refer to these features, which apparently 

still held surface water during his visit in the dry season. On aerial photographs from 

1942, swales show up as network of linear dark patches [above left]. These probable 

seasonal wetlands were especially common on the western side of the valley from 

Boyes Blvd. south to Watmaugh Road. Complex networks of these features show up on 

the alluvial fans of Rodgers and Carriger Creeks.  

A 1967 soil survey (Miller) describes the Huichica loams, common in Sonoma Valley as 

having “a  hummocky, or ‘hog wallow’ micro relief”, a description consistent with vernal 

pool habitats. A 

number of seasonal 

wetlands still exist in 

Sonoma Valley today.

Photo by the Sonoma Ecology Center

C

Imagery courtesy USDA NAIP 2005

Imagery courtesy USDA NAIP 2005

Wetland 

RestoRation

Freshwater wetland loss is 

estimated to be greater than 

95% in the watershed. Benefits 

of restoration include: flood 

reduction, water quality 

improvement, habitat restoration, 

groundwater recharge, 

recreation, and aesthetic value.

Kenwood

Arnold Drive

Watmaugh Road

Arnold Drive

Watmaugh Road

2005

1942 2005
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Stream Channels
S O N O M A  C R E E K  WAT E R S H E D
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Changes to the channel network  

Modifications  to the channel network 

began with the founding of the mission 

in 1823. Less than twenty years later, 

George Simpson wrote that “The valley is 

intersected in every direction by artificial 

ditches, which are fed from the creek for…

irrigation.” By the 1870s, connections had 

been created between all the major isolated 

tributaries and Sonoma Creek. Ditch-digging undoubtedly played a role. However, the fact that these 

newly created connections often follow sinuous paths, implies natural forces were also at work. Perhaps 

ditches were dug to property lines and then the water itself cut a fresh channel from there. The abundance 

of swales, which are naturally sinuous, suggests the possibility that some ditches connected isolated 

tributaries with nearby swales.  Efforts to increase connectivity continue to this day. On newly developed 

residential and agricultural lands, underground drains are installed as a matter of course. Much less visible 

than ditches, these newer underground channels are easily overlooked, yet are likely a significant factor 

when considering recent hydrological change.

The tributaries of Sonoma Creek represent the most complex and 

dynamic part of the pre-settlement water picture. The historical 

record is difficult to interpret, but strongly points to the conclusion 

that many tributaries lacked direct channel connections to Sonoma 

Creek; and that some channels shifted over time across their alluvial 

fans. Summer dry conditions were probably not uncommon on 

many lower reaches. 

Where tributaries did join directly with larger streams, they tended 

to flow closely parallel before joining the mainstem. In some cases, 

tributaries ran parallel to to Sonoma Creek’s mainstem for hundreds 

of meters before joining it. Such “leisurely” confluences likely created 

large areas of slow moving water that made good habitat for 

salmonids and other fish.

Shortened Confluence

Channel Extension

Channel Straightening

Historical Stream Course

Modern Stream Course

8.5 pound Steelhead caught on Nathanson 
Creek, circa 1940 

Photo courtesy of the Eraldi Collection
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Discontinuous tributaries 
Maps of Sonoma Valley made before 1875 

consistently show tributary channels which 

seem to end on the valley floor (left) before 

reaching the mainstem of Sonoma Creek, 

especially in the El Verano area and above 

the Kenwood Marsh (O’Farrell 1848; Peabody 

1851; Bowers 1867). Altimira describes a 

creek, which did “not flow beyond the base 

of the hills, but instead [ended] on the plain.” 

He compares it to a nearby creek which “runs 

until it joins the Arroyo Sonoma.” Similarly 

discontinuous tributaries may have included 

Rodgers, Carriger, Hanna, Winkle, Fisher, 

Champlin, Stuart, Nathanson, and Kunde 

creeks as well as numerous smaller ones. 

In the Kenwood area, Sonoma Creek itself 

was described as ‘spreading out and losing 

itself in the valley,’ “forming a kind of willow 

thicket and marsh or lagoon.” (Boggs 1861).  

This evidence suggests that the mainstem 

Sonoma Creek may have lacked a direct 

channel between the outlet of the Kenwood 

Marsh complex and Adobe Canyon. One 

interpretation of this phenomenon is that 

these creeks descended from the hills and 

spread out into a system of distributaries, 

sinking under the surface as they crossed their 

alluvial fans. This historical pattern of isolated 

tributaries with channels ending on alluvial 

fans has been documented for other Bay Area 

watersheds including Napa River and Coyote 

Creek (Grossinger et al.  2006, 2007). Under 

winter conditions on saturated soils, sheet 

flows from these creeks probably spread out 

over much of the valley floor. Water from 

winter storms was slowly shunted down the 

valley, raising water levels of wetlands and 

lakes and replenishing groundwater as it 

moved toward the bay (Micheli 2003). 

Shortened confluences 

A more subtle modification has been the shortening of confluence channels. 

Historical confluences typically made sharply acute angles, the two streams 

flowing almost side by side for some distance before they came together. 

Today, most confluences are 

close to perpendicular. In 

this case, channel length has 

been decreased to promote 

faster drainage.

In some cases it appears this 

was done to increase the 

usable land on a piece of 

property. The confluence of 

Agua Caliente and Sonoma 

Creeks appears to have 

been intentionally moved 

upstream to eliminate the 

need for a culvert on Verano 

Avenue.

Modern Confluence

Historical Confluence

Historical Stream Course

Modern Stream Course

Map courtesy The Bancroft Library, UC Berkeley

Map courtesy The Bancroft Library, UC Berkeley

Sonoma Creek near El Verano. Watkins 1887. 

Image courtesy The Bancroft Library, UC Berkeley

Map courtesy The Bancroft Library, UC Berkeley

Discontinuous Tributaries

Sonom
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Agua Caliente  
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Building a HISTORICAL ECOLOGY Project

data compilation • Sources are drawn 

together for synthesis and analysis along 

the themes of historical vegetation types, 

channel geometry, seasonality, and land use. We 

georeference early maps and aerial photography 

in a geographic information system (GIS), which 

allows historical evidence to be compared to modern 

conditions. We also extract and organize pertinent 

quotes from early land surveys and narrative sources 

and, where possible, place them on maps of the past and present. This process of comparing multiple, independent sources 

of historical and modern information facilitates a detailed and accurate depiction of environmental change.

reports, graphics, and presentations •  The analysis is brought together into broadly accessible tools, 

including illustrated reports, websites (such as wetlandtracker.org), and maps. These present trends in habitat 

types and extent, discuss conceptual models and areas of interest for future environmental improvements, and 

provide direct access to many of the most significant historical data sources.

synthesis and analysis • We rely heavily on GIS to synthesize the data into layers that represent historical 

landscape characteristics. Mapped features may include channels, perennial and seasonal wetlands, coastal 

features, woodlands and savanna, and other habitats — each coded independently with their supporting sources 

and relative certainty level. A variety of methods are used to compare past and present landscapes, describing changes in 

habitat form and distribution. These depictions of habitat change are used by ecologists and other environmental scientists 

to describe changes in ecological functions, such as wildlife support. As a reliable map of the pre-modification landscape is 

developed, it begins to reveal the relationships between native habitats and physical gradients such as topography, salinity, and 

hydrology, providing a basis for identifying adaptive restoration and management strategies for the contemporary landscape.

applications •  Understanding the historical landscape and how it has changed over time can help address 

many of the challenges associated with managing and planning for the future of local watersheds. Historical 

ecology can help set priorities for restoring natural functions to local creeks, identify natural ways to reduce flood 

hazards, and reveal previously unrecognized conservation opportunities. The historical analysis often reveals ways to restore 

native habitats within our developed landscape for recreational benefits as well as wildlife conservation. Historical ecology  

can also reveal management constraints resulting from historical landscape changes, providing a more realistic basis for 

planning the future.
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LOWER PENITENCIA CREEK

US Deputy Surveyor Edward Twitchell (1859: 160-161) 

explicitly describes the transition from fl uvial to tidal 

feature as he surveys north along the Penitencia Creek 

boundary of the Rancho los Tularcitos, encounter-

ing “the mouth of the Creek and head of the main 

slough.” [U]pstream of this point, Penitencia Creek 

fl owed in a highly sinuous, thickly wooded channel, 

presumably perennial because of the interception of 

the high groundwater table. Thompson’s 1857 sum-

(Westdahl and Morse 1896-97), during which time even 

greater mass wasting of hillsides is documented due to 

agriculture (Gardner et al. 1958), also seems to make 

a rapid change from tidal marsh to arable land during 

the previous two or three decades less likely. Farmers 

described having to plow these fresh deposits into the 

“natural soils” (Parker 1863: 212-213) to improve fertil-

ity, a scenario more likely to have been successful in the 

transitional salitroso lands rather than Bay-mud based 

tidal marsh.

THE TIDAL MARSH-ALKALI  MEADOW 

ECOTONE

Saltgrass (Distichlis spp.) dominated alkali meadows at 

the landward edge of the tidal marsh and extended 

well beyond regular tidal infl uence, creating a broad 

ecotone. Defi ning the boundary between tidal marsh 

and terrestrial habitats here is challenging because of 

the gradual transition along this very fl at topographic 

gradient and the absence of 1850s-era US Coast Survey 

data. However, a number of indicators are available, 

including remnant sloughs visible in Westdahl and 

Morse (1896-97)and aerial photography (1939). Other 

historical map information is available as well; for exam-

ple, Herrmann (1874c) notes “SWAMP LAND” beginning 

along Coyote Creek at the boundary we show.

Day (1854:490-491) describes alkali meadows several 

times in his survey in the vicinity of Milpitas, reporting 

clay soils “rather wet in winter with some alkali” and 

“strongly tinctured with alkali.” The alkali meadows 

were characterized by native grasses, wetland plants, 

and an array of presently rare plants associated with 

vernal pools and alkali fl ats (see description in PART II). 

Soil conditions precluded agriculture quite dramatically, 

forming distinct land use boundaries (FIGURE III-7).

PENITENCIA POND

The mysterious Penitencia Pond was also located in 

this vicinity, two miles downstream from Milpitas and 

near where “the Penitencia and Coyote join” (Fer-

nandez 1860: 150, Gallagher 1860). Both witnesses 

locate the “lake (laguna)” (Fernandez 1860: 150) near 

the downstream sausal. The feature appears to have 

been a muted tidal lagoon. A landmark in the Rincon 

de los Esteros grant testimony, it also happened to be 

intersected by the Mt. Diablo Meridian and a Township 

boundary between Five and Six South.

Day (1854: 490) notes that the “tide slough [is] now dry, 

but often wet.” This feature was surprisingly wide: Day 

(1854: 490-491) requires fi ve chains (330 feet) to cross 

the “dry bed of salt slough” near the present-day Calera 

confl uence. He and other surveyors are able to cross the 

slough except when it is fl ooded, indicating relatively 

solid substrate and less frequent tidal inundation. In 

1866, Thompson approaches the Penitencia Laguna 

along the Township line from the West and describes 

entering and leaving the willows and the “Tuley [sic] 

swamp.” The sausal is fi ve chains wide (330 feet) and 

the presence of willows and tule suggests brackish tidal 

infl uence.

FIGURE III-7.  BOTTOMLAND BOUNDARY IN MILPITAS. The 1800 view (lower left) shows dry grassland occupying Coyote Creek’s broad 
natural levee on the left and alkali meadow, with a perennial freshwater marsh, in the bottomlands to the right. These boundaries are based upon 
the 1940-41 soil survey (Gardner et al. 1958; lower right), which also generally indicates the small marsh with two wetland symbols. Farmers have 
developed the well-drained, coarse alluvial deposits in 1939 (upper left; AAA 1939), but poor drainage and salt effects in the bottomland soils have 
precluded agriculture, forming a distinct land use boundary. The shape of the freshwater marsh is indicated by darker, saturated soils. Highway 880 
and the Montague Expressway offramp can be seen presently (2002; upper right; Imagery Copyright 2005 AirPhotoUSA, LLC, All Rights Reserved).

1939 2002

1800 1941

1896

1943

2005

1866

data collection • Research begins with the acquisition of historical materials from a broad range of institutions, 

including local museums and historical societies, city and county archives, and regional libraries. Journals, diaries, 

oral histories, interviews and newspaper articles about the landscape and notable environmental features 

document historical conditions. Early maps, surveys, 

and aerial photography provide the locations of 

historical features, such as streams, wetlands, and 

plant communities, as well as remaining property 

boundaries and roads that are valuable links to the 

contemporary landscape. Other important sources 

include landscape photography, sketches, and 

paintings. 
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Vision Statement 
“The Preserve will be an oak woodland and grassland that supports high quality habitat for 
a diversity of native Sonoma County wildlife and plants.  The Preserve will support 
opportunities for research and will be a showcase for appropriate management of oaks and 
grasslands for the Sonoma Valley. 
 
The gentle trails, rolling grasslands and oak woodlands, spring wildflowers, and spectacular 
views of the Sonoma Valley and San Pablo Bay will attract visitors who enjoy and appreciate 
the natural setting of Sonoma County. The public will have clear and easy access to the 
Preserve with minimal impacts to wildlife habitat.  The Preserve will provide opportunities 
for persons with physical disabilities to enjoy the Preserve. 
 
Partners will collaborate to provide a wide range of management, interpretive and 
environmental education programs.  The Preserve will provide trail linkages, connecting the 
adjacent overlook trail with the regional bike trail and the Vallejo Home State Historic Park.  
The local community and visitors will enthusiastically identify and promote the Preserve as a 
regional and statewide tourist destination that contributes to economic development and 
enhances the quality of life in Sonoma.” 
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Summary Project Description 
 
 
 
 
 
Introduction 
The District has provided this 
summary of the Montini Open Space 
Preserve Management Plan (plan) to 
describe District actions that are 
most likely to affect the 
environment.   
 
The proposed project is a 
management plan for the Montini 
Open Space Preserve (Preserve), 
with the Sonoma County 
Agricultural Preservation and Open 
Space District (District) the 
California Environmental Quality 
Act (CEQA) lead agency for the 
proposed project.  This document 
has been prepared by District staff.  
The document is intended to 
provide a description of the 
proposed project and of the potential 
environmental impacts associated 
with the construction, operation, 
and maintenance of the proposed 
project for decision-makers, 
responsible and trustee agencies 
under CEQA, and the public.  For 
more information, please see the full 
management plan, of which this 
project summary and initial study are 
appendices. 
 
This Initial Study has been prepared 
in compliance with CEQA, and the 
State CEQA Guidelines.  The 
District retained three consultants to 
complete studies to assist in the 
completion of this management plan 
and Initial Study.   

1. Botanical Study 
2. Cultural Resources Study 
3. Traffic Study 
 
 

 
Project Location 
The Montini Open Space Preserve 
consists of 98 acres, including a 9-
acre portion of a parcel located 
within the city limits of Sonoma, a 
26-acre site, also situated in the city 
limits, and a hillside area of about 63 
acres located in the unincorporated 
county.  The   Preserve is bounded 
on the east by 1st St. West, to the west 
by 5th St. West, to the north by 
property retained by the Montini 
family and to the South by Sonoma 
State Historic Park and the Field of 
Dreams ballpark (figure 1).   
 
Project Purpose 
The purpose of the management 
plan is to provide a framework for 
how the District will manage the 
Preserve’s natural and cultural 
resources and visitor services.  The 
plan provides for opening the 
Preserve for public use beyond the 
periodic guided tours currently 
offered. In addition, the plan 
provides recreational access for 
disabled individuals.   
 
Projected Park Visitors 
The projections are considered by 
season and are based on observations 
of other similar facilities. 
Observations of the numbers of cars 
in the trailhead parking lot for the 
Sonoma Overlook Trail are 
multiplied by estimated turnover of 
vehicles and estimated number of 
visitors per vehicle to calculate the 
projections.  The average annual 
number of Preserve visitors expected 
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during the next ten years is listed in 
Table 1, below. 
 
Development Schedule 
Improvements for the plan will be 
completed throughout the life of the 
plan and will be phased based on 
available funding.  Maintenance and 

resource enhancement activities will 
be ongoing. It is expected that the 
programs and special events 
described in this Initial Study will 
evolve and be modified through the 
plan implementation phase. 
 

 
Table 1.  Estimated visitors to the Montini Open Space Preserve 
 
Daily number of 
visits 

People per car Cars per day Total annual 
visitation 

 May – June 15, Sept – Oct 15, Sat – Sun 
55 2.2 25  1,430 (26 days 

total) 
May, Sept Mon – Fri 
14.4 1.8 8 936 (65 days total)
April, June – Aug, Oct – Nov 
8.4 1.2 7 1,285 (153 days 

total) 
Dec – Mar 
6 1.2 5 726(121 days total) 
Annual total   4,377 
 
Public Access 
Public access will be focused on the 
Montini Open Space Preserve 
trailheads (Figure 2).  The Preserve 
fronts only two streets, Norrbom 
Road/1st St West and 5th St. West.  
Access is concentrated on those two 
areas.   
 
Grassland Management 
The District will manage grasslands 
so that weeds are minimized and 
native plants are maximized to the 

extent possible.  The District will 
explore specific prescriptions for 
using cattle, goat, and other livestock 
grazing, as applicable, as a means of 
weed control, monitor the Preserve 
each spring for noxious weeds such 
as purple and yellow starthistle and 
Harding grass, and implement 
control efforts if necessary. 

 
The District will conduct an 
experimental restoration of native 
grass species on the Preserve by 
developing site-specific native 
grassland restoration plans; locating 
onsite seed sources where possible 
and having the seeds grown; using 
herbicide (glyphosate, 2, 4-D, 
transline), mechanical (mowing, 
grazing, string trimming, and 
heating) and biological control, and 
hand removal for two seasons before 
establishing native grasses; and 
controlling broadleaf and other 
perennial invasive plants on newly 
restored areas if necessary. 
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Erosion Control 
The District will address erosion 
problems on the ranch road leading 
from the water tanks east towards 5th 
St. West and the erosion on the 
ranch road leading north from the 
water tanks  by rerouting or 
removing the roads to be less 
erodible, removing the fencing that 
concentrates cow movement to the 
area uphill of the eroding ranch 
road, restoring eroded areas by 
grading rilled areas, using 
biotechnical measures such as coir 
materials (coconut fiber erosion and 
sediment control products), if 
necessary, and planting only native 
plant materials. 
 
Resource Protection 
The District will protect natural 
resources from excessive impacts 
from the public such as litter, illegal 
camping, etc. while providing for 
public enjoyment.  The District will 
work with local law enforcement 
officials to patrol the Preserve once 
per week, continue the volunteer 
patrol, maintain a District presence 
on the Preserve with regular visits to 
the Preserve, and prohibit smoking 
and all other nonvehicular sources of 
combustion.  In addition, the 
District will educate the public on 
personal stewardship of the Preserve, 
emphasizing fire danger and the 
harm caused by littering, off-trail 
hiking, and smoking using visitor 
contacts, bulletin board materials, 
handouts, and interpretive 
programs.  The District will sign the 
Preserve as a pack in/pack out area 
for trash, organize periodic 
volunteer trash pick up days, sign 
that the Preserve hours are sunrise to 
sunset, and enforce the nighttime 
closure by patrolling and ticketing 
violators.  Allowable public uses at 
the Preserve will be hiking, nature 
observation and photography, 
interpretation, stewardship, and 

environmental education.  Other 
public uses could be evaluated using 
a compatibility determination. 
 
Oak Woodland Management 
The District will manage oak 
woodland habitats to promote the 
natural oak woodland habitat species 
composition and age structure.  The 
District will remove unnecessary 
ranch roads and restore them to 
natural conditions, plant native 
woody vegetation on the 9-acre 
parcel on 5th St. West if appropriate 
conditions exist, work with a 
contractor to grow plant materials to 
be used on the Preserve using seeds 
and cuttings collected on-site, where 
possible.  All plantings will be native 
to the site.   

 
In addition, the District will 
continue to work with others to 
decrease the risk of sudden oak death 
(SOD) on the Montini Preserve and 
in Sonoma County.  The District 
will monitor susceptible tree species 
for evidence of SOD on the Preserve 
annually.  If potentially infected 
trees are found, leaf samples from 
adjacent bay trees will be sent to the 
County Agricultural Commissioner’s 
office for testing.  The District will 
also develop interpretive materials to 
help visitors recognize SOD and 
understand how SOD is spread, 
encourage visitors to stay on the trail 
as a means of preventing the spread 
of SOD, limit the number of trails 
through the Preserve, and meet with 
researchers to identify appropriate 
research projects on the Preserve.  If 
infected trees are found, they will be 
treated with phosphonate and partial 
or complete removal of infected 
adjacent bay trees. 
 
Wildlife Movement 
Currently, wildlife movement 
through the Preserve is limited by 
barriers within the Preserve.  The 
District will take the following steps 
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to ameliorate this condition: 
 Inventory existing fencing 

and remove unnecessary 
fencing within the Preserve. 

 Route trails so that there is a 
large portion of the Preserve 
that is undisturbed, 
particularly shaded grassy 
areas favored for fawn beds.   

 Investigate exterior fencing 
and gates that would keep 
cattle in the Preserve while 
allowing wildlife to move out 
of the Preserve (wildlife 
friendly cattle fencing). 

 Protect nesting sites of 
important birds such as 
pileated woodpeckers and 
great-horned owls by 
keeping nesting sites safe 
from disturbance by 
rerouting trails or 
implementing seasonal trail 
closures, if necessary. 

 
Public Use 
The Preserve’s public use program 
will primarily consist of a trail 
system, trailheads, and signs. 

 Construct and maintain 
trails (Figure 5) in 
accordance with the 
prescriptions in the trail log 
(Appendix E). 

 Construct a parking lot for 2 
disabled access vans off 5th 
St. West. 

 Work with the city to 
establish a disabled 
accessible connection from 
the city’s ballfield parking lot 
to the Montini Preserve 
trailhead.   

 Install self-closing gates at 
trailheads (Agate 1983). 

 Construct an information 
kiosk at the Norrbom Road 
and 5th St. West trailheads 
with a bulletin board for 
general preserve 
information.  Kiosk designs 
should be compatible with 

the Sonoma Overlook Trail 
kiosk and State Parks kiosks.  

 Link the trail on the 
Preserve to the Sonoma 
Overlook Trail via the 
Rattlesnake Cutoff spur.  

 Construct a fence bisecting 
the southwestern 9-acre 
parcel to separate livestock 
from hikers. 

 Install directional trail signs. 
 Install bike parking racks at 

the 5th St. West and 
Norrbom Road trailheads. 

 Protect the narrow-anthered 
brodiaea and Franciscan 
onion with barriers. 

 Monitor populations of the 
narrow-anthered brodiaea 
and Franciscan onion 
annually to monitor their 
reaction to the trail. 

 
Access 
The District will facilitate two safe 
trail crossings across Norrbom Road 
by implementing the 
recommendations from the W-Trans 
report on crossing Norrbom Road 
and will consider installation of a  
vehicular speed measuring device on 
Norrbom Road.  In addition, the 
District will construct a trailhead at 
the Field of Dreams/Police Station 
and using existing parking for the 
Field of Dreams/Police Station.  The 
District will also construct a trailhead 
at 5th St. West (Western Spur) an 
access road would be located at the 3-
way stop sign at the corner of 5th St. 
West and Verano Blvd.  The road 
would lead to a parking lot for 2 
disabled vehicles.   
 
Environmental Education 
The District plans to have 7 classes of 
schoolchildren using the Montini 
Preserve for environmental 
education annually.   
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Interpretation 
The District’s public education 
program will include a kiosk at the 
Norrbom Road trailhead and at the 
5th St. West Trailhead, an 
interpretive trail, plant 
identification labels, and guided 
tours. 
 
Benches 
The District will allow donations of 
three benches at several viewpoints, 
at the entrance kiosk and at the 
quarry site.  Interpretive panels will 
be placed near the benches. 
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Chapter 1. Introduction 
 
 
 
 
Preserve Overview 
The Montini Open Space Preserve 
(Preserve) was established in 
December 2005.  The District 
protected the Preserve because of its 
scenic prominence, its historic role 
in the history of California, its 
proximity to the Vallejo Home State 
Historic Park, and its ability to 
provide a pleasant and strikingly 
scenic hike within a short distance of 
Sonoma’s historic Plaza. 
 
The Preserve was purchased by 
General Vallejo and was used for 
grazing and rock (basalt) extraction 
until 1934.  In 1934, the Montini 
family acquired the property from 
General Vallejo’s heirs and the 
property was used from that time 
until the Preserve was established for 
grazing. 
 
Setting 
The Preserve is located on one of the 
hills just north of the historic 
Sonoma Plaza in the city of Sonoma. 
The Preserve consists of rolling 
grasslands and open oak woodland 
with large rock outcroppings 
scattered throughout.   
 

The city of Sonoma is located at the 
southern end of the scenic Sonoma 
Valley.  The valley is roughly bisected 
by Sonoma Creek, which eventually 
flows into the San Pablo Bay.  The 
valley contains a variety of plant 
communities with primarily coastal 
affinities as well as valuable wildlife, 
including salmon, steelhead, and a 
variety of birds.  The varied plant 
communities in the Sonoma Valley 
include redwood forests, chaparral, 
grasslands, oak woodlands, and 
mixed evergreen forest.  Slopes of 
wildflowers abound in spring.  
Birds, including a wide variety of 
raptors, waterfowl, shorebirds, and 
migrating birds can also be found in 
great abundance in the valley, 
especially in the estuary. 
 
The Montini Open Space Preserve is 
the most significant greenbelt 
property bordering the city of 
Sonoma, and has been identified as a 
priority for conservation since the 
District’s inception in 1990. 
Protection of the Preserve’s oak 
covered hillsides and pasturelands 
will ensure that the scenic vista 
remains much as it was in General 
Vallejo’s day.  The Preserve is located 

Montini Open Space Preserve 
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adjacent to a community that is a 
major tourist destination in part 
because of its pastoral character and 
scenic beauty.  According to the 
Sonoma Valley Visitors Bureau, 
100,000 visitors signed the log at its 
welcome center in the Sonoma Plaza 
in 2004. The Bureau estimates that 
the actual number of visitors is 3 to 4 
times that number.  

 
Visitors to the Preserve cans see 
sweeping views of San Francisco and 
San Pablo Bays from various 
locations on the Preserve hillside. 
 
Land Ownership 
The Montini Open Space Preserve 
consists of 98 acres, including a 9-
acre portion of a parcel located in 
the city of Sonoma, a 26-acre site, 
also situated in the City, and a 
hillside area of about 63 acres 
located in the unincorporated 
county.  The District concurrently 
acquired a conservation easement 
over 53 hillside acres on an adjacent 
parcel of land from the Montini 
family (Figure 1.  Regional Map).  
This management plan does not 
apply to the conservation easement. 
 

The 9-acre portion of the urban 
residential parcel was acquired in fee 
and will eventually be transferred to 
the city of Sonoma for passive 
recreational use.  The 26-acre site 
adjacent to the Sonoma State 
Historic Park and 63 acres within 
the unincorporated County, directly 
to the north of the 26-acre site were 
acquired in fee for eventual transfer 
to State Parks.  Bill Montini retains a 
five-year grazing lease on all of the 
Property that was acquired in fee by 
the District. 
 
A number of other entities hold 
easements over the Preserve 
including: 

 An easement for a pipeline, 
waterline facilities, fixtures, 
and all appurtenances in 
favor of the city of Sonoma 
over a portion of the eastern 
portion of the Preserve. 

 An easement for a road and 
public utility granted to 
Sonoma County along a 
strip along the easterly 
boundary. 

 A 20-foot-wide easement for 
a pole line and 
appurtenances for 
conveyance of electricity and 
telecommunications along 
the northerly portion of the 
Preserve granted to a private 
party. 

 An easement for 
underground water 
pipelines and all facilities, 
fixtures, and appurtenances 
to the Sonoma County flood 
Control and Water 
Conservation District on the 
portion of the Preserve 
adjacent to the State Historic 
Park and the Montini Ranch 
residential development. 

Hikers enjoying the first District Montini Open Space Preserve 
Hike. 



Figure 1. Regional Context 
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 An easement for 

construction, grading, 
operation, and maintenance 
of storm drainage and flood 
control facilities on the 
southerly 50 feet of the 
parcel to the city of Sonoma. 

 An easement granted to a 
private party in the southeast 
corner of the Preserve. 

 
Preserve Purpose 
The purpose of the acquisition is to 
preserve and protect the open space, 
natural, and scenic values of the 
Preserve, and to prevent any uses of 
the Preserve that will significantly 
impair or interfere with those values. 
The Preserve is visible from much of 
the city of Sonoma and serves as an 
important backdrop contributing to 
the community identity Sonoma.  
The Preserve also has a significant 
amount of oak woodland that serves 
as habitat for important plant and 
animal species integral to preserving 
the natural heritage of Sonoma 
County. Accordingly, the Preserve 
protects the City’s scenic values 
including the pastoral view of the 
Preserve from surrounding and 
nearby public lands, and the 
Preserve’s existing natural resources 
including the oak woodland, 
grasslands, and other important 
habitats.   
 
In addition, the Preserve will expand 
public recreational access, ranging 
from viewpoints high on the Preserve 
to meadows along Fifth Street West.  
The recreational opportunities 
created by this project will benefit 
the many residents and visitors who 
will be able to walk a few city blocks 
to the Preserve from the Sonoma 
Plaza. 
 
Maintaining the scenic vista that 
forms the backdrop for Sonoma is 
critical for the city of Sonoma and 

contributes to the quality of life for 
city residents and citizens of Sonoma 
County. Conservation of the 
Preserve will enhance the experience 
of the Sonoma State Historic Park 
for the more than 65,000 visitors 
annually by maintaining the historic 
feel of the hillside backdrop, and 
further by providing for expansion 
of existing State Park and city trails. 
To the east is the Sonoma Overlook 
trail, which could eventually extend 
onto the fee portion of the Preserve.  
This city trail linkage and trail 
connections from the State Park to 
the Preserve could eventually enable 
a pedestrian starting in the 
downtown Sonoma Plaza to walk up 
through the State Park, or around to 
the trail on the east side, to meadows 
and through oak woodlands on the 
Preserve. 
 
Purpose and Need for the Plan 
The District prepared this 
management plan to guide natural 
resource management, including 
public use, on the Preserve for the 
next 10 years.  The plan is flexible; it 
will be revised periodically to ensure 
that its goals, objectives, 
implementation strategies, and 
timetables are still appropriate.  
Major revisions, if needed, will 
require public involvement and 
CEQA review.   
 
General and Other Plans 
The Preserve was identified in the 
District’s Acquisition Plan 2000 
under the Greenbelt category of the 
plan.  The Preserve also falls within 
the priority oak woodland of the 
Natural Resource category.   
 
The Preserve meets several goals of 
the 1989 Sonoma County General 
Plan. The District’s protection will 
maintain the rural character of the 
hillside, and will ensure that the 
scenic woodlands and meadows are 
protected in perpetuity. The low-
intensity public outdoor recreational 
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use is consistent with protection of 
the Preserve’s open space values 
within the scenic viewshed.  The 
Preserve was identified by the draft 
Sonoma County General Plan as 
being in Sonoma Valley Planning 
Area (Planning Area 9).  A portion 
of the hillside was designated as part 
of a scenic landscape unit (Sonoma 
County  2006).  In the city of 
Sonoma General Plan as the Preserve 
is identified as Sonoma residential 
on the 26-acre parcel north of 
Montini Ranch and Hillside (1 DU 
per/10 acres maximum), Hillside 
Backdrop, and Open Space on the 
remainder of the Preserve within the 
Sonoma city limit (City of Sonoma 
1995).   

 
Existing Partnerships  
The District’s partners for the 
acquisition of the Preserve included 
the California Coastal Commission 
and the city of Sonoma.  California 
State Parks will also play a key role in 
the Preserve’s future as the eventual 
owner of most of the property.   
 
In addition to the agency partners, 
two nongovernmental partners were 
very supportive of the protection of 
the Montini Preserve, the Sonoma 
Overlook Trail Committee and the 
Sonoma Ecology Center.   
 
Related Projects and Studies in 
the Area 
Easement 
The District purchased a 
conservation easement over 53 acres 
of the Montini family’s property in 
2005 to protect the rural and scenic 
character of the hillside. The 
conservation easement allows for 
continued grazing of Montini 
family’s lands, and construction of 
one single-family residence within a 
designated building envelope. This 
easement will protect the oak 
woodland and other important 

resources on the property, adjacent 
to the Preserve. 
 
Sonoma State Historic Park 
Sonoma State Historic Park is a 
series of historic attractions within 
the Sonoma community.  The 
Vallejo home site of Sonoma SHP is 
located south of the Montini 
Preserve.  Visitor activities include 
tours of the historic sites, displays 
and exhibits, picnicking, bike trails, 
and a visitor center. 
 
Sonoma Overlook Trail 
A group of citizens worked to protect 
the city of Sonoma’s Mountain 
Cemetery.  Through the grassroots 
efforts of this group the Sonoma 
Overlook Trail was constructed, 
largely using volunteers.  The trail 
and Mountain Cemetery is located 
east of the Preserve across Norrbom 
Road.  Volunteer docents 
occasionally lead tours on the trail.  
The trailhead to the gentle but hilly, 
two mile trail is within walking 
distance from the plaza in Sonoma.  
The trail makes its way through 
meadows, soap-root, buckeye, and 
manzanita and across a babbling 
brook to a breathtaking view of 
Sonoma.  This well-maintained trail 
is open all year round from dawn to 
dusk. 
 
Sonoma Aqueduct Cathodic Protection 
Upgrade Project 
The Water Agency will replace an 
anode within an underground 
drinking water pipeline.  The anode 
extends the life of a pipeline by 
controlling erosion.  The anode 
station would consist of an anode 
placed in a 150-foot to 250-foot 
deep well, a rectifier to power the 
anode, and connecting power lines.  
The anode itself would be housed in 
a concrete box, flush with ground 
level and the rectifier would be 
housed in a steel box, placed next to 
an existing steel box near the 
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intersection of Verano Rd. and 5th 
St. West.  The Water Agency would 
also construct a gate on the Preserve 
near the intersection which would 
then be used by the District to access 
the proposed gravel parking lot.
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Description of the Planning 
Process 
Key steps in the planning process 
include:   

 Gathering information; 
 Initiating public 

involvement; 
 Analyzing resource 

relationships; 
 Identifying issues and 

developing vision and goals;  
 Developing the plan and 

assessing environmental 
effects;   

 Publishing the draft 
management plan and 
CEQA document;  

 Documenting public 
comments on the draft plan;  

 Revising the draft plan and 
preparing the final plan;  

 Implementing the plan.   
 
The plan may be amended at any 
time, as necessary, under an adaptive 
management strategy (the process of 
implementing policy decisions using 
scientifically driven experiments that 
test predictions and assumptions 
about management plans, and using 
the resulting information to improve 
management strategies).  Public 
involvement and CEQA (Section 2) 
review will be required if major 
revisions are needed.  For more 
about plan revision, please see 
Chapter 6. 
 
The Montini Open Space 
Preserve 
The District purchased the Montini 
Preserve in December 2005.  The 

District held a 
Dedication for the 
Preserve in February 
2006.  The invitation to 
the Dedication was 
distributed to about 
3,000 residents of the 
city of Sonoma and 
included information 
about a public 
workshop.  Several press 
releases to Sonoma 
Valley publications were 
sent out describing the 
workshop.   
 
In June 2007, the District held 
another public workshop to present 
the preliminary draft management 
plan.  The invitation to the 
workshop was distributed to about 
350 residents of Sonoma County, 
adjacent landowners, and others who 
had expressed interest in the 
Preserve.  The District sent a press 
release to Sonoma Valley 
publications describing this second 
workshop. 
 
This draft plan and Initial 
Study/Negative Declaration is being 
distributed to District partners, 
adjacent landowners, government 
agencies, local jurisdictions, 
community groups, and private 
citizens.  The public has 30 days 
from its release to provide 
comments.  The draft plan and 
CEQA documentation can also be 
viewed at the following Internet site: 
 
http://www.sonomaopenspace.org 
 

District General Manager, Andrea 
Mackenzie at the Preserve Dedication 
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Issues Identified by the Public 
Issues, concerns, and opportunities 
were identified through the first 
public workshop, and discussions 
with other District staff and other 
key contacts.  Comments were 
received orally (Appendix A). 
 
The District held a public workshop 
on March 8, 2006 in Sonoma at the 
Sonoma Fire House Training room.  
About 30 people attended.  Issues 
identified by the public pertained 
primarily to access and recreation.  
Several individuals said that they 
would like to have the trail 
constructed quickly without delays 
and that the construction should be 
kept simple and inexpensive.  An 
adjacent landowner expressed a 
concern about the proximity of 
hikers to his private residence.  One 
individual expressed that it would be 
nice for residents and visitors to be 
able to walk the trails.  The District 
received one comment by mail.  The 
sender expressed a desire to hike on 
a trail that is accessible from 
downtown Sonoma. 
 
The District held an additional 
public workshop on June 27, 2007 in 
Burlingame Hall of the First 
Congregational Church in Sonoma.  
About 30 people attended.  Issues 
identified by the public pertained 
primarily to trails and parking.  
Some individuals of the adjacent 
subdivision did not want hikers so 
close to their residences.  Other 
individual felt that the proposed trail 
spur to 5th St. West provided good 
access to the west side of town.  
Several individuals said that the 9-
acre parcel adjacent to the Montini 
Ranch subdivision should not have a 
trail, public use, or anything, that 
the parcel should be visual only.  
Others expressed that crossing 
Norrbom Road is unsafe. The 
District also received similar 
comments by mail and email.   

 
Subsequent to the  June 2007 
workshop, District staff met 
numerous times with various 
members of the community.   
Subsequent comments included that 
a disabled trail should not be 
constructed in the 9-acre parcel 
because it would displace the cows.  
Others noted that cows and 
wheelchairs are safely accommodated 
on other trails in the San Francisco 
Bay Area and that the District was 
planning to maintain the cows in the 
area currently under a grazing 
regime. 
 
A mediator was retained by the 
District to assist in developing a 
consensus agreement on the disabled 
trail alignment through the District’s 
9-acre parcel.   
 
Issues Identified Other 
Agencies 
Initially the trail was designed to pass 
south of the Water Agency’s and 
City’s water tanks and onto State 
Parks’ property for a distance of 500 
feet.  After further consideration, 
State Parks rejected  that portion of 
the trail alignment.  The trail was 
subsequently rerouted north of the 
water tanks onto District-owned 
property. 
 
Internal Issues 
Internally, the District identified the 
desire to design and construct trails 
to be as sustainable as possible.  The 
District also has an interest in 
resource management, including oak 
regeneration, preventing the spread 
of sudden oak death, and in 
discouraging nonnative invasive 
weeds, while encouraging native 
plant species.  Lastly, discouraging 
illegal camping, protecting historic 
resources, and protecting wildlife 
populations were also identified as 
priorities.
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Geographic/Ecosystem Setting  
There are various systems of 
identifying ecosystems in California.  
The US Environmental Protection 
Agency (USEPA) system classifies the 
Preserve as being within the 
southern and central California 
chaparral and oak woodlands 
ecoregion (USEPA no date).  The 
primary distinguishing characteristic 
of this ecoregion is its 
Mediterranean climate of hot dry 
summers and cool moist winters, 
and associated vegetative cover 
comprising mainly chaparral and oak 
woodlands; grasslands occur in some 
lower elevations and patches of pine 
are found at higher elevations. Most 
of the region consists of open low 
mountains or foothills, but there are 
areas of irregular plains in the south 
and near the border of the adjacent 
Central California Valley Ecoregion. 
Domestic livestock grazes much of 
this region; very little land has been 
cultivated.  
 
Partners in Flight, a consortium of 
agencies and nongovernmental 
organizations, classifies the Montini 
Preserve as being within the Central 
and Southern California Coast and 
Valleys (US Bureau of Reclamation 
no date).  Designed to be a tool for 
environmental resource 
management, ecoregions denote 
areas within which ecosystems (and 

the type, quality, and quantity of 
environmental resources) are 
generally similar.  The approach uses 
the premise that ecoregions can be 
identified through the analysis of the 
patterns and the composition of 
biotic and abiotic phenomena that 
affect or reflect differences in 
ecosystem quality and integrity 
(Wiken 1986; Omernik 1987, 1995). 
These phenomena include geology, 
physiography, vegetation, climate, 
soils, land use, wildlife, and 
hydrology. The relative importance 
of each characteristic varies from one 
ecological region to another 
regardless of the hierarchical level.  
 
For a description of the Preserve’s 
local setting, please see Chapter 1. 
 
Physical Environment 
Topography 
The Preserve is on a hillside and 
consists of a series of small forested 
ridges alternating with sloping 
grasslands.  Elevations range from 
about 120 feet to about 500 feet 
above sea level. 
 
Hydrology 
Two small ephemeral drainages flow 
southeast between ridges on the 
Preserve.  Both drainages typically 
flow for a short period of time  
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following heavy rainfall and were 
found flowing in March and April 
2006.  In addition, two drainage 
ditches can be found on the 
Preserve, on along Norrbom Road 
and another along the North side of 
the Water Agency’s paved access 
road.  The remnants of a small 
earthen dam were found on the 
eastern part of the Preserve. It does 
not currently retain water. 
 
Soils/geology 
Figure 2 shows soils on the Preserve 
as mapped by the Natural Resource 
Conservation Service. Most of the 
Preserve is mapped as Goulding-
Toomes complex, 9 – 50 percent 
slopes. These soils are quite rocky 
with shallow soils, where water does 
not accumulate on the surface, nor is 
it well retained by the soil during the 
dry season. Active erosion areas are 
limited to small areas in and on the 
banks of the easternmost drainage, 
north of the Water Agency tanks 
where cattle converge to eat green 
wetland vegetation and along the 
ranch roads leading west and north 
from the water tanks.  
 
The southeastern portion of the 
Preserve, consisting of most of the 
open field south of the Water 
Agency’s paved road is Red Hill clay 
loam, 2 – 15 percent slopes, RhD.  
These soils are moderately well-
drained and have a predominately 

clay subsoil, are moderately prone to 
erosion and have moderate 
permeability and medium to rapid 
runoff.  The RhD area in the 
Preserve is virtually flat and no 
erosion has been seen on these soils.  
In most places vegetation on RhD 
soil is madrone, oaks, and Douglas 
fir.  Red Hill soils are used mainly 
for producing timber with some 
areas (including the lands on the 
Preserve), being used for limited 
grazing by sheep and cattle.    
 
The level field on the southwestern 
portion of the Preserve is Clough 
gravelly loam 2 to 9 percent slopes.  
Clough gravelly loam is generally 
used for hay, grapes, and grazing.  
The soils are moderately well drained 
with gravelly clay subsoil underlain 
by a hardpan.  Permeability is very 
slow with runoff slow to medium and 
a slight to moderate hazard of 
erosion. 
 
Biological Environment  
Vegetation  
The Preserve’s vegetation (Appendix 
C) is on a spectrum from open 
grassland to oak savannah to oak 
woodland with some wetland 
vegetation as well (Figure 3).  
Annual, nonnative grasses and weedy 
forbs, reflecting the Preserve’s long  

Montini Open Space Preserve Hillside 
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history of woodcutting, grazing, and 
quarrying, dominate the grassland. 
The densest vegetation is on the 
west-facing slope west of the Water 
Agency tanks and along Norrbom 
Road. Wooded areas support many 
coast live oak, blue oak, California 
buckeye, California bay, healthy 
madrone, manzanita, sticky 
monkeyflower, black oak, toyon, and 
poison oak.  No conifers were seen 
(District 2005). 
 
Oak Savannah/Woodland.  The oak 
woodlands and savannah (scattered 
trees) are characterized by coast live 
oak, black oak, and blue oak, along 
with scattered bays and California 
buckeye.  Poison oak and coyote 
brush were also noted in the 
understory. 
 
Grassland Vegetation.  Herbaceous 
plants identified in winter (Bush 
2005) and spring (Lew 2006) 
include soft chess (Bromus 
hordeaceus), wild oats (Avena spp.), 
purple false brome (Brachypodium 
distachyon), hedgehog dogtail 
(Cynosaurus echinatus) 
Hardinggrass (Phalaris aquatica), 
purple needlegrass (Nassella 
pulchra) (Ruygt 2006), rattlesnake 
grass (Briza maxima and Briza 
minor).  Dove weed (Eremocarpous 
setigerus) was common in areas with 
little herbaceous cover, especially in 
the heavily grazed areas at the 
southwestern end of the Preserve and 
along the mown temporary path.  
Grasslands likely include many other 
species of grasses and grass-like 
plants such as rushes and sedges, and 
forbs that would be evident during a 
spring site visit (Bush 2005).  Spring 
vegetation includes rushes, and other 
herbaceous species including forbs 
such as popcorn flower, at least two 
species of buttercups, blue dicks, and 
mouse-eared chickweed.  Nonnative 
forbs such as filaree and field 
marigold were also observed. 
 

Wetlands.   Scattered small wetlands 
can be found in the Preserve, 
especially on the flat parcel along 5th 
St. West and in some of the lower 
grassy fields.  Most of these could be 
characterized as marginal seasonal 
wetlands, since they are wet during 
the rainy season, remaining moist 
into spring.  plants found within 
these areas include sedges and 
rushes. 
 
Weeds.  Weedy species that merit 
attention include purple and yellow 
starthistle (Centaurea calcitrapa and 
C. solstichialis).  A few very small 
patches of Hardinggrass were seen 
on the hill slopes.  The few patches 
seen by Bush (2005) are on dry hill 
slopes where their ability to spread is 
likely constrained by available 
moisture (Bush 2006). 
 
Purple starthistle should be the 
highest priority for management 
because it occurs in a localized area 
where control efforts can be 
concentrated.  Yellow starthistle is 
more wide spread and would 
therefore be more difficult to 
manage (Bush 2006). 
 
Several invasive species are found in 
the grassland and woodland 
understory. Yellow starthistle can be 
found in small areas at the southeast 
and northeast corners and just below 
(south) of the Water Agency’s paved 
road.  Hedge parsley (Torilis 
arvensis) is abundant throughout the 
Preserve. Turkey mullein 
(Eremocarpus setigerus) appears in 
historically over-grazed grassland 
areas and in mown or otherwise 
disturbed areas. New invasions are 
probable in the future; from traffic 
from adjoining properties or weed 
seed in livestock feed (District 
2005). 

Pileated Woodpecker.  Ohio 
Department of Public 
Resources 

Allium peninsualre ssp. 
franciscanum.  Broussard. 

Brodiaea californica var. 
leptandra  Robert E. 
Preston, PhD 
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Wildlife 
The wildlife value of the Preserve is 
bolstered by its adjacency to the 
undeveloped Mountain Cemetery 
(owned by the city of Sonoma) to the 
east. The following species have been 
observed using the Preserve: great 
horned owl, acorn woodpecker, 
Nuttall’s woodpecker, pileated 
woodpecker, black phoebe, various 
other songbirds, pileated 
woodpecker, red-shouldered hawk, 
red-tailed hawk, moles, and gray 
squirrel.  Abundant deer and turkey 
have also been seen (District 2005).  
An Audubon count in the area 
surrounding and including the 
Montini Preserve combined with 
observations on the Preserve yielded 
60 species of birds (Appendix c. 
Bird List) (Audubon 2006).  
Loggerhead shrike, burrowing owl, 
marsh hawk, and white-tailed kite 
have also been seen in the area 
(Wetlands Mitigation Plan for 
Montini Subdivision). 
 
Special Status Species 
A botanical survey conducted in May 
and June 200 discovered two special 
status plants within 50 feet of the 
preliminary trail alignment (Ruygt 
2006).   The trail was realigned to 
avoid affecting the plants and the 
plants themselves were protected 
with a low rock ring.  The plants are 
Allium peninsualre ssp. 
franciscanum, Franciscan onion, on 
the California Native Plant Society 
(CNPS) list of rare and endangered 
plants of California and elsewhere, 
and Brodiaea californica var. 
leptandra (narrow-anthered 
California Brodiaea, also on the 
CNPS list of rare and endangered 
plants of California.  The onion was 
found under a stand of buckeye and 
bay.  The Brodiaea was found along a 
grassy segment in a small draw.  The 
habitat and distribution of both of 
these plants is very limited within the 
Preserve.   

 
Natural Processes 
Natural processes are generally 
disturbance factors to which an 
ecosystem has evolved.  These natural 
processes are typically major 
disruptions to the current order of 
the ecosystem such as flooding or fire 
and shift the natural process of 
succession.  Flooding is probably not 
a major factor in Montini Preserve 
vegetation types.  Fire, however was 
likely a part of this landscape. 
 
Role of Fire.  Fire is a natural part of 
California’s oak woodlands.  It was 
also used by Native Americans as a 
management tool to improve access 
for hunting and gathering acorns 
and to prevent encroachment of 
other, less useful tree species.  The 
use of fire as a management tool 
continued with the European settlers 
and cattle ranchers to increase forage 
production and keep stands open for 
cattle.   
 
Higher fire frequencies have been 
correlated with better oak 
regeneration (UC Cooperative 
Extension no date).  Oak 
recruitment was associated with fire 
events, although the mechanism by 
which this occurs is unknown.  It is 
thought that postfire oak sprout 
growth may play a role. 
 
No significant wildland fire has 
occurred on the Preserve since at 
least 1939 (Sonoma County Permit 
Resource and Management 
Department 2004). 
 
Grazing.  It is likely that the Montini 
Preserve was subject to native grazers 
such as elk, pronghorn, and deer 
before the presence of European 
settlers. 
 
Cultural Resources 
The Preserve is on the hill directly 
north of General Mariano 
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Guadalupe Vallejo’s historic ranch. 
This area played a major role in the 
history of Sonoma Valley, Sonoma 
County, and California. Before 
Mexican missionaries established the 
mission in Sonoma in 1823, just 
southeast of the Preserve, the site of 
the current city of Sonoma was a 
California Indian village.  
 
Good soils, temperate climate, and 
abundant food and water attracted 
indigenous peoples to the Sonoma 
Valley for at least 12,000 years before 
Spanish missionaries settled in the 
early 19th century.  As many as 5,000 
Native Americans lived in what is 
now Sonoma County at any one 
time. Local tribes included the 
Pomo-Kashaya, Wapo, and Patwin.  
At the time of European settlement, 
the Preserve was included in the 
territory controlled by the southern 
Miwok (Steen and Origer 2006).  
The Southern Miwok were hunter-
gatherers who lived in rich 
environments that allowed for dense 
populations with complex social 
structures.  They settled in large, 
permanent villages about which were 
distributed seasonal camps and task-
specific sites.  Primary village sites 
were occupied continually 
throughout the year and other sites 
were visited in order to gather 
resources that were abundant or 
available during certain seasons.  
Sites were often near fresh water 
sources and where plants and 
animals were diverse and abundant.   
 
Historically, the Preserve is situated 
within the 6,094 acres of the Pueblo 
Lands of Sonoma Landgrant.   
 
Father Jose Altamira established the 
Mission San Francisco Solano in 
Sonoma in 1823, soon after the 
Russians settled Fort Ross in 1812.  
The Mission is the northernmost 
Franciscan mission in California and 
was the last established mission in 
California.  It is the only California 

mission established under Mexican 
rule after Mexican independence 
from Spain.  The town plaza was the 
site of the Bear Flag Revolt in 1846 
which established California as an 
independent Republic separate from 
Mexican rule.  Extensive and 
repeated cycles of grazing began 
immediately upon European 
settlement. Basalt quarrying began 
early and continued to the 1900’s. 
(District 2005)  Four quarries are 
listed in the literature as being in the 
vicinity of the Preserve, Aguillon, 
Melani, and Weyl quarries and 
Sonoma City Rock Crusher.  In 
1916, Sonoma county was the 
number top producer of paving 
blocks in California, However, 
because of labor union conflict and a 
desire for smoother streets for cars, 
most quarries reduced their output 
or closed in later years (Steen and 
Origer 2006).  There are numerous 
sites of quarry activity on the 
Preserve with a large quarry pit in 
the northeast portion.  A foundation 
can be found near the northern 
boundary.  It is thought that it 
supported quarrying equipment 
(Montini pers. comm. 2006).   
 
A cultural resources survey was 
conducted of the entire Preserve in 
2006 (Steen, E. and T. M. Origer.  
2006).  Three cultural sites were 
found, a prehistoric midden, a rock 
wall and the remains of a basalt 
quarry.   
 
Prehistoric Resources 
The midden, previously recorded, 
contains obsidian, chert and basalt 
lithics (stone tools or projectiles), 
fire-affected rock, and historic era 
ceramics.  This site was also located 
during the 2006 survey.  This site 
will be retained in situ (will not be 
moved from its original place of 
deposition). 
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Historic-era Resources 
A dry-laid stone fence was also found 
on the Preserve.  The fence extends 
about 900 feet with a 300-foot 
break.  The stone fence will remain 
in its current condition.  A buffer 
between the wall and public use will 
be in effect and there are no plans 
whose execution would alter its 
integrity. 
 
A historic basalt quarry was found 
that extended over much of the 
Preserve.  These are believed to be 
the remains of the Aguillon Quarry.  
Remains of activity include pits, 
trenches, roads, ramps, a powder 
house, and other remains.  The 
quarry is a good example of 
quarrying activity in Sonoma 
County.  Although the trail is 
proposed through the quarry, no ill 
effects are anticipated.  In fact, the 
quarry’s juxtaposition with the trail 
provides a rich interpretive 
opportunity to tell the story of basalt 
quarrying and its importance to the 
early economy of Sonoma County.  
Any movable surface artifacts will be 
recovered prior to trail opening, 
possibly for display purposes (Steen 
and Origer 2006). 
 
Land Use 
Preserve 
The Preserve has been grazed for 
many decades, and this use 
continues. The paved road at the 
southeast corner of the Preserve 
from Norrbom Road is used under 
an easement to access the Water 
Agency’s tanks (District 2005).  The 
District has sponsored periodic 
public access and volunteer 
stewardship workdays. 
 
Surrounding Land Use 
The 5-acre parcel to the southwest of 
the Preserve is currently being 
developed as a subdivision for 26 
single-family lots.  The property to 
the east of the Preserve is owned by 

the city of Sonoma and is used for 
hiking (Sonoma Overlook Trail).  
Lands to the north are used for 
livestock and vineyards.  The 
property to the south is a 
recreational property owned by State 
Parks (Sonoma State Historic Park) 
and ball fields and a dog park owned 
by the city of Sonoma.  West of the 
Preserve is a mixture of grazed lands 
and houses. 
 
Improvements 
Roads 
The Preserve is accessed from 
Norrbom Road through a locked gate 
at the southeast Preserve corner. A 
paved road extends from this gate to 
the water towers.  An additional gate 
can be found further along Norrbom 
Road. However, the road into the 
Preserve from that gate no longer 
appears passable.  Several other 
ranch roads head north/south up to 
the northern Preserve line (Figure 4.  
Existing Roads). 
 
Water Infrastructure 
A well located on the southern 
boundary of the Preserve, just east of 
the water tanks and north of the 
Vallejo Home State Historic Park is 
not currently supplying water, but 
has the potential to irrigate the 
pasture adjacent to it. 
 
In addition, a ditch extends from the 
Water Agency tanks along the paved 
road toward Norrbom Road.  The 
purpose of the ditch is to provide 
drainage from the site and prevent it 
from sheet flooding the City’s Ernest 
Holman Park below.  A 12-inch 
corrugated galvanized pipe extends 
along the ditch.  Its function was to 
channel water through the ditch in 
an effort to prevent flooding the 
Field of Dreams ballpark at Ernest 
Holman Park.  However, it is no 
longer connected on the intake end.  
A black pipe taped shut on the intake  
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end extends from the water tanks 
along the south side of the Water 
Agency’s paved road.  Its function is 
also unknown.  A pipe extends from 
the Water Agency’s tanks west 
towards 5th St West. The purpose of 
this pipe is to supply water to irrigate 
the 9-acre pasture along 5th St. West, 
although it has not been used for 
many years (Montini 2006). 
 
Fences 
Existing fencing, consisting of older 
barbed wire and/or mesh, runs along 
the west boundary north of the ranch 
road leading to the Preserve to the 
west, and all of the north, east, and 
south boundaries.  Some interior 
fencing can be found north of the 
paved road and north of the ranch 
road leading from the water tanks to 
the Montini homestead.  A boundary 
fence was constructed along the 
northern boundary in 2006.  
 
Public Use 
Currently, there is no formal 
recreational use occurring on the 
Preserve.  However, there is a State 
Historic Park south of the Preserve 
and the Sonoma Overlook Trail 
across from Norrbom road to the 
east.   
 
Some informal use has occurred 
historically on the Preserve, mostly 
partying and hiking. 
 
Other Uses 
Homeless encampments have been 
observed on the Preserve. 
 
Visual Resources 
The Montini Preserve meets several 
goals of the 1989 Sonoma County 
General Plan. The acquisition will 
maintain the rural character of the 
hillside, and will ensure that the 
scenic woodlands and meadows are 
protected in perpetuity. The low-
intensity public outdoor recreational 
use is consistent with preservation of 

the Preserve’s open space values 
within the scenic viewshed.    
 
Current Management 
Other than being grazed, resources 
on the Preserve are not currently 
being actively managed.  The District 
has offered several open access 
hiking days and a volunteer 
stewardship day.  The District has 
contracted with the Sonoma Ecology 
Center to implement a Volunteer 
Patrol program.   Volunteers are 
trained and then commit to hiking 
the Preserve at regular intervals to 
report on Preserve conditions and 
provide a District presence on the 
Preserve. 
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Problems  
Weeds 
Weeds, or nonnative invasive pest 
plants, are an epidemic problem in 
California, nearly replacing 
California native grasses over the 
entire state.  The Preserve is no 
exception.  Purple and yellow 
starthistles, well-known weeds are 
present on the Preserve.  Other 
nonnative plants on the site include 
three species of Erodium or filaree 
and field marigold, both native to 
Europe.  
 

 
The current grazing lessee and 
previous owner of the Preserve has 
taken measures to control a large 
patch of purple star.  If his efforts 
prove successful his techniques 
should be incorporated elsewhere on 
the Preserve.  
 
Nonnative animal species now reside 
on the Reserve including wild 
turkeys.  No control of these species 
is currently planned.   
 

Table 2.  Invasive Plant Species Targeted for Control on the Montini Preserve. 
Common Name Scientific Name State * Distribution 

Purple starthistle Centaurea calcitrapa yes Grasslands 

Yellow starthistle  Centaurea solstitialis yes Grasslands, roadsides 

Hardinggrass Phalaris aquatica no Grasslands 
* Received a rating as a noxious weed by the State of California Department of 
Food and Agriculture Division of Plant Health & Pest Prevention Services 

 
Erosion 
Moderate to severe erosion can be 
found on some of the ranch road 
areas.  Much of the area contains 
highly erodible soils, and soils 
subject to slumping.  Erosion 
control is important to protect and 
regenerate native plant communities 
and wildlife habitat, prevent 
sediment runoff, and retain aesthetic 
values. 
 
Oak Regeneration 
Oak regeneration, particularly blue 
and coast live oak regeneration, has 
been documented widely in 

California.  Black oak has also been 
observed to have regeneration 
problems in some regions.   
Although lack of oak regeneration 
has commonly been associated with 
fire suppression, cattle grazing, 
weedy grasses and herbivore of oak 
shoots by cattle and native mammals, 
the exact reason for the lack of 
regeneration is not known. 
 
Trespassing 
The site has a long history of 
trespassing by people partying 
(Montini 2007), hiking, and using 
the Preserve as a homeless 

Yellow Starthistle 

Purple Starthistle 
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encampment.  Trespassing is a 
habitat management problem in that 
trespassers have left garbage such as 
plastic cups, bicycle equipment, and 
tents and other camping gear and 
may pose a fire danger.  
 
Fences 
There are interior fences that may 
hamper the free movement of 
wildlife throughout the Preserve.  
None of the fences is essential for 
the continuing operation of the 
Preserve, or for the ranching lessee 
(Montini 2006).  However, there 
may be management reasons for 
retaining some interior fencing, 
such as to control cattle grazing more 
easily. 

 
Sudden Oak Death 
Although there are no documented 
cases of SOD on the Preserve, the 
presence of P. ramorum in Sonoma 
County in well documented.  
Although the it is possible that the 
Preserve being so dry, lacking even 
seasonal streams, and being south-
facing, may be fairly resistant to 
SOD (Hunter 2006), the site may 
still present some susceptibility to 
SOD due to the abundance of bay 
trees that touch the susceptible coast 
live oak. 
 
Opportunities 
Public Use 
The Preserve’s proximity to 
Sonoma’s historic town square 
provides an opportunity for visitors 
and residents to enjoy a moderate 
hike within walking distance of 
restaurants and markets.  In 
addition, a regular presence on the 
Preserve is likely to discourage 
undesirable behaviors such as 
camping and littering. 
 
The fact that a trail exists on a 
similar adjacent Preserve owned and 
managed by two of the Preserve’s 
partners creates an opportunity to 

link to the existing Sonoma 
Overlook Trail to create a more 
extensive network of trails.  Since it 
is anticipated that the Preserve will 
eventually be added to the California 
State Park System, State Parks 
provided trail planning expertise for 
the Preserve trails.   
 
Historic Landscape 
In addition to providing public use, 
protection of the Preserve assures 
that the historic landscape of the 
original Vallejo Homestead is 
preserved in much the same state as 
it was during Vallejo’s occupation.  
Its historic origins provide the 
Preserve with opportunities for 
maintaining and enhancing the 
historic landscape and providing 
interpretation of historic events. 
 
Partnerships  
There are several other entities 
involved in the Montini Open Space 
Preserve including the city of 
Sonoma (one of the District’s 
partners for the acquisition of the 
Preserve), the Sonoma Overlook 
Trail Task Force and docents, and 
the most likely potential eventual 
recipient of much of the Preserve, 
California State Parks.  Along with 
the District, each of these partners 
brings different and valuable 
resources to the Preserve. 
 
Restoration 
The Preserve has been grazed over its 
entirety, which has been beneficial in 
keeping the grasses short, but may 
have prevented some wetland and 
woody vegetation from growing, 
especially in areas that are seasonally 
wet.  Restoration opportunities 
include plantings and fencing, some 
of which could be conducted by 
volunteers, schools, and citizens’ 
groups.  Planting native vegetation 
could be especially effective if it 
immediately follows weed removal 
because bare soil would provide less 



Chapter 4 

Draft Management Plan  27 

competition for the native plants and 
the native plants would prevent many 
weeds from reestablishing. 
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Chapter 5. Management Direction – Vision 
Statement, Goals, Objectives 
 
 
 
 
 
Vision Statement 
The Preserve will be an oak 
woodland and grassland that 
supports high quality habitat for a 
diversity of native Sonoma County 
wildlife and plants.  The Preserve 
will support opportunities for 
research and will be a showcase for 
appropriate management of oaks and 
grasslands for the Sonoma Valley. 
 
The gentle trails, rolling grasslands 
and oak woodlands, spring 
wildflowers, and spectacular views of 
the Sonoma Valley and San Pablo 
Bay will attract visitors who enjoy 
and appreciate the natural setting of 
Sonoma County. The public will 
have clear and easy access to the 
Preserve with minimal impacts to 
wildlife habitat.  The Preserve will 
provide opportunities for persons 
with physical disabilities to enjoy the 
Preserve. 
 
Partners will collaborate to provide a 
wide range of management, 
interpretive and environmental 
education programs.  The Preserve 
will provide trail linkages, 
connecting the adjacent overlook 
trail with the regional bike trail and 
the Vallejo Home State Historic 
Park.  The local community and 
visitor will enthusiastically identify 
and promote the Preserve as a 
regional and statewide tourist 
destination that contributes to 
economic development and enhances 
the quality of life in Sonoma. 
 

Management Direction: Goals, 
Objectives, and Strategies  
 
Goal 1.  Manage Preserve grassland habitats 
to support native vegetation. 
 
Objective 1.  By the year 2010, 
reduce the percent cover of weeds by 
5%. 
 
Narrative: 
Nonnative invasive pest plants or 
weeds displace native plants, reduce 
biological diversity, and alter 
ecosystem processes. Many of them, 
including the yellow starthistle found 
on the preserve, are on the state 
weed list, making them illegal to sell 
or plant.  The Brooklyn Botanical 
Gardens estimates that there are 300 
dangerously invasive weeds growing 
in the continental U.S. and Canada, 
half of which were introduced as 
ornamentals. They were brought to 
this country intentionally and 
allowed to gain a foothold before 
their harmful effects were known. 
 
When they arrived in this country, 
none of the mechanisms that keep 
plants in check, such as insects, 
disease and competition came with 
them. So when they are unmanaged 
in native areas, they take over and 
disrupt the ecosystem, affecting bird, 
insect, fish and mammal populations 
that depend upon native plants for 
food, shelter and protection from 
predators.   
 
Strategies: 

 Use integrated pest 



 Management Direction – Vision Statement, Goals, Objectives 
 

30  Montini Open Space Preserve  

management techniques 
including grazing and 
mechanical (hand removal, 
mowing, string trimming, 
and heating), biological, and 
chemical control, where 
appropriate to reduce 
noxious weeds such as yellow 
and purple starthistles. 

 Spot spray transline or 
glyphosate in spring 
(Hastings, pers. Comm. 
2006). 

 Monitor the grazing lessee’s 
efforts on purple starthistle 
and incorporate results into 
weed management. 

 Treat Harding grass by 
stimulating new growth with 
mowing, irrigation, or 
grazing, then treating with 
glyphosate.  Allow at least 
ten to twelve inches (25-30 
cm) of regrowth prior to 
herbicide application 
(Harrington and Lanini  
2006). 

 Conduct outreach to 
universities, including UC 
Davis’ Department of 
Vegetable Crops and Weed 
Science program to present 
research opportunities on 
the Preserve. 

 Partner with volunteer 
groups and groups such as 
the California Conservation 
Corps and community 
service groups to assist with 
weed control.  

 Explore developing specific 
prescriptions for using 
livestock grazing as a means 
of weed control. 

 Train volunteers to identify 
and monitor weed response 
to various treatments. 

 Monitor the Preserve each 
spring for noxious weeds 
such as purple and yellow 
starthistle and Harding 
grass, and implement 

control efforts if necessary. 
 
Objective 2:  By 2012, conduct an 
experimental restoration of native 
grass species on the Preserve. 
 
Narrative:   
Native grasses once covered nearly 22 
million acres of California, 
including much of the Sonoma 
Valley (Heady 1977).  Today, over 95 
percent of these grasslands have been 
lost to invasive plant species or land 
uses including agriculture and 
development.  Although little is 
known of the original composition 
of native grasses, it is believed that 
Stipa pulchra dominated the valley 
grassland with a mix of other 
perennial grasses including Nasella 
pulchra (purple needlegrass), 
Danthonia californica (California 
oatgrass), and Deschampsia 
caespitosa var holciformis (tufted 
hairgrass), Poa spp., Leymus spp., 
Elymus spp., and Mellica spp.), 
annual grasses such as Festuca spp. 
and a mix of broad-leaved forbs 
(Heady 1977, Hatch, et al 1999, 
Stebbins 1965).  European plants 
arrived in California during the 
1770’s and have since spread widely, 
largely replacing native annuals and 
perennials with introduced species 
(Hatch et al. 1999). These plants 
were either intentionally introduced 
as cereal or forage crops, or 
inadvertently introduced through 
impurities in crop seed and in 
packing material (Carlsen et al. 
2000). Currently introduced 
Mediterranean annuals, such as 
Erodium, Bromus, Hordeum, 
Hypochaeris, and Avena California 
dominate grasslands (Stromberg and 
Griffin 1996). The success of 
introduced species in California 
grasslands has been attributed to a 
variety of mechanisms, including: 1) 
being superior competitors for water 
and light (Carlsen et al. 2000), 2) 
being superior colonizers of both 
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artificial and natural disturbances 
(Parker et al. 1993), 3) effectively 
reducing the fecundity and seedling 
establishment of competing native 
species (Carlsen et al. 2000, 
Stromberg and Griffin 1996), 4) 
responding better to overgrazing by 
livestock than native species (Hatch 
et al 1999), and 5) responding more 
vigorously to nutrient inputs (Maron 
and Connors 1996).   Because little is 
known specifically about the original 
composition of the grasses of the 
Preserve, local experts are the best 
source of information when 
planning native grassland 
restorations. 
 
Strategies: 

 Identify what species were 
likely to have grown on the 
Preserve. 

 Develop site-specific native 
grassland restoration plans 
using local experts as 
appropriate. 

 Locate seed sources locally, 
if possible and have them 
contract grown. 

 If local seed is not available, 
identify a proximal source of 
plant material.  

 Remove nonnative seed 
sources using chemical, 
mechanical, and biological 
control, and grazing for two 
seasons before establishing 
native grasses, and control 
invasive broadleaf and other 
invasive plants on newly 
restored areas for three years 
or more. 

 Maintain grasslands by 
periodic disturbance such as 
mowing, grazing, discing, or 
burning. 

 Establish small (<0.25 acre) 
experimental native grass 
plots before large-scale 
restoration activities are 
conducted.  Focus plots on 
the hilly areas which are less 

compacted. 
 Develop a monitoring plan 

to assess success of native 
grass restoration projects. 

 Ensure a three-year post-
planting replacement period 
for contractors 
implementing restoration 
projects. 

 
Objective 3:  By 2007, address 
erosion problems on the ranch road 
leading from the water tanks east 
towards 5th St. West and the erosion 
on the ranch road leading north 
from the water tanks. 
 
Strategies:   

 Reroute the roads to be less 
erodible. 

 Remove the fencing that 
concentrates cow movement 
to the area uphill of the 
eroding ranch road. 

 Inventory existing ranch 
roads and determine which 
roads are unnecessary and 
can be restored. 

 Restore eroded areas by 
grading rilled areas, using 
biotechnical measures such 
as coir materials (coconut 
fiber erosion and sediment 
control products), if 
necessary, and planting only 
native plant materials. 

 
Objective 4:  Resources on the 
Preserve will be protected from 
human-caused damage. 
 
Narrative:   
Natural resources on the Preserve 
need to be protected while providing 
for public enjoyment.  Visitors 
hiking off-trail can disturb new 
fawns and other wildlife.  Litter is 
unsightly and can harm wildlife.  
Uncontrolled wildfire can be 
dangerous and could have 
environmental consequences.   
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Strategies: 
 Work with local law 

enforcement officials, such 
as the Sonoma County 
Sheriff’s Department, 
Sonoma Police Department, 
and private security 
companies to patrol the 
Preserve once per week.  

 Retain a private security 
company to patrol the 
Preserve and other District 
Preserves. 

 Continue the volunteer 
patrol.  

 Maintain a District presence 
on the Preserve with regular 
visits to the Preserve. 

 Prohibit smoking and all 
other nonvehicular sources 
of combustion on the 
Preserve. 

 Emphasize potential 
wildland fire danger in 
visitor contacts, bulletin 
board materials, handouts, 
and interpretive programs.  
Increase visitor and 
neighbor awareness of fire 
safety. 

 Conduct outreach with the 
Mission Highlands 
Homeowners’ Association to 
alert the District, Sheriff, 
and Police if they notice cars 
parked on Norrbom Road. 

 Work with the Sheriff and 
Police to post no overnight 
parking on Norrbom Road.  

 Hiking, nature observation 
and photography, 
interpretation, stewardship, 
and environmental 
education are the only 
allowable public uses of the 
Preserve.  Other public uses 
could be considered using a 
compatibility determination 
(Appendix D). 

 Educate the public about the 
potential harm that can 
come to the Preserve by the 
human actions of hiking off-
trail, littering, and smoking 
using printed materials, 
displays, and interpretive 
hikes. 

 Clearly sign the Preserve is a 
pack in/pack out area. 

 Continue to organize 
periodic volunteer trash pick 
up days. 

 Clearly sign that the Preserve 
hours are sunrise to sunset 
and enforce the nighttime 
closure, by patrolling and 
ticketing. 

 
Goal 2.  Manage oak woodland habitats to 
promote the natural oak woodland habitat 
species composition and structure.  
 
Narrative: 
Objectives under this goal use the 
acorn woodpecker and the red-
shouldered hawk as target species.  In 
choosing these birds as conservation 
targets, the District will manage the 
Preserve, not only for the target 
species, but other species that occupy 
a similar niche, such as the pileated 
woodpecker and red-tailed hawk. 
 
Objective 1.   By 2010, implement at 
least two strategies to facilitate oak 
regeneration and restoration and 
monitor the results of the action.   
 
Narrative: 
In addition to needing oak 
regeneration to replace old and 

Volunteer Clean-up Day 
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senescent oak trees, a diverse age 
structure and species composition is 
likely a life requirement for our 
target species, the acorn woodpecker 
(California Partners in Flight 2002). 
 
Strategies: 

 Remove unnecessary fences 
and ranch roads and restore 
these areas to natural 
conditionsi.  

 If appropriate conditions 
exist, plant native woody 
vegetation on the 9-acre 
parcel on 5th St. West. 

 Work with a contractor to 
grow plant materials used on 
the Preserve using on-site 
seeds and cuttings, where 
possible.  All planting 
species used on the Preserve 
will be native to the site (see 
Appendix B). 

 Implement oak restoration 
plantings that are protected 
from seedling depredation.  
Fence individual seedlings. 

 Ensure that contractors 
implementing oak 
restoration include a three-
year replacement period. 

 Monitor restoration 
projects. 

 
Objective 2.  Work with other 
agencies, nongovernmental 
organizations, and universities to 
decrease the risk of sudden oak death 
(SOD) on the Montini Preserve. 
 
Narrative: 
Sudden oak death (SOD) is a disease 
caused by the plant pathogen 
Phytophthora ramorum. This 
pathogen has caused widespread 
dieback of tanoak and several oak 
species (coast live oak, California 
black oak, Shreve's oak, canyon live 
oak, and sometimes madrone) in 
California's central and northern 
coastal counties, including Sonoma 
County. It has also been found to 

infect the leaves and twigs of 
numerous other plants species. 
While many of these hosts, such as 
California bay and rhododendron 
species, do not die from the disease, 
they play a key role in the spread of 
SOD, acting as breeding ground for 
innoculum, which may then be 
spread through wind-driven rain, 
water, plant material, or human 
activity. 
 
Cankers on the trunk of oak and 
tanoak trees are the most damaging, 
and often lead to death. 
Additionally, other organisms often 
attack diseased oak and tanoak trees 
once they are weakened by SOD. 
These secondary invaders can also 
kill the tree, and include such 
organisms as Hypoxylon 
thourasianum (a fungus that decays 
sapwood) and bark beetles. In foliar 
and twig hosts, symptoms can range 
from leaf spots to twig dieback, but 
these hosts rarely die from the 
infection (California Oak Mortality 
Task Force 2006).   
 
The pathogen that causes sudden oak 
death is transported by weather (e.g. 
wind-driven rain) and by human 
activities (e.g. vehicles, bikes, 
hiking). Landscape-scale resource 
management affects the susceptibility 
of landscapes to infection by sudden 
oak death (University of California 
Cooperative Extension Marin 
County 2006.).  Currently, SOD is 
not a major concern at the Preserve.  
Its occurrence has not been noted 
and it is thought that the area is too 
dry to promote its spread. 
Nevertheless, SOD is prevalent in 
the county and spreading public 
education and awareness is an 
important factor in controlling 
SOD. 
 
Strategies: 

 Monitor susceptible tree 
species for evidence of SOD 
on the Preserve annually.  If 



 Management Direction – Vision Statement, Goals, Objectives 
 

34  Montini Open Space Preserve  

potentially infected trees are 
found, send leaf samples 
from adjacent bay trees to 
the County Agricultural 
Commissioner’s office for 
confirmation. 

 Develop interpretive 
materials to help visitors 
recognize SOD and 
understand how SOD is 
spread (Appendix E). 

 Encourage visitors to stay on 
the trail as a means of 
preventing the spread of 
SOD. 

 Limit the number of trails 
through the Preserve. 

 If infected trees are found, 
treat them with phosphonate 
and partial or complete 
removal of individual 
affected bay trees. 

 
Objective 3: Create and foster 
partnerships, wherever possible, that 
are mutually beneficial and further 
the goals of the Preserve, with private 
individuals, agencies, organizations, 
businesses, and universities. 
 
Strategies: 

 Encourage universities to 
research topics that would 
facilitate management and 
fill data gaps.  

 Continue the exiting 
partnerships with California 
State Parks, the city of 
Sonoma, and the Sonoma 
Overlook Trail Task Force. 

 Seek partnerships with 
California State University 
Sonoma, UC Davis, UC 
Berkeley, East Bay Regional 
Parks, and others. 

 Work with other groups or 
agencies to manage Preserve 
resources more effectively. 

 
Objective 4:  Solidify 
communications between agencies, 

neighbors, and other groups to 
manage the Preserve.   
 
Strategies: 

 Establish management 
responsibilities among the 
various partners involved in 
the Preserve. 

 Establish an annual or other 
meting with the city, State 
Parks, the SOT, and others, 
as appropriate to discuss 
Preserve management. 

 Develop a protocol for 
notifying agencies and the 
public of actions that may be 
of interest to them. 

 Conduct outreach with 
schools, scout groups, and 
other organizations for 
volunteer work. 

 
Goal 3. Restore the natural diversity of 
wetland areas. 
 
Objective 1:  Within 2 years, restore 
0.25 acres of wetland.   
 
Strategies: 

 Plant willow and oak using 
seedlings, cuttings, or 
acorns, as appropriate. 

 Plant appropriate wetland 
species using on-site seed 
source when possible.  

 Use volunteers, where 
possible, to conduct the 
plantings. 

 Fence the restored area from 
disturbance by cows.   

 
Goal 4.  Remove obstacles to natural 
wildlife movement within the Preserve. 
 
Objective 1:  Within 8 years, adopt at 
least two strategies to facilitate 
wildlife movement.   
 
Strategies: 

 Inventory existing fencing 
and remove unnecessary 
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fencing within the Preserve. 
 Pets will not be allowed on 

the Preserve. 
 Route trails so that there is a 

large portion of the Preserve 
that is undisturbed, 
particularly shaded grassy 
areas favored for fawn beds.   

 Investigate exterior fencing 
and gates that would keep 
cattle in the Preserve while 
allowing wildlife to move out 
of the Preserve (wildlife 
friendly fencing). 

 Protect nesting sites of 
important birds such as 
pileated woodpeckers and 
great-horned owls by 
keeping nesting sites safe 
from disturbance by 
rerouting trails or closing 
sections of trail, if necessary. 

 
Goal 5.  The public will enjoy and 
appreciate the natural landscape of the 
Sonoma Valley. 
 
Objective 1.  By summer 2007, 
construct about 1.8 miles of 
pedestrian trail on and connecting to 
the Preserve. 
 
Narrative:   
Trail planning expertise was 
provided by California State Parks, 
one of the Preserve partners.  Trails 
were aligned on site over 6+ days of 
fieldwork.  The trail was designed 
not to exceed sustainable maximum 
grade so that the trail would be less 
susceptible to erosion.  A botanist 
and an archeologist then checked the 
preliminary trail alignment to ensure 
that no natural or cultural resources 
were disturbed.  Once the trail 
alignment was inventoried, 
adjustments were made where 
necessary and the final alignment was 
identified.  The alignment takes 
advantage of the most scenic portions 
of the Preserve while leaving large 
parts of the Preserve unaffected.   

 
In addition, the site was assessed for 
its ability to provide trail access for 
the disabled. Using the 2007 
Architectural Barriers Act (ABA) 
Accessibility Guidelines for Outdoor 
Developed Areas; Proposed Rule, a 
section of disabled-accessible trail 
was designed (Architectural and 
Transportation Barriers Compliance 
Board 2007). 
 
Strategies: 

 Working with the Sonoma 
Overlook Trail Task Force, 
the city of Sonoma, 
California State Parks, the 
Sonoma Ecology Center and 
other partners, construct 
and maintain trail (Figure 5) 
in accordance with the 
prescriptions in the trail log 
(Appendix F). 

 The trail will be constructed 
to State Parks draft 
guidelines, where possible, 
to obtain maximum 
durability and sustainability. 

 Construction will occur in 
spring to obtain maximum 
soil compaction. 

 Construct the trail to 
conform to the guidelines 
described in the final report 

 

State Parks Staff, Sonoma Overlook Trail Task Force Volunteers 
and District Staff developing the preliminary trail alignment. 
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of the Regulatory 
Negotiation Committee on 
Accessibility Guidelines for 
Outdoor Developed Areas 
where feasible. 

 Contract with a trail 
specialist for technical 
aspects of trail construction 
and volunteer oversight. 

 Construct a gravel parking 
lot for 2 cars off 5th St. West 
with disabled access, where 
feasible, as described by the 
Final Report of the 
Regulatory Negotiation 
Committee on Accessibility 
Guidelines for Outdoor 
Developed Areas. 

 Work with the city to 
establish a disabled 
accessible connection from 
the city’s ballfield parking lot 
to the Montini Preserve 
trailhead.   

 Install self-closing and/or 
kissing gates at trail heads 
(Appendix G)(Agate.  1983). 

 Construct an information 
kiosk at the Norrbom Rd 
and 5th St. West trailheads 
with a bulletin board for 
information (see also Goal 
4, Objective 4).  

 Information displayed on 
the bulletin board would 
include maps, hours of 

operation, safety tips, 
conservation messages (stay 
on trails, pack in/pack out), 
rules, emergency contacts, 
information about the 
District, and interpretive 
information.   Kiosk designs 
should be compatible with 
the Sonoma Overlook Trail 
kiosk and State Parks kiosks.  

 Link the trail on the 
Preserve to the Sonoma 
Overlook Trail via the 
Rattlesnake Cutoff spur.  

 Install a pedestrian gate 
from the city’s ballfield lot to 
the Preserve that will not 
allow cows to escape.  Install 
a pedestrian gate along 
Norrbom Road across the 
road from the Sonoma 
Overlook Trail. 

 Construct a fence bisecting 
the southwestern 9-acre 
parcel to separate livestock 
from hikers. 

 Install directional trail signs. 
 Install bike parking racks at 

the 5th St. West and 1st St. 
West trailheads.  

 Working with others, 
construct a bridge across the 
ditch that separates the 
Sonoma Overlook Trailhead 
from the Sonoma Veterans’ 
Memorial parking lot to 
allow Overlook hikers to 
cross Norrbom Road. 

 Protect the narrow-anthered 
brodiaea and Franciscan 
onion with barriers. 

 Monitor populations of the 
narrow-anthered brodiaea 
and Franciscan onion 
annually to monitor their 
reaction to the trail. 

 

Hikers in the oak woodlands 
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Objective 2.  By summer 2007, 
install signs, striping, and symbols 
along the trail and along Norrbom 
Road to facilitate safe trail crossing 
across Norrbom Road. 
 
Strategies: 

 Implement the 
recommendations from the 
W-Trans report on crossing 
Norrbom Road (Appendix 
J). 

 Consider installation of a 
vehicular speed measuring 
device on Norrbom Road. 

 
Objective 3. By 2008, at least two 
classes of schoolchildren will use the 
Montini Preserve for environmental 
education curriculum.  By 2010, 
seven classes will use the Preserve. 
 
Strategies: 

 Conduct outreach with 
schools. 

 Continue exploring a 
partnership with 
environmental education 
organizations like Acorn 
Soupe and the Sonoma 
Ecology Center. 

 Encourage educational 
activities that benefit 
Preserve management such 
as wildlife and botanical 
surveys, and vegetation 
management and restoration 
projects. 

 
Objective 4.  By 2008 implement at 
least 2 interpretive programs on the 
Preserve. 
 
Strategies: 

 Construct a kiosk at one of 
the Norrbom Road 
trailheads and at the 5th 
Street West Trailhead. 

 Construct and interpretive 
trail. 

 Identify plants with a label, 

where appropriate. 
 Develop a self-guided 

brochure. 
 Work in partnership with 

the Sonoma Overlook Trail 
Task Force to provide 
guided tours. 

 
Objective 5.  Within 3 years, visitors 
will have an opportunity to relax at 3 
benches on the Preserve. 
 
Strategies: 

 Facilitate the donations of 
benches at several 
viewpoints, at the entrance 
kiosk and at the quarry site. 

 Place interpretive panels 
near benches. 

 
Objective 6:  Conduct Preserve 
outreach, targeting the local 
community and nontraditional 
users, by expanding partnerships for 
the volunteer patrol.  Participate in a 
minimum of 3appropriate off-
Preserve events per year to increase 
awareness of the Preserve’s role in 
conserving Sonoma County 
viewsheds, grasslands, and oak 
woodlands.   
 
Strategies: 

 Continue and expand 
partnerships for events such 
as the annual Open Spaces & 
Public Places celebration. 

 Participate in appropriate 
local off-Preserve events 
each year such as the Pacific 
Flyway Festival and 
classroom activities.   

 Construct neighborhood 
walk-in and disabled access 
along 5th St. West. 

 Collaborate with and assist 
local resource-oriented 
agencies and city 
departments on outreach 
programs involving the 
Preserve. 

 Expand number of 
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presentations given to 
schools, conservation 
groups, and public service 
organizations. 

 Continue working with the 
Sonoma Overlook Trail Task 
Force. 

 
Goal 5.  Cultural resources on the site will 
be protected and interpreted to promote the 
appreciation and stewardship of Sonoma’s 
historic importance. 
 
Objective 1.   Develop a minimum of 
one interpretive exhibit or program 
to educate the public regarding the 
cultural resources of the Preserve by 
2010. 
 
Narrative:   
Developing interpretive and 
educational materials to increase 
public understanding about local and 
State history is valuable given the 
importance of the Sonoma area and 
General Vallejo in California 
history.  
 
Strategies:   

 Develop exhibits to illustrate 
the role of the Preserve rock 
quarries in California 
history and the use of the 
quarried rocks in Sonoma 
and San Francisco streets. 

 Develop exhibits to illustrate 
the role that General Vallejo 
played in California history.   

 Solicit input and advice 
from local historians and 
others familiar with the 
history of the Preserve in 
planning, information 
gathering, and review of 
educational, interpretive, 
and outreach programs and 
publications. 

 Include a cultural resource 
element when holding 
Preserve special events. 
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Chapter 6.  Implementation and Monitoring 
 
 
 
 
 
 
Funding and Personnel 
The District intends that Preserve 
objectives be attained over the next 
10 years.  Management activities 
would be phased in over time and 
implementation is contingent upon 
and subject to the results of 
monitoring and evaluation, funding, 
and staffing. 
 
Funding includes initial capital 
outlay for equipment, facilities, 
labor, and other expenditures, as 
well as annual, ongoing costs for 
staff, contracts, supplies, 
management, maintenance, and 
other recurring expenses. 
 
Initial capital expenditures for 
implementation of this management 
plan would include a trail, parking 
lot, signs, and boundary signs.  In 
addition, significant capital 
expenditures (Appendix H) would be 
needed for weed control.  These 
capital expenditures would not all 
accrue during the first year of 
implementation.  For example, weed 
control and habitat restoration 
would be implemented over several 
years, and some equipment and 
vehicles would be shared with other 
Preserves.  
 
At full staffing, staff time dedicated 
to the Preserve would include the 
equivalent of about 0.9 full-time 
staff members.   Annual contracts or 
cooperative agreements would be 
issued for litter removal, additional 
law enforcement, weed control, and 
other activities.  The total cost of 
recurring tasks is expected to total 
about $12,000 per year (Appendix 
H).   

 
Detailed Management Plans  
Some of the potential resource 
management objectives were not 
within the ten-year scope of this 
plan.  These objectives include 
grassland management and wetland 
restoration.  These objectives should 
be considered in the next planning 
effort for the Preserve. 
 
Partnership Opportunities  
As described in Chapter 1, a number 
of partners play an important role in 
helping the District achieve its goals 
and objectives for the Preserve.  This 
management plan identifies many 
projects that provide new 
opportunities for existing or new 
partners.  In addition to the 
District’s existing partnerships with 
the Sonoma Overlook Trail (SOT) 
Task Force, Sonoma Ecology Center, 
city of Sonoma, State Parks, and the 
California Coastal Commission, 
there is an opportunity to build 
partnerships with Acorn Soupe, the 
National Park Service National 
Trails Assistance program and local 
universities and other research 
entities. 
 
Monitoring and Evaluation  
Adaptive management is the process 
of implementing policy decisions 
using scientifically driven 
experiments that test predictions and 
assumptions about management 
plans, and using the resulting 
information to improve management 
strategies.  Management direction is 
periodically evaluated by a system of 
applying several options, monitoring 
the achievement of objectives, and 
adapting original strategies to reach 
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desired objectives.  These periodic 
evaluations would be used over time 
to adapt both the management 
objectives and strategies to better 
achieve management goals.  Such a 
system embraces uncertainty, 
enhances management options, and 
provides new information for future 
decision-making.   
  
Because monitoring is an essential 
component of this plan, specific 
monitoring strategies have been 
integrated into the goals and 
objectives.  Habitat management 
activities would be monitored to 
assess whether the desired effect on 
habitat components has been 
achieved.  At a minimum,  
susceptible oak trees would be 
monitored for SOD and changes in 
the weed population would be 
monitored.  Baseline surveys would 
be established for plants and animals 
for which existing or historical 
numbers are currently not well 
known.  It would also be important 
to monitor the effects of public use 
and disturbance on the resources of 
the Preserve.   
 
Plan Amendment and Revision 
This plan has a ten-year life.  At the 
end of ten, years, the plan should be 
evaluated to determine if plan 
objectives were met.  If objectives 
were not met, the District would 
evaluate why they were not met.  A 
new plan would address any unmet 
objectives and formulate new 
objectives for the management of this 
important open space preserve. 
 
In addition, the plan will be 
evaluated annually to evaluate if 
objectives are being met and if 
strategies or objectives need to be 
modified.  It may also be reviewed 
during routine inspections.  Results 
of any of these reviews may indicate a 
need to modify the plan.  The goals 
in the management plan will not 
change until they are reevaluated as 

part of the formal 10-year revision.  
The objectives and strategies, 
however, may be revised to address 
changing circumstances or take 
advantage of new scientific 
understanding or  increased 
knowledge of the resources on the 
Preserve.  If changes are required, 
the level of public involvement and 
CEQA documentation will be 
determined by the General Manager.   
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1 Introduction 
The Sonoma County Water Agency (Water Agency) seeks to identify potential projects within the 
Sonoma Valley that can meet stormwater management and groundwater recharge goals.  The Water 
Agency has contracted with ESA PWA, Daniel B. Stephens & Associates, Parker Groundwater, and other 
subconsultants to develop these project concepts, vet them with Sonoma Valley stakeholders, and help 
identify potential funding sources.  

1.1 Project purpose 
An immediate action of the Water Agency’s 2010 Water Supply Strategies Action Plan is identification of 
projects within Water Agency flood control zones that reduce flooding and increase groundwater 
recharge.  An important tool in identifying and improving water resource management in the Sonoma 
Valley is the 2007 Groundwater Management Plan (GMP).  The GMP identifies stormwater recharge as a 
key action towards achieving groundwater sustainability. Other key actions identified in the GMP 
include groundwater banking, increased use of recycled water and conservation and other demand‐
reduction measures.  The Sonoma Valley GMP goal – groundwater sustainability – cannot be reached 
without implementation of each of these actions.   

The goal of the Sonoma Valley Stormwater Management and Groundwater Recharge Scoping Study is to 
develop one or more stormwater management/groundwater recharge projects that address the Key 
Project Purpose: reducing flood hazards and increasing opportunities for groundwater recharge within 
the Sonoma Creek watershed.   

For the purposes of this effort, a project may consist of either a single facility or a suite of “elements” 
that function physically as stand‐alone projects but collectively address core project objectives. For 
example, a single facility option might be a retention basin for stormwater that reduces the size of a 
flood peak while enhancing groundwater recharge. A multiple‐element project might include a project 
to create a designated high flow bypass area for a creek, together with an educational and incentive 
program to encourage retrofitting of residences for onsite stormwater infiltration. 

1.2 Effort to date 
The Sonoma Valley Stormwater Management and Groundwater Recharge Scoping Study has thus far 
completed review of existing information, development of project objectives, prepared an assessment 
of flood hazard and groundwater issues, and crafted and implemented a draft general project 
opportunity screening and prioritization approach, as documented in this memorandum. We have held 
one county‐wide meeting with potential project partners, including cities, other local entities, and non‐
governmental organizations, as well as one Sonoma Valley‐focused meeting with identified 
stakeholders, including members of the Basin Advisory Panel and the associated Technical Advisory 
Committee, and other interested members of the public. Input received at these two meetings and from 
subsequent written comment has shaped the approach we have taken in this project effort and in 
revising draft project deliverables. 
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1.2.1 Project deliverables 

Products generated to date include the following products: 

 Reference inventory: a total of 75 documents and datasets related to stormwater and 
groundwater conditions in Sonoma Valley have been collected, scanned if not digitally available, 
organized, and collected into a single database. 

 Project objectives framework: a document presenting a set of core and supporting objectives 
for the project.  

 Issues assessment: a memorandum describing the project objectives and providing an overview 
of the flood hazard and groundwater setting within the Sonoma Valley.  

 

1.2.2 Project objectives 

Core and supporting project objectives were identified by the project team in consultation with the 
stakeholders. These were described in a Project Objectives framework document (draft distributed at 
the initial Stakeholders meeting on April 21, 2011). 

Core project objectives include both: 

1. Flood hazard reduction ‐ Improve management of stormwater that contributes, directly or 
indirectly, to reduced flood hazards.  

2. Groundwater recharge ‐ increase beneficial recharge of groundwater, whether or not that 
recharged groundwater is directly accessible as water supply.  

The core objectives are supported by a number of supporting project objectives, which may or may not 
be achieved by every project.  Supporting project objectives include: 

1. Water quality – Improve quality of surface water and/or groundwater supplies.  

2. Water supply – Increase or improve water supply availability, reliability, and flexibility for 
domestic, municipal, industrial and agricultural use and for the environment. 

3. System sustainability – Support energy and water efficiency and climate change resiliency of 
water management systems and developed supplies, as well as the ability of stream systems to 
be maintained by natural processes. 

4. Ecosystem – Improve ecosystem function and/or habitat enhancement, especially for special 
status species. 

5. Agricultural land – Preserve agricultural land uses.  

6. Open space – Preserve and/or enhance open space.  

7. Community benefits – Create and/or enhance recreation, public access, education, etc.  

 
During our discussions with stakeholders, there was suggestion that this project seek to address flood 
“risks.”  Flood risk is defined to include both the probability of flooding and the expected costs of that 
flooding. We have elected not to limit this effort to concepts benefiting current land uses and 
investments and instead retained the more general language of “flood hazard” reduction, though “flood 
risk” reduction can be expected to receive higher priority for action. 
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1.3 Project process 
With input from Sonoma Valley stakeholders, the Water Agency will develop a project that achieves the 
project purpose and satisfies the core objectives.  The process being undertaken is illustrated in the 
flowchart below: 
 

 
 

Figure 1. Project development process   

 
After receiving input from the stakeholders of the Sonoma Valley on project concepts to consider, the 
Water Agency will further develop potential project concepts into specific project elements and a 
proposed project. The proposed project may consist of potential elements (e.g., facilities, programs, or 
other types of construction or land use change projects) grouped into a single project with an integrated 
budget and timeline. One or more proposed projects will ultimately be identified for further 
consideration, including development of needed additional feasibility studies and a funding strategy.  
 

Define project purpose 
and objectives

Review data and consider 
problems being addressed, 
strategies, and issues

Develop short list of project 
concepts, using screening  & 
prioritization criteria

Scope feasibility studies and 
develop project 
implementation strategy

Next phase: investigate 
project concepts to identify 
a proposed project

We are here 
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1.4 Purpose of this memorandum 
This memorandum presents the basis for the screening and prioritization of project types considered for 
the purpose of this scoping study and concludes with the identification of a short list of project 
concepts:  project types by location in the watershed. This short list will be considered for further 
investigation by the Water Agency. 
 
An overview of the process being used to develop the project concept short list is shown in Figure 2 
below. 
 

 
 
Figure 2. Flowchart of screening and prioritization process 

 

1.5  Structure of this memorandum 
Section 1 of this document presents background information on the overall project as well as the 
activities conducted to date. In Section 2, a survey of potential project types is presented and generally 
characterized. Section 3 describes the screening process, which is based on 1) likelihood of physical 
feasibility based on two physical characteristics; and 2) likelihood of achievement of core objectives. 
Project types and locations that remain after the screening process are identified as project concepts. 
Section 4 then describes and implements the prioritization criteria. We then conclude the memorandum 
with a brief discussion of next steps in Section 5. 
 

2 Project types considered 
For the purpose of the screening and prioritization process, we have evaluated the potential for generic 
types of groundwater recharge/flood hazard reduction measures. This process does not explicitly 
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address specific project ideas that have been developed by the stakeholders or others, but will help to 
inform the broader context within which such projects are considered for further evaluation.  

2.1 Requirements 
As previously established during the development of Project Objectives, project types, or measures, 
considered for the purpose of this project must meet one or both of the core project objectives: flood 
hazard reduction and groundwater recharge. In this section, we provide an inventory of potential 
project types that may address at least one of the core project objectives. We note that any project that 
seeks to redirect stormflow, or modify existing wetlands or waterways, is likely to trigger a large array of 
regulatory and permitting requirements, as briefly addressed in the prior Issues Assessment (2011); 
here, we briefly highlight key  regulatory constraints that are specific to each project type.   

2.2 Sources 
To develop the list of potential project types, we referenced the ideas presented by the stakeholders, 
published documents, and project team knowledge.  

2.3 Potential project types or measures 
This section provides a brief description of the potential project types or measures being considered as 
part of the Scoping study. Sections 2.3.1, 2.3.2, and 2.3.3 describe flood management measures: by 
decreasing flows, by increasing conveyance, and by modifying susceptibility to flood hazards, 
respectively. Section 2.3.4 describes measures to increase groundwater recharge, in some cases 
referencing similar measures that also fall in Section 2.3.1. Lastly, Section 2.3.5 describes measures to 
mimic natural site hydrology, generally known as Low Impact Development, or LID. 
 
Table 1 below provides a list of each of the project types or measures described in the subsequent 
sections. 
 
Table 1. Measures to reduce flood hazards and enhance groundwater recharge 

Category  Strategy  Project type 

Flood management     

  Decrease flood flows   

    In‐line detention basins 

    In‐line retention basins 

    Off‐line detention basins 

    Off‐line retention basins 

    High‐flow diversions 

    Floodplain attenuation 

  Increase conveyance   

    Urban drainage infrastructure 
improvements 

    Flow constriction improvement 

    Channel clearing 

    Levees and floodwalls 

  Modify susceptibility to flooding   

    Relocation/land use changes 
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Category  Strategy  Project type 

Groundwater recharge     

  Enhance groundwater recharge   

    In‐line detention basins for 
recharge 

    In‐line retention basins for 
recharge 

    Off‐line detention basins for 
recharge 

    Off‐line retention/recharge 
basins for recharge 

     

    Infiltration galleries 

    Self‐cleaning infiltration trenches 

    Vadose wells for recharge 

In‐lieu of pumping     

   
Above‐ground or underground 
storage tank for use in lieu of 
pumping 

Low impact development     

  Mimic natural site hydrology   Infiltration‐based approaches 

    Detention‐based approaches 

 
 

2.3.1 Measures that decrease flood flows 

In‐line detention basins 
Detention basins (dry ponds, extended detention basins) provide temporary storage for surface runoff 
and are used to decrease peak flow. They collect runoff from an area and release it at a slower, 
controlled rate, thereby reducing streamflow. In‐line facilities are located on the drainageway. In‐line 
detention basins store and route the entire flood hydrograph. Therefore, in‐line basins must be 
designed to store large volumes of water and generally require construction of a weir or dam structure. 

 Benefits 

 Can be sized to detain a range of storms  
 Simple to construct and maintain 
 Can be combined with other purposes (stormwater quality enhancement, erosive flow 

reduction, recharge, habitat, recreation, aesthetic)  

 General regulatory constraints 

 Can pose a barrier to fish passage; for Sonoma Creek and its tributaries, this would likely include 
steelhead, a special status species 

 Requires major modification of stream channel and mitigation for disturbances. Due to 
environmental and permitting constraints, in‐line detention facilities are not typically 
implemented in California.  

 Larger detention basins may be regulated by the California State Division of Safety of Dams 
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Similar to in‐line detention basins, in‐line retention basins are located on the drainageway itself, and 
decrease flood flows by attenuating discharge behind an impoundment. Retention basins contain a 
persistently ponded area, whereas detention basins empty between storms. Retained water may be 
used directly for water supply, including recharge. In‐line basins store and route the entire flood 
hydrograph and therefore must be designed to store large volumes of water. They generally require 
construction of a weir or dam structure. When designed for dual purposes of detention and retention, 
in‐line basins are often actively managed, with flood‐hazard detention goals dominating operation 
during the runoff season and water supply retention goals dominating during the dry season. This type 
of operation requires more complex outlet facilities and management systems. 

Benefits 

 Can be sized to detain a range of storms  
 Can range from simple to quite complex to construct and maintain  
 Can be combined with other purposes (stormwater quality enhancement, erosive flow 

reduction, recharge, habitat, recreation, aesthetic)  

 General regulatory constraints 

 Can pose a barrier to fish passage; for Sonoma Creek and its tributaries, this would likely include 
steelhead, a special status species 

 Requires major modification of stream channel and mitigation for disturbances  
 Due to environmental and permitting constrains, in‐line detention facilities are not typically 

implemented in California 
 Larger basins may be regulated by the California State Division of Safety of Dams 

 
Off‐line detention basins 
Off‐line detention basins are located adjacent to the stream channel and receive runoff from larger 
storm events. Flow into off‐line basins is controlled by a high‐flow diversion from the drainageway, such 
as a weir or a culvert. Off‐line detention basins typically receive flow only during high‐runoff storm 
events. They are typically smaller and store water less frequently than in‐line basins.  

Benefits 

 Can be sized to detain a range of storms  
 Simple to construct and maintain 
 Are typically smaller than in‐line facilities 
 Can be combined with other purposes (stormwater quality enhancement, erosive flow 

reduction, recharge, habitat, recreation, aesthetic) 
 Do not pose a barrier to fish passage 

General regulatory constraints 

 Requires minor modification of stream channel for purposes of constructing diversion 
 Larger basins may be regulated by the California State Division of Safety of Dams 

 
Off‐line retention basins 

Off‐line retention basins (wet ponds) are facilities adjacent to the drainageway that provide storage 
for surface runoff. Retention basins have permanent ponding areas that store flow for a much 
longer duration, typically throughout the year. In addition to permanently ponded storage, 
retention basins often have temporary storage that is only used during high runoff events.  
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Benefits 

 Can be sized to detain a range of storms  
 Simple to construct and maintain 
 Are typically smaller than in‐line facilities 
 Can be combined with other purposes (stormwater quality enhancement, erosive flow 

reduction, recharge, habitat, recreation, aesthetic) 
 Do not pose a barrier to fish passage 

General regulatory constraints 

 Requires minor modification of stream channel for purposes of constructing diversion 
 Larger basins may be regulated by the California State Division of Safety of Dams 

 
High‐flow diversions 
High‐flow diversions redirect excess flows away from developed areas using natural or artificially 
constructed bypass channels or conduits. Such diversions require an adjacent low‐lying area or an area 
with landuses compatible with infrequent inundation. An example of a high‐flow diversion is the Yolo 
Bypass in the Sacramento River Basin and the “oxbow” bypass recently constructed by the US Army 
Corps of Engineers for the Napa River Flood Control Project in downtown Napa. If such a diversion alters 
the timing of flood flows, it may increase or decrease flood risks downstream of the return point. 

Benefits 

 Reduces the need for more expensive measures, such as detention and conveyance 
improvements 

 Can be integrated with other land uses (agriculture, wetlands, recreation) 

General regulatory constraints 

 Land must be zoned for compatible uses  
 Requires minor modification of stream channel for purposes of constructing diversion 

 
Floodplain attenuation 
Floodplain attenuation refers to reconnecting a stream to a floodplain and using the floodplain area to 
detain flows. Excess runoff is temporally stored in adjacent flooded areas, and returns to the channel 
after flood stages have receded. Floodplain attenuation requires a large floodplain area and land uses 
that are compatible with periodic inundation.   

Benefits 

 May reduces the need for more expensive measures, such as detention and conveyance 
improvements 

 Can be integrated with other land uses (agriculture, wetlands, recreation) 

General regulatory constraints 

 Land must be zoned for compatible uses  
 Requires minor modification of stream channel for purposes of constructing diversion 
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2.3.2 Measures that increase conveyance 

“Increased conveyance,” as used in this document, is assumed to mean increased ability to convey 
water within a given horizontal footprint or stage. Thus, measures that are designed to reduce flood 
stage by modifying channel conditions (e.g., improve flow constrictions) are included here, as are 
measures that increase stage but reduce the horizontal extent of floodwaters (e.g., levees). Any 
measure that increases conveyance in one reach has the potential to increase flow rates downstream, 
effectively transferring flood hazards from one area to another. As a result, such projects must be 
evaluated for this possibility during feasibility analysis. 
 
Urban drainage infrastructure improvements 
In areas that experience localized urban flooding, improving storm drainage infrastructure can reduce 
the frequency of flooding. This can be accomplished through a number of methods including increasing 
the capacity of storm drains, providing cross‐connections and bypasses, removing poorly drained low‐
points, and improving stormdrain inlets.  

Benefits 

 Provides improved drainage in flood‐prone urban areas 

General regulatory constraints 

 Can increase flooding  in receiving channels downstream 
 
Flow constriction improvement 
Flow constrictions within the channel such as bridge crossings, culverts, or other localized constrictions 
can cause upstream backwater effects that result in flooding. Improving flow constrictions refers to 
measures that raise, replace or remove existing infrastructure and constrictions to improve the 
conveyance capacity of a drainageway.  

Benefits 

 Provides improved channel conveyance 
 Improves the level of service of flooded bridges and  other infrastructure 

General regulatory constraints 

 Can increase flooding  in receiving channels downstream 
 
Channel clearing 
Vegetation growth or sedimentation can reduce the conveyance capacity of drainageways. This measure 
refers to the removal of vegetation and sediment from channels through mechanical means.  

Benefits 

 Provides improved channel conveyance 

General regulatory constraints 

 Riparian vegetation provides habitat for many species. Removal of vegetation would disturb 
important habitats. This type of project would require multiple permits from resource agencies 
and mitigation measures. 

 Can increase channel velocities, resulting in increased erosion  
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 Can increase flooding in receiving channels downstream 
 

Levees and floodwalls 
Levees and floodwalls are structural measures that protect a portion of the floodplain from flooding, up 
to a certain design level. They are built parallel to the drainageway to prevent flooding on adjacent 
lands. Levees refer to engineered earthen embankments that prevent flooding, while floodwalls are 
concrete structures that are typically used in urban areas where levees are infeasible.  

Benefits 

 Prevents floodplain inundation 

General regulatory constraints 

 Ongoing maintenance and inspection are necessary  
 Can require significant disturbance of the stream channel 
 Can increase upstream water surface elevation (stage) 

 
 

2.3.3 Measures that modify susceptibility to flooding 

Floodproofing 
Floodproofing consists of modifications of structures, their sites, and building contents to keep water 
out or reduce effects of water entry to structures where it causes damage. Examples of floodproofing 
include raising structures above flood elevations, protecting structures with local dikes, and using flood 
resistant materials and building practices. Generally floodproofing is used to reduce damage to 
structures, and not necessarily to provide for occupancy during floods.  

Benefits 

 Reduces damage to structures in flooded areas 
 Can be combined with floodplain attenuation to promote natural processes 
 Can be used where other measures are infeasible 

General regulatory constraints 

 (Typical) 
 
Relocation/land use changes 
This measure refers to relocating susceptible structures outside of the floodplain or implementing land 
use changes that are more compatible with flooding.  Structure relocation can be expensive and is more 
likely to be implemented in rural areas. 

Benefits 

 Avoids losses associated with flooding  
 Can be combined with floodplain restoration to promote natural processes 
 Can be used where other measures are infeasible 

General regulatory constraints 

 None 
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2.3.4 Measures to enhance groundwater recharge 

In‐line detention basins 
In‐line detention basins increase recharge to the extent they provide longer periods or increased 
inundation area for infiltration. They operate by capturing runoff from a drainage area and releasing it 
slowly over time.  Detention of water in a basin for recharge may be limited to short durations if the 
basin is also being used to achieve attenuation of flood peaks, as the storage volume must be available 
to accommodate subsequent stormflows to be effective. Like any recharge facility, an in‐line detention 
basin must have adequate separation from groundwater to allow effective function and avoid water 
quality concerns. To promote recharge, the floor of the basin may be maintained to remove fine‐grained 
materials and facilitate infiltration.   
 
Additional information related to detention basin use for stormwater management, benefits and 
general regulatory constraints for in‐line detention basins is provided in Section 2.3.1.  
 
In‐line retention basins 
In‐line retention basins increase recharge from runoff. They capture runoff from a drainage area and 
retain it, thereby increasing both the inundated area and the time within which water can infiltrate into 
the ground.  As retention basins have permanent ponding areas that store flow for a much longer 
duration, retention basins may provide more recharge than is typically provided by detention basins.  
If water is retained in a basin for recharge or use and not actively managed for floods (e.g., released 
prior to the arrival of the next storm), it reduces the capacity of the basin to also detain flood flows. Like 
any recharge facility, an in‐line retention basin must have adequate separation from groundwater to 
allow effective function and avoid water quality concerns. To promote recharge, the floor of the basin 
may be maintained to remove fine‐grained materials and facilitate infiltration.   
 
Additional information related to retention basin use for stormwater management, benefits and general 
regulatory constraints for in‐line retention basins is provided in Section 2.3.1.  
 
Off‐line detention basins 
Off‐line detention basins may be used for recharge of stormwater runoff. If used to reduce flood peaks, 
such basins are typically designed to accept only runoff from larger storm events. As they typically are 
smaller and store water less frequently than in‐line basins, such basins typically provide less recharge 
than in‐line detention basins given the same basin area. Like any recharge facility, an off‐line detention 
basin must have adequate separation from groundwater to allow effective function and avoid water 
quality concerns. To promote recharge, the floor of the basin may be maintained to remove fine‐grained 
materials and facilitate infiltration.   
 
Additional information related to their use for stormwater management, benefits and general 
regulatory constraints for off‐line detention basins is in Section 2.3.1.   
 
Off‐line retention basins 
Like off‐line detention basins, off‐line retention basins (wet ponds) are facilities adjacent to the 
drainageway that provide storage for surface runoff. As retention basins have permanent ponding areas 
that store flow for a much longer duration, retention basins may provide more recharge than typically 
provided by detention basins. If water is retained in a basin for recharge or use and not actively 
managed for floods (e.g., released prior to the arrival of the next storm), it reduces the capacity of the 
basin to also detain flood flows. Like any recharge facility, an off‐line retention basin must have 
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adequate separation from groundwater to allow effective function and avoid water quality concerns. To 
promote recharge, the floor of the basin may be maintained to remove fine‐grained materials and 
facilitate infiltration.   
 
Additional information related to stormwater management, benefits and general regulatory constraints 
for off‐line retention basins is in Section 2.3.1.   
 
Infiltration galleries 
In areas where above‐ground detention/retention basins are not appropriate, infiltration galleries may 
be used to achieve groundwater recharge.  Infiltration galleries are facilities that intercept and redirect 
surface water to a porous subsurface zone for infiltration. They typically involve shallow excavation and 
placement of perforated pipe within a gravel bed that is then backfilled with additional gravel and 
overlain with topsoil. They may be designed and constructed to accommodate a range of runoff 
volumes. Like any recharge facility, an infiltration gallery must have adequate separation from 
groundwater to allow effective function and avoid water quality concerns. Below ground design makes 
removal of fine‐grained materials more difficult; a pre‐sedimentation system may reduce clogging and 
contribute to increased life span.  

Benefits 

 Provides recharge in locations where above ground facilities are not appropriate 
 Can be constructed from prefabricated components 

General regulatory constraints 

 Depending on depth, may be subject to more stringent water quality standards and permitting 
requirements.  
 

Self‐cleaning infiltration trenches 
Self‐cleaning trenches are similar to infiltration galleries but are linear and include an overflow outlet. 
They have a smaller footprint than detention/retention basins and can be used in location with limited 
access, such as along the side of a roadway or in between infrastructure, etc.   Like an infiltration gallery, 
self‐cleaning infiltration trenches intercept and redirect surface water to a porous subsurface zone for 
infiltration. They facilities self‐clean by automatically flushing to an outlet when inflow exceeds 
infiltration capacity. They require particular attention to design to ensure that their self‐cleaning feature 
functions properly. Like any recharge facility, an infiltration trench must have adequate separation from 
groundwater to allow effective function and avoid water quality concerns. As they are typically smaller 
and may receive water less frequently than detention/retention basins, self‐cleaning infiltration 
trenches typically provide less recharge than basins.  

Benefits 

 Provides recharge in locations where above ground facilities are not appropriate 
 Self‐cleaning feature allows for maintenance of infiltration rates and removal of fines 

General regulatory constraints 

 Depending on depth, may be subject to more stringent water quality standards and permitting 
requirements.  
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Vadose wells 
Vadose wells are wells completed in the vadose zone above unconfined aquifers; these are also known 
as “dry wells” because they do not intercept saturated aquifer materials.  The well depth and diameter 
varies depending on the geology and amount of runoff expected; they are completed with a center pipe 
and the annular space between the pipe and the wall of the borehole filled with sand. These wells have 
a relatively short life span (5‐10 years) due to clogging and difficulty of maintenance. 

Benefits 

 Provides recharge in locations where above ground facilities are not appropriate 
 Low cost to construct and no maintenance required 

General regulatory constraints 

 Depending on depth, may be subject to more stringent water quality standards and permitting 
requirements.  

 

 
Figure 3. Groundwater recharge methods 

 
 

2.3.5 Measures to reduce groundwater pumping (in‐lieu of 

pumping) 

Above‐ground or underground storage tank 

Above‐ground or underground tanks may be used to store stormwater for later use as water supplies in 
lieu of groundwater pumping. Tanks can be designed and constructed out of a variety of materials to 
accommodate a range of water volumes. Underground tanks are generally more expensive to construct 
than above‐ground tanks. 
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Benefits 

 Provides water storage and/or in‐lieu supplies in areas that may not be appropriate for 
recharge. 

 Tanks can provide longer term water storage in order to accommodate differences between the 
timing of stormwater capture and the ability of the aquifer to receive additional water 
resources. 

General regulatory constraints 

 (Typical) 
 
 

2.3.6 Measures to mimic natural site hydrology (Low impact 

development, or LID)  

Low impact development (LID) refers to a variety of strategies to more closely mimic the natural 
hydrologic regime through infiltration, filtration, and detention.  LID can have multiple benefits, 
including reducing storm water pollutants, limiting stream channel erosion, and promoting groundwater 
recharge. LID design measures are generally focused on smaller, more frequent storms and have limited 
ability to affect larger storms that are associated with flooding.  LID design measures are included in this 
document, recognizing that although they may have limited flood management benefits except for very 
small storm events, they may be used in combination with other elements to meet project goals.  
 
Infiltration‐based approaches 
Infiltration‐based LID approaches are facilities that rely on filtering stormwater through soil (either 
native soil or an engineered soil mix). By filtering runoff, infiltration‐based facilities can remove 
pollutants and reduce impacts to pre‐development site hydrology. Infiltration‐based LID features must 
have adequate separation from groundwater. Examples of infiltration‐based LID approaches are:  
 Infiltration basins 
 Bioretention  
 Pervious pavement 
 Infiltration trenches 
 Vegetated swales  
 Vadose wells (also known as dry wells)  

Benefits 

 Groundwater recharge 
 Pollutant removal 
 Aesthetics 
 Can reduce channel erosion 

General regulatory constraints 

 (Typical) 
 
Detention‐based approaches 
Detention‐based LID facilities rely on detaining stormwater to remove pollutants and regulate discharge. 

Pollutants are generally removed from stormwater by detaining flow for an amount of time and allowing 
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pollutants to settle out. Detention‐based LID facilities can also be used to mimic the natural hydrologic 

regime of by storing discharge and slowly releasing it over time. Detention‐based LID facilities include:  

 Bioretention 
 Constructed wetlands 
 Detention vaults 
 Cisterns and rain barrels 
 Wet ponds  
 Detention ponds 

Benefits 

 Pollutant removal 
 Aesthetics 
 Can reduce channel erosion 
 Can enhance recharge 

General regulatory constraints 

 Depending on depth, may be subject to more stringent water quality standards and permitting 
requirements.  

 

3 Screening  
The purpose of the screening process is to eliminate project types relative to locations within the 
watershed that do not clearly show potential to achieve the project objectives of flood hazard reduction 
and groundwater recharge.  
 
The previously‐developed Project Objectives identify the need for the project developed under the 
scoping study to meet both core objectives: flood hazard reduction and groundwater recharge. We have 
previously acknowledged that it would be possible to combine multiple elements that collectively met 
both objectives into a single project. However, for the purpose of identifying a priority project list, we 
have elected to apply the most straightforward approach to meeting both core objectives, which is to 
seek to identify potential project concepts that could meet both core objectives.  
 
Thus, for the purposes of the Scoping Study, the screening process has been developed to screen out 
project types that do not have this dual capacity. In some cases, the ability for a given project type to 
meet both core objectives is restricted to only certain parts of the watershed, and this limitation is also 
accounted for in the screening process.  
 
Because of the very general information being relied upon for the purpose of this assessment, it is 
possible that some project concepts will be eliminated at this stage that might actually turn out to be 
appropriate once additional scrutiny is applied and/or more detailed information is obtained. As a 
watershed‐wide scoping study, this effort cannot afford to be exhaustive. We are seeking to identify the 
short list of projects that make the most sense for the Water Agency to initially investigate further, and 
expect the approach being taken to yield an attractive short list of projects that warrant consideration.  
 
In discussion about the limitations of the screening and prioritization process, Water Agency staff have 
acknowledged that two types of projects may be included in the ultimate project developed through the 
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Sonoma Valley Scoping Study process, whether or not they are included on the shortlist generated by 
this process: 

1. Low Impact Development (LID)  
2. Ecosystem enhancement  

 
As part of a larger groundwater recharge/flood hazard management project, both of these project types 
have the potential to 1) bring additional cost‐share dollars to the table, 2) significantly increase the 
attractiveness of a proposed project to funding agencies (see, for example, the Integrated Regional 
Water Management project guidelines: http://www.water.ca.gov/irwm/guidelines.cfm), and 3) 
generally broaden public support for a project among the communities of the Sonoma Valley.  
 
While the scoping study is expected to focus on larger‐scale projects to achieve the greatest level of core 
benefits, Water Agency staff also recognize that the stakeholders have expressed strong interest in 
small‐scale distributed projects that may fall outside the recommendations of this Screening Evaluation 
Memorandum. Thus, at the time an integrated project proposal is ultimately being formulated for the 
purposes of seeking grant funding, the Water Agency may identify and develop additional project 
elements—not among those specifically recommended by this memorandum—for inclusion in the 
proposed project. These supplemental elements will be considered to enhance partnering and funding 
opportunities and to broaden and strengthen community support for the proposed project as a whole. 
 

3.1 Effectiveness 
As supported by the material presented in Section 2.3, some measures or project types may be used to 
address either flood hazard reduction or groundwater recharge, but are not anticipated to accomplish 
both core objectives. We have eliminated such project types from further consideration.  
 
Project types that are not expected to effectively address both core objectives include the following: 
 

Project type  Reasoning 

Urban drainage infrastructure improvement  Does not enhance recharge 

Flow constriction improvement  Does not enhance recharge 

Channel clearing  Does not enhance recharge 

Levee and/or floodwall  Does not enhance recharge 

Vadose well  Capacity limitations constrain stormwater 
infiltration potential 

 
The retained project types, designed for dual objectives, include the following: 

1) In‐line detention/recharge basins 
2) In‐line retention/recharge basins 
3) Off‐line detention/recharge basin 
4) Off‐line retention/recharge basin 
5) High flow diversion/recharge 
6) Floodplain attenuation/recharge 
7) Above‐ground or underground storage tank/recharge 
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8) Infiltration gallery/detention 
9) Self‐cleaning infiltration trench/detention 
10) LID 

3.2 Physical feasibility  
The retained project types identified in Section 3.1 above were then considered relative to coarse‐level 
information available with regard to physical conditions in the watershed to allow an assessment of 
potential project type feasibility relative to location within the Sonoma Valley watershed. In the sections 
below, factors related to the physical feasibility of flood hazard reduction are first described and 
assessed in Section 3.2.1. Section 3.2.2 provides a similar treatment based on groundwater recharge 
potential. 
 

3.2.1 Flood hazard reduction potential  

The nature of flood hazard reduction potential varies within the watershed based on several variables. 
Key physical factors affecting flood hazard reduction potential are the runoff characteristics of the 
watershed, channel slope, and the control exerted by the downstream tidal boundary.  
 
Lower Sonoma Creek watershed 
As a first step, we considered the potential for flood hazard reduction available in lower Sonoma Creek, 
below Highway 121. The combination of the abrupt transition from the steeply‐sloped channel of 
Sonoma Creek to the very shallow slopes of the bayshore lands – largely, former tidal wetlands—from 
approximately  Highway 121 to the downstream tidal boundary at San Pablo Bay—create very 
challenging physical circumstances for flood hazard reduction in the lowest reaches of Sonoma Creek. 
Recent analysis conducted by ESA PWA (report in progress) suggests that the opportunities to reduce 
flood hazards in larger events (10‐year recurrence interval or larger) in the lowest reaches of Sonoma 
Creek include land use changes, floodproofing, levees or floodwalls, and relocation of existing non‐
compatible uses or at‐risk structures.  
 
Other approaches were found to have very limited potential for application in this setting. Modifications 
to creek channels or high flow diversion would affect the distribution of flood flows, but would in part 
simply shift flood hazards from one location to another in the interconnected drainages of lower Schell 
and Sonoma Creeks. The effectiveness of channel modification in affecting flood levels would also be 
limited due to the backwater effects of the tidal boundary, often elevated by storm surge during major 
rainflood events. Because of tidal backwater, enlargement of tidal slough channels, whether through 
direct modification (dredging) or natural tidal scour (resulting from restoration of tidal prism and the 
resulting increase in the tidal exchange, as might result from managed breaching of subtidal areas for 
tidal wetland restoration), would be most likely to increase drainage rates, rather than reducing flooding 
extents or peak elevations. Tidal backwater effects are also expected to increase over time, as a result of 
sea level rise relative to local land elevations. Additionally, measures to lower flood stage within the 
lowest reach of Sonoma Creek, such as by the use of local detention, channel modification, or floodplain 
detention, was found to have only localized benefit: the effects of stage lowering on upstream flood 
elevations were quickly lost as channel slope increased. This expected effect was extended to Sonoma 
Creek’s other lowest tributary subbasins as well. Lastly, we determined that detention or retention of 
flood flows in the higher elevations of these most downstream subbasins were found not effective in the 
reduction of flood hazards. We reached this conclusion because of the relatively limited development 
and habitation in the upper subbasin reaches combined with the ineffectiveness of these measures in 
reducing flood hazards in bayshore lands, where flooding is primarily controlled by tidal elevations. 
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Middle and upper Sonoma Creek watershed 
For the purposes of examined the flood hazard reduction potential through actions in the remainder of 
the Sonoma Creek watershed, we first considered the stormwater runoff conditions. An existing surface 
water hydrology model for the Sonoma Creek watershed upstream of Highway 121 was used to evaluate 
the runoff characteristics of the watershed. Figure 4 below shows a schematic of the model. Gray lines 
indicate subbasin boundaries; subbasin names are identified by a black square labeled with a three‐
letter code and a number. 

 
 
Figure 4. Surface water hydrology model schematic, upper and middle Sonoma Creek watershed (from 
PWA, 2004) 

This model, initially calibrated to a small flood event (PWA, 2004), was later calibrated to the flood of 
record in the basin, December 30, 2005 ‐ January 1, 2006 (PWA, 2008). Results from this model were 
used to evaluate the relative contributions of tributary sub‐watersheds and local areas draining to 
specific reaches of Sonoma Creek to flood flows at the peak of a large flood event. 

HEC‐HMS   

Sub‐basin ID 

 

Subbasin outlet description 

Son1  Sonoma Creek at Lawndale

Son2  Sonoma Creek above Calabazas Creek

Cal1 Calabazas Creek at Sonoma Creek

Son3  Sonoma Creek at Aqua Caliente Road

Son4  Sonoma Creek below Dowdall Creek

Nat1  Nathanson Creek at Schell Creek

Fow1  Fowler Creek above Rodgers Creek

Arr1 Arroyo Seco at Schell Creek

Sch1 Schell Creek above Arroyo Seco

Son5  Sonoma Creek at Highway 121

Arr2 East Arroyo Seco at Schell Creek

Fow2  Fowler Creek at Sonoma Creek

Rod1  Rodgers Creek at Fowler Creek 



Sonoma Valley Stormwater Management and Groundwater Recharge Scoping Study 

Screening Evaluation and Prioritization Memorandum 

 

    19        
           Parker GroundwaterParker Groundwater

 

 
Figure 5. Subbasin contributions to peak flood flows on Sonoma Creek at the outlet of subbasin Son4 
(below Dowdall Creek, derived from model of December 31, 2005 flood event described in PWA, 
2008)  

Based on the near‐coincidence of all of the peak flood flows coming from the contributing subbasins as 
shown in Figure 5, we concluded that measures to reduce peak flood flows from any subbasin upstream 
of approximately Dowdall Creek (above Leveroni Road; Junction 104 in the model) could be expected to 
also reduce peak flows downstream. 
 
A final physical constraint considered with respect to the suitability of surface water subbasins to 
support certain measures or project types was ground slope. Floodplain attenuation, high flow 
diversion, and detention or retention basins, whether in‐line or off‐line, require lands with fairly low 
slopes to be reasonably practical to construct. Additionally, floodplain attenuation and high flow 
diversion projects require extended reaches adjacent to or near the floodplain with fairly low slopes to 
be practical and appropriate for this project type. Low ground slope is a variable that was also included 
in the screening for potential recharge areas, as described in Section 3.2.2 below. 
 
For screening purposes, no additional assessment of physical constraints to achieving flood hazard 
reduction was made. Thus, some project types with only very modest or theoretical potential to reduce 
flood hazards have been retained among the screened project types. 
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3.2.2 Recharge potential 

Using readily‐available geospatial data, the Sonoma Valley watershed was reviewed to identify areas 
with apparent potential for groundwater recharge, or “opportunity areas.” 
 
Review of previous investigations 
The Sonoma Ecology Center (SEC) conducted a study to identify areas of relative naturally‐occurring 
potential recharge (SEC and SCWA, 2011).  During this study, SEC developed a Recharge Potential map 
layer by combining the evaluation and ranking of four elements: vegetation, soil, slope, and geology.   

As part of this study, a geology panel analyzed the geologic formations of Sonoma Valley and classified 
them into a simplified set of thirteen classes with similar water infiltration characteristics which were 
used to develop a “Simplified Geology” map of the Sonoma Valley Watershed. The simplified geology 
was based on the detailed geologic maps of the Glen Ellen, Kenwood, Sears Point and Sonoma 
Quadrangles (California Geological Survey).  SEC then ranked each unit of the Simplified Geology map 
according to its suitability for naturally occurring recharge (by surface application or infiltration); the 
following categories were used to develop a Ranked Geology map:  
 Poor (rank 1) 
 Poor to Fair 
 Fair (rank 2) 
 Fair to Good 
 Good (rank 3) 
 Good to very good 

DBS&A reviewed the work completed by SEC, the detailed geologic maps, and the USGS Scientific 
Investigations Map 2956 (Graymer et al., 2007) and reached the following conclusions:  

1. Simplified Geology map:  The categorization is appropriate.  
2. Rankings for each unit of the Ranked Geology map:  Generally, the poor and poor to fair 

categories are accurate indicators of the suitability of those areas for recharge by surface 
infiltration.  Likewise, the good to very good rankings are accurate indicators of recharge by 
surface infiltration.  However, the categories of fair to good often have broad ranges of 
categorization.  Full assessment of the recharge potential of a particular site and the 
development of particular project elements will require further evaluation using more site‐
specific information.    

Despite the need for additional site‐specific information, the SEC ranking of the Simplified Geology 
provides a useful broad level for screening of the entire watershed for initial absorption rates. Additional 
review of subsurface geology will be needed for more detailed evaluation of potential project areas in 
future project phases.  However, the SEC ranking of 2 (Fair) or more should not be used to completely 
rule out any particular area of the watershed at this stage.  

Stakeholder list of potential project locations 
A public meeting was held on April 21, 2011 in conjunction with the quarterly meeting of the Basin 
Advisory Panel, Sonoma Valley Groundwater Management Program.  During that meeting and during 
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follow‐up communications with stakeholders, the following ideas for small projects, project types, or 
project locations1 were raised: 

 Adobe Canyon (SCWA‐funded, SEC/PWA‐developed project concept) 
 Carriger‐Sonoma Creek flow constraint removal 
 Eighth Street swale by railroad tracks for recharge 
 Eraldi Park on 5th Street West 
 Ernie Smith Park  
 Calabazas Creek drainage  
 Los Guilicos –  detention and rainwater harvesting 
 Third Street linear swale – detention, rain garden and recharge basin. 
 Project type: creek stabilization – use an excavator to stabilize with concrete barriers and use a 

check dam to raise up the creek level. 
 Project type: Multi‐purpose ball fields – recreation, recharge, retention 
 Project type: create a backyard swale and fill with rock to help with recharge and provide surge 

protection.   
 Project type/location: Schellville and Glen Ellen – Rainwater harvesting, stormwater storage, 

retention, detention.   
 

Broad level screening to identify potential project locations based on groundwater recharge potential  
While the SEC study is an important study, it is different than the current focus of the Sonoma Valley 
Scoping Study in that it focuses on potential for naturally‐occurring recharge and the target of this study 
is to evaluate potential project areas for managed (artificial) recharge.  While surficial cover of 
vegetation and soil are quite important when evaluating the potential for naturally occurring recharge, 
these factors could be modified during development of a managed aquifer recharge project and are of 
less importance for the current study.   
 
The project team first assembled the following data in GIS format:  
 Ranked geology of the Sonoma Valley Watershed (created by SEC) 
 Slope 

 

We then used the GIS platform to identify potential recharge opportunity areas to augment the 

stakeholder‐identified list, including:  

 Upper Nathanson Creek  
 Boyes Hot Springs 
 Sonoma Valley Regional Park 
 Sonoma Valley County Sanitation District lands along 8th Street 

 
Based on the relevant factors and available data, each of the areas identified in the preceding list and on 
Plate 1 shows potential for a recharge project based on physical attributes.  A review of the stakeholder 
potential project locations compared to the potential recharge areas identified through the GIS process, 
indicated that only one (Calabazas Creek Drainage) likely falls outside the area considered suitable for 
potential recharge projects, as indicated by Plate 3.  
 

                                                            
1 Note: we have omitted from this list several specific project locations owned by entities that preferred 
not to have these properties identified as possible sites at this time. 
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3.3 Screened project types by location 
 
The next step in the screening process was to identify the locations which appear to be physically‐
feasible for retained project types—those with potential to achieve both flood hazard reduction and 
groundwater recharge as identified in Section 3.1.  Retained project types are listed in Table 2 below by 
each hydrologic subbasin in which they appear to be physically feasible, based on the assessment 
provided in Section 3.2 above. (See Figure 4 or Plate 1 for subbasin locations.) Within each subbasin, 
each project—with the exception of above‐ground or underground storage tank/recharge projects, 
which may provide in‐lieu water supplies—must also be located at a location within the watershed that 
is classified as recharge‐suitable, or that having a recharge ranking of fair (rank 2) or better (rank higher 
than 2), with a groundslope of 10 percent or less, as shown in Plate 2. Note that the most downstream 
subbasins in the watershed have a limited array of feasible flood hazard reduction options and are not 
generally suitable for groundwater recharge projects, as described in the preceding sections. The 
following subbasins have therefore been screened out for all retained project types: Lower Sonoma 
Creek, Fow2, and Arr2.  
 
Table 2. Retained project types by hydrologic subbasin 

Project type 

Subbasins where potential exists to meet 
both core objectives  

(listed in approximately upstream to downstream 
order; see Figure 4 or Plate 1 for subbasin 

boundaries, Plate 2 for lower‐slope, recharge‐
suitable areas) 

1) In‐line detention/recharge basins   Son1 
 Son2 
 Cal1 
 Son3 
 Son4 
 Nat1 
 Fow1 
 Arr1 
 Rod1 

NOTE: Specific locations would be limited to 
lower‐slope, recharge suitable areas of subbasins 
where there is also the potential to reduce flood 
hazards (see discussion in Section 3.2.1 above). 

2) In‐line retention/recharge basin  (Same subbasins as listed for in‐line 

detention/recharge basin) 

3) Off‐line detention/recharge basin  (Same subbasins as listed for in‐line 

detention/recharge basin) 

4) Off‐line retention/recharge basin  (Same subbasins as listed for in‐line 

detention/recharge basin) 
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Project type 

Subbasins where potential exists to meet 
both core objectives  

(listed in approximately upstream to downstream 
order; see Figure 4 or Plate 1 for subbasin 

boundaries, Plate 2 for lower‐slope, recharge‐
suitable areas) 

5) High flow diversion/recharge   Son1 
 Son2 
 Son3 
 Son4 
 Nat1 
 Fow1 
 Arr1 
 Rod1 

NOTE: Specific locations would be limited to 
lower‐slope, recharge‐suitable portions of all 
subbasins, where there is the potential to reduce 
flood hazards or which includes low‐slope 
pathways for floodwaters.) 

6) Floodplain attenuation/recharge  (Same subbasins as listed for high flow 

diversion/recharge) 

7) Above‐ground or underground 

storage tank/recharge 

 
 Son1 
 Son2 
 Cal1 
 Son3 
 Son4 
 Nat1 
 Fow1 
 Arr1 
 Rod1 

Note: Specific locations for the storage 
component could occur wherever stormwater 
flows are available and diversion of stormwater 
flows could reduce flood hazards; the recharge 
component could occur in recharge‐suitable 
areas  or, through in‐lieu substitution, in any 
location where groundwater pumping occurs. 

8) Infiltration gallery  (Same subbasins as listed for in‐line 

detention/recharge basin) 

9) Self‐cleaning infiltration trench  (Same subbasins as listed for in‐line 

detention/recharge basin) 

10) LID  (Same subbasins as listed for in‐line 

detention/recharge basin) 
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4 Prioritization 
 
Prioritization of the project types/locations that succeeded in passing through the screening process was 
completed to determine which should be advanced to the feasibility stage.  
 
We note that projects to divert stormwater flows to recharge have the potential to affect water rights, 
an issue that is not specifically addressed in this document or this screening and prioritization process. 
Water rights issues can be quite complex, with many as‐yet unclear legal implications for the kind of 
recharge projects being contemplated as part of this scoping study. It is possible that some potential 
project types and locations may raise more significant water rights concern than others. Water rights 
considerations will need to be evaluated as part of the project feasibility analysis and addressed at the 
project development stage. 
 

4.1 Approach 
 
The prioritization process adopted for the scoping study uses a step‐wise approach, with project types 
and/or locations that were assigned a lower priority during one step not being considered in subsequent 
steps in the prioritization process. Only project types that were retained through the screening process, 
as identified in Table 2, are evaluated in the prioritization process.  

 Step 1: Prioritization of project types based on criteria related to implementation feasibility and 

cost.  

 Step 2: Prioritization of project locations based on areas of greatest potential impact relative to 

the core objectives. 

 Step 3: Prioritization based on potential to effectively address one or more of the supporting 

objectives.  

One of the key characteristics of any project coming out of this scoping study is that it has a strong 
potential to be implementable. Two important factors that help determine whether a potential project 
may be implementable include a) a lack of significant regulatory constraints and b) reasonable cost per 
unit volume, particularly relative to other potential projects. The first step in the potential project 
prioritization process was to evaluate potential project types based on these two criteria. Failure to 
meet either of them was used to assign a low priority to certain project types and those project types 
were not considered during subsequent prioritization steps.  
 
The second step in the prioritization process was to evaluate whether the potential project locations 
were in areas of highest priority relative to the two core objectives, flood hazard reduction and 
groundwater recharge, as described in Section 4.3 below. Projects that did not fall in these areas were 
assigned a low priority for the purposes of this scoping study and were not considered further in the 
prioritization process.  
 
The last step in the prioritization process was to evaluate the remaining potential project types and 
locations based on their potential to effectively address one or more of the supporting objectives and 
the absence of significant water quality concerns. The project types and locations that were given the 
highest priority based on this final step were included in the Priority Project Concept List, provided in 
Section 4.5.  
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Because basins will need to accomplish significant levels of both retention and detention to achieve the 
highest levels of both core objectives combined, we will refer to them in the remainder of this document 
simply as in‐line basins and off‐line basins, rather than also noting their need to be qualified as 
detention/retention/recharge basins. 
 
Similarly, infiltration galleries, self‐cleaning infiltration trenches, and LID projects advancing to the 
prioritization stage will need to be designed to address both groundwater recharge and flood hazard 
reduction. We will assume that dual purpose is implicit by the advancement of the project type to the 
prioritization stage, and refer to them simply by their generic project type name. 
 

4.2 Step 1: Implementation feasibility 
For the purposes of evaluating implementation feasibility, we first considered the likelihood of 
significant regulatory constraints. We then evaluated siting feasibility and cost, broadly taking into 
account potential project effectiveness. Project types with significant anticipated implementation 
feasibility challenges were identified as low priority for the purpose of this scoping study and dropped 
from further consideration. 
 
Project types determined to have low potential for implementation feasibility are identified below, 
together with the basis for that conclusion. At the end of this section, the project types and locations 
that pass an initial implementation feasibility test in Step 1 are summarized in Table 3. 
 
High likelihood of significant regulatory constraints 

In‐line basins  

As described in Section 2.3.1, in‐line basins typically raise very significant regulatory constraints and 
challenges, particularly on steelhead streams like Sonoma Creek. For this reason, we have identified 
these types of facilities as low priority. 
 
Evaluation result: All in‐line basins have a low priority in all subbasins 
 
Low likelihood of siting feasibility 

High‐flow diversion/recharge and floodplain attenuation/recharge  

Two of the remaining project types can have significant land requirements, as well as limited potentially 
feasible lands: high‐flow diversions and floodplain attenuation. High‐flow diversions, which route high 
flows through an alternative path, require a broad overland path (e.g., at minimum, 2‐3 times the width 
of the channel being diverted from to allow shallow flow of a large quantity of water during flood flows) 
or buried conduit right‐of‐way and, if overland, low slope (to reduce scour hazards). The path for the 
diversion must convey flows from the channel at an upstream location and convey them to a suitable 
receiving point downstream, usually downstream on the same channel. The type of corridor required for 
this project type often crosses multiple parcel lines, involving multiple landowners. Flood hazard 
reduction benefits typically accrue only within the bypassed reach of channel. Floodplain attenuation 
requires a broad swath of land adjacent to the channel for an extended length to achieve its purpose.  
Typically a floodplain is reconnected with a stream by removal or setting back of levees, which are not 
present along most of upper and middle Sonoma Creek, or excavation to lower a currently disconnected 
floodplain. In our experience, a minimum of a thousand feet or more in width and several thousand feet 
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in length is required to achieve significant change in a flood peak. Flood hazard reduction benefits 
typically accrue downstream of a flood attenuation project, because it reduces the outgoing flood peak, 
though it may also lower upstream water levels, providing upstream flood relief as well. For both project 
types, flood‐ compatible land uses would be required on these lands.   
 
Both of these types of projects are managed analogs of naturally‐occurring floodplain features, and their 
function and presence may be greatly affected by watershed development. No known locations of 
floodplain attenuation currently occur within the Sonoma Creek watershed; given the confinement of 
most large flood flows within a narrow swath adjacent to the channel in most of the watershed as 
shown on the current FEMA floodplain maps, floodplain attenuation appears unlikely to occur as a 
significant factor in the watershed at present. High‐flow diversions do, however, occur in the watershed 
under present conditions. Based on our review of FEMA floodplain mapping and our own knowledge of 
the watershed, existing high‐flow diversion locations within the Sonoma Creek watershed include: 
 The east side of Sonoma Creek downstream of Adobe Canyon, both upstream and downstream 

of Highway 12 
 Between the next two drainages to the south of Adobe Canyon 
 On Dowdall Creek near Petaluma Avenue 
 At lower Carriger Creek, downstream of Leveroni Road 
 Upstream of Highway 121, where multiple high flow breakouts occur between the streams that 

converge in that area, such as Rodgers and Fowler Creeks, Fowler and Sonoma Creeks, and, 
during floods, Sonoma and Schell Creeks 

 
Existing high‐flow diversion areas may have a greater potential for incorporation into a flood 
management and recharge project; implementation feasibility there will likely be greater.  
 
Given their limited area of effectiveness for flood hazard reduction (only the bypassed reach); the 
requirement for flood‐compatible land use conditions and low ground slope; and the limited potential 
locations for such flow paths parallel to channels, we conclude that high‐flow diversion/recharge 
projects have a lower likelihood of implementation feasibility except within the subareas of subbasins 
where concentrated flood damages have been documented to the extent currently known: the most 
upstream reach of Sonoma Creek (Son1) and Nat1.  For Son1, existing high flow diversion flowpaths 
already exist; as a result, implementation feasibility there (e.g., as envisioned in the Adobe Canyon 
project) may be greater than in the Nat1 subbasin, where the potential for conflicts with current land 
uses are probably much more significant. 
 
Evaluation result: High‐flow diversion/recharge project types have a low priority everywhere, except in 

the subbasins Son1  and Nat1  
 
In general, because of the significant and very particular land requirements for a floodplain attenuation 
project type (contiguous, low‐slope area adjacent to the channel of perhaps ~100‐1000’s of acres to be 
effective at flood hazard reduction), as well as the potential need for a change in current land uses, 
floodplain attenuation/recharge projects are expected to have low likelihood of implementation 
feasibility. 
 
Evaluation result: Floodplain attenuation/recharge project types have a low priority in all subbasins   
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Likelihood of high cost per unit benefit 
 
Part of the challenge to assessing the relative potential of project types in a given location to achieve the 
core objectives of flood hazard reduction and groundwater recharge per unit cost is that the benefits—
both as absolute values and as a function of cost—will vary with project size. Project types that provide 
small amounts of benefit but do so at small cost may be constructed in multiples to increase the 
quantity of benefit provided. The creation of multiple project elements may come with a higher 
initiation and administrative cost that should be accounted for; otherwise, project benefits for any 
project type should be considered as feasible to increase through multiple project installations even if 
individual installations have inherent capacity limits.  
 
For the purposes of this prioritization process, we have interpreted the flood hazard reduction core 
objective to attribute greater significance to flood hazard reduction for larger magnitude, less frequent 
flood events, when the highest level of hazard typically exists. Thus, project types with benefits only 
during smaller flood events are inherently considered to provide more modest flood benefits. For the 
purposes of the scoping study, we consider reduction of flood hazards during flood events at the 10‐year 
recurrence interval or more to be of the greatest benefit.  
 
Diversion of flood flows to recharge, with or without temporary storage to attenuate peak flood flows, 
at a level significant enough to affect flood hazards during 10‐year or larger flood events, requires a 
large capture volume. For example, we previously found that storage of approximately 240 acre‐feet2 
was needed to reduce peak flows enough (by ~61%) to keep 10‐year flood flows from leaving the 
channel in the Adobe Canyon area (PWA, 2010). For comparison, a reference multi‐use ball field in Santa 
Rosa (at Slater Middle School) has a capacity of about 8 acre‐feet. Typical LID capture volumes are much, 
much less ‐‐ typically much less than a hundredth of an acre‐foot (or much less than about 450 cubic 
feet). In the remainder of this prioritization step, we will use cost per unit storage—relying on the 
amount of stored or captured water for each project type as an approximate measure of its flood hazard 
reduction benefit or recharge potential—as a means of identifying the least cost‐effective project types 
for achieving the core objectives. 

Above‐ground or underground storage tank 

Per unit of stored water, constructed tanks cost more than most other remaining project types. In 
addition, a tremendous number of large tank installations would be required to reduce flood hazards in 
10‐year or larger events.  
 
Evaluation result: Above‐ground or underground storage tank project types have a low priority in all 

subbasins 
 
Of the remaining project types, infiltration galleries and self‐cleaning trenches are typically somewhat 
more expensive per unit of water stored than off‐line basins. LID projects, which might take the form of 
direct implementation, or some form of support for decentralized implementation, are difficult to assess 
in terms of cost without making specific assumptions as to project type. High‐flow diversion project 
costs will vary dramatically depending on specific site conditions. We have decided to advance all of 
these project types to Step 2:  
 

                                                            
2  An acre‐foot is a volume unit of measure equal to a one‐foot depth of water on a one‐acre area. 
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Table 3. Project types, by location, for advancement to prioritization Step 2 

Project types  Locations 

1) Off‐line basin  In lower‐slope, recharge‐suitable portions of 
all subbasins except where flood hazard 
reduction potential from storage  is 
negligible:  
 Son1 
 Son2 
 Cal1 
 Son3 
 Son4 
 Nat1 
 Fow1 
 Arr1 
 Rod1 

 

2) High flow diversion/recharge  Approximately along existing high‐flow 
pathways: 
 Son1 
 Nat1 

3) Infiltration gallery   (As for off‐line basins) 

4) Self‐cleaning infiltration trench  (As for off‐line basins) 

5) LID  (As for off‐line basins) 

 
 

4.3 Step 2: Greatest potential core benefits 
We next evaluated project types/locations to identify which had the greatest potential to achieve the 
desired core benefits. Flood hazard reduction is considered first; then groundwater recharge; then both 
core objectives together. 
 

4.3.1 Flood hazard reduction benefits considerations 

Based on the near‐coincidence of flood peaks along the mainstem of Sonoma Creek and most of its 
tributary subbasins, as indicated by Figure 5 and discussed in Section 3.2.1, we expect diversion of 
stormwater flows to recharge to be effective at an approximately equivalent level throughout most of 
the Sonoma Creek watershed above Highway 121. However, diversion of stormwater flows to recharge 
in upstream areas will have the ability to provide benefits for the whole of the system downstream (with 
the exception of areas where flooding during such an event is controlled by tidal backwater, primarily 
the Lower Sonoma Creek subbasin). Additionally, outside of the lowest reaches of Sonoma Creek, 
currently available documentation of flood damages suggests that areas near Kenwood and the City of 
Sonoma have experienced the greatest damages during recent large flood events. We have therefore 
prioritized flood hazard reduction actions by surface water subbasin as shown in Plate 1. As displayed on 
this plate, the highest priority is given to actions in the subbasins draining to these two areas, with a 
decreasing level of priority attributed to projects in more downstream subbasins. The relationship of 



Sonoma Valley Stormwater Management and Groundwater Recharge Scoping Study 

Screening Evaluation and Prioritization Memorandum 

 

    29        
           Parker GroundwaterParker Groundwater

these subbasins to the physical feasibility screening zones and the identified potential project locations 
identified in Section 3.2.2 is shown on Plate 3.  
 

4.3.2 Recharge benefits considerations 

In terms of thinking about facilities with respect to recharge effectiveness, the size of the recharge 
facility is only part of the equation. An additional limiting factor is the source of stormwater supplies for 
recharge. If stormwater flows are diverted out of stream channels, diversions will likely be limited to a 
fraction of the highest flows occurring during flood events as a means to avoid triggering changes to 
channel shape and loss of ecologic function. Thus, significant recharge benefits are not likely to occur if 
the only water supplied for recharge comes from diversion of only some percentage of the flows during 
relatively infrequent storm events. For that reason, we have considered recharge benefits for different 
facility types assuming stormwater contributions for recharge will be supplied from stormwater 
conveyance units (e.g., stormdrains, culverts, or ditches), which carry runoff from regularly occurring 
storm events to stream channels, in addition to the contributions from direct channel diversions in 
significant flood events. The amount of water supplied to a facility from a stormwater conveyance unit 
can vary dramatically depending on the area contributing it; the contributing area may be as little as a 
few hundred square feet or many acres. Engineered stormdrain systems are often sized to convey up to 
the 10‐year storm event, but not larger events. At any given site, the opportunities to tap stormwater 
flows will be different. Since we cannot identify the opportunities to tap such flows without identifying 
specific project locations, we will simply assume all facility types to be equally able to tap stormwater 
flows. 
 
Over the past 30 years, Sonoma Valley has experienced rapid population growth and land use changes.  
There has been a significant increase in irrigated agriculture, predominantly vineyards, which rely 
primarily on groundwater for their water supply.  Groundwater levels have declined in some portions of 
the Sonoma Valley, especially in El Verano, Carriger Creek and southeast of the City of Sonoma, and can 
be attributed to increased localized groundwater withdrawals for various uses (Farrar, 2006).  Pumping 
depressions have developed in areas southeast of the City of Sonoma and in the vicinity of El 
Verano/Carriger Creek.  Based on stakeholder input, it is desirable to focus groundwater recharge in 
these areas. We have identified the surface water subbasins within which these pumping depressions lie 
as the highest priority groundwater recharge locations:  
 Nat1 
 Sch1  
 Arr1 
 Western portion of Son4.  

 
Water percolating into the ground may, or may not, however, flow to the zone of pumping depression 
even when the recharge facility overlies it. The pumping depressions are primarily located in deeper 
aquifers (more than 200 feet deep), and there may be limited ability for recharge from the surface to 
reach the affected aquifer. Therefore, while these surface water subbasins are identified as desirable 
geographic areas to recharge, it is also recognized that additional data will be needed to assess whether 
these are unconfined, semi‐confined or confined aquifer systems that appear to have depressions and 
whether shallow recharge features will reach these aquifer systems or simply drain back into nearby 
watercourses. This is a factor which will need to be evaluated in a subsequent stage of this project, such 
as at the feasibility analysis stage. If recharge cannot effectively get water to the affected aquifer, a 
project intended for that purpose may be reduced in priority or eliminated from further consideration. 
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4.3.3 Combined flood hazard reduction and recharge benefits 

The retention of water for recharge can only occur at the expense of potentially lost flood flow capture 
volume, assuming the volume committed to retaining water could otherwise be made available as 
temporary flood detention storage. Since the facilities being contemplated are required to meet both 
flood hazard reduction and groundwater recharge objectives, we will assume that only a small fraction 
of the contemplated facility can be used to retain water for recharge when larger flood flows are 
expected. We will assume that all project types to be equally affected by this constraint for the purpose 
of our assessment of achievement of core benefits. 
 
Given the prioritization of subbasin areas detailed in the preceding two subsections, measures to 
achieve both flood hazard reduction and groundwater recharge can be in part prioritized by location. 
Measures that lie within the following three subareas will be most desirable for meeting the flood 
hazard reduction objective or recharging groundwater near the pumping depressions while being within 
higher priority flood hazard reduction zones:   
 
 Nat1 
 Son1 
 Western portion of Son4 

 
The next most promising subbasin areas based on flood hazard reduction priority and positioning 
upslope of the pumping depressions are: 
 Son2 
 Cal1 
 Son3 

 
Other subbasin areas are not as well‐positioned to contribute to meeting the core objectives, and 
should therefore be eliminated from consideration at this step. 
 
It is noteworthy that many of the identified potential project locations fall within either the highest 
priority areas for flood hazard reduction (upper Sonoma Creek or upper Nathanson Creek) or in the 
areas of greatest need for groundwater recharge (the groundwater depressions in El Verano and 
southeast of the City of Sonoma): 
 
 Adobe Canyon (SCWA‐funded, SEC/PWA‐developed project concept) 
 Eighth Street swale by railroad for recharge 
 Eraldi Park on 5th Street West 
 Ernie Smith Park  
 Several ball fields 
 Los Guilicos 
 Third Street linear swale 
 Upper Nathanson Creek  

 
Given that there are several prioritized potential project types within several subbasins, we further 
suggest that making the following project types a low priority: those that would likely require a very 
large number of installations to reduce flood hazards in 10‐year or larger flood events, or self‐cleaning 
infiltration trenches and LID.  
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It may or may not be feasible to design a sufficient number of self‐cleaning infiltration trenches within 
the highest priority subbasins to reduce flood hazards in those relatively large flood events, but it would 
likely be significantly more difficult (and probably more costly) to achieve an equivalent level of benefit 
using this project type compared to off‐line basins, high‐flow diversions, and infiltration galleries.  
 
Like self‐cleaning infiltration trenches, LID carries significant uncertainty with regard to its ability to 
achieve a comparable level of flood management benefits as these other project types. First, it would 
require a large number of installation sites. Second, it would require a large percentage of currently 
impervious area to be effectively reconnected to infiltration in the highest priority subbasins areas to 
accomplish the desired flood hazard reduction benefit. Using land cover data for the watershed from 
prior hydrologic modeling (PWA, 2004), we estimate that there are approximately 3,000 acres of 
impervious area overlying the fair‐or‐better recharge geology within the Sonoma Creek watershed. An 
example can clarify the limitations this poses: A 10‐year storm generates about 3 inches of rain (varies 
with location in the watershed and the duration of the storm), and about 20% of that will be caught in 
tree canopy and other depressions that will not allow infiltration, leaving about 2.4 inches of runoff (0.2 
feet). Thus, it would take about 1200 acres, 40% of the estimated impervious area, to be able capture 
240 acre‐feet of runoff in a 10‐year event (0.2 feet x 1200 acres), assuming it can be retained for 
infiltration. Third, the implementation cannot be restricted to the highest priority subbasins and still 
capture the large volume of stormwater desired to affect flood hazards in 10‐year and larger flood 
events (reference size: 240 acre‐feet3).   
 
With a focus on the potential for achievement of core benefits, therefore, our highest priority set of 
project types by location is reduced to those shown in Table 4. 
 
Table 4. Project types, by location, for advancement to prioritization Step 3 

Project types  Locations 

1) Off‐line basin  In lower‐slope, recharge‐suitable portions of 
the following subbasins: 
 Son1 
 Son4 
 Nat1 

 

2) High‐flow diversion/recharge  Approximately along existing high‐flow 
pathways: 
 Son1 
 Nat1 

3) Infiltration gallery   (As for off‐line basins) 

 
 

                                                            
3 As described in Section 4.2, we previously found that storage of approximately 240 acre‐feet was needed to 
reduce peak flows enough (by ~61%) to keep 10‐year flood flows from leaving the channel in the Adobe Canyon 
area (PWA, 2010). We have used that estimate to approximate the minimum scale of desired detention for this 
project. 
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4.4 Step 3: Supporting objectives and absence of water quality 
concerns 

Since none of the prioritized project subbasins remaining in Table 4 have broad water quality concerns, 
water quality will not be used in general project location prioritization. Rather, more detailed water 
quality information will be used in feasibility analysis and siting for specific project concepts.  
 
The ability to address supporting objectives is not readily assessed based on project type alone, but we 
have performed an initial assessment of the prioritized project types in Table 5 below. 
 
Table 5. Potential for prioritized project types to address supporting objectives 

 
Good potential to address supporting 

objectives 

Supporting Objectives 
Off‐line 
basins 

High‐flow 
diversions 

Infiltration 
galleries/ 
trenches 

Water Quality 

Improve water quality of surface water and/or groundwater.   X  X  X 

Water Supply 

Increase or improve water supply availability, reliability and 
flexibility for domestic, municipal, industrial and agricultural 
use and for the environment.  

X    X 

System Sustainability 

Support energy and water efficiency and climate change 
resiliency of water management systems and developed 
supplies, as well as the ability of stream systems to be 
maintained by natural processes. 

X  X  X 

Ecosystem 

Improve ecosystem function and/or habitat enhancement, 
especially for listed species.  

X  X   

Agricultural Land 

Preserve agricultural land use.  
X  X  X 

Open Space  

 Preserve and/or enhance open space. 
X  X   

Community Benefits  

Create and/or enhance recreation, public access, education, 
etc. 

X    X 

 
 
 
Our assessment suggests that all three of the remaining project types have good potential to also 
address the supporting project objectives. Off‐line basins probably have the greatest potential to 
broadly address these objectives, with high‐flow diversions and infiltration galleries following. Based on 
these results, we will retain all project concepts from Step 2 through Step 3. 
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Table 6. Project types, by location, for advancement from Step 3 to the priority list 

Project types  Locations 

1) Off‐line basin  In lower‐slope, recharge‐suitable portions of 
the following subbasins:  
 Son1 
 Son4 
 Nat1 

 

2) High‐flow diversion/recharge  Approximately along existing high‐flow 
pathways: 
 Son1 
 Nat1 

 

3) Infiltration gallery   (As for off‐line basins) 

 

 

4.5  Priority list of project concepts 
The screening and prioritization process outlined above suggests that the appropriate focus for the 
Sonoma Valley scoping study will be on one or more off‐line storage basins in lower‐slope, recharge‐
suitable portions of the following subbasins:  
 Son1 
 Son4 
 Nat1 

 
The scoping study should also evaluate opportunities in these subbasins for flood hazard‐reducing, high‐
flow diversions—around areas with high flood risks—that can be routed through zones with high 
potential for recharge: 
 Son1 
 Nat1 

 

In locations where an infiltration gallery might be preferable or more feasible than an above‐ground 
detention basin to accomplish both flood hazard reduction and groundwater recharge, an infiltration 
gallery should also be evaluated. 
 

Additionally, potential high‐flow diversion sites as described above should also be evaluated.  

The cumulative storage goal along each waterway (Sonoma Creek and Nathanson Creek) to meet flood 
hazard reduction goals of reducing flood hazards in a 10‐year or larger flood event is expected to be on 
the order of 100 ‐ 500 acre‐feet, based on the findings in our previous analysis for the Adobe Canyon 
project (PWA, 2010). We recommend that multiple project locations to address this goal be sought and 
evaluated, starting with the largest feasible storage option and looking at 1‐2 incrementally smaller 
potential project sites along each waterway. This prioritization will result in four to six project concepts.  
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For the purpose of identifying the most advantageous project locations, it will be desirable to consider 
potential locations with the lowest ground slopes and highest recharge capabilities. Plate 4 
differentiates between zones with ground slopes of 0‐5% and 5‐10% for the areas with recharge 
rankings of fair (rank 2) or better. Plate 5 provides the same information except that it uses areas with 
recharge rankings of good (rank 3) or better, showing what current data suggests are the most 
advantageous recharge areas in green. 
 
Previously‐identified project sites4 that should be considered for the above priority project types include 
the following: 
 Adobe Canyon (SCWA‐funded, SEC/PWA‐developed project concept) 
 Eraldi Park on 5th Street West 
 Ernie Smith Park  
 Several ball fields – recreation, recharge, retention 
 Los Guilicos  
 Upper Nathanson Creek  

 
Plate 6 provides an overlay of previously‐identified project sites on a map that also indicates project 
prioritization based on flood hazard reduction and physical feasibility (low ground slope and good 
recharge potential). The same information is shown on Plate 7, but also includes identification of the 
locations of zones of groundwater depression. 
 

5 Next Steps 
The Water Agency will consider input from the stakeholders and other interested members of the public 
in developing the final version of this screening memorandum. A meeting with regulatory agencies will 
be held after the stakeholder meeting to also solicit their input to the proposed priority list of projects. 
The Water Agency will work with the consultant team to identify appropriate revisions after considering 
all of the input that has been received. At that point this memorandum will be finalized. 
 
The next phase of the Sonoma Valley Scoping Study will be the development of scoping for future 
feasibility studies for the priority project concepts. This phase of effort will include identification of 
information and data gaps as well as developing scopes of work and budgets for the priority project 
concepts as identified in Section 4.5. An implementation strategy will also be developed to identify what 
will be required to develop these general project concepts into a specific project design, along with 
timelines, phasing, information needs, and funding opportunities. A subsequent phase of project effort 
will then be initiated to start the process of project development, beginning with project concept 
refinement and feasibility analyses. 
 

                                                            
4 Note: we have omitted from this list several specific project locations owned by entities that preferred 
not to have these properties identified as possible sites at this time. 
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EXECUTIVE SUMMARY 

Winzler & Kelly was retained by the City to provide a Storm Drain Master Plan (SDMP) that 
would identify and incorporate proposed storm drain system improvement projects into the 
City’s 2010 Capital Improvement Program (CIP).  Because the City’s storm drain network is 
linked dynamically to Sonoma Creek, Fryer Creek, Nathanson Creek and Schell Creek, the 
SDMP also attempts to analyze the effect of specific improvements to open channel drainages.  
In some cases, flooding in a particular area may be reduced by incorporating storm drain system 
improvements or by making improvements to the open channels.  
 
The goal of this SDMP is to identify projects necessary to decrease/alleviate flooding in regions 
of the City where current modeling efforts have demonstrated that flooding potential exists.  The 
extent of the SDMP scope was specifically limited to storm drain system (pipe) improvements.  
However, since the storm drain system is dynamically linked to open channel systems, additional 
modeling (beyond scope) was conducted to include channel improvement projects. 
 
The 2010 CIP SDMP projects were established by modeling specific improvements utilizing 
software (MIKE) capable of coupling dynamic one-dimensional channel/storm drain hydraulic 
modeling with dynamic two-dimensional floodplain/street flooding hydraulic modeling.  
Watershed boundaries were delineated, respective flows estimated within each watershed, and 
flows routed into the existing storm drain networks and associated open channels. Three separate 
design storm conditions were modeled: 10-year, 25-year, and 100-year. 
 
ES-1 Existing Network Summary 
The City’s storm drain pipe network comprises approximately 46 miles of pipeline.  The total 
combined watershed drainage area is approximately 4,800 acres and contributes flow to Sonoma, 
Fryer, Nathanson and Schell Creeks, with the majority of flows routed to Nathanson Creek via 
contributing watersheds (2,800 acres).  Additionally, water is conveyed in road-side ditch 
drainages and cross culverts totaling 7,200 lineal feet.  Pipe material type varies throughout the 
storm drain system. 
 
ES-2 Modeling 
Aerial mapping, ground survey, and field investigations formed the basis of topographic 
information required for incorporation into hydrologic and hydraulic modeling systems.  
Boundary conditions for the models were generally established by using information contained 
in Federal Emergency Management Agency (FEMA) Flood Insurance Study (FIS) reports.  
Table ES-2 lists the various software programs used and their intended purpose. 
 
TABLE ES-2  Software Utilized 

Software Program Purpose 

GIS Hydrology preprocessing – calculate lag times and Curve Numbers based on 
Land Use/Soil Type 

MIKE URBAN Storm drain system modeling 
MIKE 11 One-dimensional channel modeling 
MIKE 21 Two-dimensional modeling to combine floodplain and street flooding 
MIKE FLOOD Coupling MIKE 11 and MIKE 21 together 
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ES-3 Capital Improvement Program 
A summary of the storm drain system capital improvement projects (CIP) that are recommended 
to address capacity deficiencies based on multiple storm intensities are listed in Table ES-3. 
 
TABLE ES-3  CIP Cost Summary 

Project 
ID No. 

CIP 
Year(s) 

Project Description 
Estimated 
Construction  
Cost  

Estimated 
CIP Cost 

1 FY 11-13 Fryer Creek culvert at West MacArthur 
St. $899,200 $1,240,897 

 
2 FY 12-15 Nathanson Creek – Patten St. Bridge $849,344 $1,172,094 
3 FY 14-17 Nathanson Creek Floodwalls $3,027,518 $4,056,874 

4 FY 10-11 Line F-12 – Increase Pipe Size 
 $400,569 $552,786 

5 FY 17-20 Bypass – Connect Line F-12 to Line 
SON-5 $2,194,845 $2,941,092 

6 FY 13-14 Line F-1 – Increase Pipe Size $229,570 $316,807 
7 FY 14-15 Line N-3 – Increase Pipe Size $175,527 $242,228 
8 FY 19-20 Line N-5 – Increase Pipe Size $509,461 $703,056 

9 FY 13-15 Line S-1 – Increase Pipe Size – Pipe 70 
and 62-66 $1,024,277 $1,372,531 

10 FY 11-12 Line S-1 – Increase Pipe Size upstream 
of Junction with Line S-1-6 $663,449 $915,559 

 
  TOTALS $9,973,760 $13,513,924 

 

ES-4 Additional Recommendations 
In addition to recommended CIP projects, the following points provide recommendations for 
projects that will enable the City to better understand their overall storm drain network, including 
both piping systems and open channel conveyance. 
 

 Stream Gages – Since stream gages do not currently exist on Fryer Creek nor Nathanson 
Creek, model calibration is not possible.  Model accuracies can be verified if known data 
points including flow and water surface elevations are available.  The City might 
consider sharing costs of implementing installation/maintenance of such devices with the 
Sonoma County Water Agency (SCWA). 

 Although preliminary modeling of implementation of open channel creek projects was 
performed, the scope of this SDMP was to identify potential storm drain (pipe) 
improvements. Additional detailed modeling of open channel systems should be 
considered prior to construction of related open channel projects in order to accurately 
quantify project limits and associated costs. 

 Costs to construct open channel improvements on private property may be affected 
substantially by the existence / or lack of easements and rights-of-way held by the City, 
SCWA and possibly the Corp of Engineers.  Prior to designing/constructing projects of 
this type, the City should gather the necessary information to fully understand all 
associated legal requirements pertaining to work occurring in or adjacent to Nathanson, 
Fryer, Sonoma and Schell Creeks. 
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1.0 INTRODUCTION 

The City of Sonoma (City) is currently in the process of developing a capital improvement 
program for its storm drain system.  The City has requested its City Engineering Consultant, 
Winzler & Kelly to provide engineering services to develop a storm drain system model within 
the Zone 3A watershed boundaries (“Study”), and to develop a SDMP.  The Study area consists 
of four watersheds: Nathanson Creek, Fryer Creek, Schell Creek and Sonoma Creek.  Channel 
modeling includes Nathanson Creek and Fryer Creek only.  Previous FEMA modeling of the 
Sonoma Creek and Schell Creek channels are also utilized for this Study.  Pipe network 
modeling includes storm drainage infrastructure within all four subbasins.  
 
The City’s storm drain network is dynamically coupled to Nathanson Creek and Fryer Creek, 
and the storm drain infrastructure is also dynamically coupled to a two-dimensional surface 
model for all watersheds with the exception of Sonoma Creek. This model configuration was 
selected to provide insight into storm drain system interactions with the Nathanson Creek and 
Fryer Creek channels, their floodplains, and flooding in City streets. Two-dimensional coupling 
of the City’s storm drain system with Schell Creek was included due to the size of the City’s 
storm drain system draining to Schell Creek, and again this allowed for modeling interactions 
between the storm drain system and street flooding within the Schell Creek watershed. There is 
comparatively very little storm drain infrastructure discharging to Sonoma Creek. 
 
The City’s storm drain pipe network comprises almost 46 miles of pipeline.  The total combined 
watershed drainage area is approximately 4,800 acres and contributes flow to Sonoma, Fryer, 
Nathanson and Schell Creeks, with the majority of flows routed to Nathanson Creek via 
contributing watersheds (2,800 acres).  Additionally, water is conveyed in road-side ditch 
drainages and cross culverts totaling 7,200 lineal feet.  Pipe material type varies throughout the 
storm drain system. 
 
The City maintains the storm drain pipe system along with road-side ditches and associated 
cross-culverts.  SCWA maintains easements (mainly for channel maintenance only) for 
Nathanson Creek, while most of Fryer Creek (within City limits) is owned and maintained by 
SCWA (a small portion of East Fork of Fryer is maintained through an easement). SCWA also 
establishes the design criteria from which this SDMP assesses the City’s storm drain system and 
creek hydraulics through SCWA’s Flood Control Design Criteria (FCDC). The FCDC provides 
the basis from which storm drain and channel hydraulics are assessed and deficiencies identified 
for inclusion in the SDMP.  

1.1 Purpose 

The purpose of this Master Plan is to establish a Capital Improvement Program (CIP) for the 
City’s storm drain system infrastructure in order to reduce flooding in flood-prone regions of the 
City. This is accomplished by delineating watershed boundaries, estimating respective flows 
within each watershed, and routing flows into the existing storm drain network and associated 
open channels.  Using a combination of one-dimensional channel hydraulics and storm drain 
hydraulic modeling and a two-dimensional floodplain and street flooding hydraulic model, 
hydraulic analyses of these systems dynamically coupled together provides a mechanism to 
assess deficiencies within the City’s storm drain system and creeks, and predicts where localized 
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flooding may occur.  Recommended improvements have been developed to alleviate operational 
deficiencies with respect to the FCDC.  Specifically, the SDMP identifies the following existing 
infrastructure and surface features: 
 

 Existing storm drain pipe network 
 Open ditch (with cross culvert) drainages 
 Open channel creek drainages 
 Watershed delineations 
 Two-dimensional surface model of the City 

This document also includes: 

 Capacity analysis of existing pipe network 
 Capacity analysis of open channel drainages 
 Capital improvement program 

This SDMP has been prepared to provide a detailed analysis of the adequacy of the major storm 
drainage facilities serving the City. This SDMP provides the following review: 
 

 Detailed delineation of contributing watershed and sub-watershed boundaries 
 Comprehensive descriptions and mapping of the City’s storm drain system 
 Creation of a City Storm Drain Map that shows locations of public storm drains and 

facilities, and size of pipelines 
 An assessment of the capacity of the existing creeks, open drainage channels, culverts, 

and closed conduits having diameters 24 inches and larger  
 Identification of system deficiencies 
 Development of a storm drain CIP to address system deficiencies 
 Associated CIP cost estimates 

1.2 Objectives and Scope 

The primary objective of the work is to locate and identify storm drain and channel deficiencies 
with respect to the FCDC and local areas prone to flooding, and to develop storm drain system 
improvements required to reduce the risk of flooding during specific storm events as defined by 
SCWA design standards (10-yr, 25-yr, 100-yr).  A technical memorandum summarizing data 
review and design criteria/methodology was prepared and submitted for City review during the 
initial phase of preparation of the SDMP. This memorandum is included as Appendix C.  
 
Data was collected from a variety of sources including the following: 
 

 Anecdotal information provided by City and SCWA staff  
 FEMA background data and HEC-2 models  
 Field survey data used to generate creek (Nathanson and Fryer) profiles 
 Field visits to obtain storm drain invert elevations (at select locations) 
 Hydrologic maps and calculations 
 Hydraulic studies (SCWA) 
 Aerial topographic mapping (by Others under separate contract with the City) 
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The SDMP identifies certain open channel projects that if implemented, will reduce flooding 
severity in localized areas.  However, the main intent of developing the CIP is specifically 
focused on identifying storm drain system (pipe and structures) improvements. Open channel 
improvements were included since they may be more cost-effective than related storm drain 
system improvements in dealing with localized street flooding originating from Nathanson and 
Fryer Creeks.  

 



SUMMARY OF EXISTING STORM DRAIN SYSTEM 
PRELIMINARY STORM DRAIN MASTER PLAN 

 

02418-09-039 2-1  
May 2011   

2.0 SUMMARY OF EXISTING STORM DRAIN SYSTEM 

2.1 Existing Pipe Network 

Both hard copy mapping and GIS mapping of existing storm drainage facilities were obtained 
from the City. The storm drainage facilities generally consist of a closed conduit network and 
open road-side ditches draining to one of four creeks flowing through the City:  Sonoma Creek, 
Fryer Creek, Nathanson Creek and Schell Creek. Existing pipe sizes are detailed in Table 2-1. 
 
TABLE 2-1  Storm Drain Pipe Size 

Pipe Diameter (in) Length (ft) 

Unknown 112,575 
4 1,096 
6 2,714 
8 6,180 
10 3,244 
12 5,029 
15 13,363 
16 824 
18 31,407 
21 5,028 
24 12,819 
27 1,400 
30 10,626 
33 280 
36 10,080 
42 4,053 
48 4,652 
54 7,257 
60 3,787 
66 3,476 
72 496 
84 529 

Total 240,916 

Note: It is assumed the unknown pipe diameters are less than 24-inches. 
 
Pipe elevations were established by field dipping manholes at select locations and using 
interpolation between manholes (assuming straight line grades). The storm drain network is 
shown on Figure 2-1. 
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Collectively, the City’s storm drain network consists of 45.6 miles of pipe.  While a majority of 
the pipe material in the existing system is unidentified, the prevalent materials in the identified 
sections are shown in Table 2-2. 
 

TABLE 2-2  Storm Drain Pipe Materials 

Pipe Material Length (ft) 

Unknown 201,248 
ADS 578 

CI 84 
CIP 768 

CMP 88 
CSP 92 

CSPA 48 
HDPE 1,373 
PVC 5,682 
RCP 30,901 
SDR 54 
Total 240,916 

 

2.2 Fryer Creek 

Fryer Creek is a channelized creek which flows generally south through the City from the 
northern foothills. For portions of its reach it has been contained in a closed conduit system. The 
channel is heavily confined by development on both sides of the creek. There are two branches 
to the creek: a western branch entering into the main channel just north of West Macarthur Street 
and an eastern branch entering the main channel just north of Newcomb Street. Its watershed is 
approximately 1,379 acres at the southern city limits.  
 
The creek has flooded its bank on numerous occasions, and is a tributary to Nathanson Creek 
(ultimately draining to Sonoma Creek).  The creek’s gradient is modest along the entire reach 
within the City of Sonoma with an average slope of 0.3%.  Sediment deposition is increasing in 
the downstream reach (according to SCWA).  The FEMA flood map is shown in Appendix A-1. 

2.3 Nathanson Creek 

Nathanson Creek begins in the foothills north of town and flows generally south through the 
eastern portion of the City just east of Broadway, and terminates at the confluence with Sonoma 
Creek (south of the City limits). The watershed is approximately 2,425 acres at the northerly City 
limits and 2,854 acres at the southerly limits. The creek has been encroached upon by urban 
development and has previously flooded its banks causing significant damage. The creek 
gradient is modest along the entire reach within the City of Sonoma with an average slope of 
0.5%.  See Appendix A-2 for FEMA mapping in this area. 
 
The Nathanson Creek bypass channel (owned by the City) is located in Nathanson Creek Park.  
This channel provides stormwater diversion when flood water elevations (in the main channel) 



SUMMARY OF EXISTING STORM DRAIN SYSTEM 
PRELIMINARY STORM DRAIN MASTER PLAN 

 

02418-09-039 2-4  
May 2011   

become high enough to enter the bypass.  The bypass channel can be described as wide and 
shallow, with a relatively flat gradient and trapezoidal shape.  Downstream and slightly north of 
the confluence with the main Nathanson Creek channel, the bypass narrows and becomes 
steeper. 

2.4 Sonoma Creek 

Sonoma Creek is the principal waterway draining the Sonoma Valley, terminating at San Pablo 
Bay.  The creek flows south, and skirts the western portion of the City.  A relatively small 
amount of flow generated within contributing watersheds is routed directly to Sonoma Creek via 
the City’s storm drain system.  However, Nathanson Creek (including Fryer Creek flows) 
ultimately drain to Sonoma Creek south of the City boundary (See Appendix A-3). 

2.5 Additional Surface Drainage 

There are a series of open road-side ditches interconnected with the closed conduit system.  The 
ditches are generally trapezoidal in shape and range from 6 to 20 feet wide by 2 to 8 feet deep.  
Several locations exist where road-side ditches convey moderate flow including: 
 

 Broadway - Napa Road to East McArthur  
 1st St. West - W. Spain Street to Mountain Cemetery 
 2nd St. West -  Andrieux Street to south side of Bettencourt Street 
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3.0 DATA COLLECTION 

Technical data relating to the Study for the City was collected and reviewed. Detailed lists of key 
documents and other materials collected to date are provided in the appendices.  Data collection 
efforts included requesting data from FEMA, the City, SCWA and County Permit and Resource 
Management Department (PRMD). The list of data collected is summarized in Appendix B. 

3.1 Aerial Survey 

Aerial Mapping (provided by Others) was utilized to provide a base map for the project. Delta 
Geomatics Corporation provided aerial mapping at a mapping scale of 1”= 40’, with 1-foot 
contour intervals. Winzler & Kelly provided ground control for the project which required 28 
aerial panels, controlled with Leica System 1200 Real Time Kinematic GPS. The basis of 
bearings and coordinate values were based on the California Coordinate System, Zone 2 (NAD 
’83). The vertical datum was NAVD ’88 holding the value for NGS monument, Designation 
HPGN D CA 04 LF, PID JT9620 using the elevation published by the Central Coast Height 
Modernization Project 2007 of 36.533 meters (119.86 feet).  Aerial topography is depicted in 
Figure 3-1. 

3.2 Field Visits 

Additional information obtained in the field was required to augment the aerial survey data.  
Conventional topographical survey at select creek locations was collected.  Also, select manhole 
locations were dipped and site visits conducted with City staff to collect detailed information. 

3.2.1 Manhole Dipping 

Winzler & Kelly, with assistance from City maintenance staff, opened three hundred forty-four 
(344) storm drain structures to obtain invert elevations and confirm pipe sizes. Measurements 
were taken from the rim or grate of structures to the inverts of pipes. These measurements were 
used to calculate the invert elevations of pipes based on the rim or grate elevation obtained from 
the aerial mapping. 

3.2.2 Survey 

A control network was established using GPS and conventional (total station) survey methods 
for use in collecting creek cross sections at required locations. Twenty-six (26) cross sections 
were collected on Nathanson Creek and seventeen (17) cross sections were collected on Fryer 
Creek.  Locations for cross sections specifically selected to provide accurate data for modeling of 
the open channel drainage systems.  Cross sections for the West Fork and East Fork of Fryer 
Creek were developed from topography rather than being surveyed in the field. A total of twenty 
(20) cross sections were developed for the West Fork of Fryer Creek, while ten (10) cross 
sections were developed for the East Fork of Fryer Creek.  Refer to Figure 3-1 for cross section 
locations. 

3.2.3 Site Reconnaissance 

Engineers provided assistance field verifying locations identified through mapping review and 
discussions with City staff where necessary modeling information was lacking. Pipes and open 
ditches were traced following a downstream progression.  
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3.3 City Provided Data 

Hard copy plans of City drainage structures as well as the City GIS mapping were provided by 
the City to identify many drainage features. After reviewing this data, certain areas were 
identified that required field verification as described in paragraph 3.2.3 

3.4 FEMA Data 

Hard copies of FEMA input and output hydraulic model runs and County of Sonoma Flood 
Insurance Study (FIS) including creek profiles were reviewed. FEMA cross sections were 
included in the current hydraulic model to augment surveyed cross sections for specific areas. 
Bridge structure cross sections were confirmed by field surveys and site reconnaissance. 
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4.0 HYDROLOGY 

4.1 Design Criteria and Assumptions 

SCWA developed design criteria and methodology for hydrologic and hydraulic design in the 
FCDC, revised August 1983.  These criteria were used in development of the SDMP’s hydrology 
model to accurately simulate rainfall runoff processes within the City’s contributing watersheds 
and for subsequent routing to the City’s drainage facilities. 
 
The design criteria used in the hydrologic analysis is based on SCWA’s FCDC Standards. These 
criteria include: 
 

 For watersheds of four square miles or more (major waterways), the design storm is a 
100-year event. 

 For watersheds of one to four square miles (secondary waterways), the design storm is a 
25-year event. 

 For watersheds less than one square mile (minor waterways), the design storm is a 10-
year event. 

The hydrology model was developed in MIKE URBAN (MU) for subsequent coupling with the 
MIKE FLOOD (MF) model (one-dimensional channel hydraulics and two-dimensional 
floodplain and street flooding hydraulics). MU simulates precipitation-runoff and routing 
processes and allows for the coupling of subbasin hydrographs to a storm drain system for 
subsequent routing and ultimate discharge to a creek. MU was selected because of its use of 
standard TR-55 hydrological methods, its compatibility with the MF model and the ability to 
dynamically couple the City’s storm drain system with MF models of Fryer and Nathanson 
Creeks to better simulate the complex interactions between the storm drain system, channels, 
floodplain, and street hydraulics.  

4.2 Watershed Delineation 

Major watersheds were divided (Sonoma Creek, Fryer Creek, Nathanson Creek, and Schell 
Creek) into sub-drainages, referred hereinafter as sub-basins. A sub-basin element represents a 
complete watershed that is separated into three distinct processes: loss rate, transform, and base 
flow. The quantity of rainfall that falls and infiltrates is represented by a loss rate method. The 
excess rainfall which does not infiltrate and becomes runoff is represented by a transform 
method. Groundwater contributions to channel flow rate are represented with a base flow 
method. 
 
Figures showing delineated subbasins, as well as complementary figures detailing Land Use and 
Hydrologic Soil Groups are included as Figure 4-1.1, 4-1.2 and 4-1.3. Full size foldups (22x34) 
of these Figures are included as a separate attachment. 
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Shed 
ID  Acres 

 Tlag 
(minutes)  CN 

 Q100 
(cfs) 

1 13.3       3.6              77.0 10.0       
2 50.8       5.8              91.9 52.9       
3 7.3          61.0           94.5 6.3          
4 4.3          3.6              91.5 4.4          
5 2,404.3 72.2           79.7 1,417.6 
6 26.2       5.5              86.6 25.1       
7 10.2       4.6              84.9 9.4          
8 19.1       4.3              87.3 18.3       
9 6.6          3.6              90.2 6.7          
10 24.2       3.6              89.8 24.5       
11 3.5          3.6              92.9 3.7          
12 15.3       3.6              80.2 12.5       
13 15.9       4.8              92.2 16.1       
14 15.9       3.6              92.9 16.7       
15 5.7          3.6              91.4 5.9          
16 3.2          3.6              94.0 3.4          
17 32.5       13.9           88.1 31.2       
18 12.7       3.9              88.4 12.4       
19 8.2          3.6              90.1 8.3          
20 5.3          3.6              90.4 5.4          
21 12.9       8.8              87.3 12.3       
22 5.4          7.2              87.0 5.2          
23 6.6          8.0              83.2 5.8          
24 137.4     10.2           81.6 116.0     
25 5.4          3.9              94.3 5.8          
26 4.6          3.6              87.0 4.4          
27 131.1     10.7           78.5 98.9       
28 31.4       5.3              84.2 28.2       
29 120.1     14.9           81.4 97.2       
30 18.0       10.5           68.9 9.9          
31 22.8       11.9           77.4 16.6       
32 10.7       5.7              90.0 10.8       
33 9.0          4.6              93.4 9.5          
34 1.5          3.6              84.9 1.4          
35 17.8       6.8              87.0 17.0       
36 27.4       13.5           85.6 25.3       
37 5.5          3.6              91.3 5.6          
38 6.0          8.2              91.1 6.1          
39 5.5          3.6              92.2 5.7          
40 14.2       9.7              87.1 13.5       
41 16.6       14.6           90.6 16.8       
42 7.1          3.6              89.7 7.2          
43 7.1          17.2           95.1 7.6          
44 10.5       9.4              94.1 11.2       
45 3.4          7.0              88.2 3.3          
46 6.8          9.7              82.5 5.9          
47 1.3          3.6              87.7 1.3          
48 14.1       12.9           83.4 12.1       
49 19.5       3.6              80.1 16.0       
50 6.2          3.6              87.7 6.1          
51 51.0       14.1           87.3 47.9       
52 1.8          3.6              93.0 1.9          
53 12.6       8.4              84.6 11.5       
54 1.9          3.6              95.0 2.1          
55 5.5          3.8              85.2 5.1          
56 33.0       13.1           81.0 26.9       
57 125.4     35.2           81.8 94.0       
58 13.2       12.0           86.2 12.2       

Shed 
ID  Acres 

 Tlag 
(minutes)  CN 

 Q100 
(cfs) 

59 1.7    3.6            94.6 1.9    
60 7.2    3.6            92.9 7.6    
61 4.4    3.6            89.7 4.5    
62 5.0    3.6            95.0 5.4    
63 17.0  26.1          83.6 14.1 
64 0.9    3.6            94.0 1.0    
65 17.1  3.6            93.8 18.3 
66 19.2  4.2            93.6 20.5 
67 6.9    3.6            94.1 7.3    
68 3.9    5.6            90.0 3.9    
69 3.6    3.6            87.4 3.4    
70 5.5    3.9            93.0 5.8    
71 3.0    3.6            87.0 2.9    
72 5.5    3.6            93.0 5.8    
73 7.3    6.1            88.2 7.1    
74 23.0  3.6            95.0 24.8 
75 12.7  3.6            94.1 13.5 
76 21.5  3.6            92.4 22.5 
77 14.4  3.6            88.9 14.3 
78 7.6    3.6            93.4 8.1    
79 15.6  5.5            88.7 15.5 
80 4.4    3.6            90.7 4.5    
81 8.7    4.8            87.9 8.5    
82 15.2  11.6          87.2 14.4 
83 23.5  15.5          94.5 25.2 
84 27.9  15.3          91.0 28.2 
85 6.0    10.4          92.1 6.2    
86 47.2  21.6          87.3 43.2 
87 20.2  9.7            92.5 20.9 
88 25.6  3.6            88.1 25.0 
89 28.8  10.1          82.3 24.4 
90 9.7    3.6            92.4 10.1 
91 12.0  3.6            91.6 12.5 
92 10.3  3.6            86.3 9.7    
93 11.5  8.9            86.9 10.9 
94 41.7  12.9          77.6 31.2 
95 9.6    3.6            92.3 10.0 
96 16.3  7.1            87.1 15.5 
97 44.2  24.4          83.0 36.1 
98 7.8    3.6            87.7 7.6    
99 18.9  3.6            90.5 19.5 
100 7.7    3.6            85.4 7.1    
101 35.1  12.3          78.5 27.1 
102 77.7  19.4          74.1 49.5 
103 69.8  26.8          77.6 48.7 
104 5.8    3.6            88.8 5.7    
105 14.5  8.2            87.5 13.8 
106 7.2    3.6            89.8 7.3    
107 28.4  16.3          82.5 23.5 
108 7.3    3.6            91.4 7.5    
109 6.2    6.1            87.1 5.9    
110 8.1    4.5            89.2 8.1    
111 28.4  16.3          74.9 19.0 
112 12.7  3.6            94.7 13.8 
113 4.3    3.6            65.3 2.1    
114 13.3  6.7            87.5 12.7 
115 9.6    5.8            92.7 10.1 
116 7.8    24.2          87.5 7.1    

Shed 
ID  Acres 

 Tlag 
(minutes)  CN 

 Q100 
(cfs) 

117 11.9  3.6            89.5 12.1 
118 5.0    3.6            92.8 5.2    
119 12.2  3.6            94.5 13.1 
120 31.5  7.3            92.4 32.7 
121 5.6    3.6            92.3 5.8    
122 13.8  3.6            94.0 14.7 
123 5.0    7.2            87.4 4.8    
124 2.5    3.6            88.3 2.4    
125 17.5  4.0            85.8 16.4 
126 13.0  4.4            89.8 13.2 
127 3.7    3.6            87.1 3.5    
128 2.4    3.6            86.8 2.3    
129 4.4    3.6            82.1 3.7    
130 16.9  6.3            89.3 16.8 
131 20.4  12.6          86.8 19.3 
132 17.7  5.8            89.0 17.6 
133 7.1    3.6            87.0 6.8    
134 20.5  4.1            86.2 19.2 
135 47.0  21.4          80.1 35.9 
136 27.0  3.6            92.2 28.2 
137 24.3  16.8          86.5 22.2 
138 3.3    3.6            87.7 3.3    
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4.3 TR-55/SCS Model 

The hydrologic runoff procedures outlined in the USDA-NRCS (formally Soil Conservation 
Service) Technical Release No. 55 (TR-55) were followed and implemented for developing and 
simulating hydrology within MU. TR-55 is widely used as a hydrological basis for flood studies 
and is accepted in the industry.  

4.3.1 Loss Rate Method 

Following TR-55 principles, the empirical curve number method was utilized in MU to estimate 
total excess precipitation. The curve number (CN) represents the soil cover, land cover and 
antecedent moisture conditions of a watershed and its sub-basins. The CN method determines 
runoff using the amount of precipitation and the infiltration parameters associated with soil type, 
soil moisture, preceding rainfall, and surface retention. The amount of rainfall is converted to 
runoff using the CN. The CN ranges from 0 to 100, where a value of 100 represents zero losses 
or a completely impermeable surface (USDA, 1986).  Impermeable pavements typically are 
assigned a CN of 98. 
 
Surface soils are classified into four hydrologic soil groups (HSG) A, B, C, and D according to 
their minimum infiltration rate. Antecedent moisture conditions are classified as either low 
(AMC I), average (AMC II), or high (AMC III).  For the purpose of this report, it is assumed that 
AMC II curve numbers be applied. AMC II assumes that 0.5-inches to 1.1-inches of rain had 
fallen in the watershed of interest over the course of 5-days prior to the initiation of the design 
storm. Curve numbers developed for AMC II are the most widely used in hydrologic analysis 
when utilizing the SCS method. The hydrologic soil classification of the project area is derived 
from “Soil Survey of Sonoma County, California”. 
 
The diverse land coverage within the watersheds were identified from City and County of 
Sonoma zoning/land use GIS layer data assuming full build-out conditions. Because most sub-
basins consist of multiple HSGs and multiple land uses, an area weighted composite CN was 
calculated for each sub-basin. Table 4-1 summarizes curve numbers that were utilized in this 
study. 
 
TABLE 4-1  Land use and curve numbers (CN) based on hydrological soild group (HSG) 
and AMC II  

LAND USE 
Curve Number (CN) 

Hydrologic Soil Group (HSG) 
A B C D 

City     
Agricultural 39 61 74 80 
Commercial (15 d.u./acre, max) 89 92 94 95 
Commercial-Gateway (15 d.u./acre, max) 89 92 94 95 
Mixed Use (12 d.u./acre, max) 80 88 93 95 
Public Facility 80 88 93 95 
Park 39 61 74 80 
High Density (11-15 d.u./acre) 80 88 93 95 
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LAND USE 
Curve Number (CN) 

Hydrologic Soil Group (HSG) 
A B C D 

Hillside Residential (1 d.u./10 acres, max) 46 65 77 82 
Low Density Residential (2-5 d.u./acre) 61 75 83 87 
Medium Density Residential (7-11 d.u./acre) 78 86 91 93 
Housing Opportunity (15-20 d.u./acre) 89 92 94 95 
Mobile Home Park (7 d.u./acre, max) 77 85 90 92 
Rural Residential (2 d.u./acre, maximum) 46 65 77 82 
Sonoma Residential (3-8 d.u./acre) 62 76 84 88 
Wine Production 65 75 82 86 

County     
Diverse Agriculture 39 61 74 80 
General Commercial 89 92 94 95 
General Industrial 81 88 91 93 
Land Extensive Agriculture 49 69 79 84 
Land Intensive Agriculture 63 75 83 87 
Limited Commercial 80 88 93 95 
Limited Industrial 78 86 91 93 
Public/Quasi-Public (buildout) 80 88 93 95 
Recreation/Visitor Serving Commercial 89 92 94 95 
Resources/Rural Development 61 75 83 87 
Rural Residential (< 2 units/acre) 54 70 80 85 
Urban Residential 
(2-4 units/acre) 61 75 83 87 

NOTE: Curve numbers (CN) reported is for antecedent moisture condition II (AMC II) 
 

4.3.2 Transform Method 

Following TR-55 principles, the SCS Unit Hydrograph (UH) model was used in MU as the 
direct-runoff transform method. The model is based upon averages of UH derived from gauged 
rainfall and runoff for a large number of small agricultural watersheds throughout the United 
States. The SCS UH model uses a dimensionless, single-peaked unit hydrograph. Utilizing the 
UH method in MU requires the lag time for each sub-basin.  For watersheds with no gauge 
information, the lag time is related to time of concentration as: 
 

Tlag = 0.6 Tc 
 
Travel time (Tt) or time of concentration (Tc) is the time required for surface runoff from the 
most remote part of the drainage area to reach the design point. Tc is the sum of the sheet flow 
time, shallow concentrated flow time and the open channel/pipe flow time.  
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Sheet flow is flow over the plain surfaces. Typical recommendations include that this segment of 
flow be less than 300 feet. However, sheet flow length is limited to 300 feet in TR-55 model. 
Manning’s kinematic equation is used to compute Tt : 
 

 
 

Where 
 

Tt = travel time (hr) 
n = Manning roughness coefficient (for sheet flow) 

L = flow length (ft) 
P2 = 2-year, 24-hour rainfall (in), and 

s = slope of hydraulic grade line (land slope, ft/ft) 
 
After the initial sheet flow, an equation describing shallow concentrated flow is used until the 
flow path can be represented as open channel flow: 
 

 
 

Finally, once the flow path reaches a channel, curb and gutter, or other hydraulic condition travel 
time is estimated using open channel flow equation: 
 

 
 
The primary flow path for each sub-basin was obtained through digitization using the aerial 1-
foot contour topographic data recently completed for the City. For sub-basins outside the city 
limits, United States Geologic Survey (USGS) quadrangle maps were used. The flow paths were 
digitized in GIS and elevations required to determine sub-basin slopes were also obtained from 
the topographic data. Principles outlined in TR-55 were utilized to calculate the time of 
concentration and lag time conversions based on sheet, shallow concentrated, and channel/pipe 
flow through each sub-basin. The hydraulic routing time used in this study assumes full pipe and 
full channel flow velocities along the sub-basin flow path. Manning’s Equation was utilized for 
full channel capacity calculations using ‘n’ values tabulated below in Table 4-2.  Utilizing the 
information discussed above, the lag times for each sub-basin were calculated and input into the 
MU hydrology model.  
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TABLE 4-2  Manning’s ‘N’ Values Used In Full Channel Flow Calculation 

Type of Channel and Description n 

RCP 0.014 
Concrete Trench Drain 0.014 
Concrete Swale 0.015 
Earth: Short grass, few weeds 0.035 
Earth: Light brush on banks 0.05 
Earth: Dense weeds 0.08 
Natural Channel 0.07 

 

4.3.3 Base Flow Method 

Base flow accounts for the quantity of flow contributed from groundwater, and not direct 
precipitation-runoff. For modeling design storms, each sub-basin requires an initial base flow. 
Because most flow paths within the study area are only occupied with flow during precipitation 
events, the base flow for each sub-basin is assumed to be zero.  

4.3.4 Precipitation Events 

MU offers various methods for assigning and modeling precipitation events. For the purpose of 
simulating design precipitation events, the 24-hour SCS Hypothetical Storm method was 
utilized. This method requires the 24-hour rainfall amount associated with a specific frequency. 
The method also requires the determination of a rainfall distribution. The SCS has defined four 
distributions within the United States based on storm intensity. Sonoma County is considered to 
have a Type IA distribution (NRCS, 1986). For the purpose of this study, 24-hour rainfall depths 
were obtained from the NOAA Atlas 2. 
 
Table 4-3 provides 24-hour rainfall depths were used in development of the storm drain master 
plan.  Flows for each catchment incorporating the 10-year, 25-year and 100-year events are 
provide in Appendix D. 
 
TABLE 4-3  Design Rainfall Events Used in the SDMP 

Rainfall Event Rainfall Depth (in) 

10 year, 24 hour 4.5 
25 year, 24 hour 5.5 

100 year, 24 hour 7.0 
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5.0 HYDRAULICS 

5.1 Design Criteria and Assumptions 

The design criteria used in the hydrologic/hydraulic analysis is based on the SCWA FCDC 
Standards. These criteria include: 
 

 For watersheds of one to four square miles (secondary waterways), the design storm is a 
25-year event. 

 For watersheds less than one square mile (minor waterways), the design storm is a 10-
year event. 

 Secondary or minor waterways outletting into major or secondary downstream 
waterways shall be designed to operate against a 25-year or 10-year flow respectively in 
the major or secondary downstream waterway, provided that the ground elevation along 
the secondary or minor system shall be above the 100-year water surface elevation in the 
major or secondary downstream waterway. 

 Secondary or minor waterways in closed conduits shall have surface routes to carry the 
incremental 100-year flows with no inundation of structures, or be sized for the full 100-
year flows. 

 Closed conduits shall be designed with maximum surcharging to within one foot of top 
of rim or grade for purposes of determining hydraulic capacity. 

 Minimum pipe diameter is 12-inches with a minimum velocity of 2.5 feet per second 
(fps) when flowing full. 

 Downstream boundary conditions are based on existing water surface elevations taken 
from FEMA models for creeks and hydraulic models for pipes when available 

 Detention basins will generally be sized for 100-year, 24-hour storm events assuming no 
increase in runoff from existing conditions 

5.2 MIKE URBAN 

MU is a hydrodynamic model capable of routing runoff from sub-basins through closed conduit 
and open channel reaches referred to in the model as links. Links were digitized in the model 
based on the City of Sonoma GIS data provided by the City and subsequent modifications were 
made based on further information provided by the City, survey information, and field visits with 
City staff. Only storm drain pipes greater than 24 inches in diameter were included in the MU 
storm drain network. Link data such as invert in elevations, invert out elevations, diameter, 
material, and length were input into the MU model. Nodes (storm drain inlets/outlets or 
manholes) were digitized in the model to represent the majority of storm drain manholes and 
catch basins within the City’s storm drain network. Node information such as diameter, bottom 
invert elevations, and ground elevation were also input into the MU model. 
 
Figure 2-1 shows the digitized storm drain network utilized in the MU model. A full size fold-up 
of this figure is also included as a separate attachment.  
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The City of Sonoma storm drain network includes a total of 16 storm drain outlets that discharge 
to Nathanson Creek, Fryer Creek, Sonoma Creek, or Schell Creek. The outlets are summarized in 
Table 5-1 along with unique identifiers used in the MU model, its discharge location and station, 
and the storm drain system designation associated with the discharge. The unique identifiers 
associated with each outlet and its associated storm drain network are included in Figure 2-1. 
These MU storm drain outlets provide the active linkage between MU storm drain hydraulics and 
the MIKE 11 channel hydraulics to be discussed in the following section.  
 
TABLE 5-1  Description of MIKE URBAN Storm Drain System Outlets  

MIKE URBAN ID 
(MUID) 

Discharge Reach 
Outlet 

Chainage 
(ft) 

Storm Drain System Designation 

Node_1091 Fryer Creek 13.6 Line F-12 
Node_928 Fryer Creek 3+13.6 Line F-11 
Node_657 Fryer Creek 10+13.6 Line F-10 
Node_939 Fryer Creek 34+13.6 Line F-7 
Node_669 Fryer Creek 41+63.6 Line F-6 
Node_679 Fryer Creek 48+13.6 Line F-5 
Node_685 Fryer Creek 60+45.1 Line F-4 
Node_688 Fryer Creek 61+93.5 Line F-2 
Node_689 Fryer Creek 61+93.5 Line F-3 
Node_732 Fryer Creek  1 Line F1 

Node_1097 East Fork of Fryer 
Creek 0.0 Line F-9 

Node_1062 West Fork of Fryer 
Creek 0.0 Line F-8 

Node_1034 Nathanson Creek 132+60.4 Line N-8 
Node_791 Nathanson Creek 139+60.5 Line N-7 
Node_1072 Nathanson Creek 149+10.5 Line N-6 
Node_854 Nathanson Creek 189+10.9 Line N-5 
Node_861 Nathanson Creek 193+61.0 Line N-4 
Node_911 Nathanson Creek 204+61.1 Line N-3 
Node_1036 Nathanson Creek 227+03.4 Line N-1 

Node_919 Nathanson Creek 
1 Line N-2 (discharges to High Flow 

Channel of Nathanson Creek) 
Node_986 Sonoma Creek 1 Line SON-7 
Node_1030 Sonoma Creek 1 Line SON-6 
Node_1057 Sonoma Creek 1 Line SON-5 
Node_963 Sonoma Creek 1 Line SON-4 
Node_970 Sonoma Creek 1 Line SON-3 
Node_1156 Sonoma Creek 1 Line SON-2 
Node_972 Sonoma Creek 1 Line SON-1 
Node_1031 Schell Creek 1 Line S-1 

1 The stationing associated with this Creek location was outside the MIKE 11 active channel domain.    
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The storm drain outlets discharging to Nathanson Creek, Fryer Creek, or either of the forks of 
Fryer Creek were dynamically linked to the MIKE 11 unsteady flow, channel hydraulic models 
created for these creeks. Therefore, the hydraulic grade line of the creek at any given time 
represents the tail water condition at each respective storm drain outlet. The storm drain outlets 
discharging to Sonoma Creek and Schell Creek were assigned tailwater boundary conditions 
based on 100-year FEMA flood mapping for these creeks.  

5.3 MIKE 11 

MIKE 11 (M11) is an implicit finite difference model developed by DHI Water and Environment 
used for modeling networks of one-dimensional channels with respect to both hydrodynamics 
and water quality transport. It is an unsteady flow model based on the St. Venant equations and 
thus capable of monitoring one-dimensional channel flows over time and space. M11 has the 
ability to be dynamically coupled with MU to dynamically simulate interactions between the 
one-dimensional channels and the City’s storm drain network, and can also be coupled with 
MIKE 21 (M21) to dynamically simulate interactions between the one-dimensional channels and 
a two-dimensional floodplain. For this storm drain master plan, M11 was coupled to both MU 
and M21, which is described further in the following section. M11 when coupled with M21 is 
also known as MIKE FLOOD (MF). 
 
The basic hydrodynamic (HD) model within M11 was utilized for simulating both Nathanson 
Creek and Fryer Creek channel hydraulics. Sonoma Creek and Schell creek were not included in 
the M11 model. The HD model allows for calculation of water level, velocity, and discharge 
throughout the model domain over the simulation period. Simulation periods of 24 hours were 
utilized to match the 24 hour storms simulated for the 10-year, 25-year, and 100-year return 
period precipitation events. 
 
The Nathanson Creek model domain included the portion of the creek within city limits and 
extends from the upstream reaches of the creek near the intersection of 7th St East and Lovall 
Valley Road to Napa Road to the south. The Fryer Creek model domain extends from the 
Safeway parking lot near the intersection of 5th Street West and W Napa Street (where open 
channel conditions commence) to Leveroni Road to the south. Both forks of Fryer Creek were 
also included in the M11 model. The East Fork of Fryer Creek model domain extends from 2nd 
Street West to the confluence with Fryer Creek, while the West Fork of Fryer Creek model 
domain extends from just north of West MacArthur St to the confluence of Fryer Creek. 
 
Input data used in constructing the M11 models for Nathanson Creek, Fryer Creek, and the West 
and East Forks of Fryer Creek included: 
 

 Network data defining the spatial alignment of the channels 
 Topographical data and FEMA HEC-2 data to define structural elements within the 

channels including bridges and culverts 
 Topographical data to define channel cross sections derived from both field survey 

information and FEMA HEC-2 cross sections 
 Hydrodynamic parameters such as Manning’s “n” values 
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 Initial conditions including water level at the downstream boundary of the model domain 
and base flow at the upstream boundary of the model 

 Boundary conditions including water level at the downstream boundary of the model 
representing the 10-year, 25-year, or 100-year water surface elevation reported in FEMA 
FIRM mapping 

The spatial alignment of the channels was derived from thalweg survey data collected at cross 
sections with the exception of the West and East Forks of Fryer Creek. The spatial alignments of 
these forks were digitized based on aerial topographic mapping provided by the City. As 
mentioned above, structural bridge and culvert input data was obtained from FEMA HEC-2 
models for Fryer and Nathanson, while structural data for the West and East Forks of Fryer 
Creek were obtained from field observation and data collection. Cross sectional data for 
Nathanson Creek and Fryer Creek was a combination of field survey data and FEMA HEC-2 
cross sectional data, while cross sectional data for the West and East Forks of Fryer Creek was 
obtained from aerial topographic mapping. Manning’s “n” values used in the model were also 
obtained from the FEMA HEC-2 models.  
 
It is important to note that contrary to the FEMA HEC-2 models, M11 cross sections extend only 
from left top of bank to right top of bank rather than including the floodplain within the cross 
sections. Therefore, MIKE 11 models only the active channel, while M21 simulates floodplain 
hydraulics two dimensionally for a better representation of floodplain and street flooding.  
 
M21 is discussed in the following section. 

5.4 MIKE 21 

M21 is a 2-dimensional, unsteady hydrodynamic model capable of simulating complex 
floodplain and street flooding. The M11 model described above, simulates only the active 
channel portion of Fryer and Nathanson Creeks, while the M21 model routes flow 2-
dimensionally once flows from the M11 model exceed the active channel carrying capacity. The 
M21 model domain also routes street flow 2-dimensionally from flow escaping the storm drain 
system through manholes and drain inlets.  
 
The M21 model domain covers the extents of the City of Sonoma’s storm drain system including 
all storm drain infrastructure discharging to Fryer and Nathanson Creeks in addition to a 
significant storm drain system on the east side of the City of Sonoma which discharges to Schell 
Creek. The MIKE 21model domain extents are shown in Figure 5-1.   
 
The 1.0-foot resolution Digital Elevation Model (DEM) described in Section 3.1 was used for 
developing the M21 model surface. The original DEM was aggregated to a resolution of 10.0-
feet for use in the M21 model. This resolution provides sufficient detail to accurately represent 
floodplain and street flooding and two-dimensional hydraulic routing without overwhelming the 
M21 model engine in terms of computational points. It is generally recommended that M21 
models should not exceed 1,000,000 computational grid cells. The 10-foot resolution used in the 
City of Sonoma M21 model results in 936,804 computational grid cells. 
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The M21 model was dynamically coupled to both the M1 model simulating one dimensional 
active channel hydraulics for both Fryer and Nathanson Creeks and the MU model simulating the 
catchment hydrology and storm drain system hydraulics. The coupling of these models is 
described in Section 5.5 below. 

5.5 MIKE FLOOD and Coupling with MIKE URBAN 

MIKE FLOOD (MF) represents the model developed by dynamically coupling the M11 one-
dimensional channel hydraulics models for Fryer and Nathanson Creeks and the M21 two-
dimensional floodplain hydraulics. For the purposes of storm drain master planning, the MF was 
coupled with the MU model to better simulate and offer new insight into complex and dynamic 
interactions between Fryer and Nathanson Creeks, the City’s storm drain network, and overland 
flooding within the floodplain and road network. The ability to accurately simulate these 
dynamics ultimately allows for accurate prediction of flood reduction impacts of varying 
alternatives.  
 
Coupling of the new MU model simulating hydrology and storm drain system hydraulics and the 
newly developed MF model simulating channel and overland flow hydraulics represents a 
significant advancement in hydraulic modeling within the City of Sonoma.  

5.6 Boundary Conditions 

The following boundary conditions were used in the Storm Drain Master Plan: 
 

 Downstream water level boundary condition on Nathanson Creek station 25500.7 of 38.0 
ft. This location is sufficiently downstream of Napa Road, the limit of our detailed study, 
and results in a 100 year flood elevation of approximately 52 ft at Napa Road.  

 Downstream water level boundary condition of 49.8 feet on Fryer Creek station 7911.5. 
This location is sufficiently downstream of Leveroni Road, the limit of our detailed 
study, and results in a 100 year flood elevation of 58 ft at Leveroni Road. 

 Upstream flow boundary conditions of 5 cfs at the upstream most extent of both Fryer 
and Nathanson Creeks, and the upstream most extent of West and East Forks of Fryer 
Creek. These are intended to represent base flows and increase stability of the MIKE 11 
model. 

 Downstream water level boundary conditions on storm drain outlets to Sonoma Creek 
were set based on FEMA FIRM flood profiles for Sonoma Creek. 

 Downstream water level boundary condition on the Schell Creek storm drain outlet was 
also set based on FEMA FIRM flood profile for Schell Creek. 

5.7 Calibration 

No model calibration was done as part of this SDMP. There are no known gages on either Fryer 
or Nathanson Creek available for model calibration. We recommend the City consider installing 
gages on these creeks to provide the necessary data from which to calibrate the MU/MF model. 
Model results were compared with previous FEMA water surface profiles for Fryer Creek and 
Nathanson Creek. Although the model results are quite similar, it is possible that the FEMA 
model may be un-calibrated due to the lack of available stream gage data.  
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6.0 MODEL RESULTS 

6.1 Baseline Conditions 

Baseline model runs for the 10-year, 25-year, and 100-year 24-hour storms were completed to 
identify storm drain and channel hydraulics not meeting the SCWA design criteria set forth in 
the FCDC, revised August 1983. The following design criteria have been used in assessing 
baseline conditions and identifying storm drain or channel hydraulics not meeting the design 
criteria: 
 

 All storm drain networks within the City of Sonoma drain watersheds of less than one 
square mile; therefore, all storm drain networks are minor waterways with a design storm 
equal to a 10-year event. All closed conduit storm drains shall be assessed on whether 
they meet the design criteria limiting surcharging to within one foot of top of rim or 
grade. 

 All storm drains in closed conduits not designed to handle 100-year flows shall have 
surface routes to carry the incremental 100-year flows with no inundation of structures. 

 Fryer Creek drains a watershed of approximately 2 square miles; therefore, Fryer Creek 
is a secondary waterway with a design storm equal to a 25-year event. The 25-year event 
shall be maintained with 1.5 feet of freeboard, with the 100-year event kept within the 
channel banks. 

 Nathanson Creek drains a watershed of over 4 square miles; therefore, Nathanson Creek 
is a major waterway with a design storm equal to a 100-year event. The 100-year event 
shall be kept within the channel banks. 

 
Baseline results for hydrology, Fryer and Nathanson Creeks, and the City’s storm drain system 
are summarized in the following sections. 

6.1.1 Baseline TR-55 Hydrology Results 

The rainfall events described in Section 4.3.4 for the 10-year, 25-year, and 100-year 24-hour 
storms were simulated to develop runoff hydrographs within MU. Rainfall runoff transformation 
was done within MU using standard TR-55 hydrology methods described in Section 4.3.  The 
resulting runoff hydrograph peak flows for each subbasin are summarized in Appendix D. 
Results are included for the 10-year, 25-year, and 100-year 24-hour storms.   

6.1.2 MIKE Model Results 

MU/MF model simulation runs were performed for the 10-year, 25-year, and 100-year 24-hour 
storms to assess the storm drain system and Fryer and Nathanson Creeks for compliance with the 
design criteria. Results include:  
 

 Storm drain pipe hydraulics. 
 Channel hydraulics including water surface profiles and summary tables of peak flows at 

critical locations for both Fryer and Nathanson Creeks. 
 Overland flow results showing maximum flood depths within the floodplains and City. 
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Overland flow results are included in Figures 6-1, 6-2, and 6-3 respectively for the 10-year, 25-
year, and 100-year 24-hour storms. Full size maps of these figures are included under separate 
attachment. 
 
Channel hydraulic and storm drain hydraulic results are summarized individually in the 
following sections.  
 

6.1.2.1. Fryer Creek Hydraulic Results 

Fryer Creek receives drainage from a significant portion of the City of Sonoma as 
depicted in Figure 4-1.1. Fryer Creek channel hydraulics were simulated within 
MIKE 11, and flows in Fryer Creek were input to the MIKE 11 model through a 
dynamic coupling with MU in which all storm drain runoff hydrographs are input 
at their respective outfall locations within Fryer Creek. Fryer Creek was also 
dynamically coupled to the MIKE 21 2-dimenisonal surface overland flow model 
to predict floodplain and street overland flow as a result of Fryer Creek 
overtopping its banks. 
 
The MIKE 11 model results for maximum water surface elevations under the 10-
year, 25-year, and 100-year, 24-hour storms are shown graphically in Figure 6-4 
at the end of Section 6. The governing design criteria for Fryer Creek, given it is a 
secondary waterway, is maintaining 1.5-feet of freeboard during the 25-year, 24 
hour storm, while having sufficient channel capacity to pass the 100-year event 
within its channel banks. Figure 6-5 specifically shows the 25-year storm water 
surface profile for Fryer Creek in addition to the left and right channel bank 
elevations.  
 
The water surface profile on Figure 6-5 indicates that flows in Fryer Creek during 
the 25-year design storm exceed the 1.5-foot freeboard requirement throughout 
the channel’s reach within the City, and also exceeds the full bank channel 
capacity throughout the majority of its reach within the City. The 25-year water 
surface profile exceeds the channel banks through much of the upper Fryer Creek 
watershed north of West MacArthur Street including the vicinity of the 
confluence of the East Fork, Arroyo Way, and the Bettencourt Street and 
Andrieux Street areas. The 551-ft long Bettencourt culvert flows under both 
flooded inlet and outlet conditions, while the West MacArthur culvert is flooded 
at its inlet during the 25-year storm. The Arroyo Way bridge is fully submerged, 
while the Leveroni Road bridge is flooded above its soffit elevation.   
 
Large hydraulic losses at the West MacArthur Street culvert are depicted in the 
water surface profiles in Figure 6-4.  During the 25-year storm, these losses total 
approximately four feet across the length culvert. The profile figure shows the 
culvert bottom at West MacArthur Street is perched approximately two feet on the 
upstream side and four feet on the downstream side of the culvert. This culvert 
orientation and its limited cross sectional area (5.5 ft x 12.5 ft) cause significant 
backwatering effects seen in the water surface profile upstream of the culvert. 
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Replacement of this culvert with a bridge could be a feasible project for the City 
and was investigated as part of the CIP planning and project development. Results 
are described in Section 7.    

 
Figure 6-2 shows the 25-year overland flooding results within the Fryer Creek 
watershed caused by both flooding of Fryer Creek and storm drain system related 
flooding. Overland flooding is concentrated in the following areas: 

 
 The open channel portion of Fryer Creek located flowing from 4th Street 

West to 3rd Street West between Bettencourt Street to the north and 
Arroyo Way to the south. 

 The area north of West MacArthur Street and mainly west of Fryer Creek 
in the vicinity of the confluence of the East Fork of Fryer Creek. 

 Some localized flooding at the upstream end of Fryer Creek (where open 
channel conditions begin) just east of the Safeway parking lot located at 
the corner of Fifth Street West and West Napa Street.  

 Some localized flooding at the downstream end of Fryer Creek near 
Leveroni Road. 

 
These localized flooding areas result from Fryer Creek being unable to contain the 
25-year, 24-hour event within its banks. Figure 6-3 shows more extensive 
flooding in the Fryer Creek watershed during the 100-year, 24-hour event.  
 
Table 6-1 summarizes 25-year and 100-year baseline peak flows and peak 
hydraulic grade lines (HGLs) within the Fryer Creek channel at key locations. 
Note that these peak flows represent flows contained within MIKE 11, and do not 
include flows within the MIKE 21 floodplain and/or street flooding. Also, MIKE 
11 has different stationing associated with computational points related to peak 
flow and peak HGL. The former are called Q-points within MIKE 11; the latter 
are called H-points within MIKE 11. This variation between Q-point and H-point 
stationing makes reporting both peak flows and peak HGLs for a specific location 
difficult. However, complete MIKE 11 output summarizing peak flows and peak 
HGLs at all the Q-points and H-points are included in Appendix F. 
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TABLE 6-1  Summary Table of Peak Flows and Peak HGLs in Fryer Creek. 

Fryer Creek 
Location 

Creek Station 
(Model Q point 
Station/H point 

Station) 

Peak 
Q25 

(cfs) 1 

Peak 
Q100 
(cfs) 1 

Peak 
Q25 

HGL (ft) 

Peak 
Q100 

HGL (ft) 

Beginning of 
Open Channel  

0+13 (0+35/0+13) 310 357 77.4 77.7 

At Andrieux St 
culvert entrance 

10+57 
(10+49/10+57) 

315 3359 70.6 71.5 

At confluence of 
East Fork Fryer 
Creek  

26+60 
(27+13/26+60) 

544 594 68.5 68.9 

At confluence of 
West Fork Fryer 
Creek 

41+45 
(41+49/41+45) 

603 799 61.6 62.4 

At Leveroni 
Road 

61+68 (61+68/ 
61+682) 

587 722 57.4 58.0 

1 Peak Q25 and Q100 flows shown are taken directly from the Model Station (Q-point) shown     
since actual stations do not exist as flow computational points within the MIKE 11 model. 
2 The HGLs for this station were interpolated between adjacent computational points. 
 
The Table 6-1 shows a 14% - 32.5% increase in flow from the 25-year event to 
the 100-year event depending on location along Fryer Creek. The lower end of the 
spectrum (14% increase) occurs at the beginning of the open channel and at 
Andrieux Street where channel flows approach 25-year flood capacity, and 
significant overbank flows are occurring. Note that the peak flows shown above 
are limited to the channel flows and do not incorporate flows that have escaped 
the banks onto City streets or the floodplain. The largest increase in peak flows 
(32.5%) occurs at the confluence of West Fork Fryer Creek where Fryer Creek 
has the most freeboard along its reach and no flow is lost to overland flow. The 
slight decrease in peak flows when comparing flows at the confluence of West 
Fork Fryer Creek and at Leveroni Road can be attributed to attenuation of peak 
flows behind the Leveroni Road bridge structure. 
 
CIP projects aimed at reducing flooding within the Fryer Creek watershed are 
discussed in Section 7. 
 

6.1.2.2. West Fork of Fryer Creek Hydraulic Results 

The West Fork of Fryer Creek is located within the southwestern portion of the 
Fryer Creek watershed. The West Fork channel hydraulics were simulated within 
MIKE 11, and flows were input to the MIKE 11 model through a dynamic 
coupling with MU in which the single storm drain outfall to the West Fork was 
modeled. Runoff hydrographs from the other subbasins within the West Fork 
watershed that do not contain storm drain system were input as overland flow to 
the MIKE 11 model. The West Fork was also dynamically coupled to the MIKE 
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21 2-dimenisonal surface overland flow model to predict floodplain and street 
overland flow as a result of HGL exceeding creek bank elevations. 
 
The MIKE 11 model results for maximum water surface elevations under the 10-
year and 100-year, 24-hour storms are shown graphically in Figure 6-6 at the end 
of Section 6. The 25-year, 24-hour storm is not shown on this figure due to the 
proximity of the maximum water surface profile to the 10-year, and 100-year 
storms. The governing design criteria for the West Fork of Fryer Creek, given it is 
a minor waterway, is maintaining 1.5-feet of freeboard during the 10-year, 24 
hour storm, while having sufficient channel capacity to pass the 100-year event 
within its channel banks. Figure 6-7 specifically shows the 10-year storm water 
surface profile for the West Fork of Fryer Creek in addition to the left and right 
channel bank elevations.   
 
The water surface profile on Figure 6-7 indicates that flows in the West Fork of 
Fryer Creek during the 10-year design storm exceed the 1.5-foot freeboard 
requirement throughout the channel’s reach within the City, and also exceed the 
full bank channel capacity throughout the majority of its reach within the City.  
 

6.1.2.3. East Fork of Fryer Creek Hydraulic Results 

The East Fork of Fryer Creek is located within the eastern portion of the Fryer 
Creek watershed. The East Fork channel hydraulics were simulated within MIKE 
11, and flows were input to the MIKE 11 model through a dynamic coupling with 
MU in which the single storm drain outfall to the East Fork was modeled. Runoff 
hydrographs from the other subbasins within the East Fork watershed that do not 
contain storm drain systems were input as overland flow to the MIKE 11 model. 
The East Fork was also dynamically coupled to the MIKE 21 2-dimenisonal 
surface overland flow model to predict floodplain and street overland flow as a 
result of the creek flooding its banks. 
 
The MIKE 11 model results for maximum water surface elevations under the 10-
year and 100-year, 24-hour storms are shown graphically in Figure 6-8 at the end 
of Section 6. The 25-year, 24-hour storm is not shown on this figure due to the 
proximity of the maximum water surface profile to the 10-year, and 100-year 
storms. The governing design criteria for the East Fork of Fryer Creek, given it is 
a secondary waterway, is maintaining 1.5-feet of freeboard during the 25-year, 24 
hour storm, while having sufficient channel capacity to pass the 100-year event 
within its channel banks. Figure 6-9 specifically shows the 25-year storm water 
surface profile for the East Fork of Fryer Creek in addition to the left and right 
channel bank elevations.   
 
The water surface profile on Figure 6-9 indicates that flows in the East Fork of 
Fryer Creek during the 25-year design storm exceed the 1.5-foot freeboard 
requirement throughout the channel’s reach within the City, and also exceeds full 
bank channel capacity throughout the majority of its reach within the City.  
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6.1.2.4. Nathanson Creek Hydraulic Results 

The Nathanson Creek watershed comprises the eastern majority of the City of 
Sonoma as depicted in Figure 4-1.1. This watershed is larger than Fryer Creek 
watershed, and is defined as a major waterway per the SCWA FCDC. Nathanson 
Creek channel hydraulics were simulated within MIKE 11 in conjunction with 
Fryer Creek; therefore, flows enter Nathanson Creek via a dynamic coupling with 
MU in which all storm drain runoff hydrographs are input at their respective 
outfall locations within Nathanson Creek. Nathanson Creek was also dynamically 
coupled to the MIKE 21 2-dimenisonal surface overland flow model to predict 
floodplain and street overland flow as a result of HGL exceeding bank elevations. 
 
The MIKE 11 model results for maximum water surface elevations under the 10-
year, and 100-year, 24-hour storms are shown graphically in Figure 6-10. The 25-
year, 24-hour storm is not shown on this figure due to the close proximity of the 
maximum water surface profile for the 10-year, and 100-year storms. The 
governing design criteria for Nathanson Creek, designated as a major waterway, 
is maintaining 1.5-feet of freeboard during the 100-year, 24 hour storm. Figure 6-
11 specifically shows the 100-year storm, water surface profile for Nathanson 
Creek in addition to the left and right channel bank elevations.  
 
The water surface profile on Figure 6-11 indicates 100-year, 24-hour storm flows 
are nearly exceeding capacity of the channel along the majority of its reach 
indicated by the close proximity of the water surface profile with the left and right 
channel bank elevations. There is little to no freeboard throughout the reach, and 
several locations exist where 100-year water surface profile elevations exceed the 
channel bank elevations causing flooding (shown in Figure 6-3). The most notable 
flooding locations occur at the following locations: 
 

 Between E MacArthur Street and Chase Street (heavy) 
 Just upstream of France Street (heavy) 
 Upstream of Patten Street (heavy) 
 Between 2nd Street East and 3rd St East (heavy) 
 Just upstream of East Napa Street (moderate) 
 Upstream of 4th Street East (moderate) 

 
The upstream soffit of most bridges on Nathanson Creek is submerged during the 
100-year event.  The upstream hydraulic grade line at the Patten Street bridge is 
approximately equal to the bridge’s top of deck elevation. 
 
Figure 6-3 shows the 100-year overland flooding results within the Nathanson 
Creek watershed caused by both flooding of Nathanson Creek, overland flow 
causing street and structure flooding, and storm drain system related flooding. 
Overland flooding caused by Nathanson Creek is focused in the following areas: 
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 A minor overbank breach on the southern bank of Nathanson Creek near 
the vicinity of the extended intersection of 5th St East and East Spain 
Street.  

 A larger overbank breach on the southern bank of Nathanson Creek in the 
vicinity of 4th St East, and another overbank breach of the southern bank 
just upstream of 3rd St East. These flows combine to flow south down 4th 
St East.  

 A larger overbank breach on the southern bank of Nathanson Creek in the 
vicinity of 2nd St East.  

 Several breach locations of both west and east banks of Nathanson Creek 
from Patten Street to Austin Street.  

 Some localized flooding at the southern extent of Nathanson Creek in the 
vicinity of Sonoma Valley High School and Train Town. 

 
Table 6-2 summarizes 100-year baseline peak flows within the Nathanson Creek 
channel at key locations. Peak flows described here represent flows contained 
within MIKE 11, and do not include flows within the MIKE 21 floodplain and/or 
street flooding. 
 
TABLE 6-2  Summary Table of Peak Flows and Peak HGLs in Nathanson 
Creek. 

Nathanson Creek 
Location 

Creek Station 
Peak Q100 

(cfs)1 
Peak Q100 
HGL (ft)2 

At 4th St East 139+70 836 95.0 
At 2nd St East 156+15  1,097 85.2 
At Patten St 165+01  979 81.3 
At Austin St 188+16  940 70.3 
At Napa Rd 227+03  1,012 52.2 

1 Peak Q25 and Q100 flows shown are taken directly from the Model Station (Q-point) shown,  
as the actual stations do not exist as flow computational points within the MIKE 11 model. 

2 The HGLs for these stations were interpolated between adjacent computational points. 
 

Table 6-2 shows some significant variation of 100-year peak flows at the 
locations shown along Nathanson Creek. The large decrease between 2nd St East 
and Patten Street is mostly due to large breaches occurring upstream of Patten 
Street, and results in significant floodplain and street flooding. The Patten Street 
bridge is also responsible for some attenuation as can be seen in the hydraulic 
profile of the creek in Figure 6-7.  
 
CIP projects aimed at reducing flooding within the Nathanson Creek watershed 
are discussed in Section 7. 

 
6.1.2.5. Storm Drain System Hydraulics 

The storm drain systems discharging to Sonoma, Fryer, Nathanson, and Schell 
Creeks within the City of Sonoma all drain areas of less than one square mile; 
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therefore, all storm drain systems are considered minor waterways with a 10-year 
design storm. As previously described, SCWA FCDC states that all minor 
waterways within closed conduits must be able to contain the 10-year design 
storm. Surcharging is allowed; however, the storm drain system must maintain a 
minimum one foot of freeboard. Furthermore, the criteria also address 100-year 
flooding and states that the storm drain system must be able to pass the 100-year 
flood without causing overland flooding of structures.  
 
Figure 6-1 showing the 10-year flood map for the City of Sonoma also includes a 
graphical display of freeboard at manholes within the system. The following 
symbolization was used in this figure: 

 
 Manholes meeting the 1-foot freeboard criteria are shown in green. 
 Manholes not meeting the 1-foot freeboard criteria but not exceeding the 

manhole rim elevation are shown in yellow.  
 Manholes with a 10-year hydraulic grade line exceeding the rim elevation 

are shown in red. 
 

The following pipe segment list outlines storm drain system components not 
meeting the 1-foot freeboard requirement during the 10-year, 24-hour design 
storm. In addition to Figure 6-1, refer to Figure 2-1 for storm drain system 
designations. Appendix E includes longitudinal profiles showing the 10-year 
hydraulic grade line with respect to ground level for each storm drain line 
discussed below. 
 
1) Line S-1 – there are a number of storm drain inlets/manholes not meeting the 

1-foot freeboard requirement north of Newcomb Street. These include the two 
most upstream inlets/manholes along East Napa Street, several 
inlets/manholes between Avenue Del Oro and East Napa Street, and one 
inlet/manhole along East MacArthur Street. These limitations are due to 
excessive headloss through the existing 36-inch storm drain pipe located from 
the intersection of Avenue Del Oro and Appleton Way extending south to East 
MacArthur Street. An improvement project is proposed to resolve hydraulic 
constraints within Line S-1, and will be discussed further in Section 7. 

 
2) Line S-1-3 – the most upstream storm drain inlet/manhole located at the 

intersection of East MacArthur Street and 5th Street East does not meet the 1-
foot freeboard requirement during the 10-year, 24-hour design event. 
However, the pipe appears to be adequately sized, and is not surcharged 
during the 10-year event. There is little to no cover on the most upstream 
portion of Line S-1-3. This limitation is not due to hydraulic constraints 
within the existing storm drain piping but may be due to cover constraints. No 
improvement project is proposed for this line at this time.  

 
3) Line N-3 – the four most upstream storm drain inlets/manholes on Line N-3 

along Eastin Drive do not meet the 1-foot freeboard requirement during the 
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10-year, 24-hour design event. The most upstream inlet/manhole is also 
flooding during the 10-year, 24-hour event. These limitations are due to 
excessive headloss through the existing 24-inch storm drain pipe. An 
improvement project is proposed to resolve hydraulic constraints within Line 
N-3, and will be discussed further in Section 7. 

 
4) Line N-5 – several storm drain inlets/manholes along Line N-5 do not meet 

the 1-foot freeboard requirement during the 10-year, 24-hour design event, 
and there are four inlets/manholes with hydraulic grade lines exceeding their 
rim elevations thereby causing street flooding. There are cover limitations 
along this line, with some portions of the pipeline having less than one foot of 
cover. However, there does appear to be excessive headloss through the 
existing 30-inch storm drain piping causing backwatering of the upstream 
portion of the alignment. An improvement project is proposed to resolve 
hydraulic constraints within Line N-5, and will be discussed further in Section 
7. 

 
5) Line N-8 – The two storm drain inlets/manholes on Line N-8 do not meet the 

1-foot freeboard requirement during the 10-year, 24-hour design event. This is 
mainly due to backwater effect from the 10-year water surface elevation 
within Nathanson Creek. The most upstream inlet/manhole has a rim elevation 
approximately equal to the water surface elevation within Nathanson, while 
the intermediary inlet/manhole has a rim elevation approximately 6-inches 
above the water surface elevation within Nathanson Creek. This limitation is 
not due to hydraulic constraints within the existing storm drain piping but due 
to Nathanson Creek backwater effects. No improvement project is proposed 
for this line at this time. 

 
6) Line F-1 – Several storm drain inlets/outlets located along the roadside ditch 

on the eastern side of Broadway/Highway 12 are not meeting the 1-foot 
freeboard requirement. However, this line is not surcharged during the 10-
year, 24-hour event, and this limitation appears to be related to minimal cover 
over the existing storm drain pipe. All of the storm drain inlets/outlets along 
the roadside ditch have ½-foot freeboard or greater. There are no hydraulic 
constraints within Line F-1. No improvement project is proposed for this line 
at this time. 

 
7) Line F-2 - The two storm drain inlets/manholes on Line F-2 do not meet the 1-

foot freeboard requirement during the 10-year, 24-hour design event due to 
backwater effect from the 10-year water surface elevation within Fryer Creek. 
Neither inlet/manhole is flooding. This limitation is not due to hydraulic 
constraints within the existing storm drain piping but due to Fryer Creek 
backwater effects. No improvement project is proposed for this line at this 
time. 
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8) Line F-3 - The three storm drain inlets/manholes on Line F-3 do not meet the 
1-foot freeboard requirement during the 10-year, 24-hour design event due to 
backwater effect from the 10-year water surface elevation within Fryer Creek. 
Two of the inlets/manholes are flooding. This limitation is not due to 
hydraulic constraints within the existing storm drain piping but due to Fryer 
Creek backwater effects. No improvement project is proposed for this line at 
this time. 

 
9) Line F-4 – The storm drain inlets/manholes on Line F-3 do not meet the 1-foot 

freeboard requirement during the 10-year, 24-hour design event (with the 
exception of the most upstream inlet/manhole) due to backwater effect from 
the 10-year water surface elevation within Fryer Creek. None of the 
inlets/manholes are flooding. This limitation is not due to hydraulic 
constraints within the existing storm drain piping but due to Fryer Creek 
backwater effects. No improvement project is proposed for this line at this 
time. 

 
10) Line F-6 – The most upstream storm drain inlet on Line F-6 does not meet the 

1-foot freeboard requirement during the 10-year, 24-hour design event due to 
backwater effect from the 10-year water surface elevation within Fryer Creek. 
None of the inlets/manholes are flooding. This limitation is not due to 
hydraulic constraints within the existing storm drain piping but due to Fryer 
Creek backwater effects. No improvement project is proposed for this line at 
this time. 

 
11) Line F-9 – The storm drain outlet at the upstream end of the roadside ditch 

located adjacent to the Mountain Cemetery is shown as not meeting the 1-foot 
freeboard requirement in Figure 6-1; however, the actual freeboard is only 
three hundredths of a foot from meeting this requirement. For all practical 
purposes, this line is meeting its freeboard requirements. None of the F-9 line 
is surcharged in this vicinity, and there are no hydraulic constraints within the 
existing roadside ditches or storm drain piping. No improvement project is 
proposed for this line at this time. 

 
12) Line F-9-3 – The storm drain inlet/manhole located along this line at W Spain 

Street where the line turns north to serve the existing development does not 
meet the 1-foot freeboard requirement. However, this line is not surcharged 
during the 10-year, 24-hour event, and this limitation appears to be related to 
minimal cover over the existing storm drain pipe. There are no hydraulic 
constraints within Line F-9-3. No improvement project is proposed for this 
line at this time. 

 
13) Line F-12 – The four most upstream storm drain inlets/manholes along Line 

F-12 do not meet the 1-foot freeboard requirement during the 10-year, 24-hour 
design event. These inlets/manholes are along Robinson Road north of the 
Sonoma Bike Path. They are also flooding during the 10-year, 24-hour event. 
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These limitations are due to excessive headloss through the existing 27-inch 
storm drain pipe. An improvement project is proposed to resolve hydraulic 
constraints within Line F-12, and will be discussed further in Section 7. 

 
14) Line SON-4 – The three most upstream storm drain inlets/manholes located 

along this line do not meet the 1-foot freeboard requirement. These 
inlets/manholes are surcharging and flooding, but this limitation is not due to 
hydraulic constraints within the existing storm drain piping but due to Sonoma 
Creek backwater effects. No improvement project is proposed for this line at 
this time. 

 
In addition to meeting the design criteria for the 10-year, 24-hour design event, 
the Flood Control and Design Criteria also include criteria that no storm drain 
infrastructure shall cause overland flooding to structures during the 100-year 
event. For the purposes of this SDMP, damage caused to structures was assumed 
to be caused by flooding greater than 6-inches of depth, a standard curb height at 
which point flooding has the potential to exceed street overland flow routes 
confined by the curbs. The following list summarizes areas within the City where 
flow paths resulting from the surcharging storm drain system during the 100-year, 
24-hour storm results in downstream flooding of structures.  
 
1) Line F-12 – There are flood depths of greater than 6-inches caused by 

surcharging storm drain infrastructure resulting in overland flow along Line F-
12 in the area bounded by the confluence of Lines F-12-2 and F-12-3. There is 
also some overland flooding greater than 6-inches south along the F-12 
alignment in between W Spain St and W Napa St. These limitations are due to 
hydraulic constraints within Line F-12. There are several potential 
improvement projects being considered that could alleviate this overland 
flooding including overflow bypasses to Sonoma Creek. These will be 
discussed further in Section 7. 

2) Line N-5 – There are flood depths of greater than 6-inches caused by 
surcharging storm drain infrastructure on E MacArthur Street flooding the 
high school track and some structures along MacArthur Lane. As discussed 
prior, this segment of Line N-5 has been targeted for CIP improvements due 
to hydraulic limitations associated with the 10-year design criteria. The effects 
of these improvements on the 100-year overland flooding will be discussed 
further in Section 7. 

 
The remainder of overland flooding caused by surcharging storm drain 
infrastructure during the 100-year storm is maintained within the roadways and 
not assumed to have the potential to cause overland flooding of structures during 
the 100-year storm.  Figure 6-1 displays 10-year, 24-hour storm baseline flooding 
results. 
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Figure 6-4. Maximum Water Surface Profiles for Fryer Creek. 
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Figure 6-5. 25-Year, 24-Hour Design Storm Results for Fryer Creek. 
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Figure 6-6. Maximum Water Surface Profiles for West Fork of Fryer Creek. 
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Figure 6-7. 10-Year, 24-Hour Design Storm Results for West Fork of Fryer Creek. 
 

 



MODEL RESULTS 
PRELIMINARY STORM DRAIN MASTER PLAN 

 

02418-09-039 6-19  
May 2011   

Figure 6-8. Maximum Water Surface Profiles for East Fork of Fryer Creek. 
 

 



MODEL RESULTS 
PRELIMINARY STORM DRAIN MASTER PLAN 

 

02418-09-039 6-20  
May 2011   

Figure 6-9. 25-Year, 24-Hour Design Storm Results for East Fork of Fryer Creek. 
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Figure 6-10. Maximum Water Surface Profiles for Nathanson Creek. 
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Figure 6-11. 100-year, 24-hour design storm results for Nathanson Creek.  
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7.0 CAPITAL IMPROVEMENT PROGRAM 

This chapter presents modeling results associated with CIP projects identified for the City of 
Sonoma, and also presents opinions of probable costs associated with the projects. Proposed CIP 
projects include both improvements to the Fryer and Nathanson Creek channels, and 
improvements to the City’s storm drain system. As previously discussed, the scope of the CIP 
was focused on identifying storm drain system improvements; however, due to the dynamics 
between the storm drain system, the Fryer Creek and Nathanson Creek channel systems, and the 
City’s street system, recommendations could not be made for the storm drain system without 
consideration for potential channel system improvements that may be more cost-effective in 
handling City flooding.   
 
Storm drain infrastructure CIP projects are recommended based on assessment of system 
deficiencies based on meeting FCDC guidelines. Storm drain system hydraulics were analyzed to 
determine if hydraulic constrictions were present which could be alleviated by CIP projects, or if 
the storm drain system hydraulics were being governed by backwater elevations in Nathanson or 
Fryer Creeks, in which case improvements to the storm drain system would have no net effect. 
CIP projects related to Fryer Creek and Nathanson Creek channel improvements are also 
recommended based on assessment of deficiencies with respect to not meeting SCWA’s FCDC 
guidelines. Channel hydraulics were analyzed to determine where floodwalls could be located to 
reduce overbank flows resulting in significant street flooding or structure improvements to 
improve hydraulic grade line conditions within the Creeks. 
 
This section first presents CIP projects and model results related to channel improvements within 
Fryer Creek and Nathanson Creek, and then presents model results associated with storm drain 
infrastructure improvements. Channel improvements were investigated first because some 
potential storm drain infrastructure improvements may be negated if channel improvements are 
implemented. This would occur if bypass pipes were proposed to transport overbank flows 
caused by breaches of either Fryer or Nathanson Creek. The channel improvements were also 
considered to be more economically feasible than some of the required bypass systems that 
would need to be implemented if channel improvements were not implemented first.  Effort was 
made to spread the 10-year total CIP costs evenly across each fiscal year (FY) excepting FY 
2010/2011. 
 
Figure 7-1 summarizes the channel and storm drain system CIP projects identified as part of the 
SDMP. A full size figure (22”x34”) is included under separate attachment.  
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7.1 Channel Improvement Projects 

Channel improvement projects may require the City to obtain permanent easements from private 
property owners.  SCWA currently possesses channel easements (primarily for brush clearing) 
on Nathanson Creek and other easements exist for Fryer Creek.  In addition to permanent 
easements, the City may also need to acquire temporary construction easements for the work 
involved with channel improvement projects.  Neither costs for preparing easement descriptions 
nor costs for actual easement acquisitions are included in CIP project costs for associated 
channel improvement projects. 
 
The following channel improvements were identified for inclusion within the City’s CIP. These 
projects were identified from analyzing the baseline model results presented in Section 6 of this 
report. The first two projects address backwatering effects caused by structures within Fryer 
Creek and Nathanson Creek, while the third project addresses channel breaches within 
Nathanson Creek.   

TABLE 7-1  Channel Improvement Project Summary. 

Project 
ID 

Project 
Location 

Existing Condition Proposed Improvement 

CIP-1 Fryer Creek at 
W MacArthur 
St 

Existing 5.5’x12.5’ culvert is 
perched approximately two feet 
above the channel thalweg 
causing significant backwater 
effects upstream 

A new 8’x15’ box culvert 
with invert elevation equal 
to channel thalweg 

CIP-2 Nathanson 
Creek Patten St 
Bridge 

Patten St Bridge causes 
backwater effects at high flows 
raising upstream HGL 

Raise bridge deck by 1.5’ to 
reduce backwatering effects 

CIP-3 Nathanson 
Creek 
Floodwalls 

No floodwalls currently exist. Install floodwall along 
northern and southern banks 
of upper Nathanson Creek 
to reduce City flooding 

 
The channel improvement projects summarized above are explained in further detail below. 

7.1.1 Channel Improvement Project CIP-1 

The existing culvert on Fryer Creek at W MacArthur Street is a 5.5’ x 12.5’ box culvert that is 
perched above the channel bottom creating a significant backwater condition upstream of this 
culvert. The upstream invert of the box culvert is raised approximately 2-feet above the channel 
thalweg at the upstream face of the culvert, while the downstream invert of the box culvert is 
raised approximately 4- feet above the channel thalweg at the downstream face of the culvert. 
The perched nature of the existing box culvert creates a significant energy loss, increasing 
upstream hydraulic grade lines within Fryer Creek by approximately 4-feet during both the 25-
year, 24-hour design storm and the 100-year, 24-hour storm. The Fryer Creek hydraulic profile 
under baseline and improvement conditions is provided in Figure 7-4. 
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The proposed improvement project consists of removing the existing box culvert and replacing 
with a larger culvert with inverts equal to the channel thalweg. The new box culvert was 
modeled as an 8’ x 15’ box culvert with channel bottoms equal to the upstream and downstream 
thalwegs of Fryer Creek.  
 
Costs related with Project 1 are presented in Table 7-3. 

7.1.2 Channel Improvement Project CIP-2 

The existing bridge deck on Nathanson Creek at Patten Street has a soffit elevation of 81.39-feet 
and a top deck elevation of 82.79-feet. This bridge structure causes the largest backwater effect 
on Nathanson Creek during the 100-year, 24-hour design storm as shown in the baseline 
condition hydraulic profile for Nathanson Creek in Figure 6-10. The backwater effect is 
approximately 1.5-feet during the 100-year, 24-hour storm.  
 
The proposed improvement project consists of replacing the existing bridge with a new bridge 
with slightly elevated bridge deck elevations. The new bridge structure was modeled with a new 
bridge soffit elevation of 82.89-feet, and a new bridge deck elevation of 84.29-feet, effectively 
raising the bridge by 1.5-feet equal to the energy losses seen across the bridge under baseline 
conditions.  
 
Costs related to Project 2 are presented in Table 7-4. 

7.1.3 Channel Improvement Project CIP-3 

The upstream reach of Nathanson Creek experiences significant overbank flooding during the 
100-year, 24-hour design storm as shown in the baseline flood mapping presented in Figure 6-3. 
The locations at which overbank breaches are occurring are evident in Figure 6-11, showing the 
100-year, 24-hour water surface profiles with respect to the left channel and right channel bank 
elevations. Breaches occur upstream of the 4th Street East bridge, East Napa Street bridge, 3rd 
Street East bridge, 2nd Street East bridge, Patten Street bridge, and France Street bridges, with the 
most significant overland and street flooding occurring from the 4th Street East breach, the 2nd 
Street East breach, and the Patten Street East breach. 
 
The proposed improvement project consists of installing floodwalls mainly along the southern 
and eastern banks (left channel bank looking downstream) of Nathanson Creek, with some 
floodwalls to a lesser extent along the northern and western banks (right channel bank looking 
downstream) of Nathanson Creek required as a result of the left channel bank floodwalls slightly 
elevating the water surface profile along the upstream reach of Nathanson Creek. Floodwalls 
were modeled assuming 3-foot heights. 
 
Left channel bank floodwalls were modeled extending from approximately 5th Street East to 2nd 
Street East and again from Patten Street to East MacArthur Street. Right channel bank floodwalls 
were modeled just in the vicinity of 2nd Street East (approximately ½ block each way) and from 
Patten Street to East MacArthur Street. These extents may not necessarily be required but were 
modeled conservatively to determine what level of improvement could be achieved with the 
floodwalls.  This level of accuracy was not achieved with the SDMP. Further design and 
hydraulic modeling would be needed to determine exactly where water surface elevations exceed 
existing right and left channel bank elevations in order to refine floodwall locations.  
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Costs associated with Project 3 are presented later in Table 7-5.  These costs do not include 
provision for possible required easement acquisition from private property owners. 

7.2 Channel Improvement Model Results 

The MU/MF model results associated with the channel improvement projects described above 
are presented for the 25-year, 24-hour storm and the 100-year, 24-hour storm in Figures 7-2 and 
7-3. Full size foldouts of these Figures are included in a separate attachment.  
 
The figures show significant reduction in overbank flooding along Nathanson Creek as a result 
of the floodwall project for both storm events. The reduced flooding is seen along Broadway 
Street and in the neighborhoods bound by Nathanson Creek to the west and north and West 
MacArthur Street to the south. There is also some alleviation of flooding along Fryer Creek 
upstream of West MacArthur Street as a result of the culvert replacement project. No net 
increase in flooding within the City is seen under the 25-year, 24-hour storm as a result of the 
proposed channel improvement; however, there is an increase in downstream flooding along 
Nathanson Creek for the 100-year, 24-hour storm. This increased flooding is contained within 
the Sonoma Valley High School and Adele Harrison Middle School properties with some slight 
increased flooding at Train Town.  
 
Water surface profiles for Fryer Creek and Nathanson Creek with channel improvement projects 
incorporated are included as Figures 7-4 and 7-5. These figures present both the baseline water 
surface profiles and the water surface profiles with channel improvement projects in place for 
comparison purposes. Only 100-year, 24-hour water surface profiles are shown to demonstrate 
the effectiveness of the channel improvements for both creeks under this design condition. 
Existing channel thalweg elevations for Fryer Creek are shown although the perched culvert on 
Fryer Creek was lowered under the channel improvement condition. 
 
Figure 7-4 shows a reduction in water surface elevation immediately upstream of the West 
MacArthur Street culvert of approximately 1.5-feet as a result of Project CIP-1. Over time, the 
channel bottom has aggraded upstream of this culvert. And it is likely that the channel would 
scour upstream of the culvert to match the culvert invert elevation. The upstream invert of the 
culvert could be lowered slightly beyond its modeled elevation to allow for sediment buildup to 
flush through the system. This could further decrease upstream water surface elevations.  
 
Figure 7-5 shows an increase in water surface elevations from 4th St East to Austin St as a result 
of incorporating floodwalls in Project 3. Energy losses at the Patten Street bridge have been 
greatly reduced as a result of increasing the bridge soffit and deck height on Nathanson Creek.  
 
These projects should be modeled with greater detail and precision prior to design/construction 
in an effort to refine project scopes, limits and costs. 
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Figure 7-4. Comparison of 100-Year, 24-Hour Water Surface Profiles for Fryer Creek 
Under Baseline and Channel Improvement Conditions. 
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Figure 7-5. Comparison of 100-Year, 24-Hour Water Surface Profiles for Nathanson Creek 
Under Baseline and Channel Improvement Conditions. 
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7.3 Storm Drain System Improvement Projects 

Storm drain system deficiencies resulting from hydraulic deficiencies rather than backwatering 
effects from the creeks (summarized in Chapter 6) are included in the City’s CIP project list. 
Table 7-2 summarizes the storm drain system CIP projects. 
 
TABLE 7-2  Storm Drain Improvement Project Summary. 
Project 
ID 

Storm Drain 
System 
Designation 

Existing Condition Proposed Improvement 

CIP-4 Line F-12 Approximately  835 ft of  27-in 
piping and 156 ft of open ditch 

Replace existing pipe and open 
ditch with 36-in diameter RCP 
and drop existing invert 
elevations by 1-ft 

CIP-5 New Bypass 
between Line F-
12 and SON-5 

No existing pipe connecting the two 
systems; piping is undersized along 
SON-5 to handle the new flows 

772 ft of new 36-in RCP tying 
F-12 and SON-5 lines; 
approximately 1,420 ft of 
upgrade from 36-in and 42-in 
existing SD to 54-in RCP; 
approximately 1,450-ft of 
existing 54-in SD to 72-in 
diameter RCP 

CIP-6 Line F-1 Approximately  491 ft of existing 
24-in diameter SD 

Replace existing pipe with 36-
in diameter RCP 

CIP-7 Line N-3 Approximately 412 ft of existing 24-
in diameter SD 

Replace existing pipe with 36-
in diameter RCP 

CIP-8 Line N-5 Approximately 940 ft of existing 30-
in diameter SD 

Replace existing pipe with 42-
in diameter RCP and drop 
existing invert elevations by 1-
ft 

CIP-9 Line S-1 Approximately 32 ft of existing 30-
in diameter SD and Approximately 
1,735-ft of existing 36-in and 42-in 
diameter SD 

Replace existing pipe with 48-
in diameter RCP 

CIP-10 Line S-1 Approximately 1351 ft of existing 
30-in diameter SD 

Replace existing pipe with  
36-in diameter RCP 

 
The storm drain system improvement projects summarized above are explained in further detail 
below. 
 

7.3.1 Storm Drain Project CIP-4 

The most upstream limits of Line F-12 do not meet the FCDC design criteria during the 10-year, 
24-hour design storm. This project includes upsizing approximately 835 linear feet (LF) of 
existing 27-inch diameter storm drain piping located north of the Sonoma Bike Path on Robinson 
Road and 156 LF of open ditch along the Sonoma Bike Path. The project incorporates new 36-
inch diameter RCP to replace the existing piping and open ditch upstream of Node_535, shown 
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in the storm drain profile for Line F-12 in Appendix E. Existing invert elevations require 
reduction by 1-foot depth to provide adequate ground cover. 
 
The project extents are included in Figure 7-1. Costs associated with this project are presented in 
Table 7-6. 

7.3.2 Storm Drain Project CIP-5 

Storm drain project CIP-5 includes a new bypass line to divert water from the upper Fryer Creek 
drainage within Line F-12 to Line SON-5, which is currently oversized and has excess capacity 
even during the 100-year, 24-hour storm event. The bypass line will reduce flows within Fryer 
Creek, which is undersized to handle current design flows and experiences more extensive 
flooding during higher return period events.  In effect, Project CIP-5 is needed to offset the 
increased flows in Line F-12 associated with Project CIP-4, which increases flows to Fryer 
Creek that previously were attenuated by street flooding. 
 
The proposed bypass line is a 36-inch RCP that ties into existing Node_534 on line F-12 (located 
at the intersection of Robinson Road and the Sonoma Bike Path), and then ties into existing 
Node_538 on Line SON-5 (located just south of the intersection of Robinson Rd and Lasuen St). 
The new bypass line also triggers the need to upsize some piping on Line SON-5 in order to not 
create flooding problems along this line. Improvements to SON-5 include: 
 

 Upsizing approximately 1,450 LF of existing 54-inch storm drain piping from Node_560 
to the outlet at Sonoma Creek (Node_1057) to new 72-inch diameter RCP. 

 Upsizing approximately 1,420 LF of existing 36-inch and 42-inch piping from Node_538 
to Node_542 to new 48-inch diameter RCP. 

The proposed upgraded segments can be seen in the storm drain profile for Line SON-5 in 
Appendix G. Existing invert elevations can remain the same due to adequate ground cover.  
 
The project extents are included in Figure 7-1. Costs associated with this project are presented in 
Table 7-7. 

7.3.3 Storm Drain Project CIP-6 

Storm drain project CIP-6 includes replacing approximately 491 LF of existing 24-inch diameter 
pipe along Line F-1 (located on Broadway) to 36-inch diameter RCP. These improvements 
consist of two pipe segments (Link_167 and Link_164) that are currently 24-inch diameter but 
have existing 36-inch diameter piping both upstream and downstream. Therefore, the existing 
24-inch pipes represent bottlenecks within Line F-1. 
 
This line did not meet the FCDC of 1-foot freeboard requirement during the 10-year storm, and 
also resulted in overland flooding during the 100-year design storm. These improvements will 
significantly reduce overland flooding during the 100-year design storm and improve 10-year 
system hydraulics as well.   
 
The proposed upsized segments are shown in the storm drain profile for Line F-1 in Appendix G. 
Existing invert elevations are assumed to remain the same assuming adequate ground cover and 
due to the improvements being located beyond paved limits in Broadway. 
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The project extents are included in Figure 7-1. Costs associated with this project are presented in 
Table 7-8. 

7.3.4 Storm Drain Project CIP-7 

Storm drain project CIP-7 includes replacing approximately 412 LF of existing 24-inch diameter 
pipe along Line N-3 (located along Denmark Street just east of Nathanson Creek) to new 36-inch 
diameter RCP. This segment of storm drain pipe did not meet the one-foot freeboard requirement 
for the 10-year, 24-hour design storm, and also resulted in significant overland flooding during 
higher period event storms due to excessive headloss through existing undersized piping.  
 
The improvements are proposed along Line N-3 from Node_904 to Node_908, at which point 
the piping increases to 36-inches to the outlet with Nathanson Creek. The proposed upsized 
segment is shown in the storm drain profile for Line N-3 in Appendix G. Existing invert 
elevations are assumed to remain the same due to adequate ground cover. 
 
The project extents are included in Figure 7-1. Costs associated with this project are presented in 
Table 7-9. 

7.3.5 Storm Drain Project CIP-8 

Storm drain project CIP-8 includes replacing approximately 940 LF of existing 30-inch diameter 
pipe along Line N-5 (located along East MacArthur St just east of Nathanson Creek) to new 42-
inch diameter RCP. This segment of storm drain pipe did not meet the one-foot freeboard 
requirement for the 10-year, 24-hour design storm, and also resulted in significant overland 
flooding during higher period event storms due to excessive headloss through the undersized 
existing piping.  
 
The improvements are proposed along Line N-5 from Node_845 to the outlet with Nathanson 
Creek (Node_854). The proposed upsized segment is shown in the storm drain profile for Line 
N-5 in Appendix G. Existing invert elevations are assumed to decrease by 1 foot in elevation due 
to inadequate ground cover. 
 
The project extents are included in Figure 7-1.  Costs associated with this project are presented in 
Table 7-10. 

7.3.6 Storm Drain Project CIP-9 

Storm drain project CIP-9 includes replacing a short 32 LF segment of existing 30-inch storm 
drain piping which represents a significant bottleneck in Line S-1 with 48-inch diameter RCP. 
This CIP also includes replacing approximately 1,735 LF of existing 36-inch and 42-inch storm 
drain piping with 48-inch diameter RCP. This line did not meet the one-foot freeboard 
requirement for the 10-year, 24-hour design storm, and also resulted in significant overland 
flooding during higher period event storms due to excessive head loss through the undersized 
existing piping.  
 
The short segment improvement proposed for Line S-1 represents Link_70 bounded by 
Node_827 and Node_828 and is located just downstream of the confluence of Line S-1 and Line 
S-1-4 on the southern side of the intersection of East MacArthur St and Cordilleras Drive. The 
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longer proposed improvement segment is located along Line S-1 from Node_817 to Node_827, 
representing the pipeline from the intersection of Avenue del Oro and Appleton Way, 
downstream to the confluence of Line S-1 and Line S-1-4. These proposed upsized segments are 
shown in the storm drain profile for Line S-1 in Appendix G. Existing invert elevations are 
assumed to remain the same due to adequate ground cover. 
 
The project extents are included in Figure 7-1. Costs associated with this project are presented in 
Table 7-11. 

7.3.7 Storm Drain Project CIP-10 

Storm drain project CIP-10 includes replacing approximately 1,351 LF of existing 30-inch storm 
drain piping with 36-inch diameter RCP. This line did not meet the one-foot freeboard 
requirement for the 10-year, 24-hour design storm, resulting in significant overland flooding 
during higher period event storms due to excessive headloss through the undersized existing 
piping.  
 
This segment improvement proposed for Line S-1 represents all piping upstream of the 
confluence of Line S-1 and Line S-1-6 (Node_793 to Node_804). This represents all of Line S-1 
north of William Cunningham Ave. The proposed upsized segments are shown in the storm drain 
profile for Line S-1 in Appendix G. Existing invert elevations are assumed to remain the same 
due to adequate ground cover. 
 
The project extents are included in Figure 7-1. Costs associated with this project are presented in 
Table 7-12. 

7.4 Final CIP Model Results 

The final CIP model results described in this section include all CIP projects associated with 
both channel improvements and storm drain system improvements. The MU/MF model results 
are presented for the 10-year, 25-year, and the 100-year, 24-hour storms in Figures 7-6, 7-7, and 
7-8, respectively. Full size foldouts of these Figures are included under separate attachment.  
 
Figure 7-6 presents the flood map resulting from the channel improvement CIP projects 
described in Section 7.1 and the storm drain CIP projects aimed at correcting deficiencies related 
to the FCDC design criteria. These storm drain system deficiencies were described in detail in 
Section 6.1.2.3, and associated projects correcting those deficiencies are described above in 
Section 7.3. The CIP projects significantly decrease flooding within the City of Sonoma as 
shown in Figure 7-6. All storm drain lines that previously flooded streets during the 10-year 
baseline condition do not produce any overland flooding with the CIP projects in place. Storm 
drain lines previously not meeting the FCDC criteria now meet the criteria as a result of the CIP 
projects. Updated storm drain profiles for the storm drain lines included in the CIP project list 
are shown in Appendix G.  
 
Figure 7-7 and Figure 7-8 present flood mapping results with CIP projects in place for the 25-
year, 24-hour design storm and the 100-year, 24-hour design storm, respectively. Figure 7-7 
shows that even under the 25-year, 24-hour design storm, street flooding improves as a result of 
the identified storm drain CIP projects. The most notable reductions in flooding are in the upper 
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Fryer Creek watershed, where Line F-12 no longer generates street flooding due to the upgrades 
recommended on this line and the new proposed bypass project on Robinson Rd. Flooding is also 
reduced along Lines S-1, N-3 and N-5 due to the upgrades recommended at these locations. 
Reduction in street flooding associated with the CIP projects is evident for the 25-year design 
storm, but is less pronounced for the 100-year design storm due to some reduction in street 
flooding as a result of the storm drain system CIP projects identified and shown in Figure 7-8.   
 
Water surface profiles for Fryer and Nathanson Creek remain the same as those presented in 
Section 7.2. 
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7.5 CIP Project Opinions of Probable Costs 

Opinions of probable costs associated with the CIP projects identified as part of the SDMP are 
included below. The costs presented herein are Class 4 (study or feasibility level) estimates of 
probable costs as defined by the Association for the Advancement of Cost Engineering, 
International (AACE). AACE defines the “Class 4” estimate as follows: 
 

Generally prepared on limited information and subsequently have fairly wide accuracy 
ranges. They are typically used for project screening, determination of feasibility, concept 
evaluation, and preliminary budget approval, and typically engineering is 1% to 15% 
complete. Some examples of estimating methods would include equipment factors, gross 
unit costs/ratios, and other parametric and modeling techniques. Typically, very little time 
is expended in the development of this estimate. The typical expected accuracy ranges for 
this class estimate are -15% to -30% on the low side and +20% to +50% on the high side. 

 
It is important to note that contingency is not directly related to the stated accuracy range for a 
Class 4 estimate. Determination of construction cost contingency is intended to cover unforeseen 
aspects of construction that are not evaluated during master planning-level analysis.  
 
The opinions of probable costs, include a 30% contingency on top of probable construction costs, 
and also include estimated engineering and construction management costs. Construction costs 
are indexed to the Engineering News Record Construction Cost Index (ENR CCI) of 10148, 
which is for heavy construction in the San Francisco area in February 2011. An evaluation of 
market trends should be considered for programming of project costs once the anticipated 
construction schedule is known. 
 
Below are Tables 7-3 through 7-12 with opinions of probable costs presented for each of the CIP 
projects identified for the SDMP. Appendix H includes all CIP projects and a strategy to finance 
them over a 10-year timeframe.  
 



Table 7-3
City of Sonoma - Storm Drain CIP
Project No. 1 - Fryer Creek at West MacArthur Street ENR CCI 10148.04 February-11

ITEM DESCRIPTION No. Unit Material Labor Total TOTAL COST

General

Temporary Traffic Controls Systems 1 LS $50,000 $50,000
Water Pollution and Erosion Control 1 LS $50,000 $50,000
Clearing and Grubbing 1 LS $50,000 $50,000
Pavement Removal and Disposal 50 CY $10 $10 $500
Site Excavation, Remove Existing 5.5'x12.5' Concrete Box Culvert and Disposal 920 CY $40 $20 $60 $55,200
Structural Concrete - Place New 8'x15' Concrete Box Culvert and Wingwalls 400 CY $500 $300 $800 $320,000
Asphalt Concrete Pavement 20 TON $50 $50 $100 $2,000
Tubular Handrailing 100 LF $40 $20 $60 $6,000
Concrete Curb and Gutter 100 LF $30 $15 $45 $4,500
Concrete Sidewalk 1,260 SF $5 $3 $8 $10,080
Traffic Stripping and Pavement Markings 50 LF $2 $1 $3 $150

Subtotal Materials -- -- $251,200 --
9% Sales Tax Materials $22,608
Construction Subtotal $571,038
Mobilization/Demobilization (4%) $21,937
Contractor's Bonds and Insurance (3%) $16,453
Contractor's Overhead and Profit (15%) $82,265
Estimated Bid Price $691,693
Construction Contingency (30%) $207,508
Total Estimate of Probable Construction Cost $899,200

Engineering/CM

- Pre-Design (6%) 1 LS $53,952
- Contract Documents (14%) 1 LS $125,888
- Engineering Support During Construction - Office (4%) 1 LS $35,968
- Construction Management - Field (14%) 1 LS $125,888

Grand Total $1,240,897

QUANTITY COST

02418-09-039



Table 7-4
City of Sonoma - Storm Drain CIP
Project No. 2 - Nathanson Creek at Patten Street ENR CCI 10148.04 February-11

ITEM DESCRIPTION No. Unit Material Labor Total TOTAL COST

General

Temporary Traffic Controls Systems 1 LS $50,000 $50,000
Water Pollution and Erosion Control 1 LS $80,000 $80,000
Clearing and Grubbing 1 LS $80,000 $80,000
Pavement Removal and Disposal 40 CY $10 $10 $400
Remove Existing Bridge and Disposal 1 LS $100,000 $100,000
Site Excavation and Disposal 37 CY $20 $10 $30 $1,110
Structural Concrete - Bridge Abutment and Wingwalls 200 CY $500 $500 $1,000 $200,000
Asphalt Concrete Pavement 25 TON $50 $50 $100 $2,500
Tubular Handrailing 100 LF $40 $20 $60 $6,000
Concrete Curb and Gutter 80 LF $20 $10 $30 $2,400
Concrete Sidewalk 600 SF $5 $3 $8 $4,800
Traffic Stripping and Pavement Markings 50 LF $2 $1 $3 $150

Subtotal Materials -- -- $110,690 --
9% Sales Tax Materials $9,962
Construction Subtotal $537,322
Mobilization/Demobilization (4%) $21,094
Contractor's Bonds and Insurance (3%) $15,821
Contractor's Overhead and Profit (15%) $79,104
Estimated Bid Price $653,341
Construction Contingency (30%) $196,002
Total Estimate of Probable Construction Cost $849,344

Engineering/CM

- Pre-Design (6%) 1 LS $50,961
- Contract Documents (14%) 1 LS $118,908
- Engineering Support During Construction - Office (4%) 1 LS $33,974
- Construction Management - Field (14%) 1 LS $118,908

Grand Total $1,172,094

02418-09-039

QUANTITY COST



Table 7-5
City of Sonoma - Storm Drain CIP
Project No. 3 - Nathanson Creek Floodwalls ENR CCI 10148.04 February-11

ITEM DESCRIPTION No. Unit Material Labor Total TOTAL COST

General

Temporary Traffic Controls Systems 1 LS $5,000 $5,000
Water Pollution and Erosion Control 1 LS $20,000 $20,000
Clearing and Grubbing 1 LS $20,000 $20,000
Structural Concrete - Flood Wall and Foundation (7,950 LF) 2,945 CY $400 $200 $600 $1,767,000
Landscaping 1 LS $10,000 $10,000

Subtotal Materials -- -- $1,178,000 --
9% Sales Tax Materials $106,020
Construction Subtotal $1,928,020
Mobilization/Demobilization (4%) $72,880
Contractor's Bonds and Insurance (3%) $54,660
Contractor's Overhead and Profit (15%) $273,300
Estimated Bid Price $2,328,860
Construction Contingency (30%) $698,658
Total Estimate of Probable Construction Cost $3,027,518

Engineering/CM

- Pre-Design (5%) 1 LS $151,376
- Contract Documents (11%) 1 LS $333,027
- Engineering Support During Construction - Office (4%) 1 LS $121,101
- Construction Management - Field (14%) 1 LS $423,853

Grand Total $4,056,874

02418-09-039

QUANTITY COST



Table 7-6
City of Sonoma - Storm Drain CIP
Project No. 4 - Line F-12 ENR CCI 10148.04 February-11

ITEM DESCRIPTION No. Unit Material Labor Total TOTAL COST

General

Temporary Traffic Controls Systems 1 LS $6,000 $6,000
Pavement Removal and Disposal 50 CY $10 $10 $500
Trench Shoring 1 LS $13,000 $13,000
Sawcut (initial and final) 3,340 LF $3 $3 $10,020
Trench Excavation 1,010 CY $5 $5 $5,050
Disposal of Excess Material 1,010 CY $10 $10 $10,100
Remove Existing 27" RCP and Disposal 835 LF $10 $10 $8,350
36-inch RCP 995 LF $50 $50 $100 $99,500
Trench Bedding and Backfill 950 CY $25 $10 $35 $33,250
Backfill Compaction 950 CY $15 $15 $14,250
Manholes and Covers 2 EA $7,000 $3,000 $10,000 $20,000
Connection to Existing Storm Drain Pipes 4 EA $2,000 $1,000 $3,000 $12,000
Asphalt Concrete Pavement 100 TON $50 $50 $100 $10,000
Traffic Stripping and Pavement Markings 995 LF $2 $1 $3 $2,985

Subtotal Materials -- -- $102,490 --
9% Sales Tax Materials $9,224
Construction Subtotal $254,229
Mobilization/Demobilization (4%) $9,800
Contractor's Bonds and Insurance (3%) $7,350
Contractor's Overhead and Profit (15%) $36,751
Estimated Bid Price $308,130
Construction Contingency (30%) $92,439
Total Estimate of Probable Construction Cost $400,569

Engineering/CM

- Pre-Design (6%) 1 LS $24,034
- Contract Documents (14%) 1 LS $56,080
- Engineering Support During Construction - Office (4%) 1 LS $16,023
- Construction Management - Field (14%) 1 LS $56,080

Grand Total $552,786

02418-09-039

QUANTITY COST



Table 7-7
City of Sonoma - Storm Drain CIP
Project No. 5 - New Bypass between Line F-12 and SON-5 ENR CCI 10148.04 February-11

ITEM DESCRIPTION No. Unit Material Labor Total TOTAL COST

General

Temporary Traffic Controls Systems 1 LS $15,000 $15,000
Pavement Removal and Disposal 263 CY $10 $10 $2,630
Trench Shoring 1 LS $30,000 $30,000
Sawcut (initial and final) 14,600 LF $3 $3 $43,800
Trench Excavation 7,755 CY $5 $5 $38,775
Disposal of Excess Material 7,755 CY $10 $10 $77,550
Remove Existing 36", 42" and 54" RCP and Disposal 2,870 LF $10 $10 $28,700
36-inch RCP 780 LF $50 $50 $100 $78,000
54-inch RCP 1,420 LF $85 $85 $170 $241,400
72-inch RCP 1,450 LF $100 $100 $200 $290,000
Trench Bedding and Backfill 5,200 CY $25 $10 $35 $182,000
Backfill Compaction 5,200 CY $15 $15 $78,000
Manholes and Covers 10 EA $7,000 $3,000 $10,000 $100,000
Storm Drain Catch Basins 4 EA $2,000 $2,000 $4,000 $16,000
Connection to Existing Storm Drain Pipes 20 EA $2,000 $1,000 $3,000 $60,000
Asphalt Concrete Pavement 480 TON $50 $50 $100 $48,000
Traffic Stripping and Pavement Markings 3,650 LF $2 $1 $3 $10,950

Subtotal Materials -- -- $584,000 --
9% Sales Tax Materials $52,560
Construction Subtotal $1,393,365
Mobilization/Demobilization (4%) $53,632
Contractor's Bonds and Insurance (3%) $40,224
Contractor's Overhead and Profit (15%) $201,121
Estimated Bid Price $1,688,342
Construction Contingency (30%) $506,503
Total Estimate of Probable Construction Cost $2,194,845

Engineering/CM

- Pre-Design (5%) 1 LS $109,742
- Contract Documents (11%) 1 LS $241,433
- Engineering Support During Construction - Office (4%) 1 LS $87,794
- Construction Management - Field (14%) 1 LS $307,278

Grand Total $2,941,092

02418-09-039

QUANTITY COST



Table 7-8
City of Sonoma - Storm Drain CIP
Project No. 6 - Line F-1 ENR CCI 10148.04 February-11

ITEM DESCRIPTION No. Unit Material Labor Total TOTAL COST

General

Temporary Traffic Controls Systems 1 LS $2,500 $2,500
Pavement Removal and Disposal 30 CY $10 $10 $300
Trench Shoring 1 LS $6,000 $6,000
Sawcut (inintial and final) 1,980 LF $3 $3 $5,940
Trench Excavation 600 CY $5 $5 $3,000
Disposal of Excess Material 600 CY $10 $10 $6,000
Remove Existing 24" RCP and Disposal 495 LF $10 $10 $4,950
36-inch RCP 495 LF $50 $50 $100 $49,500
Trench Bedding and Backfill 470 CY $25 $10 $35 $16,450
Backfill Compaction 470 CY $15 $15 $7,050
Manholes and Covers 2 EA $7,000 $3,000 $10,000 $20,000
Connection to Existing Storm Drain Pipes 4 EA $2,000 $1,000 $3,000 $12,000
Asphalt Concrete Pavement 50 TON $50 $50 $100 $5,000
Traffic Stripping and Pavement Markings 495 LF $2 $1 $3 $1,485

Subtotal Materials -- -- $61,990 --
9% Sales Tax Materials $5,579
Construction Subtotal $145,754
Mobilization/Demobilization (4%) $5,607
Contractor's Bonds and Insurance (3%) $4,205
Contractor's Overhead and Profit (15%) $21,026
Estimated Bid Price $176,593
Construction Contingency (30%) $52,978
Total Estimate of Probable Construction Cost $229,570

Engineering/CM

- Pre-Design (6%) 1 LS $13,774
- Contract Documents (14%) 1 LS $32,140
- Engineering Support During Construction - Office (4%) 1 LS $9,183
- Construction Management - Field (14%) 1 LS $32,140

Grand Total $316,807

02418-09-039

QUANTITY COST



Table 7-9
City of Sonoma - Storm Drain CIP
Project No. 7 - Line N-3 ENR CCI 10148.04 February-11

ITEM DESCRIPTION No. Unit Material Labor Total TOTAL COST

General

Temporary Traffic Controls Systems 1 LS $2,500 $2,500
Pavement Removal and Disposal 25 CY $10 $10 $250
Trench Shoring 1 LS $5,000 $5,000
Sawcut (inintial and final) 1,660 LF $3 $3 $4,980
Trench Excavation 500 CY $5 $5 $2,500
Disposal of Excess Material 500 CY $10 $10 $5,000
Remove Existing 24" RCP and Disposal 415 LF $10 $10 $4,150
36-inch RCP 415 LF $50 $50 $100 $41,500
Trench Bedding and Backfill 395 CY $25 $10 $35 $13,825
Backfill Compaction 395 CY $15 $15 $5,925
Manholes and Covers 1 EA $7,000 $3,000 $10,000 $10,000
Connection to Existing Storm Drain Pipes 2 EA $2,000 $1,000 $3,000 $6,000
Asphalt Concrete Pavement 45 TON $50 $50 $100 $4,500
Traffic Stripping and Pavement Markings 415 LF $2 $1 $3 $1,245

Subtotal Materials -- -- $44,705 --
9% Sales Tax Materials $4,023
Construction Subtotal $111,398
Mobilization/Demobilization (4%) $4,295
Contractor's Bonds and Insurance (3%) $3,221
Contractor's Overhead and Profit (15%) $16,106
Estimated Bid Price $135,021
Construction Contingency (30%) $40,506
Total Estimate of Probable Construction Cost $175,527

Engineering/CM

- Pre-Design (6%) 1 LS $10,532
- Contract Documents (14%) 1 LS $24,574
- Engineering Support During Construction - Office (4%) 1 LS $7,021
- Construction Management - Field (14%) 1 LS $24,574

Grand Total $242,228

02418-09-039

QUANTITY COST



Table 7-10
City of Sonoma - Storm Drain CIP
Project No. 8 - Line N-5 ENR CCI 10148.04 February-11

ITEM DESCRIPTION No. Unit Material Labor Total TOTAL COST

General

Temporary Traffic Controls Systems 1 LS $5,000 $5,000
Pavement Removal and Disposal 60 CY $10 $10 $600
Trench Shoring 1 LS $12,000 $12,000
Sawcut (inintial and final) 3,760 LF $3 $3 $11,280
Trench Excavation 1,340 CY $5 $5 $6,700
Disposal of Excess Material 1,340 CY $10 $10 $13,400
Remove Existing 24" RCP and Disposal 940 LF $10 $10 $9,400
42-inch RCP 940 LF $75 $75 $150 $141,000
Trench Bedding and Backfill 1,010 CY $25 $10 $35 $35,350
Backfill Compaction 1,010 CY $15 $15 $15,150
Manholes and Covers 3 EA $7,000 $3,000 $10,000 $30,000
Connection to Existing Storm Drain Pipes 6 EA $2,000 $1,000 $3,000 $18,000
Asphalt Concrete Pavement 105 TON $50 $50 $100 $10,500
Traffic Stripping and Pavement Markings 940 LF $2 $1 $3 $2,820

Subtotal Materials -- -- $135,880 --
9% Sales Tax Materials $12,229
Construction Subtotal $323,429
Mobilization/Demobilization (4%) $12,448
Contractor's Bonds and Insurance (3%) $9,336
Contractor's Overhead and Profit (15%) $46,680
Estimated Bid Price $391,893
Construction Contingency (30%) $117,568
Total Estimate of Probable Construction Cost $509,461

Engineering/CM

- Pre-Design (6%) 1 LS $30,568
- Contract Documents (14%) 1 LS $71,325
- Engineering Support During Construction - Office (4%) 1 LS $20,378
- Construction Management - Field (14%) 1 LS $71,325

Grand Total $703,056

02418-09-039

QUANTITY COST



Table 7-11
City of Sonoma - Storm Drain CIP
Project No. 9 - Line S-1 ENR CCI 10148.04 February-11

ITEM DESCRIPTION No. Unit Material Labor Total TOTAL COST

General

Temporary Traffic Controls Systems 1 LS $10,000 $10,000
Pavement Removal and Disposal 115 CY $10 $10 $1,150
Trench Shoring 1 LS $25,000 $25,000
Sawcut (initial and final) 7,070 LF $3 $3 $21,210
Trench Excavation 2,950 CY $5 $5 $14,750
Disposal of Excess Material 2,950 CY $10 $10 $29,500
Remove Existing 30"and 36" RCP and Disposal 1,770 LF $10 $10 $17,700
48-inch RCP 1,770 LF $80 $80 $160 $283,200
Trench Bedding and Backfill 2,150 CY $25 $10 $35 $75,250
Backfill Compaction 2,150 CY $15 $15 $32,250
Manholes and Covers 5 EA $7,000 $3,000 $10,000 $50,000
Connection to Existing Storm Drain Pipes 10 EA $2,000 $2,000 $4,000 $40,000
Asphalt Concrete Pavement 210 TON $50 $50 $100 $21,000
Traffic Stripping and Pavement Markings 1,770 LF $2 $1 $3 $5,310

Subtotal Materials -- -- $264,390 --
9% Sales Tax Materials $23,795
Construction Subtotal $650,115
Mobilization/Demobilization (4%) $25,053
Contractor's Bonds and Insurance (3%) $18,790
Contractor's Overhead and Profit (15%) $93,948
Estimated Bid Price $787,906
Construction Contingency (30%) $236,372
Total Estimate of Probable Construction Cost $1,024,277

Engineering/CM

- Pre-Design (5%) 1 LS $51,214
- Contract Documents (11%) 1 LS $112,670
- Engineering Support During Construction - Office (4%) 1 LS $40,971
- Construction Management - Field (14%) 1 LS $143,399

Grand Total $1,372,531

02418-09-039

QUANTITY COST



Table 7-12
City of Sonoma - Storm Drain CIP
Project No.10 - Line S-1 ENR CCI 10148.04 February-11

ITEM DESCRIPTION No. Unit Material Labor Total TOTAL COST

General

Temporary Traffic Controls Systems 1 LS $7,000 $7,000
Pavement Removal and Disposal 75 CY $10 $10 $750
Trench Shoring 1 LS $18,000 $18,000
Sawcut (inintial and final) 1,660 LF $3 $3 $4,980
Trench Excavation 5,410 CY $5 $5 $27,050
Disposal of Excess Material 5,410 CY $10 $10 $54,100
Remove Existing 30" RCP and Disposal 1,355 LF $10 $10 $13,550
36-inch RCP 1,355 LF $50 $50 $100 $135,500
Trench Bedding and Backfill 1,280 CY $25 $10 $35 $44,800
Backfill Compaction 1,280 CY $15 $15 $19,200
Manholes and Covers 4 EA $7,000 $3,000 $10,000 $40,000
Connection to Existing Storm Drain Pipes 8 EA $2,000 $1,000 $3,000 $24,000
Asphalt Concrete Pavement 140 TON $50 $50 $100 $14,000
Traffic Stripping and Pavement Markings 1,355 LF $2 $1 $3 $4,065

Subtotal Materials -- -- $153,460 --
9% Sales Tax Materials $13,811
Construction Subtotal $420,806
Mobilization/Demobilization (4%) $16,280
Contractor's Bonds and Insurance (3%) $12,210
Contractor's Overhead and Profit (15%) $61,049
Estimated Bid Price $510,345
Construction Contingency (30%) $153,104
Total Estimate of Probable Construction Cost $663,449

Engineering/CM

- Pre-Design (6%) 1 LS $39,807
- Contract Documents (14%) 1 LS $92,883
- Engineering Support During Construction - Office (4%) 1 LS $26,538
- Construction Management - Field (14%) 1 LS $92,883

Grand Total $915,559

02418-09-039

QUANTITY COST
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Data Review and Design Criteria/Methodology Technical Memorandum               June 2010  
City of Sonoma – Storm Drain Master Plan 02418-09-039 

DATA LISTING 
 
REPORTS 
 
City of Sonoma, Campobello Estates Subdivision, October 2001, Nathanson Creek Overbank 
Flow Analysis and Capacity Analysis of Proposed Creek Overflow Bypass Channel 
 
National Oceanic and Atmospheric Administration (NOAA), 1973, Atlas 2 - Precipitation 
Frequency Atlas of the Western United States, Volume XI - California 
 
Federal Emergency Management Agency (FEMA), December 2008, Sonoma County, California 
and Incorporated Areas Flood Insurance Study (FIS) 
 
Federal Emergency Management Agency, March 1975, HEC-2 Input and Output Data for 
hydraulic Modeling of Nathanson Creek 
 
Federal Emergency Management Agency, May 1991, HEC-2 Input and Output Data for 
hydraulic Modeling of Fryer Creek 
 
Soil Conservation Service, May 1972, Soil Survey of Sonoma County, California 
  
Sonoma County Water Agency, August 1983, Flood Control Design Criteria 
 
 
MAPPING 
 
Aerial Photo Map of City of Sonoma – flown December 18, 2009 (Scale: 1’ = 300’) 
 
City of Sonoma, Storm Drain System Map, May 1996 
 
City of Sonoma, Improvement Plans for Holden Subdivision, January 1999, Oberkamper & 
Associates Civil Engineers, Inc. 
 
City of Sonoma, Improvement Plans for The Lodge at Sonoma, April 1998, Riechers Spence & 
Associates Incorporated Consulting Civil Engineers. 
 
City of Sonoma, Improvement Plans for Fifth Street East/Peru Road Conduit, February 2003, 
Department of Public Works 
 
City of Sonoma, Improvement Plans for Spring Lane Subdivision, July 1989, Sandine and 
Associates 
 
Sonoma County Water Agency, Sonoma Drainage Master Plan, September 1978 
 
Sonoma County Water Agency, First Street West Conduit (West Napa Street to Vicinity 
Andrieux Street) – Valley of the Moon Zone 3A, July 1996 
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ELECTRONIC FILES 
 
File Name Description Remarks 
StormMains.shp Storm drain system geometry Provided by the City 
StormStructures.shp Storm drain system geometry Provided by the City 
Contours.shp 1’ contours, 2010 Provided by the City 
Streets.shp Street geometry and names Provided by the City 
CityLimits.shp Sonoma City Limits Provided by the City 
Aerials High resolution ortho-rectified Provided by the City 
Aerials 2009 Naip Imagery, County Provided by USDA 
DRG-S-CA097.5, D Sonoma County Quad map Provided by USGS 
 
SURVEY/MISC. DOCUMENTATION 
 
Horizontal Control is based on the California Coordinate System Zone 2, NAD ’83. Epoch: 
2002.0000. Winzler & Kelly’s Survey Crew employed survey grade Leica System 1200 Real 
Time Kinematic GPS equipment to control the aerial survey. Six hours of continuous data was 
logged at the base station and processed through the National Geodetic Survey’s Online 
Positioning User Service (OPUS). 
 
Vertical Datum is NAVD ’88. The elevation published as part of the Central Coast Height 
Modernization Project 2007 (CENCHM2007) on the monument HPGN D CA 04 LF was held as 
the benchmark.  
 
Benchmark Data:      
Designation - HPGN D CA 04 LF 
PID: JT9620 
Elevation: 119.86 feet (36.533 meters) (CENCHM2007) 
Description: The station is located near the intersection of State Highway 12 and Verano Avenue 
in the Maxwell Farms Regional Park. From the intersection of State Highway 12 and Verano 
Avenue go west on Verano Avenue for about 350 feet to a side road left, the entrance to 
Maxwell Farms Regional Park. Turn left and go southerly then westerly on the entrance road for 
about 350 feet to a paved parking lot and the station in the northeast corner of the parking lot. 
The station is a survey disc encased in PVC pipe with access cover set in concrete flush with the 
ground, 248.0 feet southeast of and across the street from the southeast corner of a log building, 
136.8 feet northeast of a dedication monument made of bronze and stone, 108.0 feet south of the 
centerline of Verano Avenue and 25.2 feet north of the centerline of the park entrance road. 
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TECHNICAL MEMORANDUM NO. 1 
Data Review and Design Criteria/Methodology 
City of Sonoma  

 
 

PREPARED FOR: Milenka Bates, City of Sonoma 
   Phil Wadsworth, Sonoma County Water Agency 

Toni Bertolero, City of Sonoma 
 
PREPARED BY: Rick Jorgensen, Winzler & Kelly 
   
REVIEWED BY: Raymond Wong, Winzler & Kelly  
 Stacy Creviston, Winzler & Kelly  
 
DATE: June 8, 2010 
 
JOB #: 02418.09.039-32020 
 
CITY TASK #: 2009-23 
 
CITY PROJECT #: 0918 
 
INTRODUCTION 
 
The City of Sonoma (City) has undergone periodic flooding in the past during severe storm events. Both 
Nathanson Creek and Fryer Creek periodically exceed their banks though the City maintenance staff 
believe that some of the storm drain networks are also undersized. The City has requested its City 
Engineering Consultant, Winzler & Kelly (W&K), to provide engineering services to prepare a Storm Drain 
Master Plan (Study) for the City. The Study shall develop a storm drain system mode l within the Zone 3A 
watershed boundaries.  The Study area consists of three sub-basins: Nathanson Creek, Fryer Creek, and 
Sonoma Creek.  The channel modeling will include Nathanson Creek and Fryer Creek only. FEMA has 
already conducted modeling of the Sonoma Creek sub-basin and the results of that effort will be utilized for 
this Study. The pipe network mode ling will include all three watersheds. This memo summarizes the 
collection and review of data as well as development of the proposed design criteria to be utilized in the 
development of the Study. 
 
DATA REVIEW 
 
W&K has completed the collection and review of technical data relating to the Study for the City. 
Detailed lists of key documents and other materials collected to date are provided in the appendices.  
Also included is a list of outstanding documents not collected that would aid in the preliminary design 
phase, if they became available. 
 
Our data collection efforts included requesting data from FEMA, the City and Sonoma County Water 
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Agency (SCWA) and Permit and Resource Management Department (PRMD). The data collected to 
date is summarized in Appe ndix A. 
 
DESIGN CRITERIA/METHODOLOGY 
 
SCWA developed design criteria and methodology for hydrologic and hydraulic design in the Flood 
Control Design Criteria, revised August 1983.  These criteria will be used in this Study to develop the 
design flows at each point of analysis and proper sizing of drainage facilities. 
 

The design criteria used in the hydrologic/hydraulic analysis is based on SCWA Standards. These 
criteria include: 

Design Criteria 

• For watersheds of four square miles or more (major waterways), the design storm is a 100-year 
event. 

• For watersheds of one to four square miles (secondary waterways), the design storm is a 25-
year event. 

• For watersheds less than one square mile (minor waterways), the design storm is a 10-year 
event. 

• Secondary or minor waterways outletting into major or secondary downstream waterways shall 
be designed to operate against a 25-year or 10-year flow respectively in the major or 
secondary downstream waterway, provided that the ground elevation along the secondary or 
minor system shall be above the 100-year water surface elevation in the major or secondary 
downstream waterway. 

• Secondary or minor waterways in closed conduits shall have surface routes to carry the 
incremental 100-year flows with no inundation of structures or be sized for the full 100 -year 
flows. 

• Closed conduits shall be designed with maximum surcharging to within one foot of top of rim or 
grade for purposes of determining hydraulic capacity. 

• Minimum pipe diameter is 12-inches with a minimum velocity of 2.5 feet per second (fps) when 
flowing full. 

• Downstream boundary conditions will be based on existing water surface elevations taken from 
FEMA models for creeks and hydraulic models for pipes when available 

• Detention basins will generally be sized for 100 -year, 24-hour storm events assuming no 
increase in runoff from existing conditions 

 

SCWA allows using various methods  for hydrologic and hydraulic analysis. MIKE Software; MIKE 
URBAN (MU) and MIKE FLOOD (MF) will be utilized in this study. MU coupled with MF allows 
development of runoff hydrographs and routing these flows through a pipe and ope n channel network. 

Design Methodology 
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The mode ling will allow 2-dimensional unsteady state routing of flows including overland street routing 
and floodplain routing. 
 
Hydrology Utilizing MIKE URBAN: 
This Section describes the MU model development process including drainage basin delineation, loss 
rate method, transform method, baseflow method, and precipitation event. The hydrology mode l will be  
developed in MIKE URBAN (MU) for subsequent coupling with the MF model. MU simulates 
precipitation-runoff and routing processes and allows for the coupling of subbasin hydrographs to a 
storm drain system for subsequent routing and ultimate discharge to a creek. MU was selected in part 
because of its compatibility with the MF model and the ability to couple the City’s storm drain system 
with MF mode ls of Fryer and Nathanson Creeks.  
 
The hydrologic runoff procedures outlined in the USDA-NRCS (formally Soil Conservation Service) 
Technical Release No. 55 (TR-55)  will be followed and implemented for developing and simulating 
hydrology within MU. TR-55 is widely used as a hydrological basis for flood studies and accepted in 
the industry.  

Drainage Basin Delineation 

The first step of model development is division of the major watersheds (Sonoma Creek, Fryer Creek 
and Nathanson Creek) into sub-drainages, referred hereinafter as sub-basins. A sub-basin element 
represents a complete watershed that is separated into three distinct processes: loss rate, transform, 
and baseflow. The quantity of rainfall that falls and infiltrates is represented by a loss rate method. The 
excess rainfall which does not infiltrate and becomes runoff is represented by a transform method. 
Groundwater contributions to channel flow rate are represented with a baseflow method. 

Loss Rate Method 

Following TR-55 principles, the empirical curve number method w ill be utilized in MU to estimate total 
excess precipitation. The curve number (CN) represents the soil cover, land cover and antecedent 
moisture conditions of a watershed and its sub-basins. The CN method de termines runoff using the 
amount of precipitation and the infiltration parameters associated with soil type, soil moisture, preceding 
rainfall, and surface retention. The amount of rainfall is converted to runoff using the CN. The CN 
ranges from 0 to 100, where a value of 100 represents zero losses or a completely impermeable surface 
(USDA, 1986).  Impermeable pavements typically are assigned a CN of 98. 
 
Surface soils are classified into four hydrologic soil groups (HSG) A, B, C, and D according to their 
minimum infiltration rate. Antecedent moisture conditions are classified as either low (AMC I), average 
(AMC II), or high (AMC III).  For the purpose of this study, it will be assumed that AMC II curve 
numbers be applied. AMC II assumes that 0.5-inches to 1.1-inches of rain had fallen in the watershed 
of interest over the course of 5-days prior to the initiation of the design storm. Curve numbers 
developed for AMC II are the most widely used in hydrologic analysis when utilizing the SCS method.  
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The diverse land coverage within the watersheds will be identified from City and County of Sonoma 
zoning/land use GIS layer data assuming full build-out conditions. Because most sub-basins consist of 
multiple HSGs and multiple land uses, an area weighted composite CN will be calculated for each sub-
basin. Table 1 summarizes curve numbers that will be utilized in this study. 

TABLE 1 

Land use and Cur ve Number s (CN) 
Based on Hydr ologic Soil Gr oup (HSG) and AMC II 

Land Use Curve  Numbe r (CN)  

 Hydrologic Soil Group (HSG) 
A B C D 

City     
Agricultural 39 61 74 80 
Commercial 
(15 d.u./acre, max) 

89 
92 94 95 

Commercial-Gateway 
(15 d.u./acre, max) 

89 
92 94 95 

Mixed Use 
(12 d.u./acre, max) 

80 
88 93 95 

Public Facility 80 88 93 95 

Park 39 61 74 80 

High Density 
(11-15 d.u./acre) 

80 
88 93 95 

Hillside Residential 
(1 d.u./10 acres, max) 

46 
65 77 82 

Low Density Residential 
(2-5 d.u./acre) 

61 
75 83 87 

Medium Density 
Residential 
(7-11 d.u./acre) 

78 
86 91 93 

Housing Opportunity 
(15-20 d.u./acre) 

89 
92 94 95 

Mobile Home Park 
(7 d.u./acre, max) 

77 
85 90 92 

Rural Residential 
(2 d.u./acre, maximum) 

46 
65 77 82 

Sonoma Residential 62 76 84 88 
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(3-8 d.u./acre) 
Wine Production 65 75 82 86 

County     
Diverse Agriculture 39 61 74 80 

General Commercial 89 92 94 95 

General Industrial 81 88 91 93 

Land Extensive 
Agriculture 

49 
69 79 84 

Land Intensive 
Agriculture 

63 
75 83 87 

Limited Commercial 80 88 93 95 

Limited Industrial 78 86 91 93 

Public/Quasi-Public 
(buildout) 

80 
88 93 95 

Recreation/Visitor 
Serving Commercial 

89 
92 94 95 

Resources/Rural 
Development 

61 
75 83 87 

Rural Residential 
(< 2 units/acre) 

54 
70 80 85 

Urban Residential 
(2-4 units/acre) 

61 
75 83 87 

Curve Numbers (CN) reported are for Antecedent Moisture Condition II (AMC II) 

Transform Method 

Following TR-55 principles, the SCS Unit Hydrograph (UH) model will be used in MU as the direct-
runoff transform method. The model is based upon averages of UH derived from gauged rainfall and 
runoff for a large number of small agricultural watersheds throughout the United States. The SCS UH 
mode l uses a dimensionless, single-peaked unit hydrograph. Utilizing the UH method in MU requires the 
lag time for each sub-basin. The lag time (L) is defined as the difference in time between the center of 
mass of effective rainfall and the center of mass of runoff produced (Viessman, 1995). The lag time can 
be related to time of concentration (Tc) by the formula:   

 Tc = 5/3L 
 
The primary flow path for each sub-basin will be obtained through digitization using the aerial 1-foot 
contour topographic data recently completed for the City. For sub-basins outside the city limits, United 
States Geologic Survey (USGS) quadrangle maps will be used. T he flow paths will be digitized in GIS 
and elevations required to determine sub-basin slopes were also obtained from the topographic data. 
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Principles outlined in TR-55 w ill be utilized to calculate the time of concentration and converting to lag 
time based on sheet, shallow concentrated, and channel/pipe flow through each sub-basin. The 
hydraulic routing time used in this study will assume full pipe and full channel flow velocities along the 
sub-basin flowpath. Manning’s Equation will be utilized for full channel capacity calculations using ‘n’ 
valued tabulated below in Table 2.  Utilizing the information discussed above, the lag time will be 
determined for each sub-basin and input into the MU hydrology mode l.  

TABLE 2 

Manning’s ‘n’ Values Used in Full Channel Flow Calculation 

Type of Channel and Descr iption n 
Concrete Trench Drain 0.011 
Concrete Swale 0.015 
Earth: Short grass, few weeds 0.035 
Earth: Light brush on banks 0.05 
Earth: Dense weeds 0.08 
Natural Channel varies 

 

Baseflow Method  

Baseflow accounts for the quantity of flow contributed from groundwater, and not direct precipitation-
runoff. For mode ling design storms, each sub-basin requires an initial baseflow. Because most flowpaths 
within the study area are only occupied with flow during precipitation events, the baseflow for each sub-
basin is assumed to be zero.  

Precipitation Events 

MU offers various methods for assigning and modeling precipitation events. For the purpose of 
simulating design precipitation events, the 24-hour SCS Hypothetical Storm method w as utilized. T his 
method requires the 24-hour rainfall amount associated with a specific frequency. The method also 
requires the determination of a rainfall distribution. The SCS has defined four distributions within the 
United States based on storm intensity. Sonoma County is considered to have a Type IA distribution 
(NRCS, 1986). For the purpose of this study, 24-hour rainfall depths will be obtained from the NOAA 
Atlas 2.  
 

Hydraulic Channel and Pipe Routing Utilizing MIKE FLOOD and MIKE URBAN: 
The MF/MU model development process requires input of the channel network including channel cross 
sections, bridges and culverts; defining of boundary conditions and initial conditions; and input of floodplain 
and street network topography. The MF model is a tool that integrates both MIKE 11 and MIKE 21 into a 
single, dynamically coupled model. MIKE 11 is the basic one-dimensional hydrodynamic mode l capable of 
modeling a network of one-dimensional channels and is based on the St. Venant equations for one-
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dimensional unsteady flow. MIKE 21 is the basic two-dimensional hydrodynamic model based on a flexible 
mesh and is capable of modeling overland flow within floodplains and street networks and also simulates 
wetting and drying of floodpl ain accurately. MU is a hydrodynamic model capable of routing runoff from 
sub-basins through closed conduit and open channel reaches referred to in the model as links. Links will be 
digitized in the model based on the City of Sonoma GIS storm drain network supplemented with field 
investigations and represent all storm drain pipes greater than 24 inches in diameter. Link data such as invert 
elevations, ground elevations, diameter, material, and length will be input into the MU mode l. Node s will be 
digitized in the model to represent storm drain manholes and catch basins. 
 
 
ATTACHMENTS 
 
Appendix A – Summary of Data Collection 



Technical Memorandum No. 1 
June 8, 2010 

Appendix A 
Page 1 

APPENDIX A 

SUMMARY OF DATA COLLECTION 

REPORTS 
City of Sonoma, Campobello Estates Subdivision, October 2001, 

 

Nathanson Creek Overbank Flow 
Analysis and Capacity Analysis of Proposed Creek Overflow Bypass Channel 

National Oceanic and Atmospheric Administration (NOAA), 1973, 

 

Atlas 2 - Precipitation Frequency Atlas 
of the Western United States, Volume XI - California 

Federal Emergency Management Agency (FEMA), December 2008, 

 

Sonoma County, California and 
Incorporated Areas Flood Insurance Study (FIS) 

Federal Emergency Management Agency, March 1975, HEC-2 Input and Output Data for hydraulic 
Modeling of Nathanson Creek 
 
Federal Emergency Management Agency, May 1991, HEC-2 Input and Output Data for hydraulic 
Modeling of Fryer Creek 
 
Soil Conservation Service, May 1972, 
 

Soil Survey of Sonoma County, California 

Sonoma County Water Agency, August 1983, 
 

Flood C ontrol Design Criteria 

MAPPING 

Aerial Photo Map of City of Sonoma – flown December 18, 2009 (Scale: 1’ = 300’) 
 
City of Sonoma, Improvement Plans for Holden Subdivision, January 1999, Oberkamper & Associates 
Civil Engineers, Inc. 
 
City of Sonoma, Improvement Plans for The Lodge at Sonoma, April 1998, Riechers Spence & Associates 
Incorporated Consulting Civil Engineers. 
 
City of Sonoma, Improvement Plans for Fifth Street East/Peru Road Conduit, February 2003, Department 
of Public Works 
 
City of Sonoma, Improvement Plans for Spring Lane Subdivision, July 1989, Sandine and Associates 
 
Sonoma County Water Agency, Sonoma Drainage Master Plan, September 1978 
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Sonoma County Water Agency, First Street West Conduit (West Napa Street to Vicinity Andrieux Street) 
– Valley of the Moon Zone 3A, July 1996 
 
ELECTRONIC FILES 

File Name Description Remarks 
StormMains.shp Storm drain system geometry Provided by the City 
StormStructures.shp Storm drain system geometry Provided by the City 
Contours.shp 1’ contours, 2010 Provided by the City 
Streets.shp Street geometry and names Provided by the City 
CityLimits.shp Sonoma City Limits Provided by the City 
Aerials High resolution ortho-rectified Provided by the City 
Aerials 2009 Naip Imagery, County Provided by USDA 
DRG-S-CA097.5, D Sonoma County Quad map Provided by USGS 
 
SURVEY/MISC. DOCUMENTATION 

Horizontal Control is based on the California Coordinate System Zone 2, NAD ’83. Epoch: 2002.0000. 
Winzler & Kelly’s Survey Crew employed survey grade Leica System 1200 Real Time Kinematic GPS 
equipment to control the aerial survey. Six hours of continuous data was logged at the base station and 
processed through the National Geode tic Survey’s Online Positioning User Service (OPUS). 
 
Vertical Datum is NAVD ’88. The elevation published as part of the Central Coast Height Modernization 
Project 2007 (CENCHM2007) on the monument HPGN D CA 04 LF was held as the benchmark.  
 
Benchmark Data:      
Designation - HPGN D CA 04 LF 
PID: JT9620 
Elevation: 119.86 feet (36.533 meters) (CENCHM2007) 
Description: The station is located near the intersection of State Highway 12 and Verano Avenue in the 
Maxwell Farms Regional Park. From the intersection of State Highway 12 and Verano Avenue go west on 
Verano Avenue for about 350 feet to a side road left, the entrance to Maxwell Farms Regional Park. Turn 
left and go southerly then westerly on the entrance road for about 350 feet to a paved parking lot and the 
station in the northeast corner of the parking lot. The station is a survey disc encased in PVC pipe with 
access cover set in concrete flush with the ground, 248.0 feet southeast of and across the street from the 
southeast corner of a log building, 136.8 feet northeast of a dedication monument made of bronze and 
stone, 108.0 feet south of the centerline of Verano Avenue and 25.2 feet north of the centerline of the park 
entrance road. 
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Hydrology Results
 



APPENDIX E - MIKE URBAN Hydrology Results

Catchment Q10 (cfs) Q25 (cfs) Q100 (cfs)

Catchment_1 4.8 6.8 10.0

Catchment_2 31.9 40.3 52.9

Catchment_3 3.9 4.9 6.3

Catchment_4 2.6 3.4 4.4

Catchment_5 694.5 975.7 1417.6

Catchment_6 14.1 18.5 25.1

Catchment_7 5.1 6.8 9.4

Catchment_8 10.3 13.5 18.3

Catchment_9 3.9 5.0 6.7

Catchment_10 14.4 18.5 24.5

Catchment_11 2.3 2.8 3.7

Catchment_12 6.3 8.8 12.5

Catchment_13 9.6 12.2 16.1

Catchment_14 10.2 12.8 16.7

Catchment_15 3.5 4.4 5.9

Catchment_16 2.1 2.7 3.4

Catchment_17 17.7 23.1 31.2

Catchment_18 7.1 9.3 12.4

Catchment_19 4.9 6.3 8.3

Catchment_20 3.2 4.1 5.4

Catchment_21 6.9 9.0 12.3

Catchment_22 2.9 3.8 5.2

Catchment_23 3.0 4.1 5.8

Catchment_24 60.0 82.0 116.0

Catchment_25 3.6 4.5 5.8

Catchment_26 2.5 3.2 4.4

Catchment_27 47.5 67.5 98.9

Catchment_28 15.1 20.3 28.2

Catchment_29 49.0 67.9 97.2

Catchment_30 3.9 6.2 9.9

Catchment_31 7.8 11.2 16.6

Catchment_32 6.3 8.1 10.8

Catchment_33 5.8 7.3 9.5

Catchment_34 0.8 1.0 1.4

Catchment_35 9.5 12.5 17.0

Catchment_36 13.9 18.4 25.3

Catchment_37 3.4 4.3 5.6

Catchment_38 3.6 4.6 6.1

Catchment_39 3.5 4.4 5.7

Catchment_40 7.6 9.9 13.5

Catchment_41 9.9 12.7 16.8

Catchment_42 4.2 5.4 7.2

Catchment_43 4.7 5.9 7.6

Catchment_44 6.9 8.6 11.2

Catchment_45 1.9 2.4 3.3

LDuty
Text Box
D



Catchment Q10 (cfs) Q25 (cfs) Q100 (cfs)

Catchment_46 3.1 4.2 5.9

Catchment_47 0.7 1.0 1.3

Catchment_48 6.3 8.6 12.1

Catchment_49 8.1 11.2 16.0

Catchment_50 3.5 4.5 6.1

Catchment_51 26.7 35.2 47.9

Catchment_52 1.2 1.5 1.9

Catchment_53 6.3 8.3 11.5

Catchment_54 1.3 1.6 2.1

Catchment_55 2.8 3.7 5.1

Catchment_56 13.6 18.8 26.9

Catchment_57 47.6 65.8 94.0

Catchment_58 6.7 8.9 12.2

Catchment_59 1.2 1.5 1.9

Catchment_60 4.7 5.8 7.6

Catchment_61 2.6 3.4 4.5

Catchment_62 3.4 4.2 5.4

Catchment_63 7.4 10.1 14.1

Catchment_64 0.6 0.8 1.0

Catchment_65 11.3 14.1 18.3

Catchment_66 12.7 15.8 20.5

Catchment_67 4.5 5.7 7.3

Catchment_68 2.3 3.0 3.9

Catchment_69 1.9 2.5 3.4

Catchment_70 3.6 4.5 5.8

Catchment_71 1.6 2.1 2.9

Catchment_72 3.5 4.4 5.8

Catchment_73 4.1 5.3 7.1

Catchment_74 15.5 19.2 24.8

Catchment_75 8.4 10.5 13.5

Catchment_76 13.6 17.1 22.5

Catchment_77 8.3 10.7 14.3

Catchment_78 4.9 6.2 8.1

Catchment_79 9.0 11.6 15.5

Catchment_80 2.7 3.4 4.5

Catchment_81 4.9 6.3 8.5

Catchment_82 8.0 10.5 14.4

Catchment_83 15.7 19.5 25.2

Catchment_84 16.7 21.3 28.2

Catchment_85 3.7 4.7 6.2

Catchment_86 24.0 31.6 43.2

Catchment_87 12.6 15.9 20.9

Catchment_88 14.3 18.6 25.0

Catchment_89 12.6 17.2 24.4

Catchment_90 6.1 7.7 10.1

Catchment_91 7.6 9.6 12.5

Catchment_92 5.4 7.1 9.7



Catchment Q10 (cfs) Q25 (cfs) Q100 (cfs)

Catchment_93 6.1 8.0 10.9

Catchment_94 14.9 21.2 31.2

Catchment_95 6.0 7.6 10.0

Catchment_96 8.7 11.4 15.5

Catchment_97 18.7 25.6 36.1

Catchment_98 4.4 5.7 7.6

Catchment_99 11.6 14.8 19.5

Catchment_100 3.9 5.2 7.1

Catchment_101 13.2 18.6 27.1

Catchment_102 21.5 32.2 49.5

Catchment_103 23.0 32.9 48.7

Catchment_104 3.3 4.3 5.7

Catchment_105 7.8 10.2 13.8

Catchment_106 4.3 5.5 7.3

Catchment_107 12.0 16.5 23.5

Catchment_108 4.5 5.7 7.5

Catchment_109 3.3 4.3 5.9

Catchment_110 4.7 6.1 8.1

Catchment_111 8.5 12.5 19.0

Catchment_112 8.6 10.7 13.8

Catchment_113 0.7 1.2 2.1

Catchment_114 7.1 9.3 12.7

Catchment_115 6.2 7.8 10.1

Catchment_116 3.9 5.2 7.1

Catchment_117 7.1 9.1 12.1

Catchment_118 3.2 4.0 5.2

Catchment_119 8.1 10.1 13.1

Catchment_120 19.7 25.0 32.7

Catchment_121 3.5 4.4 5.8

Catchment_122 9.1 11.4 14.7

Catchment_123 2.7 3.5 4.8

Catchment_124 1.4 1.8 2.4

Catchment_125 9.1 12.0 16.4

Catchment_126 7.8 9.9 13.2

Catchment_127 2.0 2.6 3.5

Catchment_128 1.3 1.7 2.3

Catchment_129 2.0 2.7 3.7

Catchment_130 9.7 12.6 16.8

Catchment_131 10.8 14.2 19.3

Catchment_132 10.2 13.1 17.6

Catchment_133 3.9 5.0 6.8

Catchment_134 10.7 14.1 19.2

Catchment_135 17.7 24.8 35.9

Catchment_136 17.0 21.5 28.2

Catchment_137 12.1 16.1 22.2

Catchment_138 1.9 2.4 3.3



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Appendix E

MIKE URBAN Storm Drain 
Profile Figures 

 



Legend for Storm Drain System Profiles  
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 Appendix F

MIKE 11 Peak Q and HGL Tables

 



BASELINE CONDITIONS - 10 YEAR, 24 HOUR MAX FLOWS

Creek and Stationing
Maximum 

Flow (cfs)
Maximum Time

NATHANSON_CREEK  12799.17 5.837 1/1/2004 10:41

NATHANSON_CREEK  13006.50 599.746 1/1/2004 9:16

NATHANSON_CREEK  13315.00 576.053 1/1/2004 9:17

NATHANSON_CREEK  13722.50 575.977 1/1/2004 9:18

NATHANSON_CREEK  13969.60 682.1 1/1/2004 9:22

NATHANSON_CREEK  14080.00 708.887 1/1/2004 9:21

NATHANSON_CREEK  14404.50 715.415 1/1/2004 9:22

NATHANSON_CREEK  14742.00 715.355 1/1/2004 9:23

NATHANSON_CREEK  14813.00 715.347 1/1/2004 9:23

NATHANSON_CREEK  14929.00 715.342 1/1/2004 9:23

NATHANSON_CREEK  15039.50 717.939 1/1/2004 9:23

NATHANSON_CREEK  15358.00 719.183 1/1/2004 9:18

NATHANSON_CREEK  15614.80 721.735 1/1/2004 9:18

NATHANSON_CREEK  15706.50 721.424 1/1/2004 9:18

NATHANSON_CREEK  15860.50 721.201 1/1/2004 9:18

NATHANSON_CREEK  16224.50 720.743 1/1/2004 9:25

NATHANSON_CREEK  16500.90 720.721 1/1/2004 9:26

NATHANSON_CREEK  16723.50 724.104 1/1/2004 9:26

NATHANSON_CREEK  17077.00 724.068 1/1/2004 9:27

NATHANSON_CREEK  17267.80 703.788 1/1/2004 9:21

NATHANSON_CREEK  17441.50 694.797 1/1/2004 9:21

NATHANSON_CREEK  17699.10 699.494 1/1/2004 9:30

NATHANSON_CREEK  17839.70 699.49 1/1/2004 9:30

NATHANSON_CREEK  17854.10 699.49 1/1/2004 9:30

NATHANSON_CREEK  17898.60 699.489 1/1/2004 9:30

NATHANSON_CREEK  18055.00 699.486 1/1/2004 9:31

NATHANSON_CREEK  18453.70 699.501 1/1/2004 9:31

NATHANSON_CREEK  18816.00 700.147 1/1/2004 9:33

NATHANSON_CREEK  18908.50 711.792 1/1/2004 9:30

NATHANSON_CREEK  18969.05 741.547 1/1/2004 9:29

NATHANSON_CREEK  19271.55 742.098 1/1/2004 9:30

NATHANSON_CREEK  19688.45 729.323 1/1/2004 9:30

NATHANSON_CREEK  20053.95 732.521 1/1/2004 9:31

NATHANSON_CREEK  20362.50 732.376 1/1/2004 9:32

NATHANSON_CREEK  20642.85 745.265 1/1/2004 9:35

NATHANSON_CREEK  21002.85 745.208 1/1/2004 9:36

NATHANSON_CREEK  21242.45 751.043 1/1/2004 9:40

NATHANSON_CREEK  21563.50 751.034 1/1/2004 9:41

NATHANSON_CREEK  21946.85 751.014 1/1/2004 9:41

NATHANSON_CREEK  22387.70 750.958 1/1/2004 9:42

NATHANSON_CREEK  22703.20 753.581 1/1/2004 9:43

NATHANSON_CREEK  22859.51 753.57 1/1/2004 9:43



BASELINE CONDITIONS - 10 YEAR, 24 HOUR MAX FLOWS

Creek and Stationing
Maximum 

Flow (cfs)
Maximum Time

NATHANSON_CREEK  23158.91 753.536 1/1/2004 9:44

NATHANSON_CREEK  24411.36 753.476 1/1/2004 9:46

FRYER_CREEK  34.80 242.734 1/1/2004 8:05

FRYER_CREEK  313.50 239.481 1/1/2004 8:06

FRYER_CREEK  805.50 253.738 1/1/2004 8:05

FRYER_CREEK  1048.50 282.085 1/1/2004 7:31

FRYER_CREEK  1332.50 258.53 1/1/2004 8:11

FRYER_CREEK  1616.50 258.225 1/1/2004 8:12

FRYER_CREEK  1778.00 258.164 1/1/2004 8:12

FRYER_CREEK  2099.50 248.78 1/1/2004 8:12

FRYER_CREEK  2339.00 260.324 1/1/2004 8:23

FRYER_CREEK  2380.00 260.4 1/1/2004 8:23

FRYER_CREEK  2462.00 260.745 1/1/2004 8:23

FRYER_CREEK  2594.34 261.142 1/1/2004 8:23

FRYER_CREEK  2713.84 451.018 1/1/2004 8:14

FRYER_CREEK  2784.00 450.986 1/1/2004 8:14

FRYER_CREEK  2827.00 450.984 1/1/2004 8:14

FRYER_CREEK  2876.00 454.027 1/1/2004 8:14

FRYER_CREEK  3301.50 453.829 1/1/2004 8:15

FRYER_CREEK  3924.96 461.722 1/1/2004 8:17

FRYER_CREEK  4149.46 488.868 1/1/2004 8:18

FRYER_CREEK  4638.50 493.272 1/1/2004 8:19

FRYER_CREEK  5397.50 488.561 1/1/2004 8:25

FRYER_CREEK  5688.50 486.901 1/1/2004 8:27

FRYER_CREEK  5710.00 486.877 1/1/2004 8:27

FRYER_CREEK  5881.50 486.355 1/1/2004 8:29

FRYER_CREEK  6167.90 491.842 1/1/2004 8:31

FRYER_CREEK  6301.00 493.163 1/1/2004 8:31

FRYER_CREEK  6559.00 493.107 1/1/2004 8:32

FRYER_CREEK  7024.00 493.04 1/1/2004 8:32

FRYER_CREEK  7587.75 493.035 1/1/2004 8:34

FRYER_WEST_FORK  83.50 20.355 1/1/2004 8:01

FRYER_WEST_FORK  203.00 20.347 1/1/2004 8:02

FRYER_WEST_FORK  268.00 20.369 1/1/2004 8:03

FRYER_WEST_FORK  359.00 25.152 1/1/2004 8:02

FRYER_WEST_FORK  558.00 25.129 1/1/2004 8:02

FRYER_WEST_FORK  720.36 25.088 1/1/2004 8:03

FRYER_WEST_FORK  879.95 25.05 1/1/2004 8:04

FRYER_WEST_FORK  1055.59 28.446 1/1/2004 8:02

FRYER_WEST_FORK  1173.00 28.452 1/1/2004 8:02

FRYER_WEST_FORK  1360.00 27.597 1/1/2004 8:03

FRYER_WEST_FORK  1522.00 27.408 1/1/2004 8:01



BASELINE CONDITIONS - 10 YEAR, 24 HOUR MAX FLOWS

Creek and Stationing
Maximum 

Flow (cfs)
Maximum Time

FRYER_WEST_FORK  1639.91 25.176 1/1/2004 8:01

FRYER_WEST_FORK  1748.37 22.794 1/1/2004 8:01

FRYER_WEST_FORK  1852.46 22.792 1/1/2004 8:02

FRYER_WEST_FORK  1976.50 22.813 1/1/2004 8:04

FRYER_WEST_FORK  2138.40 26.944 1/1/2004 8:00

FRYER_WEST_FORK  2271.84 26.565 1/1/2004 8:01

FRYER_WEST_FORK  2361.93 28.124 1/1/2004 8:01

FRYER_WEST_FORK  2424.00 27.767 1/1/2004 8:01

FRYER_WEST_FORK  2440.05 27.676 1/1/2004 8:02

FRYER_EAST_FORK  19.50 215.686 1/1/2004 8:04

FRYER_EAST_FORK  107.00 214.087 1/1/2004 8:03

FRYER_EAST_FORK  232.50 212.756 1/1/2004 8:04

FRYER_EAST_FORK  357.00 211.437 1/1/2004 8:04

FRYER_EAST_FORK  501.00 207.631 1/1/2004 8:05

FRYER_EAST_FORK  665.50 203.458 1/1/2004 8:06

FRYER_EAST_FORK  800.93 200.28 1/1/2004 8:07

FRYER_EAST_FORK  861.92 198.825 1/1/2004 8:08

FRYER_EAST_FORK  915.99 198.049 1/1/2004 8:09



BASELINE CONDITIONS - 10 YEAR, 24 HOUR MAX WATER SURFACE ELEVATIONS

Creek and Stationing
Maximum Water 

Surface Elevation (ft)

Maximum 

Time

NATHANSON_CREEK  12660.33 101.59 1/1/2004 9:17

NATHANSON_CREEK  12938.00 100.863 1/1/2004 9:18

NATHANSON_CREEK  13075.00 100.613 1/1/2004 9:18

NATHANSON_CREEK  13555.00 97.844 1/1/2004 9:19

NATHANSON_CREEK  13890.00 95.163 1/1/2004 9:22

NATHANSON_CREEK  14003.00 93.841 1/1/2004 9:21

NATHANSON_CREEK  14157.00 92.144 1/1/2004 9:22

NATHANSON_CREEK  14652.00 89.423 1/1/2004 9:22

NATHANSON_CREEK  14792.00 87.388 1/1/2004 9:23

NATHANSON_CREEK  14834.00 86.873 1/1/2004 9:18

NATHANSON_CREEK  14947.00 86.508 1/1/2004 9:17

NATHANSON_CREEK  15132.00 86.098 1/1/2004 9:49

NATHANSON_CREEK  15584.00 83.707 1/1/2004 9:18

NATHANSON_CREEK  15691.00 83.643 1/1/2004 9:25

NATHANSON_CREEK  15722.00 83.511 1/1/2004 9:25

NATHANSON_CREEK  15999.00 82.573 1/1/2004 9:25

NATHANSON_CREEK  16450.00 81.028 1/1/2004 9:26

NATHANSON_CREEK  16527.00 79.58 1/1/2004 9:26

NATHANSON_CREEK  16920.00 78.497 1/1/2004 9:27

NATHANSON_CREEK  17234.00 77.671 1/1/2004 9:28

NATHANSON_CREEK  17317.00 76.885 1/1/2004 9:30

NATHANSON_CREEK  17566.00 75.723 1/1/2004 9:30

NATHANSON_CREEK  17832.20 74.462 1/1/2004 9:30

NATHANSON_CREEK  17847.20 74.677 1/1/2004 9:30

NATHANSON_CREEK  17861.00 74.793 1/1/2004 9:30

NATHANSON_CREEK  17950.00 73.419 1/1/2004 9:30

NATHANSON_CREEK  18160.00 72.107 1/1/2004 9:31

NATHANSON_CREEK  18747.40 69.606 1/1/2004 9:29

NATHANSON_CREEK  18869.00 69.184 1/1/2004 9:28

NATHANSON_CREEK  18948.00 68.497 1/1/2004 9:29

NATHANSON_CREEK  18990.10 68.711 1/1/2004 9:29

NATHANSON_CREEK  19553.00 65.789 1/1/2004 9:31

NATHANSON_CREEK  19823.90 64.153 1/1/2004 9:31

NATHANSON_CREEK  20284.00 62.715 1/1/2004 9:33

NATHANSON_CREEK  20441.00 61.679 1/1/2004 9:35

NATHANSON_CREEK  20844.70 60.009 1/1/2004 9:36

NATHANSON_CREEK  21161.00 58.291 1/1/2004 9:40

NATHANSON_CREEK  21323.90 56.885 1/1/2004 9:41

NATHANSON_CREEK  21803.10 54.376 1/1/2004 9:42

NATHANSON_CREEK  22090.60 53.056 1/1/2004 9:43

NATHANSON_CREEK  22684.80 51.472 1/1/2004 9:43

NATHANSON_CREEK  22723.20 51.339 1/1/2004 9:43



BASELINE CONDITIONS - 10 YEAR, 24 HOUR MAX WATER SURFACE ELEVATIONS

Creek and Stationing
Maximum Water 

Surface Elevation (ft)

Maximum 

Time

NATHANSON_CREEK  22995.82 50.498 1/1/2004 9:44

NATHANSON_CREEK  23322.00 49.436 1/1/2004 9:45

NATHANSON_CREEK  25500.72 43.09 1/1/2004 0:00

FRYER_CREEK  13.60 76.918 1/1/2004 8:05

FRYER_CREEK  56.00 75.903 1/1/2004 8:05

FRYER_CREEK  571.00 72.551 1/1/2004 8:05

FRYER_CREEK  1040.00 69.466 1/1/2004 8:12

FRYER_CREEK  1057.00 69.471 1/1/2004 8:12

FRYER_CREEK  1608.00 68.717 1/1/2004 8:13

FRYER_CREEK  1625.00 68.652 1/1/2004 8:13

FRYER_CREEK  1931.00 68.532 1/1/2004 8:22

FRYER_CREEK  2268.00 67.947 1/1/2004 8:14

FRYER_CREEK  2365.00 67.741 1/1/2004 8:14

FRYER_CREEK  2395.00 67.755 1/1/2004 8:14

FRYER_CREEK  2529.00 67.747 1/1/2004 8:14

FRYER_CREEK  2659.68 67.734 1/1/2004 8:14

FRYER_CREEK  2659.68 67.734 1/1/2004 8:14

FRYER_CREEK  2768.00 67.691 1/1/2004 8:14

FRYER_CREEK  2800.00 67.493 1/1/2004 8:14

FRYER_CREEK  2854.00 64.843 1/1/2004 8:15

FRYER_CREEK  2898.00 63.793 1/1/2004 8:16

FRYER_CREEK  3705.00 62.198 1/1/2004 8:17

FRYER_CREEK  4144.91 61.132 1/1/2004 8:24

FRYER_CREEK  4144.91 61.132 1/1/2004 8:24

FRYER_CREEK  4154.00 61.094 1/1/2004 8:24

FRYER_CREEK  5123.00 58.818 1/1/2004 8:28

FRYER_CREEK  5672.00 57.563 1/1/2004 8:31

FRYER_CREEK  5705.00 57.665 1/1/2004 8:31

FRYER_CREEK  5718.00 57.399 1/1/2004 8:31

FRYER_CREEK  6045.00 57.068 1/1/2004 8:31

FRYER_CREEK  6268.00 56.431 1/1/2004 8:31

FRYER_CREEK  6334.00 56.111 1/1/2004 8:32

FRYER_CREEK  6784.00 54.35 1/1/2004 8:32

FRYER_CREEK  7264.00 52.854 1/1/2004 7:34

FRYER_CREEK  7911.50 49.8 1/1/2004 0:00

FRYER_WEST_FORK  0.00 68.718 1/1/2004 8:02

FRYER_WEST_FORK  167.00 68.551 1/1/2004 8:02

FRYER_WEST_FORK  239.00 68.527 1/1/2004 8:02

FRYER_WEST_FORK  297.00 68.445 1/1/2004 8:02

FRYER_WEST_FORK  421.00 68.038 1/1/2004 8:02

FRYER_WEST_FORK  695.00 66.552 1/1/2004 8:04

FRYER_WEST_FORK  745.72 66.475 1/1/2004 8:04



BASELINE CONDITIONS - 10 YEAR, 24 HOUR MAX WATER SURFACE ELEVATIONS

Creek and Stationing
Maximum Water 

Surface Elevation (ft)

Maximum 

Time

FRYER_WEST_FORK  1014.18 65.226 1/1/2004 8:01

FRYER_WEST_FORK  1097.00 65.213 1/1/2004 8:01

FRYER_WEST_FORK  1249.00 65.201 1/1/2004 8:01

FRYER_WEST_FORK  1471.00 65.167 1/1/2004 8:01

FRYER_WEST_FORK  1573.00 65.163 1/1/2004 8:01

FRYER_WEST_FORK  1706.81 65.159 1/1/2004 8:01

FRYER_WEST_FORK  1789.92 62.928 1/1/2004 8:02

FRYER_WEST_FORK  1915.00 62.519 1/1/2004 8:01

FRYER_WEST_FORK  2038.00 61.927 1/1/2004 8:02

FRYER_WEST_FORK  2238.81 61.458 1/1/2004 8:26

FRYER_WEST_FORK  2304.86 61.207 1/1/2004 8:24

FRYER_WEST_FORK  2419.00 61.178 1/1/2004 8:23

FRYER_WEST_FORK  2429.00 61.144 1/1/2004 8:23

FRYER_WEST_FORK  2451.11 61.132 1/1/2004 8:24

FRYER_EAST_FORK  0.00 68.27 1/1/2004 8:08

FRYER_EAST_FORK  39.00 68.1 1/1/2004 8:11

FRYER_EAST_FORK  175.00 67.991 1/1/2004 8:12

FRYER_EAST_FORK  290.00 67.84 1/1/2004 8:14

FRYER_EAST_FORK  424.00 67.804 1/1/2004 8:14

FRYER_EAST_FORK  578.00 67.785 1/1/2004 8:14

FRYER_EAST_FORK  753.00 67.777 1/1/2004 8:14

FRYER_EAST_FORK  848.86 67.774 1/1/2004 8:14

FRYER_EAST_FORK  874.98 67.737 1/1/2004 8:14

FRYER_EAST_FORK  957.00 67.734 1/1/2004 8:14



BASELINE CONDITIONS - 25 YEAR, 24 HOUR MAX FLOWS

Creek and Stationing
Maximum 

Flow (cfs)
Maximum Time

NATHANSON_CREEK  12799.17 5.449 1/1/2004 12:33

NATHANSON_CREEK  13006.50 789.226 1/1/2004 9:12

NATHANSON_CREEK  13315.00 750.92 1/1/2004 9:14

NATHANSON_CREEK  13722.50 751.746 1/1/2004 9:14

NATHANSON_CREEK  13969.60 806.406 1/1/2004 9:17

NATHANSON_CREEK  14080.00 856.896 1/1/2004 9:16

NATHANSON_CREEK  14404.50 865.254 1/1/2004 9:16

NATHANSON_CREEK  14742.00 891.805 1/1/2004 9:26

NATHANSON_CREEK  14813.00 926.377 1/1/2004 9:26

NATHANSON_CREEK  14929.00 922.655 1/1/2004 9:26

NATHANSON_CREEK  15039.50 894.52 1/1/2004 9:26

NATHANSON_CREEK  15358.00 905.881 1/1/2004 9:25

NATHANSON_CREEK  15614.80 915.881 1/1/2004 9:25

NATHANSON_CREEK  15706.50 863.887 1/1/2004 9:37

NATHANSON_CREEK  15860.50 854.886 1/1/2004 9:01

NATHANSON_CREEK  16224.50 859.897 1/1/2004 9:01

NATHANSON_CREEK  16500.90 852.964 1/1/2004 9:47

NATHANSON_CREEK  16723.50 857.107 1/1/2004 9:44

NATHANSON_CREEK  17077.00 856.836 1/1/2004 9:44

NATHANSON_CREEK  17267.80 757.682 1/1/2004 9:53

NATHANSON_CREEK  17441.50 717.152 1/1/2004 9:53

NATHANSON_CREEK  17699.10 724.241 1/1/2004 9:54

NATHANSON_CREEK  17839.70 724.232 1/1/2004 9:54

NATHANSON_CREEK  17854.10 724.23 1/1/2004 9:54

NATHANSON_CREEK  17898.60 724.227 1/1/2004 9:54

NATHANSON_CREEK  18055.00 724.21 1/1/2004 9:54

NATHANSON_CREEK  18453.70 754.476 1/1/2004 9:55

NATHANSON_CREEK  18816.00 823.918 1/1/2004 9:58

NATHANSON_CREEK  18908.50 837.923 1/1/2004 9:57

NATHANSON_CREEK  18969.05 876.339 1/1/2004 9:57

NATHANSON_CREEK  19271.55 877.135 1/1/2004 9:58

NATHANSON_CREEK  19688.45 895.186 1/1/2004 9:59

NATHANSON_CREEK  20053.95 898.523 1/1/2004 9:59

NATHANSON_CREEK  20362.50 898.503 1/1/2004 10:00

NATHANSON_CREEK  20642.85 910.259 1/1/2004 10:00

NATHANSON_CREEK  21002.85 909.967 1/1/2004 10:01

NATHANSON_CREEK  21242.45 915.071 1/1/2004 10:01

NATHANSON_CREEK  21563.50 915.057 1/1/2004 10:02

NATHANSON_CREEK  21946.85 915.034 1/1/2004 10:02

NATHANSON_CREEK  22387.70 914.973 1/1/2004 10:03

NATHANSON_CREEK  22703.20 917.069 1/1/2004 10:04

NATHANSON_CREEK  22859.51 917.058 1/1/2004 10:04



BASELINE CONDITIONS - 25 YEAR, 24 HOUR MAX FLOWS

Creek and Stationing
Maximum 

Flow (cfs)
Maximum Time

NATHANSON_CREEK  23158.91 917.019 1/1/2004 10:05

NATHANSON_CREEK  24411.36 916.982 1/1/2004 10:07

FRYER_CREEK  34.80 309.725 1/1/2004 8:03

FRYER_CREEK  313.50 296.008 1/1/2004 8:06

FRYER_CREEK  805.50 313.97 1/1/2004 8:04

FRYER_CREEK  1048.50 355.268 1/1/2004 7:20

FRYER_CREEK  1332.50 321.279 1/1/2004 8:10

FRYER_CREEK  1616.50 324.424 1/1/2004 8:10

FRYER_CREEK  1778.00 323.845 1/1/2004 8:10

FRYER_CREEK  2099.50 295.87 1/1/2004 8:10

FRYER_CREEK  2339.00 299.342 1/1/2004 8:09

FRYER_CREEK  2380.00 299.229 1/1/2004 8:09

FRYER_CREEK  2462.00 298.841 1/1/2004 8:09

FRYER_CREEK  2594.34 300.466 1/1/2004 8:50

FRYER_CREEK  2713.84 543.854 1/1/2004 8:18

FRYER_CREEK  2784.00 543.929 1/1/2004 8:20

FRYER_CREEK  2827.00 543.997 1/1/2004 8:20

FRYER_CREEK  2876.00 547.537 1/1/2004 8:20

FRYER_CREEK  3301.50 547.757 1/1/2004 8:22

FRYER_CREEK  3924.96 575.476 1/1/2004 8:42

FRYER_CREEK  4149.46 602.735 1/1/2004 8:43

FRYER_CREEK  4638.50 607.36 1/1/2004 8:44

FRYER_CREEK  5397.50 595.627 1/1/2004 8:46

FRYER_CREEK  5688.50 588.293 1/1/2004 8:45

FRYER_CREEK  5710.00 588.276 1/1/2004 8:45

FRYER_CREEK  5881.50 587.876 1/1/2004 8:47

FRYER_CREEK  6167.90 588.347 1/1/2004 8:45

FRYER_CREEK  6301.00 595.908 1/1/2004 8:50

FRYER_CREEK  6559.00 599.693 1/1/2004 8:53

FRYER_CREEK  7024.00 603.763 1/1/2004 8:54

FRYER_CREEK  7587.75 603.765 1/1/2004 8:55

FRYER_WEST_FORK  83.50 24.789 1/1/2004 8:01

FRYER_WEST_FORK  203.00 24.769 1/1/2004 8:02

FRYER_WEST_FORK  268.00 24.788 1/1/2004 8:02

FRYER_WEST_FORK  359.00 31.028 1/1/2004 8:01

FRYER_WEST_FORK  558.00 30.999 1/1/2004 8:02

FRYER_WEST_FORK  720.36 30.942 1/1/2004 8:02

FRYER_WEST_FORK  879.95 30.896 1/1/2004 8:04

FRYER_WEST_FORK  1055.59 35.203 1/1/2004 8:01

FRYER_WEST_FORK  1173.00 35.209 1/1/2004 8:01

FRYER_WEST_FORK  1360.00 33.525 1/1/2004 8:03

FRYER_WEST_FORK  1522.00 32.334 1/1/2004 8:32



BASELINE CONDITIONS - 25 YEAR, 24 HOUR MAX FLOWS

Creek and Stationing
Maximum 

Flow (cfs)
Maximum Time

FRYER_WEST_FORK  1639.91 29.587 1/1/2004 8:32

FRYER_WEST_FORK  1748.37 23.752 1/1/2004 9:05

FRYER_WEST_FORK  1852.46 23.738 1/1/2004 9:07

FRYER_WEST_FORK  1976.50 23.772 1/1/2004 9:06

FRYER_WEST_FORK  2138.40 28.305 1/1/2004 7:56

FRYER_WEST_FORK  2271.84 28.569 1/1/2004 7:55

FRYER_WEST_FORK  2361.93 30.762 1/1/2004 7:55

FRYER_WEST_FORK  2424.00 30.284 1/1/2004 7:55

FRYER_WEST_FORK  2440.05 30.207 1/1/2004 7:55

FRYER_EAST_FORK  19.50 288.372 1/1/2004 8:04

FRYER_EAST_FORK  107.00 287.447 1/1/2004 8:05

FRYER_EAST_FORK  232.50 286.261 1/1/2004 8:05

FRYER_EAST_FORK  357.00 284.93 1/1/2004 8:05

FRYER_EAST_FORK  501.00 282.528 1/1/2004 8:07

FRYER_EAST_FORK  665.50 281.092 1/1/2004 8:07

FRYER_EAST_FORK  800.93 279.248 1/1/2004 8:08

FRYER_EAST_FORK  861.92 273.971 1/1/2004 7:57

FRYER_EAST_FORK  915.99 273.295 1/1/2004 7:57



BASELINE CONDITIONS - 25 YEAR, 24 HOUR MAX WATER SURFACE ELEVATIONS

Creek and Stationing
Maximum Water 

Surface Elevation (ft)
Maximum Time

NATHANSON_CREEK  12660.33 102.408 1/1/2004 9:13

NATHANSON_CREEK  12938.00 101.524 1/1/2004 9:13

NATHANSON_CREEK  13075.00 101.324 1/1/2004 9:14

NATHANSON_CREEK  13555.00 98.574 1/1/2004 9:14

NATHANSON_CREEK  13890.00 95.887 1/1/2004 9:17

NATHANSON_CREEK  14003.00 94.329 1/1/2004 9:20

NATHANSON_CREEK  14157.00 92.679 1/1/2004 9:24

NATHANSON_CREEK  14652.00 90.337 1/1/2004 9:26

NATHANSON_CREEK  14792.00 88.892 1/1/2004 9:26

NATHANSON_CREEK  14834.00 88.932 1/1/2004 9:26

NATHANSON_CREEK  14947.00 87.318 1/1/2004 9:43

NATHANSON_CREEK  15132.00 87.018 1/1/2004 9:43

NATHANSON_CREEK  15584.00 84.535 1/1/2004 9:44

NATHANSON_CREEK  15691.00 84.391 1/1/2004 9:44

NATHANSON_CREEK  15722.00 84.235 1/1/2004 9:44

NATHANSON_CREEK  15999.00 83.497 1/1/2004 9:44

NATHANSON_CREEK  16450.00 82.521 1/1/2004 9:47

NATHANSON_CREEK  16527.00 79.963 1/1/2004 9:48

NATHANSON_CREEK  16920.00 78.771 1/1/2004 9:53

NATHANSON_CREEK  17234.00 77.867 1/1/2004 9:53

NATHANSON_CREEK  17317.00 76.968 1/1/2004 9:54

NATHANSON_CREEK  17566.00 75.866 1/1/2004 9:54

NATHANSON_CREEK  17832.20 74.615 1/1/2004 9:54

NATHANSON_CREEK  17847.20 74.836 1/1/2004 9:54

NATHANSON_CREEK  17861.00 74.954 1/1/2004 9:54

NATHANSON_CREEK  17950.00 73.61 1/1/2004 9:55

NATHANSON_CREEK  18160.00 72.437 1/1/2004 9:57

NATHANSON_CREEK  18747.40 70.186 1/1/2004 9:58

NATHANSON_CREEK  18869.00 69.675 1/1/2004 9:58

NATHANSON_CREEK  18948.00 68.937 1/1/2004 9:58

NATHANSON_CREEK  18990.10 69.18 1/1/2004 9:58

NATHANSON_CREEK  19553.00 66.298 1/1/2004 9:58

NATHANSON_CREEK  19823.90 64.662 1/1/2004 9:59

NATHANSON_CREEK  20284.00 63.247 1/1/2004 10:00

NATHANSON_CREEK  20441.00 62.182 1/1/2004 10:00

NATHANSON_CREEK  20844.70 60.511 1/1/2004 10:01

NATHANSON_CREEK  21161.00 58.779 1/1/2004 10:01

NATHANSON_CREEK  21323.90 57.484 1/1/2004 10:02

NATHANSON_CREEK  21803.10 54.923 1/1/2004 10:02

NATHANSON_CREEK  22090.60 53.61 1/1/2004 10:03

NATHANSON_CREEK  22684.80 51.935 1/1/2004 10:05

NATHANSON_CREEK  22723.20 51.872 1/1/2004 10:05



BASELINE CONDITIONS - 25 YEAR, 24 HOUR MAX WATER SURFACE ELEVATIONS

Creek and Stationing
Maximum Water 

Surface Elevation (ft)
Maximum Time

NATHANSON_CREEK  22995.82 51.03 1/1/2004 10:05

NATHANSON_CREEK  23322.00 49.916 1/1/2004 10:06

NATHANSON_CREEK  25500.72 43.09 1/1/2004 0:00

FRYER_CREEK  13.60 77.354 1/1/2004 8:04

FRYER_CREEK  56.00 76.317 1/1/2004 8:04

FRYER_CREEK  571.00 72.943 1/1/2004 8:04

FRYER_CREEK  1040.00 70.608 1/1/2004 8:13

FRYER_CREEK  1057.00 70.611 1/1/2004 8:13

FRYER_CREEK  1608.00 69.417 1/1/2004 8:20

FRYER_CREEK  1625.00 69.352 1/1/2004 8:25

FRYER_CREEK  1931.00 69.249 1/1/2004 8:24

FRYER_CREEK  2268.00 68.81 1/1/2004 8:21

FRYER_CREEK  2365.00 68.514 1/1/2004 8:21

FRYER_CREEK  2395.00 68.528 1/1/2004 8:21

FRYER_CREEK  2529.00 68.52 1/1/2004 8:20

FRYER_CREEK  2659.68 68.508 1/1/2004 8:20

FRYER_CREEK  2659.68 68.508 1/1/2004 8:20

FRYER_CREEK  2768.00 68.465 1/1/2004 8:20

FRYER_CREEK  2800.00 68.272 1/1/2004 8:20

FRYER_CREEK  2854.00 65.234 1/1/2004 8:38

FRYER_CREEK  2898.00 64.313 1/1/2004 8:41

FRYER_CREEK  3705.00 62.715 1/1/2004 8:43

FRYER_CREEK  4144.91 61.604 1/1/2004 8:44

FRYER_CREEK  4144.91 61.604 1/1/2004 8:44

FRYER_CREEK  4154.00 61.567 1/1/2004 8:44

FRYER_CREEK  5123.00 59.365 1/1/2004 8:46

FRYER_CREEK  5672.00 58.25 1/1/2004 8:52

FRYER_CREEK  5705.00 58.351 1/1/2004 8:51

FRYER_CREEK  5718.00 58.153 1/1/2004 8:51

FRYER_CREEK  6045.00 57.883 1/1/2004 8:52

FRYER_CREEK  6268.00 56.966 1/1/2004 8:53

FRYER_CREEK  6334.00 56.641 1/1/2004 8:53

FRYER_CREEK  6784.00 54.871 1/1/2004 8:54

FRYER_CREEK  7264.00 52.871 1/1/2004 7:20

FRYER_CREEK  7911.50 49.8 1/1/2004 0:00

FRYER_WEST_FORK  0.00 68.945 1/1/2004 8:01

FRYER_WEST_FORK  167.00 68.774 1/1/2004 8:02

FRYER_WEST_FORK  239.00 68.751 1/1/2004 8:02

FRYER_WEST_FORK  297.00 68.616 1/1/2004 8:02

FRYER_WEST_FORK  421.00 68.222 1/1/2004 8:02

FRYER_WEST_FORK  695.00 66.864 1/1/2004 8:03

FRYER_WEST_FORK  745.72 66.816 1/1/2004 8:04



BASELINE CONDITIONS - 25 YEAR, 24 HOUR MAX WATER SURFACE ELEVATIONS

Creek and Stationing
Maximum Water 

Surface Elevation (ft)
Maximum Time

FRYER_WEST_FORK  1014.18 65.393 1/1/2004 9:04

FRYER_WEST_FORK  1097.00 65.387 1/1/2004 9:05

FRYER_WEST_FORK  1249.00 65.382 1/1/2004 9:04

FRYER_WEST_FORK  1471.00 65.365 1/1/2004 9:05

FRYER_WEST_FORK  1573.00 65.362 1/1/2004 9:05

FRYER_WEST_FORK  1706.81 65.359 1/1/2004 9:05

FRYER_WEST_FORK  1789.92 62.953 1/1/2004 9:08

FRYER_WEST_FORK  1915.00 62.559 1/1/2004 8:52

FRYER_WEST_FORK  2038.00 62.111 1/1/2004 8:48

FRYER_WEST_FORK  2238.81 61.895 1/1/2004 8:47

FRYER_WEST_FORK  2304.86 61.658 1/1/2004 8:44

FRYER_WEST_FORK  2419.00 61.641 1/1/2004 8:45

FRYER_WEST_FORK  2429.00 61.61 1/1/2004 8:45

FRYER_WEST_FORK  2451.11 61.604 1/1/2004 8:44

FRYER_EAST_FORK  0.00 68.958 1/1/2004 8:16

FRYER_EAST_FORK  39.00 68.805 1/1/2004 8:16

FRYER_EAST_FORK  175.00 68.712 1/1/2004 8:17

FRYER_EAST_FORK  290.00 68.592 1/1/2004 8:20

FRYER_EAST_FORK  424.00 68.572 1/1/2004 8:20

FRYER_EAST_FORK  578.00 68.556 1/1/2004 8:20

FRYER_EAST_FORK  753.00 68.549 1/1/2004 8:20

FRYER_EAST_FORK  848.86 68.546 1/1/2004 8:20

FRYER_EAST_FORK  874.98 68.512 1/1/2004 8:20

FRYER_EAST_FORK  957.00 68.508 1/1/2004 8:20



BASELINE CONDITIONS - 100 YEAR, 24 HOUR MAX FLOWS

Creek and Stationing
Maximum 

Flow (cfs)
Maximum Time

NATHANSON_CREEK  12799.17 11.956 1/1/2004 12:51

NATHANSON_CREEK  13006.50 1085.992 1/1/2004 9:10

NATHANSON_CREEK  13315.00 1032.709 1/1/2004 9:10

NATHANSON_CREEK  13722.50 868.802 1/1/2004 9:15

NATHANSON_CREEK  13969.60 835.305 1/1/2004 9:17

NATHANSON_CREEK  14080.00 906.005 1/1/2004 9:16

NATHANSON_CREEK  14404.50 918.393 1/1/2004 9:04

NATHANSON_CREEK  14742.00 1123.473 1/1/2004 9:22

NATHANSON_CREEK  14813.00 1136.727 1/1/2004 9:33

NATHANSON_CREEK  14929.00 1111.586 1/1/2004 9:34

NATHANSON_CREEK  15039.50 1050.689 1/1/2004 9:35

NATHANSON_CREEK  15358.00 1106.806 1/1/2004 9:35

NATHANSON_CREEK  15614.80 1095.932 1/1/2004 9:36

NATHANSON_CREEK  15706.50 1132.041 1/1/2004 9:36

NATHANSON_CREEK  15860.50 1092.148 1/1/2004 9:36

NATHANSON_CREEK  16224.50 1068.511 1/1/2004 9:37

NATHANSON_CREEK  16500.90 979.037 1/1/2004 9:38

NATHANSON_CREEK  16723.50 985.285 1/1/2004 9:38

NATHANSON_CREEK  17077.00 985.218 1/1/2004 9:39

NATHANSON_CREEK  17267.80 882.818 1/1/2004 9:39

NATHANSON_CREEK  17441.50 798.597 1/1/2004 9:40

NATHANSON_CREEK  17699.10 781.119 1/1/2004 9:40

NATHANSON_CREEK  17839.70 781.116 1/1/2004 9:41

NATHANSON_CREEK  17854.10 781.116 1/1/2004 9:41

NATHANSON_CREEK  17898.60 781.115 1/1/2004 9:41

NATHANSON_CREEK  18055.00 779.881 1/1/2004 9:41

NATHANSON_CREEK  18453.70 819.407 1/1/2004 9:41

NATHANSON_CREEK  18816.00 940.297 1/1/2004 9:46

NATHANSON_CREEK  18908.50 959.666 1/1/2004 9:46

NATHANSON_CREEK  18969.05 1000.66 1/1/2004 9:46

NATHANSON_CREEK  19271.55 1002.285 1/1/2004 9:45

NATHANSON_CREEK  19688.45 1039.264 1/1/2004 9:46

NATHANSON_CREEK  20053.95 1043.998 1/1/2004 9:46

NATHANSON_CREEK  20362.50 1035.797 1/1/2004 9:51

NATHANSON_CREEK  20642.85 1054.794 1/1/2004 9:47

NATHANSON_CREEK  21002.85 1024.108 1/1/2004 9:47

NATHANSON_CREEK  21242.45 1006.808 1/1/2004 9:44

NATHANSON_CREEK  21563.50 1006.795 1/1/2004 9:44

NATHANSON_CREEK  21946.85 1006.781 1/1/2004 9:45

NATHANSON_CREEK  22387.70 1006.851 1/1/2004 9:46

NATHANSON_CREEK  22703.20 1011.622 1/1/2004 9:44

NATHANSON_CREEK  22859.51 1011.569 1/1/2004 9:44



BASELINE CONDITIONS - 100 YEAR, 24 HOUR MAX FLOWS

Creek and Stationing
Maximum 

Flow (cfs)
Maximum Time

NATHANSON_CREEK  23158.91 1011.456 1/1/2004 9:45

NATHANSON_CREEK  24411.36 1011.379 1/1/2004 9:47

FRYER_CREEK  34.80 356.575 1/1/2004 8:34

FRYER_CREEK  313.50 346.538 1/1/2004 8:36

FRYER_CREEK  805.50 365.294 1/1/2004 8:32

FRYER_CREEK  1048.50 376.322 1/1/2004 8:22

FRYER_CREEK  1332.50 368.836 1/1/2004 8:34

FRYER_CREEK  1616.50 352.37 1/1/2004 8:54

FRYER_CREEK  1778.00 352.485 1/1/2004 8:55

FRYER_CREEK  2099.50 332.258 1/1/2004 8:57

FRYER_CREEK  2339.00 323.31 1/1/2004 9:19

FRYER_CREEK  2380.00 324.199 1/1/2004 9:19

FRYER_CREEK  2462.00 324.898 1/1/2004 9:18

FRYER_CREEK  2594.34 328.858 1/1/2004 9:18

FRYER_CREEK  2713.84 594.02 1/1/2004 8:08

FRYER_CREEK  2784.00 594.653 1/1/2004 8:09

FRYER_CREEK  2827.00 595.477 1/1/2004 8:35

FRYER_CREEK  2876.00 600.868 1/1/2004 8:09

FRYER_CREEK  3301.50 643.247 1/1/2004 8:39

FRYER_CREEK  3924.96 760.9 1/1/2004 8:40

FRYER_CREEK  4149.46 799.174 1/1/2004 8:40

FRYER_CREEK  4638.50 824.688 1/1/2004 8:40

FRYER_CREEK  5397.50 780.991 1/1/2004 8:50

FRYER_CREEK  5688.50 768.508 1/1/2004 8:50

FRYER_CREEK  5710.00 768.46 1/1/2004 8:50

FRYER_CREEK  5881.50 768.064 1/1/2004 8:51

FRYER_CREEK  6167.90 722.31 1/1/2004 8:51

FRYER_CREEK  6301.00 736.341 1/1/2004 8:54

FRYER_CREEK  6559.00 757.425 1/1/2004 8:55

FRYER_CREEK  7024.00 799.586 1/1/2004 8:57

FRYER_CREEK  7587.75 797.804 1/1/2004 8:58

FRYER_WEST_FORK  83.50 31.374 1/1/2004 8:01

FRYER_WEST_FORK  203.00 31.343 1/1/2004 8:01

FRYER_WEST_FORK  268.00 31.358 1/1/2004 8:02

FRYER_WEST_FORK  359.00 39.787 1/1/2004 8:01

FRYER_WEST_FORK  558.00 39.76 1/1/2004 8:02

FRYER_WEST_FORK  720.36 39.668 1/1/2004 8:02

FRYER_WEST_FORK  879.95 39.606 1/1/2004 8:03

FRYER_WEST_FORK  1055.59 44.5 1/1/2004 7:54

FRYER_WEST_FORK  1173.00 44.339 1/1/2004 7:54

FRYER_WEST_FORK  1360.00 43.34 1/1/2004 7:53

FRYER_WEST_FORK  1522.00 51.031 1/1/2004 7:53



BASELINE CONDITIONS - 100 YEAR, 24 HOUR MAX FLOWS

Creek and Stationing
Maximum 

Flow (cfs)
Maximum Time

FRYER_WEST_FORK  1639.91 43.13 1/1/2004 7:53

FRYER_WEST_FORK  1748.37 26.078 1/1/2004 8:30

FRYER_WEST_FORK  1852.46 26.701 1/1/2004 8:36

FRYER_WEST_FORK  1976.50 28.417 1/1/2004 8:37

FRYER_WEST_FORK  2138.40 35.907 1/1/2004 8:33

FRYER_WEST_FORK  2271.84 36.308 1/1/2004 8:38

FRYER_WEST_FORK  2361.93 38.168 1/1/2004 8:34

FRYER_WEST_FORK  2424.00 38.036 1/1/2004 8:41

FRYER_WEST_FORK  2440.05 38.07 1/1/2004 8:41

FRYER_EAST_FORK  19.50 381.175 1/1/2004 7:58

FRYER_EAST_FORK  107.00 380.17 1/1/2004 8:02

FRYER_EAST_FORK  232.50 392.756 1/1/2004 8:04

FRYER_EAST_FORK  357.00 395.532 1/1/2004 8:04

FRYER_EAST_FORK  501.00 394.077 1/1/2004 8:04

FRYER_EAST_FORK  665.50 392.692 1/1/2004 8:05

FRYER_EAST_FORK  800.93 378.28 1/1/2004 8:05

FRYER_EAST_FORK  861.92 347.289 1/1/2004 8:05

FRYER_EAST_FORK  915.99 342.15 1/1/2004 8:05



BASELINE CONDITIONS - 100 YEAR, 24 HOUR MAX WATER SURFACE ELEVATIONS

Creek and Stationing
Maximum Water 

Surface Elevation (ft)

Maximum 

Time

NATHANSON_CREEK  12660.33 103.31 1/1/2004 9:10

NATHANSON_CREEK  12938.00 102.167 1/1/2004 9:10

NATHANSON_CREEK  13075.00 101.946 1/1/2004 9:10

NATHANSON_CREEK  13555.00 99.013 1/1/2004 9:14

NATHANSON_CREEK  13890.00 96.077 1/1/2004 9:17

NATHANSON_CREEK  14003.00 94.58 1/1/2004 9:16

NATHANSON_CREEK  14157.00 93.161 1/1/2004 9:20

NATHANSON_CREEK  14652.00 91.419 1/1/2004 9:33

NATHANSON_CREEK  14792.00 89.774 1/1/2004 9:34

NATHANSON_CREEK  14834.00 89.882 1/1/2004 9:34

NATHANSON_CREEK  14947.00 87.992 1/1/2004 9:35

NATHANSON_CREEK  15132.00 87.725 1/1/2004 9:32

NATHANSON_CREEK  15584.00 85.293 1/1/2004 9:36

NATHANSON_CREEK  15691.00 85.09 1/1/2004 9:36

NATHANSON_CREEK  15722.00 84.869 1/1/2004 9:36

NATHANSON_CREEK  15999.00 84.033 1/1/2004 9:37

NATHANSON_CREEK  16450.00 82.994 1/1/2004 9:37

NATHANSON_CREEK  16527.00 80.417 1/1/2004 9:38

NATHANSON_CREEK  16920.00 79.275 1/1/2004 9:39

NATHANSON_CREEK  17234.00 78.356 1/1/2004 9:39

NATHANSON_CREEK  17317.00 77.199 1/1/2004 9:40

NATHANSON_CREEK  17566.00 76.129 1/1/2004 9:40

NATHANSON_CREEK  17832.20 74.903 1/1/2004 9:41

NATHANSON_CREEK  17847.20 75.137 1/1/2004 9:41

NATHANSON_CREEK  17861.00 75.264 1/1/2004 9:41

NATHANSON_CREEK  17950.00 73.864 1/1/2004 9:41

NATHANSON_CREEK  18160.00 72.744 1/1/2004 9:43

NATHANSON_CREEK  18747.40 70.674 1/1/2004 9:45

NATHANSON_CREEK  18869.00 70.067 1/1/2004 9:45

NATHANSON_CREEK  18948.00 69.288 1/1/2004 9:45

NATHANSON_CREEK  18990.10 69.554 1/1/2004 9:45

NATHANSON_CREEK  19553.00 66.69 1/1/2004 9:46

NATHANSON_CREEK  19823.90 65.041 1/1/2004 9:46

NATHANSON_CREEK  20284.00 63.619 1/1/2004 9:47

NATHANSON_CREEK  20441.00 62.526 1/1/2004 9:47

NATHANSON_CREEK  20844.70 60.785 1/1/2004 9:46

NATHANSON_CREEK  21161.00 59.034 1/1/2004 9:44

NATHANSON_CREEK  21323.90 57.787 1/1/2004 9:44

NATHANSON_CREEK  21803.10 55.21 1/1/2004 9:45

NATHANSON_CREEK  22090.60 53.92 1/1/2004 9:45

NATHANSON_CREEK  22684.80 52.242 1/1/2004 9:44

NATHANSON_CREEK  22723.20 52.146 1/1/2004 9:44



BASELINE CONDITIONS - 100 YEAR, 24 HOUR MAX WATER SURFACE ELEVATIONS

Creek and Stationing
Maximum Water 

Surface Elevation (ft)

Maximum 

Time

NATHANSON_CREEK  22995.82 51.317 1/1/2004 9:46

NATHANSON_CREEK  23322.00 50.169 1/1/2004 9:46

NATHANSON_CREEK  25500.72 43.09 1/1/2004 0:00

FRYER_CREEK  13.60 77.685 1/1/2004 8:34

FRYER_CREEK  56.00 76.653 1/1/2004 8:33

FRYER_CREEK  571.00 73.329 1/1/2004 8:32

FRYER_CREEK  1040.00 71.454 1/1/2004 8:34

FRYER_CREEK  1057.00 71.457 1/1/2004 8:34

FRYER_CREEK  1608.00 69.821 1/1/2004 8:40

FRYER_CREEK  1625.00 69.759 1/1/2004 8:40

FRYER_CREEK  1931.00 69.664 1/1/2004 8:39

FRYER_CREEK  2268.00 69.264 1/1/2004 8:38

FRYER_CREEK  2365.00 68.924 1/1/2004 8:36

FRYER_CREEK  2395.00 68.936 1/1/2004 8:36

FRYER_CREEK  2529.00 68.928 1/1/2004 8:36

FRYER_CREEK  2659.68 68.917 1/1/2004 8:36

FRYER_CREEK  2659.68 68.917 1/1/2004 8:36

FRYER_CREEK  2768.00 68.875 1/1/2004 8:35

FRYER_CREEK  2800.00 68.685 1/1/2004 8:35

FRYER_CREEK  2854.00 65.567 1/1/2004 8:38

FRYER_CREEK  2898.00 64.975 1/1/2004 8:39

FRYER_CREEK  3705.00 63.501 1/1/2004 8:40

FRYER_CREEK  4144.91 62.378 1/1/2004 8:45

FRYER_CREEK  4144.91 62.378 1/1/2004 8:45

FRYER_CREEK  4154.00 62.302 1/1/2004 8:45

FRYER_CREEK  5123.00 60.058 1/1/2004 8:50

FRYER_CREEK  5672.00 58.907 1/1/2004 8:53

FRYER_CREEK  5705.00 59.025 1/1/2004 8:53

FRYER_CREEK  5718.00 58.868 1/1/2004 8:53

FRYER_CREEK  6045.00 58.617 1/1/2004 8:54

FRYER_CREEK  6268.00 57.527 1/1/2004 8:55

FRYER_CREEK  6334.00 57.212 1/1/2004 8:56

FRYER_CREEK  6784.00 55.528 1/1/2004 8:56

FRYER_CREEK  7264.00 53.263 1/1/2004 8:57

FRYER_CREEK  7911.50 49.8 1/1/2004 0:00

FRYER_WEST_FORK  0.00 69.265 1/1/2004 8:01

FRYER_WEST_FORK  167.00 69.098 1/1/2004 8:01

FRYER_WEST_FORK  239.00 69.077 1/1/2004 8:01

FRYER_WEST_FORK  297.00 68.846 1/1/2004 8:01

FRYER_WEST_FORK  421.00 68.455 1/1/2004 8:02

FRYER_WEST_FORK  695.00 67.33 1/1/2004 8:03

FRYER_WEST_FORK  745.72 67.306 1/1/2004 8:03



BASELINE CONDITIONS - 100 YEAR, 24 HOUR MAX WATER SURFACE ELEVATIONS

Creek and Stationing
Maximum Water 

Surface Elevation (ft)

Maximum 

Time

FRYER_WEST_FORK  1014.18 65.9 1/1/2004 8:29

FRYER_WEST_FORK  1097.00 65.893 1/1/2004 8:29

FRYER_WEST_FORK  1249.00 65.887 1/1/2004 8:28

FRYER_WEST_FORK  1471.00 65.86 1/1/2004 8:30

FRYER_WEST_FORK  1573.00 65.857 1/1/2004 8:30

FRYER_WEST_FORK  1706.81 65.855 1/1/2004 8:30

FRYER_WEST_FORK  1789.92 63.231 1/1/2004 8:41

FRYER_WEST_FORK  1915.00 63.099 1/1/2004 8:42

FRYER_WEST_FORK  2038.00 63.001 1/1/2004 8:43

FRYER_WEST_FORK  2238.81 62.954 1/1/2004 8:43

FRYER_WEST_FORK  2304.86 62.43 1/1/2004 8:45

FRYER_WEST_FORK  2419.00 62.423 1/1/2004 8:45

FRYER_WEST_FORK  2429.00 62.382 1/1/2004 8:45

FRYER_WEST_FORK  2451.11 62.378 1/1/2004 8:45

FRYER_EAST_FORK  0.00 69.552 1/1/2004 8:05

FRYER_EAST_FORK  39.00 69.351 1/1/2004 8:06

FRYER_EAST_FORK  175.00 69.222 1/1/2004 8:08

FRYER_EAST_FORK  290.00 69.049 1/1/2004 8:08

FRYER_EAST_FORK  424.00 69.019 1/1/2004 8:08

FRYER_EAST_FORK  578.00 68.993 1/1/2004 8:09

FRYER_EAST_FORK  753.00 68.982 1/1/2004 8:09

FRYER_EAST_FORK  848.86 68.981 1/1/2004 8:09

FRYER_EAST_FORK  874.98 68.921 1/1/2004 8:36

FRYER_EAST_FORK  957.00 68.917 1/1/2004 8:36



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Appendix G

MIKE URBAN Storm Drain 
Profile Figures with CIP Projects



Legend for Storm Drain System Profiles with CIP Projects Implemented 
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 Appendix H

10-Year Storm Drain Capital Improvement 
Program

 



May-10
CIP ID No. FY 10-11 FY 11-12 FY 12-13 FY 13-14 FY 14-15 FY 15-16 FY 16-17 FY 17-18 FY 18-19 FY 19-20 Totals

Recommended Capital Improvement Projects
1 Fryer Creek culvert at West MacArthur St. 600,000      640,897      1,240,897$      
2 Nathanson Creek – Patten St. Bridge 800,000      200,000     172,094      1,172,094$      
3 Nathanson Creek Floodwalls 500,000      1,500,000    2,056,874    4,056,874$      
4 Line F-12 – Increase Pipe Size 552,786    552,786$         
5 Bypass – Connect Line F-12 to Line SON-5 1,000,000    1,000,000   941,092       2,941,092$      
6 Line F-1 – Increase Pipe Size 316,807     316,807$         
7 Line N-3 – Increase Pipe Size 242,228      242,228$         
8 Line N-5 – Increase Pipe Size 703,056       703,056$         
9 Line S-1 – Increase Pipe Size – Pipe 70 and 62-66 872,531     500,000      1,372,531$      
10 Line S-1 – Increase Pipe Size upstream of Junction with Line S-1-6 915,559      915,559$         

TOTAL CIP 552,786    1,515,559   1,440,897   1,389,338  1,414,322   1,500,000    2,056,874    1,000,000    1,000,000   1,644,148    13,513,924$    

FY 10-11 FY 11-12 FY 12-13 FY 13-14 FY 14-15 FY 15-16 FY 16-17 FY 17-18 FY 18-19 FY 19-20 Totals

10‐Year Storm Drain Capital Improvement Program ‐ FY 2010 ‐ 2020 (all costs shown in 2011 dollars)

City of Sonoma
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Sonoma Valley Groundwater Recharge Potential SEC and SCWA 

Background 
Groundwater resources in Sonoma Valley are increasingly the object of study with regard to 
use, development, and sustainability.  Reports by the California Department of Water 
Resources (DWR), Sonoma County Water Agency (Agency), United States Geological Survey 
(USGS), and private consultants show a growing demand for limited local groundwater supplies 
and concomitant decline in availability.  In 2006, the USGS estimated that groundwater pumping 
in Sonoma Valley had increased from around 6,200 acre-feet per year (AF/yr) in 1974 to 8,500 
AF/yr in 2000, a 37 percent increase in groundwater extraction.  On the basis of groundwater 
flow modeling, the USGS also estimated that from 1975 to 2000, 17,300 AF were lost from 
groundwater storage.  Groundwater-level monitoring indicates evidence of groundwater level 
declines in localized areas in the valley, with associated threats to groundwater quality from 
seawater intrusion and geothermal upwelling (Agency, 2007). 
 
In 2006, the Agency coordinated development of a voluntary, non-regulatory Sonoma Valley 
Groundwater Management Plan (Plan) with the participation and collaboration of a broad range 
of local stakeholders who served as a Basin Advisory Panel (BAP). The Plan, adopted by the 
Sonoma County Board of Supervisors, Valley of the Moon Water District, and City of Sonoma in 
2007, identifies Basin Management Objectives (BMOs) and a range of actions to be taken to 
sustain groundwater resources.  The BAP and a Technical Advisory Committee (TAC), which 
provides technical support to the BAP, have been carrying out the actions according to the 
Plan’s schedule (Appendix F in Agency, 2007).  One of the BMOs included in the Plan (BMO-3) 
includes the identification and protection of groundwater recharge areas and the enhancement 
of groundwater recharge where appropriate.  The Plan recognizes that improved understanding 
and delineation of groundwater recharge are critically important for effectively managing 
groundwater resources and includes in its schedule the development, through identification and 
mapping, of high-potential groundwater recharge areas in Sonoma Valley.   
 
On behalf of the BAP, the Agency applied for and obtained an AB303 Grant from DWR for 
$249,908 for installation of two multilevel groundwater monitoring wells and a groundwater 
recharge mapping project.  While a Grant Agreement between the Agency and DWR was 
initially entered in 2009, funding was frozen on the grant due to state budgetary constraints.  
Following notification from DWR in November 2009 that partial funding of the grant was 
available, the Agency entered into an agreement with the Sonoma Ecology Center (SEC) in 
December 2009 to commence work on the groundwater recharge mapping project.  This 
technical memorandum documents the methodology and results of the recharge mapping 
project pursuant to Task 2.5 of the Grant Agreement. 

Project Objective and Purpose  
The objective of this project is to develop a groundwater recharge potential map for the Sonoma 
Valley.  The project is intended to provide improved information on the distribution of recharge 
potential in Sonoma Valley and assist in identifying areas that could be favorable locations for 
multiple-scale enhanced groundwater recharge projects.  Additionally, data developed from the 
project will be coupled with other ongoing and planned recharge investigation techniques to 
inform and feed into the development of a fully coupled surface water/groundwater flow model 
for Sonoma Valley.   
 
More information about this project and other groundwater resources in the Sonoma Valley is 
available in the Sonoma Valley Knowledge Base:  
http://knowledge.sonomacreek.net/category/topics/groundwater-resources. 
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Previous Sonoma Valley Groundwater Recharge Investigations 
Previous investigations of groundwater recharge in Sonoma Valley have been conducted by 
multiple research groups (DWR, 1975 and 1982; USGS, 2006; Bauer, 2008; LLNL, 2010).  
DWR’s studies were primarily based on slope and soil type, the USGS and Bauer study utilized 
numerical modeling approaches, and LLNL utilized tracer studies using stable isotopes.  
 
DWR assessed areas of natural recharge in Sonoma County in studies published in 1975 and 
1982.  The 1975 study covered the entire county and was based on mapping of geologic units 
(DWR, 1975).  The DWR (1982) map of recharge areas focused on Sonoma Valley and was 
based on data from a U.S. Department of Agriculture (USDA) Sonoma County soil survey 
(Miller, 1972). The DWR (1982) study used three recharge classifications (Recharge Areas, 
Potential Recharge Areas, and Slow Recharge Areas) based on soil type (infiltration rate) and 
topographic slope using the general methodology of Muir and Johnson (1979).  Soil permeability 
and slope were considered the most important factors in determining the recharge potential. 
 
The USGS 2006 study included the performance of a seepage run of Sonoma Creek and 
portions of some tributaries, which indicated that losing stream reaches (areas contributing to 
groundwater recharge) were limited to Kenwood Fan area of Sonoma Creek at the time of the 
streamflow measurements (May 2003).  In developing a numerical groundwater flow model for 
the study, the USGS grouped the Sonoma Valley into three primary, and highly generalized, 
recharge zones for MODFLOW groundwater flow model. 
 
Bauer (2008) developed a new recharge model based on a soil moisture budget model and 
extended the area of recharge included in the MODFLOW model to encompass the entire 
Sonoma Creek watershed.  Mountain-front recharge in the Sonoma Creek watershed originating 
in the highland areas outside the model domain was added to the model and accounted for 
separately from aerial recharge within the model domain.  Bauer’s modeling approach included 
the development of a Soil Moisture Budget (SMB) computed on a monthly time-step and 
accounts for the following parameters: Precipitation, Interception, Soil Moisture Storage (SMS), 
Available Water Capacity (AWC), and Potential Evapotranspiration.   
 

Project Approach 
Groundwater recharge is recognized as one of the most difficult components of the hydrologic 
budget to quantify.  The extent to which water recharges an aquifer depends on a number of 
factors.  Some of these factors are land use, soil permeability, slope, precipitation patterns, type 
of surficial deposits, thickness of surficial deposits, vegetation, and connection of surficial 
deposits with underlying aquifers.  A wide variety of techniques can be applied to investigate 
groundwater recharge.  Scanlon et al. (2002a) classified these recharge estimation techniques 
into physical (lysimeter, zero flux plan, and Darcy’s Law), tracer (chemical, heat, and isotope), 
and numerical modeling approaches and recommended using multiple adaptive techniques to 
provide the most reliable estimates. 
 
The relative recharge potential mapping conducted for this study integrates the infiltration 
characteristics of soil types, geologic formations, slope, and vegetation.  The term recharge 
potential is used because the actual recharge rate also depends on other factors such as the 
distribution of precipitation, the locations of streams and other surface water bodies, and the 
connection to deeper aquifers (which are not incorporated into this study).  Potential constraints 
or limitations that are not directly incorporated into the analysis include the presence of shallow 
or perched groundwater, natural springs, and existing groundwater quality.  As such, site-
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specific assessments should be conducted prior to planning medium to large-scale recharge 
enhancement projects. 

 

Recharge Analysis Methodology   
Tasks performed for the study have included: (1) assembling and compiling existing GIS data 
sources; (2) developing the approach to the mapping project; (3) contacting other researchers 
for additional data sources and assembling and conferring with a panel of geologists to rank 
geologic formations relative to recharge potential; (4) identifying and reviewing supplemental 
sources of data; (5) developing a land-use GIS layer; and (6) convening project meetings to 
overview status and results.  

Sources Contacted.  The following experts were contacted and contributed to discussion on 
groundwater recharge analysis and mapping.  Of note are the individuals identified as members 
of the geology panel.  This group participated in a multi-week process of analysis and dialogue 
leading to the synthesis of recent California Geologic Survey (CGS) geologic maps into a 
geologic map for the Sonoma Creek watershed. 

• Basin Advisory Panel and Technical Advisory Committee.  Presentations were made to 
these groups.  They contributed questions, comments, and inputs. 

• Lorraine and Alan Flint, USGS.  The Flints are currently working on a project to model 
potential climate change scenarios and groundwater recharge in Sonoma County.  They 
explained their recharge modeling work and suggested factors to incorporate and GIS layers 
to assist in developing the map. 

• Geology panel representatives from USGS (C. Farrar), CGS (W. Haydon), DWR (M. 
Nordberg), SCWA (M. Trotta), SEC (R. Lawton) and consulting firm Parker GroundWater (T. 
Parker).  The geology panel analyzed the geologic formations of Sonoma Valley and 
classified them into a simplified set of thirteen classes with similar water infiltration 
characteristics. 

Literature Reviewed.  The following documents were reviewed as part of developing a 
methodology for groundwater recharge analysis and mapping.   Each document contributed key 
insights, knowledge, leads to other information, and overall understanding of the topic. 

• Muir and Johnson, 1979.  USGS Open File Report 79-1065, Groundwater recharge potential 
classification and mapping for coastal and central Santa Cruz County.  Defined and 
evaluated factors affecting recharge potential.  Muir and Johnson specified good recharge 
areas as soils with >0.6 inch infiltration/hour and slopes of less than 15%.  Geology was 
identified as a factor but not implemented.  Vegetation was identified as a secondary factor 
but considered transitory and not implemented. 

• DWR, 1982.  Bulletin No. 118-4, Evaluation of Ground Water Resources: Sonoma County 
Vol. 4, Sonoma Valley.  DWR utilized Muir & Johnson methodology to map GOOD and 
SECONDARY recharge areas in Sonoma County. 

• Luhdorff & Scalmanini, April 1999. VOMWD Master Plan for Ground-Water Development 
and Management.  And John Olaf Nelson Water Resources Management, 1999, VOMWD 
Strategic Water Supply Plan.  Both reports utilized the DWR 1982 groundwater recharge 
maps in their analysis. 

• C. Farrar et al., 2006.  USGS Scientific Investigations Report 2006-5092, Geohydrological 
Characterization, Water-Chemistry and Ground-Water Flow Simulation Model of the 
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Sonoma Valley Area, Sonoma County, California.  Farrar et al. defined recharge sources 
and processes for Sonoma Valley, focusing only on the valley floor. 

• J. Mulder, January 2008.  DWR Administrative Draft, Determining Potential Groundwater 
Recharge Zones Based on Soil Mapping and Slope.  Mulder described modernized GIS 
methods for deriving a recharge potential map based on soil and slope and another 
independent map based on underlying geology.  Described methods for upgrading scaling 
of contributing element values.   

• Bauer, J., 2008.  Masters Thesis:  Update to Regional Groundwater Flow Simulation of 
Sonoma Valley including a New Model for Recharge and Three Future Scenarios.  Bauer 
updated and expanded USGS 2006 flow model.  Incorporated mountain front recharge into 
flow model and expanded area analyzed to include foothills. 

Model Elements.  Through the contacts made and literature reviewed, several simple, 
qualitative groundwater recharge models were found.  The following table shows the element 
composition of these models along with the Sonoma Valley Watershed model. 

 
Comparison of Groundwater Recharge Mapping Models 

  Santa Cruz County 
(Muir & Johnson) 

Butte County 1 
(Mulder) 

Butte County 2 
(Mulder) SVWS Model 

Element Weight Weight Weight Weight 
Vegetation 0.0% 0.0% 0% 10% 
Soil 25.0% 37.5% 0% 25% 
Slope 12.5% 62.5% 0% 15% 
Geology 62.5% 0.0% 100% 50% 
TOTAL 100.0% 100.0% 100% 100% 

 
Analysis.  The Santa Cruz County study (Muir & Johnson, 1979) defined a three element 
model: soil, slope, geology; however, the geology element was not integrated into the final 
result.  Vegetation was identified as a secondary factor, but considered transitory and not 
implemented.  The DWR study (1982) utilized the incomplete Muir & Johnson model in 
characterizing Sonoma Valley.  The VOMWD documents (1999) rely on the DWR analysis 
(1982).  The DWR analysis for Butte County (2008) modernizes derivation methods and 
describes more refined scaling for elements.  However it generates separate maps for 
soil/slope and geology.  Integration of all three elements into one map was not discussed.   

In personal communications with Lorraine and Alan Flint of USGS, they suggested that soil 
is underweighted in these models.   

In summary, although methods were improved and more refined element scaling described, 
no substantive improvements in model structure were found in these later studies over those 
in the Santa Cruz County study of 1979. 

SVWS Model Composition.  This project implements a model with four elements: 
vegetation, soil, slope, and geology.  Element weightings vary modestly from the Santa 
Cruz County study and more significantly from the Butte County study.  Geology remains the 
dominant factor, followed by soil and slope.  Vegetation is new and is the fourth element 
used to derive the recharge potential layer.  In rough consistency with the Santa Cruz 
County study (where it was classified as of secondary importance), vegetation is given the 
lowest weight of the four basic elements.  Impervious surface ratings, an important attribute 
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of landcover, were not addressed by the vegetation data used.  Impervious surfaces are 
therefore implemented separately as a constraint for use in later analysis, where it can be 
overlaid on the recharge potential layer. 

Data Updates.  The sources of GIS data used and modification/derivation processes used are 
documented here. 

• Vegetation.  Data source:  San Francisco Bay Open Space Council, Upland Habitat Goals 
Project Vegetation Map.  Per expert opinion (geology panel members, et al.), SEC 
researcher D. DiPietro ranked vegetation polygons into three classes (poor, good, very 
good) based on the degree to which vegetation promotes or inhibits precipitation infiltration 
into the soil. 

• Soil.  Data source:  NRCS SSURGO Soils Database.  SEC researcher B. Sesser 
reclassified soil polygons into five classes and ranked them (Very Low, Low, Moderate, 
High, Very High) based on values in the average permeability (PERM_AVG) data element.  
Average permeability rates greater than 0.6 inches per hour (the Santa Cruz County study 
threshold) were ranked as high or very high. 

• Slope.  Data source: USGS 10-Meter Digital Elevation Model.  SEC researcher B. Sesser 
used ArcMap functions to merge and clip quarter quadrangle DEM maps to the Sonoma 
Valley boundary and create a slope map.  This was reclassified into ten classes based on 
slope percent and ranked with the highest score assigned to the lowest slope percentages 
and the lowest score assigned to the highest slope percentages. 

• Geology.  Data sources: CGS 2006 and USGS 1993.  A geology panel was convened to 
determine how to reclassify Sonoma Valley geology according to recharge potential.  See 
participants listed above in Sources Contacted section.  CGS (2006) maps were used for all 
quads except for Petaluma Point (not available).  USGS (1993) was used for that 
unavailable quad.  Guided by geology panel discussion, SEC researchers B. Sesser and R. 
Lawton simplified the geologic features into thirteen classes based on similarities in 
permeability, porosity and fractures.  These thirteen groups were then ranked into six 
classes (Poor, Poor to Fair, Fair, Fair to Good, Good, and Good to Very Good).  Use of the 
latest CGS (2006) geology maps provided much greater detail on alluvial formations in 
valley floor and differences in volcanic formations in mountainous areas than was provided 
in previous CGS mapping. 

• Impervious Surfaces.  Data source:  NLCD Impervious Surfaces dataset, 2001.  Source 
data set was clipped to Sonoma Valley watershed boundary.  Impervious surface data does 
not have a predefined classification scheme (for illustration, it has been shown with arbitrary 
classes defined).  Rather it is available in its entire range of 0 to 100% impervious ratings for 
individual 30-meter grid cells.  In future projects, thresholds or classes will need to be 
defined as appropriate for specific analyses. 

• Protected Lands.  Data Source: Sonoma County Agricultural Preservation and Open 
Space District, 2005.  Composite spatial database of private-protected, public-protected, 
and public-unprotected lands in Sonoma County.  Remaining land is assumed to be private.  
Sonoma County wide file was clipped to the Sonoma Valley Watershed boundary. 

• Vineyard.  Data source:  U.C. Berkeley, A. Merenlender’s lab, September 2007.  Vineyard 
polygons come from five different data sets that were generated for various projects by the 
following individuals and/or organizations: (1) E. Heaton, (2) K. Lohse, (3) A. Whipple, and 
(4) M. Deitch - all affiliated with U.C. Berkeley and A. Merenlender's IHRMP North Coast 
GIS lab at the U.C. Hopland field station; (5) T. Robinson of the Sonoma County Agricultural 
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Preservation and Open Space District.  Sonoma County wide data set was clipped to the 
Sonoma Valley watershed boundary. 

• Shallow Groundwater.  Data source: Sonoma County Water Agency, October 2010.  
Polygons were created that delineate shallow groundwater areas as indicated by shallow 
wells (less than 15 feet to groundwater). 
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Recharge Potential Analysis  
Derivation.  The Recharge Potential map layer is derived by combining the ranked 
versions of the four model elements: vegetation, soil, slope, and geology.  In ArcMap, SEC 
researcher B. Sesser used the map algebra function of the spatial analyst to compute a 
recharge potential value for each grid cell by summing the scores of the four ranked 
elements.  The resulting layer has raw scores ranging from 21 to 94 (100 maximum 
possible).  The raw scores were then classified into seven intervals based on the Jenks 
Natural Breaks Optimization methodology.  The Jenks methodology was chosen because it 
identifies natural classes in the source data by seeking to reduce the variance within classes 
and maximize the variance between classes.  

Analysis.  The updated geology layer reveals areas of high recharge potential that were 
previously obscured, especially relatively high-porosity air-fall tuff formations in the mountain 
belts and alluvial deposits on the valley floor due to better identification of individual units.  
Significant areas of high recharge potential are found in these areas: 

• The main channel of Sonoma Creek from its emergence from the Mayacamas 
Mountains at Kenwood to the beginning of tidal influence near the Highway 12 crossing. 

• Much of the Yulupa Creek and Annadel Creek watersheds north of Bennett Valley Road. 

• The lower reaches of Calabazas, Stuart, and Butler Creeks and their floodplains below 
450 feet elevation. 

• A lengthy band running northwest to southeast on the east slope of Sonoma Mountain 
that crosses the headwaters of Snag, Graham, Asbury, Mill, Winkle, and Dowdall 
Creeks. 

• The lower reaches of Carriger/Fowler, Felder, Rodgers, Fryer, Nathanson, and Arroyo 
Seco Creeks. 

• The main channel of Hyde Creek for nearly its entire length. 

• The bulk of main stream channels of Pharris and Tolay Creeks. 

• Numerous small, unnamed streams throughout Sonoma Valley have areas of modest 
size but high recharge potential. 

• The entire valley floor from Verano Avenue south to the beginning of tidal influence near 
Highways 12 and 121 (moderately high recharge potential). 

 

Constraints and Opportunities Analysis 
Land Ownership Analysis.  The following table shows the distribution of recharge 
potential within land ownership categories in the Sonoma Valley.   

• The land ownership category with the largest acreage of high recharge potential is 
privately owned.  Future initiatives seeking candidates for recharge projects will 
therefore benefit from a component to address the interests of private land owners, 
identifying their concerns and presenting appealing options.   
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• Land ownership categories with lesser obstacles to overcome are Conservation Lands 
and Public.  There may be some attractive, quick-win project candidates in these latter 
categories; however, their total acreage is modest. 

 
Distribution of Recharge Potential within Land Ownership Categories 

Public and Private 
Conservation  Lands Private 

Public (City, 
County, State, 

Federal) TOTAL Recharge 
Potential Acres Percent Acres Percent Acres Percent Acres Percent 
poor 9,113 27.3% 18,018 53.9% 6,303 18.9% 33,435 100% 
fair 7,363 21.4% 26,211 76.3% 774 2.3% 34,348 100% 
good 1,884 10.7% 15,238 86.5% 494 2.8% 17,616 100% 
very good 1,876 9.1% 18,222 88.4% 508 2.5% 20,606 100% 
TOTAL 20,238 19.1% 77,690 73.3% 8,078 7.6% 106,006 100% 

 
 

Land Use Analysis.  Land use analysis is shown here in two steps.  Because a detailed 
vineyard acreage map is available, it is shown separately following the overall analysis.  The 
following table shows the distribution of recharge potential within major land use categories. 
 
• Nearly fifty percent of the watershed is in natural vegetation.  The vast majority of natural 

vegetation acreage has poor or fair recharge potential.  There will be limited 
opportunities to identify enhanced recharge project candidates here. 

• More than one-fourth of the watershed is in agriculture.  Agricultural acreage is about 
evenly divided into the four recharge potential categories.  This is a key land use 
category to focus efforts to identify enhanced recharge project candidates.  

• About ten percent of watershed is in the Residential land use category.  The majority of 
residential acreage has good or very good recharge potential.  This suggests there is an 
opportunity for public awareness campaigns to promote good practices here. 

• Less than five percent of the watershed is in the Urban/Developed land use category.  
Although the majority of this acreage has good or very good recharge potential, the 
small total amount may mean there are few opportunities for projects here. 

 
   

Distribution of Recharge Potential within Land Use Categories 

Poor Fair Good Very Good 
Land Use Category Acres Percent Acres Percent Acres Percent Acres Percent 

TOTAL 
ACRES 

Intensive Agriculture 3,064 16.8% 4,861 26.6% 4,275 23.4% 6,064 33.2% 18,264 
Working Landscapes 3,316 29.0% 2,432 21.3% 2,902 25.4% 2,784 24.3% 11,434 
Residential 752 7.0% 2,690 25.1% 3,004 28.0% 4,266 39.8% 10,712 
Urban/Developed 707 15.1% 641 13.7% 1,564 33.4% 1,765 37.7% 4,677 
Natural Vegetation 13,979 28.6% 23,544 48.2% 5,761 11.8% 5,588 11.4% 48,872 
Wetlands 10,093 99.7% 13 0.1% 6 0.1% 7 0.1% 10,118 
Water 1,530 79.2% 170 8.8% 103 5.3% 128 6.6% 1,932 
TOTAL 33,441 31.5% 34351 32.4% 17615 16.6% 20602 19.4% 106,009 

 
The following table shows the distribution of recharge potential in vineyards in Sonoma 
Valley.  Nearly two thirds of vineyard acreage is rated as good or very good for recharge 
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potential.  This suggests vineyard acreage would be a good opportunity area for identifying 
candidates for enhanced recharge projects. 

 
Distribution of Recharge Potential within Vineyard 

Poor Fair Good Very Good Total 
 Acres Percent Acres Percent Acres Percent Acres Percent Acres 
Vineyard 1,077 7.3% 4,307 29.0% 3,892 26.2% 5,583 37.6% 14,859 
 
 

Impervious Surfaces Analysis.  Impervious surfaces are an important attribute of a 
watershed’s landcover.  Most impervious surface in our watershed is concentrated in the 
valley floor on relatively flat land. Consequently beneath these areas the other contributing 
elements often have high recharge potential rankings. Although these areas are partially or 
entirely blocked to infiltration by impervious surfaces they may still merit interest for future 
projects.  The following table shows the distribution of recharge potential within arbitrary 
classes of impervious surface rating.   

• At the watershed level, over 90 percent of acreage is in categories with impervious 
surface ratings of 50 percent or less.  Seventy-one percent of very good recharge 
potential lies in areas with impervious surfaces ratings of less than 2 percent.  These 
areas are typically wildland and agriculture. 

• Areas with 25 percent or less impervious surfaces often represent low to medium density 
single-family residence areas.   

The above categories are the most obvious project opportunity areas.   

• Less than 5 percent of high recharge potential acreage lies in categories of greater than 
50 percent impervious surface rating.  These are typically roads and urban center 
settings.   

These data suggest there is relatively little direct recharge opportunity lost to roads and the 
cores of urban areas.  However, these areas may be considered for projects that can utilize 
channelized runoff as an infiltration water source.  Also, they may also be helpful in 
identifying localized areas of concern for high stormwater runoff levels. 

 
Distribution of Recharge Potential within Impervious Surfaces Categories 

0-1%  
Impervious 

2-25%  
Impervious 

26-50%  
Impervious 

51-75% 
Impervious 

76-100% 
Impervious Total 

 
Recharge 
Potential Acres Percent Acres Percent Acres Percent Acres Percent Acres Percent Acres 
poor 32,668 97.7% 390 1.2% 216 0.6% 141 0.4% 8 0.0% 33,423 
fair 32,519 94.7% 1,426 4.2% 295 0.9% 91 0.3% 6 0.0% 34,338 
good 13,497 76.7% 1,716 9.7% 1,272 7.2% 1,002 5.7% 118 0.7% 17,605 
very good 14,794 71.8% 3,167 15.4% 1,746 8.5% 809 3.9% 90 0.4% 20,606 
TOTAL 93,478 88.2% 6,698 6.3% 3,529 3.3% 2,043 1.9% 223 0.2% 105,972 

 
 

Use of this Information for Identifying Potential Projects 
The objective of this project was to develop a groundwater recharge potential map for the 
Sonoma Valley and assist in identifying areas that could be favorable locations for multiple-
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scale enhanced groundwater recharge projects.  In the constraints and enhancements analysis, 
above, some specific candidate areas are listed that could merit further investigation.  Potential 
constraints or limitations that are not directly incorporated into the analysis include the presence 
of shallow or perched groundwater, natural springs, and existing groundwater quality.  As such, 
site-specific assessments should be conducted prior to planning medium- to large-scale 
recharge enhancement projects. 
 
Some potential projects that could be evaluated using information from this study include: 
• Medium- to large-scale rainfall/stormwater infiltration on environmental corridors, agricultural 

lands, large private properties, and homeowner associations. 
• Small-scale rainfall/stormwater infiltration on rural and urban residential properties. 
• Groundwater recharge area conservation (e.g., Open Space District or Land Trust 

acquisitions). 
• Recharging deeper aquifers through surface spreading (when the surficial potential recharge 

map is used in conjunction with available subsurface data). 
 

The potential benefits of such projects include flood mitigation, increasing baseflows to local 
streams and wetlands, surface water quality improvements, and addressing groundwater level 
declines.  
 
This information can assist in highlighting special interest areas when additional GIS data is 
incorporated with it: 
• Soil thickness.  Incorporating soil thickness data can reveal candidate areas for “enhanced 

recharge projects.”  Such projects are good candidates in areas where relatively thin soil, 
especially with poor recharge potential, is present over geologic formations with high 
recharge potential.   

• Depth to groundwater.  Incorporating depth to groundwater data can assist in locating areas 
that have low incremental storage capacity.  Areas with lower incremental water storage 
capacity are likely to be poor candidates for medium- to large-scale recharge projects.  
However, depending upon site-specific conditions, a small-scale enhanced recharge project 
may be successful in such an area (e.g., promotion of stormwater infiltration through 
contoured swales at a residential property).   

 
We anticipate that GIS tools will be useful for evaluating opportunities using expert knowledge 
and simply zooming in to look, for example, at the potential for addition of retention ponds next 
to large parking lots (to utilize channelized runoff) due to the presence of an open field.  This 
kind of analysis will be best done manually. 

 
As previously described, groundwater recharge is recognized as one of the most difficult 
components of the hydrologic budget to quantify and the most successful studies of recharge 
integrate multiple adaptive techniques and methods (Scanlon et al., 2002).  Accordingly, this 
study represents one method that will be coupled with other ongoing and planned recharge 
investigation techniques, including seepage runs along Sonoma Creek and its tributaries, the 
voluntary groundwater-level monitoring program, water quality sampling, stable isotope studies, 
and the development of a fully coupled surface water/groundwater flow model for Sonoma 
Valley. 
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Figure A1.  Element 1—Vegetation 
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Figure A2.  Element 2—Soil 
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Figure A3.  Element 3—Slope 
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Figure A4.  Element 4—Geology 
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Figure A5.  Recharge Potential Classified into Seven Natural Breaks 
Intervals (Jenks Methodology) 
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Figure B1.  Impervious Surfaces, Unclassified 
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Figure B2.  Protected Lands 
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Figure B3.  Vineyard 
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Figure B4.  Shallow Groundwater 
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EXECUTIVE SUMMARY 
 
INTRODUCTION 
Groundwater resources have long played a significant role in the development, growth and 
sustainability of the Sonoma Valley, with more than half the water demand in a given year met by 
local groundwater resources. With continuing and increasing demand on finite local groundwater 
supplies, overall groundwater storage in the Sonoma Valley has been and will continue to be 
depleted without appropriate actions in the near future. This voluntary, non-regulatory Sonoma 
Valley Groundwater Management Plan (Plan) identifies a range of water management actions to 
sustain resources for future generations. The goal of the Plan is to locally manage, protect, 
and enhance groundwater resources for all beneficial uses, in a sustainable, 
environmentally sound, economical, and equitable manner for generations to come.  
 
The Plan has been prepared under the authority of the Groundwater Management Act Water Code 
§ 10750 et seq., originally enacted as Assembly Bill (AB) 3030, to encourage voluntary groundwater 
management at the local level, subsequently modified under Senate Bill (SB) 1938 which 
mandated that all water agencies adopt or participate in a groundwater management plan to be 
eligible for state funds for groundwater projects.  The Plan was developed in coordination with the 
Sonoma County Water Agency (Agency), the Valley of the Moon Water District (VOMWD), and 
City of Sonoma (City) under a collaborative and cooperative process that also included a broad 
range of stakeholders who live in the Sonoma Valley.  Stakeholders were represented on a Basin 
Advisory Panel (PANEL), which met monthly and directed the preparation of the Plan. 
 
The Plan area (Figure ES-1), referred to as the Sonoma Valley, is the Sonoma Creek Watershed.  
The Sonoma Valley is approximately 166 square-miles in size, and is bounded by Sonoma 
Mountain to the west, the Mayacamas Mountains and Mount Hood to the east and north, and San 
Pablo Bay to the south.   
 
PROBLEM STATEMENT 
In 2001, the Agency’s Board authorized an agreement with the United States Geological Survey 
(USGS) to develop a cooperative study to characterize major groundwater basins in Sonoma 
County.  The study estimated that pumping in the Sonoma Valley has generally increased from 
approximately 6,200 acre-feet per year (AF/yr) in 1974 to 8,500 AF/yr in 2000, a 37 percent increase 
in pumping. The USGS also estimated on the basis of groundwater flow modeling, that during the 
period 1975 to 2000, 17,300 AF were lost from overall groundwater storage. As a result, the Sonoma 
Valley has been experiencing localized declining groundwater levels in some areas, and potential 
groundwater quality problems from seawater intrusion and geothermal upwelling. 
 
WATER RESOURCES SETTING 
Water Supply 
The Sonoma Valley relies on groundwater and imported surface water to meet domestic, 
agricultural and urban demands. Based on the USGS study (2006), in 2000 more than half the water 
demand was met with groundwater (57 percent), followed by imported water (36 percent), with the 
remaining demand met from recycled water (7 percent), and local surface water (not quantified 
(Figure ES-2). 
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Figure ES-2.  Sonoma Valley Water Supply for Year 2000. 
 
Note:  acre-feet per year (AF).  One AF is equal to 325,800 gallons or the approximate amount of water needed to cover a football field 
one foot deep. 

 
The largest use of groundwater in the Sonoma Valley in 2000 was for irrigation (72 percent), 
followed by rural domestic use (19 percent), and urban demand was the third largest (9 percent). 
For the year 2000, total water use in the Sonoma Valley, including groundwater and imported 
water, was estimated at 14,810 AF, with 48 percent for irrigation, 41 percent for urban use, and the 
remaining 11 percent for rural domestic use. 
 
Groundwater is the primary supply for approximately 25 percent of the Sonoma Valley population 
and is the sole source of drinking water supply for rural domestic and other unincorporated areas 
not being served by urban suppliers. Rural domestic demand is met by groundwater extracted 
from privately owned and operated wells. There are also mutual water companies in the Sonoma 
Valley that supply domestic water to multiple households mainly with groundwater, although some 
companies also use imported water. Agricultural water demands are largely met by Sonoma 
Valley groundwater supplies.  
 
Imported water, the primary source of drinking water to meet urban demands, serves 
approximately 75 percent of the Sonoma Valley population. Imported water supplies from the 
Russian River are provided via aqueduct by the Agency to the VOMWD and the City, who in turn 
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provide water directly to their urban customers. The imported water is supplemented in dry years 
with local groundwater from the City's and the VOMWD's public supply wells.   
 
One of the key elements in meeting the future urban water demands is the strategy to increase 
imported water supply. The Agency is in the process of obtaining additional water rights, and if 
successful, there should be an increase of imported water into the Sonoma Valley to VOMWD and 
the City by 2016 to help meet the increase in urban water demands. Until that time, the City and 
VOMWD plan to increase their Sonoma Valley groundwater use to meet their projected increasing 
demands. 
 
GROUNDWATER MANAGEMENT PLAN ELEMENTS 
The elements of this groundwater management plan prepared by the PANEL include Basin 
Management Objectives and program components and actions to meet the goal and objectives.  
Modeling results provide the basis for the components and action items to implement the Plan.   
 
Plan Basin Management Objectives (BMOs) 
The following ten BMOs provide the foundation for the Plan, to achieve the Plan's goal, as state on 
page 1: 
• BMO-1 Maintain groundwater elevations for the support of beneficial uses of groundwater 

and to protect against inelastic land subsidence.  
• BMO-2 Improve water use efficiency and conservation. 
• BMO-3 Identify and protect groundwater recharge areas and enhance the recharge of 

groundwater where appropriate.  
• BMO-4 Manage groundwater in conjunction with other water sources. 
• BMO-5 Protect groundwater quality for beneficial uses including minimizing saline intrusion. 
• BMO-6 Protect against adverse interactions between groundwater and surface water flows.  
• BMO-7 Improve the community’s awareness of groundwater planning, water resources, and 

legal issues.  
• BMO-8 Improve the groundwater database and basin understanding through consistent 

monitoring and additional surveys, and improve basin analytical tools including the 
groundwater simulation model. 

• BMO-9 Manage groundwater with local control.  
• BMO-10 Explore, identify and maximize non-regulatory approaches to manage the 

groundwater resource. 
 
Groundwater Model Forecasts 
To supplement previous USGS modeling, additional groundwater modeling analyses were 
completed to evaluate the effects of increasing demands on groundwater for the period 2001 - 
2030. Additional modeling analyzed normal and dry year weather scenarios. Given uncertainty 
surrounding the timing and availability of additional imported water from the Russian River, the 
modeling analyzed both an increase in imported water as well as static supplies of imported 
water.  The static imported supply scenarios were developed to represent the worst-case 
estimate of future supplies. 
 
Based on the modeling, rural domestic, agricultural and urban groundwater use in the Sonoma 
Valley is projected to increase from an estimated total of 8,500 AF/yr in 2000 to an estimated 10,100 
to 11,300 AF/yr in 2030, with and without an increase in imported water supplies, respectively. This 
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increased demand on groundwater is estimated to result in a reduction of approximately 16,000 to 
22,000 acre-feet from storage in the groundwater basin. The losses from overall groundwater 
storage will likely result in lower groundwater levels, and cause various associated potential 
adverse impacts such as increased extraction costs, possible well deepening or replacements 
costs, possible groundwater quality degradation including salinity intrusion, potential land 
subsidence, decreases in streamflow, and environmental damage. The modeling results provide 
the rationale and basis for groundwater management actions to be implemented in the Sonoma 
Valley.  
 
The modeling results are shown below in Figure ES-3. In summary, only Scenarios A, B, and C 
resulted in an increase in groundwater storage within the Basin.  Plan components and actions 
that achieve the most storage have been prioritized by the PANEL.  
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Figure ES-3.  Simulated Change in Groundwater Storage in Acre Feet in the Sonoma Valley for the 
12 Simulation Cases for the period 2001 - 2030:  

A) Additional imported water, all groundwater sustainability options implemented, normal weather year scenario. 
B) Additional imported water and all options implemented, dry weather year scenario. 
C) All options implemented, normal weather year scenario. 
D) Only groundwater banking implemented, normal weather year scenario. 
E) Additional imported water, stormwater recharge, recycled water and conservation implemented, normal 

weather year scenario. 
F) Additional imported water, recycled water and conservation implemented, dry weather year scenario. 
G) Only conservation implemented, normal weather year scenario. 
H) Only recycled water implemented, normal weather year scenario. 
I) Additional imported water, no actions, normal weather year scenario. 
J) Only stormwater recharge implemented, normal weather year scenario. 
K) No actions, normal year weather scenario. 
L) No actions, dry year weather scenario. 
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Plan Component Actions 
Plan Component Actions seek to attain groundwater sustainability and achieve the Plan Goal and 
BMOs.  While recommending implementation of all components, the PANEL prioritized 
Groundwater Sustainability and Groundwater Quality Protection as components that would best 
achieve the Plan Goal and BMOs.   
 
Groundwater Sustainability - The Plan seeks to attain groundwater sustainability by pursuing the 
following actions: 1) stormwater recharge, 2) groundwater banking, 3) increased use of recycled 
water to offset groundwater pumping, and 4) increased conservation and other demand-reduction 
measures.  
 
Groundwater Quality Protection - Groundwater quality protection is critical to ensure a 
sustainable groundwater resource. Groundwater quality protection includes: 1) strategies to 
prevent and minimize contamination in the Sonoma Valley basin, and 2) mitigation of existing 
contamination including saline water intrusion.  
 
Monitoring Program - A robust monitoring program should be capable of assessing the current 
status of the Sonoma Valley and predicting responses in the basin as a result of future 
management actions or inaction. The Plan includes actions to: 
 Monitor groundwater elevations and groundwater quality;  
 Monitor potential land surface subsidence resulting from groundwater extraction; 
 Understand the relationship between surface water and groundwater along Sonoma Creek;  
 Adopt monitoring protocols; and 
 Maintain a central data management system of monitoring information and improve computer 

models. 
 
Planning Integration - Integrating water management planning on a regional scale is critical. 
Planning integration includes coordinating and incorporating existing urban water management 
plans, drinking water source assessment and protection program plans, land use planning issues 
though local and county plans, and other planning documents that have been or will be developed 
in the valley. These include an integrated water resources management plan underway and the 
Sonoma Creek Watershed Enhancement Plan. 
 
Stakeholder Involvement - Several means of achieving broad stakeholder participation in the 
management of the Basin will be used, including: 1) PANEL meetings 2) public outreach, 3) public 
agencies & stakeholder briefings, and 4) partnership opportunities. 
 
Plan Implementation 
Implementation of the Plan is structured to encourage an open, collaborative and cooperative 
process for groundwater management activities and to maximize coordination of the many actions 
envisioned by the PANEL in the coming years. Plan studies, projects, and programs will be 
conducted under the Agency as the lead, with guidance from the PANEL and a supporting 
Technical Advisory Committee (Figure ES-4).  The preliminary implementation schedule is based 
on the priorities that the PANEL identified during preparation of the Plan, which includes the 
Groundwater Sustainability and Groundwater Quality Protection components.   
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Notes:
*Lead agency
UWMP – Urban Water Management Plan
DWSAP – Drinking Water Source Assessment and Protection Program
The Technical Advisory Committee (TAC) will include members from the Basin Advisory Panel (BAP) and other entities and will report to the BAP.

Sonoma County Water Agency*
City of Sonoma

Valley of the Moon Water District
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Figure ES-4. Plan Action Implementation Organizational Chart. 
 
Plan Funding 
Funding implementation is anticipated from a variety of sources including the Agency, funding 
and/or in-kind services by member agencies, state or federal grant programs, and partnerships at 
the local, state, and federal level. Stakeholder Involvement and the Monitoring Program form the 
foundation for the Plan, and are required Plan components under the Water Code to be eligible for 
state funds for groundwater projects.   
 
The Groundwater Quality Protection, Groundwater Sustainability, and Planning Integration 
components contain many more planned actions that are not funded and will require study, data, 
feasibility analysis and pre-design before funding can be obtained. Implementation of many of 
these actions, including significant projects such as groundwater banking and stormwater 
recharge, are probably a minimum of 3 to 5 years in the future, and will depend on obtaining 
funding. 
 
Annual Plan Implementation Reporting and Future Review 
The Agency will describe implementation progress in an annual report that summarizes the 
groundwater conditions in the Sonoma Valley. The Plan is a living document that will continually 
evolve as more information about Sonoma Valley water resources and hydrogeology becomes 
available. The Agency or PANEL may identify additional actions as the Agency continues to 
evaluate how well all of the actions and objectives are meeting the overall Plan Goal over time. 
 

Reference: U.S. Geological Survey (USGS). (2006).  Geohydrological Characterization, Water-Chemistry, and Ground-Water Flow Simulation Model 
of the Sonoma Valley Area, Sonoma County, California, USGS Scientific Investigations Report 2006-5092.  
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SECTION 1 
INTRODUCTION AND PURPOSE 

The Sonoma Valley Groundwater Management Plan (Plan) has been prepared to inform 
and guide the Sonoma County Water Agency, as the lead agency, stakeholders, and other 
interested parties for the purpose of maintaining a sustainable, high-quality groundwater 
resource for the users of the groundwater basin underlying the Sonoma Valley (Figure 1-
1). 
 
What Is Groundwater Management? 
Groundwater management is a number of integrated actions, both natural processes and 
managed activities, which relate to groundwater recharge and discharge. Those actions 
include a range of options to increase water supply reliability to achieve the long-term 
sustainability of groundwater resources. A groundwater management plan provides the 
framework to implement a groundwater management strategy for an area, basin or a 
portion of a groundwater basin. In this case, the Plan addresses the entire Sonoma Valley 
Groundwater Management Plan area (Section 1.4). 
 
1.1 PLAN VISION 
The vision of this Plan is to identify and implement a series of actions using modern 
technology and sound science to increase the quantity of Sonoma Valley groundwater 
resources over the next decade and protect groundwater resources for future 
generations. The Plan is a living document, and progress in implementing the plan will be 
periodically reviewed with the current understanding of groundwater levels, quality and 
trends. 
 
1.2 AUTHORITY TO PREPARE AND IMPLEMENT A PLAN 
The Plan has been prepared under the authority of the Groundwater Management Act, 
California Water Code (Water Code) § 10750 et seq., originally enacted as Assembly Bill 
(AB) 3030 in 1992 to encourage voluntary groundwater management at the local level. The 
legislation also provides encouragement for local public agencies to work cooperatively 
towards groundwater management and to adopt formal plans to manage groundwater 
resources. AB 3030 applies to all groundwater basins identified in California Department 
of Water Resources (DWR) Bulletin 118-2003, except for those already subject to 
groundwater management, for example, by a watermaster, pursuant to judgment, decree 
or adjudication. In 2002, the passage of Senate Bill (SB) 1938 mandated that all water 
agencies adopt or participate in a groundwater management plan to be eligible for state 
funds for groundwater supply and groundwater quality projects. 
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In order to initiate development of the Plan, the Sonoma County Water Agency (Agency) 
Board of Directors held a public hearing and adopted a Resolution of Intent on January 30, 
2007 (Appendix A). In accordance with the provisions of Water Code § 10753.4(a), the Plan 
must be adopted within two years of the adoption of the Resolution of Intent.  If it is not 
adopted within that time period, a new Resolution of Intent must be adopted before the 
Plan may be considered. 
 
1.3 LEAD AGENCY 
The Sonoma County Water Agency is the lead agency for the Plan and is responsible for 
its implementation. The Agency is a special district that provides wholesale water supply 
within Sonoma and Marin Counties.  In the Sonoma Valley, it provides wholesale water to 
the City of Sonoma (the City) and the Valley of the Moon Water District (VOMWD).   
 
As described in detail in Section 5.1, the Agency is partnering with Sonoma Valley local 
stakeholders to implement the Plan.  A Basin Advisory Panel (PANEL) consisting of 20 
stakeholders has been formed to provide input to the Agency on development and 
implementation of the Plan.  In addition, several members of the PANEL comprise a 
Technical Working Group that reviewed the Plan and that will become the Technical 
Advisory Committee, or TAC, once the plan is adopted to support the PANEL and the 
Agency (see Section 5.1). The Plan has been prepared through a cooperative effort 
between stakeholders of the Sonoma Valley, people who live and work there and those 
who are interested in Sonoma Valley groundwater resources.  
 
1.4 PLAN AREA 
The area subject to this Plan is shown in Figure 1-1, and lies within the San Francisco Bay 
Hydrologic Region. The Plan area encompasses the Sonoma Creek Watershed and 
includes the Sonoma Valley and the southern portion of the Kenwood Valley, designated 
basins 2-2.02 and 2-19, respectively, as determined by DWR.  For the purposes of this 
report, the Plan Area will be referred to as the Sonoma Valley. 
 
1.5 PURPOSE OF THE PLAN 
The stated goal of the groundwater management program presented in the Plan is:  

To locally manage, protect, and enhance groundwater resources for all beneficial 
uses in a sustainable, environmentally sound, economical, and equitable manner 
for generations to come.  

The purpose of the Plan is to serve as the initial framework for integrating the many 
independent management activities to meet this goal. An additional purpose of this plan is 
to be in conformance with Water Code § 10750 et seq.  
 
The Plan satisfies multiple objectives, including: 

 Bringing together stakeholders of the Sonoma Valley and initiating a forum to 
collaboratively develop and implement a series of actions to enhance 
groundwater resources. 
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 Summarizing the understanding of the hydrogeology and water balance based on 
recent studies by the United States Geological Survey (USGS). 

 Identifying a specific set of programs and projects for near-term and long-term 
implementation to achieve management goals and objectives. 

 Providing the framework for implementing future groundwater management 
activities. 

 
The Plan consists of the following sections: 

 Section 1: Introduction and Purpose - This section contains general information 
about the Plan, the lead Agency, and the purposes and processes for developing 
the Plan. 

 Section 2: Water Resources Setting - This section provides the current 
understanding of surface water supplies, groundwater supplies, recycled water 
supplies, water conservation, water facilities, and water use in the Sonoma Valley. 

 Section 3: Groundwater Management Plan Goals and Objectives - This section 
presents the strategy of the Agency and the PANEL for groundwater management 
with specific goals and objectives. The goal is a broad principle. The Basin 
Management Objectives (BMOs) are the measurable or verifiable 
accomplishments that are required to meet the goal.  

 Section 4: Groundwater Management Plan Components - This section includes 
details on the specific actions, projects, and programs that will be implemented. 

 Section 5: Groundwater Management Plan Implementation - This section presents 
a schedule of actions for implementation and future evaluation of this Plan. 

 
1.6 PLAN COMPONENTS 
The Plan includes all of the following required and recommended components: 

 Seven mandatory components identified in Water Code § 10750 et seq.  Plans must 
include these components to be eligible for funds awarded and administered by 
DWR for the construction of groundwater projects or groundwater quality 
projects. 

 Seven recommended components identified in DWR Bulletin 118-2003. 
 Twelve voluntary components to address technical issues in plans to manage the 

basin optimally and protect against adverse conditions, as identified in Water 
Code § 10750 et seq. 

Table 1-1 lists the section(s) in which each component is addressed. 
 
1.7 PROCESS TO PREPARE THIS PLAN 
The Plan was developed through a collaborative process, incorporating the ideas and 
efforts of many groups and individuals. The process was sponsored by the Agency and 
facilitated by the Center for Collaborative Policy, under contract to DWR, and included 
formation of a Basin Advisory Panel and TWG.  The Plan process received input from local 
agencies and organizations, consultants, members of the public, and the PANEL.  
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Table 1-1 Location of Sonoma Valley Plan Components/Description Section(s). 

Plan COMPONENT Plan SECTION 
A. Water Code § 10750 et seq., Mandatory Components 
1. Documentation of public involvement statement Sections 1.7, 4.1 
2. Basin Management Objectives (BMOs)  Section 3.2 
3. Monitoring and management of groundwater elevations, 
groundwater quality, inelastic land surface subsidence, and changes 
in surface water flows and quality that directly affect groundwater 
levels or quality or are caused by pumping  

Section 4.2 

4. Plan to involve other agencies located within groundwater basin  Sections 1.7, 3.2, 4.1, 5.1 
5. Adoption of monitoring protocols by basin stakeholders  Section 4.2 
6. Map of groundwater basin showing the Agency area subject to the 
Plan, other local agency boundaries, and groundwater basin boundary 
as defined in DWR Bulletin 118 

Section 1.0 
Figure 1-1 

7. For agencies not overlying groundwater basins, prepare Plan using 
appropriate geologic and hydrogeologic principles 

Not Applicable 

B. DWR Recommended Components 
1. Manage with guidance of advisory committee. Sections 1.7, 4.1.2, 5.1 
2. Describe area to be managed under Plan Section 1.0 
3. Create link between BMOs and goals and actions of Plan.  Figures 3-1 and 5-1, 

Table 4-1 
4. Describe Plan monitoring program  Section 4.2 

Table 4-2 
5. Describe integrated water management planning efforts Sections 4.1, 4.5 
6. Report on implementation of Plan Sections 5.1, 5.3 
7. Evaluate Plan periodically Section 5.4 
C. Water Code § 10750 et seq., Voluntary Components 
1. Control of saline water intrusion Sections 3.2, 4.3.4 
2. Identification and management of wellhead protection areas and 
recharge areas  

Sections 3.2, 4.3.2, 4.4.1 

3. Regulation of the migration of contaminated groundwater  Section 3.2, 4.3.3 
4. Administration of well abandonment and well destruction program  Section 4.3.1 
5. Mitigation of conditions of overdraft  Sections 3.2, 4.4.1, 4.4.2 
6. Replenishment of groundwater extracted by water producers  Sections 3.2, 4.4.1, 4.4.2 
7. Monitoring of groundwater levels and storage  Sections 3.2, 4.2.1 
8. Facilitating conjunctive use operations Sections 3.2, 4.4.1, 4.4.2 
9. Identification of well construction policies  Section 4.3.1 
10. Construction and operation by local agency of groundwater 
contamination cleanup, recharge, storage, conservation, water 
recycling, and extraction projects  

Sections 2.6, 2.7, 3.2, 
4.4.1, 44.2, 4.4.3, 4.4.4 

11. Development of relationships with state and federal regulatory 
agencies 

Sections 1.7, 3.2, 4.1 

12. Review of land use plans and coordination with land use planning 
agencies to assess activities that create reasonable risk of 
groundwater contamination  

Sections 4.5.3 
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1.7.1 Formation of Advisory Group  

In July 2006, the Agency signed a Memorandum of Understanding (MOU) with DWR and 
initiated the process to consider the development of a groundwater management plan in 
the Sonoma Valley. The process supports discussion and developing consensus among 
stakeholders representing all segments of the community with an interest in having a 
safe, reliable source of groundwater in the Sonoma Valley, and ultimately producing a 
groundwater management plan for the Sonoma Valley.  
 
Stakeholders were interviewed through an area-wide assessment performed by the 
Center for Collaborative Policy, California State University, Sacramento (Center) to identify 
concerns and develop a process for stakeholders to work together. The Center conducted 
16 interviews with 30 stakeholders. Stakeholders included representatives from 
agriculture, economic interests, residential groundwater users, environmental, local 
governments/public agencies, and water purveyors. Each stakeholder group was 
represented by individuals who participated in the collaborative process known as the 
Basin Advisory Panel (PANEL), which guided development of the Plan.  
 
The interests represented on the PANEL include: 

 Economic  
 Agricultural 
 Environmental 
 Geographical representation of the entire Sonoma Valley 
 Local agencies with jurisdiction in the Sonoma Valley 
 Land use 
 Residential groundwater users 
 Water districts and suppliers and mutual water companies 
 Special districts 

 
The organizations and stakeholders represented on the PANEL during preparation of this 
Plan include: 

 California Department of Water Resources 
 City of Sonoma 
 Indian Springs Ranch 
 Madrone Vineyard Management 
 Mission Highlands Water Company 
 Mulas Dairy 
 Sonoma County Permit and Resource Management Department 
 North Bay Agricultural Alliance 
 Sonoma County Water Agency 
 Sonoma Ecology Center 
 City of Sonoma Planning and Community Development 
 Sonoma Valley Citizens’ Advisory Commission 
 Sonoma Valley Vintners and Growers Alliance 
 Southern Sonoma County Resource Conservation District 
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 Community of Glen Ellen  
 Valley of the Moon Alliance 
 Valley of the Moon Water District 
 Urban Water Suppliers 
 West Valley Alliance 

 
The PANEL developed the Plan through monthly meetings and sub-committee discussions 
of topics including groundwater management goals and objectives, a monitoring 
framework, and groundwater management implementation actions. The PANEL formed a 
Technical Work Group (TWG) to review and present plan elements to the PANEL for 
discussion and approval during the monthly meetings.  
 
During Plan preparation, the stakeholders discussed the uncertainties and data gaps 
relative to the current understanding of groundwater conditions in the Sonoma Valley. 
This plan identifies those uncertainties and prioritizes the efforts that will be required to 
develop needed information. Stakeholders also recognize that funding sources will need 
to be identified to conduct studies and monitoring programs to enhance the 
understanding of groundwater conditions in the Sonoma Valley. 
 
1.7.2 Public Involvement 

The Plan was completed as an open and public process, including public participation 
consistent with Water Code § 10753 et seq. To ensure ample opportunity for public input 
on the development of this Plan, the following actions were taken: 
 
Resolution of Intent: In accordance with Water Code § 10753.2, the Agency Board of 
Directors held a public hearing and adopted a Resolution of Intent to prepare a 
groundwater management plan for the Sonoma Valley on January 30, 2007.  Upon 
adoption, the text of the resolution was published in the local newspaper, The Press 
Democrat, which is published daily in the City of Santa Rosa in the County of Sonoma, on 
February 9 and 16, 2007 (Appendix A).  The Resolution of Intent and agenda item for the 
resolution are also included in Appendix A. 
 
Public Outreach and Notifications:  During the development of the Plan, the public 
received information on the Plan progress through: 

 Email List - A list of individuals and organizations with interest in the Plan has been 
maintained, and those individuals and organizations received regular meeting 
agendas and meeting minutes. 

 Web Page - A dedicated section of the Agency Website provides a means to 
disseminate Plan information via the Internet: 
 www.scwa.ca.gov/projects/svgroundwater/ 

 Periodic Briefings – PANEL members conducted briefings with constituent 
organizations and other interested organizations at key milestones throughout 
plan development as well as over the summer of 2006. 
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Newsletter - A newsletter-type briefing provided updates on the Plan process. 
Members of the email list received copies, PANEL members circulated copies 
during meetings and briefings, and the Agency posted it on its Webpage. 

 
Public Meetings during Plan Preparation: All PANEL and TWG meetings have been 
open to the public. Reviews of distributed draft materials have also had a public comment 
period. 
 
Resolution Adopting a Groundwater Management for the Sonoma Valley: In 
accordance with Water Code § 10753.2, the Agency Board of Directors held a public 
hearing and approved a Resolution Adopting a groundwater management plan for the 
Sonoma Valley on November 6, 2007.  The Resolution Adopting the Plan is included in the 
front pages of the Plan. Prior and upon adoption, the text of the resolution and notices of 
the public hearing were published in local newspapers listed below, with copies of the 
public notices provided in Appendix A: 
 The Press Democrat, which is published daily in the City of Santa Rosa in the County 

of Sonoma, on October 26 and November 2, 2007, and November 27 and December 4, 
2007.   

 Sonoma Index Tribune, published in the City of Sonoma in the County of Sonoma, on 
October 26 and November 2, 2007, and November 27 and December 4, 2007. 

 Sonoma Valley Sun, published in the City of Sonoma in the County of Sonoma, on 
November 29 and December 6, 2007. 

 
Support for the Final Plan: The Plan has broad support from the stakeholders in the 
Sonoma Valley and such support has been expressed with the following: 
 Resolution Adopting the Plan - City of Sonoma. 
 Resolution Approving the Plan - Valley of the Moon Water District. 
 Letter of Support - Sonoma Ecology Center. 
 Letter of Support - Sonoma County Water Coalition. 
 Letter of Support - Sonoma Valley Vintners and Growers. 
 Letter of Support - Valley of the Moon Alliance. 

Copies of the resolutions and letters of support are provided in Appendix A.  
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SECTION 2 
WATER RESOURCES SETTING 

This section describes the current understanding of the Sonoma Valley, including surface 
water supplies, groundwater supplies, recycled water supplies, water conservation, 
water facilities, and water use in the Sonoma Valley (Figure 2-1).  
 
The sources of data used in this report include: 
 

• USGS Reports 
o Geohydrological Characterization, Water-Chemistry, and Ground-Water 

Flow Simulation Model of the Sonoma Valley Area, Sonoma County, 
California (USGS, 2006) 

o Groundwater Quality Data in the North San Francisco Bay Hydrologic 
Provinces, California (USGS, 2004a) 

o Southwestern States Flood and Drought Summaries – Major Floods and 
Droughts in California (2004b) 

• Urban Water Management Plans (UWMPs) 
o 2005 UWMP, Valley of the Moon Water District (Brown & Caldwell, 2007a) 
o 2005 Urban Water Management Plan (Draft – under City review), City of 

Sonoma (Brown & Caldwell, 2007b) 
o 2005 UWMP, Sonoma County Water Agency (Brown & Caldwell, 2006) 

• DWR Reports 
o California’s Groundwater, Bulletin 118-2003 (DWR, 2003) 
o Evaluation of Groundwater Resources: Sonoma County - Volume 4 - 

Sonoma Valley, DWR Bulletin 118-4 (DWR, 1980) 
• Sonoma Valley County Sanitation District (SVCSD) Sonoma Valley Recycled Water 

Project, Final Environmental Impact Report (ESA, 2006) 
• Sonoma County Draft General Plan (PRMD, 2005) 

 
2.1 BACKGROUND – WATER USE 
Located in southeastern Sonoma County, the Sonoma Valley is a northwest trending, 
elongated depression. Geologic units dipping toward the center of the valley are bounded 
on the southwest by the Sonoma Mountains and on the northeast by the Mayacamas 
Mountains (Figure 2-1).  The Sonoma Creek watershed is 166 square-miles (106,680 acres) 
in size and is dominated by Sonoma Creek which originates in the Mayacamas Mountains 
in the northeastern area of the valley and discharges into San Pablo Bay.  The Sonoma 
Creek Watershed contains approximately 2,000 domestic, agricultural, and public supply 
wells (USGS, 2006).  Much of the discussion in this section is based on the 2006 USGS 
report Geohydrological Characterization, Water-Chemistry, and Ground-Water Flow 
Simulation Model of the Sonoma Valley Area, Sonoma County, California.  That report was 
based largely on data up to and including year 2000.  Therefore, much of the information 
herein is referenced to year 2000. 
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Figure 2-1 Sonoma Creek Watershed Map. 

Topographic features, hydrologic features, cities and towns (USGS, 2006). 
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Over the past several decades, Sonoma Valley has experienced significant population 
growth and land use changes, most notably an increase in agriculture dominated by 
vineyards.  As of 2000, over 42,000 people live in the Sonoma Valley area (USGS, 2006). 
According to a land use survey conducted by DWR in 1999, the dominant land use type is 
native vegetation (64 percent) followed by agriculture (23 percent), urban (7 percent) 
(including residential, commercial, industrial), mixed use (3 percent) (including mixes of 
urban, residential, native vegetation, agriculture), and riparian and water service (3 
percent) (Table 2-1).  Comparison of land use type surveys conducted by DWR in 1974 and 
1999 indicates a loss of native vegetation (-13 percent, -10,182 acres) followed by increase 
in agriculture (+33 percent, +6,030 acres), urban (+42 percent, +2,110 acres), mixed use 
(+100 percent, +3,006 acres), and riparian and water surface (+61 percent, +1,298 acres).  
The apparent increase in riparian and surface water land use type appears due to the 
reclassification of the unknown land use type. 

Table 2-1 Land Use Changes in Sonoma Valley Between 1974 and 1999. 

1974 1999 Change 1974-1999 
Land Use Type 

Acres mi2 % Acres mi2 % Acres mi2 % 
Urban  5,064 8 5 7,174 11 7 +2,110 +3 +42 
Agriculture 18,118 28 17 24,148 38 23 +6,030 +10 +33 
Native Vegetation 79,905 125 75 68,923 107 64 -10,982 -18 -13 
Riparian & Water Surface 2,127 3 2 3,425 5 3 +1,298 +2 +61 
Mixed Use 0 0 0 3,006 5 3 +3,006 +5 +100
Unknown 1,461 2 1 11 0 0 -1,450 -1 -99 
Totals 106,675 166 100 106,687 166 100 NA NA NA 
Notes:  Change over 25 years - measured relative to the whole watershed. 
 Urban - includes urban, residential, commercial, and industrial. 
 Agriculture - includes irrigated and non-irrigated. 
 Mixed use - includes mixes of urban, residential, native vegetation, and agriculture. 
 NA – not applicable 
Reference: USGS, 2006 
 
The land use changes over the past several decades have caused changes in demands 
on other resources, such as groundwater and surface water.  USGS estimates that 
groundwater use has increased by nearly 38 percent, from an estimated 6,168 acre-feet 
per year in 1974 to an estimated 8,493 acre-feet in 2000 (Table 2-2). Increases in 
groundwater use are found across the board with agriculture (+22 percent, +1,089 acre-
feet per year), rural domestic (+89 percent, +755 acre-feet per year), and urban (+265 
percent, +481 acre-feet per year). While all uses appear to have increased production 
levels in the Sonoma Valley, the proportional use of groundwater by agriculture has 
decreased by 9 percent, and domestic and urban have increased proportionally by 5 and 4 
percent, respectively.  
 
The Sonoma Valley relies on groundwater and imported surface water to meet domestic, 
agricultural and urban demands. Based on the USGS study (USGS 2006), in 2000 more than half the 
water demand was met with groundwater (57%), followed by imported water (36%), with the 
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remaining demand met from recycled water (7%), and local surface water (unquantified) (see 
Table 2-3 and Figure 2-2). 

Table 2-2 Groundwater Use Changes in Sonoma Valley Between 1974 and 2000. 

1974 2000 Change 1974-2000 
Type Amount Percent 

Use 
Amount Percent 

Use 
Amount Percent 

Change 
Agriculture 5,024 81 6,113 72 +1089 +22 
Domestic 851 14 1,606 19 +755 +89 
Urban 293 5 774 9 +481 +265 
Totals 6,168 100 8,493 100 +2,325 +38 
Notes:  Values in acre-feet. 
 "Urban" includes uses served by City and VOMWD public supply wells, including residential, business, industrial and some 

irrigation. 
 "Domestic" refers to wells other than agriculture, or City or VOMWD public supply wells. 
 Information unavailable for estimates of local surface water use for irrigation. 
 References:  USGS, 2006 for estimates of domestic and agricultural groundwater use. 
 VOMWD 2005 Urban Water Management Plan for estimates of urban groundwater use (Brown & Caldwell, 2007a).  
 
 The largest use of groundwater in the Sonoma Valley in 2000 was for irrigation (72 percent), 
followed by rural domestic use (19 percent), and urban demand was the third largest (9 percent). 
For the year 2000, total water use in the Sonoma Valley, including groundwater and imported 
surface water, was estimated at 14,018 acre-feet, with 48 percent for irrigation, 41 percent for 
urban use, and the remaining 11 percent for rural domestic use. 

Table 2-3 Summary of Water Use and Sources, Sonoma Valley, Estimates for 2000. 

Sources 
Surface Water Use Local 

Groundwater Local Imported 
Recycled 

Water 
Totals 

Agriculture 6,113 NA 0 1,000 7,113 
(48%) 

Domestic 1,606 NA 0 0 1,606 
(11%) 

Urban 774 NA 5,317 0 6,091 
(41%) 

Totals 8,493 
(57%) 

NA 5,317 
(36%) 

1,000 
(7%) 

14,810 
(100%) 

Notes: Values in acre-feet. 
 NA – Information unavailable for estimates of local surface water use  
 "Domestic" refers to wells other than agriculture or City or VOMWD public supply wells. 
 "Urban" includes uses served by City and VOMWD public supply wells, including residential, business, industrial and some 

irrigation. 
References: USGS, 2006 for estimates of domestic and agricultural groundwater use. 
 City of Sonoma and Valley of the Moon Water District 2005 Urban Water Management Plans for estimates of urban water 

use (Brown & Caldwell,2007a & 2007b). 
 
Groundwater serves approximately 25 percent of the Sonoma Valley population and is the 
primary source of drinking water supply for rural domestic and other unincorporated areas not 
being served by urban suppliers. Rural domestic demand is predominantly met by groundwater 
through privately owned and operated water wells. There are also mutual water companies in the 
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Sonoma Valley that supply multiple households predominantly with groundwater although some 
companies also use imported water. Agricultural water demands are largely met by Sonoma 
Valley groundwater supplies.  
 
Imported surface water provides the primary source of drinking water to meet urban demands 
which serves approximately 75 percent of the Sonoma Valley population. These imported water 
supplies are from the Russian River and are provided via aqueduct by the Agency to the Valley of 
the Moon Water District (VOMWD) and the City of Sonoma (City), who in turn provide water 
directly to their urban customers. The imported water is supplemented in dry years with local 
groundwater from the City and VOMWD public supply wells. 
 

Local 
Groundwater

8493 AF
57%

Agricultural 
Groundwater

6113 AF
72%

Urban 
Groundwater

774 AF
9%

Domestic 
Groundwater

1606 AF
19%

Imported Water
5317 AF

36%

Recycled Water
1000 AF

7%

Total Water Use: 
14,810 AF

 
 

Notes: SW – surface water 
 GW – groundwater 
 AF – acre-feet 
References: USGS, 2006 for estimates of domestic and agricultural groundwater use 
 City of Sonoma and Valley of the Moon Water District 2005 Urban Water Management Plans for estimates of urban 

groundwater use (Brown & Caldwell, 2007a & 2007b). 

Figure 2-2 Total Water Use (Surface Water, Groundwater, Recycled Water) for Sonoma Valley 
for Year 2000. 

 
2.2 URBAN WATER SERVICE PROVIDERS & FACILITIES 
This section describes the role of the three primary potable water supply providers in the 
valley: the Sonoma County Water Agency, the City of Sonoma, and VOMWD. There are 

Total Water Use Local Groundwater Use 



Sonoma Valley  Groundwater Management Plan 

Water Resources Setting  Page 2-6   

also numerous mutual water companies that provide potable water to small community 
groundwater users in the Sonoma Valley. 
 
2.2.1 Sonoma County Water Agency (Agency) 

The Sonoma County Water Agency is a special district providing wholesale water supply 
to several cities and water districts in Sonoma and Marin counties. A special district is a 
local government entity that focuses on a limited field of activities and whose powers and 
duties are defined by enabling statutes. The 1949 State law that created the Agency gives 
it the authority to, among other things, produce and furnish surface water and 
groundwater for beneficial uses, control floodwater, generate electricity, and provide 
recreation in connection with its facilities. Legislation enacted in 1994 added the 
treatment, disposal, and reuse of wastewater to the Agency’s powers and duties.  
 
The primary source of the Agency's water supply is naturally filtered Russian River water 
that is conveyed via a transmission system to retail customers.  The Agency supplements 
Russian River supplies by operating three groundwater supply wells in the Santa Rosa 
Plain.  The Agency’s retail customers deliver Agency-provided drinking water to more 
than 600,000 residents in portions of Sonoma and Marin counties.  These retailers include: 
 

• Water Contractors 
o City of Cotati 
o North Marin Water District 
o City of Petaluma 
o City of Rohnert Park 
o City of Santa Rosa 
o City of Sonoma 
o Valley of the Moon Water District 
o Town of Windsor 

• Other Customers 
o California American Water Company 
o Forestville Water District 
o Kenwood Water Company 
o Lawndale Mutual Water Company 
o Penngrove Water Company 
o Marin Municipal Water District 

 
The Agency provides the majority of the urban potable water supplies to the City and 
VOMWD (Brown & Caldwell, 2006). The Agency’s transmission system brings potable 
water to the valley via the Sonoma aqueduct. The aqueduct operates near capacity during 
peak summer demand periods. During peak demand periods, both VOMWD and the City 
experience difficulty in maintaining sufficient tank storage levels. As water demand is 
projected to increase, VOMWD and the City will likely rely increasingly on groundwater to 
meet peak demands (ESA, 2006). This increased demand on local groundwater supplies 
will be in place until the Agency obtains additional rights to divert more water from Warm 
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Springs Dam and the Russian River and construct additional transmission system facilities 
to reliably deliver those supplies to the Agency’s customers. 
 
Additionally, the Agency manages and operates the wastewater collection system, 
wastewater treatment facility, and treated effluent storage and disposal facilities owned 
by the Sonoma Valley County Sanitation District (SVCSD).  The wastewater collection 
system conveys water from the VOMWD service area near Glen Ellen south to the 
wastewater treatment facility in Schellville.  During dry weather months from May through 
October, the SVCSD provides 1,000 to 1,200 acre-feet per year of recycled water for 
vineyards, dairies, and pasturelands in the southern part of Sonoma Valley.  Recycled 
water accounts for approximately 14 percent of the total agricultural water use, and 
approximately 7 percent of the total water use in Sonoma Valley.  Section 2.6 provides 
additional information on the SVCSD wastewater treatment facilities. 
 
2.2.2 City of Sonoma (City) 

Located within the southern portion of Sonoma Valley in southeast Sonoma County, the 
City spans approximately 2.2 square miles. The City provides potable water to a population 
of approximately 10,700 people (2005), with 4,097 service connections. Distribution 
facilities owned by the City include four storage tanks, two booster pump stations, and 
water mains and appurtenances for delivering water to residents within the City’s service 
area.  The City receives most of its potable water supply from the Agency’s Sonoma 
aqueduct. The City is also connected to two storage tanks owned by the Agency. As a 
supplement to the Agency supply, the City has six deep wells connected to its distribution 
system; four of these wells are active, one is offline, and one well is classified as a 
standby source of water (Brown & Caldwell, 2007b).  From year 2000 through 2005, the City 
groundwater extraction was a total of 379 acre-feet and ranged between 0 and 84 acre-
feet per year.  Wastewater collection and treatment within the City’s service area is 
provided by SVCSD. 
 
2.2.3 Valley of the Moon Water District (VOMWD) 

The VOMWD service area extends from the Trinity Oaks Subdivision, located just north of 
the town of Glen Ellen, to the Temple Subdivision located at the southern end of the 
Sonoma Valley, which is a span of over 9 miles and encompasses a total area of 
approximately 7,545 acres. As of 2005, VOMWD provides potable water to approximately 
23,000 people with 6,712 service connections. VOMWD receives most of its water supply 
from the Agency’s Sonoma aqueduct. VOMWD also maintains a local source of supply, 
consisting of five active wells and one standby well, which is used only in periods of high 
demand (Brown & Caldwell, 2007a).  From year 2000 through 2005, the VOMWD 
groundwater extraction was a total of 3,186 acre-feet and ranged between 371 and 774 
acre-feet per year. 
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2.2.4 Small Water Supply Systems 

There are approximately 12 mutual water companies providing water in the Sonoma 
Valley (see Appendix B). The majority of the mutual water companies rely solely on 
groundwater, although some also receive surface water supplies from urban retailers. A 
number of other small water supply systems throughout the Sonoma Valley rely on 
groundwater for supply and include apartments and mobile homes, wineries and 
vineyards, wine tasting rooms, hotels, restaurants, schools, churches, camps, parks and 
recreational facilities, warehouses and factories. 
 
2.3 GROUNDWATER SETTING 
This section provides a regional description of the key hydrogeologic conditions of the 
groundwater system in the Sonoma Valley.  As indicated in the preceding section, 
groundwater is the primary water supply for Sonoma Valley, providing nearly 8,500 acre-
feet in 2000, based primarily on land-cover water use estimates (USGS, 2006). However, a 
significant component of water supply to the Sonoma Valley is imported from outside the 
watershed, averaging 5,300 acre-feet per year (Table 2-3).   
 
2.3.1 Hydrogeology 

A detailed study of the surface and groundwater system in Sonoma Valley was completed 
in 2006 by the USGS, including an assessment of historical water level data up to 2003 and 
water chemistry data for samples collected during 2002-04 (USGS, 2006). In the USGS 
report, the study area is referred to as the Sonoma Valley, which is the Sonoma Creek 
Watershed and includes the region of the Sonoma Valley proper from Kenwood to San 
Pablo Bay. As described in Section 1.4, the Plan covers the entire Sonoma Valley 
groundwater basin and a portion of the Kenwood groundwater basin, which coincides 
with the USGS study area. This area can be subdivided into three distinct parts on the 
basis of topography (see Figure 2-1):  

1. The uppermost part of the valley, which is relatively flat at an altitude of about 400 
feet and is about 1 mile wide, stretches from Kenwood to near Nunns Canyon 
(Glen Ellen).  

2. The middle part of the valley is narrower than the upper part and has a hilly 
topography, altitudes drop from about 400 feet to about 100 feet over an 
approximately 5-mile distance. This portion is sometimes referred to as the Valley 
of the Moon and extends southward to near Boyes Hot Springs and includes the 
Glen Ellen area.  

3. The remainder of the valley southward to San Pablo Bay has a flat topography and 
ranges as much as 5 miles in width.  The altitude of the valley floor changes from 
about 100 feet to sea level over a distance of about 12 miles.  

 
In general, groundwater in the mountains surrounding the Sonoma Valley flows towards 
lower elevations and follows the dips of the geologic units toward the center of the valley. 
Several faults have been mapped in these mountains and one northwest-striking fault has 
been mapped along the eastside of the valley floor. This fault, referred to as the Eastside 
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Fault (Figure 2-3), may act as a conduit for the upward circulation of deeper thermal 
waters in the Sonoma area, and may restrict groundwater flow (USGS, 2006). 
 
All geologic formations in the Sonoma Valley contain groundwater; however the water-
bearing properties of the formations vary significantly and determine how much water 
can be pumped from the formations.  Four geologic units are identified as part of the basin 
fill that are of greatest importance for groundwater supply in Sonoma Valley (Figures 2-4 
and 2-5) (USGS, 2006).  These geologic units are described in order of increasing age. 
 

1. Quaternary Alluvial Units – lenses of interbedded cobbles, sand, silt, and clay 
interlaced with coarse-grained stream channel deposits near the Sonoma Creek.  
These deposits form a broad blanket in the lower valley, then a narrower band and 
discontinuous patches through the hilly middle valley, and a wide blanket in the 
upper valley.  Where these deposits are thick and saturated, they are the highest 
yielding aquifers in the valley, with well yields of more than 100 gallons per minute.  
This formation is designated “Qa” in Figures 2-4 and 2-5 (USGS, 2006). 

 
2. Glen Ellen Formation - clay-rich stratified deposits of poorly sorted sand, silt, and 

gravel interbedded with minor beds of conglomerate and volcanic tuffs.  This unit 
interfingers with the Huichica Formation and lies on top of the Sonoma Volcanics 
in some regions and on the Franciscan Complex in other regions.  The well yields 
are significantly lower in this formation than in the Quaternary alluvial deposits, 
with well yields generally less than 20 gallons per minute (gpm), and often only 1 to 
2 gpm.  This formation is designated “QTge” in Figures 2-4 and 2-5 (USGS, 2006). 

 
3. Huichica Formation – thick silt and clay with interbedded lenses of sands, 

gravels and tuff beds; this unit primarily overlies the Sonoma Volcanics; like the 
Glen Ellen Formation, well yields are low, typically 2 to  20 gallons per minute, 
however, in some areas, the lower part of this formation can be higher yielding.   
This formation is designated “QTh” in Figures 2-4 and 2-5 (USGS, 2006). 

 
4. Sonoma Volcanics – thick sequences of volcanic rocks interbedded with 

sedimentary deposits derived from volcanic rocks and lake beds. This unit overlies 
the Franciscan Complex or other sedimentary rock.  This formation has the highest 
variability in water-bearing properties in the valley.  Yields generally range 
between 10 and 50 gallons per minute and occasionally as much as several 100 
gallons per minute.  This formation is designated “QSVu” in Figures 2-4 and 2-5 
(USGS, 2006). 

 
The Quaternary alluvial deposits are commonly unconfined, while the Glen Ellen 
Formation, Huichica Formation, and Sonoma Volcanics are commonly confined to semi-
confined. An unconfined aquifer is saturated with water and the surface of the water is at 
atmosphere pressure.  The groundwater level in a well completed in an unconfined 
aquifer will be the same as the adjacent formation and is a water table aquifer.  The 
groundwater in a confined aquifer is under pressure.  When a well penetrates a relatively 
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Figure 2-3 Geology of the Sonoma Creek Watershed. 

Cross-sections labeled in green are shown in subsequent figures. (USGS, 2006). 
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Figure 2-3 Geology of the Sonoma Creek Watershed (continued). 
 
impermeable layer (aquitard) that confines the aquifer, the water will rise above the 
confining layer in the well to the potentiometric (pressure) surface of the confined aquifer.  
These geologic units overly the basement rocks of the Franciscan Complex, which for the 
most part acts as a barrier to flow, but can yield water near fault zones (USGS, 2006). 
 
Bay Mud deposits are considered of secondary importance for groundwater supply in 
Sonoma Valley and blanket the southern area of the Sonoma Valley, extending to the San 
Pablo Bay.  Because of the low permeability and high salinity of this unit, the Bay Mud is 
not considered an aquifer for water supply.  Confined conditions do exist in these shallow 
deposits because of their low hydraulic conductivity.  This formation is designated “Qbm” 
in Figures 2-4 and 2-5 (USGS, 2006). 
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Figure 2-4 Northern Part of Cross-Section from A – A’. 

Cross-section location shown in Figure 2-3 (USGS, 2006). 

 
2.3.2 Groundwater Monitoring, Levels, and Movement 

This section describes the current conceptual understanding of groundwater levels, 
trends, and recharge and discharge of groundwater flow in the Sonoma Valley and their 
impacts on the hydrologic budget.  The hydrologic budget of a groundwater basin refers 
to the amount of water coming into a basin (recharge), the amount of water going out of a 
basin (discharge), and the amount of groundwater that remains in a basin (storage) on an 
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annual basis.  If the discharge exceeds the recharge, the amount of groundwater storage 
in the basin decreases and is evidenced by dropping groundwater levels. 

 
Figure 2-5 Southern Part of Cross Section from A – A’. 

Cross-section location shown in Figure 2-3 (USGS, 2006). 

 
Collectively, DWR, VOMWD, and the City have maintained a program of measuring 
groundwater levels in more than 60 wells in the Sonoma Valley, and only three wells were 
constructed for the purpose of groundwater monitoring and data collection: 

 DWR, which has measured groundwater levels from up to 20 wells since the early 
1970s and currently monitors nine private supply wells.  
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 VOMWD, which has monitored groundwater levels since 1996 for five public 
supply wells, and in 1999 initiated a supplemental monitoring program to include 
three VOMWD monitoring wells and an additional 26 volunteer wells (two Sonoma 
County park wells and 24 private supply wells), with the last well added in 2003. 

 The City, which has monitored groundwater levels since 1998 for six public supply 
wells, with a seventh public supply well added in 2004, and five private supply 
wells added in 1999. 

 
Some of the DWR wells, which have the longest record of data, have been dropped off of 
the network over time. As a result, the data distribution varies over the long term and 
spatially, making it difficult to compare historic and recent water level plots.  
 
Most of the wells monitored in the Sonoma Valley are supply wells designed with long-
screened intervals (the screened portion of the well allows water to flow in).  Additionally, 
many wells do not have construction information.  It is very difficult to analyze data from 
long screened interval wells and wells without construction information, and construct an 
appropriate representation of the groundwater table and groundwater flow direction,. 
 
A groundwater level contour map for spring 2003 (Figure 2-6) was prepared by the USGS 
based on an assessment of monitoring that was conducted by DWR, VOMWD, the City, 
and monitoring the USGS conducted in 2003 and 2004. The general movement of 
groundwater in the Sonoma Valley is from the northwest end of the valley to the southeast 
downhill toward San Pablo Bay, and surface water flows in the Sonoma Creek and 
tributaries, with some stretches of the creek receiving groundwater and other stretches 
losing to groundwater.  Water from recharge areas in the mountains travels around the 
perimeter of the Sonoma Valley toward the valley axis.   
 
Groundwater Pumping Depressions. 
Two pumping depressions are apparent: southeast of the City, and southwest of El Verano 
(Figure 2-6). The lowest water level southeast of Sonoma is 40 feet below sea level, and 
southwest of El Verano water levels have declined to approximately 20 feet above sea 
level.  Hydrographs illustrate groundwater level declines in the Oakmont, Kenwood, and 
Carriger Creek areas, as well as southeast of Sonoma and southwest of El Verano (Figure 
2-7). Most of the wells with groundwater level declines have five or fewer years of 
monitoring record, making it unclear whether these are long-term trends, recent 
accelerated declines, or a reflection of the dry year in 2000. Most of the groundwater level 
declines are considered to likely have been a result of increased groundwater 
withdrawals in localized areas (USGS, 2006). 
 
Recharge.  Natural groundwater recharge in the Sonoma Valley was mapped and 
estimated by DWR to be 20,000 acre-feet per year, based on:  

 slope of the land surface,  
 soil permeability,  
 subsurface geology, and  
 subsurface storage capacity (DWR 1982).  
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Figure 2-6 Spring 2003 Groundwater Level Contours, Sonoma Valley (USGS, 2006). 
 
DWR also indicated the need to provide a better evaluation of natural recharge in the 
Sonoma Valley.  The principal source of fresh water recharge to the Sonoma Creek 
watershed is precipitation falling into the watershed during the months of October to 
April.  Annual rainfall amounts range from 30 inches in the southern part of the valley near 
the City to 45 – 60 inches at the northern end of the valley and in the surrounding 
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mountains. Recharge to the groundwater system primarily occurs from seepage from 
surface water bodies (creeks, open storm drains, reservoirs, and seasonal ponds) and 
from direct infiltration of precipitation through soils, based on stable isotope results 
(USGS, 2006).  Minor sources of recharge to the groundwater system include leach fields, 
leaking water supply pipes, and irrigation water. 
 
All streams in the watershed originate in the watershed. It is unlikely that any 
groundwater from outside of the watershed enters the watershed because the basement 
rocks that create the sides of the valley and part of the surrounding mountains have low 
hydraulic conductivity.  Seawater from San Pablo Bay is potentially a minor source of 
groundwater recharge along the southern boundary of the valley (USGS, 2006). 
 
Discharge. Discharge from the Sonoma Creek watershed groundwater system primarily 
occurs as a result of evapotranspiration, outflow via Sonoma Creek and its tributaries to 
San Pablo Bay and the bay marshlands, and as a result of the extraction of groundwater 
for residential, commercial, and agricultural needs. 
 
The gaining and losing behavior of Sonoma Creek changes with time and with geographic 
location depending on the surface water – groundwater interaction. When the creek is a 
gaining stream, meaning groundwater is adding water to the stream, it acts as a local 
discharge mechanism for groundwater.  When it is a losing stream, meaning the stream is 
adding water to the groundwater, it acts as a local recharge mechanism for the 
groundwater.  
 
Hydrologic Budget. A watershed’s hydrologic budget tracks the recharge and discharge 
of water in a basin and the changes in storage in the basin.  The change in storage is 
simply the recharge to the system minus the discharge from the system. Seasonal 
variations in unconfined aquifer storage cause water levels to naturally fluctuate in 
Sonoma Valley.  Maximum water levels typically occur March or April, while minimum 
water levels usually occur in September or October.  
 
Anthropogenic changes in groundwater storage can also result in local and regional 
changes on the elevation and the overall shape of the water table.  When a well is 
pumped, for example, the shape of the water table takes the form of a localized cone of 
depression around the well.  Large regional changes in the elevation and shape of the 
water table can occur from changes in large-scale recharge or discharge.  The elevation 
and shape of the water table depends on aquifer water-bearing properties and the 
amounts and sources of nearby recharge and discharge.  For example, when a large area 
of salt marshes was drained in the 1880s and 1930s in the southern end of Sonoma Valley, 
groundwater levels dropped in elevation. As groundwater pumpage increased through the 
1960s in the valley, declines in the water table were observed and some shallow wells 
reportedly went dry (USGS, 2006). After deliveries of imported surface water from the 
Russian River began in 1965, groundwater levels recovered to some extent in the Sonoma 
Valley and appeared to stabilize into the 1980s (DWR, 1982). 
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As discussed earlier in this section, groundwater levels over time have declined in parts 
of the valley, especially in the central part near Sonoma, El Verano, and the Carriger Creek 
areas.  It is likely that the decline in groundwater levels has resulted primarily from 
increased pumping, and secondarily from low precipitation years (USGS, 2006). 
 
Land Subsidence.  Land subsidence is the lowering of the land surface elevation due to 
changes that occur underground.  Common causes of land subsidence from human 
activities include pumping water, oil, and gas from subsurface reservoirs; dissolution of 
limestone, causing sinkholes; collapse of underground mines; drainage of organic soils; 
and hydro-compaction.  Overdrafting of aquifers is a major cause of land subsidence in 
many areas of the southwestern United States. 
 
Available data do not indicate that inelastic land surface subsidence due to groundwater 
extraction is a potential problem in the Sonoma Valley area. Research into the connection 
between inelastic land subsidence and groundwater extraction in the Sonoma Valley area 
was completed by communicating with the Agency, the City, VOMWD, DWR and the 
Southern Sonoma County Resource Conservation District (RCD). No evidence of inelastic 
land subsidence due to groundwater extraction in the Sonoma Valley area was found. The 
Agency conducted a leveling survey in 2007 at three benchmarks in the Sonoma Valley, 
compared the survey results to historical survey measurements, and determined that no 
significant difference in elevation occurred. 
 
Modeling.  The USGS developed a groundwater flow model for the Sonoma Valley to 
simulate groundwater recharge, discharge, and groundwater levels over time.  A 
groundwater flow model is a mathematical model that uses aquifer geometry, aquifer 
properties, and assigned inputs and outputs of surface water and groundwater to 
simulate the flow of groundwater. 
 
The USGS simulated total inflow into the modeled Sonoma Valley groundwater system in 
2000 was 39,400 acre-feet, of which 36,600 acre-feet was from natural recharge, 1,570 
acre-feet was from San Pablo Bay, and 1,270 acre-feet was from Sonoma Creek (Table 2-
4). Groundwater in the model exits the system to San Pablo Bay, Sonoma Creek, the Bay 
Muds, and through pumping wells.  Because evapotranspiration was included in the 
formulation of the boundary conditions representing San Pablo Bay, Sonoma Creek, and 
the Bay Muds, it was not modeled explicitly as a separate boundary condition and 
therefore does not appear in the flow budget in Table 2-4.  The recharge term in this table 
thus represents the recharge due to precipitation less water leaving the aquifer due to 
evapotranspiration.  This model also took into account the offset to groundwater pumping 
by the Agency imported water supplies and recycled water provided since the mid-1990s.  
In year 2000, the USGS model estimated a total groundwater pumping of 8,340 acre-feet 
per year, which differs slightly from the value calculated from the City and VOMWD 
UWMPs shown previously in Table 2-2.  Between 1974 and 2000, 197,000 acre-feet were 
pumped from the basin, and the modeling simulated an estimated 17,300 acre-feet 
removed from storage in the basin over this period of time.  This value represents a 
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relatively small net decrease in groundwater storage, which is consistent with the 
localized nature of water-level declines (USGS, 2006). 
 
Due to the complexity of the subsurface hydrogeologic system being modeled and the 
limited amount of data available for the groundwater system being represented, 
construction and calibration of the USGS model may have resulted in what is termed a 
"non-unique" solution and model predictions are subject to potentially large errors (USGS, 
2006). The Plan recommends improvements to the model to more fully characterize 
uncertainties and improve the calibration fit to the data (see Section 2-12). The USGS 
reported that there were significant limitations resulting from insufficient recharge data 
(distribution of surface infiltration and stream conductance), discharge data (pumping), 
and hydrogeologic data (borehole geophysics and more detailed geologic data).  The 
USGS also reported that in spite of its limitations, the model provides a tool to begin 
evaluating potential water management options, and provides a framework to build on as 
new data are collected.  

Table 2-4 Modeled Groundwater Hydrologic Budget for Year 2000. 

INFLOW 
Recharge        36,600 
Inflow from San Pablo Bay          1,570 
Stream          1,270 
                                                     Subtotal        39,440 
OUTFLOW 
Drain to Bay Muds            769 
Outflow to San Pablo Bay            755 
Stream       30,400 
Well Pumpage         8,340 
                                                    Subtotal       40,264 
             ESTIMATED CHANGE IN STORAGE          -824 
Notes: Values in acre-feet per year 
References: USGS, 2006. 

 
2.4 SURFACE WATER SETTING 
This section provides a regional description of the key surface water conditions of the 
Sonoma Creek Watershed.   
 
2.4.1 Sonoma Valley Surface Water  

The Sonoma Creek watershed covers an area of approximately 166 square miles and is 
divided into 23 sub-basins of the main tributaries, with a range in area from 1.1 square 
miles to 24.4 square miles.  In the average water year, discharge increases markedly 
starting within the last 3 months of the calendar year, often causing localized flooding.  
Discharge begins to decrease rapidly in April or May in response to a decrease in 
precipitation.  Based on an average annual rainfall measured at Sonoma of 29.8 inches 
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per year for 1953 through 2000, the USGS estimated the Sonoma Creek watershed to 
receive on average 269,000 acre-feet per year of precipitation.  The mean annual runoff of 
surface water outflowing from the valley into San Pablo Bay is estimated to be 
approximately 101,000 acre-feet.  This estimate is based on the streamflow gage data, the 
area of the Sonoma Valley, and estimated isohyetal contours (lines of equal precipitation).  
Annual evapotranspiration for the entire Sonoma Valley (estimated to be 120,000 to 
140,000 acre-feet) and groundwater outflow from the Sonoma Valley (28,000 to 48,000 
acre-feet) account for the difference between precipitation and runoff (USGS, 2006). 
 
The only local perennial source of surface water in the Sonoma Valley is Sonoma Creek 
and its tributaries (Figure 2-1).  Sonoma Creek originates in the Mayacamas Mountains in 
the northeastern area of the valley (Sugarloaf State Park) and flows westward toward the 
valley floor, discharging at the southern end of the valley into the San Pablo Bay.  The 
existing and potential beneficial uses of Sonoma Creek include cold and warm freshwater 
fisheries habitat, wildlife habitat, fish migration route, fish spawning, rare and endangered 
species, and contact and non-contact water recreation.  There are no other significant 
surface water bodies, and no lakes or large reservoirs, except for Suttenfield Reservoir 
and Fern Lake, which are used by the Sonoma Developmental Center (SDC) to store water 
obtained under their water rights licenses. Sonoma Creek appears to be a significant 
source of groundwater recharge in the valley, but the creek is not used as a significant 
alternative source of water supply, either for irrigation or for domestic use. The 
overabundance of surface water in wet winters in the valley provides benefits in the way 
of added groundwater recharge, and at the same time presents a significant challenge 
and  high risk for flooding. 
 
2.4.2 Surface Water Rights  

The California Constitution requires that all water be used in a reasonable and beneficial 
manner. The State Water Resources Control Board (SWRCB) has the authority to take 
action to prevent unreasonable water use, including unreasonable uses of both surface 
and groundwater.  California surface water rights are primarily based on two principles: 
riparian rights and appropriative rights.  Riparian water rights allow land owners 
bordering a watercourse to use the natural flow water (not imported waters) without 
permits or other government approvals.  Appropriative water rights, on the other hand, are 
based on first-in-time, first-in-right principle and require a permit from the SWRCB, which 
specifies: (1) the amount of water that may be diverted based on beneficial use, (2) 
purposes for the water use, (3) timing of diversion, and (4) the locations of diversion, 
storage and use.  Water flowing in subterranean streams through definable channels is 
subject to surface water rules but other types of groundwater are not regulated under any 
statewide statutory regulation. 
 
The SDC is the holder of two water right licenses within the Sonoma creek watershed – 
Licenses 3082 (Application 6944) and 2451 (Application 9378).  These permits reflect 
appropriative surface water rights and consist of both diversion and storage rights.  
License 3082 allows the SDC to divert from Sonoma Creek 0.55 cubic feet per second and 
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store 250 acre feet from December 1st to May 1st.  License 2451 allows the SDC to store 
an additional 300 acre feet.  The SDC uses the Suttenfield Reservoir and the Fern Lake to 
store water obtained under these licenses. 
 
2.4.3 Imported Water Supply 

Imported water from the Russian River (supplemented by imported groundwater) provided 
under contract by the Agency is a critically important water supply source for the Sonoma 
Valley. Imported water is delivered to VOMWD and the City via the Agency’s water 
transmission system shown in Figure 2-8.  This imported water constitutes approximately 
85 to 90 percent of the urban water supplies provided by the City and VOMWD (Brown & 
Caldwell, 2007a & 2007b). There are several constraints associated with the imported 
Russian River supply including: water rights, transmission system limitations, potential 
supply limitations due to reduced diversion from the Eel River, and compliance issues 
associated with the Endangered Species Act. Until these constraints are resolved, there 
will be increasing pressure on the Sonoma Valley’s groundwater resources to meet water 
supply demands, particularly during peak demand periods. 
 
Additional Imported Water Supply.  The Agency has submitted an application to the 
SWRCB to increase its diversion/re-diversion water rights for the Russian River from 
75,000 acre-feet per year to 101,000 acre-feet per year to meet future needs based on 
projections in the 2005 Agency UWMP (Brown & Caldwell, 2006). To obtain this increased 
water right, the Agency will need to ensure that its current and future operations comply 
with environmental regulations and requirements. The Agency projects completion of the 
permitting process by 2016, and subsequently providing additional imported water 
supplies to the City and VOMWD (Brown & Caldwell, 2006). 
 
Obtaining additional imported water supply also requires implementing the Restructured 
Agreement for Water Supply among the Agency and eight prime retail customers 
(referred to as water contractors).  This agreement was executed by the Agency and its 
water contractors in 2006 and provides for “the finance, construction, and operation of 
existing and new diversion facilities, transmission lines, storage tanks, booster pumps, 
conventional wells, and appurtenant facilities” (Brown & Caldwell, 2006).  The agreement 
is the contractual relationship between the Agency and its contractors, and defines 
maximum amounts of water that the Agency can supply to its water contractors.  The 
agreement assumes the construction of specified additional facilities to meet the 
maximum delivery allocations. 
 
Endangered Species Act Consultation. Under the Endangered Species Act (ESA), two 
species of salmon have been listed as threatened and another as endangered. All three 
species are potentially adversely affected by the Agency’s facilities. The National Marine 
Fisheries Services (NMFS) is working towards issuing a biological opinion covering the 
Agency’s existing operations for water supply and flood control.  According to the 2005 
Urban Water Management Plan (Brown & Caldwell, 2006), it is reasonable to assume that 
“with the implementation of mitigation measures, ESA constraints will not affect or impair 
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the current water supply available to the Agency for delivery to its transmission system 
customers”.  The Agency is currently working with the NMFS to finalize the biological 
opinion covering the Agency’s existing operations. 
 

 
Figure 2-8 Sonoma County Water Agency Service Areas and Water Transmission System 

Facilities (Brown & Caldwell, 2006). 
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2.5 GROUNDWATER AND SURFACE WATER QUALITY 
The USGS and DWR compiled water chemistry data, which helped characterize the 
spatial variations in surface water and the surface water–groundwater interaction. 
Surface water was analyzed for major ions and nutrients.  Specific conductance and 
water temperature were measured in spring samples in the southern part of the Sonoma 
Valley in 2003 to assess saline content. 
 
Public supply wells in California are required by state law to be sampled for inorganic, 
organic, radiological, and microbiological constituents on a routine basis.  Beginning in 
the 1950s DWR conducted the longest sustained water quality monitoring effort in the 
Sonoma Valley. DWR has sampled and analyzed groundwater for major ions, boron, 
nitrate, total dissolved solids (TDS), total alkalinity, specific conductance, pH, and water 
temperature. The USGS has also sampled and analyzed both surface and groundwater in 
Sonoma Valley (Figure 2-9). 
 
In 2004, the USGS conducted groundwater sampling in the Sonoma Valley for volatile 
organic compounds (VOCs), pesticides, wastewater indicators, trace elements, major and 
minor ions, isotopic constituents and noble gases, nutrients and other water quality 
indicators under the California Groundwater Ambient Monitoring and Assessment 
(GAMA) Program for the North San Francisco Bay Hydrologic Region (USGS, 2004a). 
Results of the sampling reported in the USGS Data Series 167 in 2006, indicated all 
constituents were well under the regulatory thresholds, with only traces of nutrients and 
wastewater indicators in a few of the wells sampled in the Sonoma Valley (meaning 
results or indicators do not raise any health concerns for state regulators) (USGS, 2004a). 
An interpretive report of the GAMA results for the North San Francisco Bay Hydrologic 
Region is anticipated to be completed in late 2007. 
 
Based on water chemistry data from samples collected from 75 wells during 2002 - 2004, 
groundwater quality in Sonoma Valley is acceptable for potable use.  However wells 
having higher values equal to or in excess of standards and advisory levels of arsenic, 
boron, iron, manganese, and TDS were disproportionately from the northern half of 
Sonoma Valley. Of the wells sampled, wells that were screened from 200 – 500 ft. in depth 
had a slightly higher percentage of total samples collected (36 percent) exceeding 
drinking water standards and advisory levels for physical and chemical constituents 
(meaning that the water is unacceptable for drinking water) than wells screened at 
shallower and deeper intervals (USGS, 2006).  Table 2-5 summarizes the constituents of 
concern found in these water samples along with their Maximum Contaminant Levels. 
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Figure 2-9 Water Chemistry Sampling Sites. 

Locations of groundwater, spring-water, surface-water, and miscellaneous water-
chemistry sampling sites in the Sonoma Valley (USGS, 2006). 
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Table 2-5 Summary of Constituents of Concern Measured in Sonoma Valley Waters (2002-04) 
and their Maximum Contaminant Levels. 

Constituent Measured Range Maximum 
Contaminant 
Level (MCL) 

Secondary 
MCL 

Notification 
Level 

Arsenic 2 to 17 μg/L 10 μg/L NA NA 
Nitrate (as dissolved 
nitrogen) 

0.30 to 35 μg/L 45 mg/L NA NA 

Boron 0.070 to 15.7 mg/L NA NA 1 mg/L 
Iron <8 to 310 μg/L NA 300 μg/L NA 
Manganese 6.4 to 190 μg/L NA 50 μg/L NA 
California Secondary MCL with Ranges 
Constituent Measured Range Recommended Upper Short Term 
Chloride 5 to 578 mg/L 250 mg/L 500 mg/L 600 mg/L 
Total Dissolved Solids 137 to 702 mg/L 500 mg/L 1,000 mg/L 1,500 mg/L 
Specific Conductance  124 to 1,290 μS/cm 900 μS/cm 1,600 μS/cm 2,200 μS/cm 
Notes: mg/L – milligrams per liter 
 μg/L – micrograms per liter 
 μS/cm – microSiemens per centimeter 
 NA - not applicable. 
 MCL - Maximum Contaminant Level Enforceable regulatory standards under the Safe Drinking Water Act and must be 

met by all public drinking water systems to which they apply. 
 Secondary MCLs address the taste, odor, or appearance of drinking water, and not health. 
 Notification levels are health-based advisory levels established by CDHS for chemicals in drinking water that lack MCL. 
 Measured range is the results of field measurements and laboratory analyses of samples from streamflow measurement 

stations, springs, and groundwater wells from 2002-04 (USGS, 2006) 

 
High-salinity waters in Sonoma Valley are commonly associated with modern seawater 
intrusion, connate groundwater associated with evaporate or marine sedimentary 
deposits, and/or thermal waters (groundwater which is derived from the rock itself, as 
opposed to water which has percolated down from the surface). High-salinity waters here 
are defined as waters having an electrical conductivity greater than 1,000 microSiemens 
per centimeter (μS/cm).  Seawater, for example, has an electrical conductivity of 30,000 to 
50,000 μS/cm.  The most significant changes in water chemistry from 1969 - 2004 occurred 
in the southern part of Sonoma Valley where the saline groundwater appears to have 
shifted since the late 1940s, encroaching in one area and receding in another (USGS, 
2006). 
 
Upwelling thermal waters (warmer groundwater from greater depths) contain higher 
concentrations of dissolved minerals than non-thermal waters because the solubility of 
some common minerals increases with temperature.  There is an indication of an 
upwelling of the geothermal water beneath the east side of the valley along fractures and 
faults along the margin of the Bay Mud deposits (USGS, 2006).  Sparse temperature data 
from wells southwest of the known thermal waters suggest that thermal water might exist 
under a larger part of the valley than previously assumed. Historic analysis by the 
California Geological Survey suggests that there is poor correlation between water 
temperature and TDS in Sonoma Valley.      
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Dissolved-Oxygen. Concentrations in all waters ranged from less than 0.1 to 11.1 
milligrams per liter (mg/L).  The highest concentrations of dissolved-oxygen of all waters 
were found in Sonoma Creek, with concentrations in four samples ranging from 8.7 – 11.1 
mg/L (USGS, 2006).  There is no correlation between the concentrations and depth in 
water well samples. 
 
pH.  The range of all samples collected by both the USGS and DWR from 2002 – 2004 was 
between 6.1 and 8.8. Of the 30 wells sampled, four wells did not meet the EPA’s secondary 
drinking water standards range (6.5 – 8.5) (USGS, 2006).  These standards were 
established for the protection of taste, odor or appearance of drinking water. 
 
Total Dissolved Solids. Total dissolved solids (TDS) is an expression for the combined 
content of all inorganic and organic substances contained in a liquid which are present in 
a molecular, ionized or micro-granular suspended form. TDS measured values ranged 
from 137 to 702 mg/L with three values exceeding the Secondary Maximum Contaminant 
Level (MCL) level of 500 mg/L, which is not a health-based value, but may impart hardness, 
deposits, discoloring, staining, or a salty taste (USGS, 2006). 
 
Specific electrical conductance (or electrical conductivity).  Specific electrical 
conductance, also called electrical conductivity, is the measure of the ability of water to 
conduct electricity.  The value is related to the nature and amount of salts present in the 
water, and increases with concentration.  Measured values varied widely in the Sonoma 
Valley, depending on the type of sample, the location, and the time of the year.  In May 
2003, the range of values for samples from Sonoma Creek and a few tributaries was 72 – 
535 μS/cm.  The lowest conductivity values were from tributaries, while the highest values 
were measured in Sonoma Creek (> 300 μS/cm).  The highest value (535 μS/cm) was 
measured in the most down-stream sampled location in Sonoma Creek and might 
represent the extent of mixing of fresh and brackish water from the San Pablo Bay during 
high tide (USGS, 2006).   
 
The range of values from samples from springs was 154 – 2,140 μS/cm and from wells was 
124 – 2,020 μS/cm. The values measured at two springs and 19 of 75 wells exceeded the 
Secondary MCL of 900 μS/cm, which is not health-based, and most were in the southern 
part of the Sonoma Valley. Specific conductance is related to the type and concentration 
of ions in solution and can be used for approximating the TDS content of the water (USGS, 
2006).  Figure 2-10 shows the locations of groundwater wells sampled for specific 
conductance, as well as the area of historical saline groundwater. 
 
Major Ion Concentrations. Most samples from Sonoma Valley are bicarbonate type 
water and range from sodium-potassium type water to calcium-magnesium type water.  
The USGS divided water samples in the Sonoma Valley into three groups. Each group was 
indicative of waters that are of similar origin or that may have undergone similar chemical 
processes (USGS, 2006).   
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Figure 2-10 Locations of groundwater wells sampled for specific conductance in the southern 

part of Sonoma Valley (USGS, 2006). 
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Group 1 samples are characterized as mixed-bicarbonate type water and are from 14 
wells, two springs and three surface water sites.  Group 1 water is generally drawn from 
wells less than 500 feet deep except for several deeper wells along the valley margins.  It 
is indicative of water derived either directly from direct infiltration of precipitation or 
indirectly from precipitation by means of groundwater losses to streams or streamflow 
losses to groundwater. Magnesium was the predominant cation in samples from one 
spring and both surface water samples, while sodium was the predominant cation in one 
spring.  Two surface water samples are characterized as magnesium-bicarbonate type 
water.  Dissolved solids concentrations ranged from 135 to 269 mg/L in surface and spring 
water samples (USGS, 2006).   
 
Water from Group 2 samples, dominated by sodium and chloride, are characterized as a 
sodium-mixed anion, mixed cation-chloride, mixed cation-mixed anion, and sodium 
chloride type water and are from four wells.  Waters in Group 2 represent mostly wells 
less than 500 feet deep, and are characterized as saline between San Pablo Bay and 
Schellville, or thermal groundwater along the east side of Sonoma Valley, to the northwest 
of Glen Ellen, and in the Los Guilicos area which may be associated with the Eastside 
Fault (USGS, 2006).  
 
Group 3 samples are characterized as sodium-bicarbonate type water and were collected 
from ten wells, and include water from wells generally greater than 200 feet deep in or 
near areas identified as having saline or thermal groundwater (USGS, 2006). 
 
Arsenic. The concentration of arsenic exceeded the MCL of 10 micrograms per liter 
(μg/L) in three wells, and ranged from 1 to 17 μg/L in the wells sampled (USGS, 2006). 
Arsenic is a known carcinogen to humans. 
 
Dissolved Nitrogen.  Globally, dissolved nitrogen in the form of nitrate is one of the most 
commonly encountered contaminants in groundwater, primarily from agricultural 
operations, or leakage from sewers and septic systems.  Excessive levels of nitrates in 
water can affect infants by reducing the oxygen-carrying capacity of the blood, and the 
resulting oxygen starvation can be fatal.  This nitrate poisoning, or methemoglobinemia, is 
commonly referred to as “blue baby syndrome.”  An excess of 45 mg/L is considered 
hazardous according to the EPA.  Nitrate concentrations in samples collected between 
2002 and 2004 in Sonoma Valley ranged from less than 0.1 mg/L to 35 mg/L (USGS, 2006). 
 
Boron. Boron is a widely occurring trace element in Sonoma Valley and likely sources are 
thermal waters, igneous rocks, connate waters associated with fault zones or evaporate 
deposits, and brackish water from tidal marshes at the southern part of the valley.  Boron 
concentrations in samples collected from 2002 – 2004 ranged from 0.01 mg/L in spring 
water to 15.7 mg/L in well water (USGS, 2006).  Boron concentrations as low as 0.7 mg/L 
can be toxic to sensitive plants such as grapes.  The California Department of Public 
Health has established an advisory level of 1 mg/L since daily ingestion of water with 
concentrations greater than the advisory level may pose a human heath risk. 
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Iron. Iron is a common naturally occurring constituent in groundwater, and is not typically 
a health-based concern.  However, at levels above the Secondary MCL for iron may be 
corrosive; cause staining, scaling, and discoloring; and impart a metallic taste. Samples 
collected from wells ranged in concentration from 8 to 310 μg/L of dissolved iron (USGS, 
2006), and four of those wells exceeded the Secondary MCL of 300 μg/L for iron in drinking 
water. 
 
Manganese. Manganese is a naturally occurring constituent in groundwater, which like 
iron, is generally not considered a health concern.  However, at levels above the 
Secondary MCL may cause staining, discoloring, and impart a metallic taste. Samples 
collected from wells ranged in concentration from 6 to 190 μg/L of manganese, and nine 
of the wells exceeded the Secondary MCL of 50 μg/L for manganese in drinking water 
(USGS, 2006). 
 
Chloride.  Chloride is a naturally occurring constituent in groundwater, and is generally 
not considered to be a health concern. Samples collected from wells ranged in 
concentration from 5 to 578 μg/L of chloride, and three of the samples exceeded the 
Secondary MCL of 500 μg/L for chloride in drinking water (USGS, 2006). 
 
2.6 RECYCLED WATER SUPPLIES 
Recycled water is cleaned wastewater from homes and businesses. Water from sinks, 
toilets and indoor plumbing goes to a treatment facility. Advanced treatment processes 
are used to remove bacteria and pollutants. Treated wastewater undergoes extensive 
testing to ensure that it meets strict standards set by the California Department of Public 
Health. The main use of recycled water nationally is irrigation of crops and large 
landscaped areas such as golf courses, athletic fields, commercial and industrial parks, 
and cemeteries. However, more recently, the uses of recycled water in other areas 
include process water for industry, wildlife habitat enhancement, and residential 
landscapes. 
 
In 1993, the SVCSD began providing recycled water for irrigation in Sonoma Valley. During 
May to October, which are dry weather months, the SVCSD provides 1,000 to 1,200 acre-
feet per year of recycled water for vineyards, dairies, and pasturelands in the southern 
part of Sonoma Valley (Figure 2-11). The source of this recycled water is the SVCSD 
wastewater treatment facility. 
 
The SVCSD owns a wastewater collection system, a wastewater treatment facility, and 
treated effluent storage and disposal facilities. Under contract to the SVCSD, the Agency 
operates and manages these facilities.  The wastewater collection system, which 
conveys water to the wastewater treatment facility, consists of 188 miles of pipelines and 
two lift stations, extending from Glen Ellen in the north to Schellville in the south. The 
wastewater treatment facility has the capacity to treat up to 16 million gallons per day to 
the secondary treatment level. The plant is currently being upgraded to provide a tertiary 
level of treatment. Treated wastewater is stored in four reservoirs, with a total capacity of 
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635 acre-feet.  The treated wastewater is either discharged to Schell Slough from 
November 1 to April 30, or distributed for irrigation in southern Sonoma Valley from May 1 
to October 31.  

 
Figure 2-11 Sonoma Valley Recycled Water Facilities Locations (ESA, 2006). 
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In 2002, the SVCSD initiated studies to expand recycled water use in the Sonoma Valley 
and to reduce discharge of treated wastewater to waters of the United States.  The 
expanded recycled water project would be located in the southern portion of Sonoma 
Valley, including the City and unincorporated portions of Sonoma County. For this 
expanded recycled water project, the SVCSD evaluated the use of recycled water to 
offset groundwater pumping for agricultural irrigation and urban landscape uses as well 
as reducing the use of imported water to irrigate urban landscaping.  
 
The expanded Sonoma Valley Recycled Water Project includes several alternatives with 
the potential to use up to 2,800 acre-feet per year of recycled water in the Sonoma Valley.  
This project would provide the following benefits: 

 Reduce discharge to surface water; 
 Reduce peak water demands of VOMWD and the City including demand on 

imported Russian River water and groundwater supplies; and 
 Potentially reduce groundwater pumping for agricultural and private municipal 

purposes. 
 
It is likely that the expanded recycled water project would be constructed in phases over 
time as funding and recycled water users are identified.  The project in its entirety 
consists of construction, operation and maintenance of the following facilities (Figure 2-
12) (ESA, 2006): 

 Up to 34 miles of recycled water pipelines. 
 Additional storage facilities, including a reservoir adjacent to the SVCSD 

wastewater treatment facility (49 acre-feet capacity), usage of two abandoned 
City steel water tanks (612,000 gallons total capacity), and additional reservoirs; 

 Pumping facilities, including a booster pump station for the recycled water supply 
distribution system and a distribution pump station to pump water from storage 
reservoirs to the pipelines; and 

 Associated connecting pipelines and service turnouts for pipelines. 
 
In December 2006, the SVCSD Board of Directors approved and certified an Environmental 
Impact Report (EIR) for the expanded recycled water project.  An economic and financial 
evaluation of the expanded recycled water project is currently underway, and preliminary 
design for Phase One is anticipated to be initiated in 2008. 
 
The potential presence of pharmaceuticals and personal care product elements (PPCPs) 
in recycled water has been raised as a concern by some members of the PANEL. Recent 
advancements in chemical analysis have led to the ability to test for trace amounts (parts 
per quadrillion) of PPCPs in recycled water.  PPCPs can enter the recycled water through 
human ingestion of PPCPs and are then passed on to the sewer or by direct disposal of 
PPCPs to the sewer. Recycling treatment does not completely remove trace amounts of 
all PPCPs. Dr. Robert Hultquist of the DPH gave a presentation at a PANEL meeting on the 
subject of recycled water. Dr. Hultquist indicated that based on studies and expertise, 
DPH considers irrigation with recycled water a safe practice, assuming that industry 
standard care is being taking in the treatment process and during application. 
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Nonetheless, preventative measures which could be implemented include actions to 
reduce PPCPs in the waste stream through surplus and expired pharmaceutical take-back 
programs and educational programs; periodic inspection and monitoring of the recycled 
water stream are already being conducted by the SVCSD.  

 
Figure 2-12 Sonoma Valley Recycled Water Project Proposed Components (ESA, 2006). 
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Another concern raised by the PANEL relates to water rights potentially being affected by 
the use of recycled water.  Several sections of the Water Code confirm that existing water 
rights are not lost, reduced, nor affected when the water-right holder uses recycled water 
instead of using the supply under his water right.  Appendix E provides additional 
information on this matter. 
 
2.7 WATER CONSERVATION 
The City of Sonoma, VOMWD and the Agency have made a formal commitment to water 
conservation by becoming signatories to the California Urban Water Conservation Council 
(CUWCC) Memorandum of Understanding.  Signatories to the CUWCC MOU agree to 
implement Best Management Practices (BMPs) for water conservation.  Following are the 
CUWCC 14 BMPs: 
 
BMP 1 – Residential Water Survey 
BMP 2 – Residential Plumbing Retrofit 
BMP 3 – System Water Audits, Leak Detection & Repair 
BMP 4 – Metering with Commodity Rates 
BMP 5 – Large Landscape Programs & Incentives 
BMP 6 – High-Efficiency Clothes Washer Rebates 
BMP 7 – Public Information Programs 
BMP 8 – School Education Programs 
BMP 9 – Conservation Programs for Commercial, Industrial, & Institutional Accounts 
BMP 10 – Wholesaler Conservation Programs 
BMP 11 – Conservation Pricing 
BMP 12 – Conservation Coordinator 
BMP 13 – Water Waste Prohibition 
BMP 14 – Residential Ultra-Low-Flush Toilet (ULFT) Replacement Programs 
 
Additional information is available on the CUWCC’s BMP Reporting Website at 
www.bmp.cuwcc.org and on their general website at www.cuwcc.org. 
 
Conservation programs in Sonoma Valley are maintained through funding from a variety of 
sources. These funding sources include the City and VOMWD, the SVCSD, the Agency 
and a variety of grants. Besides being 100 percent metered and using a conservation rate 
billing structure, the current water conservation programs in the Sonoma Valley are 
provided below. 

 Water Smart Home Program – This program evaluates home  water use to check 
for leaks on the customers’ side of the water meter, develop efficient irrigation 
schedules and educate customers on ways to reduce their water use.  Since the 
program’s inception in 2003, 325 single-family homes and 112 multi-family homes 
have participated.  

 Water Conserving Hardware Distribution - Free 2.0 gpm showerheads, 1.5 gpm 
bather aerator, 2.0 gpm kitchen aerators and hose end nozzles are available from 
the water retailers’ offices.  
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 High Efficiency Toilet (HET) Rebate Program - A rebate of $150 is offered for the 
installation of a high efficiency toilet that replaces a non-water conserving toilets.  
HETs use 20 percent less water than a 1.6 gallon per flush toilet.  

 Clothes Washer Rebate Program - Residential and commercial customers are 
eligible for rebates for the installation of a qualified water efficient clothes washer. 
Since 1999, a total of 1,147 clothes washer have been rebated utilizing Proposition 
13 and 50 grant funding. 

 Water Budgets - Water customers with dedicated irrigation meters receive bi-
monthly Landscape Water Use Reports.  These reports graph the sites’ current 
water use in comparison with the sites’ recommended water use.   

 Pre-Rinse Spray Valve Retrofit Program - Pre-rinse spray valves are generally 
found in commercial kitchens, restaurants and hospitals.  During a three-phase 
program which ended in March 2007, 98 pre-rinse spray valves were installed 
utilizing California Public Utilities Commission (CPUC) funding.  Rebates continue 
to be available for installations through the SVCSD.    

 Business Water Project - The Business Water Project is a program offered 
through the Business Environmental Alliance.  The program provides indoor and 
outdoor site assessments that highlight suggested actions for increasing the 
water efficiency of the site.  Since 2002, 43 sites have participated.  

 Landscape Equipment Rebate for Businesses Customers - Commercial water 
customers can receive a rebate for improving the efficiency of the irrigation 
system. Receive up to 100 percent rebate on improvements to your irrigation 
system. Receive 50 percent of the total rebate at the time of project inspection by 
City personnel; the remaining amount is paid after one year of demonstrated 
increase in water use efficiency.  

 Cash for Grass Turf Replacement Program - Residential water customers can 
receive up to $400 for the removal of turf grass.  In addition, the participant 
qualifies for $150 in rebates toward mulch and drip irrigation equipment.  Since 
February 2006, a total of 9,560 sq ft of lawn has been removed.   

 ‘Smart’ Irrigation Controller Rebate - ‘Smart’ irrigation controllers provide self 
adjusting watering times based on the weather, plant material and other key 
factors.  The City offers a rebate for this device in conjunction with Proposition 50 
grant funding.  There have been 2 residential installations to date.   

 Water Education Program - The Water Education Program is designed to foster an 
appreciation of the value of water as an important natural resource and to 
promote water conservation and stewardship of our local watersheds.  Classroom 
materials and curriculum guides are available for grades K-12. 3rd Grade 
Classroom Instructional Series teaches the water cycle and adaptations, and the 
field study programs are offered to 4th and 5th Grade. Since 1998, 10,421 students 
have been reached through the Water Education Program.   

 Public Outreach - The Agency actively markets throughout Sonoma Valley to notify 
customers of available water conservation programs. The program marketing is 
done in conjunction with the Agency’s annual Water Wisely Campaign, through  
advertisements in the Sonoma Index Tribune and the Sonoma Sun, through direct 
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mail and bill inserts to water customers and finally through participation in 
community events (i.e., farmers markets).   

 
Future urban water conservation in Sonoma Valley will maintain the existing programs 
outlined by CUWCC BMPs, and go beyond the BMPs to achieve additional long-term 
water savings.  New programs that have been evaluated and may be implemented in the 
future include: Rain Sensor Retrofit on Irrigation Controllers, Water Efficient Standards for 
New Development, Hotel Retrofit with Financial Assistance and Hot Water on Demand 
System Incentives. 
 
California law requires that for new construction after January 1, 1992, only fixtures 
meeting the following standards can be installed in new buildings: 

 Toilet – 1.6 gal/flush maximum 
 Urinals – 1.0 gal/flush maximum 
 Showerhead and Faucets – 2.5 gpm at 80 psi 

 
Replacement of fixtures in existing buildings is governed by the Federal Energy Policy Act 
that requires that only the above can be sold for residential use after January 1, 1994 and 
for commercial toilets after January 1, 1997. This law governs natural replacement. New 
clothes washers were required to meet increased energy efficiency standards in 2004 and 
2007  It is assumed that by 2010, 50 percent purchased will be efficient, by 2015, 75 percent 
will be efficient, and by 2020, 100 percent purchased will be efficient.  Additional 
projections of water conservation beyond plumbing code and appliance standards are 
included for the City and VOMWD in Table 2-6. 

Table 2-6 Projected Conservation Savings. 

WATER USE 2000 2010 2020 2030 
City of Sonoma * 156 282 326 
Valley of the Moon Water District * 205 409 504 
Notes:  *No additional conservation savings 
 Values in acre-feet per year 
 Values include Tier 1, Tier 2, new development, and plumbing code conservation savings. 
References: Brown & Caldwell, 2007a & 2007b. 
 
2.8 FUTURE WATER SUPPLIES AND DEMANDS 
Land use change including steadily increasing agricultural, urban and domestic land use 
development resulted in a 37 percent increase in groundwater extractions from the 
Sonoma Valley between 1974 and 2000 (Figure 2-13). The decrease in groundwater 
pumpage for agriculture beginning in the mid-1990s can be attributed to the use of 
recycled water in addition to BMPs and conservation.  Nevertheless, projections of future 
land use change provided in the Agency UWMP (Brown & Caldwell, 2006) and Draft 
County General Plan (PRMD, 2005) suggest continued growth in urban, domestic, and 
agriculture land use, and an accompanying increase in water demands. These future 
water demands will be met with a mix of supplies, including imported water, recycled 
water, and local groundwater in addition to continued and expanded conservation efforts.   
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Figure 2-13  Estimated Annual Groundwater Pumpage from 1974 to 2000 by Water-use Type for 

the Sonoma Valley.  
All values in acre-feet per year (USGS, 2006). 

 
2.8.1 Urban Water Supplies and Demands 

The Sonoma Valley retailers, the City and VOMWD, indicate increasing demands between 
now and 2030 based on projections of increasing population of 21 and 12 percent, 
respectively (PRMD, 2005).  Increasing water demands by the City and VOMWD are 
projected to be met by a mix of increasing conservation, increasing recycled water (the 
City only), increasing local groundwater extractions, and increasing imported water from 
the Agency (Table 2-7). The increase in local groundwater demand by VOMWD and the 
City is projected to be a short-term need, increasing until 2016, when the Agency may be 
able to obtain additional water imports to the City and VOMWD through an application 
already filed with the SWRCB to increase the Agency’s existing rights of diversion/re-
diversion from the Russian River (Section 2.4.3). Until the Agency is able to secure 
additional water rights and augment imported water to the Sonoma Valley, increasing 
water demands will increase the stress on local groundwater resources. 
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Table 2-7 Projected Urban Demands and Supplies. 

Demands/Supplies 2000 2010 2020 2030 
CITY OF SONOMA 
Raw Gross Demands 2,482* 2,939 3,088 3,397 
Conservation Savings ** 156 282 326 
Recycled Water 0 0 30 50 
Local Groundwater 0 324 285 21 
Water from the Sonoma County Water Agency 2,482 2,459 2,491 3,000 
VALLEY OF THE MOON WATER DISTRICT 
Raw Gross Demands 3,459* 3,953 4,196 4,322 
Conservation Savings ** 205 409 504 
Recycled Water 0 0 0 5 
Local Groundwater 774 436 428 83 
Water from the Sonoma County Water Agency 2,685 3,312 3,360 3,729 
Total Local Groundwater Supplies 774 814 713 104 
Notes: *Raw demand shown for 2000 is the net demand after conservation 
 **No additional conservation savings 
 All demand/supply projected values in acre-feet per year. 
References: Brown & Caldwell, 2007a & 2007b. 
 
2.8.2 Unincorporated County, Agricultural and Domestic Supplies and Demand 

The unincorporated portion of the Sonoma Valley area includes the population not being 
supplied by the City or VOMWD, the majority of which rely solely on groundwater for 
supply. An increase in pumpage from domestic wells of nearly 90 percent was estimated 
over the period 1974 to 2000 based on population growth during that same period (USGS, 
2006). The current draft Sonoma County General Plan (2005) projects slower growth rates 
in the future of 0.7 percent per year from 2000 through 2020 for the unincorporated area 
outside of the City urban service area. Using this 0.7 percent annual population growth 
rate, domestic groundwater use was projected proportionally beginning with the value of 
1,606 acre-feet per year in 2000 (USGS, 2006; see Table 2-2). The result is an increased 
domestic groundwater use of approximately 31 percent, or 496 acre-feet per year, from 
2000 through 2030 (Table 2-8). 
 
Based on Sonoma County’s land use projections, agricultural land use is estimated to 
increase by 1,500 acres of vineyards between 2000 and 2020 (PRMD, 2007). Projecting 
proportionally for 2000-2030 results in 2,250 acres of vineyards, and assuming that 1,500 
acres of vineyards would replace natural vegetation or non-irrigated agriculture and that 
applied water is an average of 0.6 feet per year per acre of vineyards (USGS, 2006), the 
increase in groundwater use would be 22 percent, or 1,350 acre-feet per year for 2000 
through 2030 (Table 2-8).  However, no consideration was made for the offsetting factors 
of removing natural vegetation which may actually remove more groundwater than 
vineyards due to higher evapotranspiration rates.  Conversations with agricultural 
stakeholders on the PANEL indicate that the actual applied rate for vineyards varies 
based on rainfall amount and timing and may be lower than 0.6 feet per year per acre. 



Sonoma Valley  Groundwater Management Plan 

Water Resources Setting  Page 2-38   

 
Based on these projections, which are summarized in Table 2-8, total groundwater 
extractions by domestic and agricultural users by 2030 is estimated to be 9,565 acre-feet 
per year, or an increase of 24 percent overall for the 30 years. 

Table 2-8 Projected Domestic and Agricultural Demands. 

Demands 2000 2010 2020 2030 
Increase in demand 

(2000-2030) 
Percent 
Increase 

Domestic 1,606 1,690 1,831 2,102 496 31 
Agricultural 6,113 6,563 7,013 7,463 1,350 22 
Total 7,719 8,253 8,844 9,565 1,846 24 
Notes: All projected demand values in acre-feet per year. 
 Agricultural demand estimated from an increase of 2,250 acres of vineyards from 2000 through 2030. 
 Projected demand assumed to be met entirely by local groundwater supply. 
References: Domestic demand estimated from projected population growth from the Sonoma County Permit and Resource 

Management (PRMD, 2005). 
 All values projected from year 2000 domestic and agricultural demand values provided in USGS, 2006. 

 
2.8.3 Groundwater Model Projections 

To assess the potential benefit of several water management options for the Sonoma 
Valley under various water availability scenarios from 2001 through 2030, a total of eight 
simulations were run using the existing MODFLOW groundwater flow model of the 
Sonoma Valley developed by the USGS (USGS, 2006). A detailed description of the 
approach, analysis and results is provided in Appendix C. 
 
Each simulation case is composed of a combination of four water management options 
implemented under normal or dry year conditions, based on whether additional water 
rights are obtained by the Agency from the Russian River by 2016, and on projected 
agricultural land increase of 2,250 acres.  The water management options considered are: 

A) Stormwater recharge – wet season floodwaters are diverted into recharge 
ponds and/or wetlands along Sonoma Creek beginning in 2015. 

B) Groundwater banking of imported winter surplus water – two wells recharge 
imported winter surplus water to the aquifer beginning in 2015. 

C) Increased recycled water use – The southwestern portion of Alignment 1 in 
the Sonoma Valley Recycled Water Feasibility Study (ESA, 2006) is 
implemented in 2010. 

D) Increased conservation and demand reduction– Agricultural, domestic, and 
urban demands are reduced due to increased conservation. 

 
The simulation cases and their components are summarized in Table 2-9.  Appendix C 
details the methodology and assumptions for implementing each of the scenario 
components. 



Sonoma Valley  Groundwater Management Plan 

Water Resources Setting  Page 2-39   

Table 2-9 Simulation Case Components and Simulated Change in Storage (2001-2030). 

Water Management Option Simulation Case 
(Change in storage 2001 through 

2030, acre-feet) 
A B C D Assumption 

30-Year 
Normal 

Weather 
Scenario 

30-Year Dry 
Weather 
Scenario 

Stormwater 
Recharge 

Groundwater 
Banking 

Recycled 
Water 

Conservation Additional 
Imported 

Water 

N-0 
(-18,900) 

D-0 
(-22,000) 

     

N-1 
(-16,000) 

---     X 

--- D-2 
(-10,900) 

  X X X 

N-3 
(-5,700) 

--- X  X X X 

N-4b 
(-1,600) 

---  X    

N-5 
(+8,400) 

--- X X X X  

N-6 
(+11,100) 

D-6 
(+8,400) 

X X X X X 

N-4a 
(-16,400) 

--- X     

N-4c 
(-15,700) 

---   X   

N-4d 
(-13,900) 

---    X  

Notes: The no additional action cases (Cases 0 and 1) represent the absence of any water management options 
except for automatic conservation savings from plumbing code.  

 
The model simulations indicate future demands exceed existing supplies, resulting in a 
reduction in groundwater in storage for the Sonoma Valley under all cases except for 
those where all four water management options are implemented. This finding highlights 
the necessity for active water management over the next decades (see Figure 2-14).  In 
the most optimistic case (Case N-5), with normal precipitation and additional imported 
water supplies, implementing all four water management options would result in a net 
storage increase of 8,400 acre-feet over 30 years.  However, under a worst-case water 
availability scenario with multiple dry year conditions, no additional imported supply, and 
no implementation of any water management options (Case D-0), groundwater storage 
could decrease by 22, 000 acre-feet over 30 years.  Even under the most optimistic water 
availability scenario, implementing no water management options (Case N-1) would still 
result in a net decrease in groundwater storage of 16,000 acre-feet over 30 years.  
Without management actions, the losses from overall groundwater storage will likely 
result in downward trending groundwater levels, and associated potential adverse 
impacts including increased extraction costs, possible well deepening or replacements 
costs, possible groundwater quality degradation including salinity intrusion, potential land 
subsidence, decreases in streamflow, and environmental damage. 
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Figure 2-14 Simulated Change in Groundwater Storage in the Sonoma Valley for the 12 

Simulation Cases. 
 
The largest drawdowns over the simulation period are seen in the areas east of Sonoma, 
as shown in Figure 2-15a.  This area is bounded to the west by a low-conductivity barrier, 
limiting flow from the creek and the remainder of the Sonoma Valley.  In the best case 
scenario, this drawdown area disappears (Figure 2-15b). 
 
The model results indicate that all the water management options considered in the 
analysis contribute to and are necessary for the long-term sustainability of the Sonoma 
Valley. Of the four water management options considered, the model indicates that the 
groundwater banking option (Option A) appears to result in the most benefit to the 
Sonoma Valley, providing a net storage increase greater over the 30 years than any other 
of the options considered.  Figure 2-16 shows the simulated drawdown for selected cases 
at an observation well near the depression southeast of Sonoma outweighs the benefits 
from the other water management options.  Table 2-10 summarizes the incremental 
increase in storage for each water management option considered. The large apparent 
difference in benefit between the groundwater banking option and other water 
management options is due to the losses the other options encounter at the shallow 
stream boundary with high horizontal conductivity and low vertical conductivity. 
Additionally, the groundwater banking option, which is injected to an intermediate depth, 
is located away from the stream boundary on the other side of a vertical barrier 

Change in Storage 

Zone of Uncertainty 
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representing the Eastside Fault, all of which help to isolate and contain the injected water 
locally with minor losses to the surface water outflow. 
 

       
   (a) Case D-0    (b) Case N-6 

Figure 2-15 Simulated drawdown from 2001-2030 for cases with the (a) largest and (b) smallest 
drawdown. 

 
2.8.4 Summary 

Current projections of future water supplies and demands indicate that future demands on 
Sonoma Valley groundwater resources are greater than the existing supply. In the case of 
urban water in the short-term, groundwater is likely to be increasingly relied on to meet 
future demands until 2016.  At this time, additional surface water supplies are projected to 
become available and groundwater pumping to meet urban demand may be reduced. 
Agricultural and domestic water needs are also expected to increase. Absent other 
actions, those demands will be met with groundwater resources. Based on groundwater 
model simulations, groundwater levels will decline resulting in potential adverse impacts 
to local stakeholders without application of a range of water management strategies and 
projects in place to offset effects of groundwater pumping. These projects could include 
groundwater banking, stormwater retention and recharge, recycled water use, and 
increased conservation.  These projects are further discussed in Sections 4 and 5.  
Limitations of the model and data are described below. 
 

Area of 
largest 

drawdown 
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Table 2-10 Incremental increase in Storage for Each Water Management Option (2001-2030). 

Water Management Option Incremental Increase in Storage 
(2001-2030) 

A Stormwater Recharge                              2,500             
B Groundwater Banking                            17,300 
C Recycled Water                              3,200 
D Conservation                              5,000 
 Total for all water management options1                        27,300 

1Based on comparison of Cases N-0 and N-5. The total differs slightly from the sum of the contribution from 
each individual water management option due to the model simulating the effect of all options and their 
combined interaction in the basin. 
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Figure 2-16 Simulated Water Levels in Monitoring Well 05N05W17C001 Located East of the City 

of Sonoma for all Simulation Cases. 
 
2.9 DATA NEEDS AND KEY SONOMA VALLEY ISSUES 
A number of data gaps and data limitations have been recognized for the Sonoma Valley. 
These data gaps and limitations were identified both as a result of the study conducted by 
the USGS (USGS, 2006), with a portion of these being specifically related to the USGS 
groundwater model, and during the PANEL and TWG meetings. These data gaps and data 
limitations are discussed in this section. 
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2.9.1 Groundwater Level and Quality Monitoring Data 

There is insufficient groundwater monitoring to understand the current Sonoma Valley 
basin-wide trends in groundwater levels and groundwater quality and to make a 
reasonable estimate of the sustainable yield of the Sonoma Valley basin. With the 
exception of just a few monitoring wells, all the wells monitored in the Sonoma Valley are 
domestic or public supply wells with long screened intervals, which do not provide depth-
specific information. The spatial distribution of monitoring needs to be increased, both 
horizontally and vertically across the Sonoma Valley, with the addition of more voluntary 
wells and the installation of depth-specific monitoring wells.  
 
2.9.2 Groundwater Pumping Data  

Currently, pumping data is available only for the City and VOMWD public supply wells; 
agricultural and domestic well pumping rates are not measured and have to be estimated. 
The USGS concluded that there may be additional pumping occurring within the 
groundwater model area which may be providing for irrigation outside the model area. 
(USGS, 2006). The lack of pumping data leads to greater uncertainty in the groundwater 
model, and approaches have to be developed to collect better information to estimate 
groundwater pumping in the Sonoma Valley. 
 
2.9.3 Streamflow Data 

There is currently only one streamflow gauge in the Sonoma Creek Watershed, which is 
insufficient for evaluating stream-groundwater interaction. This also makes it difficult to 
realistically model stream-groundwater interaction, and makes it necessary to assume 
average annual streamflow conditions in the model, leading to greater uncertainty in the 
model and inability to simulate seasonal effects (USGS, 2006). The installation and 
maintenance of additional stream gauges are needed in the Sonoma Valley. 
 
2.9.4 Distribution of Recharge 

The distribution of recharge – namely where and how much water infiltrates the soil – and 
streambed conductance are poorly understood in the Sonoma Valley. Understanding the 
distribution of recharge is important for protecting groundwater resources, for locating 
and developing potential projects to enhance recharge and storage, and for improving the 
groundwater model. Additional studies and information on recharge distribution are 
needed for the Sonoma Valley. 
 
2.9.5 Borehole Geophysical and Improved Geological Data 

The current level of geologic data being collected in the Sonoma Valley is mostly limited 
to drillers logs, collected by the driller during the drilling operation of well.  This process 
does not provide reliable hydrogeologic information. Borehole geophysical data is a good 
tool for understanding the hydrogeology, and equally important, for estimating the vertical 
distribution of hydrogeologic properties of aquifers. There is currently not a good 
understanding of the horizontal and vertical distribution of hydrogeologic properties in the 
Sonoma Valley. Detailed hydrogeologic and borehole geophysical data need to be 
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collected during the drilling of wells in several locations in the Sonoma Valley in order to 
better understand the hydrogeological factors that control groundwater flow and storage. 
 
2.9.6 Groundwater Model Limitations 

There were significant data limitations of the model, affecting estimates of groundwater 
pumping, recharge, streamflow, and hydrogeologic property distribution in the subsurface 
(USGS, 2006). The model uses annual stress periods, versus seasonal or monthly periods, 
which may result in the underestimation of drawdown at some wells. The areal 
distribution of recharge in the model was a simplification of average annual rates which 
were approximately distributed to estimate total average annual recharge.  The model 
also does not consider any deep lateral inflows or outflows into the system, and having 
only one stream gauge is inadequate for understanding the effects of losing or gaining 
flow along the stream reaches. There were very few geophysical data with which to 
better understand and estimate the hydrogeologic properties. Over time as additional data 
becomes available, the groundwater model needs to be improved to be a more useful 
groundwater basin management tool for the long-term. 
 
2.9.7 Land Use Change  

Land use, and particularly crop surveys, and the calculation of water demand versus 
other parameters is a useful tool with which to estimate groundwater pumping amounts 
where there is little or no data. The last crop survey done by DWR was in 1999. Updating 
the crop survey needs to be accomplished to provide the opportunity to better estimate 
current groundwater pumping by agriculture, to evaluate the change in groundwater 
pumping since 1999 due to land use changes, and to improve the groundwater model 
accuracy.  
 
2.9.8 Chloride Distribution and Sources 

Areas of saline groundwater are present between the shore of San Pablo Bay and 
Schellville (see Figure 2-10), and the saline water distribution appears to be moving, 
expanding north towards the southeast portion of the City, and receding from the 
intersection between Highway 12 and 121 (USGS, 2006). The source of the saline water 
has not been determined, but may be attributed to modern seawater intrusion, shallow 
groundwater affected by evaporation, "old" water in areas which were buried with saline 
sediment sources, and thermal waters (USGS, 2006). Groundwater sampling and analysis 
to speciate the chloride sources and distribution needs to be conducted in order to 
understand the problem and develop long-term solutions. 
 
2.9.9 Key Sonoma Valley Basin Management Issues 

Key issues regarding Sonoma Valley basin management have been discussed during the 
PANEL and TWG meetings and include: 
 

 Gaining a better understanding of the geology, aquifer, trends and impacts of 
groundwater use 
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 Avoiding long-term groundwater level declines 
 Protecting and maximizing recharge  
 Sustaining groundwater quality 
 Defining causes and preventing saline intrusion 
 Protecting stream baseflow and habitat 
 Integrating flood protection, stormwater capture, demand reduction and recharge 
 Planning for and meeting higher future water demands 
 Reducing demand through conservation 
 Securing long-term water supply reliability 

 
These key management issues form the basis for the Plan Goal, Objectives and 
Components described in Sections 3, 4 and 5. 
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SECTION 3 
GROUNDWATER MANAGEMENT PLAN GOALS AND OBJECTIVES 

The Plan includes an overall goal and a set of management objectives, set forth below in 
this section.  Section 4 contains a series of plan components that identify and discuss 
actions necessary to meet the goal and objectives.  The plan elements are summarized in 
the diagram in Figure 3-1. 
 
3.1 GROUNDWATER MANAGEMENT GOAL 
The goal of the Sonoma Valley Groundwater Management Plan (Plan) is to locally 
manage, protect, and enhance groundwater resources for all beneficial uses, in a 
sustainable, environmentally sound, economical, and equitable manner for generations to 
come.  
 
3.2 BASIN MANAGEMENT OBJECTIVES  
The Basin Management Objectives (BMOs) are the measurable or verifiable 
accomplishments required to meet the overall goal of the groundwater management 
program (see Section 1.5).  For each Basin Management Objective (BMO) identified in this 
section, cross-references are provided to plan actions identified in subsequent chapters 
of the Plan.  
 
GROUNDWATER QUANTITY AND RECHARGE 
BMO-1 Maintain groundwater elevations for the support of beneficial uses of 
groundwater, and to protect against inelastic land subsidence.  

Over the past several decades, at least two cones of groundwater level depression have 
formed. These depressions appear to be a result of groundwater pumping (USGS, 2006). 
The lowering of groundwater elevations can have adverse impacts that include increased 
energy costs for pumping, the need to deepen existing wells or construct new ones, or 
adverse impacts on water quantity and quality. The Plan intends to minimize impacts 
caused by groundwater pumping and improve overall groundwater levels in the Sonoma 
Valley basin over time.  
 
Land subsidence can cause significant damage to essential infrastructure. There is no 
evidence of historical, groundwater extraction-related land subsidence in the Sonoma 
Valley basin based on land survey information provided by the Agency. The Plan calls for 
efforts to periodically assess potential land subsidence. 
 
BMO Contribution to Reliability of Long-Term Beneficial Uses 
Meeting this BMO will contribute to a more reliable supply for long-term beneficial uses of 
groundwater by monitoring levels and trends and taking actions to maintain levels. 
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Figure 3-1 Organization of Plan Elements. 
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BMO-2 Improve water use efficiency and conservation.  

There is a need for improved water conservation and water use efficiency practices in 
Sonoma Valley. Sonoma Valley urban water systems are in the process of meeting and 
exceeding the CUWCC BMPs, which include water use surveys, audits, conservation, and 
efficiency elements. Although agriculture is close to maximum efficiency and cannot be 
expected to increase conservation without new technology or BMPs, all stakeholders on 
the PANEL have acknowledged that more conservation can be implemented across all 
water users in the Sonoma Valley.  Actions in the Plan seek to capitalize on all possible 
factors, including public outreach to the general public for added conservation and 
efficiency in residential and agricultural practices. 
 
BMO Contribution to Reliability of Long-Term Beneficial Uses 
Meeting this BMO will contribute to a more reliable supply for long-term beneficial uses of 
groundwater by reducing the demand on the groundwater resource. 
 
BMO-3 Identify and protect groundwater recharge areas and enhance the recharge 
of groundwater where appropriate.   

Better understanding and delineation of groundwater recharge is critically important for 
the protection and enhancement of groundwater recharge.  The Plan calls for studies to 
identify groundwater recharge areas, to develop approaches to enhance groundwater 
recharge, and to identify ways to protect recharge areas from being covered by low 
permeability surfaces. 
 
BMO Contribution to Reliability of Long-Term Beneficial Uses 
This BMO will contribute to a more reliable supply for long-term beneficial uses of 
groundwater by preventing long term depletion of this resource, and by providing 
tolerance to droughts by making groundwater supplies available for increased stress 
during dry years. 
 
BMO-4 Manage groundwater in conjunction with other water sources.   

It is important to balance and optimize the use of groundwater and other water sources, a 
water management strategy referred to as conjunctive use. Conjunctive use is achieved 
through the coordinated and planned operation of both surface water and groundwater 
sources to meet water requirements in a manner that conserves water. During seasonally 
wet times and periods of above-normal precipitation, surface water could be utilized to 
the maximum extent possible and also artificially recharged into the ground to augment 
groundwater storage and raise groundwater levels. Conversely, during drought periods, 
more limited surface water supplies would be supplemented by pumping groundwater. 
The Plan recommends meeting the demand with more water from conservation, recycled 
water, and other water supplies.  The Plan also recommends that alternative management 
strategies be evaluated with the use of the Sonoma Valley groundwater model. 
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BMO Contribution to Reliability of Long-Term Beneficial Uses 
Meeting this BMO will contribute to a more reliable supply for long-term beneficial uses of 
groundwater by replacing a portion of the groundwater with increased imported water 
and recycled water, and reducing demands on the groundwater through conservation. 
 
GROUNDWATER QUALITY 
BMO-5 Protect groundwater quality for beneficial uses including minimizing saline 
intrusion.  

Use of groundwater in the Sonoma Valley basin should not be hindered by contamination, 
and should not cause degradation of the quality of the resource. Where contamination is 
documented, or occurs in the future, it is the intent of the Plan that coordination with 
appropriate state and federal regulatory agencies occurs to pursue actions that result in 
the containment and eventual remediation of the contaminant. Existing data suggests that 
seawater intrusion has occurred in the southern end of the Sonoma Valley basin, and is a 
concern. Continued and enhanced monitoring should be conducted to track the salinity, 
and continuing studies should be included in the monitoring program to further assess the 
sources and distribution of seawater intrusion in the southern Sonoma Valley.  
Geothermal upwelling and associated high minerals in groundwater is also a concern 
along the east side of the Sonoma Valley.  Potential water management strategies should 
be investigated including increased recycled water, groundwater recharge, and 
conjunctive use, which could help mitigate some of the groundwater quality impacts in 
the Sonoma Valley.   
 
BMO Contribution to Reliability of Long-Term Beneficial Uses 
Meeting this BMO will contribute to a more reliable supply for long-term beneficial uses of 
groundwater by ensuring that local groundwater supplies remain suitable for all beneficial 
uses, including domestic supply. 
 

BMO-6 Protect against adverse interactions between groundwater and surface 
water flows.  

The Sonoma Creek provides habitat for a variety of fish and wildlife habitat. The Plan is 
committed to preserving the fishery, wildlife, recreational and aesthetic values of the 
Sonoma Creek, and also to assuring a stable supply of water for agriculture, businesses, 
and residences.  If groundwater levels should drop where streams are gaining flows, 
flows will decrease in the streams, potentially impacting water quality and ecology.  
Operations utilizing groundwater should not negatively impact the surface water flows in 
Sonoma Creek. The Plan also calls for gaining a better understanding of potential impacts 
of the discharge of local-area groundwater to surface water channels (e.g. contribution of 
TDS), and of seawater intrusion from San Pablo Bay on groundwater and surface water 
channels. Surveys and studies should be conducted to gain a better understanding of the 
interaction of surface water flows and groundwater for improved management and 
possible mitigation measures if necessary.   
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BMO Contribution to Reliability of Long-Term Beneficial Uses 
Meeting this BMO will contribute to a more reliable supply for long-term beneficial uses of 
groundwater by developing a better technical understanding, improved management, and 
with projects to mitigate potential adverse water quality impacts. 
  
COMMUNITY INVOLVEMENT 
BMO-7 Improve the community’s awareness of groundwater planning, water 
resources, and legal issues.  

Possible management actions recommended in the Plan may affect a broad range of 
individuals and agencies that have a stake in successful management of the Sonoma 
Valley basin. Incremental successes of the Plan's recommended programs over time may 
increase local supply reliability.  Further banking and exchange programs are local efforts 
that can contribute to state and federal programs efforts to meet statewide needs, 
particularly in drier years. To local stakeholders, successes associated with the Plan 
implementation will decrease demand on groundwater, improve understanding of 
recharge, and assure groundwater supply and quality.  To address the needs of all of 
these stakeholders, the Plan has identified several means of achieving broader 
involvement. These measures include: (1) involving members of the public, (2) using 
advisory groups to develop and implement the Plan, (3) involving other public agencies 
within and adjacent to the Sonoma Valley area, and (4) pursuing a variety of partnerships 
to achieve local supply sustainability.  
 
BMO Contribution to Reliability of Long-Term Beneficial Uses 
Meeting this BMO will contribute to a more reliable supply for long-term beneficial uses of 
groundwater through stakeholder involvement, public outreach, education and 
partnership building to meet the other action-oriented components involving groundwater 
protection, groundwater recharge and demand reduction. 
 
MANAGEMENT APPROACH 
BMO-8 Improve the groundwater database and basin understanding through 
consistent monitoring and surveys, and improve basin analytical tools including the 
groundwater simulation model.  

The USGS study (USGS, 2006) identifies significant data gaps in the current understanding 
of the Sonoma Valley, and outlines the need for additional streamflow, groundwater use, 
and hydrogeologic information. The Agency Sonoma Valley monitoring database should 
be maintained and improved. Groundwater monitoring in Sonoma Valley should be 
conducted in a coordinated and consistent manner by all organizations involved. 
Adequate monitoring data should be collected quarterly to bi-annually and evaluated on 
an annual and long-term basis to assess trends in Sonoma Valley groundwater levels and 
quality.  Continuing studies are needed to improve the understanding of the Sonoma 
Valley hydrogeology, groundwater recharge, and surface water groundwater interaction. 
The groundwater simulation model should also be improved through the incorporation of 
data from additional surveys and studies. 
 



Sonoma Valley  Groundwater Management Plan 

Management Objectives  Page 3-6   

BMO Contribution to Reliability of Long-Term Beneficial Uses 
Meeting this BMO will contribute to a more reliable supply for long-term beneficial uses of 
groundwater by increasing the understanding of the groundwater resources and laying 
the foundation for groundwater projects to protect and enhance recharge.  
 
BMO-9 Manage groundwater with local control.  

Groundwater is a local resource, and should be managed by local management 
institutions with goals and objectives, to support the needs of local stakeholders and to 
protect the resource and ecosystem. This Plan provides measures designed to ensure 
that local management of groundwater is a successful and sustained endeavor in Sonoma 
Valley.  The Plan also calls for local entities to continue to explore and identify 
approaches that encourage and provide strong incentives for sound, groundwater 
resource management practices with appropriate consideration of regional water supply 
and water quality issues. 
 
BMO Contribution to Reliability of Long-Term Beneficial Uses 
Meeting this BMO will contribute to a more reliable supply for long-term beneficial uses of 
groundwater through active management of the Sonoma Valley through a broad 
stakeholder approach, resulting in coordinated studies and projects that meet the vision 
and goal of the Plan. 
 
BMO-10 Explore, identify and maximize non-regulatory approaches to manage the 
groundwater resource.  

This plan employs non-regulatory approaches and methods to manage the groundwater 
resources in the Sonoma Valley.  The Plan relies on collaboration and cooperation to meet 
objectives and effectively succeed with programs.  Programs may include groundwater 
protection, water conservation and water use efficiency, coordinated efforts for 
monitoring, joint studies to improve understanding, and public education and outreach.   
 
BMO Contribution to Reliability of Long-Term Beneficial Uses 
Meeting this BMO will contribute to a more reliable supply for long-term beneficial uses of 
groundwater through a coordinated, collaborative, local effort of monitoring, groundwater 
protection, recharge enhancement, and demand reduction. 
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SECTION 4 
GROUNDWATER MANAGEMENT PLAN COMPONENTS 

The Plan includes a variety of components that are required by Water Code § 10753.7, 
recommended in DWR Bulletin 118 California's Groundwater (DWR 2003), and identified as 
optional programs under Water Code § 10753.8. It also includes groundwater management 
elements already in place. These components are grouped into five general categories:  
 
1. Stakeholder involvement 
2. Monitoring program 
3. Groundwater resource protection  
4. Groundwater sustainability 
5. Planning integration  
 
These components or programs are presented in this section and summarized in Table 4-1 
for reference.  The table correlates the activities that are related to one or more BMO. 
Each component includes discussion, proposed actions, and identification of the 
objectives toward which the component is directed.  Proposed actions can fall under the 
categories of projects, which are implementations actions to address a particular BMOs, 
and studies, which are efforts to gather data in order to implement an eventual project.  
Note that many actions will require funding and their implementation is thus dependent on 
obtaining such funding.  PANEL approval is not required prior to implementing any 
project/study unless the Agency is directly funding it, although coordination is 
encouraged. 
 
4.1 COMPONENT 1- STAKEHOLDER INVOLVEMENT 
Stakeholder involvement forms the foundation for a continued, collaborative process of 
decision-making and actions during Plan implementation. Active participation of a broad 
group of stakeholders is a key component to sustaining a successful, collaborative 
process during Plan implementation. 
 
Several methods to achieve broad stakeholder participation will be employed during the 
implementation of the Plan, including: 1) involving the public, 2) using advisory groups, 3) 
informing public agencies and stakeholders, and 4) facilitating relationships. Each of 
these methods is discussed further below. 
 
4.1.1 Involving the Public 

The Agency and PANEL will involve the public in the implementation of the Plan.  Involving 
the public includes specific communications about the Plan, conducting outreach and 
education, providing public notification on key issues and milestones, developing and 
implementing a public outreach plan with strategies for communicating with audiences 
both within and outside the Sonoma Valley for various aspects of the program, and a 
website for information.  
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Table 4-1 Summary of Basin Management Objectives, and Management Components. 

Basin Management
Objectives

BMO No.1
Maintain 
groundwater 
elevations for the 
support of 
beneficial uses of 
groundwater, and 
to protect against 
inelastic land 
subsidence.

BMO No.2
Improve water use 
efficiency and 
conservation.

BMO No.3
Identify and 
protect 
groundwater 
recharge areas 
and enhance the 
recharge of 
groundwater 
where appropriate. 

BMO No.4
Manage 
groundwater in 
conjunction with 
other water 
sources.

BMO No.5
Protect 
groundwater 
quality for 
beneficial uses 
including 
minimizing saline 
intrusion.

BMO No.6
Protect against 
adverse 
interactions 
between 
groundwater and 
surface water 
flows.

BMO No.7
Improve the 
community’s 
awareness of 
groundwater 
planning, water 
resources, and 
legal issues.

BMO No.8
Improve the groundwater 
database and basin 
understanding through 
consistent monitoring and 
additional surveys, and improve 
basin analytical tools including 
the groundwater simulation 
model.

BMO No.9
Manage 
groundwater 
with local 
control.

BMO No.10
Explore, Identify and 
maximize non-
regulatory approaches 
to manage the 
groundwater resource.

Involving the Public √ √ √ √ √ √
Advisory Groups √ √ √ √ √ √
Informing Public Agencies & 
Stakeholders

√ √ √ √ √ √

Partnerships & Coordination √ √ √ √ √ √

Groundwater Elevation
 Monitoring

√ √ √ √ √ √ √ √

Groundwater Quality 
Monitoring

√ √ √ √ √ √ √

Land Subsidence 
Monitoring

√ √ √ √

Surface Water-Groundwater 
Interaction Monitoring

√ √ √ √

Monitoring Protocols √ √ √ √ √ √ √ √
Central GIS Data 
Management System

√ √ √ √ √ √ √ √

Well Construction, 
Abandonment & Destruction

√ √ √

Wellhead Protection √ √ √
Control  & Remediation of 
Contaminated Water

√ √ √

Control of Saline Water 
Intrusion

√ √ √

Stormwater Recharge √ √ √ √ √ √ √
Groundwater Banking √ √ √ √ √ √ √
Recycled Water Supply √ √ √
Conservation/Demand 
Reduction

√ √ √ √ √ √ √ √ √

Groundwater Modeling √ √ √ √ √ √ √ √ √ √

Urban Water Management, 
Land Use Planning, DWSAP 
Program

√ √ √ √ √ √ √ √ √ √

Component No. 5 Planning Integration

Component No.1 Stakeholder Involvement

Component No.2 Monitoring Program

Component No.3 Groundwater Quality Protection

Component No. 4 Groundwater Sustainability
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In 2006, the Agency created a website for the project: 
www.scwa.ca.gov/projects/svgroundwater/. The Agency will use its website to distribute 
information on Plan implementation activities to the public. 
 
Planned Actions: 
1. Circulate copies and publish the adopted Plan and subsequent annual reports on 

website. 
2. Develop an insert to accompany City and VOMWD water bills, and even potentially 

with water bills that are sent out by some of the mutual water companies. 
3. Develop and execute a Public Outreach Plan for Plan implementation to maximize 

outreach on implementation activities.  
4. Conduct public forums to encourage public participation.  
5. Maintain email and postal mail list to announce meetings and keep interested parties 

informed about Plan implementation. 
6. Invite interested parties to participate in PANEL meetings. 
7. Meet with representatives from interested organizations as appropriate. 
8. Coordinate meetings with stakeholders within the Sonoma Valley to ask for input on 

the management responsibilities and activities relative to this Plan. 
 
4.1.2 Advisory Groups 

The Agency will seek and follow recommendations of the PANEL in the implementation of 
the Plan.  Additionally, the Agency will use a TAC on an as-needed basis for input 
regularly on technical aspects of Plan implementation. 
 
Planned Actions: 
1. Following Plan adoption, the current PANEL will discuss and recommend the future 

composition of a new PANEL and an ad-hoc Technical Advisory Committee to provide 
stakeholder input to Plan implementation.  

2. Structure Plan implementation according to the recommendations of the PANEL and 
approval of the Agency Board of Directors. 

3. Maintain a high level of stakeholder involvement in Plan implementation by continuing 
to inform various stakeholder groups through briefings by PANEL members. 

4. Hold quarterly meetings with the PANEL to inform and seek guidance on 
implementation. 

 
4.1.3 Informing Public Agencies and Stakeholders 

The Agency and PANEL will maintain good communication and foster further involvement 
with public agencies and stakeholders.  Once implementation of the Plan begins, the 
Agency will be responsible for informing relevant public agencies and elected officials in 
the activities conducted under the Plan.   
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Planned Actions: 
1. Continue to maintain and further develop relationships with local, state and federal 

agencies and organizations to benefit Plan implementation while maintaining local 
control. 

2. Meet with representatives from agencies as appropriate. 
3. Conduct annual briefings with the elected officials who have adopted the Plan in 

conjunction with annual report. 
 
4.1.4 Partnerships & Coordination   

The PANEL will facilitate partnerships and develop relationships at the local, state, and 
federal levels. Over the past decade, the Sonoma Valley area water users and other local 
leaders have made great strides in regional planning and collaboration on water issues. 
Several important partnerships have been formed to implement projects as well as to 
provide benefits to water agencies, their customers, and other groundwater users. For 
example, the Agency, Sonoma Ecology Center (SEC), and Southern Sonoma County 
Resource Conservation District (RCD) are working cooperatively to enhance stream flows 
in the Sonoma Creek; and the Agency and the USGS completed an assessment of Sonoma 
Valley groundwater resources (USGS, 2006) through a cooperative agreement. 
 
Facilities necessary to implement and expand conjunctive use programs in the Sonoma 
Valley could help to achieve broader regional and statewide benefits. These facilities, 
however, would require substantial resources, and might best be pursued through 
partnerships with potential beneficiaries, and through seeking grant funding. 
 
Planned Actions: 
1. Continue to promote partnerships that achieve both local supply reliability and 

broader regional and statewide benefits, including proactively addressing potential 
water conflicts, implementing total maximum daily loads (TMDLs), and following 
through on California Floodplain Management Task Force recommendations. 

2. Coordinate implementation activities and work to the extent practicable with 
watershed groups, local stewardship groups, water interest groups, and state and 
federal regulatory agencies that have jurisdiction in areas related to Plan activities. 

3. Seek grant funding for Plan actions and coordinate grant funding efforts in the Plan 
area. 

 
4.2 COMPONENT 2 – MONITORING PROGRAM 
An important component of the Plan is the establishment of a comprehensive, long-term 
monitoring program, which is a systematic effort to provide essential data needed to 
evaluate changes in the resource over time. A groundwater monitoring program serves as 
a foundation to develop and improve decision-analysis tools, such as a groundwater 
model used to forecast trends and guide the design, implementation and monitoring of 
groundwater management and protection programs. A comprehensive monitoring 
program is necessary to understand and manage the Sonoma Valley in a sustainable 
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manner.  Components recommended and required under the Water Code are specified in 
Table 1-1. 
 
The Plan monitoring program contains the following elements (Table 4-2): 

• Groundwater elevation monitoring 
• Groundwater quality monitoring 
• Surface water-groundwater interaction monitoring 
• Land subsidence monitoring, 
• GIS data management system to maintain the monitoring data 

 

Table 4-2 Summary of Existing and Proposed Monitoring Program. 

PARAMETER MONITORED EXISTING PROGRAM PROPOSED PROGRAM 
City of Sonoma - 12 wells Same 
VOMWD - 8 wells Same 
DWR - 9 wells Expand to 20 

Groundwater Levels  
(biannual measurements) 

Other volunteer - 26 wells Expand to 20 additional wells 
Groundwater Quality 
(biannual sampling) 
 Specific Conductance 

 
 
DWR - 9 wells 

 
 
Expand to 20  

 General Minerals DWR - 9 wells Same 
 Drinking Water 
 Title 22 Analytes 

Public & private water 
systems 

Same 

Land Surface Subsidence Periodic review of 
benchmark elevations 

To be determined 

Surface Water 
       Sonoma Creek Monitoring 

1 stream gauge 
Agency & USGS 

Expand to 2 stream gauges 

 
The purpose of the monitoring program is to provide information for assessing the status 
of the Sonoma Valley including trends in groundwater elevations and quality, and to 
provide information necessary to predict responses of the Sonoma Valley to possible 
future management actions. The Sonoma Valley monitoring data will be used on an annual 
basis to comprehensively evaluate the state of the Sonoma Valley basin, to periodically 
update and improve the monitoring program, and to make decisions on water 
management strategies.  
 
Objectives of the monitoring program include: 

 Develop and maintain adequate information to assess the status of the Sonoma 
Valley, trends in groundwater elevations and quality, and response to future 
management actions. 

 Capture and maximize the use of all existing Sonoma Valley groundwater data. 
 Establish monitoring protocols to ensure the adequacy and consistency of data 

collected, and provide a framework and format for data collection and 
maintenance. 
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Statutory Groundwater Management Plan requirements provide that the local agency 
shall adopt monitoring protocols that are designed to detect changes in groundwater 
levels, groundwater quality, and inelastic surface subsidence for basins for which 
subsidence has been identified as a potential problem.  The monitoring protocols should 
also be able to detect changes in the flow and quality of surface water that directly affect 
groundwater levels or quality, or that are caused by groundwater pumping in the Sonoma 
Valley. The monitoring protocols shall be designed to generate information that achieves 
these standards and promotes efficient, effective groundwater management. 
 
4.2.1 Groundwater Elevation Monitoring   

For all of the above, there is currently inadequate groundwater level monitoring to assess 
trends and the status of some areas of the Sonoma Valley. Based on evaluation of well 
spatial distribution, well screened intervals, and hydrogeology, the planned monitoring 
program envisions expanding existing monitoring efforts as summarized in Table 4-2. A 
minimum of 20 wells are planned to be added to the current Sonoma Valley monitoring 
effort in the areas shown in Figure 4-1.  Additionally, it is worth noting that there is little or 
no data being collected from bedrock wells.  
 
Desirable additional (beyond current) volunteer monitoring in the Sonoma Valley include a 
number of shallow and deep wells.  Shallow wells will have a screened interval of 50 to 
200 feet depth below ground surface, while deep wells will have a screened interval of 
300 to 600 feet depth.  
 
A long-term, voluntary groundwater elevation monitoring program should be established 
that incorporates: 

a. Existing monitoring wells - VOMWD, the City, DWR, the Agency and any volunteer 
efforts 

b. Selected wells of small water distribution systems (wineries, restaurants, schools 
and parks), mutual water companies (non-urban residential subdivisions).  Other 
local and state agencies might help to identify where wells may exist in areas with 
sparse groundwater level data and identify opportunities for collecting 
groundwater levels from those wells. 

c. Wells historically monitored by DWR with long-term records. 
d. Additional wells that improve the spatial density and depth distribution of the well-

monitoring network by recruiting new volunteers in locations where more data is 
needed to understand groundwater elevation trends in the Sonoma Valley.  

e. Collecting groundwater elevations on a minimum of a bi-annual basis (spring and 
fall), and prioritize specific areas where more frequent groundwater elevation 
monitoring may be desirable, for example quarterly or monthly in recharge areas. 
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Disclaimer
This map document has been provided as a visual display of Sonoma County Water Agency 
(herein referred to as the “Agency”) information.  The positional accuracy of the data
 is approximate and not intended to represent map accuracy from a record of survey.  The maps
are intended for use only at the published scale.
 Where these data differ from information provided by the Agency, the published data source 
rather than this map document should be regarded as the official record. 
Reasonable effort has been made to ensure the accuracy of the map and data provided; 
nevertheless, some information may not be accurate. The Agency assumes no responsibility
arising from use of this information. THIS MAP DOCUMENT AND ASSOCIATED DATA ARE
DISTRIBUTED “AS-IS” AND PROVIDED WITHOUT WARRANTY OF ANY KIND EXPRESSED OR IMPLIED.
Do not make any business decisions based on this data before validating the information
with the appropriate Agency, County department or original data steward. 
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Monitoring Well 
Area Wells Needed for Monitoring Plan

A One deep well
B Two shallow wells and two deep wells
C Adequate
D One shallow well, one deep well
E One deep well
F One shallow well, one deep well
G Two deep wells
H One deep well
I One shallow well, one deep well
J One shallow well, one deep well
K One deep well
L One shallow well, one deep well

NA* - Information not available on Well Completion Report.
Total depth and screen interval in feet below ground surface,
obtained from DWR Well Completion Reports.
SEC - Sonoma Ecology Center collects water
levels on privately owned wells 

1  Data provided by CalTrans
2  Data provided by the Sonoma County Water Agency
3  Data Provided by the USGS
4  Data Provided by the Valley of the Moon Water District and the USGS
5  Data Provided by the USGS National Hydrography Dataset (NHD)

Streams2

Small Water Distribution System Wells2
XY

Mutual Water Company Wells2
")

City of Sonoma and Valley of the Moon Public Wells4
!

Active DWR Monitoring Wells3
´

Inactive DWR Monitoring Wells3
!H

Volunteer Private Wells (Surveyed)2
!ª

Sonoma Creek2

US Route1

State Route1

Collector Streets1

Sonoma Valley Potential Data Gaps2

Sonoma Valley Groundwater Basin3

Sonoma Valley Treatment Plant3

City of Sonoma3

Valley of the Moon Water District3

Waterbodies5

Lines of Equal Specific Conductance in Microsiemens
per Centemeter, Measured by the USGS, 20033µS/cm

Figure
4-1
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Planned Actions: 
1. Assess groundwater elevations on an annual basis for trends, conditions and 

adequacy of the groundwater level monitoring network. 
2. Develop an outreach program to obtain groundwater level data from private 

producers and private well owners in the Sonoma Valley. 
3. Coordinate with local, state and federal agencies to investigate opportunities to 

develop better information on groundwater level monitoring. 
4. Project – Conduct groundwater elevation monitoring: Establish and fund a basin-

wide, standardized, long-term well monitoring network. Select an appropriate group of 
wells (both public supply and volunteer private wells) to monitor through cooperative 
and volunteer efforts in spring 2008 for groundwater elevations. 

5. Project – Install new multi-depth groundwater monitoring wells project: Obtain 
funding and install three new multi-depth monitoring wells in the central-southern 
Sonoma Valley area for long-term monitoring of groundwater levels and groundwater 
quality.   

 
4.2.2 Groundwater Quality Monitoring 

Extensive water quality information is available from records of public water supply wells 
being monitored by VOMWD, the City, small water distribution systems, mutual water 
companies, historic long-term water quality monitoring by DWR, and PRMD.  These 
monitoring efforts, which help ensure that the public is provided with a safe, reliable 
drinking water supply include the following existing programs: 

 VOMWD, the City, small water distribution systems, and mutual water companies 
public supply wells are monitored as required by the California Department of 
Public Health (DPH) under California Code of Regulations (CCR) Title 22 (which 
includes organic compounds, inorganics, metals, microbial,  and radiological 
analytes). 

 DWR monitors various private volunteer wells for water quality parameters 
including major ions (including calcium, magnesium, potassium, sodium, 
carbonate, bicarbonate, chloride and sulfate), iron, manganese, boron, nitrate, 
total dissolved solids, total alkalinity, specific conductance (referred to as either 
specific conductance [USGS] or electrical conductivity [DWR]), pH, and water 
temperature. 

 PRMD has a nascent large capacity well monitoring program. 
 

Planned Actions: 
1. Assess water quality on an annual basis for trends, conditions and adequacy of the 

groundwater quality monitoring network.  This will include developing well 
hydrographs, groundwater level contour maps, and water quality plots, which will be 
incorporated into the Annual Plan Implementation Report described in Section 5.3. 

2. Identify opportunities to capture and integrate existing water quality data, including 
data from the DPH, small water distribution system operators (wineries, restaurants, 
schools and parks), mutual water companies (non-urban residential subdivisions), and 
other entities when current data is insufficient. 
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3. Project – Conduct groundwater quality monitoring: Establish and fund a basin-
wide, standardized, long-term groundwater quality monitoring network, in conjunction 
with groundwater level monitoring. Select an appropriate group of wells (both public 
supply and volunteer private wells) to monitor through cooperative and volunteer 
efforts in spring 2008 for groundwater quality. 

4. Study – Groundwater Ambient Monitoring and Assessment – Review Report and 
Conduct Additional Sampling: Review the Groundwater Ambient Monitoring and 
Assessment (GAMA) Program interpretive report for the Sonoma Valley when it 
becomes available and evaluate whether additional water quality monitoring is 
needed. Collect and analyze additional surface and groundwater samples in the 
Sonoma Valley to improve GAMA assessment of ambient groundwater quality, 
including evaluating areas of recycled water application. 

 
4.2.3 Land Subsidence Monitoring 

Land subsidence monitoring will be conducted periodically to ensure that no significant 
lowering of the land surface occurs related to groundwater extractions. 
 
Planned Actions: 
1. Study – Establish a long-term, periodic monitoring program for groundwater 

extraction related to land subsidence in the Sonoma Valley: Coordinate with 
VOMWD and the City to determine whether there are other suitable benchmark 
locations in the Sonoma Valley to aid in the analysis of potential land subsidence. 

2. Project – Interferometric Synthetic Aperture Radar Project for Subsidence 
Monitoring: Continue to coordinate with USGS to ascertain the suitability of the use of 
Interferometric Synthetic Aperture Radar (InSAR) images of the Sonoma Valley for 
assessing potential changes in ground elevation over the last one to two decades. If 
the technology appears suitable, the cost will be estimated and potential cost-sharing 
partners will be identified to further consider this technology. 

 
4.2.4 Surface Water-Groundwater Interaction Monitoring 

The interaction between surface water and groundwater has not been adequately 
evaluated in the Sonoma Valley area. There is currently inadequate stream gauging in the 
Sonoma Valley.  Consequently, there is not a good estimate of the amount of water that 
moves through water courses and discharges to the bay, and it is not well understood 
what the effects of surface water and groundwater are on the quality and quantity of 
each. Results of seepage runs conducted by the USGS indicated that Sonoma Creek is 
generally a gaining watercourse (groundwater is adding flow to the watercourse) 
between Kenwood and Schellville. It is a losing watercourse (the watercourse loses flow 
to groundwater) between the mountain front (in the Sonoma Valley at the base of the 
mountains) and Highway 12 north of Kenwood. Results of the groundwater model flow 
simulation by the USGS also indicate that Sonoma Creek is generally a gaining 
watercourse. 
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Planned Actions: 
1. Continue to compile available stream gauge data and information on tributary flows 

and the permitted diversions from the Sonoma Creek area.  
2. Collect and analyze stream gauge data to evaluate stormwater capture potential. 
3. Study – Tracer Test and Modeling Study to Understand Surface Water-

Groundwater Flow: Perform a tracer test (possibly using Xenon gas isotopes) along 
Sonoma Creek (or another tributary) and use computer simulation with calibration to 
tracer, groundwater level, temperature, isotope, or water quality data to verify 
conceptual models of the surface-groundwater interaction. 

4. Study – Stable Isotope Study to Understand Surface Water-Groundwater Flow: 
Analyze surface water and groundwater samples for isotopes and other natural or 
anthropogenic tracers to evaluate surface water and groundwater interactions. 

5. Project – Install and Maintain New Stream Gauge on Sonoma Creek in Kenwood:  
Install and maintain one additional stream gauge on Sonoma Creek in the Kenwood 
area of Sonoma Valley. Once the additional stream gauge is installed, quantify net 
surface water-groundwater exchange between gauges, and assess the long-term 
needs for additional stream gauges in the Sonoma Valley. 

6. Project – Conduct seepage runs and install new wells along Sonoma Creek:  
Conduct seepage runs and install new wells on Sonoma Creek to further assess 
surface water and groundwater interactions. Correlate groundwater level data from 
wells in the vicinity of stream gauges to further establish connectivity of the creek and 
groundwater. 

 
4.2.5 Monitoring Protocols  

Comparing groundwater data for both elevations and quality on a basin-wide basis in the 
Sonoma Valley requires a set of consistent data collection techniques, sampling intervals, 
documentation methodologies, and good quality assurance practices to help maintain the 
accuracy and precision of monitoring data. 
 
Planned Actions: 
1. Develop a schedule to coordinate the time of sampling and the sampling interval (time 

between samples) to ensure data collection frequency.  
2. Coordinate the various existing and planned monitoring efforts to ensure uniform, 

standard protocols are made available for water quality data collection. 
3. Use a Standard Operating Procedure (SOP) for the collection of groundwater level 

data for wells (Appendix D). 
4. Provide guidelines on the collection of water quality data developed by the DPH for 

the collection, pretreatment, storage, and transportation of water samples (Appendix 
D). 

5. Develop field and office quality assurance practices for the program. Review project 
specific quality assurance/quality control procedures for groundwater quality sample 
collection for individual studies to be conducted in the future in the Sonoma Valley. 

6. Provide training on water level sampling to volunteer well owners as needed. 
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4.2.6 Central GIS Data Management System  

The Agency maintains a comprehensive, central GIS data management system for 
monitoring data for the Sonoma Valley.  The geographic information system (GIS) data 
management system was originally developed by the SEC under an agreement with the 
Agency. Subsequently, the USGS, in cooperation with the Agency, undertook a study to 
evaluate the groundwater resources of the Sonoma Valley, which entailed further 
developing the GIS data management system for the Sonoma Valley. Recently, the Agency 
has made several improvements to the GIS database. The GIS data management system 
includes topography, hydrology, geology, land and water use information, surface water 
quality data, groundwater level and quality data, groundwater extraction data, land-cover 
based water use data, well location and construction details, and other information.  
 
Planned Actions: 
1. The Agency will be responsible for maintaining and updating the central GIS data 

management system including GIS layers and other data formats related to 
groundwater, hydrology, geology, land use, and relevant imagery.  

2. Maintain confidentiality of well data per requirement of Water Code, Division 7, 
Chapter 10, Article 3, Section 13752. 

3. Obtain commitments from governmental agencies including DWR, VOMWD, the City, 
the Agency, Sonoma County Permit & Resource Management Department (PRMD), 
and any other non-governmental entity to provide data to update the database. 

4. Adopt standard formats for data collection, data transfer protocols, data reporting, 
and quality assurance-quality control checks to facilitate regularly scheduled data 
updates. 

5. Use the GIS data management system to assist in the annual evaluation of data and to 
prepare the annual Plan report to summarize groundwater conditions within the 
Sonoma Valley and document groundwater management activities conducted in the 
previous year. 

6. Study – GIS Mapping of Sonoma Valley Drainage Network: Create a complete 
drainage network GIS layer that maps culverts and ditches to hydraulically route 
drainage in the Sonoma Valley. 

7. Study - Additional GIS Layers and Analysis: Develop and coordinate related data 
including GIS layers and other data formats on topics including low flow conditions, 
recharge and discharge areas, impervious areas, land cover, drainage networks, 
historical hydrology and land cover, and wetlands distribution. 

8. Pilot Project - WEBH2O web-based data management system:  The Agency is 
currently working with the company H2O2U to implement a pilot WEBH2O web-based 
project to make data available to load and access on a website at the end of 2007 or 
beginning of 2008. If successful, this pilot project could become the Plan central data 
management system. 

 
4.3 COMPONENT 3 - GROUNDWATER QUALITY PROTECTION  
Groundwater quality protection is a key factor to ensuring a sustainable groundwater 
resource in the Sonoma Valley. In this Plan, groundwater quality protection includes both 
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the prevention and minimization of groundwater quality degradation,, as well as measures 
for the mitigation of groundwater contamination. Prevention measures include proper well 
construction and destruction practices, development of wellhead protection measures, 
and source control of potential contaminants.  
 
4.3.1 Well Construction, Abandonment and Destruction  

PRMD administers the well permitting program for Sonoma County. The standards for 
permitting, construction, abandonment, and destruction are contained in Chapter 25B of 
the Sonoma County Code.  PRMD also has adopted policies and procedures for: 

 Monitoring guidelines for large capacity water wells and industrial projects (No. 8-
1-3). 

 Well pump testing in water scarce areas (No. 9-2-28). 
 Disinfecting wells (WLS-011). 

 
The General Plan update currently has a provision within the Water Resource Element, 3.2 
Groundwater, policy WR-2c, #4 “in areas where a groundwater management plan has 
been approved and has been accepted by the County, require the issuance of well 
permits and any limitations imposed on well permits to be consistent with the adopted 
plan” (PRMD, 2005).   
 
Improperly abandoned wells can be conduits for contamination of groundwater 
resources. Historically, most of the more than 1800 wells installed in the Sonoma Valley 
serve domestic or agricultural purposes (according to well completion reports filed with 
the DWR). Because permitting of well construction, abandonment, and destruction 
practices did not start until the late 1960s or early 1970s, there are likely a number of 
abandoned wells in the Sonoma Valley area that have not been properly destroyed.   
 
The actions listed below will provide improved protection of groundwater resources 
within the Sonoma Valley area. 
 
Planned Actions  
1. Develop improved well permit application requirements to improve hydrogeologic 

information through working with drillers, well owners, and other parties familiar with 
groundwater conditions in the Sonoma Valley. 

2. Improve well construction practices by ensuring that all licensed well drillers and well 
service providers operating in the Sonoma Valley area are provided information about 
the county well ordinance, proper well construction procedures, PRMD well-related 
policies and procedures, regulations, best practices, educational opportunities and 
the value of obtaining detailed geologic data. 

3. Provide guidance as appropriate on well construction and destruction to well owners, 
operators, and licensed well drillers and service providers. 

4. Review the USGS report on the Sonoma Valley (USGS, 2006) and update Sonoma 
County information and maps on groundwater conditions. 
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5. Study – Obtain Better Information During Well Installations: Develop approach to 
obtain better hydrogeologic information on well completions through a combination of 
voluntary-no-cost participation by well owners, and funding through soliciting in-kind 
services from agencies and/or applying for grants. 

6. Study – Conduct Well/Abandoned Well Survey: Conduct an inventory and survey of 
active and inactive wells in the Sonoma Valley area to identify potential abandoned 
wells, and develop an approach for possible grant funding to provide incentives to 
properly destroy abandoned wells. 

7. Project – Develop Guide for Well Owners: Prepare and distribute a “Guide for Well 
Owners” that includes consumer information about the Plan, the County’s well 
construction, abandonment and destruction requirements, well head protection 
information, and tips for ensuring that wells are properly maintained, and monitoring.   

 
4.3.2 Wellhead Protection  

Identification of wellhead protection areas is a component of the Drinking Water Source 
Assessment and Protection (DWSAP) Program administered by the DPH, formerly DHS. 
DPH set a goal for all licensed water distribution systems statewide to complete Drinking 
Water Source Assessments by mid-2003. All 60 Sonoma Valley public and private water 
distribution systems have completed their required assessments by performing the three 
major components required by DPH: 

 Delineation of capture zones around extraction sources (wells); 
 Inventory of Potential Contaminating Activities (PCAs) within protection areas; and 
 Vulnerability analysis to identify the PCAs to which the source is most vulnerable. 

 
Delineation of capture zones includes using groundwater gradient and hydraulic 
conductivity data to calculate the surface area overlying the portion of the aquifer that 
contributes water to a well within specified time-of-travel (TOT) periods. Typically, areas 
are delineated representing estimated 2-, 5-, and 10-year TOT periods. These protection 
areas need to be managed to protect the drinking water supply from viral, microbial, and 
direct chemical contamination. 
 
Inventories of PCAs include identifying potential origins of contamination to the drinking 
water source and protection areas. PCAs may consist of commercial, industrial, 
agricultural, and residential sites, or infrastructure sources such as utilities and roads. 
Depending on the type of source, each PCA is assigned a risk ranking, ranging from “very 
high” for such sources as gas stations, dry cleaners, and landfills, to “low” for such 
sources as schools, lakes, and non-irrigated cropland. A total of 80 PCAs were identified 
by the 60 water systems within the protection areas. 
 
Vulnerability analysis includes determining the most significant threats to the quality of 
the water supply by evaluating PCAs in terms of risk rankings, proximity to wells, and 
Physical Barrier Effectiveness (PBE). PBE takes into account factors that could limit 
infiltration of contaminants including type of aquifer, aquifer material (for unconfined 
aquifers), pathways of contamination, static water conditions, hydraulic head (for 
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confined aquifers), well operation, and well construction. The vulnerability analysis 
scoring system assigns point values for PCA risk rankings, PCA locations within wellhead 
protection areas, and well area PBE; the PCAs to which drinking water wells are most 
vulnerable are apparent once vulnerability scoring is complete. 
 
The actions listed below will provide improved protection of groundwater quality within 
the Sonoma Valley area. 
 
Planned Actions  
1. Incorporate available PCAs and capture zone information from DWSAP plans into the 

Sonoma Valley GIS data management system. 
2. Request VOMWD and the City to provide available vulnerability summaries from the 

DWSAP to be used for informational purposes and planning. 
3. Contact groundwater basin managers in other areas of the state for technical advice, 

effective management practices, and “lessons learned,” regarding establishing 
wellhead protection areas. 

4. Identify source area and protected zones for surface water and groundwater sources. 
5. Identify management approaches that can be used to protect the water supply from 

potentially contaminating activities including voluntary control measures and public 
education. 

 
4.3.3 Controlling Migration and Remediation of Contaminated Groundwater 

There are no known major groundwater contamination plumes present in the Sonoma 
Valley. Therefore, the migration of contaminated groundwater plumes is not currently a 
critical concern in the Sonoma Valley area. There remains the potential for localized 
contamination of groundwater by industrial point sources such as dry cleaning facilities 
and fuel stations, street runoff and agricultural runoff throughout the Sonoma Valley area. 
 
While the Agency does not have authority or the responsibility for the oversight or 
remediation of contamination, it will coordinate with responsible parties and regulatory 
agencies to keep Sonoma Valley stakeholders informed on the status of potential 
contamination in the Sonoma Valley. The actions listed below will provide improved 
protection of groundwater quality from contamination within the Sonoma Valley area. 
 
Planned Actions: 
1. Provide well owners with Sonoma County Department of Health Services guide, What 

You Need to Know About Water Quality in Your Well. 
2. Incorporate information on any known high risk PCA in the Sonoma Valley GIS data 

management system. 
3. Incorporate GIS layers on Leaking Underground Storage Tank (LUST) sites from the 

Regional Water Quality Control Board (RWQCB) and Sonoma County Environmental 
Health Department into the GIS data management system.   

4. Distribute information to Sonoma Valley licensed water system operators on mapped 
contaminant plumes and LUST sites and make available to all well owners. 
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5. Contact the RWQCB and Sonoma County Environmental Health Department regarding 
any new occurrences of LUSTs, particularly when contamination is believed to be a 
threat to groundwater. 

 
4.3.4 Control of Saline Water Intrusion 

Seawater intrusion from the San Pablo Bay and high salinity waters from buried marine 
sediments are currently a challenge in the southern Sonoma Valley. Along the east side of 
the Sonoma Valley associated with the Eastside Fault, moderately deep thermal waters 
containing high concentrations of salts also present a potential risk of migration of low 
quality thermal water. Section 2.5 identifies saline intrusion in Sonoma Valley. Future 
groundwater extraction could potentially create a situation where increased pumping in 
the south portion of the Sonoma Valley may exacerbate the seawater intrusion from the 
San Pablo Bay, or increased groundwater extraction along the Eastside Fault might draw 
deeper, saline thermal water into the shallower fresh water aquifer. The actions listed 
below will provide improved protection of groundwater quality from saline water intrusion 
within the Sonoma Valley area. 
 
Planned Actions: 
1. Track saline water movement from the San Pablo Bay. This will include additional 

monitoring per the groundwater monitoring program for chloride, TDS and water 
levels. See component 2 (Section 4.2).  Summarize in Annual Report (see Section 5.3). 

2. Examine TDS, chloride and sulfate concentrations in public supply wells of Sonoma 
Valley licensed water distribution systems that are routinely sampled under the DPH 
(formerly DHS) Title 22 Program to identify any trends. These data will be readily 
available in the Sonoma Valley GIS data management system and are already an on-
going task for the annual review of Sonoma Valley conditions.  Summarize in Annual 
Report. 

3. Study - Salinity Sources and Distribution: Evaluate the source and distribution of 
salinity with additional water quality sampling including chloride, bromide, iodide, 
barium, and boron in the mid- and southern-portion of the Sonoma Valley.  

4. Study – Seawater Intrusion: Conduct feasibility study(s) to identify alternatives to 
mitigate seawater intrusion in South Sonoma Valley and saline thermal water along 
East Sonoma Valley. 

5. Project – Seawater Intrusion: Develop projects to mitigate seawater intrusion, 
including potential recharge projects using stormwater capture and possibly recycled 
water. 

 
4.4 COMPONENT 4 – GROUNDWATER SUPPLY SUSTAINABILITY 
To ensure a long-term, viable, sustainable supply of groundwater, the Plan seeks to 
increase the amount of groundwater in storage in the Sonoma Valley over the long term. 
As part of the Plan analysis, several conceptual water management options were 
considered using the Sonoma Valley groundwater model (Section 2.8.3 and Appendix C) 
including stormwater recharge, groundwater banking, increased recycled water use, and 
conservation.  
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Managed aquifer recharge is one potential strategy to enhance aquifer replenishment in 
the Sonoma Valley. This would be accomplished through diverting stormwater captured 
into spreading basins over areas that have high permeability soils, and allowing the 
ponded water to percolate into the subsurface. Understanding the distribution of soil 
permeabilities, how groundwater recharges the Sonoma Valley, identifying and 
maintaining viable recharge areas will all be important to successfully increase 
groundwater recharge and storage in the Sonoma Valley. Another option is groundwater 
banking with wells to inject water directly into the aquifer. The source water for 
groundwater banking would be imported water. The source water for spreading basins 
would be captured stormwater runoff, however this option could include future 
consideration of recycled water. Implementing managed aquifer recharge options would 
entail feasibility studies including but not limited to evaluation of the proposed site-
specific hydrogeology, source water and receiving water chemistry, water availability, 
groundwater level projections over time, and a conjunctive use assessment to consider 
optimal, integrated design of combined water management options.  
 
To ensure a sustainable resource in the Sonoma Valley, the Agency, VOMWD and the City 
continue to pursue additional surface water supplies, implementation of the CUWCC 
water conservation elements, agricultural conservation and increased use of recycled 
water. These options were considered in the model under the scenarios and the 
increased recycled water and conservation water management options. 
 
 In the future during Plan implementation, the groundwater model will be a key basin 
management tool to refine these and perhaps other conceptual water management 
options into design components, and to continue to assess the sustainability of 
groundwater resources in the Sonoma Valley as conditions change over time. As 
identified by the PANEL, USGS (USGS, 2006), and in Appendix C, the model has a number 
of limitations and needs to be improved to be used during Plan implementation by 
incorporating additional data collected through several studies to better understand the 
land use and water demand changes since year 2000, hydrogeology, groundwater 
recharge, and surface water-groundwater interaction. 
 
4.4.1 Stormwater Recharge 

Stormwater recharge is one of the key water management options for groundwater 
sustainability in the Sonoma Valley.  Actions listed below include studies to identify areas 
with suitable soil permeabilities and geology, alternatives for preserving these recharge 
areas for the future, feasibility studies to capture rainfall and stormwater, and recharge 
projects incorporating stormwater capture and the use of spreading basins or dispersed 
recharge areas.   
 
Planned Actions: 
1. Study - Groundwater Recharge Area Mapping and Analysis: Develop and 

implement a study to further understand and map groundwater recharge areas, 
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digitize current data on recharge areas, and map impervious areas and historic 
wetlands.  

2. Study - Recharge Area Alternatives. Recommend alternatives for preserving 
recharge areas in the Sonoma Valley.  Analysis would include natural environment, 
economic, business, and groundwater sustainability issues, pros and cons. 
Alternatives could include posting areas for the public and providing maps for local 
planning agencies. 

3. Project – Public Outreach Program for Source Protection and Groundwater 
Recharge: Develop information for public outreach on household hazardous materials 
and wastes and PPCPs, the importance of groundwater and surface water protection 
and proper methods for handling and disposing of these substances, and the 
importance of protecting and maintaining groundwater recharge areas for the 
purposes of pollution prevention. 

4. Study - Recapture Unused Groundwater:  Assess potential to use groundwater 
currently flowing under artesian conditions and being disposed in the City of Sonoma 
surface culverts and ditches by evaluating quantity, timing and potential reuse for 
irrigation or other purposes. 

5. Study/Pilot - Feasibility Analysis and Pilot Stormwater Capture and Groundwater 
Recharge: Conduct feasibility level analysis and pilot scale testing of stormwater 
capture and groundwater recharge to assess volumes, timing, best locations, estimate 
costs and potential benefits of implementation.   

6. Project - Stormwater Capture and Groundwater Recharge: Develop and implement 
pilot-scale and subsequent large-scale projects to recharge groundwater with 
stormwater runoff capture and rainfall harvesting in the Sonoma Valley. Examples 
include: 

a. Off-stream spreading basins and percolation ponds 
b. Temporary wet season flooding of public lands such as parks or open 

space 
c. Rainfall harvesting and stormwater runoff recharge with dispersed, low 

impact development infiltration trenches and dry wells, with possible 
incentives for retaining water on-site 

d. Capturing and using stormwater runoff in the Sonoma Valley for irrigation; 
also using any remaining captured stormwater that does not infiltrate into 
the ground for irrigation 

7. Project - Stormwater Capture and Late-Year Release - Make controlled releases of 
captured stormwater to streams during late summer and early fall when Sonoma 
Creek is typically dry in order to maximize the aquifer recharge, and improve fish 
habitat conditions. 

 
4.4.2 Groundwater Banking 

Groundwater banking is another one of the key water management options for 
groundwater sustainability in the Sonoma Valley. Groundwater banking will involve a 
conjunctive use strategy optimizing the use of surface water and groundwater resources,, 
using imported surface water when it is available during the wet season or during wet 
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years,  to store or bank the water in the subsurface aquifers, and subsequently 
withdrawing the banked groundwater during the dry years.    Conjunctive use includes 
both combined use of surface water and groundwater systems to optimize resource use 
and minimize adverse effects of using a single source, and the development of 
groundwater banking opportunities with local partners after local needs are met.  
Conjunctive use analyses would provide a foundation for water management option and 
project decisions and priorities in the Sonoma Valley.  Actions listed below include a 
conjunctive use assessment, feasibility analysis and projects incorporating imported 
water for groundwater banking.   
 
Planned Actions: 
1. Study – Conduct Conjunctive Use Assessment: Conduct a study of conjunctive use 

opportunities within the Sonoma Valley.  Include an assessment of methods to 
optimize the use of surface water and groundwater, balance of water resources in 
space and time, further assessing and prioritizing water quality issues, matching 
demand with supply and quality, economic analysis, and considering the sustainability 
of current practices and future plans in the Sonoma Valley. 

2. Study/Pilot - Feasibility Analysis and Pilot Groundwater Banking: Conduct 
feasibility level analysis and pilot scale testing of groundwater banking to assess 
volumes, timing, best locations, estimate costs and potential benefits of 
implementation. 

3. Project – Develop Groundwater Banking: Develop and implement full-scale projects 
that use wet season and wet year imported water for groundwater banking.  

 
4.4.3 Recycled Water Supply 

Increased use of recycled water is a key water management option for groundwater 
sustainability in the Sonoma Valley. Compared to the other water management options, 
the increased recycled water supply option has made significant progress with existing 
recycled water being applied for irrigation already in the Sonoma Valley, feasibility 
studies and an EIR already completed, and economic analysis underway and design 
planned in the near future.  
  
Based on the previous studies (see Section 2.6), an additional 1,000 to 2,800 acre-feet per 
year of recycled water could potentially be provided in the Sonoma Valley, and many 
agricultural users are interested in recycled water so they have a reliable water supply.  
The recycled water perception issue remains with some stakeholders in the Sonoma 
Valley, as is common in many areas of the state north of the Transverse Ranges. Other 
considerations raised by the PANEL include water rights (Section 2.6 and Appendix E), 
and the possibility of reducing PPCPs in the waste stream through surplus and expired 
pharmaceutical take-back programs and educational programs, and periodic inspection 
and monitoring of the recycled water stream to ensure safety and groundwater 
protection. 
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The Agency, VOMWD and the City encourage recycled water use, by collecting special 
funds as part of the Agency water rates, with these special funds held in a special reserve 
for recycled water projects to be carried out by the Agency, VOMWD, and the City. These 
special funds can be used where there is a water supply benefit to VOMWD and the City. 
 
Actions listed below include studies to evaluate graywater, implement the SVCSD 
increased recycled water project for irrigation, and to evaluate the feasibility of using 
recycled water for recharge by spreading basins. 
  
Planned Actions: 
1. Evaluate Graywater: Evaluate graywater (any water that has been used in the home, 

except water from toilets) as a viable demand reduction alternative in the Sonoma 
Valley. If warranted, develop recommendations for promoting graywater and for 
model ordinance or code and guidance for graywater utilization for residential 
landscape irrigation. 

2. Project - Recycled Water for Irrigation: Increase recycled water use for irrigation 
through implementation of the SVCSD Sonoma Valley (increased) Recycled Water 
Project. 

3. Study - Evaluate Recycled Water Groundwater Recharge Feasibility: Groundwater 
recharge through a spreading basin may be a suitable use of the SVCSD recycled 
water supply, as recycled water is used for groundwater recharge in many other 
areas of the state. This study would take information from the previous SVCSD studies 
and look at possible spreading basin opportunities considering other Sonoma Valley 
issues and challenges that need to be addressed. 

 
4.4.4 Conservation and Demand Reduction  

Conservation is the remaining key water management option evaluated using the 
groundwater model for groundwater sustainability in the Sonoma Valley.  Conservation 
measures, listed below, are coupled with demand reduction in this option, to include 
water use efficiency and water reuse actions. 
 
Water Conservation - Urban. The Agency, VOMWD, and the City are undertaking several 
water conservation programs.  They are signatories to the CUWCC MOU. Signatories 
agree to implement BMPs for water conservation (see Water Resources Section 2.0).  
Besides the implementation of BMPs for urban water areas, and 100 percent meter and 
billing using a conservation rate structure, there are 12 water conservation programs 
being implemented in the Sonoma Valley area (see Water Resources Section 2.0).   
 
Water Conservation - Agricultural. The majority of grape growers already employ water 
conservation practices that contribute to sound water management. These practices 
include adopting a water management strategy, using water conserving irrigation 
systems, and using water budgets and deficit irrigation techniques. Sound water 
management contributes to sustainability through increasing fruit quality (economic), 
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reducing the need for water and fertilizers (environmental, social and economic), and 
preventing pollution from soil erosion and off-site movement of nutrients. 
 
The Agency, VOMWD and the City will work closely to ensure that all applicable cost-
effective BMPs are continued to be implemented in the Sonoma Valley urban areas.  The 
Agency shall work with agricultural stakeholders to identify BMPs for self-served 
agricultural and agricultural-residential water users. These BMPs will be based on 
applicable wine growers, water reclamation and DWR data and recommendations. 
Actions listed below include continuing and increasing water conservation, application of 
best practices and BMPs, increased urban and domestic landscape irrigation efficiency, 
and stormwater capture and reuse for demand reduction.   
 
Planned Actions: 
1. Continue Implementing BMPs and Report Annually: Continue implementing, 

maintaining and updating CUWCC BMPs, as appropriate, for urban areas. Annually 
report estimated savings for ongoing water conservation programs. 

2. Water Conservation BMPs for Non-Viticulture Agriculture: Develop water 
conservation BMPs for voluntary non-viticulture agricultural and agricultural-
residential water users.  Explore additional water conservation measures for 
agricultural operations. 

3. Encourage Additional Conservation and Best Practices to Address Soil Erosion 
and Surface Water Runoff for Viticulture:  Encourage viticulture agriculture water 
users to increase conservation by 5 percent and to use the Code of Sustainable 
Winegrowing Practices Workbook (Wine Institute and California Association of 
Winegrape Growers, 2002) and Vineyard Manual (Southern Sonoma County Resource 
Conservation District, 1999) to address soil erosion and surface water runoff. 

4. Project – Voluntary Water Conservation BMPs for Unincorporated Areas: 
Develop program and funding for voluntary implementation of CUWCC water 
conservation BMPs in the unincorporated County areas not served by VOMWD or the 
City. 

5. Landscape Irrigation Efficiency: Increase efficiency of water use and demand 
reduction by shifting landscape irrigation to evenings to reduce evapotranspiration. 
Include development of educational materials and public outreach component. 

6. Project - Stormwater Capture and Reuse for Irrigation: Develop and implement 
pilot- and full-scale projects to capture and use stormwater runoff in the Sonoma 
Valley for irrigation.  

 
4.4.5 Groundwater Modeling   

The MODFLOW groundwater model for the Sonoma Valley is a suitable tool to analyze the 
effects of local conceptual projects on regional groundwater conditions. All groundwater 
flow models have limitations.  The significant areas for refinement of the Sonoma Valley 
model include recharge and groundwater discharge (Section 2.3.2) and incorporating 
additional hydrogeologic data.  As this information becomes available, subsequent 
recalibration will be necessary to make improvements to the model. Significant 
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improvements to the model will reduce the uncertainty and increase the accuracy in the 
model's ability to be used as a predictive tool for basin management during Plan 
implementation.  
 
Planned Actions: 
1. Study – Update Land Cover and Water Use Estimates:  Develop land cover 

mapping for post-2000 land use changes for inclusion in the GIS data management 
system, and to update water use estimates for incorporation into the groundwater 
flow model. 

2. Study – Recharge and Infiltration Modeling: Develop a preliminary screening 
watershed model based on existing data using the USGS Preliminary Net Infiltration 
(INFIL) model, and perform some limited field mapping and compilation of existing 
recharge maps to gain a better understanding of recharge processes and for 
incorporation into the groundwater flow model. 

3. Project – Improve Groundwater Model: Enhance and improve the groundwater flow 
model, addressing limitations in recharge, discharge, and conceptual hydrogeology, 
including identifying data collection and analysis activities, and developing plans and 
resources to obtain and analyze the additional data. 

 
4.5 COMPONENT 5 - PLANNING INTEGRATION 
Planning integration involves making decisions and taking actions while considering 
multiple viewpoints of how groundwater should be managed in the Sonoma Valley. Such 
integration also promotes resource enhancements and reliability, operational efficiency, 
cost savings, and in some cases generates larger system and environmental benefits. 
Planning integration in this Plan involves UWMP, DWSAP, land use planning, integrated 
water resources planning, and watershed enhancement planning efforts. Integrated 
water resources management is a process for coordinating policies and actions for the 
development and management of water, land, and related resources in order to maximize 
resource use and benefits while promoting sustainability.  Planning integration includes 
coordination and recognition of Sonoma County General Plan 2020 Public Hearing Draft, 
2005, which contains land use planning and water resources elements, and the growth 
projections used in the this Plan are based upon the County General Plan 2020.  
 
Stakeholders in the Sonoma Valley, such as the Agency, VOMWD and the City, are 
already implementing integrated management in the region through cooperation to obtain 
Russian River surface water (see Section 2.2), participation in the California Urban Water 
Conservation Council MOU for water conservation (see Section 4.3.4), and the recycled 
water program (see Section 2.6). Other integrated management efforts include the 
Sonoma Creek Watershed Enhancement project, and ongoing efforts to fund and develop 
an integrated water management plan. 
 
4.5.1 Urban Water Management Planning (UWMP) 

The Agency, VOMWD and the City all have urban water management plans. Wholesale 
and retail water purveyors are required to prepare an UWMP. These UWMPs, as defined 
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by Water Code § 10610 et seq., require public water suppliers with more than 3,000 
customers, or who deliver more than 3,000 acre-feet of water annually.  The UWMP helps 
to identify conservation and efficient water use practices to ensure a long-term, reliable 
water supply. The Plan encourages all retail purveyors to submit plans to DWR, and 
regularly update these plans.  
 
4.5.2 Drinking Water Source Assessment and Protection (DWSAP) Program 

As discussed in Section 4.3.2, the DWSAP Program is administered by DPH. The first step 
in completing a source protection program is to conduct a preliminary assessment. The 
assessment includes delineation of the area around a drinking water source through 
which contaminants might move and reach the drinking water supply; an inventory of 
PCAs that might lead to the release of microbiological or chemical contaminants within 
the delineated area; and a determination of the PCAs to which the drinking water source 
is most vulnerable. 
 
More details on the DWSAP program can be found on the web at: 
www.dhs.ca.gov/ps/ddwem/dwsap/overview.htm. These assessments only apply to 
agencies that deliver groundwater for public drinking water supply. Data from the 
assessments will be incorporated into the GIS data management system. 
 
4.5.3 Land Use Planning 

Plan activities will be coordinated with local and county agency planning processes and 
general plans, including Sonoma County General Plan 2020, Public Review Draft, 2005. 
Future water use and demand projections will be based upon projected growth in local 
and county agency general plans.  This will provide a balance between ensuring enough 
water is available in the future and not developing excessive water resources to meet 
growth. The Agency will also coordinate with and exchange information with all land use 
agencies within the area on a continuing basis to provide the latest information pertaining 
to activities taking place for the protection and availability of groundwater resources. 
 
4.5.4 Integrated Water Resources Management 

Integration of various water management programs is necessary to complex challenges, 
such as protecting aquatic habitat for natural and ecological systems while managing for 
flood control and increasing groundwater recharge, or providing an alternative supply of 
water. The development of an integrated water resources management plan for the 
Sonoma Valley will provide a good framework for identifying, planning and implementing 
broader multi-element programs.  
 
Planned Actions: 
1. Monitor and track UWMPs, for consideration in Plan implementation. 
2. Incorporate pertinent data from DWSAPs into the GIS data management system, and 

periodically update and review DWSAP analysis and submittals. 



Sonoma Valley  Groundwater Management Plan 

Management Plan Components  Page 4-23   

3. Make recommendations to the City and County regarding potential land use policies to 
protect the Sonoma Valley.  

4. Project - Develop Multi-Beneficial Projects to Address Resources and Flood 
Hazards Projects: Develop multi-beneficial projects addressing stormwater runoff, 
flood management, habitat enhancement, water quality improvement, and 
groundwater recharge. 
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SECTION 5 
GROUNDWATER MANAGEMENT PLAN IMPLEMENTATION 

This section presents the approach, schedule, approximate cost and funding information 
for meeting the BMOs including implementing planned actions identified in Section 4 of 
the Plan.  The management actions for each management component form the foundation 
for meeting the Plan BMOs and Goal (Figure 5-1). Most of the planned management 
actions are currently unfunded, with the exception of the majority of the core 
management components, the monitoring program and stakeholder involvement. 
Strategies for obtaining funding and prioritization of actions are discussed in Section 5.2. 
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Figure 5-1 Plan Management Components and Actions for Meeting Goals and Objectives. 
 
5.1 STRUCTURE FOR SONOMA VALLEY PLAN IMPLEMENTATION 
Implementation of the Plan is structured in order to encourage an open, collaborative and 
cooperative process for execution of groundwater management activities, and to 
maximize coordination of the many actions envisioned by the PANEL in the coming years. 
Plan studies, projects, and programs will be conducted under a lead agency (Agency), 
with advice and guidance from an advisory group and technical advisory committee. The 
PANEL has expressed a strong desire that the Plan implementation structure be designed 
not to discourage activities in the Sonoma Valley, but to encourage coordination of all 
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directly or indirectly related actions in the Sonoma Valley. Figure 5-2 summarizes the 
organizational structure for implementing the five Plan components. 
 

Notes:
*Lead agency
UWMP – Urban Water Management Plan
DWSAP – Drinking Water Source Assessment and Protection Program
The Technical Advisory Committee (TAC) will include members from the Basin Advisory Panel (BAP) and other entities and will report to the BAP.

Sonoma County Water Agency*
City of Sonoma

Valley of the Moon Water District

Basin Advisory Panel
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Figure 5-2 Groundwater Management Plan Implementation Organization Chart. 
 
Lead Agency 
The Sonoma County Water Agency is the lead agency and is responsible for Plan 
implementation.  The lead agency will direct and be responsible for all Plan studies, 
projects and programs it directly or indirectly finances. The Valley of the Moon Water 
District and City of Sonoma, in coordination with the lead agency, may undertake planned 
actions identified in the Plan.  The Plan will be managed by the Agency under an 
appointed Program Manager. The Agency Program Manager will work under the advice 
of the PANEL.  
 
Basin Advisory Panel 
The PANEL will provide feedback and make recommendations on all projects to 
implement the groundwater management plan. The PANEL will continue to be comprised 
of the broad group of stakeholders representative of the Sonoma Valley (Section 1.7), and 
members have generally indicated an interest in remaining on the PANEL. The PANEL will 
meet quarterly or as necessary to oversee Plan implementation.  
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The activities anticipated for the lead agency to implement under the guidance of the 
PANEL include: 

 Pursuing funding opportunities 
 Identifying appropriate entities to apply for funding to implement the plan 
 Implementing monitoring protocols 
 Managing data collection, coordination and analysis 
 Overseeing studies 
 Coordinating various entities implementing the Plan 
 Moving forward projects to implement the Plan (for appropriate approval, etc.) 
 Participating in projects to implement the Plan 
 Reporting to constituents on Plan implementation activities periodically 
 Recommending any other policies, programs, or activities needed to support plan 

implementation 
 
Technical Advisory Committee (TAC) 
The PANEL will designate an ad-hoc committee, the TAC, to advise the Agency on 
technical matters and to develop recommendations on Plan implementation for 
consideration by the PANEL. Overall, the TAC will serve to provide scientific guidance to 
the PANEL and Agency. The TAC will be staffed by subject-matter experts or other 
appropriate persons recommended by the PANEL. TAC members may be drawn from the 
PANEL or may be persons recommended by the PANEL to serve on the TAC but who are 
not PANEL members.  The TAC will assist the PANEL on the following activities: 

 Working with the technical consultant on Plan implementation,  
 Reviewing technical data and analyses, and/or recommendation data analyses 

needed, 
 Determining if data is addressing the BMOs, and 
 Reviewing annual reports on plan implementation. 

 
5.2 IMPLEMENTATION PRIORITIZATION AND FUNDING 
Planned actions identified in Section 4 are summarized with their relative cost in Appendix 
F.  Planned actions identified as “currently funded” have funding currently earmarked or 
set aside for the project, or are being accomplished by one of the implementing agencies.  
Planned actions are identified as “ready to proceed” if there is sufficient information to 
proceed.  “Ready to Proceed” actions are included in the first three years, although 
funding may not be available.  Review of Appendix F shows that except for a few projects, 
most of the planned actions for the core components, the Stakeholder Involvement and 
Monitoring Program, are currently funded and ready to proceed.  The Groundwater 
Quality Protection, Groundwater Sustainability, and Planning Integration components 
contain many more planned actions that are not funded and will require studies, more 
data, feasibility analysis and pre-design before funding can obtained. Implementation of 
many of these unfunded actions, including significant projects such as groundwater 
banking and stormwater recharge, are probably a minimum of 3 to 5 years out.   Part of the 
first years’ efforts will be to prioritize and to begin to identify funding for currently 
unfunded projects. 
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Plan actions proposed for implementation over the three years following adoption of the 
Plan, as well as an approximation of the relative cost of each action are provided in Table 
5-1.  The preliminary implementation schedule is based on the priorities that the PANEL 
identified during preparation of the Plan.  The primary areas identified by the PANEL as 
most important include: 

 Groundwater Quality Protection (Figure 5-3) 
 Well Construction, Abandonment & Destruction 
 Wellhead Protection 
 Controlling Migration and Remediation of Contaminated Groundwater 
 Control of Saline Water Intrusion  

 Groundwater Sustainability 
 Stormwater Recharge (Figure 5-4) 
 Groundwater Banking (Figure 5-5),  
 Recycled Water Supply (Figure 5-6), and  
 Conservation & Demand Reduction (Figure 5-7).   
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Figure 5-3 Groundwater Quality Protection Studies, Actions, and Projects 
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Recharging groundwater with stormwater to ensure a long-
term, viable supply

Temporary wet-season 
flooding of public lands 

pilot project

Stormwater capture 
and recharge  projects

Source Protection 
Public Outreach 

Program

Groundwater 
recharge mapping 

Alternatives to preserve 
recharge areas

Stormwater capture 
and late-year release

Stormwater capture 
and rainfall harvesting 
for dispersed recharge

 
Figure 5-4 Stormwater Recharge Studies, Actions, and Projects. 
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Figure 5-5 Groundwater Banking Studies, Actions, and Projects. 
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Providing expanded recycled water for irrigation as an 
alternative water supply in the Sonoma Valley

Evaluate  graywater
for domestic 

landscape irrigation

Expanded recycled 
water for irrigation

Evaluate recycled water 
for groundwater recharge

Reducing groundwater demand by irrigating with recycled 
water to ensure a long-term, viable supply

 
Figure 5-6 Recycled Water Supply Studies, Actions, and Projects. 
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Figure 5-7 Conservation and Demand Reduction Studies, Actions, and Projects. 
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Studies and pilot projects to better understand groundwater quality, recharge and 
discharge, to increase conservation & reduce demand, and to expand recycled water 
supply are included in the first three years of Plan implementation. The PANEL also 
identified the monitoring program (Figure 5-8), data management, and improving the 
groundwater flow model, a critical tool for groundwater basin management, as key 
priorities and that these elements should be designed to carry out the other primary 
actions. 
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Figure 5-8 Monitoring Program Studies, Actions, and Projects. 
 
First Year of Plan Implementation 
Stakeholder Involvement and the Monitoring Program form the core components and 
foundation for the Plan, and the basis for decision-making in the Sonoma Valley.  
Stakeholder involvement and the Monitoring Program are required Plan components 
under the Water Code to be eligible for state funds for groundwater projects. These core 
components are funded by the Agency, through cooperative partnerships, and existing 
funding sources. The preliminary implementation schedule for the three years following 
Plan adoption (Table 5-1) therefore focuses on creating the forums and mechanisms for 
involving basin stakeholders and gathering additional data about the groundwater 
conditions through monitoring, studies, and the establishment of a comprehensive 
monitoring program. 
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The first year of Plan implementation includes several studies to improve the groundwater 
flow model, which was identified as a priority by the PANEL. These studies include 
updated land cover and water use estimates, recharge and infiltration modeling, and 
groundwater recharge mapping and analysis.  The first year of implementation also 
contains a project to install new wells, as well as several projects under Groundwater 
Quality Protection and Groundwater Sustainability which are currently unfunded. These 
studies and projects will need to be further prioritized and additional funds will be sought 
– including applying for grants, or utilizing cooperative partnerships – in order to 
implement these studies.   
 
At the start of Plan implementation, the Agency and the PANEL will further prioritize, 
develop, and finalize a schedule for studies, projects, outreach, coordination, and 
partnerships.  Implementation of these actions are anticipated to be funded from a variety 
of sources including the Sonoma County Water Agency, funding and/or in-kind services 
by member agencies, state or federal grant programs, and partnerships at the local, state, 
and federal level. 
 
5.3 ANNUAL IMPLEMENTATION REPORT 
The Agency will report on implementation progress in an annual report that summarizes 
the groundwater conditions in the Sonoma Valley.  This report will include the following 
information: 

• Activities and progress made in implementing the Plan 
• Groundwater conditions and monitoring results and trends of groundwater levels 

and quality 
• Information on the improved characterization of the Sonoma Valley through 

continued data collection and analysis 
• A discussion, supported by monitoring results, of whether management actions 

are meeting BMOs 
• Any plan component changes, including modification of BMOs during the period 

covered by the report 
• An outline of future Sonoma Valley management actions 
 

The annual implementation report will be completed within 1 1/2 years after Plan adoption, 
and annually thereafter.  It will report on conditions and activities completed through the 
preceding year.  The Agency will provide copies of the report to the implementing 
agencies, the PANEL and TAC, and make it available on the website for stakeholder 
access. 
 
5.4 FUTURE REVIEW OF PLAN 
The Plan is a living document that will continually evolve as more information about the 
Sonoma Valley becomes available.  Additional actions may be identified as the Agency 
continues to evaluate all of the actions and objectives to determine how well they are 
meeting the overall goal of the Plan.  The Agency will summarize any resulting updates to 
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the plan in the annual implementation report, which will be provided to the Agency Board 
for review and approval. 
 
The Agency plans to review the entire Plan within the first three years of its 
implementation during the re-budgeting process. Plan updates may occur earlier, if 
deemed appropriate by the Agency and PANEL. Review of the Plan will occur at a 
minimum every five years thereafter to ensure its continued relevance as a tool to 
manage, protect, and enhance groundwater resources in the Sonoma Valley for future 
generations. Plan reviews will be documented in the annual implementation report.  
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Table 5-1 Preliminary 3-Year Implementation Actions with Schedule and Relative Cost. 

 
Relative Relative Relative

Cost Cost Cost
4.1 Stakeholder Involvement

4.1.1 Involving the Public
-- Meetings, coordination, and communication ---- ---- ----
3 Develop Public Outreach Plan for implementation ---- ---- ----

4.1.2 Advisory Groups
1 Reform Panel and form TAC ---- ---- ----
4 Hold Quarterly Meetings with the Panel ---- ---- ----

4.1.3 Informing Public Agencies and Stakeholders
-- Meetings, coordination, and communication ---- ---- ----

4.1.4 Partnerships & Coordination
-- Meetings, coordination, and communication ---- ---- ----
3 Seek grant funding for Plan actions ---- ---- ----

4.2 Monitoring Program
4.2.2 Groundwater Elevation Monitoring

5 Project - Conduct Groundwater Elevation Monitoring ---- ---- ----
6 Project - Install New Multi-depth Monitoring Wells $$$

4.2.3 Groundwater Quality Monitoring
3 Project - Conduct Groundwater Quality Monitoring ---- ---- ----

4.2.4 Land Subsidence Monitoring
1 Study - Establish Long-Term Monitoring Program for Land Subsidence ---- $ $

4.2.5 Surface Water-Groundwater Interaction Monitoring
3 Study - Tracer Test and Modeling $$ $$$
4 Study - Stable Isotope Analysis $$ $$
5 Project - Install and Maintain New Stream Gauge $$
6 Project - Conduct Seepage Runs and Install New Wells $$$

4.2.6 Monitoring Protocols
-- Adopt and implement protocols & monitoring program ----

4.2.7 Central GIS Data Management System
6 Study - GIS Mapping of Drainage Network $$ $$
7 Study - Additional GIS Layers & Analysis $$ $$
8 Pilot- WEBH2O Web-Based Data Management System $$

   Management Components/Actions Year 1 Year 2 Year 3

 
 
Notes: 
--- - Funded Action 
$$$ - Unfunded action; indicates relative order of magnitude cost 
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Table 5-1 Preliminary 3-Year Implementation Actions with Schedule and Relative Cost (continued). 

 

Relative Relative Relative
Cost Cost Cost

4.3 Groundwater Quality Protection
4.3.1 Well Construction, Abandonment, and Destruction

5 Study - Obtain Better information during Well Installations ---- ---- ----
6 Study - Conduct Well/Abandoned Well Survey $$
7 Project - Develop Guide for Well Owners $

4.3.2 Wellhead Protection
1 Incorporate Information from DWSAP Plans ----

4.3.3 Control Migration and Remediation of Contaminated Groundwater
1 Provide Well Owners with County Guide ----
-- Incorporate & Distribute Information on Sources ----

4.3.4 Control of Saline Water Intrusion
3 Study - Salinity Sources and Distribution $$$
4 Study - Seawater Intrusion Mitigation Measures $$$

4.4 Groundwater Sustainability
4.4.1 Stormwater Recharge

1 Study - Groundwater Recharge Area Mapping & Analysis $$ $$
2 Study -  Recharge Area Alternatives $$
3 Project - Public Outreach Program $
4 Study - Recapture Unused Groundwater $$
5 Study/Pilot - Feasibility Analysis/Pilot Stormwater Capture & Recharge $$$

4.4.2 Groundwater Banking
1 Study - Conduct Conjunctive Use Assessment $$$ $$$
2 Study/Pilot - Feasibility Analysis/Pilot Groundwater Banking $$$

4.4.3 Recycled Water Supply
1 Study - Evaluate Graywater $$
2 Project - Recycled Water for Irrigation $$$ $$$
3 Study - Evaluate Recycled Water Groundwater Recharge Feasibility $$ $$

   Management Components/Actions Year 1 Year 2 Year 3

 
 
Notes: 
--- - Funded Action 
$$$ - Unfunded action; indicates relative order of magnitude cost 
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Table 5-1 Preliminary 3-Year Implementation Actions with Schedule and Relative Cost (continued). 

 

Relative Relative Relative
Cost Cost Cost

4.4.4 Conservation & Demand Reduction
1 Continue Implementing BMPs & Report Annually ---- ---- ----
2 Water Conservation BMPs for Non-Viticulture Agriculture
3 Encourage Additional Conservation and Best Practices for Viticulture
4 Project - Voluntary Water Conservation BMPs for Uninc. Areas
5 Project - Landscape Irrigation Efficiency ---- ----
6 Pilot/Project - Stormwater Capture and Reuse for Irrigation $$ $$

4.4.5 Groundwater Modeling
1 Study - Update Land Cover Map & Water Use Estimates $$
2 Study - Recharge and Infiltration Modeling $$
3 Project - Improve Groundwater Flow Model $$

4.5 Planning Integration
4 Project - Develop Multi-Beneficial Projects for Flood Hazards $$$

5 Implementation Administration
Implementation Prioritization and Financing ----
Annual Plan Implementation Report ---- ----
Future Review ----

   Management Components/Actions Year 1 Year 2 Year 3

 
 
Notes: 
--- - Funded Action 
$$$ - Unfunded action; indicates relative order of magnitude cost 
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SECTION 7 
TERMS AND DEFINITIONS 

acre-foot (af) — equivalent to the volume of water which will cover 1 acre of land to a 
depth of 1 foot; an acre-foot of water equals 43,560 cubic feet or 325,851 gallons. 
 
alluvium — a general geologic term describing stratified unconsolidated beds of sand, 
gravel, silt and clay deposited by flowing water. 
 
aquifer — A body of rock that is sufficiently permeable to conduct groundwater and to 
yield economically significant quantities of water to wells and springs. 
 
aquitard — a confining bed or rock formation that retards the movement of water either to 
or from adjacent beds. Aquitards do not prevent the flow of water but may serve to store 
groundwater, although they are not effective as sources for wells or springs. 
 
artesian — a reference to groundwater that is confined under pressure resulting in a 
condition in which the static water level stands above the top of the aquifer. The 
groundwater will rise above the overlying confining beds if provided the opportunity to 
escape upward via a well. 
 
artesian aquifer — a rock formation containing groundwater under more than hydrostatic 
pressure. 
 
artesian well — a well tapping a confined aquifer in which the static water level stands 
above the top of the aquifer. A flowing artesian well is one in which the tapped water 
flows out at the land surface. The term artesian well can be applied to a well in which 
pumping is required for the confined water to reach the surface. 
 
beneficial use — the use of water for some domestic, agricultural, industrial, social, 
recreational or instream use. The SWRCB lists 23 types of beneficial uses with water 
quality criteria for those uses established by the RWQCBs. Water rights holders must 
demonstrate that the use if both reasonable and beneficial. 
 
California Department of Fish and Game (DFG) — DFG administers and enforces the 
California Fish and Game Code, and the regulations promulgated by the Fish and Game 
Commission. 
 
California Department of Toxic Substances Control (DTSC) — the primary regulatory 
authority under both state and federal law for hazardous waste disposal within California. 
 
California Department of Water Resources (DWR) — oversees the State Water Project 
(SWP) and has the ability to implement, promote and encourage statewide water 
conservation. The DWR also has the responsibility for investigating groundwater 
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conditions and recommending protective actions and the safety of non-federal dams. 
Updates the State Water Plan every 5 years. 
 
chloride — a compound of chlorine and a positive radical of one or more elements. Useful 
in recognition of seawater in groundwater, chloride is the dominant anion of ocean water 
and normally occurs in only small amounts in groundwater. 
 
community water system — a public water system that serves at least 15 service 
connections used by yearlong residents or regularly serves at least 25-year-long 
residents. 
 
confined aquifer — a water-bearing subsurface stratum that is bounded above and below 
by formations of impermeable, or relatively impermeable, soil or rock. 
 
confined groundwater — groundwater that is under pressure greater than that of the 
atmosphere so that, if provided an upward escape route, it will rise above the interface 
between the top of the aquifer and the impermeable bed which confines it. 
 
confining bed — a body of impermeable or distinctly less permeable material 
stratigraphically above one or more aquifers. 
 
conjunctive use, conjunctive operation — the operation of a groundwater basin in 
combination with a surface water storage and conveyance system to maximize water 
supply. Water is stored in the groundwater basin for later use by intentionally recharging 
a basin when a water supply is available. 
 
connate groundwater - groundwater which is derived from the rock itself, as opposed to 
water which has percolated down from the surface. 
 
destroyed well — a well that is no longer useful and that has been completely filled in 
accordance with the procedures described in Chapters 15B and 25B of the Sonoma 
County Code, Section 23 of the California Well Standards, DWR Bulletin 74-81 and Bulletin 
74-90 (supplement to Bulletin 74-81). 
 
domestic well — a water well used to supply water for the domestic needs of an 
individual residence or systems of four or fewer serviced connections. 
 
drawdown — the distance by which the potentiometric surface of a groundwater body is 
lowered by the withdrawal of water through pumping. Drawdown can be described as (1) 
the lowering of the potentiometric surface or water table as a result of groundwater 
withdrawal; (2) the difference between the height of a water table before pumping and the 
height of the water in a well during pumping; (3) diminished pressure in an aquifer as a 
result of groundwater withdrawal. 
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drought — a prolonged period of dry weather characterized by an absence or a 
deficiency in rainfall. There is no measure for determining a drought, but qualitatively it 
usually causes a partial crop failure, a hydrologic imbalance or an interference with the 
ability to meet established water demands. 
 
evapotranspiration — that portion of the precipitation returned to the air through direct 
evaporation or by transpiration of vegetation, no attempt being made to distinguish 
between the two, or consumptive use by vegetation. 
 
extraction — the process of withdrawing groundwater from storage by pumping or other 
controlled means. 
 
fault — a break or fracture zone in the Earth's crust along which movement of the rock 
mass adjacent to the fracture has occurred, on at least one side of the break. As a result, 
the strata of a previously continuous formation are separated relative to one another, with 
the displacement ranging from inches to thou-sands of feet or hundreds of miles. A fault 
frequently acts as a barrier to the movement of groundwater. 
 
gravel pack — artificially placed gravel filter or envelope surrounding a well screen. A 
gravel pack in a properly developed well serves to stabilize the aquifer, prevents sand 
from entering the well, permits the use of a large screen slot with a maximum open area, 
and provides an or annular zone of high permeability, which increases the effective radius 
and yield of the well. 
 
groundwater — subsurface water occurring in the zone of saturation. 
 
groundwater basin — a groundwater reservoir, defined on the basis of geological and 
hydrological conditions and possibly consideration of political boundary lines. Often 
described as a basin or trough-shaped structure that is filled with porous or permeable 
material that stores and transmits water. 
 
groundwater budget — a numerical accounting of the recharge, discharge and changes 
in storage of a geographically defined groundwater system. 
 
groundwater capture — increase in the productivity of an aquifer by increasing the 
recharge rate or by reducing the rate of unused discharge. 
 
groundwater management — the planned and coordinated management of a 
geographically defined groundwater system with the overall goal of long-term 
sustainability of the resource. 
 
groundwater management plan — a comprehensive written document developed for the 
purpose of groundwater management and adopted by an agency having appropriate legal 
or statutory authority. 
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groundwater storage coefficient — the volume of water released from storage or taken 
into aquifer storage per unit of surface area of the aquifer per unit of change in the 
pressure or the head. 
 
groundwater table — the surface between the zone of saturation and the zone of aeration 
or the level at which the hydraulic pressure of a body of unconfined groundwater is equal 
to atmospheric pressure. No water table exists if the upper surface of the zone of 
saturation is in contact with an overlying confining layer. 
 
hydrograph — a time record of groundwater level or stream discharge at a given cross 
section or stream surface elevation, and at a given point. Stream hydrographs generally 
indicate rate of flow and represent stage, flow, velocity or other characteristics, while 
groundwater hydrographs represent water level or head. 
 
hydrologic budget; balance — an accounting of the inflow, outflow, storage and 
evaporation of water from a hydrologic unit, such as a drainage basin, aquifer, soil zone, 
lake or reservoir, and expressed by the hydrologic equation as the relationship between 
inflow and outflow including evaporation, precipitation, runoff and water storage within a 
hydrologic unit over a specified period of time. 
 
hydrologic cycle — the process involving the continuous circulation of water from the 
oceans and the land surface of the Earth to the atmosphere through transpiration and 
evaporation, and its eventual return to the Earth's surface through various forms of 
precipitation. 
 
hydrologic equation — Inflow - Outflow = +/- Change in Storage. Also called the Law of 
Mass Conservation, water budget, water balance, hydrologic equation. 
 
hydrology — the study of the origin, distribution and circulation of water of the Earth 
including precipitation, streamflow, infiltration, groundwater storage and evaporation. 
 
impermeable — a textural condition of rock, sediment or soil that makes it incapable of 
transmitting fluid under pressure. The cause is generally low porosity or the presence of 
small individual pores that lack connectivity. 
 
imported water — water transported into a watershed from a different watershed. Native 
water is water 
that occurs naturally within a watershed. 
 
infiltration — (1) the flow of a fluid, such as water, into a solid substance through pores or 
small interstices, and particularly referring to the movement of water into soil or porous 
rock; (2) the absorption by soil of water either from precipitation or streamflow; (3) the 
amount of groundwater that enters pipes through breaks, joints or porous walls. 
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injection well — a well through which water is injected to recharge an aquifer, either by 
pumping or by gravity flow. 
 
interbedded - Having beds lying between other beds with different characteristics; 
occurring between beds or lying in a bed parallel to other beds of a different material. 
 
irrigation — distribution of water to land through artificial means to enhance crop 
production, either where natural water sources are so deficient as to make crop 
production impossible or where it is advantageous to supplement the natural water supply 
at certain critical stages in the development of crops. 
 
irrigation return flow — applied water that is not transpired, evaporated or deep 
percolated into a groundwater basin, but returns to a surface water. 
 
land subsidence — the lowering of a natural land surface in response to: Earth 
movements; lowering of fluid pressure (or lowering of groundwater level); removal of 
underlying supporting materials by mining or solution of solids, either artificially or from 
natural causes; compaction caused by wetting (hydrocompaction); oxidation of organic 
matter in soils; added load on the land surface; by tectonic activity; or by lithification. 
 
lens - an irregular shaped formation consisting of a porous, permeable sedimentary 
deposit generally surrounded by less permeable sediments, that is thick in the middle and 
thin at the edges, resembling a convex lens  
 
lithology — the description of rocks, especially in hand specimen and outcrop, on the 
basis of such characteristics as mineralogy, grain size and color. 
 
maximum contaminant level (MCL) — the highest concentration of a constituent in 
drinking water permitted under federal and state Safe Drinking Water Act regulations. 
 
milligrams per liter (mg/L) — the weight in milligrams of any substance dissolved in one 
liter of liquid; nearly the same as parts per million. 
 
mining — withdrawal of water from a groundwater resource at a rate that exceeds the 
rate of replenishment so that the supply is threatened or its economic usefulness is 
endangered. See overdraft. 
 
National Pollutant Discharge Elimination System (NPDES ) — a provision of section 402 of 
the federal Clean Water Act of 1972 that established a permitting system for discharges of 
waste materials to water courses. The program is administered in California by the 
Regional Water Quality Control Boards and local government through MS4 permits.. 
 
nitrate — a salt of nitric acid, a compound containing the radical (NO3). Dissolved 
nitrogen in the form of nitrate is the most common contaminant identified in groundwater. 
Used colloquially to denote all forms of nitrogen. 
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nonpoint source — waste water or contaminant discharge other than from point sources. 
See also, point source. An example is the regional contamination of groundwater by the 
over-application of fertilizers in an agricultural region. 
 
outflow — the water that is discharged from a drainage basin or from a stream, lake, 
reservoir or aquifer system 
 
overdraft — the intentional or inadvertent withdrawal of water from an aquifer in excess 
of the amount of water that recharges the basin over a period of years, during which if 
continued over time could eventually cause the underground supply to be exhausted, 
cause seawater intrusion, cause subsidence, cause the water table to drop below 
economically feasible pumping lifts, or cause a detrimental change in water quality. 
Synonym: groundwater mining. 
 
ppm (parts per million) — a measure, by weight and not by volume, of the concentration of 
a foreign substance in a solution. 
 
pathogens — any viruses, bacteria, protozoa or fungi that cause disease. 
 
perched groundwater — unconfined groundwater separated from an underlying main 
body of groundwater by an unsaturated zone. 
 
permeability — the capability of soil or other geologic formation to transmit water. 
 
permeable — porous or fissured so that water easily soaks in or passes through. 
 
pesticide — any organic or inorganic substance used to kill or inhibit plant or animal life, 
including any insecticide, herbicide, rodenticide, algicide, miticide, nematicide or 
fungicide. 
 
phreatic zone — the zone beneath the water table in which the pore space is filled with 
water. Also referred to as the saturated zone. 
 
piezometer — the basic field device for the measurement of hydraulic head. A pipe sealed 
along its length, open to water flow at the bottom and open to the atmosphere at the top. 
 
Piezometric surface (potentiometric surface) — an imaginary surface representing the 
level to which groundwater will rise in a well as a result of the pressure under which it is 
confined in an aquifer. 
 
point source — a specific site from which waste or polluted water is discharged into a 
water body, the source of which can be identified and measured. 
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porosity — voids or open spaces in alluvium and rocks that can be filled with water, 
frequently expressed ratio of the volume of open space to the total rock volume, 
expressed as a percentage. 
 
potentiometric surface — see piezometric surface. 
 
precipitation — the discharge of water, in either liquid or solid form, from the atmosphere 
to the surface of the Earth, including rain, drizzle, sleet, snow, snow pellets, snow grains, 
ice crystals, ice pellets, hail, dew and frost, usually measured in inches, hundredths of 
inches or millimeters of equivalent depth in water. 
 
public water system — a system for the provision of water for human consumption though 
pipes or other constructed conveyances that has 15 or more service connections or 
regularly serves at least 25 individuals daily at least 60 days a year. 
 
radius of influence — the distance from the center of a well to the limit of the cone of 
depression. 
 
reasonable use — required by the California Constitution, article X, section 2, but a term 
which is not subject to a standard definition; one of the requirements that must be 
satisfied by any party asserting a water right in California. Primarily thought to refer to the 
method, manner, or means of use. 
 
recharge — flow to groundwater storage from precipitation, infiltration from streams, 
irrigation, spreading basins, injection well and other sources of water. 
 
recharge basin — a surface facility, often a large pond or other similar artificial basin 
used to increase the percolation of surface water into a groundwater basin thereby 
replenishing a groundwater supply. 
 
recycled water — waste water that becomes suitable, as a result of treatment for a 
specific direct beneficial use. 
 
Regional Water Quality Control Boards (RWQCBs) — the primary state agencies that 
regulate water quality and which are operated pursuant to policies adopted or approved 
by the State Water Resources Control Board. The RWQCBs have authority to compel 
cleanup and abatement of groundwater pollution under the Porter-Cologne Water Quality 
Control Act. 
 
return flow — the portion of withdrawn water not consumed by evapotranspiration or 
system losses which returns to its source or to another body of water. 
 
reuse — the additional use of previously used water. 
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reverse osmosis — treatment method for removing salts from water by forcing water 
through a membrane. 
 
riparian land — land that adjoins or abuts a natural watercourse. 
 
runoff — the surface flow of water from an area; the total volume of surface flow from an 
area during a specified time. 
 
saline — consisting of or containing salts the most common of which are potassium, 
sodium or magnesium in combination with chloride, nitrate or carbonate. 
 
salinity — generally, the concentration of mineral salts dissolved in water. Salinity may be 
measured by weight (total dissolved solids), electrical conductivity or osmotic pressure. 
Where sea water is known to be the major sources of salt, salinity is often used to refer to 
the concentration of chlorides in the water. See total dissolved solids. 
 
salinity intrusion — the movement of salt water into a body of fresh water. It can occur in 
either surface water or groundwater bodies. There are six types of salinity intrusion, one 
of which is sea water intrusion. 
 
salt water barrier — a physical facility or method of operating which is designed to 
prevent the intrusion of salt water into a body of fresh water. 
 
salt water intrusion — the phenomenon occurring when a body of salt water, because of 
its greater density, invades a body of fresh water. It can occur either in surface or 
groundwater bodies. When groundwater is pumped from aquifers that are in hydraulic 
connection with the sea, the gradients that are set up may induce a flow of salt water 
form the sea toward the well. 
 
saturated zone — the area below the water table in which the soil is completely saturated 
with groundwater. 
 
sediment — soil or mineral material transported by water and deposited in streams and 
channels. Sediments constitute the major aquifers in California. 
 
seepage — the gradual movement of a fluid into, through or from a porous medium. 
 
semiconfined - applies to an aquifer that is overlain and/or underlain by aquitards that are 
not impermeable, but semi-permeable, which by definition means there is movement of 
water across the aquitard, albeit it may reasonably slow.  Most aquitards are not 
impermeable and therefore, most aquifers tend to be semiconfined. 
 
sewage — the liquid waste from domestic, commercial and industrial establishments. 
 
soluble minerals — naturally occurring substances capable of being dissolved. 
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specific capacity — the volume of water pumped from a well in gallons per minute per 
foot of drawdown. 
 
specific retention — as applied to a rock or soil it is the ratio of : 1) the volume of water 
which, after being =saturated, it will retain against the pull of gravity to; 2) its own volume. 
It is stated as a percentage. 
 
specific yield — the ratio of the volume of water that a given mass of saturated rock or 
soil will yield by gravity to the volume of that mass. 
 
spreading water — discharging native or imported water to a permeable area for the 
purpose of allowing it to percolate to the zone of saturation. 
 
spring — a place where groundwater naturally flows from rock or soil onto the land 
surface or into a water body. The occurrence of a spring is dependent upon the location 
of permeable and impermeable rock layers, the level of the water table and on the local 
topography. 
 
static groundwater level — the water level in a well that is not flowing or being pumped; 
generally the level immediately before pumping is started after being stopped for a period 
of time. 
 
storativity — the volume of water released from storage in an aquifer in a vertical column 
of 1 foot-square when the water table of potentiometric surface declines 1 foot. In an 
unconfined aquifer it is approximately equal to specific yield. 
 
surface supply — water in reservoirs, lakes or streams; expressed either in terms of rate 
of flow or volume. 
 
State Water Resources Control Board (SWRCB) — administrative agency with the 
primary responsibility for regulating and determining rights to surface water and 
subterranean stream flow. In addition, the SWRCB has primary responsibility for enforcing 
the constitutional reasonable use requirement. 
 
trichloroethylene (TCE) — a synthetic chlorinated hydrocarbon which was commonly 
used as an industrial cleaning solvent. Found at many superfund sites. 
 
total dissolved solids (TDS) — the quantity of minerals (salts) in solution in water, usually 
expressed in milligrams per liter or parts per million. 
 
transmissivity — the capacity of rock to transmit groundwater under pressure, expressed 
as a quantity of water, at the prevailing temperature, transmitted horizontally in a given 
period of time through a vertical strip of a given width of the fully saturated thickness of 
the aquifer, under a hydraulic gradient of one. 
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unconfined groundwater — groundwater that has a free water table at atmospheric 
pressure. It is not confined under pressure beneath relatively impermeable rocks or soil. 
 
unsaturated zone — a subsurface soil zone, also called the vadose zone or the zone of 
aeration that lies above the zone of saturation (the water table). The interstitial water 
tends to move under gravity despite being held by molecular capillary forces. This zone of 
aeration is divided into the belt of soil water, the intermediate belt and the capillary fringe 
which is just above the zone of saturation. 
 
usable storage capacity — the quantity of groundwater of acceptable quality that can be 
economically withdrawn from storage. 
 
U.S. Endangered Species Act (ESA) — federal legislation which provides a means 
whereby the ecosystems upon which endangered species and threatened species 
depend may be conserved, and which provides a program for the conservation of such 
threatened and endangered species. 
 
U.S. Environmental Protection Agency (EPA) — The agency was created to permit 
coordinated and effective governmental action on behalf of the environment. The EPA 
endeavors to abate and control pollution systematically, by proper integration of a variety 
of research, monitoring, standard setting and enforcement activities. 
 
vadose water — water below the surface of the earth and above the water table, either 
held by the soil or percolating downward toward the water table through the vadose zone 
(unsaturated zone). 
 
waste — loss of a resource such as water without substantial benefit or beneficial use. 
 
wastewater –any water that has been adversely affected in quality by anthropogenic 
influences.  Wastewater commonly refers to municipal wastewater that contains a broad 
spectrum of contaminants from the mixing of wastewaters from different sources. 
 
water banking — a water conservation and use optimization system whereby water is 
allocated for current use or stored in surface water reservoirs or in aquifers for later use. 
Water banking is a means of handling surplus water resources during wet years. 
 
water conservation — reduction in applied water due to more efficient water use such as 
implementation of Urban Best Management Practices or Agricultural Efficient Water 
Management Practices. The extent to which these actions actually create savings in a 
water supply depends on how they affect total water use and depletion. 
 
water marketing — the selling or leasing of water rights in an open market. 
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water quality — used to describe the chemical, physical and biological characteristics of 
water, usually in regard to its suitability for a particular purpose or use. 
 
water reclamation — as used in this report. Includes water recycling, sea water 
desalting, groundwater reclamation and desalting agricultural brackish water. 
 
water recycling — the treatment of urban waste water to a level rendering it suitable for a 
specific, direct, beneficial use. 
 
water table — see groundwater table. 
 
water transfer — conveyance of groundwater or surface water from one area to another 
that involves crossing a political or hydrologic boundary. A voluntary change in a point of 
diversion, place of use, or purpose of use that may involve a change in water rights. A 
long-term transfer shall be for any period in excess of one year (California Water Code 
section 1735.) 
 
water year — a continuous 12-month period for which hydrologic records are compiled 
and summarized. In California, it begins on October 1 and ends September 30 of the 
following year. Water year 2003 ended Sept 30, 2003. 
 
watercourse, gaining – a watercourse to which groundwater is adding flow  
 
watercourse, losing – a watercourse losing flow to groundwater 
 
well, water well — Any artificial excavation constructed by any method for the purpose of 
extracting water from, or injecting water into, the underground. This does not include: (a) 
oil and gas wells, or geothermal wells constructed under the jurisdiction of the 
Department of Conservation, except those wells converted to use as water wells; or (b) 
wells used for the purpose of (1) dewatering during construction, or (2) stabilizing hillsides 
or earth embankments (Water Code Division 7, Chapter 10, article 2, section 13710). 
 
well casing — serves as a lining to maintain an open hole from ground surface to the 
aquifer. It seals out surface water and any undesirable groundwater and also provides 
structural support against caving materials outside the well. Materials commonly 
employed for well casing are iron, steel and PVC. 
 
well construction — the procedures necessary, using the proper materials and equipment 
to build a well for a specific purpose. 
 
well destruction — the procedures necessary using the proper materials and equipment, 
to ensure the boring is no longer a conduit for contamination of groundwater. 
 
well log — a graphic record of a well, generally a lithologic and/or stratigraphic record of 
the units traversed by a borehole. 
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wellhead protection – a program for mitigating contamination of groundwater supplies.  
The major components required by the program administered by the California 
Department of Public Health includes delineation of capture zones around extraction 
sources (wells), inventory of Potential Contaminating Activities (PCAs) within protection 
areas, and vulnerability analysis to identify the PCAs to which the source is most 
vulnerable. 
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Public Outreach Plan  
Groundwater Management Plan for Sonoma Valley  
November 14, 2006 
 
 
 

I. Introduction 
The Sonoma County Water Agency and its cooperating partners are working with the Basin 
Advisory Panel (BAP) to develop a groundwater management plan for the Sonoma Valley using 
a collaborative structure that includes representatives of local agencies, community 
organizations, businesses and groundwater users. After approval the BAP will recommend the 
plan to responsible agencies for adoption. Educating the community at large, elected officials and 
decision-makers as well as general public outreach are key to successful development and 
implementation of the groundwater management plan for Sonoma Valley. The goal of this public 
outreach plan is to inform the wider audience in the region about groundwater management 
planning in the Sonoma Valley and to outline when and how to conduct public outreach.  

 
II. Outreach Timeline 

 

  Fall 06 Feb 07 Jul Sept Dec 
Plan 

Approval 
Develop Outreach Plan         
Expand Mailing List       
Hold Public Meeting X     X 
Staff Conduct Organizational Briefings       
Members Conduct Constituent Briefings       
General Brochure       
Newsletter/Articles       
Create Links on Panel Member Web Sites       
FAQ       
Prepare Guide to Sonoma Valley Water 
Resources       
Set up SV Groundwater Website          
Monthly Website Updates            
Media: Press Releases       
Media Packet       
 
 

III. Expand Interested Parties List 
Panel members and staff will contribute names of organizations, agencies, and individuals to 
help the outreach effort. The interested parties list will be broad and include anyone who would 
like to stay informed about groundwater management planning throughout plan development and 
anyone who the Panel thinks should be informed about the outcome of the planning effort. 
 
SCWA staff will keep the mailing list that can be used for email distribution and regular post as 
needed. 
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IV. Public Meetings 

The Board of Directors of the Sonoma County Water Agency (SCWA), as the lead agency, must 
adopt a formal resolution to move forward with the groundwater management plan. The Board 
will hold a public hearing with a comment period before adopting the resolution to proceed with 
developing the groundwater management plan.  
 
Once the plan has been developed, SCWA will once again hold a formal public meeting to solicit 
input on the plan.  However, the Basin Advisory Panel will use briefings and other forms of 
outreach as its primary tools to keep the public informed and to seek public input on its work. 
 

V. Organizational Outreach and Briefings  
Educational briefings will help broadcast the groundwater planning effort providing information 
related to the technical aspects of the project, the planning process, and plan implementation. 
Staff (and Panel members) will conduct briefings with a wide audience, not closely affiliated with 
the planning effort. Outreach to groups such as Kiwanis, Rotary, homeowners’ associations, and 
agricultural groups will be necessary at key milestones. Staff anticipate conducting briefings and 
outreach to these groups through their formal meetings and/or internal newsletters. The purpose 
of these briefings will be to share information about the Panel’s work and to solicit input and 
identify concerns for consideration during plan development. 

 
VI. Constituent Briefings 

Educating constituents is critical to ensure that constituent interests are represented in the 
planning process and that constituents will support the groundwater management plan when 
presented for their approval once the plan is developed. Panel members aim to represent the 
interests of their constituents and will be responsible for briefing their constituents at project 
milestones. Staff will provide talking points, handouts and informational materials to facilitate 
reporting at constituent meetings. 

 
VII. Informational Materials 

Developing a variety of informational materials is critical to the successful education of the public 
and constituents and necessary to circulate consistent, accurate information. Staff will develop a 
range of stand-alone and inserts for existing publications. The materials include the following: 
 

• General Brochure: A general brochure describing the development of the Sonoma 
Valley Groundwater Management Plan and its timeline.  

• Power Point Slides: 3-5 slides outlining the project and timeline.  
• Newsletter/Articles: A short summary paragraph and a 300-word article for 

organizational newsletters. In addition, articles should be written to distribute to the 
media and partners at project milestones.  

• Web Link and Project Summary on Panel Member Web Sites: Panel member web 
sites could also post a link and brief project description to the main Sonoma Valley 
Groundwater Management Planning website www.scwa.ca.gov/projects/svgroundwater 

• Frequently asked Question (FAQ) List: Staff would develop this list as a stand-alone 
webpage on the main website and as an essential document for a press kit, handed out 
at public meetings and used by Panel organizations.  
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• Guide to Sonoma Valley Water Resources:  A guide to water resources in Sonoma 
Valley for distribution to the BAP and general public. The purpose of the guide is to 
provide technical information, legal and water rights overview, governance options, as 
well as basic facts, figures, and frequently asked questions on water and groundwater 
issues in the Sonoma Valley.  

 
VIII. Website (www.scwa.ca.gov/projects/svgroundwater) 

SCWA will set up a website for the Sonoma Valley Groundwater Management Plan as an 
information portal for the project. Linking partner agencies and organizations’ websites to the 
web site is also important. The website should be completed by December 2006 and will have 
the following pages: 

 
• Home page – summary and “what’s new” information. 
• Project page – detailed project information. 
• Outreach page – briefings, community meetings schedule and meeting summaries.  
• Calendar – updated list of meetings and milestones as well as project timeline. 
• Document page – electronic listing of all pertinent documents related to the project.  
• Contact page – Team contact information. 
• FAQ’s (frequently asked questions) page. 
• Links page – links to local groups, agencies, and others involved in the project.  

 
Staff anticipates updating the website monthly, and more often if needed.  

 
IX. Media Plan 

Working with local and regional media will be important. Press releases should be distributed at 
each major milestone of the project. The facilitator will review press releases to ensure that they 
accurately reflect the agreements reached and support the overall goal of consensus of the BAP. 
The local and regional media to include on the press release distribution list include:  
 

• Santa Rosa Press Democrat (www.pressdemo.com) 
• Sonoma Index-Tribune (www.sonomanews.com) 
• Sonoma West Times and News (www.sonomawest.com) 
• Petaluma Argus-Courier (www.arguscourier.com) 
• San Francisco Chronicle (www.sfgate.com) 
• Kenwood Press (George McCleod) 
• Others? 
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4. Letters of Support 

 

















 

 

 

 

 

APPENDIX B 
LIST OF SMALL WATER SUPPLY SYSTEMS IN THE SONOMA VALLEY 



 

SMALL WATER SUPPLY SYSTEMS 

 
Mutual Water Companies  Connections  Location 
 
Mission Highlands MWC     68   Sonoma 
Diamond A MWC   180   Sonoma 
Bart’s MWC      52   Sonoma 
George Ranch MWC     27   Sonoma 
Sobre Vista MWC       25   Sonoma 
Rancho de Sonoma WC  99   Sonoma 
De Anza Moon Valley WC  199   Sonoma  
Lawndale MWC   79   Kenwood 
Bennett Ridge MWC   115   Kenwood 
Kinnybrook MWC      Kenwood 
Kenwood Village WC      Kenwood 
McFarren WC    22   Kenwood 
 
Apartments and Mobile Home Parks 
 
Acacia Grove Mobile Home Park   65   Sonoma 
Sonoma Mission Gardens     41   Sonoma 
 
Medical and Health Care Facilities 
 
Sonoma Development Center     Eldridge 
 
Wineries and Vineyards 
 
Sebastiani Vineyards      Sonoma  
Roche Winery       Sonoma  
Cohn Winery       Sonoma   
Bartholomew Foundation     Sonoma   
Gloria Ferrer Caves      Sonoma   
Gunlach Bundschu Winery     Sonoma   
Ravenswood Quarry Winery     Sonoma  
Buena Vista Carneros Production    Sonoma  
Jacuzzi Winery      Sonoma  
Cline Cellars       Sonoma   
Nicholson Ranch Winery     Sonoma  
Schug Cellars       Sonoma  
Viansa Winery       Sonoma  
Imagery Estate Winery     Glen Ellen 
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Arrowood Vineyards & Winery    Glen Ellen 
Deerfield Ranch Winery     Glen Ellen 
Benziger Family Winery     Glen Ellen 
Kenwood Vineyards and Winery    Kenwood 
Blackstone Winery      Kenwood 
Chateau St, Jean       Kenwood 
Landmark Vineyards, Ltd.     Kenwood 
St. Francis Winery      Kenwood 
Wild Oaks Vineyard      Kenwood 
Kunde Estate Winery      Kenwood 
 
       
Hotels, Restaurants, and Tasting Rooms 
 
Sonoma Lodge Hotel      Sonoma 
Vineyards Inn       Sonoma 
Vineburg Grocery & Deli     Sonoma 
Babe’s Burgers & Franks     Sonoma 
Schellville Grill       Sonoma 
Carneros Deli       Glen Ellen 
Kenwood Restaurant & Bar     Kenwood 
The Wine Room      Kenwood 
 
Schools, Churches, Camps, & Fraternal Lodges 
 
Presentation School      Sonoma 
Sonoma 7th Day Adventist Church    Sonoma 
Sonoma Valley Moose Lodge 2048    Sonoma 
Camp Via 
Valley of the Moon Camp 
Sonoma Mountain Zen Center 
 
Parks and Recreational Facilities 
 
Infineon Raceway      Hwy 37 
Los Arroyos Golf Course     Sonoma 
Sonoma National Golf Club     Sonoma 
Jack London State Park     Glen Ellen 
Fairfield Osborne Preserve 
 
Warehouses and Factories 
 
Dowling Magnets      Sonoma 
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Carneros Warehousing     Sonoma 
S&W Warehousing, LLC     Sonoma 
Sonoma Warehousing      Sonoma 
Groskopf Warehouse, Inc.     Sonoma 
 
Other Businesses 
 
Cornerstone Gardens      Sonoma 
Westerbeke Ranch Conference Center   Sonoma 
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1 Introduction 

As part of its development of a Sonoma Valley Groundwater Management Plan for the Sonoma County 
Water Agency (Agency), Schlumberger Water Services (SWS) has performed a water management scenario 
analysis using a groundwater flow model developed by the United States Geological Survey (USGS) for the 
Sonoma Valley.  The Sonoma Valley study area is shown in Figure 1-1.  This report describes the work 
performed for this task along with the results of the analysis. 

The objective of the scenario analysis was to assess the potential benefit of various water management 
projects under different water availability scenarios in the Sonoma Valley basin over a 30-year horizon.  
Additionally, the results of the analysis could help the Basin Advisory Panel (Panel) prioritize the 
Groundwater Management Plan recommendations.  This task was accomplished using the existing Sonoma 
Valley basin groundwater flow model developed by the USGS (2006), along with technical input from the 
Agency and the Technical Work Group (TWG) of the Panel.  The following sub-tasks were accomplished: 

1. Meetings and discussions with the Agency and USGS throughout the course of the task to 
discuss the approach and results of the hydrologic and scenario analysis. 

2. Review and import of USGS MODFLOW datasets into the visual pre-/post-processor Visual 
MODFLOW 

3. Simulation of twelve water management scenarios 
4. Assessment of the sensitivity of the model solution to key model parameters. 

 
This report documents the modeling work performed, including a description of the alternative pumping 
demand, water supply and recharge scenarios considered; a qualitative comparison of the modeled 
scenarios; and a description of uncertainties and limitations of the simulations. 

The remainder of this document is organized into five sections.  Section 2 describes the existing USGS 
MODFLOW model and its import into the Visual MODFLOW pre-/post-processing software.  The setup and 
input parameters of the existing model are presented here.  Section 3 presents the components of the 
different model scenarios and their assumptions, as well as the implementation of these components into 
the model scenarios.  The results of the scenario analysis are presented in Section 4.  Section 5 describes 
the sensitivity analysis performed on this scenario analysis, as well as the overall sensitivity of the model 
to key parameters as identified by the USGS.  Section 6 concludes the report by presenting 
recommendations for further data collection and improvements that could be made to the model to make 
the model an even better tool for the management of groundwater resources in the Sonoma Valley. 
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Figure 1-1 Study Area – Sonoma Creek Watershed, Sonoma Valley, Sonoma County, California. 
 Map from USGS, 2006. 
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2 Description of Groundwater Flow Model 

The numerical flow model of the Sonoma Valley study area that formed the basis for this scenario analysis 
was developed by the USGS as part of a groundwater study of the basin (USGS, 2006).  The model was 
developed using the USGS MODFLOW-2000 simulation code (USGS, 2000), which uses a set of input files 
to calculate groundwater heads and fluxes.  All inputs and output results are saved as ASCII or binary files 
with non user-friendly formats that are time consuming to handle and analyze.   

The existing USGS MODFLOW model was imported into the Visual MODFLOW (Waterloo Hydrogeologic, 
Inc., 2006) in order to assist in data input and output visualization, and to facilitate participation from 
stakeholders represented by the TWG.  Visual MODFLOW is a pre- and post-processing software for files 
required and generated by USGS MODFLOW and other numerical codes, allowing for more efficient data 
manipulation as well as visualization and graphic manipulation of both input parameters and output results 
for the simulations.  This section describes the setup of the existing USGS model that formed the basis for 
the scenario runs. 

2.1 Simulation Period 
The USGS model was calibrated over a period from pre-1975 through 2000.  The pre-1975 conditions were 
assumed to be near steady-state, and were simulated as such in the model.  The period from 1975 through 
2000 was simulated as a transient calibration period using the steady-state results as initial condition.  The 
model thus consisted of a total of 1 steady-state and 26 transient annual stress periods, with six time steps 
approximately 60 days long in each stress period.   

2.2 Model Domain and Boundary Conditions 
The Sonoma Valley area model covers a 13 x 33-mile area encompassing the Sonoma Valley basin from 
Kenwood south to San Pablo Bay (see Figure 1-1).  The Sonoma Valley basin refers to the valley area from 
Kenwood to San Pablo Bay, which is primarily drained by Sonoma Creek outflowing to San Pablo Bay.  The 
Sonoma and Mayacamas Mountains form the groundwater no-flow boundaries to the east and west of the 
model.  Model grid cells outside of the no-flow boundaries are inactive cells and do not contribute to flow 
during the simulations.  The surface water that flows from the mountains into the valley via tributaries and 
seasonal creeks and percolates into the aquifer can be accounted for in the other boundary conditions of 
the model.  The ground surface ranges from an altitude of 400 feet near Kenwood down to sea level at San 
Pablo Bay.  The model extends vertically to the basement rocks, which can reach depths of nearly 10,000 
feet below ground surface in some areas of the basin. 

The model domain consists of a grid of 133 rows and 52 columns of cells oriented in the direction of 
groundwater flow, which is generally from northwest to southeast toward San Pablo Bay (Figure 2-1).  The 
grid cells each cover an area of 1,320 feet by 1,320 feet (approximately 400 meters by 400 meters).  The 
subsurface is represented by eight model layers.  Model layers 1 through 7 have a mean thickness of 
approximately 125 feet, while layer 8 is approximately 4,000 feet thick on average. 

A general head boundary covers layer 1 of the southern part of the model underlying San Pablo Bay (Figure 
2-2), which allows water to enter and leave the model at a rate proportional to the hydraulic-head 
differences between the source and model cells.  It is assigned a head elevation of 10.25 feet with varying 
values for hydraulic conductance.   
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Figure 2-1 Model Grid Showing Boundary Conditions Used In the Ground-Water Flow Model. 
 The figure has been rotated to show the alignment of the grid with the groundwater flow gradient 

(USGS, 2006) 
 

Marsh-like conditions are represented by a drain boundary in layer 1 in the area of the Bay Mud deposits 
just north of San Pablo Bay.  A drain boundary can remove water from the aquifer at a rate proportional to 
the difference between the head in the aquifer and some fixed head as long as the head in the aquifer is 
above that fixed head.  
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All other boundaries to the model are no-flow boundaries.  Within the model, a horizontal flow barrier 
boundary, characterized by a thin, vertical low-permeability feature impeding the horizontal flow of 
groundwater, represents the Eastside Fault in layers 2 through 8 (see Figure 2-2).  Sonoma Creek is 
represented by a stream boundary condition (see Section 2.4 - Inflows and Outflows). 

 

Boundary Conditions 
 General Head Boundary 

 Drain Boundary 
Inactive Cells 

Figure 2-2 Model Boundaries. 
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2.3 Subsurface Properties 
The subsurface properties of the calibrated model – horizontal and vertical hydraulic conductivity, specific 
storage, and specific yield – were imported into Visual MODFLOW.  The hydraulic conductivity values in the 
model are parameterized into homogeneous zones and horizontally-to-vertically anisotropic in model layers 
1 through 6, as shown in Figure 2-3.  The USGS had initially interpolated point-hydraulic conductivity values 
to generate a hydraulic conductivity value for each active model cell, but then parameterized the values into 
homogeneous zones to reduce the number of model parameters to a manageable number for the purposes 
of calibration and sensitivity analysis.  Model layers 7 and 8 are homogeneous with a horizontal hydraulic 
conductivity of 0.8 feet per day and a horizontal to vertical anisotropy ratio of 10:1.  These lower layers can 
be seen in the 3-dimensional view of the model in Figure 2-4. 

 

 Layer 1 Layer 2 Layers 3-6 

Figure 2-3 Model Hydraulic Conductivity by Model Layer. 
 See Figure 2-4 for legend. 
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Hydraulic Conductivity (feet per day) 
 Horizontal Vertical 

50 5  
25 0.1  
10 0.1  
7 0.07  
5 0.05  
5 0.02  
5 0.01  
3 0.03  
1 0.01  

 0.8 0.08 
 Inactive Cells 

5:1 vertical exaggeration

Figure 2-4 3-Dimensional View o l Hydra ity. 
 

f Mode ulic Conductiv

Storage parameters are homogeneous for each layer.  Figure 2-5 presents the values for specific storage by 
layer.  The specific storage of a saturated aquifer is defined as the volume of water that a unit volume of 
aquifer releases from storage under a unit decline in hydraulic head due to compaction of the aquifer and 
the expansion of water (Freeze & Cherry, 1979).  This definition as a volume per volume per unit decline in 
head (length) results in the unit 1/feet used in the model.  Layer 1 is assigned a specific yield of 10%.  This 
parameter is defined as the volume of water that an unconfined aquifer releases from storage per unit 
surface area of aquifer per unit decline in the water table.   

2.4 Inflows and Outflows 
Sources of basin inflows include recharge from precipitation, San Pablo Bay, and Sonoma Creek, while 
outflows include pumping wells, evapotranspiration, marsh conditions in the area of the Bay Mud deposits, 
as well as San Pablo Bay and Sonoma Creek.  The model applies recharge from precipitation in the middle 
and northern parts of the model, shown in Figure 2-6, with recharge rates varying on an annual basis.  A 
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stream boundary condition represents Sonoma Creek, with stream inflow also varying annually.  The 
approximately 2000 wells in the Sonoma Valley basin are represented in the model in a simplified manner.  
In total, 908 agricultural, urban supply, and private domestic wells pumping at rates varying annually were 
assigned to the model.  Because each model grid cell represents an area of 40 acres, each model well may 
represent several actual wells.  Evapotranspiration was not modeled explicitly in the model, but was rather 
incorporated into the formulation of the stream and drain boundary conditions representing the areas where 
evapotranspiration was assumed to be occurring (USGS, 2006).   

 

S N

Specific Storage (1/feet) 
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 1.5x10-6 

 1x10-6 
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igure 2-5 Cross-Sectional View of Model along Sonoma Creek Showing Specific Storage Values. 

2.5 Limitations and Data Gaps 
Rev f long with subsequent conversations with the USGS, provided 

hydrogeological 

Column 36 
l exaggeration 10:1 vertica

F

iew o  the model and model report, a
information on the limitations and data gaps of the model for the purposes of this task.  Some of these 
limitations that may have affected the results presented in this document are listed below: 

• Lack of reliable hydrostratigraphic data for building a representative conceptual 
model – As stated in the USGS report, the model layers were defined somewhat arbitrarily based 
on specific capacity values, and have little resemblance with geologic layers.  
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Stream boundary condition

Steady-State (1974) Recharge 
(inches per year) 

 39 
 5.5 
 2.2 
 1.1 

Inactive Cells 

Figure 2-6 Recharge Zones and Stream Boundary in Layer 1 of the Model Domain. 
Zones are shown over a map from USGS, 2006.  No recharge is applied in the model to the southern 
half of the model domain. 
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• Coarse grid discretization – While the current model cell size of 1,320 feet by 1,320 feet 
(approximately 400 by 400 meters) is suitable for a regional evaluation and an overall mass 
balance, any local-scale evaluation would require more refined discretization.  The current size of 
the grid blocks require that hydrogeologic properties be averaged over a large distance.  
Furthermore, the model hydrogeologic properties were estimated based on lithology data from 
drillers’ logs, which do not directly provide information on hydrogeologic properties. 

• Estimation of stream inflow and conductance based on data from a single stream gauge – The only 
stream gauge in the basin is located in the middle of the basin near Agua Caliente, which is 
insufficient for fully evaluating the stream-groundwater interaction. 

• Simplified distribution and rates of recharge – Recharge distribution and rates in the model were 
estimated based on average annual rainfall instead of areas of recharge to the aquifer and actual 
recharge rates to the aquifer 

• Estimated production rates for agricultural and domestic production maps – No actual production 
data (well locations, pumping rates) are available for applying agricultural and domestic production 
to the model and needed to be estimated based on land use maps and population, respectively.  
Because agricultural production represents over 70% of groundwater use in the basin in year 2000 
of the calibrated model, uncertainty in this parameter can have a direct impact on model calibration 
and predictive accuracy. 

• Coarse temporal discretization – The model simulates annual stress periods, which do not consider 
seasonal variations in recharge, stream flow, and pumping. 

• Model layer types defined as confined for all layers except model layer 1 – A model layer with 
layer type “confined” has a transmissivity based on the layer thickness regardless of whether that 
layer becomes dewatered.  The result may be an underestimation of the drawdown in the model.  
Additionally, actual drawdown at a well compared to its simulated drawdown may be significantly 
greater due to well losses and the grid discretization. 

• Fully saturated groundwater flow model – The MODFLOW-2000 simulation code assumes that all 
groundwater flow is in fully saturated conditions; recharge applied to the model, including natural 
recharge and storm water recharge ponds, therefore reaches the aquifer immediately without 
considering travel through the unsaturated zone. 

• Freshwater conditions – The MODFLOW-2000 simulation code does not consider brackish/saline 
conditions, and therefore does not model any density effects due to saltwater intrusion from San 
Pablo Bay. 

Some additional data gathering efforts could be directed toward refining the temporal distribution and rates 
of natural recharge, the conductance of the Sonoma Creek riverbed, and the hydraulic properties of the 
upper layers of the model.  Recommendations for data collection efforts for reducing the uncertainties and 
data gaps in the model are discussed later in Section 6. 
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3 Scenarios Components and Assumptions 

There are a myriad of potential cases that could be evaluated for this scenario analysis.  Two water 
availability scenarios were considered for additional imported water beyond existing water rights, each 
under 30-year normal and dry weather conditions.  Under these water availability scenarios, different 
combinations of four proposed water management options (cases) were simulated.  Twelve cases 
representing a range of conditions were simulated using the USGS MODFLOW model.  These cases were 
evaluated to illustrate the best to worst case scenarios to explore the various combinations of water 
availability scenarios and implementation of water management options over a 30-year period.  These 
scenarios were discussed and refined in conjunction with the TWG in the meetings of April 26 and July 5, 
2007.  This section describes the water availability scenarios, projected future demands, water 
management options, and model run configurations.   

3.1 Water Availability Scenarios 
Water availability scenarios consider two factors: (1) the amount of imported water; and (2) climatic 
conditions.   

3.1.1 Imported Water 

No Additional Imported Water beyond Existing Water Rights 
The scenario assuming no additional imported water beyond existing water rights assumes that future 
supplies to Sonoma Valley from imported surface water are limited due to infrastructure or water supply 
constraints, and that the Agency does not obtain water rights from the Russian River beyond its current 
water rights limits of 75,000 acre-feet per year.  Diversions from the Russian River in 2006 were 61,382 
acre-feet, not including deliveries from the three groundwater wells in the Santa Rosa Plain.  This scenario 
assumes that these diversions will increase over time until the Agency’s limit of 75,000 acre-feet per year 
is reached.  Water demand in the Sonoma Valley continues to increase according to population growth and 
water demand projections in the 2005 Urban Water Management Plan (UWMP) Sonoma County Water 
Agency (Brown & Caldwell, 2006).  The local groundwater withdrawal increases accordingly as the Russian 
River water supply projections are held constant from 2016 onward.  Figure 3-1a and c plot the projected 
water demand through 2030 and the water supply components meeting that demand for the City of Sonoma 
(the City) and Valley of the Moon Water District (VOMWD), respectively, under this scenario.  The imported 
water from the Agency shown in the plots consists of Agency groundwater (from outside of the basin) and 
imported surface water from the Russian River.  While imported surface water supply is assumed to stay 
constant from 2016 onward, the projected Agency groundwater supply continues to vary as projected. 

Additional Imported Surface Water 
The scenario with additional imported surface water assumes that the Agency obtains additional water 
rights from the Russian River beginning in 2016, as described in the Agency 2005 UWMP (Brown & 
Caldwell, 2006).  Imported water provided by the Agency is the primary source of water to meet demands 
by the City and VOMWD.  Water demand in the Sonoma Valley continues to increase according to 
population growth and water demand projections in the VOMWD UWMP (Brown & Caldwell, 2007a) and in 
the City Draft UWMP (Brown & Caldwell, 2007b).   

The VOMWD and City demands are met by the additional imported surface water beginning in year 2016. 
Between 2000 and 2016, the additional water demand would be tapped from local groundwater resources. 
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With the additional imported water coming in by 2016, the Agency projections of the local groundwater 
supply in both the City and VOMWD therefore begin to decrease in 2016 (Brown & Caldwell, 2007a & 
2007b; see Figure 3-1).  Figure 3-1b and d plot the projected water demand through 2030 and the water 
supply components meeting that demand for the City and VOMWD, respectively, under this scenario. 
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the Valley of the Moon Water District UWMP (Brown & Caldwell, 2007a) 

 

Figure 3-1 Projected Urban Water Demand and Supply 2010-2030 for City of Sonoma and Valley of the Moon 
Water District With and Without Additional Imported Water Beyond Existing Water Rights. 
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3.1.2 Climatic Conditions 
Climate conditions affect the rate and distribution of recharge and the flow rates of Sonoma Creek.  
Recharge and stream inflow rates were varied in the model to represent “normal” and “dry” weather 
scenarios.  These scenarios did not consider any changes in recharge area due to changes in land use 
associated with population growth. 

30-Year Normal Weather Scenario 
Rainfall, recharge and stream flow conditions for the normal weather scenario for the simulation period 
from 2001 through 2030 are assumed to be represented by historical data used in the USGS model for the 
simulation period of years 1974 through 2000.  The USGS estimated the steady-state recharge for year 
1974 to be the residual of subtracting total runoff and evapotranspiration from total precipitation and 
distributed the values to the five recharge zones (Figure 2-6) based on 23 contributing sub-basins within the 
Sonoma Valley study area.  These steady-state recharge values were modified during calibration.  Variable 
recharge for the transient calibration period was estimated by multiplying the annual average flux rate by 
the fraction of average annual precipitation normalized to 1974 conditions.  For example, the total 
precipitation in 1975 was 101 percent of the precipitation in 1974.  The average annual flux rate applied to 
the model was the 1974 flux rate multiplied by 1.01.  During model calibration, the USGS applied an upper 
bound of 1.30 to the applied flux to prevent areas of the model from flooding.  The resulting calibrated 
recharge values for the assumed normal year weather scenario for the northern recharge zone from the 
USGS model are plotted in Figure 3-2.  This same schedule of variable recharge was used for the future 
scenarios.   
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30-Year Dry Weather Scenario 
For the dry weather scenario, data were gathered on the historically driest years experienced in California 
on record.  To construct a realistic multiple dry-year schedule for the 30-year simulation period, the worst 
recorded multiple dry-year period was identified from the Southwestern States Flood and Drought 
Summaries – Major Floods and Droughts in California provided on the USGS website (2004b).  According to 
this summary, the driest 30-year period in California occurred from 1928 through 1957, with 14 drought 
years occurring in the years 1928-34, 1943-45, 1947, and 1949-51.  To simulate this 30-year period, the 
pattern and number of drought years from 1928 through 1957 were inserted into the 2001-2030 dry weather 
simulation schedule, as shown in Figure 3-2.  

The flux rates during dry years from the transient USGS simulations were assumed to be representative for 
the dry years in the dry weather scenario.  In the USGS simulations, the driest consecutive years occurred 
from 1988-1991, and the single driest year occurred in 1976.  Therefore in developing the variable recharge 
schedule for this dry weather scenario, the calibrated 1988-1991 recharge and stream flow values were 
applied and repeated as necessary for the three multiple-dry year intervals.  The calibrated 1976 values 
were applied to the single driest year.  The resulting schedule for multiple dry year recharge in the northern 
recharge zone is plotted in Figure 3-2. 

3.2 Simulation of Future Baseline Production 
Annual groundwater production in the Sonoma Valley, as represented in the calibrated USGS groundwater 
model, grew from approximately 6,200 acre-feet in 1974 to 8,400 acre-feet per year in year 2000.  For this 
analysis, the future groundwater production was projected from these year 2000 pumping rates.  In year 
2000, 753 out of the 908 wells in the model are pumping a combined total of approximately 8,435 acre-feet 
per year.  This total groundwater production consists of three components: 

1. Agricultural supply wells for irrigation 

2. Private domestic wells 

3. Urban supply wells 

In year 2000, VOMWD urban supply wells were pumping while City urban supply wells were not pumping.  
To incorporate the City urban supply wells into the projected demand schedules, the six City urban supply 
wells and their pumping rates were taken from stress period 1999 and added to the schedule, making a 
total of 759 wells from which to project the 30-year demand.  The locations of these wells are shown in 
Figure 3-3.  The pumping rates in the wells were ramped by factors according to the category of the well: 
agricultural, private domestic, and urban supply. 

Sonoma County Permit and Resource Management Department (PRMD) staff estimate agricultural 
production to increase by 1,500 acres of vineyards from years 2000 through 2020, replacing natural 
vegetation or non-irrigated agriculture (PRMD, 2007).  A linear extrapolation from 2020 to 2030 predicts an 
increase in 2,250 acres of vineyards from 2000 through 2030.  Assuming the applied water rate for 
vineyards of 0.6 feet per year (USGS, 2006), the increase in groundwater use would be 1,350 acre-feet per 
year from 2000 through 2030.  The total production from agricultural wells of 6,117 acre-feet per year in 
year 2000 was interpolated to arrive at a final production of 7,467 acre-feet per year in 2030.  However, no 
consideration was made for the offsetting factors of removing natural vegetation, which may actually 
remove more groundwater than vineyards due to higher evapotranspiration rates.  Additionally, this 
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projection does not consider any variations in groundwater production due to variations in rainfall from year 
to year. 
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Model Private Domestic Wells  
Model Urban Supply Wells (City of Sonoma) 
Model Urban Supply Wells (Valley of the Moon Water District) 

Note: Locations shown are approximate. 
 Model wells are shown at the center of the grid cell to which they are assigned.  Some grid cells contain 

multiple wells 
Reference: Map from USGS, 2006. 

Model Agricultural Wells

 
Figure 3-3 Location of Pumping Wells in Model. 
 
Private domestic well production was estimated using a similar method as used by the USGS for their 
calibrated model.  This method based private domestic production on projected population of the 
unincorporated county portion of the Sonoma Valley area, which excludes areas supplied by the City or 
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VOMWD, the majority of which rely solely on groundwater for supply.  The current draft Sonoma County 
General Plan (PRMD, 2005) estimates the population in the unincorporated areas outside of the Sonoma 
Urban Service Area from 2000 to 2020 to grow from 30,125 to 34,400.  The projected population for the 
VOMWD provided in 5-year increments from 2005 through 2030 in the UWMP (Brown & Caldwell, 2006) 
was subtracted from this total.  The resulting population was multiplied by the factor of 0.19 acre-feet per 
year per person to arrive at a total production rate for private domestic wells (USGS, 2006).  All population 
estimates were interpolated linearly to arrive at a schedule of annual estimates. 

Production for the City and VOMWD urban supply wells are the estimates of the local groundwater supply 
projections for each service area provided by the Agency for 2010 through 2030 with no savings beyond 
plumbing code (Agency, 2007).  All values were projected linearly through this time period.  The resulting 
schedule of projected and historical demand broken down by agricultural, private domestic, and urban 
supply wells is presented in Figure 3-4.  Further details on the future demand calculations are included in 
Attachment 1.   
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Figure 3-4 Historical and Projected Groundwater Production 1974-2030. 

3.3 Water Management Options 
Four proposed water management options were considered for this scenario analysis: Storm water 
recharge, groundwater banking, recycled water use, and conservation measures beyond the Plumbing Code.  
The following describes a preliminary conceptual project for each of these management options.  It is 
anticipated that as more information becomes available, refined projects will be evaluated.  
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3.3.1 Option A – Stormwater Recharge 
Option A is the implementation of storm water recharge in the Sonoma Valley, assuming that a fraction of 
the wet season flood waters runoff in Sonoma Valley is diverted to storm water recharge basins along 
Sonoma Creek.  Approximately 101,000 acre-feet per year of runoff is captured in Sonoma Creek and 
released to San Pablo Bay (USGS, 2006).  This scenario assumes that 80 acres (2 model cells) near the 
largest groundwater depression near the City on the eastern banks of Sonoma Creek are converted to storm 
water recharge basins in year 2015 (see Figure 3-5).  Assuming that there is a 0.1 feet per day loading for 
120 days out of the year, a total loading of 960 acre-feet per year was applied to the model as a recharge 
boundary averaged over the year.  This additional recharge was applied from 2015 through 2030, producing 
a total loading of 15,360 acre-feet of additional water during the simulation period.   

Storm water 
recharge basin 

cells 

 
Figure 3-5 Location of Option A Stormwater Recharge Basins Represented In Model. 
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3.3.2 Option B – Groundwater Banking with Seasonally Available Imported Water 
For option B, wet year and seasonally wet available water would be available for purchase and recharge 
into the ground.  The wells are modeled as being located in the groundwater depression in Central Sonoma 
Valley near the existing City urban supply wells.  The groundwater banking project would recharge 1,500 
acre-feet per year of water, which was assumed to later be extracted.   

 

Groundwater 
Banking Wells 

Figure 3-6 Location of Groundwater Banking Wells Represented In Model. 
 
Option B was represented in the model by two wells each recharging approximately 1 cubic feet per second 
(465 gallons per minute) beginning in year 2015 and continuing through the end of the simulation period.  
The wells are located in two adjacent grid cells, 1,320 feet apart, and screened across model layer 4, which 
is the interval from 450 to 600 feet below ground surface (see Figure 3-6).  Although the model runs on 
annual stress periods and therefore simulates these wells recharging at a constant rate throughout the 
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year, actual wellfield design would consider that wet season water will only be available 3-6 months out of 
the year for wells.  Actual well recharge rates would therefore be higher.  Any variation in the recharge 
rates due to variations in precipitation was not considered.  The total water recharged to the aquifer from 
2015 through 2030 is estimated to be 24,000 acre-feet. 

3.3.3 Option C – Increased Recycled Water Use 
Currently, approximately 1,000 to 1,200 acre-feet per year of recycled water is used for agricultural 
purposes in the Sonoma Valley.  Option C considers increased recycled water use using the southwestern 
portion of Alignment 1 presented in the Sonoma Valley Recycled Water Final Environmental Impact Report, 
(ESA, 2006).  It was assumed that Alignment 1 would be implemented in phases, and that this portion of 
the alignment would be operational beginning 2010 (see Figure 3-7).  With average wastewater inflow 
estimated at 4,500 acre-feet per year increasing to 5,500 acre-feet per year at build-out, Option C consists 
of providing an additional 1,100 acre-feet per year of recycled water to agricultural users in the area served 
by this alignment.  The net result of this additional water is a reduced demand in groundwater pumping, 
producing a total reduced demand of 23,100 acre-feet from 2010 through 2030.  Other alignments evaluated 
in the draft feasibility study (Agency, December 2005) and the environmental impact report (ESA, 2006) 
could also be implemented.  Recharge was assumed to be unchanged with the implementation of this 
option. 

This option was applied to the model by reducing pumping from seven model agricultural wells in the area 
serviced by the southwestern portion of Alignment 1 beginning in year 2010 (see Figure 3-7).  The combined 
total production from these wells in the final stress period (year 2000) of the calibrated model was 1,100 
acre-feet.  This amount was then subtracted from their projected pumping rates beginning in year 2010 in 
order to produce the net decrease in total agricultural production. 

3.3.4 Option D –Conservation due to Best Management Practices 
Option D considers the reduction in groundwater demand by the implementation of conservation measures 
beyond Plumbing Code with the use of Best Management Practices (BMPs).  The following describes a 
preliminary conceptual project for each of these management options.  It is anticipated that as more 
information becomes available, refined projects will be evaluated.  These BMPs may include system water 
audits, leak detection and repair, public information programs, school education programs, graywater use, 
and pricing to encourage conservation.  For this option, urban, agricultural, and domestic all practice 
conservation, which translates as a reduction in well pumping rates.  The net result of this additional water 
is a reduced demand in groundwater pumping, producing a total reduced demand of 21,000 acre-feet.   

Urban conservation rates were estimated in the City draft UWMP (Brown & Caldwell, 2007b) and the 
VOMWD UWMP (Brown & Caldwell, 2007a) for every five years from 2010 through 2030.  Conservation in 
urban areas includes conservation from Tier 1 Future, 50% of Tier 2, New Housing Development, and 
Plumbing Code.  Option D assumes that from 2001 through 2009, conservation in urban production includes 
Tier 1 to-date in addition to Tier 1 Future conservation.  Beginning in 2010 through 2030, urban production 
is practicing all conservation measures mentioned above. 

Conservation in agricultural production was assumed to produce 5% less due to conservation beginning in 
2015 through 2030.  The agricultural production reaches this rate after a linear ramp-up period from 2005 
through 2014. 
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Domestic conservation was assumed to be similar to conservation practiced by urban supply.  The average 
percent savings due to conservation over the raw gross demand for 2010 through 2030 for the City and 
VOMWD are 8.3 and 9.1 percent, respectively.  Domestic conservation was assumed to be the lower of the 
two values, 8.3 percent, beginning 2015 through 2030, with a linear ramp-up period from 2005 through 
2014. 
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Model Agricultural Wells Serviced By the Southwestern Portion of Proposed Alignment 1 
Note: Locations shown are approximate. 
Reference: Sonoma Valley Recycled Water Draft Feasibility Study (Agency, December 2005) 
 Map from USGS, 2006. 

Southwestern Portion of Proposed Alignment 1
Model Agricultural Wells 

Figure 3-7 Location of Wells Serviced by the Southwestern Portion of Alignment 1 of the Proposed Recycled 
Water Project. 
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3.4 Summary of Simulation Cases and their Formulation 
From the numerous combinations of water management options that could be evaluated against the four 
water availability scenarios (increased and limited imported water each under normal and dry year 
conditions), twelve of the more likely scenarios, ranging from the worst (least available water, no additional 
action) to best cases (most available water, implementation of all water management options) were 
selected for simulation.  Table 3-1 summarizes the formulation of the model simulations.  These model runs 
are not intended to be an exhaustive analysis of all potential options, but rather to illustrate the range of 
outcomes that could result in the future.  Table 3-2 summarizes key assumptions for each scenario 
component. 

For the best case scenarios, all water management options were implemented against 30-year normal year 
climate conditions for both no additional imported water beyond existing water rights, and additional 
imported water scenarios (identified as Cases N-5 and N-6, respectively).  Minimal water management 
option implementation was explored in the scenario of additional imported water supply in Cases N-1 and 
D-2.  Worst case scenarios (no additional action above current activities and programs) under the limited 
imported water scenario were evaluated, where no water management options are implemented under 
both normal (N-0) and dry year weather conditions (D-0).  The incremental benefit of each water 
management option for a scenario with no increase of additional imported water was evaluated in Cases 
N-4a through N-4d.   

Table 3-1 List of Simulation Cases and Their Input Components. 

Simulation Case Water Management Option Assumption 
  A B C D  

30-Year 
Normal 

Weather 
Scenario 

30-Year Dry 
Weather 
Scenario 

Stormwater 
Recharge 

Groundwater 
Banking 

Recycled 
Water 

Conservation Additional 
Imported 

Water 

N-0 D-0      
N-1 ---     X 
--- D-2   X X X 

N-3 --- X  X X X 
N-4a  X     
N-4b   X    
N-4c    X   
N-4d     X  
N-5 --- X X X X  
N-6 D-6 X X X X X 
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Table 3-2 Summary of The Assumptions For Each Scenario Component 

 Component Assumptions 
 Additional 

Imported Water 
• Imported surface water from the Agency increases under existing water rights through 2016 and 

then continues to increase beyond 2016 as additional water rights from the Russian River are 
obtained and transmission system projects are built. 

• Scenario translates to reduced groundwater pumping for urban supply. 
 No Additional 

Imported Water 
Beyond Existing 

Water Rights 

• Future supplies to Sonoma Valley from imported surface water are limited due to infrastructure 
or water supply constraints. 

• The Agency does not obtain water rights from the Russian River beyond its current water rights 
limits.  Imported water increases in the short-term until the Agency’s water rights limits are 
reached (estimated to be 2016) and then remains flat through the duration of the simulation. 

• Demand continues as projected without additional imported water. 
 30-Year Normal 

Weather Scenario 
• Recharge due to precipitation and stream flow continue at average rates provided from 

calibrated USGS model (1974-2000). 
 30-Year Dry 

Weather Scenario 
• Recharge and stream flow schedule match the period from 1928 to 1958, which includes the 

State’s most severe extended drought on record; wet/dry years defined by calibrated values. 
A Stormwater 

Recharge 
• Wet season flood waters are diverted into recharge ponds and/or wetlands along Sonoma Creek 

covering a total area of 80 acres 
• Schedule:  2015 through 2030 
• Annual Loading: 960 acre-feet per year (0.1 feet per day for 120 days per year) 
• Total Loading  15,360 acre-feet over 16 years 

B Groundwater 
Banking 

• Wet year/season surface supply is available for recharge through wells in the City. 
• Schedule:  2015 through 2030 
• Annual Loading: 1,500 acre-feet per year 
• Total Loading:  24,000 acre-feet over 16 years 

C Recycled Water • The southwestern portion of Alignment 1 from the Sonoma Valley Recycled Water Draft 
Feasibility Study (Agency, December 2005) would be implemented, translating to reduced 
groundwater pumping in agricultural areas. 

• Schedule:   2010 through 2030 
• Annual Reduced Demand: 1,100 acre-feet per year 
• Total Reduced Demand:  23,100 acre-feet over 21 years 

D Conservation • Conservation measures consist of system water audits, leak detection and repair, public 
information programs, school education programs, graywater use, outreach to areas outside the 
City and VOMWD services areas, and pricing to encourage conservation – option translates to 
reduction in groundwater pumping in all wells.   

• Urban: 
 2001 through 2009 – Only Tier 1 To-Date and Plumbing Code conservation 
 2010 through 2030 – All measures (Tier 1 future, 50% Tier 2, New Housing Development, 

and Plumbing Code) 
• Agriculture: 
 2005 through 2014 – ramp up 0.5% conservation per year 
 2015 through 2030 – 5% conservation 
• Domestic (estimated based on urban conservation rates) 
 2005 through 2014 – ramp up 0.83% per year 
 2015 through 2030 – 8.3% conservation 

 Future Demand • Urban demand increases per City draft UWMP (Brown & Caldwell, 2007b) and VOMWD UWMP 
(Brown & Caldwell, 2007a) projections  

• Agricultural demand increases by 2,250 acres of vineyards (0.6 feet per year) over 30 years. 
• Domestic demand increases according to population, multiplied by factor of 0.19 acre-feet per 

year per person. 
 Initial Conditions • Simulated heads from end of calibrated model run (end of year 2000). 
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4 Scenarios Results 

The model results provide information on the heads, drawdowns, and basin groundwater budget for the 30-
year simulation period.  This section compares the different cases in terms of the simulated change in 
storage and simulated drawdown.  The model results also provide information on the relative benefit of 
each water management option, discussed at the end of this section. 

4.1 Change in Storage 
The model predicts storage for the Sonoma Valley basin over the simulation period to decrease under all 
cases except for those where all four water management options are implemented.  Despite the significant 
uncertainty (plus or minus a factor of 2) in the estimated change in storage for the cases, the results 
nevertheless indicate the necessity for active water management over the next decades (see Figure 4-1).  In 
the most optimistic case (Case N-6) with a normal weather scenario and additional imported water beyond 
existing water rights, implementing all four water management options results in a net storage increase of 
10,600 acre-feet over the 30 years.  However, under a worst case scenario with multiple dry year 
conditions, no additional imported supply, and no implementation of any water management options (Case 
D-0), groundwater storage could decrease by 22,000 acre-feet.  Even under the most optimistic water 
availability scenario, implementing no water management options (Case N-1) would still produce a 
decrease in storage of 16,000 acre-feet.  The simulation results therefore suggest that all water 
management options should be implemented in order to improve water supply reliability for future 
generations.  The simulation results are also summarized in Table 4-1. 
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Figure 4-1 Simulated Change in Storage in the Sonoma Valley Basin for the Simulation Cases. 
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Table 4-1 Summary of the Simulated Change in Storage in the Sonoma Valley Basin for the Simulation Cases 
Listed with their Assumptions. 

Simulation Case Water Management Option Assumption 
(Change in storage 2001 
through 2030, acre-feet) 

A B C D  

30-Year 
Normal 

Weather 
Scenario 

30-Year Dry 
Weather 
Scenario 

Stormwater 
Recharge 

Groundwater 
Banking 

Recycled 
Water 

Conservation Additional 
Imported 

Water 

N-0 
(-18,900) 

D-0 
(-22,000) 

     

N-1 
(-16,000) 

---     X 

--- D-2 
(-10,900) 

  X X X 

N-3 
(-5,700) 

--- X  X X X 

N-4a 
(-16,400) 

--- X     

N-4b 
(-1,600) 

---  X    

N-4c 
(-15,700) 

---   X   

N-4d 
(-13,900) 

---    X  

N-5 
(+8,400) 

--- X X X X  

N-6 
(+11,100) 

D-6 
(+8,400) 

X X X X X 

4.2 Drawdown 
The largest drawdown over the simulation period is seen in the areas of the existing City urban supply 
wells, as can be seen in the worst case scenario that had the largest decrease in storage, Case D-0.  This 
observation also correlates with recent 2003 water measurements (USGS, 2006). 

Figure 4-2 shows the drawdown for Case D-0 simulated from 2001 through 2030.  This area is bounded to 
the west by a low-conductivity barrier, limiting flow from the creek and the remainder of the basin.  This 
depression disappears with the implementation of water management options in that area, such as in Case 
N-5 (Figure 4-8) and Case N-6 (Figure 4-10).  These maps show a negative drawdown (indicated by clear 
shading), meaning that water levels rose over the 30-year simulation period.  Maps of drawdown at the end 
of the simulation period for the nine cases are included as Figures 4-2 through 4-10.  Figure 4-11 shows the 
simulated heads over time at representative observation wells throughout the model domain. 

The magnitude of the drawdown in this groundwater depression area is apparent in observation well 
05N05W17C01, whose simulated head is plotted in Figure 4-11.  The recharge of the aquifer is apparent 
beginning in year 2018 in the cases implementing Option B – groundwater banking, Cases N-4b, N-5, N-6, 
and D-6. 
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Figure 4-2 Simulated drawdown from 2001-2030 for Case D-0. 



  
 

  26 

 

Drawdown 
(feet) 

 0 
 3 
 6 
 9 
 11 
 14 
 17 
 Greater than 20  

 

Figure 4-3 Simulated drawdown from 2001-2030 for Case N-0. 
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Figure 4-4 Simulated drawdown from 2001-2030 for Case N-1. 
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Figure 4-5 Simulated drawdown from 2001-2030 for Case D-2. 
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Figure 4-6 Simulated drawdown from 2001-2030 for Case N-3. 
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Figure 4-7 Simulated drawdown from 2001-2030 for Case N-4b. 
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Figure 4-8 Simulated drawdown from 2001-2030 for Case N-5. 
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Figure 4-9 Simulated drawdown from 2001-2030 for Case D-6. 
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Figure 4-10 Simulated drawdown from 2001-2030 for Case N-6.



  

 

9Q 100

265

275

285

295

305

315

325

335

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

Year

W
at

er
 L

ev
el

 (f
t a

bo
ve

 s
ea

 le
ve

l)

17C001

-25

-15

-5

5

15

25

35

45

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

Year
W

at
er

 L
ev

el
 (f

t a
bo

ve
 s

ea
 le

ve
l)

05N05W17C01

 
   Sea Level 
Figure 4-11 Simulated Water Levels in Selected Monitoring Wells for All Simulation Cases. 
 (Base map from USGS, 2006; locations of indicated monitoring wells approximate)
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4.3 Evaluation of Water Management Options 
The model results show that all the water management options considered in this analysis contribute to 
and are necessary for the long-term sustainability of groundwater resources in the basin.  Of the four water 
management options considered, the model indicates that Option B - groundwater banking results in the 
most benefit to the basin, providing over five times more storage over the 30 years than any other of the 
options considered.  In Figure 4-11, the simulated heads at the observation 05N05W17C01 near the 
depression southeast of Sonoma demonstrates that the addition of groundwater banking in Cases N-4b, N-
5, N-6, and D-6 provides a significant increase in the water levels in that area (Table 4-2).  The scenario of 
additional imported water beyond existing water rights increases storage by 2,900 over the 30 years. 

Table 4-2 Incremental Increase in Storage (2001-2030) For Each Water Management Option 

Water Management Option Incremental Increase in Storage (2001-2030) 
(acre-feet) 

Option B – Groundwater Banking 17,300 
Option D – Conservation 5,000 
Option C – Recycled Water 3,200 
Option A – Stormwater Recharge 2,500 
Total increase in storage due to the implementation of 
all water management options 

27,3001 

Increase in storage due to additional imported water 
beyond existing water rights 

2,900 

1Based on comparison of Cases N-0 and N-5; total differs slightly from the sum of the contribution from each water management 
option. 
 
The large difference in the contribution to storage of Option B – groundwater banking and the other options 
is because the majority of the water recharged to the aquifer for those options discharges to the stream 
boundary condition.  This effect is because there is a wall boundary condition representing the Eastside 
Fault located between the Option B recharge wells and the stream, effectively containing the recharged 
water.  The loss of so much of the recharged water for the other three options to the stream boundary can 
be attributed to their proximity to the stream and to the low vertical to horizontal hydraulic conductivity 
ratio, which will cause the flow of groundwater be primarily horizontal.  The extent to which these factors 
represent the actual conditions in the basin must be verified and explored through the implementation of 
pilot studies.   
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5 Sensitivity Analysis 

A sensitivity analysis was performed in order to evaluate the uncertainty of the model results and the 
sensitivity of the model solution to key model parameters that might have affected the results of this 
scenario analysis.  This work was built on the sensitivity analysis already performed by the USGS on the 
calibrated groundwater flow model (USGS, 2006). 

5.1 Parameters Evaluated 
The USGS analysis evaluated a total of 39 model parameters consisting of hydraulic conductivity varied by 
aquifer and zone, storage (specific storage and specific yield), drain conductance, general-head 
conductance, recharge, and streambed conductance.  Composite-scaled sensitivities were calculated for 
each parameter (Figure 5-1).  The analysis revealed that simulated hydraulic heads were most sensitive to 
recharge, the streambed conductance of Sonoma Creek, and horizontal hydraulic conductivity in the 
northern part of the basin.   

 
Figure 5-1 Composite-Scaled Sensitivities for the Calibrated Groundwater Flow Model 
 (USGS, 2006). 
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Sensitivity runs were performed on the worst case, Case D-0, for the most sensitive parameters previously 
identified by the USGS.  Storage parameters were increased and decreased, as well as streambed 
conductance.  No sensitivity runs were performed on the hydraulic conductivity because any adjustment 
would have necessitated a recalibration of the model to produce a new initial condition.  The sensitivity of 
the model to recharge was considered to have been encompassed by the wet and dry year alternatives 
already modeled.  The parameters that were adjusted for the sensitivity runs are summarized in Table 5-1.   

Table 5-1 Summary of Sensitivity Analysis Parameters. 

Parameter Base Case ID Sensitivity Run 
  1a Decrease Sy by 2, decrease Ss by half an order of 

magnitude: 
Aquifer Sy = 0.1  Sy = 0.05 
Storage Ss (Layers 1-2) = 1.5 x 10-4  Ss (Layers 3-6) = 3.0 x 10-5  

Properties Ss (Layers 3-6) = 1.5 x 10-6  Ss (Layers 3-6) = 3.0 x 10-7  
 Ss (Layers 7-8) = 1.0 x 10-6  Ss (Layers 1-2) = 2.0 x 10-7  
  1b Increase Sy by 2, increase Ss by half an order of 

magnitude: 
   Sy = 0.05 
   Ss (Layers 3-6) = 3.0 x 10-5  
   Ss (Layers 3-6) = 3.0 x 10-7  
   Ss (Layers 1-2) = 2.0 x 10-7  

Streambed 
Conductance 

Values ranging from 
0.0121527 to 4.455146 feet2 
per day 

2a Decrease streambed conductance by half an order of 
magnitude 

  2b Increase streambed conductance by half an order of 
magnitude 

 

5.2 Analysis Results 
Varying the storage parameters in the model has a linear effect on the simulated change in storage from 
years 2001 through 2030.  The reduction in the storage parameters by 50 percent resulted in an increase in 
the simulated change in storage (a smaller decrease in storage) by 46 percent.  Likewise, doubling the 
storage parameters resulted in a 97 percent decrease in simulated change in storage.  These results are 
shown in Figure 5-2. 

Varying the streambed conductance by half an order of magnitude caused the model to fail to converge. 
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Figure 5-2 Sensitivity of Case D-0 to Storage Parameters. 
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6 Recommended Improvements to the Model and Further Action 

The results shown in this document reflect the best available data at the time based on a preliminary 
groundwater budget-based model, which has limitations previously discussed and identified in the USGS 
report (2006) and in our own analysis (Section 2.5).  As more data become available, the model and 
understanding of the Sonoma Valley study area can be refined and improved.  Additionally, several 
inconsistencies were identified between the reported values and model files for the calibrated groundwater 
flow model, which have been partially addressed in communications with the USGS.  A more detailed 
evaluation of the model is recommended before the model should be used for detailed assessments of 
future water management actions.  Despite the model limitations, which have been addressed in Section 
2.5, the model is the best available tool for predicting future groundwater conditions and has demonstrated 
the need for multiple water management options in order to yield groundwater sustainability in the Sonoma 
Valley. 

The groundwater model should therefore be improved and refined as more information becomes available 
so that it can continue to be a useful groundwater basin management tool for the long-term.  Improvements 
to the existing groundwater model can be made by collecting additional data in the basin and refining the 
grid and temporal discretization as needed to incorporate the additional data.  The following data collection 
activities and analyses would help fill the data gaps that have been identified in the model: 

• Collect additional groundwater level and quality monitoring data 

• Collect additional groundwater production data (from public supply systems) 

• Install additional stream gauges and collect additional stream flow data 

• Better characterize the amount and spatial distribution of groundwater recharge 

• Collect additional geologic, hydrogeologic, and borehole geophysical data and conduct 
additional analysis to provide a more detailed understanding of the hydrogeologic factors 
that control groundwater flow and storage 

• Update the land use survey to the current time to better estimate the current groundwater 
production by agriculture 

• Collect data on chloride distribution and sources to characterize the extent of seawater 
intrusion from San Pablo Bay. 
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Attachment 1 – Calculation of Input Parameters for Scenarios 

Urban Water Supply 
Projected urban water demand was provided by the Agency (Agency, 2007): 

  2010 2015 2020 2025 2030 
City of Sonoma 
Raw Gross Demands 2939 3056 3088 3119 3397 
 Local Groundwater  
 (with/without additional supply in 2016) 

324 404 285/390 187/392 21/633 

 Imported Water  
 (with/without additional supply in 2016) 

2459 2393 2491/2386 2587/2381 3000/2388 

Conservation Savings 156 239 282 306 326 
Recycled Water 0 20 30 40 50

Valley of the Moon 
Raw Gross Demands 3953 4075 4196 4259 4322 
 Local Groundwater  
 (with/without additional supply in 2016) 

436 566 428/608 309/624 83/642 

 Imported Water  
 (with/without additional supply in 2016) 

3312 3185 3360/3179 3488/3173 3729/3171 

Conservation Savings 205 324 409 462 504 
Recycled Water 0 0 0 0 5 

All values shown in acre-feet per year 
 

A breakdown of the projected conservation savings was also provided by the Agency (Agency, 
2007): 

  2005 2010 2015 2020 2025 2030 
City of Sonoma 
Tier 1 To-Date 89 78 73 70 67 65 
Tier 1 Future 33 86 116 120 120 119 
Tier 2 0 12 46 73 78 78 
New Development 0 34 45 48 51 56 
Plumbing Code Savings  5 30 55 77 97 112 

Valley of the Moon 
Tier 1 To-Date 125 107 101 95 91 88 
Tier 1 Future 45 130 161 166 165 164 
Tier 2 0 19 52 69 70 69 
New Development 0 13 33 54 64 75 
Plumbing Code Savings  8 53 104 154 198 231 

All values shown in acre-feet per year 
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The urban demand was then calculated as: 

Urban demand = Local groundwater + Conservation Savings – Plumbing Code Savings 

The resulting projected urban values are shown below: 

  2010 2015 2020 2025 2030 
City of Sonoma 
 Urban Demand without 

conservation beyond plumbing code 
 (with/without additional supply in 2016) 

451 588 490/595 396/602 235/847 

Valley of the Moon 
 Urban Demand without 

conservation beyond plumbing code 
 (with/without additional supply in 2016) 

588 786 682/863 573/888 356/915 

All values shown in acre-feet per year 
 

The projected urban water demand was then interpolated from the USGS model year 2000 values 
to produce a schedule for 2001 through 2030: 

City of Sonoma  Valley of the Moon  Total Urban Supply  

Year With 
Additional 

Supply 

Without 
Additional 

Supply 

With 
Additional 

Supply 

Without 
Additional 

Supply 

With 
Additional 

Supply 

Without 
Additional 

Supply 

20001 0 0 710 710 710 710 
2001 45 45 698 698 743 743 
2002 90 90 686 686 776 776 
2003 135 135 674 674 809 809 
2004 180 180 661 661 842 842 
2005 226 226 649 649 875 875 
2006 271 271 637 637 908 908 
2007 316 316 625 625 941 941 
2008 361 361 613 613 974 974 
2009 406 406 601 601 1007 1007 
20102 451 451 588 588 1040 1040 
2011 479 479 628 628 1106 1106 
2012 506 506 667 667 1173 1173 
2013 533 533 707 707 1240 1240 
2014 561 561 746 746 1307 1307 
20152 588 588 786 786 1374 1374 
2016 569 590 765 801 1334 1391 
2017 549 591 744 817 1293 1408 
2018 529 592 724 832 1253 1424 
2019 509 594 703 847 1212 1441 
20202 490 595 682 863 1172 1458 
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City of Sonoma  Valley of the Moon  Total Urban Supply  

Year With 
Additional 

Supply 

Without 
Additional 

Supply 

With 
Additional 

Supply 

Without 
Additional 

Supply 

With 
Additional 

Supply 

Without 
Additional 

Supply 

2021 471 596 661 868 1131 1464 
2022 452 598 639 873 1091 1471 
2023 434 599 617 878 1051 1477 
2024 415 601 595 883 1010 1484 
20252 396 602 573 888 970 1490 
2026 364 651 530 894 894 1544 
2027 332 700 486 899 818 1599 
2028 300 749 443 904 743 1653 
2029 268 798 399 909 667 1707 
20302 235 847 356 915 591 1761 

All values shown in acre-feet per year 
Sources: 1USGS, 2006 
 2Agency, 2007 

Domestic Water Supply 
The table below lists the population data that was used for estimating Domestic Water Supply. 

(a) (b) (c) = (a)-(b) (d) (e) (f) = (c) 
interpolated 

(g) = (f) – (d) (h) = (g) * 
0.19 

Year 
Sonoma 
Valley1 

Sonoma 
Valley 
Urban 

Service 
Area 

(USA)1 

Unincorpo
rated 
Areas 

outside 
Sonoma 

USA 

Valley of 
the Moon2 

City of 
Sonoma 

Unincorpor
ated Areas 

outside 
Sonoma 

USA 

Population 
on 

Domestic 
Water 
Supply 

Domestic 
Water 
Supply 

2000 39879 9754 30125 216604 -- 30125 8465 16083 
2005 --- --- --- 22665 10733 31193.75 8529 1620 
2010 --- --- --- 23359 12348 32262.5 8904 1692 
2015 --- --- --- 24055 12642 33331.25 9276 1762 
2020 48990 14590 34400 24753 12740 34400 9647 1833 
2025 --- --- --- 25109 12838 35468.75 10360 1968 
2030 --- --- --- 25466 12984 36537.5 11072 2104 
All values shown in acre-feet per year 
Sources: 1PRMD, 2005. 

2Brown & Caldwell, December 2006. 
3USGS, 2006. 
4VOMWD year 2000 population extrapolated in order to obtain year 2000 production using the production 
rate factor of 0.19 acre-ft per person per year provided in USGS (2006). 
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The projected private domestic water demand was then interpolated from year 2000 through 2030: 

Year 
Total Production for 

Domestic Water Supply 
2000 1608 
2001 1611 
2002 1613 
2003 1616 
2004 1618 
2005 1620 
2006 1635 
2007 1649 
2008 1663 
2009 1677 
2010 1692 
2011 1706 
2012 1720 
2013 1734 
2014 1748 
2015 1762 
2016 1777 
2017 1791 
2018 1805 
2019 1819 
2020 1833 
2021 1860 
2022 1887 
2023 1914 
2024 1941 
2025 1968 
2026 1995 
2027 2022 
2028 2049 
2029 2077 
2030 2104 

All values shown in acre-feet per year 

Agricultural Water Supply 
(a) Increase in Agricultural Land from 2000-2020: 1500 acres 

(b) Increase in Agricultural Land from 2000-2030 calculated by extrapolating (a) 2250 acres 

(c) Applied Water (USGS, 2006): 0.6 feet per year 

(d) Additional groundwater production due to agriculture in 2030      = (b) * (c) 
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 = 2250 acres * 0.6 feet per year = 1350 acre-feet per year 

(e) Total year 2000 production for agricultural supply (USGS) 6117 acre-feet per year 

The projected agricultural water demand was then interpolated from the USGS model year 2000 
values (e) through 2030 (d): 

Year 

Total Production for 
Agricultural Supply 
(acre-feet per year) 

2000 6117 
2001 6162 
2002 6207 
2003 6252 
2004 6297 
2005 6342 
2006 6387 
2007 6432 
2008 6477 
2009 6522 
2010 6567 
2011 6612 
2012 6657 
2013 6702 
2014 6747 
2015 6792 
2016 6837 
2017 6882 
2018 6927 
2019 6972 
2020 7017 
2021 7062 
2022 7107 
2023 7152 
2024 7197 
2025 7242 
2026 7287 
2027 7332 
2028 7377 
2029 7422 
2030 7467 

All values shown in acre-feet per year 
 

Option B – Groundwater Banking 
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Target Recharge Rate: 1500 acre-feet per year (178891 cubic feet per day) 

Number of Wells: 2 

Injection rate per well = Target Recharge Rate / Number of Wells 

  = (178891 cubic feet per day) / 2 = 89446 cubic feet per day  

  (1 cubic feet per second, 465 gallons per minute) 

Screened Interval: Model Layer 4 

Well spacing in model: 1320 feet (1 grid cell) 

Start Year: 2015 

Option C – Recycled Water Use 
Amount of recycled water provided by the first implementation phase of Alignment 1, which is the 
southwestern portion (Agency, 2005): 1100 acre-feet per year 

Start Year: 2010 

The following wells in the model lie in the vicinity of this portion of Alignment 1, and were 
assumed to have their groundwater demand offset by recycled water.  The pumping rate shown 
in the table below is the rate at which they are pumping in year 2000 in the calibrated model 
(USGS, 2006):   

Model Well 
ID 

Pumping Rate 
(cubic feet per day) 

828 8304 
894b 17871 
902a 15572 
902a 18956 
782 6702 
782 3288 
782 7881 

2220 984 
2220 3410 
2220 3410 
2220 3410 
2220 3410 
2220 2341 
1487 11682 
1487 23399 
883a 1034 
883a 832 

TOTAL 132486 cubic feet per day 
 1111 acre-feet per year 
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These year 2000 rates were subtracted from the projected production rate for these wells 
beginning in 2010 through 2030. 

Option D – Increased Conservation 
For the urban demand, the additional conservation savings were subtracted from the demand 
calculated for the future demand.  The table below summarizes the adjusted demand schedule for 
urban supply wells due to increased conservation: 

City of Sonoma 
Demand with Increased 

Conservation 

Valley of the Moon 
Demand with Increased 

Conservation 

 

Year 
With 

Additional 
Supply 

Without 
Additional 

Supply 

With 
Additional 

Supply 

Without 
Additional 

Supply 

 

2000 0 0 710 710  

2001 39 39 688 688 
Begin Tier 1 to-date and 
plumbing code savings 

2002 63 63 647 647  

2003 88 88 606 606  

2004 112 112 565 565  

2005 137 137 524 524  

2006 184 184 516 516  

2007 231 231 507 507  

2008 279 279 499 499  

2009 326 326 490 490  

2010 324 324 436 436 
Begin implementation of all 

conservation measures 
2011 340 340 462 462  
2012 356 356 488 488  
2013 372 372 514 514  
2014 388 388 540 540  
2015 404 404 566 566  
2016 380 401 538 574  
2017 356 399 510 583  
2018 332 396 483 591  
2019 309 393 455 600  
2020 285 390 428 608  
2021 265 391 404 611  
2022 245 391 380 615  
2023 226 391 357 618  
2024 206 392 333 621  
2025 187 392 309 624  
2026 154 440 264 628  
2027 120 488 219 631  
2028 87 536 174 635  
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City of Sonoma 

Demand with Increased 
Conservation 

Valley of the Moon 
Demand with Increased 

Conservation 

 

Year 
With 

Additional 
Supply 

Without 
Additional 

Supply 

With 
Additional 

Supply 

Without 
Additional 

Supply 

 

2029 54 584 128 638  
2030 21 632 83 642  

All values shown in acre-feet per year 
 

Domestic demand was calculated by subtracting the percent conservation from the future 
domestic demand.  The percent savings of 8.3 percent applied is the average projected 
conservation savings for the City of Sonoma.  The table below lists the resulting domestic demand 
with increased conservation. 

Year 

Domestic 
Demand with 

Increased 
Conservation 

Percent Conservation 

 

2000 1608 0  
2001 1611 0  
2002 1613 0  
2003 1616 0  
2004 1618 0  

2005 1607 0.83 Begin ramping up 0.83 percent 
conservation per year 

2006 1607 1.67  
2007 1608 2.50  
2008 1608 3.34  
2009 1607 4.17  
2010 1607 5.00  
2011 1606 5.84  
2012 1605 6.67  
2013 1604 7.51  
2014 1603 8.34  
2015 1615 8.34 Maintain 8.3 percent conservation 
2016 1628 8.34  
2017 1641 8.34  
2018 1654 8.34  
2019 1667 8.34  
2020 1680 8.34  
2021 1705 8.34  
2022 1730 8.34  
2023 1755 8.34  
2024 1779 8.34  
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Year 

Domestic 
Demand with 

Increased 
Conservation 

Percent Conservation 

 

2025 1804 8.34  
2026 1829 8.34  
2027 1854 8.34  
2028 1879 8.34  
2029 1903 8.34  
2030 1928 8.34  

All values shown in acre-feet per year 
 

Agricultural demand with conservation was calculated by subtracting the percent conservation 
from the future demand.  The table below lists the resulting agricultural demand with 
conservation. 

Year 

Agricultural 
Demand with 

Increased 
Conservation 

Percent Conservation 

 

2000 6117 0  
2001 6162 0  
2002 6207 0  
2003 6252 0  
2004 6297 0  

2005 6310 0.5 Begin ramping up 0.5 percent 
conservation per year 

2006 6323 1.0  
2007 6336 1.5  
2008 6347 2.0  
2009 6359 2.5  
2010 6370 3.0  
2011 6381 3.5  
2012 6391 4.0  
2013 6400 4.5  
2014 6410 5.0  
2015 6452 5.0 Maintain 5% conservation 
2016 6495 5.0  
2017 6538 5.0  
2018 6581 5.0  
2019 6623 5.0  
2020 6666 5.0  
2021 6709 5.0  
2022 6752 5.0  
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Year 

Agricultural 
Demand with 

Increased 
Conservation 

Percent Conservation 

 

2023 6794 5.0  
2024 6837 5.0  
2025 6880 5.0  
2026 6923 5.0  
2027 6965 5.0  
2028 7008 5.0  
2029 7051 5.0  
2030 7094 5.0  

All values shown in acre-feet per year 
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APPENDIX D 
STANDARD OPERATING PROCEDURE FOR THE COLLECTION OF WATER 

LEVEL AND QUALITY DATA 



 
STANDARD OPERATING PROCEDURE 

For 
MANUAL WATER LEVEL MEASUREMENTS 

 
 



1.0 SCOPE AND APPLICATION 
The purpose of this Standard Operating Procedure (SOP) is to set guidelines for the 
determination of the depth to water and separate phase chemical product (i.e., gasoline or 
oil) in a water supply well, monitoring well, or piezometer. These standard operating 
procedures may be varied or changed as required, dependent on site conditions , and 
equipment limitations. In all instances, the actual procedures employed will be 
documented and described on the field form. Mention of trade names or commercial 
products does not constitute endorsement or recommendation for use. 
 
Generally, water-level measurements taken in piezometers, or wells are used to construct 
water table or potentiometric surface maps and to determine flow direction as well as 
other aquifer characteristic. Therefore, all water level measurements in a given district 
should preferably be collected within a 24 hour period and SGA’s area within one week. 
However, certain situations may produce rapidly changing groundwater levels that 
necessitate taking measurements as close in time as possible. Large changes in water 
levels among wells may be indicative of such a condition . Rapid groundwater level 
changes may occur due to: 
 Atmospheric pressure changes 
 Changes in river stage, impoundments levels, or flow in unlined ditches 
 Pumping of nearby wells 
 Precipitation 
 Tidal influences 

 
2.0 METHOD SUMMARY 

A survey mark should be placed on the top of the riser pipe or casing as a reference point 
for groundwater level measurements. If the lip of the riser pipe is not flat, the reference 
point may be located on the grout apron or the top of the outer protective casing (if 
present). The measurement reference point should be documented on the groundwater 
level data form. All field personnel must be made aware of the measurement reference 
point being used in order to ensure the collection of comparable data. Before 
measurements are made, water levels in piezometers and monitor wells should be 
allowed to stabilize for a minimum of 24 hours after well construction and development. 
Measurements in water supply wells need to be noted as questionable if pumping has or 
is occurring. In low yield situations, recovery of water levels to equilibrium may take 
longer. All measurements should be made as accurately as possible, with a minimum 
accuracy of 0.1 feet. Future measurements may have to be more accurate (measurements 
to the nearest 0.01 foot may be needed for conjunctive use projects, ect.). Ideally, the 
minimum measurement accuracy is 0.1 feet and the recommended accuracy is 0.01 feet.  
 
If there is reason to suspect groundwater contamination, water level measuring equipment 
must be decontaminated and, in general, measurements should proceed from the least to 
the most contaminated wells. This SOP assumes an absence of contamination and no 
need for air monitoring or decontamination.  
 
Open the well and monitor the headspace with the appropriate air monitoring instrument 
if the presence of volatile organic compounds is suspected. For electrical sounders lower 
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the device into the well until the water surface is reached as indicated by a tone or meter 
deflection. Record the distance from the water surface to the reference point. 
Measurement with a chalked tape will necessitate lowering the tape below the water level 
and holding a convenient foot marker at the reference point. Record both the water level 
as indicated on the chalked tape section and the depth mark held at the reference point. 
The depth to water is the difference between the two readings. Remove measuring 
device, replace riser pipe cap, and decontaminate equipment as necessary. Note that if a 
separate phase is present, an oil/water indicator probe is required for measurement of 
product thickness and water level. 
 

3.0 POTENTIAL PROBLEMS 
1) Cascading water, particularly in open-hole or rock wells, may interfere with the 

measurement. 
2) Some older types of electric sounders are only marked at five-foot intervals. A 

surveyor’s tape is necessary to extrapolate between the 5-foot marks. 
3) Oil or other product floating on the water column can insulate the contacts of the 

probe on an electric sounder and give false readings. For accurate level 
measurements in wells containing floating product, a special oil/water level 
indicator is required, and the corrected water level must be calculated. 

4) Tapes (electrical or surveyor’s) may have damaged or missing sections, or may be 
spliced inaccurately. 

5) An airline may be the only available means to make measurements in sealed 
production wells but the method is generally accurate only to approximately 0.2 
foot. 

6) When using a steel tape, it is necessary to lower the tape below the water level in 
order to make a measurement. This assumes knowledge of the approximate 
groundwater level. 

 
4.0 EQUIPMENT 

The electric water level indicator and the chalked steel tape are the devices commonly 
used to measure water levels. Both have an accuracy of 0.01 feet. Other field equipment 
may include: 
 Air monitoring instrumentation 
 Well depth measurement device (sounder) 
 Chalk 
 Ruler 
 Site logbook 
 Paper towels and trash bags 
 Decontamination supplies (assumed unnecessary) 
 Groundwater level data forms 

 
5.0 PROCEDURES 

5.1 Preparation 
1) Determine the number of measurements needed, the methods to be employed, and 

the equipment and supplies needed. 
2) Decontaminate or pre-clean equipment, and ensure that it is in working order. 
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3) Coordinate schedule with staff and regulatory agency, if appropriate. 
4) If this is an initial visit, perform a general site survey prior to site entry in 

accordance with a current approved site specific Health and Safety Plan (if 
applicable). 

5) Identify measurement locations. 
 
5.2 Procedures 
Procedures for determining water levels are as follows: 
1) If possible, and when applicable, start at those wells that are least contaminated 

and proceed to those wells that are most contaminated. 
2) Rinse all the equipment entering the well. 
3) Remove locking well cap, note well ID, time of day, and date on the groundwater 

level data form. 
4) Remove well cap. 
5) If required by site-specific condition, monitor headspace of well with a 

photoionization detector (PID) or flame ionization detector (FID) to determine 
presence of volatile organic compounds, and record results in logbook. 

6) Lower water-level measuring device into the well. Electrical tapes are lowered to 
the water surface whereas chalked steel tapes are lowered generally a foot or more 
below the water surface. Steel tapes are generally chalked so that a 1-to 5-foot 
long section will fall below the expected water level. 

7) For electrical tapes record the distance from the water surface, as determined by 
the audio signal or meter, to the reference measuring point and record. For 
chalked tapes, an even foot mark is held at the reference point, once the chalked 
section of the tape is below the water level. Both the water level on the tape and 
the foot mark held at the reference point is recorded. The depth to the water is 
then the difference between the two readings. In addition, note the reference point 
used (top of the outer casing, top of the riser pipe, ground surface, or some other 
reproducible position on the well head). Repeat the measurement. 

8) Remove all downhole equipment, and replace well cap and locking steel caps. 
9) Rinse all downhole equipment and store for transport to the next well.  
10) Note any physical changes, such as erosion or cracks in protective concrete pad or 

variation in total depth of well on groundwater level data form. 
 

6.0 CALCULATIONS 
To determine groundwater elevation above mean sea level, use the following equation, 
where: 

Ew = E – D 
 

Ew = Elevation of water above mean sea level (feet) or local datum 
E = Elevation above sea level or local datum at point of measurement (feet) 
D = Depth to water (feet) 
 

7.0 QUALITY ASSURANCE/QUALITY CONTROL 
The following general quality assurance/quality control (QA/QC) procedures apply: 
1) All data must be documented on the groundwater level data forms. 
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2) All instrumentation must be operated in accordance with operating instructions as 
supplied by the manufacturer, unless otherwise specified. 

3) Each well should be tested at least twice in order to compare results. If results do 
not agree to within 0.02 feet, a third measurement should be taken and the 
readings averaged. Consistent failure of consecutive readings to agree suggests 
that levels are changing because of one or more conditions as indicated in Section 
1, and should be noted on the field form. 

4) Results should be compared to historical measurements while in the field and 
significant discrepancies noted and resolved if possible. 

5) Wells for which no or questionable measurements are obtained need to have the 
codes entered on the field form as follows: 

 
No Measurement Questionable Measurement 
0 Discontinued 0  
1 Pumping 1 Pumping 
2 Pumphouse locked 2 Nearby pump operating 
3 Tape hung up 3 Casing leaking or wet 
4 Can’t get tape in casing 4 Pumped recently 
5 Unable to locate well 5 Air or pressure gauge 

measurement 
 

6 Well destroyed 6 Other 
 

7 Special 7 Recharge operation at 
nearby well 
 

8 Casing leaking or wet 8 Oil in casing 
9 Temporarily inaccessible   
D Dry well   
F Flowing well   
 
6) The surveyor(s) must complete all fields on the field form and initial. Upon return 

from the field, appropriate corrective actions need to be communicated and 
completed prior to the next survey event. 

7) All data entered into electronic spreadsheet or database should be double-keyed or 
hard copy printed and proofed by a second person. 

8) Questionable wells or measurements noted during data compilation need to result 
in corrective actions if applicable. 

 
8.0 HEALTH AND SAFETY 

This SOP assumes that only uncontaminated wells are being measured. If not, a current 
approved site Health and Safety Plan should be consulted.. 
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APPENDIX E 
PROTECTION OF WATER RIGHTS WHEN RECYCLED WATER IS 

SUBSTITUTED FOR AN EXISTING WATER SUPPLY 
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APPENDIX F 
SUMMARY OF GROUNDWATER MANAGEMENT PLAN ACTIONS AND 

PRIORITIES 

 



     Key Panel 
Priorities 

   
PLANNED ACTIONS 
 
Green - Ready to go and funded 
Blue - Ready to go and unfunded 

 

Cost – Order of 
M

agnitude 

Currently 
Funded 

3-year Plan 
Schedule 

O
pportunity 
A

vailable 

D
em

and 
Reduction 

Increases 
Recharge 

Protects 
G

roundw
ater 

Im
proves basin 

Understanding 

Enhances 
Integration 

Geographic 
Issue 

Red - Not Ready to go
 

Appendix F   Page F-1    

4.1 Stakeholder Involvement  
4.1.1 Involving the Public 

1) Circulate copies and publish the adopted Plan and subsequent annual reports on 
web site. 

√ √ √       

2) Develop an insert to accompany City and VOMWD water bills, and even potentially 
with water bills that are sent out by some of the mutual water companies. 

√ √ √       

3) Develop and Execute Public Outreach Plan: Develop and execute a Public 
Outreach Plan for Plan implementation to maximize outreach on implementation 
activities.  

√ √ √       

4) Conduct public forums to encourage public participation.  √ √ √       
5) Maintain email and postal mail list to announce meetings and keep interested parties 
informed about Plan implementation. 

√ √ √       

6) Invite interested parties to participate in PANEL meetings. √ √ √       
7) Meet with representatives from interested organizations as appropriate. √ √ √       
8) Coordinate meetings with stakeholders within the basin to inform them of the 
management responsibilities and activities relative to this Plan. 

Staff 
Support 

√ √ √       

4.1.2 Advisory Groups 
1) Following Plan adoption, the current PANEL will discuss and recommend the future 
composition of a new Panel and a potential ad-hoc Technical Advisory Committee to 
provide stakeholder input to Plan implementation.  

√ √ √       

2) Structure Plan implementation according to the recommendations of the Panel and 
approval of the Sonoma County Water Agency Board of Directors. 

√ √ √       

3) Maintain a high level of stakeholder involvement in Plan implementation by 
continuing to inform various stakeholder groups through briefings by Panel members. 

√ √ √       

4) Hold quarterly meetings with the Panel to inform and seek guidance on 
implementation. 

Staff 
Support 

√ √ √       

4.1.3 Informing Public Agencies & Stakeholders 
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1) Continue to maintain and further develop relationships with local, state and federal 
agencies and organizations to benefit Plan implementation. 

√ √ √       

2) Meet with representatives from agencies as appropriate. 

Staff 
Support √ √ √       

3) Conduct annual briefings with the elected officials who have adopted the Plan in 
conjunction with annual report. 

 √ √ √       

4.1.4 Partnerships 
1) Continue to promote partnerships that achieve both local supply reliability and 
broader regional and statewide benefits, including proactively addressing potential 
water conflicts, implementing total maximum daily loads (TMDLs), following through on 
California Floodplain Management Task Force recommendations. 

√ √ √       

2) Coordinate implementation activities and work to the extent practicable with 
watershed groups, local stewardship groups, water interest groups, and state and 
federal regulatory agencies that have jurisdiction in areas related to Plan activities. 

√ √ √       

3) Seek grant funding for Plan actions and coordinate grant funding efforts in the Plan 
area. 

Staff 
Support 

√ √ √ √ √ √    

4.2 Monitoring Program 
4.2.2 Groundwater Elevation Monitoring 

1) Assess groundwater elevations on annual basis including trends, conditions and 
adequacy of the groundwater level monitoring network. 

√ √ √    √   

2) Develop an outreach program to obtain groundwater level data from private 
pumpers and private well owners in the Sonoma Valley. 

√ √ √       

3) Coordinate with local, state and federal agencies to investigate opportunities to 
develop better information on groundwater level monitoring. 

√ √ √    √   

4) Project - Conduct Groundwater Elevation Monitoring: Establish and fund a basin-
wide, standardized, long-term well monitoring network. Select an appropriate group of 
wells (both public supply and volunteer private wells) to monitor through cooperative 
and volunteer efforts in spring 2008 for groundwater elevations. 

Staff 
Support 

√ √ √    √   
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5) Project - Install New Multi-Depth Groundwater Monitoring Wells: Obtain funding 
and install three new multi-depth monitoring wells in the central-southern Sonoma 
Valley area for long-term monitoring of groundwater levels and groundwater quality. 

$$$  √ √   √ √   

4.2.3 Groundwater Quality Monitoring 
1) Assess water quality on annual basis including trends, conditions and adequacy of 
the groundwater quality monitoring network. 

√ √ √    √   

2) Identify opportunities to capture and integrate existing water quality data, including 
Department of Public Health data, from small water distribution system operators 
(wineries, restaurants, schools and parks), mutual water companies (non-urban 
residential subdivisions), and other entities when current data is insufficient. 

√ √ √    √   

3) Project - Conduct Groundwater Quality Monitoring: Select an appropriate group 
of wells (both public supply and volunteer private wells) to monitor in spring 2008 for 
groundwater quality and solicit agency in-kind support for sampling and analysis. 

Staff 
Support 

√ √ √    √   

4) Study - Groundwater Ambient Monitoring and Assessment (GAMA) - Review 
Report and Conduct Additional Sampling Study: Review the Groundwater Ambient 
Monitoring and Assessment (GAMA) interpretive report for the Sonoma Valley when it 
becomes available and evaluate whether additional water quality monitoring is 
needed. Collect and analyze additional surface and groundwater samples in the 
Sonoma Valley to improve GAMA assessment of ambient groundwater quality, 
including evaluating areas of recycled water application. 

$$$   √   √ √   

4.2.4 Land Subsidence Monitoring (Related to Groundwater Extraction) 
1) Study - Establish a long-term, periodic monitoring program for groundwater 
extraction related land subsidence in the Sonoma Valley:  Coordinate with VOMWD 
and City to determine if there are other suitable benchmark locations in the Sonoma 
Valley to aid in the analysis of potential land subsidence. 

Staff 
Support 

√ √ √   √ √   
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2) Project - Interferometric Synthetic Aperture Radar (InSAR) for Subsidence 
Monitoring: Continue to coordinate with USGS to ascertain the suitability of the use of 
Interferometric Synthetic Aperture Radar (InSAR) images of the Sonoma Valley for 
assessing potential changes in ground elevation over the last one to two decades. If 
the technology appears suitable, the cost will be estimated and potential cost-sharing 
partners will be identified to further consider this technology. 

$$      √ √   

4.2.5 Surface Water-Ground Water Interaction Monitoring 
1) Continue to compile available stream gauge data and information on tributary flows 
and diversions from the Sonoma Creek area.  

√ √ √    √ √ √ 

2) Collect and analyze stream gauge data to evaluate stormwater capture potential. 

Staff 
Support 

√ √ √       
3) Study - Tracer Test and Modeling to Understand Surface Water-Groundwater 
Flow: Perform a tracer test (possibly using Xenon gas isotopes) along Sonoma Creek 
(or another tributary) and use computer simulation with calibration to tracer, 
groundwater level, temperature, isotope, or water quality data to verify conceptual 
models of the surface-groundwater interaction. 

$$$  √    √ √ √  

4) Study - Stable Isotope Analysis to Understand Surface Water-Groundwater 
Flow: Analyze surface water and groundwater samples for isotopes and other natural 
or anthropogenic tracers to evaluate surface water and groundwater interactions. 

$$  √    √ √ √  

5) Project - Install and Maintain New Stream Gauge on Sonoma Creek in 
Kenwood:  Install and maintain one additional stream gauge on Sonoma Creek in the 
Kenwood area of Sonoma Valley. Once the additional stream gauge is installed, 
quantify net surface water-groundwater exchange between gauges, and assess the 
long-term need for additional stream gauges in the Sonoma Valley. 

$$ √ √ √    √ √ √ 

6) Project - Conduct Seepage Runs And Install New Wells Along Sonoma Creek:  
Conduct seepage runs and install new wells on Sonoma Creek to further assess 
surface water and groundwater interactions. Correlate groundwater level data from 
wells in the vicinity of stream gauges to further establish connectivity of the creek and 
groundwater. 

$$$  √ √   √ √ √ √ 
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4.2.6 Monitoring Protocols 
1) Develop a schedule and coordinate the time of sampling and the sampling interval 
(time between samples) to ensure data collection frequency. 

√ √ √    √   

2) Coordinate to ensure uniform, standard protocols are made available for water 
quality data collection. 

√ √ √       

3) Use a Standard Operating Procedure (SOP) for the collection of water level data for 
wells (Appendix D). 

√ √ √    √   

4) Provide guidelines on the collection of water quality data developed by the California 
Department of Public Health for the collection, pretreatment, storage, and 
transportation of water samples (Appendix D). 

√ √ √    √   

5) Develop field and office quality assurance practices for the program. Review project 
specific quality assurance/quality control procedures for groundwater quality sample 
collection for individual studies to be conducted in the future in the Sonoma Valley. 

√ √ √    √   

6) Provide training on water level sampling to volunteer well owners as needed. 

Staff 
Support 

√ √ √    √   
4.2.7 GIS Data Management System 

1) The Agency will be responsible for maintaining and updating the central GIS data 
management system including GIS layers and other data formats related to 
groundwater, hydrology, geology, land use, and relevant imagery.  

√ √ √    √   

2) Maintain confidentiality of well data per requirement of California Water Code, 
Division 7, Chapter 10, Article 3, Section 13752. 

√ √ √    √   

3) Obtain commitments from governmental agencies including DWR, VOMWD, the City, 
the Agency, Sonoma County Permit & Resource Management Department (PRMD), and 
any other non-governmental entity to provide data to update the database. 

√ √ √    √ √  

4) Adopt standard data formats for collection, data transfer protocols, data reporting, 
and quality assurance-quality control checks to facilitate regularly scheduled data 
updates. 

Staff 
Support 

√ √ √    √ √  
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5) Use the GIS data management system to assist in the annual evaluation of data and 
to prepare the annual Plan report to summarize groundwater conditions within the 
basin and document groundwater management activities conducted in the previous 
year. 

 

√ √ √    √ √  

6) Study - GIS Mapping of Sonoma Valley Drainage Network: Create a complete 
Sonoma Valley drainage network GIS layer that maps culverts and ditches. 

$$  √ √    √ √  

7) Study - Additional GIS Layers and Analysis: Develop and coordinate related data 
including GIS layers and other data formats on topics including low flow conditions, 
recharge and discharge areas, impervious areas, land cover, drainage networks, 
historical hydrology and land cover, and wetlands distribution. 

$$  √ √   √ √ √  

8) Pilot Project - WEBH2O web-based data management system:  The Agency is 
currently working with the company H2O2U to implement a pilot WEBH2O web-based 
project to make data available to load and access on a website at the end of 2007 or 
beginning of 2008. If successful, this pilot project could become the Plan central data 
management system. 

$$ √ √ √   √ √ √  

4.3 Groundwater Resources Protection 
4.3.1 Well Construction, Abandonment, and Destruction 

1) Develop improved well permit application requirements to improve hydrogeologic 
information through working with drillers, well owners, and other parties familiar with 
groundwater conditions in the Sonoma Valley. 

√ √ √   √ √   

2) Improve well construction practices by ensuring that all licensed well drillers and 
well service providers operating in the Sonoma Valley area are provided a copy of the 
county well ordinance, understand the proper well construction procedures, are 
familiar with PRMD well-related policies and procedures, regulations, best practices, 
educational opportunities and value of obtaining detailed geologic data. 

√ √ √   √ √   

3) Provide guidance as appropriate on well construction and destruction to well 
owners, operators, and licensed well drillers and service providers 

Staff 
Support 

√ √ √   √ √   
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4) Review the USGS report on the Sonoma Valley (USGS Scientific Investigations 
Report 2006-5092, 2006) and update Sonoma County information and maps on 
groundwater conditions. 

√ √ √       

5) Study - Obtain Better Information During Well Installations: Develop approach to 
obtain better hydrogeologic information on well completions through a combination of 
voluntary-no-cost participation by well owner, and funding through soliciting in-kind 
services from agencies and/or applying for grants. 

 

 √ √   √ √   

6) Study - Conduct Well/Abandoned Well Survey: Conduct an inventory and survey 
of active and inactive wells in the Sonoma Valley area, to identify potential abandoned 
wells, and develop an approach for possible grant funding to provide incentives to 
properly destroy abandoned wells. 

$$  √    √ √   

7) Project - Develop Guide for Well Owners: Prepare and distribute a “Guide for Well 
Owners” that includes consumer information about the Plan, the County’s well 
construction, abandonment and destruction requirements, well head protection 
information, and tips for ensuring that wells are properly maintained, and monitoring.   

$ 
  √ √   √    

4.3.2 Wellhead Protection 
1) Incorporate available potentially contaminating activity (PCA) and capture zone 
information from Drinking Water Source Assessment and Protection (DWSAP) plans 
into the Sonoma Valley GIS data management system. 

√ √ √   √ √   

2) Request VOMWD and the City to provide available vulnerability summaries from the 
DWSAP to be used for informational purposes and planning. 

√ √ √   √ √   

3) Contact groundwater basin managers in other areas of the state for technical 
advice, effective management practices, and “lessons learned,” regarding establishing 
wellhead protection areas. 

Staff 
Support 

√ √ √   √ √   

4.3.3 Controlling Migration and Remediation of Contaminated Groundwater 
1) Provide well owners with Sonoma County Department of Health Services guide, 
What You Need to Know About Water Quality in Your Well. 

Staff 
Support 

√ √ √   √    
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2) Incorporate information on any known high risk PCA in the Sonoma Valley GIS data 
management system 

√ √ √   √    

3) Incorporate GIS layers on Leaking Underground Storage Tank (LUST) sites from the 
Regional Water Quality Control Board (RWQCB) and Sonoma County Environmental 
Health Department into the GIS data management system.   

√ √ √   √    

4) Distribute information to Sonoma Valley licensed water system operators on mapped 
contaminant plumes and LUST sites and make available to all well owners. 

√ √ √   √ √   

5) Contact the RWQCB and Sonoma County Environmental Health Department 
regarding any new occurrences of LUSTs, particularly when contamination is believed 
to be a threat to groundwater. 

 

√ √ √   √    

4.3.4 Control of Saline Water Intrusion 
1) Track saline water movement from the San Pablo Bay. This will include additional 
monitoring per the groundwater monitoring program for chloride, total dissolved solids 
and water levels. See Component 2 (Section 4.2). Summarize in Annual Report. (see 
Section 5.3). 

√ √ √   √ √  √ 

2) Examine total dissolved solids, chloride and sulfate concentrations in public supply 
wells of Sonoma Valley licensed water distribution systems that are routinely sampled 
under the DPH (formerly DHS) Title 22 Program to identify any trends. These data will 
be readily available in the Sonoma Valley GIS data management system and are 
already an on-going task for the annual review of basin conditions. Summarize in 
Annual Report  

Staff 
Support 

 
√ √ √   √ √  √ 

3) Study - Salinity Sources and Distribution: Evaluate the source and distribution of 
salinity with additional water quality sampling including chloride, bromide, iodide, 
barium, and boron in the mid- and southern-portion of the Sonoma Valley. 

$$$  √ √   √ √  √ 

4) Study – Seawater Intrusion: Conduct feasibility study(s) to identify alternatives to 
mitigate seawater intrusion in South Sonoma Valley and saline thermal water along 
East Sonoma Valley. 

$$$  √    √ √  √ 
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5) Project – Seawater Intrusion: Develop projects to mitigate seawater intrusion, 
including potential recharge projects using stormwater capture and possibly recycled 
water. 

$$$$     √ √ √  √ 

4.4 Groundwater Sustainability 
4.4.1 Stormwater Recharge 

1) Study - Groundwater Recharge Area Mapping and Analysis: Develop and 
implement a study to further understand and map groundwater recharge areas, digitize 
current data on recharge areas, and map impervious areas and historic wetlands. 
Recommend protection alternatives for recharge areas in the Sonoma Valley. 

$$  √ √  √ √ √ √  

2) Study - Recharge Area Alternatives. Recommend alternatives for preserving 
recharge areas in the Sonoma Valley.  Analysis would include natural environment, 
economic, business, and groundwater sustainability issues, pros and cons. 
Alternatives could include posting areas for the public and providing maps for local 
planning agencies. 
 

$$  √ √  √ √ √ √  

3) Project - Public Outreach Program for Source Protection and Groundwater 
Recharge: Develop information for public outreach on household hazardous materials 
and wastes and PPCPs, the importance of groundwater and surface water protection 
and proper methods for handling and disposing of these substances, and the 
importance of protecting and maintaining groundwater recharge areas. 

$  √ √  √ √    

4) Study - Recapture Unused Groundwater:  Assess potential to use groundwater 
extracted and currently disposed in the City of Sonoma surface culverts and ditches by 
evaluating quantity, timing and potential reuse for irrigation or other purposes. 

$$  √  √   √   

5) Study/Pilot - Feasibility Analysis and Pilot Stormwater Capture and 
Groundwater Recharge: Conduct feasibility level analysis and pilot scale testing of 
stormwater capture and groundwater recharge to assess volumes, timing, best 
locations, estimate costs and potential benefits of implementation.   

$$$  √   √ √ √   
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6) Project - Stormwater Capture and Groundwater Recharge: Develop and 
implement pilot-scale and subsequent large-scale projects to recharge groundwater 
with stormwater runoff capture and rainfall harvesting in the Sonoma Valley. Examples 
include: 

a) Off-stream spreading basins and percolation ponds 
b) Temporary wet season flooding of public lands such as parks or open space 
c) Rainfall harvesting and stormwater runoff recharge with dispersed, low 
impact development infiltration trenches and dry wells, with possible 
incentives for retaining water on-site 
d) Capturing and using stormwater runoff in the Sonoma Valley for irrigation; 
also using any remaining captured stormwater that does not infiltrate into the 
ground for irrigation 

$$$$     √ √ √   

7) Project - Stormwater Capture and Late-Year Release - Make controlled releases 
of captured stormwater to streams during late summer and early fall when Sonoma 
Creek is typically dry in order to maximize the aquifer recharge, and improve fish 
habitat conditions. 

$$$$     √ √ √   

4.4.2 Groundwater Banking 
1) Study - Conduct Conjunctive Use Assessment: Conduct a study of conjunctive use 
opportunities within the Sonoma Valley groundwater basin area.  This will include 
assessing methods to optimize the use of surface water and groundwater, by using wet 
year and wet season water for irrigation and to recharge the aquifer with groundwater 
recharge wells and/or recharge basins, siting recharge facilities, and potentially 
shifting the timing of groundwater withdrawals.  

$$$  √  √ √ √ √ √  

2) Study/Pilot - Feasibility Analysis and Pilot Groundwater Banking: Conduct 
feasibility level analysis and pilot scale testing of groundwater banking to assess 
volumes, timing, best locations, estimate costs and potential benefits of 
implementation. 
 

$$$$  √  √ √ √ √ √  
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3) Project: Develop Groundwater Storage Projects: Develop and implement full-
scale projects that use wet season and wet year water for groundwater banking. 

$$$$$     √ √ √   

4.4.3 Recycled Water 
1) Evaluate Graywater: Evaluate graywater (any water that has been used in the 
home, except water from toilets) as a viable demand reduction alternative in the 
Sonoma Valley. If warranted, develop recommendations for model ordinance or code 
and guidance for greywater utilization for residential landscape irrigation. 

√ √  √   √   

2) Project - Recycled Water for Irrigation: Increase recycled water use for irrigation 
through implementation of the Sonoma Valley County Sanitation District's Sonoma 
Valley Recycled Water Project. 

Staff 
Support 

 
 √ √ √      

3) Study - Evaluate Recycled Water Groundwater Recharge Feasibility: 
Groundwater recharge through a spreading basin may be a suitable use of the SVCSD 
recycled water supply, as recycled water is used for groundwater recharge in many 
other areas of the state. This study would take information from the previous SVCSD 
studies and look at possible spreading basin opportunities considering other Sonoma 
Valley issues and challenges that need to be addressed. 

 
 
 

$$$  √   √     

4.4.4 Conservation & Demand Reduction 
1) Continue Implementing BMPs and Report Annually: Continue implementing, 
maintaining and updating CUWCC BMPs, as appropriate, for urban areas. Annually 
report estimated savings for ongoing water conservation programs. 

√ √ √ √      

2) Water Conservation BMPs for Non-Viticulture Agriculture: Encouragement of 
development of water conservation BMPs for voluntary non-viticulture agricultural and 
agricultural-residential water users. 

Staff 
Support 

 

√ √  √      
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3) Encourage Additional Conservation and Best Practices to Address Soil Erosion 
and Surface Water Runoff for Viticulture:  Encourage viticulture agriculture water 
users to increase conservation by 5 percent and to use the Code of Sustainable 
Winegrowing Practices Workbook (Wine Institute and California Association of 
Winegrape Growers, 2002) and Vineyard Manual (Southern Sonoma County Resource 
Conservation District, 1999)) to address soil erosion and surface water runoff. 

√ √  √      

4) Project - Voluntary Water Conservation BMPs for Unincorporated Areas: 
Develop program and seek grant funding for voluntary implementation of CUWCC 
water conservation BMPs in the unincorporated County areas not served by VOMWD 
or the City. 

 

 √  √      

5) Project - Landscape Irrigation Efficiency: Increase efficiency of water use and 
demand reduction by shifting landscape irrigation to evenings to reduce 
evapotranspiration. Include development of educational materials and public outreach 
component. 

Staff 
Support 

 
 √  √      

6) Project - Stormwater Capture and Reuse for Irrigation: Develop and implement 
full-scale projects to capture and use stormwater runoff in the Sonoma Valley for 
irrigation. 

$$$$ 
 √  √      

4.4.5 Groundwater Modeling 
1) Study - Update Land Cover and Water Use Estimates:  Develop land cover 
mapping for post-2000 land use changes for inclusion in the GIS data management 
system, and to update water use estimates for incorporation into the groundwater flow 
model. 

$$  √ √    √ √  

2) Study - Recharge and Infiltration Modeling: Develop a preliminary screening 
watershed model based on existing data using the Preliminary Net Infiltration (INFIL) 
model, and perform some limited field mapping and compilation of existing recharge 
maps to gain a better understanding of recharge processes and for incorporation into 
the groundwater flow model. 

$$  √ √   √ √ √  
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3) Project - Improve Groundwater Flow Model: Enhance and improve the 
groundwater flow model, addressing limitations in recharge, discharge, and 
conceptual hydrogeology, including identifying data collection and analysis activities, 
and developing plans and resources to obtain and analyze the additional data. 

$$ √ √ √    √ √  

4.5 Planning Integration: Urban Water Management Planning (UWMP), Drinking Water Source Assessment and Protection (DWSAP), 
Land Use Planning, Groundwater Modeling, and Integrated Water Resources Management 

1) Monitor and track UWMPs, for consideration in Plan implementation. √ √ √     √  
2) Incorporate pertinent data from DWSAPs into the GIS data management system, and 
periodically update and review DWSAP analysis and submittals. 

√ √ √     √  

3) Make recommendations to the City and County regarding potential land use policies 
to protect the Sonoma Valley groundwater basin.  

Staff 
Support 

√ √ √   √  √  

4) Project - Develop Multi-Beneficial Projects to Address Resources and Flood 
Hazards: Develop multi-beneficial projects addressing stormwater runoff, flood 
management, habitat enhancement, water quality improvement, and groundwater 
recharge. 

$$$$  √ √ √ √ √ √ √ √ 

IMPLEMENTATION PRIORITIZATION AND FINANCING 
Develop prioritization list and schedule for capital projects, studies monitoring, 
outreach, coordination, and partnerships. √ √ √       

Identify resources needed, including local cooperative funding and state and federal 
grants. 

Staff 
Support 

√ √ √       

ANNUAL PLAN IMPLEMENTATION REPORT 
Report on groundwater management activities and progress made in implementing 
Plan. 

√ √ √     √  

Summarize groundwater conditions, and monitoring results and trends of groundwater 
levels and quality. 

√ √ √    √   

Provide information on improved characterization of basin through continued data 
collection and analysis. 

Staff 
Support 

($$) 

√ √ √    √   
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Discuss whether management actions are meeting BMOs. √ √ √       

Summarize any changes in plan components, or any BMO modifications. √ √ √       

Outline future Sonoma Valley management actions. 

 

√ √ √       

FUTURE REVIEW OF PLAN 
The Plan is a living document, updates will be identified in annual reports, and the Plan 
will be re-evaluated within three years and every five years thereafter. 

Staff  
Support 

√ √ √    √ √  
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Abstract
The Sonoma Valley, located about 30 miles north of San 

Francisco, is one of several basins in Sonoma County that 
use a combination of ground water and water delivered from 
the Russian River for supply. Over the past 30 years, Sonoma 
Valley has experienced rapid population growth and land-use 
changes. In particular, there has been a significant increase in 
irrigated agriculture, predominantly vineyards. To provide a 
better understanding of the ground-water/surface-water system 
in Sonoma Valley, the U.S. Geological Survey compiled and 
evaluated existing data, collected and analyzed new data, and 
developed a ground-water flow model to better understand 
and manage the ground-water system. The new data collected 
include subsurface lithology, gravity measurements, ground-
water levels, streamflow gains and losses, temperature, water 
chemistry, and stable isotopes. 

Sonoma Valley is drained by Sonoma Creek, which 
discharges into San Pablo Bay. The long-term average annual 
volume of precipitation in the watershed is estimated to be 
269,000 acre-feet. Recharge to the ground-water system is pri-
marily from direct precipitation and Sonoma Creek. Discharge 
from the ground-water system is predominantly outflow to 
Sonoma Creek, pumpage, and outflow to marshlands and to 
San Pablo Bay. Geologic units of most importance for ground-
water supply are the Quaternary alluvial deposits, the Glen 
Ellen Formation, the Huichica Formation, and the Sonoma 
Volcanics. In this report, the ground-water system is divided 

into three depth-based geohydrologic units: upper (less than 
200 feet below land surface), middle (between 200 and 500 
feet), and lower (greater than 500 feet). 

Synoptic streamflow measurements were made along 
Sonoma Creek and indicate those reaches with statistically 
significant gains or losses. Changes in ground-water levels in 
wells were analyzed by comparing historical contour maps 
with the contour map for 2003. In addition, individual hydro-
graphs were evaluated to assess temporal changes by region. 
In recent years, pumping depressions have developed south-
east of Sonoma and southwest of El Verano.

Water-chemistry data for samples collected from 75 wells 
during 2002–04 indicate that the ground-water quality in the 
study area generally is acceptable for potable use. The water 
from some wells, however, contains one or more constituents 
in excess of the recommended standards for drinking water. 
The chemical composition of water from creeks, springs, and 
wells sampled for major ions plot within three groups on a 
trilinear diagram: mixed-bicarbonate, sodium-mixed anion, 
and sodium-bicarbonate. An area of saline ground water in the 
southern part of the Sonoma Valley appears to have shifted 
since the late 1940s and early 1950s, expanding in one area, 
but receding in another. Sparse temperature data from wells 
southwest of the known occurrence of thermal water suggest 
that thermal water may be present beneath a larger part of the 
valley than previously thought. Thermal water contains higher 
concentrations of dissolved minerals than nonthermal waters 
because mineral solubilities generally increase with tempera-
ture. 

Geohydrologic Characterization, Water-Chemistry, and 
Ground-Water Flow Simulation Model of the Sonoma 
Valley Area, Sonoma County, California

By Christopher D. Farrar, Loren F. Metzger, Tracy Nishikawa, Kathryn M. Koczot, and Eric G. Reichard

With a section on Basement Rock Configuration Interpreted from Gravity Data By Victoria E. Langenheim



Oxygen-18 (δ18O) and deuterium (δD) values for water 
from most wells plot along the global meteoric water line, 
indicating that recharge primarily is derived from the direct 
infiltration of precipitation or the infiltration of seepage from 
creeks. Samples from shallow- and intermediate-depth wells 
located near Sonoma Creek and (or) in the vicinity of Shell-
ville plot to the right of the global meteoric water line, indicat-
ing that these waters are partly evaporated. The δ18O and δD 
composition of water from sampled wells indicates that water 
from wells deeper than 200 feet is isotopically lighter (more 
negative) than water from wells less than 200 feet deep, pos-
sibly indicating that older ground water was recharged under 
cooler and (or) wetter climatic conditions. Alternatively, isoto-
pically lighter water could represent recharge originating from 
higher elevations of the Sonoma Creek watershed.

A simulation model of ground-water flow in the Sonoma 
Valley was developed using MODFLOW-2000. The eight-
layer model was parameterized to represent the three geohy-
drologic units. Model development required estimating model 
fluxes (pumpage and recharge) and hydraulic parameters 
(hydraulic conductivity and storage) for the area. The hydrau-
lic barrier created by the Eastside Fault was incorporated into 
the model. In general, the calibrated model simulated water-
level declines that matched measured values. The cumula-
tive volume of water pumped from the ground-water basin 
between 1975 and 2000 was about 1.97 × 105 acre-ft; of this 
total pumpage, the model simulated that about 9 percent  
(1.73 × 104 acre-ft) was removed from storage. This fairly 
small decrease in storage explains the localized nature of the 
water-level declines. A sensitivity analysis indicated that the 
model would most benefit from additional data collection in 
the northern part of the basin.

Introduction
Sonoma County is in the northern part of the greater San 

Francisco Bay region, an area of Northern California that has 
experienced rapid population growth and accelerated urban-
ization in response to economic expansion over the past few 
decades. The large increase in population and concomitant 
changes in land use within Sonoma County require reas-
sessment of the water resources and how best to manage 
them for optimal utilization over the next few decades. Most 
basins in the county currently rely on a combination of Rus-
sian River water and native ground water to meet demand. 
Recycled water is used on a limited basis. In addition, water 
conservation programs have been implemented and are being 
expanded.

The Sonoma Valley is a well-defined hydrologic basin 
in southeastern Sonoma County. The basin has some areas of 
declining ground-water levels, potential water-quality prob-
lems from seawater intrusion and upwelling of geothermal 
waters, and ground-water/surface-water interaction. 

Location of the Study Area

The study area is located approximately 30 miles (mi) 
northeast of San Francisco and includes the entire Sonoma 
Creek watershed in southeastern Sonoma County, Califor-
nia (fig. 1). The study focused on the area of the valley floor 
and the adjacent hills where most of the urban development 
and irrigated agriculture have been occurring. The water-
shed includes approximately 166 square miles (mi2) of land 
that drains by way of Sonoma Creek and its tributaries to 
San Pablo Bay (fig. 2), which is the northern arm of the San 
Francisco Bay. The Sonoma Mountains form the southwestern 
side of the watershed and the Mayacmas Mountains form the 
northeastern side. Between these two mountain ranges lies 
the northwest trending elongate depression of Sonoma Valley, 
which extends roughly 20 mi from the shore of San Pablo Bay 
to near Kenwood (fig. 2). 

Purpose and Scope 

The U.S. Geological Survey (USGS), in cooperation 
with the Sonoma County Water Agency (SCWA), undertook 
this study to evaluate the ground-water resources of Sonoma 
Valley and to develop a tool to better understand and man-
age the ground-water system. The goals of the study were to 
update the geohydrologic characterization of the study area; to 
provide a current assessment of hydrologic conditions, includ-
ing a description of historical ground-water level and water-
quality changes; and to provide water-supply agencies with a 
ground-water flow model that can be used as a planning tool 
for water-resources assessment and management.

To meet the objectives of this study, four principal tasks 
were identified: (1) evaluation of existing geohydrologic, 
geophysical, and geochemical data; (2) collection and analysis 
of new geohydrologic data, including subsurface lithologic 
data, gravity measurements, ground-water levels, and stream-
flow gains and losses; (3) collection and analysis of new water 
chemistry, temperature, and isotopic data; and (4) development 
a ground-water flow model.

This report provides a geologic and hydrologic descrip-
tion of the area, presents selected hydrologic data collected 
from the 1970s to 2004, quantifies historical changes in the 
ground-water system, documents a ground-water flow simula-
tion model, and presents an interpretation of surface geophysi-
cal data that help define the geometry of the ground-water 
reservoir. 
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New hydrologic data presented in this report were col-
lected between April 2003 and November 2004. These data 
include ground-water levels; surface-water discharge mea-
surements; water chemistry, including isotopic composition, 
temperature logs of wells; and geophysical measurements. 

Land and Water Use

In the early part of the twentieth century, surface water 
and springs provided almost all of the water used in the val-
ley (Renick, 1924). Early historical records describe Sonoma 
Valley as having abundant water in perennial streams, vernal 
pools, and wetlands (Dawson and others, 2002). Ground water 
discharged from the many springs throughout the lower parts 
of the mountains and around the valley margin. After the 
1920s, wells became more common; the number and the depth 
of wells generally have increased over time (figs. 3 and 4, 
respectively). 

One of the earliest and most significant changes in land 
use was the draining of the salt marshes adjacent to San 
Pablo Bay. This was accomplished by adding artificial fill 
and increasing drainage by dredging the natural sloughs that 

meander through the low lands along the bay. During the 
period 1880–1930, an estimated 10,000 acres of marshland 
were drained and converted to farmland (Dawson and others, 
2002). During the early 1900s, unregulated gravel mining was 
common in Sonoma Creek and on some of the tributaries.

Today the study area comprises large tracks of native 
vegetation, as well as lands used for agriculture (fig. 5, A–D;  
table 1) (California Department of Water Resources, 1974, 
1979, 1986, and 1999, unpublished crop surveys of Sonoma 
County, Division of Planning and Local Assistance, Sacra-
mento). Lands designated for urban, residential, commercial, 
and industrial purposes constitute a small percent of the study 
area. Development is located primarily in the valley. Through-
out the study period, the primary crop has been vineyards 
(table G-1) (California Department of Water Resources, 1974, 
1979, 1986, and 1999, unpublished crop surveys of Sonoma 
County, Division of Planning and Local Assistance, Sacra-
mento). The major urban and residential areas include the 
cities of Sonoma, Kenwood, and Glen Ellen, several unin-
corporated communities, and areas of rural and semi-rural 
residential development. According to the 2000 population 
census, 42,355 people live in the study area (Association of 
Bay Area Governments, 2002).

Figure 3. Well development versus departure from mean annual precipitation, Sonoma Valley, Sonoma County, California.
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Land-use surveys for 1974 through 1999 show that native 
vegetation and agriculture constitute about 59 and 17 to 25 
percent percent of the study area, respectively. Development 
and mixed uses made up the remainder (fig. 5A–D; table 1) 
(California Department of Water Resources, 1974, 1979, 1986, 
and 1999, unpublished crop surveys of Sonoma County, Divi-
sion of Planning and Local Assistance, Sacramento). For the 
period 1974–86, urban and residential uses constituted about 
4 percent of the study area. After 1986, urban and residential 
uses increased to about 7 percent of the study area. From 
1974 to 1999, about 10 to 15 percent of the study area was 
converted from native vegetation to agriculture or mixed land 
uses. In the study area, lands used for agriculture increased 
from 17 percent in 1974 (of which 3 percent was irrigated) to 
about 23 percent in 1999 (of which 13 percent was irrigated). 
Between 1986 and 1999, mixed use lands were converted to 
agriculture. In 1999, mixed use lands amounted to only about 
3 percent of the study area. Native vegetation increased from 
59 percent in 1986 to 65 percent in 1999, mostly owing to 
abandonment of agriculture fields in the salt marsh.

Residential water supply in the study area comes from 
private domestic wells, imported water, and public-supply 

wells. Since 1963, water has been imported by aqueduct from 
the Russian River (Beach, 2002). Currently about 5,400 acre-
feet per year (acre-ft/yr) of imported water is delivered for 
domestic use to purveyor areas by the city of Sonoma Water 
Department (COS) and by the Valley of the Moon Water 
District (VOM; fig. 2). Both the COS and the VOM supple-
ment Russian River deliveries with water from public-sup-
ply wells drilled within their purveyor areas. In 2000, VOM 
supplied water to about 21,000 people (fig. 2) (Association of 
Bay Area Governments, 2002). A small number of households 
within the VOM purveyor area rely on private domestic wells. 
The COS supplies water to about 4,300 people within the city 
of Sonoma (fig. 2) (Association of Bay Area Governments, 
2002). The remaining residents living outside the purveyor 
areas rely on private domestic wells. 

The largest use of water in the study area is for irriga-
tion of agriculture, followed by domestic water use. Most of 
the water demand for irrigation is met from ground water. 
A detailed discussion of the estimation of pumpage within 
the part of the study included in the ground-water simulation 
model is provided in the section “Ground-Water Flow Model” 
and its associated appendix. 

Figure 4. Mean annual drill (hole) depths for wells in the Sonoma Valley area, 1940–2003, Sonoma Valley, Sonoma 
County, California.
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Figure 5. Land use in the Sonoma Valley study area, Sonoma County, California. A. 1974. B. 1979. C. 1986. and D. 
1999. (Modified from California Department of Water Resources unpublished crop surveys of Sonoma County, 
Division of Planning and Local Assistance, Sacramento.)
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Figure 5.—Continued.
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Tolay Cr

Sonoma
Co

Marin
Co

Solano
Co

Napa
Co

12

12

29

116

121

121

37101

Sonoma
aqueduct

Base from U.S. Geological Survey digital data, 1:24,000, downloaded 2003. State Plane Projection, Fipzone 402

Sonoma
Creek

watershed

0 5 10 Miles

0 5 10 Kilometers

So
noma Creek

C
al

ab
azas Creek

San Pablo Bay

1:225,000

R4WR5WR6WR7W

T
3
N

T
4
N

T
5
N

T
6
N

T
7
N

M
ayacm

as
M

ountains

Sonom
a

M
ountains

Unknown

Urban/residential

Water surface

Native vegetation

Riparian

Industrial

Commercial

Agricultural, non-irrigated

Urban/residential/native
vegetation

Urban/residential/agricultural,
non-irrigated/native vegetation

Urban/residential/agricultural,
irrigated/native vegetation

Agricultural, irrigated (including
golf courses and parks)

EXPLANATION
Land-use type—Single use

Land-use type—Mixed use

City of Sonoma
boundary

C

Introduction  9



Figure 5.—Continued.

Tolay Cr

Sonoma
Co

Marin
Co

Solano
Co

Napa
Co

12

12

29

116

121

121

37
101

Sonoma
aqueduct

Base from U.S. Geological Survey digital data, 1:24,000, downloaded 2003. State Plane Projection, Fipzone 402

Sonoma
Creek

watershed

0 5 10 Miles

0 5 10 Kilometers

So
noma Creek

C
al

ab
azas Creek

San Pablo Bay

1:225,000

R4WR5WR6WR7W

T
3
N

T
4
N

T
5
N

T
6
N

T
7
N

M
ayacm

as
M

ountains

Sonom
a

M
ountains

Unknown

Urban/residential

Water surface

Native vegetation

Riparian

Industrial

Commercial

Agricultural, non-irrigated

Urban/residential/native
vegetation

Urban/residential/agricultural,
non-irrigated

Urban/residential/agricultural,
non-irrigated/native vegetation

Urban/residential/agricultural,
irrigated/native vegetation

Agricultural, irrigated (including
golf courses and parks)

EXPLANATION
Land-use type—Single use

Land-use type—Mixed use

City of Sonoma
boundary

D

10  Geohydrologic Characterization, Water-Chemistry, and Ground-Water Flow Model, Sonoma County, California



La
nd

-u
se

 s
ur

ve
ys

1

19
74

19
79

19
86

19
99

La
nd

 u
se

 ty
pe

A
cr

es
m

i2
A

cr
es

m
i2

A
cr

es
m

i2
A

cr
es

m
i2

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
Si

ng
le

 u
se

U
rb

an
 a

nd
 r

es
id

en
tia

l
4,

94
4

8
2,

19
9

3
3,

89
6

6
6,

02
6

9

C
om

m
er

ic
al

 a
nd

 in
du

st
ri

al
12

0
0

67
4

1
92

7
1

1,
14

8
2

To
ta

l a
gr

ic
ul

tu
re

 (
ir

ri
ga

te
d 

an
d 

no
n-

ir
ri

ga
te

d)
18

,1
18

28
23

,1
93

36
26

,4
02

41
24

,1
48

38

   
 [

Ir
ri

ga
te

d 
ag

ri
cu

lt
ur

e 
on

ly
 (

in
cl

ud
in

g 
go

lf
 c

ou
rs

es
 a

nd
 p

ar
ks

)]
[3

,2
01

]
[5

]
[5

,3
42

]
[8

]
[7

,6
71

]
[1

2]
[1

4,
27

0]
[2

2]

N
at

iv
e 

ve
ge

ta
tio

n
79

,9
05

12
5

69
,6

33
10

9
64

,3
69

10
0

68
,9

23
10

7

R
ip

ar
ia

n
74

9
1

2,
20

5
3

2,
41

5
4

2,
54

0
4

W
at

er
 s

ur
fa

ce
1,

37
8

2
29

0
0

87
7

1
88

5
1

U
nk

no
w

n 
de

si
gn

at
io

n
1,

46
1

2
45

7
1

36
4

1
11

0

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 M
ix

ed
 u

se

U
rb

an
/r

es
id

en
tia

l/n
at

iv
e 

ve
ge

ta
tio

n
0

0
7,

95
0

12
6,

93
4

11
2,

32
6

4

U
rb

an
/r

es
id

en
tia

l/i
rr

ig
at

ed
 a

gr
ic

ul
tu

re
/n

at
iv

e 
ve

ge
ta

tio
n

0
0

0
0

42
0

47
0

1

U
rb

an
/r

es
id

en
tia

l/n
on

-i
rr

ig
at

ed
 a

gr
ic

ul
tu

re
/n

at
iv

e 
ve

te
ta

tio
n

0
0

0
0

46
1

1
14

7
0

U
rb

an
/r

es
id

en
tia

l/n
on

-i
rr

ig
at

ed
 a

gr
ic

ul
tu

re
0

0
0

0
0

0
33

0

N
on

-i
rr

ig
at

ed
 a

gr
ic

ul
tu

re
/n

at
iv

e 
ve

ge
ta

tio
n

0
0

76
0

0
0

30
0

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

To
ta

l a
re

a
10

6,
67

5
16

6
10

6,
67

6
16

6
10

6,
68

7
16

6
10

6,
68

7
16

6

Pe
rc

en
t o

f l
an

d 
us

e 
ty

pe
 in

 s
tu

dy
 a

re
a

U
rb

an
, r

es
id

en
tia

l, 
co

m
m

er
ic

al
 a

nd
 in

du
st

ri
al

5
3

4
7

To
ta

l a
gr

ic
ul

tu
re

 (
ir

ri
ga

te
d 

an
d 

no
n-

ir
ri

ga
te

d)
17

22
25

23

   
  [

Ir
ri

ga
te

d 
ag

ri
cu

lt
ur

e 
on

ly
]

[3
]

[5
]

[7
]

[1
3]

N
at

iv
e 

ve
ge

ta
tio

n
75

64
59

64

R
ip

ar
ia

n 
an

d 
w

at
er

 s
ur

fa
ce

2
4

5
3

U
nk

no
w

n 
de

si
gn

at
io

n
1

0
0

0

M
ix

ed
 u

se
0

7
7

3

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  T
ot

al
 p

er
ce

nt
10

0
10

0
10

0
10

0
 1 M

od
if

ie
d 

fr
om

 C
al

if
or

ni
a 

D
ep

ar
tm

en
t o

f 
W

at
er

 R
es

ou
rc

es
, 1

97
4,

 1
97

9,
 1

98
6,

 a
nd

 1
99

9,
 u

np
ub

lis
he

d 
cr

op
 s

ur
ve

ys
 o

f 
So

no
m

a 
C

ou
nt

y,
 D

iv
is

io
n 

of
 P

la
nn

in
g 

an
d 

L
oc

al
 A

ss
is

ta
nc

e,
 S

ac
ra

m
en

to
.

Ta
bl

e 
1.

  L
an

d 
us

e 
in

 S
on

om
a 

Va
lle

y,
 C

al
ifo

rn
ia

, 1
97

4,
 1

97
9,

 1
98

6,
 a

nd
 1

99
9.

[B
ra

ck
et

ed
, i

ta
liz

ed
 n

um
be

rs
 a

re
 a

 s
ub

se
t o

f 
to

ta
l a

gr
ic

ul
tu

re
 a

nd
 a

re
 n

ot
 in

cl
ud

ed
 in

 to
ta

l a
re

a 
an

d 
to

ta
l p

er
ce

nt
; m

i2 , 
sq

ua
re

 m
ile

s]

Introduction  11



C
al

ab
azas Creek

S
o nom

a
C

reek

Wastewater
treatment
plant

Area of reclaimed
water use

Sonoma
Co

Marin
Co

Solano
Co

Napa
Co

12

12

29

116

121

121

37
101

Sonoma
aqueduct

Sonoma

Kenwood

Glen Ellen

Agua Caliente

El Verano
Boyes Hot Springs

Fetters Hot Springs

Schellville

Base from U.S. Geological Survey digital data, 1:250,000, 2003. State Plane Projection, Fipzone 402
Shaded relief base from 1:250,000 scale Digital Elevation Model: sun illumination from northwest at 30 degrees above horizon

City of Sonoma
boundary

Valley of the
Moon Water
District

Sonoma
Creek

watershed

0 5 10 Miles

0 5 10 Kilometers

San Pablo Bay

R4WR5WR6WR7W

T
3
N

T
4
N

T
5
N

T
6
N

T
7
N

M
ayacm

as
M

ountains

Sonom
a

M
ountains

EXPLANATION
Wells—from California Department

of Water Resources archives, located
in the study area. Total number
shown is 1,868.

Figure 6. Locations of wells identified in drillers’ reports for the Sonoma Valley, Sonoma County, California.

12  Geohydrologic Characterization, Water-Chemistry, and Ground-Water Flow Model, Sonoma County, California



For this study, the number of wells drilled per year was 
estimated from information included in about 2,200 drillers’ 
reports obtained from the California Department of Water 
Resources (CADWR) (the 1,868 wells for which a location or 
estimated location could be obtained are shown on fig. 6). The 
number of wells in this database shows a roughly inverse cor-
relation with the amount of precipitation received in the study 
area from year to year (fig. 3). 

Since 1992, the Sonoma County Water Agency has 
implemented and managed a program to deliver reclaimed 
water from the wastewater treatment plant in the south of 
the valley for wetlands management at San Pablo Bay and to 
irrigate agricultural fields in the southeast adjacent to the wet-
lands (fig. 2). Effluent is delivered for irrigation and wetlands 
management from May 1 to October 31. On November 1, any 
stored effluent is released by way of Shell Slough  
(fig. 2). Between November 1 and April 31, effluent amount-
ing to about 300 to 350 acre-ft is released to the wetlands by 
way of Schell and Hudeman Sloughs. A small amount of efflu-
ent, about 92 acre-ft/yr, is released to management units and 
upland ponds near the wastewater treatment plant  

(fig. 2) (Jim Zambenini, Sonoma Valley County Sanitation 
District, unpub. data, 2005). From 1996 to 2000, reclaimed 
water deliveries for irrigation were estimated to replace about 
860 acre-ft of annual ground-water pumpage. 

Climate

The climate of the study area is Mediterranean, with 
moderate temperatures and distinct wet and dry seasons. Mean 
annual air temperature at the city of Sonoma is about 59.9οF 
(15.5οC), freezing temperatures on the valley floor are rare 
but do occur on the higher slopes of the bordering mountains. 
About 90 percent of the annual precipitation occurs as rain 
during the months of November through April. Mean annual 
precipitation at Sonoma averaged about 29.8 inches (75.7 cm) 
from water year 1953 through 2002 (table 2) (National Oce-
anic and Atmospheric Administration, 2003). Figure 7 shows, 
annual precipitation can deviate significantly from the 50-year 
average. 
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The distribution of mean annual precipitation for the 
period 1906–56 in the study area is shown in figure 8 (Rantz, 
1971). According to Rantz, the average annual precipitation 
for 1906–56 was about 28 inches. Precipitation generally 
increases with increasing altitude from a low of 18 inches in 
the southwest to a high of 40 inches in the Mayacamas Moun-
tains in the northeast of the study area.

Previous Investigations and Databases

Part of the current study area was included in a com-
prehensive hydrogeologic investigation of Napa and Sonoma 
Counties conducted in the 1950s by the U.S. Geological 
Survey (Kunkel and Upson, 1960). Their data and interpreta-
tion provided the foundation for later hydrologic studies. In 
the early 1980s, CADWR carried out a more detailed study 
focused solely on Sonoma Valley (California Department of 
Water Resources, 1982). The study estimated transmissivi-
ties and storage capacities for the area of the valley underlain 
by alluvial units and described the quality of water. Luhdorff 
and Scalmanini (1999) synthesized previous investigations to 
describe ground-water development in the Valley of the Moon 
Water District service area (fig. 2) 

The Sonoma Ecology Center under contract with SCWA 
has developed a geographic information system (GIS) for 
Sonoma Valley. The USGS has added to the GIS. The current 
working database includes geology; soils; surface hydrology; 
digital elevation information describing slope and aspect and 
altitudes; climate data; water-well location and construc-
tion data; surface-water gaging station information; public 
water-supply service areas; septic, wastewater treatment, and 
reclaimed water delivery systems; landfills; historical land use; 
roads; pipelines; census population map; public land survey 
system delineations; and land ownership parcel information. 
The GIS was used to manage spatial data to compute sup-
porting data for the ground-water model and to characterize 
the study and model area in terms of land-use water-demand 
categories, ground- and surface-water quality, ground-water 
levels, topography, altitudes, geology, and the distribution of 
precipitation and runoff.
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Physiography and Geologic Setting
The Sonoma Creek watershed is located in the North 

Coast Ranges geomorphic province of California. This prov-
ince is characterized by a predominantly northwest trending 
physiography (Page, 1966). The mountain ranges are underlain 
by thick, highly deformed Mesozoic sedimentary strata that 
in places are covered by younger volcanic and sedimentary 
rocks. The mountains commonly exhibit a knobby, irregular 
topography that was produced by landslides of large and small 
scales. The core of the North Coast Ranges consists of three 
major pre-Tertiary rock groups: the Franciscan Complex, 
the Coast Range ophiolite, and the Great Valley Sequence 
(Blake and others, 2000). Within the Sonoma Creek water-
shed, exposed basement rocks are predominantly Franciscan 
Complex but include a few minor outcrops of ophiolite. The 
Great Valley Sequence is not exposed within the study area, 
but may underlie younger formations beneath parts of Sonoma 
Valley (Wagner and others, 2004). All three pre-Tertiary rock 
groups, which overlap in age, were tectonically transported 
from a marine basin in the Pacific Ocean and accreted to the 
continental margin of California during Cretaceous to early 
Tertiary time (Blake and others, 2000). During and after 
accretion the rocks have been folded and faulted into moun-
tain ranges and intervening valleys. Most of the valleys and 
ridges have formed in response to regional tectonic stresses 
which produced northwest-trending, right-lateral, strike-slip 
faults; west-dipping, high-angle, reverse faults; and normal 
faults (McLaughlin and others, 2005). These faults are related 
regionally to the San Andreas Fault system that occupies a  
50-mi wide strip of coastal California north of the San Fran-
cisco Bay.

 Within the Sonoma Creek watershed (fig. 2), the Sonoma 
Mountains are of moderate relief sloping gently from a few 
hundred feet in the southern part to greater than 2,000 ft south-
west of Glen Ellen and reaching a maximum altitude of about 
2,295 ft on Sonoma Mountain. The Mayacmas Mountains are 
mostly less than 1,500 ft in altitude. Altitudes increase from 
south to north and attain a maximum of 2,730 ft at Mt. Hood 
in the northeastern part of the study area. 
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The valley between the two ranges is not uniform in 
width or slope. The valley can be subdivided into three parts 
on the basis of topography. The uppermost part of the valley, 
which includes Kenwood, extends about 3.5 mi southeast-
ward from the northwestern drainage divide to near Nunns 
Canyon and is sometimes referred to as Los Guilicos. Here 
the valley floor is relatively flat at an altitude of about 400 ft 
and is about 1 mi wide. The middle part of the valley is much 
narrower than the upper part and has a hilly topography. This 
part of the valley is sometimes referred to as the Valley of the 
Moon; it extends southward to near Boyes Hot Springs and 
includes the Glen Ellen area. In this part of the valley, altitudes 

drop from about 400 ft to about 100 ft over an approximately 
5-mi distance. The remainder of the valley southward to San 
Pablo Bay is Sonoma Valley. This part of the valley has a flat 
topography and ranges as much as 5 mi in width. The altitude 
of the valley floor changes from about 100 ft to sea level over 
a distance of about 12 mi. In this report, the entire valley from 
Kenwood to San Pablo Bay is referred to as Sonoma Valley 
because Sonoma Creek drains the entire area. 

Geology
The stratigraphy described here is based on exposures of 

rocks in the mountains bordering Sonoma Valley (fig. 9) and 
on lithologic logs from a few deep exploration wells and from 
several water wells that have been drilled on the valley floor. 
The entire watershed is underlain by basement rocks consist-
ing of Franciscan Complex, Coast Range ophiolite, and Great 
Valley Sequence which are overlain by younger volcanic and 
sedimentary rocks and unconsolidated sediments. 

Several previous investigators have addressed vari-
ous aspects of the geology of the Sonoma Valley. Osmont 
(1905) described the St. Helena Rhyolite, now included in the 
Sonoma Volcanics. Morse and Bailey (1935) provided one of 
the earliest descriptions of the Petaluma Formation near Sears 
Point. Weaver (1949) carried out one of the earliest compre-
hensive geologic investigations which included the area of the 
current study. His work defined the basic geology of the area 
in terms of stratigraphy and structure. Studies by Fox and oth-
ers (1973) provided more detailed geologic maps of the study 
area, and later Fox and others (1985) provided radiometric 
age dates for several of the formations in the study area. Cur-
rently, the California Geological Survey, in cooperation with 
the USGS, is carrying out new geologic mapping of several 
7.5-minute quadrangles covering parts of the Sonoma Creek 
watershed and adjacent areas. Mapping has been completed in 
only part of the area as of 2005. 

Basement Rocks 

At least part of the basement rocks are Franciscan 
Complex. The Franciscan Complex includes rocks of several 
different lithologies; these commonly include sandstone, gray-
wacke, shale, conglomerate, chert, greenstone, and serpenti-
nite. These rocks, originally deposited in marine basins during 
Jurassic to Cretaceous time, have become highly indurated 
through the processes of compaction and secondary mineral-
ization. The rocks are all weakly to strongly metamorphosed, 
having been deeply buried and subjected to elevated tempera-
tures during the intervening millions of years. 
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Rocks of the Franciscan Complex probably underlie 
much of the watershed (Wright and Smith, 1992) but are 
exposed over only a small part of the area in the Mayacmas 
Mountains, in the northeastern part of the study area, and at 
the southern end of the Sonoma Mountains (fig. 9). The thick-
ness is unknown, but probably is a few tens of thousands of 
feet (Blake and others, 2000). Primary porosity and perme-
ability are very low in Franciscan rocks because most of the 
original pore spaces are filled by minerals that cement the 
individual grains together. Most of the modern permeability 
is secondary, due to fracturing after lithification. Because of 
the low permeability and storage capacity, Franciscan rocks 
are commonly considered to be non-water bearing and to form 
the boundaries of ground-water basins throughout the Coast 
Ranges. 

Exposures of Coast Range ophiolite have been mapped as 
small outcrops within larger masses of Franciscan Complex in 
the Mayacmas Mountains and the southern part of the Sonoma 
Mountains (Fox and others, 1973; Wagner and others, 2003). 
The ophiolite consists of serpentinized peridotite, gabbro, and 
basalt that has been faulted and tectonically interleaved with 
the Franciscan Complex (McLaughlin and others, 2005). 

The Great Valley Sequence is not exposed in the study 
area but has been identified in deep petroleum exploration 
wells at the southern end of Sonoma Valley and beneath San 
Pablo Bay (Wright and Smith, 1992). Great Valley Sequence 
rocks are exposed on the east side of Mayacmas Mountains, 
east of the Sonoma Creek drainage divide. The presence 
of these rocks, at least in places, beneath Sonoma Valley is 
supported by the consistently low ratios of dissolved boron 
to chloride in water samples from thermal wells along the 
east side of the valley (Donnelly–Nolan and others, 1993). In 
exposures to the east of the study area, Great Valley Sequence 
rocks are mostly sandstones, shales, and minor conglomerates. 
These rocks are typically well cemented and indurated. Wells 
drilled in these rocks generally yield little or no water (Kunkel 
and Upson, 1960; Page, 1986). 

Appendix A describes how gravity data were compiled 
and analyzed to characterize the configuration of the basement 
rocks in the Sonoma Valley. 

Basin Fill

The basin is filled by younger rocks and sediments 
deposited unconformably upon basement rocks. The basin fill 
includes the Petaluma Formation, an unnamed Tertiary sedi-
mentary unit, the Sonoma Volcanics, the Huichica Formation, 
the Glen Ellen Formation, and several Quaternary alluvial 
units (fig. 10A–D). Where well exposed, the Franciscan Com-
plex is overlain by Tertiary sedimentary rocks in the south-

western part of the study area and overlain by the Sonoma Vol-
canics in the northeastern part. Several of the formations that 
constitute the basin fill have interbedded stratigraphic relations 
and may represent different facies of the same geologic period. 

Only one small exposure of Neroly Sandstone (part of 
the San Pablo Group) has been mapped high in the Mayacmas 
Mountains in the northeastern part of the study area. Because 
of the very small outcrop area and its location far from the 
main ground-water resource, the Neroly is not shown in 
figure 9. The presence or absence of San Pablo Group beneath 
Sonoma Valley is uncertain. However, if present, rocks of the 
San Pablo Group would lie at depths much greater than the 
depth of any water wells in the study area, as of 2005 (Wright 
and Smith, 1992). For this reason, the San Pablo Group is not 
discussed any further in this report. 

Tertiary Sedimentary Rocks
Sedimentary rocks exposed in outcrops around the 

southwestern margin of Sonoma Valley (fig. 9) were mapped 
as Petaluma Formation by Fox and others (1973) and in 
preliminary geologic mapping by Wagner and others (2002). 
More recently, Wagner and others (2003) mapped the out-
crops east of the Rodgers Creek Fault informally as unnamed 
sedimentary deposits on the basis of a 4.8 ma interbedded tuff, 
precluding them from inclusion in the Petaluma Formation. 
The stratigraphic nomenclature is still a subject of debate. In 
this report, the nomenclature of Wagner and others (2003) is 
followed.

The Petaluma Formation is exposed in a small area at 
the southern end of the Sonoma Mountains (fig. 9). In its type 
locality, the Petaluma Formation is composed of sandstone, 
shale, siltstone, clay, minor beds of nodular limestone and con-
glomerate, and interbeds of tuff. The formation is described 
in detail by Allen (2003). Much of the formation was depos-
ited under brackish-water conditions but includes both a 
continental and a marine facies. The transition to the marine 
facies occurs west of the Sonoma Mountains. On the basis of 
outcrops and cuttings from deep petroleum exploration wells, 
the total thickness of the formation probably is at least  
3,000 ft beneath the Santa Rosa Plain, west of the study area. 
The Petaluma Formation is generally considered to be Mio-
cene to Early Pliocene in age. Roblar tuff is interbedded with 
the Petaluma Formation and was dated at 6.26 ma (Wagner 
and others, 2002). West of the study area the Petaluma Forma-
tion is unconformably overlain by the Sonoma Volcanics, but 
the upper part of the formation is coeval with the older rocks 
of the Sonoma Volcanics. Within the study area, the thickness 
and extent of the Petaluma Formation are not known.
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Figure 10. Geologic cross sections of the Sonoma Creek watershed, Sonoma County, California. A, A–A´. B, B–B´. C, 
C–C´. D, D–D´. 
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Figure 10.—Continued.

QTge

QTge Qa
Qa

QTge

Tsvu

Tsvu

500

805

B

SW
FEET

NE

B'
1,000

500

-500

-1,000

NAVD 88

So
no

m
a

C
re

ek

6N
/6

W
-5

M
1

7N
/6

W
-3

2P
1

A
-

A
'

Trace of section shown on figure 9

0

0 2 4 Kilometers

2 4 Miles

Quaternary alluvial deposits—including channel
deposits, alluvium, terrace deposits, and alluvial fans

Contact

Well on cross section line—
Number is total depth
in feet

Well projected to cross
section line—Number is
total depth in feet

Plio-Pleistocene Glen Ellen formation

Tertiary Sonoma volcanics—UndifferentiatedTsvu

QTge

Qa

EXPLANATION

400

600

DU

Fault—Arrows show sense of movement
D—Downthrown block
U—Upthrown block

VERTICAL EXAGGERATION X10

B

Geology  23



Figure 10.—Continued.
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Figure 10.—Continued.
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The unnamed sedimentary deposits mapped by Wagner 
and others (2003) are exposed in outcrops around the south-
western margin of Sonoma Valley. Here slivers of the forma-
tion have been uplifted along high-angle reverse faults  
(fig. 10C). These unnamed sedimentary deposits are Pliocene 
in age and consist of weakly consolidated fluvial, lacustrine, 
and brackish water sediments. These deposits are mostly fine-
grained and consist of clay, silt with thin interbeds of sand-
stone, conglomerate, and tuff. Conglomerate cobbles consist 
of banded silicic volcanic rocks, red chert, black chert, and 
quartz. Within the study area, the thickness and extent of the 
unnamed sedimentary deposits of Pliocene age are not known.

Sonoma Volcanics 
The Sonoma Volcanics are of Miocene to Pliocene age; 

they are widely distributed throughout parts of Napa and 
Sonoma Counties. In the study area, the Sonoma Volcanics lie 
unconformably on rocks of the Franciscan Complex or on the 
Tertiary sedimentary rocks. On the basis of stratigraphic rela-
tions and several radiometric K/Ar and 39Ar/40Ar ages obtained 
from samples collected in the Sonoma Creek watershed, the 
Sonoma Volcanics were extruded and deposited within the 
study area over an interval from approximately 8 to 2.5 ma 
(Sarna–Wojcicki, 1976; Fox and others, 1985; McLaughlin 
and others, 2005). The Sonoma Volcanics are a thick, highly 
variable sequence of continental volcanic and volcaniclastic 
rocks including basalt, andesite, and rhyolite lavas interbedded 
with tuffs, lahar deposits, debris avalanche deposits, mudflow 
units, hyaloclastites, reworked tuffs, sedimentary deposits 
derived from volcanic rocks, and lacustrine deposits. These 
rocks were first described by Osmont (1905) and named for 
Sonoma Mountain, east of Santa Rosa. A large part of the 
Sonoma Mountains is underlain by volcanic rocks but expo-
sures are generally widely separated by oak and grass covered 
slopes veneered with thin soils, colluvium, and landslide 
deposits. The Sonoma Volcanics crop out extensively in the 
Mayacamas Mountains (fig. 9) and also underlie parts of the 
valley floor (fig. 10A) where it is frequently penetrated by 
water wells. The total thickness of Sonoma Volcanics near 
Glen Ellen was estimated by Sickles (1974) to be about 600 ft. 
Cardwell (1958) estimated the thickness to be 1,000 to  
1,200 ft northeast of Kenwood. The total thickness of the 
Sonoma Volcanics in the mountains near Sonoma probably 
is at least 3,000 ft based on recent mapping by the California 
Geological Survey (David Wagner, California Geological 
Survey, oral commun., 2005).

The Sonoma Volcanics were produced by a complex 
eruptive history from many vents that produced lava flows, 
dikes, plugs, breccias, pumice beds, welded tuff layers, and 
debris flows. Many of the units are lenticular. Most lava 
flows are from a few feet to a few tens of feet thick. In places, 
these rocks are strongly folded or broken by faults. Kunkel 
and Upson (1960) divided the formation into three members: 

a basal member of mostly basalt and andesite lavas inter-
bedded with tuff units; a diatomite member; and an upper 
member consisting mostly of rhyolite lavas and tuffs, often 
welded. Recent mapping (David Wagner, California Geologi-
cal Survey, and R.J. McLaughlin, U.S. Geological Survey, 
unpub. data, 2003–2004) shows that the Sonoma Volcanics 
can be separated into older, middle, and younger members on 
the basis of the structural attitude and age of individual units, 
with the older member dipping more steeply than the overly-
ing volcanics. Each of the members includes several rock units 
that represent long periods of volcanic activity from multiple 
vents. The members are separated by angular unconformities 
that represent unknown lengths of time. The Sonoma Volca-
nics are overlain by the Glen Ellen and Huichica Formations; 
however, the upper part of the Sonoma Volcanics interfingers 
with these two formations in places. In locations around the 
valley margin, where the Glen Ellen and Huichica Formations 
have eroded away, the Sonoma Volcanics are overlain uncon-
formably by Quaternary alluvial units. 

Huichica Formation
The Huichica Formation of early Pleistocene to Pliocene 

in age was named by Weaver (1949) for the continental beds 
cropping out east of the study area. Within the study area, the 
Huichica Formation crops out primarily in the hills along the 
southeastern part of Sonoma Valley and underlies the valley 
floor beneath the Bay Mud and alluvial sediments near the 
mouth of the valley. The westward and northward extent of the 
Huichica beneath the valley floor is unknown. This formation 
consists of massive yellow silt and yellow and blue clay with 
interbedded lenses of sands, gravels, and tuff beds. Much of 
this material was derived from erosion of the Sonoma Volca-
nics. The sediments making up the Huichica Formation were 
deposited as alluvial fans by small streams with low hydraulic 
gradients and in small lakes or lagoons (Kunkel and Upson, 
1960). The total thickness of the Huichica is probably greater 
than 1,000 ft beneath parts of the valley floor (fig. 10A). 
The basal 200 ft contain higher fractions of coarse materials 
including cobbles and boulders of volcanic rocks. Interbeds of 
tuff are prevalent in the lower part of the formation, and one 
has a K/Ar age of 4.09±0.19 ma (Wagner and others, 2002). 
The Huichica Formation unconformably overlies the Sonoma 
Volcanics but in places probably interfingers with the upper 
part of the Sonoma Volcanics. The stratigraphic relation with 
the Glen Ellen Formation is uncertain; although the Glen Ellen 
is mostly younger than the Huichica, it may interfinger with 
the upper part of the Huichica (fig. 10A). The two formations 
were formed by similar geologic processes acting within dif-
ferent parts of the sedimentary basin. The composition varies 
between them because they were derived, at least in part, from 
different source areas in the basin (R.J. McLaughlin, U.S. 
Geological Survey, unpub. data, 2004).
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Glen Ellen Formation 
The Glen Ellen Formation, of Pliocene to Pleistocene 

age, was first described by Weaver (1949) for continental 
deposits that crop out near Glen Ellen in Sonoma Valley 
(figs. 2 and 9). The formation is largely of fluvial origin 
and consists of clay-rich stratified deposits of poorly sorted 
sand, silt, and gravel interbedded with minor beds of matrix-
supported conglomerate and silicic tuffs. Beds grade from 
coarse- to fine-grained laterally and vertically, across distances 
of a few tens to a few hundreds of feet. Bedding is thick to 
massive and often is lenticular in form. Most of the clasts and 
probably much of the matrix were derived from the Sonoma 
Volcanics. Cobbles in the conglomerates are mostly subangu-
lar to rounded and range mostly between 3 and 6 inches (in.) 
in diameter. The cobbles are mostly of andesitic or basaltic 
composition. Obsidian clasts are one of the hallmark charac-
teristics of this formation and serve to distinguish the Glen 
Ellen Formation from the Huichica Formation. The sedimen-
tary rocks probably were originally deposited as alluvial fans 
and piedmont. The Glen Ellen Formation is estimated to be 
about 600 ft thick in outcrops near Glen Ellen (Youngs and 
others, 1983), but the thickness may be greater beneath parts 
of the valley floor. The thickness of Glen Ellen Formation in 
a well located approximately 2 mi west of Kenwood is about 
900 ft (Cardwell, 1958).

The stratification of the Glen Ellen Formation indicates 
that it is of late Pliocene to early Pleistocene age. An inter-
calated tuff was correlated with the Putah Tuff, which was 
radiometrically dated at 3.3 ma. Within parts of the study area 
the Glen Ellen Formation rests unconformably upon rocks of 
the Franciscan Complex; but in most of the outcrop area, the 
formation laps onto the Sonoma Volcanics, and in places the 
lower part of the Glen Ellen Formation interfingers with the 
upper part of the Sonoma Volcanics. Beneath Sonoma Valley, 
the lower part of the Glen Ellen Formation may interfinger 
with the upper part of the Huichica Formation. Along the val-
ley margins the Glen Ellen Formation is overlain by alluvial 
units of Quaternary age. The formation is gently folded in 
many outcrops, typically with dips of 15 to 30 degrees toward 
the valley axis.

Quaternary Alluvial Units 
The alluvial sediments of Quaternary age were mapped 

by various investigators (Kunkel and Upson; 1960, Fox and 
others, 1973; Knudsen and others, 2000; and Wagner and 
others, 2004) as distinct deposits on the basis of the degree of 
consolidation, cementation, clast size and sorting, and geo-
morphic expression. The alluvial units cover about 38 mi2 of 
the watershed forming a broad apron in the central part of the 

valley from Schellville northward beneath Sonoma and El 
Verano and then in a narrower band to Glen Ellen  
(figs. 2 and 9). Discontinuous patches of alluvial units crop out 
north of Glen Ellen and form a wider blanket covering the val-
ley floor around Kenwood. The alluvial units consist of poorly 
consolidated to unconsolidated clastic materials ranging from 
clay size to boulders. The deposits, depending on mode of 
origin, are wedge-shaped, lense-shaped, or channel-shaped. 
Sorting within a particular unit depends on the distance from 
source materials, the type of source materials, and the hydrau-
lic energy of the transporting medium. In general, the allu-
vial material nearest the valley margins contain the greatest 
proportions of course clasts and are generally less well sorted 
than deposits farther from the mountain flanks. The greatest 
thicknesses of fine-grained materials are found beneath the 
central axis of the valley. Channel deposits near the present-
day course of Sonoma Creek and some of the larger tributary 
streams consist of boulders, cobbles, gravel, and sand that 
form thin sinuous bodies within more poorly sorted, finer-
grained sediments deposited on flood plains. The channel 
deposits tend to be thin and discontinuous owing to shifting 
channel locations over time. Overall the alluvial deposits range 
in thickness from near zero at the valley margins and upper 
parts of tributary channels to as much as 300 ft near the center 
of the valley.

Bay Mud Deposits
Bay Mud deposits crop out over about 26 mi2 covering a 

continuous area between Schellville and San Pablo Bay 
(fig. 9) and extend southward beneath the bay. The mud con-
sists of clay, silt, small amounts of sand, and organic materials 
that were deposited in a shallow bay or marsh environment. 
The Bay Mud was deposited during higher stands of sea level 
that existed during Quaternary inter-glacial periods, probably 
in the last 120,000 years, and is still being deposited on the 
floor of San Pablo Bay. The thickness of this unit ranges from 
near zero at the contact with other formations on the valley 
floor to an estimated 200 ft along the shore of San Pablo Bay 
(Goldman, 1969). The Bay Mud interfingers with the alluvial 
units along the northern and eastern contacts and unconform-
ably overlies the Sonoma Volcanics and older formations 
along the southwestern edge of the valley. Beneath the valley 
floor, the Bay Mud rests unconformably upon the Huichica 
Formation (fig. 10A), and in the western part of the outcrop 
area the Bay Mud also may rest unconformably upon the Glen 
Ellen Formation. The Bay Mud deposits have been heav-
ily excavated to construct drainage channes in some of the 
marshlands. In other areas the deposits have been covered with 
artificial fill for various construction activities.
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Geologic Structure

Sonoma Valley is a distinctive topographic feature and 
is one of several narrow northwest trending valleys in the 
mountainous terrain north of San Francisco Bay. Volcanic 
and sedimentary rocks on either side of the valley mostly 
dip toward the valley axis but in places this simple geometry 
is disrupted by minor folds and faults (Campion and others, 
1984). Correlations of rocks on either side of the valley can 
not be made with confidence because of the discontinuous 
nature of individual beds or units within the Sonoma Volcanics 
and the Glen Ellen and Huichica Formations. However, the 
predominance of stratification dipping toward the valley axis 
clearly indicates that the valley is a synform structure rather 
than a purely erosional feature. The folding took place in at 
least three episodes over a few million years, between the time 
of deposition of the oldest units in the Sonoma Volcanics to 
the deposition of the youngest part of the Glen Ellen Forma-
tion (D. Wagner, California Geological Society, unpub. data, 
2005). The folding is not uniform, and the synform probably is 
asymmetric, being steeper on the east side of the valley. 

The rocks around the margin of the valley west of Ken-
wood have been folded into a syncline that strikes northwest. 
The folding has affected the Glen Ellen Formation which has 
dips of 25 to 40 degrees toward the valley axis (California 
Division of Mines and Geology, 1984). 

Several faults can be recognized in the Sonoma Moun-
tains along the southwest side of Sonoma Valley (figs. 9 and 
10C). Some of the faults are branches or splays of the Tolay 
Fault or the Rodgers Creek Fault, both of which are north-
west-striking large-scale faults. Movement on the Rodgers 
Creek Fault has been predominantly right-lateral strike-slip, 
but it also has components of dip-slip. Movement on the Tolay 
Fault has been predominantly reverse slip. High-angle normal 
and reverse faults also have been mapped in the Sonoma 
Mountains (Fox and others, 1973). Some of these faults have 
a more northerly strike and project into the valley near Glen 
Ellen. Youngs and others (1983) describe northwest striking 
high-angle faults on both sides of the northern part of Sonoma 
Valley. Most of these faults show a vertical component of 
displacement. In this area the Glen Ellen Formation does not 
appear to have been affected by faulting. A thrust fault on the 
northeast side of the valley has displaced a block of Sonoma 
Volcanics onto rocks of the Franciscan Complex.

In the Mayacmas Mountains, several faults have been 
mapped (Wagner and others, 2004). Most of the faults strike 
northwest or north to east of north, but the sense of displace-
ment is not known. Some of these faults probably are right-lat-
eral strike-slip related to the regional pattern of faulting north 
of San Francisco Bay. No faults have clear surface expression 
on the valley floor; however, there is a concealed northwest-
striking high-angle normal fault (fig. 9) This fault was mapped 
on the basis of the outcrop pattern of Huichica sediments grav-
ity and magnetic geophysical surveys and on speculation that a 

fault must exist along the eastside of the valley to account for 
the distribution of thermal waters in Sonoma, Agua Caliente, 
and Boyes Hot Springs (Youngs and others, 1983; Campion 
and others, 1984). In this report, this fault is referred to as the 
“Eastside Fault.”

Hydrology

Surface-Water Hydrology

Sonoma Creek begins in the Mayacmas Mountains in 
the northeastern part of the study area at an altitude of about 
1,600 ft. The creek flows generally westward through a nar-
row canyon with a steep gradient from the headwaters to the 
edge of the valley floor near Kenwood. In this 3-mi reach, the 
creek drops about 1,100 ft to an altitude of about 500 ft. The 
course of the creek turns to the south near Kenwood and then 
turns to the southeast near Glen Ellen. The gradient is much 
less steep in the 6.5-mi reach between the mountain front and 
Glen Ellen, dropping in altitude by about 280 ft. The gradient 
flattens further between Glen Ellen and San Pablo Bay. South 
of State Route 121 where Sonoma Creek flows through tidal 
marshland to San Pablo Bay, the stream drops only about 10 ft 
in 9 mi. 

Discharge in Sonoma Creek is gaged (USGS station 
number 11458500) near the middle part of the valley at the 
Agua Caliente Avenue bridge near Agua Caliente (fig. 2). At 
this point the contributing drainage area is 58.4 mi2. The gage 
was operated from 1955 through 1981 and was then temporar-
ily discontinued until 2001 when it was restarted. Discharge 
varies considerably seasonally and interannually (fig. 11A). 
The mean annual discharge is 50,621 acre-ft, on the basis of 
records for water years 1956–81 and 2002–04. A maximum 
annual discharge of 113,821 acre-ft was measured in 1956, 
and a minimum discharge of 1,002 acre-ft was measured in 
1977. In most water years, discharge does not increase mark-
edly until November or December, after which it begins to 
rapidly decrease in April or May in response to the normal 
annual cycle of precipitation. A flow duration curve (fig. 11B) 
shows that instantaneous discharge is greater than 10 cubic 
feet per second (ft3/s) about 40 percent of the time, and greater 
than 100 ft3/s only about 11 percent of the time. The mean 
annual runoff for the Sonoma Creek watershed was estimated 
to be 101,000 acre-ft on the basis of gaged streamflow values 
and estimated runoff from Rantz (1968) for northern coastal 
California. 

The Sonoma Creek watershed can be subdivided into 23 
subbasins of the main tributaries (fig. 8). The subbasins range 
in area from 1.1 mi2 for subbasin 11 to 24.4 mi2 for subbasin 
21. 
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Precipitation has been measured at four stations within 
the watershed. The areal distribution of average annual pre-
cipitation for northern coastal California (Rantz, 1968) was 
modified for this current study area using an adjustment based 
on the precipitation–altitude relationship derived from the 
four stations. Using the modified distribution of precipitation, 
the estimated mean annual precipitation in the Sonoma Creek 
watershed is 269,000 acre-ft.

Ground-Water Hydrology

All the geologic formations and alluvial deposits in 
the Sonoma Creek watershed contain ground water (fig. 9); 
however, the water-bearing properties of the geologic units 
vary considerably and largely determine how much water can 
be obtained from a well in different parts of the watershed. 

The predominant source of ground water recharge in the study 
area is local precipitation that falls on the mountains and val-
ley floor. Other comparatively minor sources of water include 
imported water, connate water contained in the Bay Mud and 
adjacent sediments, and possibly saline water from San Pablo 
Bay. To date (2005), ground water has been obtained from the 
rocks and sediments that lie within a maximum of about 1,600 
ft of land surface; in most parts of the study area water is 
obtained from wells that are less than 700 ft deep. The discus-
sion of water-bearing properties that follows is restricted to the 
depth interval penetrated by water wells.

The most important sources of ground water in the study 
area are the Quaternary alluvial deposits, the Glen Ellen For-
mation, the Huichica Formation, and the Sonoma Volcanics. 
All these geologic units are widely distributed and contain 
zones of high porosity and permeability. 

Figure 11. Discharge of Sonoma Creek at U.S. Geological Survey (USGS) stream gage 11458500 in Agua Caliente, Sonoma County, 
California. A. Mean daily discharge for water years 1955–81 and 2002–04. B. Flow duration of discharge. Note: Gage was not in 
operation from 1982 through 2000.
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Water-Bearing Properties
Quaternary alluvial units in this report include alluvial 

fans, stream terraces, flood-plain deposits, and channel allu-
vium. All these deposits contain varying amounts of poorly 
consolidated, uncemented to weakly cemented, sands, gravels, 
cobbles, and boulders in a matrix of silt- and clay-sized 
material. The alluvial units have high porosity and, where 
they consist mostly of coarse-grained material, high perme-
ability. Where the units contain large fractions of silt and 
clay, permeability is greatly reduced. The alluvial units were 
estimated to have a range in specific yield of between 3 and 
15 percent (California Department of Water Resources, 1982). 
The alluvial units, where sufficiently thick and saturated, are 
the highest yielding aquifers in the study area. Near the axis 
of the valley, close to Sonoma Creek, most of the thickness of 
the alluvial units is saturated, but some elevated stream terrace 

deposits on the valley floor and in the higher parts of alluvial 
fans remain unsaturated at least through the dry season of most 
years. Well yields range from less than 1 gallon per minute 
(gal/min) to more than 100 gal/min. The actual yield depends 
largely on the saturated thickness, median grain size, and 
sorting of the alluvial units at any particular site. Most wells, 
except those close to the valley axis, that were drilled in the 
past few decades were drilled deep enough to obtain at least 
part of their water from formations beneath the alluvial units. 

The Bay Mud consists almost entirely of clay and silt; 
sand beds are rare and generally occur only as very thin lenses 
(Goldman, 1969). The Bay Mud has very high porosity, prob-
ably 50 percent or greater. But the fine-grained composition of 
the mud results in very low permeability. A specific yield of 
less than 3 percent was estimated by California Department of 
Water Resources (1982). Because of the low permeability and 
specific yield, and the occurrence of saline water in this unit, 
the Bay Mud is not considered an aquifer for water supply.

Figure 11.—Continued.
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The Huichica and Glen Ellen Formations have very simi-
lar lithologies and possibly interfinger beneath the central part 
of Sonoma Valley. Both units mostly consist of consolidated, 
weakly to moderately cemented silt and clay with minor sand 
beds. The large amount of clay-sized material, although high 
in porosity, greatly limits permeability. The specific yield of 
these formations was estimated to be 3 to 7 percent (California 
Department of Water Resources, 1982). Well yields from the 
Glen Ellen Formation generally are lower in the study area 
than in the Santa Rosa Plain (10 mi west of the study area). 
Well yields in the Glen Ellen and the Kenwood areas are 
mostly less than 20 gal/min and often only 1 to 2 gal/min with 
drawdowns of tens of feet. Well yields from the Huichica For-
mation are similar to those from the Glen Ellen Formation. A 
few wells drilled to depths greater than 1,000 ft in the southern 
part of the study area provide records that show that the basal 
200 ft of the Huichica contains a higher percentage of coarse-
grained materials and provides greater amounts of ground 
water to wells than the upper part of the formation (Kunkel 
and Upson, 1960). 

The Sonoma Volcanics have the greatest variability in 
lithology and water-bearing properties. Within the Sonoma 
Volcanics fractured lavas, interflow zones, scoria, and 
unwelded tuffs provide the best aquifers. The lavas have insig-
nificant primary permeability. Secondary permeability in lavas 
can be created by fracturing related to folding or faulting, and 
this can result in rocks with high permeability. Separations 
between cooling units are commonly seen in outcrops and, 
although thin (less than 1 ft thick), they can be laterally exten-
sive significantly enhance permeability. The interflow zones 
between lavas often consist of rubblely material and scoria 
that can have very high porosity and permeability. Unwelded 
tuffs contain of ash, lapilli, and larger sized pumice fragments 
and other lithic clasts. Such units have hydraulic characteris-
tics similar to alluvial materials with high porosity and high 
permeability. The debris-flow deposits and lahars are poorly 
sorted and contain large fractions of fine-grained materials 
which, although high in porosity, are low in permeability. 

 The distribution of lithologies within the Sonoma 
Volcanics at depth throughout the study area is not accurately 
known. For this reason the productivity of a well drilled 
into the Sonoma Volcanics at any particular location cannot 
be accurately predicted. Although water generally can be 
obtained from the Sonoma Volcanics, some dry holes have 

been reported (Kunkel and Upson, 1960). Most dry holes are 
encountered at sites in the mountains where ground-water lev-
els can be greater than 200 ft below land surface. Successful 
wells in the Sonoma Volcanics generally yield between  
10 and 50 gal/min and occasionally as much as a few hundred 
gal/min (Kunkel and Upson, 1960; California Department of 
Water Resources, 1975). Because of the heterogeneities in this 
formation, wells close to one another can have markedly dif-
ferent yields and drawdowns. 

The Petaluma Formation and the unnamed Tertiary 
sedimentary unit, which crop out in small areas along parts 
of the lower slopes of the Sonoma Mountains, have similar 
water-bearing properties. These units contain mostly siltstone 
and claystone with minor fine- to medium-grained sandstones. 
These units are consolidated and cemented which limits poros-
ity and permeability. The specific yield of these rocks was 
estimated to be between 3 and 7 percent (California Depart-
ment of Water Resources, 1982). On the Santa Rosa Plain 
(10 mi west of the study area) well yields from the Petaluma 
Formation typically are low, ranging from less than 5 gal/min 
to greater than 100 gal/min (California Department of Water 
Resources, 1975). Because of the very limited extent of the 
Petaluma and unnamed Tertiary sedimentary deposits, these 
two units are not important sources of water in the study area. 

The oldest and most indurated rocks in the watershed are 
the Franciscan Complex (Fox and others, 1973). These rocks 
are exposed in the mountains on the northeast side and south-
west side of the study area. Although the rocks of the Francis-
can Complex are commonly described as non-water bearing 
(Kunkel and Upson, 1960), small amounts of water can be 
obtained from these rocks where they are sufficiently fractured 
to provide secondary permeability (Cardwell, 1965; California 
Department of Water Resources, 1975). The best locations for 
obtaining ground water from Franciscan rocks are near fault 
zones and in canyon bottoms. Wells in these settings can pro-
duce sufficient supplies for a single residence but generally not 
enough water for irrigation or multiple residences (California 
Department of Water Resources, 1975). Few wells in the study 
area are drilled solely into the Franciscan Complex because 
outcrops are almost exclusively in the higher altitudes of the 
mountains where residential and agricultural development 
is very sparse or the formation is deeply buried by younger 
formations. 
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For this study, more than 2,000 drillers’ reports for water 
wells drilled in the study area were examined to determine 
the range and distribution of well productivity. The drillers’ 
reports provide information on well tests, including discharge 
rate, water-level drawdown, and the length of test. About 
1,000 of the reports contained enough information to deter-
mine the well location, depth, and specific capacity of the well 
at the time of well completion (fig. 12). Specific capacity is a 
measure of well productivity and is given in terms of gallons 
per minute per foot (gal/min/ft) of drawdown. Most wells in 
the study area are constructed with multiple screen intervals or 
long screen intervals, and many are gravel-packed in the annu-
lus between the casing and the borehole wall. This construc-
tion practice is done to maximize well yield, but it limits using 
the well for determination of depth-dependent changes in 
water-yielding properties, water-level fluctuations, and water 
quality. Nevertheless, 970 wells were classified into three 
depth categories: less than 200 ft, 200 to 500 ft, and greater 
than 500 ft (figs. 12B-D). The choice of these three depth 
categories was somewhat arbitrary; a scatter plot showing spe-
cific capacity in relation to well depth for all the wells showed 
no clear breaks or clusters that defined natural groupings. 
However, the use of depth ranges for this analysis resulted in a 
fairly even distribution of wells among the groups and clearly 
showed the general relation of diminishing specific capacity 
with depth. Well yields and specific capacities are shown by 
depth category in figures 13A and B. From these graphs it is 
clear that the deeper wells generally provide greater amounts 
of water, but only about 20 percent of the wells yield more 

than 100 gal/min (fig. 13A). Figure 13B shows that the shallow 
deposits generally have higher specific capacities than the 
deeper deposits. This is consistent with greater compaction 
and cementation in deeper geologic formations. The most 
permeable geologic materials are the alluvial units which 
are mostly less than 200 ft thick. The differences in specific 
capacity between the depth ranges are not very large owing to 
the large amount of fine-grained material in most of the allu-
vial units, as well as in the Glen Ellen Formation, the Huichica 
Formation, and some of the volcaniclastic rocks included in 
the Sonoma Volcanics. 

Maps showing specific capacity for the three depth 
ranges are shown in figure 12B, C, and D. The specific 
capacity for wells less than 200 ft deep generally is low in 
the Kenwood and the Glen Ellen areas; highly variable in the 
main part of the valley from El Verano and Sonoma to the 
Bay Mud outcrop area; and possibly lower west of Sonoma 
Creek than to the east. For wells with medium depths (200 
to 500 ft), the specific capacity is greater than that for wells 
with shallow depths in the Kenwood area, but elsewhere in 
the study area the specific capacity of medium depth wells is 
lower than that of shallow wells. The specific capacity of the 
deep wells (greater than 500 ft) is lower than that for shallow 
or medium depth wells throughout the study area. Moderately 
high specific capacity in deep wells is almost exclusively in 
areas underlain by alluvial deposits or close to Sonoma Creek 
owing to the well-construction practices that result in measur-
ing composite effects of both the shallow and the deep zones. 

Figure 13. Percentage of wells in Sonoma Valley area, Sonoma County, California, with: A. Well yields less than specified amounts. 
B. Specific capacity less than specified amounts. 
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The relation of decreasing specific capacity with depth 
and the stratigraphic sequence was used to define three 
geohydrologic units. Because the assemblage of rocks in any 
particular depth interval varies from place to place within the 
study area, each geohydrologic unit comprises more than one 
geologic unit. The upper geohydrologic unit (upper 200 ft) 
comprises Quaternary alluvial deposits and the upper parts of 
the Glen Ellen Formation, the Huichica Formation, and the 
Sonoma Volcanics, as well as the Bay Mud. The middle unit 
(depths from 200–500 ft) comprises the deeper parts of the 
Glen Ellen Formation, the Huichica Formation, and the middle 
part of the Sonoma Volcanics. The lower unit (greater than 500 
ft in depth) comprises the lower parts of the Huichica Forma-
tion and the Sonoma Volcanics and the San Pablo Group. 
The hydraulic properties of each of the geohydrologic units 
vary areally, but less so vertically. The variability depends on 
lithologic differences between and within geologic formations. 
Within formations, lithologic differences between locations 
are mostly related to differences in distance from source areas, 
changes in topography, and hydraulic gradients of streams at 
the time of deposition, and for volcanic rocks, changes in the 

types of volcanic activity. Diagenetic processes can affect the 
geologic formations after original deposition through compac-
tion, chemical weathering, cementation, and biological activity 
(for example, bioturbation, burrowing). The three depth-based 
geohydrologic units were used as the basis for the vertical lay-
ering in the ground-water model discussed later in this report. 

Within the study area, ground water occurs under both 
confined and unconfined conditions. Generally unconfined 
conditions prevail at shallow depths (less than 200 ft); how-
ever, where wells are drilled through thick sections of imper-
meable rocks (in other words, in clay or unfractured lavas), 
confined or semi-confined conditions can exist (Kunkel and 
Upson, 1960). Ground water is more commonly confined in 
deeper aquifers found in the Sonoma Volcanics, the Huichica 
Formation, and the Glen Ellen Formation than in shallow 
aquifers in alluvial units. In the Bay Mud, confined conditions 
can occur at very shallow depths because this unit is predomi-
nantly clay. In the early part of the twentieth century, when 
ground-water development was beginning, shallow artesian 
wells produced flows of water at land surface without pump-
ing (Kunkel and Upson, 1960).

Figure 13.—Continued.

0.01 0.1 1 10 100

SPECIFIC CAPACITY, IN GALLONS PER MINUTE PER FOOT

PE
RC

EN
TA

GE
OF

W
EL

LS
W

IT
H

SP
EC

IF
IC

CA
PA

CI
TY

LE
SS

TH
AN

SP
EC

IF
IE

D
AM

OU
N

T

Total depth less than 200 feet
Total depth 200 to 500 feet
Total depth greater than 500 feet

0

20

40

60

80

100

EXPLANATION
Wells with—

B

Hydrology  35



The quantity of ground water in storage was not esti-
mated during this study because the complexity of subsurface 
stratigraphy and lithologic characteristics that would lead to 
very large uncertainties in any estimation. Also, the amount 
of ground water in storage generally is not the determining 
factor for estimating a balance in ground-water extraction and 
ground-water recharge (Bredehoeft and others, 1982). In the 
study area, ground-water extraction is concentrated in specific 
parts of the area where agricultural and urban development are 
most extensive. The total amount of ground water in storage 
in the watershed has little value in determining the amount of 
ground water that might be available or the rates at which it 
can be withdrawn from such areas of extensive development. 

Estimates of ground-water storage have been made in 
previous studies. Kunkel and Upson (1960) estimated that 
180,000 acre-ft of ground water was stored in the sediments 
within the upper 200 ft of a 21-mi2 area of Sonoma Valley 
in 1950. California Department of Water Resources (1982) 
estimated that 559,000 acre-ft of ground water was stored in 
the formations, excluding the Sonoma Volcanics, beneath the 
valley floor between Kenwood and San Pablo Bay (approxi-
mately 85 mi2) in 1980. This estimate excluded saline water 
beneath the salt marshes around the bay.

Effects of Geologic Structures on Ground-Water 
Movement 

Geologic structures can affect ground-water flow 
(Meinzer, 1923). In the study area the rocks have been folded 
and faulted. Sonoma Valley is described as a synform, with 
the rocks on either side of the valley dipping toward the valley 
axis. The Sonoma Volcanics and the Glen Ellen Formation 
have been gently folded into a northwest-striking syncline 
west of Kenwood (fig. 9). Smaller folds have been mapped 
within the valley and in the mountains on either flank of the 
valley. Folds within heterogeneous formations can affect the 
direction of ground-water movement because most of the 
ground water moves through relatively thin permeable beds 
or zones within less permeable materials. Where a fold axis 
is oblique to the general ground-water flow direction, the fold 
can inhibit the movement of ground water if less permeable 
material is displaced into a horizon of significant ground-water 
flow. At a broad scale in the study area, ground water in the 
mountains flows to lower altitudes, generally following the 
structural dip of permeable beds and zones that dip toward the 
valley axis. The general dip of formations toward the valley 
axis in the study area can provide a structural setting that pro-
duces artesian conditions where the formation is deeply buried 
beneath the valley floor. 

Several faults are well-exposed in the mountains on 
either side of the valley and along the mountain front on the 
southwest side of the valley. Faults can affect ground-water 
movement by several processes, some that enhance perme-
ability and some that decrease it. Faults can juxtapose rocks 
of significantly different hydraulic properties; this can disrupt 
the continuity of an aquifer. Faults can cause fracturing in 
well-indurated rocks which can produce secondary permeabil-
ity. This process can be particularly important in the lavas or 
welded tuffs of the Sonoma Volcanics and in the rocks of the 
Franciscan Complex. Some faults are marked by the presence 
of fault gouge, a fine-grained product produced by the grind-
ing of rocks as they move past one another during faulting. 
Fault gouge can impede ground-water flow. Some faults or 
fault zones begin as planes of relatively high permeability 
but later become sealed because of mineral deposition from 
ground water that is oversaturated in calcium carbonate, iron 
oxides, silica, or other dissolved constitutents. The Eastside 
Fault may restrict ground-water movement either because of 
the presence of fault gouge or secondary mineralization (Cam-
pion and others, 1984). 

Recharge
The principal source of recharge to the ground-water 

system in the study area is precipitation within the Sonoma 
Creek watershed. No streams enter the study area from outside 
the watershed. It is unlikely that a substantial quantity of 
ground water enters the study area from outside the watershed 
because most of the rocks underlying the boundaries in the 
mountains on the northeast and southwest sides of Sonoma 
Valley have low permeability. A ground-water divide forms 
the northwestern boundary of the study area, and the direction 
of ground-water flow along the southern boundary is away 
from the study area. In the future, ground water could enter the 
study area if ground-water extraction lowers hydraulic head 
sufficiently near the northern divide. Seawater from San Pablo 
Bay also is a potential source of water.

 Recharge to the ground-water system primarily occurs as 
seepage from creeks, lakes, reservoirs, and direct infiltration of 
precipitation on soils. Results from a seepage run to character-
ize gaining and losing reaches of Sonoma Creek are described 
later in this report. Minor recharge can come from infiltra-
tion from septic tanks, leaking water-supply pipes, irrigation 
water in excess of crop requirements, and crop frost-protection 
applications. Although recharge from excess irrigation some-
times can be a significant part of total recharge within some 
basins, within this study area it is considered minor because 
the predominant crop is wine grapes and because local grow-
ers use highly efficient drip irrigation systems. 
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Discharge 
Ground-water discharge from the study area occurs 

through several mechanisms. A small amount of ground water 
discharges from springs. Evapotranspiration (ET) is a large 
component of discharge from the watershed; however, a large 
part of ET is from soil moisture above the zone of saturation 
and is not ground-water discharge. Ground-water discharge to 
streams probably occurs in the lower reaches of some of the 
tributaries to Sonoma Creek, but insufficient data are avail-
able to quantify this amount. Characterization of ground-water 
discharge to Sonoma Creek is discussed in the next section. 
Ground-water pumpage is an important component of ground-
water discharge. A detailed description of the methodology 
used to develop spatially distributed estimates of pumpage 
for the area of the simulation model is provided in the section 
“Ground-water Flow Model” and its associated appendix.

Ground-water discharges to the marshlands near San 
Pablo Bay by direct evaporation and transpiration from plants 
and some water discharges to a series of sloughs that drain the 
marsh area. Ground water can also discharge into sediments 
and rocks beneath the floor of the bay. 

Streamflow Gains and Losses
To better understand the locations of gaining and losing 

reaches along Sonoma Creek and its tributaries, a seepage run 
was conducted during May 2003. The seepage run was sched-
uled to avoid peak-flow conditions and periods of significant 
changes in stage, such as receding stormflows. A seepage 
run consists of a series of streamflow measurements made 
at several sites along a stream to quantify streamflow gains 
and losses (Riggs, 1972). A gaining reach is defined as one 
in which streamflow increases in the downstream direction 
owing to ground-water inflow, tributary inflow, or precipita-
tion (Blodgett and others, 1992). If ground-water inflow is the 
only source of streamflow gain, it may be referred to as a seep-
age gain. In contrast, a losing reach is defined as one in which 
streamflow decreases by infiltration to the subsurface or by 
evapotranspiration. A seepage loss is a decrease in streamflow 
attributable to infiltration only.

Methods of Data Collection and Analysis
Streamflow, water temperature, and specific conduc-

tance were measured at 33 sites in the watershed (fig. 14). 
The sites were assigned identifiers beginning with “S” for 
those on Sonoma Creek and beginning with “T” for the sites 

on tributaries; a sequential number, generally increasing in 
downstream order, is used to complete the identifier. Stream-
flow was measured at 12 sites along Sonoma Creek from near 
the headwaters in the Mayacmas Mountains to Watmaugh 
Road, southwest of Sonoma. Downstream of Watmaugh Road, 
Sonoma Creek becomes strongly influenced by tides from San 
Pablo Bay and therefore cannot be accurately measured.

Most of the measurements were made using velocity-area 
methods, but a modified Parshall flume was used at one site 
and flows were estimated for two sites [for a description of 
these methods see Rantz and others (1982)]. The accuracy of 
streamflow measurements is largely dependent on flow condi-
tions and measurement technique (Rantz and others, 1982). 
For this study, the accuracy of the streamflow measurements 
was estimated with consideration of channel characteristics, 
water depths, velocities, and condition of equipment. All the 
measurements were estimated to have errors of 10 percent or 
less, but most had errors of 5 to 8 percent.

Streamflow Measurements and Estimated Gains and 
Losses

Streamflow gains and losses in Sonoma Creek were cal-
culated for each reach using streamflow measurements from 
successive stations. Seepage gains or losses were calculated 
by subtracting tributary inflows between sites on Sonoma 
Creek. For this study, only those reaches of Sonoma Creek 
where the seepage gain or loss was 10 percent or greater than 
the streamflow were classified as gaining or losing. Measured 
gains and losses smaller than 10 percent may be real; however, 
the precision of the measurements did not justify classifying 
these reaches as gaining or losing, so they instead were classi-
fied as neutral. Streamflow measurements, water temperature, 
specific conductance, gains or losses between sites, seepage 
gains or losses, reach classification, and surface geologic unit 
are shown in table 3. 

The seepage run data collected for this study indicate 
that Sonoma Creek, under conditions similar to May 2003, 
has a seepage loss in the reach between sites S2 and S3 where 
it flows across the alluvial fan between the mountain front 
and Highway 12 (fig. 14). Downstream from site S3, Sonoma 
Creek is mostly gaining flow from ground-water seepage 
to the stream. Seepage gains were measured between sites 
S3–S4, S6–S7, S8–S9, and S10–S12. Small differences in 
streamflow were measured in several reaches between S4 and 
S10 (USGS gaging station 11458500), but the differences 
were too small to classify as gaining or losing. 
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budget represent the steady-state values. If these assumptions 
are applied to the Sonoma Creek watershed, the water-budget 
equation reduces to

                 P = SW
O
 + ET + GW

O

As described in the “Surface-Water Hydrology” section, 
the estimated mean annual precipitation in the watershed is 
269,000 acre-ft, and the estimated mean annual surface-water 
outflow, or runoff, is 101,000 acre-ft. 

Evapotranspiration (ET) is an exceedingly difficult value 
to quantify accurately for most watersheds. This is because 
evaporation and transpiration vary widely within a watershed 
and over time owing to variations in temperature, humidity, 
wind speed, solar radiation, soil type, slope aspect, plant spe-
cies, vegetation density, and other factors (Brooks and others, 
2003). ET is sometimes estimated from pan evaporation or 
from methods based on climatic variables (Wilson and others, 
2001; Vose and others, 2003). The CADWR maintains stations 
for measuring and recording climatic variables to allow cal-
culation of the total potential evapotranspiration rate (ET

0
) at 

specific locations (California Department of Water Resources, 
California Irrigation Information System, 2005).  ET

0
 is the 

amount of water lost from a heavily irrigated plot of turf (Pen-
man, 1948), and generally is much larger than the actual ET 
from native vegetation.  The CADWR uses a modified Penman 
equation (Pruitt and Doorenbos, 1977) to calculate hourly ET

0
 

Data from the Valley of the Moon and the Carneros CADWR 
stations, which are within or close to the watershed bound-
ary, show that annual ET

0
 is equivalent to about 46.5 inches of 

water per year. For deciduous orchards in north coast interior 
valleys, the California Department of Water Resources (1974) 
estimated an annual ET of 32.5 inches. Native vegetation is 
believed to use far less water than irrigated crops in many 
environments. This is because native vegetation has adapted 
to survive and grow with water available in the local environ-
ment. 

The Sonoma Creek watershed receives an average of 
about 30 in. of precipitation annually, about 11.5 in. of this 
runs off to streams, leaving a remainder of 18.5 in. that 
represents a maximum mean annual ET. It is unlikely that 
the mean ET in the Sonoma Creek watershed is as much as 
18.5 in. annually because some of the ground water probably 
discharges naturally to the San Pablo Bay or to the marshlands 
near the bay. During this study, it was determined that in 9 of 
the 23 subbasins in the Sonoma Creek watershed, the residual 
amount of water (equivalent to maximum ET), when runoff 
was subtracted from precipitation, was between 14 and  
17 in. ET for the other 14 subbasins was assumed to be  
18 inches. The estimated weighted mean ET for the entire 
watershed is about 15.8 in., which is equivalent to a total 
annual ET of about 140,000 acre-ft. This estimate of ET is 
similar to that estimated by Farrar and Metzger (2003)  
(15.2 in.) for a part of southeastern Napa County, some 10 mi 
east of the study area.

~

The set of measurements were made when discharge at 
the Agua Caliente gage was 16.2 ft3/s. It is not known if the 
reaches for the May 2003 seepage run indentified as gaining 
or losing reaches would have continued to be gaining or losing 
reaches when flow in the creek was higher or lower. However, 
on the basis of the May 2003 seepage run, Sonoma Creek gen-
erally is a gaining stream downstream of the Kenwood area.

Watershed Hydrologic Budget

A watershed hydrologic budget accounts for inflows and 
outflows of water to and from the basin and for changes in 
storage within the basin. The sources of inflow and outflow 
were discussed in the “Recharge” and “Discharge” sections of 
this report. Inflows to the Sonoma Creek watershed include 
precipitation; imported water; and, potentially, ground-water 
inflow; no surface water or ground water enters the watershed 
from outside its boundaries. The sources of outflows from the 
watershed include surface-water runoff, evaporation, transpira-
tion, ground-water outflow, and consumptive use by residents 
of the area. Evaporation is the net loss of water from surfaces 
owing to a change in state from liquid to vapor. Transpira-
tion is the net loss of water by evaporation from plant leaves 
through leaf stomata. Evaporation and transpiration are closely 
tied in natural ecological systems and thus are often combined 
in water budgets as one variable, evapotranspiration (ET). The 
various components of the water budget for the Sonoma Creek 
watershed can be represented by the equation 

 INFLOW – OUTFLOW =  
 CHANGE IN STORAGE

The equation can be expanded to show the individual 
components of the budget. 

 (P + I + Gw
I
) - (Sw

O
 + Et+ Gw

O
 + C) = ∆S ,

where
        P = precipitation, 
        I = imported water,

Gw
I
 = ground-water inflow,

Sw
o
 = surface-water outflow,

Et = evapotranspiration,
Gw

o
 = ground-water outflow,

C = consumptive residential use, and
∆S = change in storage,
Under natural conditions (no human intervention), I, 

Gw
I
, and C are zero. If a long enough period (in other words, 

several decades to centuries) is considered, the change in 
storage is nearly zero because variable inflows and outflows 
owing to climatic variability tend to balance out over the long 
term. Under the assumption of no change in storage, the long-
term averages of the inflow and outflow components of the 
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Another method of estimating ET is based on the soil-
moisture deficit in autumn. Because the watershed has a 
Mediterranean climate, receiving almost no precipitation about 
half of the year, plants survive by extracting water from soil 
moisture. By the end of the dry season, a soil-moisture deficit 
develops equivalent to the difference between soil moisture 
at field capacity and the actual soil moisture present. When 
seasonal precipitation begins in autumn, initially a large 
part is taken up by the dry soils, and thus streamflow does 
not increase significantly. A linear regression on the annual 
runoff versus annual precipitation for the entire watershed 
shows that about 120,000 acre-ft of precipitation is required 
before streamflow begins to increase in the autumn, which 
is equivalent to about 11 inches of precipitation at Sonoma. 
This suggests that about 120,000 acre-ft/yr of precipitation is 
needed to replenish soil moisture within the watershed. The 
120,000 acre-ft soil-moisture deficit is a minimum estimate of 
ET; additional ET occurs through the rainy season when soil 
moisture is intermittently replenished. Much less ET occurs 
during autumn and winter because temperatures, solar radia-
tion, and leaf area all decrease during that time. In summary, 
ET estimates for the watershed range from 120,000 to  
140,000 acre-ft/yr. 

Ground-water outflow from the watershed cannot be 
measured directly. Under natural conditions, before ground-
water extraction through wells began, ground water discharged 
to the marshlands and probably some amount discharged into 
the San Pablo Bay. The amount of ground-water outflow can 
be estimated as the residual of subtracting total runoff and ET 
from total precipitation giving a range of 28,000 to  
48,000 acre-ft/yr. This range provided the initial estimate for 
steady-state areal ground-water recharge used in the ground-
water flow model. 

Ground-Water Levels and Movement

Previous investigators developed water-level contour 
maps of Sonoma Valley (Kunkel and Upson, 1960; Cali-
fornia Department of Water Resources, 1982). In addition, 
ground-water levels have been measured in three networks of 
wells in Sonoma Valley. In this report the three networks are 
identified as CADWR, VOM, and COS, in reference to the 
agencies making the measurements (fig. 15A–C, respectively). 
The CADWR network consists of about 20 wells distributed 
mainly along the axis of the valley between Sonoma and Ken-
wood (fig. 15A) (California Department of Water Resources, 
accessed March 1, 2005). Most of this network was developed 
beginning in 1974, but a small number of wells in the network 

were constructed prior to 1974. Measurements at some of the 
wells in the network were discontinued because of difficult 
access, well-bore obstructions, or other reasons. Other wells 
were added to replace wells removed from the network or to 
improve areal coverage of the initial network. Measurements 
generally were made in April and October at the beginning 
and ending of the dry season, respectively. The VOM started a 
ground-water level monitoring program in 1996. Water levels 
in this primary network are measured a few times per month 
in five wells (fig. 15B). Personnel from the VOM and vol-
unteers have also made measurements in several other wells 
within and near the boundaries of the VOM service area. By 
2004, this secondary well network included 24 wells in which 
measurements are made in spring and autumn. The primary 
COS network includes seven wells, which have been moni-
tored since 1998. Beginning in 1999, COS added a secondary 
network of additional wells within the COS service area  
(fig. 15C). 

Data from the three ground-water level networks and 
additional water levels measured by the USGS during this 
study were used to prepare a hydraulic-head contour map of 
the study area for 2003 and a series of graphs showing water-
level changes in individual wells. Measurements suspected 
of having been affected by pumping were excluded from the 
analysis of water-level conditions in this report. The contour 
map and the water-level graphs show water-level altitude. 
Ground-water level data reported by the CADWR are given 
in altitude and depth below land surface. Data from the VOM 
and the COS are given in depth below a measuring point. The 
VOM and COS data were converted to ground-water level 
altitudes using topographic maps to determine land-surface 
altitudes at the wells and using notes on the measuring point 
height. The topographic maps have contour intervals ranging 
between 10 and 40 ft, and the land-surface altitudes have a 
corresponding accuracy of plus or minus 2.5 and 20 ft, respec-
tively.

Ground-water-level measurements do not necessarily 
represent the water table because hydraulic head can vary 
with depth in an aquifer. Therefore, the water levels in wells 
open to large depth intervals represent composite heads for 
the respective depth intervals. The correct interpretation of 
ground-water level data is, in part, dependent on complete 
well-construction information, including total depth, perfora-
tion intervals, seals, and gravel-pack depth. Complete con-
struction information, however, was not available for several 
of the wells in the water-level monitoring networks which 
limited analysis and interpretation of the data.
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Figure 15. Locations of wells in the water-level monitoring networks in Sonoma Valley, Sonoma County, California. A. 
California Department of Water Resources (CADWR) network. B. Valley of the Moon Water District (VOM) networks. 
C. city of Sonoma (COS) networks.
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Figure 15.—Continued.
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Figure 15.—Continued.
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Comparison of Water-Level Contour Maps: 1950, 
1980, and 2003

The water-level maps published by Kunkel and Upson 
(1960) and California Department of Water Resources (1982) 
are reproduced in this report (figs. 16 and 17) to compare with 
a new map showing water levels in spring 2003 (fig. 18). It 
is important to note that all the water-level contour maps in 
figure 18 are based on a composite of data from wells with 
different depths. 

The earliest map, by Kunkel and Upson (1960), shows 
water-level contours for spring 1950 for the area of the valley 
between Glen Ellen and San Pablo Bay (fig. 16). This map 
is the best representation of water levels before significant 
ground-water withdrawals from the valley began. The general 
direction of ground-water movement was from recharge areas 
in the mountains around the perimeter of the study area toward 
the valley axis and from the northwest end of the valley south-
eastward toward San Pablo Bay. Water levels are approxi-
mately at sea level over a broad area of marshland south of 
Schellville.

The CADWR map (fig. 17) shows water-level contours 
for autumn 1980 for the entire valley. The water levels are a 
maximum of 480 ft above NGVD 1929 in the extreme north-
west part of the valley and drop at a fairly uniform gradient 
to 60 ft near Sonoma. The gradient flattens from Sonoma to 
the marshlands south of Schellville where water levels are 
approximately at sea level. For the part of the area in figure 
17 with contours on the 1950 map (fig. 16), water levels are 
very similar; but, in general, the water levels in autumn 1980 
are 10 to 20 ft lower than the water levels in spring 1950. This 
probably was mostly due to the seasonal fluctuations in water 
levels, which generally reach a maximum in spring and drop 
through the summer and early autumn. In summary, the water 
levels in the area between Glen Ellen and the marshlands 
south of Schellville changed little between 1950 and 1980.

Water levels changed significantly between 1980 and 
2003 (figs. 17 and 18). In the northwest part of the area, near 
Kenwood, heads generally were 10 to 20 ft higher in spring 
2003 than in autumn 1980. This primarily was due to the gen-
eral seasonal pattern of higher water levels in spring than in 
autumn. Water levels in the Glen Ellen area were very similar 
in 1980 and 2003 (figs. 17 and 18); because the 1980 data are 
for autumn and the 2003 data are for spring, this similarity 
may indicate that water levels generally declined in this area. 
From Boyes Hot Springs southward, water-level contours for 
2003 show a more complicated pattern than those for 1980. 
Some of this complexity may result from a greater number 
of data points used in 2003 than in 1980, but some of the 
complexity could be due to changes in water levels caused by 
greater extraction of ground water. In areas of heavy ground-

water pumping, water levels are lower, which can cause pump-
ing depressions to develop. Figure 18 shows that in spring 
2003, pumping depressions had developed in at least two 
areas: southeast of Sonoma and southwest of El Verano. The 
lowest water level southeast of Sonoma is about 40 ft below 
sea level. Southwest of El Verano, water levels have declined 
to about 20 ft above sea level. 

Long-Term Changes in Ground-Water Levels in 
Different Parts of the Sonoma Valley

Graphs showing long-term water-level changes were 
made using data from the three networks in Sonoma Val-
ley (Appendix B, fig. B-1). Because the period of record is 
different for each network, data for each network are shown 
separately. This allowed the time scale to be maximized. The 
graphs show data for groups of wells; the groupings were 
based primarily on geographic location to allow comparison of 
water-level changes in various parts of the study area.

When a large area of the salt marshes was drained in the 
1880s to 1930s, ground-water levels in parts of the southern 
end of the valley undoubtedly declined. In the northern part of 
the study area, ground-water levels probably declined fol-
lowing the draining of 5,000 acres of marshland near Ken-
wood in the 1880s. In the early 1900s, water flowed to land 
surface from many of the wells drilled in Sonoma Valley; by 
the 1950s, most of the wells had ceased flowing (Kunkel and 
Upson, 1960). As ground-water pumpage increased through 
the 1960s, reports of ground-water level declines were com-
mon and some shallow wells went dry. But after deliveries of 
surface water from the Russian River began in 1965, ground-
water levels recovered (California Department of Water 
Resources, 1982) to some extent and changed little through 
1980. Although water-level records for the first half of the 
1900s are insufficient for creating hydrographs, records for 
five wells in the study area have at least 20 years of data that 
begin in the 1960s or earlier (fig. B-1A). 

Four of these five wells are located between the south-
ern part of Sonoma to Schellville, and one is near Kenwood 
(fig. 15A). The water-level data show no distinct trend for the 
period 1950 to 2004. Water levels do fluctuate seasonally, 
generally between 10 and 20 ft. Throughout Sonoma Valley, 
the annual maximum water level generally occurs in the spring 
(March or April) and the annual minimum water level gener-
ally occurs in autumn (September or October). The change 
in level between autumn and spring is a measure of ground-
water-level recovery in the aquifer near the well. The amount 
of recovery depends on recharge derived from precipitation 
during the previous season and the amount of reduction in 
ground-water pumping during October to February. 
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Several new wells were added to the CADWR network 
after 1974; the data for these wells are shown grouped into 
four areas based on geographic location (fig.15A). The net-
work included five wells in the southern area, which range in 
depth from 80 to 375 ft below land surface (bls) (fig. B-1B). 
Measurements in well 5N/5W-29N1 were discontinued in 
1981, the available data show no significant trend in water 
level. Three of the monitor wells that are still active show no 
significant long-term trend in water levels. The fourth active 
monitor well (4N/5W-2B1), which is the deepest, shows a 
steep decline in water levels between 1989 and 1998 and large 
seasonal fluctuations through 2000; by 2002, the water levels 
returned to altitudes similar to the mid 1980s. The large water-
level change could be caused by increased pumping of nearby 
wells between 1989 and 2000.

The Sonoma area of the CADWR network consists of 
six wells, ranging in depth between 64 and 600 ft (fig. 15A, B-
1C). Data for two of the wells (5N/5W-17C1 and -18R1) show 
no significant water-level trend for the period of record; both 
wells are 150 ft bls or less deep. Data for three wells (5N/5W-
8P2, 5N/6W-2N2, and 5N/6W-13C1) show distinct trends of 
declining water levels for the period of record. Increases in 
seasonal water-level fluctuations in well 8P2 (245 ft bls) were 
large during the 1990s compared with fluctuations in earlier 
years; possibly caused by increased ground-water extraction 
near this well. Data for well 5N/5W-17B2 (493 ft bls) show 
a variable long-term change; water levels declined during the 
late 1980s, remained low through the 1990s, and then rose to 
levels about 20 ft lower than in the early 1980s. 

The Glen Ellen area of the CADWR network includes 
four wells ranging in depth between 96 and 224 ft bls (fig. 
15A, B-1D). Data for three of the wells show no significant 
trend in ground-water levels over the period of record. Data 
for well 6N/6W-10M2 (the deepest of the four wells) show 
ground-water levels declined about 30 ft between 1974 and 
2000. The seasonal fluctuations increased to as much as 40 
ft between the late 1970s and 1994 after which water-level 
recoveries between autumn and spring decreased to 10 ft or 
less. The data for well 10M2 suggest that ground-water extrac-
tion near the well has increased since the late 1970s and that 
by the mid 1990s ground-water pumping was done at a more 
constant rate throughout the year. Ground-water levels periodi-
cally are above land surface at well 6N/6W-22R, which is 159 
ft bls deep. 

The Kenwood area of the CADWR network includes five 
wells, ranging in depth between 76 and 406 ft bls (fig. 15A, 
B-1E). Data for four of these wells show no significant water-
level trends over the period of record. Data for well 7N/7W-
24A1 (385 ft deep) show a trend of declining water levels and 
increasing annual fluctuation, indicative of increased ground-
water extraction near this well. Perforation data are not avail-
able for this well.

Static water-level data for the five wells in VOM’s pri-
mary network (fig. B-1F) were collected non-uniformly over 
time. The discontinuous nature of the data from these wells 
makes definition of long-term trends more difficult. However, 
at least three of the wells (6N/6W-35A1, -35H1, and -36M2) 
show trends of declining water levels since the late 1990s.

Twenty-four wells in the VOM’s secondary network 
(figs. B-1G–K) are grouped into five geographic areas  
(fig. 15B). Most of the wells have 5 or fewer years of record. A 
comparison of the earliest spring water-level measurements for 
these wells with the latest (mostly 2004) spring measurements 
shows insignificant changes for most wells. Water-level data 
for a few of the wells, however, do show significant changes 
in spring water levels as noted in the following. Data for well 
6N/6W-16B3 (124 ft bls deep), in the North Glen Ellen area, 
show a water-level decline of about 10 ft over a 4-year period  
(fig. B-1G). In the El Verano area (fig. 15B), three piezometers 
are located together (5N/6W-11C3, 4, and 5). Data for the 
shallow piezometer (92 ft bls deep) show no significant change 
in water level, but data for the two deeper piezometers (562 
and 674 ft bls deep) show about 6 ft of water-level decline in 
3 years. In the Carriger Creek area, six wells were monitored; 
they range in depth between 90 and 595 ft bls  
(fig. B-1I; Appendix C). Data for wells 5N/6W-10Q1 (595 
ft deep) and -10R2 (240 ft deep) show water-level declines 
of 8 and 16 ft, respectively, over a 3-year period (fig. B-1I). 
However, data for three other wells, ranging in depth between 
90 and 485 ft, in that same area show essentially no change, 
and the water level in well 5N/6W-10G3 (312 ft deep) rose by 
6 ft. The perforated intervals of only two of the six wells are 
known. In the Felder Creek area, VOM monitors water levels 
in six wells that range in depth between 84 and 355 ft (the 
depth of one well is unknown). Water-level data were available 
for all six wells for spring 2000 and spring 2004 (fig. B-1J). 
Water-level changes range between +6 ft and −2 ft over the 
4-year period. In the Eastside area (fig. 15B), VOM monitors 
three wells that range in depth between 80 and 260 ft. One 
well (well 6N/6W-26K3) had only four water-level measure-
ments over a 2-year period (fig. B-1K), and it was not possible 
to discern a trend. Water-level changes in the other two wells 
were +6 ft and –6 ft over a 4-year period and also show no 
clear general trend in this area.

Data for the six wells in the COS primary network 
(fig. 15C), which range in depth between 75 and 730 ft bls, 
show that water levels (fig. B-1L) in four wells declined by 12 
to 21 ft in 5 years. The water level in well 5N/5W-7A2 (210 
ft deep) declined 24 ft in 4 years, but the water level in well 
5N/5W-7F1 (165 ft deep) showed little change in 4 years. 
Water levels in four wells in the COS secondary well network 
(fig. B-1M) declined by 5 to 24 ft in 4 years; well 5N/5W-19L6 
had no change. Well depth and perforated intervals are not 
known for three of these wells.
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In summary, ground-water levels have declined in some 
parts of the study area, especially in the central part near 
Sonoma, El Verano, and the Carriger Creek area. Most of the 
wells with water-level declines have 5 or fewer years of mea-
surements, so it is inconclusive as to whether these declines 
are long-term trends or an indication that ground-water levels 
are declining at an accelerated rate since 1999 or 2000. These 
water-level declines could be related in part to variations in 
precipitation over the years. In water year 2000 (WY2000), 
the area received less than 60 percent of the long-term mean 
annual precipitation. With the exception of WY2000, however, 
precipitation was near or above the long-term mean since 
WY1995. Most of the water-level declines probably have been 
caused by increased ground-water withdrawals in localized 
areas.

The water-level contour maps (figs. 16–18) provide the 
best means of identifying broad areas where water levels have 
changed significantly. Comparison of these maps reveals 
two areas, near Sonoma and southwest of El Verano, where 
significant water-level changes have occurred and pumping 
depressions have formed. The parts of the study area up-valley 
from Sonoma do not show any clear trend of declining water 
levels over broad areas. However, because different seasons 
are represented in the hydraulic-head maps for 1980 and 2003, 
data for the two periods are not directly comparable, and areas 
with less than 20 ft of change may be difficult to discern. 
Note that many of the water-level changes described above 
have occurred since 1999–2000. The ground-water simulation 
model extends only through 2000. 

Surface-Water and Ground-Water 
Chemistry 

Water-chemistry data compiled by the USGS and the 
CADWR were used to help characterize the spatial variations 
in surface- and ground-water quality and to help identify the 
source and movement of ground water in the Sonoma Valley. 
Surface-, spring-, and ground-water data from sites located 
throughout the Sonoma Valley were used for this study  
(fig. 19). Appendix C provides construction data for wells 
sampled as part of this study. Major ion, trace element, silica, 
and nutrient data from 3 sites along Sonoma Creek, 2 springs, 
and 30 wells sampled during 2002–04 are summarized in 

Appendix D. Water use for some of the 30 wells is unknown, 
but at least half of these wells are believed to be used for 
drinking water and the remaining wells are used primarily for 
irrigation and (or) non-potable uses. Specific conductance and 
water temperature measurements are summarized in  
table 3 for 33 streamflow measurement sites along and tribu-
tary to Sonoma Creek sampled in 2003, and are summarized 
in Appendix E for 74 wells sampled from 1969 through 2004, 
and 2 miscellaneous sources sampled in 2003. Data for stable 
isotopes of oxygen (oxygen-18) and hydrogen (deuterium) 
are summarized in Appendix F for samples collected during 
2002–04 from 8 streamflow measurement sites along and 
tributary to Sonoma Creek, 4 springs, 33 wells, and 3 miscel-
laneous sources. USGS water-chemistry data presented in 
this report include data for 13 wells sampled in 2004 for the 
Ground-Water Ambient Monitoring and Assessment Program, 
a comprehensive statewide effort designed to understand and 
identify risks to ground-water resources (Kulongoski and 
Belitz, 2004). 

Ground-water-quality in the Sonoma Valley has been 
monitored since 1949. Most analyses represent one-time 
samples for short-term studies or individual well-specific 
assessments. Water-chemistry data for 75 wells (including 
wells sampled for this study and data compiled from other 
sources) are included in this report (fig. 19, Appendixes C, D, 
and E), but only 28 of these wells have complete cation and 
anion data needed for determining the most recent (2002–04) 
ionic composition of ground water. A few groups of wells 
have repeatedly been sampled every 2 to 3 years for more than 
10 years. Wells identified as public-supply wells are required 
by State law (Title 22, California Code of Regulations) to be 
sampled for inorganic, organic, radiological, and microbio-
logical constituents on a routine basis. The longest sustained 
water-quality monitoring effort in the Sonoma Valley has been 
done by the CADWR. Since the late 1950s the CADWR has 
sampled and analyzed ground water for major ions (calcium, 
magnesium, potassium, sodium, chloride and sulfate), boron, 
nitrate, total dissolved solids, total alkalinity, specific conduc-
tance (referred to as either specific conductance [USGS] or 
electrical conductance (CADWR]), pH, and water tempera-
ture. Water-chemistry data covering a minimum of 10 and 
maximum of 46 years are available for 18 wells monitored by 
the CADWR, including 12 wells that were being monitored 
as of 2004. Samples from these wells are collected on average 
every 2 to 3 years between July and September.
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In general, water chemistry and (or) isotopic composition 
may vary geographically and with depth in ground-water sys-
tems. Ground-water wells in the study area have a wide range 
of completed depths and perforated or screened intervals. Most 
of the wells included in this study were completed (cased 
with perforated or screened intervals) to the same or nearly 
same depth as the well boring was drilled (hole depth). Some 
wells, especially the older ones, may have been constructed 
as uncased open holes, but this information is unavailable. 
Among the 75 wells with major ion, specific conductance, 
water temperature, and stable isotope data used in this study, 
26 wells (35 percent) were completed at a depth of less than 
200 ft bls, 26 (35 percent) wells are were completed at depths 
between 200 ft and 500 ft bls, 14 wells (19 percent) were 
completed at a depths greater than 500 ft bls, and the remain-
ing 9 have questionable or no depth information (Appendix C). 
Perforation information is available for 42 of the 75 water-
chemistry wells. The average (middle) perforation depth for 
each depth category is 100 ft bls (completed well depth less 
than 200 ft), 247 ft bls (completed well depth 200 to 500 ft) 
and 528 ft bls (completed well depth greater than 500 ft). To 
make a statistically meaningful comparison of water chemistry 
or isotopic values, the wells have been divided into the three 
depth categories indicated. These depth categories coincide 
with the geohydrologic units described in the “Ground-Water 
Hydrology” section.

Methods of Water Sampling and Analysis

Surface-water samples analyzed for major ions, selected 
trace elements, and nutrients were collected using a DH-81 
sampler according to methods given in Wilde and others 
(1999). Spring water samples were collected in a churn splitter 
placed directly under the open end of a discharge pipe leading 
from a sealed collector box located directly over the spring. 
Ground-water samples from wells sampled by the USGS 
were collected from faucets either at or near the well head to 
minimize potential chemical alteration of the water between 
the well and the sampling point. Prior to the collection of the 
ground-water samples, a minimum of three casing volumes of 
water were purged from the wells. Sequential measurements 
of specific conductance, pH, and temperature were made at 
5-minute intervals until readings stabilized to ensure that they 
were representative of the ground water. All USGS samples 
collected for the analysis of major ions, trace elements, silica, 
and nutrients were collected, treated, and preserved following 
procedures outlined by the U.S. Geological Survey (1997 to 
present). These samples were analyzed at the USGS National 
Water Quality Laboratory at Arvada, Colorado, using stan-
dard analytical methods described by Fishman and Friedman 
(1989), Fishman (1993), and Struzeski and others (1996). All 
CADWR samples were analyzed at the California Depart-

ment of Water Resources Bryte Analytical Laboratory in West 
Sacramento, California (Bruce Agee, California Department 
of Water Resources, unpub. data, 2005). Laboratory analyses 
and field measurements were done according to the referenced 
methods of the American Public Health Association (1999), 
and the U.S. Environmental Protection Agency (1993, 1994). 

Specific conductance and water temperature measure-
ments were made at 44 wells and 2 springs in the southern part 
of the Sonoma Valley in September 2003 to assess salinity in 
that part of the study area. Most measurements were made at 
a faucet at or near the well head or spring collector box. At 
several of the wells, the pumps could not be turned on during 
the site visit so measurements were made from well pres-
sure tanks. These measurements may be unrepresentative of 
ambient subsurface conditions (see Appendix E footnotes). 
Final measurements were taken after readings stabilized or 
after observing the full range of readings for cycling wells. 
Temperatures were measured to 0.1°C, but are reported to the 
nearest 0.5°C.

Water samples for analysis of stable isotopes of oxygen-
18 and deuterium were collected in unrinsed 60-milliliter (mL) 
glass bottles. Surface-water samples were collected directly 
from creeks by immersing the bottle until filled. Spring-water 
samples were collected by placing the sample bottle directly 
at the open end of a collector-box discharge pipe and allow-
ing it to overflow with several volumes of water prior to being 
capped. Ground-water samples were bottom filled using 
tygon tubing connected to the sampling point and allowed to 
overflow with several sample volumes of water prior to being 
capped. Bottles were capped with conical-seal caps. Stable 
isotopes of oxygen and hydrogen were analyzed by the USGS 
Isotope Fractionation Project at Reston, Virginia, using a 
hydrogen-water-equilibration technique (Coplen and others, 
1991; Revesz and Coplen, U.S. Geological Survey, unpub. 
data, 2004) and an automated version of the carbon dioxide 
equilibration technique of Epstein and Mayeda (1953) (Revesz 
and Coplen, U.S. Geological Survey, unpub. data, 2004).

General Chemical Composition of Surface, 
Spring, and Ground Water

 Dissolved-oxygen concentrations in all waters ranged 
from less than 0.1 to 11.1 milligrams per liter (mg/L); the 
highest concentrations were measured in the samples from 
Sonoma Creek with dissolved-oxygen concentrations in the 
four samples ranging from 8.7 to 11.1 mg/L (Appendix D). 
The dissolved-oxygen concentrations of 16 water samples 
from 15 wells (4N/5W-2F1, 5N/5W-20M1, -30H1, 5N/6W-
1N1, -2P2, -2P3, -3E1, -10Q2, 6N/6W-9A1, -16B3, -22Q1, 
-36J1, 7N/6W-22E1, -29P3, and 7N/7W-24A1) ranged from 
0.1 to 6.3 mg/L with a median value of 1.2 mg/L; these con-
centrations show no correlation with well depth. 
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The pH of all samples collected by both the USGS and 
the CADWR during 2002–04 ranged between 6.1 and 8.8 
(Appendix D); a total of four well samples did not meet the 
secondary drinking-water standard range of 6.5 to 8.5 estab-
lished for the protection of taste, odor, or appearance of drink-
ing water (U.S. Environmental Protection Agency, 2002).

 Specific electrical conductance (SC), a measurement 
of the ability of water to conduct an electrical current and an 
indicator of ionic concentration, varied widely depending on 
the type of sample, the location, and the time of year. The 
conductivity of water from Sonoma Creek and several tributar-
ies during the May 2003 seepage run ranged from 72 to 535 
microsiemens per centimeter (µS/cm) (table 3). The lowest 
conductivity values were measured in samples from Sonoma 
Creek tributaries; all tributary samples had conductivity values 
less than 300 µS/cm. The highest conductivity values were 
measured in samples collected from Sonoma Creek where 
the conductivity of all the samples exceeded 300 µS/cm. The 
highest conductivity value of 535 µS/cm was measured in a 
sample from Sonoma Creek at Watmaugh Road (S12)  
(fig. 19). Site S12 was the most downstream location sampled 
on Sonoma Creek and it may represent the inland extent of 
mixing of fresh and brackish water from the sloughs of San 
Pablo Bay during high tide. Specific conductance of creek 
water varied depending on the time of year and flow condi-
tions. For example, at the site on Sonoma Creek at Agua 
Caliente (S10) conductivity was lower in May 2003 than in 
November 2002 corresponding with higher streamflow  
(table 3, Appendix D). The conductivity of samples from 
springs ranged from 154 to 2,140 µS/cm, and the conductivity 
of water from wells ranged from 124 to 2,020 µS/cm  
(Appendix E). The conductivity of the water from 2 springs 
and from 19 of the 75 wells sampled by both the USGS and 
the CADWR during 2002–04 exceeded the secondary drink-
ing-water standard recommended level of 900 µS/cm (Califor-
nia Department of Health Services, 2003). The high conduc-
tivity of the samples from these particular wells is discussed 
in greater detail in a later subsection of this report (“High 
Salinity Waters”).

Major-ion concentrations in surface- and ground-water 
samples are plotted in a trilinear diagram (fig. 20). A trilinear 
diagram shows the proportions of common cations and anions 
for comparison and classification of water samples indepen-
dent of total analyte concentrations (Hem, 1985). Trilinear 
diagrams can be used to identify groups of samples that have 
similar relative ionic concentrations (Freeze and Cherry, 
1979). In general, figure 20 shows that most samples are bicar-
bonate type water and fall along a mixing line from sodium-
potassium type water to calcium-magnesium type water. On 
the basis of the trilinear diagram, water samples in the Sonoma 

Valley can be divided into three groups (fig. 20). Ground-water 
wells sampled more than once during 2002–04 for major ions 
(5N/5W-18D2, -28R1, 5N/6W-3E1, -12F1, 6N/6W-9A1, and 
-10M2) are represented in figure 20 by the earliest analyses 
listed in Appendix D; the major ion composition in ground-
water wells sampled more than once was generally consistent. 

Group 1 includes samples from 14 wells, 2 springs, and 
3 surface-water sites on Sonoma Creek, including 2 samples 
collected at Agua Caliente (S10) in November 2002 and 
June 2003. Most group 1 samples can be characterized as a 
mixed-bicarbonate type water. Magnesium was the predomi-
nant cation in samples from six wells in group 1 (5N/5W-
18D2, -30H1, 5N/6W-2P3, -12M1; 7N/6W-22E1, -29P1), 
one spring (6N/6W-19PS1), and both surface-water samples 
from Sonoma Creek at Agua Caliente (S10). Sodium was the 
predominant cation in samples from six other wells in group 
1 (5N/6W-1N1, -2N2, -12F1; 6N/6W-9A1; 7N/6W-29P3; and 
7N/7W-24A1), and one spring (7N/6W-22JS1). In terms of a 
chemical equivalence basis (milliequivalents per liter, meq/L), 
both magnesium and sodium constituted less than 50 percent 
of all cations in their respective samples. Similarly, calcium 
was the predominant cation in the remaining two well samples 
with mixed cation-bicarbonate type water (wells 5N/6W-2P2 
and -10Q2). Two surface-water samples in group 1, Sonoma 
Creek at Kenwood (KW) and Sonoma Creek at Lawndale Rd 
(S5), can be characterized as magnesium-bicarbonate type 
waters where magnesium constitutes more than 50 percent of 
total cations. 

Group 2 includes samples collected from four wells, 
including one well (6N/6W-35K1) that yields geothermal 
water. The chemical composition of group 2 samples can be 
characterized as a sodium-mixed anion (4N/5W-2F1), mixed 
cation-chloride (5N/5W-28N1), mixed cation-mixed anion 
(6N/6W-10M2), and sodium-chloride (6N/6W-35K1) type 
water. The predominant cation and anion of mixed samples 
was sodium and chloride, respectively. 

Group 3 includes samples collected from 10 wells 
(5N/5W-8P2, -20M1, -20R1, -28R1, 5N/6W-3E1, -25P2, 
6N/6W-16B3, -22Q1, -26E1, and -36J1). The composition of 
all samples in group 3 can be characterized as sodium-bicar-
bonate type water. 

Water samples that plot within the same group may be 
indicative of waters that are of similar origin or may have 
undergone changes in composition as a result of similar chem-
ical processes. For example, samples in Group 3 may repre-
sent waters that may have acquired their sodium bicarbonate 
composition through cation exchange along ground-water flow 
paths (sodium cations on the clay minerals being replaced by 
calcium and magnesium cations, releasing the sodium cations 
to water) (Drever, 1982).
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The spatial distribution of the different water types in 
the Sonoma Valley is illustrated using Stiff diagrams. Stiff 
diagrams plot in an identical sequence the concentration (in 
meq/L) of major cations to the left of zero and major anions 
to the right of zero (Stiff, 1951) (as depicted in fig. 21). The 
width of the diagram is an approximate indication of the total 
ionic content (Hem, 1985). Wells sampled more than once 
during 2002–04 for major ions (5N/5W-18D2, -28R1, 5N/6W-
3E1, -9A1, -10M2, and 12F1) are represented by the earliest 
analyses listed in Appendix D. Sonoma Creek at Agua Caliente 
(S10) is represented by the latest of two analyses listed in 
Appendix D because that sample was collected in the middle 
of the 2002–04 period. Figure 21, shows the ionic composition 
of samples based on site type and, for well samples, on depth. 
The group designation of each site, which was based on the 
trilinear diagram (fig. 20), is shown on figure 21.

The Stiff diagrams for the surface- and spring-water 
samples, for the samples from five wells less than 200 ft deep 
(5N/6W-2N2, -12F1, -12M1, 5N/5W-18D2,-30H1) to the 
south and west of the city of Sonoma along Sonoma Creek 
and from one well less than 200 ft deep in the Kenwood 
area (7N/6W-29P1) are similar (trilinear group 1) (fig. 21A). 
Dissolved-solids concentrations (residue on evaporation) 
ranged from 135 mg/L (7N/6W-22JS1) to 269 mg/L (Sonoma 
Creek at Kenwood [KW]) in the surface- and spring-water 
samples and from 164 mg/L (7N/6W-29P1) to 539 mg/L 
(5N/6W-12F1) in ground-water samples from wells less than 
200 ft deep. The similar ionic composition and relatively low 
dissolved solids of these water samples are consistent with 
water derived either directly from precipitation or indirectly 
from precipitation by means of ground-water losses to streams 
(seepage gains) or streamflow losses to ground water (seep-
age losses). Location and seasonal variations in hydrologic 
conditions determine which process prevails. In areas where 
static water levels are within 10 or 20 ft of land surface, such 
as along Sonoma Creek south of Kenwood and in the vicin-
ity of the Bay Mud deposits near Schellville, streamflow 
may principally comprise ground-water inflow except dur-
ing periods of the highest streamflows. In areas where water 
levels are drawn down by ground-water pumping, particularly 
between late spring and autumn, and where static water levels 
may be greater than 10 or 20 ft below land surface, such as 
along Sonoma Creek upstream of Highway 12 at Kenwood 
(seepage site S3), stream seepage may be the principal source 
for shallow ground water. Given that both seepage gains and 
losses may occur at the same locations at different times of the 
year, the source of surface water, spring water, and water from 
some wells less than 200 ft deep cannot be positively identi-
fied based on ionic composition. 

The composition of the samples from wells 5N/6W-12F1 
and -12M1 are represented by diagrams that are similar in 
shape, but wider than the diagrams from wells having water 
with a similar composition (5N/5W-18D2 and -30H1). Wider 

diagrams are indicative of higher total ionic content. The 
total dissolved-solids concentrations of samples from wells 
5N/6W-12F1 and -12M1 were 539 and 485 mg/L, respectively, 
compared with the median value of 247 mg/L for all samples 
in group 1. The higher ionic content of shallow ground water 
in the area of wells 5N/6W-12F1 and -12M1 may be attributed 
to land use; both wells are located in established residential 
areas served almost exclusively by municipal sewer and water 
lines. Leaking sewer lines or infiltration from septic tank leach 
fields that pre-date public sewer lines, leaking water lines, and 
irrigation return flow from domestic residential water use may 
be contributing sources of ground water in some areas.

Samples from well 5N/5W-28N1 near Schellville and 
well 6N/6W-16B3 near Glen Ellen (fig. 21A) have a distinctly 
different chemical composition than water from the other 
wells with depths less than 200 ft. The relatively high ionic 
content (1,060 mg/L) of ground water from well 5N/5W-
28N1 (trilinear group 2) may be attributed to its location. Well 
5N/5W-28N1 is completed in alluvium, but it is situated at the 
boundary between alluvial fan deposits and bay-mud depos-
its. As is discussed in the section “High-Salinity Waters,” 
this boundary marks the northern edge of an area identified 
by Kunkel and Upson (1960) as an area of saline ground 
water, possibly a result of the landward movement of brack-
ish water from the tidal marshlands north of San Pablo Bay. 
The sodium-bicarbonate composition of ground water from 
well 6N/6W-16B3 (trilinear group 3) may be attributed to the 
geology of the area. Located near Calabasas Creek, this well 
is at least partly completed in alluvium, possibly extending 
into the Glen Ellen Formation at depth. Unlike other wells less 
than 200 ft deep that were sampled as part of this study, well 
6N/6W-16B3 is located adjacent to one of several north–south 
trending faults in northern part of the Sonoma Valley (fig. 19). 
This fault may act as a partial barrier to ground-water flow 
and result in the upward circulation of relatively mineralized 
ground water from greater depths.

Stiff diagrams depicting the ionic composition of ground-
water samples from wells with depths between 200 ft and  
500 ft are shown on figure 21B. The ionic compositions of 
ground water from four wells (6N/6W-9A1, 7N/6W-22E1, -
29P3, and 7N/7W-24A1) located north of Glen Ellen and from 
one well (5N/6W-2P2) located on the west side of Sonoma 
Creek near the city of Sonoma (trilinear group 1) are similar 
to the ionic composition of most of the ground-water samples 
from wells less than 200 ft deep (fig. 21A). Dissolved-solids 
concentrations ranged from 142 mg/L (7N/7W-24A1) to  
262 mg/L (7N/6W-29P3). The similar ionic composition of 
dissolved solids in the samples from group 1 wells with depths 
between 200 and 500 ft compared with those in the samples 
from the shallower group 1 wells is consistent with water 
derived from direct infiltration of precipitation and (or) from 
surface-water seepage losses. 
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Figure 21. Stiff diagrams showing chemical composition of samples from selected wells, springs, and Sonoma 
Creek in the Sonoma Valley, Sonoma County, California, 2002–04. A. Springs, Sonoma Creek, and wells less than 
200 feet deep. B. Wells 200 to 500 feet deep. C. Wells greater than 500 feet deep or of unknown depths.
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Figure 21.—Continued.
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Figure 21.—Continued.
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 East of Sonoma Creek and extending from the Schell-
ville area (4N/5W-2F1) to just north of Glen Ellen (6N/6W-
10M2), the composition of ground water from wells 200 to 
500 ft deep is characterized by greater ionic content, in par-
ticular greater proportions of sodium and chloride and greater 
concentrations of total dissolved solids (trilinear group 2) than 
most ground water from wells less than 200 ft deep. The com-
position of ground water from five wells (5N/5W-8P2, -20R1, 
-28R1, 6N/6W-26E1, and -36J1) is a sodium-bicarbonate 
type water (trilinear group 3). Water from wells 4N/5W-2F1, 
5N/5W-20R1, and -28R1 have relatively high salinity which 
may be caused by mixing of meteoric waters with connate 
water trapped during deposition of sediments in a marine or 
brackish environment or by seawater intruding through the 
Bay-Mud deposits north of San Pablo Bay.

Wells 5N/6W-1N1, -2P3, and -10Q2, which have depths 
greater than 500 ft, have a mixed-bicarbonate type composi-
tion (trilinear group 1; fig. 20); these wells are located on 
either side of Sonoma Creek and just west of the city of 
Sonoma (fig. 21C). To the northeast, in the Agua Caliente 
area, water from well 6N/6W-35K1 has a relatively high con-
centration of dissolved solids (673 mg/L) and relatively high 
concentrations of potassium, sodium, and chloride (trilinear 
group 2) (fig. 21C; Appendix D). The chloride concentration 
(255 mg/L) in ground water from this well is comparable 
with that (273 mg/L) for a sample collected by Kunkel and 
Upson (1960) from a 450-ft-deep well (5N/6W-2A3) at Boyes 
Hot Springs, an area identified as having thermal waters (see 
sections “Chemical Composition of Thermal Waters” and 
“Ground-Water Temperature” for further discussion). Wells 
5N/5W-20M1, -25P2, and 6N/6W-22Q1, which also have 
depths greater than 500 feet, have a sodium-bicarbonate type 
composition (trilinear group 3; fig. 20). Well 6N/6W-22Q1 is 
located in the Glen Ellen area, close to where Sonoma Creek 
crosses an inferred fault (fig. 9). The ionic content of the 
ground water from well 5N/5W-20M1 is very similar to the 
ionic content of samples from wells 5N/5W-20R1 and -28R1, 
which have depths between 200 and 500 ft, indicating that 
the intermediate and deep wells in the southern part of the 
Sonoma Valley may be affected by similar processes.

Constituents of Potential Concern 

Dissolved nitrogen in the form of nitrate (NO
3
) is one of 

the most commonly identified contaminants found in ground 
water (Freeze and Cherry, 1979). Nitrate is attributable to both 

natural and anthropogenic sources. Natural sources of nitrates 
include igneous rocks, the atmosphere, and decomposition of 
organic material. Anthropogenic sources include agricultural 
activities, fertilizers used for landscaping, leakage from under-
ground sewers, septic-tank leach fields, and the atmosphere as 
a result of human activities. Nitrate concentrations in drinking 
water in excess of 45 mg/L are considered hazardous and may 
result in methemoglobinemia (blue-baby syndrome) in small 
children (Hem, 1985).

Concentrations of nitrate in samples collected during 
2002–04 ranged from less than 0.1 mg/L (below the detec-
tion level) to 35 mg/L (fig. 22). The highest concentrations of 
nitrate (equal or greater than 10 mg/L) were from six wells 
(4N/5W-2F1 [10.8 mg/L], 5N/5W-18D2 [35 mg/L], 
-28N1 [32.7 mg/L], 5N/6W-2N2 [10 mg/L], -2P2 [14.5 mg/L], 
and -2P3 [12.5 mg/L]) located to the west and south of the 
city of Sonoma and all less than 500 ft deep. In some areas, 
concentrations of nitrate in ground water may have decreased 
through time. For example, well 5N/5W-18D2, which has 
been periodically sampled since 1958, has exceeded the 
primary maximum contaminant level (MCL, 45 mg/L) for 
drinking water several times (U.S. Environmental Protection 
Agency, 2002; California Department of Health Services, 
2005), including a peak concentration of 66 mg/L in a sample 
collected in 1959 (California Department of Water Resources, 
1982). The concentration of nitrate in samples from this well 
have remained below the MCL since 1967.

Boron is a widely occurring trace element in the Sonoma 
Valley. Boron commonly is associated with igneous rocks 
(Hem, 1985). In the Sonoma Valley, likely sources of boron 
include thermal waters, the Sonoma Volcanics, connate waters 
associated with fault zones or evaporite deposits, and brack-
ish water from the tidal marshlands north of San Pablo Bay. 
Anthropogenic sources such as wastewater and fertilizers may 
contribute relatively low concentrations of boron to wells in 
developed areas (Phillips and others, 1993). Boron is not regu-
lated by a MCL for drinking water, but the California Depart-
ment of Health Services has established an advisory level 
(“notification level”) of 1,000 micrograms per liter  
(µg/L) as higher concentrations may pose a health risk to 
people ingesting that water on a daily basis (California Depart-
ment of Health Services, 2005). Plants require small amounts 
of boron for growth, but in excess boron can be toxic. Boron 
in irrigation water at concentrations as low as 0.7 mg/L can 
be toxic to sensitive plants such as grapes (Ayers and Westcot, 
1985).
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Concentrations of boron in samples collected during 
2002–04 ranged from 0.01 mg/L (10 µg/L) in water from 
spring 7N/6W-22JS1 to 15.7 mg/L (15,700 µg/L) in water 
from well 6N/6W-2A6 (fig. 23). Samples from eight wells 
(5N/5W-20M1, -20R1, 5N/6W-2A6, -25P2, 6N/6W-16B3, 
-22Q1, -26E1, and -35K1), had concentrations in excess of the 
1 mg/L [1,000 µg/L] California Department of Health Ser-
vices notification level. All these wells, with the exception of 
wells 6N/6W-16B3 and -35K1, are deeper than 200 ft and are 
located between Glen Ellen and Hwy 12/121 in the Schellville 
area (fig. 23). The relatively high concentrations of boron in 
ground water in this section of the Sonoma Valley may be 
attributed to the following sources for the corresponding wells 
shown in parentheses: (1) the movement of boron-rich water 
from the Sonoma Volcanics (6N/6W-22Q1 and -26E1) (Cali-
fornia Department of Water Resources, 1982), (2) thermal 
waters in the Fetters Hot Springs and Boyes Hot Springs areas 
(6N/6W-35K1 and 5N/6W-2A6) (California Division of Mines 
and Geology, 1984), and (3) either connate water, incorporated 
in sediments during deposition, or modern saltwater intrusion 
from the Bay-Mud deposits and tidal sloughs near San Pablo 
Bay (5N/5W-20M1, -20R1, and 5N/6W-25P2) (Kunkel and 
Upson, 1960). The relatively high boron concentration in the 
sample from well 6N/6W-16B3 (5.8 mg/L [5,780 µg/L]) may 
be attributed to upward-flow of deep ground water along a 
nearby fault (fig. 9). Samples taken in the late 1940s and 1950s 
from three nearby wells had comparable concentrations of 
boron ranging from 6.2 to 7.7 mg/L (6,200 to  
7,700 µg/L) (California Department of Water Resources, 
1982).

Additional elements of concern because of their poten-
tially adverse effect on health or taste, odor, and appearance 
of water used for domestic consumption include arsenic, iron, 
and manganese, fluoride, and chloride. The concentration 
of arsenic in all the samples collected from Sonoma Creek, 
springs, and wells during 2002–04 ranged from 1 µg/L (esti-
mated) to 17 µg/L (Appendix D). Samples from wells 5N/5W-
20M1 (17 µg/L), 5N/6W-1N1 (11 µg/L), and 6N/6W-35K1 
(12 µg/L) exceeded the primary MCL of 10 µg/L (U.S. Envi-
ronmental Protection Agency, 2002). The concentration of dis-
solved iron in samples collected during 2002–04 from Sonoma 
Creek, springs, and wells ranged from 4 µg/L (estimated) to 
1,480 µg/L (Appendix D). Samples from four wells (6N/6W-
9A1, -22Q1, -35K1, and 7N/6W-22E1) contained dissolved 
iron that exceeded the secondary Federal and State MCL 
of 300 µg/L (U.S. Environmental Protection Agency, 2002; 
California Department of Health Services, 2005). The concen-
tration of manganese in all samples collected from Sonoma 
Creek, springs, and wells during 2002–04 ranged from 0.3 to 
540 µg/L (Appendix D). Samples from nine wells (4N/5W-
2E1, 5N/6W-1N1, -3E1, -10Q2, 6N/6W-9A1, -22Q1, -35K1, 
7N/6W-22E1, and -29P3) contained dissolved manganese in 

concentrations exceeding the secondary Federal and State 
MCL of 50 µg/L (U.S. Environmental Protection Agency, 
2002; California Department of Health Services, 2005). 
Fluoride concentrations in samples from two thermal wells 
(5N/6W-2A6 and 6N/6W-35K1), neither of which is used 
for drinking water, equaled or exceeded the recommended 
secondary drinking-water standard of 2 mg/L; one sample had 
a concentration of 8.5 mg/L (5N/6W-2A6). Chloride concen-
trations in samples from all wells ranged from 5 to 578 mg/L; 
concentrations from three wells (5N/5W-28N1, 5N/6W-2A6, 
and 6N/6W-35K1) exceeded the secondary drinking-water 
standard of 250 mg/L.

Thirty-six samples from the 30 wells were analyzed 
for physical constituents (pH and specific conductance) and 
chemical constituents (sum of constituents [dissolved sol-
ids], chloride, fluoride, arsenic, boron, iron, and manganese). 
Results showed that 45 of the analytes had concentrations 
equaling or exceeding Federal and (or) State drinking-water 
standards and advisory levels (Appendix D).Wells with water 
having values equal to or in excess of standards and advisory 
levels were disproportionately from wells in the northern half 
of the Sonoma Valley; wells located in townships 6N and 
7N were the source of 36 percent of all samples collected 
for major constituents, but were the source of 53 percent of 
all analyses having values equal to or in excess of standards 
and advisory levels. Ground-water depth intervals were more 
proportionately represented; wells less than 200 ft deep, 200 
to 500 ft deep, greater than 500 ft deep and of questionable or 
unknown depth were the source of 28, 44, 22, and 6 percent, 
respectively, of all samples collected for major constituents. 
These depth categories constituted 22 percent (less than 200 
ft), 36 percent (200 to 500 ft), 19 percent (greater than 500 ft) 
and 6 percent (questionable or unknown) of all the analyses 
having values equal to or in excess of standards and advisory 
levels for physical and chemical constituents.

High-Salinity Waters

High-salinity waters are commonly associated with mod-
ern saltwater intrusion, connate ground water in areas with 
evaporites or marine sedimentary deposits, and (or) thermal 
waters. The criterion frequently used to define salinity-affected 
waters includes chloride greater than (100 mg/L [Tolman and 
Poland, 1940; Iwamura, 1980]) and total dissolved solids 
(TDS) or residue on evaporation (ROE) greater than 1,000 
mg/L (brackish: approximately 1,000–20,000 mg/L; saline: 
20,000–35,000 mg/L; brine: greater than 35,000 mg/L [Drever, 
1982]). For the purposes of this report, high-salinity waters 
are defined as waters having conductivity greater than 1,000 
µS/cm (ROE = 614 mg/L). 
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Major-ion and trace-element data, including chloride 
and TDS and (or) ROE, for a limited number of historical and 
recent analyses indicate that saline ground water exists in parts 
of the Sonoma Valley. Because these limited data are insuffi-
cient for characterizing the magnitude and extent of salinity in 
the study area, measurements of conductivity for an expanded 
group of sampling sites were used as a surrogate. Linear 
regression of water-chemistry data for wells sampled dur-
ing 2002–04 indicates that dissolved solids (ROE) in ground 
water and the specific conductance (SC) of ground water are 
strongly correlated (ROE [mg/L]=0.563 SC [µS/cm] + 50.717; 
R2=0.98). 

The temporal variation of conductivity in water from 12 
wells used as long-term monitoring sites by CADWR is shown 
on figure 24. Time-series plots of conductivity suggest that the 
most significant changes in water chemistry during 1969–2004 
occurred in the southern part of the Sonoma Valley. The 
conductivity at well 5N/5W-28N1 increased significantly dur-
ing the mid-1970s, coinciding with a period of below normal 
rainfall. Following a peak conductivity of 1,420 µS/cm in 
1978, conductivity decreased to pre-1976 levels. However, the 
most recent conductivity measurement of 1,780 µS/cm in Sep-
tember 2002 (Appendix E) suggests that salinity has increased 
sharply since 1998 (1,110 µS/cm). Conductivity gradually 
and steadily increased at well 5N/5W-28R1 between 1969 and 
2004, with the most recent conductivity measurement,  
1,290 µS/cm, measured in September 2004, being the peak 
measurement for the period. The conductivity at well 5N/5W-
18D2 slowly increased over time reaching a peak of 643 µS/
cm in 2004. Conductivity measurements at wells 5N/6W-12F1 
(888 µS/cm in 2004) and 5N/6W-12M1 (806 µS/cm in 2003) 
increased significantly from the late 1960s to the early 1990s 
and then decreased through 2004. Although recent conductiv-
ity measurements at these wells are not peak measurements, 
they are almost two times higher than the conductivity mea-
surements in 1969. Large periodic fluctuations in conductivity 
at these wells may be attributed to the amount of streamflow in 
Sonoma Creek. For example, the peak conductivity measure-
ment of 1,440 µS/cm at well 5N/6W-12F1 in 1991 coincides 
with the end of a 5-year period (1987–91) of deficient rainfall 
and, presumably, in the absence of streamgage records, of low 
streamflow. However, the conductivity of water from well 
5N/6W-12F1 in 1977 was relatively low (462 µS/cm) despite 

record low annual discharge in Sonoma Creek (USGS stream 
gage 11458500). This seemingly poor correlation between 
conductivity, rainfall, and streamflow suggests that leaking 
sewer lines, septic-tank leach fields, and water lines may 
represent additional sources of recharge to wells 5N/6W-12F1 
and -12M1. Alternatively, variations in conductivity may be 
related to a combination of variations in pumping stress and 
recharge. 

Plots of ground-water conductivity in the southern part 
of the Sonoma Valley, as represented by recent measure-
ments at wells 5N/5W-28N1 and 5N/5W-28R1, suggest that 
ground-water salinity is increasing in this area. Kunkel and 
Upson (1960) used water-chemistry data from well samples 
collected during 1949–52 to identify an area of saline ground 
water (conductivity greater than 1,000 µS/cm) located primar-
ily south of Highway 12/121 (fig. 24). They defined the 0-ft 
hydraulic-head contour for spring 1950 (fig. 16) as a bound-
ary between generally satisfactory unconfined ground water 
in alluvium to the north and saline unconfined ground water 
in alluvium and bay-mud deposits to the south. Several wells 
drilled in the Huichica Formation and alluvium reportedly 
yielded water of satisfactory quality at the time they were 
drilled but became brackish as a result of summer pumping 
(Kunkel and Upson, 1960). A report by the California Depart-
ment of Water Resources (1982) concluded that there had been 
no appreciable change in the area impacted by saline ground 
water since 1960.

The current (2002–04) extent of saline water in the south-
ern part of the Sonoma Valley was assessed using conductivity 
measurements for 44 wells made by the USGS in September 
2003 (Appendix E). These 44 wells sampled included 20 
wells less than 200 ft deep, 11 wells 200 to 500 ft deep, 7 
wells greater than 500 ft deep, and 6 wells of unknown depth 
(Appendix C). The September 2003 measurements were used 
to create generalized contours representing areas of equal 
conductivity and, in particular, to identify the location of the 
1,000-µS/cm contour used to delineate the extent of saline 
ground water during 1949–52. Because of the wide range of 
well depths (approximately 60 to 821 ft; Appendix C), these 
contours (fig. 25) should be considered composite conductivity 
values representing all three depth zones (less than 200 ft, 200 
to 500 ft, and greater than 500 ft) described in this report. 
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Generalized contour lines depicting areas of equal 
conductivity (1,000 µS/cm and 500 µS/cm) in September 
2003 suggest that the area affected by saline ground water 
in the southern part of the Sonoma Valley has shifted since 
1949–52 (fig. 25). The northern edge of the saline area may 
have advanced as much as 1 mi north of Highway 12/121. This 
apparent movement of saline ground water may be in response 
to ground-water pumping and the resulting depression of 
hydraulic heads southeast of the city of Sonoma (fig. 18). In 
contrast, the northwestern part of the 1949–52 area of saline 
ground water, near the intersections of Highways 12 and 121 
and Sonoma Creek, may have diminished. The current (2003) 
northwestern extent of the 1,000-µS/cm contour is located 
approximately 0.5 mi southeast of the Sonoma Valley Waste-
water Treatment Plant at Schellville (fig. 25). The 500-µS/cm 
conductivity contour may be farther south of the wastewater 
treatment plant then depicted on figure 25; the conductivity 
of water from two shallow wells (5N/5W-29P3 and -32C1) 
was 315 µS/cm for both wells. These wells are located near a 
transmission line that conveys reclaimed water for agricultural 
use in areas south and east of the wastewater treatment plant. 
The conductivity data from September 2003 are insufficient 
for determining whether the increasing usage of reclaimed 
water for irrigation of agricultural lands located toward the 
eastern boundary of the Sonoma Creek watershed might be 
reducing the areal extent of saline ground water in that area 
(fig. 25). The available data are also insufficient for determin-
ing whether current (2002-04) conductivity values in excess 
of 500 µS/cm measured by CADWR in several wells near 
the city of Sonoma (5N/5W-8P2, -18D2, 5N/6W-12F1, and 
-12M1) might be attributed to the main area of saline ground 
water (fig. 25). Additional measurements in the area between 
the city of Sonoma and the wastewater treatment plant could 
show that saline ground water associated with the Bay-Mud 
deposits extends further north than depicted by  
figure 25.

Conductivity measurements from September 2003 
indicate that significant spatial variability in water quality 
exists among the three depth zones. The vertical variability 
in conductivity may be illustrated by comparing the values 
from samples of two adjacent wells of different depths. For 
example, the conductivities of water from wells 5N/5W-29R6 
(less than 200 ft deep) and -29R7 (greater than 500 ft deep), 
were 720 and 1,560 µS/cm, respectively (fig. 25, Appendix E). 
The variation of conductivity with depth may be indicative of 
different sources of salinity in the southern part of the Sonoma 
Valley. The primary source of salinity to shallow wells may be 
modern saltwater that has intruded the bay-mud deposits along 
the tidal sloughs that extend northward from San Pablo Bay. 
High evaporation rates in the marshlands also could increase 
salinity in the shallow ground water in or near the marshes. 
The source of salinity to intermediate and deep wells may be 
connate water incorporated into the sediments during deposi-
tion or modern saltwater in areas where abandoned or improp-
erly constructed wells may act as conduits for the downward 

movement of surface water or shallow ground water. Infor-
mation on the number and location of abandoned wells is 
unavailable, but the chemical composition of water from wells 
anywhere in the study area may be affected wherever such 
wells are in proximity to abandoned or improperly constructed 
wells. 

The trace elements barium, boron, bromide, and iodide 
have been used successfully to evaluate the source and move-
ment of saline water in coastal aquifers in other parts of 
California (Piper and others, 1953; Izbicki, 1991; Izbicki and 
others, 2003; Land and others, 2004). A limited number of 
samples were analyzed for these constituents during 2002–04, 
including samples from four wells in the southern part of the 
Sonoma Valley. Among the trace elements analyzed, iodide 
may be the most useful indicator for distinguishing between 
modern salt-water intrusion and connate water (Izbicki, 1991). 
Concentrations of iodide in samples from wells 4N/5W-2E1, 
-2F1, 5N/5W-20M1, and -30H1, were 1.1, 0.225, 0.138, and 
0.007 mg/L, respectively (Appendix D); in comparison, the 
concentration of iodide in seawater is 0.06 mg/L (Hem, 1985). 
Water from shallow well 5N/5W-30H1 is not affected by salin-
ity from any source, based on the low concentrations of iodide 
and other constituents analyzed (Appendix D). The relatively 
high concentrations of iodide and other constituents, including 
sodium, chloride, and boron, in water from wells  
4N/5W-2E1, 2F1, and 5N/5W-20M1 suggests that connate 
water is the source of salinity to these particular wells  
(Appendix D). Iodide is a minor constituent of seawater which, 
when entrapped in estuarine mud or sedimentary deposits of 
marine origin, becomes concentrated over time (Lloyd and 
others, 1982). Additional sampling and trace element analyses 
could help determine whether saline waters elsewhere in the 
study area can be attributed to recent seawater intrusion or to 
ground waters that have had a long residence time.

Ground-Water Temperature 

The occurrence of warm ground water in some areas 
of Sonoma County has been known since the late 1800s. In 
Sonoma Valley, ground-water temperatures in the Sonoma 
Volcanics range between 18 and 48°C (California Division of 
Mines and Geology, 1984). Six thermal areas, first recognized 
by the presence of thermal springs (Waring, 1915), are known 
in Sonoma Valley between Los Guilicos in the northwest 
to Boyes Hot Springs in the southeast. An area that extends 
northwest from Sonoma and includes Fetter’s Hot Springs, 
Boyes Hot Springs, and Agua Caliente is described as a “warm 
water belt” in a study by the California Division of Mines and 
Geology (1984). That study also identified a fault, informally 
named the Eastside fault, which is believed to be the western 
boundary of the main geothermal reservoir. Forty six wells and 
springs in Sonoma Valley with temperatures greater than or 
equal to 20°C were identified by California Division of Mines 
and Geology (1984). 
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There is no universally accepted definition of thermal 
water. Shallow ground water typically has a temperature close 
to the mean annual air temperature. The mean annual air 
temperature at Sonoma is about 15.4°C. According to Waring 
(1965), any water with a temperature greater than 8°C above 
the mean annual air temperature is considered thermal. By this 
definition any well or spring with a water temperature greater 
than 23.4°C would be considered thermal. For the geothermal 
resources study of Napa and Sonoma Counties, any water 
greater than 20°C was considered thermal (California Divi-
sion of Mines and Geology, 1984). Ground-water temperatures 
increase with depth owing to the prevailing geothermal gradi-
ent. Todd (1980) cites an average geothermal gradient of 1°C 
per 100 ft. 

Ground-water temperatures were measured by the USGS 
at the land surface in water samples pumped from 40 wells in 
September 2003 (excluding wells in which samples may repre-
sent water from well pressure tank, as listed in Appendix E); 
temperature-depth logs were made for 8 other wells  
(fig. 26). The sample temperature measurements were made 
after several minutes of pumping, when temperatures were 
stable and measurements were within 0.5°C. The temperature 
logs (fig. 27) were made between August 3 and August 5, 
2004, under nonpumping conditions. The temperatures were 
measured using a calibrated precision thermistor suspended on 
a four-conductor cable. Temperature measurements were made 
at discrete points from near the water surface to the maximum 
accessable depth in the well. The number and spacing of 
measurements were chosen on the basis of the total depth of 
the water-filled section of the well and the rate of temperature 
change with depth. Resistance at discrete depths was recorded 
after the thermistor output stabilized. The recorded resistance 
was converted to temperature using a polynomial calibration 
curve. This system provides temperature measurements accu-
rate to 0.1°C .

The temperatures, rounded to the nearest 0.5°C, ranged 
from 17.5 to 36.0°C in the samples pumped from wells that 
ranged from 60 to 845 ft in depth. The water temperatures of 
pumped samples show a positive correlation with depth. The 
linear correlation has an R2 of 0.48 and gives an average tem-
perature gradient of 1.4°C/100 ft. It is important to recognize 
that the temperature of samples pumped from wells generally 
differ from in situ temperatures. Submersible pumps generate 
heat during pumping and the temperature of water samples can 
be affected by ambient surface conditions. These effects may 
partially explain the scatter in the temperature in relation to 
well depth.

The maximum temperatures in the eight wells that were 
logged ranged from 16.5 to 27.0°C; the depths of these wells 
range between 53 and 674 ft. In all cases, the recorded maxi-
mum temperature was at the well bottom. Temperature logs 
for the eight wells are shown in figure 27. 

Maximum temperature gradients were calculated for the 
eight wells logged. Well 4N/5W-6P3 had the highest maxi-
mum temperature gradient, 6.6°C/100 ft (fig. 27). This well 

was drilled to 420 ft; however, the temperature sensor could 
not be lowered deeper than 100 ft owing to inadequate clear-
ance between the pump and the casing. Well 5N/5W-18R1 is 
reported to be 134 ft deep, but when sounded on August 3, 
2004, it was measured as 53 ft deep. The maximum tempera-
ture in this well was 16.5°C at 53 ft deep. This well had the 
coolest temperatures of the eight wells logged.

The three wells (5N/6W-11C3, -11C4, and -11C5) 
located at the same site in El Verano have depths of 92, 526, 
and 674 ft, respectively (Appendix C). The shallowest well 
of the three (5N/6W-11C3) was temperature logged between 
40 and 94 ft with a static water level of 35.97 ft below land 
surface and a maximum temperature gradient of 1.5°C/100 
ft. The two deeper wells (5N/6W-11C4 and -11C5) had static 
water levels of 143.69 and 146.31 ft below land surface, 
respectively; temperatures were measured at depths between 
150 ft and the bottom of the well. The temperature profiles for 
wells 5N/6W-11C4 and -11C5 are nearly identical over the 
common depth interval. Both wells have a nearly isothermal 
zone at depths between 225 and 525 ft and have high tem-
perature gradients near the bottom of the well casings. Well 
5N/6W-11C4 apparently is just deep enough to be affected by 
the zone of high gradient which begins at about 550 ft below 
land surface. Well 5N/6W-11C5 is in the zone of high gradient 
between 550 ft and the well bottom at 674 ft; the temperature 
gradient in this zone is 5.9°C/100 ft. The temperature and 
water-level data for wells 5N/6W-11C3, -11C4, and -11C5 
show that at this site a zone of high temperature gradient exists 
below about 550 ft. The temperature at 674 ft below land sur-
face is 26.5°C. The isothermal zone between 225 and  
525 ft probably is a zone of relatively high ground-water flux 
or a zone of large vertical flow.

Well 5N/5W-17E1 has a bottom-hole temperature of 
26.7°C and an accessible depth (measured by the USGS in 
August 2004) of 657 ft, which are similar to those for well 
5N/6W-11C5. The temperature profile for well 5N/5W-17E1, 
however, does not show a thick isothermal zone as do the 
profiles for wells 5N/6W-11C4 and -11C5; instead the tem-
perature gradients at depths between 200 and 650 ft are fairly 
uniform at about 2.2°C/100 ft. At the bottom of well 5N/5W-
17E1 at depths between 650 and 657 ft, the gradient increases 
to 6.5°C/100 ft, similar to that for well 5N/6W-11C5. The 
linear gradient section between 200 and 650 ft could be caused 
by relatively low permeability rocks that inhibit ground-water 
flow.

The total depth of well 5N/6W-1N1 is reported to be  
555 ft; however, an obstruction prevented logging deeper 
than 440 ft. This well had the hottest temperatures recorded 
of the eight wells with logged temperature data, reaching a 
maximum of 27.0°C at 440 ft below land surface. This well 
had a modest temperature change of only 2.2°C over the depth 
interval 40 to 440 ft, which equates to a composite tempera-
ture gradient of about 0.6°C/100 ft. The nearly isothermal 
profile suggests this well may be sited close to an upflow zone 
of thermal water. 
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Figure 26. Locations of wells with water-temperature logs in the Sonoma Valley, Sonoma County, California.
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Well 5N/5W-20R1 is reported to be 449 ft deep; obstruc-
tions prevented logging deeper than 212 ft at which the tem-
perature was 21.2°C. The temperature gradient between depths 
of 125 and 200 ft was relatively uniform at about 2.3°C/100 ft, 
which is similar to the gradient for well 5N/5W-17E1 over the 
same depth interval. 

The temperature data from wells 5N/5W-17E1, -20R1, 
5N/6W-1N1, -11C4, and -11C5 suggest that thermal water 
exists in a broad area beneath Sonoma and El Verano (figs. 2, 
26). In places, the thermal water is confined at depths below 
about 550 ft, but in some places the thermal water rises to less 
than 50 ft below land surface. The high temperature gradi-
ent in well 4N/5W-6P3 suggests that the thermal-water zone 
may extend over much of the southern half of Sonoma Valley. 
Alternatively, the thermal water in well 6P3 could be separate 
from that under the Sonoma–El Verano area and could be 
related to upflow along fractures in the Rodgers Creek Fault 
Zone (fig. 26).

Chemical Composition of Thermal Waters

In many areas, ground water with elevated temperatures 
correlates with poor water quality. This is because the solu-
bility of most common minerals increases with temperature. 
Thermal waters generally are sodium-chloride type waters 
and often contain high concentrations of trace elements such 
as arsenic, boron, fluoride, and lithium in concentrations that 
exceed drinking-water standards and that can damage crops 
irrigated using this type of water (Hem, 1985). Major-ion 
analyses of samples collected from wells during 2002–04 
show a poor correlation between temperature and ROE  
owing to the predominance of nonthermal sources of dissolved 
minerals to sampled wells, including modern saline or brack-
ish water from bay-mud deposits, connate water from marine 
sedimentary deposits, and anthropogenic sources such as leak-
ing sewer lines and septic tank leach fields. Similarly, histori-
cal analyses by the California Division of Mines and Geol-
ogy (1984) for 1949–83 indicate a poor correlation between 
temperature and total dissolved solids even after eliminating 
analyses of about a dozen wells known for, or suspected of 
(based on location), being recharged by either modern saline 
or connate water.
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A comparison of water temperatures and analyses from 
the current 2002−04 study with that from the study by the 
California Division of Mines and Geology (1984) indicates 
that thermal water is a contributing source of water to some 
wells in the Sonoma Valley, particularly in the area between 
Fetters Hot Springs and the city of Sonoma. Samples col-
lected in 2004 from two wells, 5N/6W-2A6 near Boyes Hot 
Springs and 6N/6W-35K1 near Fetters Hot Springs, appear to 
be sodium-chloride type water based on the high concentra-
tions of these constituents, relative to other major ions (fig. 2; 
fig. 20; Appendix D). Because well 5N/6W-2A6 was missing 
bicarbonate data, it could not be included in the trilinear dia-
gram on figure 20. The chemical composition of samples from 
these wells are comparable to the results of analyses by Mur-
ray (1996) for the upper Napa Valley where thermal waters are 
distinguished by elevated concentrations of sodium (greater 
than 170 mg/L), chloride (greater than 180 mg/L), boron 
(greater than 8 mg/L), and fluoride (greater than 7 mg/L). The 
source and mechanism of the movement of thermal water in 
the Sonoma Valley may be similar to that for the upper Napa 
Valley where evidence suggests that the most mineralized and 
the hottest thermal waters may upwell along faults or fractures 
extending from depth to near land surface (Murray, 1996). As 
in the upper Napa Valley, the most mineralized thermal waters 
in the Sonoma Valley, represented by the composition of 
samples from wells 5N/6W-2A6 and 6N/6W-35K1, may coin-
cide with the topographic axis of the valley. Temperature and 
limited water chemistry data from wells and springs suggest 
that thermal waters also are present along the western margin 
of the Bay-Mud deposits between Schellville and Sears Point 
and in the vicinity of Glen Ellen (fig. 2).

Oxygen-18 and Deuterium  

Water samples were collected from selected sites in the 
study area for analysis of oxygen-18 (18O) and deuterium (2H). 
Oxygen-18 and deuterium data can provide information on 
source and movement of ground water.

Background
Oxygen-18 and deuterium are naturally occurring stable 

isotopes of oxygen and hydrogen, respectively. The abundance 
of oxygen-18 relative to lighter oxygen-16 (16O) and deuterium 
relative to hydrogen (1H) atoms can be used to help infer the 
source and the evaporative history of water. Oxygen-18 and 
deuterium abundances are expressed in delta notation (δ) as 

per mil (parts per thousand) differences in the ratios of 18O/16O 
and 2H/1H in samples relative to a standard known as Vienna 
Standard Mean Ocean Water (VSMOW) (Craig, 1961; Gat and 
Gonfiantini, 1981):
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By convention, the value of VSMOW is 0 per mil. Delta 
oxygen-18 (δ18O) and delta deuterium (δD) ratios relative to 
VSMOW can be measured more precisely than absolute abun-
dances; these ratios are useful for a wide variety of hydrologic 
studies (Gat and Gonfiantini, 1981). When run in duplicate, 
the analytical precision of δ18O and δD generally is within 0.2 
and 2 per mil, respectively (Coplen, 1994).

Because the source of much of the world’s precipitation 
is derived from the evaporation of seawater, the δ18O and δD 
composition of precipitation throughout the world clusters 
along a line known as the global meteoric water line (GMWL) 
(Craig, 1961)

                       dD = 8d18O + 10 .

The isotopic compositions of precipitation plot in vari-
ous places along the GMWL for a variety of reasons. Dif-
ferences in the isotopic composition of precipitation result if 
water vapor in clouds originated from evaporation of cooler 
or warmer seawater (Gat and Gonfiantini, 1981). Storms that 
originate over cold waters in the Gulf of Alaska have a lighter 
isotopic composition than storms that originate over warm 
tropical waters in the vicinity of Hawaii. Differences in loca-
tions and precipitation on the GMWL also occur as the result 
of fractionation as moist air masses move over land; as storms 
move inland from coastal areas, the concentration of heavier 
isotopes relative to lighter isotopes decreases because heavier 
isotopes are preferentially fractionated as water molecules 
repeatedly undergo evaporation and condensation. In addi-
tion, precipitation that condenses at high altitudes and at cool 
temperatures tends to be isotopically lighter than precipitation 
that forms at low altitudes and warm temperatures (Muir and 
Coplen, 1981). Water that has not been subject to evaporation 
will plot near the GMWL. 
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Stable Isotope Results
The δ18O and δD values for the entire suite of water sam-

ples ranged from −3.08 to −7.75 per mil and −21.9 to −52.0 
per mil, respectively (Appendix F). These values plot on either 
side of, and along, the GMWL (fig. 28A). Waters affected by 
evaporation plot to the right of the GMWL. The sample from 
the Napa–Sonoma Marshes at Tolay Creek and Highway 37 
(NSM) (fig. 19) was overall the isotopically heaviest (least 
negative) water sampled (δ18O and δD values, –3.08 and −21.9 
per mil, respectively). The relatively heavy isotopic composi-
tion of this sample may be attributed primarily to mixing of 
freshwater and seawater rather than to evaporation. This water 
had a specific conductance of about 22,000 µS/cm (Appendix 
E). Seawater has an isotopic composition, by definition of the 
VSMOW scale, of 0 per mil for both d18O and dD (Gat and 
Gonfiantini, 1981) and a specific conductance of about 50,000 
µS/cm (Hem, 1985). The isotopically heaviest freshwater 
sample (–5.36 and –38.8 per mil of d18O and dD, respectively) 
was the sample from spring 4N/5W-30PS1, located near Sears 
Point. The sample from well 5N/6W-2A6, located near Boyes 
Hot Springs, was overall the isotopically lightest (most nega-
tive) water sampled (d18O and dD values, –7.64 and –52.0 per 
mil, respectively; Appendix F).

The δ18O and δD composition of the surface-water 
samples collected from Sonoma and Calabazas Creeks ranged 
from –5.09 to –6.68 per mil for δ18O and from –33.0 to –41.1 
per mil for δD (fig. 28A, Appendix F). The heaviest (least neg-
ative) value was from Sonoma Creek at Agua Caliente (S10) 
(δ18O and δD values, –5.09 and –33.0 per mil, respectively) 
in mid-November 2002. The lightest (most negative) value 
was from Sonoma Creek at Lawndale Road (S5) (δ18O and 
δD values, –6.45 and –41.1 per mil, respectively) in late May 
2003. These values should not be considered representative of 
the annual range of δ18O and δD as the isotopic composition 
of surface water usually varies because of temporal changes in 
hydrologic conditions and contributions of water from surface 
and subsurface sources (Gat and Gonfiantini, 1981).

Because neither set (mid-November 2002 and late May 
to early June 2003) of surface-water samples was collected 
during the wettest part of the water year (between November 
and April), these samples may primarily represent recently 
discharged ground, spring, and (or) soil water. The heavier 
isotopic composition of two samples collected in mid-Novem-
ber 2002, particularly the partly evaporated sample from 
Sonoma Creek at Agua Caliente (site S10), suggests that water 
in Sonoma Creek and its tributaries may at times also include 
large fractions of infiltrated water from uncovered retention 
ponds or perhaps shallow soil-water flushed out by irrigation 
return flow. 

The δ18O and δD composition of the samples from the 
springs ranged from –5.36 to –7.05 per mil for δ18O and –38.8 
to –45.3 per mil for δD (Appendix F). Three of four spring 
samples collected between early June and early September 
2003 were from the northern part of the Sonoma Valley and 

have an isotopic composition that plots on the GMWL. The 
isotopic composition of the fourth sample, 4N/5W-30PS1 
(–5.36 and –38.8 per mil of δ18O and δD, respectively), col-
lected from a spring near Sears Point, plots to the right of the 
GMWL (fig. 28B). Because this partly evaporated sample from 
September 2003 was collected from an above-ground collector 
box located several hundred yards downhill from the actual 
spring, it probably is not representative of spring water in the 
southern part of the Sonoma Valley.

The δ18O and δD composition of the ground-water 
samples collected from the wells in the study area ranged 
from –5.52 to –7.75 per mil and –37.6 to –52.0 per mil, with 
a median composition of –6.68 and –42.5 per mil, respec-
tively (Appendix F). These ranges are somewhat lighter 
(more negative) then the δ18O and δD composition for sur-
face-water samples collected in mid-November 2002 and 
late May-early June 2003, but similar to the expected overall 
range of surface-water values based on isotopic data from a 
similar study in the lower Milliken-Sarco-Tulucay Creeks 
area of southeastern Napa County (Farrar and Metzger, 2003), 
located approximately 12 mi east of the city of Sonoma. The 
median values for the isotopic composition of ground water 
are slightly lighter than the median volume-weighted δ18O and 
δD composition of precipitation of –5.88 and –37.3 per mil, 
respectively, measured approximately 250 miles southeast of 
the Sonoma Valley at Santa Maria, California, between 1962 
and 1976 by the International Atomic Energy Agency (2005). 
The difference is slightly less than the 2 per mil per degree of 
latitude decrease in δD expected with increasing latitude for 
sea-level precipitation in western North America (Williams 
and Rodini, 1997). Adjusted by about 3.3 degrees latitude to 
match the latitude of the city of Sonoma, the median volume 
weighted δD composition of sea-level precipitation would be 
about –43.9 per mil.

Water from most of the wells plot along the GMWL (fig. 
28A), indicating that recharge primarily is derived from the 
direct infiltration of precipitation or from the infiltration of 
seepage from creeks. The scatter of these samples along the 
GMWL suggests that the samples may represent different 
ground-waters ages and (or) mixing of infiltrated surface water 
and precipitation with other contributing sources. The δ18O 
and δD composition of water from the sampled wells indi-
cates that water from wells deeper than 200 ft is isotopically 
lighter than water from wells less than 200 ft deep. Ground 
water from wells deeper than 200 ft may represent water that 
precipitated at higher elevations or cooler temperatures. The 
median δ18O and δD composition of samples from seven wells 
with depths less than 200 ft was –6.04 and –38.9 per mil, 
respectively. The median δ18O and δD composition of samples 
from 15 wells with depths 200 to 500 ft was –6.82 and –42.9 
per mil, respectively. The median δ18O and δD composition of 
samples from eight wells with depths greater than 500 ft was 
–6.89 and –44.6 per mil,  
respectively. 
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 Waters affected by evaporation or modified by  
isotopic exchange after infiltration are represented by  
samples that plot to the right of the GMWL (fig. 28B). 
Samples from shallow and intermediate wells located near 
Sonoma Creek and (or) near the northern margin of the 
Bay-Mud deposits (4N/5W-2E1, -2F1, 5N/5W-28R1, -29P3, 
-29P4, -29R6, -30H1, -31P3, -33K7, 5N/6W-2P2, and -2P3) 
appear to have been subject to evaporation. Recharge to these 
wells is meteoric, derived directly from local precipitation or 
storm runoff, but modified by evaporation prior to infiltration 

or mixed with evaporated waters from contributing sources. 
Contributing sources of evaporated waters in these areas may 
include seepage from Sonoma Creek, irrigation return flow 
(primarily domestic irrigation in developed areas), delayed 
infiltration of shallow soil water in areas with heavy soils, 
infiltration or downstream release of surface water from 
uncovered retention ponds, and saline waters either from the 
infiltration and inland movement of brackish water from the 
tidal sloughs and marshlands north of San Pablo Bay or con-
nate water associated with marine sedimentary deposits.
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The most evaporated well samples were collected from 
a shallow well (5N/5W-30H1) located at the Sonoma Valley 
Wastewater Treatment Plant at Schellville (fig. 19). The isoto-
pic composition of two samples (mean δ18O and δD composi-
tion of –5.55 and –38.0 per mil, respectively) from this well 
plot along an evaporative trend line (fig. 28A). Wastewater 
treatment operations that are open to the atmosphere (second-
ary clarifier tanks and stormwater retention ponds) provide 
the opportunity for evaporation and isotopic enrichment of 
reclaimed water. Release of plant effluent to the marshlands 
of San Pablo Bay by way of Schell Slough is permitted from 
October 31 to May 1, but this occurs downstream of the waste-
water treatment plant (Jim Zambenini, Sonoma Valley County 
Sanitation District, written commun., 2005). Alternatively, this 
water may have been isotopically enriched prior to treatment. 
Much of the influent received by the wastewater treatment 
plant originates as Russian River water imported into the study 
area by way of the Sonoma Aqueduct for public supply. The 
isotopic composition of samples representing imported and 
reclaimed water are partly evaporated and plot slightly to the 
right of the GMWL (fig. 28B). 

Samples from wells 5N/6W-2A6 and 6N/6W-35K1 also 
plot to the right of the GMWL. These wells, given their prox-
imity to each other, presumably, tap the same hydrothermal 
reservoir. However, the isotopic composition of water from 
well 5N/6W-2A6 is significantly lighter (more negative) and 
less evaporated, plotting only slightly off the GMWL. The 
isotopic variability of the thermal waters from these wells may 
be attributed to meteoric waters of different origins, mixing 
of different fractions of similar source waters, or modifica-
tion by isotopic exchange after infiltration. Well 5N/6W-2A6, 
which was reportedly drilled to a depth of 1,000 ft, may 
produce thermal water that originated from precipitation that 
fell during a time when the climate was cooler and wetter than 
the present (Gat and Gonfiantini, 1981). The depth of well 
6N/6W-35K1 is unknown, but based on construction infor-
mation for nearby wells it may be less than 200 ft deep and 
water to this well may include a large fraction of isotopically 
enriched soil water. Alternatively, water to this well may have 
been modified by isotopic exchange. The isotopic composition 
of waters that are exposed to high temperatures (80oC or more) 
experience a shift toward heavier d18O, but dD values remain 
largely unchanged (Gat and Gonfiantini, 1981)  
(fig. 28B). In a high temperature environment, an exchange 
reaction can occur between water and rock whereby some of 
the relatively light 16O is transferred from the water to the rock 
and some of the relatively heavy 18O is transferred from the 
rock to the water. Because rock contains an abundance of oxy-
gen, but very little hydrogen, there is insufficient deuterium in 
the rock to balance any significant change in deuterium in the 

water. As a result, the rock becomes isotopically lighter and 
the water becomes isotopically heavier with respect to oxygen 
only (Gat and Gonfiantini, 1981).

Waters not affected by evaporation are represented by 
samples that plot on or to the left of the GMWL (fig. 28B). 
Recharge waters not affected by evaporation may occur in 
areas where precipitation and runoff infiltrate rapidly through 
coarse-grained alluvium or fractured rock and where there 
is negligible mixing with evaporated waters. These waters 
include samples from wells located near Sonoma Creek or its 
tributaries in the northern part of the Sonoma Valley (6N/6W-
9A1, 7N/6W-29M2, and -29P3), in or along the margins of 
the Mayacmas or Sonoma Mountains (4N/5W-7G1, -17M1, 
-30M1, 5N/6W-3E1, -8C1, -10Q2, 6N/6W-36J1, 6N/7W-2J3, 
7N/6W-22E1, and 7N/7W-24A1), near mapped or inferred 
faults (6N/6W-16B3 and -22Q1), and in the area of high-salin-
ity ground water south of the city of Sonoma (5N/5W-20M1, 
-21P3, -21P4, and -29R7) (fig. 19).

Stream channels in the northern part of the Sonoma Val-
ley generally have steeper gradients and coarser grained chan-
nel deposits than those in the southern Sonoma Valley. These 
factors may allow for faster downstream movement and infil-
tration of runoff, thereby minimizing evaporation. Similarly, 
in the Mayacmas and Sonoma Mountains (fig. 19), along the 
mountain front at the valley margins, and along fault zones, 
rapid infiltration of precipitation and runoff minimizes evapo-
ration. The isotopic compositions of spring and well samples 
from the northern part of the study area and in the vicinity of 
the mountains suggest that these waters are of similar origin. 

Four of the samples that plot to the left of the GMWL 
were collected from wells (5N/5W-20M1, -21P3, -21P4, 
and -29R7) located in the area of high-salinity ground water 
discussed in the section “High-Salinity Waters.” Samples from 
three of these wells (5N/5W-20M1, -21P3, -21P4) were among 
the isotopically lightest (most negative) compositions of any 
sample analyzed (δ18O and δD less than –7.5 and –49 per mil, 
respectively) (fig. 28B). The relatively light isotopic composi-
tion of these waters is not characteristic of water associated 
with modern saltwater intrusion, brackish shallow ground 
water from the marshlands north of San Pablo Bay, irriga-
tion return flow, or soil water from fine-grained sediments. 
Concentration of dissolved solids from these potential sources 
would have to occur through evaporation which would result 
in heavier (less negative) δ18O and δD values that would plot 
to the right of the GMWL. The lighter isotopic composition of 
the water in these four wells is consistent with older meteoric 
(connate) waters that originated during a cooler and wetter 
climatic period. Salinity in the water from these wells may 
also be attributed to simple leaching of salts by percolating 
water which would not change the isotopic composition (Gat 
and Gonfiantini, 1981). 
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Samples were collected from four wells more than once 
during 2003–04. The variation in the δ18O and δD composition 
of water from one well (4N/5W-2F1) exceeded the analyti-
cal precision (0.5 and 2 per mil, respectively), suggesting that 
seasonal variation occurs in parts of the study area. The  
δ18O and δD values increased from –6.54 and –44.2 per mil, 
 respectively, in well 2F1 in early June 2003 to 6.21  
and –40.2 per mil, respectively, in early September 2003  
(fig. 28B, Appendix F). The seasonal variation may be attrib-
uted to different proportions of contributing sources as a result 
of seasonal pumping and irrigation of a nearby vineyard with 
reclaimed water. Other wells sampled more than once, 4N/5W-
17M1, 5N/5W-30H1, and 6N/6W-9A1, showed much smaller 
seasonal changes in isotopic values (fig. 28B).

Ground-Water Flow Model
To better understand the ground-water flow in the 

Sonoma Valley ground-water basin, a numerical flow model 
of the basin was developed for the period 1974–2000. The 
ground-water flow model was developed using MODFLOW-
2000 (MF2K) (Harbaugh and others, 2000). MF2K is a finite-
difference model that simulates ground-water flow in a three-
dimensional heterogeneous and anisotropic medium provided 
the fluid has constant density (Harbaugh and others, 2000).

Model Discretization

Spatial Discretization
The horizontal spacing of the MF2K model grid is  

1,320 by 1,320 ft (fig. 29). The areal model domain generally 
corresponds to the areal extent of the alluvium and the topo-
graphic delineation of the valley floor. Estimates of average 
aquifer properties were assigned to the representative cell vol-
ume, and average hydraulic head was calculated at the center, 
or node, of each cell.

Vertical layering in the model along with the relative 
thicknesses and the altitudes of the modeled hydrogeologic 
units is shown in figure 30. The mean thicknesses of each 
model layer are presented in table 4. The aquifer system was 
vertically discretized into eight model layers. Model layers 1 
and 2 represent the upper hydrogeologic unit discussed in the 
“Ground-Water Hydrology” section (generally the upper 200 
ft). Model layers 3 through 6 represent the middle hydro-
geologic unit (generally ranging from 200 to 500 ft in depth 
below land surface). Model layers 7 and 8 represent the lower 
geohydrologic unit (greater than 500 ft below land surface). 
All model layers have the same areal extent except where the 

elevation of the bedrock is greater than the top elevation of a 
model layer, which affects a small number of cells in model 
layers 5 through 8.

Temporal Discretization
MF2K allows a modeler to simulate the first stress period 

as steady state and the following stress periods as transient 
state. In this study, it was assumed that pre-1975 conditions 
reflected quasi-steady-state conditions (fig. B-1A) and were 
simulated as steady state in the model. After about 1975, 
ground-water development increased (fig. 3). The transient-
state simulation period, 1975–2000, was simulated using 
annual stress periods, with six time steps per stress period. 
The total number of steady- and transient-state stress periods 
was 27. The end of the model simulation period was chosen to 
correspond with the most recent land-use data (1999) used to 
estimate agricultural pumpage (Appendix G).

To determine the adequacy of the transient temporal dis-
cretization, the time-varying mass-balance errors (the differ-
ence between total inflow and outflow for each stress period) 
were considered. In general, time-varying mass-balance errors 
should not fluctuate in an unstable manner and the final mass-
balance error should be relatively small. A plot of percent 
mass-balance error for each stress period for the ground-water 
flow model is shown in figure 31. The mass-balance error 
fluctuates with time; however, the absolute error generally 
was less than 0.01 percent; the greatest absolute error is 0.02 
percent for stress periods 8, 11, 13, 15, and 27 (fig. 31). The 
time-varying and final mass-balance errors indicate that the 
temporal discretization was adequate.

Model Boundaries

Three types of boundary conditions are used in the 
ground-water flow model: no-flow, general head, and drain. A 
no-flow boundary indicates that there is no exchange of water 
between the model cell and the domain outside the model. All 
lateral boundaries, with exception of the southern boundary 
with San Pablo Bay, were simulated as no-flow boundaries 
(fig. 29). For the most part, these no-flow boundaries corre-
spond to the lateral extent of the mapped quaternary alluvial 
units, Bay Mud deposits, Huichica Formation, Glen Ellen 
Formation, and volcanolastic Sonoma Volcanics. The bottom 
of the model corresponds with the top of the basement com-
plex as defined by the gravity data presented in Appendix A. 
The depth to basement complex, as described in Appendix A, 
can be as great as 10,000 ft. The lowest model layer extends to 
the estimated top of the basement complex for completeness; 
however, the depth of the basement complex is well below the 
active flow system and includes older geologic units that do 
not produce or transmit significant amounts of water.
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A general-head boundary simulates a source of water 
outside the model area that either supplies, or receives water 
from, adjacent cells at a rate proportional to the hydraulic-head 
differences between the source and the model cells (Harbaugh 
and others, 2000). The constant of proportionality is the 
hydraulic conductance (L2/t) whose value is determined during 
the calibration process. The general-head boundaries were 
located on the vertical faces of cells along the edge of model 
layer 1 at the approximate location where the modeled strata 
outcrop into San Pablo Bay and on the horizontal face of other 
cells of model layer 1 underlying San Pablo Bay (fig. 29).

A drain boundary simulates features that remove water 
from the aquifer at a rate proportional to the difference 
between the head in the aquifer and some fixed head as so 
long as the head in the aquifer is above that fixed head, but 
has no effect if head falls below that level (McDonald and 
Harbaugh, 1988). The constant of proportionality is the 
drain conductance (L2/t) whose value is determined during 
the calibration process. Drain boundaries were located at the 
approximate location of the Bay Mud deposits to simulate the 
marsh-like conditions (fig. 29).

Subsurface Properties

Model layer properties [horizontal and vertical hydrau-
lic conductivity, storage coefficient, specific yield, hydraulic 
conductance (used to simulate faults), and boundary condi-
tions] affect the rate at which simulated water moves through 
an aquifer, the volume of water in storage, and the rate and 
areal extent of changes in ground-water levels caused by 
ground-water pumping and (or) recharge. For this study, some 
of the aquifer-system properties (hydraulic conductivity, stor-

age coefficient, and specific yield) were estimated initially 
from well logs, specific-capacity tests, and published litera-
ture. Final estimates of these properties were made using a 
trial-and-error approach under steady-state and transient-state 
conditions (table 5).

Most aquifer-system properties (such as hydraulic con-
ductivity and storage properties) are continuous functions of 
the spatial variables and, therefore, the number of property 
values could be infinite. For estimation purposes, the infinite 
number of property values may be reduced through parameter-
ization (Yeh, 1986). For this study, the hydraulic-conductivity 
distribution for each model layer, except model layers 7 and 
8, were assumed to be heterogeneous and anisotropic; model 
layers 7 and 8 were assumed to be homogeneous and anisotro-
pic. Storage-property distributions for each model layer were 
assumed to be homogeneous.

Hydraulic Conductivity
According to Lohman (1979), an aquifer has “a hydraulic 

conductivity (K) of unit length per unit time if it will transmit 
in unit time a unit volume of ground water at the prevailing 
viscosity through a cross section of unit area, measured at 
right angles to the direction of flow, under a hydraulic gradi-
ent of unit change in head through unit length of flow.” MF2K 
requires specification of horizontal and vertical hydraulic-con-
ductivity values for each active cell in the model domain.

Initially, the hydraulic-conductivity values were estimated 
using point-lithology data from drillers’ logs and published 
values associated with the lithologic description (Freeze and 
Cherry, 1979; Linda R. Woolfenden, U.S. Geological Survey, 
unpub. data, 2004). The point-hydraulic-conductivity values 
were then kriged, yielding a hydraulic-conductivity value for 
each active model cell. The number of model parameters using 
the kriged estimates was too large; therefore, the hydraulic-
conductivity values were parameterized into homogeneous 
zones (fig. 32). The zonation was based on the general values 
of the kriged estimates and the initial value assigned to each 
zone was based on values reported by Freeze and Cherry 
(1979). Model layers 1 and 2 have seven zones, model lay-
ers 3 through 6 have six zones, and model layers 7 and 8 are 
simulated as a single homogenous zone. In model layers 1 and 
2, zone 1 represents the Bay Mud deposits and offshore in San 
Pablo Bay, zones 2 and 4 represent the west and east areas 
of the central part of the valley, zone 3 represents the middle 
area of the central part of the valley, zone 5 represents areas 
where the Sonoma Volcanics are exposed, zone 6 represents 
the upper valley, and zone 7 (present in model layers 1 and 
2) represents the relatively permeable streambed. In general, 
the same zonation applies to model layers 3 through 6, except 
zone 1 represents similar material as zones 2 and 4. 

Model layer
Mean thickness 

(ft)

1 125

2 127

3 127

4 127

5 127

6 127

7 126

8 3,898

Table 4. Mean thickness of layers of the ground-water flow model 
of Sonoma County, California.

[ft, feet]
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Storage Coefficient and Specific Yield
The storage coefficient (also known as storativity, S) of 

a saturated confined aquifer of thickness b is the volume of 
water that an aquifer releases from storage per unit of surface 
area of aquifer per unit decline in the component of hydrau-
lic head normal to that surface (Freeze and Cherry, 1979). 
For confined aquifers, water is released from storage when 
pumping causes a decrease in pore-fluid pressure (hydraulic 
head or head is equal to the pore-fluid pressure divided by the 
specific weight of water) that increases the intergranular stress 
transmitted by the solid skeleton of the aquifer and results in 
a small reduction in porosity. The decrease in pore-fluid pres-
sure also produces a slight expansion of water. The combina-
tion of the small reduction in porosity and the slight expansion 
of the water results in a certain volume of water being released 
from storage (Bear, 1979).

The specific yield (S
y
) for an unconfined aquifer is the 

volume of water released from storage per unit surface area of 
aquifer per unit decline in the water table (Freeze and Cherry, 
1979). For unconfined aquifers, water is released from storage 
when a decline in ground-water level results in the desatura-
tion of the porous medium. S

y
 and S [specifically, specific stor-

age (S
s
 = S/b)] were specified for model layer 1 because it was 

simulated as a convertible model layer and S
s
 was specified 

for model layers 2 through 8. S
y
 and S

s
 were assumed homo-

geneous in model layer 1 and layers 2 through 8, respectively. 
Initial estimates of these parameters were based on values 
reported by Freeze and Cherry (1979).

Faults

Faults can be barriers to ground-water flow. The Eastside 
Fault (fig. 29), which may affect ground-water flow in the 
Sonoma Valley ground-water basin, was modeled using the 
Horizontal Flow Barrier (HFB) Package (Hsieh and Freckle-
ton, 1993). The HFB package simulates faults as thin, vertical, 
low-permeability geologic features that impede the horizontal 
flow of ground water. Faults are approximated as a series of 
horizontal-flow barriers between pairs of adjacent cells in 
the finite-difference grid (Hsieh and Freckleton, 1993). Flow 
across a simulated fault is proportional to the hydraulic-head 
difference between adjacent cells. The constant of propor-
tionality is the hydraulic characteristic (t-1) that is equal to the 
hydraulic conductivity divided by the thickness of the fault 
(here, assumed to equal 1 ft) adjusted for the angle that the 
fault crosses the model cell (Richard B. Winston, U.S. Geo-
logical Survey, unpub. data, 2005). The hydraulic characteris-
tic was modified using a multiplier; the value of the multiplier 
was estimated during the calibration process.
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Model
 layers

Horizontal hydraulic conductivity (ft/d)

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7

(Initial) Final (Initial) Final (Initial) Final (Initial) Final (Initial) Final (Initial) Final (Initial) Final

1 (3.0) 1.0 (5.0) 5.0 (7.0) 25.0 (5.0) 5.0 (3.0) 3.0 (10.0) 25.0 (25.0) 50.0

2 (3.0) 3.0 (5.0) 5.0 (7.0) 25.0 (5.0) 5.0 (3.0) 3.0 (10.0) 25.0 (25.0) 50.0

3 (3.0) 3.0 (5.0) 5.0 (7.0) 7.0 (5.0) 5.0 (3.0) 3.0 (10.0) 25.0 NA

4 (3.0) 3.0 (5.0) 5.0 (7.0) 7.0 (5.0) 5.0 (3.0) 3.0 (10.0) 10.0 NA

5 (3.0) 3.0 (5.0) 5.0 (7.0) 7.0 (5.0) 5.0 (3.0) 3.0 (10.0) 10.0 NA

6 (3.0) 3.0 (5.0) 5.0 (7.0) 7.0 (5.0) 5.0 (3.0) 3.0 (10.0) 10.0 NA

7 (3.0) 0.8 (3.0) 0.8 (3.0) 0.8 (3.0) 0.8 (3.0) 0.8 (3.0) 0.8 NA

8 (1.0) 0.8 (1.0) 0.8 (1.0) 0.8 (1.0) 0.8 (1.0) 0.8 (1.0) 0.8 NA

Model 
layers

Vertical hydraulic conductivity (ft/d)

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7

(Initial) Final (Initial) Final (Initial) Final (Initial) Final (Initial) Final (Initial) Final (Initial) Final

1 (0.03) 0.01 (0.05) 0.05 (0.07) 0.1 (0.05) 0.05 (0.03) 0.03 (0.1) 0.1 (2.50) 5.0

2 (0.03) 0.03 (0.05) 0.05 (0.07) 0.1 (0.05) 0.05 (0.03) 0.03 (0.1) 0.1 (2.50) 5.0

3 (0.03) 0.03 (0.05) 0.02 (0.07) 0.07 (0.05) 0.01 (0.03) 0.01 (0.1) 0.03 (2.50) 5.0

4 (0.03) 0.03 (0.05) 0.02 (0.07) 0.07 (0.05) 0.01 (0.03) 0.01 (0.1) 0.03 NA

5 (0.03) 0.03 (0.05) 0.02 (0.07) 0.07 (0.05) 0.01 (0.03) 0.01 (0.1) 0.03 NA

6 (0.03) 0.03 (0.05) 0.02 (0.07) 0.07 (0.05) 0.01 (0.03) 0.01 (0.1) 0.03 NA

7 (0.03) 0.08 (0.03) 0.08 (0.03) 0.08 (0.03) 0.08 (0.03) 0.08 (0.03) 0.08 NA

8 (0.01) 0.08 (0.01) 0.08 (0.01) 0.08 (0.01) 0.08 (0.01) 0.08 (0.01) 0.08 NA

Model 
layers

Storage coefficient

Sy (1) Ss (/ft)

(Initial) Final (Initial) Final

1 (0.25) 0.1 (1 × 10-6) 1.5 × 10-4

2 NA (1 × 10-6) 1.5 × 10-4

3 NA (1 × 10-6) 1.5 × 10-4

4 NA (1 × 10-6) 1.5 × 10-4

5 NA (1 × 10-6) 1.5 × 10-6

6 NA (1 × 10-6) 1.5 × 10-6

7 NA (1 × 10-6) 1.5 × 10-6

8 NA (1 × 10-6) 1.5 × 10-6

Recharge (acre-ft/yr)

Area

   Northern 3.43 × 104

   Middle 2.98 × 103

   Southern 0.00 × 100

Total 3.73 × 104

Table 5. Initial and final model parameter estimates used to calibrate the ground-water flow model of Sonoma County, California.

[ft/d, foot per day; acre-ft/yr, acre-feet per year; /ft, per foot; NA, not applicable; S
s
, specific storage; S

y
, specific yield]
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The trace of the simulated Eastside Fault is shown in 
figure 29. It is simulated in model layers 2 through 8.

Initially, the hydraulic-characteristic-multiplier value 
for the fault was set to a large value allowing ground water to 
flow freely across the fault. Through the calibration process, 
the hydraulic-characteristic-multiplier value was lowered to 
simulate measured water levels.

Stream-Aquifer Interactions

The Streamflow-Routing Package (Prudic, 1989) was 
used to simulate stream-aquifer interactions along Sonoma 
Creek and, to a lesser extent, streamflow in Sonoma Creek. 
The streamflow routing package is not a true surface-water 
flow model; however, it does simulate the interaction between 
the creek and the ground-water system, and tracks the amount 
of flow in the creek. If the hydraulic head in the aquifer is 
greater than or equal to the elevation of the bottom of the 
streambed, then leakage between the stream and aquifer is 
proportional to the difference between the hydraulic head in 
the stream and the hydraulic head in the aquifer beneath the 
streambed. If the hydraulic head in the aquifer is less than 
the elevation of the bottom of the streambed, then leakage is 
proportional to the difference between hydraulic head in the 
stream and the elevation of the bottom of the streambed. The 
constant of proportionality is the streambed conductance  
(L2/t); this value was estimated during the calibration process.

Streams superimposed on the aquifer system are divided 
into segments and reaches. A segment is a stream or diver-
sion in which streamflow from surface sources are added at 
the beginning of the segment or subtracted (in the case of a 
diversion) at the end of the segment (Prudic, 1989). A reach is 
the part of a segment that corresponds to an individual model 
cell in the finite-difference grid used to simulate ground-water 
flow in the aquifer system. For this work, it was assumed that 
there were no surface sources or losses along Sonoma Creek; 
therefore, the creek was simulated using one segment. The 
segment was subdivided into 128 reaches (fig. 29).

Model Inflow

Potential sources of model inflow are natural recharge 
from precipitation, stream leakage, and inflow from San Pablo 
Bay. Direct recharge from precipitation was simulated using 
areal recharge with annual average fluxes applied to different 
recharge zones (fig. 33). The flux rate applied to each recharge 
zone was based on the average annual rates presented earlier 
in this report. Long-term average ground-water recharge to the 
valley was estimated to range from 2.90 to 4.90 × 104 acre-
ft/yr. Initially, areal recharge for the steady-state simulation 
was distributed among five recharge zones (fig. 33) based on 
the 23 contributing subbasins described in the “Surface-Water 
Hydrology” section and shown on figure 8. These steady-state 
recharge estimates were modified during calibration. Variable 
recharge was estimated in the transient simulation by multi-

plying the annual average flux rate by the fraction of average 
annual precipitation (normalized to 1974 conditions). For 
example, the total precipitation in 1975 was 125 percent of 
the average annual precipitation; therefore, the average annual 
flux rate was multiplied by 1.25. As described in the “Model 
Calibration” section, an upper bound on maximum annual 
recharge was applied. The fraction of average annual precipi-
tation for 1974–2000 is presented in table 6.

Water from streams can either flow into or flow out of 
the ground-water system. The magnitude and direction of flow 
are functions of stream stage, simulated hydraulic head in the 
aquifer side of the streambed, and streambed conductance.

Model Outflow

Potential sources of model outflow are natural discharge 
(evapotranspiration, stream leakage, drains, and subsurface 
discharge into San Pablo Bay) and pumping. It was assumed 
that evapotranspiration occurs along Sonoma Creek; however, 
during the modeling process it was found that simulating 
both evapotranspiration and stream leakage caused numerical 
instabilities in the model. Therefore, only stream leakage was 
simulated and it was assumed that any stream leakage out of 
the ground-water system included evapotranspiration. Note, it 
was assumed that any simulated drain outflow from the Bay 
Mud deposits includes evapotranspiration.

Annual pumpage was based on reported data and esti-
mated values. The procedure for estimating pumpage for the 
model is described in Appendix G. As shown in figure G-5 and 
table G-2, the estimated annual pumpage for the model area 
ranges from about 6.17 × 103 acre-ft in 1974 to about 8.43 × 
103 acre-ft in 2000. Agricultural pumpage was estimated using 
land-use data for 4 different years spanning the model period, 
and interpolating between these years. This approach accounts 
for long-term trends in pumpage; however, interannual vari-
ability in pumpage is not addressed.

The annual pumpage was simulated using the Multi-Node 
Well Package (Halford and Hanson, 2002). In general, the 
Multi-Node Well Package distributes vertically the total pump-
age based on the hydraulic conductivity of the model layers 
penetrated by the well and the screened interval of the well.

Model Calibration

The ground-water flow model of the Sonoma Valley 
ground-water basin was iteratively calibrated using a trial-and-
error process in which the initial estimates of the aquifer prop-
erties were adjusted to improve the match between simulated 
hydraulic heads and measured ground-water levels. Measured 
ground-water levels for steady-state (pre-1975) conditions 
and for the period of 1975–2000 from 37 wells were used to 
calibrate the ground-water flow model. The iterative calibra-
tion process involved systematically adjusting the parameters 
to minimize hydrologic-budget error, match measured water 
levels, and simulate reasonable boundary fluxes. 
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Calendar 
year

Fraction of 
annual mean
 precipitation

Fraction of annual 
mean precipitaiton 
normalized to 1974

Fraction of steady 
state recharge 

applied to model

Fraction of 
annual mean
 streamflow 

Fraction of annual 
mean streamflow 
normalized to 1974

1974 0.81 1.00 1.00 1.10 1.00

1975 1.01 1.25 1.25 1.01 0.92

1976 0.38 0.47 0.47 0.05 0.05

1977 0.79 0.98 0.98 0.18 0.16

1978 1.02 1.26 1.26 1.36 1.24

1979 1.28 1.58 1.20 0.81 0.74

1980 0.86 1.06 1.06 1.33 1.21

1981 1.17 1.44 1.20 1.07 0.97

1982 1.58 1.95 1.20 2.09 1.90

1983 2.13 2.63 1.20 3.08 2.80

1984 0.74 0.91 0.91 0.46 0.42

1985 0.41 0.51 0.51 0.38 0.35

1986 1.13 1.40 1.20 2.05 1.86

1987 1.01 1.25 1.25 0.34 0.31

1988 0.65 0.80 0.80 0.33 0.30

1989 0.67 0.83 0.83 0.35 0.32

1990 0.61 0.75 0.75 0.23 0.21

1991 0.81 1.00 1.00 0.48 0.44

1992 1.19 1.47 1.20 0.50 0.45

1993 1.14 1.41 1.20 1.26 1.15

1994 0.76 0.94 0.94 0.27 0.25

1995 1.64 2.02 1.20 2.52 2.29

1996 1.53 1.89 1.20 1.42 1.29

1997 0.91 1.12 1.12 1.24 1.13

1998 1.60 1.98 1.20 1.93 1.75

1999 0.92 1.14 1.14 0.91 0.83

2000 0.99 1.22 1.22 0.75 0.68

Table 6. Fraction of long-term average annual precipitation and estimated fraction of steady-state recharge in Sonoma Valley, 
Sonoma County, California, 1974–2000.
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Measured ground-water levels collected prior to 1975 
were used to calibrate the ground-water flow model for steady-
state conditions. Measured ground-water levels from 1975 to 
2000 were used to calibrate the ground-water flow model for 
transient conditions. The variability in the simulated hydraulic 
heads is dependent on ground-water pumping, natural recharge 
and discharge, boundary conditions, hydraulic parameters 
(K, S

y
, and S

s
), stream stage, and fault parameters (hydraulic 

characteristic).
Final values of horizontal hydraulic conductivity range 

from 0.8 ft/d in layers 7 and 8 (lower geohydrologic unit) to 
50 ft/d zone 7, along Sonoma Creek in layers 1 and 2 (upper 
geohydrologic unit) (table 5). In general, the final estimated 
values changed little from the initial values, except those for 
zones 3, 6, and 7 in model layers 1 and 2 (upper hydrogeo-
logic unit). Zones 3 and 6 represent less consolidated alluvial 
material adjacent to Sonoma Creek which has greater hydrau-
lic conductivity values. Zone 7 is immediately adjacent to 
Sonoma Creek and has the greatest final hydraulic conductiv-
ity value.

The initial estimate of the vertical hydraulic conductiv-
ity anisotropy ratio was assumed to equal 100:1, that is, the 
horizontal hydraulic conductivity was 100 times greater than 
the vertical hydraulic conductivity (table 5). The final anisot-
ropy ratios, following model calibration, range from 10:1 to 
500:1. In general, zones 2, 4, and 6 in model layers 3 through 
6 (middle hydrogeologic unit) had anisotropy ratios greater 
than 100:1, whereas zones 3, 6, and 7 in model layers 1 and 2 
had anisotropy ratios less than 100:1. The greater anisotropy 
ratios in zones 2, 4, and 6 may reflect greater consolidation or 
more low-permeability interbeds. 

Both S
y
 and S

s
 are defined for model layer 1 because the 

layer was assumed to be unconfined (table 5). Specific storage 
was defined for model layers 2 through 8 because these layers 
were assumed to be confined. The final value for S

y
 in layer 

1 was 0.1. The final values for S
s
 were 1.5 × 10-4/ft for model 

layers 1 through 4 and 1.5 × 10-6/ft for model layers 5 through 
8.

The final values of steady-state areal recharge specified in 
the model are presented in table 5. Total recharge in the north-
ern zone was 3.43 × 104 acre-ft/yr, total recharge in the middle 
zone was 2.98 × 103 acre-ft/yr, and recharge in the southern 
zone was set equal to zero (fig. 33).

Total steady-state recharge equals 3.70 × 104 acre-ft/yr. 
As described earlier, transient annual areal recharge was 
simulated as specified flux to model layer 1 on the basis of 
the relative amount of precipitation. During the calibration 
process, it was found that fractions greater than about 1.30 
would result in simulated hydraulic heads that were above 
land surface; therefore, these fractions were reduced to 1.20 
(table 6), implying that there is an upper bound on the amount 
of precipitation that can recharge the Sonoma Valley ground-
water system in a given year.

The general-head-boundary hydraulic-conductance values 
were estimated through calibration such that the simulated 
steady-state hydraulic heads approximated measured steady-
state water levels (pre-1975 ground-water levels). General-
head boundaries were on the horizontal face at the top of 
model layer 1 underlying San Pablo Bay and the vertical 
face of the offshore boundary at San Pablo Bay (fig. 29). The 
depth of water in San Pablo Bay overlying model layer 1 var-
ies spatially from about 2 to 80 ft (fig. 29). The water in San 
Pablo Bay was assumed to be seawater although it actually is 
a mix of seawater and freshwater the source of which is the 
San Francisco Bay delta. Seawater has a greater density than 
freshwater, and this greater density must be addressed when 
setting the value of external head at general-head boundar-
ies. The equivalent freshwater head on the horizontal face of 
model layer 1 was set equal to 1.025 times the depth of water 
overlying the face. The depth of water in San Pablo Bay over-
lying the outcrop varies from about 30 to 70 ft. The thickness 
of model layer 1 at the outcrop is about 120 to 140 ft; there-
fore, it was assumed that water can be exchanged only across 
the vertical face of model layer 1. The head on the vertical 
boundary of model layer 1 was set equal to 1.025 times the 
sum of water depth and the bottom elevation of model layer 1. 
The initial hydraulic-conductance values for the horizontal and 
vertical faces were 1.34 × 104 and 1.30 × 102 ft2/d, respec-
tively, which allowed water to freely leave the basin. The final 
estimated hydraulic-conductance values for the horizontal and 
vertical faces were both equal to 1.00 × 10-2 ft2/d.

The drain-conductance value was estimated through cali-
bration such that the simulated steady-state hydraulic heads 
approximated measured steady-state water levels. The initial 
drain-conductance value was set equal to 1.34 × 104 ft2/d, 
which allowed water to freely leave the basin. The final drain-
conductance value was 0.10 ft2/d.

The steady-state flow of Sonoma Creek at the point 
where the creek enters the domain of the simulation model 
along the northeastern side was estimated to equal 6.70 ×  
103 acre-ft/yr. This estimate is the sum of estimated mean 
annual runoff from three contributing subbasins located 
outside the area included in the model. To provide a means for 
the simulation model to represent variable annual discharge in 
Sonoma Creek, a multiplication factor was calculated for each 
year from 1974 to 2000. The factors are decimal values that 
are the ratio of total annual measured or estimated streamflow 
to the mean annual streamflow at the Agua Caliente gage, nor-
malized so that the factor for 1974 is equal to 1.00 (table 6). 
The Agua Caliente gage was in operation from 1974 to 1981 
and then discontinued until 2002. Streamflow at the Agua 
Caliente gage was estimated for the years 1982 to 2000 using 
a correlation between discharge in Sonoma Creek (USGS sta-
tion 11458500) and Napa River (USGS station 11458000) for 
the period 1960 to 1981. The linear correlation of discharge 
between these two stations has an R2 value of 0.98.
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The streambed-conductance value was estimated through 
calibration such that the simulated steady-state hydraulic 
heads approximated measured steady-state water levels. The 
initial streambed-conductance value was set equal to 44.0 ft2/d 
using the minimum vertical hydraulic conductivity of 0.01 ft/d 
and an assumed streambed thickness of 3 ft, which allowed 
little exchange between surface water and ground water. The 
final streambed-conductance value was 2.00 × 103 ft2/d.

Ground-water flow across a simulated fault is propor-
tional to the hydraulic characteristic (Hsieh and Freckleton, 
1993). The parameter estimated during the calibration process 
was not the hydraulic characteristic but a multiplier of hydrau-
lic characteristic, where the hydraulic characteristic is the 
hydraulic conductivity divided by the fault thickness adjusted 
by the angle that the fault crosses the model cell. The initial 
hydraulic-characteristic-multiplier value for the Eastside Fault 
was set such that the hydraulic characteristic was equal to the 
largest value of hydraulic conductivity adjacent to the fault  
(5 ft/d) divided by the assumed width of the fault (1 ft), allow-
ing unrestricted hydraulic connection across the fault. To 
reproduce the measured water levels, it was necessary to simu-
late the fault by decreasing the initial hydraulic-characteristic-
multiplier value by 11 orders of magnitude, 1.00 × 10-10/d.

Simulated Hydraulic Heads

Areal Distribution: Steady State and 2000
Simulated hydraulic heads for model layer 2 and water-

level measurements from selected wells for SS conditions 
(pre-1975) and at the end of the simulation period (2000) are 
shown in figure 34. Recall that the upper aquifer is simu-
lated by model layers 1 and 2, and it was assumed that the 
simulated hydraulic heads for model layer 2 are representa-
tive of the upper aquifer. The simulated hydraulic heads for 
SS conditions for model layer 2 range from as high as 460 ft 
in the Kenwood/Los Guilicos area to less than 20 ft near the 
Bay Mud deposits (fig. 34A). The model results generally are 
consistent with measured water levels and indicate that ground 
water flows down valley from Kenwood/Los Guilicos toward 
San Pablo Bay discharging through the Bay Mud deposits or 
offshore in San Pablo Bay. Note that the water-level contours, 
based on limited data, shown in figures 16 and 17 for 1950 and 
1980, respectively, indicate flow convergent toward the axis of 
the valley, particularly south of El Verano. The simulated SS 
contours in figure 34A also show convergent flow, although 

much less pronounced. Specifically, the simulated water levels 
are underestimated near the model boundary east of Sonoma 
(for example, for wells 5N/5W-8Q1 and -21A1).

The simulated year 2000 hydraulic heads are little 
changed from the SS results, which is consistent with most 
measured water levels during that time period (fig. 34B). 
The simulated hydraulic heads for year 2000 in model layer 
2 range from as high as 460 ft in the Kenwood/Los Guilicos 
area to less than 20 ft near the Bay Mud deposits. However, 
the contours are depressed east and south of the Sonoma area 
primarily owing to increased ground-water pumpage.

Simulated Hydrographs
Simulated hydraulic heads and measured water levels for 

selected wells are shown in figure 35. There are water-level 
trends that extend through the entire model period, multi-year 
variations, and seasonal fluctuations. The model cannot simu-
late any of the seasonal fluctuations shown in measured levels, 
because it simulates annual stress periods (fig. 35). There also 
are some multi-year periods of water-level declines that the 
model does not simulate.

Wells 7N/6W-19N1 and 7N/7W-24J1 are located in the 
northern part of the valley in the Kenwood/Los Guilicos area 
(fig. 29). Well 19N1 is perforated in model layers 1 and 2; the 
simulated hydraulic heads follow the general trend of the  
measured water levels of this well (fig. 35A). However, the 
simulated hydraulic heads generally are higher and show 
greater temporal variability than the measured water levels  
(fig. 35A). Well 24J1 is perforated in model layer 1; the simu-
lated hydraulic heads follow the general trend of the measured 
water levels (fig. 35A). However, the simulated values gener-
ally are lower and show greater temporal variability than the 
measured water levels.

Wells 6N/6W-10M2 and 23M2 are located in the north–
central part of the valley in the Glen Ellen area (fig. 29). Well 
10M2 is perforated in model layers 1 through 8; the simulated 
hydraulic heads for this well are about 20 to 40 ft higher than 
the measured water levels (fig. 35B). The simulated hydrau-
lic heads for all the model layers diverge from the post-1996 
data which show an overall water-level decline; this may be 
caused by an increase in pumpage that was not recorded. Well 
23M2 is perforated in model layers 1 and 2 and the simulated 
hydraulic heads follow the general trend of the measured water 
levels; however, the simulated hydraulic heads are about 20 ft 
lower than the measured data.
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Figure 34. Simulated hydraulic head for model layer 2 for (A) steady state and (B) 2000, Sonoma 
County, California.
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Figure 34.—Continued.
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Wells 5N/6W-2N2, 5N/5W-8P2, 17B2, 17C1, and 18R1 
are located in the Sonoma area (fig. 29). Wells 2N2 and 18R1 
are located west of the Eastside Fault and wells 8P2, 17B2, 
and 17C1 are located east of the Eastside Fault. Well 2N2 is 
perforated in model layer 1 and 2; the simulated results for 
each layer are similar (fig. 35C). The simulated hydraulic 
heads for well 2N2 follow the general trend of the measured 
data. Well 8P2 is perforated in the model layers 2 through 4; 
the simulated hydraulic heads for this well closely follow the 
general trend of the measured data through the late-1980s  
(fig. 35C). After about 1987, the measured water levels show 
a general decline that is not matched in magnitude by the 
simulated hydraulic heads; however, the timing of the decline 
is matched by the simulated results. It is likely that there may 
be additional pumpage that is not incorporated into the model. 
Well 17B2 is perforated in model layers 3 through 6; the simu-
lated hydraulic heads for this well follow the general trend of 
the measured water levels through the late-1980s (fig. 35C). 
After about 1987, the measured water levels show a general 

decline and a slight recovery starting about 1998 (fig. 35C). 
The decline and recovery are not matched by the simulated 
hydraulic heads. The measured water-level declines observed 
at wells 8P2 and 17B2 cannot be explained by the barrier 
effect of the inferred Eastside Fault; during the calibration, the 
hydraulic characteristic of the Eastside Fault was lowered to 
zero without effect. Well 17C1 is perforated in model layer 1; 
the simulated hydraulic heads for this well follow the general 
trend of the measured water levels through the early 1980s 
(fig. 35C); however, the simulated hydraulic heads do not 
match the measured water levels. In general, the simulated 
hydraulic heads are at least 35 ft lower than the measured 
water levels and the simulated results indicate a water-level 
decline starting in the mid-1980s that is not reflected in the 
measured data. Well 18R1 is perforated in model layers 1 and 
2; the simulated hydraulic heads for each model layer for this 
well follow the general trend of the measured water levels  
(fig. 35C).

Figure 35. Measured water levels and simulated hydraulic heads for selected wells in the A. Kenwood/Guilicos, B. Glen Ellen, 
C. Sonoma, and D. Southern areas.
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Wells 5N/5W-30J3, 4N/5W-6E1 and 4N/5W-2B1 are 
located in the Southern area (fig. 29). Well 30J3 is perforated 
in model layer 1; the simulated hydraulic heads for this well 
closely follows the general trend of the measured water levels; 
however, the simulated results generally are 10 to 15 ft higher 
than the measured water levels (fig. 35D). Well 6E1 is perfo-
rated in model layer 1; the simulated hydraulic heads for the 
well closely follow the trend of the measured water levels  
(fig. 35D). Well 2B1 is perforated in model layers 1 through 
4 and is located east of the Eastside Fault. The simulated 
hydraulic heads closely follow the general trend of the mea-
sured water levels through about 1989 when the measured 
water levels sharply decline (as much as 120 ft) (fig. 35D). As 

noted in the “Ground-Water Levels and Movement” section, 
the water-level decline is likely caused by pumpage that is not 
accounted for in the model. The timing of the drawdown and 
of the water-level recovery that started in 1996 is accurately 
simulated; however, the magnitude of the drawdown is not 
(fig. 35D). 

There are limited data on depth-dependent water levels.  
The model simulates vertical differences between the upper 
and lower model layers to be as large as 10−20 ft.  This is 
generally consistent with the sparse data on water-level differ-
ences between shallow and deep wells that are near each other.  
In some locations, however, measured vertical water- level 
differences are much greater (for example, 5N/6W-11C3–5,  
fig. B1H).

Figure 35.—Continued.
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Figure 35.—Continued.
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Simulated Water Budget
The simulated water budgets for steady-state conditions, 

end of the transient simulation (2000) and cumulative volumes 
from 1974–2000 are shown in table 7. For steady-state condi-
tions, the total inflow rate (3.70 × 104 acre-ft/yr from natural 
recharge, 1.53 × 103 acre-ft/yr from San Pablo Bay, and 1.02 
× 103 acre-ft/yr from Sonoma Creek) and outflow rate (1.50 
× 103 to the Bay Mud deposits, 7.55 × 102 to San Pablo Bay, 
3.12 × 104 to Sonoma Creek, and 6.10 × 103 to pumping) rates 
are both about 3.96 × 104 acre-ft/yr. As mentioned previ-
ously, simulated flow to Sonoma Creek includes both direct 
discharge to the creek as well as evapotranspiration adjacent 
to the creek. The results indicate that San Pablo Bay is a net 
source of 7.75 × 102 acre-ft/yr, and Sonoma Creek is a net sink 

of 3.02 × 104 acre-ft/yr. By definition, for steady-state condi-
tions, there is no change in storage.

For year 2000 conditions, the inflow (3.66 × 104 from 
natural recharge, 1.57 × 103 from San Pablo Bay, and 1.27 × 
103 from Sonoma Creek) and outflow (7.69 × 102 to the Bay 
Mud deposits, 7.55 × 102 to San Pablo Bay, 3.04 × 104 to 
Sonoma Creek, and 8.34 × 103 to pumping) rates are about 
3.94 × 104 and 4.03 × 104 acre-ft/yr, respectively. Ground-
water pumpage results in the removal of about 8.24 × 102 acre-
ft/yr of water from ground-water storage, or storage depletion 
contributed about 10 percent of ground-water pumpage in 
2000. The simulation results indicate that San Pablo Bay is a 
net source of 8.15 × 102 acre-ft/yr, and Sonoma Creek is a net 
sink of 2.91 × 104 acre-ft/yr.

Figure 35.—Continued.
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Figure 35.—Continued.
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Steady state (acre-ft/yr)

Inflow

Recharge 3.70 × 104

Inflow from San Pablo Bay 1.53 × 103

Stream 1.02 × 103

Outflow

Drain to Bay-Mud deposits 1.50 × 103

Outflow to San Pablo Bay 7.55 × 102

Stream 3.12 × 104

Well pumpage 6.10 × 103

2000 (acre-ft/yr)

Inflow

Recharge 3.66 × 104

Inflow from San Pablo Bay 1.57 × 103

Stream 1.27 × 103

Outflow

Drain to Bay-Mud deposits 7.69 × 102

Outflow to San Pablo Bay 7.55 × 102

Stream 3.04 × 104

Well pumpage 8.34 × 103

Change in storage -8.24 × 102

Cumulative (acre-ft)

Inflow

Recharge 9.05 × 105

Inflow from San Pablo Bay 4.02 × 104

Stream 3.60 × 104

Outflow

Drain to Bay-Mud deposits 2.89 × 104

Outflow to San Pablo Bay 1.96 × 104

Stream 7.53 × 105

Well pumpage 1.97 × 105

Change in storage -1.73 × 104

Table 7. Simulated water budget for Sonoma Valley, Sonoma County, California.

[acre-ft, acre feet; acre-ft/yr, acre feet per year]
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For the entire transient simulation period of 1975–2000, 
the cumulative inflow volume was about 9.81 × 105 acre-ft 
(9.05 × 105 acre-ft from natural recharge, 4.02 × 104 acre-ft 
from San Pablo Bay, and 3.60 × 104 from Sonoma Creek), and 
the cumulative outflow volume was about 1.00 × 106 acre-ft 
(2.89 × 104 to the Bay Mud deposits, 1.96 × 104 to San Pablo 
Bay, 7.53 × 105 to Sonoma Creek, and 1.97 × 105 to pumping). 
Ground-water pumpage results in the removal of about  
1.73 × 104 acre-ft of water from ground-water storage, or 
storage depletion contributes about 9 percent of ground-water 
pumpage (table 7). This relatively small decrease in storage 
explains the localized nature of ground-water level declines in 
the basin.

Model Fit
Measured water levels and simulated hydraulic heads 

for 37 wells from steady state (pre-1975) to year 2000 closely 
follow a 1:1 correlation line (fig. 36). All the data would lie 
on the 1:1 correlation line if the model simulated the mea-
sured data perfectly. Simulated hydraulic heads are compared 
directly with measured water levels if the wells are perforated 
in a single model layer. However, for wells that perforate mul-
tiple model layers, the MF2K calculates a composite simulated 
equivalent hydraulic head that is a weighted function of the 
simulated hydraulic heads from the perforated model layers. 
The weights are functions of the perforated interval and the 
model layer hydraulic conductivity and sum to 1.0 (Hill and 
others, 2000). The composite simulated equivalent hydraulic 
heads are plotted with measured water levels in figure 36A. 
The sum of squared errors equals 2.13 × 106 ft2 and, with 
1,719 measured water levels, the root mean squared error 
(RMSE) equals 35.2 ft. Much of this error can be attributed to 
the simulated results for wells such as 6N/6W-10M2, 23M2, 
and 35A1 (not graphed); 5N/5W-8P2, 17B2, and 17C1; and 
4N/5W-2B2. These wells had large errors because unknown 
phenomena caused higher than simulated water levels (23M2, 
35A1, and 17C1), or because of an underestimation of pump-
age which may have caused simulated hydraulic heads to be 
higher than measured water levels (10M2, 8P2, 17B2, and 
2B2). Note that the errors at well 35A1 contribute more than 
5 percent of the total sum of squared errors. In addition, the 
measured data reflect seasonal variability whereas the simu-
lated results reflect average annual conditions resulting in a 
higher computed RMSE.

Another measure of model fit is to consider a plot of 
model residual (measured water levels minus simulated 
hydraulic heads) and simulated hydraulic heads (fig. 36B). 
Ideally, the model residuals should plot randomly about zero. 
Although the residuals show some clustering related to well 
location, the residuals are reasonably random.

Streamflow Gains and Losses
The streamflow gains and losses along the entire length 

of Sonoma Creek for steady-state and year 2000 conditions are 
presented in figure 37. In figure 37, a positive flux indicates 
that the ground-water system is gaining water from the stream 
and a negative value indicates that the stream is gaining water 
from the ground-water system. In general, the steady-state 
results agree with the seepage run results for this study  
(fig. 14). For example, the steady-state results indicate Sonoma 
Creek loses water to the ground-water system between sites S2 
and S3 and gains water from the ground-water system between 
sites S3 and S4 (fig. 37A). The seepage run results do not 
clearly show a streamflow gain or loss between S4 and S10 
(fig. 14); however, results of the model simulation do indicate 
gains and losses, but primarily gains, from the ground-water 
system. The seepage run results indicate that Sonoma Creek 
gains water from the ground-water system between sites S10 
and S12, but model simulation results indicate a mix of gains 
and losses with 11 of the 19 model cells indicating flow from 
the ground-water system to the stream (fig. 37A). The simu-
lated gains and losses for the year 2000 are similar to those for 
the steady-state period and are in general agreement with the 
seepage run results (fig. 37B).

The rigorous analysis of the routing of streamflow in 
Sonoma Creek was not possible because annual stress periods 
were used and the Streamflow-Routing Package is not a true 
surface-water flow model. However, this simulation results 
yields a general representation of the annual gains and losses 
to and from Sonoma Creek.

Sensitivity Analysis

Sensitivity analysis is a procedure that evaluates the 
model sensitivity to variations in the input parameters. The 
procedure involves keeping all input parameters constant 
except for the one being analyzed. For this study, there was 
a total of 39 parameters comprising horizontal and vertical 
hydraulic conductivity varied by aquifer and zone, storage 
(specific storage and specific yield) varied by aquifer, drain 
conductance, general-head conductance, recharge, hydraulic 
characteristic, and streambed conductance. MF2K was used 
to generate composite-scaled sensitivity values for each non-
zero parameter. Composite-scaled sensitivities are calculated 
in MF2K for each parameter using the scaled sensitivities for 
all observations. Composite-scaled sensitivities are unitless 
and indicate the total amount of information provided by 
the observations for the estimation of one parameter (Hill, 
1998). In general, the larger the value of the composite-scaled 
sensitivity for a particular parameter, the greater the model’s 
sensitivity to changes in that parameter.
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Figure 37. Simulated streamflow gains and losses along Sonoma Creek for A. steady-state and B. year 2000 
conditions, Sonoma County, California.
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Figure 37.—Continued.
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The composite-scaled sensitivity values for all the 
parameters are shown in figure 38. The simulated hydraulic 
heads were most sensitive to the areal recharge parameter for 
the northern part of the basin, the streambed conductance in 
Sonoma Creek, the horizontal hydraulic conductivity of the 
upper hydrogeologic unit (model layers 1 and 2) in the Ken-
wood/Los Guilicos area (zone 6), the areal recharge parameter 
for the middle part of the basin, and the horizontal hydraulic 
conductivity of the middle hydrogeologic unit (model lay-
ers 3-6) in zone 6 (fig. 38). Owing to the model sensitivity to 
recharge and hydraulic properties in the northern part of the 
valley, additional data collection in this area would be most 
useful for improving the understanding of the ground-water 
system.

  

Uses and Limitations of the Ground-Water Flow 
Model

The simulation model developed for the Sonoma Valley 
synthesizes current data and understanding of the ground-
water flow system. It provides a tool to begin assessing poten-
tial impacts of alternative future water management scenarios. 
Development of the model has also been useful for identifying 
key data gaps. The model provides a framework to build on as 
additional data are collected. 
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and making it necessary to assume average annual streamflow 
conditions. Although there are many wells in the ground-water 
basin, there were few geophysical data with which to better 
understand the hydrogeology and to better estimate hydrogeo-
logic properties.

Summary 
The Sonoma Creek watershed, an area of approximately 

166 mi2, is drained by Sonoma Creek. On the basis of long-
term data, it was estimated that the watershed receives an aver-
age of 269,000 acre-ft of precipitation annually. 

Land- and water-use patterns have changed since the 
1970s. More land is being converted to agricultural from 
native vegetation. An increasing portion of the agricultural 
land is irrigated. Between 1974 and 2000 the area of irrigated 
agriculture (predominantly vineyards) within the area of the 
ground-water simulation model has more than tripled. 

A significant component of the valley’s water supply is 
imported from outside the basin (primarily from the Russian 
River by way of SCWA’s Sonoma Aqueduct). The quantity 
of imported water averaged about 5,400 acre-ft between 1999 
and 2003. Almost all the remaining water used in the study 
area is derived from wells. Estimated ground-water pumpage 
in the area of the simulation model increased from about 6,200 
acre-ft in 1974 to about 8,400 acre-ft in 2000. 

The ground-water basin includes all the rocks and sedi-
ments overlying the basement rocks which comprise Fran-
ciscan Complex, Coast Range Ophiolite, and Great Valley 
Sequence. Gravity data indicate the basin is as deep as 6,000 
ft in the main part of Sonoma Valley and as much as 10,000 
ft in the Kenwood area and along the edge of San Pablo Bay. 
The valley is a synform structure that has been faulted by 
strike-slip movement and high angle normal and reverse faults 
in the mountains on the southwest and northeast sides of the 
valley. Ground water is stored and transmitted through all 
the geologic units in the study area, but the most productive 
aquifers are the Sonoma Volcanics, the Glen Ellen Formation, 
the Huichica Formation, and the Quaternary alluvial units. 
All the formations contain variable but significant amounts of 
clay, which generally results in low permeability, low specific 
capacity, and low to modest well yields. For this report, the 
ground-water system was divided into three depth-based geo-
hydrologic units: 0 to 200 ft below land surface (upper unit), 
200 to 500 ft (middle unit), and greater than 500 ft (lower 
unit). 

When applied carefully, a numerical ground-water flow 
model can be useful for simulating aquifer responses to vari-
ous changes in aquifer stresses; however, a model is a highly 
idealized approximation of the actual system that is based on 
average and estimated conditions. Perhaps the greatest limita-
tion of an idealized, lumped-parameter model is its failure 
to represent the complexity of a hydrogeologic system. The 
capability of the model to reliably reproduce aquifer responses 
is related to the accuracy of the input data used in the model 
calibration, and is inversely related to the magnitude of the 
proposed changes in the stresses being applied to the model as 
well as to the length of the simulation period.

MF2K is not designed to simulate the movement of water 
of different densities. It is not able to accurately simulate inter-
actions of fresh ground water and saline water in and adjacent 
to San Pablo Bay; this is a source of uncertainty in simulation 
results. In addition, MF2K does not simulate the non-isother-
mal conditions that are present in parts of the Sonoma Valley.

For this study, the ground-water flow model was cali-
brated using manual trial-and-error techniques. Owing to the 
complexity and unknowns of the ground-water system being 
represented, model construction and calibration (formal or 
not) result in a non-unique product and model predictions that 
are subject to potentially large errors (Konikow and Brede-
hoeft, 1992). Automated approaches could be used in subse-
quent studies to more formally characterize uncertainties in 
the parameters and perhaps to improve the fit of the model to 
calibration data (Yeh, 1986).

There were significant data limitations of the model 
for the study area that affected the estimates of pumpage, 
recharge, streamflow, and hydrogeologic properties. As 
described in Appendix G, pumpage data were available only 
for the COS and the VOM wells; agricultural and domestic 
pumpage rates were not known and were estimated. In particu-
lar, it appears that  there may be additional pumpage occurring 
that is not incorporated into the model. This could be due, 
in part, to the fact that the model does not account for any 
pumpage within the model area that may be providing water 
for irrigation outside the model area. This lack of data and the 
fact that the model uses annual stress periods may explain the 
underestimation of drawdown at some wells. The areal distri-
bution of recharge was a simplification of average annual rates 
that were parameterized using multipliers to estimate the total 
average annual recharge. The model does not consider any 
deep lateral inflows (outflows) to the system. The availability 
of streamflow data was very limited because there was only 
one stream gage, located in the middle of the basin, making it 
difficult to model stream/aquifer interaction more realistically 
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The general direction of ground-water movement is from 
the mountain ridges downslope toward the valley axis and 
from the northwest end of the valley southeastward toward 
San Pablo Bay. There was very little change in regional water 
levels between 1950 and 1980. Between 1980 and 2003, 
ground-water levels declined in some locations. Overall the 
water-level data show that large interannual changes have 
occurred in some areas along the west side of Sonoma Valley 
and in Sonoma during the post-1999 period. 

Water-chemistry data for samples collected from 75 wells 
during 2002–04 indicate that water quality in the study area 
generally is acceptable for potable use. The water from some 
wells, however, contains one or more constituents in excess 
of the recommended standards for drinking water. Thirty-six 
samples from the 30 wells were analyzed for physical con-
stituents (pH and specific conductance) and chemical constitu-
ents (sum of constituents [dissolved solids], chloride, fluoride, 
arsenic, boron, iron, and manganese). Results showed that 
45 of the analytes had concentrations equaling or exceeding 
Federal and (or) State drinking-water standards and advisory 
levels (Appendix D). Wells with water having values equal to 
or in excess of standards and advisory levels were dispropor-
tionately from wells in the northern half of the Sonoma Valley; 
wells located in townships 6N and 7N were the source of 36 
percent of all samples collected for major constituents, but 
were the source of 53 percent of all analyses having values 
equal to or in excess of standards and advisory levels. Ground-
water depth intervals were more proportionately represented; 
wells less than 200 ft deep, 200 to 500 ft deep, greater than 
500 ft deep and of questionable or unknown depth were the 
source of 28, 44, 22, and 6 percent, respectively, of all samples 
collected for major constituents. These depth categories con-
stituted 22 percent (less than 200 ft), 36 percent (200 to 500 
ft), 19 percent (greater than 500 ft) and 6 percent (questionable 
or unknown) or all analyses having values equal to or in excess 
of standards and advisory levels. 

The chemical composition of water from creeks, springs, 
and wells sampled for major ions plot within three semi-dis-
tinct groups on the trilinear diagram. Group 1, which includes 
water from Sonoma Creek, springs, and most of the sampled 
wells in the valley, is characterized by a mixed-bicarbonate 
type water. Water in group 1 is generally drawn from shallow- 
and intermediate-depth wells, and from several deep wells 
located near the valley margins. Group 2 is characterized as a 
mixed type water with sodium and chloride as the predominant 
cation and anion, respectively. Samples in this group include 
water from mainly shallow and intermediate depth wells in 
areas identified as having saline or thermal ground water. 
Group 3 is characterized as sodium-bicarbonate type water and 
includes water from intermediate and deep wells in or near 
areas identified as having saline or thermal ground water. 

Areas of saline ground water within the study area 
have long been known. The saline ground water is present in 
sediments that lie between the shore of San Pablo Bay and 
Schellville. The origin of the saline water is not known with 
certainty, but it may be attributed to modern saltwater intru-

sion from San Pablo Bay, shallow ground water affected by 
evaporation, connate ground water in areas with evaporites 
or marine sedimentary deposits, and (or) thermal waters. 
Additional chemical analyses, perhaps including the use of 
trace elements such as barium, boron, bromide and iodide, 
could help distinguish the sources of saline waters. Historical 
conductivity measurements from long-term water-chemistry 
monitoring wells indicate that the most significant changes in 
ground-water chemistry over the past 30 years occurred in the 
southern part of the Sonoma Valley. The conductivity of water 
in several wells has doubled, but these increases may not be 
entirely attributed to natural sources of salinity.

The historical areal extent of saline ground water located 
primarily south of Highway 12/121 did not change apprecia-
bly from the 1940s through 1982. Recent (2003) conductivity 
measurements, however, indicate that this area of high-salinity 
water may have shifted, expanding north of Highway 12/121 
toward an area of depressed hydraulic head southeast of the 
city of Sonoma. In the vicinity of the intersections of High-
ways 12 and 121 and Sonoma Creek, the areal extent of the 
high-salinity ground water has receded. 

Thermal waters are known to exist in several places along 
the eastside of Sonoma Valley, to the northwest of Glen Ellen, 
and in the Los Guilicos area. The occurrence of thermal water 
may partly be controlled by the Eastside Fault. This fault may 
provide a zone of fracturing that allows thermal water to rise 
to shallow depths from deeper sources. Mineralized zones 
within the fault zone could restrict the lateral movement of 
thermal waters toward the west. Sparse temperature data from 
wells southwest of the known occurrence of thermal waters 
suggest that thermal water may be present beneath a larger 
part of the valley than previously thought. Thermal water 
contains higher concentrations of dissolved elements than non-
thermal waters because mineral solubilities generally increase 
with temperature. The presence of relatively high concentra-
tions of dissolved solids, boron, and arsenic may restrict the 
use of thermal waters to low temperature heating and bathing. 

The δ18O and δD values for water samples plot on either 
side of and along the global meteoric water line. The δ18O and 
δD values for ground-water samples collected from wells in 
the Sonoma Valley are somewhat lighter (more negative) then 
the δ18O and δD values for surface-water samples collected in 
mid-November 2002 and late May through early June 2003. 
However, they are similar to the expected overall range of sur-
face water values values based on isotopic data from a study in 
southeastern Napa County. 

Water from most wells plot along the global meteoric 
water line indicating that recharge is derived primarily from 
the infiltration of precipitation or seepage from creeks. The 
scatter of data along the global meteoric water line suggests 
that the samples may represent different ground-water ages 
and (or) mixing of infiltrated surface water and precipitation 
with other contributing sources. Samples from shallow- and 
intermediate-depth wells located near Sonoma Creek and (or) 
near the northern margin of the bay-mud deposits plot to the 
right of the global meteoric water line, indicating that these 
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samples are partly evaporated. Recharge waters not affected 
by evaporation (data plot to the left of the global meteoric 
water line) may occur in areas where precipitation and runoff 
infiltrate rapidly through coarse-grained alluvium or fractured 
rock and where there is negligible mixing with evaporated 
waters. These waters include samples from wells located near 
Sonoma Creek or its tributaries in the northern part of the 
Sonoma Valley, along the valley margins or in the Mayacmas 
and Sonoma Mountains, near mapped or inferred faults, and 
in the area of high-salinity ground water south of the city of 
Sonoma. The δ18O and δD composition of water from sampled 
wells indicates that water from wells deeper than 200 ft is 
isotopically lighter than water from wells less than 200 ft 
deep, possibly indicating recharge under cooler and (or) wetter 
climatic conditions.

Data collected during the study were used to develop and 
calibrate a ground-water flow model of the Sonoma Creek 
watershed using MODFLOW-2000. The simulation period of 
the model was 1974–2000. The model was calibrated using 
a trial-and-error approach using water-level data collected 
between pre-1974 and 2000. In general, the calibrated model 
matched measured water-level declines. There were periods 
of water-level declines and recovery at selected wells that 
the model did not simulate. For the year 2000, the simulated 
total inflow was about 3.94 × 104 acre-ft/yr, of which 3.66 × 
104 acre-ft/yr was from natural recharge, 1.57 × 103 acre-ft/yr 
was from San Pablo Bay, and 1.27 × 103 acre-ft/yr was from 
Sonoma Creek. The cumulative volume of water pumped from 
the ground-water basin between 1975 and 2000 was about 
1.97 × 105 acre-ft; of this total pumpage, the model simulated 
that about 9 percent (1.73 × 104 acre-ft) was removed from 
storage. This relatively small decrease in storage explains the 
localized nature of water-level declines.
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Gravity Data
Gravity data were compiled and collected to help char-

acterize the subsurface geometry of the Cenozoic sedimentary 
and volcanic rocks beneath the Sonoma Valley area. The 
gravitational attraction at any point depends on many fac-
tors, including the latitude and elevation of the measurement, 
earth tides, terrain, deep masses that isostatically support the 
terrain, and variations in density within the Earth’s crust and 
upper mantle.  The last of these quantities is of primary inter-
est in geologic investigations and can be obtained by calcu-
lating and removing all other quantities.  The resulting field 
is called the isostatic gravity field and reflects, to first order, 
density variations within the middle and upper crust (Simpson 
and others, 1986).  Many of the gravity anomalies in Sonoma 
Valley are caused by the density contrast between basin fill 
composed of Cenozoic sedimentary and volcanic rocks and 
basement composed of Mesozoic Great Valley Sequence and 
Franciscan Complex. Density measurements of hand samples 
were made to determine sources of gravity anomalies and 
provide constraints on the porosity of the Sonoma Volcanics.  
The gravity data were inverted to create a basin thickness map 
of the study area.  

About 1,790 gravity stations were used to produce an 
isostatic residual gravity map of the region (fig. A-1).  The 
gravity map includes areas adjacent to the study area. Sources 
of data include surveys by the California Geological Survey 
(formerly known as the California Division of Mines and 
Geology: Chapman and Bishop, 1974; Youngs and others, 
1985), Chevron (Smith, 1992), and the U.S. Geological Sur-
vey (this study).  

Gravity stations are non-uniformly distributed in the 
region (fig. A-1).  Station spacing is on average 1 station per 
1 km2, although the station spacing is as low as 1 station per 
4 km2 within parts of the Mayacmas Mountains and Sonoma 
Mountain.  Detailed profiles within the central part of Sonoma 
Valley were collected to support geothermal resource assess-
ments.  Accuracy of the data is estimated to be on the order of 
0.1 to 0.5 mGal.

Gravity data were reduced using the Geodetic Refer-
ence System of 1967 (International Union of Geodesy and 
Geophysics, 1971) and referenced to the International Gravity 
Standardization Net 1971 gravity datum (Morelli, 1974, p. 
18).  Gravity data were reduced to isostatic anomalies using 
a reduction density of 2,670 kg/m3 and include earth-tide, 

instrument drift, free-air, Bouguer, latitude, curvature, and 
terrain corrections.  An isostatic correction using a sea-level 
crustal thickness of 25 km (16 mi) and a mantle-crust den-
sity contrast of 400 kg/m3 was applied to the gravity data to 
remove the long-wavelength gravitational effect of isostatic 
compensation of the crust due to topographic loading.   
Figure A-1 shows the resulting gravity field, termed the iso-
static residual gravity anomaly.

Terrain corrections were computed to a radial distance 
of 167 km (104 mi) and involved a three-part process:  (1)  
Hayford-Bowie zones A and B, with an outer radius of  
68 m (223 ft), were estimated in the field with the aid of 
tables and charts; (2) Hayford–Bowie zones C and D, with an 
outer radius of 590 m (1,936 ft), were computed using a 30-m 
(100-ft) digital elevation model; and (3) terrain corrections 
from a distance of 0.59 km (1,936 ft) to 167 km (104 mi) were 
calculated using a digital elevation model and a procedure 
by Plouff (1977).  Total terrain corrections for the stations 
collected for this study ranged from 0 to 16.2 mGal, averag-
ing 1.4 mGal.  If the error resulting from the terrain correction 
was 5 to 10 percent of the total terrain correction, the largest 
error expected for the data was 1.6 mGal.  However, the error 
resulting from the terrain correction was small (less than  
0.2 mGal) for most of the stations due to low relief.

Density Data
The isostatic residual gravity data reflect subsurface 

crustal density variations and therefore knowledge of densities 
of exposed rock types are useful for determining the sources 
of gravity anomalies.  Densities can also provide estimates of 
porosity for the various rock types.  For the Sonoma Valley 
area, two main sources of density information are available:  
(1) density measurements of hand samples from this study 
and (2) density logs from drill holes (Brocher and others, 
1997).  Samples collected for this study were limited to 
Sonoma Volcanics and Great Valley Sequence rocks because 
of the difficulty of obtaining hand samples of young sedi-
mentary rocks.  table A-1 summarizes the density data of 
various rock types collected for this study, most of which was 
Sonoma Volcanics; all measurements are given in the appen-
dix.  

Appendix A. Basement Rock Configuration Interpreted from Gravity Data  

By Victoria E. Langenheim
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geophysical study of Campion and others (1984).  AM, Arrowhead Mountain; MV, Mt. Veeder.

Appendix A  111



In general, the volcanic flow rocks are denser than the 
tuffs or tuffaceous rocks. For the flow rocks, density increases 
as the mafic content of the rocks increases. Average densities 
for the non-tuff rocks increase with decreasing silica content.  
Basalts and basaltic-andesites have the highest densities, 
exceeding 2,800 kg/m3, although the basalts are also character-
ized by a wide range of densities. The least dense sample of 
basalt is scoria, with a density of 2,040 kg/m3 and a porosity of 
nearly 24 percent. 

Tuffs are the least dense of the Sonoma Volcanics. They 
are also characterized by significantly higher porosities, 
averaging 16 percent. The most porous sample, a tuffaceous 
mudstone, has a porosity of 37 percent. Welded tuffs and vitro-
phyres, on the other hand, have porosities of 6 percent or less.  

The density measurements of this study (table A-1) 
are broadly consistent with earlier data (Smith, 1992) and 
assumed densities (Campion and others, 1984).   An average 
density of 2,400 kg/m3 was measured from 2 formation density 
logs and 6 well cores of the Sonoma Volcanics (Smith, 1992), 
which compares reasonably with the average grain density of 
all the Sonoma Volcanic rocks measured in the hand samples 
(2,344 kg/m3).  Campion and others (1984) assumed a density 
of 2,250 kg/m3 for the Sonoma Volcanics (excluding basalts).  
Smith (1992) lists average densities of 2,500 and 2,550 kg/m3 
for the Cretaceous Great Valley sedimentary rocks, which are 
slightly lower than the average grain density of 2,610 kg/m3 
based on only three samples.  The hand sample measurements 
may be biased towards higher densities because of the relative 
ease of obtaining more consolidated samples.  Both Cam-
pion and others (1984) and Smith (1992) assumed an average 
density of 2,650 kg/m3 for the Franciscan Complex, although 
the average density locally may be higher because of dense 
greenstone.

Density logs from two drill holes in the vicinity of the 
Sonoma Valley area are available (Brocher and others, 1997).  
These logs provide critical information for how density var-
ies with depth (Brocher and others, 1997).  Densities in the 
Claremont Energy John Rice No. 1 well (latitude 38.34743; 
longitude –122.75268; total depth, 372 m or 1,220 ft) range 
from 1,900 to 2,100 kg/m3 for an ~300-m-thick Quaternary 
sedimentary section above Franciscan basement.  The Chev-
ron Bethlehem No. 1 well (latitude, 37.99936; longitude, 
−122.33912; total depth, 3,048 m or 10,000 ft) penetrates 
approximately 1,200 m (3,900 ft) of Tertiary sedimentary 
rocks above 1,800 m (6000 ft) of Tertiary volcanics.  Densities 
range from 1,800 to 2,380 kg/m3 for the sedimentary section 
(see fig. 3 in Smith, 1992).  

Gravity Anomalies
Positive gravity values (greater than 2−4 mGal) occur 

over areas of exposed Franciscan Complex and Great Val-
ley sequence rocks in the Mayacmas Mountains and the area 
southwest of the city of Petaluma (fig. A-1).  Moderately high 
values (−6 to −2 mGal) occur over Sonoma Mountain where 
Sonoma Volcanics are extensively exposed.   Recently, ser-
pentinite has been mapped in the Taylor Mountain area (R.J. 
McLaughlin, U.S. Geological Survey, oral commun., 2004), 
a few kilometers northwest of the study area, suggesting that 
shallow Franciscan basement may contribute to the high grav-
ity values along the northwest part of the study area. 

Rock 
type

Grain density
range

(in kg/m3 )

Average grain 
density

(in kg/m3 )

Average saturated 
density

(in kg/m3 )

Average dry bulk 
density

(in kg/m3 )

Average porosity
(in percent)

     Sonoma Volcanics (N = 70) 

1,570–2850 2,344 ± 272 2,214 ± 305 2,109 ± -367 10

Basalts (N = 21) 2,090–2850 2,519 ± 223 2,402 ± 290 2,318 ± 357 8 ± 8
Andesites (N = 8) 2,280–2830 2,508 ± 157 2,384 ± 196 2,298 ± 235 8 ± 5
Rhyolites (N = 23) 1,910–2590 2,358 ± 140 2,245 ± 141 2,163 ± 173 8 ± 5
Tuffs (N = 18) 1,570–2440 2,049 ± 252 1,881 ± 246 1,714 ± 309 16 ± 10

Great Valley sequence (N = 3)

2,570–2,670 2,610 2,560 2,523 3

Table A-1.  Densities of hand samples collected for this study of the Sonoma Valley area, Sonoma County, California.

[±, standard deviation; N, number of samples; kg/m3 , kilograms per cubic meter]
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Low gravity values (less than –10 mGal) character-
ize much of Sonoma Valley.  The low gravity values are 
separated into two lows by a north-northeast-striking 
gravity ridge near the town of Glen Ellen (Campion and 
others, 1984). The northern low is centered on the town of 
Oakmont and has northwest-striking, somewhat irregular 
margins. The southern low is more areally extensive and 
complex. It is the northern prong of a much more profound 
gravity low centered over San Pablo Bay along the south-
east margin of the study area. The southwest margin of the 
southern Sonoma Valley gravity low appears to be stepped, 
with a strong gradient coincident with the Tolay Fault and 
a lesser gradient associated with the Rodgers Creek and 
Bennett Valley Faults. The western margin of the southern 
Sonoma Valley low changes to a more northerly strike at the 
latitude of 38°15’N. Campion and others (1984) interpreted 
this north-striking gradient as a fault (dashed red lines on 
fig. A1), which has been confirmed by mapping (Wag-
ner and others, 2003). This structure appears to truncate 
southeast-striking magnetic anomalies west of the valley (U.S. 
Geological Survey, 1997). The eastern margin of the southern 
gravity low is irregular, but generally has a north to northwest 
strike.  Detailed profiles indicate ~1 mGal step superposed on 
a gentle gradient along the east side of the valley which Cam-
pion and others (1984) named the East-side Fault. This fault 
also is locally expressed at the surface (Wagner and others, 
2004).  North of this fault is a north-striking gravity low that 
projects onto outcrops of Sonoma Volcanics as far north as Mt. 
Veeder.

Depth to Basement Method
In this section, depth to pre-Cenozoic bedrock was 

calculated for the Sonoma Valley and vicinity to determine 
the geometry of bounding and internal faults. The inversion 
takes advantage of the large density contrast between dense 
pre-Cenozoic rocks (primarily the Franciscan Complex and 
ophiolite basement of the Great Valley sequence) and lighter 
Quaternary–Tertiary sedimentary rocks and Sonoma Volca-
nics.

The method used for this study to estimate the thickness 
of Cenozoic rocks was developed by Jachens and Mor-
ing (1990) and modified to incorporate drill hole and other 
geophysical data (Bruce Chuchel, U.S. Geological Survey, 
unpub. data, 1996; fig. A-2). The inversion method allows the 
density of bedrock to vary horizontally as needed, whereas the 
density of basin-filling deposits is specified by a pre-deter-
mined density-depth relationship. The density-depth function 
(table A-2) was used for this study; it was based on a density 
log from the Chevron Bethlehem No. 1 well (Brocher and oth-
ers, 1997). A first approximation of the bedrock gravity field 
was derived from gravity measurements made on exposed 
pre-Cenozoic rocks, augmented by appropriate bedrock 
gravity values calculated at sites where depth to bedrock was 
known. This approximation (which ignores the gravity effects 
of nearby basins) was subtracted from the observed gravity, 
which provided a first approximation of the basin gravity field.  
Using the specified density-depth relation, the thickness of 
the basin-fill deposits was calculated. The gravitational effect 
of this first approximation of the basin-fill layer was com-
puted at each known bedrock station. This effect, in turn, was 
subtracted from the first approximation of the bedrock gravity 
field and the process is repeated until successive iterations 
produce no substantial changes in the bedrock gravity field.

ca3264_Figure A2

Observed gravity

Basin gravity

Bedrock gravity

Bedrock Iteration 1 of
basin thickness

Iteration 1
of bedrock
gravity

Observed gravity

Basin

Final iteration
of bedrock
gravity

Final iteration of
of basin
thickness

Figure A-2.  Schematic representation of depth to bedrock 
method.  (Panel on left represents contributions of basin 
and bedrock to the gravity field.  Panel on right illustrates 
procedure that iterates difference between observed gravity 
field and regional bedrock field on the basis of bedrock gravity 
measurements and well constraints (modified after Blakely, 
unpub. data, 1999).

Depth range 
(in m)

Density contrast 
(in kg/m3  )

0–300 –480

300–1,300 –320

1,300–2,300 –270

2,300–3,300 –170

<3,300 –100

Table A-2. Density-depth function for the Chevron Bethlehem No. 
1 well in the Sonoma Valley area, Sonoma County, California. 

[m, meter; kg/m3, kilograms per cubic meter]
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This method has been shown to be effective in determin-
ing the general configuration of the pre-Cenozoic bedrock 
surface in Nevada (Phelps and others, 1999). They showed that 
the model bedrock surface of Yucca Flat (Nevada Test Site, 
northwest of Las Vegas, Nevada) was a reasonable approxima-
tion of the true surface, which was based on comparison with 
calculated basin depths from closely spaced drill holes. The 
predicted shape of the basin did not change significantly with 
additional well control. Furthermore, it appears that lateral 
variations in basin density, unless abrupt, do not change the 
overall modeled shape of the basin. Although the method 
is a good tool for predicting the shapes of basins, it can be 
less effective in estimating the magnitude of basin thickness, 
especially in basins containing thick basalt flows or in areas of 
poor well control.  

Depth to Basement Results
A basin model (fig. A-3) was created using the density-

depth function of the Chevron Bethlehem well (table A-2).  
Because of the wide range in density of the local Cenozoic 
volcanic rocks, the same density-depth relationship was 
assumed for Cenozoic volcanic rocks as for the Cenozoic sedi-
mentary deposits. One might consider including the basalts 
with the pre-Cenozoic bedrock, but the limited and often 
laterally varying thickness of the basalt flows and the pres-
ence of lower density rocks (such as Tertiary sedimentary or 
volcanic rocks) beneath the basalts made this approach poorly 
constrained. The models utilize bedrock gravity stations to 
constrain the thickness of Cenozoic sediment and volcanic 
rocks.  

The inversion presented here does not take into account 
lateral variations in the density of Cenozoic deposits, which 
may be an important source of error in the study area, particu-
larly areas where these deposits are underlain by thick, dense 
basalt flows. The inversion will overestimate the thickness of 
basin fill in those areas underlain by light rock types (such as 
tuff) and underestimate the thickness in areas where there are 
thick accumulations of dense rock types (such as basalt).  One 
area that suggests that dense basalt hides a more extensive 
thick tuff section may be the area north of the city of Sonoma 
(“A” on fig. A-3). Geologic mapping indicates that a tuffaceous 
section does underlie the basalt flows in places (Wagner and 
others, 2004).

Another source of error is the bedrock gravity field.  
The bedrock gravity field is reasonably well constrained by 
stations measured on bedrock in the Mayacmas Mountains 
and the hills southwest of the city of Petaluma.  However, the 
broad area between these outcrops of Franciscan Complex 
is not constrained by any direct well information or bedrock 

gravity measurements. The presence of Franciscan bedrock on 
both sides of the valley with approximately the same isostatic 
residual gravity values suggests that the bedrock gravity field 
may be reasonably extrapolated through the valley.

The model was tested by comparing the predicted basin 
thickness with the minimum thickness of Cenozoic deposits 
measured in wells that did not bottom in pre-Cenozoic rock.  
Because there were few deep wells in the valley, this was not a 
robust test. For all but two wells (wells 2179 and McKenzie), 
the simulated bedrock surface was consistent with available 
well information. Well 2179 (mismatch 69 m) is located on a 
gravity high controlled only by stations west of the well, and 
well McKenzie, (mismatch 21 m) is located on a gradient in 
the bedrock gravity field.  

The model shows that the Sonoma Valley is underlain 
by two main subbasins separated by a shallow bedrock ridge 
near the town of Glen Ellen. The ridge is at a depth of approxi-
mately 1,000 to 2,000 ft (300–600 m). Basalt flows crop out 
immediately west of the bedrock ridge, and their presence may 
lead to an underestimation of the thickness of the basin fill 
here if these rocks are dense and thick. However, if the flows 
are dense, they are likely impermeable, acting as hydrologic 
bedrock despite being Cenozoic in age.  

The thickest basin fill is at the southern margin of the 
study area near San Pablo Bay, exceeding 10,000 ft  
(3,000 m). A series of subbasins extends northwest from San 
Pablo Bay into the central and eastern parts of Sonoma Valley.  
The Eastside Fault forms part of the eastern margins of these 
subbasins, and based on the inversion, the fault (or faults) 
extend another 7 to 8 km to the southeast. Along the western 
margin of Sonoma Valley is a 10-km-long, north-striking sub-
basin that is truncated on the south by the Rodgers Creek and 
Bennett Valley Faults.

The inversion predicts locally thick accumulations of 
volcanics on the east side of Sonoma Valley (“A” and “B” on 
fig. A-3). Area “A” is characterized by exposures of moder-
ately dense andesite and basalt flows; the inversion predicts 
a substantial thickness of volcanics (8,000–10,000 ft; 2,400–
3,000 m) beneath this area.  The inversion may overestimate 
the thickness of fill in this area if these flow rocks conceal 
substantial amounts of tuff or other low-density rocks.  If low-
density rocks are present, they have relatively high porosity 
and may affect ground-water flow that moves from the May-
acmas Mountains into Sonoma Valley. The northern area, “B,” 
is characterized by exposures of rhyolite. Note that the gravity 
station coverage in this region is poor; anomaly shapes may 
change with more data (e.g., “A” and “B” may be connected).  
This accumulation may reflect a local volcanic center that fed 
rhyolite flows that cap ridges to the south toward Arrowhead 
Mountain (D. Wagner, California Geological Society, unpub. 
data, 2004).
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Figure A-3.  Cenozoic basin thickness in the Sonoma Valley area, Sonoma County, California.  (Thick blue lines, faults 
from California Department of Water Resources (1975) and Jennings (1994); dashed blue lines, faults from geophysical 
study of Campion and others (1984). All wells (circles) but 2179 and McKenzie are consistent with basin thickness 
model.  “A” and “B” are on exposures of Sonoma Volcanics.  Magenta dashed lines are inferred faults based on basin 
fill thickness variations.  Purple circles are gravity measurements made on bedrock.
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Appendix B.  Water Levels at Selected Wells in the Sonoma Valley

 

Figure B-1. Periodic water levels in selected wells in the Sonoma Valley, Sonoma County, California:  A, CADWR network, 1950s through 
2004; B, CADWR network, southern area; C, CADWR network, Sonoma area;  D, CADWR network, Glen Ellen area; E, CADWR network, 
Kenwood area; F, VOM primary network;  G−K, VOM secondary network;  L, city of Sonoma primary network, and M, city of Sonoma 
secondary network.
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Figure B-1B.
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Figure B-1C.
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Figure B-1D.
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Figure B-1E.
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Figure B-1F.
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Figure B-1G.
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Figure B-1H.
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Figure B-1I.
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Figure B-1J.
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Figure B-1K.
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Figure B-1L.
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Figure B-1M
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Stream site identifier
or State well No.

(abbreviated 
or local identifier)

USGS 
identification 

No.

Sample 
date

Collecting and 
analyzing 

agency

Oxygen, 
dissolved 

(mg/L)
 [00300]

pH,
field 

(standard 
units)

 [00400]

Specific 
conductance, 

field 
(µS/cm)
 [00095]

Streamflow-measurement stations
Sonoma Creek at 
     Kenwood (KW) 382414122330701 11-20-2002 USGS 10.1 8.0 416

Sonoma Creek at 
     Lawndale Road (S5) 382403122331101 06-06-2003 USGS 9.6 7.9 379

Sonoma Creek at
     Agua Caliente (S10) 11458500 11-19-2002 USGS 8.7 7.6 380

06-05-2003 USGS 1.2 8.1 324

Springs

6N/6W-19PS1 382045122335601 06-02-2003 USGS — 7.2 293

7N/6W-22JS1 382602122301601 06-02-2003 USGS — 6.8 154

Wells

4N/5W-2E1 381322122231801 10-26-2004 USGS — 7.9 (L) 11,680

4N/5W-2F1 381326122225601 06-06-2003 USGS 2.0 7.2 11,270

5N/5W-08P2 — 08-27-2002 CADWR — 27.2 2499

5N/5W-18D2 — 08-27-2002 CADWR — 26.6 2582

08-30-2004 CADWR — 27.2 2643 (L)

5N/5W-20M1 381544122263801 10-20-2004 USGS 0.1 8.2 734

5N/5W-20R1 — 09-16-2003 CADWR — 27.6 2820

5N/5W-28N1 — 09-04-2002 CADWR — 27.3 1,21,710

5N/5W-28R1 — 08-27-2002 CADWR — 27.7 1,21,120

— 09-01-2004 CADWR — 1,28.7 1,21,230

5N/5W-30H1 381509122264801 06-05-2003 USGS 0.3 6.9 348

5N/6W-1N1 381809122284301 11-22-2002 USGS 0.6 7.7 231

5N/6W-2A6 381849122285901 10-20-2004 USGS — 8.3  12,020

5N/6W-2N2 — 09-16-2003 CADWR — — 2329 (L)

5N/6W-2P2 381808122293801 10-19-2004 USGS 3.5 6.8 345

5N/6W-2P3 381809122293301 11-21-2002 USGS 6.3 6.7 328

5N/6W-3E1 381834122305401 11-20-2002 USGS 1.1 7.4 378

10-26-2004 USGS —  7.4 (L) 383

Appendix D. Field measurements and laboratory analyses of samples from streamflow-measurement stations, springs, and ground-water wells, 
Sonoma Valley, Sonoma County, California, 2002–04.

[See figure 20 for location of streamflow-measurement stations, springs, and wells. USGS (U.S. Geological Survey) identification number:  the unique number 
for each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, Cali-
fornia Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information 
System (NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements are referred to as electrical conductance (EC). 
CADWR alkalinities are laboratory values. CaCO

3
, calcium carbonate; µS/cm, microsiemen per centimeter at 25°C; °C, degree Celsius; mg/L, milligram per 

liter; µg/L, microgram per liter; E, value estimated by the USGS National Water Quality Laboratory, Denver Colorado; (L), measured in laboratory; <, actual 
value is less than value shown; —, no data]

See footnotes at end of table
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Stream site identifier 
or State well No.

 (abbreviated 
or local identifier)

Sample
 date

Temperature, 
water

°C
[00010]

Hardness, total 
(mg/L as 
CaCO3)
 [00900]

Calcium,
 dissolved 

(mg/L)
 [00915]

Magnesium, 
dissolved 

(mg/L)
 [00925]

Potassium, 
dissolved 

(mg/L)
 [00935]

Sodium, 
dissolved 

(mg/L)
 [00930]

Streamflow-measurement stations

Sonoma Creek at
     Kenwood (KW)

11-20-2002
10.5 190 21.1 33.5 1.62 14.7

Sonoma Creek at
     Lawndale Road (S5)

06-06-2003
16.0 180 20.5 31.6 1.22 11.7

Sonoma Creek at
     Agua Caliente (S10)

11-19-2002
11.5 130 21.3 19.6 2.49 25.3

06-05-2003 17.5 140 21.3 21.7 2.23 15.7

Springs

6N/6W-19PS1 06-02-2003 16.0 140 25.6 17.3 2.23 8.93

7N/6W-22JS1 06-02-2003 16.0 55 12.2 6.02 2.05 9.02

Wells

4N/5W-2E1 10-26-2004 21.0 180 36.5 21.6 3.03 270

06-06-2003 21.5 290 58.3 35.2 3.22 176

5N/5W-8P2 08-27-2002 221.7 250 210 26 27.3 283

5N/5W-18D2 08-27-2002 218.9 2198 233 228 22 250

08-30-2004 219.3 2180 231 225 21.8 244

5N/5W-20M1 10-20-2004 25.5 22 6.26 1.51 2.29 177

5N/5W-20R1 09-16-2003 219.4 223 26 22 21.6 2199

5N/5W-28N1 09-04-2002 221.5 2413 250 270 25.2 2169

5N/5W-28R1 08-27-2002 221.1 2102 221 212 21.6 2232

09-01-2004 220.0 2122 224 215 21.6 2196

5N/5W-30H1 06-05-2003 19.0 130 14.7 21.5 2.79 25.1

5N/6W-1N1 11-22-2002 27.5 48   9.65 5.84 6.2 23.4

5N/6W-2A6 10-20-2004 41.5 23 9.01 0.078 20.2 381

5N/6W-2N2 09-16-2003 — 286 218 210 21.1 233

5N/6W-2P2 10-19-2004 19.5 120 25.1 14.7 1.32 28.5

5N/6W-2P3 11-21-2002 18.5 140 26.1 17.2 1.13 22.9

5N/6W-3E1 11-20-2002 26.5 89 24.5 6.72 3.09 46.5

10-26-2004 27.5 98 27.6 7.07 3.52 49.0

Appendix D. Field measurements and laboratory analyses of samples from streamflow-measurement stations, springs, and ground-water wells, 
Sonoma Valley, Sonoma County, California, 2002–04—Continued.

[See figure 20 for location of streamflow-measurement stations, springs, and wells. USGS (U.S. Geological Survey) identification number:  the unique number 
for each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, Cali-
fornia Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information 
System (NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements are referred to as electrical conductance (EC). 
CADWR alkalinities are laboratory values. CaCO

3
, calcium carbonate; µS/cm, microsiemen per centimeter at 25°C; °C, degree Celsius; mg/L, milligram per 

liter; µg/L, microgram per liter; E, value estimated by the USGS National Water Quality Laboratory, Denver Colorado; (L), measured in laboratory; <, actual 
value is less than value shown; —, no data]

See footnotes at end of table
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See footnotes at end of table

Stream site identifier 
or state well No.

(abbreviated 
or local identifier)

Sample 
date

Alkalinity, field
 (mg/L as 

CaCO3)
 [39086]

Bicarbonate
(mg/L)

 [00453]

Bromide, dis-
solved

(mg/L)
 [71870]

Chloride, dis-
solved

(mg/L)
 [00940]

Fluoride, dis-
solved (mg/L)

 [00950]

Iodide, dis-
solved 
(mg/L)

 [71865]

Streamflow-measurement stations

Sonoma Creek at
     Kenwood (KW) 11-20-2002 184 222 — 10.9 <0.2 —

Sonoma Creek at
     Lawndale Road (S5) 06-06-2003 167 203 0.02 8.64 <0.2 0.003

Sonoma Creek at
     Agua Caliente (S10) 11-19-2002 127 153 — 23.7 <0.2 —

06-05-2003 130 160 E0.01 10.7 <0.2 0.003

Springs

6N/6W-19PS1 06-02-2003 136 166 0.02 5.01 <0.2 <0.002

7N/6W-22JS1 06-02-2003 60 74 0.03 3.21 <0.2 <0.002

Wells

4N/5W-2E1 10-26-2004 — — 0.99 191 0.1 1.14

4N/5W-2F1 06-06-2003 274 335 0.50 214 0.2 0.225

5N/5W-8P2 08-27-2002 2165 2,3201 — 238 — —

5N/5W-18D2 08-27-2002 2184 2,3224 — 244 — —

08-30-2004 2177 2,3216 — 244 — —

5N/5W-20M1 10-20-2004 4381 3451 0.10 25.5 0.4 0.138

5N/5W-20R1 09-16-2003 2380 2,3463 — 257 — —

5N/5W-28N1 09-04-2002 2157 2,3191 — 1,2415 — —

5N/5W-28R1 08-27-2002 2382 2,3466 — 2122 — —

09-01-2004 2349 2,3426 — 2134 — —

5N/5W-30H1 06-05-2003 119 146 0.10 25.9 0.2 0.007

5N/6W-1N1 11-22-2002 94 114 — 8.9 0.3 —

5N/6W-2A6 10-20-2004 — — 2.44 1578 18.5 1.61

5N/6W-2N2 09-16-2003 2116 2,3141 — 218 — —

5N/6W-2P2 10-19-2004  3150 0.12 23.0 0.2 0.002

5N/6W-2P3 11-21-2002 132 160 — 18.6 0.2 —

5N/6W-3E1 11-20-2002 171 208 — 8.05 0.2 —

10-26-2004 — — 0.16 7.70 0.2 0.010

Appendix D. Field measurements and laboratory analyses of samples from streamflow-measurement stations, springs, and ground-water wells, 
Sonoma Valley, Sonoma County, California, 2002–04—Continued.

[See figure 20 for location of streamflow-measurement stations, springs, and wells. USGS (U.S. Geological Survey) identification number:  the unique number 
for each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, Cali-
fornia Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information 
System (NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements are referred to as electrical conductance (EC). 
CADWR alkalinities are laboratory values. CaCO

3
, calcium carbonate; µS/cm, microsiemen per centimeter at 25°C; °C, degree Celsius; mg/L, milligram per 

liter; µg/L, microgram per liter; E, value estimated by the USGS National Water Quality Laboratory, Denver Colorado; (L), measured in laboratory; <, actual 
value is less than value shown; —, no data]
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Stream site identifier 
or state well No.

 (abbreviated 
or local identifier)

Sample
 date

Silica, dis-
solved

(mg/L)
 [00955]

Sulfate, 
dissolved 

(mg/L)
 [00945]

Solids, 
sum of con-

stituents, 
dissolved 

(mg/L)
 [70301]

Solids, residue 
on evapora-
tion at 180°C 

(mg/L)
 [70300]

Nitrogen, 
ammonia, 
dissolved 

(mg/L)
 [00608]

Nitrite plus 
nitrate, 

dissolved 
(mg/L)

 [00631]

Streamflow-measurement stations

Sonoma Creek at
     Kenwood (KW) 11-20-2002 51.5 22.7 269 269 <0.04 0.71

Sonoma Creek at
     Lawndale Road (S5) 06-06-2003 42.7 17.6 240 245 <0.04 1.31

Sonoma Creek at
     Agua Caliente (S10) 11-19-2002 37.0 30.0 235 248 <0.04 <0.06

06-05-2003 32.6 18.7 203 210 <0.04 0.25

Springs

6N/6W-19PS1 06-02-2003 55.6 10.1 207 200 <0.04 <0.06

7N/6W-22JS1 06-02-2003 56.1 3.3 138 135 <0.04 2.12

Wells

4N/5W-2E1 10-26-2004 27.9 239 — 1,000 — —

4N/5W-2F1 06-06-2003 43.6 44.8 752 738 E0.03 2.39

5N/5W-8P2 08-27-2002 — 231 — 2336 — —

5N/5W-18D2 08-27-2002 — 224 — 2385 — —

08-30-2004 — 227 — 2389 — —

5N/5W-20M1 10-20-2004 52.9 1.7 501 503 0.22 E0.06

5N/5W-20R1 09-16-2003 — 24 — 2532 — —

5N/5W-28N1 09-04-2002 — 243 — 21,062 — —

5N/5W-28R1 08-27-2002 — 258 — 2729 — —

09-01-2004 — 263 — 2712 — —

5N/5W-30H1 06-05-2003 75.3 13.1 257 247 <0.04 1.35

5N/6W-1N1 11-22-2002 81.3 4.3 197 193 0.07 <0.06

5N/6W-2A6 10-20-2004 99.5 40.5 — 1,230 — —

5N/6W-2N2 09-16-2003 — 220 — 2219 — —

5N/6W-2P2 10-19-2004 67.8 14.8 265 255 <0.04 3.22

5N/6W-2P3 11-21-2002 60.6 18.4 256 260 E0.03 2.77

5N/6W-3E1 11-20-2002 50.9 11.4 255 260 0.11 0.06

10-26-2004 54.7 12.0 — 269 —
—

Appendix D. Field measurements and laboratory analyses of samples from streamflow-measurement stations, springs, and ground-water wells, 
Sonoma Valley, Sonoma County, California, 2002–04—Continued.

[See figure 20 for location of streamflow-measurement stations, springs, and wells. USGS (U.S. Geological Survey) identification number:  the unique number 
for each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, Cali-
fornia Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information 
System (NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements are referred to as electrical conductance (EC). 
CADWR alkalinities are laboratory values. CaCO

3
, calcium carbonate; µS/cm, microsiemen per centimeter at 25°C; °C, degree Celsius; mg/L, milligram per 

liter; µg/L, microgram per liter; E, value estimated by the USGS National Water Quality Laboratory, Denver Colorado; (L), measured in laboratory; <, actual 
value is less than value shown; —, no data]

See footnotes at end of table
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Stream site identifier 
or state well No. 

(abbreviated 
or local identifier)

Sample 
date

Nitrate, 
dissolved

 (mg/L) 

Nitrogen, nitrite, 
dissolved
(mg/L)

 [00613]

Phosphorus, 
ortho-

phosphate, dis-
solved

(mg/L)
 [00671]

Arsenic, dis-
solved

 (µg/L)
 [01000]

Barium, dis-
solved

 (µg/L)
 [01005]

Streamflow-measurement stations

Sonoma Creek at
     Kenwood (KW) 11-20-2002 63.2 E0.004 0.07 3 —

Sonoma Creek at
     Lawndale Road (S5) 06-06-2003 65.9 <0.008 0.05 <2 53

Sonoma Creek at
     Agua Caliente (S10) 11-19-2002 6<0.3 <0.008 0.05 3 —

06-05-2003 61.1 <0.008 E0.01 E1 50

Springs

6N/6W-19PS1 06-02-2003 6<0.3 <0.008 0.05 <2 6.0

7N/6W-22JS1 06-02-2003 69.5 <0.008 0.09 <2 3.0

Wells

4N/5W-2E1 10-26-2004 — — — 3 121

4N/5W-2F1 06-06-2003 610.8 <0.008 0.11 E1 194

5N/5W-8P2 08-27-2002 20.3 — — — —

5N/5W-18D2 08-27-2002 234.6 — — — —

08-30-2004 235 — — — —

5N/5W-20M1 10-20-2004 6<0.3 <0.008 0.15 117 69

5N/5W-20R1 09-16-2003 20.8 — — — —

5N/5W-28N1 09-04-2002 232.7 — — — —

5N/5W-28R1 08-27-2002 20.3 — — — —

09-01-2004 20.9 — — — —

5N/5W-30H1 06-05-2003 66.1 <0.008 0.23 3 36

5N/6W-1N1 11-22-2002 6<0.3 <0.008 0.09 111 —

5N/6W-2A6 10-20-2004 — — — 3 20

5N/6W-2N2 09-16-2003 10 — — — —

5N/6W-2P2 10-19-2004 614.5 <0.008 0.11 3 64

5N/6W-2P3 11-21-2002 612.5 <0.008 0.11 4 —

5N/6W-3E1 11-20-2002 60.3 <0.008 0.2 2 —

10-26-2004 — — — — —

Appendix D. Field measurements and laboratory analyses of samples from streamflow-measurement stations, springs, and ground-water wells, 
Sonoma Valley, Sonoma County, California, 2002–04—Continued.

[See figure 20 for location of streamflow-measurement stations, springs, and wells. USGS (U.S. Geological Survey) identification number:  the unique number 
for each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, Cali-
fornia Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information 
System (NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements are referred to as electrical conductance (EC). 
CADWR alkalinities are laboratory values. CaCO

3
, calcium carbonate; µS/cm, microsiemen per centimeter at 25°C; °C, degree Celsius; mg/L, milligram per 

liter; µg/L, microgram per liter; E, value estimated by the USGS National Water Quality Laboratory, Denver Colorado; (L), measured in laboratory; <, actual 
value is less than value shown; —, no data]

See footnotes at end of table
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Stream site identifier 
or state well No.

 (abbreviated 
or local identifier)

Sample 
date

Boron,
 dissolved 

(µg/L)
 [01020]

Iron,
Dissolved

 (µg/L)
 [01046]

Lithium, 
dissolved

 (µg/L)
 [01130]

Manganese,
 dissolved

 (µg/L)
 [01056]

Streamflow-measurement stations

Sonoma Creek at
     Kenwood (KW) 11-20-2002 60 E5 8.8 5.9

Sonoma Creek at
     Lawndale Road (S5) 06-06-2003 50 18 4.2 6.3

Sonoma Creek at
     Agua Caliente (S10) 11-19-2002 300 20 11.3 14.6

06-05-2003 130 13 8.0 6.6

Springs

6N/6W-19PS1 06-02-2003 20 E5 13.2 0.5

7N/6W-22JS1 06-02-2003 10 <8 0.9 <0.4

Wells

4N/5W-2E1 10-26-2004 820 1310 68.3 1135

4N/5W-2F1 06-06-2003 290 14 76.6 33.7

5N/5W-8P2 08-27-2002 2600 — — —

5N/5W-18D2 08-27-2002 2200 — — —

08-30-2004 2100 — — —

5N/5W-20M1 10-20-2004 73,830 12 61.3 14.5

5N/5W-20R1 09-16-2003 2, 74,300 — — —

5N/5W-28N1 09-04-2002 2800 — — —

5N/5W-28R1 08-27-2002 2, 71,000 — — —

09-01-2004 2700 — — —

5N/5W-30H1 06-05-2003 100 <8 12.6 6.8

5N/6W-1N1 11-22-2002 180 192 152 1190

5N/6W-2A6 10-20-2004 715,700 41 1,650 11.9

5N/6W-2N2 09-16-2003 2<100 — — —

5N/6W-2P2 10-19-2004 70 E6 25.6 6.4

5N/6W-2P3 11-21-2002 70 E8 14.9 E1.2

5N/6W-3E1 11-20-2002 90 40 52.7 1123

10-26-2004 — 65 — —

Appendix D. Field measurements and laboratory analyses of samples from streamflow-measurement stations, springs, and ground-water wells, 
Sonoma Valley, Sonoma County, California, 2002–04—Continued.

[See figure 20 for location of streamflow-measurement stations, springs, and wells. USGS (U.S. Geological Survey) identification number:  the unique number 
for each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, Cali-
fornia Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information 
System (NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements are referred to as electrical conductance (EC). 
CADWR alkalinities are laboratory values. CaCO

3
, calcium carbonate; µS/cm, microsiemen per centimeter at 25°C; °C, degree Celsius; mg/L, milligram per 

liter; µg/L, microgram per liter; E, value estimated by the USGS National Water Quality Laboratory, Denver Colorado; (L), measured in laboratory; <, actual 
value is less than value shown; —, no data]

See footnotes at end of table
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Stream site identi-
fier 

or State well No. 
(abbreviated 

or local identifier)

USGS 
identification 

No.

Sample 
date

Collecting and 
analyzing
 agency

Oxygen, 
dissolved 

(mg/L)
 [00300]

pH,
field 

(standard units)
 [00400]

Specific conduc-
tance,

 field 
(µS/cm)
 [00095]

Wells

5N/6W-10Q2 381712122301901 11-22-2002 USGS 0.4 7.4 344

5N/6W-12F1 381742122282901 08-27-2002 CADWR — 27.0 2875

381742122282901 08-30-2004 CADWR — 27.4 2867

5N/6W-12M1 381729122284601 09-16-2003 CADWR — 27.2 2800

5N/6W-25P2 381438122283401 09-04-2002 CADWR — 28.0 2556

6N/6W-9A1 382307122311301 06-04-2003 USGS 1.1 7.2 229

10-18-2004 USGS 0.2 7.3 211

6N/6W-10M2 382245122305801 08-27-2002 CADWR — 26.8 2488

08-30-2004 CADWR — 27.2 2502

6N/6W-16B3 382219122312501 11-21-2002 USGS 2.8 18.8 533

6N/6W-22Q1 382045122302901 06-04-2003 USGS 0.1 7.3 457

6N/6W-26E1 382017122295301 09-16-2003 CADWR — 26.8 (L) 2377 (L)

6N/6W-35K1 381916122292201 10-20-2004 USGS — 7.5 11,290

6N/6W-36J1 381906122274901 11-04-2004 USGS 2.9 7.4 222

7N/6W-22E1 382614122310201 06-02-2003 USGS 0.1 7.2 215

7N/6W-29P1 382445122324901 09-11-2003 CADWR — 1,2 6.2 (L) 2243 (L)

7N/6W-29P3 382500122330501 06-03-2003 USGS 1.2 7.3 382

7N/7W-24A1 382636122344801 06-03-2003 USGS 5.8 16.1 124

Appendix D. Field measurements and laboratory analyses of samples from streamflow-measurement stations, springs, and ground-water wells, 
Sonoma Valley, Sonoma County, California, 2002–04—Continued.

[See figure 20 for location of streamflow-measurement stations, springs, and wells. USGS (U.S. Geological Survey) identification number:  the unique number 
for each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, Cali-
fornia Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information 
System (NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements are referred to as electrical conductance (EC). 
CADWR alkalinities are laboratory values. CaCO

3
, calcium carbonate; µS/cm, microsiemen per centimeter at 25°C; °C, degree Celsius; mg/L, milligram per 

liter; µg/L, microgram per liter; E, value estimated by the USGS National Water Quality Laboratory, Denver Colorado; (L), measured in laboratory; <, actual 
value is less than value shown; —, no data]

See footnotes at end of table
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See footnotes at end of table

Stream site identi-
fier 

or State well No. 
(abbreviated or lo-

cal identifier)

Sample
 date

Temperature, 
water
°C

 [00010]

Hardness, 
total 

(mg/L as CaCO3)
 [00900]

Calcium, dis-
solved

 (mg/L)
 [00915]

Magnesium, dis-
solved

 (mg/L)
 [00925]

Potassium, dis-
solved

 (mg/L)
 [00935]

Sodium, 
dissolved 

 (mg/L)
 [00930]

Wells

5N/6W-10Q2 11-22-2002 22.0 120 25.3 13.7 2.34 26

5N/6W-12F1 08-27-2002 219.1 2263 241 239 24.8 292

08-30-2004 220.3 2215 235 231 24.2 284

5N/6W-12M1 09-16-2003 218.3 2303 239 250 24.4 262

5N/6W-25P2 09-04-2002 222.0 212 23 21 22.5 2122

6N/6W-9A1 06-04-2003 20.0 55 9.97 7.34 5.48 26.1

10-18-2004 19.5 49 9.14 6.26 4.7 23.4

6N/6W-10M2 08-27-2002 219.6 2134 224 218 25.1 248

08-30-2004 219.1 2108 221 215 24.5 244

6N/6W-16B3 11-21-2002 20.0 8 2.41 0.38 4.95 112

6N/6W-22Q1 06-04-2003 25.0 32 6.73 3.59 10.0 85.5

6N/6W-26E1 09-16-2003 — 212 23 21 27.9 277

6N/6W-35K1 10-20-2004 34.5 130 39.7 6.33 17.5 208

6N/6W-36J1 11-04-2004 25.0 39 8.96 4.09 4.34 31.3

7N/6W-22E1 06-02-2003 15.5 79 10.8 12.5 4.07 14.8

7N/6W-29P1 09-11-2003 — 2100 217 214 22.1 217

7N/6W-29P3 06-03-2003 21.5 120 17.7 17.3 3.74 38.9

7N/7W-24A1 06-03-2003 21.0 33 6.76 3.83 3.43 12.5

Appendix D. Field measurements and laboratory analyses of samples from streamflow-measurement stations, springs, and ground-water wells, 
Sonoma Valley, Sonoma County, California, 2002–04—Continued.

[See figure 20 for location of streamflow-measurement stations, springs, and wells. USGS (U.S. Geological Survey) identification number:  the unique number 
for each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, Cali-
fornia Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information 
System (NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements are referred to as electrical conductance (EC). 
CADWR alkalinities are laboratory values. CaCO

3
, calcium carbonate; µS/cm, microsiemen per centimeter at 25°C; °C, degree Celsius; mg/L, milligram per 

liter; µg/L, microgram per liter; E, value estimated by the USGS National Water Quality Laboratory, Denver Colorado; (L), measured in laboratory; <, actual 
value is less than value shown; —, no data]
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See footnotes at end of table

Stream site identi-
fier 

or state well No.
 (abbreviated 

or local identifier)

Sample 
date

Alkalinity, 
field

 (mg/L as CaCO3)
 [39086]

Bicarbonate
(mg/L)

 [00453]

Bromide, dis-
solved

(mg/L)
 [71870]

Chloride, dis-
solved

(mg/L)
 [00940]

Fluoride, dis-
solved

 (mg/L)
 [00950]

Iodide,
 dissolved

(mg/L)
 [71865]

Wells

5N/6W-10Q2 11-22-2002 162 197 — 9.12 0.2 —

5N/6W-12F1 08-27-2002 341 2,3416 — 277 — —

08-30-2004 317 2,3387 — 266 — —

5N/6W-12M1 09-16-2003 380 2,3463 — 240 — —

5N/6W-25P2 09-04-2002 266 2,3324 — 222 — —

6N/6W-9A1 06-04-2003 95 116 0.07 12.8 0.3 0.03

10-18-2004 490 3110 0.07 10.6 0.3 0.02

6N/6W-10M2 08-27-2002 98 2,3120 — 275 — —

08-30-2004 94 2,3115 — 271 — —

6N/6W-16B3 11-21-2002 200 228 — 48.6 0.5 —

6N/6W-22Q1 06-04-2003 135 165 0.22 55.7 0.5 0.083

6N/6W-26E1 09-16-2003 127 2,3155 — 241 — —

6N/6W-35K1 10-20-2004 5114 (L) 2139 0.37 1255 12.0 0.190

6N/6W-36J1 11-04-2004 4102 2123 0.03 4.62 0.3 E0.001

7N/6W-22E1 06-02-2003 111 136 0.02 4.31 0.2 0.004

7N/6W-29P1 09-11-2003 127 2,3155 — 26 — —

7N/6W-29P3 06-03-2003 184 224 0.07 9.25 0.3 0.032

7N/7W-24A1 06-03-2003 51 62 0.02 5.11 <0.2 E0.002

Appendix D. Field measurements and laboratory analyses of samples from streamflow-measurement stations, springs, and ground-water wells, 
Sonoma Valley, Sonoma County, California, 2002–04—Continued.

[See figure 20 for location of streamflow-measurement stations, springs, and wells. USGS (U.S. Geological Survey) identification number:  the unique number 
for each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, Cali-
fornia Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information 
System (NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements are referred to as electrical conductance (EC). 
CADWR alkalinities are laboratory values. CaCO

3
, calcium carbonate; µS/cm, microsiemen per centimeter at 25°C; °C, degree Celsius; mg/L, milligram per 

liter; µg/L, microgram per liter; E, value estimated by the USGS National Water Quality Laboratory, Denver Colorado; (L), measured in laboratory; <, actual 
value is less than value shown; —, no data]
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See footnotes at end of table

Stream site identifier 
or state well No. (ab-

breviated 
or local identifier)

Sample 
date

Silica, dis-
solved

(mg/L)
 [00955]

Sulfate, 
dissolved 

(mg/L)
 [00945]

Solids, 
sum of con-

stituents, 
dissolved 

(mg/L)
 [70301]

Solids, residue 
on evapora-

tion at 
180°C (mg/L)

 [70300]

Nitrogen, ammo-
nia, dissolved 

(mg/L)
 [00608]

Nitrite plus 
nitrate as N, 

dissolved 
(mg/L)

 [00631]

Wells

5N/6W-10Q2 11-22-2002 64.3 4.2 243 242 <0.04 0.07

5N/6W-12F1 08-27-2002 — 219 — 2539 — —

08-30-2004 — 220 — 2487 — —

5N/6W-12M1 09-16-2003 — 217 — 2485 — —

5N/6W-25P2 09-04-2002 — 26 — 2372 — —

6N/6W-9A1 06-04-2003 80.6 2.5 205 195 0.08 <0.06

10-18-2004 85.3 2.6 199 185 0.07 <0.06

6N/6W-10M2 08-27-2002 — 227 — 2316 — —

08-30-2004 — 226 — 2305 — —

6N/6W-16B3 11-21-2002 39.6 <0.2 — 359 0.11 <0.06

6N/6W-22Q1 06-04-2003 79.9 5.6 332 329 0.20 E0.05

6N/6W-26E1 09-16-2003 — 23 — 2252 — —

6N/6W-35K1 10-20-2004 85.6 14.0 1702 673 — —

6N/6W-36J1 11-04-2004 87.0 4.6 207 197 <0.04 0.10

7N/6W-22E1 06-02-2003 58.1 0.3 176 158 0.67 <0.06

7N/6W-29P1 09-11-2003 — 2<1 — 2164 — —

7N/6W-29P3 06-03-2003 72.5 4.1 275 262 0.07 <0.06

7N/7W-24A1 06-03-2003 70.1 2.7 137 142 <0.04 0.36

Appendix D. Field measurements and laboratory analyses of samples from streamflow-measurement stations, springs, and ground-water wells, 
Sonoma Valley, Sonoma County, California, 2002–04—Continued.

[See figure 20 for location of streamflow-measurement stations, springs, and wells. USGS (U.S. Geological Survey) identification number:  the unique number 
for each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, Cali-
fornia Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information 
System (NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements are referred to as electrical conductance (EC). 
CADWR alkalinities are laboratory values. CaCO

3
, calcium carbonate; µS/cm, microsiemen per centimeter at 25°C; °C, degree Celsius; mg/L, milligram per 

liter; µg/L, microgram per liter; E, value estimated by the USGS National Water Quality Laboratory, Denver Colorado; (L), measured in laboratory; <, actual 
value is less than value shown; —, no data]

146  Geohydrologic Characterization, Water-Chemistry, and Ground-Water Flow Model, Sonoma County, California



See footnotes at end of table

Stream site identifier 
or state well No.

 (abbreviated 
or local identifier)

Sample 
date

Nitrate,
 dissolved 

(mg/L) 

Nitrogen, 
nitrite, 

dissolved (mg/L)
 [00613]

Phosphorus,
 ortho-

phosphate, dis-
solved

(mg/L)
 [00671]

Arsenic, 
dissolved

 (µg/L)
 [01000]

Barium,
 dissolved

 (µg/L)
 [01005]

Wells

5N/6W-10Q2 11-22-2002 60.3 E0.006 0.13 7 —

5N/6W-12F1 08-27-2002 2<0.1 — — — —

08-30-2004 20.9 — — — —

5N/6W-12M1 09-16-2003 20.1 — — — —

5N/6W-25P2 09-04-2002 20.2 — — — —

6N/6W-9A1 06-04-2003 6<0.3 <0.008 0.28 6 38

10-18-2004 6<0.3 <0.008 0.32 7 35

6N/6W-10M2 08-27-2002 2<0.1 — — — —

08-30-2004 21 — — — —

6N/6W-16B3 11-21-2002 6<0.3 <0.008 0.05 9 —

6N/6W-22Q1 06-04-2003 6<0.3 <0.008 0.24 4 98

6N/6W-26E1 09-16-2003 20.2 — — — —

6N/6W-35K1 10-20-2004 — — — 112 14

6N/6W-36J1 11-04-2004 60.4 <0.008 0.061 6 9

7N/6W-22E1 06-02-2003 6<0.3 <0.008 0.38 <2 82

7N/6W-29P1 09-11-2003 2<0.1 — — — —

7N/6W-29P3 06-03-2003 6<0.3 <0.008 0.21 2 42

7N/7W-24A1 06-03-2003 61.6 <0.008 0.06 E2 10

Appendix D. Field measurements and laboratory analyses of samples from streamflow-measurement stations, springs, and ground-water wells, 
Sonoma Valley, Sonoma County, California, 2002–04—Continued.

[See figure 20 for location of streamflow-measurement stations, springs, and wells. USGS (U.S. Geological Survey) identification number:  the unique number 
for each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, Cali-
fornia Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information 
System (NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements are referred to as electrical conductance (EC). 
CADWR alkalinities are laboratory values. CaCO

3
, calcium carbonate; µS/cm, microsiemen per centimeter at 25°C; °C, degree Celsius; mg/L, milligram per 

liter; µg/L, microgram per liter; E, value estimated by the USGS National Water Quality Laboratory, Denver Colorado; (L), measured in laboratory; <, actual 
value is less than value shown; —, no data]
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Stream site identifier 
or state well No. 

(abbreviated 
or local identifier)

Sample 
date

Boron,
 dissolved

 (µg/L)
 [01020]

Iron,
 dissolved 

(µg/L)
 [01046]

Lithium, 
dissolved

 (µg/L)
 [01130]

Manganese,
 dissolved

 (µg/L)
 [01056]

Wells

5N/6W-10Q2 11-22-2002 160 <10 28.8 155.1

5N/6W-12F1 08-27-2002 2700 — — —

08-30-2004 2600 — — —

5N/6W-12M1 09-16-2003 2300 — — —

5N/6W-25P2 09-04-2002 2,71,100 — — —

6N/6W-9A1 06-04-2003 160 1845 4.9 1540

10-18-2004 120 1999 4.7 1434

6N/6W-10M2 08-27-2002 2<100 — — —

08-30-2004 2<100 — — —

6N/6W-16B3 11-21-2002 75,780 <10 22 31.8

6N/6W-22Q1 06-04-2003 71,350 1499 39 1313

6N/6W-26E1 09-16-2003 2,71,300 — — —

6N/6W-35K1 10-20-2004 73,570 1302 703  373

6N/6W-36J1 11-04-2004 70 E4.0 42.3 0.3

7N/6W-22E1 06-02-2003 50 1,480 1.1 1390

7N/6W-29P1 09-11-2003 2<100 — — —

7N/6W-29P3 06-03-2003 110 20 9.6 1399

7N/7W-24A1 06-03-2003 20 13 20.9 1.5
1Value equals or exceeds the maximum contaminant level (MCL) or is outside of the acceptable range for primary or secondary Federal and State drinking-

water standards (California Department of Health Services, 2003; U.S. Environmental Protection Agency, 2002).

2Data provided by CADWR; not in USGS NWIS (National Water Information System) database.

3Bicarbonate value calculated from alkalinity.

4Parameter code 29802 in USGS NWIS database.

5Parameter code 29801 in USGS NWIS database.

6Nitrate value calculated from nitrite plus nitrate as N.

7Value equals or exceeds the State notification level (California Department of Health Services, 2005).

Appendix D. Field measurements and laboratory analyses of samples from streamflow-measurement stations, springs, and ground-water wells, 
Sonoma Valley, Sonoma County, California, 2002–04—Continued.

[See figure 20 for location of streamflow-measurement stations, springs, and wells. USGS (U.S. Geological Survey) identification number:  the unique number 
for each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, Cali-
fornia Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information 
System (NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements are referred to as electrical conductance (EC). 
CADWR alkalinities are laboratory values. CaCO

3
, calcium carbonate; µS/cm, microsiemen per centimeter at 25°C; °C, degree Celsius; mg/L, milligram per 

liter; µg/L, microgram per liter; E, value estimated by the USGS National Water Quality Laboratory, Denver Colorado; (L), measured in laboratory; <, actual 
value is less than value shown; —, no data]
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Stream site identifier
 or State well No. 

(abbreviated or local 
identifier)

USGS
Identification

 No.

Sample
date

(mm/dd/yyyy)

Collecting 
and analyzing 

agency

Field measurements

Specific 
conductance,

 field 
(µS/cm)
[00095]

Temperature, 
water

°C
[00010]

Springs

4N/5W-30NS1 380932122273701 09-02-2003 USGS 222 —

4N/5W-30PS1 380926122271901 09-02-2003 USGS 12,200 26.5

6N/6W-5FS1 382338122330301 07-15-2003 USGS 986 32.0

6N/6W-19PS1 382045122335601 06-02-2003 USGS 293 16.0

7N/6W-22JS1 382602122301601 06-02-2003 USGS 154 16.0

Wells

4N/5W-2E1 381322122231801 09-03-2003 USGS 1,270 21.5

10-26-2004 USGS 1,680 21.0

4N/5W-2F1 381326122225601 06-06-2003 USGS 1,270 21.5

09-03-2003 USGS 1,170 21.0

4N/5W-2R1 381258122221901 09-03-2003 USGS 2942 223.0

4N/5W-6L1 381313122271601 09-03-2003 USGS 555 19.5

4N5W-6P2 381250122273001 09-02-2003 USGS 820 26.0

4N/5W-6P3 381251122271701 09-02-2003 USGS 784 33.5

4N/5W-7G1 381228122270401 09-03-2003 USGS 589 35.0

4N/5W-7K1 381221122270801 09-02-2003 USGS 461 29.5

4N/5W-15K1 381122122234301 08-03-2004 USGS 31,240 —

4N/5W-17M1 381120122262901 09-03-2003 USGS 544 24.5

09-28-2004 USGS 544 24.0

4N/5W-30M1 380937122274101 09-02-2003 USGS 638 19.5

4N/6W-1H1 381322122280201 09-02-2003 USGS 417 23.5

5N/5W-8P2 — 08-01-1974 CADWR 4521(L) —

07-01-1976 CADWR 4505(L) —

08-14-1978 CADWR 4505(L) —

07-11-1980 CADWR 4506(L) —

09-30-1982 CADWR 4489(L) —

08-08-1984 CADWR 4474(L) —

08-13-1986 CADWR 4491(L) —

08-09-1988 CADWR 4476(L) —

09-18-1991 CADWR 4507(L) —

Appendix E. Summary of specific conductance and temperature measurements in samples from springs, ground-water wells, and miscellaneous 
sources, Sonoma Valley, Sonoma County, California, 1969–2004.

[See figures 20 and 27 for locations of springs, wells, and miscellaneous sites. USGS (U.S. Geological Survey) identification number:  the unique number for 
each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, California 
Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information System 
(NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements represent electrical conductance (EC). oC, degrees 
Celsius; ft3/s, cubic feet per second; L, laboratory value; µS/cm, microsiemen per centimeter at 25oC; mm/dd/yyyy, month/day/year; —, no data]

See footnotes at end of table
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Stream site identifier
 or State well No. 

(abbreviated or local 
identifier)

USGS
Identification

 No.

Sample
date

(mm/dd/yyyy)

Collecting 
and analyzing 

agency

Field measurements

Specific 
conductance,

 field 
(µS/cm)
[00095]

Temperature, 
water

°C
[00010]

5N/5W-8P2 09-16-1993 CADWR 4487(L) —

08-28-1996 CADWR 4522(L) —

08-24-1998 CADWR 4490(L) —

08-27-2002 CADWR 4509(L) —

5N/5W-18D2 08-08-1969 CADWR 4519(L) —

07-28-1970 CADWR 4512(L) —

08-01-1974 CADWR 4514(L) —

07-31-1979 CADWR 4490(L) —

07-16-1981 CADWR 4495(L) —

07-06-1983 CADWR 4500(L) —

08-08-1985 CADWR 4507(L) —

09-16-1987 CADWR 4510(L) —

07-26-1989 CADWR 4530(L) —

09-18-1991 CADWR 4551(L) —

09-16-1993 CADWR 4564(L) —

08-28-1996 CADWR 4601(L) —

08-24-1998 CADWR 4594(L) —

08-27-2002 CADWR 4602(L) —

08-30-2004 CADWR 4643(L) —

5N/5W-19M1 09-05-2003 USGS 554 21.0

5N/5W-19N1 09-05-2003 USGS 2554 217.0

5N/5W-20J2 09-03-2003 USGS 858 25.5

5N/5W-20M1 10-20-2004 USGS 734 25.5

5N/5W-20P2 09-04-2003 USGS 245 20.0

5N/5W-20R1 08-07-1969 CADWR 4811(L) —

07-28-1970 CADWR 4804(L) —

06-03-1975 CADWR 4823(L) —

07-11-1980 CADWR 4834(L) —

09-30-1982 CADWR 4945(L) —

08-08-1984 CADWR 4832(L) —

08-13-1986 CADWR 4871(L) —

Appendix E. Summary of specific conductance and temperature measurements in samples from springs, ground-water wells, and miscellaneous 
sources, Sonoma Valley, Sonoma County, California, 1969–2004—Continued.

[See figures 20 and 27 for locations of springs, wells, and miscellaneous sites. USGS (U.S. Geological Survey) identification number:  the unique number for 
each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, California 
Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information System 
(NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements represent electrical conductance (EC). oC, degrees 
Celsius; ft3/s, cubic feet per second; L, laboratory value; µS/cm, microsiemen per centimeter at 25oC; mm/dd/yyyy, month/day/year; —, no data]

See footnotes at end of table
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Stream site identifier
 or State well No. 

(abbreviated or local 
identifier)

USGS
Identification

 No.

Sample
date

(mm/dd/yyyy)

Collecting 
and analyzing 

agency

Field measurements

Specific 
conductance,

 field 
(µS/cm)
[00095]

Temperature, 
water

°C
[00010]

5N/5W-20R1 08-09-1988 CADWR 4850(L) —

08-02-1990 CADWR 4880(L) —

07-23-1992 CADWR 4877(L) —

08-25-1995 CADWR 4866(L) —

08-29-1997 CADWR 4842(L —

08-12-1999 CADWR 4856(L) —

11-15-2001 CADWR 4855(L) —

09-16-2003 CADWR 4855(L) —

5N/5W-21P3 381530122251601 09-03-2003 USGS 1,180 22.0

5N/5W-21P4 381530122251602 12-18-2003 USGS 490 21.0

5N/5W-28N1 — 08-17-1972 CADWR 4994(L) —

08-01-1974 CADWR 41,190(L) —

07-01-1976 CADWR 41,240(L) —

08-14-1978 CADWR 41,420(L) —

07-11-1980 CADWR 41,110(L) —

09-29-1982 CADWR 41,090(L) —

08-08-1984 CADWR 41,120(L) —

08-13-1986 CADWR 41,090(L) —

08-02-1990 CADWR 41,020(L) —

08-29-1996 CADWR 41,080(L) —

08-24-1998 CADWR 41,110(L) —

09-04-2002 CADWR 41,780(L) —

5N/5W-28P4 381448122250501 09-04-2003 USGS 1,390 23.5

5N/5W-28R1 — 07-29-1971 CADWR 41,020(L) —

07-30-1973 CADWR 41,070(L) —

06-03-1975 CADWR 41,070(L) —

08-09-1977 CADWR 41,100(L) —

07-31-1979 CADWR 41,120(L) —

07-16-1981 CADWR 41,120(L) —

07-05-1983 CADWR 41,070(L) —

08-08-1985 CADWR 41,080(L) —

Appendix E. Summary of specific conductance and temperature measurements in samples from springs, ground-water wells, and miscellaneous 
sources, Sonoma Valley, Sonoma County, California, 1969–2004—Continued.

[See figures 20 and 27 for locations of springs, wells, and miscellaneous sites. USGS (U.S. Geological Survey) identification number:  the unique number for 
each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, California 
Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information System 
(NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements represent electrical conductance (EC). oC, degrees 
Celsius; ft3/s, cubic feet per second; L, laboratory value; µS/cm, microsiemen per centimeter at 25oC; mm/dd/yyyy, month/day/year; —, no data]

See footnotes at end of table
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Stream site identifier
 or State well No. 

(abbreviated or local 
identifier)

USGS
Identification

 No.

Sample
date

(mm/dd/yyyy)

Collecting 
and analyzing 

agency

Field measurements

Specific 
conductance,

 field 
(µS/cm)
[00095]

Temperature, 
water

°C
[00010]

5N/5W-28R1 — 09-16-1987 CADWR 41,110(L) —

07-26-1989 CADWR 41,130(L) —

09-18-1991 CADWR 41,150(L) —

09-16-1993 CADWR 41,150(L) —

08-28-1996 CADWR 41,170(L) —

08-24-1998 CADWR 41,160(L) —

08-27-2002 CADWR 41,190(L) —

381450122243701 09-03-2003 USGS 1,180 21.0

09-01-2004 CADWR 41,290(L) —

5N/5W-28R5 381443122243801 09-03-2003 USGS 920 20.5

5N/5W-29P3 381444122262101 09-04-2003 USGS 315 17.5

5N/5W-29P4 381439122261101 09-05-2003 USGS 1,170 18.5

5N/5W-29R6 381445122254501 09-04-2003 USGS 720 18.5

5N/5W-29R7 381443122254201 09-04-2003 USGS 1,560 23.0

5N/5W-29R8 381448122254201 09-04-2003 USGS 910 23.5

5N/5W-30C1 381517122271601 09-05-2003 USGS 543 17.5

5N/5W-30H1 381509122264801 06-05-2003 USGS 348 19.0

09-04-2003 USGS 464 19.5

5N/5W-30M1 381456122274001 09-05-2003 USGS 2575 —

5N/5W-30R1 81447122264301 9-04-2003 USGS 850 18.0

N/5W-30R2 381439122264901 09-04-2003 USGS 571 17.5

5N/5W-31J1 381411122265201 09-02-2003 USGS 880 25.0

5N/5W-31J2 381404122264301 09-02-2003 USGS 880 36.0

5N/5W-31P2 381352122271901 9-02-2003 USGS 700 19.0

5N/5W-31P3 381357122271801 09-02-2003 USGS 583 19.0

5N/5W-32C1 381438122262101 09-04-2003 USGS 2315 219.0

N/5W-33K7 81408122250501 09-03-2003 USGS 1,090 18.5

N/5W-33K8 81415122251501 09-03-2003 USGS 904 19.0

5N/5W-33Q1 381359122245001 09-03-2003 USGS 940 18.5

5N/5W-33R1 381352122243901 09-03-2003 USGS 51,900 522.0

5N/5W-34M1 381410122242301 09-03-2003 USGS 1,290 23.0

Appendix E. Summary of specific conductance and temperature measurements in samples from springs, ground-water wells, and miscellaneous 
sources, Sonoma Valley, Sonoma County, California, 1969–2004—Continued.

[See figures 20 and 27 for locations of springs, wells, and miscellaneous sites. USGS (U.S. Geological Survey) identification number:  the unique number for 
each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, California 
Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information System 
(NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements represent electrical conductance (EC). oC, degrees 
Celsius; ft3/s, cubic feet per second; L, laboratory value; µS/cm, microsiemen per centimeter at 25oC; mm/dd/yyyy, month/day/year; —, no data]

See footnotes at end of table
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Stream site identifier
 or State well No. 

(abbreviated or local 
identifier)

USGS
Identification

 No.

Sample
date

(mm/dd/yyyy)

Collecting 
and analyzing 

agency

Field measurements

Specific 
conductance,

 field 
(µS/cm)
[00095]

Temperature, 
water

°C
[00010]

5N/6W-2A6 381849122285901 10-20-2004 USGS 2,020 41.5

5N/6W-2N2 — 8-17-1972 CADWR 4 288(L) —

08-01-1974 CADWR 4 280(L) —

07-01-1976 CADWR 4286(L) —

08-14-1978 CADWR 4294(L) —

07-11-1980 CADWR 4306(L) —

09-30-1982 CADWR 4281(L) —

08-08-1984 CADWR 4287(L) —

08-13-1986 CADWR 4287(L) —

08-09-1988 CADWR 4280(L) —

08-02-1990 CADWR 4297(L) —

07-23-1992 CADWR 4303(L) —

08-28-1995 CADWR 4294(L) —

08-29-1997 CADWR 4303(L) —

08-12-1999 CADWR 4307(L) —

11-05-2001 CADWR 4334(L) —

09-16-2003 CADWR 4329(L) —

5N/6W-2P2 381808122293801 10-19-2004 USGS 345 19.5

5N/6W-2P3 381809122293301 11-21-2002 USGS 328 18.5

5N/6W-3E1 381834122305401 11-20-2002 USGS 378 26.5

10-26-2004 USGS 383 27.5

5N/6W-8B1 381749122323201 09-29-2004 USGS 296 22.0

5N/6W-10Q2 381712122301901 11-22-2002 USGS 344 22.0

5N/6W-12F1 — 08-08-1969 CADWR 4420(L) —

07-29-1971 CADWR 4462(L) —

07-30-1973 CADWR 4464(L) —

06-03-1975 CADWR 4821(L) —

08-09-1977 CADWR 4462(L) —

07-31-1979 CADWR 4908(L) —

07-16-1981 CADWR 4748(L) —

07-06-1983 CADWR 41,090(L) —

Appendix E. Summary of specific conductance and temperature measurements in samples from springs, ground-water wells, and miscellaneous 
sources, Sonoma Valley, Sonoma County, California, 1969–2004—Continued.

[See figures 20 and 27 for locations of springs, wells, and miscellaneous sites. USGS (U.S. Geological Survey) identification number:  the unique number for 
each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, California 
Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information System 
(NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements represent electrical conductance (EC). oC, degrees 
Celsius; ft3/s, cubic feet per second; L, laboratory value; µS/cm, microsiemen per centimeter at 25oC; mm/dd/yyyy, month/day/year; —, no data]

See footnotes at end of table
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Stream site identifier
 or State well No. 

(abbreviated or local 
identifier)

USGS
Identification

 No.

Sample
date

(mm/dd/yyyy)

Collecting 
and analyzing 

agency

Field measurements

Specific 
conductance,

 field 
(µS/cm)
[00095]

Temperature, 
water

°C
[00010]

5N/6W-12F1 — 07-26-1989 CADWR 4897(L) —

09-18-1991 CADWR 41,440(L) —

09-16-1993 CADWR 4887(L) —

08-29-1996 CADWR 4941(L) —

08-24-1998 CADWR 4895(L) —

08-27-2002 CADWR 4886(L) —

08-30-2004 CADWR 4888(L) —

5N/6W-12M1 — 08-17-1972 CADWR 4478(L) —

08-01-1974 CADWR 4536(L) —

07-01-1976 CADWR 4561(L) —

08-14-1978 CADWR 4607(L) —

07-11-1980 CADWR 4873(L) —

09-30-1982 CADWR 4752(L) —

08-08-1984 CADWR 4861(L) —

08-13-1986 CADWR 4789(L) —

08-09-1988 CADWR 4745(L) —

08-02-1990 CADWR 4865(L) —

07-23-1992 CADWR 4873(L) —

08-25-1995 CADWR 4936(L) —

08-29-1997 CADWR 4845(L) —

08-12-1999 CADWR 4866(L) —

11-15-2001 CADWR 4850(L) —

09-16-2003 CADWR 4806(L) —

5N/6W-24K2 381544122280801 09-05-2003 USGS 661 17.5

5N/6W-24Q1 381527122281601 09-05-2003 USGS 371 18.0

5N/6W-25P2 — 08-07-1969 CADWR 4540(L) —

07-28-1970 CADWR 4540(L) —

07-30-1973 CADWR 4562(L) —

06-03-1975 CADWR 4559(L) —

08-09-1977 CADWR 4565(L) —

07-31-1979 CADWR 4566(L) —

Appendix E. Summary of specific conductance and temperature measurements in samples from springs, ground-water wells, and miscellaneous 
sources, Sonoma Valley, Sonoma County, California, 1969–2004—Continued.

[See figures 20 and 27 for locations of springs, wells, and miscellaneous sites. USGS (U.S. Geological Survey) identification number:  the unique number for 
each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, Califor-
nia Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information 
System (NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements represent electrical conductance (EC). oC, 
degrees Celsius; ft3/s, cubic feet per second; L, laboratory value; µS/cm, microsiemen per centimeter at 25oC; mm/dd/yyyy, month/day/year; —, no data]

See footnotes at end of table
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Stream site identifier
 or State well No. 

(abbreviated or local 
identifier)

USGS
Identification

 No.

Sample
date

(mm/dd/yyyy)

Collecting 
and analyzing 

agency

Field measurements

Specific 
conductance,

 field 
(µS/cm)
[00095]

Temperature, 
water

°C
[00010]

5N/6W-25P2 — 07-21-1981 CADWR 4564(L) —

07-06-1983 CADWR 4566(L) —

07-26-1989 CADWR 4585(L) —

09-18-1991 CADWR 4574(L) —

08-29-1996 CADWR 4578(L) —

08-24-1998 CADWR 4563(L) —

09-04-2002 CADWR 4572(L) —

381438122283401 09-04-2003 USGS 556 26.5

5N/6W-26A1 381518122290401 09-04-2003 USGS 307 19.0

5N/6W-26B1 381517122291101 09-04-2003 USGS 440 19.5

6N/6W-9A1 382307122311301 06-04-2003 USGS 229 20.0

10-18-2004 USGS 211 19.5

6N/6W-10M2 — 06-03-1975 CADWR 4258(L) —

08-09-1977 CADWR 4275(L) —

07-19-1979 CADWR 4274(L) —

07-16-1981 CADWR 4276(L) —

07-06-1983 CADWR 4281(L) —

08-08-1985 CADWR 4299(L) —

09-14-1987 CADWR 4306(L) —

07-26-1989 CADWR 4306(L) —

09-18-1991 CADWR 4352(L) —

09-16-1993 CADWR 4340(L) —

08-29-1996 CADWR 4338(L) —

08-24-1998 CADWR 4353(L) —

6N/6W-10M2 — 08-27-2002 CADWR 4504(L) —

08-30-2004 CADWR 4504(L) —

6N/6W-16B3 382219122312501 11-21-2002 USGS 533 20.0

6N/6W-22Q1 382045122302901 06-04-2003 USGS 457 25.0

6N/6W-26E1 — 08-15-1969 CADWR 4412(L) —

07-28-1970 CADWR 4411(L) —

07-29-1971 CADWR 4409(L) —

Appendix E. Summary of specific conductance and temperature measurements in samples from springs, ground-water wells, and miscellaneous 
sources, Sonoma Valley, Sonoma County, California, 1969–2004—Continued.

[See figures 20 and 27 for locations of springs, wells, and miscellaneous sites. USGS (U.S. Geological Survey) identification number:  the unique number for 
each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, California 
Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information System 
(NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements represent electrical conductance (EC). oC, degrees 
Celsius; ft3/s, cubic feet per second; L, laboratory value; µS/cm, microsiemen per centimeter at 25oC; mm/dd/yyyy, month/day/year; —, no data]

See footnotes at end of table
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Stream site identifier
 or State well No. 

(abbreviated or local 
identifier)

USGS
Identification

 No.

Sample
date

(mm/dd/yyyy)

Collecting 
and analyzing 

agency

Field measurements

Specific 
conductance,

 field 
(µS/cm)
[00095]

Temperature, 
water

°C
[00010]

6N/6W-26E1 — 08-01-1974 CADWR 4416(L) —

08-09-1977 CADWR 4408(L) —

07-19-1979 CADWR 4399(L) —

09-30-1982 CADWR 4385(L) —

08-08-1984 CADWR 4393(L) —

08-13-1986 CADWR 4388(L) —

08-10-1988 CADWR 4380(L) —

08-02-1990 CADWR 4390(L) —

07-23-1992 CADWR 4385(L) —

08-25-1995 CADWR 4376(L) —

08-29-1997 CADWR 4381(L) —

08-12-1999 CADWR 4434(L) —

09-16-2003 CADWR 4377(L) —

6N/6W-35K1 381916122292201 10-20-2004 USGS 1,290 34.5

6N/6W-36J1 381906122274901 11-04-2004 USGS 222 25.0

6N/7W-2J3 382832122354301 09-27-2004 USGS 138 20.0

7N/6W-22E1 382614122310201 06-02-2003 USGS 215 15.5

7N/6W-28M1 382517122321001 09-29-2004 USGS 215 22.5

7N/6W-29M2 382512122331101 09-28-2004 USGS 408 17.5

7N/6W-29P1 — 07-28-1971 CADWR 4233(L) —

07-26-1973 CADWR 4238(L) —

06-05-1975 CADWR 4225(L) —

08-04-1977 CADWR 4202(L) —

07-13-1979 CADWR 4213(L) —

07-10-1981 CADWR 4215(L) —

07-06-1983 CADWR 4222(L) —

08-28-1985 CADWR 4236(L) —

08-20-1987 CADWR 4248(L) —

07-26-1989 CADWR 4249(L) —

09-18-1991 CADWR 4231(L) —

Appendix E. Summary of specific conductance and temperature measurements in samples from springs, ground-water wells, and miscellaneous 
sources, Sonoma Valley, Sonoma County, California, 1969–2004—Continued.

[See figures 20 and 27 for locations of springs, wells, and miscellaneous sites. USGS (U.S. Geological Survey) identification number:  the unique number for 
each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, California 
Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information System 
(NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements represent electrical conductance (EC). oC, degrees 
Celsius; ft3/s, cubic feet per second; L, laboratory value; µS/cm, microsiemen per centimeter at 25oC; mm/dd/yyyy, month/day/year; —, no data]

See footnotes at end of table
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Stream site identifier
 or State well No. 

(abbreviated or local 
identifier)

USGS
Identification

 No.

Sample
date

(mm/dd/yyyy)

Collecting 
and analyzing 

agency

Field measurements

Specific 
conductance,

 field 
(µS/cm)
[00095]

Temperature, 
water

°C
[00010]

09-16-1993 CADWR 4232(L) —

08-29-1996 CADWR 4236(L) —

7N/6W-29P1 — 08-12-1999 CADWR 4237(L) —

09-11-2003 CADWR 4243(L) —

7N/6W-29P3 382500122330501 06-03-2003 USGS 382 21.5

7N/7W-24A1 382636122344801 06-03-2003 USGS 124 21.0

Miscellaneous

Sonoma Valley aque-
duct water at Sonoma 
tank (SA) 381801122274201 12-18-2003 USGS 281 14.5

Napa-Sonoma Marshes 
at Tolay Creek and 
Hwy 37 (NSM) 380900122261901 12-18-2003 USGS 122,000 8.5

1Uncalibrated value.

2Measured sample may represent water from well pressure tank.

3Standing water in sounding tube measured.

4Data provided by CADWR; not in USGS NWIS (National Water Information System) database.

5Artesian well; in-situ measurements taken approximately one foot below top of open well casing.

Appendix E. Summary of specific conductance and temperature measurements in samples from springs, ground-water wells, and miscellaneous 
sources, Sonoma Valley, Sonoma County, California, 1969–2004—Continued.

[See figures 20 and 27 for locations of springs, wells, and miscellaneous sites. USGS (U.S. Geological Survey) identification number:  the unique number for 
each site in USGS NWIS (National Water Information System) database. Collecting and analyzing agency: USGS, U.S. Geological Survey; CADWR, California 
Department of Water Resources. Parameter code, in brackets, is a five-digit number in the USGS computerized data system, National Water Information System 
(NWIS), used to uniquely identify a specific constituent or property. CADWR conductance measurements represent electrical conductance (EC). oC, degrees 
Celsius; ft3/s, cubic feet per second; L, laboratory value; µS/cm, microsiemen per centimeter at 25oC; mm/dd/yyyy, month/day/year; —, no data]
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Stream site identifier or 
State well No.

(abbreviated or local identifier)

USGS
Identification 

No.

Sample
date

(mm/dd/yyyy)

Delta
deuterium
(per mil)
 [82082]

Delta
oxygen-18
(per mil)
 [82085]

Sonoma Creek and tributaries

Sonoma Creek at Kenwood (KW) 382414122330701 11-20-2002 −39.7 −6.06

Sonoma Creek in Sugar Loaf Park 
(S1) 382614122305601 05-28-2003 −40.7 −6.68

Sonoma Creek at Hwy 12−bridge 
(S3) 382539122333401 05-28-2003 −40.1 −6.54

Sonoma Creek at Mound Avenue 
(S4) 382435122331201 05-28-2003 −40.3 −6.41

Sonoma Creek at Lawndale Road 
and Warm Springs (S5) 382403122331101 05-28-2003 −41.1 −6.45

06-06-2003 −40.5 −6.37

Sonoma Creek at Agua Caliente 
(S10) 11458500 11-19-2002 −33.0 −5.09

06-05-2003 −39.7 −6.20

Sonoma Creek at Verano Road (S11) 381811122285801 05-30-2003 −38.9 −6.30

Calabazas Creek upstream site below 
confluence (T6) 382352122304301 05-29-2003 −40.3 −6.63

Springs

4N/5W-30PS1 380926122271901 09-02-2003 −38.8 −5.36

6N/6W-5FS1 382338122330301 07-15-2003 −45.3 −6.99

6N/6W-19PS1 382045122335601 06-02-2003 −43.2 −7.05

7N/6W-22JS1 382602122301601 06-02-2003 −43.1 −6.85

Wells

4N/5W-2E1 381322122231801 10-26-2004 −47.8 −7.18

4N/5W-2F1 381326122225601 06-06-2003 −44.2 −6.54

09-03-2003 −40.2 −6.21

4N/5W-7G1 381228122270401 09-03-2003 −46.2 −7.25

4N/5W-17M1 381120122262901 09-03-2003 −44.1 −6.82

09-28-2004 −44.8 −6.86

4N/5W-30M1 380937122274101 09-02-2003 −39.7 −6.44

5N/5W-20M1 381544122263801 10-20-2004 −50.4 −7.75

5N/5W-21P3 381530122251601 09-03-2003 −50.1 −7.57

5N/5W-21P4 381530122251602 12-18-2003 −49.4 −7.59

5N/5W-28R1 381450122243701 09-03-2003 −42.9 −6.58

5N/5W-29P3 381444122262101 09-04-2003 −38.9 −6.07

5N/5W-29P4 381439122261101 09-05-2003 −38.6 −6.04

Appendix F. Summary of delta deuterium and delta oxygen-18 values in samples from streamflow-measurement stations, springs, 
ground-water wells, and miscellaneous sources, Sonoma Valley, Sonoma County, California, 2002–04.

[See figure 20 for location of stream-flow measurement stations, springs, wells, and miscellaneous sites. USGS (U.S. Geological Survey) identification number: 
the unique number for each site in USGS NWIS (National Water Information System) database. Per mil, parts per thousand. SVTP, Sonoma Valley wastewater 
treatment plant; mm/dd/yyyy, month/day/year]
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Stream site identifier or 
State well No.

(abbreviated or local identifier)

USGS
Identification

No.

Sample
date

(mm/dd/yyyy)

Delta
deuterium
(per mil)
 [82082]

Delta
oxygen-18
(per mil)
 [82085]

Wells

5N/5W-29R6 381445122254501 09-04-2003 −38.1 −5.98

5N/5W-29R7 381443122254201 09-04-2003 −44.8 −6.95

5N/5W-30H1 381509122264801 06-05-2003 −38.4 −5.52

09-04-2003 −37.6 −5.58

5N/5W-31P3 381357122271801 09-02-2003 −39.5 −6.02

5N/5W-33K7 381408122250501 09-03-2003 −42.5 −6.50

5N/6W-2A6 381849122285901 10-20-2004 −52.0 −7.64

5N/6W-2P2 381808122293801 10-19-2004 −39.0 −6.00

5N/6W-2P3 381809122293301 11-21-2002 −39.6 −6.11

5N/6W-3E1 381834122305401 10-26-2004 −40.1 −6.32

5N/6W-8B1 381749122323201 09-29-2004 −41.7 −6.82

5N/6W-10Q2 381712122301901 11-22-2002 −41.5 −6.62

6N/6W-9A1 382307122311301 06-04-2003 −47.9 −7.24

10-18-2004 −46.5 −7.12

6N/6W-16B3 382219122312501 11-21-2002 −45.0 −7.01

6N/6W-22Q1 382045122302901 06-04-2003 −44.4 −6.82

6N/6W-35K1 381916122292201 10-20-2004 −41.7 −6.09

6N/6W-36J1 381906122274901 11-04-2004 −45.0 −6.98

6N/7W-2J3 382832122354301 09-27-2004 −42.5 −6.68

7N/6W-22E1 382614122310201 06-02-2003 −43.6 −6.97

7N/6W-28M1 382517122321001 09-29-2004 −41.7 −6.63

7N/6W-29M2 382512122331101 09-28-2004 −42.0 −6.73

7N/6W-29P3 382500122330501 06-03-2003 −50.1 −7.56

7N/7W-24A1 382636122344801 06-03-2003 −42.5 −6.62

Miscellaneous

Reclaimed water (SVTP) — 06-05-2003 −42.6 −6.42

Sonoma Valley aqueduct wa-
ter at Sonoma tank (SA) 381801122274201 12-18-2003 −44.4 −6.61

Napa-Sonoma Marshes at 
Tolay Creek and Hwy 37 

(NSM) 380900122261901 12-18-2003 −21.9 −3.08

Appendix F. Summary of delta deuterium and delta oxygen-18 values in samples from streamflow-measurement stations, springs, 
ground-water wells, and miscellaneous sources, Sonoma Valley, Sonoma County, California, 2002–04—Continued.

[See figure 20 for location of stream-flow measurement stations, springs, wells, and miscellaneous sites. USGS (U.S. Geological Survey) identification number: 
the unique number for each site in USGS NWIS (National Water Information System) database. Per mil, parts per thousand. SVTP, Sonoma Valley wastewater 
treatment plant; mm/dd/yyyy, month/day/year]
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The demand for fresh water in Sonoma Valley is primar-
ily for irrigation of agriculture and for domestic use (fig. G-1). 
Local streamflow and precipitation did not meet fresh water 
demands in the model area during 1974–2000.  Local sources 
are supplemented by imported and reclaimed water. Since 
1963, water supply has been delivered by aqueduct from the 
Russian River to the valley (currently about 5,400 acre-ft/yr) 
(Beach, 2002) or pumped from ground water. Aqueduct water 
is delivered for domestic use to purveyor areas by the city of 
Sonoma and by the Valley of the Moon Water District (VOM; 
fig. 1.1). The city of Sonoma and the VOM, water districts fur-
ther supplement domestic water deliveries from large public-
supply wells located within the valley (fig. G-2). Outside these 

purveyor areas, demand for domestic use is supplemented by 
private wells. Irrigation water for agricultural crops comes 
primarily from wells, followed by rainfall or small local diver-
sions from Sonoma Creek. The amount of irrigated acreage 
increased throughout the modeling period. During this period, 
farmers converted from higher water-consuming crops (pas-
ture) to lower water-consuming crops (vineyards)  
(table G-1, fig. G-3). In addition, areas of native vegeta-
tion have been converted to vineyards, and population has 
increased (fig. G-4). During the modeling period and within 
the model area, crop irrigation water demand has continued to 
far exceed demand for domestic use.

Appendix G. Methodology for Estimating Pumpage for the Ground-Water 
Simulation Model
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For modeling purposes, quantities of pumpage in the 
model area were needed to identify discharge from the 
ground-water system. Specifically, discharge (pumpage) mea-
surements over the calibration period, accurate well locations, 
and the depth of perforated intervals are required in order to 
integrate pumpage into the model. Construction information 
was needed to determine the stratigraphy at the well to identify 
which aquifer (simulated in the model as a series of layers) 
that the well was pumping water from. In this model area, 
very little reported pumpage existed, records of well loca-
tions were missing or in error, and in some cases, wells with 
known locations were missing construction information (Ann 
Roth, California Department of Water Resources, unpub. data, 
2003). Therefore, for this study, pumpage was reconstructed 
for irrigation, domestic and public supply wells based on 
methods described in previous work (Koczot, 1996; Woolfen-
den and Koczot, 2001; Hanson and others, 2003). Details 
specific to this study are described in the following sections.  
A geographic information system (GIS) was used to manage 
spatial data to compute pumpage estimates and to characterize 
the study and model area in terms of land-use water-demand 
categories, topography, altitudes, geology, and the distribution 
of precipitation and runoff.

Pumpage from Irrigation Wells
No reported pumpage for irrigation exists, and a public 

record of the locations of these wells are incomplete. There-
fore, an estimate of irrigation demand was used as a surrogate 
for pumpage for irrigation. Irrigation demand for the model 
area for 1974–2000 was reconstructed from areas of irrigated 

crop types identified in the California Department of Water 
Resources land-use surveys (California Department of Water 
Resources, 1974, 1979, 1986, and 1999, unpublished crop 
surveys of Sonoma County,  Division of Planning and Local 
Assistance, Sacramento) and from established estimates of the 
depth of applied water by crop type (table G-1, fig. G-3; Scott 
Matyac, California Department of Water Resources, unpub. 
data, 2005). Areas designated ‘fallow’ were assumed to be 
non-irrigated. A volume estimate of applied water was calcu-
lated for each land-use polygon by multiplying the polygon area 
by the applied water estimates for the crop type (table G-1). 
Because vineyards are the dominant crop type and are typi-
cally under-watered to stress plants to create better grapes, 
100-percent irrigation efficiency was assumed so that no irri-
gation return flow existed in the valley. Figure G-3 shows the 
land-use map crop designations as they changed through the 
surveys. Vineyard has the highest acreage but a low applied 
water rate of about 0.6 acre-ft/yr. Pasture and lawns require the 
highest amount of applied water at 3.3 acre-ft/yr. The existing 
record of well locations and well-use types (Ann Roth, Cali-
fornia Department of Water Resources, unpub. data, 2003) was 
mapped according to complete or partial tax assessors’ parcel 
numbers or State well identification numbers. These well loca-
tions were used to identify irrigation wells built near the area 
represented by the polygon for irrigated land use. These wells 
were then ‘moved’ by assigning their location to a model grid 
cell within the irrigated polygon, assuming that the location of 
the irrigated polygon was more accurate then the well location. 
Construction information, as available, was assumed to be 
accurate at the new model grid location. If a known well with 
land-use type “irrigation” was not located near the irrigated 
polygon, other known wells nearby were used instead. The 
assumption was made that construction for these wells accu-
rately simulated the construction for the assumed irrigation well.  

Crop class

Year

1974 1979 1986 1999 Applied water1

(Acres irrigated2) (feet/year)

Citrus, deciduous and field 367 946 130 31 2.0

Pasture and lawn 990 818 856 249 3.3

Grain3 0 0 0 409 0.4

Truck 0 9 28 50 1.7

Vineyard 1,468 3,073 5,104 9815 0.6

Vineyard and orchard 239 0 0 0 0.6

Total acres 3,063 4,847 6,118 10,556
1Scott Matyac, California Department of Water Resources, unpub. data, 2005.

2Estimated from California Department of Water Resources, 1974, 1979, 1986, and 1999, unpublished crop surveys of Sonoma County, Division of Planning 
and Local Assistance, Sacramento.

3Grains are winter crops and watered largely from precipitation. In 1999, the land-use survey documented some fields as receiving supplemental irrigation 
water.

Table G-1. Estimated irrigated lands by crop type, and annual applied water estimates, years, for Sonoma Valley, Sonoma County, 
California, 1974, 1979, 1986, and 1999.
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If a known well was missing construction information, 
construction information from neighboring wells was used, 
making the assumption that stratigraphy and water yield did 
not change between these locations. Total annual pumpage 
was computed from the irrigated polygon that was assigned 
to a well. The well was assigned to a model grid row and 
column. The amount of pumpage coming from each model 
layer was computed by multiplying the total estimated amount 
of applied water by the weighted percentage of the length of 
perforated interval in each model layer. This was done for 
all four land-use layers (1974, 1979, 1986, 1999). Further, 
deliveries of reclaimed water to vineyards in the south were 
accounted for so that in these areas some pumpage ceased 
(1996–2000). The assumption was made that the reclaimed 
water met the crop irrigation demands. The modeling period 
of record was completed by linearly interpolating between 
pumpage values estimated from the land-use layers. Pumpage 
in the year 2000 was assumed to be equivalent to 1999. Note 
that these estimates of agricultural pumpage do not account 
for any pumpage within the model area that provides water for 
irrigation outside the model area.

Pumpage from Private Domestic Wells 
As noted previously, the VOM and the city of Sonoma 

Water Districts deliver Russian River water primarily for 
domestic use within their purveyor areas. With exception of 
a few suburban blocks in the VOM area (fig. G-2), customers 
within this area are on public supply. Therefore, for purposes 
of this study, it was assumed that no additional pumpage, 
except for the few suburban blocks in the VOM (fig. G-2), 
occurs within these purveyor areas. Private domestic use was 
computed for the remaining portions of the model area by esti-
mating population for each model grid cell from a 2000 census 
map. The 2000 population totals for each cell were multiplied 
by an estimate of domestic consumption of 0.19 acre-ft/yr/per-
son, as computed for the study area (California Department 
of Water Resources, 1994). These totals were pro-rated to the 
years 1970, 1980, and 1990 using ratios of the 2000 popula-
tion census totals for each of these three population censuses. 
Construction details were derived from known wells near or 
inside the model grid cell. The assumption was made that the 
construction of nearby wells reasonably represented construc-
tion for a domestic well within the cell. The modeling period 
of record was completed by interpolating between these 
pro-rated values for each of the model grid cells assigned with 
domestic pumpage. Pumpage was tied to model layers using 
the method noted previously for irrigation wells. A limita-
tion of this technique is that it did not capture the variance in 
population growth within the valley. Population and irrigated 
acreage estimates are presented in figure G-4.
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Pumpage from Public-Supply Wells
Unlike pumpage for irrigation and private domestic use 

outside the VOM and the city of Sonoma purveyor areas  
(fig. G-5), a known record of pumpage for public-supply wells 
exists. Further, accurate well locations and general construc-
tion information is also known. Therefore, no estimations or 
interpolations were required. These data were used to assign 
the annual pumpage to a model grid cell and model layers 
using methods noted previously.

Summary of Results of Constructing a 
Pumpage File

The percent of total annual pumpage by water-use type is 
presented in figure G-1 for the modeling period 1974 to 2000. 
By far, the largest demand on ground water in the model-
ing area is estimated to be for crop irrigation. Public-supply 
pumpage mostly comes from the VOM. Estimated pumpage in 
acre-feet is presented in figure G-5. The decline in irrigation 
demand from 1996 through 2000 is due to the introduction of 
reclaimed water replacing irrigation wells. It was estimated 
that reclaimed water deliveries ranged from about 400 acre/ft 
in 1996 to about 860 acre-ft in 2000. Total estimates of pump-
age in acre-ft/yr by water-use type is presented in table G-2.
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Use type
Year

1974 1975 1976 1977 1978 1979 1980 1981 1982

Irrigation 5,024 5,296 5,568 5,841 6,113 6,385 6,358 6,331 6,304

Domestic 851 884 917 950 984 1,017 1,051 1,081 1,112

Public supply (city of 
Sonoma/VOM)

293 301 274 138 54 78 62 35 35

Total pumpage in model 
area

6,168 6,481 6,760 6,929 7,151 7,480 7,471 7,447 7,451

Use type
Year

1983 1984 1985 1986 1987 1988 1989 1990 1991

Irrigation 6,277 6,249 6,222 6,195 6,254 6,314 6,374 6,434 6,494

Domestic 1,143 1,174 1,205 1,236 1,267 1,298 1,329 1,360 1,384

Public supply (city of 
Sonoma/VOM)

25 25 24 24 38 92 92 35 19

Total pumpage in model 
area

7,445 7,448 7,451 7,455 7,560 7,704 7,795 7,828 7,897

Use type
Year

1992 1993 1994 1995 1996 1997 1998 1999 2000

Irrigation 6,487 6,535 6,584 6,632 6,403 6,306 6,209 6,113 6,113

Domestic 1,409 1,434 1,458 1,483 1,508 1,532 1,557 1,581 1,606

Public supply (city of 
Sonoma/VOM)

19 26 54 129 292 429 501 664 710

Total pumpage in model 
area

7,914 7,995 8,096 8,244 8,203 8,268 8,267 8,358 8,429

Table  G-2. Estimated annual pumpage by year and water-use type for the Sonoma Valley area, Sonoma County, California, 1974–2000.

[All values are in acre-feet; VOM, Valley of the Moon Water District]
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