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INTRODUCTION 
 
This report presents an analysis of low flows in the Upper Mattole River basin with the following objectives: 1) to 
analyze recent hydrologic data to compare and contrast summer discharges as they vary in time and space; and 2) 
to contribute to a technical basis supporting efforts designed to improve low flows in the Upper Mattole River for 
salmonids. This report builds upon earlier analyses by Klein (2004, 2007, 2009) by incorporating data collected 
by Sanctuary Forest staff in 2009-2011. 
 
Lack of adequate late summer and early fall streamflow was recognized by the State of California as one of the 
most important limitations on salmonid habitat in the Mattole River basin (NCWAP, 2000). In recent years, 
juvenile salmonids have become stranded in pools due to excessively low flows, causing mortality and 
necessitating fish rescue operations. With the exception of 2005, 2010, and 2011, late summer and early fall 
discharges were quite low for most of the past decade, with the summer of 2008 being the driest in the 61-year 
record of flows on the Mattole River near Petrolia. 
 
A variety of factors influence low flows, such as, climate (rainfall, temperature, relative humidity, wind speed), 
vegetation species and age distribution, ground disturbance, streambed sediment depth, water use for domestic 
and agricultural purposes. Of these, only vegetation, ground disturbance, human water use , and possibly riparian 
aquifer storage are subject to human influences and therefore might be modified to improve low flows. But the 
relationships between low flows and influential factors are complex, especially in a basin as large and diverse as 
the Mattole River. Reducing human water use is often a difficult and expensive undertaking, requiring 
technological adaptations, financial investments, and conservation practices. Sanctuary Forest has undertaken a 
program to reduce dry season pumping from the Upper Mattole by subsidizing purchases of large storage tanks 
for willing landowners and facilitating forbearance agreements that limit water pumping by riparian landowners 
from the Upper Mattole mainstem when flow falls below 0.7 cubic feet per second (cfs), which typically occurs 
during mid- to late-summer. 
 
EXISTING DATA AND PREVIOUS STUDIES 

Climatic and Hydrologic Data 

The “Northcoast Watershed Assessment Program” (NCWAP) Mattole River report (NCWAP, 2000) provides a 
compilation of climatic and hydrologic data sources for the Mattole River. Appendix C of the NCWAP report, 
prepared by the California Department of Water Resources (DWR) lists all known official (government 
sponsored) data collection efforts in the Mattole and has assembled relevant data and performed some basic 
analyses, primarily of rainfall and streamflow. In addition to official data collection, numerous basin residents 
keep records of such basic information as temperature and rainfall. 
 
Sanctuary Forest staff has been collecting streamflow data since summer, 2004, and their data form the basis for 
most analyses contained herein. In addition, streamflow data collected by the US Geological Survey (USGS) at 
Petrolia and near Ettersburg, along with rainfall and humidity data collected by C. Thompson in the Thompson 
Creek watershed were used. 

Water Use 

Because water use was not a quantitative component of the present analysis, the reader is referred to the NCWAP 
(2001) study, which provides a listing of appropriative water rights granted within the Mattole River basin along 
with estimates of water use. Klein (2004) also summarized water use based on locally-derived estimates provided 
by Sanctuary Forest staff, but the accuracy of either of these estimates is unknown. 
 
Since 2006, there has been a significant increase in awareness of the low flow problem and a community-wide 
response to increase water conservation as well as storage and forbearance (stopping pumping from streams) 
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during the low flow season. Starting in 2006, Sanctuary Forest implemented a streamflow education and outreach 
program that includes public service announcements and website alerts about streamflow conditions, water 
conservation and water storage educational materials, community meetings and a prominent streamflow alert sign 
at Whitethorn Junction updated bi-weekly during the low flow season. Additionally Sanctuary Forest developed a 
water storage and forbearance program, with funding and implementation beginning in 2006. In 2007, storage 
systems were installed for the first two landowners along with legally recorded forbearance agreements to end all 
pumping at annually-specified dates during in the low flow season. As of December 2011, a total of 12 storage 
and forbearance systems have been installed totaling 750,000 gallons. Another estimated 25 households within 
the Mattole headwaters basin have installed water storage on their own and are also practicing forbearance 
voluntarily during the low flow season.  Most of these households installed their storage following the 2002 
extreme low flow year and up through 2011.  
 
The Lower Critical Reach (aka, junction reach) has been selected as an effectiveness monitoring reach because of 
the high density of instream pump intakes for households and businesses, (14 pumps in the one mile between 
MS5 and MS6) and the high level of commitment to storage and forbearance. In the Lower Critical Reach the 
following progress has been made:  
 

 2002-2010: 4 landowners voluntarily implemented water storage and forbearance, 
 2007: 1 water storage and forbearance participant entered the program, 
 2008: 2 additional water storage and forbearance participants, including one small farm, entered the 

program (total = 3), 
 2009: 2 additional water storage and forbearance small farm participants (total = 5), 
 2010: 1 additional water storage and forbearance participant (total = 6). 

 
By 2010, approximately 70% of the instream pumps in the Lower Critical Reach had joined the program either 
formally or on a voluntary basis, agreeing to cease water withdrawals when flows at the downstream end of the 
Lower Critical Reach (MS6 monitoring site) drop below the cutoff (0.7 cfs).  
 
RAINFALL AND LOW FLOW HYDROLOGIC ANALYSES 

A Basin-wide Perspective on Low Flows 

 
The NCWAP (2000) report evaluated rainfall in the Mattole based on two long-term rain gages; one in Petrolia 
near the basin mouth, and the other in the Upper Mattole (according to Figure II-1 on page 4 of the NCWAP 
report, this gage is actually located in the lower part of the basin at an elevation of 255 feet). Based on analyses of 
historical rainfall, the NCWAP report concluded there are no discernable long-term trends in annual precipitation. 
The NCWAP (2000) report also presented and analyzed streamflow records in the Mattole River near Petrolia 
(USGS Gaging Station No. 11469000, drainage area 245 mi2). Floods, low flows, and annual yields were 
analyzed for long term trends. They reported that there was „a slight decline with time in annual yields during the 
50-year period and a much higher degree of variation during the last 25 years.‟ They also report that the 7-day low 
flow running average ranged from a high of 42.3 cfs (1963) to a low of 17.0 cfs (1977). A „slight overall decline 
in low flow since…1951.‟ was noted and tentatively attributed to increased water use. They conclude by reporting 
that „streamflow data within the region do not show any distinct long-term increase or decrease in annual runoff.‟  
 
Since the NCWAP analyses were done, twelve additional years of data have been collected at the USGS gages. 
While the low-flow frequency analysis was not re-done with these newer data, Figure 1 plots the 2001-2011 7-day 
low flows for both the Petrolia and Ettersburg gages on the NCWAP frequency estimates (reproduced from the 
NCWAP 2000 report). Because the Ettersburg gaging station lacks sufficient record length to perform low flow 
frequency analyses, frequency estimates were derived by synthesizing 7-day low flow discharge estimates from 
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the Petrolia gage data using drainage area ratio and applying the frequency estimates from the NCWAP (2000) 
analysis. 
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Figure 1. Mattole River near Petrolia (No. 11469000; DA = 245 mi2) and near Ettersburg
(No. 11468900; DA = 58.1 mi2) 7-day minimum low flow frequency, 2001-2011.
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As shown in Figure 1, the 2008 7-day low flow was the lowest on record for the 60-year record length at Petrolia, 
so low that the NCWAP (2000) curve had to be extrapolated downward to accommodate the post-2000 data. 
Consequently, the return period of about 1000-years for the 2008 data may be an over-estimate, but is nonetheless 
indicative of the extreme drought conditions during this record-setting low flow year. The 2003-07 and 2009-11 
low flows were substantially higher than those of 2008, although 2001, 2002, and 2004 can be considered 
extremely dry as well. Relatively high summer low flows on par with those of 2005 re-occurred in 2010, and 2011 
was relatively wet as well. Table 1 shows the low flow statistics for both Petrolia and Ettersburg gages for the 
entire period (2001-2011) following the NCWAP (2000) analysis. 
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Table 1. Low flow dates and statistics for Petrolia (PET)and Ettersburg (ETT) stream gages, 2001-2011. The 
higher the return period, the more extreme the drought conditions. 
 

Petrolia Petrolia Petrolia Return Period Ettersburg Ettersburg Ettersburg Return Period ETT/PET

Statistic cfs cfs/sq mi date(s) years cfs cfs/sq mi date(s) years Ratio

2001 1-DAY MIN 17.0 0.07 9/24/2001 --- 4.6 0.08 9/10/2001 --- 1.141
2001 7-DAY MIN 17.2 0.07 10/5-11/2001 90 5.0 0.09 9/3-9/2001 30 1.223
2002 1-DAY MIN 14.0 0.06 9/26/2002 --- 3.7 0.06 10/10/2002 --- 1.114
2002 7-DAY MIN 14.0 0.06 9/26-10/2/2002 400 4.0 0.07 10/7-13/2002 500 1.193
2003 1-DAY MIN 26.0 0.11 10/26/2003 --- 4.9 0.08 10/15/2003 --- 0.795
2003 7-DAY MIN 26.1 0.11 10/25-31/2003 2.2 5.2 0.09 10/23-29/2003 12 0.832
2004 1-DAY MIN 18.0 0.07 9/26/2004 --- 4.0 0.07 9/9/2004 --- 0.937
2004 7-DAY MIN 18.0 0.07 9/28-10/4/2004 40 4.2 0.07 9/7-13/2004 400 0.984
2005 1-DAY MIN 40.0 0.16 10/12/2005 --- 9.4 0.16 10/12/2005 --- 0.991
2005 7-DAY MIN 41.0 0.17 10/7-13/2005 1 9.9 0.17 10/8-14/2005 1 1.018
2006 1-DAY MIN 22.0 0.09 9/27/2006 --- 5.2 0.09 9/26/2006 --- 0.997
2006 7-DAY MIN 22.6 0.09 9/22-28/2006 5 5.3 0.09 9/24-30/2006 10 0.989
2007 1-DAY MIN 19.0 0.08 9/27/2007 --- 5.7 0.10 9/3/2007 --- 1.265
2007 7-DAY MIN 19.9 0.08 9/24-30/2007 20 6.0 0.10 8/31-9/6/2007 4 1.271
2008 1-DAY MIN 11.0 0.04 9/9/2008 --- 3.1 0.05 9/9/2008 --- 1.188
2008 7-DAY MIN 11.0 0.04 9/5-11/2008 >1000 3.2 0.06 9/4-10/2008 >1000 1.227
2009 1-DAY MIN 19.0 0.08 9/29/2009 --- 5.8 0.10 9/28/2009 --- 1.287
2009 7-DAY MIN 19.7 0.08 9/27-10/3/2009 20 5.9 0.10 9/25-10/1/2009 4 1.263
2010 1-DAY MIN 34.0 0.14 10/15/2010 --- 9.4 0.16 10/21/2010 --- 1.166
2010 7-DAY MIN 34.0 0.14 10/15-21/2010 1.1 9.8 0.17 10/15-21/2010 1 1.220
2011 1-DAY MIN 20.0 0.08 9/23/2011 --- 7.9 0.14 9/23/2011 --- 1.666
2011 7-DAY MIN 23.1 0.09 9/18-24/2011 4.5 8.5 0.15 9/18-24/2011 1.4 1.552  

 
Klein (2004) analyzed relationships between seasonal rainfall and minimum low flows at the Petrolia gaging 
station for the period 1966-2003 and found that the magnitude of summer minimum flows was more strongly 
related to summer than spring rainfall amounts. Alternatively, a running calculation based on daily rainfall 
(antecedent precipitation index, or „API‟) was examined to try and improve the rainfall-runoff relationships and 
low flow forecasting for the Upper Mattole River and is analyzed later in this report. 

Mainstem Mattole River Discharge 

 
Figures 2-4 show Upper Mattole rainfall (as measured in Thompson Creek) along with Petrolia and Ettersburg 
discharges for the low flow seasons of 2009-2011, respectively (note that the vertical axes are at a logarithmic 
scale to better examine low flows; similar plots for earlier years are provided in Klein, 2007 and 2009). In 2009 
(Fig. 2), about 1 inch of rain fell on September 12, increasing streamflow for about one week, and 4 inches on 
October 12 that marked the end of the low flow season. The minimum flow (0.01 cfs/mi2 at Ettersburg) occurred 
in early October. Unusually heavy late spring rainfall in 2010 maintained higher lows flow throughout the dry 
season (Fig. 3). The higher moisture availability in 2010 allowed a relatively small amount of late summer rainfall 
(about 1 inch on Aug. 17, Fig. 3) to elevate flows more and for longer duration that a similar amount of rainfall in 
2009. In 2011 (Fig. 4), low flows were slightly lower than in 2010 at Ettersburg. An unexplained drop in Petrolia 
low flows occurred on Aug. 8, 2011, and persisted through Sept. 24 when a small rainfall event elevated flows. 
The low flow season ended on Sept. 30 with the arrival of substantial rain. 
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Figure 2. Mattole River discharge and rainfall, June-October, 2009
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Figure 3.  Mattole River discharge and rainfall, June-October, 2010
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Figure 4.  Mattole River discharge and rainfall, June-October, 2011
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Beginning in August, 2004, flows were measured by Sanctuary Forest staff and volunteers at selected sites in the 
Upper Mattole River basin on both the main stem and selected tributaries.  Main stem sites are numbered in a 
downstream direction (MS1 is at the upper end of the monitoring reach, MS6 is at the lower end. Site descriptions 
are listed below in Table 2, which includes the USGS sites as well. These data provided for a more detailed 
assessment of Upper Mattole low flows than was possible solely using USGS gage data. Measurements were 
made by collecting the flow at a confined section of the channel in a 5-gallon bucket and timing how long it took 
to fill the bucket (volumetric method), or with an electromagnetic current meter (Marsh-McBirney), depending on 
prevailing flow and site conditions. Occasionally, temporary wing-walls were set up in the channel to concentrate 
the flow area for increased measurement accuracy. Accuracy was judged to be good overall, with repeat 
measurements taken at times and with crew members frequently checking each others work. However, at 
extremely low flows, accuracy is made more difficult because of channel irregularities. 
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Table 2. Sanctuary Forest stream discharge monitoring sites, 2004-11 (note that MS3A was 
discontinued in 2006). 

 

Mainstem Sites

River 

Mile 

(RM)

Drainage 

Area          

(DA, mi
2

) Description

MS1 59.3 3.3 downstream of Big Alder Creek
MS2 58.9 4.0 upstream of Lost River confluence
MS3A 58.7 6.0 upstream of Thompson Creek confluence
MS4A 57.2 12.3 downstream of Gibson Creek confluence
MS5 53.2 23.1 upstream of McKee Creek
MS6 52.2 25.6 upstream of Bridge Creek
Ettersburg 42.0 58.1 near Ettersburg
Petrolia 5.0 245.0 at Petrolia
Tributaries

Ancestor 60.8 1.0 near confluence with mainstem
Lost River 58.8 1.4 near confluence with mainstem
Helen Barnum 58.7 0.6 near confluence with mainstem
Thompson 58.4 3.8 near confluence with mainstem
Baker 57.6 1.6 near confluence with mainstem
Stanley 57.1 0.8 near confluence with mainstem
Gibson 56.8 0.7 near confluence with mainstem
Harris 56.5 0.9 near confluence with mainstem
Mill 56.2 2.3 near confluence with mainstem
Ravishoni 55.8 0.7 near confluence with mainstem
Anderson 55.6 0.7 near confluence with mainstem
Van Auken 53.8 2.2 near confluence with mainstem
McKee 52.8 2.1 near confluence with mainstem
Bridge 52.1 4.3 near confluence with mainstem
Buck 52.0 0.8 near confluence with mainstem  

 
Discharge data were collected at up to six main stem sites by Sanctuary Forest staff in 2005-2011. MS1 and MS2 
bracket the Upper Critical Reach (UCR, aka, Gopherville Reach). As mentioned above, the Lower Critical Reach 
(LCR, aka Thorn Junction Critical Reach) at the lower end of the monitored reach is a location of particular 
interest due to habitat values and risks posed to juvenile salmonids from lack of sustaining stream discharges. 
Beginning in 2005, dry season flows were measured at both the upper and lower ends of the LCR (MS5 and MS6, 
respectively). Spot flows were measured periodically at all main stem sites, and data loggers were used to provide 
a continuous record for the 2009 and 2010 dry seasons at five sites (MS1, MS2, MS4, MS5 and MS6). In 2011, 
data loggers were deployed relatively late (mid-Sept.) at MS5 and MS6 only. 
 
The closest Sanctuary Forest streamflow monitoring site to the Ettersburg gaging station is Mainstem Station 6 
(MS6), located about 10 river miles upstream and operated with a continuous data logger during the 2007-2011 
dry seasons. Figure 5 shows flows per square mile for 2009-2011 dry seasons and demonstrates that flows at these 
two stations correspond well, consistent with plots from earlier years (Klein, 2009). Flows at MS6 are key to the 
operation of the forbearance program; participants agreed to cease pumping from the main stem Mattole when 
flows at MS6 drop to 0.7 cfs (0.027 cfs/sq.mi.). 
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Figure 5. Discharge at MS6 and Ettersburg (ETT), June-October, 2009-2011
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Figure 6-8 show continuous data for all operational main stem sites for 2009-2011. The data loggers recorded 
stream stage every 15 minutes. Periodic discharge measurements were used to develop stage-discharge rating 
curves for the data loggers so discharge could be estimated from the continuous stage data. For the most part, the 
rating curves were good estimators of discharge with the exception of MS2 and MS6, for which some 
inconsistencies were observed at the lowest flows measured. 
 
Normally, discharge would be expected to increase in a downstream direction due to larger watershed area, 
however in late September and early October of 2009, MS4 dropped below the two upstream sites (MS1 and 
MS2) (Fig. 6) and MS2 appeared to fall below MS1 several times, which could be due to rating curve 
inaccuracies, leaves accumulating on the data logger‟s sensor and affecting recorded stage, water withdrawals, or 
some combination of these factors. Downstream accretion was more consistent in 2010 (Fig. 7) with the exception 
of a period in mid-Aug. when MS5 flows exceeded those at MS6 (losing reach condition). Late spring combined 
with late September rainfall in 2010 maintained relatively high streamflows for the entire dry season, so MS6 
never fell below threshold (see Fig. 7). Only MS5 and MS6 had data loggers installed in 2011 (Fig. 8), and they 
were installed relatively late in the season, but spot measurements indicated a losing reach condition for about 2 
weeks prior to data logger installation.  
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Figure 6. Continuous discharge at Upper Mattole mainstem sites, July-October, 2009
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Figure 7. Continuous discharge at Upper Mattole mainstem sites, July-October, 2010
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Figure 8. Continuous discharge at Upper Mattole mainstem sites, July-October, 2011
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Figure 9 shows cumulative rainfall for 2001-2011. In 2005, 2010, and 2011, unusually heavy late spring rainfall 
events (8.2, 9.8, and 5.6 inches, respectively) occurred which account for high dry season discharges those years. 
The nearly continuous, steady rainfall of late spring, 2010, appears to have sustained flows in the absence of any 
appreciable summer rainfall and resulted in minimum flows similar to those of 2005, when spring rainfall arrived 
later. Dry season rainfall also occurred in 2001 (2.33 inches on June 26) and 2007 (1.03 inches on July 17). The 
rain in June, 2001, appears not to have been sufficient to avoid extreme low flows as this was the third driest year 
for the 2001-2010 period, whereas a lesser amount of rainfall in 2007 occurred later and caused a temporary rise 
in streamflow and was aided by a fog event in September. 
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Figure 9. Upper Mattole rainfall, May-October, 2001-2011

2001 2002 2003 2004 2005 2006
2007 2008 2009 2010 2011

no data
June 30 - July 25

2005 

1.03" rainfall
July 17, 2007

8.2" rainfall
June 16-19, 2005

(2008 cumulative rainfall amounts are affected
by missing data for March 23 through May 9, 2008)2.33" rainfall

June 26, 2001

3.02" rainfall
May 18-25, 2006

9.8" rainfall
May 9 -June 9, 2010

5.6" rainfall
May 15 -June 6, 2011

 
 
Discharge spot measurements taken by SFI staff from 2009-2011at the mainstem sites are shown in Figures 10-
12.  Time periods of cessation of pumping under then forbearance program are also shown. 2009 (Fig. 10) had the 
longest no pumping period of these three years, although MS6 flows remained higher than those upstream at MS5 
for the season (i.e., no losing reach condition). Although riparian pumping likely played a role in this condition, 
other factors, such as evapotranspiration and seepage losses, also likely contributed to the steep decline of MS6 
flows, which dropped below the 0.7 cfs cutoff on Aug. 28. The delayed fall rains kept MS6 flows below the cutoff 
until late Oct., 2009. In 2010 (Fig. 11), the higher flows stayed at or above threshold, but pumping was ceased 
anyway on Sept. 16 as a precautionary measure because flows were approaching the threshold. Similarly, in 2011, 
a somewhat drier year, pumping was disallowed for about 40 days (Fig. 12) as a result of extra caution despite the 
relatively short time period during which MS6 was below threshold (ten days). 
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Figure 10. Discharge measurements at Upper Mattole mainstem sites, 2009.
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Figure 11. Discharge measurements at Upper Mattole mainstem sites, 2010.
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Figure 12. Discharge measurements at Upper Mattole mainstem sites, 2011.
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pumping ceased Aug. 27, resumed Oct. 7

 
Figure 13 plots spot discharge measurements for MS6 across all monitoring years (2004-2011) along with the 0.7 
cfs pumping cutoff. Although measurements were sparse in the earlier years, the effects of late spring rainfall can 
be readily seen in the delayed recessions in wetter years (e.g., 2005, 2010, 2011). 2008 was by far the driest with 
MS6 cutoff (0.7 cfs) reached in late July. In 2007, minimum flows were higher than in 2006 due to the small mid-
summer rainfall and fog events, despite a drier spring. 
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Figure 13. Discharge measurements at MS 6, 2004-2011.
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Tributary Flows 

In addition to mainstem flows, discharge at 15 tributaries was measured periodically in 2006-2011. Figures 14 
and 15 show tributary discharges as percentages of the flows at MS6 to characterize their relative contributions to 
mainstem flows in the Lower Critical Reach. Figure 14 shows these percentages in simple discharge (cfs) while 
Figure 15 shows them in unit discharges (cfs/square mile). The tributaries are arranged by the bank from which 
each flows into the mainstem. All sites except for Bridge and Buck creeks are upstream of MS6.  
 
In all but one case (Buck Creek), the right bank tributaries contributed much less to mainstem flows than did the 
left bank tributaries. In particular, Bridge Creek contributed substantial flows to the mainstem. Anderson Creek 
stands out as the smallest contributor to mainstem flows among the more prolific left bank tributaries. 
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Figure 14. Tributary discharges as percentages of MS6 discharge
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Figure 15. Tributary unit discharges as percentages of MS6 unit discharge
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In Figures 16-18, three flow categories are plotted for monitoring performed within each category on different 
years. Figure 16 shows the lowest flow category (0.018 – 0.042 cfs at MS6), Figure 17 the medium flow category 
(0.18 – 0.22 cfs at MS6), and Figure 18 the highest flow category (0.78 to 1.07 cfs at MS6). These three flow 
categories were selected because they represent important thresholds in the mainstem. The lowest flow category , 
when flows are approaching  zero, represent extreme drought conditions. Under these conditions, juvenile 
salmonids become trapped in disconnected pools and water quality becomes poor because of low dissolved 
oxygen. The medium flow category of approximately 0.2 cfs is the observed threshold above which most 
mainstem pools are connected.  The highest flow category of approximately 1 cfs corresponds with the cutoff for 
the storage and forbearance program. Tributary monitoring in most years since 2006 has targeted monitoring 
these three categories for the purpose of evaluating each tributary‟s contribution to the mainstem as well as trend 
monitoring.  
 
As with Figs. 14 and 15, left bank tributaries contribute much more to mainstem flows than right bank tributaries 
in the lowest category, and Buck Creek stands out as anomalously high among right bank tributaries. This 
generally holds true for the medium and highest flow categories, although Buck Creek‟s contributions diminish 
for the medium and higher flows. Lost River contributes the least across all categories.  
 
The trend for each tributary across the years monitored is relatively constant among the three flow categories (see 
Figs. 17 and 18). For the lowest flow category, more variation between years is apparent particularly for the left 
bank tributaries. The right bank tributaries , with the exception of Buck Creek , consistently contribute almost no 
flow to the mainstem when flows at MS6 approach zero. 
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Figure 16. Dry season tributary discharges as percentages
of low MS6 discharges (0.018 - 0.042 cfs) for three different years.
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Figure 17. Dry season tributary discharges as percentages
of medium MS6 discharges (0.18 - 0.22 cfs) for three different years.
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Figure 18. Dry season tributary discharges as percentages
of MS6 discharges (0.78 - 1.07 cfs) for three different years.
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Forbearance Program Effectiveness and Flow Threshold Forecasting 

 
Table 3 lists the annual progress of the forbearance program in the junction reach located between MS5 and MS6. 
Maximum and average pumping rates for participants and subsequent estimates of reductions in water 
withdrawals are also listed. To examine the hydrologic benefits from the forbearance program, Figure 19 plots 
MS6 spot measurements for 2009-2011 and the lower flows expected in the absence of the program (no 
restrictions on pumping) based on the estimates in Table 3. In the wetter years (2010 and 2011), although flows 
are relatively unaffected by the reduced pumping, but in a dry year (2009) the number of days below the cutoff in 
lengthened by about one week. More importantly, the minimum flows are much lower, almost certainly causing 
flow at MS6 to cease for extended periods.  
 
Table 3. Participation in the forbearance program from 2007 to 2011 for the junction reach with estimated 
pumping rates.  

Year

No. of 

landowners 

entering 

program

Cum. no. 

land-

owners

Max. 

pump 

capacity 

(gpm)

Ave. 

pumping 

rate 

(gpm)

Cum. pump 

capacity 

reduction 

(gpm)

Cum. 

reductions in 

ave. pumping 

rate (gpm)

Cum. 

reductions in 

pumping 

capacity (cfs)

Cum. 

reductions in 

ave. pumping 

rate (cfs)

2007 1 1 10 0.64 10 0.6 0.0223 0.0014

2008 2 3 20 2.65 30 3.3 0.0668 0.0073

2009 2 5 28 2.43 58 5.7 0.1292 0.0127

2010 1 6 10 0.28 68 6.0 0.1515 0.0134

2011 0 6 --- --- 68 6.0 0.1515 0.0134

Totals 6 --- 68 6.00 --- --- ---  
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Figure 19. Discharges at MS6 with and without forebearance, 2009-2011.

MS6 cutoff (0.7 cfs)

2009

2010

2011

2009 without forebearance

2010 without forebearance

2011 without forebearance

 
Daily rainfall data from the Thompson weather station was used to compute daily antecedent precipitation index 
(API, inches). API is a running computation indexing the moisture content of soils and may also correlate with 
groundwater levels. It is computed by taking each day‟s rainfall starting well before the dry season, adding any 
new rainfall each day to the previous day‟s API decayed by a constant. Testing indicated the best correlation of 
API and low flow was derived using a decay factor of 0.98. Figure 20 shows API for the 2006-2011 dry seasons, 
spanning the life of the program to date. The effect of summer rains can be seen in 2007, 2009 and 2010, as is the 
arrival of fall rains in late September most years except in 2006 and 2010 when fall rains were delayed. 
 
Two years with similar API were selected from Figure 20 for comparison of low flow discharges to evaluate 
possible benefits of the forbearance program. The years 2007 and 2009 had similar API (see Fig. 20), and 
between these two years just four additional participants joined the forbearance program in the junction reach. 
Figure 21 plots MS5 and MS6 discharges and API for both years. MS6 discharge remained higher in 2009 than in 
2007 for much of the dry season (early Aug. through mid-Sept.). Additionally, the losing reach between MS5 and 
MS6 persisted for most of August and September in 2007, while no losing reach occurred in 2009. Oddly, 2009 
flows at MS6 dropped to a season-low after a summer rain on Sept. 11 until more substantial rainfall occurred a 
month later. 
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Figure 20. API for 2006-2011.
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Figure 21. MS5 and MS6 discharges for 2007 and 2009.
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Table 4 lists annual pumping cessation data, API and Ettersburg low flows for 2006-2011. Notifying forbearance 
program participants in advance of when the flow threshold at MS6 (0.7 cfs) will be reached would allow water 
users to prepare for cessation of pumping from the river and thereby minimize disruptions related to water storage 
and use. July 1 each year partitions the spring season from the low flow season fairly well. API on July 1for all 
monitoring years was computed and regressed against the number of days after July 1 that the flow cutoff 
threshold at MS6 was reached. Figure 22 shows the plotted data and the regression equation derived from the 
data. A high R-squared of 0.91 indicates the utility of API for forecasting the date that the cutoff is attained. It 
must be remembered that any unusual weather events, such as summer rain or fog periods, will delay the arrival 
of the low flow threshold by an unknown time period. A spreadsheet is provided under separate cover to facilitate 
API computation each summer, using daily rainfall beginning the previous year, and cutoff date estimation. The 
running API can be adjusted for summer rainfall events by adding new rainfall to the spreadsheet as it occurs, but 
other weather events (e.g., fog, cooling periods) cannot. 
 
Table 4. Dates and discharges bracketing pumping cessation, annual number of days of pumping cessation, API 
on July 1, and Ettersburg (ETT) 7-day low flow, 2006-2011. 

Date Q (cfs) Date Q (cfs)

2006 78 08/23/06 0.95 11/09/06 5.9 8.2 5.3
2007 56 08/20/07 0.45 10/15/07 4.8 4.1 6.0
2008 111 07/22/08 0.70 11/10/08 10 2.9 3.2
2009 69 08/13/09 0.70 10/21/09 2.4 5.2 5.9
2010* 32 09/16/10 1.19 10/28/10 >15 10.8 9.8
2011 17 08/27/11 1.60 10/07/11 >15 9.0 8.5

   *Due to a precipitation event on 9/20/2010-9/21/2010 the actual no pump season
     lasted only seven days in 2010. Official notices of the no pump season ending
     weren‟t sent out until October 28th.

ETT 7-
day low 

flow (cfs)

API (in) 
on July 1

Start date and discharge End date and dischargeNo. 
daysYear

 

No. Days = 55*ln(API) - 25.5

R² = 0.94
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Figure 22. Predictive relationship for MS6 flow cutoff date from API.
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API can also be compared to low flow discharges measured at the Ettersburg gaging station. Figure 23 shows API 
on July 1 vs. the 7-day low flow for Ettersburg for an eleven-year period (2001-2011). The period is divided in to 
that before the forbearance program had begun (2001-2006) and afterward (2007-2011). Linear regression lines 
are fit to the data for each period, forming two distinct, relatively strong relationships indicating the ability to 
forecast low flows from API at the onset of the low flow season. There appears to have been a shift in the 
relationship around 2006. As indicated, Ettersburg flows were much lower (slope = 0.52 for 2001-2006) prior to 
the beginning of the forbearance program (prior to 2006) than they are later (slope = 0.74 for 2007-2011). 
However, the flow increases in the latter period are too large to be due solely to the pump program. Other factors, 
such as summer rainfall, reduced evapotranspiration from recent fires and/or forest thinning, possible alterations 
in riparian pumping between MS6 and Ettersburg, or other unknowns may be primarily responsible for the 
increased flows of late. Investigating the causes for this apparent change in dry season hydrology at Ettersburg 
was beyond the scope of this study. 

2001-2006:
Q = 0.5216API + 1.8402

R² = 0.9284

2007-2011:
Q = 0.7365API + 1.9787

R² = 0.9285
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Figure 23. API vs. Ettersburg 7-day low flow for two periods.
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Groundwater Observations 

 
Groundwater is the sole source of streamflow during the dry season and thus important to the SFI low flow 
project. Beginning in 2007 SFI staff, in cooperation with BLM staff, measured groundwater levels in several 
wells, beginning a project to investigate the potential to augment low flows with localized groundwater 
enhancement. As mentioned above, Buck Creek was an unusually high contributor to mainstem flows among 
right bank tributaries. A characteristic that sets Buck Creek apart from its neighbors is the presence of four ponds 
along Buck Creek‟s main channel; these ponds elevate local groundwater levels, increasing aquifer storage and 
sustaining low flows, which would explain Buck Creek‟s anomalously high flow contributions to the mainstem. It 
is hypothesized that these ponds mimic a condition that existed long ago, before concerted efforts began to 
remove log jams that were perceived as barriers to upstream fish migration. Log jams typically store coarse 
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sediment upstream and so could also augment aquifer storage to sustain summer flows. The potential exists, then, 
for restoring higher mainstem summer low flows by restoring log jams to tributaries.  
 
Figure 24 shows depths to groundwater for two well sites near the MS6 mainstem discharge measurement site, 
MS6 discharges, and API (note the flat line portions of the groundwater data represent dry well conditions). There 
is considerable covariation in these data, suggesting interdependencies that might be exploited for predictive 
purposes beyond the scope of this study.  
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Figure 24. Groundwater depths near MS6, MS6 discharge and API, 2010-11.
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Conclusions and Recommendations 
 

1. With the exception of 2005, 2010 and 2011, drought conditions have been unusually severe since 2002 in 
the Upper Mattole River, with 2008 being the driest of the 61-year discharge record for the Mattole River 
near Petrolia (7-day low flow return period >1000 years). 

 
2. Substantial amounts of late spring rainfall postpone the date at which minimum low flows are attained, 

potentially shortening the amount of time low flow conditions persist and maintaining year-round flow at 
some reaches that might otherwise go dry. 

 
3. Even small amounts of rainfall (e.g., 0.25”) in the driest time of the year can increase discharge and 

provide temporary relief for fish from drought conditions. In July, 2007, one inch of rainfall elevated 
subsequent flows for almost a two-week period. Fog in the Upper Mattole, a relatively unusual 
occurrence, can also reduce the recession rate of low flows and perhaps elevate low flows. 
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4. When flows at MS6 are just below the 0.7 cfs cutoff, fog and small rainfall events may cause flows to 

slightly exceed the cutoff, allowing pumping to resume for a time. However, resumption of pumping can 
reduce flows to below the cutoff, so streamflows following a resumption of pumping following small 
rainfall or fog events should be closely monitored. 

 
5. The usefulness of API for predicting low flow discharge and its relationship to groundwater levels was 

investigated. API can be tracked as the dry season approaches to assist forecasting the date at which the 
MS6 flow threshold will be achieved. API can also be used to evaluate relationships between seasonal 
rainfall, groundwater levels and low flows. As such it is an important tool for evaluating the extent to 
which low flows are caused by timing and amount of rainfall.  
 

6. Upper Mattole tributaries performed fairly consistently for the years 2006-2011 relative to their 
contribution to the mainstem. Right bank tributaries contributed much less than left bank tributaries with 
the exception of Buck Creek. 
 

7. Based on limited data and analysis, declining groundwater levels correspond with declining streamflows 
and API. Restoration of groundwater hydrology and increased groundwater levels would likely result in 
higher summer streamflows. Further analysis of groundwater and streamflows data is needed to quantify 
potential streamflow benefits. 

 
8. The junction reach (bracketed by MS5 and MS6) experienced a losing reach period most years prior to 

2009, typically beginning in September. The likely explanations are a combination of human use 
becoming high relative to streamflow at that time, and reductions in downstream accretion (surface water 
and seepage contributions to the channel).  

 
9. Beginning in 2009, the forbearance program‟s effectiveness, as indicated by reduced losing reach 

conditions in the junction reach (bracketed by MS5 and MS6), appeared to be providing measurable 
benefits to the low flow problem. With 70% of the pumps turned off, the losing reach period observed in 
most years prior to 2009 has significantly decreased both in length and magnitude. With growing 
participation in the forbearance program, additional benefits to summer low flows will continue to accrue 
and improve conditions for fish.  
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APPENDIX A: UPPER MATTOLE RIVER MAINSTEM DISCHARGES, 2004-2011 
 

Date
MS1       
cfs

MS2      
cfs

MS3      
cfs

MS4      
cfs

MS5     
cfs

MS6     
cfs Date

MS1       
cfs

MS2      
cfs

MS3      
cfs

MS4      
cfs

MS5     
cfs

MS6     
cfs

     2004 (former number) (MS1) (MS2) (MS4)      2008 (continued)
08/28/04 0.07 0.16 0.10 10/23/08
09/06/04 0.01 0.04 0.03 11/13/08 1.16 1.43 5.45 8.15 8.85
09/11/04 0.00 0.02 0.00 2009
09/21/04 0.00 0.01 0.00 06/30/09 7.05
09/28/04 0.00 0.00 0.00 07/07/09 5.94

2005 07/14/09 3.78 4.05
08/05/05 1.40 5.80 6.91 9.88 07/22/09 0.49 0.63 1.58 2.57 2.46
08/12/05 0.87 8.80 07/28/09 0.37 0.46 1.07 1.75 1.90
08/26/05 1.08 1.57 5.95 4.75 4.80 08/06/09 1.78 1.64
09/16/05 0.47 0.52 0.58 1.80 1.86 2.75 08/11/09 0.23 0.21 0.53 0.90 0.98
10/03/05 0.33 0.26 0.30 0.80 1.06 1.00 08/19/09 0.36 0.39
10/21/05 0.32 0.47 1.16 1.85 08/27/09 0.06 0.03 0.08 0.16 0.20

2006 09/02/09 0.09
07/17/06 1.12 1.18 4.40 5.47 09/09/09 0.06 0.08 0.09 0.13 0.17
08/02/06 0.45 0.58 09/23/09 0.08 0.09 0.13 0.24 0.24
08/09/06 0.47 0.53 1.22 2.13 2.05 09/30/09 0.03 0.01 0.04 0.06 0.06
08/23/06 0.19 0.22 0.78 0.84 0.95 10/02/09 0.04
09/06/06 0.06 0.11 0.24 0.30 0.27 10/21/09 0.48 0.67 1.40 2.44
09/14/06 0.02 0.03 0.09 0.18 0.11 10/22/09 1.37
09/20/06 0.02 0.00 0.03 0.12 0.07 10/29/09 0.57 1.09
09/27/06 0.03 0.00 0.03 0.06 0.01 11/12/09 3.19 3.92
10/05/06 0.08 0.06 0.11 0.23 0.04 11/23/09 20.47 21.39
10/13/06 0.06 0.03 0.10 0.18 0.15 2010
10/19/06 0.11 0.08 0.18 0.29 0.20 7/8/2010 3.27
10/26/06 0.09 0.19 0.13 7/12/2010 15.28
11/09/06 0.95 1.28 5.86 7/22/2010 1.75 9.19 9.92

2007 7/29/2010 1.69 2.25 5.10 7.15 8.21
07/09/07 0.59 0.70 8/5/2010 5.78
07/19/07 0.89 1.15 2.50 3.96 8/12/2010 1.00 1.07 2.69 4.20 4.48
07/25/07 0.49 0.62 1.39 2.51 2.21 8/27/2010 0.50 0.56 1.34 1.92 2.18
08/08/07 0.26 0.53 0.30 0.83 1.18 1.07 9/8/2010 0.27 0.32 0.68 1.26 1.78
08/20/07 0.20 0.25 0.20 0.36 0.61 0.45 9/16/2010 0.30 0.31 0.67 0.90 1.19
09/07/07 0.03 0.00 0.01 0.12 0.06 0.07 9/22/2010 0.66 0.73 1.66 2.78 2.83
09/14/07 0.21 0.11 9/30/2010 1.46
09/19/07 0.05 0.06 0.11 0.32 0.16 10/6/2010 0.22 0.29 0.67 0.70 1.06
10/04/07 0.20 0.05 0.07 0.08 0.40 0.28 10/20/2010 0.22 0.23 0.43 0.60 0.70
10/25/07 1.12 1.32 1.73 6.37 8.86 9.70 11/23/2010 21.39

2008 2011
06/06/08 6.79 07/20/11 7.88
06/19/08 2.78 07/28/11 5.66
06/26/08 0.44 0.53 1.64 3.17 2.69 08/11/11 0.69 0.75 1.70 2.89 3.40
07/01/08 2.83 08/18/11 2.23
07/08/08 0.25 0.24 1.05 1.84 1.00 08/25/11 0.43 0.55 1.12 1.58 1.67
07/15/08 0.27 0.26 0.89 1.28 1.52 09/02/11 1.09
07/22/08 0.86 09/08/11 0.23 0.26 0.65 1.11 0.89
07/29/08 0.08 0.08 0.24 0.42 0.39 09/13/11 0.96 0.66
08/05/08 0.18 09/16/11 0.79 0.78
08/12/08 0.03 0.02 0.07 0.14 0.10 09/22/11 0.08 0.18 0.27 0.33 0.46
08/26/08 0.00 0.00 0.01 0.04 0.03 09/29/11 0.78
09/09/08 0.00 0.00 0.00 0.00 0.00 09/30/11 0.66
09/24/08 0.00 0.00 0.00 0.00 0.00 10/21/11 5.31
10/08/08 0.29 1.68 1.72 1.53 11/04/11 3.35  
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APPENDIX B: UPPER MATTOLE RIVER TRIBUTARY DISCHARGE, 2007-2011. 
 

Discharge (cfs) 
 

8/10/2007 8/28/2007 9/25/2007 7/1/2008 8/5/2008 9/4/2008
Ancestor Creek 0.096 0.026 0.007 0.180 0.024 0.007
Lost River 0.012 0.000 0.000 0.096 0.000 0.000
Helen Barnum 0.019 0.007 0.001 0.056 0.009 0.000
Thompson Creek 0.286 0.156 0.071 0.592 0.051 0.003
Baker Creek 0.019 0.009 0.003 0.234 0.012 0.000
Stanley Creek 0.020 0.003 0.000 0.100 0.005 0.000
Gibson 0.016 0.003 0.000 0.058 0.002 0.000
Harris Creek 0.021 0.005 0.001 0.096 0.005 0.000
Mill Creek 0.239 0.133 0.078 0.630 0.131 0.039
Ravishoni 0.012 0.002 0.000 0.053 0.005 0.000
Anderson Creek 0.027 0.017 0.005 0.081 0.012 0.000
Van Auken 0.049 0.010 0.000 0.217 0.013 0.000
McKee Creek 0.044 0.006 0.000 0.212 0.000 0.000
Bridge Creek 0.631 0.598 0.380 1.110 0.480 0.304
Buck 0.085 0.054 0.034 0.235 0.065 0.045
MS6 1.070* 0.216 0.033 2.830 0.179 0.018
    * actually measured on 8/8/2007.

2007 2008
Tributary

 
 

2010 2011
8/12/2009 9/2/2009 10/2/2009 8/5/2010 9/29/2011

Ancestor Creek 0.106 0.052 0.005 0.510 0.080
Lost River 0.000 0.000 0.006
Helen Barnum 0.020 0.003 0.000 0.107 0.013
Thompson Creek 0.273 0.140 0.037 1.810*
Baker Creek 0.039 0.004 0.001 0.430* 0.016
Stanley Creek 0.021 0.001 0.000 0.230 0.007
Gibson Creek 0.021 0.001 0.000 0.206 0.001
Harris Creek 0.040 0.003 0.000 0.210 0.001
Mill Creek 0.271 0.193 0.060 0.980 0.200
Ravishoni Creek 0.007 0.017 0.001 0.009 0.002
Anderson Creek 0.025 0.000 0.000 0.140 0.030
Van Auken 0.059 0.000 0.000 0.360 0.020
McKee Creek 0.021 0.000 0.000 0.010
Bridge Creek 0.844 0.771 0.472 2.560 0.990
Buck Creek 0.059 0.044 0.022 0.220* 0.064
MS6 0.977 0.088 0.042 5.780 0.780
    * these measurements were actually made on 7/30/2010

Tributary
2009
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Executive Summary  

Trout Unlimited (TU) and the Center for Ecosystem Management and Restoration (CEMAR), with our 

partner Sanctuary Forest (SFI), prepared this Streamflow Improvement Plan (SIP) as part of the 

Coastal Streamflow Stewardship Project (CSSP). The CSSP is an effort originated by TU and CEMAR 

with support from the California State Coastal Conservancy which has grown to include many other 

funding and conservation partners. The purpose of CSSP is to (1) enhance water supply reliability 

and (2) restore good streamflow conditions in targeted rivers and streams. This Streamflow 

Improvement Plan is a roadmap for identifying, prioritizing and implementing high priority 

streamflow improvement projects. 

Through CSSP, TU and CEMAR initially selected five coastal watersheds to test our belief that it is 

possible to improve streamflow in a way that benefits landowners, and specifically that it makes 

sense to apply a systematic, watershed approach that brings together landowner interests, 

streamflow gauging and water availability analyses, site specific habitat-flow studies, and 

coordinated management of water diversions. The Mattole River is one of the first four watersheds 

for which we are developing Streamflow Improvement Plans. The others are Grape Creek (Sonoma 

County), San Gregorio Creek (San Mateo County), and Little Arthur Creek (Santa Clara County). A 

fifth watershed, Chorro Creek (San Luis Obispo County), is also in development, and a sixth 

watershed, Pescadero Creek (San Mateo County) will be added to the program. In addition, TU and 

CEMAR are members of a Russian River Coho Water Resources Partnership (Coho Partnership) that 

is working in four additional Sonoma County watersheds using methods based largely on CSSP. (The 

Coho Partnership is also pursuing other kinds of habitat restoration and conducting biological 

monitoring.)  

We selected the Mattole River Headwaters as pilot watershed because low flow is a critical but not 

intractable limiting factor, because a critical mass of landowners expressed their interest and 

support in collaborative problem-solving, and because it ranked high in federal and state recovery 

plan prioritization. 

This Streamflow Improvement Plan builds on many years of work on the part of landowners, 

Sanctuary Forest, the Mattole River and Range Partnership, public agencies and others to restore 

habitat and fisheries in the watershed. For this SIP, TU and CEMAR worked with Sanctuary Forest 

and our fisheries experts and McBain & Trush to develop a comprehensive, watershed approach to 

streamflow restoration.  

The purpose of the SIP is to increase our understanding of the relationship between flow and 

habitat, and to identify specific measures to restore a natural hydrograph. The beneficial effects of 

implementing these changes will be measureable.  

 Section 1 provides an overview of the Coastal Streamflow Stewardship Project, describes 

our rationale for selecting the Mattole River Headwaters as a pilot CSSP watershed, and 

details the tasks and activities we initiated in the watershed through CSSP.  
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 Section 2 describes existing conditions relevant to developing a watershed approach to 

improving streamflow in the Headwaters. These include the ecological setting, rainfall and 

discharge, human land and water use, anadromous fisheries and habitat, and factors 

limiting salmonid recovery.    

 Section 3 analyses human water needs relative to available water supply for the 128 

residences and seven “institutional” water users in the Mattole Headwaters. Compared to 

average annual discharge, human demand is very small (less than 1 percent). However, 

demand is highest precisely when supply is lowest during the driest months, and human 

demand can have a significant effect on the low flow season.   

 Section 4 characterizes the needs of anadromous fish and their relationship to flow and 

habitat. For this work, McBain & Trush prepared an Instream Flow Needs site specific study 

to identify streamflow thresholds for juvenile rearing habitat and productivity and other 

variables that influence salmon and steelhead growth or survival as flows recede from the 

rainy season to the low flow period at the end of summer. Spawning habitat is available at 

16 cubic feet per second, and minimum preferred spawning habitat is available at 41 cubic 

feet per second as measured at the gauge located at the downstream study reach. We 

estimate Excellent juvenile rearing habitat at 23 cubic feet per second at the same location. 

Juvenile rearing habitat drops through Good (threshold at 9 cubic feet per second) and Fair 

(5 cubic feet per second) into the Summer Low Flow period where rearing habitat is 

stressful. The stream begins to be deadly and disconnected at 0.7 cubic feet per second. 

Streamflow restoration cannot prevent flow from receding below Fair into Summer Low 

Flow—that happens naturally. But streamflow restoration can and will decrease the 

likelihood of disconnectivity and decrease the amount of time that fish must live in the 

stressful Summer Low Flow period.  

 Section 5 defines streamflow improvement objectives and provides recommendations for 

managing diversions in the Mattole Headwaters. This section provides a roadmap for 

achieving both the physical/infrastructure and social/management changes necessary to 

ensure streamflow improvement. Recommendations include expanding Sanctuary Forest’s 

Tanks and Forbearance program until all of the larger, non-residential water users can forgo 

diversions during the low flow months. Three in particular are priorities. We also 

recommend pursuing Tanks and Forbearance until 90 (70 percent) of the 128 residences in 

the Headwaters can cease diversions during low flow months. Other recommendations 

address rotation of diversions (i.e., taking turns so multiple pumps are not on at the same 

time), water conservation and use efficiency, actions to reconnect off-channel and 

floodplain habitat and improve water retention, and other concrete steps to improve 

streamflow. 

 Section 6 includes our water availability analyses and estimates of the potential benefits of 

the SIP recommendations.  
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 Section 7 describes a long term strategy to ensure durable results, with sub-sections on 

monitoring, evaluation, and quality assurance, as well as our approach to funding. 

This Streamflow Improvement Plan illustrates how the Mattole River Headwaters can continue to 

serve as a watershed-scale model for salmonid recovery efforts that benefit both fisheries and 

coastal communities. 

1 Introduction 

1.1 The Coastal Streamflow Stewardship Project 

In 2008, the California State Coastal Conservancy awarded funding to Trout Unlimited (TU) and the 

Center for Ecosystem Management and Restoration (CEMAR) to implement the Coastal Streamflow 

Stewardship Project (CSSP) to work with landowners to improve streamflow and water supply 

reliability. With CSSP, we partner with landowners and water users in coastal California watersheds 

to develop water management tools and identify projects to protect and reconnect stream flow for 

fisheries and improve water supply reliability for coastal communities. The Conservancy described 

CSSP as part of an ongoing effort “to promote long-term management of coastal water resources, 

often requiring the balance of competing uses such as agricultural, habitat and water quality needs 

(California Coastal Conservancy 2008, p.5).”   

Throughout Coastal California, salmon and steelhead salmonid populations are in decline. In many 

locations, the biggest problem is a simple lack of water. Even under natural conditions, many coastal 

streams do not have high streamflows during the late summer months. Water diversions for 

irrigation and other human needs can easily dry them up. But while conservationists have made 

great progress addressing other factors limiting salmon and steelhead populations, water has always 

been the third rail of river restoration. The topic is emotionally charged and technically complex, 

and it is not for the faint of heart.  
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Figure 1. Discussing water rights, a Western pastime 

 

When we started CSSP, approximately 500 applications for new water rights were pending in 

California, including 300 located along the north central coast. The backlog was failing new 

applicants (because they were unable to get a water right), senior water right holders (because 

unauthorized diversions continued to operate without regard for the interests of prior 

appropriators), and public trust resources (because inadequate safeguards were in place to protect 

the instream flows necessary for fish and wildlife). In addition, water users with existing and valid 

water rights had little incentive to explore changes in water management and infrastructure that 

could benefit fisheries resources, especially if such changes meant entering difficult water rights and 

other permitting processes. Very few people had ever successfully completed projects to improve 

streamflow by working cooperatively with water users.  

We created CSSP to test an approach to break-through the stalemate and distrust that regularly 

characterize issues of water diversion, water rights, and streamflow in coastal systems. We do so by 

identifying and developing high priority and technically and socially feasible projects that yield 

benefits for fisheries and human populations and also have demonstration value beyond the pilot 

watersheds. We hypothesized that, in many cases, shifting water demand from the dry season to 

the rainy season would benefit salmon and steelhead populations and meet human water needs. 

We hypothesized that this could be done by developing tanks and farm ponds as an alternative to 
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in-stream pumps or streamside wells, and could be accompanied by improvements in water use 

efficiency and rotations of diversions. We hypothesized that investing in stream gauges and habitat-

flow studies could allow us to make practical recommendations for water supply improvements, and 

we believed that investing even more heavily in discussions with the people who live along the 

streams could allow us to develop mutually beneficial projects.  

In sum, the overarching goal of CSSP is to devise a “comprehensive and coordinated approach to 

water management and instream flow protection” (California Coastal Conservancy 2008, p.5) that 

demonstrates that water rights system reform and fisheries conservation can be accomplished in 

tandem with water users.  

Through CSSP, we selected five watersheds in which to pilot the approach—the Mattole River in 

Humboldt and Mendocino counties, Grape Creek (Russian River watershed) in Sonoma County, San 

Gregorio Creek in San Mateo County, Little Arthur Creek (Pajaro River watershed) in Santa Clara 

County, and Chorro Creek in San Luis Obispo County (Figure 2).2 In each of these watersheds, 

diminished streamflow is limiting salmonid recovery, but the restoration of streamflow appears 

promising and feasible, and water users are eager to participate in the project.  We selected 

watersheds characterized not by seemingly intractable conflict but rather by “medium-gnarly” water 

management challenges that would produce meaningful solutions. We also considered the diversity 

and breadth of the watersheds to be important: they are geographically diverse and present an 

array of land and water uses and opportunities so as to create flexible models with wide 

applicability.    

 

                                                           
2
 The Chorro Creek project is still in development. With the addition of the Coho Water Resources Partnership 

work (funded by the National Fish and Wildlife Foundation), we were able to bring the approach of CSSP to 
nine coastal California watersheds. We are in the initial stages of a similar project for Pescadero Creek in San 
Mateo County. 
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Figure 2. Map of First Four Coastal Streamflow Stewardship Project watersheds. 
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1.2 Rationale for Selecting Mattole River Headwaters for CSSP 

We selected the Mattole River Headwaters as a CSSP pilot watershed because it provided the critical 

intersection of feasibility of salmon restoration, reduced streamflow as a major factor limiting 

salmon and steelhead recovery, critical mass of landowners interested in collaboration, federal and 

state recovery plan prioritization, and—when added to the other pilot watersheds—it contributed 

to a range of land and water uses with the potential to demonstrate a variety of solutions.  

In addition, the Mattole River Headwaters was already the location of one of the state’s pioneering 

programs to restore streamflow through Sanctuary Forest’s Tanks and Forbearance program. After 

discussions with Sanctuary Forest, TU and CEMAR decided to join forces with SFI and the other local 

groups in the Mattole River and Range Partnership to build on the Tanks and Forbearance program’s 

success. We believed that partnership would be particularly effective as a means to go beyond the 

residential water users and riparian rights already in the Tanks and Forbearance program to include 

larger and more complex water rights. These “institutional” water users present more complex 

water right and permitting questions and they call for additional water availability analysis and site-

specific habitat-flow studies for purposes of design and permitting. The combination of Sanctuary 

Forest’s experience and local relationships, Trout Unlimited’s water rights background, and CEMAR’s 

scientific capacity is a good match. 

Our efforts with CSSP are based on our agreement with two conclusions made by previous 

researchers who have studied the Mattole River: first, that the headwaters area contains the best 

remaining coho and steelhead habitat; and second, that lack of streamflow during the dry season is 

one of two key limiting factors in the headwaters (the other being lack of habitat complexity).  

1.3 CSSP Tasks for the Mattole River Headwaters 

Our CSSP effort consists of six tasks: identify the pilot watersheds; gather background information 

for each; characterize the watersheds; prepare instream flow recommendations and hydrologic data 

analysis; engage local participants to develop a legal and institutional framework for coordinated 

diversion management; and establish Streamflow Improvement Plans. 

1.3.1 Gather Background Information  

We gathered geophysical, hydrologic, and biological information. Geophysical data, including 

topography and geology, were important for defining spatial relationships within our study 

watersheds. Hydrologic data (including precipitation and streamflow) were essential for defining the 

amount of water typically expected to fall as precipitation and leave the watershed as streamflow, 

and the range among wet to dry years. Biological data, including watershed- and reach-scale fish 

surveys, allowed us to focus attention on particular reaches based on long- and near-term 

documentation of fish presence and use of reaches within the drainage network. In addition, we 
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compiled information describing human water use based on several sources (including especially 

Sanctuary Forest surveys and water rights information), which we used to define water need (how 

much water is needed to meet human uses such as irrigation, domestic, and industrial on an annual 

scale) and demand (how water is taken from the watershed to meet those needs through the year).  

This CSSP effort builds on many years of work in the Mattole Headwaters by Sanctuary Forest (SFI), 

the Mattole River and Range Partnership (including SFI, Mattole Restoration Group, and Mattole 

Salmon Group) (MRRP), the Department of Fish and Wildlife (DFW), and others.  

The salmonid habitat resources of the Mattole River watershed are relatively well understood 

compared with many other California coastal rivers, and the present study did not recreate the work 

published in previous watershed plans and recovery strategies—all of which concluded that low 

summer flow is a critical limiting factor for salmon and steelhead conservation.  

Rather, this plan sets forth specific recommendations for improving instream flow that build upon 

previous efforts. 

We drew particularly upon the following resources in crafting this Streamflow Improvement Plan: 

 Options and Obstacles: Living with Low Water Flows in the Mattole River Headwaters (Sanctuary 

Forest 2004) (http://sanctuaryforest.org/cgi-

files/0/pdfs/1116132091_Options_and_Obstacles_Low_Flows_in_the_Mattole_River.pdf) 

 Mattole Coho Recovery Strategy (MRRP 2011) 

 Mattole Integrated Coastal Watershed Management Plan: Foresight 2020 (MRRP 2009) 

 Mattole Watershed Plan (2005)(updated by MRRP 2009) 

 Mattole River Watershed Assessment Report (Downie et al. 2002 for North Coast Watershed 

Assessment Program) 

 Hydrologic Assessment of Low Flows In the Mattole River Basin 2004-2011 (Klein 2012) 

 Hydrologic Assessment of Low Flows in the Mattole River Basin 2004-2008 (Klein 2009) 

 Hydrologic Assessment of Low Flows in the Mattole River Basin 2004-2006 (Klein 2007) 

(http://sanctuaryforest.org/cgi-files/0/pdfs/1174351657_Mattole_Flow_Hydrology_Report.pdf) 

 Preliminary Hydrologic Assessment of Low Flows in the Mattole River Basin (Klein 2004) 

(available as appendix to Options and Obstacles, above) 

 Draft Proposed Mattole Headwaters Groundwater Management Plan (Sanctuary Forest 2011) 

 Recovery Strategy for California Coho Salmon (DFG 2004) 

(http://www.dfg.ca.gov/fish/Resources/Coho/CohoRecovery.asp) 

http://sanctuaryforest.org/cgi-files/0/pdfs/1116132091_Options_and_Obstacles_Low_Flows_in_the_Mattole_River.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1116132091_Options_and_Obstacles_Low_Flows_in_the_Mattole_River.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1174351657_Mattole_Flow_Hydrology_Report.pdf
http://www.dfg.ca.gov/fish/Resources/Coho/CohoRecovery.asp
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 U.S. Geologic Survey hydrology data from Mattole River near Petrolia (11469000) and Mattole 

River near Ettersburg (11468900) 

 Summer streamflow monitoring data since 2004 from sites maintained by Sanctuary Forest 

 Water Storage Guide (SFI 2008) (http://sanctuaryforest.org/cgi-

files/0/pdfs/1213661598_Water_Storage_Guide.pdf) 

 Legal Options for Streamflow Protection (SFI 2008) (http://sanctuaryforest.org/cgi-

files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf) 

 State Water Resources Control Board, Electronic Water Right Information Management System 

(http://www.waterboards.ca.gov/ewrims/) 

 California Fish Passage Assessment Database 

(http://www.calfish.org/Programs/CalFishPrograms/FishPassageAssessment/tabid/83/Default.a

spx) 

1.3.2 Characterize Watersheds  

For CSSP, we made several efforts to generate new information and resources relevant to 

streamflow restoration in the Mattole Headwaters. Major categories of effort included additional 

contact with landowners in tandem with Sanctuary Forest, new streamflow gauges and hydrologic 

analysis led by CEMAR, and a site specific instream flow study conducted by McBain & Trush. 

As described in Sections 2 and 6, CEMAR established a network of year-round streamflow gauges, 

which was essential for improving our understanding of individual and cumulative impacts on 

streamflow and fish habitat locally within each watershed and for evaluating the feasibility of 

proposed management practices and projects. These sites were selected partly to support Sanctuary 

Forest’s summer streamflow monitoring program, and partly to provide information about 

streamflow characteristics at different places in the drainage (e.g., tributaries on the west side of 

the watershed compared to tributaries on the east side; Figure 3).  Since 2004, Sanctuary Forest has 

operated low-flow gauges to monitor summer streamflow; the data from these gauges serve as the 

foundation for diversion management among small domestic water users through the dry season. 

Because the gauges are calibrated for low flows and removed during high flows, no streamflow data 

had previously been collected during the winter. Working with Sanctuary Forest, we installed gauges 

to document winter streamflow and investigate water availability during the rainy season, which will 

inform both streamflow recommendations and the suite of options available to water users (e.g., 

the ability and effect of switching from summer/fall diversions to winter diversions with storage). 

This information is necessary to justify the new water rights and Streambed Alteration Agreements 

required for the “institutional” water supply projects. 

http://sanctuaryforest.org/cgi-files/0/pdfs/1213661598_Water_Storage_Guide.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1213661598_Water_Storage_Guide.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf
http://www.calfish.org/Programs/CalFishPrograms/FishPassageAssessment/tabid/83/Default.aspx
http://www.calfish.org/Programs/CalFishPrograms/FishPassageAssessment/tabid/83/Default.aspx
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Figure 3. Map of CSSP gauge locations, Mattole River Headwaters 

 

We used two different brands of pressure transducers, Azonde 2220 transducers and data collectors 

and In-Situ Level TROLL 500s, to measure and record water level (e.g., Figure 4). Each gauge 

measures and records water stage, and water temperature, and air temperature every fifteen 

minutes (Azonde sensors also measure and record air temperature). The Azonde transducers relay 

data in real-time to an antenna in the watershed with internet connectivity. We regularly upload the 

data from the gauges without internet connectivity. We measured streamflow approximately one 

time each month in each reach using a either USGS Price Mini or AA current meters (depending on 

flow conditions). We correlated measured streamflow values with stage data at the time of 

measurement to create rating curves according to standard USGS protocols (Rantz 1982) and these 

curves were used to estimate streamflow in cubic feet per second at fifteen-minute intervals for all 

stage data measured by the pressure transducer.    

The streamflow, stage and temperature data are available online in the Streamflow Data Center at 

http://www.cemar.org/Mattole.html.   

http://www.cemar.org/Mattole.html
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The real-time information has been valuable to us and our partners in the Mattole as in other 

watersheds. Each landowner that hosted a gauge has allowed the data to be publicly available and 

accessible and many have enjoyed the ability to access stage data as well. It has also allowed us to 

access the gauge data online and monitor for any potential problems in data collection (e.g., if the 

gauge is damaged during storm events) and it allowed CEMAR to target its field visits for streamflow 

measurements, saving both money and time, and allowed McBain & Trush to target its field visits for 

the site specific study habitat-flow study to times when flows would be most informative. 

 

 

Figure 4. Stream flow gauge in the Mattole River 

 

We also estimated residential, agricultural, and industrial water use among various time scales 

(annual, seasonal, daily). CEMAR worked with GIS technicians at UC Cooperative Extension to 

develop a GIS-based hydrologic model to evaluate the impacts of diversions on streamflow in the 

watershed. The GIS model allows for evaluations of impacts across time (e.g., over a year at a given 

location), as well as impacts throughout the drainage network on a particular date. The cumulative 

impacts models were used to create unimpaired and impaired streamflow estimates at locations 

within the watershed. 
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1.3.3 Prepare Instream Flow Recommendations 

As described in Section 4, TU contracted with McBain & Trush to carry out a site specific Instream 

Flow Needs assessment to characterize habitat-flow relationships at important locations within the 

Headwaters. The study, Hydraulic Habitat and Productivity Thresholds for the Upper Mattole River 

(McBain & Trush 2012), is summarized in Section 3 and attached to this Streamflow Improvement 

Plan as Appendix A. McBain & Trush developed the study plan with TU, CEMAR, Sanctuary Forest, 

the Department of Fish and Game, and the National Marine Fisheries Service, and we discussed the 

study approach with the SWRCB Division of Water Rights. 

This instream flow report will be used (1) to establish basin-wide objectives for streamflow 

restoration and (2) to provide information to support water right changes and permits necessary to 

implement the water saving projects recommended herein.  

Finally, as described in Section 5, TU undertook an extensive analysis of the existing recorded water 

rights in the Mattole Headwaters and combined that with our own landowner discussions and the 

experience developed over many years by Sanctuary Forest and its local partners to assess the 

feasibility of water supply and conservation projects.  

1.3.4 Engage Participants; Develop Legal and Institutional Framework for Coordinated 

Streamflow Management 

In each of the watersheds, we established relationships with important landowners. To facilitate the 

permitting and implementation of streamflow enhancement projects, we worked with watershed 

partners and water users to (a) identify the timing, quantity, and type of human water demand on 

stream systems; (b) define the contours of possible projects (water use changes, infrastructure, 

location, permit terms) and begin to analyze project feasibility; and (c) to develop the legal and 

institutional framework to support coordinated water management at the watershed scale. In some 

cases, streamflow data provided insights into on-going water diversions and water management 

strategies, and we used that information to guide our outreach to and recruitment of project 

participants. 

In the Mattole River Headwaters, Sanctuary Forest and the Mattole River and Range Partners have 

deep connections with many of the landowners. Tasha McKee, who oversees the Tanks and 

Forbearance program, grew up in the area and has particularly close ties to many in the community. 

We have followed her lead in our communications with Mattole landowners. 

We also worked to ensure that CSSP was consistent with legal and policy changes relevant to 

anadromous fisheries and water rights and water use. Since we began CSSP, one change is 

particularly noteworthy. The State Water Resources Control Board (SWRCB) adopted its Policy for 

Maintaining Instream Flows in Northern California Coastal Streams (North Coast Instream Flow 

Policy). The SWRCB adopted Policy—required by California Assembly Bill 2121—in May 2010 and the 
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Policy went into effect on September 28, 2010.3 The Mattole River is located within the Policy area, 

which extends from the Mattole River to San Francisco (including streams draining into northern San 

Pablo Bay (SWRCB 2010, page 13). The Policy applies to new water right applications (appropriative, 

small domestic use, small irrigation use and stockpond registrations) and water right petitions. It is 

applicable to streamflow improvement projects under CSSP that require new appropriative water 

rights and/or water rights changes, and it provides standard terms for bypass flows, rates of 

diversion, and seasons of diversion based on regional criteria protective of fisheries resources as 

well as guidance for site specific habitat/flow instream flow studies. Either avenue can be used to 

develop criteria for permit applications for high priority streamflow improvement projects. 

The Policy, in Section 3.3.2.5, also provides incentives for water users wishing switch the timing of 

their diversion from the dry to rainy season (e.g., to off-stream storage) by providing for expedited 

permitting for projects with demonstrable fisheries benefits. 

We have also worked to craft incentives for water uses to engage in projects to improve instream 

flow. For instance, we worked with SWRCB to clarify that roof rainwater harvesting does not require 

a water right (http://www.waterboards.ca.gov/waterrights/board_info/faqs.shtml#rooftop). We 

then worked with the Wine Institute to pass legislation to allow registrations for certain small farm 

ponds similar to the Small Domestic Use process. The legislation, A.B. 964 in 2011, was sponsored by 

Assemblymembers Huffman and Chesbro. In addition, we worked with SWRCB to disseminate better 

information about Water Code Section 1707, which allows landowners to protect their water rights 

when they voluntarily forgo diversions 

(http://www.waterboards.ca.gov/waterrights/water_issues/programs/applications/instream_flow_

dedication/).  

1.3.5 Establish Streamflow Improvement Plans 

Finally, we compiled and integrated the information generated through the tasks above in this 

Streamflow Improvement Plan (SIP). The purpose of this Streamflow Improvement Plan is to provide 

the foundation and justification for changing water management practices and to guide future 

actions to improve streamflow conditions for salmon and steelhead and water supply reliability for 

water users in the watershed. 

This plan is intended to increase understanding of the relationship of flow to habitat and to identify 

specific measures that further moderate the impact of dry season water demand. In years of 

sufficient natural streamflow, demand management and modified diversion practices should 

maintain a flow regime that is protective of the various life history stages of salmon. In poor water 

years, the practices recommended here could make the difference between life and death. As we 

                                                           
3 
www.waterboards.ca.gov/waterrights/water_issues/programs/instream_flows/docs/ab2121_0210/
adopted050410instreamflowpolicy.pdf  

http://www.waterboards.ca.gov/waterrights/board_info/faqs.shtml#rooftop
http://www.waterboards.ca.gov/waterrights/water_issues/programs/applications/instream_flow_dedication/
http://www.waterboards.ca.gov/waterrights/water_issues/programs/applications/instream_flow_dedication/
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have begun to see with previous streamflow efforts through the Tanks and Forbearance program, 

the beneficial effects of implementing these changes will be measureable. 

1.4 The Sanctuary Forest Tanks and Forbearance Program 

To understand the CSSP effort in the Mattole, it is important to understand the Tanks and 

Forbearance program started by Sanctuary Forest in 2004.  

Conservation groups and wildlife agencies recognize low flow during the dry season as a critical 

limiting factor for fish populations in the Mattole. But it is not a problem solely for fish. As Sanctuary 

Forest wrote in its Legal Options for Streamflow Protection brochure (2008) 

(http://sanctuaryforest.org/cgi-

files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf): 

Many residents of the Upper Mattole have also been impacted by the low-flow problem. In 

2002 and 2004 some families ran out of water completely, and many others faced varying 

degrees of water insecurity. Some were able to purchase water delivered by trucks; others 

could not, due to either the expense involved or the lack of truck access. Gardens had to be 

abandoned, and basic daily water needs for cleaning, cooking and indoor plumbing could only 

be met through gallon jugs and help by neighbors. Even those with access to water had health 

concerns about water quality, as lower flows led to increased growth of algae and 

microorganisms. Tensions in the community ran high, and there was a tendency to blame 

upstream water users for the water shortage.  

To address the problem of summer low flows, Sanctuary Forest initiated the Tanks and Forbearance 

program in 2004 (Options and Obstacles, SFI 2004). Under the program, the group works with 

homeowners to install large tanks (usually 50,000 gallon) as an alternative to the usual means of 

obtaining water for indoor and outdoor use in the Mattole, which is an “on demand” pump located 

in the river.  Participating landowners agree to fill up the tanks when flow is relatively plentiful, and 

then to rotate their diversions when flow is at 5 cubic feet per second, and then to “forego” 

diversions when flow is at 0.7 cubic feet per second and rely entirely on stored water until the end 

of the dry season. The no pumping season tends to last for about three months. Sanctuary Forest 

(which is also a land trust) installs and owns the tanks, assists with permitting, monitors streamflow, 

and notifies participating landowners when it is time to switch to stored water.  

Since it started, 12 landowners have installed tanks through the program, for a total of 750,000 

gallons of storage. Another 25 households have installed some water storage on their own and have 

reduced diversions during the low flow season, although some do not have enough storage and may 

eventually be added to the formal Tanks and Forbearance program. As described below in Section 7 

under Effectiveness Monitoring, the program has already yielded noticeable results.  

http://sanctuaryforest.org/cgi-files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf


Mattole River Headwaters                                                                   Streamflow Improvement Plan 

 

 

  
Page 24 

 

CEMAR Trout Unlimited 

2 Watershed Characterization: Existing Conditions in the Mattole River 

Headwaters  

2.1 Ecological Setting 

The Mattole River watershed drains almost 300 square miles of the Coast Range. The mainstem is 

approximately 62 miles long, flowing roughly northwest from headwaters in northern Mendocino 

County to its mouth just west of Petrolia, in Humboldt County. The Mattole system includes more 

than 74 tributaries and comprises approximately 545 miles of perennial stream (Downie et al. 2002). 
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Figure 5. Mattole River Watershed map with sub-basins 

The current study concerns the headwaters of the Mattole, which has also been deemed the 

“Southern Sub-basin” for planning purposes. This area drains 25 square miles upstream of the 

confluence with Bridge and McKee creeks. The area commonly referred to as Thorn Junction 

(marking the junction of Whitethorn-Briceland Road and Shelter Cove Road) is located near the 
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downstream boundary of the sub-basin near the confluence of the Mattole River and Bridge Creek. 

The town of Whitethorn is located in the sub-basin near the confluence of the Mattole River and 

Mill Creek.  

The “MS6” gauge, located just upstream of the confluence with Bridge Creek, is a compliance point 

for the Tanks and Forbearance program. Sanctuary Forest has maintained a low flow gauge at that 

location since 2004 and a CEMAR has maintained a year-round gauge there since 2009 (Figure 6). 

Although the downstream extant of the Headwaters area is generally considered to be Bridge Creek, 

many of the water right calculations in this SIP for the Headwaters extend slightly downstream of 

Bridge Creek. This allows the analysis to capture one sizable water right on Bridge Creek and another 

larger one on the mainstem Mattole less than a mile below Bridge Creek. We did this to fully capture 

the cumulative effect of diversions in the Headwaters.  

 

Figure 6. Mattole Headwaters map  

 

2.2 Land Use 

The Southern Sub-basin is the most densely populated of the Mattole’s sub-basins and it includes 

the communities of Thorn Junction and Whitethorn. Much of the sub-basin is divided into small 
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parcels of rural development or managed for timber production. As described below, domestic 

diversions (including gardens and lawns), a small number of agricultural water diversions, and a 

small number of commercial or institutional water diversions have contributed to reduced summer 

flows. Human activities affect stream habitat via water diversion, conversion of near-stream areas to 

residential uses, vegetation removal, soil disturbance, bank alteration, and other mechanisms (DFG 

2004). Sanctuary Forest estimates that 128 residences are distributed through the Headwaters of 

the Mattole River watershed. Draft Proposed Mattole Headwaters Groundwater Management Plan 

(Sanctuary Forest Groundwater Plan) (SFI 2011). In addition, seven organizations use water through 

the dry season; some are farms, others are light industrial uses, and one is a retreat. As described 

below, each uses more water than most residences.  

2.3 Biological Resources and Salmon Trends 

As stated above, the Mattole River and Range Partnership, DFW, and others have developed a great 

deal of useful information about the Mattole River Headwaters and its salmon population. The 

conclusions of earlier studies are reproduced below only insofar as useful to provide context for this 

Streamflow Improvement Plan.  

The Mattole River watershed is considered especially important in coho salmon recovery, and it also 

supports populations of steelhead and Chinook salmon. (See for example MRRP 2011, DFG 2004.) 

Among many factors making restoration efforts in the Mattole particularly attractive are 1) the 

absence of dams and the rarity of other fish passage barriers; 2) the relatively low land use intensity 

and population density; and 3) a history of forward-thinking conservation actions such as the Tanks 

and Forbearance program. As much of the restoration activities and related research in the Mattole 

concern coho salmon, the following discussion focuses on population and habitat considerations of 

that species. 

A 1960 United States Fish and Wildlife Service and a recent study both estimated potential 

population of coho in the watershed at about 20,000 individual average run size (USFWS 1960; Ligon 

pers. comm.). By any measure, coho numbers are severely depressed in relation to historical 

abundance. The 1960 study included a then-current population estimate of 2,000; the mean 

population estimate for the period 1981 to 2000 was 284 individuals. Observers note a trend of 

additional significant cohort decreases since 2002-2003. (See MRRP 2011 for the most recent 

information.) Thus, the coho population has dropped more than three orders of magnitude between 

its estimated potential and current status. 

The rationale for developing water demand and streamflow enhancement projects and 

recommendations for the current project area in the Mattole Headwaters is that “the overwhelming 

majority of coho spawning in the Mattole mainstem appears to occur above river mile (RM) 52, 

upstream from the confluence with Bridge Creek” (MRRP 2011, p. 19). Spawning in tributaries “is 

also concentrated in the upper extent of the watershed.” Although it is probably the last bastion of 

coho habitation in the Mattole drainage, “the total number of coho [juveniles] in tributaries 
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upstream of RM 52.1 has declined by 85% from 2002-04 (4,721) to 2007-09 (728)” (MRRP 2011, p. 

31). 

The project area also contains the watershed’s best juvenile rearing areas, with suitable water 

temperatures and relatively low fine sediment levels. Although it needs greater habitat complexity, 

compared to other parts of the watershed the Headwaters also has relatively high numbers of pools 

and large wood (i.e., cover features) (MRRP 2011, p. 47). Also, several aspects of habitat condition 

are expected to improve with the development of older, more complex riparian canopy. These 

conditions contrast with habitat quality in the lower mainstem Mattole River and estuary, which is 

severely degraded. In particular, flow refuge and cover are limited, and water temperatures pose a 

serious threat to juvenile salmonids (MRRP 2011, p. 71). 

There are no fish passage barriers in the mainstem Mattole River upstream from the Bridge Creek 

confluence, and only partial barriers in the headwaters tributaries. A partial barrier (due to water 

velocity) occurs in Baker Creek. This barrier is planned for upgrade as soon funding can be secured 

(Monschke pers. comm.). Painter and Buck creeks have barriers consisting of inadequate culverts. 

Replacement of these culverts is not currently planned as the projects would involve high cost and 

would provide passage to only marginal habitat (Monschke pers. comm.). In this SIP, we do not 

prioritize flow enhancement projects on Painter or Buck creeks. 

2.4 Context within Recovery Planning 

The Mattole River watershed is in the Southern Oregon Northern California Coast (SONCC) recovery 

domain. Coho salmon have been deemed "Threatened" within this domain under the Endangered 

Species Act. A draft Recovery Plan for this Evolutionarily Significant Unit (ESU) was announced in 

January 2012. California Coast Chinook Salmon also are "Threatened" in the ESU that encompasses 

the Mattole River, and a Recovery Outline for the species was published in 2007. Steelhead are also 

"Threatened" (Northern California Distinct Population Segment (DPS)), and are the subject of a 2007 

Federal Recovery Outline. 

Although other watersheds in the SONCC recovery domain are considered to hold greater potential 

for coho salmon production than the Mattole River basin, the Mattole is considered an important 

watershed, and "unique in the level of attention to natural resource conservation it has received for 

many decades" (NMFS 2012, p. 29-5). The draft recovery plan also found the Mattole River 

headwaters "somewhat unique to the SONCC ESU" for having suitable spawning and rearing areas in 

upstream reaches "where water temperature is consistently favorable to coho salmon growth and 

survival" (NMFS 2012, p. 29-6). 

The Mattole River and nearby South Fork Eel River have been designated as a “stronghold” for 

steelhead in a report for the Department of Fish and Game prepared by the Wild Salmon Center, as 

part of the Salmon Stronghold initiative 

(http://www.wildsalmoncenter.org/programs/north_america/maps.php). DFW, the National Marine 

Fisheries Service (NMFS), and TU are among the many participants in the Salmon Stronghold effort.  

http://www.wildsalmoncenter.org/programs/north_america/maps.php
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2.5 Factors Limiting Salmon Recovery 

Researchers in the Mattole have documented suitable conditions for migration, spawning and early 

rearing (MRRP 2011). Researchers have concluded that the two main factors limiting coho salmon 

productivity are the loss of summer rearing habitat due to low flow and the loss of winter rearing 

habitat during rainfall events due to low habitat complexity (MRRP 2011). In particular, portions of 

the upper Mattole and the headwaters tributaries have become discontinuous in recent years, with 

pools separated by dry reaches. Low flow is associated with elevated water temperatures, poor 

water quality (especially low dissolved oxygen), decreased food supply, increased predation and 

competition, and other factors leading to decreased survivorship, growth and fitness during summer 

(Quinn 2005).  

Virtually all precipitation in the Mattole River basin falls as rain, and almost all of the rain falls during 

the wetter half of the year. High seasonal rainfall, low permeability landscape, and steep slopes 

contribute to very “flashy” conditions in the watershed (SFI Groundwater Report 2011). The 

watershed experiences low rainfall and high air temperatures in the summer and fall, leading to 

continuously receding streamflow until rain begins again in late fall.  

Previous land use practices, particularly timber operations and removal of large wood from streams, 

have led to a lack of physical habitat complexity in streams throughout the watershed (MRRP 2011). 

These land use changes have exacerbated stresses that naturally occur during the dry season for 

coho and other fish. With clearing of riparian canopy and direct clearing of wood from the river and 

its tributaries, less complexity exists and less pool and cover habitat is available to allow for summer 

rearing. 

Areas of shallow, low-velocity water associated with fry and 1+ juvenile rearing occur at lower than 

desired frequencies in the upper Mattole. These areas provide valuable refuges and feeding 

opportunities.  

Additionally, intensive forestry and clearing of large wood from streams have produced conditions 

where streams lack the complexity to provide refuge from high velocity flows associated with winter 

storms and spring freshets. These conditions can produce redd scour, entrainment of 

underdeveloped juvenile fish into poorer downstream habitat areas and other effects that decrease 

the basin’s capacity to generate large numbers of large, healthy smolts. “High flow refuge … is 

determined to be a major factor limiting survival of coho salmon in the Mattole River Watershed” 

(MRRP 2011, p. 53).  

There are on-going efforts to improve habitat complexity including addition of more than 280 large 

wood structures, most within headwaters reaches. Recently, watershed NGOs have developed an 

instream structure program for the upper Mattole River watershed that involves greater 

collaboration between watershed groups and resource agencies, improves the scientific foundation 

for project design and monitoring, and emphasizes restoring natural processes that lead to habitat 

complexity. Sanctuary Forest has proposed a pilot project on Baker Creek that seeks to improve 
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both summer rearing and winter shelter conditions, in collaboration with the Bureau of Land 

Management and NOAA Fisheries (McKee pers. comm.). 

In addition to lack of rearing habitat during summer low flows and lack of cover during winter high 

flows, there are other factors that also inhibit salmon recovery. Researchers have noted that 

unscreened or improperly screened pump intakes may pose a substantial threat to juvenile coho 

(Passage Assessment Database). Participants in the Tank and Forbearance program have screens 

that meet DFW and National Oceanic and Atmospheric Administration (NOAA) criteria.  

While the current study involves the headwater streams of the Mattole above Bridge Creek, 

conditions in downstream reaches have the potential to affect coho outmigration. Unfortunately, 

researchers have cited a general paucity of information concerning the movements of juvenile coho 

in the Mattole system, including information on how turbidity, predation, high flows, competition 

and other factors may affect these movements. The middle and lower mainstem Mattole and its 

estuary are considered “severely degraded,” with high water temperatures, lack of off-channel 

habitat and cover, and sustained periods of high turbidity potentially affecting outmigration 

adversely. In the recent Coho Recovery Strategy, the authors conclude, “low habitat complexity 

appears to be the main limiting factor for coho smolt survival during outmigration” (MRRP 2011, p. 

74). While habitat enhancement projects have been completed and other are being planned for the 

lower mainstem Mattole and estuary, a restoration strategy is needed for the middle mainstem 

(between Petrolia and the Bridge Creek confluence).  

In its Coho Recovery Strategy report, MRRP (2011) suggested that low population dynamics might 

ultimately present a more important limiting factor to coho reproductive success than habitat 

related factors. At densities less than one female per kilometer, it is expected that depensation (or 

low per capita productivity) is likely to occur (Barrowman et al. 2003). As recent Mattole River coho 

densities are believed to be lower than this threshold, some Mattole groups are exploring a Mattole 

Recovery Rearing Program to increase juvenile coho survivorship (see MRRP 2011, p. 83).  

The draft SONCC Coho Salmon Recovery Plan calls for developing a facility to rear fish as a 

temporary measure to increase population abundance (NMFS 2012, p. 29-20). Costs and other 

obstacles to implementing this recovery action are substantial, and the viability of this option 

remains uncertain. In any case, habitat restoration, including streamflow improvement, is essential 

to recovery of salmonid populations regardless of the use of population augmentation, and "good 

quality habitat is sufficient amounts is essential for optimal positive hatchery impact on recovery" 

(Lacy 2012).  

The CSSP work is based on our agreement with several conclusions made by previous researchers: 1) 

the two most important factors limiting coho recovery in the Mattole watershed—lack of habitat 

complexity and low summer flow—relate to the interaction of climate and past and ongoing human 

activities; 2) programs to restore habitat complexity and landscape-scale hydrologic storage capacity 
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should be continued and expanded; and 3) reducing the effect of dry season diversion on 

streamflow is critical to Mattole River coho recovery.  

2.6 Rainfall and Discharge  

The Mattole River watershed is among the wettest in California. The Parameter-elevation 

Regressions on Independent Slopes Model (PRISM) precipitation model developed by researchers at 

Oregon State University (representing the state-of-the-art in precipitation modeling in the western 

United States) indicates the Mattole River receives, on average, 70.4 inches of rain (5.87 feet) per 

year over the entire watershed (Figure 7). That quantity of 70.4 inches of rain corresponds to 

1,090,000 acre-feet of water (or 354 billion gallons) falling onto the 290 square-mile Mattole River 

watershed in an average year. This estimate of 70.4 inches appears to underestimate measured 

rainfall in the watershed. For example, the community of Honeydew, in the center of the watershed, 

received an average of over 110 inches of rainfall during the period 1960-1972. Discharge records 

from a streamflow gauge continuously operated by the US Geological Survey (USGS) near the mouth 

at Petrolia (watershed area 245 mi2) from 1951 to 2010 also reflect large amounts of water present 

in the Mattole River compared to other streams in northern coastal California. The average flow 

past the Petrolia gauge is 1,296 cubic feet per second, which corresponds to an average annual 

discharge of approximately 940,000 acre-feet per year.  
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Figure 7. Mean annual precipitation, Mattole River watershed (from PRISM model)  

 

Hydrologists frequently compare discharge among watersheds using a statistic of average annual 

flow per watershed area. The average flow per area at the Mattole at Petrolia is 5.27 cubic feet per 

second per mi2, a value which is much higher than other watersheds in northern coastal California 

such as the Russian River near Ukiah (1.2 cubic feet per second per mi2), the South Fork Eel near 

Leggett (1.2 cubic feet per second per mi2), and Walker Creek near Marshall (Marin County; 1.1 

cubic feet per second per mi2) and closer to the Smith River as recorded near Crescent City (5.82 

cubic feet per second per mi2). When scaled by area to calculate discharge from the entire Mattole 

catchment, this equates to an average annual discharge of approximately 1,080,000 acre-feet. (This 

Petrolia

Ettersburg

Honeydew



Mattole River Headwaters                                                                   Streamflow Improvement Plan 

 

 

  
Page 33 

 

CEMAR Trout Unlimited 

also suggests the PRISM precipitation value of average annual rainfall described above 

underestimates the actual amount of precipitation to the Mattole River watershed.4) 

Like most of coastal California, the extreme seasonality of streamflow complicates objectives of 

fisheries conservation and water management in the Mattole River watershed. On average, more 

than 90 percent of the discharge in the Mattole occurs during the wet half of the year (November-

April; Figure 8), indicating that, even in a watershed that receives as much water as the Mattole, the 

aquatic resources that depend on streamflow are subject to the potential pressures of the 

Mediterranean-climate seasonality of precipitation. At a finer scale, streamflow typically manifests 

as a series of high-flow events during winter (like most coastal watersheds in California, the Mattole 

is a rainfall-dominated system, and snow that falls in the watershed generally melts within days), 

and a steady recession of streamflow beginning in spring through summer and into fall (e.g., the 

median-type year of 1971; Figure 9).  

 

Figure 8. Average monthly streamflow measured at the Mattole River near Petrolia   

                                                           
4
 Based on PRISM modeled rainfall data and USGS streamflow data, the ratio of runoff to rainfall in the 

Mattole watershed is approximately 1:1. In northern coastal CA, it is typically considered to be closer to 1:2 
(i.e., 50 to 60 percent of rainfall becomes runoff; Rantz and Thompson, 1967). The Mattole watershed is very 
wet so it likely produces more runoff per area than most of coastal California, but it is probably not as high as 
90-100 percent. More realistically, the watershed probably receives 90 inches of rain on average, which 
correlates with estimates provided by Sanctuary Forest and long-term rainfall data recorded at Honeydew, in 
the center of the Mattole watershed. 
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Figure 9. Mean daily flow at Mattole River near Petrolia, 1971 

 

As described above, CSSP work in the Mattole watershed has focused in the upper 10 percent of the 

catchment, the 25-square mile portion of the Mattole River watershed of the confluence with Bridge 

Creek. We installed five pressure transducers in the Mattole River and its tributaries to serve as 

year-round streamflow gauges at locations intended to compliment ongoing work by Sanctuary 

Forest, which had established streamflow monitoring sites and summer streamflow gauges at 

several locations in the watershed beginning in 2004 (Klein 2009). Our year-round streamflow 

gauges were installed at two locations on the mainstem Mattole River that corresponded to 

Sanctuary Forest’s Mainstem-2 (MS2) site near the Mendocino-Humboldt County line and 

Mainstem-6 (MS6), at Thorn Junction; as well as on Lost Man Creek, Baker Creek, and Thompson 

Creek. 

Each pressure transducer was operated to be used as a streamflow gauge following USGS standard 

procedures (Rantz 1982). We measured streamflow at approximately monthly intervals during the 

period of record using Price mini and Price AA current meters, developed rating curves to correlate 

streamflow with discharge at each site, and used rating curve relationships to assign streamflow to 

stage data recorded by the pressure transducers. Staff plates were installed where possible to 

detect pressure transducer drift and other factors that could cause phase shifts (i.e., changes in the 

relationship between stage and streamflow) over the course of the project. 

Data from the mainstem Mattole streamflow gauges illustrate the importance of planning for 

summer streamflow restoration in the upper portion of the watershed. Data from the MS6 gauge 

allow for useful comparisons of catchment hydrology relative to other locations with streamflow 
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gauges farther downstream at Ettersburg (upstream catchment area 70.1 mi2) and Petrolia 

(upstream catchment area 245 mi2). Streamflow data from the Thorn Junction gauge illustrate 

similar hydrologic characteristics through winter as USGS gauges at Petrolia and Ettersburg, in terms 

of magnitude, duration, and rate of change of streamflow features (where magnitude is scaled as 

streamflow per watershed area; Figure 10). However, in summer, per-area streamflow at Thorn 

Junction is less than 25 percent of per-area streamflow at Ettersburg and Petrolia (Figure 11). Thus, 

while many channel features in the upper Mattole watershed are suitable for salmonid spawning 

and rearing relative to conditions downstream, streamflow is much lower in summer months 

compared to the mainstem Mattole at Ettersburg or Petrolia. Whether through less capacity for 

groundwater storage or greater demand for water through summer months (or some combination 

of the two), the upper Mattole River has disproportionally less streamflow through summer than at 

downstream reaches near Ettersburg and Petrolia. 

 

Figure 10. Streamflow in the Mattole River, water years 2010 and 2011 
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Figure 11. Streamflow in the Mattole River, focusing on low-flow periods, 2010 and 2011 

 

CEMAR’s data describing streamflow at MS6 are further corroborated by data collected by 

Sanctuary Forest. Hydrology reports using data from the mainstem Mattole show similar trends as 

those described here through summer, and streamflow measurements at MS6 were frequently 

below 0.2 cubic feet per second in late summer 2004 and 2006 (Klein 2007; Klein 2009). 

3 Human Water Use 

3.1 Human Needs 

Human water need describes the amount of water that is required for human uses over a given 

interval such as a season or a year (Deitch et al. 2009A). Water need is useful for regional planning 

applications because it characterizes the amount of water that people can be expected to use over a 

season, but not the terms of obtaining the water. For example, a farmer that irrigates 5 acre-feet 

per year has an irrigation water need of 5 acre-feet during the growing season; that water need may 

be satisfied through one of many ways, including diversion from streams or nearby groundwater 

during summer or through storage into a reservoir during winter for use in summer. Placing 

Sanctuary Forest’s Tanks and Forbearance program into this context, the purpose of the tanks is to 

satisfy summer water needs through storing water during winter or spring.  
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Human water need in the Mattole headwaters is frequently categorized into two sub-groups: 

residential and institutional. Residential water uses in the upper Mattole are comprised of personal 

household uses as well as outdoor landscaping and gardening, and inefficiencies associated with 

water use (e.g., leaks) (Sanctuary Forest, cite). Based on a survey of water use in the region that 

comprised 40 of the 128 residences in the upper Mattole, Sanctuary Forest estimates the average 

water use in the dry season (including irrigation) as 708 gallons per day (SFI unpublished5). If this 

daily water use is consistent over the dry half of the year from May through October, the typical 

water need for a household during the dry season is typically approximately 129,000 gallons. Water 

use during the wet half of the year can also be estimated as the per-day volume of water that is not 

for irrigation (assuming that non-irrigation uses are consistent year-round). Based on Sanctuary 

Forest’s surveys, non-irrigation household water need is 33,700 gallons over half the year.  If this 

volume of water (representing wet-season water need) is added to the dry season water need, the 

total annual water need in the region is approximately 162,700 gallons per household (0.50 acre-

feet). 

To develop an estimate of residential water need over the entire southern sub-basin, we can use the 

708 gallons per day estimate of water use. If 128 houses need 708 gallons per day, the total annual 

water need for residences in the southern sub-basin is approximately 76 acre-feet. 

In addition to 128 residences, there are seven non-residential water users (described here and in 

Sanctuary Forest documents as institutional water users) in the Headwaters coho recovery focus 

area. These include a State Parks office and nursery, a school in Whitethorn, a light industrial area at 

Thorn Junction, a California Department of Forestry office, two small farms, and a mixed-use retreat 

area. Sanctuary Forest surveyed water use for each of these institutional water users through 

summer 2004; water needs for each can be estimated from those data. From the survey data, the 

average water use per day is 3,330 gallons (with a range of between 450 and 9,200 gallons; median 

is 1,420). If this volume of water is needed over the 184-day period May-October, the total water 

need among these institutional water users during the dry season is 4,200,000 gallons (12.9 acre-

feet). Sanctuary Forest’s survey data also supports an estimate for the average non-irrigation water 

need of 540 gallons per day. If this volume of water is needed over the 181-day rainy season, this 

comprises 686,500 gallons (2.1 acre-feet) for all institutional users.  Therefore, the total annual 

water need for institutional water users based on 2004 data is 15 acre-feet. It is important to note 

that this estimate is based on average water use by each of the institutions. Irrigation requirements 

and other water demands can vary dramatically month to month and year to year, so the water 

need for these institutions could be much higher in some years.  

                                                           
5
 Sanctuary Forest surveyed Mattole residences in 2006 and 2007. They collected information about the 

number of residences, number of people, land use patterns, irrigated acreage, and the like, and then 
estimated water use based on SWRCB multipliers for water use. For a discussion of the surveys, see Sanctuary 
Forest’s Groundwater Report (2011) and for the SWRCB multipliers, see Sanctuary Forest’s Water Storage 
Guide (2008). 
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In total, based on Sanctuary Forest’s estimates of water need, the total water need for the Mattole 

southern sub-basin is approximately 95 acre-feet annually. 

Comparing human water need to rainfall and discharge provides a preliminary assessment for 

whether the water needs of the upper Mattole River watershed can be met through the water 

resources available on an annual scale. As noted in Section 2.6, PRISM rainfall models estimate that 

the upper Mattole watershed receives 70 inches of rainfall, or 93,000 acre-feet of water over the 

entire watershed. Based on analyses of historical rainfall and streamflow records in northern Coastal 

California, USGS researchers have concluded that approximately 55 percent of the water that falls in 

a watershed usually leaves as streamflow (Rantz and Thompson, 1967). The remainder is stored as 

groundwater, is absorbed and transpired by plants, and evaporates back to the atmosphere. 

Combining the PRISM rainfall estimate with this runoff estimate, approximately 51,000 acre-feet of 

water would be discharged from the Mattole Headwaters on average. The 95 acre-feet of human 

water need represents a small fraction of rainfall and streamflow in the watershed (Figure 12). (As 

described in Section 2.6, the PRISM rainfall estimate is probably low; this would increase the 

disparity between human water demand and discharge on an annual scale even further.) 

 

Figure 12. Comparison of average annual rainfall, streamflow, and human water need, Mattole 

Headwaters 

 

Although human water need comprises a very small fraction of discharge on an annual scale, a more 

detailed analysis of water need and discharge at a monthly scale indicates that this trend is 

frequently reversed in summer. Data collected by Sanctuary Forest and CEMAR from 2005-2011 
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illustrate that water need comprises a significant portion of, and frequently exceeds, discharge 

through summer. If dry-season water need is distributed evenly per month, then water need 

exceeds discharge from the upper Mattole in at least one month in four of the eight years Sanctuary 

Forest has been measuring streamflow in the watershed (e.g., 2008, Figure 13). This indicates that 

humans can place substantial pressures on aquatic ecosystems if water needs are expected to be 

met by diversion in summer, as is typically the case now. 

 

Figure 13. Monthly discharge at MS6 based on Sanctuary Forest data and estimated human water 

need, summer 2008  

 

3.2 Cumulative Impairment, Annual and Seasonal Scale 

The dynamics of human water needs and the potential for interactions with aquatic ecosystems can 

be considered over other time scales to characterize how these domestic and institutional 

diversions can affect streamflow. In this section and one that follows we consider two that will be 

relevant to permitting processes, assuming that one solution to problem of depleted summertime 

flows is to shift existing water users from their current “on demand” pumps to diversions to storage 

in the form of water tanks or ponds.  

Substituting diversions to storage in winter for direct diversions in summer shifts the timing of 

diversion from the most critical dry period to a wetter period when more water is available. 

However, the agencies that permit the changed water diversion patterns need to be assured that 

there is water available for new diversions to storage and that those diversions will operate in a way 

that will have a low impact to streamflow.  
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The following analyses provide detailed information as to the water that is available for diversion to 

storage from a regulatory perspective. This section and the one that follows set forth baseline 

conditions using measures of how much of the available water is spoken for on an annual and 

seasonal basis. While cursory from an ecological perspective, this quantitative model is 

recommended by agencies as a preliminary tool to assess whether additional water is available for 

diversion to storage. 

As a preliminary check for whether there is sufficient water available for additional surface water 

appropriation, state policies require a comparison of typical discharge from the Mattole River to the 

amount of water already allocated through riparian and appropriative rights. In general, the State 

Water Resources Control Board, the agency with the power to issue permits for appropriative water 

rights, presumes that additional surface water appropriation will be allowable on the North Coast 

only in winter (see North Coast Instream Flow Policy). This means that only discharge in winter—and 

specifically the period December 15 to March 31—is to be considered as discharge input in the 

typical water right calculation for water availability.   

Based on data from the USGS streamflow at Ettersburg, average streamflow at Thorn Junction 

during the period December 15-March 31 is 293 cubic feet per second, which corresponds to an 

average seasonal discharge of 62,700 acre-feet. In comparison, the 17 water rights that have been 

recorded in the upper Mattole watershed (Figure 14) total a volume of 297 acre-feet per year. This 

volume of previously allocated water represents 0.45 percent of the winter discharge from the 

upper Mattole watershed. (In a regulatory application, this analysis would only include the portion 

of the water rights in winter: 46 acre feet. Of the 183 acre-feet of previously allocated water, 182 

acre-feet are technically for year-round use. The Policy states that only the portion of water rights 

volume claimed in winter should be used for winter analysis: 108 of 365 days. The 46 acre-feet of 

water corresponds to 0.11 percent of average seasonal discharge in that scenario.)   
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Figure 14. Water rights recorded at the State Water Resources Control Board 

 

To further understand the potential for humans to affect streamflow in winter, it may be useful to 

conduct similar comparisons for a dry year. Based on Ettersburg streamflow data, winter discharge 

was lowest at MS6 in water year 2005: average streamflow was 166 cubic feet per second. This 

corresponds to a winter discharge of 35,600 acre-feet; previously allocated water comprises a very 

small fraction of discharge in a dry year as well. When compared to other locations in the upper 

Mattole watershed, this analysis yields similar results.  

A water availability analysis as required by the State Water Resources Control Board (SWRCB) for 

additional water appropriation could include a similar analysis for the entire watershed. Based on 

data from the USGS streamflow gauge at Petrolia, average streamflow during the period December 

15-March 31 is approximately 3,000 cubic feet per second; this corresponds to an average discharge 

from the entire 290 mi2 watershed  over the December 15-March 31 period of 735,000 acre-feet. 

Within the entire watershed, the appropriative, riparian, small domestic, and stockwatering water 

rights listed in the State Water Board’s electronic Water Resources Information Management 

System (eWRIMS) total 1,050 acre-feet of water annually. In comparison to discharge, previously 

allocated water represents approximately 0.15 percent of the average annual discharge in the 
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Mattole River watershed. Based on historical streamflow data and using similar methods as 

described above for extrapolating discharge from the Petrolia USGS gauge to the entire catchment, 

discharge in a typically dry year (i.e., exceeded in discharge by 75 percent of  all years) is 

approximately 755,000 acre-feet. In this scenario, in a dry year, allocated water represents 0.14 

percent of annual discharge. (Repeating this exercise for the driest of all years, 1977, allocated 

water represents 0.78 percent of annual discharge.) 

 

Table 1. Impairment caused by existing upstream water rights, Mattole watershed. 

 
Stream site 

 
Watershed 
area, mi2 

Average winter 
discharge, 
acre-ft (AF) 

Average 
annual 

discharge, AF 

Upstream 
vol water 
rights, AF 

% winter 
flow 

impairment 

% annual 
flow 

impairment 

Petrolia 245 640,000 930,000 1,050 0.05 0.11 

Ettersburg 70.1 186,000 256,000 310 0.05 0.12 

Thorn 
Junction 

25.1 62,500 86,900 183 0.09 0.21 

Whitehorn 13.5 33,700 49.300 85 0.08 0.17 

Above  Baker 
Creek 

9.8 24,500 35,800 59.5 0.07 0.16 

Ab  
Thompson 

Creek 

5.8 14,500 21,200 1.6 0.003 0.008 

 
 

3.3 Cumulative Demand, Daily Scale 

Analyses of diversions at a daily or sub-daily scale are more useful for characterizing the impacts of 

human water use on streamflow in our project streams. Diversion at such a timescale can be 

described as demand—the terms over which water users actually take water from the creek. Such 

data can be used to characterize the local-scale impacts of a particular diversion on streamflow, as 

well as the cumulative impacts of the suite of upstream diversions on streamflow; and when 

compared with daily-scale data, can be used to estimate unimpaired hydrographs of what 

streamflow might look like in the absence of instream diversions (Deitch et al., 2009A). 

Analyses of streamflow and demand at a daily-scale can be used to show the impacts that existing 

diversions may have on an unimpaired estimate of streamflow, where streamflow is derived from 

historical streamflow data from a nearby streamflow gauge. This comparison is required by the 

SWRCB for water rights applications to evaluate cumulative impacts of existing diversions and 

additional impacts that a new diversion would have to streamflow. SWRCB protocols stipulate using 

a long-term streamflow data set to ensure representative streamflow conditions over the full range 

of variation expected over several years (the Policy requires a ten-year data set; Section B.1.1, 

SWRCB 2010); because so few streamflow gauges have been operated for more than ten years, this 
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cumulative diversion analysis often uses streamflow data from a nearby stream rather than the 

particular watershed of interest. In the section that follows, we calculate impaired hydrographs, 

focusing especially on the Mattole River above Bridge Creek, to illustrate the cumulative impacts of 

current diversion practices on streamflow in the watershed.  

The SWRCB’s 2010 Policy for Maintaining Instream Flows in Northern California Coastal Streams 

(Policy) gives detailed steps for calculating impaired hydrographs (at a daily scale) showing the 

cumulative effects of diversions in a watershed of interest (Section B.5, SWRCB 2010). This method 

begins with an unimpaired hydrograph as input, and then subtracts upstream diversions to calculate 

the impaired hydrograph. To develop an unimpaired hydrograph, the Policy recommends scaling 

historical streamflow data from a nearby gauge according to a ratio of drainage area and 

precipitation according to Equation 1.  

                                  (
         

     
) (

                          

                      
)                     

Equation 1 

where Q POI, Area POI, and Annual Precipitation POI refer to streamflow, upstream watershed area, and 

average annual precipitation upstream of a point of interest (POI) in the watershed for which 

analysis is conducted; and Q gauge, Area gauge, and Annual Precipitation gauge refer to streamflow, 

upstream watershed area, and average annual precipitation upstream of the streamflow gauge from 

which data are used in the analysis.  

Historical data used in this analysis likely reflect some level of impairment based on the operation of 

diversions upstream at the time of measurement, so the unimpaired hydrograph produced through 

this process may be more impaired than if there were no diversions upstream. This method thus 

provides a conservative estimate of an unimpaired hydrograph for the stream of interest: the 

calculated unimpaired hydrograph will show lower flows than would the hydrograph for truly 

unimpaired flows, but because the calculated hydrograph creates a baseline condition with less 

water, the calculated unimpaired hydrograph also results in less water being available for new 

appropriation.  

To illustrate the cumulative impacts of diversions on streamflow in the Mattole River in the analyses 

below, we used streamflow from one particular year, water year 2004 (October 1, 2003 – 

September 30, 2004), to show how diversions could affect streamflow through the course of a 

typical year.  Water year 2004 was the year with the median annual discharge recorded at the 

Mattole River Ettersburg USGS gauge over its ten-year period of record, and the 2004 flow records 

contain characteristics typical of the flow regime of the upper Mattole River. In the winter, high 

peak flows occurred periodically through the season and recession of streamflow following each 

large rainfall event was frequently punctuated by smaller rainfall events that caused flow to rise.  

Rain continued into spring, which provided water to sustain base flow through spring and into 

summer.  Streamflow receded through the summer until rain began again the following fall.  The 
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advantage of using one full year for analysis is that it allows easy comparison of impacts that could 

occur at different times of year.   

Scenario 1: Cumulative Impacts, based on formally stated water rights. Within the area of the 

Mattole River watershed through and including Thorn Junction, 17 different water rights are 

recorded with the State Water Resources Control Board. One of the water rights has listed two 

diversion locations, making a total of 18 points of diversion in the Headwaters area. This sum 

includes one water right downstream of the Bridge Creek confluence in Thorn Junction that has a 

right to divert more than all the water right holders in the project area above Bridge Creek. It is 

included for these cumulative impact and water availability analyses because of its proximity to the 

study area and because its impacts to streamflow will propagate below the project area. (It is not a 

focus of restoration efforts, because it is downstream of near-term coho habitat and because it 

already has significant offstream storage.) Of these 18 points registered of diversion, more than 80 

percent are primarily for domestic water use and equate to less than 0.01 cubic feet per second, 

when rates of diversion are converted to per-second magnitudes. The larger three diversions are, on 

average, an order of magnitude greater than the average small diversion from the upper Mattole 

drainage network (Figure 15). 
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Figure 15. Histogram of diversion magnitudes among water rights in the Mattole Headwaters  
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For daily-scale analyses, the Policy recommends calculating the “maximum cumulative diversion,” 

for a given point in the watershed by summing the rates of diversion listed for all upstream water 

rights for each day through the year (Policy Appendix B.5.3).  Water demand in this case represents 

the instantaneous rate at which water users upstream of a given point can divert water, or the 

maximum instantaneous impact that upstream water users can have on streamflow (if all water 

users were to divert simultaneously and impacts were uniformly applied). All but one of the 18 

Mattole headwaters diversions has a right to divert water year-round; the maximum cumulative rate 

of diversion based on diversion rates listed in water rights in the Mattole River through Thorn 

Junction is approximately 0.48 cubic feet per second throughout the year.  

To examine the cumulative impacts of diversions on streamflow in the Mattole drainage network we 

worked with GIS technicians at UC Cooperative Extension to develop a GIS-based hydrologic model 

to evaluate the impacts of diversions on streamflow in the Mattole River watershed.  The GIS model 

allows for evaluations of impacts across time (such as e.g., over a year at a given location), as well as 

impacts throughout the drainage network on a particular date.  The cumulative impacts models 

were used to depict the extent of impairment caused by diversions through the drainage network 

on any day of the year, and also to create unimpaired and impaired streamflow estimates at 

locations within the watershed.  GIS model outputs indicate that existing water rights diversions do 

not impair streamflow by more than 5 percent anywhere in the drainage network from December 

through May (Figures 16-18). However, diversions above Thorn Junction comprise a larger portion of 

unimpaired streamflow in late August and September (Figure 19). Local effects are also more 

apparent; depending on magnitude of diversion and location in the watershed, impacts may be 

especially significant at the locations where they operate in the drainage network.  
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Figure 16. Fraction of unimpaired flow, December 1 and January 1 (based on data from a median-

type water year, water year 2004) 

 

This illustrates the fraction of unimpaired flow remaining given magnitude of diversions in the upper 

Mattole River watershed, December 1 and January 1 (where unimpaired streamflow is based on 

recorded discharge at Ettersburg USGS gauge in the median discharge year of 2004). Data indicate 
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that diversions impair flow by less than 5% in early December and early January in a normal-type 

water year. 

 

Figure 17. Fraction of unimpaired flow, February 1 and March 1 (based on data from a median-

type water year, water year 2004) 
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This illustrates the fraction of unimpaired flow remaining given magnitude of diversions in the upper 

Mattole River watershed, February 1 and March 1 (where unimpaired streamflow is based on 

recorded discharge at Ettersburg USGS gauge in the median discharge year of 2004). Data indicate 

that diversions impair flow by less than 5% in early February and early March in a normal-type water 

year. 

 

Figure 18. Fraction of unimpaired flow, April 1 and June 1 (based on data from a median-type 

water year, water year 2004) 
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This illustrates the fraction of unimpaired flow remaining given magnitude of diversions in the upper 

Mattole River watershed, April 1 and June 1 (where unimpaired streamflow is based on recorded 

discharge at Ettersburg USGS gauge in the median discharge year of 2004). Data indicate that 

diversions impair flow by less than 5% in early April and early June in a normal-type water year. 

 

Figure 19. Fraction of unimpaired flow, August 25 and September 25 (based on data from a 

median-type water year, water year 2004) 
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This illustrates the fraction of unimpaired flow remaining given magnitude of diversions in the upper 

Mattole River watershed, August 25 and September 25 (unimpaired streamflow is based on 

recorded USGS gauge data, water year 2004). Data indicate that diversions impair flow by 10-30% in 

late August and 30-50% in late September of a normal-type water year. 

An analysis of impacts at a particular location (i.e., unimpaired versus impaired hydrographs) over 

time mirrors these findings. To illustrate the impacts that diversions could be having on unimpaired 

streamflow, we compared impaired flow (actual streamflow measured in the Mattole River) to two 

different estimates of unimpaired flow, where unimpaired flow was calculated by adding a measure 

of instream diversion back to the stream.  

One unimpaired flow estimate, Scenario 1, is likely an overestimate of what flow in the Mattole 

would be like in the absence of diversions; it was calculated by adding the sum of all instantaneous 

diversion magnitudes in the Mattole River upstream of Thorn Junction to the measured streamflow. 

(This is likely an overestimate because all the diversions in the Mattole River watershed likely do not 

operate all the time, so their impacts are not likely felt simultaneously at a particular location.)  

The other unimpaired flow estimate, Scenario 2, may more closely represent how eliminating 

diversions in the Mattole can benefit streamflow; it is calculated using daily averages—by adding 

water used in the Mattole on each day upstream of Thorn Junction to the measured Mattole 

streamflow. (It would underestimate the effects of diversions if they operated simultaneously.) Both 

scenarios account for all known diversions, whether recorded in the State Water Board’s database 

or not. However, there are probably unknown diversions in the watershed. In our judgment, the 

actual effect is between Scenarios 1 and 2. Each is described in more detail below. 

Impacts of existing diversions: Scenario 1.  To create the high-end estimate of what Mattole River 

streamflow might be like without diversions, we added values of diversions in the Mattole above 

Thorn Junction to measured streamflow at Thorn Junction as if they were all operating at maximum 

capacity at the same time. Some diversions have values listed in the SWRCB’s eWRIMS database of 

water rights in California; for those, diversion magnitudes and seasons of diversion were taken 

directly from the water rights information. Of the 22 water right holders in the upper Mattole, four 

formally list a diversion rate in cubic feet per second (cubic feet per second); for this analysis, we 

assume the others pump at 10 gallons per minute, which is normal for the area. For the other 118 

residential diversions, diversion magnitudes were estimated: data gathered by Sanctuary Forest 

indicate that diversions commonly operate at a rate of 10 gallons per minute (SFI, unpublished 

survey).  

Comparisons of impaired and unimpaired hydrographs created through Scenario 1 indicate that 

streamflow is often not noticeably affected by diversions during winter (Figure 20), but they have 

potential to cause major flow impairment through spring and summer (Figure 21).  
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Figure 20. Scenario 1 - Unimpaired and impaired hydrographs for a normal year (in terms of total 

annual discharge) at MS6 
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Figure 21. Scenario 1 - Unimpaired and impaired hydrographs for a normal year (in terms of total 

annual discharge) at MS6 (i.e. same graph as above but only depicting streamflow values below 10 

cubic feet per second) 

 

As described above, results of this analysis overestimate the actual impairment caused by existing 

diversions from the upper Mattole drainage network in summer because not all diversions are likely 

to operate at full capacity simultaneously. Many diversions may in fact operate together for a few 

hours at certain times of day, although impacts of diversions are often attenuated with distance 

downstream (e.g., Deitch et al., 2009B): their impacts would be spread out over time based on their 

distance from a location where they are detected. The attenuation of impacts is likely greater in 

summer because water velocity is lower: it takes longer for impacts to propagate downstream. 

Overall, however, the impaired hydrograph analysis in Scenario 1 is useful as a framework to 

estimate the maximum impact that instream diversions can have on streamflow through the year.  

Impacts of existing diversions: Scenario 2.  To create a more realistic, lower-bound estimate of 

what Mattole River streamflow might be like without diversions, we added values of diversions in 

the Mattole above Thorn Junction to mean daily streamflow at Thorn Junction using estimates of 

water taken from the stream per day. Diversions for water rights listed in eWRIMS give a value of 

per-day water use; for the remainder of the residential diversions, daily scale water use was 

estimated based on Sanctuary Forest’s survey data that found average water use among residential 

water users to be 710 gallons per day. Similar to Scenario 1, the graphs produced using Scenario 2 

indicate that streamflow is often not noticeably affected by diversions during winter (Figure 22). 
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Figure 22. Unimpaired and impaired hydrographs for normal year at MS6, based on Scenario 2. 

 

During the dry season, however, the influence of diversions is more apparent. Removing diversions 

could cause streamflow to increase by as much as five times at Thorn Junction during the driest 

times of year (Figure 23).6 Because there are probably diversions present in the Mattole headwaters 

that we do not know of, this scenario is probably an underestimate of the actual effect.  

 

                                                           
6
 As it happens, Sanctuary Forest began its summer low flow monitoring program in 2004, and reported flows 

at which stretches of the Mattole River ran dry (SFI Options and Obstacles, 2004). 
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Figure 23. Unimpaired and impaired hydrographs for normal year at MS6 (detail), Scenario 2 

 

In sum, both methods suggest that diversions have meaningful impacts in summer, but are likely not 

great enough to measurably impair flow through most of winter.  

4 Streamflow Recommendations 

As part of the Coastal Streamflow Stewardship Project, TU commissioned McBain & Trush to 

prepare a site specific Instream Flow Needs (IFN) assessment to clarify habitat-flow relationships for 

purposes of defining flow thresholds to inform water diversions. McBain & Trush prepared a study 

plan jointly with TU, CEMAR, SFI, DFG (now DFW), and NMFS, and we discussed the approach with 

SWRCB. (See Study Plan for Evaluating Instream Flow Needs in the Southern Mattole River Sub-Basin 

Prepared for TU and DFG by McBain & Trush, April 14, 2011.)  

As declining baseflow transitions from early-May into mid-October, the headwaters of the Mattole 

River watershed can transition from being a hospitable environment for rearing juvenile salmonids 

to an inhospitable, or even lethal, environment. The transition from productive to fair habitat 

conditions occurs naturally, depending on water year. Under natural conditions, a steelhead or coho 

salmon grows well earlier in the year, then transitions to a period of maintenance, and finally a 

period of survival as flow gets low. Periods of poor conditions have lengthened in duration and 

intensified as a result of cumulative effects from multiple streamflow diversions and other land use 

practices. In other words, there is a shorter good period and a longer stressful period, and there is a 

greater likelihood that the river will become disconnected or dry up altogether.  
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The purpose of this Streamflow Improvement Plan is to describe water management changes that 

can, hopefully, prevent disconnectivity in all but the very worst water years, increase the number of 

days with good conditions, and reduce the number of days with stressful conditions.  

The central purpose of the Instream Flow Needs assessment was to quantify instream flow needs for 

anadromous salmonids from early-May into mid-October. This data is needed to submit water right 

applications for specific water conservation projects and to devise a comprehensive basin-wide 

diversion strategy to restore natural streamflow as part of this Streamflow Improvement Plan. 

4.1 Study Reaches  

The IFN study area is the Mattole Headwaters. We selected four study reaches for the IFN 

assessment. We selected the reaches mainly because they correspond to areas with high quality 

habitat and potential water savings projects that will need new water rights and Streambed 

Alteration Agreements. The reaches—three mainstem and one on Thompson Creek—also establish 

upper and lower study boundaries for the Upper Mattole River Sub-basin study (i.e., how much 

streamflow enters and how much exits) and accommodate known gaining and losing mainstem 

reaches. 

The study reaches were: 

 Junction Study Site: The mainstem Junction Study Site starts approximately 1200 feet 

upstream from the confluence of Mckee Creek and the Mattole River, just south of Thorn 

Junction. There is a box car bridge and access to Rd A at the downstream end of Junction 

Study Site. This mainstem study site continues 1560 feet upstream and has a sequence of 

seven hydraulic units. (Hydraulic units are naturally delineated by an upstream and a 

downstream riffle crest [see McBain & Trush 2012, Section 3.2].) 

 Whitethorn Study Site: The middle mainstem Study Site near Whitethorn starts 

approximately 300 feet downstream from the confluence of Gibson Creek and the Mattole 

River. Schafer Bridge, at the downstream end of the site, can be accessed approximately ¼ 

mile north of Whitethorn Elementary School. The Study Site continues 1830 feet upstream 

and has a sequence of eight hydraulic units. During summer this reach often experiences 

losing streamflow.  

 Upper Mainstem Study Site: The upper mainstem Study Site starts approximately 950 feet 

upstream of the entrance to the retreat complex near Thompson Creek and 1700 feet 

downstream from Thompson Creek.  

 Thompson Creek Study Site: The Thompson Creek Study Site begins at Thompson Creek’s 

confluence with the mainstem Mattole River and extends 600 feet upstream. The Thompson 

Creek watershed is 3.7 square miles and the Mattole River Sub-Basin upstream of Thompson 
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Creek has a drainage area of 5.8 square miles. This confluence changes the mainstem’s 

downstream stream order from 3 to 4.  

 

Figure 24. Instream Flow Needs Study Sites 

 

4.2 Study Approach 

We are primarily interested in quantifying the effect of diversions during the period when flow 

recedes from the rainy season toward the dry season, and the low flow months. This time is roughly 

early May to mid-October in the Mattole Headwaters. We asked McBain & Trush to identify flow 

“thresholds” that could help inform water diversion decisions. In an instream flow (ISF) study the 

term “threshold” is used to imply a significant change in habitat or ecological function as a direct 

response to a small change in streamflow. 

McBain & Trush identified three temporal phases of juvenile salmonid rearing and growth during the 

spring recession hydrograph: (1) highly productive (called “Excellent” in the IFN study), (2) 

maintenance (called “Good”), and (3) survival (called “Fair”). Streamflow below the Fair threshold is 
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called Summer Low Flow. A fourth streamflow threshold, Connectivity, exists when streamflow 

becomes intermittent.  

From mid-March to mid-May, juvenile salmonids and pre-smolts/smolts need to grow rapidly when 

riffle habitat with high benthic macroinvertebrate productivity (BMI) is abundant, low water 

temperatures favor growth of fish and macroinvertebrates, and physical rearing habitat is abundant 

and diverse. From early June through mid-July (depending on the water year (WY) type), juvenile 

salmonids must at least maintain their weight and health as riffles shift from being productive to 

simply maintaining BMI biomass and rearing habitat begins to be confined to pools/runs because 

riffles are becoming too shallow and losing complexity. Beginning late July to late August (again, 

depending on the WY type) and lasting through early October, resident juveniles must survive the 

considerably more adverse conditions of the Summer Low Flow period. During the Summer Low 

Flow period, streamflow through the riffles can go sub-surface, effectively isolating pools with no 

chance of escape, resulting in shrinking habitat area, scarce prey, and higher water temperatures 

that demand even greater food consumption to maintain weight. Some mainstem segments may 

dry up entirely. 

The IFN assessment’s primary goal was to identify the instream flow threshold for the Summer Low 

Flow period (when streamflow recedes below the “Fair” threshold) in the Mattole Headwaters. 

Streamflow less than this low-flow threshold will be highly stressful and will result in poor to 

negative growth, higher risks from disease, predation, shrinking habitat area, and heightened 

competition for limited food. Extended durations with streamflow in the Summer Low Flow period 

will substantially decrease chances of a juvenile salmonid surviving the summer.  

Survival through the Summer Low Flow period will also depend on a juvenile’s condition and health 

upon entering the Summer Low Flow period. Cumulative diversions during receding baseflow 

leading up to the Summer Low Flow period could still degrade juvenile rearing habitat and lower 

overall stream productivity. From a management perspective, cumulative diversions during the 

Summer Low Flow period could be curtailed, but juvenile success would still be compromised if 

cumulative diversions earlier in the year were significant. A secondary study goal, therefore, was to 

identify streamflow thresholds higher than Summer Low Flow, but below which diversions would 

likely affect juveniles’ chances of surviving the Summer Low Flow period.   

Finally, recession streamflow may begin when adult steelhead are still spawning, particularly in drier 

water years. A third study goal, therefore, was to estimate streamflow thresholds for spawning 

habitat availability. Collectively, these streamflow thresholds will be used to develop a cumulative 

diversion strategy for the Mattole Southern Sub-Basin that will be accepted by the Department of 

Fish and Game, State Water Resources Control Board and other state/federal resource agencies. 

Summary of IFN Study Goals: 

 Study Goal No. 1 - Estimate the instream flow threshold for the transition from Fair 

conditions to the Summer Low Flow period in the Mattole Headwaters. 
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 Study Goal No. 2 – Estimate instream flow thresholds below which diversions would likely 

affect a juvenile’s chances of surviving the Summer Low Flow period in the Mattole 

Headwaters. 

 Study Goal No. 3 – Estimate streamflow thresholds for adult spawning habitat availability in 

the Mattole Headwaters. 

McBain & Trush identified instream flow thresholds for juvenile rearing and adult spawning in each 

hydraulic unit of each study site. They used four parameters to rate the hydraulic units as Excellent, 

Good, or Fair for juvenile salmonid rearing conditions in each hydraulic unit: (1) rearing habitat 

abundance and (2) quality, (3) benthic macroinvertebrate (BMI) habitat productivity, and (4) 

connectivity via the riffles (upstream and downstream) to adjacent hydraulic units. In addition a 

subset of hydraulic units was identified which contained instream wood and log jams typical of good 

1+ coho rearing habitat. In each of these hydraulic units, they identified a Good instream flow 

threshold specifically for rearing 1+ coho as a supplement to Study Goal #2. 

They measured Hydraulic Habitat Thresholds (HHTs) to identify instream flow thresholds for each of 

the four parameters of juvenile rearing, and they also used the Wetted Perimeter Method. HHTs 

rely on a small set of physical variables such as depth and velocity to quantify habitat for a given 

species and life-stage. Like other ISN methods, HHTs employ suitability criteria to quantify habitat 

abundance. In an HHT study, the relationships between streamflow and suitability criteria are 

quantified at specific, ecologically relevant locations and/or cross-sections within each hydraulic 

unit.   

Hydraulic Habitat Thresholds (HHTs) were used to rate juvenile habitat conditions as Excellent, 

Good, or Fair in each hydraulic unit. Five primary monitoring locations and a minimum of one cross 

section were used to identify flow thresholds for HHTs in each Hydraulic Unit. In addition, up to 5 

monumented pins were placed in each hydraulic unit at selected juvenile rearing locations to 

supplement observations from the primary HHTs. They established physical suitability criteria for 

each HHT monitoring location to identify flow thresholds. The analytical method for this study was 

to use physical criteria at each HHT to develop instream flow thresholds for each hydraulic unit, and 

through a continuity assessment use the individual HU thresholds to identify reach based thresholds 

for each study site. In order to meet stated goals, three parameters of habitat were considered: 

abundance, quality, and BMI productivity. They assessed these at every hydraulic unit within each of 

the four study sites. To meet Study Goal No. 3 spawning preference criteria were applied to HHTs in 

the pool ramp (tail) and Riffle Crest Thalweg.   
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Figure 25. Schematic of Hydaulic Unit showing core and supplementary HHTs 

The following tables include some of the physical habitats and monitoring locations, and the 

suitability criteria used for the McBain & Trush IFN assessment, for illustrative purposes. Please 

consult the IFN study (attached as Appendix A to this SIP) for the complete set.  

Table 2. Physical habitats and HHT monitoring locations 

Physical Habitat  Habitat Monitoring Locations Abbreviation Monitoring Method 

Juvenile Riffle Rearing 

Riffle Crest Thalweg RCT Single Point 

Riffle Tail  RT Single Point 

Riffle Minimum Depth RF min Multiple Points 

Juvenile Pool Rearing 
Pool  PM Single Point 

Pool Ramp PR Single Point 

Adult Spawning 
Riffle Crest Thalweg RCT Single Point 

Pool Ramp PR Single Point 

Benthic Macroinvertebrate BMI Riffle Cross-Section BMI XS 
% of Active Channel 

Width at XS 
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Table 3. HHT Criteria for juvenile rearing habitat and BMI productivity 

 
 

4.3 Results: Habitat-Flow Relationships 

This study produced instream flow thresholds for Excellent, Good, and Fair juvenile rearing habitat 

and adult spawning habitat at each study site. Hydraulic habitat threshold data and BMI productivity 

data were used to develop these thresholds.  

In addition, the team performed a Wetted Perimeter threshold analysis as another means to 

address some of the same questions, and provide points of comparison between HHTs and common 

IFN assessment methods. McBain & Trush also identified spawning thresholds for each hydraulic 

unit with spawning habitat. 

McBain & Trush prepared a continuity assessment of multiple hydraulic units to describe reach-

based thresholds at each study site. They presented the continuous progression of habitat 

conditions along each reach as streamflow increases. They gave each hydraulic unit a marker to 

represent the habitat rating it provided at a given flow. They assessed habitat abundance and 

quality together as “habitat” and BMI productivity as “productivity.” If an hydraulic unit provided 

Fair habitat, but less than Fair BMI riffle habitat the marker was represented as a hash, with the Fair 

color as the background. An example figure for one of the Junction Study Site follows. 

 

Rating 
Riffle Crest 

Thalweg 
Riffle 

Connectivity Riffle Tail  

Pool 
Maximum 

Depth 
Pool/Run  

Ramp 

BMI 
Cross-

Section 

EXCELLENT Velocity > 1.5 fps Depth > 0.15 ft 
Velocity > 

1.5 fps 
Velocity > 

0.5 fps 
Velocity > 

1.0 fps 

80% > 0.5 
fps & 

50 % > 1.5 
fps 

GOOD Velocity > 1.0 fps Depth > 0.15 ft 
Velocity > 

1.0 fps 
Velocity > 

0.3 fps 
Velocity > 

0.5 fps 

50% > 0.5 
fps & 

30 % > 1.5 
fps 

FAIR 
Velocity > 0.5 fps 

& 
Depth > 0.15 ft 

Depth > 0.15 ft 
Velocity > 

0.5 fps 
Velocity > 

0.2 fps 
Velocity > 

0.3 fps 
10% > 0.5 

fps 

SUMMER 
LOW FLOW 

Velocity < 0.5 fps 
& 

Depth < 0.15 ft 
Depth < 0.15 ft 

Velocity < 
0.5 fps 

Velocity < 
0.2 fps 

Velocity < 
0.3 fps 

Less than 
10% > 0.5 

fps 
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Figure 26. Junction Study Site: Continuity assessment for juvenile salmonid rearing habitat 

conditions 

 

McBain & Trush also established spawning thresholds on hydraulic units with spawning habitat, 

determining the minimum flow threshold that produces spawning habitat and a second threshold 

for good spawning habitat. (See IFN assessment Section 5.5 for more information.) 

The results of the analysis included thresholds for the transition from Excellent to Good juvenile 

rearing habitat, for the transition from Good to Fair, for the drop from Fair to Summer Low Flow, 

and for spawning habitat using several methods.  

The primary study goal (Study Goal No. 1) was to estimate a threshold streamflow for the onset of 

the Summer Low Flow period in the Mattole River at our four study sites from the confluence of 

Thompson Creek downstream to Thorn Junction. The threshold streamflow for the onset of the 

Summer Low Flow for each study site is shown in the top row of the following table. For instance, 

this threshold is 5 cubic feet per second at the Junction Study Site, which corresponds to MS6. 

Connectivity at this site is 0.7 cubic feet per second.  
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Table 4. Streamflow thresholds for juvenile and smolt rearing and adult spawning for Mattole 

 

As discussed above, McBain & Trush also identified a streamflow threshold for Good 1+ coho rearing 

habitat in five hydraulic units. Streamflow thresholds for coho rearing habitat were estimated from 

rating curves following the same methodology as all HHTs. These thresholds are provided as a 

supplement to the thresholds identified from the continuity assessment for Study Goals #1 and #2. 

Streamflow thresholds for Good 1+ coho rearing habitat do not incorporate productive BMI habitat 

and thus are not included in the continuity assessment, however the Good 1+ coho thresholds are 

useful as a supplement to the general streamflow thresholds for rearing juvenile salmonids.  

Table 5. Instream flow thresholds for 1+ coho rearing habitat 

 

Study Site Hydraulic Unit 
Estimated Streamflow Threshold for GOOD 1+ 

Coho Rearing (cfs).* 

Junction 3 6.5 

Junction 7 20 

Junction 8 6 

Shafer 6 6.5 

Upper Mainstem 3 4.5 

 
 
 
 
 

Streamflow Thresholds Study Goals Junction Whitethorn Upper 
Mainstem 

Thompson 
Creek 

FAIR Juvenile Rearing 
Habitat 

1 5 cfs 4 cfs 2 cfs 1.5 cfs 

GOOD Juvenile Rearing 
Habitat 

2 9 cfs 8 cfs 5 cfs 3 cfs 

Excellent Juvenile Rearing 
Habitat 

2 23 cfs 15 cfs 10 cfs 7 cfs 

Wetted Perimeter Median 
Incipient Asymptote 

 7.2 cfs 4.4 cfs 2.5 cfs 1 cfs 

Juvenile HU Connectivity  0.7 cfs 0.5 cfs 0.5 cfs 0.25 cfs 

Minimum Spawning 
Habitat QSmin 

3 16 cfs 10 cfs 7 cfs 8 cfs 

Minimum preferred 
Spawning Habitat 
QSminpreferred 

3 41 cfs 29 cfs 25 cfs 14 cfs 
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Table 6. Observed streamflows at each Study Site 

Site 5/23/2011 6/22/2011 7/20/2011 8/17/2011 9/14/2011 2/3/2012 2/23/2012 

Junction  20.0 15.3 7.2 2.8 0.96 62 44 

Schaefer 11.2 8.6 4.4 1.4 0.57 37 26 

Abbey  5.3 2.5 1.4 0.56 26 16 

Thompson  2.6 1 0.45 0.46 10 7.6 

 

Study Goal No. 2 was to identify thresholds above the transition to Summer Low Flow that could 

make juvenile rearing habitat conditions vulnerable to cumulative diversions. McBain & Trush used 

the thresholds for Good and Excellent for Study Goal No. 2. The streamflow thresholds for Good 

rearing habitat for juveniles establishes a window of receding baseflow (between Good and Fair) 

that could make juvenile rearing habitat conditions particularly vulnerable to cumulative diversions. 

(The Good threshold is 9 cubic feet per second at the Junction Site.) This window should figure 

prominently into any cumulative diversion plan. 

Similarly, the streamflow threshold between Excellent and Good rearing habitat establishes a 

window of receding baseflow occurring earlier in recession hydrograph that could make smolt 

rearing habitat conditions vulnerable to diversions. (This threshold for Excellent juvenile habitat is 

23 cubic feet per second at the Junction Site.) 

Study Goal No. 3 was to estimate streamflow thresholds for spawning habitat availability in each 

study site. They identified two spawning thresholds Minimum Spawning Habitat and Good Spawning 

Habitat. These findings are represented for each study site in the bottom two rows of Table 4 above.  

The window of time when flow is above both the Excellent threshold for rearing habitat and within 

the thresholds for spawning would be the best time to fill tanks and offstream ponds, because the 

river can tolerate a higher cumulative diversion rate. Water diversions that take place when 

streamflow is above that threshold would have lower effects on juvenile rearing habitat. 

4.4 Streamflow Recommendations  

The Instream Flow Need assessment informs the diversion schedules we recommend as part of the 

overall a shift away from direct diversions to diversions to storage. As of the publication date of this 

version of the SIP, April 2013, the streamflow recommendations that follow remain under 

discussion with DFW, SWRCB, NMFS, and our landowner partners. They are not final. 

To develop a water diversion regimen that respects the natural hydrograph, there are two essential 

variables: the rate of diversion that is allowed and the amount of water that exists. In general, the 

greater the streamflow that exists in the river, the greater the cumulative rate of diversion can be. 

This suggests that the ideal diversion scheme would have a variable rate of diversion. Indeed, 

maximum diversion rates are sometimes expressed as a percentage of flow; the higher the flow the 

greater the rate of diversion allowed. For instance, the North Coast Instream Flow Policy sets a 
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“regionally protective” criterion for Maximum Cumulative Diversion at 5 percent of the 1.5 year 

return flow. And DFW sometimes uses a rule of thumb in coastal streams that instantaneous rates of 

diversion should not exceed 10 percent of flow. 

Variable diversion rates can be achieved in several ways. A single landowner might have a variable 

pump, or use a choice of one or two pumps depending on streamflow. For the Mattole River, a 

potentially more powerful way to vary diversion rates is to rotate diversions as streamflow recedes. 

If only one diversion is operating at a time, the instantaneous rate of diversion could be as low as 10 

gallons per minute (0.022 cubic feet per second). The more local storage that exists the better the 

rotation schedule can be. Under the Tanks and Forbearance program, landowners currently begin 

rotations at 5 cubic feet per second. (For additional analysis on the benefits of rotations, see Section 

5, below.) 

With regard to the second variable, the amount of water that is available, it makes sense to divert 

water when flow is above key thresholds. The overall objective is to reduce the stressful times, 

eliminate the deadly times wherever possible, and shift diversions to those times when flow is 

higher and the diversions will have less effect. An example figure for the Junction reach shows the 

challenge.

 

Figure 27. Results: Spring through early fall recession hydrographs at the Junction Study Site 
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(For WY2002 through WY2011 with streamflow thresholds for Excellent, Good, and Fair juvenile 

rearing habitat conditions. Streamflow modeled by CEMAR.) 

 

A review of the recession hydrographs in Figure 27 together with the maximum cumulative diversion 

rates discussed in Section 3 establishes immediately that turning off all of the diversions would not 

prevent streamflow from receding into stressful “Summer Low Flow.”  

It is also apparent that human demand will not greatly affect the amount of time that flow remains 

in the “Excellent” rearing range (23 cubic feet per second at MS6) and or provide “preferred” 

spawning (41 cubic feet per second at MS6). In water year 2010, for example, operating all Mattole 

Headwaters diversions at once at their maximum capacity would only decrease the number of days 

with flows at 23 cfs by 5 days. Actual impacts according to a more realistic operating scenario would 

be much smaller.  

It is certainly possible, however, for human demand to make a big impact at lower flows. Water 

diversions can easily be the difference between stressful and deadly, for example. It is also possible, 

given the slope of the descending hydrograph, for human demand to affect the amount of time 

where fish see “Good” rather than “Fair” habitat and to affect the amount of time with “Fair” 

habitat rather than poor “Summer Low Flow” habitat. 

Given enough time and money it might eventually be possible to construct sufficient storage for 

landowners to forego all diversions when flow is less than, 9 cubic feet per second (“Good” rearing 

habitat) or even 23 cubic feet per second (“Excellent” rearing habitat) at MS6. But doing so could 

double the amount of storage needed for each participant relative to the current practice of ceasing 

diversions at 0.7 cubic feet per second, because those flows are reached 2-3 months sooner in the 

year. Six months of storage for drinking water might also require more costly treatment methods. 

At the margin, there is a trade-off between using a given amount of funding for tanks to bring 

another participant into the program (to forbear for three months and join the rotation schedule) 

and using the same funding to extend a current participant’s forbearance period (to six months).  

Adding a new participant would reduce the cumulative rate of diversion during the current 

forbearance period of 0.7 cubic feet per second, whereas extending a current participant’s 

forbearance period would not. And because rotations are possible, adding a new participant to the 

rotation program could have virtually the same effect as doubling a current participant’s storage.  

Given this trade-off, the most cost effective way to improve streamflow at the habitat thresholds we 

have identified is to use new storage to bring new participants into the program, and to rely on an 

aggressive rotation schedule to prolong the period of time with flow in Good or Fair conditions and 

reduce the amount of time with streamflow in the Summer Low Flow period.  
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Our basic streamflow recommendations (subject to consultation with DFW, NMFS, and SWRCB) 

are therefore as follows: 

 Encourage people to top off their storage tanks and ponds when flow is above the 

threshold for Excellent rearing habitat (i.e., greater than 23 cubic feet per second at the 

Junction Site, MS6) even if individual users need to increase their instantaneous rate of 

diversion to do it.7  

 Allow diversions to refill tanks when flow drops below the threshold for Excellent rearing 

(i.e., 23 cubic feet per second at MS6). 

 To the extent landowners construct offstream ponds for irrigation water, evaluate the 

potential to divert only when flow is greater than 23 cubic feet per second. This would 

require sizing the pond sufficiently large so as to not require refills. If that is not possible, 

consider establishing a variable rate of diversion with a lower rate of diversions when flow 

is below 23 cubic feet per second. 

 Begin rotations when flow is higher than the Good habitat threshold (i.e., greater than 9 

cubic feet per second at the Junction Site, MS6) in order to prolong the time in Good and 

in Fair before dropping into Summer Low Flow. (For comparison, the current Tanks and 

Forbearance rotation trigger is 5 cubic feet per second at MS6.)  

 Cease diversions when flow reaches the Disconnectivity threshold (i.e., 0.7 cubic feet per 

second at MS6). (This is the same trigger for forbearance as exists in the current program.) 

Additional, more specific management recommendations, including recommendations for particular 

projects, appear in Section 5.  

4.4.1 Comparison of Site Specific Study to North Coast Instream Flow Policy Regional Criteria 

The North Coast Instream Flow Policy defines several methods for calculating water right conditions 

for the protection of salmon and steelhead. Section 2.1 of the Policy states that “applicants may 

choose to implement the policy principles through the regionally protective criteria described in 

section 2.2.1 below, or the protective site-specific criteria described in section 2.2.2.” The method 

we propose to use for the projects recommended in this Streamflow Improvement Plan utilizes 

protective site specific criteria developed through the site specific IFN assessment.  

Nevertheless, it may also be instructive to compare the site specific instream flow recommendations 

presented above to recommendations that would exist using other methods allowed by the Policy. 

For water right applicants that do not conduct site-specific studies, the Policy defines “Regionally 

                                                           
7
 There are different thresholds in different reaches. For illustrative purposes, the SIP use the MS6 numbers in 

this section. Diversions in other parts of the watershed would use the thresholds for the nearest downstream 
reach. For compliance purposes, a permit’s instream flow terms may refer to streamflows at MS6 (as is 
currently the case with most Tanks and Forbearance diverters) or to other gauge locations. 
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Protective Criteria,” which are formulas for Season of Diversion, Maximum Cumulative Diversion 

(MCD), Bypass Flows that SWRCB has determined will be protective of aquatic resources across the 

entire policy region ranging from San Francisco Bay to the Mattole River.  

The regional criteria include a diversion season of December 15 through March 31. For streams 

capable of supporting anadromous salmonids, the regional criteria include a maximum cumulative 

rate of diversion from a stream is established as five percent of the 1.5-year instantaneous peak 

flow. Diversions must provide allow for a minimum bypass that allows upstream salmon and 

steelhead migration and spawning as defined in the policy.  

The methods for determining the maximum cumulative rate of diversion specify using historical 

streamflow data to find the 1.5-year peak flow and scaling the 1.5-year event from the gauge site 

location to a desired point of diversion. Based on Ettersburg data, five percent of the 1.5-year peak 

flow at MS6 is 120 cubic feet per second; based on Petrolia data, five percent of the 1.5-year peak 

flow is 143 cubic feet per second. This suggests the Policy would allow up to 120 cubic feet per 

second of maximum cumulative diversion upstream of Thorn Junction. Water rights data indicate 

the current cumulative rate of diversion upstream of Thorn Junction through the winter diversion 

season using Policy methods and water rights currently on record at SWRCB is 0.72 cubic feet per 

second. Using Policy criteria, the maximum cumulative diversion rate in the Mattole has not been 

reached.  

The suggested methods for determining the bypass flow in the Policy rely on an equation using the 

average annual flow from a USGS streamflow gauge. For streams capable of supporting anadromous 

salmonids with catchment area up to 327 mi2, the recommended equation is 

 

Equation 2. 

where Qmbf is the minimum bypass flow that must be exceeded for a diversion to operate, Qavg is the 

average discharge estimated for the particular location over the period of record, and drainage area 

is the total catchment area upstream of the proposed point of diversion.  

Using this equation, the minimum bypass flow at MS6 would be 255 cubic feet per second based on 

data from Petrolia and 250 cubic feet per second based on Ettersburg data (Table 7). 
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Table 7. Streamflow statistics for instream flow protections using equations recommended by 

SWRCB 

 
 USGS Mattole at 

Ettersburg 11468900 
USGS Mattole at Petrolia 
11469000 

Watershed area, mi2 70.1 245 

1.5-year peak flow, cubic feet per second 6,650 27,900 

1.5-year peak, scaled to MS6, cubic feet per second 2,380 2,860 

5% of 1.5-year peak flow at MS6, cubic feet per second 120 143 

   

Average annual flow, cubic feet per second 362 1,300 

Average annual flow, scaled to MS6, cubic feet per 
second 

129 132 

Qmbf, cubic feet per second 250 255 

   

Median February flow, cubic feet per second 426 1,600 

Median February flow, scaled to MS6, cubic feet per 
second 

153 164 

 

It makes sense that the Regionally Protective Criteria bypass flow equation would overestimate the 

flow actually needed for spawning in the Mattole Headwaters, for several reasons. Most obviously, 

the Regionally Protective Criteria are intentionally conservative. In addition, the Mattole River 

receives greater discharge per watershed area, and more discharge later into the year, than other 

watersheds in the Policy area. Therefore, the annual discharge (Qave in the formula) is substantially 

greater at every point in the watershed than other Policy areas, and yields a proportionately larger 

bypass number. 

5 Diversion Management Plans 

5.1 Management Objectives 

The overall objective for the diversion management plan is to improve streamflow during the 

summer and fall months. More specifically, the objective is to extend the period from late spring 

and early summer when productivity is high, to delay the period when productivity drops into a 

range where coho are barely surviving (i.e., 5 cubic feet per second at MS6), and to eliminate times 

when the stream becomes disconnected (as it drops to around 0.7 cubic feet per second). The 

length of time in the productive period, the intermediate period, and the unproductive period will 

vary depending on water year, but the recommendations below can decrease the number of bad 

days—and increase the number of good days—in every type of year.  

5.2 Management Recommendations 

The primary means by which the people who live and work in the Mattole River Headwaters can 

meet the management objectives is by adding water storage. This will allow people to shift demand 



Mattole River Headwaters                                                                   Streamflow Improvement Plan 

 

 

  
Page 70 

 

CEMAR Trout Unlimited 

from the drier months to the wetter months. Additional recommendations include a larger degree 

of “rotation” among water users (i.e., taking turns with their pumps to reduce instantaneous 

demand); greater water use efficiency; and testing of means to increase water retention in the 

surrounding landscape as a way to improve late season runoff. These recommendations and others 

are described below. 

5.2.1 Storage and Forbearance for Larger Appropriative Water Users 

Trout Unlimited conducted a review of all recorded water rights in the Mattole headwaters. TU 

worked with Sanctuary Forest to “ground truth” the recorded water rights with actual information 

about water diversions collected by SFI in interviews with landowners over the years, and with 

hydrology and streamflow data collected by CEMAR and Sanctuary Forest’s consultant Randy Klein. 

We started with an evaluation of all of the seven relatively large water rights for non-residential 

water users, two farms and five institutions (called “institutional” water users in SFI documents). We 

also evaluated an eighth water user even though its source of day-to-day water is located on Bridge 

Creek (downstream of the coho recovery focus area) because it occasionally needs water for fire 

suppression, which sometimes entails emergency pumping from the Headwaters coho recovery 

area.8 We eliminated from further consideration two farms that have already developed storage and 

joined the forbearance program. 

We prioritized those property owners for detailed investigation. Following the investigation, the 

Streamflow Improvement Plan recommendation is that all of these diversions can be improved to 

add water storage and eliminate diversions during the driest months. Based on our conversations 

with these landowners, we believe this is achievable within five years. 

There are three property owners in the Headwaters who have diversions larger than the usual 

residential diversion, do not already have sufficient storage to forbear during the lowest flow 

season, and have appropriative water rights. (By contrast, residential water users rely almost 

exclusively on riparian rights in the Mattole Headwaters.) While these diversions are not “large” 

from a coastal standpoint (none are larger than 1 cubic feet per second) some are substantially 

larger than the other known Mattole water diversions.  

One priority diversion is located near the confluence of Thompson Creek and the Mattole River. The 

property owner operates a mixed use retreat that needs water for both indoor potable use and 

outdoor irrigation. SFI and TU are in discussions with this landowner, and we are currently preparing 

a range of options for improving water supply and reducing diversions during the low flow season. 

While we do not yet know the precise form the project is likely to take, we are very optimistic that 

                                                           
8
 As noted in Section 2, there is another relatively large water right downstream of Bridge Creek. It is included 

in our cumulative effects analysis but not addressed in the SIP recommendations. This is because it has 
significant offstream storage and it is located downstream of habitat that can support coho rearing in the near 
future.  
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there will be options that make good sense from the landowner’s point of view and from an 

ecological point of view. The SIP recommendation is that SFI and TU continue those discussions and 

assist the landowner as necessary to complete the project, assuming a mutually advantageous 

project can be developed. 

The next priority diversion is the Whitethorn School, part of the Southern Humboldt Unified School 

District (SHUSD). It is located in Whitethorn. (In this SIP, we do not name private landowners, but we 

do name the public agencies. Our work with the SHUSD is a matter of public record.) The school uses 

a limited amount of water during summer for landscaping of ball fields and for occasional indoor 

use, and a larger amount of water when school returns—which is also typically the driest time of 

year. Adding water storage in tanks could markedly improve streamflow and create a meaningful 

benefit to the school’s water supply reliability. Due to the limited amount of storage currently 

present, the school is vulnerable to system failures and extremely low streamflow conditions that 

can make pumping impossible. Last year, SFI and TU briefed the USD board on the potential for 

streamflow and water supply benefits by adding 75,000 gallons of storage to the school’s 

waterworks, which would allow them to participate in the Tanks and Forbearance program using a 

refill rate of 10 gallons per minute. We received authorization to work with school staff to prepare 

designs and complete engineering on a potential project and to pursue funding to construct it. Since 

that time, we have secured the necessary funding. The SIP recommendation is to complete the 

Whitethorn School project. 

The final priority diversion in the headwaters is near Thorn Junction. Again, “large” is a relative term 

in the Mattole Headwaters. The water right is for only 3900 gallons per day, which would equate to 

only 0.006 cubic feet per second if spread perfectly over the day. The actual pump rate is about 20 

gallons per minute, or 0.044 cubic feet per second. Nevertheless, studies evaluating the Tanks and 

Forbearance program have shown that changing diversions much smaller than this can result in 

meaningful progress on a local scale, and are cumulatively important (SFI 2009; SFI 2011). This 

property owner uses water for indoor commercial use and a limited amount of outdoor landscaping. 

At present, the owner has a limited amount of regulatory water storage. TU and SFI have been 

developing project designs in connection with the landowner that could result in as much as 

340,000 gallons of storage in water tanks and allow the property owner to forgo water diversions 

during the driest months, using the same 10 gallons per minute refill rate as the residences who are 

part of the Tanks and Forbearance program. The SIP recommendation is to complete this project.  

Three other water users are not included within the first tier priority list, but require further 

investigation to determine if some improvements might be feasible.  

California Department of Forestry (CDF) also has an office in the Headwaters. CDF’s means of 

diversion is a 245 foot deep well, which has a greatly attenuated effect on streamflow if it has any 

effect at all. (See SFI Groundwater Report 2011.) With the well and the local storage available, CDF 

does not need more storage for its day-to-day operations. But CDF sometimes requires water for 

fire suppression. However, there is not adequate water storage in the vicinity of the Headwaters for 
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fire protection. When fires break out, firefighters have no choice but to pump from the river. The SIP 

recommendation is that SFI and TU work with CDF to investigate options to develop water storage 

for fire suppression at this location.  

California State Parks maintains an office and nursery in the Headwaters. The agency’s source of 

water is a spring, and it maintains about 80,000 gallons of water storage on the property. Because it 

has this storage, State Parks is a low priority. Nevertheless, we recommend that SFI and TU work 

with State Parks to confirm that there are not additional ways to improve conditions at this location. 

Finally, there is a Bureau of Land Management (BLM) office on Bridge Creek, which is just 

downstream of the Headwaters project area. BLM is installing water storage tanks so it can forbear 

during the low flow period. There may also be potential to work with BLM to develop water storage 

ponds for fire protection, which would reduce the potential need for the agency to draw water from 

the Mattole headwaters when fires occur. 

One other kind of water demand deserves mention. Maintenance for private residential and logging 

roads also requires occasional pumping from the river. These diversions are highly variable and we 

have not yet developed specific estimates of water demand for this purpose, but we have identified 

it as an area of further investigation.  

The analysis above covers all other known water right holders with demands greater than a typical 

residence. 

Summary of Recommendations: 

 Complete the first priority water storage and forbearance projects for all relatively large 

appropriative water right holders. 

o Prepare storage options for retreat; complete project assuming mutually 

beneficial project exists. 

o Complete Whitethorn School project. 

o Complete project for commercial landowner at Junction. 

 Investigate second priority projects. 

o Evaluate CDF and BLM offices for feasibility of water storage for fire protection. 

o Evaluate the potential to develop community water storage ponds for road 

maintenance and fire protection.  

o Confirm that State Parks diversions cannot be improved. 
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5.2.2 Residential Tanks and Forbearance Program 

There are 128 residences in the Mattole Headwaters. Of those, 109 pump directly from the stream 

(surface or via well), and 19 get water from springs. Almost all Mattole residents pump from surface 

water; only 3 are known to get water from wells. (SFI Groundwater Report 2011.)  

Sanctuary Forest has helped 12 residences enroll in the Tanks and Forbearance program, and is 

scheduled to complete another 9 projects in 2013. There are also a number of residences who have 

installed storage on their own and have diversion practices modeled on the Tanks and Forbearance 

program but are not official within the program. Sanctuary Forest believes it is realistic to get 90 or 

more (70 percent) of the 128 residences enrolled in the Tanks and Forbearance program or 

practicing equivalent storage and forbearance diversions, within 10 years. We agree, and adopt this 

as the recommendation for the SIP.  

Recommendation: 

 Recruit another 60 residences for a total of 90 to Tanks and Forbearance program or 

equivalent forbearance practices (this would equal 70 percent of the 128 residences). 

5.2.3 Rotations  

As noted above, a good way to reduce the effect of water diversions in a watershed with a large 

number of small diversions is for the landowners to rotate—that is, to take turns pumping. In the 

Mattole Headwaters, most pumps operate at 10 gallons per minute. But the average daily demand 

is estimated at about 700 gallons per day, which means the average rate of diversion for each 

location is only 0.5 gallons per minute. Clearly, most pumps are turned off far more frequently than 

they are turned on. Left to landowners’ own devices, most pumps would not be on at the same 

time, but they would tend to cluster together during waking hours and when outdoor landscaping is 

needed.  

The potential to reduce instantaneous demand by rotating diversions is obvious. If all of the 

Headwaters pumps were turned on at the same time, the cumulative instantaneous rate of 

diversion could be as high as 3.2 cubic feet per second.9 By rotating diversions, the instantaneous 

rate of diversion could be as low as one pump, typically 10 gallons per minute (0.022 cubic feet per 

second). It might be possible to use even slower pumps and reduce the rate of diversion further.  

In addition, landowners with very limited storage also need to run their pumps more frequently 

than landowners with larger tanks. As more landowners gain seasonal storage by installing large 

                                                           
9
 See Section 3.2. As stated there, this calculation over-simplifies the reach-scale impact because it is never the 

case that all pumps operate continuously at their maximum allowable capacity, and it also fails to account for 
the geographic spread of diversions (a diversion in one location will become manifest at different times 
downstream so they would all have to run for a longer time than is realistic to be felt at once at the 
downstream boundary). 
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tanks, the potential to reduce the effects of water diversion increases because longer rotations are 

possible.  

Sanctuary Forest’s Tanks and Forbearance program already utilizes a rotation system for landowners 

enrolled in the program, which begins when streamflow reaches 5 cubic feet per second at the 

downstream gauge. By then, each tank will be full, and pumps run only to refill tanks as storage 

drops. At the same time, all participating diversions are limited to a maximum pump rate of 11 

gallons per minute. When streamflow at Thorn Junction reaches 0.7 cubic feet per second, all 

landowners stop diverting from the stream and rely exclusively on stored water. This forbearance 

period can last from several weeks to several months, depending on water year. 

Consistent with the IFN assessment presented in Section 3, above, the SIP recommendation is for SFI 

and the Department of Fish and Game to consider starting rotations through the Tanks and 

Forbearance program at 10 cubic feet per second at MS6, instead of 5 cubic feet per second, as a 

way to prolong the period before which streamflow drops below the 9 cubic feet per second 

threshold for Good rearing habitat, and the 5 cubic feet per second threshold between Fair 

conditions and the Summer Low Flow period. 

We also recommend that SFI, TU, CEMAR, and DFW evaluate the potential for the rotation program 

to include landowners that are not enrolled in the Tanks and Forbearance program as a way that 

willing landowners can contribute to streamflow improvement before they are able to install large 

storage tanks.  

Recommendations: 

 Begin rotations and pump rate restrictions at 10 cubic feet per second. 

 Expand the rotation and pump rate program, if possible, to include landowners who are 

not in the Tanks and Forbearance program. 

 Evaluate the potential to further optimize the existing rotation schedule. 

5.2.4 Conservation and Water Use Efficiency 

Sanctuary Forest surveys indicate that many landowners when they enter the program achieve 35-

50 percent reductions in water demand through water conservation and water use efficiency—i.e., 

either avoiding water using activities or meeting demand more efficiently (Tasha McKee, personal 

communication). The MRRP Coho Recovery Plan for the Mattole recommends that SFI and the other 

partners in the Mattole River and Range Partnership work to increase water use efficiency 

throughout the basin (MRRP 2011). We adopt that recommendation for this SIP.  

Improved conservation and water use efficiency has multiple benefits. For instance, it can allow 

some landowners to reduce storage requirements (reducing capital costs for new tanks). It can allow 

other landowners to use their storage for a longer period of forbearance. It represents another way 
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that landowners who have not yet added seasonal storage tanks can help improve streamflow. It 

saves energy costs for pumps. And it provides an extra measure of security to landowners because 

they can make a given amount of water go farther.  

Recommendation: 

 Work with Mattole Headwaters residents to improve water use efficiency by 35-50 

percent. 

5.2.5 Assign Unneeded Water to Fish and Wildlife Purposes 

Some landowners may have water rights that they wish to assign to fish and wildlife purposes. This 

is possible under California law and may be an option for landowners that reduce water demand via 

conservation or land use changes. Water Code Section 1707 allows consumptive water rights to be 

changed to water rights held for fish and wildlife purposes. The rights can then be held by the 

original landowner or donated to another party. We are aware of one landowner that may be 

interested an assignment of water rights via Section 1707. There may be others.  

The SIP recommendation is that TU and SFI work with this landowner and any others that approach 

us expressing interest in assigning all or part of their water right to instream fish and wildlife 

purposes to see if there is an assignment that makes sense for their circumstances.  

Recommendation: 

 Explore Section 1707 dedications for conserved water with willing partners. 

5.2.6 Wetland, Meadow, and Riparian Restoration for Recharge 

Sanctuary Forest, BLM, NMFS, and other partners are exploring ways to begin reversing the 

hydrologic alteration that has taken place in recent centuries as a result of human activity, which has 

made the Mattole Headwaters “flashier” than it was historically (MRRP 2011). Widespread logging 

led to erosion that reduced topsoil. The practice of removing Large Woody Debris contributed not 

only to a loss of in-stream habitat complexity but also to a loss of wetlands and off-channel habitat.  

Historically, patterns of channel entrenchment in the upper Mattole River were likely influenced by 

persistent, large woody debris accumulations. Periodic wood inputs clogged channels and these 

debris accumulations likely persisted for decades or longer. The debris jams locally elevated bed 

elevations, connected channels to adjacent floodplains, created seasonal wetlands and allowed fish 

access to important off-channel habitat. Topographic evidence of historic overflow channels and off 

channel ponds along lower Baker Creek, for instance, suggests the lower reach was at least partially 

connected to an extensive floodplain. A key cause of floodplain abandonment was likely the removal 

of large woody debris that occurred throughout the region as late as the 1980s. Debris removal 

efforts operated under the assumption that fish passage conditions would improve. Unfortunately, 
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these efforts failed to recognize the integral role that wood served in controlling channel form and 

function.  

Thus, removal of wood has resulted in substantive and long-lasting changes to the channel network. 

In-channel debris provided pools, cover, and locally controlled streambed elevations such that 

floodplains were frequently flooded. Debris removal resulted in a loss of floodplain connectivity and 

overall habitat simplification. Recruitment of adequately sized wood will take decades or longer to 

replicate functions that likely existed prior to the 1900s.  

In addition to the physical changes evident in the upper Mattole River, changes in the hydrologic 

regime have likely occurred in a similar fashion. Historic timber harvest resulted in regrowth of 

dense, hardwood dominated stands. These vigorous young stands consume more water than older 

forests and likely play a dominant role in reduced streamflow in the upper watershed (Jassal, et. al., 

2009). Furthermore, deeply incised channels dramatically reduce the volume of seasonal 

groundwater stored within the alluvial terraces. The reduced capacity for groundwater storage 

coupled with dense regrowth of vegetation following timber harvest are two major factors that have 

resulted in reduced late summer base streamflow.  

For all of these reasons, even what we commonly think of as “unimpaired” streamflow (those 

lacking human water diversions) are almost certainly not “unimpaired” in historic terms.  

Sanctuary Forest and its partners are currently pursuing pilot projects to restore wetlands and 

floodplain connectivity by placing large wood and through other means.  

Recommendation: 

 Pursue pilot projects, conduct pre- and post-project monitoring, assess results, and 

prepare a plan for long-term restoration of hydrologic processes. 

5.2.7 Fish Screens 

A 2004 DFG survey of the Mattole Headwaters mainstem found 50 pumps. All were observed to 

have screens, but most of them had a small surface area and do not meet current DFW criteria. The 

headwaters have not been surveyed, but pumps there can be expected to have a similar pattern. 

Participants in the Tanks and Forbearance are outfitted with DWF-compliant screens. Many are 

designed and fabricated by Sanctuary Forest in collaboration with DFW. 
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Figure 28. Sanctuary Forest Fish Screen 

 

Recommendation: 

 Continue outreach to landowners so that even those not in the Tanks and Forbearance 

program can purchase compliant screens.  

5.2.8 Emergency Water Supply 

The Mattole Headwaters lacks an emergency water supply. When landowners fall short (because of 

drought, failure of plumbing, or the like) the typical solution is to truck water from neighboring 

areas. The MRRP group recommends, and we concur, that the community should develop an 

emergency water supply for residents in or outside the Tanks and Forbearance program. It may be 

possible to invest in a shared backup supply or to develop a deep well for emergency purposes.  

Recommendation: 

 Develop emergency water supply and emergency response program: Develop plan for 

emergency water supply and response program; Install emergency water supply 

infrastructure; Implement emergency water supply and response program. 
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5.3 Permitting Considerations 

5.3.1 Current Permit Terms 

Under the existing Tanks and Forbearance program DFG established a series of permit terms in 

coordination with Sanctuary Forest. Participants fill their tanks during winter and spring, so they 

need to pump beyond that time only to refill their tanks. When flow recedes to 5 cubic feet per 

second as measured at the Thorn Junction gauge, participants rotate their diversions to decrease 

instantaneous demand on the stream. When flow recedes to 0.7 cubic feet per second as measured 

at the Thorn Junction gauge, which typically happens in July or August, participants stop refilling 

their tanks and depend on storage for the duration of the dry season, which can last another 110 

days or so.  

This operational schedule is incorporated into a series of permits and agreements. The permits 

include a Small Domestic Use registration (a form of water right that includes terms and conditions 

developed by DFW) and a Lake and Streambed Alteration Agreement from DFW under Fish and 

Game Code Section 1602. The agreements include a Forbearance Agreement that sets forth 

responsibilities as between Sanctuary Forest and the landowner. Among other things, SFI is 

responsible for streamflow monitoring and notifying the landowners when flow thresholds have 

been reached, and the landowner is responsible to pump according to the schedule. The 

Forbearance Agreement is a covenant that runs with the land, and it is recorded with the property 

records at the County.  

5.3.2 Potential Permit Terms 

In general, the permit terms established for the Tanks and Forbearance program are compatible 

with the IFN assessment conducted for this SIP and we have no major recommended changes. As 

noted above, we do suggest further investigation of several refinements, consistent with our 

recommendations above. In particular, we recommend that tanks and ponds be filled when flow 

exceeds levels for both Excellent rearing habitat (i.e., 23 cubic feet per second at MS6). We also 

recommend beginning the rotation at 10 cubic feet per second, as measured at MS6, rather than 5 

cubic feet per second, since productivity drops markedly at 9 cubic feet per second and again at 5 

cubic feet per second.  

We also recommend evaluation of a different set of standards for new developments. We believe it 

is logical to require new developments within the Mattole Headwaters to have stricter requirements 

for storage and forbearance than current residences with existing water rights. We suggest 2 cubic 

feet per second (at MS6) for consideration. Although there are public policy reasons to treat all 

diverters the same, there are countervailing reasons to require new developments to attain a higher 

standard than water users that were there first. Such arrangements have a strong basis in 

California’s prior appropriations system. If new developments do not cease diversions at levels 

higher than existing residents, then new development will have the effect of lengthening the 
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forbearance period (and potentially increasing storage costs) for existing water right holders. (See 

also Section 9 for more recommendations to guard against population growth in the headwaters.) 

Recommendation: 

 Consider permit terms for new developments that begin forbearance at 2 cubic feet per 

second (MS6) rather than 0.7 cubic feet per second, in order to protect existing water 

rights.  

5.3.3 Project Coordination  

Trout Unlimited and many others have argued that a watershed-wide approach to streamflow 

management can reduce costs for landowners while providing greater benefits to fish than the 

traditional approach of managing diversions in isolation from each other. (See, for example, TU’s 

joint comments with the wine industry for the North Coast Instream Flow Policy, 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/instream_flows/docs/comme

nts/johnson_roos_collins_att_3.pdf.) 

To its credit, the Tanks and Forbearance program has always taken such a basin-wide approach. 

Participants in the Tanks and Forbearance program share management objectives, operate 

diversions by reference to common gaging points, and rely on standard water right and Section 1602 

permit terms. This has reduced the cost of the program, simplified permitting, and strengthened the 

potential for all landowners to have meaningful effects in concert with their neighbors.  

The SIP recommendation is to continue and expand that cooperation. In particular, we recommend 

that Sanctuary Forest and DFW, with assistance from TU, evaluate a long term Section 1602 

agreement that adopts a watershed-wide approach and defines SFI’s and the individual landowners’ 

responsibilities, respectively. 

The SIP also recommends that SFI, TU, and other partners use the agreements and permits 

developed for the Mattole Headwaters as models for other landowners in other basins, subject to 

adaptation to meet local needs. See also the SIPs for Grape Creek, Little Arthur Creek, and San 

Gregorio Creek for specific adaptations of the watershed-wide approach. We also recommend the 

Pine Gulch Creek project in Marin County as an example. There, three landowners developed 

coordinated proposals for offstream farm ponds as an alternative to direct diversions, and their 

water right permits include a common streamflow objective at a common gauge.  

6 Results: Water Availability Analyses, Unimpaired, Impaired Hydrology with 

Streamflow Recommendations 

6.1 Impaired Flow, Annual Scale (using SWRCB/water code estimate of senior users) 

The State Water Resources Control Board uses two evaluations, each over a different time scale, to 

determine whether to grant an appropriation for surface water in northern coastal California.  The 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/instream_flows/docs/comments/johnson_roos_collins_att_3.pdf
http://www.waterboards.ca.gov/waterrights/water_issues/programs/instream_flows/docs/comments/johnson_roos_collins_att_3.pdf
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first evaluation is an analysis of whether there is sufficient water to allow additional appropriation 

over the diversion season, while ensuring new appropriations do not impede existing water rights 

holders (described in the Policy in Section B.2).  The second evaluation is a daily-scale comparison of 

impacts caused by existing water rights to added impacts caused by the proposed new diversion.  

Each of these analyses is similar to comparisons above in Section 3 but the process is outlined in 

more detail here.   

Seasonal-scale Water Supply Report. The first hydrologic analysis required to obtain a water right is 

a demonstration of unappropriated water in the watershed (referred to as a Water Supply Report in 

Appendix B.2.2 in the 2010 Policy).  This analysis is conducted by comparing the unimpaired water in 

the stream over a season of diversion to the potential demand by senior water right holders over 

the same period.  The unimpaired discharge is calculated following similar procedures as described 

above in Section 3.2: beginning with an estimate of unimpaired discharge based on USGS 

streamflow data scaled to a particular point of interest in the drainage network (derived for that 

particular location through scaling from USGS streamflow records by watershed area and average 

rainfall, as in Equation 1), the sum of water need expressed in terms of face value of water rights for 

all water rights upstream of that point of interest are subtracted to determine the amount of 

unappropriated water in the upstream watershed.   For a new proposed water right, this process of 

determining the amount of unappropriated water is repeated for each existing downstream water 

right along the “flow path” (the portion of the drainage network stretching from the proposed new 

water right in the downstream direction to the ocean).  As noted above in Section 3.2 (and as set 

forth in the North Coast Instream Flow Policy, Appendix B.2.1.4), only the portion of water right 

during the proposed diversion season is considered. 

For example, if a new diversion point were to be proposed on the Mattole River immediately 

downstream from the confluence of Thompson Creek, the Water Supply Report would include the 

volume of unimpaired discharge and the volume of water requested in water rights upstream for 

each water right in the mainstem Mattole River downstream of the Mattole/Thompson Creek 

confluence during the proposed diversion season for the new water right.  The data required for this 

analysis, for all those water rights downstream of the Thompson/Mattole confluence, are presented 

below. 
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Table 8. Determination of unappropriated water at existing water rights along the Mattole River 

flow path for all water rights below the confluence of the Mattole River with Thompson Creek 

during the period December 15-March 31 

 
Application 
ID 

Watershed 
area, acres 

Average 
annual 
precipitation 
upstream, 
inches 

Seasonal 
unimpaired 
flow 
volume, 
acre-feet 
(AF) 

Water 
right 
volume, 
AF, over 
diversion 
season 

Senior 
upstream 
water 
right 
volume, 
AF, 
during 
season 

Remaining 
impaired 
discharge, 
AF 

Remaining 
unappropriated 
water, AF 

A012768 7,080 70.8 36,280 17.02 19.37 36,260 99.95 

A014256 178,330 70.6 910,830 63.82 327.01 910,510 99.96 

A015116 147,070 70.2 746,920 31.42 234.24 746,680 99.97 

A015173 9,270 70.6 47,340 7.5 27.34 47,320 99.94 

A016654 136,020 70 688,730 28.75 198.64 688,530 99.97 

A016684 16,280 70.3 82,870 0.59 34.4 82,840 99.96 

A021859 161,080 70.8 825,450 1 257.37 825,190 99.97 

A022574 22,020 70 111,570 0.29 51.72 111,520 99.95 

A023936 9,280 70.3 47,200 0.32 29.37 47,170 99.94 

A030424 22,230 70.1 112,770 6.5 73.09 112,700 99.94 

D029833R 58,810 70.2 298,770 0.15 160.69 298,610 99.95 

D030598R 18,130 70.1 91,890 0.29 41.72 91,850 99.95 

D030604R 18,120 70.1 91,940 1.47 38.1 91,900 99.96 

D031643R 16,410 70.3 83,430 0.38 35.25 83,400 99.96 

D031687R 16,420 70.2 83,390 0.44 36.16 83,350 99.96 

D031711R 18,120 70.1 91,890 2.38 40.96 91,850 99.96 

D031712R 9,270 70.4 47,230 0.77 28.58 47,200 99.94 

D031766R 18,130 70 91,850 1.64 43.83 91,800 99.95 

D031768R 18,310 70 92,780 0.48 45.28 92,730 99.95 

S004939 159,430 70.5 813,510 9.55 250.29 813,260 99.97 

S014314 22,240 70.1 112,880 40.36 113.92 112,760 99.9 

S015410 13,640 70.4 69,460 0.73 33.34 69,420 99.95 

S016133 18,300 70 92,740 0.03 44.33 92,690 99.95 

S016169 12,490 70.3 63,510 0.1 29.84 63,480 99.95 

 

This analysis demonstrates that existing water rights comprise less than 1 percent of the discharge 

from December 15 through March 31: remaining unappropriated water is consistently greater than 

99 percent of the seasonal unimpaired discharge at all points of diversion in the watershed along 

the Mattole River flow path.  

If the analysis is converted to include data from the month of April (i.e., where discharge from April 

recorded at the Ettersburg gauge is scaled to all points of diversion along the flow path downstream 

of the Thompson Creek confluence, and then compared to the fraction of allocated water in those 

water rights in April), the fraction of water that is unappropriated is less, but is still more than 99 
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percent at all points of diversion.  Said another way, discharge in April is more than two orders of 

magnitude greater than water allocated in water rights in April.   

Table 9. Determination of unappropriated water at existing water rights along the Mattole River 

flow path for all water rights below the confluence of the Mattole River with Thompson Creek 

during the period April 1-April 30 

 
Application 
ID 

Watershed 
area, acres 

Average 
annual 
precipitation 
upstream, 
inches 

Seasonal 
unimpaired 
flow 
volume, 
acre-feet 
(AF) 

Water 
right 
volume, 
AF, over 
diversion 
season 

Senior 
upstream 
water 
right 
volume, 
AF, 
during 
season 

Remaining 
impaired 
discharge, 
AF 

Remaining 
unappropriated 
water, AF 

A012768 7,080 70.8 4,720 4.77 5.43 4,710 99.88 

A014256 178,330 70.6 118,480 17.89 91.68 118,390 99.92 

A015116 147,070 70.2 97,160 8.81 65.67 97,090 99.93 

A015173 9,270 70.6 6,160 2.1 7.66 6,150 99.88 

A016654 136,020 70 89,590 8.06 55.69 89,530 99.94 

A016684 16,280 70.3 10,780 0.16 9.64 10,770 99.91 

A021859 161,080 70.8 107,370 0.28 72.16 107,300 99.93 

A022574 22,020 70 14,510 0.08 14.5 14,500 99.90 

A023936 9,280 70.3 6,140 0.09 8.24 6,130 99.87 

A030424 22,230 70.1 14,670 1.82 20.49 14,650 99.86 

D029833R 58,810 70.2 38,860 0.04 45.05 38,820 99.88 

D030598R 18,130 70.1 11,950 0.08 11.7 11,940 99.90 

D030604R 18,120 70.1 11,960 0.41 10.68 11,950 99.91 

D031643R 16,410 70.3 10,850 0.11 9.88 10,840 99.91 

D031687R 16,420 70.2 10,850 0.12 10.14 10,840 99.91 

D031711R 18,120 70.1 11,950 0.67 11.48 11,940 99.90 

D031712R 9,270 70.4 6,140 0.22 8.01 6,140 99.87 

D031766R 18,130 70 11,950 0.46 12.29 11,930 99.90 

D031768R 18,310 70 12,070 0.14 12.7 12,060 99.89 

S004939 159,430 70.5 105,820 2.68 70.17 105,750 99.93 

S014314 22,240 70.1 14,680 11.32 31.94 14,650 99.78 

S015410 13,640 70.4 9,030 0.21 9.35 9,030 99.9 

S016133 18,300 70 12,060 0.01 12.43 12,050 99.9 

S016169 12,490 70.3 8,260 0 8.37 8,250 99.9 

 

The analysis yields similar results when evaluated for the month of May as well: in the fraction of 

discharge in May is far greater than the fraction of water allocated in upstream water rights for all 

points of diversion along the Mattole flow path.  The analyses here indicate that the fraction of 

discharge is less and less through the year (e.g., discharge in May is approximately 6 percent of 

discharge between December 15 and March 30), but the Mattole still carries much more water in 

the spring months than is claimed in water rights.  
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Table 10. Determination of unappropriated water at existing water rights along the Mattole River 

flow path for all water rights below the confluence of the Mattole River with Thompson Creek 

during the period May 1-May 31 

 
Application 
ID 

Watershed 
area, acres 

Average 
annual 
precipitation 
upstream, 
inches 

Seasonal 
unimpaired 
flow 
volume, 
acre-feet 
(AF) 

Water 
right 
volume, 
AF, over 
diversion 
season 

Senior 
upstream 
water 
right 
volume, 
AF, 
during 
season 

Remaining 
impaired 
discharge, 
AF 

Remaining 
unappropriated 
water, AF 

A012768 7,080 70.8 2,330 4.93 5.61 2,320 99.76 

A014256 178,330 70.6 5,900 0.47 12.73 5,880 99.78 

A015116 147,070 70.2 3,030 0.22 8.28 3,020 99.73 

A015173 9,270 70.6 3,040 2.17 7.92 3,030 99.74 

A016654 136,020 70 5,950 0.01 12.88 5,940 99.78 

A016684 16,280 70.3 7,240 1.88 21.21 7,220 99.71 

A021859 161,080 70.8 5,900 0.69 11.9 5,890 99.8 

A022574 22,020 70 52,220 2.77 72.55 52,150 99.86 

A023936 9,280 70.3 4,460 0.21 9.69 4,450 99.78 

A030424 22,230 70.1 52,990 0.29 74.6 52,910 99.86 

D029833R 58,810 70.2 4,080 0.03 8.68 4,070 99.79 

D030598R 18,130 70.1 5,900 0.43 11.07 5,890 99.81 

D030604R 18,120 70.1 7,160 0.09 15.02 7,150 99.79 

D031643R 16,410 70.3 5,360 0.11 10.25 5,350 99.81 

D031687R 16,420 70.2 5,350 0.13 10.51 5,340 99.8 

D031711R 18,120 70.1 5,900 0.09 12.12 5,890 99.79 

D031712R 9,270 70.4 3,030 0.09 8.51 3,020 99.72 

D031766R 18,130 70 19,180 0.04 46.59 19,130 99.76 

D031768R 18,310 70 47,940 9.1 67.9 47,880 99.86 

S004939 159,430 70.5 5,960 0.14 13.15 5,940 99.78 

S014314 22,240 70.1 58,470 18.49 94.77 58,370 99.84 

S015410 13,640 70.4 7,250 11.69 33.04 7,210 99.54 

S016133 18,300 70 44,210 8.33 57.58 44,150 99.87 

S016169 12,490 70.3 5,320 0.17 10 5,310 99.81 

  

6.2 Impaired Flow, Daily Scale (using SWRCB/water code estimate of senior users)  

The second analysis as part of the water availability evaluation is a daily-scale flow assessment to 

determine the impacts of existing diversions in the watershed on streamflow through the year, and 

then comparison of those impacts to the impacts that would be caused by the proposed change in 

diversions.  The analysis (detailed in Policy Appendix B.5.3) is to be conducted at points of interest in 

the drainage network selected by resource agencies (e.g., DFW and SWRCB) and utilizes streamflow 

data over a period of longer than ten years, so it requires streamflow data collected at a gauge with 
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longer than ten years of record to be scaled by a ratio of watershed area and precipitation (following 

Equation 1).   

The scaled daily-scale data represent unimpaired streamflow for the analysis, and from these 

streamflow values, an impaired discharge for each day is calculated by subtracting all diversions 

upstream of the point of interest for each day through the year that diversions are to operate (at a 

per-second scale), over the ten-year period.  This method is similar to those described above in 

Section 2.9, with the difference that the Policy states that it should be done for at least ten years of 

record. The extent of impairment caused by existing diversions is then compared to impairment that 

would be caused if the new diversion would be approved, at points of interest downstream of the 

new proposed diversion.  

Appendix Section B.5 of the SWRCB Policy sets for a method using maximum potential diversion 

rates through the year based on data listed in the SWRCB eWRIMS database. However, in the upper 

Mattole, this neglects most of the small domestic diversions because their water rights are not listed 

in the eWRIMS database. Each of these pumps operates at a typical diversion rate of 10 gallons per 

minute, or 0.022 cubic feet per second. As described above (Section 3), Sanctuary Forest counted a 

total of 128 houses in the upper Mattole region, and of those, 6 have small domestic water rights 

listed in eWRIMS; thus, additional small domestic diversions would add 2.68 cubic feet per second of 

potential instantaneous diversion in addition to the maximum cumulative diversion rate from 

eWRIMS-listed diversions. We calculated the face value of all known diversions (if they were all 

registered with SWRCB) to be 3.22 cubic feet per second (see Section 3.2).  

Impairment in the upper Mattole has greatest effects at lower flows. In general, impaired flow is 

close in magnitude to unimpaired flow through a discharge of approximately 30 cubic feet per 

second; below 30 cubic feet per second, impaired and unimpaired flows begin to deviate (Figure 29). 

Over the ten-year period, the unimpaired flows for MS6 indicate that a flow is greater than 8.0 cubic 

feet per second 62 percent of the time; with diversions, 8.0 cubic feet per second is exceeded 58 

percent of the time. (Like Section 2.7.3, this analysis includes additional water rights in Thorn 

Junction that are just below the Bridge Creek confluence.) Said differently, diversions in this analysis 

reduce the frequency of flows greater than 8 cubic feet per second by 2.5 percent. A flow magnitude 

of 5 cubic feet per second is exceeded 68 percent of the time under an unimpaired flow regime; the 

impairments caused by diversions shift this to being exceeded 62 percent of the time. 
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Figure 29. Exceedence frequency analysis for impaired and unimpaired streamflow at MS6 over 

the period 2001-2011, based on USGS streamflow data recorded at the Mattole River at 

Ettersburg gauge and by Sanctuary Forest at MS6 

 

This analysis is included here because it demonstrates a step in the regulatory process for obtaining 

a water right, but it does not accurately reflect reality in the Mattole Headwaters. The measured 

flow at MS6, presented here as unimpaired streamflow, is actually impaired flow—current 

conditions at Thorn Junction.10  

The calculations that follow are adjusted in an attempt to provide a more realistic picture of 

diversions in the Mattole. The projects proposed as part of the streamflow improvement plan aim to 

remove some of these diversions during the dry season, so for the analyses of cumulative impacts 

and benefits that follow, measured streamflow at Thorn Junction represents impaired flow (which it 

is) and improved flow is calculated based on the effect of removing diversions during the dry season. 

                                                           
10

 For certain purposes, SWRCB uses gaged flows as an indicator of unimpaired flows. The agency realizes that 
these flows are in fact impaired, but presenting the data this way yields an inherently conservative estimate of 
how much water would be available for diversion (i.e., increasing the value for unimpaired flows would make 
more water available).  

0.01

0.1

1

10

100

1000

10000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

St
re

am
fl

o
w

 a
t 

M
S6

, f
t3

/s

Frequency of Exceedence

Estimated impaired flow, current diversion regime

Unimpaired streamflow



Mattole River Headwaters                                                                   Streamflow Improvement Plan 

 

 

  
Page 86 

 

CEMAR Trout Unlimited 

6.3 Cumulative impacts of existing diversions on habitat 

The cumulative impairment analysis is often intended to characterize the impacts of additional 

diversions in the watershed associated with new appropriation. In the case of the upper Mattole, 

however, new surface water appropriations will entail changing the timing of existing diversions and 

not adding new surface water extraction. As part of this evaluation, it is useful to understand the 

impacts that existing diversions have on salmonid habitat in the Mattole Headwaters. Impacts can 

be characterized relative to the habitat thresholds established above in Table 4. To illustrate impacts 

of diversions on habitat, consider how the existing diversions above Thorn Junction have affected 

habitat thresholds by reducing the number of days above those thresholds identified in Table 4. The 

habitat thresholds can be overlaid onto the hydrograph of a water year such as 2002 for streamflow 

less than 50 cubic feet per second (below, Figure 30) to show when in the year and how often those 

thresholds are encountered. Figure 30 shows that, based on assumptions of impacts of Scenario 1 

(described in Section 3), the existing diversions caused a loss of 6 days of excellent juvenile rearing, 3 

days of minimum preferred spawning conditions, 6 days of minimum spawning conditions, 18 days 

of good juvenile rearing conditions, 29 days of fair juvenile rearing conditions, and 80 days of 

juvenile habitat unit connectivity in water year 2002. Most of this loss of habitat occurred from May 

through October. 
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Figure 30.  Impaired (measured) and unimpaired hydrographs (based on Scenario 1) for the 

Mattole, water year 2002, with habitat thresholds as horizontal bars identified at each flow 

magnitude; and the number of days above thresholds that are predicted lost due to current water 

management regime in the Mattole headwaters (again, assuming Scenario 1 of impacts). 

 

Similar analyses for each year shows that the number of days lost each year varies (Table 11, and 

that the thresholds that are most affected are those of lowest magnitude (adequate rearing and 

connectivity). 
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Table 11.  Number of days above above habitat thresholds that are lost due to current diversion 

regime, Mattole River headwaters, based on flow and habitat at Thorn Junction 

 

 

Excellent 

juvenile 

rearing 

Minimum 

preferred 

spawning 

 

Minimum 

spawning 

 

Good juvenile 

rearing  

 

Fair juvenile 

rearing 

 

Juvenile HU 

connectivity  

2002 6 3 6 18 29 80 

2003 4 4 6 13 53 55 

2004 6 8 11 16 25 78 

2005 7 13 7 24 55 14 

2006 7 4 13 10 35 25 

2007 7 8 9 14 28 61 

2008 11 6 12 24 26 69 

2009 10 5 16 20 47 45 

2010 6 3 9 26 59 6 

2011 8 6 8 18 33 5 

 

As described above in Section 3, impacts of diversions assumed in Scenario 1 likely results in an 

overestimate of the cumulative effect of diversions in the Mattole Headwaters. This is because 

Scenario 1 measures the maximum cumulative rate of diversion, as if they all operated 

simultaneously. 

If we assume impacts of diversions relative to Scenario 2 (average daily impacts), the impacts of 

existing diversions are concentrated in the very dry portion of the year (Table 12; Figure 31). 

Table 12. Number of days above thresholds lost due to existing diversions based on Scenario 2 

 

Excellent 

juvenile 

rearing 

Minimum 

preferred 

spawning 

 

Minimum 

spawning 

 

Good juvenile 

rearing  

 

Fair juvenile 

rearing 

 

Juvenile HU 

connectivity  

2002 2 1 0 3 4 80 

2003 1 1 1 1 5 42 

2004 1 0 2 4 3 77 

2005 2 3 2 2 8 14 

2006 1 1 1 2 4 25 

2007 3 0 1 1 3 57 

2008 2 1 1 6 3 41 

2009 2 0 2 4 5 38 

2010 1 1 2 2 10 6 

2011 4 0 2 3 6 5 
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Figure 31.  Impaired (measured) and unimpaired hydrographs (based on Scenario 2) for the 

Mattole, water year 2002, with habitat thresholds as horizontal bars identified at each flow 

magnitude; and the number of days above thresholds that are predicted lost due to current water 

management regime in the Mattole headwaters 

 

6.4 Benefit of recent projects on streamflow and habitat 

All proposed appropriations as part of this project would entail changing the timing of diversion 

from summer to additional diversion into storage in winter. The changes in diversion would not 

entail a higher instantaneous diversion rate, but rather more frequent diversion at the same rate as 

current diversion practices during winter, and reduced diversion in spring and summer. For example, 

a water user may currently divert at 10 gallons per minute and require 500 gallons per day. This 

water user would get the water needed for the day by diverting for 50 minutes. As is the case for 

most riparian water rights in the upper Mattole, this 10 gallon per minute diversion operates every 

day of the year but is not continuous. If a water user joins a program and agrees to no longer divert 
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during the months of July, August, and September (92 days), he or she needs to obtain the 46,000 

gallons during other months. This water could be diverted into storage by pumping at the same rate, 

10 gallons per minute, for twice as long each day (less than two hours) during the three-month 

period from March through May. Thus, water can be stored to meet summer needs by methods that 

will not add a potential increase in instantaneous diversion during any part of the year. 

As of 2013, 12 residences have begun to participate in programs to forbear diversions in summer. 

For purposes of this analysis, we assume that participants go into one-tenth rotations when flow is 

less than 10 cubic feet per second (i.e., no more than one-tenth of those diverters could take water 

at any time when water is less than 10 cubic feet per second at MS6), and participants would no 

longer divert when flow is less than 0.7 cubic feet per second, per the recommendations in this SIP.   

The benefit of removing residential and institutional diversions when streamflow falls below 10 

cubic feet per second varies according to how the magnitude of diversion is estimated. If it is 

assumed that diversions in the watershed all have maximum impact simultaneously and occur 

continuously (i.e., according to the “high-end estimate” Scenario 1 described in Section 3), then the 

benefit of removing 12 residential diversions is 0.28 cubic feet per second. That begins to have 

appreciable benefit to streamflow at approximately 5 cubic feet per second (Figure 32).  

 

Figure 32. Exceedence graph of measured streamflow, estimated unimpaired streamflow 

(Scenario 1), and improved streamflow given 12 houses removed from summer diversion 

 

Benefit to streamflow and habitat may also be understood when expressed in terms of hydrographs 

rather than exceedence curves. For a median-type year like water year 2004, the removal of 12 

residential diversions (based on Scenario 1) has little effect on flow during winter (diversions will 

only be discontinued at flow below 10 cubic feet per second); but leads to an increase in streamflow 

during summer, especially when flow is less than 5 cubic feet per second (Figure 33). Benefits to 

streamflow shown in hydrographs from 2002 through 2011 according to Scenario 1 are included in 

Appendix B. 
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Figure 33. Measured and improved flow caused by removing 12 domestic diversions in the 

Mattole Headwaters (based on Scenario 1 impacts), spring and summer 2004. 

 

Removing these diversions can benefit habitat as well. Increased flow that results from removing 

diversions (under Scenario 1) shows that, in a year like 2004, the amount of time over which 

thresholds for excellent spawning and rearing are not affected; but the amount of time above 

thresholds for minimum spawning, fair rearing, and the threshold for drying are increased 

(especially the time above the drying threshold; Figure 34).   
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Figure 34. Hydrograph of measured and improved streamflow with 12 houses on 1/10 rotation 

(Scenario 1), based on streamflow in water year 2004; and number of days and occurrence in the 

year that the estimated flow improvement will increase flow above habitat thresholds (also water 

year 2004), along with a count of the number of days when current water management practices 

reduce flow below habitat thresholds 

 

Over the ten-year period 2002 through 2011, removing the 12 residential diversions has the most 

benefit to the number of days over which the connectivity threshold is exceeded (Table 13). 

Additional days of good juvenile rearing and fair juvenile rearing are gained as well. 
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Table 13.  Number of days that improved flow caused by 12 houses on 1/10 rotation (Scenario 1) 

would increase flow above habitat thresholds, each year 2002-2011 (and for comparison, the 

number of days lost due to current water management regime, i.e., data from Table 11, in 

parentheses) 

 

 

excellent 
juvenile 
rearing 

minimum 
preferred 
spawning 

minimum 
spawning 

good juvenile 
rearing 

fair juvenile 
rearing 

juvenile HU 
connectivity 

2002 0 (6) 0 (3) 0 (6) 1 (18) 2 (29) 25 (80) 

2003 0 (4) 0 (4) 0 (6) 1 (13) 2 (53) 11 (55) 

2004 0 (6) 0 (8) 0 (11) 2 (16) 1 (25) 15 (78) 

2005 0 (7) 0 (13) 0 (7) 0 (24) 3 (55) 2 (14) 

2006 0 (7) 0 (4) 0 (13) 1 (10) 1 (35) 18 (25) 

2007 0 (7) 0 (8) 0 (9) 1 (14) 1 (28) 51 (61) 

2008 0 (11) 0 (6) 0 (12) 4 (24) 2 (26) 14 (69) 

2009 0 (10) 0 (5) 0 (16) 3 (20) 3 (47) 34 (45) 

2010 0 (6) 0 (3) 0 (9) 6 (26) 4 (59) 4 (6) 

2011 0 (8) 0 (6) 0 (8) 1 (18) 2 (33) 5 (5) 

 

If we assume impacts of diversions according to the “low-end estimate” Scenario 2 (where water 

use impacts are spread over the entire day, rather than assuming impacts to be instant and 

simultaneous), the magnitude of flow restored by removing the 12 residential diversions in summer 

is 0.015 cubic feet per second, not as large as in Scenario 1 (Figures 35, 36). The number of days 

where flow is improved above habitat thresholds is smaller and only occurs relative to the 

connectivity threshold (Table 14). This analysis also accounts for increased water storage in winter 

required to fill tanks: this particular analysis assumes that water users take two times as much water 

from March 15 through May 31, half of which is for daily uses and half of which is for storage (this 

would allow residential water users to fill their 50,000 gallon tanks in 71 days). The greatest daily 

streamflow benefit in this scenario is 0.02 cubic feet per second. Similarly, impacts to streamflow to 

fill tanks would be 0.02 cubic feet per second; given that water is only diverted at flow greater than 

10 cubic feet per second and the uncertainty in streamflow above 10 cubic feet per second is to the 

nearest integer (as per USGS customs), the impact to streamflow can be considered negligible. 

Changes to streamflow shown in hydrographs from 2002 through 2011 according to Scenario 2 are 

included in Appendix 2. 
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Figure 35. Exceedence graph of measured streamflow, estimated unimpaired streamflow 

(Scenario 1), and improved streamflow given 12 houses removed from summer diversion 

 

 

Figure 36. Measured and improved flow caused by removing 12 domestic diversions in the 

Mattole Headwaters (based on Scenario 2 impacts), spring and summer 2004 
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Table 14.  Number of days that improved flow caused by 12 houses on 1/10 rotation (Scenario 2) 

would increase flow above habitat thresholds, each year 2002-2011 (and for comparison, the 

number of days lost due to current water management regime, i.e., data from Table 12, in 

parentheses) 

 

 

excellent 
juvenile 
rearing 

minimum 
preferred 
spawning 

minimum 
spawning 

good juvenile 
rearing 

fair juvenile 
rearing 

juvenile HU 
connectivity 

2002 0 (2) 0 (1) 0 (0) 0 (3) 0 (4) 0 (80) 

2003 0 (1) 0 (1) 0 (1) 0 (1) 0 (5) 0 (42) 

2004 0 (1) 0 (0) 0 (2) 0 (4) 0 (3) 2 (77) 

2005 0 (2) 0 (3) 0 (2) 0 (2) 0 (8) 0 (14) 

2006 0 (1) 0 (1) 0 (1) 0 (2) 0 (4) 0 (25) 

2007 0 (3) 0 (0) 0 (1) 0 (1) 0 (3) 1 (57) 

2008 0 (2) 0 (1) 0 (1) 0 (6) 0 (3) 4 (41) 

2009 0 (2) 0 (0) 0 (2) 0 (4) 0 (5) 6 (38) 

2010 0 (1) 0 (1) 0 (2) 0 (2)   0 (10) 0   (6) 

2011 0 (4) 0 (0) 0 (2) 0 (3) 0 (6) 0    (5) 

 

These results are consistent with those predicted by Sanctuary Forest in the group’s Low-Flow 

Hydrology Assessment, 2011 (Figure 37). 
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Figure 37. Predicted streamflow improvement caused by existing forbearance tanks program.  

From Sanctuary Forest Low-Flow Hydrology Assessment, 2011, page 18 

 

In particular, data from a dry year illustrate the potential benefit of a removing a small number of 

summer diversions on streamflow through the dry season. Using streamflow data collected by 

Sanctuary Forest from May through September in 2008, the data illustrates that removing diversions 

could cause streamflow to more than double through much of summer and sustain through late 

summer and early fall until rain begins again. The existing residential tanks may have provided the 

difference for maintaining streamflow through the dry year 2008.  

6.5 Benefit of future projects on streamflow and habitat 

Sanctuary Forest has established a goal over the next few years to incorporate 90 houses 

participating in its tanks storage program. Similar to the 12 houses currently involved, if 90 houses 

were to participate in Sanctuary Forest’s tanks and forbearance program, those 90 diverters would 

be excluded from diversion in the driest part of the summer. Participants would go into one-tenth 

rotations when flow is less than 10 cubic feet per second (i.e., no more than one-tenth of those 

diverters could take water at any time when water is less than 10 cubic feet per second at MS6), and 
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participants would no longer divert when flow is less than 0.7 cubic feet per second. The 

institutional diverters listed in Section 4 would follow similar procedures.  

As described above, the benefit of removing residential and institutional diversions when 

streamflow falls below 10 cubic feet per second varies according to how the magnitude of diversion 

is estimated. Assuming impacts of Scenario 1 (where diversions in the watershed all have maximum 

impact simultaneously and occur continuously, as described in Section 3), then the benefit of 

removing 90 residential and 4 institutional diversions is 2 cubic feet per second. This begins to have 

appreciable benefit to streamflow at approximately 10 cubic feet per second (Figure 38).  

 

Figure 38. Exceedence graph of measured streamflow, estimated unimpaired streamflow 

(Scenario 1), and improved streamflow given 90 houses and four institutional diversions removed 

from summer diversion 

 

Benefit to streamflow and habitat may be better understood when expressed in terms of 

hydrographs than exceedence curves. For a median-type year like water year 2004, the removal of 

90 residential and 4 institutional diversions  (based on Scenario 1) has little effect on flow during 

winter (diversions will only be discontinued at flow below 10 cubic feet per second); but leads to an 

increase in streamflow less than 10 cubic feet per second (Figure 39). Projected improvements to 

streamflow are much greater than those estimated for 12 houses. (Unlike Scenario 2 described 

above, no additional diversion into storage needs to be accounted for in this scenario because this 

analysis considers the rate of diversion, rather than the daily amount.  The rate of diversion will not 

change when water is diverted into tanks; instead, the diversion will operate over a longer duration 

each day. This analysis already assumes that each diversion runs continuously during the period of 

diversion.) 
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Figure 39. Measured and improved flow caused by removing 12 domestic diversions, and also by 

removing 90 domestic and four institutional diversions in the Mattole Headwaters (based on 

Scenario 1 impacts), spring and summer 2004 

 

Removing these diversions can benefit habitat as well. Increased flow that results from removing 

diversions (under Scenario 1) shows that, in a year like 2004, the amount of time over which 

thresholds for excellent spawning and rearing are not affected; but the amount of time above 

thresholds for minimum spawning, fair rearing, and the threshold for drying are increased 

(especially the time above the drying threshold; Figure 40).   
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Figure 40. Hydrograph of measured and improved streamflow with 90 houses and 4 institutional 

diversions on 1/10 rotation (Scenario 1), based on streamflow in water year 2004; and number of 

days and occurrence in the year that the estimated flow improvement will increase flow above 

habitat thresholds (also water year 2004) along with a count of the number of days when current 

water management practices reduce flow below habitat thresholds 

 

Over the ten-year period 2002 through 2011, removing the 90 residential and two institutional 

diversions has the most benefit to the number of days over which the connectivity threshold is 

exceeded (Table 15). Additional days of good juvenile rearing and fair juvenile rearing are gained as 

well. (Again, unlike Scenario 2 described below, no additional diversion into storage needs to be 

accounted for in this scenario because this analysis already assumes that each diversion runs 

continuously during the period of diversion.) 
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Table 15.  Number of days that improved flow caused by 90 houses and 4 institutional diversions 

on 1/10 rotation (Scenario 1) would increase flow above habitat thresholds, each year 2002-2011 

(and for comparison, the number of days lost due to current water management regime, i.e., data 

from Table 11, in parentheses) 

 

 

excellent 
juvenile 
rearing 

minimum 
preferred 
spawning 

minimum 
spawning 

good juvenile 
rearing 

fair juvenile 
rearing 

juvenile HU 
connectivity 

2002 0 (6) 0 (3) 0 (6) 10 (18) 12 (29) 80 (80) 

2003 0 (4) 0 (4) 0 (6)   7 (13) 21 (53) 55 (55) 

2004 0 (6) 0 (8)   0 (11) 10 (16) 13 (25) 77 (78) 

2005 0 (7)   0 (13) 0 (7)   8 (24) 31 (55) 14 (14) 

2006 0 (7) 0 (4)   0 (13)   7 (10) 11 (35) 25 (25) 

2007 0 (7) 0 (8) 0 (9)   7 (14) 15 (28) 57 (61) 

2008   0 (11) 0 (6)   0 (12) 15 (24) 12 (26) 67 (69) 

2009   0 (10) 0 (5)   0 (16) 10 (20) 20 (47) 39 (45) 

2010 0 (6) 0 (3) 0 (9)   9 (26) 28 (59) 6  (6) 

2011 0 (8) 0 (6) 0 (8) 10 (18) 14 (33) 5  (5) 

 

If we assume impacts of diversions according to “low-end estimate” Scenario 2 (where water use 

impacts spread over the entire day, rather than assuming impacts to be instant and simultaneous), 

the magnitude of flow restored by removing the 90 residential and four institutional diversions is -

0.12 cubic feet per second, not as large as in Scenario 1. However, it is greater than what results 

from only 12 houses (Figures 41, 42).  

The number of days where flow is improved above habitat thresholds is also smaller and only occurs 

relative to the connectivity threshold (e.g., Figure 42, Table 16).  
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Figure 41. Exceedence graph of measured streamflow, estimated unimpaired streamflow 

(Scenario 2), and improved streamflow given 90 houses and 4 institutional diversions removed 

from summer diversion 

  

Figure 42. Measured and improved flow caused by removing ten domestic and two institutional 

diversions, and by removing 90 domestic and four institutional diversions in the Mattole 

Headwaters (based on Scenario 2 impacts), spring and summer 2004 
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Table 16.  Number of days that improved flow caused by 90 houses and four institutional 

diversions on 1/10 rotation (Scenario 2) would increase flow above habitat thresholds, each year 

2002-2011, along with a count of the number of days when current water management practices 

reduce flow below habitat thresholds in parentheses 

 

 

excellent 
juvenile 
rearing 

minimum 
preferred 
spawning 

minimum 
spawning 

good juvenile 
rearing 

fair juvenile 
rearing 

juvenile HU 
connectivity 

2002 0 (2) 0 (1) 0 (0) 1 (3) 2 (4) 3 (80) 

2003 0 (1) 0 (1) 0 (1) 1 (1) 2 (5) 3 (42) 

2004 0 (1) 0 (0) 0 (2) 3 (4) 1 (3) 5 (77) 

2005 0 (2) 0 (3) 0 (2) 1 (2) 3 (8) 0 (14) 

2006 0 (1) 0 (1) 0 (1) 0 (2) 1 (4) 7 (25) 

2007 0 (3) 0 (0) 0 (1) 1 (1) 1 (3) 15 (57) 

2008 0 (2) 0 (1) 0 (1) 4 (6) 2 (3) 6  (41) 

2009 0 (2) 0 (0) 0 (2) 2 (4) 3 (5) 20 (38) 

2010 0 (1) 0 (1) 0 (2) 0 (2)   1 (10) 2   (6) 

2011 0 (4) 0 (0) 0 (2) 2 (3) 0 (6) 4    (5) 
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Figure 43.  Hydrograph of measured and improved streamflow with 90 houses and 4 institutional 

diversions on 1/10 rotation (Scenario 2), based on streamflow in water year 2004; and number of 

days and occurrence in the year that the estimated flow improvement will increase flow above 

habitat thresholds (also water year 2004) along with a count of the number of days when current 

water management practices reduce flow below habitat thresholds in parentheses 

 

As in the Scenario 2 analysis described in Section 6.3, this analysis also accounts for increased water 

storage in winter required to fill tanks: as in 6.3, this analysis assumes that water users take two 

times as much water from March 15 through May 31, half of which is for daily uses and half of which 

is for storage (this would allow residential water users to fill their 50,000 gallon tanks in 71 days).  

The greatest daily streamflow benefit in this scenario is 0.12 cubic feet per second (from 10 houses 

no longer removing 710 gallons per day and 4 institutions no longer removing 12,000 gallons per 

day). Similarly, impacts to streamflow as tanks get filled would be 0.12 cubic feet per second; given 

that water is only diverted at flow greater than 10 cubic feet per second and the uncertainty in 

streamflow above 10 cubic feet per second is to the nearest integer (as per USGS customs), the 

impact to streamflow is considered negligible. Changes to streamflow shown in hydrographs from 

2002 through 2011 according to Scenario 2 are included in Appendix B. 
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7 Long Term Strategy for Ensuring Durable Results 

7.1 Monitoring, Evaluation, Quality Assurance 

7.1.1 Monitoring and Compliance 

One challenge facing landowners and public agencies working to improve streamflow is making sure 

that water conservation efforts pay off with actual improved flows. This is of particular concern 

where there is public funding for water conservation projects. As taxpayers, we all want to know 

that restoration funds result in real habitat improvement.  

The first step is seeing to it that landowners follow through with dry season forbearance as 

intended. The next step is to avoid having water saved by one landowner diverted immediately by 

the next downstream landowner.  

The Tanks and Forbearance program takes a number of steps to demonstrate that landowners in the 

program are operating their diversions in accord with the program’s intent.  The Forbearance 

Agreement signed by the program requires participants to participate in the water management 

program, which includes the substantive terms discussed above (e.g., to cease all diversions for any 

reason and under any basis of right when flow drops below 0.7 cubic feet per second as measured at 

the MS6 gauge just upstream from Bridge Creek) as well as compliance and monitoring terms. The 

water management program requires meters for each participant, written water use records by 

participants, and at least two visits by Sanctuary Forest. The participant also agrees to perform 

routine maintenance checks and to notify Sanctuary Forest of any leaks or other problems. The 

Small Domestic Use Registration issued by SWRCB includes terms developed by DFW (which will be 

matched by the DFW Section 1602 agreement) that mirror the terms of the Forbearance 

Agreement. Sanctuary Forest is responsible for measuring flow at MS6 and notifying landowners 

when thresholds to start rotations (5 cubic feet per second) and begin forbearance (0.7 cubic feet 

per second) are reached. Sanctuary Forest also handles installation and permitting, with help from 

participants.  
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Figure 44. Leak Safety Manifold and Water Meter 

 

Sanctuary Forest also tests each pump in the program and helps the landowner make adjustments 

so as to keep the rate of diversion at no more than 10 gallons per minute. (The permits allow 11 

gallons per minute, which provides a small margin of error.) This is necessary because even the 

same pump can have different pump rates depending on the distance and elevation pumped, wear 

and tear, and other reasons.  

7.1.2 Mechanisms to Protect Water Rights and Ensure that Saved Water Remains Instream 

The legal mechanisms for the Tanks and Forbearance program are tailored to local circumstances. 

To date, all program participants have been residential water users, which allows them to obtain a 

water right for storage via a Small Domestic Use registration. In addition, their existing diversions 

were all operated on the basis of riparian water rights, which are not generally lost for non-use; this 

allows participants to forbear diversions without losing the water right. Had participants relied 

previously on appropriative water rights, which can be lost for non-use, the participants might have 

preferred to change their existing water rights via Section 1707 of the Water Code, which allows a 

water right to be assigned a purpose and place of use as instream flow. This allows the water right 

holder to maintain control of the water right while using it for instream purposes.  

Water right changes via Section 1707 have another potential benefit. Because the water that is not 

diverted during the forbearance period is still explicitly covered by an existing water right, it is not 

available for appropriation by other water users. (See Legal Options for Streamflow Protection (SFI 

2008) for a discussion of Section 1707 and other options, http://sanctuaryforest.org/cgi-

files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf.) In the case of 

the Mattole River, however, the other water users that currently exist in the basin are also riparian 

http://sanctuaryforest.org/cgi-files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf
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right holders, which would be correlative to the forgone water. Pursuit of Section 1707 petitions 

would also add another layer of paperwork, cost, and potential permitting delays to the project.  

Therefore, the Tanks and Forbearance program relies on other factors to protect saved water in 

stream. First, they work where possible with clusters of landowners, to reduce the chance that non-

participants would compromise the program. Second, there is the geography of the Mattole River; 

many diversions are dispersed throughout the basin, so it is often quite a distance before there is 

another water user who even could take water that is forgone. Finally, there is the potential for 

widespread cultural change, which is discussed in more depth in Section 9. Under the circumstances, 

we agree with Sanctuary Forest’s practice to date not to pursue Section 1707 changes for the 

riparian residential water users. 

Some of the “institutional” water users in the Mattole Headwaters have appropriative rather than 

riparian rights, and some will also require regular appropriative rights to add storage, because they 

will not qualify for a Small Domestic Use registration. For these water right holders, we expect that 

the best approach might be to pair a new appropriative water right for storage with a Section 1707 

change petition for the old water right.  

In addition, as discussed in Section 8 below, there is a long term risk that people will move into the 

Mattole Headwaters in new land developments that require appropriative water rights. To ensure 

that they do not divert the water saved by the projects described in this SIP, we also recommend 

that SFI and its partners consider whether, at some point, it will make sense for even residential 

participants to use Section 1707.  

7.1.3 Effectiveness Monitoring 

In the Streamflow Improvement Plans for CSSP, we propose practices that we predict will produce 

additional streamflow in summer and fall while also maintaining sufficient water levels in winter and 

spring, and we predict that these actions will benefit salmonids. These predictions are based on our 

best models to evaluate improvement, but they are not actual depictions of the benefits from the 

projects that will be implemented. We recommend continued streamflow and habitat monitoring to 

evaluate the actual benefit of these projects on streamflow in the drainage network and to 

determine whether the projects have the benefits we expect (or the conditions under which the 

benefits are reached, such as in normal-type years or dry years). Such monitoring protocols will help 

us and others seeking to restore streamflow in coastal California watersheds to understand the 

benefits of these types of practices, as well as to understand the limitations of these practices given 

the range of variability across many years. Continued monitoring will also provide resources 

necessary for landowners to operate diversions appropriately and to ensure compliance with the 

terms and conditions stipulated in new diversion operations.   

For the Mattole River Headwaters, the most critical effectiveness monitoring action is to maintain 

funding for Sanctuary Forest’s monitoring program. Sanctuary Forest has conducted low flow gauges 

since 2004, and the group is planning to maintain gauges for the foreseeable future to implement 
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the Tanks and Forbearance program.  It has been implementing water storage projects since 2006, 

and it is now possible to begin to draw conclusions about the effectiveness of the work.  As of 

December 2011, 12 systems have been installed under the Tanks and Forbearance program, with 

750,000 gallons of storage. An estimated 25 additional households have installed at least some 

water storage on their own and have reduced diversions during the low flow season. 

Sanctuary Forest and hydrologist Randy Klein selected the Lower Critical Reach (aka, junction reach) 

as an effectiveness monitoring reach because of the high density of instream pump intakes for 

households and businesses (it has 14 pumps in the one mile between gauges MS5 and MS6) and the 

high level of commitment to storage and forbearance. According to Klein (2012) the following 

progress has been made in this reach:  

• 2002-2010: 4 landowners voluntarily implemented water storage and forbearance; 

• 2007: 1 water storage and forbearance participant entered the program; 

• 2008: 2 additional water storage and forbearance participants, including one small farm, 

entered the program (total = 3); 

• 2009: 2 additional water storage and forbearance small farm participants (total = 5); 

• 2010: 1 additional water storage and forbearance participant (total = 6). 

By 2010, approximately 70 percent of the instream pumps in the Lower Critical Reach had joined the 

program either formally or informally. Measurements by Sanctuary Forest indicate that flow has 

improved noticeably in the Junction Reach between MS5 and MS6. 

“Beginning in 2009,” concludes Klein, “the forbearance program’s effectiveness, as indicated by 

reduced losing reach conditions in the junction reach (bracketed by MS5 and MS6), appeared to be 

providing measurable benefits to the low flow problem.” (Klein 2012.) Since the program’s 

inception, “the losing reach period observed in most years prior to 2009 has significantly decreased 

both in length and magnitude.” (Klein 2012.) 

Additionally, continued monitoring of streamflow and fish populations will help us to gauge the 

benefit of these projects on fisheries. In the Mattole Headwaters, the MRRP groups devote 

significant effort to monitoring fish populations. However, no one has yet had the resources to 

design or implement a program to attempt to measure the effectiveness of the Tanks and 

Forbearance program to improve fisheries. Such an assessment could, for instance, compare 

“treatment” and “control” reaches for fish survival and growth rates. (See the Grape Creek SIP for 

the Coho Partnership’s approach to similar issues.) We recommend evaluating and if possible 

pursuing funding to develop means to measure the effects of streamflow on fisheries in the 

Mattole.  
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Recommendation:  

 Continue the Effectiveness Monitoring program.  

 Extend analysis to other critical reaches, if resources permit.  

 Evaluate program to measure effects of streamflow on Mattole fish survival and growth. 

7.2 Funding 

7.2.1 Storage and Forbearance Costs 

It costs roughly $65,000 to purchase and install tanks for one residence in the Tanks and 

Forbearance program. Seasonal operation costs for Sanctuary Forest amount to $7,000 for 20 

landowners. This amount includes operation of MS6, notifications to landowners, two compliance 

visits with landowners, and permit reports on behalf of landowners.  

The cost of the project for the Whitethorn School is estimated to be $100-150,000. The high-end 

cost of the project for the commercial complex at the Junction is estimated to be $250-350,000, 

although the final cost could be much lower. (The large range of potential costs reflects uncertainty 

about final permit terms, which determine the length of the forbearance season and the amount of 

storage required.) The cost for the retreat complex near Thompson Creek is not yet known, but may 

be greater than the School or commercial complex because it will probably require more water, and 

because it may require both storage tanks and an offstream pond.  

7.2.2 Sources of Funding  

Funding exists for the School and commercial complex, from the State Coastal Conservancy, 

FishAmerica Foundation, NOAA Restoration Center, and landowner match. Sanctuary Forest also has 

9 more projects for residential tanks funded and scheduled for completion in 2012-13. The 

remainder will have to be raised through a mix of landowner match and public funding.  

7.3 Long Term Strategy  

7.3.1 Potential Threats  

The Mattole Headwaters streamflow improvement project is making progress. We agree with 

Sanctuary Forest and the public agencies that regulate and fund the Tanks and Forbearance 

program that the program has adequate safeguards to ensure that water savings are realized. That 

is, water users really do forbear on diversions during the low flow period and other water users do 

not capture the saved water in such a way that the benefits are lost. 

Sanctuary Forest and Trout Unlimited are evaluating the risk that future events will compromise the 

gains made today and are preparing a series of actions to guard against that possibility. Potential 

threats include: 
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 Land development for residential and commercial purposes. Growth is the most obvious 

threat to streamflow gains in the Headwaters. Although the human footprint remains low 

and development pressures are lesser here than in most places, the Headwaters has seen 

some growth in newly developed residences and very small subdivisions of existing parcels.  

 Non-participants. The success of the program depends on our ability to continue to recruit 

new landowners. This is necessary not only to reach the objectives (70 percent of 

residences, 100 percent of institutions). Having a high concentration of participants also 

helps ensure that water savings by landowners are not captured by other landowners rather 

than the stream. In addition, high participation creates a cultural climate conducive to water 

conservation and discourages water waste. Success breeds success.  

 Lack of funding for water storage. Funding needs are discussed in a previous section, but it 

is worth noting again here. All progress is subject to funding. Moreover, no one expects 

public funds to pay for all restoration, even though the public does benefit from the 

projects. To date, a number of tanks have been installed solely with private funds, and more 

have been installed with significant match. However, incomes in the Mattole Headwaters 

are not high, and public funds are tighter than ever. We anticipate that funding will be the 

main limiting factor for how quickly the project can progress.  

 Lack of funding for monitoring and diversion coordination. Funding is also required for 

operation of the Tanks and Forbearance program. As stated above [BJ make sure it is] 

Sanctuary Forest takes on many of the responsibilities for program operations, including 

streamflow gaging and notifying landowners when flow thresholds are met and it is time to 

switch from pumping to storage. Although this coordinated approach is much more cost-

effective than it would be for individual landowners to do it themselves. Nevertheless, it is 

harder to raise funds for this part of Sanctuary Forest’s operations than it is for construction 

of new projects.  

 Marijuana cultivation. There is no reliable information about the extent of marijuana 

cultivation in the Mattole Headwaters. Some cultivation is believed to occur (as it does in 

many North Coast watersheds) incidental to rural residential life. The amount of water 

required for these small gardens is similar to the amount of water used for other residential 

gardens and would be included in the range of residential water use estimated for the 

Mattole Headwaters generally. A different situation exists with larger operations that are 

occasionally found illegally on public lands. (These grows are less common in the Mattole 

Headwaters than in some neighboring basins because there is limited access and because 

there are fewer absentee landowners.) Water used for those operations could affect 

streamflow gains made with the program, especially if the size or density of those 

operations grows.  
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 Climate change. Many local observers believe climate change is already taking a toll on the 

Mattole Headwaters, through a longer dry season and reduced fog. (See discussion in SFI 

Groundwater Report 2011.) Although future effects of climate change cannot be quantified 

or predicted precisely, we consider it a strong risk factor for the future. 

7.3.2 Recommendations 

To reduce risk from potential new developments in the basin, we recommend working with 

Humboldt and Mendocino Counties to ensure that growth, if it happens, occurs in a manner that is 

consistent with the water storage and forbearance model developed for the Headwaters. Humboldt 

County, for example, is considering a General Plan amendment that would require new 

developments to have a local source of water storage in the form of tanks. We recommend that SFI, 

TU, and other Mattole stakeholders continue to work with Humboldt County to develop, and enact, 

such a measure, and that the groups approach Mendocino County supervisors to discuss the matter 

with them.  

To reduce the risk posed by non-participants, we recommend several things. We recommend that 

Sanctuary Forest and its partners, and the landowners with whom they work consider using section 

1707 of the Water Code to change some of the existing riparian rights that will no longer be used 

(because the landowners have substituted stored water) to instream flow purpose and place of use. 

As discussed above, this step has not yet been necessary or judged worth the time and effort (a 

judgment with which we agree). But in the future, it may prove very useful to have a number of 

summertime riparian rights assigned to instream flow, because those rights would be senior to any 

possible new sub-division that requires appropriative rights. This would create an added incentive 

for new residents to develop water storage from the outset.  

Another idea that has been discussed is adding the Mattole River to the SWRCB list of Fully 

Appropriated Streams for the low flow months. This would restrict the agency from issuing new 

water right permits for appropriative rights for the fully appropriated period. This idea may have 

merit, but it would need to be carefully crafted to avoid unintended consequences; it would be 

counterproductive to prohibit diversions to storage (such as those needed for the Tanks and 

Forbearance program) that are needed to allow tanks to substitute for more harmful direct 

diversions. 

Based on its years of experience in the area and its experience with the Tanks and Forbearance 

program so far, Sanctuary Forest does not believe it is close to saturating the market for water 

storage tanks. There are always people on the waiting list, which currently numbers five in addition 

to the nine funded projects in the pipeline.  

The potential for cultural change to affect even non-participants is also noteworthy. For years, 

Sanctuary Forest has maintained a sign at the junction with Shelter Cove Road that notifies local 

residents of Mattole River flow conditions. Some people who do not participate in the Tanks and 

Forbearance program are known to begin trucking in water at their own expense when the 
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Sanctuary Forest sign declares a low flow emergency. In addition, many non-participants have 

purchased or expressed an interest in purchasing fish screens designed by SFI to meet DFW and 

NMFS criteria.  

Sanctuary Forest has also published a series of useful guides for homeowners and farmers to use to 

improve their water supply situation and benefit streamflow. These include the Water Storage 

Guide (SFI 2008), and Legal Options for Streamflow Protection (SFI 2008). (See 

http://sanctuaryforest.org/cgi-files/0/pdfs/1213661598_Water_Storage_Guide.pdf and 

http://sanctuaryforest.org/cgi-

files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf.) 

 

Figure 45. Mattole Low Flow Sign 

http://sanctuaryforest.org/cgi-files/0/pdfs/1213661598_Water_Storage_Guide.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf
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To reduce the risk posed by uncertain funding for monitoring and gaging, we recommend that 

Sanctuary Forest, TU, and other interested groups work with DFW, SWRCB and others to cultivate 

mechanisms for a permanent gauging network at key compliance points. We should consider 

whether it is possible and wise for new arrivals in the basin to pay into an account for streamflow 

gauging as a condition of obtaining water rights and other permits. We should consider whether 

formation of a special district for monitoring and coordination is advisable.  

To reduce the risk posed by illegal marijuana cultivation, we recommend that the conservation 

groups working in the Mattole Headwaters seek funding for a comprehensive assessment of the 

water demand for marijuana cultivation in the Mattole Headwaters. The first step toward 

developing sound proposals to address the issue is to have better information about the extent to 

which it is a problem. To the extent it is significant, it may be possible to distinguish between the 

large operations (especially those that operate on public land) which could be addressed through 

traditional law enforcement and the smaller personal use cultivation that law enforcement has 

neither the desire nor the resources to address. In addition, we should not ignore the potential for 

cultural change to make a difference.  

Trout Unlimited scientists have published extensively on measures to reduce risks from climate 

change (see http://www.tu.org/science/climate-change). In general, we recommend a series of 

actions, which are generally consistent with the recommendations in this SIP and other actions 

underway for the Mattole: 

 Protect the diversity of remaining native trout and salmon populations. 

 Restore the natural range of life history strategies in trout populations, including migratory 

and lake-dwelling forms. 

 Protect springs, headwaters and other sources of cold water. 

 Restore riparian habitats—the native trees and vegetation along streams and rivers—to 

provide shade. 

 Restore large woody debris and boulders in stream channels to create deeper pools. 

 Remove instream barriers to fish movement, such as dams and poorly-designed culverts. 

 Restore instream flows that have been reduced by diversions for irrigation and other 

purposes. 

 Minimize existing sources of stress, such as pollution, overgrazing, and roads along streams. 

 Limit introductions of non-native fishes and control existing populations. 

 Monitor and evaluate habitats as they face climate change. 

http://www.tu.org/science/climate-change
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In addition to these steps, which we endorse again here, we also believe it is important to test and 

evaluate methods to restore groundwater retention in the basin.  

Summary of Recommendations: 

 Work with stakeholder groups and Humboldt County to develop and enact a measure 

requiring new developments to include water storage and restrict pumping during the low 

flow season. Approach Mendocino County supervisors to a similar effort for the portion of 

the Headwaters in that county. 

 Consider using Section 1707 of the Water Code to change some of the existing riparian 

rights that will no longer be used (because the landowners have substituted stored water) 

to instream flow purpose and place of use. 

 Develop stable source of funding for gauges and monitoring program. 

 Analyze the risk posed to water savings by marijuana cultivation. 
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INTRODUCTION 
 
This report presents an analysis of low flows in the Upper Mattole River basin with the following objectives: 1) to 
analyze recent hydrologic data to compare and contrast summer discharges as they vary in time and space; and 2) 
to contribute to a technical basis supporting efforts designed to improve low flows in the Upper Mattole River for 
salmonids. This report builds upon earlier analyses by Klein (2004, 2007, 2009) by incorporating data collected 
by Sanctuary Forest staff in 2009-2011. 
 
Lack of adequate late summer and early fall streamflow was recognized by the State of California as one of the 
most important limitations on salmonid habitat in the Mattole River basin (NCWAP, 2000). In recent years, 
juvenile salmonids have become stranded in pools due to excessively low flows, causing mortality and 
necessitating fish rescue operations. With the exception of 2005, 2010, and 2011, late summer and early fall 
discharges were quite low for most of the past decade, with the summer of 2008 being the driest in the 61-year 
record of flows on the Mattole River near Petrolia. 
 
A variety of factors influence low flows, such as, climate (rainfall, temperature, relative humidity, wind speed), 
vegetation species and age distribution, ground disturbance, streambed sediment depth, water use for domestic 
and agricultural purposes. Of these, only vegetation, ground disturbance, human water use , and possibly riparian 
aquifer storage are subject to human influences and therefore might be modified to improve low flows. But the 
relationships between low flows and influential factors are complex, especially in a basin as large and diverse as 
the Mattole River. Reducing human water use is often a difficult and expensive undertaking, requiring 
technological adaptations, financial investments, and conservation practices. Sanctuary Forest has undertaken a 
program to reduce dry season pumping from the Upper Mattole by subsidizing purchases of large storage tanks 
for willing landowners and facilitating forbearance agreements that limit water pumping by riparian landowners 
from the Upper Mattole mainstem when flow falls below 0.7 cubic feet per second (cfs), which typically occurs 
during mid- to late-summer. 
 
EXISTING DATA AND PREVIOUS STUDIES 

Climatic and Hydrologic Data 

The “Northcoast Watershed Assessment Program” (NCWAP) Mattole River report (NCWAP, 2000) provides a 
compilation of climatic and hydrologic data sources for the Mattole River. Appendix C of the NCWAP report, 
prepared by the California Department of Water Resources (DWR) lists all known official (government 
sponsored) data collection efforts in the Mattole and has assembled relevant data and performed some basic 
analyses, primarily of rainfall and streamflow. In addition to official data collection, numerous basin residents 
keep records of such basic information as temperature and rainfall. 
 
Sanctuary Forest staff has been collecting streamflow data since summer, 2004, and their data form the basis for 
most analyses contained herein. In addition, streamflow data collected by the US Geological Survey (USGS) at 
Petrolia and near Ettersburg, along with rainfall and humidity data collected by C. Thompson in the Thompson 
Creek watershed were used. 

Water Use 

Because water use was not a quantitative component of the present analysis, the reader is referred to the NCWAP 
(2001) study, which provides a listing of appropriative water rights granted within the Mattole River basin along 
with estimates of water use. Klein (2004) also summarized water use based on locally-derived estimates provided 
by Sanctuary Forest staff, but the accuracy of either of these estimates is unknown. 
 
Since 2006, there has been a significant increase in awareness of the low flow problem and a community-wide 
response to increase water conservation as well as storage and forbearance (stopping pumping from streams) 
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during the low flow season. Starting in 2006, Sanctuary Forest implemented a streamflow education and outreach 
program that includes public service announcements and website alerts about streamflow conditions, water 
conservation and water storage educational materials, community meetings and a prominent streamflow alert sign 
at Whitethorn Junction updated bi-weekly during the low flow season. Additionally Sanctuary Forest developed a 
water storage and forbearance program, with funding and implementation beginning in 2006. In 2007, storage 
systems were installed for the first two landowners along with legally recorded forbearance agreements to end all 
pumping at annually-specified dates during in the low flow season. As of December 2011, a total of 12 storage 
and forbearance systems have been installed totaling 750,000 gallons. Another estimated 25 households within 
the Mattole headwaters basin have installed water storage on their own and are also practicing forbearance 
voluntarily during the low flow season.  Most of these households installed their storage following the 2002 
extreme low flow year and up through 2011.  
 
The Lower Critical Reach (aka, junction reach) has been selected as an effectiveness monitoring reach because of 
the high density of instream pump intakes for households and businesses, (14 pumps in the one mile between 
MS5 and MS6) and the high level of commitment to storage and forbearance. In the Lower Critical Reach the 
following progress has been made:  
 

 2002-2010: 4 landowners voluntarily implemented water storage and forbearance, 
 2007: 1 water storage and forbearance participant entered the program, 
 2008: 2 additional water storage and forbearance participants, including one small farm, entered the 

program (total = 3), 
 2009: 2 additional water storage and forbearance small farm participants (total = 5), 
 2010: 1 additional water storage and forbearance participant (total = 6). 

 
By 2010, approximately 70% of the instream pumps in the Lower Critical Reach had joined the program either 
formally or on a voluntary basis, agreeing to cease water withdrawals when flows at the downstream end of the 
Lower Critical Reach (MS6 monitoring site) drop below the cutoff (0.7 cfs).  
 
RAINFALL AND LOW FLOW HYDROLOGIC ANALYSES 

A Basin-wide Perspective on Low Flows 

 
The NCWAP (2000) report evaluated rainfall in the Mattole based on two long-term rain gages; one in Petrolia 
near the basin mouth, and the other in the Upper Mattole (according to Figure II-1 on page 4 of the NCWAP 
report, this gage is actually located in the lower part of the basin at an elevation of 255 feet). Based on analyses of 
historical rainfall, the NCWAP report concluded there are no discernable long-term trends in annual precipitation. 
The NCWAP (2000) report also presented and analyzed streamflow records in the Mattole River near Petrolia 
(USGS Gaging Station No. 11469000, drainage area 245 mi2). Floods, low flows, and annual yields were 
analyzed for long term trends. They reported that there was „a slight decline with time in annual yields during the 
50-year period and a much higher degree of variation during the last 25 years.‟ They also report that the 7-day low 
flow running average ranged from a high of 42.3 cfs (1963) to a low of 17.0 cfs (1977). A „slight overall decline 
in low flow since…1951.‟ was noted and tentatively attributed to increased water use. They conclude by reporting 
that „streamflow data within the region do not show any distinct long-term increase or decrease in annual runoff.‟  
 
Since the NCWAP analyses were done, twelve additional years of data have been collected at the USGS gages. 
While the low-flow frequency analysis was not re-done with these newer data, Figure 1 plots the 2001-2011 7-day 
low flows for both the Petrolia and Ettersburg gages on the NCWAP frequency estimates (reproduced from the 
NCWAP 2000 report). Because the Ettersburg gaging station lacks sufficient record length to perform low flow 
frequency analyses, frequency estimates were derived by synthesizing 7-day low flow discharge estimates from 
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the Petrolia gage data using drainage area ratio and applying the frequency estimates from the NCWAP (2000) 
analysis. 
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Figure 1. Mattole River near Petrolia (No. 11469000; DA = 245 mi2) and near Ettersburg
(No. 11468900; DA = 58.1 mi2) 7-day minimum low flow frequency, 2001-2011.
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As shown in Figure 1, the 2008 7-day low flow was the lowest on record for the 60-year record length at Petrolia, 
so low that the NCWAP (2000) curve had to be extrapolated downward to accommodate the post-2000 data. 
Consequently, the return period of about 1000-years for the 2008 data may be an over-estimate, but is nonetheless 
indicative of the extreme drought conditions during this record-setting low flow year. The 2003-07 and 2009-11 
low flows were substantially higher than those of 2008, although 2001, 2002, and 2004 can be considered 
extremely dry as well. Relatively high summer low flows on par with those of 2005 re-occurred in 2010, and 2011 
was relatively wet as well. Table 1 shows the low flow statistics for both Petrolia and Ettersburg gages for the 
entire period (2001-2011) following the NCWAP (2000) analysis. 
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Table 1. Low flow dates and statistics for Petrolia (PET)and Ettersburg (ETT) stream gages, 2001-2011. The 
higher the return period, the more extreme the drought conditions. 
 

Petrolia Petrolia Petrolia Return Period Ettersburg Ettersburg Ettersburg Return Period ETT/PET

Statistic cfs cfs/sq mi date(s) years cfs cfs/sq mi date(s) years Ratio

2001 1-DAY MIN 17.0 0.07 9/24/2001 --- 4.6 0.08 9/10/2001 --- 1.141
2001 7-DAY MIN 17.2 0.07 10/5-11/2001 90 5.0 0.09 9/3-9/2001 30 1.223
2002 1-DAY MIN 14.0 0.06 9/26/2002 --- 3.7 0.06 10/10/2002 --- 1.114
2002 7-DAY MIN 14.0 0.06 9/26-10/2/2002 400 4.0 0.07 10/7-13/2002 500 1.193
2003 1-DAY MIN 26.0 0.11 10/26/2003 --- 4.9 0.08 10/15/2003 --- 0.795
2003 7-DAY MIN 26.1 0.11 10/25-31/2003 2.2 5.2 0.09 10/23-29/2003 12 0.832
2004 1-DAY MIN 18.0 0.07 9/26/2004 --- 4.0 0.07 9/9/2004 --- 0.937
2004 7-DAY MIN 18.0 0.07 9/28-10/4/2004 40 4.2 0.07 9/7-13/2004 400 0.984
2005 1-DAY MIN 40.0 0.16 10/12/2005 --- 9.4 0.16 10/12/2005 --- 0.991
2005 7-DAY MIN 41.0 0.17 10/7-13/2005 1 9.9 0.17 10/8-14/2005 1 1.018
2006 1-DAY MIN 22.0 0.09 9/27/2006 --- 5.2 0.09 9/26/2006 --- 0.997
2006 7-DAY MIN 22.6 0.09 9/22-28/2006 5 5.3 0.09 9/24-30/2006 10 0.989
2007 1-DAY MIN 19.0 0.08 9/27/2007 --- 5.7 0.10 9/3/2007 --- 1.265
2007 7-DAY MIN 19.9 0.08 9/24-30/2007 20 6.0 0.10 8/31-9/6/2007 4 1.271
2008 1-DAY MIN 11.0 0.04 9/9/2008 --- 3.1 0.05 9/9/2008 --- 1.188
2008 7-DAY MIN 11.0 0.04 9/5-11/2008 >1000 3.2 0.06 9/4-10/2008 >1000 1.227
2009 1-DAY MIN 19.0 0.08 9/29/2009 --- 5.8 0.10 9/28/2009 --- 1.287
2009 7-DAY MIN 19.7 0.08 9/27-10/3/2009 20 5.9 0.10 9/25-10/1/2009 4 1.263
2010 1-DAY MIN 34.0 0.14 10/15/2010 --- 9.4 0.16 10/21/2010 --- 1.166
2010 7-DAY MIN 34.0 0.14 10/15-21/2010 1.1 9.8 0.17 10/15-21/2010 1 1.220
2011 1-DAY MIN 20.0 0.08 9/23/2011 --- 7.9 0.14 9/23/2011 --- 1.666
2011 7-DAY MIN 23.1 0.09 9/18-24/2011 4.5 8.5 0.15 9/18-24/2011 1.4 1.552  

 
Klein (2004) analyzed relationships between seasonal rainfall and minimum low flows at the Petrolia gaging 
station for the period 1966-2003 and found that the magnitude of summer minimum flows was more strongly 
related to summer than spring rainfall amounts. Alternatively, a running calculation based on daily rainfall 
(antecedent precipitation index, or „API‟) was examined to try and improve the rainfall-runoff relationships and 
low flow forecasting for the Upper Mattole River and is analyzed later in this report. 

Mainstem Mattole River Discharge 

 
Figures 2-4 show Upper Mattole rainfall (as measured in Thompson Creek) along with Petrolia and Ettersburg 
discharges for the low flow seasons of 2009-2011, respectively (note that the vertical axes are at a logarithmic 
scale to better examine low flows; similar plots for earlier years are provided in Klein, 2007 and 2009). In 2009 
(Fig. 2), about 1 inch of rain fell on September 12, increasing streamflow for about one week, and 4 inches on 
October 12 that marked the end of the low flow season. The minimum flow (0.01 cfs/mi2 at Ettersburg) occurred 
in early October. Unusually heavy late spring rainfall in 2010 maintained higher lows flow throughout the dry 
season (Fig. 3). The higher moisture availability in 2010 allowed a relatively small amount of late summer rainfall 
(about 1 inch on Aug. 17, Fig. 3) to elevate flows more and for longer duration that a similar amount of rainfall in 
2009. In 2011 (Fig. 4), low flows were slightly lower than in 2010 at Ettersburg. An unexplained drop in Petrolia 
low flows occurred on Aug. 8, 2011, and persisted through Sept. 24 when a small rainfall event elevated flows. 
The low flow season ended on Sept. 30 with the arrival of substantial rain. 
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Figure 2. Mattole River discharge and rainfall, June-October, 2009
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Figure 3.  Mattole River discharge and rainfall, June-October, 2010
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Figure 4.  Mattole River discharge and rainfall, June-October, 2011
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Beginning in August, 2004, flows were measured by Sanctuary Forest staff and volunteers at selected sites in the 
Upper Mattole River basin on both the main stem and selected tributaries.  Main stem sites are numbered in a 
downstream direction (MS1 is at the upper end of the monitoring reach, MS6 is at the lower end. Site descriptions 
are listed below in Table 2, which includes the USGS sites as well. These data provided for a more detailed 
assessment of Upper Mattole low flows than was possible solely using USGS gage data. Measurements were 
made by collecting the flow at a confined section of the channel in a 5-gallon bucket and timing how long it took 
to fill the bucket (volumetric method), or with an electromagnetic current meter (Marsh-McBirney), depending on 
prevailing flow and site conditions. Occasionally, temporary wing-walls were set up in the channel to concentrate 
the flow area for increased measurement accuracy. Accuracy was judged to be good overall, with repeat 
measurements taken at times and with crew members frequently checking each others work. However, at 
extremely low flows, accuracy is made more difficult because of channel irregularities. 
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Table 2. Sanctuary Forest stream discharge monitoring sites, 2004-11 (note that MS3A was 
discontinued in 2006). 

 

Mainstem Sites

River 

Mile 

(RM)

Drainage 

Area          

(DA, mi
2

) Description

MS1 59.3 3.3 downstream of Big Alder Creek
MS2 58.9 4.0 upstream of Lost River confluence
MS3A 58.7 6.0 upstream of Thompson Creek confluence
MS4A 57.2 12.3 downstream of Gibson Creek confluence
MS5 53.2 23.1 upstream of McKee Creek
MS6 52.2 25.6 upstream of Bridge Creek
Ettersburg 42.0 58.1 near Ettersburg
Petrolia 5.0 245.0 at Petrolia
Tributaries

Ancestor 60.8 1.0 near confluence with mainstem
Lost River 58.8 1.4 near confluence with mainstem
Helen Barnum 58.7 0.6 near confluence with mainstem
Thompson 58.4 3.8 near confluence with mainstem
Baker 57.6 1.6 near confluence with mainstem
Stanley 57.1 0.8 near confluence with mainstem
Gibson 56.8 0.7 near confluence with mainstem
Harris 56.5 0.9 near confluence with mainstem
Mill 56.2 2.3 near confluence with mainstem
Ravishoni 55.8 0.7 near confluence with mainstem
Anderson 55.6 0.7 near confluence with mainstem
Van Auken 53.8 2.2 near confluence with mainstem
McKee 52.8 2.1 near confluence with mainstem
Bridge 52.1 4.3 near confluence with mainstem
Buck 52.0 0.8 near confluence with mainstem  

 
Discharge data were collected at up to six main stem sites by Sanctuary Forest staff in 2005-2011. MS1 and MS2 
bracket the Upper Critical Reach (UCR, aka, Gopherville Reach). As mentioned above, the Lower Critical Reach 
(LCR, aka Thorn Junction Critical Reach) at the lower end of the monitored reach is a location of particular 
interest due to habitat values and risks posed to juvenile salmonids from lack of sustaining stream discharges. 
Beginning in 2005, dry season flows were measured at both the upper and lower ends of the LCR (MS5 and MS6, 
respectively). Spot flows were measured periodically at all main stem sites, and data loggers were used to provide 
a continuous record for the 2009 and 2010 dry seasons at five sites (MS1, MS2, MS4, MS5 and MS6). In 2011, 
data loggers were deployed relatively late (mid-Sept.) at MS5 and MS6 only. 
 
The closest Sanctuary Forest streamflow monitoring site to the Ettersburg gaging station is Mainstem Station 6 
(MS6), located about 10 river miles upstream and operated with a continuous data logger during the 2007-2011 
dry seasons. Figure 5 shows flows per square mile for 2009-2011 dry seasons and demonstrates that flows at these 
two stations correspond well, consistent with plots from earlier years (Klein, 2009). Flows at MS6 are key to the 
operation of the forbearance program; participants agreed to cease pumping from the main stem Mattole when 
flows at MS6 drop to 0.7 cfs (0.027 cfs/sq.mi.). 
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Figure 5. Discharge at MS6 and Ettersburg (ETT), June-October, 2009-2011
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Figure 6-8 show continuous data for all operational main stem sites for 2009-2011. The data loggers recorded 
stream stage every 15 minutes. Periodic discharge measurements were used to develop stage-discharge rating 
curves for the data loggers so discharge could be estimated from the continuous stage data. For the most part, the 
rating curves were good estimators of discharge with the exception of MS2 and MS6, for which some 
inconsistencies were observed at the lowest flows measured. 
 
Normally, discharge would be expected to increase in a downstream direction due to larger watershed area, 
however in late September and early October of 2009, MS4 dropped below the two upstream sites (MS1 and 
MS2) (Fig. 6) and MS2 appeared to fall below MS1 several times, which could be due to rating curve 
inaccuracies, leaves accumulating on the data logger‟s sensor and affecting recorded stage, water withdrawals, or 
some combination of these factors. Downstream accretion was more consistent in 2010 (Fig. 7) with the exception 
of a period in mid-Aug. when MS5 flows exceeded those at MS6 (losing reach condition). Late spring combined 
with late September rainfall in 2010 maintained relatively high streamflows for the entire dry season, so MS6 
never fell below threshold (see Fig. 7). Only MS5 and MS6 had data loggers installed in 2011 (Fig. 8), and they 
were installed relatively late in the season, but spot measurements indicated a losing reach condition for about 2 
weeks prior to data logger installation.  
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Figure 6. Continuous discharge at Upper Mattole mainstem sites, July-October, 2009
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Figure 7. Continuous discharge at Upper Mattole mainstem sites, July-October, 2010
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Figure 8. Continuous discharge at Upper Mattole mainstem sites, July-October, 2011
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Figure 9 shows cumulative rainfall for 2001-2011. In 2005, 2010, and 2011, unusually heavy late spring rainfall 
events (8.2, 9.8, and 5.6 inches, respectively) occurred which account for high dry season discharges those years. 
The nearly continuous, steady rainfall of late spring, 2010, appears to have sustained flows in the absence of any 
appreciable summer rainfall and resulted in minimum flows similar to those of 2005, when spring rainfall arrived 
later. Dry season rainfall also occurred in 2001 (2.33 inches on June 26) and 2007 (1.03 inches on July 17). The 
rain in June, 2001, appears not to have been sufficient to avoid extreme low flows as this was the third driest year 
for the 2001-2010 period, whereas a lesser amount of rainfall in 2007 occurred later and caused a temporary rise 
in streamflow and was aided by a fog event in September. 
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Figure 9. Upper Mattole rainfall, May-October, 2001-2011

2001 2002 2003 2004 2005 2006
2007 2008 2009 2010 2011

no data
June 30 - July 25

2005 

1.03" rainfall
July 17, 2007

8.2" rainfall
June 16-19, 2005

(2008 cumulative rainfall amounts are affected
by missing data for March 23 through May 9, 2008)2.33" rainfall

June 26, 2001
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May 18-25, 2006
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May 9 -June 9, 2010

5.6" rainfall
May 15 -June 6, 2011

 
 
Discharge spot measurements taken by SFI staff from 2009-2011at the mainstem sites are shown in Figures 10-
12.  Time periods of cessation of pumping under then forbearance program are also shown. 2009 (Fig. 10) had the 
longest no pumping period of these three years, although MS6 flows remained higher than those upstream at MS5 
for the season (i.e., no losing reach condition). Although riparian pumping likely played a role in this condition, 
other factors, such as evapotranspiration and seepage losses, also likely contributed to the steep decline of MS6 
flows, which dropped below the 0.7 cfs cutoff on Aug. 28. The delayed fall rains kept MS6 flows below the cutoff 
until late Oct., 2009. In 2010 (Fig. 11), the higher flows stayed at or above threshold, but pumping was ceased 
anyway on Sept. 16 as a precautionary measure because flows were approaching the threshold. Similarly, in 2011, 
a somewhat drier year, pumping was disallowed for about 40 days (Fig. 12) as a result of extra caution despite the 
relatively short time period during which MS6 was below threshold (ten days). 
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Figure 10. Discharge measurements at Upper Mattole mainstem sites, 2009.
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Figure 11. Discharge measurements at Upper Mattole mainstem sites, 2010.
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Figure 12. Discharge measurements at Upper Mattole mainstem sites, 2011.
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Figure 13 plots spot discharge measurements for MS6 across all monitoring years (2004-2011) along with the 0.7 
cfs pumping cutoff. Although measurements were sparse in the earlier years, the effects of late spring rainfall can 
be readily seen in the delayed recessions in wetter years (e.g., 2005, 2010, 2011). 2008 was by far the driest with 
MS6 cutoff (0.7 cfs) reached in late July. In 2007, minimum flows were higher than in 2006 due to the small mid-
summer rainfall and fog events, despite a drier spring. 
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Figure 13. Discharge measurements at MS 6, 2004-2011.
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Tributary Flows 

In addition to mainstem flows, discharge at 15 tributaries was measured periodically in 2006-2011. Figures 14 
and 15 show tributary discharges as percentages of the flows at MS6 to characterize their relative contributions to 
mainstem flows in the Lower Critical Reach. Figure 14 shows these percentages in simple discharge (cfs) while 
Figure 15 shows them in unit discharges (cfs/square mile). The tributaries are arranged by the bank from which 
each flows into the mainstem. All sites except for Bridge and Buck creeks are upstream of MS6.  
 
In all but one case (Buck Creek), the right bank tributaries contributed much less to mainstem flows than did the 
left bank tributaries. In particular, Bridge Creek contributed substantial flows to the mainstem. Anderson Creek 
stands out as the smallest contributor to mainstem flows among the more prolific left bank tributaries. 
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Figure 14. Tributary discharges as percentages of MS6 discharge
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Figure 15. Tributary unit discharges as percentages of MS6 unit discharge
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In Figures 16-18, three flow categories are plotted for monitoring performed within each category on different 
years. Figure 16 shows the lowest flow category (0.018 – 0.042 cfs at MS6), Figure 17 the medium flow category 
(0.18 – 0.22 cfs at MS6), and Figure 18 the highest flow category (0.78 to 1.07 cfs at MS6). These three flow 
categories were selected because they represent important thresholds in the mainstem. The lowest flow category , 
when flows are approaching  zero, represent extreme drought conditions. Under these conditions, juvenile 
salmonids become trapped in disconnected pools and water quality becomes poor because of low dissolved 
oxygen. The medium flow category of approximately 0.2 cfs is the observed threshold above which most 
mainstem pools are connected.  The highest flow category of approximately 1 cfs corresponds with the cutoff for 
the storage and forbearance program. Tributary monitoring in most years since 2006 has targeted monitoring 
these three categories for the purpose of evaluating each tributary‟s contribution to the mainstem as well as trend 
monitoring.  
 
As with Figs. 14 and 15, left bank tributaries contribute much more to mainstem flows than right bank tributaries 
in the lowest category, and Buck Creek stands out as anomalously high among right bank tributaries. This 
generally holds true for the medium and highest flow categories, although Buck Creek‟s contributions diminish 
for the medium and higher flows. Lost River contributes the least across all categories.  
 
The trend for each tributary across the years monitored is relatively constant among the three flow categories (see 
Figs. 17 and 18). For the lowest flow category, more variation between years is apparent particularly for the left 
bank tributaries. The right bank tributaries , with the exception of Buck Creek , consistently contribute almost no 
flow to the mainstem when flows at MS6 approach zero. 
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Figure 16. Dry season tributary discharges as percentages
of low MS6 discharges (0.018 - 0.042 cfs) for three different years.
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Figure 17. Dry season tributary discharges as percentages
of medium MS6 discharges (0.18 - 0.22 cfs) for three different years.
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Figure 18. Dry season tributary discharges as percentages
of MS6 discharges (0.78 - 1.07 cfs) for three different years.
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Forbearance Program Effectiveness and Flow Threshold Forecasting 

 
Table 3 lists the annual progress of the forbearance program in the junction reach located between MS5 and MS6. 
Maximum and average pumping rates for participants and subsequent estimates of reductions in water 
withdrawals are also listed. To examine the hydrologic benefits from the forbearance program, Figure 19 plots 
MS6 spot measurements for 2009-2011 and the lower flows expected in the absence of the program (no 
restrictions on pumping) based on the estimates in Table 3. In the wetter years (2010 and 2011), although flows 
are relatively unaffected by the reduced pumping, but in a dry year (2009) the number of days below the cutoff in 
lengthened by about one week. More importantly, the minimum flows are much lower, almost certainly causing 
flow at MS6 to cease for extended periods.  
 
Table 3. Participation in the forbearance program from 2007 to 2011 for the junction reach with estimated 
pumping rates.  

Year

No. of 

landowners 

entering 

program

Cum. no. 

land-

owners

Max. 

pump 

capacity 

(gpm)

Ave. 

pumping 

rate 

(gpm)

Cum. pump 

capacity 

reduction 

(gpm)

Cum. 

reductions in 

ave. pumping 

rate (gpm)

Cum. 

reductions in 

pumping 

capacity (cfs)

Cum. 

reductions in 

ave. pumping 

rate (cfs)

2007 1 1 10 0.64 10 0.6 0.0223 0.0014

2008 2 3 20 2.65 30 3.3 0.0668 0.0073

2009 2 5 28 2.43 58 5.7 0.1292 0.0127

2010 1 6 10 0.28 68 6.0 0.1515 0.0134

2011 0 6 --- --- 68 6.0 0.1515 0.0134

Totals 6 --- 68 6.00 --- --- ---  
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Figure 19. Discharges at MS6 with and without forebearance, 2009-2011.

MS6 cutoff (0.7 cfs)

2009

2010

2011

2009 without forebearance

2010 without forebearance

2011 without forebearance

 
Daily rainfall data from the Thompson weather station was used to compute daily antecedent precipitation index 
(API, inches). API is a running computation indexing the moisture content of soils and may also correlate with 
groundwater levels. It is computed by taking each day‟s rainfall starting well before the dry season, adding any 
new rainfall each day to the previous day‟s API decayed by a constant. Testing indicated the best correlation of 
API and low flow was derived using a decay factor of 0.98. Figure 20 shows API for the 2006-2011 dry seasons, 
spanning the life of the program to date. The effect of summer rains can be seen in 2007, 2009 and 2010, as is the 
arrival of fall rains in late September most years except in 2006 and 2010 when fall rains were delayed. 
 
Two years with similar API were selected from Figure 20 for comparison of low flow discharges to evaluate 
possible benefits of the forbearance program. The years 2007 and 2009 had similar API (see Fig. 20), and 
between these two years just four additional participants joined the forbearance program in the junction reach. 
Figure 21 plots MS5 and MS6 discharges and API for both years. MS6 discharge remained higher in 2009 than in 
2007 for much of the dry season (early Aug. through mid-Sept.). Additionally, the losing reach between MS5 and 
MS6 persisted for most of August and September in 2007, while no losing reach occurred in 2009. Oddly, 2009 
flows at MS6 dropped to a season-low after a summer rain on Sept. 11 until more substantial rainfall occurred a 
month later. 
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Figure 20. API for 2006-2011.
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Table 4 lists annual pumping cessation data, API and Ettersburg low flows for 2006-2011. Notifying forbearance 
program participants in advance of when the flow threshold at MS6 (0.7 cfs) will be reached would allow water 
users to prepare for cessation of pumping from the river and thereby minimize disruptions related to water storage 
and use. July 1 each year partitions the spring season from the low flow season fairly well. API on July 1for all 
monitoring years was computed and regressed against the number of days after July 1 that the flow cutoff 
threshold at MS6 was reached. Figure 22 shows the plotted data and the regression equation derived from the 
data. A high R-squared of 0.91 indicates the utility of API for forecasting the date that the cutoff is attained. It 
must be remembered that any unusual weather events, such as summer rain or fog periods, will delay the arrival 
of the low flow threshold by an unknown time period. A spreadsheet is provided under separate cover to facilitate 
API computation each summer, using daily rainfall beginning the previous year, and cutoff date estimation. The 
running API can be adjusted for summer rainfall events by adding new rainfall to the spreadsheet as it occurs, but 
other weather events (e.g., fog, cooling periods) cannot. 
 
Table 4. Dates and discharges bracketing pumping cessation, annual number of days of pumping cessation, API 
on July 1, and Ettersburg (ETT) 7-day low flow, 2006-2011. 

Date Q (cfs) Date Q (cfs)

2006 78 08/23/06 0.95 11/09/06 5.9 8.2 5.3
2007 56 08/20/07 0.45 10/15/07 4.8 4.1 6.0
2008 111 07/22/08 0.70 11/10/08 10 2.9 3.2
2009 69 08/13/09 0.70 10/21/09 2.4 5.2 5.9
2010* 32 09/16/10 1.19 10/28/10 >15 10.8 9.8
2011 17 08/27/11 1.60 10/07/11 >15 9.0 8.5

   *Due to a precipitation event on 9/20/2010-9/21/2010 the actual no pump season
     lasted only seven days in 2010. Official notices of the no pump season ending
     weren‟t sent out until October 28th.

ETT 7-
day low 

flow (cfs)

API (in) 
on July 1

Start date and discharge End date and dischargeNo. 
daysYear

 

No. Days = 55*ln(API) - 25.5

R² = 0.94
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Figure 22. Predictive relationship for MS6 flow cutoff date from API.
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API can also be compared to low flow discharges measured at the Ettersburg gaging station. Figure 23 shows API 
on July 1 vs. the 7-day low flow for Ettersburg for an eleven-year period (2001-2011). The period is divided in to 
that before the forbearance program had begun (2001-2006) and afterward (2007-2011). Linear regression lines 
are fit to the data for each period, forming two distinct, relatively strong relationships indicating the ability to 
forecast low flows from API at the onset of the low flow season. There appears to have been a shift in the 
relationship around 2006. As indicated, Ettersburg flows were much lower (slope = 0.52 for 2001-2006) prior to 
the beginning of the forbearance program (prior to 2006) than they are later (slope = 0.74 for 2007-2011). 
However, the flow increases in the latter period are too large to be due solely to the pump program. Other factors, 
such as summer rainfall, reduced evapotranspiration from recent fires and/or forest thinning, possible alterations 
in riparian pumping between MS6 and Ettersburg, or other unknowns may be primarily responsible for the 
increased flows of late. Investigating the causes for this apparent change in dry season hydrology at Ettersburg 
was beyond the scope of this study. 

2001-2006:
Q = 0.5216API + 1.8402

R² = 0.9284

2007-2011:
Q = 0.7365API + 1.9787

R² = 0.9285
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Figure 23. API vs. Ettersburg 7-day low flow for two periods.
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Groundwater Observations 

 
Groundwater is the sole source of streamflow during the dry season and thus important to the SFI low flow 
project. Beginning in 2007 SFI staff, in cooperation with BLM staff, measured groundwater levels in several 
wells, beginning a project to investigate the potential to augment low flows with localized groundwater 
enhancement. As mentioned above, Buck Creek was an unusually high contributor to mainstem flows among 
right bank tributaries. A characteristic that sets Buck Creek apart from its neighbors is the presence of four ponds 
along Buck Creek‟s main channel; these ponds elevate local groundwater levels, increasing aquifer storage and 
sustaining low flows, which would explain Buck Creek‟s anomalously high flow contributions to the mainstem. It 
is hypothesized that these ponds mimic a condition that existed long ago, before concerted efforts began to 
remove log jams that were perceived as barriers to upstream fish migration. Log jams typically store coarse 
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sediment upstream and so could also augment aquifer storage to sustain summer flows. The potential exists, then, 
for restoring higher mainstem summer low flows by restoring log jams to tributaries.  
 
Figure 24 shows depths to groundwater for two well sites near the MS6 mainstem discharge measurement site, 
MS6 discharges, and API (note the flat line portions of the groundwater data represent dry well conditions). There 
is considerable covariation in these data, suggesting interdependencies that might be exploited for predictive 
purposes beyond the scope of this study.  
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Figure 24. Groundwater depths near MS6, MS6 discharge and API, 2010-11.
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Conclusions and Recommendations 
 

1. With the exception of 2005, 2010 and 2011, drought conditions have been unusually severe since 2002 in 
the Upper Mattole River, with 2008 being the driest of the 61-year discharge record for the Mattole River 
near Petrolia (7-day low flow return period >1000 years). 

 
2. Substantial amounts of late spring rainfall postpone the date at which minimum low flows are attained, 

potentially shortening the amount of time low flow conditions persist and maintaining year-round flow at 
some reaches that might otherwise go dry. 

 
3. Even small amounts of rainfall (e.g., 0.25”) in the driest time of the year can increase discharge and 

provide temporary relief for fish from drought conditions. In July, 2007, one inch of rainfall elevated 
subsequent flows for almost a two-week period. Fog in the Upper Mattole, a relatively unusual 
occurrence, can also reduce the recession rate of low flows and perhaps elevate low flows. 
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4. When flows at MS6 are just below the 0.7 cfs cutoff, fog and small rainfall events may cause flows to 

slightly exceed the cutoff, allowing pumping to resume for a time. However, resumption of pumping can 
reduce flows to below the cutoff, so streamflows following a resumption of pumping following small 
rainfall or fog events should be closely monitored. 

 
5. The usefulness of API for predicting low flow discharge and its relationship to groundwater levels was 

investigated. API can be tracked as the dry season approaches to assist forecasting the date at which the 
MS6 flow threshold will be achieved. API can also be used to evaluate relationships between seasonal 
rainfall, groundwater levels and low flows. As such it is an important tool for evaluating the extent to 
which low flows are caused by timing and amount of rainfall.  
 

6. Upper Mattole tributaries performed fairly consistently for the years 2006-2011 relative to their 
contribution to the mainstem. Right bank tributaries contributed much less than left bank tributaries with 
the exception of Buck Creek. 
 

7. Based on limited data and analysis, declining groundwater levels correspond with declining streamflows 
and API. Restoration of groundwater hydrology and increased groundwater levels would likely result in 
higher summer streamflows. Further analysis of groundwater and streamflows data is needed to quantify 
potential streamflow benefits. 

 
8. The junction reach (bracketed by MS5 and MS6) experienced a losing reach period most years prior to 

2009, typically beginning in September. The likely explanations are a combination of human use 
becoming high relative to streamflow at that time, and reductions in downstream accretion (surface water 
and seepage contributions to the channel).  

 
9. Beginning in 2009, the forbearance program‟s effectiveness, as indicated by reduced losing reach 

conditions in the junction reach (bracketed by MS5 and MS6), appeared to be providing measurable 
benefits to the low flow problem. With 70% of the pumps turned off, the losing reach period observed in 
most years prior to 2009 has significantly decreased both in length and magnitude. With growing 
participation in the forbearance program, additional benefits to summer low flows will continue to accrue 
and improve conditions for fish.  
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APPENDIX A: UPPER MATTOLE RIVER MAINSTEM DISCHARGES, 2004-2011 
 

Date
MS1       
cfs

MS2      
cfs

MS3      
cfs

MS4      
cfs

MS5     
cfs

MS6     
cfs Date

MS1       
cfs

MS2      
cfs

MS3      
cfs

MS4      
cfs

MS5     
cfs

MS6     
cfs

     2004 (former number) (MS1) (MS2) (MS4)      2008 (continued)
08/28/04 0.07 0.16 0.10 10/23/08
09/06/04 0.01 0.04 0.03 11/13/08 1.16 1.43 5.45 8.15 8.85
09/11/04 0.00 0.02 0.00 2009
09/21/04 0.00 0.01 0.00 06/30/09 7.05
09/28/04 0.00 0.00 0.00 07/07/09 5.94

2005 07/14/09 3.78 4.05
08/05/05 1.40 5.80 6.91 9.88 07/22/09 0.49 0.63 1.58 2.57 2.46
08/12/05 0.87 8.80 07/28/09 0.37 0.46 1.07 1.75 1.90
08/26/05 1.08 1.57 5.95 4.75 4.80 08/06/09 1.78 1.64
09/16/05 0.47 0.52 0.58 1.80 1.86 2.75 08/11/09 0.23 0.21 0.53 0.90 0.98
10/03/05 0.33 0.26 0.30 0.80 1.06 1.00 08/19/09 0.36 0.39
10/21/05 0.32 0.47 1.16 1.85 08/27/09 0.06 0.03 0.08 0.16 0.20

2006 09/02/09 0.09
07/17/06 1.12 1.18 4.40 5.47 09/09/09 0.06 0.08 0.09 0.13 0.17
08/02/06 0.45 0.58 09/23/09 0.08 0.09 0.13 0.24 0.24
08/09/06 0.47 0.53 1.22 2.13 2.05 09/30/09 0.03 0.01 0.04 0.06 0.06
08/23/06 0.19 0.22 0.78 0.84 0.95 10/02/09 0.04
09/06/06 0.06 0.11 0.24 0.30 0.27 10/21/09 0.48 0.67 1.40 2.44
09/14/06 0.02 0.03 0.09 0.18 0.11 10/22/09 1.37
09/20/06 0.02 0.00 0.03 0.12 0.07 10/29/09 0.57 1.09
09/27/06 0.03 0.00 0.03 0.06 0.01 11/12/09 3.19 3.92
10/05/06 0.08 0.06 0.11 0.23 0.04 11/23/09 20.47 21.39
10/13/06 0.06 0.03 0.10 0.18 0.15 2010
10/19/06 0.11 0.08 0.18 0.29 0.20 7/8/2010 3.27
10/26/06 0.09 0.19 0.13 7/12/2010 15.28
11/09/06 0.95 1.28 5.86 7/22/2010 1.75 9.19 9.92

2007 7/29/2010 1.69 2.25 5.10 7.15 8.21
07/09/07 0.59 0.70 8/5/2010 5.78
07/19/07 0.89 1.15 2.50 3.96 8/12/2010 1.00 1.07 2.69 4.20 4.48
07/25/07 0.49 0.62 1.39 2.51 2.21 8/27/2010 0.50 0.56 1.34 1.92 2.18
08/08/07 0.26 0.53 0.30 0.83 1.18 1.07 9/8/2010 0.27 0.32 0.68 1.26 1.78
08/20/07 0.20 0.25 0.20 0.36 0.61 0.45 9/16/2010 0.30 0.31 0.67 0.90 1.19
09/07/07 0.03 0.00 0.01 0.12 0.06 0.07 9/22/2010 0.66 0.73 1.66 2.78 2.83
09/14/07 0.21 0.11 9/30/2010 1.46
09/19/07 0.05 0.06 0.11 0.32 0.16 10/6/2010 0.22 0.29 0.67 0.70 1.06
10/04/07 0.20 0.05 0.07 0.08 0.40 0.28 10/20/2010 0.22 0.23 0.43 0.60 0.70
10/25/07 1.12 1.32 1.73 6.37 8.86 9.70 11/23/2010 21.39

2008 2011
06/06/08 6.79 07/20/11 7.88
06/19/08 2.78 07/28/11 5.66
06/26/08 0.44 0.53 1.64 3.17 2.69 08/11/11 0.69 0.75 1.70 2.89 3.40
07/01/08 2.83 08/18/11 2.23
07/08/08 0.25 0.24 1.05 1.84 1.00 08/25/11 0.43 0.55 1.12 1.58 1.67
07/15/08 0.27 0.26 0.89 1.28 1.52 09/02/11 1.09
07/22/08 0.86 09/08/11 0.23 0.26 0.65 1.11 0.89
07/29/08 0.08 0.08 0.24 0.42 0.39 09/13/11 0.96 0.66
08/05/08 0.18 09/16/11 0.79 0.78
08/12/08 0.03 0.02 0.07 0.14 0.10 09/22/11 0.08 0.18 0.27 0.33 0.46
08/26/08 0.00 0.00 0.01 0.04 0.03 09/29/11 0.78
09/09/08 0.00 0.00 0.00 0.00 0.00 09/30/11 0.66
09/24/08 0.00 0.00 0.00 0.00 0.00 10/21/11 5.31
10/08/08 0.29 1.68 1.72 1.53 11/04/11 3.35  
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APPENDIX B: UPPER MATTOLE RIVER TRIBUTARY DISCHARGE, 2007-2011. 
 

Discharge (cfs) 
 

8/10/2007 8/28/2007 9/25/2007 7/1/2008 8/5/2008 9/4/2008
Ancestor Creek 0.096 0.026 0.007 0.180 0.024 0.007
Lost River 0.012 0.000 0.000 0.096 0.000 0.000
Helen Barnum 0.019 0.007 0.001 0.056 0.009 0.000
Thompson Creek 0.286 0.156 0.071 0.592 0.051 0.003
Baker Creek 0.019 0.009 0.003 0.234 0.012 0.000
Stanley Creek 0.020 0.003 0.000 0.100 0.005 0.000
Gibson 0.016 0.003 0.000 0.058 0.002 0.000
Harris Creek 0.021 0.005 0.001 0.096 0.005 0.000
Mill Creek 0.239 0.133 0.078 0.630 0.131 0.039
Ravishoni 0.012 0.002 0.000 0.053 0.005 0.000
Anderson Creek 0.027 0.017 0.005 0.081 0.012 0.000
Van Auken 0.049 0.010 0.000 0.217 0.013 0.000
McKee Creek 0.044 0.006 0.000 0.212 0.000 0.000
Bridge Creek 0.631 0.598 0.380 1.110 0.480 0.304
Buck 0.085 0.054 0.034 0.235 0.065 0.045
MS6 1.070* 0.216 0.033 2.830 0.179 0.018
    * actually measured on 8/8/2007.

2007 2008
Tributary

 
 

2010 2011
8/12/2009 9/2/2009 10/2/2009 8/5/2010 9/29/2011

Ancestor Creek 0.106 0.052 0.005 0.510 0.080
Lost River 0.000 0.000 0.006
Helen Barnum 0.020 0.003 0.000 0.107 0.013
Thompson Creek 0.273 0.140 0.037 1.810*
Baker Creek 0.039 0.004 0.001 0.430* 0.016
Stanley Creek 0.021 0.001 0.000 0.230 0.007
Gibson Creek 0.021 0.001 0.000 0.206 0.001
Harris Creek 0.040 0.003 0.000 0.210 0.001
Mill Creek 0.271 0.193 0.060 0.980 0.200
Ravishoni Creek 0.007 0.017 0.001 0.009 0.002
Anderson Creek 0.025 0.000 0.000 0.140 0.030
Van Auken 0.059 0.000 0.000 0.360 0.020
McKee Creek 0.021 0.000 0.000 0.010
Bridge Creek 0.844 0.771 0.472 2.560 0.990
Buck Creek 0.059 0.044 0.022 0.220* 0.064
MS6 0.977 0.088 0.042 5.780 0.780
    * these measurements were actually made on 7/30/2010

Tributary
2009
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Executive Summary  

Trout Unlimited (TU) and the Center for Ecosystem Management and Restoration (CEMAR), with our 

partner Sanctuary Forest (SFI), prepared this Streamflow Improvement Plan (SIP) as part of the 

Coastal Streamflow Stewardship Project (CSSP). The CSSP is an effort originated by TU and CEMAR 

with support from the California State Coastal Conservancy which has grown to include many other 

funding and conservation partners. The purpose of CSSP is to (1) enhance water supply reliability 

and (2) restore good streamflow conditions in targeted rivers and streams. This Streamflow 

Improvement Plan is a roadmap for identifying, prioritizing and implementing high priority 

streamflow improvement projects. 

Through CSSP, TU and CEMAR initially selected five coastal watersheds to test our belief that it is 

possible to improve streamflow in a way that benefits landowners, and specifically that it makes 

sense to apply a systematic, watershed approach that brings together landowner interests, 

streamflow gauging and water availability analyses, site specific habitat-flow studies, and 

coordinated management of water diversions. The Mattole River is one of the first four watersheds 

for which we are developing Streamflow Improvement Plans. The others are Grape Creek (Sonoma 

County), San Gregorio Creek (San Mateo County), and Little Arthur Creek (Santa Clara County). A 

fifth watershed, Chorro Creek (San Luis Obispo County), is also in development, and a sixth 

watershed, Pescadero Creek (San Mateo County) will be added to the program. In addition, TU and 

CEMAR are members of a Russian River Coho Water Resources Partnership (Coho Partnership) that 

is working in four additional Sonoma County watersheds using methods based largely on CSSP. (The 

Coho Partnership is also pursuing other kinds of habitat restoration and conducting biological 

monitoring.)  

We selected the Mattole River Headwaters as pilot watershed because low flow is a critical but not 

intractable limiting factor, because a critical mass of landowners expressed their interest and 

support in collaborative problem-solving, and because it ranked high in federal and state recovery 

plan prioritization. 

This Streamflow Improvement Plan builds on many years of work on the part of landowners, 

Sanctuary Forest, the Mattole River and Range Partnership, public agencies and others to restore 

habitat and fisheries in the watershed. For this SIP, TU and CEMAR worked with Sanctuary Forest 

and our fisheries experts and McBain & Trush to develop a comprehensive, watershed approach to 

streamflow restoration.  

The purpose of the SIP is to increase our understanding of the relationship between flow and 

habitat, and to identify specific measures to restore a natural hydrograph. The beneficial effects of 

implementing these changes will be measureable.  

 Section 1 provides an overview of the Coastal Streamflow Stewardship Project, describes 

our rationale for selecting the Mattole River Headwaters as a pilot CSSP watershed, and 

details the tasks and activities we initiated in the watershed through CSSP.  
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 Section 2 describes existing conditions relevant to developing a watershed approach to 

improving streamflow in the Headwaters. These include the ecological setting, rainfall and 

discharge, human land and water use, anadromous fisheries and habitat, and factors 

limiting salmonid recovery.    

 Section 3 analyses human water needs relative to available water supply for the 128 

residences and seven “institutional” water users in the Mattole Headwaters. Compared to 

average annual discharge, human demand is very small (less than 1 percent). However, 

demand is highest precisely when supply is lowest during the driest months, and human 

demand can have a significant effect on the low flow season.   

 Section 4 characterizes the needs of anadromous fish and their relationship to flow and 

habitat. For this work, McBain & Trush prepared an Instream Flow Needs site specific study 

to identify streamflow thresholds for juvenile rearing habitat and productivity and other 

variables that influence salmon and steelhead growth or survival as flows recede from the 

rainy season to the low flow period at the end of summer. Spawning habitat is available at 

16 cubic feet per second, and minimum preferred spawning habitat is available at 41 cubic 

feet per second as measured at the gauge located at the downstream study reach. We 

estimate Excellent juvenile rearing habitat at 23 cubic feet per second at the same location. 

Juvenile rearing habitat drops through Good (threshold at 9 cubic feet per second) and Fair 

(5 cubic feet per second) into the Summer Low Flow period where rearing habitat is 

stressful. The stream begins to be deadly and disconnected at 0.7 cubic feet per second. 

Streamflow restoration cannot prevent flow from receding below Fair into Summer Low 

Flow—that happens naturally. But streamflow restoration can and will decrease the 

likelihood of disconnectivity and decrease the amount of time that fish must live in the 

stressful Summer Low Flow period.  

 Section 5 defines streamflow improvement objectives and provides recommendations for 

managing diversions in the Mattole Headwaters. This section provides a roadmap for 

achieving both the physical/infrastructure and social/management changes necessary to 

ensure streamflow improvement. Recommendations include expanding Sanctuary Forest’s 

Tanks and Forbearance program until all of the larger, non-residential water users can forgo 

diversions during the low flow months. Three in particular are priorities. We also 

recommend pursuing Tanks and Forbearance until 90 (70 percent) of the 128 residences in 

the Headwaters can cease diversions during low flow months. Other recommendations 

address rotation of diversions (i.e., taking turns so multiple pumps are not on at the same 

time), water conservation and use efficiency, actions to reconnect off-channel and 

floodplain habitat and improve water retention, and other concrete steps to improve 

streamflow. 

 Section 6 includes our water availability analyses and estimates of the potential benefits of 

the SIP recommendations.  



Mattole River Headwaters                                                                   Streamflow Improvement Plan 

 

 

  
Page 12 

 

CEMAR Trout Unlimited 

 Section 7 describes a long term strategy to ensure durable results, with sub-sections on 

monitoring, evaluation, and quality assurance, as well as our approach to funding. 

This Streamflow Improvement Plan illustrates how the Mattole River Headwaters can continue to 

serve as a watershed-scale model for salmonid recovery efforts that benefit both fisheries and 

coastal communities. 

1 Introduction 

1.1 The Coastal Streamflow Stewardship Project 

In 2008, the California State Coastal Conservancy awarded funding to Trout Unlimited (TU) and the 

Center for Ecosystem Management and Restoration (CEMAR) to implement the Coastal Streamflow 

Stewardship Project (CSSP) to work with landowners to improve streamflow and water supply 

reliability. With CSSP, we partner with landowners and water users in coastal California watersheds 

to develop water management tools and identify projects to protect and reconnect stream flow for 

fisheries and improve water supply reliability for coastal communities. The Conservancy described 

CSSP as part of an ongoing effort “to promote long-term management of coastal water resources, 

often requiring the balance of competing uses such as agricultural, habitat and water quality needs 

(California Coastal Conservancy 2008, p.5).”   

Throughout Coastal California, salmon and steelhead salmonid populations are in decline. In many 

locations, the biggest problem is a simple lack of water. Even under natural conditions, many coastal 

streams do not have high streamflows during the late summer months. Water diversions for 

irrigation and other human needs can easily dry them up. But while conservationists have made 

great progress addressing other factors limiting salmon and steelhead populations, water has always 

been the third rail of river restoration. The topic is emotionally charged and technically complex, 

and it is not for the faint of heart.  
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Figure 1. Discussing water rights, a Western pastime 

 

When we started CSSP, approximately 500 applications for new water rights were pending in 

California, including 300 located along the north central coast. The backlog was failing new 

applicants (because they were unable to get a water right), senior water right holders (because 

unauthorized diversions continued to operate without regard for the interests of prior 

appropriators), and public trust resources (because inadequate safeguards were in place to protect 

the instream flows necessary for fish and wildlife). In addition, water users with existing and valid 

water rights had little incentive to explore changes in water management and infrastructure that 

could benefit fisheries resources, especially if such changes meant entering difficult water rights and 

other permitting processes. Very few people had ever successfully completed projects to improve 

streamflow by working cooperatively with water users.  

We created CSSP to test an approach to break-through the stalemate and distrust that regularly 

characterize issues of water diversion, water rights, and streamflow in coastal systems. We do so by 

identifying and developing high priority and technically and socially feasible projects that yield 

benefits for fisheries and human populations and also have demonstration value beyond the pilot 

watersheds. We hypothesized that, in many cases, shifting water demand from the dry season to 

the rainy season would benefit salmon and steelhead populations and meet human water needs. 

We hypothesized that this could be done by developing tanks and farm ponds as an alternative to 
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in-stream pumps or streamside wells, and could be accompanied by improvements in water use 

efficiency and rotations of diversions. We hypothesized that investing in stream gauges and habitat-

flow studies could allow us to make practical recommendations for water supply improvements, and 

we believed that investing even more heavily in discussions with the people who live along the 

streams could allow us to develop mutually beneficial projects.  

In sum, the overarching goal of CSSP is to devise a “comprehensive and coordinated approach to 

water management and instream flow protection” (California Coastal Conservancy 2008, p.5) that 

demonstrates that water rights system reform and fisheries conservation can be accomplished in 

tandem with water users.  

Through CSSP, we selected five watersheds in which to pilot the approach—the Mattole River in 

Humboldt and Mendocino counties, Grape Creek (Russian River watershed) in Sonoma County, San 

Gregorio Creek in San Mateo County, Little Arthur Creek (Pajaro River watershed) in Santa Clara 

County, and Chorro Creek in San Luis Obispo County (Figure 2).2 In each of these watersheds, 

diminished streamflow is limiting salmonid recovery, but the restoration of streamflow appears 

promising and feasible, and water users are eager to participate in the project.  We selected 

watersheds characterized not by seemingly intractable conflict but rather by “medium-gnarly” water 

management challenges that would produce meaningful solutions. We also considered the diversity 

and breadth of the watersheds to be important: they are geographically diverse and present an 

array of land and water uses and opportunities so as to create flexible models with wide 

applicability.    

 

                                                           
2
 The Chorro Creek project is still in development. With the addition of the Coho Water Resources Partnership 

work (funded by the National Fish and Wildlife Foundation), we were able to bring the approach of CSSP to 
nine coastal California watersheds. We are in the initial stages of a similar project for Pescadero Creek in San 
Mateo County. 
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Figure 2. Map of First Four Coastal Streamflow Stewardship Project watersheds. 
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1.2 Rationale for Selecting Mattole River Headwaters for CSSP 

We selected the Mattole River Headwaters as a CSSP pilot watershed because it provided the critical 

intersection of feasibility of salmon restoration, reduced streamflow as a major factor limiting 

salmon and steelhead recovery, critical mass of landowners interested in collaboration, federal and 

state recovery plan prioritization, and—when added to the other pilot watersheds—it contributed 

to a range of land and water uses with the potential to demonstrate a variety of solutions.  

In addition, the Mattole River Headwaters was already the location of one of the state’s pioneering 

programs to restore streamflow through Sanctuary Forest’s Tanks and Forbearance program. After 

discussions with Sanctuary Forest, TU and CEMAR decided to join forces with SFI and the other local 

groups in the Mattole River and Range Partnership to build on the Tanks and Forbearance program’s 

success. We believed that partnership would be particularly effective as a means to go beyond the 

residential water users and riparian rights already in the Tanks and Forbearance program to include 

larger and more complex water rights. These “institutional” water users present more complex 

water right and permitting questions and they call for additional water availability analysis and site-

specific habitat-flow studies for purposes of design and permitting. The combination of Sanctuary 

Forest’s experience and local relationships, Trout Unlimited’s water rights background, and CEMAR’s 

scientific capacity is a good match. 

Our efforts with CSSP are based on our agreement with two conclusions made by previous 

researchers who have studied the Mattole River: first, that the headwaters area contains the best 

remaining coho and steelhead habitat; and second, that lack of streamflow during the dry season is 

one of two key limiting factors in the headwaters (the other being lack of habitat complexity).  

1.3 CSSP Tasks for the Mattole River Headwaters 

Our CSSP effort consists of six tasks: identify the pilot watersheds; gather background information 

for each; characterize the watersheds; prepare instream flow recommendations and hydrologic data 

analysis; engage local participants to develop a legal and institutional framework for coordinated 

diversion management; and establish Streamflow Improvement Plans. 

1.3.1 Gather Background Information  

We gathered geophysical, hydrologic, and biological information. Geophysical data, including 

topography and geology, were important for defining spatial relationships within our study 

watersheds. Hydrologic data (including precipitation and streamflow) were essential for defining the 

amount of water typically expected to fall as precipitation and leave the watershed as streamflow, 

and the range among wet to dry years. Biological data, including watershed- and reach-scale fish 

surveys, allowed us to focus attention on particular reaches based on long- and near-term 

documentation of fish presence and use of reaches within the drainage network. In addition, we 
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compiled information describing human water use based on several sources (including especially 

Sanctuary Forest surveys and water rights information), which we used to define water need (how 

much water is needed to meet human uses such as irrigation, domestic, and industrial on an annual 

scale) and demand (how water is taken from the watershed to meet those needs through the year).  

This CSSP effort builds on many years of work in the Mattole Headwaters by Sanctuary Forest (SFI), 

the Mattole River and Range Partnership (including SFI, Mattole Restoration Group, and Mattole 

Salmon Group) (MRRP), the Department of Fish and Wildlife (DFW), and others.  

The salmonid habitat resources of the Mattole River watershed are relatively well understood 

compared with many other California coastal rivers, and the present study did not recreate the work 

published in previous watershed plans and recovery strategies—all of which concluded that low 

summer flow is a critical limiting factor for salmon and steelhead conservation.  

Rather, this plan sets forth specific recommendations for improving instream flow that build upon 

previous efforts. 

We drew particularly upon the following resources in crafting this Streamflow Improvement Plan: 

 Options and Obstacles: Living with Low Water Flows in the Mattole River Headwaters (Sanctuary 

Forest 2004) (http://sanctuaryforest.org/cgi-

files/0/pdfs/1116132091_Options_and_Obstacles_Low_Flows_in_the_Mattole_River.pdf) 

 Mattole Coho Recovery Strategy (MRRP 2011) 

 Mattole Integrated Coastal Watershed Management Plan: Foresight 2020 (MRRP 2009) 

 Mattole Watershed Plan (2005)(updated by MRRP 2009) 

 Mattole River Watershed Assessment Report (Downie et al. 2002 for North Coast Watershed 

Assessment Program) 

 Hydrologic Assessment of Low Flows In the Mattole River Basin 2004-2011 (Klein 2012) 

 Hydrologic Assessment of Low Flows in the Mattole River Basin 2004-2008 (Klein 2009) 

 Hydrologic Assessment of Low Flows in the Mattole River Basin 2004-2006 (Klein 2007) 

(http://sanctuaryforest.org/cgi-files/0/pdfs/1174351657_Mattole_Flow_Hydrology_Report.pdf) 

 Preliminary Hydrologic Assessment of Low Flows in the Mattole River Basin (Klein 2004) 

(available as appendix to Options and Obstacles, above) 

 Draft Proposed Mattole Headwaters Groundwater Management Plan (Sanctuary Forest 2011) 

 Recovery Strategy for California Coho Salmon (DFG 2004) 

(http://www.dfg.ca.gov/fish/Resources/Coho/CohoRecovery.asp) 

http://sanctuaryforest.org/cgi-files/0/pdfs/1116132091_Options_and_Obstacles_Low_Flows_in_the_Mattole_River.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1116132091_Options_and_Obstacles_Low_Flows_in_the_Mattole_River.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1174351657_Mattole_Flow_Hydrology_Report.pdf
http://www.dfg.ca.gov/fish/Resources/Coho/CohoRecovery.asp
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 U.S. Geologic Survey hydrology data from Mattole River near Petrolia (11469000) and Mattole 

River near Ettersburg (11468900) 

 Summer streamflow monitoring data since 2004 from sites maintained by Sanctuary Forest 

 Water Storage Guide (SFI 2008) (http://sanctuaryforest.org/cgi-

files/0/pdfs/1213661598_Water_Storage_Guide.pdf) 

 Legal Options for Streamflow Protection (SFI 2008) (http://sanctuaryforest.org/cgi-

files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf) 

 State Water Resources Control Board, Electronic Water Right Information Management System 

(http://www.waterboards.ca.gov/ewrims/) 

 California Fish Passage Assessment Database 

(http://www.calfish.org/Programs/CalFishPrograms/FishPassageAssessment/tabid/83/Default.a

spx) 

1.3.2 Characterize Watersheds  

For CSSP, we made several efforts to generate new information and resources relevant to 

streamflow restoration in the Mattole Headwaters. Major categories of effort included additional 

contact with landowners in tandem with Sanctuary Forest, new streamflow gauges and hydrologic 

analysis led by CEMAR, and a site specific instream flow study conducted by McBain & Trush. 

As described in Sections 2 and 6, CEMAR established a network of year-round streamflow gauges, 

which was essential for improving our understanding of individual and cumulative impacts on 

streamflow and fish habitat locally within each watershed and for evaluating the feasibility of 

proposed management practices and projects. These sites were selected partly to support Sanctuary 

Forest’s summer streamflow monitoring program, and partly to provide information about 

streamflow characteristics at different places in the drainage (e.g., tributaries on the west side of 

the watershed compared to tributaries on the east side; Figure 3).  Since 2004, Sanctuary Forest has 

operated low-flow gauges to monitor summer streamflow; the data from these gauges serve as the 

foundation for diversion management among small domestic water users through the dry season. 

Because the gauges are calibrated for low flows and removed during high flows, no streamflow data 

had previously been collected during the winter. Working with Sanctuary Forest, we installed gauges 

to document winter streamflow and investigate water availability during the rainy season, which will 

inform both streamflow recommendations and the suite of options available to water users (e.g., 

the ability and effect of switching from summer/fall diversions to winter diversions with storage). 

This information is necessary to justify the new water rights and Streambed Alteration Agreements 

required for the “institutional” water supply projects. 

http://sanctuaryforest.org/cgi-files/0/pdfs/1213661598_Water_Storage_Guide.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1213661598_Water_Storage_Guide.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf
http://www.calfish.org/Programs/CalFishPrograms/FishPassageAssessment/tabid/83/Default.aspx
http://www.calfish.org/Programs/CalFishPrograms/FishPassageAssessment/tabid/83/Default.aspx
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Figure 3. Map of CSSP gauge locations, Mattole River Headwaters 

 

We used two different brands of pressure transducers, Azonde 2220 transducers and data collectors 

and In-Situ Level TROLL 500s, to measure and record water level (e.g., Figure 4). Each gauge 

measures and records water stage, and water temperature, and air temperature every fifteen 

minutes (Azonde sensors also measure and record air temperature). The Azonde transducers relay 

data in real-time to an antenna in the watershed with internet connectivity. We regularly upload the 

data from the gauges without internet connectivity. We measured streamflow approximately one 

time each month in each reach using a either USGS Price Mini or AA current meters (depending on 

flow conditions). We correlated measured streamflow values with stage data at the time of 

measurement to create rating curves according to standard USGS protocols (Rantz 1982) and these 

curves were used to estimate streamflow in cubic feet per second at fifteen-minute intervals for all 

stage data measured by the pressure transducer.    

The streamflow, stage and temperature data are available online in the Streamflow Data Center at 

http://www.cemar.org/Mattole.html.   

http://www.cemar.org/Mattole.html
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The real-time information has been valuable to us and our partners in the Mattole as in other 

watersheds. Each landowner that hosted a gauge has allowed the data to be publicly available and 

accessible and many have enjoyed the ability to access stage data as well. It has also allowed us to 

access the gauge data online and monitor for any potential problems in data collection (e.g., if the 

gauge is damaged during storm events) and it allowed CEMAR to target its field visits for streamflow 

measurements, saving both money and time, and allowed McBain & Trush to target its field visits for 

the site specific study habitat-flow study to times when flows would be most informative. 

 

 

Figure 4. Stream flow gauge in the Mattole River 

 

We also estimated residential, agricultural, and industrial water use among various time scales 

(annual, seasonal, daily). CEMAR worked with GIS technicians at UC Cooperative Extension to 

develop a GIS-based hydrologic model to evaluate the impacts of diversions on streamflow in the 

watershed. The GIS model allows for evaluations of impacts across time (e.g., over a year at a given 

location), as well as impacts throughout the drainage network on a particular date. The cumulative 

impacts models were used to create unimpaired and impaired streamflow estimates at locations 

within the watershed. 



Mattole River Headwaters                                                                   Streamflow Improvement Plan 

 

 

  
Page 21 

 

CEMAR Trout Unlimited 

1.3.3 Prepare Instream Flow Recommendations 

As described in Section 4, TU contracted with McBain & Trush to carry out a site specific Instream 

Flow Needs assessment to characterize habitat-flow relationships at important locations within the 

Headwaters. The study, Hydraulic Habitat and Productivity Thresholds for the Upper Mattole River 

(McBain & Trush 2012), is summarized in Section 3 and attached to this Streamflow Improvement 

Plan as Appendix A. McBain & Trush developed the study plan with TU, CEMAR, Sanctuary Forest, 

the Department of Fish and Game, and the National Marine Fisheries Service, and we discussed the 

study approach with the SWRCB Division of Water Rights. 

This instream flow report will be used (1) to establish basin-wide objectives for streamflow 

restoration and (2) to provide information to support water right changes and permits necessary to 

implement the water saving projects recommended herein.  

Finally, as described in Section 5, TU undertook an extensive analysis of the existing recorded water 

rights in the Mattole Headwaters and combined that with our own landowner discussions and the 

experience developed over many years by Sanctuary Forest and its local partners to assess the 

feasibility of water supply and conservation projects.  

1.3.4 Engage Participants; Develop Legal and Institutional Framework for Coordinated 

Streamflow Management 

In each of the watersheds, we established relationships with important landowners. To facilitate the 

permitting and implementation of streamflow enhancement projects, we worked with watershed 

partners and water users to (a) identify the timing, quantity, and type of human water demand on 

stream systems; (b) define the contours of possible projects (water use changes, infrastructure, 

location, permit terms) and begin to analyze project feasibility; and (c) to develop the legal and 

institutional framework to support coordinated water management at the watershed scale. In some 

cases, streamflow data provided insights into on-going water diversions and water management 

strategies, and we used that information to guide our outreach to and recruitment of project 

participants. 

In the Mattole River Headwaters, Sanctuary Forest and the Mattole River and Range Partners have 

deep connections with many of the landowners. Tasha McKee, who oversees the Tanks and 

Forbearance program, grew up in the area and has particularly close ties to many in the community. 

We have followed her lead in our communications with Mattole landowners. 

We also worked to ensure that CSSP was consistent with legal and policy changes relevant to 

anadromous fisheries and water rights and water use. Since we began CSSP, one change is 

particularly noteworthy. The State Water Resources Control Board (SWRCB) adopted its Policy for 

Maintaining Instream Flows in Northern California Coastal Streams (North Coast Instream Flow 

Policy). The SWRCB adopted Policy—required by California Assembly Bill 2121—in May 2010 and the 
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Policy went into effect on September 28, 2010.3 The Mattole River is located within the Policy area, 

which extends from the Mattole River to San Francisco (including streams draining into northern San 

Pablo Bay (SWRCB 2010, page 13). The Policy applies to new water right applications (appropriative, 

small domestic use, small irrigation use and stockpond registrations) and water right petitions. It is 

applicable to streamflow improvement projects under CSSP that require new appropriative water 

rights and/or water rights changes, and it provides standard terms for bypass flows, rates of 

diversion, and seasons of diversion based on regional criteria protective of fisheries resources as 

well as guidance for site specific habitat/flow instream flow studies. Either avenue can be used to 

develop criteria for permit applications for high priority streamflow improvement projects. 

The Policy, in Section 3.3.2.5, also provides incentives for water users wishing switch the timing of 

their diversion from the dry to rainy season (e.g., to off-stream storage) by providing for expedited 

permitting for projects with demonstrable fisheries benefits. 

We have also worked to craft incentives for water uses to engage in projects to improve instream 

flow. For instance, we worked with SWRCB to clarify that roof rainwater harvesting does not require 

a water right (http://www.waterboards.ca.gov/waterrights/board_info/faqs.shtml#rooftop). We 

then worked with the Wine Institute to pass legislation to allow registrations for certain small farm 

ponds similar to the Small Domestic Use process. The legislation, A.B. 964 in 2011, was sponsored by 

Assemblymembers Huffman and Chesbro. In addition, we worked with SWRCB to disseminate better 

information about Water Code Section 1707, which allows landowners to protect their water rights 

when they voluntarily forgo diversions 

(http://www.waterboards.ca.gov/waterrights/water_issues/programs/applications/instream_flow_

dedication/).  

1.3.5 Establish Streamflow Improvement Plans 

Finally, we compiled and integrated the information generated through the tasks above in this 

Streamflow Improvement Plan (SIP). The purpose of this Streamflow Improvement Plan is to provide 

the foundation and justification for changing water management practices and to guide future 

actions to improve streamflow conditions for salmon and steelhead and water supply reliability for 

water users in the watershed. 

This plan is intended to increase understanding of the relationship of flow to habitat and to identify 

specific measures that further moderate the impact of dry season water demand. In years of 

sufficient natural streamflow, demand management and modified diversion practices should 

maintain a flow regime that is protective of the various life history stages of salmon. In poor water 

years, the practices recommended here could make the difference between life and death. As we 

                                                           
3 
www.waterboards.ca.gov/waterrights/water_issues/programs/instream_flows/docs/ab2121_0210/
adopted050410instreamflowpolicy.pdf  

http://www.waterboards.ca.gov/waterrights/board_info/faqs.shtml#rooftop
http://www.waterboards.ca.gov/waterrights/water_issues/programs/applications/instream_flow_dedication/
http://www.waterboards.ca.gov/waterrights/water_issues/programs/applications/instream_flow_dedication/


Mattole River Headwaters                                                                   Streamflow Improvement Plan 

 

 

  
Page 23 

 

CEMAR Trout Unlimited 

have begun to see with previous streamflow efforts through the Tanks and Forbearance program, 

the beneficial effects of implementing these changes will be measureable. 

1.4 The Sanctuary Forest Tanks and Forbearance Program 

To understand the CSSP effort in the Mattole, it is important to understand the Tanks and 

Forbearance program started by Sanctuary Forest in 2004.  

Conservation groups and wildlife agencies recognize low flow during the dry season as a critical 

limiting factor for fish populations in the Mattole. But it is not a problem solely for fish. As Sanctuary 

Forest wrote in its Legal Options for Streamflow Protection brochure (2008) 

(http://sanctuaryforest.org/cgi-

files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf): 

Many residents of the Upper Mattole have also been impacted by the low-flow problem. In 

2002 and 2004 some families ran out of water completely, and many others faced varying 

degrees of water insecurity. Some were able to purchase water delivered by trucks; others 

could not, due to either the expense involved or the lack of truck access. Gardens had to be 

abandoned, and basic daily water needs for cleaning, cooking and indoor plumbing could only 

be met through gallon jugs and help by neighbors. Even those with access to water had health 

concerns about water quality, as lower flows led to increased growth of algae and 

microorganisms. Tensions in the community ran high, and there was a tendency to blame 

upstream water users for the water shortage.  

To address the problem of summer low flows, Sanctuary Forest initiated the Tanks and Forbearance 

program in 2004 (Options and Obstacles, SFI 2004). Under the program, the group works with 

homeowners to install large tanks (usually 50,000 gallon) as an alternative to the usual means of 

obtaining water for indoor and outdoor use in the Mattole, which is an “on demand” pump located 

in the river.  Participating landowners agree to fill up the tanks when flow is relatively plentiful, and 

then to rotate their diversions when flow is at 5 cubic feet per second, and then to “forego” 

diversions when flow is at 0.7 cubic feet per second and rely entirely on stored water until the end 

of the dry season. The no pumping season tends to last for about three months. Sanctuary Forest 

(which is also a land trust) installs and owns the tanks, assists with permitting, monitors streamflow, 

and notifies participating landowners when it is time to switch to stored water.  

Since it started, 12 landowners have installed tanks through the program, for a total of 750,000 

gallons of storage. Another 25 households have installed some water storage on their own and have 

reduced diversions during the low flow season, although some do not have enough storage and may 

eventually be added to the formal Tanks and Forbearance program. As described below in Section 7 

under Effectiveness Monitoring, the program has already yielded noticeable results.  

http://sanctuaryforest.org/cgi-files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf
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2 Watershed Characterization: Existing Conditions in the Mattole River 

Headwaters  

2.1 Ecological Setting 

The Mattole River watershed drains almost 300 square miles of the Coast Range. The mainstem is 

approximately 62 miles long, flowing roughly northwest from headwaters in northern Mendocino 

County to its mouth just west of Petrolia, in Humboldt County. The Mattole system includes more 

than 74 tributaries and comprises approximately 545 miles of perennial stream (Downie et al. 2002). 
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Figure 5. Mattole River Watershed map with sub-basins 

The current study concerns the headwaters of the Mattole, which has also been deemed the 

“Southern Sub-basin” for planning purposes. This area drains 25 square miles upstream of the 

confluence with Bridge and McKee creeks. The area commonly referred to as Thorn Junction 

(marking the junction of Whitethorn-Briceland Road and Shelter Cove Road) is located near the 
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downstream boundary of the sub-basin near the confluence of the Mattole River and Bridge Creek. 

The town of Whitethorn is located in the sub-basin near the confluence of the Mattole River and 

Mill Creek.  

The “MS6” gauge, located just upstream of the confluence with Bridge Creek, is a compliance point 

for the Tanks and Forbearance program. Sanctuary Forest has maintained a low flow gauge at that 

location since 2004 and a CEMAR has maintained a year-round gauge there since 2009 (Figure 6). 

Although the downstream extant of the Headwaters area is generally considered to be Bridge Creek, 

many of the water right calculations in this SIP for the Headwaters extend slightly downstream of 

Bridge Creek. This allows the analysis to capture one sizable water right on Bridge Creek and another 

larger one on the mainstem Mattole less than a mile below Bridge Creek. We did this to fully capture 

the cumulative effect of diversions in the Headwaters.  

 

Figure 6. Mattole Headwaters map  

 

2.2 Land Use 

The Southern Sub-basin is the most densely populated of the Mattole’s sub-basins and it includes 

the communities of Thorn Junction and Whitethorn. Much of the sub-basin is divided into small 



Mattole River Headwaters                                                                   Streamflow Improvement Plan 

 

 

  
Page 27 

 

CEMAR Trout Unlimited 

parcels of rural development or managed for timber production. As described below, domestic 

diversions (including gardens and lawns), a small number of agricultural water diversions, and a 

small number of commercial or institutional water diversions have contributed to reduced summer 

flows. Human activities affect stream habitat via water diversion, conversion of near-stream areas to 

residential uses, vegetation removal, soil disturbance, bank alteration, and other mechanisms (DFG 

2004). Sanctuary Forest estimates that 128 residences are distributed through the Headwaters of 

the Mattole River watershed. Draft Proposed Mattole Headwaters Groundwater Management Plan 

(Sanctuary Forest Groundwater Plan) (SFI 2011). In addition, seven organizations use water through 

the dry season; some are farms, others are light industrial uses, and one is a retreat. As described 

below, each uses more water than most residences.  

2.3 Biological Resources and Salmon Trends 

As stated above, the Mattole River and Range Partnership, DFW, and others have developed a great 

deal of useful information about the Mattole River Headwaters and its salmon population. The 

conclusions of earlier studies are reproduced below only insofar as useful to provide context for this 

Streamflow Improvement Plan.  

The Mattole River watershed is considered especially important in coho salmon recovery, and it also 

supports populations of steelhead and Chinook salmon. (See for example MRRP 2011, DFG 2004.) 

Among many factors making restoration efforts in the Mattole particularly attractive are 1) the 

absence of dams and the rarity of other fish passage barriers; 2) the relatively low land use intensity 

and population density; and 3) a history of forward-thinking conservation actions such as the Tanks 

and Forbearance program. As much of the restoration activities and related research in the Mattole 

concern coho salmon, the following discussion focuses on population and habitat considerations of 

that species. 

A 1960 United States Fish and Wildlife Service and a recent study both estimated potential 

population of coho in the watershed at about 20,000 individual average run size (USFWS 1960; Ligon 

pers. comm.). By any measure, coho numbers are severely depressed in relation to historical 

abundance. The 1960 study included a then-current population estimate of 2,000; the mean 

population estimate for the period 1981 to 2000 was 284 individuals. Observers note a trend of 

additional significant cohort decreases since 2002-2003. (See MRRP 2011 for the most recent 

information.) Thus, the coho population has dropped more than three orders of magnitude between 

its estimated potential and current status. 

The rationale for developing water demand and streamflow enhancement projects and 

recommendations for the current project area in the Mattole Headwaters is that “the overwhelming 

majority of coho spawning in the Mattole mainstem appears to occur above river mile (RM) 52, 

upstream from the confluence with Bridge Creek” (MRRP 2011, p. 19). Spawning in tributaries “is 

also concentrated in the upper extent of the watershed.” Although it is probably the last bastion of 

coho habitation in the Mattole drainage, “the total number of coho [juveniles] in tributaries 
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upstream of RM 52.1 has declined by 85% from 2002-04 (4,721) to 2007-09 (728)” (MRRP 2011, p. 

31). 

The project area also contains the watershed’s best juvenile rearing areas, with suitable water 

temperatures and relatively low fine sediment levels. Although it needs greater habitat complexity, 

compared to other parts of the watershed the Headwaters also has relatively high numbers of pools 

and large wood (i.e., cover features) (MRRP 2011, p. 47). Also, several aspects of habitat condition 

are expected to improve with the development of older, more complex riparian canopy. These 

conditions contrast with habitat quality in the lower mainstem Mattole River and estuary, which is 

severely degraded. In particular, flow refuge and cover are limited, and water temperatures pose a 

serious threat to juvenile salmonids (MRRP 2011, p. 71). 

There are no fish passage barriers in the mainstem Mattole River upstream from the Bridge Creek 

confluence, and only partial barriers in the headwaters tributaries. A partial barrier (due to water 

velocity) occurs in Baker Creek. This barrier is planned for upgrade as soon funding can be secured 

(Monschke pers. comm.). Painter and Buck creeks have barriers consisting of inadequate culverts. 

Replacement of these culverts is not currently planned as the projects would involve high cost and 

would provide passage to only marginal habitat (Monschke pers. comm.). In this SIP, we do not 

prioritize flow enhancement projects on Painter or Buck creeks. 

2.4 Context within Recovery Planning 

The Mattole River watershed is in the Southern Oregon Northern California Coast (SONCC) recovery 

domain. Coho salmon have been deemed "Threatened" within this domain under the Endangered 

Species Act. A draft Recovery Plan for this Evolutionarily Significant Unit (ESU) was announced in 

January 2012. California Coast Chinook Salmon also are "Threatened" in the ESU that encompasses 

the Mattole River, and a Recovery Outline for the species was published in 2007. Steelhead are also 

"Threatened" (Northern California Distinct Population Segment (DPS)), and are the subject of a 2007 

Federal Recovery Outline. 

Although other watersheds in the SONCC recovery domain are considered to hold greater potential 

for coho salmon production than the Mattole River basin, the Mattole is considered an important 

watershed, and "unique in the level of attention to natural resource conservation it has received for 

many decades" (NMFS 2012, p. 29-5). The draft recovery plan also found the Mattole River 

headwaters "somewhat unique to the SONCC ESU" for having suitable spawning and rearing areas in 

upstream reaches "where water temperature is consistently favorable to coho salmon growth and 

survival" (NMFS 2012, p. 29-6). 

The Mattole River and nearby South Fork Eel River have been designated as a “stronghold” for 

steelhead in a report for the Department of Fish and Game prepared by the Wild Salmon Center, as 

part of the Salmon Stronghold initiative 

(http://www.wildsalmoncenter.org/programs/north_america/maps.php). DFW, the National Marine 

Fisheries Service (NMFS), and TU are among the many participants in the Salmon Stronghold effort.  

http://www.wildsalmoncenter.org/programs/north_america/maps.php
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2.5 Factors Limiting Salmon Recovery 

Researchers in the Mattole have documented suitable conditions for migration, spawning and early 

rearing (MRRP 2011). Researchers have concluded that the two main factors limiting coho salmon 

productivity are the loss of summer rearing habitat due to low flow and the loss of winter rearing 

habitat during rainfall events due to low habitat complexity (MRRP 2011). In particular, portions of 

the upper Mattole and the headwaters tributaries have become discontinuous in recent years, with 

pools separated by dry reaches. Low flow is associated with elevated water temperatures, poor 

water quality (especially low dissolved oxygen), decreased food supply, increased predation and 

competition, and other factors leading to decreased survivorship, growth and fitness during summer 

(Quinn 2005).  

Virtually all precipitation in the Mattole River basin falls as rain, and almost all of the rain falls during 

the wetter half of the year. High seasonal rainfall, low permeability landscape, and steep slopes 

contribute to very “flashy” conditions in the watershed (SFI Groundwater Report 2011). The 

watershed experiences low rainfall and high air temperatures in the summer and fall, leading to 

continuously receding streamflow until rain begins again in late fall.  

Previous land use practices, particularly timber operations and removal of large wood from streams, 

have led to a lack of physical habitat complexity in streams throughout the watershed (MRRP 2011). 

These land use changes have exacerbated stresses that naturally occur during the dry season for 

coho and other fish. With clearing of riparian canopy and direct clearing of wood from the river and 

its tributaries, less complexity exists and less pool and cover habitat is available to allow for summer 

rearing. 

Areas of shallow, low-velocity water associated with fry and 1+ juvenile rearing occur at lower than 

desired frequencies in the upper Mattole. These areas provide valuable refuges and feeding 

opportunities.  

Additionally, intensive forestry and clearing of large wood from streams have produced conditions 

where streams lack the complexity to provide refuge from high velocity flows associated with winter 

storms and spring freshets. These conditions can produce redd scour, entrainment of 

underdeveloped juvenile fish into poorer downstream habitat areas and other effects that decrease 

the basin’s capacity to generate large numbers of large, healthy smolts. “High flow refuge … is 

determined to be a major factor limiting survival of coho salmon in the Mattole River Watershed” 

(MRRP 2011, p. 53).  

There are on-going efforts to improve habitat complexity including addition of more than 280 large 

wood structures, most within headwaters reaches. Recently, watershed NGOs have developed an 

instream structure program for the upper Mattole River watershed that involves greater 

collaboration between watershed groups and resource agencies, improves the scientific foundation 

for project design and monitoring, and emphasizes restoring natural processes that lead to habitat 

complexity. Sanctuary Forest has proposed a pilot project on Baker Creek that seeks to improve 
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both summer rearing and winter shelter conditions, in collaboration with the Bureau of Land 

Management and NOAA Fisheries (McKee pers. comm.). 

In addition to lack of rearing habitat during summer low flows and lack of cover during winter high 

flows, there are other factors that also inhibit salmon recovery. Researchers have noted that 

unscreened or improperly screened pump intakes may pose a substantial threat to juvenile coho 

(Passage Assessment Database). Participants in the Tank and Forbearance program have screens 

that meet DFW and National Oceanic and Atmospheric Administration (NOAA) criteria.  

While the current study involves the headwater streams of the Mattole above Bridge Creek, 

conditions in downstream reaches have the potential to affect coho outmigration. Unfortunately, 

researchers have cited a general paucity of information concerning the movements of juvenile coho 

in the Mattole system, including information on how turbidity, predation, high flows, competition 

and other factors may affect these movements. The middle and lower mainstem Mattole and its 

estuary are considered “severely degraded,” with high water temperatures, lack of off-channel 

habitat and cover, and sustained periods of high turbidity potentially affecting outmigration 

adversely. In the recent Coho Recovery Strategy, the authors conclude, “low habitat complexity 

appears to be the main limiting factor for coho smolt survival during outmigration” (MRRP 2011, p. 

74). While habitat enhancement projects have been completed and other are being planned for the 

lower mainstem Mattole and estuary, a restoration strategy is needed for the middle mainstem 

(between Petrolia and the Bridge Creek confluence).  

In its Coho Recovery Strategy report, MRRP (2011) suggested that low population dynamics might 

ultimately present a more important limiting factor to coho reproductive success than habitat 

related factors. At densities less than one female per kilometer, it is expected that depensation (or 

low per capita productivity) is likely to occur (Barrowman et al. 2003). As recent Mattole River coho 

densities are believed to be lower than this threshold, some Mattole groups are exploring a Mattole 

Recovery Rearing Program to increase juvenile coho survivorship (see MRRP 2011, p. 83).  

The draft SONCC Coho Salmon Recovery Plan calls for developing a facility to rear fish as a 

temporary measure to increase population abundance (NMFS 2012, p. 29-20). Costs and other 

obstacles to implementing this recovery action are substantial, and the viability of this option 

remains uncertain. In any case, habitat restoration, including streamflow improvement, is essential 

to recovery of salmonid populations regardless of the use of population augmentation, and "good 

quality habitat is sufficient amounts is essential for optimal positive hatchery impact on recovery" 

(Lacy 2012).  

The CSSP work is based on our agreement with several conclusions made by previous researchers: 1) 

the two most important factors limiting coho recovery in the Mattole watershed—lack of habitat 

complexity and low summer flow—relate to the interaction of climate and past and ongoing human 

activities; 2) programs to restore habitat complexity and landscape-scale hydrologic storage capacity 
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should be continued and expanded; and 3) reducing the effect of dry season diversion on 

streamflow is critical to Mattole River coho recovery.  

2.6 Rainfall and Discharge  

The Mattole River watershed is among the wettest in California. The Parameter-elevation 

Regressions on Independent Slopes Model (PRISM) precipitation model developed by researchers at 

Oregon State University (representing the state-of-the-art in precipitation modeling in the western 

United States) indicates the Mattole River receives, on average, 70.4 inches of rain (5.87 feet) per 

year over the entire watershed (Figure 7). That quantity of 70.4 inches of rain corresponds to 

1,090,000 acre-feet of water (or 354 billion gallons) falling onto the 290 square-mile Mattole River 

watershed in an average year. This estimate of 70.4 inches appears to underestimate measured 

rainfall in the watershed. For example, the community of Honeydew, in the center of the watershed, 

received an average of over 110 inches of rainfall during the period 1960-1972. Discharge records 

from a streamflow gauge continuously operated by the US Geological Survey (USGS) near the mouth 

at Petrolia (watershed area 245 mi2) from 1951 to 2010 also reflect large amounts of water present 

in the Mattole River compared to other streams in northern coastal California. The average flow 

past the Petrolia gauge is 1,296 cubic feet per second, which corresponds to an average annual 

discharge of approximately 940,000 acre-feet per year.  
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Figure 7. Mean annual precipitation, Mattole River watershed (from PRISM model)  

 

Hydrologists frequently compare discharge among watersheds using a statistic of average annual 

flow per watershed area. The average flow per area at the Mattole at Petrolia is 5.27 cubic feet per 

second per mi2, a value which is much higher than other watersheds in northern coastal California 

such as the Russian River near Ukiah (1.2 cubic feet per second per mi2), the South Fork Eel near 

Leggett (1.2 cubic feet per second per mi2), and Walker Creek near Marshall (Marin County; 1.1 

cubic feet per second per mi2) and closer to the Smith River as recorded near Crescent City (5.82 

cubic feet per second per mi2). When scaled by area to calculate discharge from the entire Mattole 

catchment, this equates to an average annual discharge of approximately 1,080,000 acre-feet. (This 
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also suggests the PRISM precipitation value of average annual rainfall described above 

underestimates the actual amount of precipitation to the Mattole River watershed.4) 

Like most of coastal California, the extreme seasonality of streamflow complicates objectives of 

fisheries conservation and water management in the Mattole River watershed. On average, more 

than 90 percent of the discharge in the Mattole occurs during the wet half of the year (November-

April; Figure 8), indicating that, even in a watershed that receives as much water as the Mattole, the 

aquatic resources that depend on streamflow are subject to the potential pressures of the 

Mediterranean-climate seasonality of precipitation. At a finer scale, streamflow typically manifests 

as a series of high-flow events during winter (like most coastal watersheds in California, the Mattole 

is a rainfall-dominated system, and snow that falls in the watershed generally melts within days), 

and a steady recession of streamflow beginning in spring through summer and into fall (e.g., the 

median-type year of 1971; Figure 9).  

 

Figure 8. Average monthly streamflow measured at the Mattole River near Petrolia   

                                                           
4
 Based on PRISM modeled rainfall data and USGS streamflow data, the ratio of runoff to rainfall in the 

Mattole watershed is approximately 1:1. In northern coastal CA, it is typically considered to be closer to 1:2 
(i.e., 50 to 60 percent of rainfall becomes runoff; Rantz and Thompson, 1967). The Mattole watershed is very 
wet so it likely produces more runoff per area than most of coastal California, but it is probably not as high as 
90-100 percent. More realistically, the watershed probably receives 90 inches of rain on average, which 
correlates with estimates provided by Sanctuary Forest and long-term rainfall data recorded at Honeydew, in 
the center of the Mattole watershed. 
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Figure 9. Mean daily flow at Mattole River near Petrolia, 1971 

 

As described above, CSSP work in the Mattole watershed has focused in the upper 10 percent of the 

catchment, the 25-square mile portion of the Mattole River watershed of the confluence with Bridge 

Creek. We installed five pressure transducers in the Mattole River and its tributaries to serve as 

year-round streamflow gauges at locations intended to compliment ongoing work by Sanctuary 

Forest, which had established streamflow monitoring sites and summer streamflow gauges at 

several locations in the watershed beginning in 2004 (Klein 2009). Our year-round streamflow 

gauges were installed at two locations on the mainstem Mattole River that corresponded to 

Sanctuary Forest’s Mainstem-2 (MS2) site near the Mendocino-Humboldt County line and 

Mainstem-6 (MS6), at Thorn Junction; as well as on Lost Man Creek, Baker Creek, and Thompson 

Creek. 

Each pressure transducer was operated to be used as a streamflow gauge following USGS standard 

procedures (Rantz 1982). We measured streamflow at approximately monthly intervals during the 

period of record using Price mini and Price AA current meters, developed rating curves to correlate 

streamflow with discharge at each site, and used rating curve relationships to assign streamflow to 

stage data recorded by the pressure transducers. Staff plates were installed where possible to 

detect pressure transducer drift and other factors that could cause phase shifts (i.e., changes in the 

relationship between stage and streamflow) over the course of the project. 

Data from the mainstem Mattole streamflow gauges illustrate the importance of planning for 

summer streamflow restoration in the upper portion of the watershed. Data from the MS6 gauge 

allow for useful comparisons of catchment hydrology relative to other locations with streamflow 
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gauges farther downstream at Ettersburg (upstream catchment area 70.1 mi2) and Petrolia 

(upstream catchment area 245 mi2). Streamflow data from the Thorn Junction gauge illustrate 

similar hydrologic characteristics through winter as USGS gauges at Petrolia and Ettersburg, in terms 

of magnitude, duration, and rate of change of streamflow features (where magnitude is scaled as 

streamflow per watershed area; Figure 10). However, in summer, per-area streamflow at Thorn 

Junction is less than 25 percent of per-area streamflow at Ettersburg and Petrolia (Figure 11). Thus, 

while many channel features in the upper Mattole watershed are suitable for salmonid spawning 

and rearing relative to conditions downstream, streamflow is much lower in summer months 

compared to the mainstem Mattole at Ettersburg or Petrolia. Whether through less capacity for 

groundwater storage or greater demand for water through summer months (or some combination 

of the two), the upper Mattole River has disproportionally less streamflow through summer than at 

downstream reaches near Ettersburg and Petrolia. 

 

Figure 10. Streamflow in the Mattole River, water years 2010 and 2011 
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Figure 11. Streamflow in the Mattole River, focusing on low-flow periods, 2010 and 2011 

 

CEMAR’s data describing streamflow at MS6 are further corroborated by data collected by 

Sanctuary Forest. Hydrology reports using data from the mainstem Mattole show similar trends as 

those described here through summer, and streamflow measurements at MS6 were frequently 

below 0.2 cubic feet per second in late summer 2004 and 2006 (Klein 2007; Klein 2009). 

3 Human Water Use 

3.1 Human Needs 

Human water need describes the amount of water that is required for human uses over a given 

interval such as a season or a year (Deitch et al. 2009A). Water need is useful for regional planning 

applications because it characterizes the amount of water that people can be expected to use over a 

season, but not the terms of obtaining the water. For example, a farmer that irrigates 5 acre-feet 

per year has an irrigation water need of 5 acre-feet during the growing season; that water need may 

be satisfied through one of many ways, including diversion from streams or nearby groundwater 

during summer or through storage into a reservoir during winter for use in summer. Placing 

Sanctuary Forest’s Tanks and Forbearance program into this context, the purpose of the tanks is to 

satisfy summer water needs through storing water during winter or spring.  



Mattole River Headwaters                                                                   Streamflow Improvement Plan 

 

 

  
Page 37 

 

CEMAR Trout Unlimited 

Human water need in the Mattole headwaters is frequently categorized into two sub-groups: 

residential and institutional. Residential water uses in the upper Mattole are comprised of personal 

household uses as well as outdoor landscaping and gardening, and inefficiencies associated with 

water use (e.g., leaks) (Sanctuary Forest, cite). Based on a survey of water use in the region that 

comprised 40 of the 128 residences in the upper Mattole, Sanctuary Forest estimates the average 

water use in the dry season (including irrigation) as 708 gallons per day (SFI unpublished5). If this 

daily water use is consistent over the dry half of the year from May through October, the typical 

water need for a household during the dry season is typically approximately 129,000 gallons. Water 

use during the wet half of the year can also be estimated as the per-day volume of water that is not 

for irrigation (assuming that non-irrigation uses are consistent year-round). Based on Sanctuary 

Forest’s surveys, non-irrigation household water need is 33,700 gallons over half the year.  If this 

volume of water (representing wet-season water need) is added to the dry season water need, the 

total annual water need in the region is approximately 162,700 gallons per household (0.50 acre-

feet). 

To develop an estimate of residential water need over the entire southern sub-basin, we can use the 

708 gallons per day estimate of water use. If 128 houses need 708 gallons per day, the total annual 

water need for residences in the southern sub-basin is approximately 76 acre-feet. 

In addition to 128 residences, there are seven non-residential water users (described here and in 

Sanctuary Forest documents as institutional water users) in the Headwaters coho recovery focus 

area. These include a State Parks office and nursery, a school in Whitethorn, a light industrial area at 

Thorn Junction, a California Department of Forestry office, two small farms, and a mixed-use retreat 

area. Sanctuary Forest surveyed water use for each of these institutional water users through 

summer 2004; water needs for each can be estimated from those data. From the survey data, the 

average water use per day is 3,330 gallons (with a range of between 450 and 9,200 gallons; median 

is 1,420). If this volume of water is needed over the 184-day period May-October, the total water 

need among these institutional water users during the dry season is 4,200,000 gallons (12.9 acre-

feet). Sanctuary Forest’s survey data also supports an estimate for the average non-irrigation water 

need of 540 gallons per day. If this volume of water is needed over the 181-day rainy season, this 

comprises 686,500 gallons (2.1 acre-feet) for all institutional users.  Therefore, the total annual 

water need for institutional water users based on 2004 data is 15 acre-feet. It is important to note 

that this estimate is based on average water use by each of the institutions. Irrigation requirements 

and other water demands can vary dramatically month to month and year to year, so the water 

need for these institutions could be much higher in some years.  

                                                           
5
 Sanctuary Forest surveyed Mattole residences in 2006 and 2007. They collected information about the 

number of residences, number of people, land use patterns, irrigated acreage, and the like, and then 
estimated water use based on SWRCB multipliers for water use. For a discussion of the surveys, see Sanctuary 
Forest’s Groundwater Report (2011) and for the SWRCB multipliers, see Sanctuary Forest’s Water Storage 
Guide (2008). 
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In total, based on Sanctuary Forest’s estimates of water need, the total water need for the Mattole 

southern sub-basin is approximately 95 acre-feet annually. 

Comparing human water need to rainfall and discharge provides a preliminary assessment for 

whether the water needs of the upper Mattole River watershed can be met through the water 

resources available on an annual scale. As noted in Section 2.6, PRISM rainfall models estimate that 

the upper Mattole watershed receives 70 inches of rainfall, or 93,000 acre-feet of water over the 

entire watershed. Based on analyses of historical rainfall and streamflow records in northern Coastal 

California, USGS researchers have concluded that approximately 55 percent of the water that falls in 

a watershed usually leaves as streamflow (Rantz and Thompson, 1967). The remainder is stored as 

groundwater, is absorbed and transpired by plants, and evaporates back to the atmosphere. 

Combining the PRISM rainfall estimate with this runoff estimate, approximately 51,000 acre-feet of 

water would be discharged from the Mattole Headwaters on average. The 95 acre-feet of human 

water need represents a small fraction of rainfall and streamflow in the watershed (Figure 12). (As 

described in Section 2.6, the PRISM rainfall estimate is probably low; this would increase the 

disparity between human water demand and discharge on an annual scale even further.) 

 

Figure 12. Comparison of average annual rainfall, streamflow, and human water need, Mattole 

Headwaters 

 

Although human water need comprises a very small fraction of discharge on an annual scale, a more 

detailed analysis of water need and discharge at a monthly scale indicates that this trend is 

frequently reversed in summer. Data collected by Sanctuary Forest and CEMAR from 2005-2011 
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illustrate that water need comprises a significant portion of, and frequently exceeds, discharge 

through summer. If dry-season water need is distributed evenly per month, then water need 

exceeds discharge from the upper Mattole in at least one month in four of the eight years Sanctuary 

Forest has been measuring streamflow in the watershed (e.g., 2008, Figure 13). This indicates that 

humans can place substantial pressures on aquatic ecosystems if water needs are expected to be 

met by diversion in summer, as is typically the case now. 

 

Figure 13. Monthly discharge at MS6 based on Sanctuary Forest data and estimated human water 

need, summer 2008  

 

3.2 Cumulative Impairment, Annual and Seasonal Scale 

The dynamics of human water needs and the potential for interactions with aquatic ecosystems can 

be considered over other time scales to characterize how these domestic and institutional 

diversions can affect streamflow. In this section and one that follows we consider two that will be 

relevant to permitting processes, assuming that one solution to problem of depleted summertime 

flows is to shift existing water users from their current “on demand” pumps to diversions to storage 

in the form of water tanks or ponds.  

Substituting diversions to storage in winter for direct diversions in summer shifts the timing of 

diversion from the most critical dry period to a wetter period when more water is available. 

However, the agencies that permit the changed water diversion patterns need to be assured that 

there is water available for new diversions to storage and that those diversions will operate in a way 

that will have a low impact to streamflow.  
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The following analyses provide detailed information as to the water that is available for diversion to 

storage from a regulatory perspective. This section and the one that follows set forth baseline 

conditions using measures of how much of the available water is spoken for on an annual and 

seasonal basis. While cursory from an ecological perspective, this quantitative model is 

recommended by agencies as a preliminary tool to assess whether additional water is available for 

diversion to storage. 

As a preliminary check for whether there is sufficient water available for additional surface water 

appropriation, state policies require a comparison of typical discharge from the Mattole River to the 

amount of water already allocated through riparian and appropriative rights. In general, the State 

Water Resources Control Board, the agency with the power to issue permits for appropriative water 

rights, presumes that additional surface water appropriation will be allowable on the North Coast 

only in winter (see North Coast Instream Flow Policy). This means that only discharge in winter—and 

specifically the period December 15 to March 31—is to be considered as discharge input in the 

typical water right calculation for water availability.   

Based on data from the USGS streamflow at Ettersburg, average streamflow at Thorn Junction 

during the period December 15-March 31 is 293 cubic feet per second, which corresponds to an 

average seasonal discharge of 62,700 acre-feet. In comparison, the 17 water rights that have been 

recorded in the upper Mattole watershed (Figure 14) total a volume of 297 acre-feet per year. This 

volume of previously allocated water represents 0.45 percent of the winter discharge from the 

upper Mattole watershed. (In a regulatory application, this analysis would only include the portion 

of the water rights in winter: 46 acre feet. Of the 183 acre-feet of previously allocated water, 182 

acre-feet are technically for year-round use. The Policy states that only the portion of water rights 

volume claimed in winter should be used for winter analysis: 108 of 365 days. The 46 acre-feet of 

water corresponds to 0.11 percent of average seasonal discharge in that scenario.)   
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Figure 14. Water rights recorded at the State Water Resources Control Board 

 

To further understand the potential for humans to affect streamflow in winter, it may be useful to 

conduct similar comparisons for a dry year. Based on Ettersburg streamflow data, winter discharge 

was lowest at MS6 in water year 2005: average streamflow was 166 cubic feet per second. This 

corresponds to a winter discharge of 35,600 acre-feet; previously allocated water comprises a very 

small fraction of discharge in a dry year as well. When compared to other locations in the upper 

Mattole watershed, this analysis yields similar results.  

A water availability analysis as required by the State Water Resources Control Board (SWRCB) for 

additional water appropriation could include a similar analysis for the entire watershed. Based on 

data from the USGS streamflow gauge at Petrolia, average streamflow during the period December 

15-March 31 is approximately 3,000 cubic feet per second; this corresponds to an average discharge 

from the entire 290 mi2 watershed  over the December 15-March 31 period of 735,000 acre-feet. 

Within the entire watershed, the appropriative, riparian, small domestic, and stockwatering water 

rights listed in the State Water Board’s electronic Water Resources Information Management 

System (eWRIMS) total 1,050 acre-feet of water annually. In comparison to discharge, previously 

allocated water represents approximately 0.15 percent of the average annual discharge in the 
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Mattole River watershed. Based on historical streamflow data and using similar methods as 

described above for extrapolating discharge from the Petrolia USGS gauge to the entire catchment, 

discharge in a typically dry year (i.e., exceeded in discharge by 75 percent of  all years) is 

approximately 755,000 acre-feet. In this scenario, in a dry year, allocated water represents 0.14 

percent of annual discharge. (Repeating this exercise for the driest of all years, 1977, allocated 

water represents 0.78 percent of annual discharge.) 

 

Table 1. Impairment caused by existing upstream water rights, Mattole watershed. 

 
Stream site 

 
Watershed 
area, mi2 

Average winter 
discharge, 
acre-ft (AF) 

Average 
annual 

discharge, AF 

Upstream 
vol water 
rights, AF 

% winter 
flow 

impairment 

% annual 
flow 

impairment 

Petrolia 245 640,000 930,000 1,050 0.05 0.11 

Ettersburg 70.1 186,000 256,000 310 0.05 0.12 

Thorn 
Junction 

25.1 62,500 86,900 183 0.09 0.21 

Whitehorn 13.5 33,700 49.300 85 0.08 0.17 

Above  Baker 
Creek 

9.8 24,500 35,800 59.5 0.07 0.16 

Ab  
Thompson 

Creek 

5.8 14,500 21,200 1.6 0.003 0.008 

 
 

3.3 Cumulative Demand, Daily Scale 

Analyses of diversions at a daily or sub-daily scale are more useful for characterizing the impacts of 

human water use on streamflow in our project streams. Diversion at such a timescale can be 

described as demand—the terms over which water users actually take water from the creek. Such 

data can be used to characterize the local-scale impacts of a particular diversion on streamflow, as 

well as the cumulative impacts of the suite of upstream diversions on streamflow; and when 

compared with daily-scale data, can be used to estimate unimpaired hydrographs of what 

streamflow might look like in the absence of instream diversions (Deitch et al., 2009A). 

Analyses of streamflow and demand at a daily-scale can be used to show the impacts that existing 

diversions may have on an unimpaired estimate of streamflow, where streamflow is derived from 

historical streamflow data from a nearby streamflow gauge. This comparison is required by the 

SWRCB for water rights applications to evaluate cumulative impacts of existing diversions and 

additional impacts that a new diversion would have to streamflow. SWRCB protocols stipulate using 

a long-term streamflow data set to ensure representative streamflow conditions over the full range 

of variation expected over several years (the Policy requires a ten-year data set; Section B.1.1, 

SWRCB 2010); because so few streamflow gauges have been operated for more than ten years, this 
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cumulative diversion analysis often uses streamflow data from a nearby stream rather than the 

particular watershed of interest. In the section that follows, we calculate impaired hydrographs, 

focusing especially on the Mattole River above Bridge Creek, to illustrate the cumulative impacts of 

current diversion practices on streamflow in the watershed.  

The SWRCB’s 2010 Policy for Maintaining Instream Flows in Northern California Coastal Streams 

(Policy) gives detailed steps for calculating impaired hydrographs (at a daily scale) showing the 

cumulative effects of diversions in a watershed of interest (Section B.5, SWRCB 2010). This method 

begins with an unimpaired hydrograph as input, and then subtracts upstream diversions to calculate 

the impaired hydrograph. To develop an unimpaired hydrograph, the Policy recommends scaling 

historical streamflow data from a nearby gauge according to a ratio of drainage area and 

precipitation according to Equation 1.  

                                  (
         

     
) (

                          

                      
)                     

Equation 1 

where Q POI, Area POI, and Annual Precipitation POI refer to streamflow, upstream watershed area, and 

average annual precipitation upstream of a point of interest (POI) in the watershed for which 

analysis is conducted; and Q gauge, Area gauge, and Annual Precipitation gauge refer to streamflow, 

upstream watershed area, and average annual precipitation upstream of the streamflow gauge from 

which data are used in the analysis.  

Historical data used in this analysis likely reflect some level of impairment based on the operation of 

diversions upstream at the time of measurement, so the unimpaired hydrograph produced through 

this process may be more impaired than if there were no diversions upstream. This method thus 

provides a conservative estimate of an unimpaired hydrograph for the stream of interest: the 

calculated unimpaired hydrograph will show lower flows than would the hydrograph for truly 

unimpaired flows, but because the calculated hydrograph creates a baseline condition with less 

water, the calculated unimpaired hydrograph also results in less water being available for new 

appropriation.  

To illustrate the cumulative impacts of diversions on streamflow in the Mattole River in the analyses 

below, we used streamflow from one particular year, water year 2004 (October 1, 2003 – 

September 30, 2004), to show how diversions could affect streamflow through the course of a 

typical year.  Water year 2004 was the year with the median annual discharge recorded at the 

Mattole River Ettersburg USGS gauge over its ten-year period of record, and the 2004 flow records 

contain characteristics typical of the flow regime of the upper Mattole River. In the winter, high 

peak flows occurred periodically through the season and recession of streamflow following each 

large rainfall event was frequently punctuated by smaller rainfall events that caused flow to rise.  

Rain continued into spring, which provided water to sustain base flow through spring and into 

summer.  Streamflow receded through the summer until rain began again the following fall.  The 
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advantage of using one full year for analysis is that it allows easy comparison of impacts that could 

occur at different times of year.   

Scenario 1: Cumulative Impacts, based on formally stated water rights. Within the area of the 

Mattole River watershed through and including Thorn Junction, 17 different water rights are 

recorded with the State Water Resources Control Board. One of the water rights has listed two 

diversion locations, making a total of 18 points of diversion in the Headwaters area. This sum 

includes one water right downstream of the Bridge Creek confluence in Thorn Junction that has a 

right to divert more than all the water right holders in the project area above Bridge Creek. It is 

included for these cumulative impact and water availability analyses because of its proximity to the 

study area and because its impacts to streamflow will propagate below the project area. (It is not a 

focus of restoration efforts, because it is downstream of near-term coho habitat and because it 

already has significant offstream storage.) Of these 18 points registered of diversion, more than 80 

percent are primarily for domestic water use and equate to less than 0.01 cubic feet per second, 

when rates of diversion are converted to per-second magnitudes. The larger three diversions are, on 

average, an order of magnitude greater than the average small diversion from the upper Mattole 

drainage network (Figure 15). 
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Figure 15. Histogram of diversion magnitudes among water rights in the Mattole Headwaters  
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For daily-scale analyses, the Policy recommends calculating the “maximum cumulative diversion,” 

for a given point in the watershed by summing the rates of diversion listed for all upstream water 

rights for each day through the year (Policy Appendix B.5.3).  Water demand in this case represents 

the instantaneous rate at which water users upstream of a given point can divert water, or the 

maximum instantaneous impact that upstream water users can have on streamflow (if all water 

users were to divert simultaneously and impacts were uniformly applied). All but one of the 18 

Mattole headwaters diversions has a right to divert water year-round; the maximum cumulative rate 

of diversion based on diversion rates listed in water rights in the Mattole River through Thorn 

Junction is approximately 0.48 cubic feet per second throughout the year.  

To examine the cumulative impacts of diversions on streamflow in the Mattole drainage network we 

worked with GIS technicians at UC Cooperative Extension to develop a GIS-based hydrologic model 

to evaluate the impacts of diversions on streamflow in the Mattole River watershed.  The GIS model 

allows for evaluations of impacts across time (such as e.g., over a year at a given location), as well as 

impacts throughout the drainage network on a particular date.  The cumulative impacts models 

were used to depict the extent of impairment caused by diversions through the drainage network 

on any day of the year, and also to create unimpaired and impaired streamflow estimates at 

locations within the watershed.  GIS model outputs indicate that existing water rights diversions do 

not impair streamflow by more than 5 percent anywhere in the drainage network from December 

through May (Figures 16-18). However, diversions above Thorn Junction comprise a larger portion of 

unimpaired streamflow in late August and September (Figure 19). Local effects are also more 

apparent; depending on magnitude of diversion and location in the watershed, impacts may be 

especially significant at the locations where they operate in the drainage network.  
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Figure 16. Fraction of unimpaired flow, December 1 and January 1 (based on data from a median-

type water year, water year 2004) 

 

This illustrates the fraction of unimpaired flow remaining given magnitude of diversions in the upper 

Mattole River watershed, December 1 and January 1 (where unimpaired streamflow is based on 

recorded discharge at Ettersburg USGS gauge in the median discharge year of 2004). Data indicate 
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that diversions impair flow by less than 5% in early December and early January in a normal-type 

water year. 

 

Figure 17. Fraction of unimpaired flow, February 1 and March 1 (based on data from a median-

type water year, water year 2004) 
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This illustrates the fraction of unimpaired flow remaining given magnitude of diversions in the upper 

Mattole River watershed, February 1 and March 1 (where unimpaired streamflow is based on 

recorded discharge at Ettersburg USGS gauge in the median discharge year of 2004). Data indicate 

that diversions impair flow by less than 5% in early February and early March in a normal-type water 

year. 

 

Figure 18. Fraction of unimpaired flow, April 1 and June 1 (based on data from a median-type 

water year, water year 2004) 
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This illustrates the fraction of unimpaired flow remaining given magnitude of diversions in the upper 

Mattole River watershed, April 1 and June 1 (where unimpaired streamflow is based on recorded 

discharge at Ettersburg USGS gauge in the median discharge year of 2004). Data indicate that 

diversions impair flow by less than 5% in early April and early June in a normal-type water year. 

 

Figure 19. Fraction of unimpaired flow, August 25 and September 25 (based on data from a 

median-type water year, water year 2004) 
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This illustrates the fraction of unimpaired flow remaining given magnitude of diversions in the upper 

Mattole River watershed, August 25 and September 25 (unimpaired streamflow is based on 

recorded USGS gauge data, water year 2004). Data indicate that diversions impair flow by 10-30% in 

late August and 30-50% in late September of a normal-type water year. 

An analysis of impacts at a particular location (i.e., unimpaired versus impaired hydrographs) over 

time mirrors these findings. To illustrate the impacts that diversions could be having on unimpaired 

streamflow, we compared impaired flow (actual streamflow measured in the Mattole River) to two 

different estimates of unimpaired flow, where unimpaired flow was calculated by adding a measure 

of instream diversion back to the stream.  

One unimpaired flow estimate, Scenario 1, is likely an overestimate of what flow in the Mattole 

would be like in the absence of diversions; it was calculated by adding the sum of all instantaneous 

diversion magnitudes in the Mattole River upstream of Thorn Junction to the measured streamflow. 

(This is likely an overestimate because all the diversions in the Mattole River watershed likely do not 

operate all the time, so their impacts are not likely felt simultaneously at a particular location.)  

The other unimpaired flow estimate, Scenario 2, may more closely represent how eliminating 

diversions in the Mattole can benefit streamflow; it is calculated using daily averages—by adding 

water used in the Mattole on each day upstream of Thorn Junction to the measured Mattole 

streamflow. (It would underestimate the effects of diversions if they operated simultaneously.) Both 

scenarios account for all known diversions, whether recorded in the State Water Board’s database 

or not. However, there are probably unknown diversions in the watershed. In our judgment, the 

actual effect is between Scenarios 1 and 2. Each is described in more detail below. 

Impacts of existing diversions: Scenario 1.  To create the high-end estimate of what Mattole River 

streamflow might be like without diversions, we added values of diversions in the Mattole above 

Thorn Junction to measured streamflow at Thorn Junction as if they were all operating at maximum 

capacity at the same time. Some diversions have values listed in the SWRCB’s eWRIMS database of 

water rights in California; for those, diversion magnitudes and seasons of diversion were taken 

directly from the water rights information. Of the 22 water right holders in the upper Mattole, four 

formally list a diversion rate in cubic feet per second (cubic feet per second); for this analysis, we 

assume the others pump at 10 gallons per minute, which is normal for the area. For the other 118 

residential diversions, diversion magnitudes were estimated: data gathered by Sanctuary Forest 

indicate that diversions commonly operate at a rate of 10 gallons per minute (SFI, unpublished 

survey).  

Comparisons of impaired and unimpaired hydrographs created through Scenario 1 indicate that 

streamflow is often not noticeably affected by diversions during winter (Figure 20), but they have 

potential to cause major flow impairment through spring and summer (Figure 21).  
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Figure 20. Scenario 1 - Unimpaired and impaired hydrographs for a normal year (in terms of total 

annual discharge) at MS6 
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Figure 21. Scenario 1 - Unimpaired and impaired hydrographs for a normal year (in terms of total 

annual discharge) at MS6 (i.e. same graph as above but only depicting streamflow values below 10 

cubic feet per second) 

 

As described above, results of this analysis overestimate the actual impairment caused by existing 

diversions from the upper Mattole drainage network in summer because not all diversions are likely 

to operate at full capacity simultaneously. Many diversions may in fact operate together for a few 

hours at certain times of day, although impacts of diversions are often attenuated with distance 

downstream (e.g., Deitch et al., 2009B): their impacts would be spread out over time based on their 

distance from a location where they are detected. The attenuation of impacts is likely greater in 

summer because water velocity is lower: it takes longer for impacts to propagate downstream. 

Overall, however, the impaired hydrograph analysis in Scenario 1 is useful as a framework to 

estimate the maximum impact that instream diversions can have on streamflow through the year.  

Impacts of existing diversions: Scenario 2.  To create a more realistic, lower-bound estimate of 

what Mattole River streamflow might be like without diversions, we added values of diversions in 

the Mattole above Thorn Junction to mean daily streamflow at Thorn Junction using estimates of 

water taken from the stream per day. Diversions for water rights listed in eWRIMS give a value of 

per-day water use; for the remainder of the residential diversions, daily scale water use was 

estimated based on Sanctuary Forest’s survey data that found average water use among residential 

water users to be 710 gallons per day. Similar to Scenario 1, the graphs produced using Scenario 2 

indicate that streamflow is often not noticeably affected by diversions during winter (Figure 22). 
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Figure 22. Unimpaired and impaired hydrographs for normal year at MS6, based on Scenario 2. 

 

During the dry season, however, the influence of diversions is more apparent. Removing diversions 

could cause streamflow to increase by as much as five times at Thorn Junction during the driest 

times of year (Figure 23).6 Because there are probably diversions present in the Mattole headwaters 

that we do not know of, this scenario is probably an underestimate of the actual effect.  

 

                                                           
6
 As it happens, Sanctuary Forest began its summer low flow monitoring program in 2004, and reported flows 

at which stretches of the Mattole River ran dry (SFI Options and Obstacles, 2004). 
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Figure 23. Unimpaired and impaired hydrographs for normal year at MS6 (detail), Scenario 2 

 

In sum, both methods suggest that diversions have meaningful impacts in summer, but are likely not 

great enough to measurably impair flow through most of winter.  

4 Streamflow Recommendations 

As part of the Coastal Streamflow Stewardship Project, TU commissioned McBain & Trush to 

prepare a site specific Instream Flow Needs (IFN) assessment to clarify habitat-flow relationships for 

purposes of defining flow thresholds to inform water diversions. McBain & Trush prepared a study 

plan jointly with TU, CEMAR, SFI, DFG (now DFW), and NMFS, and we discussed the approach with 

SWRCB. (See Study Plan for Evaluating Instream Flow Needs in the Southern Mattole River Sub-Basin 

Prepared for TU and DFG by McBain & Trush, April 14, 2011.)  

As declining baseflow transitions from early-May into mid-October, the headwaters of the Mattole 

River watershed can transition from being a hospitable environment for rearing juvenile salmonids 

to an inhospitable, or even lethal, environment. The transition from productive to fair habitat 

conditions occurs naturally, depending on water year. Under natural conditions, a steelhead or coho 

salmon grows well earlier in the year, then transitions to a period of maintenance, and finally a 

period of survival as flow gets low. Periods of poor conditions have lengthened in duration and 

intensified as a result of cumulative effects from multiple streamflow diversions and other land use 

practices. In other words, there is a shorter good period and a longer stressful period, and there is a 

greater likelihood that the river will become disconnected or dry up altogether.  
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The purpose of this Streamflow Improvement Plan is to describe water management changes that 

can, hopefully, prevent disconnectivity in all but the very worst water years, increase the number of 

days with good conditions, and reduce the number of days with stressful conditions.  

The central purpose of the Instream Flow Needs assessment was to quantify instream flow needs for 

anadromous salmonids from early-May into mid-October. This data is needed to submit water right 

applications for specific water conservation projects and to devise a comprehensive basin-wide 

diversion strategy to restore natural streamflow as part of this Streamflow Improvement Plan. 

4.1 Study Reaches  

The IFN study area is the Mattole Headwaters. We selected four study reaches for the IFN 

assessment. We selected the reaches mainly because they correspond to areas with high quality 

habitat and potential water savings projects that will need new water rights and Streambed 

Alteration Agreements. The reaches—three mainstem and one on Thompson Creek—also establish 

upper and lower study boundaries for the Upper Mattole River Sub-basin study (i.e., how much 

streamflow enters and how much exits) and accommodate known gaining and losing mainstem 

reaches. 

The study reaches were: 

 Junction Study Site: The mainstem Junction Study Site starts approximately 1200 feet 

upstream from the confluence of Mckee Creek and the Mattole River, just south of Thorn 

Junction. There is a box car bridge and access to Rd A at the downstream end of Junction 

Study Site. This mainstem study site continues 1560 feet upstream and has a sequence of 

seven hydraulic units. (Hydraulic units are naturally delineated by an upstream and a 

downstream riffle crest [see McBain & Trush 2012, Section 3.2].) 

 Whitethorn Study Site: The middle mainstem Study Site near Whitethorn starts 

approximately 300 feet downstream from the confluence of Gibson Creek and the Mattole 

River. Schafer Bridge, at the downstream end of the site, can be accessed approximately ¼ 

mile north of Whitethorn Elementary School. The Study Site continues 1830 feet upstream 

and has a sequence of eight hydraulic units. During summer this reach often experiences 

losing streamflow.  

 Upper Mainstem Study Site: The upper mainstem Study Site starts approximately 950 feet 

upstream of the entrance to the retreat complex near Thompson Creek and 1700 feet 

downstream from Thompson Creek.  

 Thompson Creek Study Site: The Thompson Creek Study Site begins at Thompson Creek’s 

confluence with the mainstem Mattole River and extends 600 feet upstream. The Thompson 

Creek watershed is 3.7 square miles and the Mattole River Sub-Basin upstream of Thompson 
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Creek has a drainage area of 5.8 square miles. This confluence changes the mainstem’s 

downstream stream order from 3 to 4.  

 

Figure 24. Instream Flow Needs Study Sites 

 

4.2 Study Approach 

We are primarily interested in quantifying the effect of diversions during the period when flow 

recedes from the rainy season toward the dry season, and the low flow months. This time is roughly 

early May to mid-October in the Mattole Headwaters. We asked McBain & Trush to identify flow 

“thresholds” that could help inform water diversion decisions. In an instream flow (ISF) study the 

term “threshold” is used to imply a significant change in habitat or ecological function as a direct 

response to a small change in streamflow. 

McBain & Trush identified three temporal phases of juvenile salmonid rearing and growth during the 

spring recession hydrograph: (1) highly productive (called “Excellent” in the IFN study), (2) 

maintenance (called “Good”), and (3) survival (called “Fair”). Streamflow below the Fair threshold is 
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called Summer Low Flow. A fourth streamflow threshold, Connectivity, exists when streamflow 

becomes intermittent.  

From mid-March to mid-May, juvenile salmonids and pre-smolts/smolts need to grow rapidly when 

riffle habitat with high benthic macroinvertebrate productivity (BMI) is abundant, low water 

temperatures favor growth of fish and macroinvertebrates, and physical rearing habitat is abundant 

and diverse. From early June through mid-July (depending on the water year (WY) type), juvenile 

salmonids must at least maintain their weight and health as riffles shift from being productive to 

simply maintaining BMI biomass and rearing habitat begins to be confined to pools/runs because 

riffles are becoming too shallow and losing complexity. Beginning late July to late August (again, 

depending on the WY type) and lasting through early October, resident juveniles must survive the 

considerably more adverse conditions of the Summer Low Flow period. During the Summer Low 

Flow period, streamflow through the riffles can go sub-surface, effectively isolating pools with no 

chance of escape, resulting in shrinking habitat area, scarce prey, and higher water temperatures 

that demand even greater food consumption to maintain weight. Some mainstem segments may 

dry up entirely. 

The IFN assessment’s primary goal was to identify the instream flow threshold for the Summer Low 

Flow period (when streamflow recedes below the “Fair” threshold) in the Mattole Headwaters. 

Streamflow less than this low-flow threshold will be highly stressful and will result in poor to 

negative growth, higher risks from disease, predation, shrinking habitat area, and heightened 

competition for limited food. Extended durations with streamflow in the Summer Low Flow period 

will substantially decrease chances of a juvenile salmonid surviving the summer.  

Survival through the Summer Low Flow period will also depend on a juvenile’s condition and health 

upon entering the Summer Low Flow period. Cumulative diversions during receding baseflow 

leading up to the Summer Low Flow period could still degrade juvenile rearing habitat and lower 

overall stream productivity. From a management perspective, cumulative diversions during the 

Summer Low Flow period could be curtailed, but juvenile success would still be compromised if 

cumulative diversions earlier in the year were significant. A secondary study goal, therefore, was to 

identify streamflow thresholds higher than Summer Low Flow, but below which diversions would 

likely affect juveniles’ chances of surviving the Summer Low Flow period.   

Finally, recession streamflow may begin when adult steelhead are still spawning, particularly in drier 

water years. A third study goal, therefore, was to estimate streamflow thresholds for spawning 

habitat availability. Collectively, these streamflow thresholds will be used to develop a cumulative 

diversion strategy for the Mattole Southern Sub-Basin that will be accepted by the Department of 

Fish and Game, State Water Resources Control Board and other state/federal resource agencies. 

Summary of IFN Study Goals: 

 Study Goal No. 1 - Estimate the instream flow threshold for the transition from Fair 

conditions to the Summer Low Flow period in the Mattole Headwaters. 
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 Study Goal No. 2 – Estimate instream flow thresholds below which diversions would likely 

affect a juvenile’s chances of surviving the Summer Low Flow period in the Mattole 

Headwaters. 

 Study Goal No. 3 – Estimate streamflow thresholds for adult spawning habitat availability in 

the Mattole Headwaters. 

McBain & Trush identified instream flow thresholds for juvenile rearing and adult spawning in each 

hydraulic unit of each study site. They used four parameters to rate the hydraulic units as Excellent, 

Good, or Fair for juvenile salmonid rearing conditions in each hydraulic unit: (1) rearing habitat 

abundance and (2) quality, (3) benthic macroinvertebrate (BMI) habitat productivity, and (4) 

connectivity via the riffles (upstream and downstream) to adjacent hydraulic units. In addition a 

subset of hydraulic units was identified which contained instream wood and log jams typical of good 

1+ coho rearing habitat. In each of these hydraulic units, they identified a Good instream flow 

threshold specifically for rearing 1+ coho as a supplement to Study Goal #2. 

They measured Hydraulic Habitat Thresholds (HHTs) to identify instream flow thresholds for each of 

the four parameters of juvenile rearing, and they also used the Wetted Perimeter Method. HHTs 

rely on a small set of physical variables such as depth and velocity to quantify habitat for a given 

species and life-stage. Like other ISN methods, HHTs employ suitability criteria to quantify habitat 

abundance. In an HHT study, the relationships between streamflow and suitability criteria are 

quantified at specific, ecologically relevant locations and/or cross-sections within each hydraulic 

unit.   

Hydraulic Habitat Thresholds (HHTs) were used to rate juvenile habitat conditions as Excellent, 

Good, or Fair in each hydraulic unit. Five primary monitoring locations and a minimum of one cross 

section were used to identify flow thresholds for HHTs in each Hydraulic Unit. In addition, up to 5 

monumented pins were placed in each hydraulic unit at selected juvenile rearing locations to 

supplement observations from the primary HHTs. They established physical suitability criteria for 

each HHT monitoring location to identify flow thresholds. The analytical method for this study was 

to use physical criteria at each HHT to develop instream flow thresholds for each hydraulic unit, and 

through a continuity assessment use the individual HU thresholds to identify reach based thresholds 

for each study site. In order to meet stated goals, three parameters of habitat were considered: 

abundance, quality, and BMI productivity. They assessed these at every hydraulic unit within each of 

the four study sites. To meet Study Goal No. 3 spawning preference criteria were applied to HHTs in 

the pool ramp (tail) and Riffle Crest Thalweg.   
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Figure 25. Schematic of Hydaulic Unit showing core and supplementary HHTs 

The following tables include some of the physical habitats and monitoring locations, and the 

suitability criteria used for the McBain & Trush IFN assessment, for illustrative purposes. Please 

consult the IFN study (attached as Appendix A to this SIP) for the complete set.  

Table 2. Physical habitats and HHT monitoring locations 

Physical Habitat  Habitat Monitoring Locations Abbreviation Monitoring Method 

Juvenile Riffle Rearing 

Riffle Crest Thalweg RCT Single Point 

Riffle Tail  RT Single Point 

Riffle Minimum Depth RF min Multiple Points 

Juvenile Pool Rearing 
Pool  PM Single Point 

Pool Ramp PR Single Point 

Adult Spawning 
Riffle Crest Thalweg RCT Single Point 

Pool Ramp PR Single Point 

Benthic Macroinvertebrate BMI Riffle Cross-Section BMI XS 
% of Active Channel 

Width at XS 
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Table 3. HHT Criteria for juvenile rearing habitat and BMI productivity 

 
 

4.3 Results: Habitat-Flow Relationships 

This study produced instream flow thresholds for Excellent, Good, and Fair juvenile rearing habitat 

and adult spawning habitat at each study site. Hydraulic habitat threshold data and BMI productivity 

data were used to develop these thresholds.  

In addition, the team performed a Wetted Perimeter threshold analysis as another means to 

address some of the same questions, and provide points of comparison between HHTs and common 

IFN assessment methods. McBain & Trush also identified spawning thresholds for each hydraulic 

unit with spawning habitat. 

McBain & Trush prepared a continuity assessment of multiple hydraulic units to describe reach-

based thresholds at each study site. They presented the continuous progression of habitat 

conditions along each reach as streamflow increases. They gave each hydraulic unit a marker to 

represent the habitat rating it provided at a given flow. They assessed habitat abundance and 

quality together as “habitat” and BMI productivity as “productivity.” If an hydraulic unit provided 

Fair habitat, but less than Fair BMI riffle habitat the marker was represented as a hash, with the Fair 

color as the background. An example figure for one of the Junction Study Site follows. 

 

Rating 
Riffle Crest 

Thalweg 
Riffle 

Connectivity Riffle Tail  

Pool 
Maximum 

Depth 
Pool/Run  

Ramp 

BMI 
Cross-

Section 

EXCELLENT Velocity > 1.5 fps Depth > 0.15 ft 
Velocity > 

1.5 fps 
Velocity > 

0.5 fps 
Velocity > 

1.0 fps 

80% > 0.5 
fps & 

50 % > 1.5 
fps 

GOOD Velocity > 1.0 fps Depth > 0.15 ft 
Velocity > 

1.0 fps 
Velocity > 

0.3 fps 
Velocity > 

0.5 fps 

50% > 0.5 
fps & 

30 % > 1.5 
fps 

FAIR 
Velocity > 0.5 fps 

& 
Depth > 0.15 ft 

Depth > 0.15 ft 
Velocity > 

0.5 fps 
Velocity > 

0.2 fps 
Velocity > 

0.3 fps 
10% > 0.5 

fps 

SUMMER 
LOW FLOW 

Velocity < 0.5 fps 
& 

Depth < 0.15 ft 
Depth < 0.15 ft 

Velocity < 
0.5 fps 

Velocity < 
0.2 fps 

Velocity < 
0.3 fps 

Less than 
10% > 0.5 

fps 
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Figure 26. Junction Study Site: Continuity assessment for juvenile salmonid rearing habitat 

conditions 

 

McBain & Trush also established spawning thresholds on hydraulic units with spawning habitat, 

determining the minimum flow threshold that produces spawning habitat and a second threshold 

for good spawning habitat. (See IFN assessment Section 5.5 for more information.) 

The results of the analysis included thresholds for the transition from Excellent to Good juvenile 

rearing habitat, for the transition from Good to Fair, for the drop from Fair to Summer Low Flow, 

and for spawning habitat using several methods.  

The primary study goal (Study Goal No. 1) was to estimate a threshold streamflow for the onset of 

the Summer Low Flow period in the Mattole River at our four study sites from the confluence of 

Thompson Creek downstream to Thorn Junction. The threshold streamflow for the onset of the 

Summer Low Flow for each study site is shown in the top row of the following table. For instance, 

this threshold is 5 cubic feet per second at the Junction Study Site, which corresponds to MS6. 

Connectivity at this site is 0.7 cubic feet per second.  
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Table 4. Streamflow thresholds for juvenile and smolt rearing and adult spawning for Mattole 

 

As discussed above, McBain & Trush also identified a streamflow threshold for Good 1+ coho rearing 

habitat in five hydraulic units. Streamflow thresholds for coho rearing habitat were estimated from 

rating curves following the same methodology as all HHTs. These thresholds are provided as a 

supplement to the thresholds identified from the continuity assessment for Study Goals #1 and #2. 

Streamflow thresholds for Good 1+ coho rearing habitat do not incorporate productive BMI habitat 

and thus are not included in the continuity assessment, however the Good 1+ coho thresholds are 

useful as a supplement to the general streamflow thresholds for rearing juvenile salmonids.  

Table 5. Instream flow thresholds for 1+ coho rearing habitat 

 

Study Site Hydraulic Unit 
Estimated Streamflow Threshold for GOOD 1+ 

Coho Rearing (cfs).* 

Junction 3 6.5 

Junction 7 20 

Junction 8 6 

Shafer 6 6.5 

Upper Mainstem 3 4.5 

 
 
 
 
 

Streamflow Thresholds Study Goals Junction Whitethorn Upper 
Mainstem 

Thompson 
Creek 

FAIR Juvenile Rearing 
Habitat 

1 5 cfs 4 cfs 2 cfs 1.5 cfs 

GOOD Juvenile Rearing 
Habitat 

2 9 cfs 8 cfs 5 cfs 3 cfs 

Excellent Juvenile Rearing 
Habitat 

2 23 cfs 15 cfs 10 cfs 7 cfs 

Wetted Perimeter Median 
Incipient Asymptote 

 7.2 cfs 4.4 cfs 2.5 cfs 1 cfs 

Juvenile HU Connectivity  0.7 cfs 0.5 cfs 0.5 cfs 0.25 cfs 

Minimum Spawning 
Habitat QSmin 

3 16 cfs 10 cfs 7 cfs 8 cfs 

Minimum preferred 
Spawning Habitat 
QSminpreferred 

3 41 cfs 29 cfs 25 cfs 14 cfs 
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Table 6. Observed streamflows at each Study Site 

Site 5/23/2011 6/22/2011 7/20/2011 8/17/2011 9/14/2011 2/3/2012 2/23/2012 

Junction  20.0 15.3 7.2 2.8 0.96 62 44 

Schaefer 11.2 8.6 4.4 1.4 0.57 37 26 

Abbey  5.3 2.5 1.4 0.56 26 16 

Thompson  2.6 1 0.45 0.46 10 7.6 

 

Study Goal No. 2 was to identify thresholds above the transition to Summer Low Flow that could 

make juvenile rearing habitat conditions vulnerable to cumulative diversions. McBain & Trush used 

the thresholds for Good and Excellent for Study Goal No. 2. The streamflow thresholds for Good 

rearing habitat for juveniles establishes a window of receding baseflow (between Good and Fair) 

that could make juvenile rearing habitat conditions particularly vulnerable to cumulative diversions. 

(The Good threshold is 9 cubic feet per second at the Junction Site.) This window should figure 

prominently into any cumulative diversion plan. 

Similarly, the streamflow threshold between Excellent and Good rearing habitat establishes a 

window of receding baseflow occurring earlier in recession hydrograph that could make smolt 

rearing habitat conditions vulnerable to diversions. (This threshold for Excellent juvenile habitat is 

23 cubic feet per second at the Junction Site.) 

Study Goal No. 3 was to estimate streamflow thresholds for spawning habitat availability in each 

study site. They identified two spawning thresholds Minimum Spawning Habitat and Good Spawning 

Habitat. These findings are represented for each study site in the bottom two rows of Table 4 above.  

The window of time when flow is above both the Excellent threshold for rearing habitat and within 

the thresholds for spawning would be the best time to fill tanks and offstream ponds, because the 

river can tolerate a higher cumulative diversion rate. Water diversions that take place when 

streamflow is above that threshold would have lower effects on juvenile rearing habitat. 

4.4 Streamflow Recommendations  

The Instream Flow Need assessment informs the diversion schedules we recommend as part of the 

overall a shift away from direct diversions to diversions to storage. As of the publication date of this 

version of the SIP, April 2013, the streamflow recommendations that follow remain under 

discussion with DFW, SWRCB, NMFS, and our landowner partners. They are not final. 

To develop a water diversion regimen that respects the natural hydrograph, there are two essential 

variables: the rate of diversion that is allowed and the amount of water that exists. In general, the 

greater the streamflow that exists in the river, the greater the cumulative rate of diversion can be. 

This suggests that the ideal diversion scheme would have a variable rate of diversion. Indeed, 

maximum diversion rates are sometimes expressed as a percentage of flow; the higher the flow the 

greater the rate of diversion allowed. For instance, the North Coast Instream Flow Policy sets a 
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“regionally protective” criterion for Maximum Cumulative Diversion at 5 percent of the 1.5 year 

return flow. And DFW sometimes uses a rule of thumb in coastal streams that instantaneous rates of 

diversion should not exceed 10 percent of flow. 

Variable diversion rates can be achieved in several ways. A single landowner might have a variable 

pump, or use a choice of one or two pumps depending on streamflow. For the Mattole River, a 

potentially more powerful way to vary diversion rates is to rotate diversions as streamflow recedes. 

If only one diversion is operating at a time, the instantaneous rate of diversion could be as low as 10 

gallons per minute (0.022 cubic feet per second). The more local storage that exists the better the 

rotation schedule can be. Under the Tanks and Forbearance program, landowners currently begin 

rotations at 5 cubic feet per second. (For additional analysis on the benefits of rotations, see Section 

5, below.) 

With regard to the second variable, the amount of water that is available, it makes sense to divert 

water when flow is above key thresholds. The overall objective is to reduce the stressful times, 

eliminate the deadly times wherever possible, and shift diversions to those times when flow is 

higher and the diversions will have less effect. An example figure for the Junction reach shows the 

challenge.

 

Figure 27. Results: Spring through early fall recession hydrographs at the Junction Study Site 
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(For WY2002 through WY2011 with streamflow thresholds for Excellent, Good, and Fair juvenile 

rearing habitat conditions. Streamflow modeled by CEMAR.) 

 

A review of the recession hydrographs in Figure 27 together with the maximum cumulative diversion 

rates discussed in Section 3 establishes immediately that turning off all of the diversions would not 

prevent streamflow from receding into stressful “Summer Low Flow.”  

It is also apparent that human demand will not greatly affect the amount of time that flow remains 

in the “Excellent” rearing range (23 cubic feet per second at MS6) and or provide “preferred” 

spawning (41 cubic feet per second at MS6). In water year 2010, for example, operating all Mattole 

Headwaters diversions at once at their maximum capacity would only decrease the number of days 

with flows at 23 cfs by 5 days. Actual impacts according to a more realistic operating scenario would 

be much smaller.  

It is certainly possible, however, for human demand to make a big impact at lower flows. Water 

diversions can easily be the difference between stressful and deadly, for example. It is also possible, 

given the slope of the descending hydrograph, for human demand to affect the amount of time 

where fish see “Good” rather than “Fair” habitat and to affect the amount of time with “Fair” 

habitat rather than poor “Summer Low Flow” habitat. 

Given enough time and money it might eventually be possible to construct sufficient storage for 

landowners to forego all diversions when flow is less than, 9 cubic feet per second (“Good” rearing 

habitat) or even 23 cubic feet per second (“Excellent” rearing habitat) at MS6. But doing so could 

double the amount of storage needed for each participant relative to the current practice of ceasing 

diversions at 0.7 cubic feet per second, because those flows are reached 2-3 months sooner in the 

year. Six months of storage for drinking water might also require more costly treatment methods. 

At the margin, there is a trade-off between using a given amount of funding for tanks to bring 

another participant into the program (to forbear for three months and join the rotation schedule) 

and using the same funding to extend a current participant’s forbearance period (to six months).  

Adding a new participant would reduce the cumulative rate of diversion during the current 

forbearance period of 0.7 cubic feet per second, whereas extending a current participant’s 

forbearance period would not. And because rotations are possible, adding a new participant to the 

rotation program could have virtually the same effect as doubling a current participant’s storage.  

Given this trade-off, the most cost effective way to improve streamflow at the habitat thresholds we 

have identified is to use new storage to bring new participants into the program, and to rely on an 

aggressive rotation schedule to prolong the period of time with flow in Good or Fair conditions and 

reduce the amount of time with streamflow in the Summer Low Flow period.  
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Our basic streamflow recommendations (subject to consultation with DFW, NMFS, and SWRCB) 

are therefore as follows: 

 Encourage people to top off their storage tanks and ponds when flow is above the 

threshold for Excellent rearing habitat (i.e., greater than 23 cubic feet per second at the 

Junction Site, MS6) even if individual users need to increase their instantaneous rate of 

diversion to do it.7  

 Allow diversions to refill tanks when flow drops below the threshold for Excellent rearing 

(i.e., 23 cubic feet per second at MS6). 

 To the extent landowners construct offstream ponds for irrigation water, evaluate the 

potential to divert only when flow is greater than 23 cubic feet per second. This would 

require sizing the pond sufficiently large so as to not require refills. If that is not possible, 

consider establishing a variable rate of diversion with a lower rate of diversions when flow 

is below 23 cubic feet per second. 

 Begin rotations when flow is higher than the Good habitat threshold (i.e., greater than 9 

cubic feet per second at the Junction Site, MS6) in order to prolong the time in Good and 

in Fair before dropping into Summer Low Flow. (For comparison, the current Tanks and 

Forbearance rotation trigger is 5 cubic feet per second at MS6.)  

 Cease diversions when flow reaches the Disconnectivity threshold (i.e., 0.7 cubic feet per 

second at MS6). (This is the same trigger for forbearance as exists in the current program.) 

Additional, more specific management recommendations, including recommendations for particular 

projects, appear in Section 5.  

4.4.1 Comparison of Site Specific Study to North Coast Instream Flow Policy Regional Criteria 

The North Coast Instream Flow Policy defines several methods for calculating water right conditions 

for the protection of salmon and steelhead. Section 2.1 of the Policy states that “applicants may 

choose to implement the policy principles through the regionally protective criteria described in 

section 2.2.1 below, or the protective site-specific criteria described in section 2.2.2.” The method 

we propose to use for the projects recommended in this Streamflow Improvement Plan utilizes 

protective site specific criteria developed through the site specific IFN assessment.  

Nevertheless, it may also be instructive to compare the site specific instream flow recommendations 

presented above to recommendations that would exist using other methods allowed by the Policy. 

For water right applicants that do not conduct site-specific studies, the Policy defines “Regionally 

                                                           
7
 There are different thresholds in different reaches. For illustrative purposes, the SIP use the MS6 numbers in 

this section. Diversions in other parts of the watershed would use the thresholds for the nearest downstream 
reach. For compliance purposes, a permit’s instream flow terms may refer to streamflows at MS6 (as is 
currently the case with most Tanks and Forbearance diverters) or to other gauge locations. 
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Protective Criteria,” which are formulas for Season of Diversion, Maximum Cumulative Diversion 

(MCD), Bypass Flows that SWRCB has determined will be protective of aquatic resources across the 

entire policy region ranging from San Francisco Bay to the Mattole River.  

The regional criteria include a diversion season of December 15 through March 31. For streams 

capable of supporting anadromous salmonids, the regional criteria include a maximum cumulative 

rate of diversion from a stream is established as five percent of the 1.5-year instantaneous peak 

flow. Diversions must provide allow for a minimum bypass that allows upstream salmon and 

steelhead migration and spawning as defined in the policy.  

The methods for determining the maximum cumulative rate of diversion specify using historical 

streamflow data to find the 1.5-year peak flow and scaling the 1.5-year event from the gauge site 

location to a desired point of diversion. Based on Ettersburg data, five percent of the 1.5-year peak 

flow at MS6 is 120 cubic feet per second; based on Petrolia data, five percent of the 1.5-year peak 

flow is 143 cubic feet per second. This suggests the Policy would allow up to 120 cubic feet per 

second of maximum cumulative diversion upstream of Thorn Junction. Water rights data indicate 

the current cumulative rate of diversion upstream of Thorn Junction through the winter diversion 

season using Policy methods and water rights currently on record at SWRCB is 0.72 cubic feet per 

second. Using Policy criteria, the maximum cumulative diversion rate in the Mattole has not been 

reached.  

The suggested methods for determining the bypass flow in the Policy rely on an equation using the 

average annual flow from a USGS streamflow gauge. For streams capable of supporting anadromous 

salmonids with catchment area up to 327 mi2, the recommended equation is 

 

Equation 2. 

where Qmbf is the minimum bypass flow that must be exceeded for a diversion to operate, Qavg is the 

average discharge estimated for the particular location over the period of record, and drainage area 

is the total catchment area upstream of the proposed point of diversion.  

Using this equation, the minimum bypass flow at MS6 would be 255 cubic feet per second based on 

data from Petrolia and 250 cubic feet per second based on Ettersburg data (Table 7). 
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Table 7. Streamflow statistics for instream flow protections using equations recommended by 

SWRCB 

 
 USGS Mattole at 

Ettersburg 11468900 
USGS Mattole at Petrolia 
11469000 

Watershed area, mi2 70.1 245 

1.5-year peak flow, cubic feet per second 6,650 27,900 

1.5-year peak, scaled to MS6, cubic feet per second 2,380 2,860 

5% of 1.5-year peak flow at MS6, cubic feet per second 120 143 

   

Average annual flow, cubic feet per second 362 1,300 

Average annual flow, scaled to MS6, cubic feet per 
second 

129 132 

Qmbf, cubic feet per second 250 255 

   

Median February flow, cubic feet per second 426 1,600 

Median February flow, scaled to MS6, cubic feet per 
second 

153 164 

 

It makes sense that the Regionally Protective Criteria bypass flow equation would overestimate the 

flow actually needed for spawning in the Mattole Headwaters, for several reasons. Most obviously, 

the Regionally Protective Criteria are intentionally conservative. In addition, the Mattole River 

receives greater discharge per watershed area, and more discharge later into the year, than other 

watersheds in the Policy area. Therefore, the annual discharge (Qave in the formula) is substantially 

greater at every point in the watershed than other Policy areas, and yields a proportionately larger 

bypass number. 

5 Diversion Management Plans 

5.1 Management Objectives 

The overall objective for the diversion management plan is to improve streamflow during the 

summer and fall months. More specifically, the objective is to extend the period from late spring 

and early summer when productivity is high, to delay the period when productivity drops into a 

range where coho are barely surviving (i.e., 5 cubic feet per second at MS6), and to eliminate times 

when the stream becomes disconnected (as it drops to around 0.7 cubic feet per second). The 

length of time in the productive period, the intermediate period, and the unproductive period will 

vary depending on water year, but the recommendations below can decrease the number of bad 

days—and increase the number of good days—in every type of year.  

5.2 Management Recommendations 

The primary means by which the people who live and work in the Mattole River Headwaters can 

meet the management objectives is by adding water storage. This will allow people to shift demand 
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from the drier months to the wetter months. Additional recommendations include a larger degree 

of “rotation” among water users (i.e., taking turns with their pumps to reduce instantaneous 

demand); greater water use efficiency; and testing of means to increase water retention in the 

surrounding landscape as a way to improve late season runoff. These recommendations and others 

are described below. 

5.2.1 Storage and Forbearance for Larger Appropriative Water Users 

Trout Unlimited conducted a review of all recorded water rights in the Mattole headwaters. TU 

worked with Sanctuary Forest to “ground truth” the recorded water rights with actual information 

about water diversions collected by SFI in interviews with landowners over the years, and with 

hydrology and streamflow data collected by CEMAR and Sanctuary Forest’s consultant Randy Klein. 

We started with an evaluation of all of the seven relatively large water rights for non-residential 

water users, two farms and five institutions (called “institutional” water users in SFI documents). We 

also evaluated an eighth water user even though its source of day-to-day water is located on Bridge 

Creek (downstream of the coho recovery focus area) because it occasionally needs water for fire 

suppression, which sometimes entails emergency pumping from the Headwaters coho recovery 

area.8 We eliminated from further consideration two farms that have already developed storage and 

joined the forbearance program. 

We prioritized those property owners for detailed investigation. Following the investigation, the 

Streamflow Improvement Plan recommendation is that all of these diversions can be improved to 

add water storage and eliminate diversions during the driest months. Based on our conversations 

with these landowners, we believe this is achievable within five years. 

There are three property owners in the Headwaters who have diversions larger than the usual 

residential diversion, do not already have sufficient storage to forbear during the lowest flow 

season, and have appropriative water rights. (By contrast, residential water users rely almost 

exclusively on riparian rights in the Mattole Headwaters.) While these diversions are not “large” 

from a coastal standpoint (none are larger than 1 cubic feet per second) some are substantially 

larger than the other known Mattole water diversions.  

One priority diversion is located near the confluence of Thompson Creek and the Mattole River. The 

property owner operates a mixed use retreat that needs water for both indoor potable use and 

outdoor irrigation. SFI and TU are in discussions with this landowner, and we are currently preparing 

a range of options for improving water supply and reducing diversions during the low flow season. 

While we do not yet know the precise form the project is likely to take, we are very optimistic that 

                                                           
8
 As noted in Section 2, there is another relatively large water right downstream of Bridge Creek. It is included 

in our cumulative effects analysis but not addressed in the SIP recommendations. This is because it has 
significant offstream storage and it is located downstream of habitat that can support coho rearing in the near 
future.  



Mattole River Headwaters                                                                   Streamflow Improvement Plan 

 

 

  
Page 71 

 

CEMAR Trout Unlimited 

there will be options that make good sense from the landowner’s point of view and from an 

ecological point of view. The SIP recommendation is that SFI and TU continue those discussions and 

assist the landowner as necessary to complete the project, assuming a mutually advantageous 

project can be developed. 

The next priority diversion is the Whitethorn School, part of the Southern Humboldt Unified School 

District (SHUSD). It is located in Whitethorn. (In this SIP, we do not name private landowners, but we 

do name the public agencies. Our work with the SHUSD is a matter of public record.) The school uses 

a limited amount of water during summer for landscaping of ball fields and for occasional indoor 

use, and a larger amount of water when school returns—which is also typically the driest time of 

year. Adding water storage in tanks could markedly improve streamflow and create a meaningful 

benefit to the school’s water supply reliability. Due to the limited amount of storage currently 

present, the school is vulnerable to system failures and extremely low streamflow conditions that 

can make pumping impossible. Last year, SFI and TU briefed the USD board on the potential for 

streamflow and water supply benefits by adding 75,000 gallons of storage to the school’s 

waterworks, which would allow them to participate in the Tanks and Forbearance program using a 

refill rate of 10 gallons per minute. We received authorization to work with school staff to prepare 

designs and complete engineering on a potential project and to pursue funding to construct it. Since 

that time, we have secured the necessary funding. The SIP recommendation is to complete the 

Whitethorn School project. 

The final priority diversion in the headwaters is near Thorn Junction. Again, “large” is a relative term 

in the Mattole Headwaters. The water right is for only 3900 gallons per day, which would equate to 

only 0.006 cubic feet per second if spread perfectly over the day. The actual pump rate is about 20 

gallons per minute, or 0.044 cubic feet per second. Nevertheless, studies evaluating the Tanks and 

Forbearance program have shown that changing diversions much smaller than this can result in 

meaningful progress on a local scale, and are cumulatively important (SFI 2009; SFI 2011). This 

property owner uses water for indoor commercial use and a limited amount of outdoor landscaping. 

At present, the owner has a limited amount of regulatory water storage. TU and SFI have been 

developing project designs in connection with the landowner that could result in as much as 

340,000 gallons of storage in water tanks and allow the property owner to forgo water diversions 

during the driest months, using the same 10 gallons per minute refill rate as the residences who are 

part of the Tanks and Forbearance program. The SIP recommendation is to complete this project.  

Three other water users are not included within the first tier priority list, but require further 

investigation to determine if some improvements might be feasible.  

California Department of Forestry (CDF) also has an office in the Headwaters. CDF’s means of 

diversion is a 245 foot deep well, which has a greatly attenuated effect on streamflow if it has any 

effect at all. (See SFI Groundwater Report 2011.) With the well and the local storage available, CDF 

does not need more storage for its day-to-day operations. But CDF sometimes requires water for 

fire suppression. However, there is not adequate water storage in the vicinity of the Headwaters for 
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fire protection. When fires break out, firefighters have no choice but to pump from the river. The SIP 

recommendation is that SFI and TU work with CDF to investigate options to develop water storage 

for fire suppression at this location.  

California State Parks maintains an office and nursery in the Headwaters. The agency’s source of 

water is a spring, and it maintains about 80,000 gallons of water storage on the property. Because it 

has this storage, State Parks is a low priority. Nevertheless, we recommend that SFI and TU work 

with State Parks to confirm that there are not additional ways to improve conditions at this location. 

Finally, there is a Bureau of Land Management (BLM) office on Bridge Creek, which is just 

downstream of the Headwaters project area. BLM is installing water storage tanks so it can forbear 

during the low flow period. There may also be potential to work with BLM to develop water storage 

ponds for fire protection, which would reduce the potential need for the agency to draw water from 

the Mattole headwaters when fires occur. 

One other kind of water demand deserves mention. Maintenance for private residential and logging 

roads also requires occasional pumping from the river. These diversions are highly variable and we 

have not yet developed specific estimates of water demand for this purpose, but we have identified 

it as an area of further investigation.  

The analysis above covers all other known water right holders with demands greater than a typical 

residence. 

Summary of Recommendations: 

 Complete the first priority water storage and forbearance projects for all relatively large 

appropriative water right holders. 

o Prepare storage options for retreat; complete project assuming mutually 

beneficial project exists. 

o Complete Whitethorn School project. 

o Complete project for commercial landowner at Junction. 

 Investigate second priority projects. 

o Evaluate CDF and BLM offices for feasibility of water storage for fire protection. 

o Evaluate the potential to develop community water storage ponds for road 

maintenance and fire protection.  

o Confirm that State Parks diversions cannot be improved. 
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5.2.2 Residential Tanks and Forbearance Program 

There are 128 residences in the Mattole Headwaters. Of those, 109 pump directly from the stream 

(surface or via well), and 19 get water from springs. Almost all Mattole residents pump from surface 

water; only 3 are known to get water from wells. (SFI Groundwater Report 2011.)  

Sanctuary Forest has helped 12 residences enroll in the Tanks and Forbearance program, and is 

scheduled to complete another 9 projects in 2013. There are also a number of residences who have 

installed storage on their own and have diversion practices modeled on the Tanks and Forbearance 

program but are not official within the program. Sanctuary Forest believes it is realistic to get 90 or 

more (70 percent) of the 128 residences enrolled in the Tanks and Forbearance program or 

practicing equivalent storage and forbearance diversions, within 10 years. We agree, and adopt this 

as the recommendation for the SIP.  

Recommendation: 

 Recruit another 60 residences for a total of 90 to Tanks and Forbearance program or 

equivalent forbearance practices (this would equal 70 percent of the 128 residences). 

5.2.3 Rotations  

As noted above, a good way to reduce the effect of water diversions in a watershed with a large 

number of small diversions is for the landowners to rotate—that is, to take turns pumping. In the 

Mattole Headwaters, most pumps operate at 10 gallons per minute. But the average daily demand 

is estimated at about 700 gallons per day, which means the average rate of diversion for each 

location is only 0.5 gallons per minute. Clearly, most pumps are turned off far more frequently than 

they are turned on. Left to landowners’ own devices, most pumps would not be on at the same 

time, but they would tend to cluster together during waking hours and when outdoor landscaping is 

needed.  

The potential to reduce instantaneous demand by rotating diversions is obvious. If all of the 

Headwaters pumps were turned on at the same time, the cumulative instantaneous rate of 

diversion could be as high as 3.2 cubic feet per second.9 By rotating diversions, the instantaneous 

rate of diversion could be as low as one pump, typically 10 gallons per minute (0.022 cubic feet per 

second). It might be possible to use even slower pumps and reduce the rate of diversion further.  

In addition, landowners with very limited storage also need to run their pumps more frequently 

than landowners with larger tanks. As more landowners gain seasonal storage by installing large 

                                                           
9
 See Section 3.2. As stated there, this calculation over-simplifies the reach-scale impact because it is never the 

case that all pumps operate continuously at their maximum allowable capacity, and it also fails to account for 
the geographic spread of diversions (a diversion in one location will become manifest at different times 
downstream so they would all have to run for a longer time than is realistic to be felt at once at the 
downstream boundary). 
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tanks, the potential to reduce the effects of water diversion increases because longer rotations are 

possible.  

Sanctuary Forest’s Tanks and Forbearance program already utilizes a rotation system for landowners 

enrolled in the program, which begins when streamflow reaches 5 cubic feet per second at the 

downstream gauge. By then, each tank will be full, and pumps run only to refill tanks as storage 

drops. At the same time, all participating diversions are limited to a maximum pump rate of 11 

gallons per minute. When streamflow at Thorn Junction reaches 0.7 cubic feet per second, all 

landowners stop diverting from the stream and rely exclusively on stored water. This forbearance 

period can last from several weeks to several months, depending on water year. 

Consistent with the IFN assessment presented in Section 3, above, the SIP recommendation is for SFI 

and the Department of Fish and Game to consider starting rotations through the Tanks and 

Forbearance program at 10 cubic feet per second at MS6, instead of 5 cubic feet per second, as a 

way to prolong the period before which streamflow drops below the 9 cubic feet per second 

threshold for Good rearing habitat, and the 5 cubic feet per second threshold between Fair 

conditions and the Summer Low Flow period. 

We also recommend that SFI, TU, CEMAR, and DFW evaluate the potential for the rotation program 

to include landowners that are not enrolled in the Tanks and Forbearance program as a way that 

willing landowners can contribute to streamflow improvement before they are able to install large 

storage tanks.  

Recommendations: 

 Begin rotations and pump rate restrictions at 10 cubic feet per second. 

 Expand the rotation and pump rate program, if possible, to include landowners who are 

not in the Tanks and Forbearance program. 

 Evaluate the potential to further optimize the existing rotation schedule. 

5.2.4 Conservation and Water Use Efficiency 

Sanctuary Forest surveys indicate that many landowners when they enter the program achieve 35-

50 percent reductions in water demand through water conservation and water use efficiency—i.e., 

either avoiding water using activities or meeting demand more efficiently (Tasha McKee, personal 

communication). The MRRP Coho Recovery Plan for the Mattole recommends that SFI and the other 

partners in the Mattole River and Range Partnership work to increase water use efficiency 

throughout the basin (MRRP 2011). We adopt that recommendation for this SIP.  

Improved conservation and water use efficiency has multiple benefits. For instance, it can allow 

some landowners to reduce storage requirements (reducing capital costs for new tanks). It can allow 

other landowners to use their storage for a longer period of forbearance. It represents another way 
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that landowners who have not yet added seasonal storage tanks can help improve streamflow. It 

saves energy costs for pumps. And it provides an extra measure of security to landowners because 

they can make a given amount of water go farther.  

Recommendation: 

 Work with Mattole Headwaters residents to improve water use efficiency by 35-50 

percent. 

5.2.5 Assign Unneeded Water to Fish and Wildlife Purposes 

Some landowners may have water rights that they wish to assign to fish and wildlife purposes. This 

is possible under California law and may be an option for landowners that reduce water demand via 

conservation or land use changes. Water Code Section 1707 allows consumptive water rights to be 

changed to water rights held for fish and wildlife purposes. The rights can then be held by the 

original landowner or donated to another party. We are aware of one landowner that may be 

interested an assignment of water rights via Section 1707. There may be others.  

The SIP recommendation is that TU and SFI work with this landowner and any others that approach 

us expressing interest in assigning all or part of their water right to instream fish and wildlife 

purposes to see if there is an assignment that makes sense for their circumstances.  

Recommendation: 

 Explore Section 1707 dedications for conserved water with willing partners. 

5.2.6 Wetland, Meadow, and Riparian Restoration for Recharge 

Sanctuary Forest, BLM, NMFS, and other partners are exploring ways to begin reversing the 

hydrologic alteration that has taken place in recent centuries as a result of human activity, which has 

made the Mattole Headwaters “flashier” than it was historically (MRRP 2011). Widespread logging 

led to erosion that reduced topsoil. The practice of removing Large Woody Debris contributed not 

only to a loss of in-stream habitat complexity but also to a loss of wetlands and off-channel habitat.  

Historically, patterns of channel entrenchment in the upper Mattole River were likely influenced by 

persistent, large woody debris accumulations. Periodic wood inputs clogged channels and these 

debris accumulations likely persisted for decades or longer. The debris jams locally elevated bed 

elevations, connected channels to adjacent floodplains, created seasonal wetlands and allowed fish 

access to important off-channel habitat. Topographic evidence of historic overflow channels and off 

channel ponds along lower Baker Creek, for instance, suggests the lower reach was at least partially 

connected to an extensive floodplain. A key cause of floodplain abandonment was likely the removal 

of large woody debris that occurred throughout the region as late as the 1980s. Debris removal 

efforts operated under the assumption that fish passage conditions would improve. Unfortunately, 
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these efforts failed to recognize the integral role that wood served in controlling channel form and 

function.  

Thus, removal of wood has resulted in substantive and long-lasting changes to the channel network. 

In-channel debris provided pools, cover, and locally controlled streambed elevations such that 

floodplains were frequently flooded. Debris removal resulted in a loss of floodplain connectivity and 

overall habitat simplification. Recruitment of adequately sized wood will take decades or longer to 

replicate functions that likely existed prior to the 1900s.  

In addition to the physical changes evident in the upper Mattole River, changes in the hydrologic 

regime have likely occurred in a similar fashion. Historic timber harvest resulted in regrowth of 

dense, hardwood dominated stands. These vigorous young stands consume more water than older 

forests and likely play a dominant role in reduced streamflow in the upper watershed (Jassal, et. al., 

2009). Furthermore, deeply incised channels dramatically reduce the volume of seasonal 

groundwater stored within the alluvial terraces. The reduced capacity for groundwater storage 

coupled with dense regrowth of vegetation following timber harvest are two major factors that have 

resulted in reduced late summer base streamflow.  

For all of these reasons, even what we commonly think of as “unimpaired” streamflow (those 

lacking human water diversions) are almost certainly not “unimpaired” in historic terms.  

Sanctuary Forest and its partners are currently pursuing pilot projects to restore wetlands and 

floodplain connectivity by placing large wood and through other means.  

Recommendation: 

 Pursue pilot projects, conduct pre- and post-project monitoring, assess results, and 

prepare a plan for long-term restoration of hydrologic processes. 

5.2.7 Fish Screens 

A 2004 DFG survey of the Mattole Headwaters mainstem found 50 pumps. All were observed to 

have screens, but most of them had a small surface area and do not meet current DFW criteria. The 

headwaters have not been surveyed, but pumps there can be expected to have a similar pattern. 

Participants in the Tanks and Forbearance are outfitted with DWF-compliant screens. Many are 

designed and fabricated by Sanctuary Forest in collaboration with DFW. 
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Figure 28. Sanctuary Forest Fish Screen 

 

Recommendation: 

 Continue outreach to landowners so that even those not in the Tanks and Forbearance 

program can purchase compliant screens.  

5.2.8 Emergency Water Supply 

The Mattole Headwaters lacks an emergency water supply. When landowners fall short (because of 

drought, failure of plumbing, or the like) the typical solution is to truck water from neighboring 

areas. The MRRP group recommends, and we concur, that the community should develop an 

emergency water supply for residents in or outside the Tanks and Forbearance program. It may be 

possible to invest in a shared backup supply or to develop a deep well for emergency purposes.  

Recommendation: 

 Develop emergency water supply and emergency response program: Develop plan for 

emergency water supply and response program; Install emergency water supply 

infrastructure; Implement emergency water supply and response program. 



Mattole River Headwaters                                                                   Streamflow Improvement Plan 

 

 

  
Page 78 

 

CEMAR Trout Unlimited 

5.3 Permitting Considerations 

5.3.1 Current Permit Terms 

Under the existing Tanks and Forbearance program DFG established a series of permit terms in 

coordination with Sanctuary Forest. Participants fill their tanks during winter and spring, so they 

need to pump beyond that time only to refill their tanks. When flow recedes to 5 cubic feet per 

second as measured at the Thorn Junction gauge, participants rotate their diversions to decrease 

instantaneous demand on the stream. When flow recedes to 0.7 cubic feet per second as measured 

at the Thorn Junction gauge, which typically happens in July or August, participants stop refilling 

their tanks and depend on storage for the duration of the dry season, which can last another 110 

days or so.  

This operational schedule is incorporated into a series of permits and agreements. The permits 

include a Small Domestic Use registration (a form of water right that includes terms and conditions 

developed by DFW) and a Lake and Streambed Alteration Agreement from DFW under Fish and 

Game Code Section 1602. The agreements include a Forbearance Agreement that sets forth 

responsibilities as between Sanctuary Forest and the landowner. Among other things, SFI is 

responsible for streamflow monitoring and notifying the landowners when flow thresholds have 

been reached, and the landowner is responsible to pump according to the schedule. The 

Forbearance Agreement is a covenant that runs with the land, and it is recorded with the property 

records at the County.  

5.3.2 Potential Permit Terms 

In general, the permit terms established for the Tanks and Forbearance program are compatible 

with the IFN assessment conducted for this SIP and we have no major recommended changes. As 

noted above, we do suggest further investigation of several refinements, consistent with our 

recommendations above. In particular, we recommend that tanks and ponds be filled when flow 

exceeds levels for both Excellent rearing habitat (i.e., 23 cubic feet per second at MS6). We also 

recommend beginning the rotation at 10 cubic feet per second, as measured at MS6, rather than 5 

cubic feet per second, since productivity drops markedly at 9 cubic feet per second and again at 5 

cubic feet per second.  

We also recommend evaluation of a different set of standards for new developments. We believe it 

is logical to require new developments within the Mattole Headwaters to have stricter requirements 

for storage and forbearance than current residences with existing water rights. We suggest 2 cubic 

feet per second (at MS6) for consideration. Although there are public policy reasons to treat all 

diverters the same, there are countervailing reasons to require new developments to attain a higher 

standard than water users that were there first. Such arrangements have a strong basis in 

California’s prior appropriations system. If new developments do not cease diversions at levels 

higher than existing residents, then new development will have the effect of lengthening the 
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forbearance period (and potentially increasing storage costs) for existing water right holders. (See 

also Section 9 for more recommendations to guard against population growth in the headwaters.) 

Recommendation: 

 Consider permit terms for new developments that begin forbearance at 2 cubic feet per 

second (MS6) rather than 0.7 cubic feet per second, in order to protect existing water 

rights.  

5.3.3 Project Coordination  

Trout Unlimited and many others have argued that a watershed-wide approach to streamflow 

management can reduce costs for landowners while providing greater benefits to fish than the 

traditional approach of managing diversions in isolation from each other. (See, for example, TU’s 

joint comments with the wine industry for the North Coast Instream Flow Policy, 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/instream_flows/docs/comme

nts/johnson_roos_collins_att_3.pdf.) 

To its credit, the Tanks and Forbearance program has always taken such a basin-wide approach. 

Participants in the Tanks and Forbearance program share management objectives, operate 

diversions by reference to common gaging points, and rely on standard water right and Section 1602 

permit terms. This has reduced the cost of the program, simplified permitting, and strengthened the 

potential for all landowners to have meaningful effects in concert with their neighbors.  

The SIP recommendation is to continue and expand that cooperation. In particular, we recommend 

that Sanctuary Forest and DFW, with assistance from TU, evaluate a long term Section 1602 

agreement that adopts a watershed-wide approach and defines SFI’s and the individual landowners’ 

responsibilities, respectively. 

The SIP also recommends that SFI, TU, and other partners use the agreements and permits 

developed for the Mattole Headwaters as models for other landowners in other basins, subject to 

adaptation to meet local needs. See also the SIPs for Grape Creek, Little Arthur Creek, and San 

Gregorio Creek for specific adaptations of the watershed-wide approach. We also recommend the 

Pine Gulch Creek project in Marin County as an example. There, three landowners developed 

coordinated proposals for offstream farm ponds as an alternative to direct diversions, and their 

water right permits include a common streamflow objective at a common gauge.  

6 Results: Water Availability Analyses, Unimpaired, Impaired Hydrology with 

Streamflow Recommendations 

6.1 Impaired Flow, Annual Scale (using SWRCB/water code estimate of senior users) 

The State Water Resources Control Board uses two evaluations, each over a different time scale, to 

determine whether to grant an appropriation for surface water in northern coastal California.  The 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/instream_flows/docs/comments/johnson_roos_collins_att_3.pdf
http://www.waterboards.ca.gov/waterrights/water_issues/programs/instream_flows/docs/comments/johnson_roos_collins_att_3.pdf
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first evaluation is an analysis of whether there is sufficient water to allow additional appropriation 

over the diversion season, while ensuring new appropriations do not impede existing water rights 

holders (described in the Policy in Section B.2).  The second evaluation is a daily-scale comparison of 

impacts caused by existing water rights to added impacts caused by the proposed new diversion.  

Each of these analyses is similar to comparisons above in Section 3 but the process is outlined in 

more detail here.   

Seasonal-scale Water Supply Report. The first hydrologic analysis required to obtain a water right is 

a demonstration of unappropriated water in the watershed (referred to as a Water Supply Report in 

Appendix B.2.2 in the 2010 Policy).  This analysis is conducted by comparing the unimpaired water in 

the stream over a season of diversion to the potential demand by senior water right holders over 

the same period.  The unimpaired discharge is calculated following similar procedures as described 

above in Section 3.2: beginning with an estimate of unimpaired discharge based on USGS 

streamflow data scaled to a particular point of interest in the drainage network (derived for that 

particular location through scaling from USGS streamflow records by watershed area and average 

rainfall, as in Equation 1), the sum of water need expressed in terms of face value of water rights for 

all water rights upstream of that point of interest are subtracted to determine the amount of 

unappropriated water in the upstream watershed.   For a new proposed water right, this process of 

determining the amount of unappropriated water is repeated for each existing downstream water 

right along the “flow path” (the portion of the drainage network stretching from the proposed new 

water right in the downstream direction to the ocean).  As noted above in Section 3.2 (and as set 

forth in the North Coast Instream Flow Policy, Appendix B.2.1.4), only the portion of water right 

during the proposed diversion season is considered. 

For example, if a new diversion point were to be proposed on the Mattole River immediately 

downstream from the confluence of Thompson Creek, the Water Supply Report would include the 

volume of unimpaired discharge and the volume of water requested in water rights upstream for 

each water right in the mainstem Mattole River downstream of the Mattole/Thompson Creek 

confluence during the proposed diversion season for the new water right.  The data required for this 

analysis, for all those water rights downstream of the Thompson/Mattole confluence, are presented 

below. 
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Table 8. Determination of unappropriated water at existing water rights along the Mattole River 

flow path for all water rights below the confluence of the Mattole River with Thompson Creek 

during the period December 15-March 31 

 
Application 
ID 

Watershed 
area, acres 

Average 
annual 
precipitation 
upstream, 
inches 

Seasonal 
unimpaired 
flow 
volume, 
acre-feet 
(AF) 

Water 
right 
volume, 
AF, over 
diversion 
season 

Senior 
upstream 
water 
right 
volume, 
AF, 
during 
season 

Remaining 
impaired 
discharge, 
AF 

Remaining 
unappropriated 
water, AF 

A012768 7,080 70.8 36,280 17.02 19.37 36,260 99.95 

A014256 178,330 70.6 910,830 63.82 327.01 910,510 99.96 

A015116 147,070 70.2 746,920 31.42 234.24 746,680 99.97 

A015173 9,270 70.6 47,340 7.5 27.34 47,320 99.94 

A016654 136,020 70 688,730 28.75 198.64 688,530 99.97 

A016684 16,280 70.3 82,870 0.59 34.4 82,840 99.96 

A021859 161,080 70.8 825,450 1 257.37 825,190 99.97 

A022574 22,020 70 111,570 0.29 51.72 111,520 99.95 

A023936 9,280 70.3 47,200 0.32 29.37 47,170 99.94 

A030424 22,230 70.1 112,770 6.5 73.09 112,700 99.94 

D029833R 58,810 70.2 298,770 0.15 160.69 298,610 99.95 

D030598R 18,130 70.1 91,890 0.29 41.72 91,850 99.95 

D030604R 18,120 70.1 91,940 1.47 38.1 91,900 99.96 

D031643R 16,410 70.3 83,430 0.38 35.25 83,400 99.96 

D031687R 16,420 70.2 83,390 0.44 36.16 83,350 99.96 

D031711R 18,120 70.1 91,890 2.38 40.96 91,850 99.96 

D031712R 9,270 70.4 47,230 0.77 28.58 47,200 99.94 

D031766R 18,130 70 91,850 1.64 43.83 91,800 99.95 

D031768R 18,310 70 92,780 0.48 45.28 92,730 99.95 

S004939 159,430 70.5 813,510 9.55 250.29 813,260 99.97 

S014314 22,240 70.1 112,880 40.36 113.92 112,760 99.9 

S015410 13,640 70.4 69,460 0.73 33.34 69,420 99.95 

S016133 18,300 70 92,740 0.03 44.33 92,690 99.95 

S016169 12,490 70.3 63,510 0.1 29.84 63,480 99.95 

 

This analysis demonstrates that existing water rights comprise less than 1 percent of the discharge 

from December 15 through March 31: remaining unappropriated water is consistently greater than 

99 percent of the seasonal unimpaired discharge at all points of diversion in the watershed along 

the Mattole River flow path.  

If the analysis is converted to include data from the month of April (i.e., where discharge from April 

recorded at the Ettersburg gauge is scaled to all points of diversion along the flow path downstream 

of the Thompson Creek confluence, and then compared to the fraction of allocated water in those 

water rights in April), the fraction of water that is unappropriated is less, but is still more than 99 
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percent at all points of diversion.  Said another way, discharge in April is more than two orders of 

magnitude greater than water allocated in water rights in April.   

Table 9. Determination of unappropriated water at existing water rights along the Mattole River 

flow path for all water rights below the confluence of the Mattole River with Thompson Creek 

during the period April 1-April 30 

 
Application 
ID 

Watershed 
area, acres 

Average 
annual 
precipitation 
upstream, 
inches 

Seasonal 
unimpaired 
flow 
volume, 
acre-feet 
(AF) 

Water 
right 
volume, 
AF, over 
diversion 
season 

Senior 
upstream 
water 
right 
volume, 
AF, 
during 
season 

Remaining 
impaired 
discharge, 
AF 

Remaining 
unappropriated 
water, AF 

A012768 7,080 70.8 4,720 4.77 5.43 4,710 99.88 

A014256 178,330 70.6 118,480 17.89 91.68 118,390 99.92 

A015116 147,070 70.2 97,160 8.81 65.67 97,090 99.93 

A015173 9,270 70.6 6,160 2.1 7.66 6,150 99.88 

A016654 136,020 70 89,590 8.06 55.69 89,530 99.94 

A016684 16,280 70.3 10,780 0.16 9.64 10,770 99.91 

A021859 161,080 70.8 107,370 0.28 72.16 107,300 99.93 

A022574 22,020 70 14,510 0.08 14.5 14,500 99.90 

A023936 9,280 70.3 6,140 0.09 8.24 6,130 99.87 

A030424 22,230 70.1 14,670 1.82 20.49 14,650 99.86 

D029833R 58,810 70.2 38,860 0.04 45.05 38,820 99.88 

D030598R 18,130 70.1 11,950 0.08 11.7 11,940 99.90 

D030604R 18,120 70.1 11,960 0.41 10.68 11,950 99.91 

D031643R 16,410 70.3 10,850 0.11 9.88 10,840 99.91 

D031687R 16,420 70.2 10,850 0.12 10.14 10,840 99.91 

D031711R 18,120 70.1 11,950 0.67 11.48 11,940 99.90 

D031712R 9,270 70.4 6,140 0.22 8.01 6,140 99.87 

D031766R 18,130 70 11,950 0.46 12.29 11,930 99.90 

D031768R 18,310 70 12,070 0.14 12.7 12,060 99.89 

S004939 159,430 70.5 105,820 2.68 70.17 105,750 99.93 

S014314 22,240 70.1 14,680 11.32 31.94 14,650 99.78 

S015410 13,640 70.4 9,030 0.21 9.35 9,030 99.9 

S016133 18,300 70 12,060 0.01 12.43 12,050 99.9 

S016169 12,490 70.3 8,260 0 8.37 8,250 99.9 

 

The analysis yields similar results when evaluated for the month of May as well: in the fraction of 

discharge in May is far greater than the fraction of water allocated in upstream water rights for all 

points of diversion along the Mattole flow path.  The analyses here indicate that the fraction of 

discharge is less and less through the year (e.g., discharge in May is approximately 6 percent of 

discharge between December 15 and March 30), but the Mattole still carries much more water in 

the spring months than is claimed in water rights.  
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Table 10. Determination of unappropriated water at existing water rights along the Mattole River 

flow path for all water rights below the confluence of the Mattole River with Thompson Creek 

during the period May 1-May 31 

 
Application 
ID 

Watershed 
area, acres 

Average 
annual 
precipitation 
upstream, 
inches 

Seasonal 
unimpaired 
flow 
volume, 
acre-feet 
(AF) 

Water 
right 
volume, 
AF, over 
diversion 
season 

Senior 
upstream 
water 
right 
volume, 
AF, 
during 
season 

Remaining 
impaired 
discharge, 
AF 

Remaining 
unappropriated 
water, AF 

A012768 7,080 70.8 2,330 4.93 5.61 2,320 99.76 

A014256 178,330 70.6 5,900 0.47 12.73 5,880 99.78 

A015116 147,070 70.2 3,030 0.22 8.28 3,020 99.73 

A015173 9,270 70.6 3,040 2.17 7.92 3,030 99.74 

A016654 136,020 70 5,950 0.01 12.88 5,940 99.78 

A016684 16,280 70.3 7,240 1.88 21.21 7,220 99.71 

A021859 161,080 70.8 5,900 0.69 11.9 5,890 99.8 

A022574 22,020 70 52,220 2.77 72.55 52,150 99.86 

A023936 9,280 70.3 4,460 0.21 9.69 4,450 99.78 

A030424 22,230 70.1 52,990 0.29 74.6 52,910 99.86 

D029833R 58,810 70.2 4,080 0.03 8.68 4,070 99.79 

D030598R 18,130 70.1 5,900 0.43 11.07 5,890 99.81 

D030604R 18,120 70.1 7,160 0.09 15.02 7,150 99.79 

D031643R 16,410 70.3 5,360 0.11 10.25 5,350 99.81 

D031687R 16,420 70.2 5,350 0.13 10.51 5,340 99.8 

D031711R 18,120 70.1 5,900 0.09 12.12 5,890 99.79 

D031712R 9,270 70.4 3,030 0.09 8.51 3,020 99.72 

D031766R 18,130 70 19,180 0.04 46.59 19,130 99.76 

D031768R 18,310 70 47,940 9.1 67.9 47,880 99.86 

S004939 159,430 70.5 5,960 0.14 13.15 5,940 99.78 

S014314 22,240 70.1 58,470 18.49 94.77 58,370 99.84 

S015410 13,640 70.4 7,250 11.69 33.04 7,210 99.54 

S016133 18,300 70 44,210 8.33 57.58 44,150 99.87 

S016169 12,490 70.3 5,320 0.17 10 5,310 99.81 

  

6.2 Impaired Flow, Daily Scale (using SWRCB/water code estimate of senior users)  

The second analysis as part of the water availability evaluation is a daily-scale flow assessment to 

determine the impacts of existing diversions in the watershed on streamflow through the year, and 

then comparison of those impacts to the impacts that would be caused by the proposed change in 

diversions.  The analysis (detailed in Policy Appendix B.5.3) is to be conducted at points of interest in 

the drainage network selected by resource agencies (e.g., DFW and SWRCB) and utilizes streamflow 

data over a period of longer than ten years, so it requires streamflow data collected at a gauge with 
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longer than ten years of record to be scaled by a ratio of watershed area and precipitation (following 

Equation 1).   

The scaled daily-scale data represent unimpaired streamflow for the analysis, and from these 

streamflow values, an impaired discharge for each day is calculated by subtracting all diversions 

upstream of the point of interest for each day through the year that diversions are to operate (at a 

per-second scale), over the ten-year period.  This method is similar to those described above in 

Section 2.9, with the difference that the Policy states that it should be done for at least ten years of 

record. The extent of impairment caused by existing diversions is then compared to impairment that 

would be caused if the new diversion would be approved, at points of interest downstream of the 

new proposed diversion.  

Appendix Section B.5 of the SWRCB Policy sets for a method using maximum potential diversion 

rates through the year based on data listed in the SWRCB eWRIMS database. However, in the upper 

Mattole, this neglects most of the small domestic diversions because their water rights are not listed 

in the eWRIMS database. Each of these pumps operates at a typical diversion rate of 10 gallons per 

minute, or 0.022 cubic feet per second. As described above (Section 3), Sanctuary Forest counted a 

total of 128 houses in the upper Mattole region, and of those, 6 have small domestic water rights 

listed in eWRIMS; thus, additional small domestic diversions would add 2.68 cubic feet per second of 

potential instantaneous diversion in addition to the maximum cumulative diversion rate from 

eWRIMS-listed diversions. We calculated the face value of all known diversions (if they were all 

registered with SWRCB) to be 3.22 cubic feet per second (see Section 3.2).  

Impairment in the upper Mattole has greatest effects at lower flows. In general, impaired flow is 

close in magnitude to unimpaired flow through a discharge of approximately 30 cubic feet per 

second; below 30 cubic feet per second, impaired and unimpaired flows begin to deviate (Figure 29). 

Over the ten-year period, the unimpaired flows for MS6 indicate that a flow is greater than 8.0 cubic 

feet per second 62 percent of the time; with diversions, 8.0 cubic feet per second is exceeded 58 

percent of the time. (Like Section 2.7.3, this analysis includes additional water rights in Thorn 

Junction that are just below the Bridge Creek confluence.) Said differently, diversions in this analysis 

reduce the frequency of flows greater than 8 cubic feet per second by 2.5 percent. A flow magnitude 

of 5 cubic feet per second is exceeded 68 percent of the time under an unimpaired flow regime; the 

impairments caused by diversions shift this to being exceeded 62 percent of the time. 
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Figure 29. Exceedence frequency analysis for impaired and unimpaired streamflow at MS6 over 

the period 2001-2011, based on USGS streamflow data recorded at the Mattole River at 

Ettersburg gauge and by Sanctuary Forest at MS6 

 

This analysis is included here because it demonstrates a step in the regulatory process for obtaining 

a water right, but it does not accurately reflect reality in the Mattole Headwaters. The measured 

flow at MS6, presented here as unimpaired streamflow, is actually impaired flow—current 

conditions at Thorn Junction.10  

The calculations that follow are adjusted in an attempt to provide a more realistic picture of 

diversions in the Mattole. The projects proposed as part of the streamflow improvement plan aim to 

remove some of these diversions during the dry season, so for the analyses of cumulative impacts 

and benefits that follow, measured streamflow at Thorn Junction represents impaired flow (which it 

is) and improved flow is calculated based on the effect of removing diversions during the dry season. 

                                                           
10

 For certain purposes, SWRCB uses gaged flows as an indicator of unimpaired flows. The agency realizes that 
these flows are in fact impaired, but presenting the data this way yields an inherently conservative estimate of 
how much water would be available for diversion (i.e., increasing the value for unimpaired flows would make 
more water available).  
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6.3 Cumulative impacts of existing diversions on habitat 

The cumulative impairment analysis is often intended to characterize the impacts of additional 

diversions in the watershed associated with new appropriation. In the case of the upper Mattole, 

however, new surface water appropriations will entail changing the timing of existing diversions and 

not adding new surface water extraction. As part of this evaluation, it is useful to understand the 

impacts that existing diversions have on salmonid habitat in the Mattole Headwaters. Impacts can 

be characterized relative to the habitat thresholds established above in Table 4. To illustrate impacts 

of diversions on habitat, consider how the existing diversions above Thorn Junction have affected 

habitat thresholds by reducing the number of days above those thresholds identified in Table 4. The 

habitat thresholds can be overlaid onto the hydrograph of a water year such as 2002 for streamflow 

less than 50 cubic feet per second (below, Figure 30) to show when in the year and how often those 

thresholds are encountered. Figure 30 shows that, based on assumptions of impacts of Scenario 1 

(described in Section 3), the existing diversions caused a loss of 6 days of excellent juvenile rearing, 3 

days of minimum preferred spawning conditions, 6 days of minimum spawning conditions, 18 days 

of good juvenile rearing conditions, 29 days of fair juvenile rearing conditions, and 80 days of 

juvenile habitat unit connectivity in water year 2002. Most of this loss of habitat occurred from May 

through October. 
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Figure 30.  Impaired (measured) and unimpaired hydrographs (based on Scenario 1) for the 

Mattole, water year 2002, with habitat thresholds as horizontal bars identified at each flow 

magnitude; and the number of days above thresholds that are predicted lost due to current water 

management regime in the Mattole headwaters (again, assuming Scenario 1 of impacts). 

 

Similar analyses for each year shows that the number of days lost each year varies (Table 11, and 

that the thresholds that are most affected are those of lowest magnitude (adequate rearing and 

connectivity). 
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Table 11.  Number of days above above habitat thresholds that are lost due to current diversion 

regime, Mattole River headwaters, based on flow and habitat at Thorn Junction 

 

 

Excellent 

juvenile 

rearing 

Minimum 

preferred 

spawning 

 

Minimum 

spawning 

 

Good juvenile 

rearing  

 

Fair juvenile 

rearing 

 

Juvenile HU 

connectivity  

2002 6 3 6 18 29 80 

2003 4 4 6 13 53 55 

2004 6 8 11 16 25 78 

2005 7 13 7 24 55 14 

2006 7 4 13 10 35 25 

2007 7 8 9 14 28 61 

2008 11 6 12 24 26 69 

2009 10 5 16 20 47 45 

2010 6 3 9 26 59 6 

2011 8 6 8 18 33 5 

 

As described above in Section 3, impacts of diversions assumed in Scenario 1 likely results in an 

overestimate of the cumulative effect of diversions in the Mattole Headwaters. This is because 

Scenario 1 measures the maximum cumulative rate of diversion, as if they all operated 

simultaneously. 

If we assume impacts of diversions relative to Scenario 2 (average daily impacts), the impacts of 

existing diversions are concentrated in the very dry portion of the year (Table 12; Figure 31). 

Table 12. Number of days above thresholds lost due to existing diversions based on Scenario 2 

 

Excellent 

juvenile 

rearing 

Minimum 

preferred 

spawning 

 

Minimum 

spawning 

 

Good juvenile 

rearing  

 

Fair juvenile 

rearing 

 

Juvenile HU 

connectivity  

2002 2 1 0 3 4 80 

2003 1 1 1 1 5 42 

2004 1 0 2 4 3 77 

2005 2 3 2 2 8 14 

2006 1 1 1 2 4 25 

2007 3 0 1 1 3 57 

2008 2 1 1 6 3 41 

2009 2 0 2 4 5 38 

2010 1 1 2 2 10 6 

2011 4 0 2 3 6 5 
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Figure 31.  Impaired (measured) and unimpaired hydrographs (based on Scenario 2) for the 

Mattole, water year 2002, with habitat thresholds as horizontal bars identified at each flow 

magnitude; and the number of days above thresholds that are predicted lost due to current water 

management regime in the Mattole headwaters 

 

6.4 Benefit of recent projects on streamflow and habitat 

All proposed appropriations as part of this project would entail changing the timing of diversion 

from summer to additional diversion into storage in winter. The changes in diversion would not 

entail a higher instantaneous diversion rate, but rather more frequent diversion at the same rate as 

current diversion practices during winter, and reduced diversion in spring and summer. For example, 

a water user may currently divert at 10 gallons per minute and require 500 gallons per day. This 

water user would get the water needed for the day by diverting for 50 minutes. As is the case for 

most riparian water rights in the upper Mattole, this 10 gallon per minute diversion operates every 

day of the year but is not continuous. If a water user joins a program and agrees to no longer divert 
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during the months of July, August, and September (92 days), he or she needs to obtain the 46,000 

gallons during other months. This water could be diverted into storage by pumping at the same rate, 

10 gallons per minute, for twice as long each day (less than two hours) during the three-month 

period from March through May. Thus, water can be stored to meet summer needs by methods that 

will not add a potential increase in instantaneous diversion during any part of the year. 

As of 2013, 12 residences have begun to participate in programs to forbear diversions in summer. 

For purposes of this analysis, we assume that participants go into one-tenth rotations when flow is 

less than 10 cubic feet per second (i.e., no more than one-tenth of those diverters could take water 

at any time when water is less than 10 cubic feet per second at MS6), and participants would no 

longer divert when flow is less than 0.7 cubic feet per second, per the recommendations in this SIP.   

The benefit of removing residential and institutional diversions when streamflow falls below 10 

cubic feet per second varies according to how the magnitude of diversion is estimated. If it is 

assumed that diversions in the watershed all have maximum impact simultaneously and occur 

continuously (i.e., according to the “high-end estimate” Scenario 1 described in Section 3), then the 

benefit of removing 12 residential diversions is 0.28 cubic feet per second. That begins to have 

appreciable benefit to streamflow at approximately 5 cubic feet per second (Figure 32).  

 

Figure 32. Exceedence graph of measured streamflow, estimated unimpaired streamflow 

(Scenario 1), and improved streamflow given 12 houses removed from summer diversion 

 

Benefit to streamflow and habitat may also be understood when expressed in terms of hydrographs 

rather than exceedence curves. For a median-type year like water year 2004, the removal of 12 

residential diversions (based on Scenario 1) has little effect on flow during winter (diversions will 

only be discontinued at flow below 10 cubic feet per second); but leads to an increase in streamflow 

during summer, especially when flow is less than 5 cubic feet per second (Figure 33). Benefits to 

streamflow shown in hydrographs from 2002 through 2011 according to Scenario 1 are included in 

Appendix B. 

0.01

0.1

1

10

100

1000

10000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

St
re

am
fl

o
w

 a
t 

M
S6

, f
t3

/s

Frequency of Exceedence

full estimated unimpaired Q

IMPAIRED flow (measured)

flow under improved recent (10 houses, 2 inst divns)flow under improved recent (12 houses)



Mattole River Headwaters                                                                   Streamflow Improvement Plan 

 

 

  
Page 91 

 

CEMAR Trout Unlimited 

 

 

Figure 33. Measured and improved flow caused by removing 12 domestic diversions in the 

Mattole Headwaters (based on Scenario 1 impacts), spring and summer 2004. 

 

Removing these diversions can benefit habitat as well. Increased flow that results from removing 

diversions (under Scenario 1) shows that, in a year like 2004, the amount of time over which 

thresholds for excellent spawning and rearing are not affected; but the amount of time above 

thresholds for minimum spawning, fair rearing, and the threshold for drying are increased 

(especially the time above the drying threshold; Figure 34).   
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Figure 34. Hydrograph of measured and improved streamflow with 12 houses on 1/10 rotation 

(Scenario 1), based on streamflow in water year 2004; and number of days and occurrence in the 

year that the estimated flow improvement will increase flow above habitat thresholds (also water 

year 2004), along with a count of the number of days when current water management practices 

reduce flow below habitat thresholds 

 

Over the ten-year period 2002 through 2011, removing the 12 residential diversions has the most 

benefit to the number of days over which the connectivity threshold is exceeded (Table 13). 

Additional days of good juvenile rearing and fair juvenile rearing are gained as well. 
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Table 13.  Number of days that improved flow caused by 12 houses on 1/10 rotation (Scenario 1) 

would increase flow above habitat thresholds, each year 2002-2011 (and for comparison, the 

number of days lost due to current water management regime, i.e., data from Table 11, in 

parentheses) 

 

 

excellent 
juvenile 
rearing 

minimum 
preferred 
spawning 

minimum 
spawning 

good juvenile 
rearing 

fair juvenile 
rearing 

juvenile HU 
connectivity 

2002 0 (6) 0 (3) 0 (6) 1 (18) 2 (29) 25 (80) 

2003 0 (4) 0 (4) 0 (6) 1 (13) 2 (53) 11 (55) 

2004 0 (6) 0 (8) 0 (11) 2 (16) 1 (25) 15 (78) 

2005 0 (7) 0 (13) 0 (7) 0 (24) 3 (55) 2 (14) 

2006 0 (7) 0 (4) 0 (13) 1 (10) 1 (35) 18 (25) 

2007 0 (7) 0 (8) 0 (9) 1 (14) 1 (28) 51 (61) 

2008 0 (11) 0 (6) 0 (12) 4 (24) 2 (26) 14 (69) 

2009 0 (10) 0 (5) 0 (16) 3 (20) 3 (47) 34 (45) 

2010 0 (6) 0 (3) 0 (9) 6 (26) 4 (59) 4 (6) 

2011 0 (8) 0 (6) 0 (8) 1 (18) 2 (33) 5 (5) 

 

If we assume impacts of diversions according to the “low-end estimate” Scenario 2 (where water 

use impacts are spread over the entire day, rather than assuming impacts to be instant and 

simultaneous), the magnitude of flow restored by removing the 12 residential diversions in summer 

is 0.015 cubic feet per second, not as large as in Scenario 1 (Figures 35, 36). The number of days 

where flow is improved above habitat thresholds is smaller and only occurs relative to the 

connectivity threshold (Table 14). This analysis also accounts for increased water storage in winter 

required to fill tanks: this particular analysis assumes that water users take two times as much water 

from March 15 through May 31, half of which is for daily uses and half of which is for storage (this 

would allow residential water users to fill their 50,000 gallon tanks in 71 days). The greatest daily 

streamflow benefit in this scenario is 0.02 cubic feet per second. Similarly, impacts to streamflow to 

fill tanks would be 0.02 cubic feet per second; given that water is only diverted at flow greater than 

10 cubic feet per second and the uncertainty in streamflow above 10 cubic feet per second is to the 

nearest integer (as per USGS customs), the impact to streamflow can be considered negligible. 

Changes to streamflow shown in hydrographs from 2002 through 2011 according to Scenario 2 are 

included in Appendix 2. 
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Figure 35. Exceedence graph of measured streamflow, estimated unimpaired streamflow 

(Scenario 1), and improved streamflow given 12 houses removed from summer diversion 

 

 

Figure 36. Measured and improved flow caused by removing 12 domestic diversions in the 

Mattole Headwaters (based on Scenario 2 impacts), spring and summer 2004 
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Table 14.  Number of days that improved flow caused by 12 houses on 1/10 rotation (Scenario 2) 

would increase flow above habitat thresholds, each year 2002-2011 (and for comparison, the 

number of days lost due to current water management regime, i.e., data from Table 12, in 

parentheses) 

 

 

excellent 
juvenile 
rearing 

minimum 
preferred 
spawning 

minimum 
spawning 

good juvenile 
rearing 

fair juvenile 
rearing 

juvenile HU 
connectivity 

2002 0 (2) 0 (1) 0 (0) 0 (3) 0 (4) 0 (80) 

2003 0 (1) 0 (1) 0 (1) 0 (1) 0 (5) 0 (42) 

2004 0 (1) 0 (0) 0 (2) 0 (4) 0 (3) 2 (77) 

2005 0 (2) 0 (3) 0 (2) 0 (2) 0 (8) 0 (14) 

2006 0 (1) 0 (1) 0 (1) 0 (2) 0 (4) 0 (25) 

2007 0 (3) 0 (0) 0 (1) 0 (1) 0 (3) 1 (57) 

2008 0 (2) 0 (1) 0 (1) 0 (6) 0 (3) 4 (41) 

2009 0 (2) 0 (0) 0 (2) 0 (4) 0 (5) 6 (38) 

2010 0 (1) 0 (1) 0 (2) 0 (2)   0 (10) 0   (6) 

2011 0 (4) 0 (0) 0 (2) 0 (3) 0 (6) 0    (5) 

 

These results are consistent with those predicted by Sanctuary Forest in the group’s Low-Flow 

Hydrology Assessment, 2011 (Figure 37). 
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Figure 37. Predicted streamflow improvement caused by existing forbearance tanks program.  

From Sanctuary Forest Low-Flow Hydrology Assessment, 2011, page 18 

 

In particular, data from a dry year illustrate the potential benefit of a removing a small number of 

summer diversions on streamflow through the dry season. Using streamflow data collected by 

Sanctuary Forest from May through September in 2008, the data illustrates that removing diversions 

could cause streamflow to more than double through much of summer and sustain through late 

summer and early fall until rain begins again. The existing residential tanks may have provided the 

difference for maintaining streamflow through the dry year 2008.  

6.5 Benefit of future projects on streamflow and habitat 

Sanctuary Forest has established a goal over the next few years to incorporate 90 houses 

participating in its tanks storage program. Similar to the 12 houses currently involved, if 90 houses 

were to participate in Sanctuary Forest’s tanks and forbearance program, those 90 diverters would 

be excluded from diversion in the driest part of the summer. Participants would go into one-tenth 

rotations when flow is less than 10 cubic feet per second (i.e., no more than one-tenth of those 

diverters could take water at any time when water is less than 10 cubic feet per second at MS6), and 
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participants would no longer divert when flow is less than 0.7 cubic feet per second. The 

institutional diverters listed in Section 4 would follow similar procedures.  

As described above, the benefit of removing residential and institutional diversions when 

streamflow falls below 10 cubic feet per second varies according to how the magnitude of diversion 

is estimated. Assuming impacts of Scenario 1 (where diversions in the watershed all have maximum 

impact simultaneously and occur continuously, as described in Section 3), then the benefit of 

removing 90 residential and 4 institutional diversions is 2 cubic feet per second. This begins to have 

appreciable benefit to streamflow at approximately 10 cubic feet per second (Figure 38).  

 

Figure 38. Exceedence graph of measured streamflow, estimated unimpaired streamflow 

(Scenario 1), and improved streamflow given 90 houses and four institutional diversions removed 

from summer diversion 

 

Benefit to streamflow and habitat may be better understood when expressed in terms of 

hydrographs than exceedence curves. For a median-type year like water year 2004, the removal of 

90 residential and 4 institutional diversions  (based on Scenario 1) has little effect on flow during 

winter (diversions will only be discontinued at flow below 10 cubic feet per second); but leads to an 

increase in streamflow less than 10 cubic feet per second (Figure 39). Projected improvements to 

streamflow are much greater than those estimated for 12 houses. (Unlike Scenario 2 described 

above, no additional diversion into storage needs to be accounted for in this scenario because this 

analysis considers the rate of diversion, rather than the daily amount.  The rate of diversion will not 

change when water is diverted into tanks; instead, the diversion will operate over a longer duration 

each day. This analysis already assumes that each diversion runs continuously during the period of 

diversion.) 
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Figure 39. Measured and improved flow caused by removing 12 domestic diversions, and also by 

removing 90 domestic and four institutional diversions in the Mattole Headwaters (based on 

Scenario 1 impacts), spring and summer 2004 

 

Removing these diversions can benefit habitat as well. Increased flow that results from removing 

diversions (under Scenario 1) shows that, in a year like 2004, the amount of time over which 

thresholds for excellent spawning and rearing are not affected; but the amount of time above 

thresholds for minimum spawning, fair rearing, and the threshold for drying are increased 

(especially the time above the drying threshold; Figure 40).   
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Figure 40. Hydrograph of measured and improved streamflow with 90 houses and 4 institutional 

diversions on 1/10 rotation (Scenario 1), based on streamflow in water year 2004; and number of 

days and occurrence in the year that the estimated flow improvement will increase flow above 

habitat thresholds (also water year 2004) along with a count of the number of days when current 

water management practices reduce flow below habitat thresholds 

 

Over the ten-year period 2002 through 2011, removing the 90 residential and two institutional 

diversions has the most benefit to the number of days over which the connectivity threshold is 

exceeded (Table 15). Additional days of good juvenile rearing and fair juvenile rearing are gained as 

well. (Again, unlike Scenario 2 described below, no additional diversion into storage needs to be 

accounted for in this scenario because this analysis already assumes that each diversion runs 

continuously during the period of diversion.) 
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Table 15.  Number of days that improved flow caused by 90 houses and 4 institutional diversions 

on 1/10 rotation (Scenario 1) would increase flow above habitat thresholds, each year 2002-2011 

(and for comparison, the number of days lost due to current water management regime, i.e., data 

from Table 11, in parentheses) 

 

 

excellent 
juvenile 
rearing 

minimum 
preferred 
spawning 

minimum 
spawning 

good juvenile 
rearing 

fair juvenile 
rearing 

juvenile HU 
connectivity 

2002 0 (6) 0 (3) 0 (6) 10 (18) 12 (29) 80 (80) 

2003 0 (4) 0 (4) 0 (6)   7 (13) 21 (53) 55 (55) 

2004 0 (6) 0 (8)   0 (11) 10 (16) 13 (25) 77 (78) 

2005 0 (7)   0 (13) 0 (7)   8 (24) 31 (55) 14 (14) 

2006 0 (7) 0 (4)   0 (13)   7 (10) 11 (35) 25 (25) 

2007 0 (7) 0 (8) 0 (9)   7 (14) 15 (28) 57 (61) 

2008   0 (11) 0 (6)   0 (12) 15 (24) 12 (26) 67 (69) 

2009   0 (10) 0 (5)   0 (16) 10 (20) 20 (47) 39 (45) 

2010 0 (6) 0 (3) 0 (9)   9 (26) 28 (59) 6  (6) 

2011 0 (8) 0 (6) 0 (8) 10 (18) 14 (33) 5  (5) 

 

If we assume impacts of diversions according to “low-end estimate” Scenario 2 (where water use 

impacts spread over the entire day, rather than assuming impacts to be instant and simultaneous), 

the magnitude of flow restored by removing the 90 residential and four institutional diversions is -

0.12 cubic feet per second, not as large as in Scenario 1. However, it is greater than what results 

from only 12 houses (Figures 41, 42).  

The number of days where flow is improved above habitat thresholds is also smaller and only occurs 

relative to the connectivity threshold (e.g., Figure 42, Table 16).  
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Figure 41. Exceedence graph of measured streamflow, estimated unimpaired streamflow 

(Scenario 2), and improved streamflow given 90 houses and 4 institutional diversions removed 

from summer diversion 

  

Figure 42. Measured and improved flow caused by removing ten domestic and two institutional 

diversions, and by removing 90 domestic and four institutional diversions in the Mattole 

Headwaters (based on Scenario 2 impacts), spring and summer 2004 
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Table 16.  Number of days that improved flow caused by 90 houses and four institutional 

diversions on 1/10 rotation (Scenario 2) would increase flow above habitat thresholds, each year 

2002-2011, along with a count of the number of days when current water management practices 

reduce flow below habitat thresholds in parentheses 

 

 

excellent 
juvenile 
rearing 

minimum 
preferred 
spawning 

minimum 
spawning 

good juvenile 
rearing 

fair juvenile 
rearing 

juvenile HU 
connectivity 

2002 0 (2) 0 (1) 0 (0) 1 (3) 2 (4) 3 (80) 

2003 0 (1) 0 (1) 0 (1) 1 (1) 2 (5) 3 (42) 

2004 0 (1) 0 (0) 0 (2) 3 (4) 1 (3) 5 (77) 

2005 0 (2) 0 (3) 0 (2) 1 (2) 3 (8) 0 (14) 

2006 0 (1) 0 (1) 0 (1) 0 (2) 1 (4) 7 (25) 

2007 0 (3) 0 (0) 0 (1) 1 (1) 1 (3) 15 (57) 

2008 0 (2) 0 (1) 0 (1) 4 (6) 2 (3) 6  (41) 

2009 0 (2) 0 (0) 0 (2) 2 (4) 3 (5) 20 (38) 

2010 0 (1) 0 (1) 0 (2) 0 (2)   1 (10) 2   (6) 

2011 0 (4) 0 (0) 0 (2) 2 (3) 0 (6) 4    (5) 
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Figure 43.  Hydrograph of measured and improved streamflow with 90 houses and 4 institutional 

diversions on 1/10 rotation (Scenario 2), based on streamflow in water year 2004; and number of 

days and occurrence in the year that the estimated flow improvement will increase flow above 

habitat thresholds (also water year 2004) along with a count of the number of days when current 

water management practices reduce flow below habitat thresholds in parentheses 

 

As in the Scenario 2 analysis described in Section 6.3, this analysis also accounts for increased water 

storage in winter required to fill tanks: as in 6.3, this analysis assumes that water users take two 

times as much water from March 15 through May 31, half of which is for daily uses and half of which 

is for storage (this would allow residential water users to fill their 50,000 gallon tanks in 71 days).  

The greatest daily streamflow benefit in this scenario is 0.12 cubic feet per second (from 10 houses 

no longer removing 710 gallons per day and 4 institutions no longer removing 12,000 gallons per 

day). Similarly, impacts to streamflow as tanks get filled would be 0.12 cubic feet per second; given 

that water is only diverted at flow greater than 10 cubic feet per second and the uncertainty in 

streamflow above 10 cubic feet per second is to the nearest integer (as per USGS customs), the 

impact to streamflow is considered negligible. Changes to streamflow shown in hydrographs from 

2002 through 2011 according to Scenario 2 are included in Appendix B. 
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7 Long Term Strategy for Ensuring Durable Results 

7.1 Monitoring, Evaluation, Quality Assurance 

7.1.1 Monitoring and Compliance 

One challenge facing landowners and public agencies working to improve streamflow is making sure 

that water conservation efforts pay off with actual improved flows. This is of particular concern 

where there is public funding for water conservation projects. As taxpayers, we all want to know 

that restoration funds result in real habitat improvement.  

The first step is seeing to it that landowners follow through with dry season forbearance as 

intended. The next step is to avoid having water saved by one landowner diverted immediately by 

the next downstream landowner.  

The Tanks and Forbearance program takes a number of steps to demonstrate that landowners in the 

program are operating their diversions in accord with the program’s intent.  The Forbearance 

Agreement signed by the program requires participants to participate in the water management 

program, which includes the substantive terms discussed above (e.g., to cease all diversions for any 

reason and under any basis of right when flow drops below 0.7 cubic feet per second as measured at 

the MS6 gauge just upstream from Bridge Creek) as well as compliance and monitoring terms. The 

water management program requires meters for each participant, written water use records by 

participants, and at least two visits by Sanctuary Forest. The participant also agrees to perform 

routine maintenance checks and to notify Sanctuary Forest of any leaks or other problems. The 

Small Domestic Use Registration issued by SWRCB includes terms developed by DFW (which will be 

matched by the DFW Section 1602 agreement) that mirror the terms of the Forbearance 

Agreement. Sanctuary Forest is responsible for measuring flow at MS6 and notifying landowners 

when thresholds to start rotations (5 cubic feet per second) and begin forbearance (0.7 cubic feet 

per second) are reached. Sanctuary Forest also handles installation and permitting, with help from 

participants.  
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Figure 44. Leak Safety Manifold and Water Meter 

 

Sanctuary Forest also tests each pump in the program and helps the landowner make adjustments 

so as to keep the rate of diversion at no more than 10 gallons per minute. (The permits allow 11 

gallons per minute, which provides a small margin of error.) This is necessary because even the 

same pump can have different pump rates depending on the distance and elevation pumped, wear 

and tear, and other reasons.  

7.1.2 Mechanisms to Protect Water Rights and Ensure that Saved Water Remains Instream 

The legal mechanisms for the Tanks and Forbearance program are tailored to local circumstances. 

To date, all program participants have been residential water users, which allows them to obtain a 

water right for storage via a Small Domestic Use registration. In addition, their existing diversions 

were all operated on the basis of riparian water rights, which are not generally lost for non-use; this 

allows participants to forbear diversions without losing the water right. Had participants relied 

previously on appropriative water rights, which can be lost for non-use, the participants might have 

preferred to change their existing water rights via Section 1707 of the Water Code, which allows a 

water right to be assigned a purpose and place of use as instream flow. This allows the water right 

holder to maintain control of the water right while using it for instream purposes.  

Water right changes via Section 1707 have another potential benefit. Because the water that is not 

diverted during the forbearance period is still explicitly covered by an existing water right, it is not 

available for appropriation by other water users. (See Legal Options for Streamflow Protection (SFI 

2008) for a discussion of Section 1707 and other options, http://sanctuaryforest.org/cgi-

files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf.) In the case of 

the Mattole River, however, the other water users that currently exist in the basin are also riparian 

http://sanctuaryforest.org/cgi-files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf
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right holders, which would be correlative to the forgone water. Pursuit of Section 1707 petitions 

would also add another layer of paperwork, cost, and potential permitting delays to the project.  

Therefore, the Tanks and Forbearance program relies on other factors to protect saved water in 

stream. First, they work where possible with clusters of landowners, to reduce the chance that non-

participants would compromise the program. Second, there is the geography of the Mattole River; 

many diversions are dispersed throughout the basin, so it is often quite a distance before there is 

another water user who even could take water that is forgone. Finally, there is the potential for 

widespread cultural change, which is discussed in more depth in Section 9. Under the circumstances, 

we agree with Sanctuary Forest’s practice to date not to pursue Section 1707 changes for the 

riparian residential water users. 

Some of the “institutional” water users in the Mattole Headwaters have appropriative rather than 

riparian rights, and some will also require regular appropriative rights to add storage, because they 

will not qualify for a Small Domestic Use registration. For these water right holders, we expect that 

the best approach might be to pair a new appropriative water right for storage with a Section 1707 

change petition for the old water right.  

In addition, as discussed in Section 8 below, there is a long term risk that people will move into the 

Mattole Headwaters in new land developments that require appropriative water rights. To ensure 

that they do not divert the water saved by the projects described in this SIP, we also recommend 

that SFI and its partners consider whether, at some point, it will make sense for even residential 

participants to use Section 1707.  

7.1.3 Effectiveness Monitoring 

In the Streamflow Improvement Plans for CSSP, we propose practices that we predict will produce 

additional streamflow in summer and fall while also maintaining sufficient water levels in winter and 

spring, and we predict that these actions will benefit salmonids. These predictions are based on our 

best models to evaluate improvement, but they are not actual depictions of the benefits from the 

projects that will be implemented. We recommend continued streamflow and habitat monitoring to 

evaluate the actual benefit of these projects on streamflow in the drainage network and to 

determine whether the projects have the benefits we expect (or the conditions under which the 

benefits are reached, such as in normal-type years or dry years). Such monitoring protocols will help 

us and others seeking to restore streamflow in coastal California watersheds to understand the 

benefits of these types of practices, as well as to understand the limitations of these practices given 

the range of variability across many years. Continued monitoring will also provide resources 

necessary for landowners to operate diversions appropriately and to ensure compliance with the 

terms and conditions stipulated in new diversion operations.   

For the Mattole River Headwaters, the most critical effectiveness monitoring action is to maintain 

funding for Sanctuary Forest’s monitoring program. Sanctuary Forest has conducted low flow gauges 

since 2004, and the group is planning to maintain gauges for the foreseeable future to implement 
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the Tanks and Forbearance program.  It has been implementing water storage projects since 2006, 

and it is now possible to begin to draw conclusions about the effectiveness of the work.  As of 

December 2011, 12 systems have been installed under the Tanks and Forbearance program, with 

750,000 gallons of storage. An estimated 25 additional households have installed at least some 

water storage on their own and have reduced diversions during the low flow season. 

Sanctuary Forest and hydrologist Randy Klein selected the Lower Critical Reach (aka, junction reach) 

as an effectiveness monitoring reach because of the high density of instream pump intakes for 

households and businesses (it has 14 pumps in the one mile between gauges MS5 and MS6) and the 

high level of commitment to storage and forbearance. According to Klein (2012) the following 

progress has been made in this reach:  

• 2002-2010: 4 landowners voluntarily implemented water storage and forbearance; 

• 2007: 1 water storage and forbearance participant entered the program; 

• 2008: 2 additional water storage and forbearance participants, including one small farm, 

entered the program (total = 3); 

• 2009: 2 additional water storage and forbearance small farm participants (total = 5); 

• 2010: 1 additional water storage and forbearance participant (total = 6). 

By 2010, approximately 70 percent of the instream pumps in the Lower Critical Reach had joined the 

program either formally or informally. Measurements by Sanctuary Forest indicate that flow has 

improved noticeably in the Junction Reach between MS5 and MS6. 

“Beginning in 2009,” concludes Klein, “the forbearance program’s effectiveness, as indicated by 

reduced losing reach conditions in the junction reach (bracketed by MS5 and MS6), appeared to be 

providing measurable benefits to the low flow problem.” (Klein 2012.) Since the program’s 

inception, “the losing reach period observed in most years prior to 2009 has significantly decreased 

both in length and magnitude.” (Klein 2012.) 

Additionally, continued monitoring of streamflow and fish populations will help us to gauge the 

benefit of these projects on fisheries. In the Mattole Headwaters, the MRRP groups devote 

significant effort to monitoring fish populations. However, no one has yet had the resources to 

design or implement a program to attempt to measure the effectiveness of the Tanks and 

Forbearance program to improve fisheries. Such an assessment could, for instance, compare 

“treatment” and “control” reaches for fish survival and growth rates. (See the Grape Creek SIP for 

the Coho Partnership’s approach to similar issues.) We recommend evaluating and if possible 

pursuing funding to develop means to measure the effects of streamflow on fisheries in the 

Mattole.  
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Recommendation:  

 Continue the Effectiveness Monitoring program.  

 Extend analysis to other critical reaches, if resources permit.  

 Evaluate program to measure effects of streamflow on Mattole fish survival and growth. 

7.2 Funding 

7.2.1 Storage and Forbearance Costs 

It costs roughly $65,000 to purchase and install tanks for one residence in the Tanks and 

Forbearance program. Seasonal operation costs for Sanctuary Forest amount to $7,000 for 20 

landowners. This amount includes operation of MS6, notifications to landowners, two compliance 

visits with landowners, and permit reports on behalf of landowners.  

The cost of the project for the Whitethorn School is estimated to be $100-150,000. The high-end 

cost of the project for the commercial complex at the Junction is estimated to be $250-350,000, 

although the final cost could be much lower. (The large range of potential costs reflects uncertainty 

about final permit terms, which determine the length of the forbearance season and the amount of 

storage required.) The cost for the retreat complex near Thompson Creek is not yet known, but may 

be greater than the School or commercial complex because it will probably require more water, and 

because it may require both storage tanks and an offstream pond.  

7.2.2 Sources of Funding  

Funding exists for the School and commercial complex, from the State Coastal Conservancy, 

FishAmerica Foundation, NOAA Restoration Center, and landowner match. Sanctuary Forest also has 

9 more projects for residential tanks funded and scheduled for completion in 2012-13. The 

remainder will have to be raised through a mix of landowner match and public funding.  

7.3 Long Term Strategy  

7.3.1 Potential Threats  

The Mattole Headwaters streamflow improvement project is making progress. We agree with 

Sanctuary Forest and the public agencies that regulate and fund the Tanks and Forbearance 

program that the program has adequate safeguards to ensure that water savings are realized. That 

is, water users really do forbear on diversions during the low flow period and other water users do 

not capture the saved water in such a way that the benefits are lost. 

Sanctuary Forest and Trout Unlimited are evaluating the risk that future events will compromise the 

gains made today and are preparing a series of actions to guard against that possibility. Potential 

threats include: 
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 Land development for residential and commercial purposes. Growth is the most obvious 

threat to streamflow gains in the Headwaters. Although the human footprint remains low 

and development pressures are lesser here than in most places, the Headwaters has seen 

some growth in newly developed residences and very small subdivisions of existing parcels.  

 Non-participants. The success of the program depends on our ability to continue to recruit 

new landowners. This is necessary not only to reach the objectives (70 percent of 

residences, 100 percent of institutions). Having a high concentration of participants also 

helps ensure that water savings by landowners are not captured by other landowners rather 

than the stream. In addition, high participation creates a cultural climate conducive to water 

conservation and discourages water waste. Success breeds success.  

 Lack of funding for water storage. Funding needs are discussed in a previous section, but it 

is worth noting again here. All progress is subject to funding. Moreover, no one expects 

public funds to pay for all restoration, even though the public does benefit from the 

projects. To date, a number of tanks have been installed solely with private funds, and more 

have been installed with significant match. However, incomes in the Mattole Headwaters 

are not high, and public funds are tighter than ever. We anticipate that funding will be the 

main limiting factor for how quickly the project can progress.  

 Lack of funding for monitoring and diversion coordination. Funding is also required for 

operation of the Tanks and Forbearance program. As stated above [BJ make sure it is] 

Sanctuary Forest takes on many of the responsibilities for program operations, including 

streamflow gaging and notifying landowners when flow thresholds are met and it is time to 

switch from pumping to storage. Although this coordinated approach is much more cost-

effective than it would be for individual landowners to do it themselves. Nevertheless, it is 

harder to raise funds for this part of Sanctuary Forest’s operations than it is for construction 

of new projects.  

 Marijuana cultivation. There is no reliable information about the extent of marijuana 

cultivation in the Mattole Headwaters. Some cultivation is believed to occur (as it does in 

many North Coast watersheds) incidental to rural residential life. The amount of water 

required for these small gardens is similar to the amount of water used for other residential 

gardens and would be included in the range of residential water use estimated for the 

Mattole Headwaters generally. A different situation exists with larger operations that are 

occasionally found illegally on public lands. (These grows are less common in the Mattole 

Headwaters than in some neighboring basins because there is limited access and because 

there are fewer absentee landowners.) Water used for those operations could affect 

streamflow gains made with the program, especially if the size or density of those 

operations grows.  
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 Climate change. Many local observers believe climate change is already taking a toll on the 

Mattole Headwaters, through a longer dry season and reduced fog. (See discussion in SFI 

Groundwater Report 2011.) Although future effects of climate change cannot be quantified 

or predicted precisely, we consider it a strong risk factor for the future. 

7.3.2 Recommendations 

To reduce risk from potential new developments in the basin, we recommend working with 

Humboldt and Mendocino Counties to ensure that growth, if it happens, occurs in a manner that is 

consistent with the water storage and forbearance model developed for the Headwaters. Humboldt 

County, for example, is considering a General Plan amendment that would require new 

developments to have a local source of water storage in the form of tanks. We recommend that SFI, 

TU, and other Mattole stakeholders continue to work with Humboldt County to develop, and enact, 

such a measure, and that the groups approach Mendocino County supervisors to discuss the matter 

with them.  

To reduce the risk posed by non-participants, we recommend several things. We recommend that 

Sanctuary Forest and its partners, and the landowners with whom they work consider using section 

1707 of the Water Code to change some of the existing riparian rights that will no longer be used 

(because the landowners have substituted stored water) to instream flow purpose and place of use. 

As discussed above, this step has not yet been necessary or judged worth the time and effort (a 

judgment with which we agree). But in the future, it may prove very useful to have a number of 

summertime riparian rights assigned to instream flow, because those rights would be senior to any 

possible new sub-division that requires appropriative rights. This would create an added incentive 

for new residents to develop water storage from the outset.  

Another idea that has been discussed is adding the Mattole River to the SWRCB list of Fully 

Appropriated Streams for the low flow months. This would restrict the agency from issuing new 

water right permits for appropriative rights for the fully appropriated period. This idea may have 

merit, but it would need to be carefully crafted to avoid unintended consequences; it would be 

counterproductive to prohibit diversions to storage (such as those needed for the Tanks and 

Forbearance program) that are needed to allow tanks to substitute for more harmful direct 

diversions. 

Based on its years of experience in the area and its experience with the Tanks and Forbearance 

program so far, Sanctuary Forest does not believe it is close to saturating the market for water 

storage tanks. There are always people on the waiting list, which currently numbers five in addition 

to the nine funded projects in the pipeline.  

The potential for cultural change to affect even non-participants is also noteworthy. For years, 

Sanctuary Forest has maintained a sign at the junction with Shelter Cove Road that notifies local 

residents of Mattole River flow conditions. Some people who do not participate in the Tanks and 

Forbearance program are known to begin trucking in water at their own expense when the 
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Sanctuary Forest sign declares a low flow emergency. In addition, many non-participants have 

purchased or expressed an interest in purchasing fish screens designed by SFI to meet DFW and 

NMFS criteria.  

Sanctuary Forest has also published a series of useful guides for homeowners and farmers to use to 

improve their water supply situation and benefit streamflow. These include the Water Storage 

Guide (SFI 2008), and Legal Options for Streamflow Protection (SFI 2008). (See 

http://sanctuaryforest.org/cgi-files/0/pdfs/1213661598_Water_Storage_Guide.pdf and 

http://sanctuaryforest.org/cgi-

files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf.) 

 

Figure 45. Mattole Low Flow Sign 

http://sanctuaryforest.org/cgi-files/0/pdfs/1213661598_Water_Storage_Guide.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf
http://sanctuaryforest.org/cgi-files/0/pdfs/1213661514_Legal_Options_for_Streamflow_Protection_brochure.pdf
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To reduce the risk posed by uncertain funding for monitoring and gaging, we recommend that 

Sanctuary Forest, TU, and other interested groups work with DFW, SWRCB and others to cultivate 

mechanisms for a permanent gauging network at key compliance points. We should consider 

whether it is possible and wise for new arrivals in the basin to pay into an account for streamflow 

gauging as a condition of obtaining water rights and other permits. We should consider whether 

formation of a special district for monitoring and coordination is advisable.  

To reduce the risk posed by illegal marijuana cultivation, we recommend that the conservation 

groups working in the Mattole Headwaters seek funding for a comprehensive assessment of the 

water demand for marijuana cultivation in the Mattole Headwaters. The first step toward 

developing sound proposals to address the issue is to have better information about the extent to 

which it is a problem. To the extent it is significant, it may be possible to distinguish between the 

large operations (especially those that operate on public land) which could be addressed through 

traditional law enforcement and the smaller personal use cultivation that law enforcement has 

neither the desire nor the resources to address. In addition, we should not ignore the potential for 

cultural change to make a difference.  

Trout Unlimited scientists have published extensively on measures to reduce risks from climate 

change (see http://www.tu.org/science/climate-change). In general, we recommend a series of 

actions, which are generally consistent with the recommendations in this SIP and other actions 

underway for the Mattole: 

 Protect the diversity of remaining native trout and salmon populations. 

 Restore the natural range of life history strategies in trout populations, including migratory 

and lake-dwelling forms. 

 Protect springs, headwaters and other sources of cold water. 

 Restore riparian habitats—the native trees and vegetation along streams and rivers—to 

provide shade. 

 Restore large woody debris and boulders in stream channels to create deeper pools. 

 Remove instream barriers to fish movement, such as dams and poorly-designed culverts. 

 Restore instream flows that have been reduced by diversions for irrigation and other 

purposes. 

 Minimize existing sources of stress, such as pollution, overgrazing, and roads along streams. 

 Limit introductions of non-native fishes and control existing populations. 

 Monitor and evaluate habitats as they face climate change. 

http://www.tu.org/science/climate-change
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In addition to these steps, which we endorse again here, we also believe it is important to test and 

evaluate methods to restore groundwater retention in the basin.  

Summary of Recommendations: 

 Work with stakeholder groups and Humboldt County to develop and enact a measure 

requiring new developments to include water storage and restrict pumping during the low 

flow season. Approach Mendocino County supervisors to a similar effort for the portion of 

the Headwaters in that county. 

 Consider using Section 1707 of the Water Code to change some of the existing riparian 

rights that will no longer be used (because the landowners have substituted stored water) 

to instream flow purpose and place of use. 

 Develop stable source of funding for gauges and monitoring program. 

 Analyze the risk posed to water savings by marijuana cultivation. 
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This conceptual plan is a project template that 
is modified for each project site. The process 
for completing the site specific plan includes 
the following: 
 
1. Archaeology and Botany site clearance 
 
2. California Department of Fish and Game 

(CDFG) water rights personnel site visit to 
evaluate existing diversion and 
modifications needed for fish protections 

 
3. Development of landowner Water 

Management Plan including type and size 
of tank storage, exact location of tank and 
trench locations (requiring archaeology and 
botany site clearance first), system 
components needed to connect storage to 
existing system, and leak safety and 
controls 

 
4. The project template is described in the 

plan view sketch to the left 
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Whitethorn Construction New Water System Description 
Aaron M. Newman P.E. 
June 5, 2014 
 

System Operation Winter 

Water is pumped from the Mattole River at a rate of 10 gpm to the Water Storage System at the top of 

the hill. The pump is manually started using a pushbutton on the pump control panel located near the 

power distribution panel and will shut‐off when the pressure in the line increases in the line because the 

float valve at the storage tanks shuts off flow to the tanks. The manual start is used ensure that silty 

water is not pumped into the system. 

Water will cascade from the 60K gallon tank through the 80K gallon manifolded tanks and then flow via 

gravity at a rate of 3600 gallons per day through the slow sand filters. A float Valve in the first chlorine 

retention tank will allow water to flow into the tank as needed to replenish water that is used in the 

distribution system. The water will flow from the first retention tank to the second retention tank then 

to a third tank that will be used to meet high use demands. Chlorine will be fed into the water entering 

the first retention tank by an injection pump that will feed chlorine into the water at a rate proportional 

to the flow.  Water that is not needed to replenish the discharge tanks will flow into the 50K gallon tank 

and cascade to the (7) 2.8K gallon tanks in the rainwater collection building,  The water in that tank will 

be circulated back up to the 60K gallon tank by a ¾ hp centrifugal pump.  The pump will be started and 

stopped by a float switch in the 50K gallon tank (The pump will keep the tank from overflowing.) 

System Operation Summer 

No water is used to replenish the tanks. Water will cascade from the 60K gallon tank through the 80K 

gallon manifolded tanks and then flow via gravity at a rate of 3600 gallons per day through the slow 

sand filters. A float Valve in the first chlorine retention tank will allow water to flow into the tank as 

needed to replenish water that is used in the distribution system. The water will flow from the first 

retention tank to the second retention tank then to a third tank that will be used to meet high use 

demands. Water that is not needed to replenish the discharge tanks will flow into the 50K gallon tank 

and cascade to the (7) 2.8K gallon tanks in the rainwater collection building,  The water in that tank will 

be circulated back up to the 60K gallon tank by a ¾ hp centrifugal pump.  The pump will be started and 

stopped by a float switch in the 50K gallon tank (The pump will keep the tank from overflowing. When 

the 60K gallon tank level reteaches a pre‐determined level the system operation will be changed.  The 

control for the circulation pump will be modified to keep the 50K gallon tank pumped down. A float 

switch in the tank will keep the water in the tank at a low level thereby maintaining most of the water in 

the 60K gallon tank available for use. 

River Pump System 

Description: The river pump system pumps water from the river to the tanks at the top of the hill.  The 

river pump will pump at least 20 gpm @ 60psi pressure. A dedicated 1‐1/2” HDPE will run from the river 



to the tanks at the top of the hill.  Branch lines will be run from the raw water supply line to each of the 

storage units. 

Components 

1. 1‐1/2 hp 25 gpm Submersible Pump in river 

2. Fish Screen/flow inducer for pump. 

3. 119 gallon captive air tank 

4. Pressure switch 

5. Throttling Valve 

6. 1‐1/2” ball valve 

7. 1‐1/2” Check valve 

8. Alcal filters 

9. Pressure gauge 

10. Float valves at each storage unit 

11. 1‐1/2” HDPE Pipe 

12. Electrical Control panel with H‐O‐A and elapse timer 

 

Storage Tank facility 

The existing 60K gallon steel tank will be manifolded with a new 80K gallon ((16) 5K gallon poly tanks) 

manifolded poly tank unit. The new tanks will be place such that their maximum fill will be the same 

height as the maximum fill of the 60K gallon tank.  Overflow from the upper tanks will flow to the 50K 

gallon tank at a lower elevation. The overflow will be shut off by a float valve at the 50K gallon tank. 

Additional storage will be provided by 6 of the poly tanks located in the rainwater collection building, 

The level in these tanks will be regulated by a float valve. Water will be transferred from the lower tanks 

to the upper tanks by a transfer/circulation pump. This pump will be controlled by level switches in the 

upper and lower tanks 

1. (1) 60K gallon storage tank (existing) 

2. (1) 80K gallon storage unit consisting of (16) 5000 gallon tanks manifolded together (new) 

3. (1) 50K gallon storage tank (existing) 

4. (7) 2.8K gallon poly tanks for additional storage (existing) 

5. (2) 2.8K gallon poly tanks for chlorine treatment (existing) 

6. (1) 2.8K gallon poly tank for peak use compensation (existing) 

 

Filtration/Chlorination system. 

A slow sand filter will receive water from the upper tanks via gravity.  Water will flow through the filters 

at a constant rate of 3600 gpd. Normally three slow sand filters will be in parallel in the flow string (two 

filters will meet the normal maximum flow requirements and there will be an in‐service spare). The 

water needed to replenish the water used will be chlorinated then flow to the (2) 2.8K series retention 

tanks and then to the (1) 2.8K parallel peak use storage tank. The discharge from the peak use storage 



tanks will discharge into the existing water distribution system. The flow from the slow sand filter not 

needed to replenish water used will flow into the 50K gallon tank. Water from the 50K will be pumped 

back up to 60K gallon tank.  The circulation of water through the tanks and the slow sand filters will keep 

the filters “active” and will help keep the water that is stored in the tanks from becoming stagnant, this 

is especially true during the periods of time that “fresh” water is not being added to the system. Choline 

will be injected into the water as it flows into the retention tank to replace water that has been used. 

The chlorine injection rate will be proportional to the flow rate of the water flowing into the retention 

tank. A flow meter and controller will be used to vary the injection rate.  

 

Components 

1. 100 amp electrical service with load center 

2. 20 gpm @ 20’ head centrifugal pump, 1/2 hp. 120V single phase 

3. Transfer pump 

4. Control panel  and float switches for transfer pump with elapse time meter 

5. Casa float valves 

6. Chlorine injection pump, 120V 10 gpd  

7. Chlorine injection pump controller with flow transducer 

8. Chlorine storage tank (10 gallons nominal) 

9. Valving and piping (PVC) to make system complete 

10. Test ports as required for analyzing system 

11. Flow meters  

 

Water Supply Pipe line. 

A dedicated pipe line will be provided for transferring water from the river pump to the tanks at the top 

of the hill. The tanks at the top of the hill will be manifolded to allow water to be pumped to any of the 

three pump storage units. Under normal conditions water will be transferred to the uppermost tank. 

A Hydrant will be provided at the top of the hill for “raw water”  This hydrant will be capable o 25 gpm. 

This Hydrant will also be plumbed to allow water to be pulled from any of the 3 tank units should the 

need arise. 

Components 

1. 1‐1.2” HDPE Pipe 

2. 1‐1.2” HDPE to IPS adapters 

3. 1‐1.2” hydrant including riser, valve and bollards 

4. 1‐1.2” NPT brass ball valves (full port) 

5. 1” Brass float valves (Watts, Casa or equal) 

6. 1‐1.2”  Swing check valves  
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Announcement Regarding Permit Streamlining Drought Response for Domestic Storage 
From: Wildlife CDFWNews  
Sent: Thursday, March 13, 2014 2:55 PM 
To: Wildlife CDFWNews 
Subject: State Streamlines Domestic Water Tank Storage Process In Response to Drought 
 
(This e‐mail is being sent to all CDFW employees.) 

California Department of Fish and Wildlife News Release 
March 13, 2014  
Media Contact: 
Jordan Traverso, CDFW Communications, (916) 654‐9937 
George Kostyrko, State Water Board Communications, (916) 341‐7365 
 

State Streamlines Domestic Water Tank Storage Process In Response to Drought 
 
As the unprecedented drought continues in California, a number of the state’s coastal rivers and 
streams are in danger of reaching critically low stages later this summer, threatening rural drinking 
water supplies. But plans are now in place to assist landowners that store water for use later in the 
season through a state program.  
The California Department of Fish and Wildlife (CDFW) and the State Water Resources Control Board 
(State Water Board) announced today that they will expedite approval for the installation of storage 
tanks by landowners who currently divert water from these important rivers and streams. The action 
comes under the State Water Board’s Small Domestic Use (SDU) registration program. 
 
Installing tanks to divert and store water when flows are higher will help improve rural water supply 
reliability and fire safety while also relieving pressure for in‐stream diversions during the drier months 
when fish need it most. 
The State Water Board has an existing statewide registration program for domestic use of water, 
allowing home water uses such as drinking and fire protection. These small domestic registrations must 
comply with general conditions from the State Water Board and typically receive project specific 
conditions from CDFW.  
Landowners eligible for the SDU program currently can request approval to divert to storage. However, 
this can be a lengthy process requiring site‐specific evaluations that address in‐stream and habitat 
needs. 
 
With today’s action, CDFW has essentially “pre‐approved” the installation of storage tanks that meet the 
general criteria. The State Water Board has agreed to incorporate these criteria as conditions of 
approval, and to expedite the issuance of the registrations. This action will result in the collection of 
water during any upcoming precipitation events, taking advantage of higher flows, and using the stored 
water later in the season when there may be little to no water available. 
 
Some of these water tanks can provide months of storage to meet domestic water supply needs.  
“We have been working in these coastal communities for many years, and have good reason to believe 
that these emergency changes are going to be welcomed,” said Charlton H. Bonham, Director of CDFW. 
“Many landowners who have wanted to take these steps can do so now more quickly with greater 
regulatory certainty from our department.” 
 



This action is designed to capture water when it is raining and right after rain events. It is not designed 
to expand any applicant’s existing water right or amount of diversion. Capturing rain when it falls from 
the sky and storing it for use later can also help reduce the impacts to fish and wildlife from diverting 
water from streams during the driest times of the summer. Today’s action was the direct result of 
suggestions made by local communities and fish conservation organizations such as Trout Unlimited, 
Mattole River Sanctuary Forest and the Salmonid Restoration Federation. 
 
“The drought is going to be really hard for fish and wildlife as well as agriculture and people,” said State 
Water Board Executive Officer Tom Howard. “CDFW and the State Water Board are open to any solution 
from any corner of the state on how to make it through these tough times together.” 
 
Expedited permitting is available to applicants that meet all of the criteria set forth in the program. SDU 
program eligibility can be found at 
http://www.waterboards.ca.gov/waterrights/water_issues/programs/registrations/. 

Eligible parties are those that are already diverting from a stream under a riparian basis of right in CDFW 
Regions 1 or 3. The party should be diverting for domestic and fire protection use only, and has or will 
install a rigid style water storage tank. The storage tank should be big enough in size to store at least 60 
days of water supply for the house. 
  
Parties who are eligible will need to accept the general CDFW conditions, most importantly that they 
will use the stored water as a substitute for withdrawing additional water during the summer when 
flows are lowest. The State Water Board will expedite processing of registration forms where the party 
meets the CDFW eligibility criteria.  
This will help protect fish during periods of low stream flow, especially this year with the drought 
conditions. 
  
With California facing one of the most severe droughts on record, Governor Brown declared a drought 
State of Emergency and directed state officials to take all necessary actions to prepare for water 
shortages. The Governor signed legislation to immediately help communities deal with the devastating 
dry conditions affecting our state and to provide funding to increase local water supplies after it was 
passed with bipartisan support in the legislature.  
 
Governor Brown met with President Obama about crucial federal support during the ongoing drought, 
and the state continues to work with federal partners to ensure coordinated drought monitoring and 
response. Governor Brown and the administration have also expressed support for federal legislation 
introduced by Senators Feinstein and Boxer and Representatives Jim Costa, Tony Cárdenas and Sam 
Farr. 
 
Across state government, action is being taken. The Department of General Services is leading water 
conservation efforts at state facilities, and the California State Architect has asked California school 
districts and Community Colleges to act on the Governor’s call to reduce water usage. The Department 
of Transportation is cutting water usage along California’s roadways by 50 percent. Caltrans has also 
launched a public awareness campaign, putting a water conservation message on their more than 700 
electronic highway signs. 
 
In January, the state took action to conserve water in numerous Northern California reservoirs to meet 
minimum needs for operations impacting the environment and the economy, and recently the 



Department of Water Resources and U.S. Bureau of Reclamation announced they would seek the 
authority to make water exchanges to deliver water to those who need it most. The State Water 
Resources Control Board announced it would work with hydropower generators and the Federal Energy 
Regulatory Commission to preserve water in California reservoirs, and the California Department of Fish 
and Wildlife and the California Fish and Game Commission restricted fishing on some waterways due to 
low water flows worsened by the drought. 
 
The state is working to protect local communities from the dangers of extreme drought. The California 
Department of Public Health identified and offered assistance to communities at risk of severe drinking 
water shortages and is working with other state and local agencies to develop solutions for vulnerable 
communities. CAL FIRE hired additional firefighters and is continuously adjusting staffing throughout the 
state to help address the increased fire threat due to drought conditions. The California Department of 
Food and Agriculture launched a drought website to help farmers, ranchers and farmworkers find 
resources and assistance programs that may be available to them during the drought. 
 
Even as the state deals with the immediate impacts of the drought, it’s also planning for the future. In 
2013, the California Natural Resources Agency, the California Environmental Protection Agency and 
CDFA released the California Water Action Plan, which will guide state efforts to enhance water supply 
reliability, restore damaged and destroyed ecosystems and improve the resilience of our infrastructure. 
 
Governor Brown has called on all Californians to voluntarily reduce their water usage by 20 percent, and 
the Save Our Water campaign launched four public service announcements encouraging residents to 
conserve and has resources available in Spanish. Last December, the Governor formed a Drought Task 
Force to review expected water allocations and California’s preparedness for water scarcity. In May 
2013, Governor Brown issued an Executive Order to direct state water officials to expedite the review 
and processing of voluntary transfers of water. 
 
### 
 
Please do not reply to this e‐mail. CDFWNews@wildlife.ca.gov is for outgoing messages only and is not 
checked for incoming mail. For questions about this News Release, contact the individual(s) listed above. 
Thank you. 
 
Subscribe to CDFW News via e‐mail or RSS feed. Go to www.dfg.ca.gov/news.  
 
Like CDFW on Facebook at www.facebook.com/CaliforniaDFW and Twitter @CaliforniaDFW. 
 
When you file your California income tax return, please consider making a voluntary contribution to the 
California Sea Otter Fund (line 410) or the Rare and Endangered Species Fund (line 403). Thank you! 
 
Persons with disabilities needing reasonable accommodation to participate in public meetings or other 
CDFW activities are invited to contact the Department’s Reasonable Accommodation Coordinator 
Melissa Carlin at (916) 651‐1214 or Melissa.Carlin@wildlife.ca.gov. Reasonable Accommodation 
requests for facility and/or meeting accessibility should be received at least 21 days prior to the event. 
Requests for American Sign Language Interpreters should be submitted at least two weeks prior to the 
event, and requests for Real‐Time Captioning at least four weeks prior to the event. These timeframes 
are to help ensure that the requested accommodation is met. If a request for an accommodation has 



been submitted but due to circumstances is no longer needed, please contact the Reasonable 
Accommodation Coordinator immediately. 
 



 
 

SSaannccttuuaarryy  FFoorreesstt  
PO Box 166 
White thorn  
Cal i fornia   95589  

 
 
Steven E. Walters and Cheryl Lisin 
14400 Briceland Thorn Road 
Box 443 
Whitethorn CA 95589 

2/20/14 
          
Notice regarding end of 2013-14 no-pumping season:     
    
Dear Steve and Cheryl, 
 
Pursuant to sections I and IX of Exhibit B of your Agreement for Seasonal Forbearance of Diversion of Water 
with Sanctuary Forest, this letter provides notice that the no- pumping period for pumping or diversions from 
the Mattole or its springs and tributaries have ended as of 2/12/14.  Please note that the pumping rate restrictions 
for Green Creek are 10 gpm throughout the entire year. 
 
According to the Forbearance agreement you can start pumping from Green Creek when it is over .25 cfs or 
MS6 is over 25cfs. Doing the lazy armchair method, we estimate MS6 is at 25 cfs when the Ettersburg Gauge is 
at 90cfs. We have been looking at the prediction for the flow at Ettersburg, and it looks like it will be over 
360cfs tomorrow, February 12th, 2014.  
You are in the safe zone to pump on Green Creek as of 2/12/14. 
 
Please record your current water meter reading on your water use log for calculation of your total water use 
during the restricted season. There is no obligation to continue tracking your water use during the unrestricted 
season. We will be contacting you soon to schedule a monitoring phone call. 
The monitoring will include a review your water use log and discussion of how your water management system 
worked for you. Your feedback will be used to improve the Mattole Flow Program and if needed make 
adjustments to your system. 
 
Thank you for participating in this important program to help improve Mattole streamflows and salmonids 
survival. The program and all of you who participate are making a difference! 
 
Sincerely, 

 
 
Tasha McKee McCorkle 
Executive Director 
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RECORDING REQUESTED BY AND 
WHEN RECORDED MAIL TO: 
 
Sanctuary Forest, Inc. 
P.O. Box 166 
Whitethorn, California 95589 
Attention:  Executive Director 
 

 
 
 
 
 
 
 

 
 

THIS SPACE FOR RECORDERS USE ONLY 

  

 
 
 

AGREEMENT FOR SEASONAL FORBEARANCE OF DIVERSION OF WATER AND 
FOR CONSTRUCTION, INSTALLATION AND USE OF WATER MANAGEMENT 

SYSTEM  
 
THIS AGREEMENT is made and entered into as of this ___ day of________________, by and 
between Sanctuary Forest (hereinafter “Trustee”) and _______________________(hereinafter 
“Participant”), for the seasonal forbearance of direct diversion of water from the Mattole River, 
and for construction, installation and use of a water management system, __________ County.  

RECITALS  
A. WHEREAS Trustee is a tax-exempt non-profit organization qualified under Section 

501(c)(3) of the Internal Revenue Code of 1986, as amended, and is otherwise qualified 
under Section 170(h) of the Internal Revenue Code to acquire and hold title to real and 
personal property, and interests therein; 
 

B. WHEREAS Trustee is a land trust seeking to protect instream flow within the Mattole 
River watershed to benefit the migration, spawning and rearing needs of the native 
Chinook and coho salmon and steelhead trout, as well as other aquatic species, in 
fulfillment of its mission to conserve natural resources in the Mattole River Watershed;   

 
C. WHEREAS, Trustee has performed analysis of the hydrology and fisheries in the Mattole 

River watershed, and has identified target flow requirements to protect and enhance 
fisheries habitat in the upper watershed; 

 
D. WHEREAS, Trustee has obtained state and federal grants and has contributed private 

funding to construct and install Water Management Systems (see Exhibit A) as part of a 
water forbearance and instream flow enhancement program on private properties in the 
Mattole River watershed; 

 
E. WHEREAS, the Water Management System will assist Participants to comply with the 

forbearance and other provisions of this Agreement, as described in the Water 
Management Plan (see Exhibit B); 
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F. WHEREAS, Participant is owner of certain property in __________County in the 
Mattole River Watershed, which is more particularly described in Exhibit C 
(“Property”); 

 
G. WHEREAS, the Property is adjacent to the Mattole River, and Participant diverts water 

from the Mattole River for irrigation and domestic uses on the Property; 
 

H. WHEREAS, with the assistance of Trustee, Participant has or will obtain a Small 
Domestic Use Appropriation Registration (see Exhibit D) from the State Water 
Resources Control Board (“Water Right Registration”) to divert water consistent with the 
provisions of the Water Management Plan;  

 
I. WHEREAS, this Agreement arises out of a cooperative relationship between the Trustee 

and Participant to carry out a water forbearance and management program, and it is the 
parties’ mutual intent to voluntarily improve the environment and stream flows of the 
Mattole River.   

 
J. WHEREAS, Participant’s involvement in the water forbearance and management 

program is voluntary, and is not in response to any existing regulatory requirements; 
 

K. WHEREAS, subject to the terms and conditions herein stated, Trustee will construct a 
Water Management System on the Property and assist Participant to obtain the necessary 
permits and entitlements to facilitate Participant’s diversion of water to the Water 
Management System during the wetter times of the year; and Participant will use the 
stored water to satisfy Participant’s domestic and irrigation water needs in lieu of direct 
diversions during the Restricted Period as defined in 4a.  
 

AGREEMENT 
 
NOW, THEREFORE, in consideration of the mutual covenants contained herein, and subject to 
the terms and conditions herein stated, the parties hereby agree as follows:  
 
1. Recitals and Exhibits Incorporated.  The foregoing recitals and referenced Exhibits are 

hereby incorporated by reference and are made part of this Agreement as if fully set forth 
herein. 

 
2. Term.  This Agreement shall become effective upon execution and shall remain in effect 

for a period of fifteen (15) years from the date that the Water Management System 
becomes operational (“Start Date”), unless terminated or extended as provided herein. 
The Start Date shall be memorialized and acknowledged in writing within 10 days. 

 
3. Agreement to be Recorded.  Trustee shall record this instrument within thirty (30) days 

of the Start Date in the official records of Humboldt County, California, and may re-
record it at any time as may be required to preserve its rights in this Agreement. 
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4. Participant’s Forbearance.  Participant shall forbear and refrain from diversion of water 
rights and shall allow streamflow to flow past any and all points of diversion on and to 
the Property, as described in this Section (“Forbearance”):   

 
(a) Anytime that streamflow in the Mattole River is less than 0.7 cubic feet per second 

(cfs), as measured at a point on the Mattole River 30 to 300 yards upstream of the 
confluence with Bridge Creek (“Measure Point”), Participant shall cease all diversion, 
pumping or other withdrawals of water from the Mattole River or its tributaries 
(including but not limited to surface streams, subterranean streams, springs and other 
sources of flow contribution to the Mattole River) on and to the Property (“Restricted 
Period”).  During the Restricted Period, Participant will cease diversions under any 
and all bases of water right, and for any and all purposes including, without 
limitation, domestic and agricultural purposes.   

(b) Notwithstanding the requirements of subsection 4(a) above, Trustee, in its sole 
discretion, may declare Emergency Conditions when flows are less than 0.7 cfs in the 
Mattole River at the Measure Point.  Emergency Conditions may include, but are not 
limited to significant loss of or inability to use stored water from the Water 
Management System or extreme drought conditions preventing use of or filling of the 
Water Management System.  In no event shall Trustee authorize diversions during 
Emergency Conditions if such diversions would exceed 5% of stream flow at the 
Measure Point.  

(c) Participant’s diversions during Emergency Conditions shall be for the minimum time 
and amount necessary to meet Participant’s domestic requirements on the Property. 
The determination of Emergency Conditions shall be made by Trustee, in its sole 
discretion, following notice from and in consultation with Participant.  To the extent 
practicable, Trustee shall investigate whether Emergency Conditions exist within 48 
hours of receipt of notice from Participant, and shall promptly respond to 
Participant’s request.  

(d) Subject to water availability and funding as set forth in Exhibit B section VII, Trustee 
will provide up to 7,500 gallons of emergency water to Participant during Emergency 
Conditions in lieu of Participant’s diversion from the Mattole River during the 
Restricted Period. 

5. Water Management System.  Trustee shall provide and install a water management 
facility as described in Exhibit A (“Water Management System”) on Participant’s 
Property.  Participant shall use the Water Management System to meet Participant’s 
water requirements during the Restricted Period, consistent with the requirements of the 
Water Management Plan and Water Right Registration.   

 
(a) Trustee shall exercise reasonable precautions to avoid damage to persons and 

property during the installation of the Water Management System.   
 

(b) Trustee will assist Participant to obtain permits and approvals, and Participant shall 
obtain and be responsible for maintaining compliance with all terms and conditions of 
any approval or permit.  Participant’s failure to comply with the terms and conditions 
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of the required permits and approvals is cause for Trustee to remove the Water 
Management System from the Property. 

(c) Trustee’s receipt of funds to construct and install the Water Management System is a 
condition precedent to Trustee’s obligation to install a Water Management System on 
the Property.   

(d) During the term of this Agreement the Water Management System shall remain the 
personal property of Trustee, and shall not be considered a fixture on the Property.  
Upon completion of the 15 year term of this Agreement, the Water Management 
System shall by operation of this Agreement become the property of Participant, 
unless the parties agree otherwise to in writing. 

(e) Trustee shall use its best efforts, as financial resources permit, to maintain an 
insurance policy for the benefit of Participant, so as to provide protection from 
damages and liability associated with the Water Management System.   

(f) Except as provided in paragraph (e) above, Trustee has no obligation to maintain, 
repair, replace or operate the Water Management System after the Start Date, and 
shall not be responsible for any cost associated therewith.  Participant shall maintain, 
repair, and operate the Water Management System as described in Exhibit A, and 
shall be responsible for any maintenance and repair expense up to $5,000.00 per 
event, in the absence of insurance coverage under Trustee’s insurance policy 
described in paragraph (e). In any event, Participant shall be responsible for any and 
all deductibles (up to $5,000.00 per event) associated with insurance claims.  
Participant is responsible for all costs and liabilities of any kind related to the 
ownership, operation, upkeep, taxes and maintenance of the Property.  Participant 
hereby releases and agrees to hold harmless, indemnify and defend Trustee and its 
members, directors, officers, employees, agents, and contractors and the heirs, 
personal representatives, successors and assigns of each of them (collectively, the 
“Indemnified Parties”) from and against any and all liabilities, penalties, fines, 
charges, costs, losses, damages, expenses, causes of action, claims, demands, orders, 
judgments, or administrative actions, including, without limitation, reasonable 
attorneys’ fees, arising from or in any way connected with the potability or quality of 
water from and in the Mattole River and the Water Management System. 

(g) Trustee, its subcontractors or its other licensees who will enter the Property for 
purposes of installing, removing or otherwise working on the Water Management 
System shall, during the duration of this Agreement, carry workman’s compensation 
insurance for all employees, comprehensive general liability insurance, and 
automobile policies covering vehicles and equipment. 

6. Water Management Plan.  Trustee and Participant shall comply with the Water 
Management Plan attached hereto as Exhibit B.  The Water Management Plan includes 
the following: 

(a) Guidelines for optimal use of Water Management System to facilitate compliance 
with this Agreement; 
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(b) A description of the Water Management System improvements and discussion of its 

operational controls, including interface with Participant’s existing water system; 
 

(c) Guidelines for annual maintenance and repairs; 
 
(d) Guidelines for compliance monitoring by Trustee; 
 
(e) Guidelines for compliance self-monitoring by Participant; 
 
(f) Guidelines for maintaining water quality; 
 
(g) Guidelines for safely filling and topping the Water Management System; and 
 
(h) Guidelines in the event of emergency due to catastrophic stored water loss or other 

emergency. 
 
Upon mutual agreement, the Trustee and Participant may modify the Water Management 
Plan from time to time in order to carry out the purpose and intent of this Agreement. 

 
7. Monitoring and Enforcement.  Trustee shall be responsible for ensuring compliance 

with this Agreement, and shall engage in a regular program of compliance monitoring as 
provided in the Water Management Plan.  Trustee may undertake all necessary action, 
including legal action, to enforce compliance with this Agreement.   

 
8. Access to Property.  Participant shall provide Trustee and its agents and designees 

reasonable access to the Water Management System and to the diversion points on or to 
the Property for the purpose of ensuring compliance with and effectiveness of this 
Agreement, and shall provide Trustee with access to install or remove the Water 
Management System.  Trustee shall provide Participant reasonable notice of not less than 
48 hours prior entering onto the Property, and Participant shall have the opportunity to 
participate in any inspection.  Notice of access may be given by mail, in person, or by 
telephone.  In any emergency, or if Trustee is unable to contact Participant after 
reasonable effort, Trustee may access the Property for the limited purpose of ensuring 
protection and safety of person, property or biological resources.  

 
9. No Waiver of Water Rights.  This Agreement shall not be interpreted to and does not 

waive, relinquish, modify, abandon, forfeit, sever or change any riparian or other water 
rights now held by or that may in the future be acquired by Participant. 

 
10. Limitations; Acts Beyond Participant’s Control.  Nothing in this Agreement shall be 

construed to entitle Trustee to bring any action against Participant for any injury to or 
change to the Water Management System resulting from causes beyond Participant’s 
reasonable control, including, without limitation, the non-permitted acts of unrelated third 
parties so long as Participant has not been negligent in failing to control such acts; 
governmental action, fire, insects, disease, flood, storm and naturally-occurring earth 
movement; or from any action taken by Participant in good faith under emergency 



 

 
{00055032;1} 

conditions to prevent, abate, or mitigate significant injury to the Water Management 
System resulting from such causes.   

 
11. Violations of Agreement.  If Trustee determines that a violation or threatened violation 

of the terms of this Agreement has occurred or is threatened to occur, Trustee shall give 
written notice to Participant of such violation or threatened violation and demand 
corrective action or restraint sufficient to cure the violation or threatened violation.  
Notice of violation shall be given in writing, when practicable, but may be given in 
person or by telephone when necessary to correct a violation or threatened violation that 
has the potential to result in imminent injury or damage to person, property or natural 
resources. 

 
(a) If Participant does not cure the violation or threatened violation within a reasonable 

time, as determined by Trustee, Trustee may refer the matter to appropriate regulatory 
agencies for enforcement, may pursue mediation as provided in paragraph 12, or may 
seek the remedies described in Section 13.  This Agreement arises out of a 
cooperative relationship between the Trustee and Participant to carry out a water 
forbearance and management program, and it is the parties’ mutual intent to 
voluntarily improve the environment and stream flows of the Mattole River.  As such, 
the parties shall attempt to correct all violations or threatened violations of this 
Agreement in a cooperative manner, and shall pursue mediation and the remedies 
provided for in paragraphs 12 and 13 only as a last resort. 

 
(b) Failure by Trustee to exercise its rights under this Agreement in the event of any 

violation of this Agreement or breach of any term of this Agreement by Participant 
shall not be deemed or construed to be a waiver by Trustee of such term or of any 
subsequent breach of the same or any other term of this Agreement or of any of 
Trustee’s rights under this Agreement.  No delay or omission by Trustee in the 
exercise of any right or remedy upon any breach by Participant shall impair such right 
or remedy or be construed as a waiver. 

 
12. Mediation.  If a dispute arises between the parties concerning the interpretation or 

performance of this Agreement, and the parties cannot resolve the dispute through 
informal means, the parties agree they shall attempt to resolve the dispute through 
mediation before resorting to legal action, unless mediation is not an effective remedy to 
protect life, property or natural resources from imminent injury or damage.  Either party 
may refer the dispute to mediation upon request made in writing to the other party.  
Within fifteen (15) days of the receipt of such request, the parties shall select a trained 
and impartial mediator.  If the parties are unable to agree on the selection of a single 
mediator, then each party shall, within fifteen (15) days of the receipt of the initial 
request, appoint a mediator, and the two (2) mediators then selected shall collectively 
select a third mediator to conduct the mediation independently.  Mediation shall proceed 
in accordance with the following guidelines: 

(a) The purpose of the mediation is to (i) promote discussion between the parties; (ii) 
assist the parties to develop and exchange pertinent information concerning the issues 
in dispute; and (iii) assist the parties to develop proposals which will enable them to 
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arrive at a mutually acceptable resolution of the controversy.  The mediation is not 
intended to result in any express or de facto modification or amendment of the terms, 
conditions, or restrictions of this Agreement.   

(b) The mediator may meet with the parties and their counsel jointly or ex parte.  The 
parties agree that they will participate in the mediation process in good faith and 
expeditiously, attending all sessions scheduled by the mediator.  Representatives of 
the parties with settlement authority will attend mediation sessions as requested by 
the mediator. 

(c) All information presented to the mediator(s) shall be deemed confidential and shall be 
disclosed by the mediator only with the consent of the parties or their respective 
counsel.  The mediator shall not be subject to subpoena by either party.  No 
statements made or documents prepared for mediation sessions shall be disclosed in 
any subsequent proceedings or construed as an admission of a party. 

(d) Neither party shall be obligated to continue the mediation process beyond a period of 
ninety (90) days from the date of receipt of the initial request, or if the mediator 
concludes that there is no reasonable likelihood that continuing mediation will result 
in a mutually agreeable resolution of the dispute. 

(e) The costs of the mediator shall be borne equally by Participant and Trustee; the 
parties shall bear their own expenses, including attorneys’ fees, individually. 

 
13. Legal Remedies.  If Participant fails to cure the violation within a reasonable time after 

receipt of notice thereof from Trustee, as described in paragraph 11, or fails to continue 
diligently to cure such violation until finally cured, and mediation as described paragraph 
12 is not an available or appropriate remedy or has been exhausted as a remedy, either 
party may bring an action at law or in equity in a court of competent jurisdiction. 

(a) Any legal action brought for enforcement of this Agreement or for damages or 
injuries arising hereunder shall be brought in the Superior Court for Humboldt 
County. 

(b) Trustee’s and Participant’s remedies under this paragraph apply equally in the event 
of either actual or threatened violations of the terms of this Agreement.  The Parties 
agrees that remedies at law for any violation of the terms of this Agreement are 
inadequate and that the Parties shall be entitled to the injunctive relief, both 
prohibitive and mandatory, in addition to such other relief to which Parties may be 
entitled, including specific performance of the terms of this Agreement, without the 
necessity of proving either actual damages or the inadequacy of otherwise available 
legal remedies.  The Parties’ remedies described in this Article shall be cumulative 
and shall be in addition to all remedies now or hereafter existing at law or in equity.  

(c) Except as otherwise provided herein, the parties shall be entitled to recover all costs 
associated with enforcement of the terms of this Agreement, including, without 
limitation, costs and expenses of suit and reasonable attorneys’ fees, and any costs of 
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resource restoration or repossession of Water Management System facilities, as 
necessitated by violation of the terms of this Agreement.  

 
14. Termination.  Trustee may terminate this Agreement prior to the termination date for 

any material breach, and at its discretion may repossess the Water Management System 
upon such termination.  Trustee will provide Participant with reasonable written notice 
and opportunity to cure a breach.   

 
15. Hold Harmless and Release.  Participant hereby releases and agrees to hold harmless, 

indemnify, and defend Trustee and its members, directors, officers, employees, agents, 
and contractors and the heirs, personal representatives, successors and assigns of each of 
them (collectively, the “Indemnified Parties”) from and against any and all liabilities, 
penalties, fines, charges, costs, losses, damages, expenses, causes of action, claims, 
demands, orders, judgments, or administrative actions, including, without limitation, 
reasonable attorneys’ fees, arising from or in any way connected with the Property or this 
Agreement, including but not limited to the installation, operation, maintenance and 
removal of the Water Management System on the Property, unless due solely to the 
active negligence or willful misconduct of any of the Indemnified Parties.  Trustee hereby 
releases and agrees to hold harmless, indemnify, and defend Participant from and against 
any and all liabilities and damages arising from Trustee or its agents and designees 
accessing the Property pursuant to this Agreement, unless due solely to the active 
negligence or willful misconduct of the Participant. 

 
16. Successors and Assigns.  This Agreement shall run with the Property and apply to and 

bind the successors and assigns of the parties hereto, as well as any tenants, lessees, or 
other third parties that use or are authorized to use the Water Management System or the 
Water Right Registration for diversion and use of water. Participant shall not make any 
assignment or transfer of this Agreement or any right or interest therein until approved in 
writing by Trustee, which approval will not be unreasonably withheld.   

 
17. Amendment of Agreement.  This Agreement may be amended or modified only by the 

written consent of Trustee and Participant.  This Agreement may be renewed by the 
parties by a written agreement signed by them or their successors in interest. Any such 
renewal agreement shall be in writing and shall be appended to this Agreement. 

 
18. Notices.  Except as otherwise provided in paragraphs 8 and 11, any notice, demand, or 

request authorized or required by this Agreement shall be in writing and shall be deemed 
to have been given when mailed, postage prepaid, or delivered to:  

 
Sanctuary Forest, Inc. 
315 Shelter Cove Rd. Suite 4 
Box 166  
Whitethorn, CA 95589 
707-986-1087 
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[Participant Name and Address]  
 
  
 
 

 
19. Authority to Enter Agreement.  Participant and Trustee represent and warrant that each 

has the legal authority to enter into this Agreement. 
 
 
 
 
IN WITNESS THEREOF, the parties hereto have executed this Agreement as of the day and 
year first above written.  

Trustee: 

SANCTUARY FOREST, INC. 

By:        
 
Tasha McKee McCorkle 
Executive  Director 

Participant: 

 

By:        
  

 

By:        
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Start Date for the 15-Year Term of this Agreement: Trustee and Participants hereby agree and 
acknowledge that the Start Date defined in paragraph two, occurred on ___________________. 
 

Trustee: 

SANCTUARY FOREST, INC. 

 

DATE: _____________ By:        
 
Tasha McKee McCorkle 
Executive Director 

Participant: 

 

 

DATE: ______________  By:        
  

 

DATE: _______________                 By:        
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 [NOTARY PUBLIC ACKNOWLEDGEMENT] 
 
STATE OF CALIFORNIA  ) 
     )  ss. 
COUNTY OF ______________ ) 
 
 
On ___________________, 2014 before me,_______________________, Notary Public for said 
state, personally appeared _________________________________, Who proved to me on the 
basis of satisfactory evidence to be the person(s) whose name(s) is/are subscribed to the within 
instrument and acknowledged to me that he/she/they executed the same in his/her/their 
authorized capacity(ies), and that by his/her/their signature(s) on the instrument the person(s), or 
the entity upon behalf of which the person(s) acted, executed the instrument. 
 
I certify under PENALTY OF PERJURY under the laws of the State of California that the 
foregoing paragraph is true and correct. 
 
WITNESS my hand and official seal. 
 
 
 
________________________________ (Seal) 
Signature 
 
 
 
STATE OF CALIFORNIA  ) 
     )  ss. 
COUNTY OF ______________ ) 
 
 
On ___________________, 2014 before me,_______________________, Notary Public for said 
state, personally appeared _________________________________, Who proved to me on the 
basis of satisfactory evidence to be the person(s) whose name(s) is/are subscribed to the within 
instrument and acknowledged to me that he/she/they executed the same in his/her/their 
authorized capacity(ies), and that by his/her/their signature(s) on the instrument the person(s), or 
the entity upon behalf of which the person(s) acted, executed the instrument. 
 
I certify under PENALTY OF PERJURY under the laws of the State of California that the 
foregoing paragraph is true and correct. 
 
WITNESS my hand and official seal. 
 
 
 
________________________________ (Seal) 
Signature 
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STATE OF CALIFORNIA  ) 
     )  ss. 
COUNTY OF ______________ ) 
 
 
On ___________________, 2014 before me,_______________________, Notary Public 
for said state, personally appeared _________________________________, Who proved 
to me on the basis of satisfactory evidence to be the person(s) whose name(s) is/are 
subscribed to the within instrument and acknowledged to me that he/she/they executed 
the same in his/her/their authorized capacity(ies), and that by his/her/their signature(s) on 
the instrument the person(s), or the entity upon behalf of which the person(s) acted, 
executed the instrument. 
 
I certify under PENALTY OF PERJURY under the laws of the State of California that 
the foregoing paragraph is true and correct. 
 
WITNESS my hand and official seal. 
 
 
 
 
________________________________ (Seal) 
Signature 
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Exhibit B 

2014 template 
 

Water Management Plan 
 
 
Table of Contents 
 
Introduction Page B-1  
 
I) Guidelines for Compliance with Forbearance 

 
Page B-1  

 
II) Recommended Allocations for Participant Water Usage 
during the Restricted Period 

 
 
Page B-2 

 
III) Guidelines for Maintenance and Repair of the Water 
Management System 

 
 
Page B-4 

 
IV) Guidelines for Compliance Monitoring by Trustee 

 
Page B-6 

 
V) Guidelines for Compliance Self Monitoring by Participant 

 
Page B-6 

 
VI) Guidelines for Filling and Topping the Water Management 
System Tanks 

 
 
Page B-8 

 
VII) Guidelines in the Event of Emergency due to 
Catastrophic Water loss or Other loss 

 
 
Page B-8 

 
VIII) Water Management Calendar 

 
Page B-9 

 
IX) Anticipated Notices 

 
Page B-10 

 
 
Introduction  
 
This Water Management Plan is provided in accordance with Section 6 of this Agreement 
and intended to help the Participant to comply with the terms of Forbearance as described 
in Section 4 of this Agreement.  
 
I) Guidelines for Compliance with Forbearance 
 
Restricted Period: Participant is prohibited from pumping, withdrawing or otherwise 
diverting water from anywhere on the Property, including from springs and other 
sources as described in Section 4(a) of this Agreement, when streamflows drop below 
0.7 cfs in the Mattole River mainstem at the Measure Point which is located 30-300 



B- 2  

yards upstream of the confluence with Bridge Creek, except as authorized by Trustee in 
the event of emergency.  To facilitate Participant compliance with their Water Right 
Registration (see Exhibit D) and Section 5(b) of this Agreement, Participant is required 
to refrain from diversion of water under the terms of their Water Right Registration 
(i.e., for storage longer than 30 days) during the months of September and October.  
Consistent with this Agreement and the conditions set forth below, during the months 
of September and October Participant may exercise riparian or other appropriative 
water rights for direct diversion (i.e., direction application and use, including regulatory 
storage not exceeding 30 days) to divert streamflow in excess of 0.7 cfs at Participant’s 
point of diversion. 
 
Bypass Flows: So as not to harm endangered fisheries and to facilitate Participant’s 
compliance with their Water Right Registration and section 5(b) of this Agreement, 
pumping rates by the Participant are limited.  Participant pumping shall not exceed 5 % 
of the streamflow as calculated at the Measure Point.  Maximum allowable pumping 
rates from the Mattole River are 11GPM.   
 
Pumping Days: To prevent cumulative impacts from multiple pumps operating 
simultaneously, Trustee will assign pumping days to Participant and all other participants 
in this water forbearance and management program when streamflows at the Measure 
Point drop below10 cfs.   
 
Pump Intake Screens: Pump intake screens will be installed as part of the Water Storage 
System that comply with the "2000 California Department of Fish and Game Screening 
Criteria" for California streams that provide habitat for juvenile coho, Chinook and 
steelhead. Landowner will be responsible for inspection; maintenance and cleaning of 
screens as needed to keep them free of debris and ensure that screen function complies 
with the criteria specifications. 
 
Notices: Trustee will provide Participant notice of the timing of all seasonal restrictions 
under this Agreement (see section IX of the Water Management Plan) at end of this 
document. 
 
 
II) Recommended Allocations for Participant Water Usage during the Restricted 
Period 
 
Participant Responsibility: Participant has a maximum capacity to store _______ gallons 
of water as described in Exhibit A, Water Management System.  Participant is 
responsible for allocating use of this water during the entire Restricted Period in order to 
comply with the terms of Forbearance.   
 
Model Water Budget:  The following model water budget provides recommended water 
usage allocations for domestic and agricultural purposes during the Restricted Period.  
These allocations are estimates based on figures provided by the State Water Resources 
Control Board.  Participant’s actual water usage may vary considerably and Participant 



B- 3  

needs to be aware that changes in the stated assumptions of the model could have 
significant impacts on recommended allocations.  It is strongly advised that Participant 
use the figures provided here to create their own water budget and to utilize the actual 
water use figures gathered for Compliance Self Monitoring by Participant (see Section V 
below) to monitor and adjust their water usage diligently during the Restricted Period.   
 

Assumptions 
Estimated Restricted Period:  The restricted period is estimated to be 112 
days long, beginning on July 22 and ending on November 11.  This 
estimated period is based on the 2008 dry season, which represents the 
driest year in the 60-year record.  The actual Restricted Period is based on 
streamflows.  
 
Estimated Household Size:  Household size is estimated at three adult 
individuals for homes with full plumbing per family.  
 
Estimated Garden Size:  Garden size is estimated to be 40ft x 50ft for 
2,000 square feet per family.  

 
Allocations 

Domestic Uses: 165 Gallons per Day (GPD); 3 people x 55 GPD per 
person x 112 days = 18,480 gallons total. 
 
Agricultural Uses: 370 GPD; 2000 sq.ft. garden x 18.5 GPD per 100 sq. ft 
of garden x 84 days = 31,080 gallons total for the irrigation season (July 
22- Oct 14) 
 
Fire Protection: It is recommended that Participant maintain 2,500 gallons 
in reserve to help suppress fire in the case of emergency.  
 
Total Water Usage: 52,060 gallons; 18480 gallons domestic + 31,080 
gallons agricultural + 2,500 fire protection reserve 

 
Budget Discussion  

Under these allocations the average daily water usage for combined 
domestic (165 GPD) and agricultural (370 GPD) uses is 535 GPD for the 
time period July 22 through October 14 (84 days). The average daily water 
use is 165 GPD for the remaining time period October 14- November 11 
(28 days).  
 
Participant should note when constructing their own water budget and 
allocating their use during the Restricted Period that irrigation for 
agricultural uses is the most significant consumer of water.   
 

 If the Participant requires a greater storage capacity, they may increase 
their capacity of storage at their own cost, provided that they notify and 
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review the proposed storage project with the Trustee for the following: 1) 
ensure that the proposed project does not jeopardize the function or 
security of the existing Water Management System; 2) revise the Water 
Management Plan and water budget for monitoring purposes. 

 
 
 

 
III) Guidelines for Maintenance and Repair of the Water Management System 
 
Responsibilities:  Participant is responsible for regular maintenance and repair of the 
Water Management System as described in Section 5(f) of this Agreement.  Regular 
maintenance and repair is required for the successful operation of the Water Management 
System for the purposes of compliance with Forbearance, particularly as regards to 
preventing and repairing leaks.  The maintenance guidelines for the Poly tank, Pioneer 
tank and plumbing systems are outlined below. 
 
Poly Tank Maintenance:  
 

o Shading of tanks: Plan to shade tanks to protect them from direct sunlight. 
According to American Tank Company representative Sandy Eaton, the life 
expectancy of these tanks is 10-15 years if shaded and the life expectancy is 
shortened significantly if the tanks are not shaded. Direct sunlight causes the 
plastic to break down, blistering and peeling on the outside and eventually 
rupturing. It is also important to shade the tanks to maintain cool water 
temperatures that are essential for maintenance of water quality during long-term 
storage. Higher temperatures promote growth of organisms that degrade water 
quality. 

 
o Cleaning of tanks: Plan to empty the tanks (to 8 inches or less) once per year. If 

needed, clean with a soft bristle broom and remove turbid water (If water used to 
fill tank is pre-filtered and pumped when the creek is clear, it should not be 
necessary to empty and clean the tanks). The emptying should be done no later 
than April 15 of each year, so that the tank can be refilled with fresh clean water 
in April or May when streamflows are still high and water quality is good.  

 

o Water treatment precautions: If chlorine is added directly to water in tanks, ensure 
that the level in the chlorine does not exceed recommended levels for drinking 
water. The tanks are made for water storage only and are not resistant to the 
corrosive effects of chemicals at higher rates than drinking water levels.  

 
o Erosion: Check gravel/sand base for erosion before and during winter and place 

additional gravel as needed to prevent erosion. 
 
 



B- 5  

Pioneer Tank Maintenance and Repair: A Pioneer tank owner maintenance manuals 
will be distributed to Participant with the tank when installed. General maintenance 
requirements include the following:  
 

o Roof maintenance: For reasons of safety and longevity, do not walk on tank roof 
unless absolutely necessary. If necessary, then walk on truss only, with a 
maximum of 2 people on the roof at one time.  Keep the roof free of debris and 
leaves by sweeping with a long handled broom.   

 
o Snowfall: Cleaning of snow and ice is necessary. Your tank can withstand up to 

10 PSF (1 foot) of powder snow. 
 

o Leakage: Report any signs of tank leakage immediately to Trustee and 
Whitethorn Construction, the authorized Pioneer Tank installer. All repairs 
should be performed directly by or with guidance from the Whitethorn 
Construction authorized installation crew.  

 
o Corrosion: Inspect tank regularly for corrosion. If there are signs of corrosion, 

this should immediately be treated and painted with zinc rich paint. 
 

o Erosion: Check sand base for erosion before and during winter and place 
additional gravel over sand base as needed to prevent erosion. 

 
o Anodes: Inspect anodes every 3 years and plan to replace every 10 years. 

 
o Cleaning of tank: Plan to empty the tank (to 8 inches or less) once per year. If 

needed, clean with a soft bristle broom and remove turbid water. The emptying 
should be done no later than April 15 of each year, so that the tank can be refilled 
with fresh clean water in April or May when streamflows are still high and water 
quality is good. 

 
o Vermin protection and vegetation intrusion: Treat tank perimeter with suitable 

and safe vermin, pest and vegetation deterrent. 
 
Plumbing and Pump Systems Maintenance and Repair:  
 

o The entire plumbing system shall be inspected and repaired, as needed each 
spring in preparation for the dry season. This includes all exterior above ground 
plumbing as well as household fixtures and garden irrigation systems.  

 
o Clarity filter cartridges will need to be replaced as needed based on the turbidity 

of incoming water and at a minimum of twice per year. 
 

o Pump intake screens need to be inspected and maintained. It is very important to 
clean pump screens regularly to avoid clogging. Check and clean your screens at 
the beginning of the pumping season, and then as needed to keep them free of 



B- 6  

debris. When pump screens become partly blocked by debris, the suction 
pressure on the remaining screen will be higher, potentially injuring juvenile fish.  

 
The pump screen also needs to be inspected annually for wear and if damaged or 
evidence of wear, replacement of the screen material with equivalent stainless 
steel screen will be required. The stainless screen is more durable than bronze 
screen and is anticipated to last at least 2 years. The 1/16 inch mesh screen is 
available at Englund Marine in Eureka: (707) 444-9266.  

 
 
 
IV) Guidelines for Compliance Monitoring by Trustee 
 
Monitoring Frequency: Trustee will perform a minimum of two monitoring visits each 
year.  Trustee will provide notice two weeks prior to monitoring to facilitate scheduling 
with the Participant.  Spring monitoring is aimed to ensure that the Water Management 
System is in operating order and in good repair and ready for the low flow months.  Fall 
monitoring is done to review water meter records and determine landowner compliance 
with Forbearance and if overall objectives of this Agreement are being met.  Trustee may 
request more frequent monitoring as necessary to ensure Participant compliance with 
Forbearance.  
 
Participant Role in Trustee Monitoring: The Participant or a designated representative 
knowledgeable about the Water Management System and its use and operation shall be 
present for the monitoring visit.  Participant shall provide a tour of the Water 
Management System for inspection by the Trustee.     
 
 
V) Guidelines for Compliance Self Monitoring by Participant 
 
Water Use Meters: The Water Storage System is equipped with meters to assist the 
Participant with management of the stored water in compliance with Forbearance. It is 
the responsibility of the Participant to ensure that the stored water lasts for the entire 
Restricted Period and to adjust water use as needed to this end.   
 
Written Water Use Records: Participant shall keep written records of their water 
consumption during the Restricted Period.  The tank will be equipped with a water meter 
and the Sample Water Use Log is provided below to assist the Participant with tracking 
of water use. The water meter will be read once per week and the amount of water used 
will be recorded on the Water Use Log.  If the weekly water use exceeds the amount 
allocated, the Participant will reduce water use. Trustee will provide technical advice for 
water efficiency improvements and reduction of use.  Participant shall provide Trustee 
with copies of Participant Self Monitoring records during a monitoring visit or at any 
other time as requested by the Participant. 
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Sample Water Use Log for Restricted Season: 
Storage = 52,100 gallons per family allocated at 535 GPD for the irrigation season of 84 
days (12 weeks) and 165 GPD for the non-irrigation season 28 days (4 weeks). 
Weeks of restricted 
season ( approx15 
weeks) 

Date Water Meter  
Reading 

Actual 
Water 
Used per 
week 

Water 
Allocation  
per week 

Difference 
(Water 
Allotment- 
Actual Use) 

Start date      
Week 1  
 

   3745 
gallons 

 

Week 2    3745 
gallons 

 
 

Week 3    3745 
gallons 

 
 

Week 4    3745 
gallons 

 

Week 5    3745 
gallons  

 

Week 6    3745 
gallons 

 

Week 7    3745 
gallons 

 

Week 8    3745 
gallons 

 

Week 9    3745 
gallons 

 

Week 10    3745 
gallons 

 

Week 11    3745 
gallons 

 

Week 12    3745 
gallons 

 

Week 13    1155 
gallons 

 

Week 14    1155 
gallons 

 

Week 15    1155 
gallons 

 

Week 16    1155 
gallons 

 

 
Total water allocation per family: 
12 weeks @ 3745 per week 
4 weeks @ 1155 per week 
Fire protection water = 2,500 gallons 
Water left over = 40 gallons 
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VI) Guidelines for Filling and Topping the Water Management System Tanks 
 
Fill Tanks Early:  In order to comply with bypass flows, and minimize impacts of 
pumping on streamflows and fish habitat, Participant shall fill to the maximum all 
available water storage no later than May 1 or before streamflows at the Measure Point 
drop below 10 cfs.  When refilling for seasonal storage, pumping should be scheduled 
when water source has good clarity.  For optimum water quality, tanks should be drained 
annually and cleaned as needed prior to refilling.  
 
Top Tank Regularly Prior to the Restricted Period:  Tanks need to be topped to their 
full capacity just prior to the Restricted Period to ensure sufficient storage.  Participant 
shall top tanks regularly during the period from May 1 to August 1st, or anytime when 
streamflows at the Measure Point are between 10 cfs and 0.7cfs.  Tanks must be topped 
weekly to ensure that topping will not have significant impacts on streamflows. When 
streamflow drops to 0.7 cfs no water will be pumped until the end of the Restricted 
Period.  
 
Pumping After the End of the Restricted Period:  At the end of the no pumping season 
(when streamflows at the measure point exceed 0.7 cfs), the Participant may begin 
pumping again at the 11 GPM rate during assigned pumping days.  When streamflows 
at the measure point exceed 10 cfs, the Participant may begin pumping again without 
any seasonal pumping day restrictions.  For optimum water quality, Participant should 
wait to resume pumping until the fall rains have flushed the river of organic material 
and the water has become clear again. 
 
Notices:  Trustee will provide notice to Participant of the beginning and ending of all 
seasonal restrictions with a minimum of one-week notice prior to the start date and a 
maximum of one-week notice following the end date. A summary of anticipated notices 
is provided in Section 9 of this document. 
 
 
VII) Guidelines in the Event of Emergency due to Catastrophic Water loss or 
other loss 
 
Notice of Emergency Water Loss:  In the event of emergency water loss during the 
Restricted Period, the Participant will notify Trustee immediately and will not take any 
action to refill the tank without Trustee permission.  The Trustee may declare 
Emergency Conditions according to Section 4(b) and authorize limited pumping for 
Participant’s domestic water use requirements.  
 
Emergency Condition Pumping:  Trustee will determine an allowable pumping regime 
under Emergency Conditions based on current streamflows and in consultation with 
DFG.  Trustee may allow up to 5% of the streamflow to be pumped to obtain water 
sufficient for the landowners basic water needs. If pumping can occur while 
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maintaining adequate bypass flows, Trustee will oversee refilling with reduced pump 
rates and volumes per day to ensure no significant impacts to streamflow. If 
streamflows at the Measure Point fall below 0.2 cfs no emergency pumping will be 
allowed, and water will be trucked in from a commercial provider with up to 7500 
gallons paid for by Trustee, subject to water availability and funding. The landowner 
will be responsible for the costs of water replacement if the water has been lost through 
landowner negligence.  
 
 
VIII) Water Management Calendar 
 
Month Seasonal 

Restrictions 
Tank Filling 
& Topping 

Maintenance  Monitoring 

January     
February     
March  Fill tank   
April  Fill tank Exterior 

plumbing, 
irrigation & 
household 

 

May  Fill tank  Trustee & 
Participant 

June  Top tank   
July Reduce pump 

rate and 
pumping days 

Top tank   

August No Pumping   Participant 
self monitor 

September No Pumping   Participant 
self monitor 

October No Pumping   Participant 
Self monitor 

November Reduce pump 
rate and 
pumping days  

 Pump intake 
screens 

Trustee & 
Participant 

December     
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IX) Anticipated Notices 
 
All notices for the purpose of seasonal pumping restrictions and arranging monitoring 
days and will be given by telephone, email, or in-person and documented with notice 
by mail. Notices each year will include the following: 
 
Summary of Notices 
Month Purpose of Notice Timing of Notice 
May Spring Trustee monitoring 2 weeks prior 
July Seasonal restriction - pumping rate reduction and 

pumping days assigned 
1 week prior 

August Seasonal restriction- no pumping period 1 week prior  
November Seasonal restriction- resume pumping at reduced 

rate and pumping days assigned 
1 week after  

November 
or 
December 

End of seasonal restriction 1 week after 

November 
or 
December 

Fall monitoring 2 weeks prior 
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1. EXECUTIVE SUMMARY 
 

The Yurok Tribe Upriver communities rely on surface water from small creeks affected by 
drought for their drinking water, with no long-term storage or alternative source of water 
available. The Yurok Tribe and Yurok Public Utilities District (YPUD) requested assistance 
from Indian Health Service to secure their water supply during times of drought and/or 
contamination and water diversions exacerbated by drought from upstream large-scale 
illegal marijuana plantations. Current creek flow is approximately 25-30% of average for this 
time of year due to the drought, and more than half of Upriver residents are on individual 
water systems supplied by small creeks or springs that are visibly drying up. The proposed 
emergency well would serve approximately 115 residents on the Weitchpec CWS, the 
Weitchpec School, the Yurok Tribal Office and Community Center, and the remaining 765 
Upriver residents who would be seeking water rations. The total project cost is estimated to 
be $272,694 with a unit cost of $310 per Upriver resident. Groundwater resources are not 
utilized in the region and would not be significantly impacted by the proposed project. 
 
This Preliminary Engineering Report (PER) presents the results and findings of the 
preliminary planning and design for a 20 gpm emergency groundwater well connected to the 
Weitchpec Community Water System (CWS). The information obtained from these planning 
activities supports the IHS recommendation to develop an emergency groundwater well for 
the Weitchpec CWS including a booster pump, hydraulic connection to the CWS, electrical 
connection to PG&E, connection to a hydrant to fill fire or water trucks, and a 10,000 gallon 
water storage tank with spigot for water ration distribution to Upriver residents. The 
emergency well will provide increased fire protection in a community with one of the highest 
rates of arson in the United States, and be located at the largest building in the area, the 
Weitchpec Tribal Office and Community Center. These improvements will ensure that the 
Weitchpec Community Water System will continue to provide uninterrupted and healthful 
water services to the Weitchpec and surrounding communities.  

  
2. INTRODUCTION 
 

 The YPUD requested that an emergency well be constructed at the Weitchpec Tribal Office 
& Community Center located near the center of the Weitchpec CWS (EPA PWS #0605006). 
YPUD requested that this project be entered onto the IHS WSTARS Sanitary Deficiency 
System database to address the potential water shortage of the Upriver communities. The 
improvements to the water system addressed in this document would satisfy EPA’s 
requirements for a Public Water System, improve system operation & maintenance, ensure 
the uninterrupted delivery of water to the community and improve public health conditions. 

 
 Preliminary design development activities that have been completed include: 

• Discussions with YPUD concerning water system needs. 
• Reconnaissance surveys and site investigations with the YPUD. 
• Records review of Tribal operation and maintenance costs. 
• Recent design and construction of other improvements on/to the water systems that 

made apparent the need for additional improvements. 
• Records review of previous projects in the area for cultural properties and 

environmental considerations. 
• Meetings with Yurok Tribe Environmental Program, Yurok Indian Housing Authority. 
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3. PROJECT PLANNING AREA 
 

A. Location: The Yurok Tribe has the largest enrollment in California with over 5,000 
members, many of whom live within the Upriver or Downriver (Klamath in Del Norte 
County) areas of the Yurok Reservation. There are 259 homes perched along the 
Klamath River in the mountainous southeastern Yurok Reservation called Upriver in 
Humboldt County, California (Figure 1). The Upriver area is spread over 21 miles on 
State Highway 169 from Weitchpec to Wautec (Johnson’s Village) as shown in Figure 2. 
Upriver is bordered by Orleans to the north, the western Trinity Alps to the east, and the 
Hoopa Valley Reservation to the south. The Upriver region extends northwest to Wautec 
past the communities of Saint’s Rest, New Village, Old Village, McKinnon Hill, Kepel, 
Notchko, Tulley Creek, and Pecwan, as the river heads toward the Pacific Ocean at 
Klamath. The population density of Upriver is 3.4 people per household, equally 
approximately 880 residents. Weitchpec is the seat of the Upriver community, and Yurok 
Tribe business is conducted at the Weitchpec Tribal Office & Community Center at the 
heart of the Weitchpec Community (Figure 3). The proposed well is located beyond the 
100-foot setback from the community center septic system and other hazards. Important 
Upriver anchor institutions include the Weitchpec Elementary School, Kepel Children’s 
Head Start, Morek-Won Community Center, Tulley Creek Fire Station, Jack Norton 
School and the Wautec Church. Please refer to Figures 1 - 6 at the conclusion of this 
report to view the planning area.  
 

A. Environmental Resources Present: The Area of Potential Effects (APE) is a small and 
previously impacted footprint at the Weitchpec Tribal Office and Community Center, no 
cultural or environmental resources are believed to exist in the APE. An environmental 
and cultural resources investigation was conducted during the design phase of 
construction for the tribal office, indicating construction was allowable. The proposed 
action is anticipated to have no extraordinary or exceptional circumstances, and 
therefore would meet the requirements of categorical exclusion and/or exemption 
(CATEX).Upon funding of the project, a cultural resources permit and investigation of the 
potential well site and alternative sites will be conducted. Onsite reconnaissance, 
consultation with the Yurok Historic Preservation Officer (THPO) and records review of 
previous IHS projects in the area will be conducted to determine if there appears to be 
no significant environmental resources that would be impacted by the proposed activities 
in the project planning area. Groundwater resources are not utilized anywhere in this 
area, so proposed emergency extraction of groundwater will not significantly affect local 
aquifers or other water uses.  

 
B. Growth Areas and Population Trends: Based on Tribal records and the U.S. Census, 

the population growth rate for communities on the Reservation is assumed to be 4%. 
 
 

4. EXISTING FACILITIES 
 
A. Location Map: Please refer to Figure 3 at the conclusion of this report to view the 

design layout for the Weitchpec Community Water System. 
 
Weitchpec Community Water System: The water system serves approximately (34) 
Tribal residences, the Weitchpec Elementary School, and the Weitchpec Tribal Office 
and Community Center. The system consists of a small concrete impoundment dam 
positioned on Gist Creek, 4,000 ft of 4” PVC water distribution line between the creek 
intake and treatment facility, roughing filter, slow sand filter, point chlorination, 100,000 
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gallon bolted steel tank, 60,000 gallon redwood water storage tank, 8,000 ft of 4” PVC 
distribution line, 2” PVC service line and (34) domestic water meters. No other CWS or 
feasible alternative water supply exists near Weitchpec.  

    
B. History: The Weitchpec CWS was constructed in the early 1990’s by Indian Health 

Service. The existing 60,000 gallon redwood water storage tank supplying the 
Weitchpec Community has been in service since the 1970’s and will be taken out of 
service soon. A new 100,000 gallon bolted steel water storage tank was constructed in 
2013 by Indian Health Service to replace the redwood tank. The Weitchpec CWS water 
source is surface water in Gist Creek, a methodology that the Tribe has been using 
effectively for a many years on their Upriver community systems. The Yurok Reservation 
is a narrow riverside strip of land that extends for one mile on either side of the Klamath 
River. Above the riverside one-mile reservation boundary are numerous illegal drug 
operations such as large-scale marijuana plantations that divert Yurok CWS creek flow 
into homemade reservoirs (Figures 6-9). The Weitchpec CWS supplied by Gist Creek is 
especially at risk from marijuana operations as can be seen in Figure 6 at the end of this 
report. The Yurok Tribe Environmental Program (YTEP) has received an EPA grant to 
participate in the Source Water Assessment Program to perform water quality testing 
above and below Upriver water supply creeks during Summer 2015 to help determine 
the effects of upstream illegal marijuana plantations. 

 
C. Condition of Facilities:  

 
Weitchpec Water System 
 

• Water Source: The impoundment dam on Gist Creek is in good condition and 
suitable for continued use. Continuance of timely operation and maintenance 
tasks (creek flush, periodic structure inspection, minor repairs, etc.) will allow this 
structure to maintain service to the community for many years to come. In 
periods of drought, creek flow does not appear to be sufficient to sustain the 
Weitchpec CWS. In addition, large-scale marijuana plantations just above the 
reservation boundary are diverting large amounts of water into homemade 
reservoirs upstream of the Gist Creek intake (Figures 6 and 7). Marijuana 
diversions and contamination are exacerbated by drought. 
 

• Water Transmission and Distribution Lines: The 4” PVC main and 2” PVC 
service lines are in good condition and no recurring problems have been reported 
by the YPUD. A total of (34) domestic water meters are setup to monitor 
residential usage.  

 
• Storage: The 60,000 gallon redwood water storage tank will be taken offline after 

the drought and replaced by a 100,000 gallon bolted steel tank constructed in 
2013. A 4” master water meter was installed on the new water storage tank. No 
long-term storage currently exists or appears to be economically or physically 
feasible within the Reservation boundary.  

 
• Treatment: A new chlorine injection pumping system was installed under current 

IHS projects CA 08-083 and 09-M24. The slow sand filter building and filter beds 
are in good condition and suitable for continued use. The roughing filter, which is 
in disrepair and currently being by-passed, is currently being replaced with a new 
inline roughing filter manufactured by the Valve and Filter Corporation. 

• Treatment Monitoring and Reporting: A new water quality monitoring and 
reporting system was installed in 2011 to meet EPA reporting requirements on 
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surface water systems. The parameters monitored are chlorine residual, turbidity, 
water temperature and tank level. The data is logged and transmitted to the 
YPUD offices via GOES satellite radio. 

 
• Site Utilities: The water treatment monitoring and reporting system is powered 

by 12 VDC solar. The rest of the system operates on gravity flow. Under a 
current IHS project, the system will be connected to and supplemented by on-
grid electrical power service. PG&E recently extended on-grid electrical in the 
vicinity of the water treatment facility.  

 
 
5. NEED FOR PROJECT 
 

A. Health: Significant potential public health risk and impacts exist related to drought and 
interrupted access to safe water for Upriver communities without a secondary water 
source. Low creek flows result in reduced water availability and water quality. Lower 
water quality generally has a higher natural organic matter (NOM) load, which affects 
health by increasing cancer-causing disinfection byproducts (DBPs) created when NOM 
reacts with chlorine for disinfection. External health effects related to drought including 
respiratory illnesses from wildfires and suspended particulate matter in dry conditions, 
dehydration, illness from blue-green algae exposure, stress from loss of income caused 
by drought, insufficient nutritional intake resulting from low crop yields and quality, and 
more. Health effects caused by leaked contamination such as pesticides, rodenticides, 
fertilizers and diesel fuel from upstream illegal marijuana operations range widely.  
 

B. Sole-Source Dependent Infrastructure: The growing Upriver communities require 
periodic seasonal groundwater dependence given the increasing occurrence of drought, 
illegal upstream water diversions on CWS supply creeks, and runoff contamination from 
illegal drug operations. No nearby water systems can provide water to the rural and 
mountainous Upriver communities. Securing a backup water supply is an important 
priority for small sole-source dependent water system such as the Weitchpec CWS.  
 

C. Water-Quality: Seasonal use of groundwater would prevent municipal diversion of 
remaining downstream creek flow during drought conditions, and result in less or no 
cancer-causing disinfection byproducts created from chlorinating low quality surface 
water. Increased creek flow to the Klamath River would alleviate impacted water quality 
caused by stagnant, warm and oxygen-depleted water that occur during low flow 
conditions such as drought. Water quality has been a primary concern in the watershed, 
most especially after the death of 100,000+ salmon during low flow conditions in 2002. 
The Klamath River has extensive and sometimes toxic levels of Blue-Green Algae, a 
cyanobacteria that can harm humans and be fatal to animals. The extensiveness of the 
low flow impact on water quality has resulted in creation of the Klamath River Blue-
Green Algae electronic monitoring program. Protected species that would benefit from 
the proposed project include: chinook salmon, coho salmon, steelhead trout, tidewater 
goby and green sturgeon. 

 
6. ALTERNATIVES CONSIDERED 
  

A total of two technically feasible options were considered in this report: 1) A no action 
alternative and 2) Completion of a groundwater well, ration tank, fire water supply and 
connection to the Weitchpec Community Water System. 
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     Alternative 1: No Action 
 
A. Description: Under the “No Action” alternative existing system deficiencies would not be 

remedied as no emergency water source or distribution mechanism would be developed, 
operation and maintenance costs would be much higher than normal due to the expense 
of hauling water, especially without Tribal ownership of a water truck.  
 

B. Environmental Impacts: Not developing an emergency water source would tax surface 
water resources and creek input to the Klamath River. Decreased water quality would 
affect residents, pets, livestock and aquatic life. Protected species affected by surface 
water utilization during drought include: chinook salmon, coho salmon, steelhead trout, 
tidewater goby and green sturgeon. 

 
C. O&M Cost Estimates: No O&M cost would exist if the emergency well is not 

constructed.  
 

Alternative 2: Construction of Emergency Well, Ration Tank and Truck-fill Hydrant  
 
A. Description: The proposed alternative would construct a 20 gpm emergency 

groundwater well for the Weitchpec CWS including a pressure tank and booster pump, 
4” PVC connection to the CWS, electrical connection to PG&E, flush hydrant to fill fire or 
water trucks, and a 10,000 gallon water storage tank with spigot for water ration 
distribution to Upriver residents. 

 
B. Design Criteria: The design evaluation is primarily based on standards and guidance 

established by the Recommended Standards for Water Works (Ten State Standards), 
discussions and insight with/from the YPUD, discussions with vendors, vendor 
information, historical system data and site reconnaissance.  

 
C. Environmental Impacts: This alternative is likely to have no impacts to the environment 

because the Area of Potential Effects (APE) is a small and previously impacted footprint 
at the Weitchpec Tribal Office and Community Center. No cultural or environmental 
resources are believed to exist in the APE, and the project would have minimal impact 
on the aquifer as no other groundwater extraction occurs in the region.  

 
D. Land Status and Requirements: The project would occur on Yurok tribal trust land as 

shown in Figure 5 at the end of this report. 
 

E. Potential Construction Problems: No construction problems are anticipated as the 
work is occurring on previously disturbed ground. 
 

F. Cost Estimates: The construction cost estimate with a breakdown of the major items 
can be viewed in Table 2 below. 
 

G. O&M Cost Estimates: Annual O&M would not cause a significant increase in the 
budget for the Yurok Public Utility District unless the well was used more frequently than 
emergency-use only. Periodic cleaning of the water tank and purging of the well would 
be conducted prior to emergency-use. Exercising valves would be incorporated into 
current valve exercise routine maintenance. 

 
H. Capacity of Tribe to Operate and Maintain: The Tribe is fully capable of operating and 

maintaining the proposed improvements addressed in this PER. The YPUD 
Superintendent is registered in the State of California as both a Level II water treatment 
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and distribution system operator. The YPUD is also staffed by a Level I distribution 
system operator. The proposed facilities would require minimal O&M because the 
system would only be used in the event of drought, fire, contamination of Upriver water 
supply creeks or similar emergency health threat. The required O&M of the proposed 
facilities would not significantly increase the complexity of operational burden of the 
YPUD who are familiar with wells on their downriver systems.  

 
 
7. EVALUATION AND SELECTION OF AN ALTERNATIVE  
 

The analysis and evaluation of alternatives was based primarily on considerations to 
address the system deficiencies and reduce the public health risk. While life cycle costs and 
non-monetary factors are generally important considerations in selecting alternatives, they 
were not used in the overall decision making process in this particular case because there 
are only two alternatives, one of which is no action. 

 
Alternative 1, the No Action Alternative, would result in no emergency water source 
developed for Upriver residents. Neglecting to remedy the deficiency would cause a 
significant public health threat from diminished access to safe drinking water, decreased 
water quality impacting people and environmental resources, and an increase in O&M costs 
incurred by YPUD to haul and distribute water rations. The only conceivable advantage to 
Alternative 1 would be no capital costs associated with it. Based on these considerations, 
the no-action alternative is not recommended. 

 
Alternative 2, Construction of Emergency Well, Ration Tank and Truck-fill Hydrant, is 
recommended because it would remedy the deficiency in the Weitchpec CWS and Upriver 
communities, and would move the region toward being more fully sustainable. The proposed 
construction would reduce public health risks, increase water quality and reduce O&M cost 
and burden. This alternative is also not prohibitive in terms of permits, easements and 
environmental/cultural constraints.  

 
8. PROPOSED PROJECT (RECOMMENDED ALTERNATIVE) 
 

A. Project Design: A 20 gpm emergency groundwater well for the Weitchpec CWS 
including a pressure tank and booster pump, 4” PVC connection to the CWS, electrical 
connection to PG&E, connection to a flush hydrant to fill fire or water trucks, and a 
10,000 gallon water storage tank with spigot for water ration distribution to Upriver 
residents. 
 

B. Project Schedule: This report is developed in advance of potential funding, however a 
project schedule is provided in Table 1. It is anticipated that approximately 4.5 months or 
165 days, would be required from project funding award to completion of construction. 
The project goal would be completion of construction before Summer 2015.  
 

Table 1: Project Schedule  
Project Phase Time Period  

Finalize design + plans + permits 60 days  
Contract out to bid + award 45 days  

Contractor preparation 30 days  
Construction 30 days  

Total project time 165 days  
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C. Permit Requirements: A Cultural Resources permit would be required from the Yurok 
Tribe, and an encroachment permit from Humboldt County to increase the diameter of 
the water main crossing Highway 169 in the Weitchpec Community. 
 

D. Total Project Cost Estimate: An itemized estimate of the project cost based on the 
stated period of construction is provided in Table 2. 
 

Table 2: Total Project Cost Estimate 
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E. Annual O&M Budget: Annual O&M would not cause a significant increase in the budget 
for the Yurok Public Utility District unless the well was used more frequently than 
emergency-use only. Periodic cleaning of the water tank and purging of the well would 
be conducted during routine CWS maintenance. Exercising valves would be 
incorporated into current valve exercise routine maintenance.  
 

F. Operation and Maintenance Needs: The proposed facilities would require minimal 
O&M because the system would only be used in the event of drought, fire, contamination 
of Upriver water supply creeks or similar emergency health threat. The required O&M of 
the proposed facilities would not significantly increase the complexity of operational 
burden of the YPUD who are familiar with wells on their downriver systems. In order to 
provide incremental support to the Tribal utility organization, the proposed project also 
includes costs for O&M tools and equipment. 

 
G. Environmental Assessment: The Area of Potential Effects (APE) is a previously 

impacted area at the Weitchpec Tribal Office and Community Center. A cultural 
resources investigation was previously conducted during the design phase of 
construction for the office. The proposed action is anticipated to have no extraordinary or 
exceptional circumstances, and therefore would meet the requirements of categorical 
exclusion (CATEX). 
 
In order to comply with NEPA and other environmental statues, an Environmental 
Review Information and Documentation Checklist will be completed for the proposed 
project, and be supported by a biological survey/final report and documentation from the 
THPO. 
 

9. CONCLUSIONS AND RECOMMENDATIONS 
 
The analysis of the two alternatives demonstrates clearly that the correct course of action is to 
construct an emergency well, ration distribution tank and flush hydrant for filling water/fire 
trucks. 
 
The construction on this project would involve minimal earth disturbing activities with a majority 
of the work taking place within an existing site. In addition, the YPUD is certified to complete 
Tribal Force Account work and can complete a significant percentage of the work. The benefits 
of the emergency water system could be realized immediately if the current drought continues 
into 2015 or a similar emergency occurs.  
 
The project is highly recommended by Indian Health Service and would be a worthwhile 
investment into the YPUD Weitchpec Community Water System and Upriver region by 
developing an emergency water source to provide uninterrupted and safe water service to 
Yurok Tribal members for years to come.  
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10. REPORT FIGURES 
 

 
Figure 1: Upriver Region in Humboldt County, California 

 
 

 
Figure 2: Upriver Region from Weitchpec to Wautec 

 
 

 = Upriver Region 
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Figure 3: Weitchpec Community Water System 

 

 
Figure 4: Proposed Well Location - Weitchpec Tribal Office and Community Center 

(41° 11’ 11” N, 123° 42’ 11” W) 
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Figure 5: Weitchpec Tribal Office and Community Center located on tribal trust land 

 

 
Figure 6: Marijuana eradication sites and diversions around Weitchpec CWS 
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Figure 7: Suspected marijuana plantations and water diversions from Weitchpec to Kepel 

 

Figure 8: Suspected marijuana plantations and water diversions from Kepel to Pecwan 
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Figure 9: Suspected marijuana plantations and water diversions in Upriver Region 
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WESTHAVEN CSD WATER MAIN FAILURE HISTORY - ABANDONED PIPE AND ACCIDENTS EXCLUDED

DATE PIPE PIPE MAIN OR LOCATION NATURE

REPAIRS 13 FEET 350 REPAIRS PER HUNDRED FEET 3.7

2007-05-01 PE 2.00 MAIN 1ST AVE - 866 COUPLING

2007-09-14 PE 2.00 MAIN 1ST AVE - 866 PIPE

2007-11-05 PE 2.00 MAIN 1ST AVE - 866 PIPE

2009-08-12 PE 2.00 MAIN 1ST AVE - 866 PIPE

2010-04-23 PE 2.00 MAIN 1ST AVE - 866 PIPE

2012-08-28 PE 2.00 MAIN 1ST AVE - 866 PIPE

2013-07-01 PE 2.00 MAIN 1ST AVE - 866 PIPE

2011-08-18 PE 2.00 MAIN 1ST AVE - 880 PIPE

2012-05-05 PE 2.00 MAIN 1ST AVE - 880 PIPE

1995-02-21 PE 0.75 LATERAL 1ST AVE - 901 PIPE

1996-05-24 PE 0.75 LATERAL 1ST AVE - 909 COUPLING

1998-12-15 PE 2.00 MAIN 1ST AVE AT HAVEN PIPE

2006-07-14 PE 2.00 MAIN 1ST AVE AT HAVEN PIPE

REPAIRS 8 FEET 800 REPAIRS PER HUNDRED FEET 1.0

2013-06-12 PE 2.00 MAIN 2ND AVE - 637 COUPLING

2010-08-26 PE 0.75 LATERAL 2ND AVE - 725 COUPLING

2010-11-21 PE 2.00 MAIN 2ND AVE - 793 PIPE

1996-01-31 PE 2.00 MAIN 2ND AVE - 821 PIPE

2007-11-27 PE 2.00 MAIN 2ND AVE - 821 PIPE

2003-06-20 PE 2.00 MAIN 2ND AVE AT TRANSIT COUPLING

2003-09-05 PE 2.00 MAIN 2ND AVE AT TRANSIT VALVE

2007-12-10 PE 2.00 MAIN 2ND AVE AT TRANSIT VALVE

REPAIRS 6 FEET 200 REPAIRS PER HUNDRED FEET 3.0

2000-03-23 PE 0.75 LATERAL 3RD AVE - (617 2ND) PIPE

1990-07-31 PE 0.75 LATERAL 3RD AVE - 585 PIPE

2007-01-17 PE 0.75 LATERAL 3RD AVE - 650 PIPE - ROOT

2011-03-09 PE 0.75 LATERAL 3RD AVE - 650 PIPE

2014-02-03 PE 0.75 LATERAL 3RD AVE - 650 PIPE

2011-09-28 PE 0.75 LATERAL 3RD. AVE AT 617 2ND AVE PIPE

REPAIRS 4 FEET 200 REPAIRS PER HUNDRED FEET 2.0

1991-08-15 AC 4.00 MAIN 4TH AVE - 749 PIPE - ROOT

2001-12-14 AC 4.00 MAIN 4TH AVE - 749 PIPE - ROOT

2011-08-07 AC 4.00 MAIN 4TH AVE - 749 PIPE - ROOT

2011-12-05 AC 4.00 MAIN 4TH AVE - 749 PIPE

REPAIRS 14 FEET 750 REPAIRS PER HUNDRED FEET 1.9

1990-06-24 PE 1.00 MAIN 5TH AVE - 425 PIPE

1992-10-26 PE 1.25 MAIN 5TH AVE - 459 PIPE

2004-05-19 PE 1.25 MAIN 5TH AVE - 459 PIPE

2005-05-24 PE 1.25 MAIN 5TH AVE - 459 PIPE - ROOT

2014-04-04 PE 1.25 MAIN 5TH AVE - 459 PIPE

2007-03-29 PE 1.25 MAIN 5TH AVE - 471 PIPE

2008-06-12 PE 1.25 MAIN 5TH AVE - 471 PIPE

2013-08-17 PE 1.25 MAIN 5TH AVE - 471 PIPE

2011-01-20 PE 1.25 MAIN 5TH AVE - 481 PIPE - ROOT

2011-01-24 PE 1.25 MAIN 5TH AVE - 481 PIPE - ROOT

2006-07-05 PE 1.25 MAIN 5TH AVE - 495 COUPLING

1993-10-08 PE 0.75 LATERAL 5TH AVE - 512 COUPLING

1991-04-01 PE 0.75 LATERAL 5TH AVE - 513 COUPLING

1989-08-20 PE 0.75 LATERAL 5TH AVE - 539 COUPLING



WESTHAVEN CSD WATER MAIN FAILURE HISTORY - ABANDONED PIPE AND ACCIDENTS EXCLUDED

DATE PIPE PIPE MAIN OR LOCATION NATURE

REPAIRS 19 FEET 2350 REPAIRS PER HUNDRED FEET 0.8

1990-12-25 PE 2.00 MAIN 6TH AT KAHLSTROM COUPLING

2002-04-09 PVC 3.00 MAIN 6TH AVE - (610 HIGHLAND) JOINT

1990-08-09 PE 2.00 MAIN 6TH AVE - 220 PIPE

2011-02-14 PE 2.00 MAIN 6TH AVE - 220 PIPE - BLOWOUT

1994-05-18 PE 2.00 MAIN 6TH AVE - 241 PIPE

1991-06-13 PE 0.75 LATERAL 6TH AVE - 290 COUPLING

1992-10-14 PE 2.00 MAIN 6TH AVE - 290 PIPE

2009-04-05 PE 2.00 MAIN 6TH AVE - 322 PIPE - BLOWOUT

2011-10-17 PE 2.00 MAIN 6TH AVE - 322 COUPLING

1990-08-09 PE 2.00 MAIN 6TH AVE - 329 PIPE

1994-09-16 PE 2.00 MAIN 6TH AVE - 329 PIPE

2011-10-19 PE 2.00 MAIN 6TH AVE - 329 SADDLE

2012-09-04 PE 2.00 MAIN 6TH AVE - 353 PIPE

2011-05-11 PE 2.00 MAIN 6TH AVE - 379 PIPE

2011-09-16 PE 2.00 MAIN 6TH AVE - 379 PIPE

2009-12-09 PE 2.00 MAIN 6TH AVE - 415 PIPE

2009-12-09 PVC 3.00 MAIN 6TH AVE - 415 PIPE

2004-08-26 PE 2.00 MAIN 6TH AVE - 429 PIPE

2008-04-08 PE 2.00 MAIN 6TH AVE - 435 PIPE - BLOWOUT

REPAIRS 6 FEET 500 REPAIRS PER HUNDRED FEET 1.2

1991-05-07 PE 0.75 LATERAL 7TH AVE - 418 COUPLING

2014-02-04 PE 0.75 LATERAL 7TH AVE - 418 PIPE

2007-02-02 PE 2.00 MAIN 7TH AVE - 428 COUPLING

2001-02-05 PE 2.00 MAIN 7TH AVE - 438 COUPLING

2008-06-30 PE 2.00 MAIN 7TH AVE AT 640 SPRING PIPE

2013-10-15 PE 2.00 MAIN 7TH AVE NEAR KAHLSTROM PIPE - BLOWOUT

REPAIRS 3 FEET 300 REPAIRS PER HUNDRED FEET 1.0

1990-08-17 PE 0.75 LATERAL HAVEN WAY - 84 COUPLING

2013-01-21 PE 2.00 MAIN HAVEN WAY AT DRIVER PIPE

2009-04-01 PE 2.00 MAIN HAVEN WAY NEAR DRIVER RD PIPE

REPAIRS 4 FEET 500 REPAIRS PER HUNDRED FEET 0.8

1999-04-19 PE 2.00 MAIN HIGHLAND - 725 VALVE

1990-01-26 PE 0.75 LATERAL HIGHLAND, N - 725 COUPLING

1989-02-02 PE 2.00 MAIN HIGHLAND, S - 424 COUPLING

1989-02-16 PE 2.00 MAIN HIGHLAND, S - 460 COUPLING

REPAIRS 21 FEET 800 REPAIRS PER HUNDRED FEET 2.6

2012-09-12 PE 2.00 MAIN KAY AVE - 677 PIPE

2012-09-11 PE 0.75 LATERAL KAY AVE - 693 COUPLING

2005-08-30 PE 2.00 MAIN KAY AVE - 824 PIPE

2006-07-06 PE 2.00 MAIN KAY AVE - 824 PIPE

2006-09-03 PE 2.00 MAIN KAY AVE - 824 PIPE - ROOT

2007-09-12 PE 2.00 MAIN KAY AVE - 824 PIPE

2013-06-06 PE 2.00 MAIN KAY AVE - 824 PIPE

2013-07-16 PE 2.00 MAIN KAY AVE - 824 PIPE

2003-05-20 PE 2.00 MAIN KAY AVE - 878 PIPE

2009-07-15 PE 2.00 MAIN KAY AVE - 878 PIPE

2007-05-15 PE 2.00 MAIN KAY AVE - N OF KAY RD PIPE

2008-01-03 PE 2.00 MAIN KAY AVE - N OF KAY RD PIPE

2009-08-14 PE 2.00 MAIN KAY AVE - NW OF KAY RD PIPE - ROOT



WESTHAVEN CSD WATER MAIN FAILURE HISTORY - ABANDONED PIPE AND ACCIDENTS EXCLUDED

DATE PIPE PIPE MAIN OR LOCATION NATURE

2008-12-03 PE 2.00 MAIN KAY AVE - W OF KAY RD PIPE

2004-11-10 PE 2.00 MAIN KAY AVE AT KAY RD PIPE - ROOT

2006-08-04 PE 2.00 MAIN KAY AVE AT KAY RD PIPE

2006-10-19 PE 2.00 MAIN KAY AVE AT KAY RD PIPE - ROOT

2013-10-14 PE 2.00 MAIN KAY AVE AT KAY RD PIPE

2013-11-12 PE 2.00 MAIN KAY AVE AT KAY RD PIPE

2008-07-24 PE 2.00 MAIN KAY AVE AT TEPONA PIPE

2011-12-06 PE 2.00 MAIN KAY AVE W OF KAY RD PIPE

REPAIRS 6 FEET 450 REPAIRS PER HUNDRED FEET 1.3

2008-06-16 PE 2.00 MAIN KAY RD - 625 PIPE

2009-06-10 PE 2.00 MAIN KAY RD - 625 PIPE

2011-09-23 PE 2.00 MAIN KAY RD - 625 PIPE

2008-04-03 PE 2.00 MAIN KAY RD - 693 PIPE

2010-12-07 PE 2.00 MAIN KAY RD AT KAY AVE PIPE - ROOT

2012-08-13 PE 2.00 MAIN KAY RD AT KAY AVE PIPE - ROOT

REPAIRS 3 FEET 200 REPAIRS PER HUNDRED FEET 1.5

1991-04-01 PE 0.75 LATERAL LOOP - 164 PIPE

2008-09-19 PE 2.00 MAIN LOOP PL - 171 COUPLING

2009-04-03 PE 2.00 MAIN LOOP PL - 220 PIPE - BLOWOUT

REPAIRS 14 FEET 250 REPAIRS PER HUNDRED FEET 5.6

2010-02-22 PE 2.00 MAIN METSKO  - 25 PIPE

2007-04-27 PE 2.00 MAIN METSKO - 10 PIPE

2007-04-02 PE 2.00 MAIN METSKO - 25 PIPE

2011-06-13 PE 2.00 MAIN METSKO - 25 PIPE

1989-03-19 PE 2.00 MAIN METSKO - 44 PIPE

1999-07-26 PE 2.00 MAIN METSKO - 44 PIPE

2001-10-01 PE 2.00 MAIN METSKO - 44 COUPLING

2011-08-13 PE 2.00 MAIN METSKO - 51 PIPE

1999-05-10 PE 2.00 MAIN METSKO - 52 COUPLING

2001-05-29 PE 2.00 MAIN METSKO - 52 PIPE

2002-07-17 PE 2.00 MAIN METSKO - 52 PIPE

2006-06-30 PE 2.00 MAIN METSKO - 52 PIPE

2014-04-07 PE 2.00 MAIN METSKO - E OF 68 PIPE

1989-02-10 PE 0.75 LATERAL METSKO - 68 PIPE

REPAIRS 3 FEET 400 REPAIRS PER HUNDRED FEET 0.8

2001-09-04 PE 0.75 LATERAL RAYIPA - 86 COUPLING

1990-11-09 PE 0.75 LATERAL RAYIPA - 98 PIPE

1996-06-19 PE 0.75 LATERAL RAYIPA - 98 PIPE

REPAIRS 6 FEET 240 REPAIRS PER HUNDRED FEET 2.5

2010-08-06 PE 2.00 MAIN S WESTHAVEN DR AT 575 5TH PIPE - ROOT

2012-04-10 PVC 2.00 MAIN S WESTHAVEN DR AT 6TH AVE PIPE

2007-12-05 PE 1.00 MAIN S WSTHVN DR - 302 PIPE

2002-09-25 PE 0.75 LATERAL S WSTHVN DR - 85 COUPLING

2005-07-21 PE 2.00 MAIN S WSTHVN DR AT 575 5TH PIPE

2005-11-19 PE 2.00 MAIN S WSTHVN DR AT 575 5TH PIPE - BLOWOUT



WESTHAVEN CSD 4TH AVE. WELL YIELD AND WATER LEVELS - APRIL 2012, 2013, 2014

APRIL 2012 2013 2014

GPM FT GPM FT GPM FT

1 6.7 9.00 6.9 7.20 4.8 1.90

2 6.8 9.80 6.9 7.60 4.8 2.00

3 6.9 9.90 6.9 8.20 4.9 2.00

4 6.8 10.80 6.9 9.00 4.9 1.90

5 6.9 12.00 6.9 8.90 4.9 2.00

6 6.9 9.00 6.9 8.90 4.9 2.00

7 7.0 10.00 6.9 8.20 4.9 2.00

8 7.0 10.00 6.9 7.00 4.9 1.90

9 7.1 10.40 6.9 6.80 5.0 1.90

10 7.1 11.00 6.9 6.20 5.0 2.00

11 7.1 12.00 6.9 5.50 5.0 2.00

12 7.1 12.50 6.9 5.00 5.0 1.60

13 7.2 10.50 6.9 4.00 5.0 1.90

14 7.3 11.00 6.9 4.00 5.0 1.90

15 7.3 12.20 6.9 2.90 5.0 1.90

16 7.4 13.00 6.8 12.00 5.0 2.00

17 7.5 14.00 6.8 11.50 5.0 2.00

18 7.6 15.20 6.8 12.00 5.0 2.00

19 7.6 16.00 6.8 12.00 5.0 1.90

20 7.7 12.50 6.8 12.00 5.0 2.00

21 7.8 14.00 6.8 11.10 5.0 1.90

22 7.9 15.50 6.8 10.50 5.0 2.00

23 7.9 17.00 7.0 12.90 5.0 2.00

24 8.0 19.20 6.9 12.50

25 8.1 21.20 6.8 12.00

26 8.2 23.00 6.8 11.20

27 8.3 16.50 6.9 11.10

28 8.5 20.00 6.8 10.40

29 8.5 23.00 6.8 12.00

30 8.5 25.00 6.8 17.90

GPM = DAILY PRODUCTION RATE

FT = FEET OF WATER OVER THE PUMP

WELL IS 100 FT DEEP

PUMP IS LOCATED 2 FT OFF WELL BOTTOM

HISTORICAL STATIC LEVEL IS 55 FT OVER THE PUMP
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The 2013 California-Nevada Water Rate Survey is a joint effort between the Cali-
fornia-Nevada Section of the American Water Works Association (CA-NV AWWA) and 
Raftelis Financial Consultants, Inc. (RFC). CA-NV AWWA is a nonprofit professional associ-
ation dedicated to providing high-quality technical information to its water utility members 
and general public. RFC is a nationally recognized water and wastewater finance and pricing con-
sulting firm. This survey was first conducted by RFC in 2005 to provide in-depth analysis of water 
rates and charges in the state of California. In 2007, CA-NV AWWA and RFC formed a partnership to 
produce the next edition rate survey including California and Nevada. The 2013 survey provides valuable 
insights to pricing practices embraced by utilities across California and Nevada. Specifically included in this 
year’s survey:

 » Participation by water systems with diverse ownership and operating characteristics serving a total of 217 
California agencies and 14 Nevada agencies.

 » Rate calculations and other pertinent data grouped by county and sorted by city.

It should be noted that the charges shown for each agency are determined by the agency to minimize errors.

The report is also a powerful tool for comparative benchmarking. Drawing conclusions from rate comparisons, 
however, should be done only after evaluating several community characteristics (such as geography, climate, 
and service area, as well as the use of taxes, subsidies and grants). The determinants of utility rates are varied 
and complex and do not necessarily reflect the true cost of service.  A low rate or a high rate does not necessarily 
mean that a utility is more or less efficient, respectively.  As a result, the survey findings alone should not be used 
to judge the performance of any individual utility or to generalize about all water-sector utilities. Also, our rate 
survey uses a sample that is not statistically random.  Even with these constraints, the information contained 
in the survey should be beneficial to utilities throughout California.  At a minimum, it can be used to identify 
utilities that have similar characteristics to include in a more in-depth benchmarking effort. We recognize the 
valuable contribution made by the numerous water utility professionals who donated their time and energy to 
this effort.  Their participation in this survey is greatly appreciated.

Sudhir Pardiwala
Executive Vice-President
Raftelis Financial Consultants, Inc.

Timothy Worley, Ph.D.
Executive Director
California-Nevada Section, AWWA

Foreword
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GROWING INFRASTRUCTURE NEEDS
Much of the original water infrastructure in the West-
ern United States is going to need replacement in the 
near future.  In many cases, this will be the first time 
that utilities will face significant capital needs that is 
not funded by growth in the customer base.  In addition, 
this existing infrastructure repair and replacement 
will likely be more costly than placing comparable new 
infrastructure in service in undeveloped areas.  This 
factor is going to significantly impact utilities in coming 
years and will likely be a major driver of rate increases.

WATER SHORTAGE
Water shortages are currently being experienced 
throughout California and Nevada.  In 2011, Met-
ropolitan Water District of Southern California had 
already limited water supply to its 26 member agen-
cies. A majority of cities in California are also facing 
some type of water use restriction.  These shortages 
can be caused by regulatory restrictions on accessing 
water or moving water through an aqueduct system.  
In addition, there is a concern that the increased con-
centration of greenhouse gases will reduce the snow 
pack in the local mountains that serve as a natural 
storage system.  Such water shortages typically have 
an adverse effect on the financial health of a utility, 
leading to increased pressure to raise rates.  The 
decreased sales from restrictions require an increased 
price in order to recover fixed costs.

INCREASING REGULATORY STRINGENCY
While it is unclear how water regulation will be 
promulgated in the future, it is our expectation that 
standards will continue to become more stringent.  
As the ability to measure water quality improves and 
technology for producing “cleaner” potable water and 
effluent advances, regulations will inevitably follow 
and utilities will need to spend resources to acquire 
the new technology and/or reconfigure the existing 
treatment processes.  We believe that increasing 
regulatory stringency driven by these advances in 
technology will drive rates higher.

DECREASING PER CAPITA CONSUMPTION
We have noticed that more and more of the utilities that 
we serve are facing declining per capita consumption.  
We believe there are two primary reasons for this trend.  
The first reason is that each generation of new home 
appliances is more and more water efficient.  During the 
1960s and 1970s, growth in consumption was fueled by 
the addition of water using devices to homes.  With the 
replacement of each device, water efficiency is gained.  
The second reason is that the conservation message 
has been internalized by much of the population.  A 
conservation ethic is replacing old habits in small 
ways, such as turning off faucets, and larger ways, like 
replacing thirsty landscapes.  We believe this has been 

Factors 
Affecting 
Rates
Because water rates are of immense public 
interest, legislative bodies entrusted with 
reviewing and approving rates are very 
sensitive to adjusting rates.  From our work 
with many water utilities, we have iden-
tified seven factors that can affect water 
rates and charges.  Four of these factors 
are driving water rates higher, while the 
other three have a lowering effect on 
rates.  Because the factors that are increas-
ing rates have had a much greater impact 
in recent years, water rates have increased 
faster than the overall rate of inflation.  
The following describes each factor, how it 
influences rates, and its expected impact 
over the next five to ten years.  It should 
be noted that they are not the only factors 
affecting rates, but those that we believe 
are particularly relevant to water utilities.
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accomplished through public education efforts and 
often reinforced by the pricing structure.  In addition, 
many utilities have faced droughts or capacity issues 
due to growth, which has forced additional efforts to 
reduce per capita consumption.  We believe that while 
this factor will continue to impact rates in the future, 
the impact will diminish over time because there is a 
level below which per capita consumption will not drop.

TECHNOLOGICAL IMPROVEMENTS
As mentioned earlier, water treatment technology is 
constantly improving. Certain technological improve-
ments will result in reduced costs and lower rates. 
Supervisory control and data acquisition (SCADA) 
systems allow for operations with fewer employees 
and help to minimize power loads.  As a result, the cost 
of producing potable water is decreasing with all other 
variables remaining the same.  We believe technology 
will continue to improve benefits to customers.

EFFECTIVE UTILITY MANAGEMENT
Municipal utilities no longer see themselves as govern-

mental monopolies.  Elected officials and governing 
boards increasingly require utilities to operate as 
efficiently as possible.  The growth of contractor 
operations has also caused utilities to become more 
efficient.   In fact, many utilities have gone through 
some sort of formal optimization process.  We believe 
that these efforts will continue to have a lowering 
effect on water rates.

POLITICAL ACTIONS
The strongest force in limiting rate increases has been 
the political process.  Whereas optimization efforts 
are beneficial to the utility, politically limited rate 
increases may not be.  It would be unfair to say that 
political influence does not have some positive effects, 
as it does often force utilities to be as efficient as possi-
ble.  We believe this will continue to have a significant 
impact on limiting rate increases.  However, when a 
rate increase is obviously needed and that increase is 
not allowed due to political issues, there can be severe 
future ramifications.  
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Overview 
of the Survey

In 2013, an online survey was sent to water 
service providers in the California and 
Nevada region. This self-reported survey 
included questions regarding the typical 
single family residential water bill, rate 
structure, billing frequency, connection 
fees, location and service population. The 
survey information received provides data 
on 231 water service providers (217 in Cal-
ifornia and 14 in Nevada).  Because water 
usage varies widely by cities and regions, a 
benchmark water usage amount is needed 
to provide a basis to compare water rates.  
This survey relies on 15 ccf (hundred cubic 
feet) or 11,220 gallons of consumption per 
month as that benchmark. Since agencies 
have different billing frequencies, the fixed 
charges have been normalized to show the 
monthly rate. The California survey results 
are sorted first alphabetically by county 
and then by city.  Additionally, several 
analyses are done on the four regions of 
California: Northern, San Joaquin Valley, 
Central Coast, and Southern.  
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The regions are comprised of the following counties:

 » Northern: Alameda, Butte, Calaveras, Colusa, El 
Dorado, Humboldt, Lake, Lassen, Marin, Mariposa, 
Mendocino, Napa, Nevada, Placer, Plumas, 
Sacramento, San Benito, San Francisco, San Mateo, 
Santa Clara, Santa Cruz, Shasta, Solano, Sonoma, 
Stanislaus, Sutter, Tehama, Tuolumne, and Yolo.

 » San Joaquin Valley: Fresno, Kern, Kings, Madera, 
Merced, Mono, San Joaquin, and Tulare

 » Central Coast: Monterey, San Luis Obispo, and 
Santa Barbara

 » Southern: Imperial, Los Angeles, Orange, 
Riverside, San Bernardino, San Diego, and Ventura

This year’s Nevada survey includes data from the fol-
lowing counties: Clark, Douglas, Carson City, Pershing, 
Storey and Washoe. 

This is our fifth survey in California/Nevada (previous 
surveys include 2005, 2007, 2009 and 2011 though 
as the inaugural survey, 2005 data were limited to 
California). In the survey, we have made some com-
parisons regarding the bill frequency, rate structure 
and user charges between 2011 and 2013. The com-
parisons are made when applicable, and include only 
the 113 agencies that participated in both the 2011 
and 2013 surveys. Characteristics of billing frequency, 
rate structures, and water charges are also included.
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Figure B: Bill Frequency Comparison for California 
Agencies Reported in both 2011 and 2013 Surveys

2013 BILLING FREQUENCY

2011 BILLING FREQUENCY

2013 BILLING FREQUENCY

Figure A: Billing Frequency for California  
Agencies Reported in 2013 Survey

Bi-Monthly 
37%

Monthly 
61%

Other 1%

Tri-Monthly 1%

Bi-Monthly 
39%

Monthly 
59%

Other 1%

Tri-Monthly 0%

Bi-Monthly 
35%

Monthly 
63%

Other 1%

Tri-Monthly 1%

California Rate 
Survey Results
217 agencies from the California region reported rates 
in the 2013 survey compared to the 216 agencies that 
reported in 2011. The number of agencies that report-
ed in both surveys is 113. 

1Includes only 113 agencies that participated in both 2011 and 
2013 rate surveys

As shown in Figure A, 61% of the agencies in our sam-
ple bill monthly.  Roughly 37% have a bi-monthly rate 
structure. 

We have also examined the billing frequency trend, 
shown in Figure B1.  Over the last two years, our anal-
ysis shows that the bi-monthly billing has decreased 
from 39% in 2011 to 34% in 2013.  This increase cor-
responds with an increase in monthly billing, which 
was 59% in 2011 and is currently 63% in 2013.  This 
behavior goes along with the overall industry trend 
especially as more agencies use automated meter 
reading technologies.  Monthly billing is predominant-
ly becoming more popular, as monthly billing helps 
convey information on consumption and pricing to an 
agency’s customer base faster.  Also, as rates increase 
and bills get larger, customers may find it easier to pay 
smaller monthly bills than larger bi-monthly bills.

Figure B compares the billing frequency between 
2011 and 2013. Only agencies participating in both 
years are counted; therefore, the percentage shown 
in 2013 will be different from the percentage shown 
in Figure A since there are 217 agencies counted in the 
2013 survey and only 113 agencies that participated 
in both years.

BILLING FREQUENCY
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Figure C: Rate Structure for California  
Agencies Reported in 2013 Survey

Figure D: Rate Structure Comparison for California 
Agencies Reported in both 2011 and 2013 Surveys

2013 RATE STRUCTURE

2011 RATE STRUCTURE

2013 RATE STRUCTURE

Uniform 
26%

Inclining
65%

Other 5%

Budget 3%

Declining 1%

Uniform
21%

Inclining 
69%

Other 8%

Budget 0%

Declining 2%

Uniform
22%

Inclining 
73%

Other 3%

Budget 1%

Declining 1%

Figure C demonstrates that inclining and uniform rate 
structures combine to constitute approximately 94% 
(26% Uniform, 65% Inclining, 3% Budget) of the rate 
structures among utilities in this year’s survey. The 
“other” category includes rate structures such as flat, 
seasonal and minimum charge for consumption rates. 
While uniform, inclining and declining rate structures 
are well known and have been in use by agencies for 
many years, the number of agencies utilizing water 
budget rate structures is increasing. Water budget 
based rate structures are a type of inclining rate 
structure in which the block definition is different for 
each customer based on an efficient level of water 
use by that customer. The tiers are typically set based 
upon efficient indoor and outdoor use allocations.  
Please contact RFC if you need additional information 
on rate structures.

Figure D shows the trend of rate structures from 2011 
through 2013, with an increase in inclining blocks, 
from 69% of survey respondents to 74%, including 
water budget rate structures. Only agencies partici-
pating in the 2013 and 2011 surveys were included. 
The 2011 survey did not capture any instances of 
water budget rates, an increasingly popular rate 
structure designed to ensure efficient use of water; 
however the 2013 survey shows several agencies with 
the water budget rate structure.  This is consistent 
with RFC’s experience.

RATE STRUCTURE
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Figure E:  
Rate Structure by 
Regions for California 
Agencies Reported in 
2013 Rate Survey

Figure F:  
Rate Structure by 
Region for California 
Agencies Reported  
in both 2011 and  
2013 Surveys

2Compares only agencies participating in both 2011 and 2013 surveys (113 agencies)

The regional variation of rate structures in Figure 
E shows that Central Coast California has the high-
est percentage of agencies with inclining tiered rate 
structures (86%) that would tend to promote conser-
vation.  In Southern California, 70% of the surveyed 
agencies reported inclining rate structures compared 
to 57% in Northern California.  Southern and Northern 

California has 106 and 84 agencies reporting inclining 
rates, respectively.

Figure F2 compares the changes by regions and shows 
relatively little change from the previous survey con-
ducted in 2011. 
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4Compares only agencies participating in both 2011 and 2013 surveys (113 agencies)

Figure G: Water Charges by Region for 
California Agencies Reported in 2013 Survey

Figure H: Water Charges Comparison for 
California Agencies Reported in both 2011 
and 2013 Surveys

As mentioned previously, all charges in this survey are 
based on the assumption that the utility residential 
customer uses 15 ccf3 (11,220 gal) per month.  For 
utilities that do not bill monthly, the charge was cal-
culated on the assumption of 15 ccf per month usage.  
It should be noted that the average usage can vary 
significantly from agency to agency.  For example the 
average residential usage in San Francisco is 6 ccf per 
month and the rate structure is designed for that level 
of usage so the charge at 15 ccf per month will be high 
with a tiered rate structure.

CHARGES Figure G shows the average fixed charge and variable 
charge in the four regions in 2013.  The Central Coast 
Region has the highest average rate in our survey, 
which is about $76 per month.  San Joaquin Region 
has the lowest average monthly bill, which is about 
$43 per month.

Figure H4 shows the average water charges (separated 
by fixed and variable) by region for the 2011 and 2013 
California surveys. On average, agencies in the San 
Joaquin Valley have the lowest water charges while 
Central Coast water is the most expensive. 

2013 RESIDENTIAL WATER CHARGES BY REGION

2011-2013 COMPARISON OF RESIDENTIAL  
WATER CHARGES BY REGION
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Table A: Water Charges by Region Comparison

2011 RATE STRUCTURE

2011

2013

% INCREASE

$30.53

$38.80

27%

SAN 
JOAQUIIN 

VALLEY
SOUTHERN NORTHERN

CENTRAL 
COAST

$49.79

$57.25

15%

$52.50

$58.86

12%

$75.65

$77.62

4%

Table A summarizes the data in Figure H and shows 
the annual percentage increases for each survey 
period.  The data indicate that the increases in water 
charges are much higher than the Consumer Price 
Index (CPI), which rose 1.7% in 2012 and 1.6% in 2013, 
as provided by the Bureau of Labor Statistics.  The 
highest percentage increase in the average monthly 
rates is in the San Joaquin Valley rates, followed by the 
Northern and Southern California regions.  The San 
Joaquin Valley shows a large increase in water rates 
from 2011 as a result of a few of their agencies transi-
tioning from a flat charge to a water rate with a fixed 
component as well as a commodity charge.  This large 
increase is unexpected and it is likely that it may be 
due to different survey respondents. Table A displays 
the information in Figure H in a tabular format.

Figure I shows the high and low monthly residential 
fixed water charge comparisons in four regions for the 
2011 and 2013 California surveys.  Although water 
rates on a whole are trending higher, the fixed charges 
often do not increase as much, except for those in the 
Central Coast. A lower fixed charge means a higher 
variable charge for water consumption, which sends 
a stronger pricing signal for conservation. 

Figure J shows the high and low monthly residential 
variable water charge for 15 ccf, which is compared 
by the four regions for the 2011 and 2013 California 
surveys.  Some of the highest and lowest variable 
rates are reported in the Central Coast and Northern 
regions. Figure I and Figure J compares only agencies 
participating in both 2011 and 2013 surveys.

Over the past few years, water rates 
increased due to the drought situation in 
California and the increasing water costs.  
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Figure J: Variable Charge Comparison

2011-2013 COMPARISON OF WATER VARIABLE CHARGES BY REGION
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2011 $41.57 $20.09 $49.00 $0.00 $56.53 $0.00 $63.19 $12.74
2013 $41.57 $20.69 $51.10 $0.00 $57.79 $0.00 $64.37 $13.19

$0

$10

$20

$30

$40

$50

$60

$70
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Figure I: Fixed Charge Comparison
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Figure K: 2013 Average Monthly Water Charges Comparison by County in California

2013 AVERAGE MONTHLY WATER CHARGES COMPARISON BY COUNTY

Figure K shows the average monthly rate for 15 ccf by county.  Based on our survey, the highest rates are found 
in Humboldt County, while the lowest rates are in Yuba County. Only one agency responded for Humboldt County.
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Figure L: Rate Update Frequency

MOST RECENT  
RATE UPDATE SUMMARY

2011
13%

2012
31%

Prior to 
2011
31%

2013
30%

Table B: Connection Fee Charge Comparison 

2011-2013 COMPARISON OF CONNECTION FEES

HIGHEST

LOWEST

AVERAGE

% CHANCE (AVERAGE)

$34,732

$650

$3,330

2011 2013

$28,600

$420

$3,656

10%

Figure L displays the year in 
which the 2013 survey’s utili-
ties have most recently updated 
their rates.  A clear majority of 
respondents (61%) have updated 
their rates within the past two 
years (2012 & 2013).

The 2011 survey reported that 
64% of utilities had updated 
their rates within the previous 
(2010 & 2011) two years.

Table B summarizes the compari-
son of connection charge (system 
development fee) data for 2011 
and 2013 surveys where data are 
available.  This comparison indi-
cates that the average connection 
charge has increased by 10 per-
cent in two years.
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Figure M: Billing Frequency for Nevada  
Agencies Reported in 2013 Rate Survey

Figure N: Billing Frequency for Nevada Agencies 
Reported in both 2011 and 2013 Rate Surveys

2013 BILLING FREQUENCY

2011 BILLING FREQUENCY

2013 BILLING FREQUENCY

Monthly 
93%

Monthly 
80%

Monthly 
80%

Bi-Monthly 
20%

Bi-Monthly 
20%

Bi-Monthly 7%

Nevada Rate 
Survey Results
14 agencies from the Nevada region responded to the 
survey, of those 14 agencies, 5 are common to the 2011 
and 2013 survey. The data below display the trends in 
Billing Frequency, Rate Structure and Charges.

As shown in Figure M, a large majority (93%) of the 
utility survey’s respondents has a monthly billing 
structure.  Comparison of the utilities participating 
in both the 2011 and 2013 survey (Figure N) shows 
no change in the billing frequency. 

BILLING FREQUENCY
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Figure O: Rate Structure for Nevada Agencies 
Reported in 2013 Rate Survey

Figure P: Rate Structure for Nevada Agencies 
Reported in both 2011 and 2013 Rate Surveys

2013 RATE STRUCTURES

2011 WATER RATE STRUCTURES

2013 WATER RATE STRUCTURES

Inclining 
93%

Inclining  
80%

Inclining  
100%

Uniform
20%

Uniform 7%

Figure O demonstrates that inclining rate structures 
constitute the majority (93 percent) of the rate struc-
tures among utilities in this year’s survey.

Figure P displays, in percentage, the water rate struc-
tures of agencies in Nevada. There are 5 agencies that 
responded to both the 2011 and 2013 survey. In 2011, 
4 of those agencies had inclining rate structures and 
1 had a uniform rate structure. In 2013, all of the 5 
agencies had inclining rate structures.

RATE STRUCTURE
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CHARGES

Figure R: Rate Update Frequency for Nevada Agencies

2011 7%

MOST RECENT RATE UPDATE SUMMARY

2012
29%

Prior to 
2011
50%

2013
14%

As in the California section, all charges below are 
based on the assumption that the utility customer 
uses 15 ccf (11,220 gal) per month.  For utilities that 
do not bill monthly, the charge was calculated on the 
assumption of 15 ccf per month usage. 

Figure Q displays high, low and average monthly res-

idential water charges comparisons throughout the 
entire state.  The average charge remained the same 
at around $34.

Figure R displays the year in which most utilities have 
most recently updated their rates. Half of the agencies 
have updated their rates prior to 2011.

2011 2013
High $53.16 $54.02
Low $16.80 $22.96
Average $34.06 $34.69
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Figure Q: Water Charge Comparisons for Nevada Agencies Reported in both 2011 and 2013 Surveys

2011-2013 COMPARISON OF WATER CHARGES
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To fulfill its mission of leading, educating, and serv-
ing the drinking water community to ensure public 
health and to provide safe and sufficient water for 
all, CA-NV AWWA offers a number of educational 
opportunities such as conferences, workshops, 
Water Education Seminars, and the Water College. 
CA-NV also manages six professional certification 
programs serving over 20,000 individuals, helping 
to ensure drinking water safety for over 35 million 
people. The Section publishes a quarterly journal, 
Source, and helps disseminate technical input on 
drinking water issues to state regulators and leg-
islators.  

ADDITIONAL COPIES OF THE SURVEY  
CAN BE OBTAINED BY CONTACTING:

CA-NV AWWA AT (909) 291-2113
10435 Ashford Street, 2nd Floor
Rancho Cucamonga, CA 91730

For questions or comments, contact 
Sudhir Pardiwala or Bryan Lim.

Sudhir Pardiwala
P: 626.583.1894
E: spardiwala@raftelis.com

Bryan Lim
P: 626.768.4481
E: blim@raftelis.com Fax: 626.583.1411

The California-Nevada Section is the largest regional section of the American Water 
Works Association, “the authoritative resource on safe water,” with about one-tenth of 
the AWWA membership. Since 1881, AWWA has led the development and dissemination 
of water industry guidelines, standards, procedures, training and other information. 

Background on CA-NV AWWA & RFC

Raftelis Financial Consultants, Inc. (RFC) is a full ser-
vice water and wastewater financial consulting firm 
with offices located across the country in Pasadena, 
CA; Kansas City, MO; Orlando, FL; Raleigh, NC; Austin, 
TX; Centennial, CO; and Charlotte, NC. RFC specializes 
in a variety of different services for water, wastewater, 
and stormwater utilities including:

 » Cost of service rate studies
 » Revenue bond feasibility studies
 » Conservation pricing studies
 » Strategic financial planning studies
 » Valuation studies
 » Utility Management studies

In addition, RFC provides litigation support, pro-
curement assistance, and management consulting 
for municipal utilities. RFC personnel have been 
conducting a comprehensive national water and 
wastewater rate survey biennially since 1986 and 
have gained extensive data on utilities across the 
county.  We teamed with AWWA to produce a national 
2012 Water and Wastewater Rate Survey that can be 
obtained from AWWA. We welcome any suggestions 
for enhancing the survey as a benchmarking tool for 
the utilities we serve.  



www.ca-nv-awwa.org
10435 Ashford Street

Rancho Cucamonga, CA  91730

www.raftelis.com
201 South Lake Avenue, Suite 301

Pasadena, CA  91101
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CHAPTER 11. 
HUMBOLDT COMMUNITY SERVICE DISTRICT UPDATE 

ANNEX 
 

11.1 HAZARD MITIGATION PLAN POINT OF CONTACT 

Primary Point of Contact Alternate Point of Contact 

Tim Lathan, Maintenance Supervisor 
5055 Walnut Drive 
Eureka, CA 95503 
Telephone: 707.443.1340 x 221 
e-mail Address: tlatham@humboldtcsd.com 

Mickey Hulstrom, District Planner 
5055 Walnut Drive 
Eureka, CA 95503 
Telephone: 707.443.1340 x 225 
e-mail Address: mhulstrom@humboldtcsd.com 

11.2 JURISDICTION PROFILE 
Humboldt Community Services District is a Special District created in 1952 to provide water, sewer, and 
street lighting to the unincorporated area surrounding the City of Eureka known as Pine Hill, Cutten and 
Rosewood. The District’s designated service areas expanded throughout the years to include other 
unincorporated areas of Humboldt County known as Myrtletown, Humboldt Hill, Fields Landing, King 
Salmon, Pigeon Point and Freshwater. A five-member elected Board of Directors governs the District. 
The Board assumes responsibility for the adoption of this plan while the General Manager will oversee its 
implementation. As of June 2013, the District serves 7,526 water connections, 6,326 sewer connections, 
and Street Lights with a current staff of 21. Funding comes primarily through rates and revenue bonds. 
See attached map for specific District boundaries. 

The following is a summary of key information about the jurisdiction: 

• Population Served—Approximately 20,000 

• Land Area Served—15.25 square miles 

• Value of Area Served—The estimated value of the area served by the jurisdiction is 
$1,143,016,310 (as of 2013) 

• Land Area Owned—33.91 acres 

• Critical Infrastructure and Equipment Owned: 

– Approximately 87 miles of water main 

– 3 water wells 

– 13 water booster stations 

– 10 steel water storage tanks 

– 3 metered connections to the City of Eureka 

– 5 un-metered connections to the City of Eureka 

– 1 metered connection to Humboldt Bay Municipal Water District 

– Approximately 70 miles of sewer collection main 
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– 29 Sewer Lift Stations

– 8 Metered sewer connections with the City of Eureka (3 are incorporated as part of the
sewer lift stations, 5 are stand-alone).

– Rolling stock (26 vehicles)

– Main office compound complete with vehicle and equipment storage and parts storage
facilities.

• Total Value of Critical Infrastructure and Equipment—The total value of critical
infrastructure and equipment owned by the jurisdiction is $116,751,514

• Critical Facilities Owned:

– Transmission and distribution pipelines

– Wells 1 through 3

– Water Booster Stations 1 through 13

– 10 Water storage tanks

– 3 metered connections to the City of Eureka

– 5 un-metered connections to the City of Eureka

– 1 metered connection to Humboldt Bay Municipal Water District

– Sewer collection system mains

– Sewer lift stations 1 through 29

– Sewer meter stations, 4, 5, 6, 7 and 8

– Office, equipment and parts facilities

• Total Value of Critical Facilities—The total value of critical facilities owned by the
jurisdiction is $115,337,341

• Current and Anticipated Service Trends—The growth rate within HCSD’s service area is
based on new residential construction service connections between June 2008 thru June 2013
(5 years). The growth rate during that time period was 2.64%. During that time period there
were 86 new apartment units; a few 4 & 6-plex connections; 199 residential connections; and
8 commercial connections. It is expected that approximately the same growth rate will occur
between 2014-2018.
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11.3 JURISDICTION-SPECIFIC NATURAL HAZARD EVENT HISTORY 
 

TABLE 11-1. 
NATURAL HAZARD EVENTS 

Type of Event 
FEMA Disaster # 

(if applicable) Date 
Preliminary Damage 

Assessment 

Earthquake  1/9/2010 $40,000 

Earthquake N/A 07/09/2007 $150,000 

Flooding, severe winters and landslides DR-1628 02/03/2006 $22,000 

Severe weather N/A 12/1995 $57,161 

Winter storms, flooding, landslides DR-1044 01/09/1995 $3,875 

Earthquake N/A 1994 $158,446 

Earthquake DR-943 04/04/1992 $23,993 

 

Table 11-1 lists all past occurrences of natural hazards within the jurisdiction. 

 

11.4 HAZARD RISK RANKING 
 

TABLE 11-2. 
HAZARD RISK RANKING 

Rank Hazard Type Risk Rating Score (Probability x Impact) 

1 Earthquake 45 

2 Severe Weather 39 

3 Tsunami 24 

4 Drought 30 

5 Flood 18 

6 Wildfire 18 

7 Landslide 21 

8 Dam Failure 12 

9 Earthquake 45 

 

Table 11-2 presents the ranking of the hazards of concern. 
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11.5 APPLICABLE REGULATIONS AND PLANS 
The following existing codes, ordinances, policies or plans are applicable to this hazard mitigation plan: 

• California Department of Public Health 

• California and U.S. Environmental Protection Agencies 

• Federal Energy Regulatory Commission 

• Army Corp of Engineers 

• California Environmental Quality Act 

• Federal Endangered Species Act 

• California Coastal Commission 

• Cal Fire/Humboldt Bay Fire Department 

• Northern California Unified Air Quality Management District 

• HCSD Codes, Ordinances, Policies and Standard Plans and Specifications 

• Humboldt County General Plan 

11.6 COMMUNITY MITIGATION PROGRAM CLASSIFICATIONS 
 

TABLE 11-3. 
COMMUNITY CLASSIFICATIONS 

 Participating? Classification Date Classified 

Public Protection N/A -- -- 

Storm Ready Not 
Participating 

-- -- 

Firewise Not 
Participating 

-- -- 

Tsunami Ready (if applicable) Not 
Participating 

-- -- 

 

Classifications under various community mitigation programs are presented in Table 11-3. 
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11.7 HAZARD MITIGATION ACTION PLAN 
Table 11-4 lists the initiatives that make up the jurisdiction’s hazard mitigation plan. 

 

TABLE 11-4. 
HAZARD MITIGATION ACTION PLAN MATRIX 

Applies to 
new or 
existing 
assets 

Hazards 
Mitigated 

Objectives 
Met 

Lead 
Agency 

Estimated 
Cost 

Sources of 
Funding Timeline  

Included 
in 

Previous 
Plan? 

HCSD-1—Retrofit Tanks 

Existing Earthquake 1,2,3,4,9 HCSD 600,000.00 HCSD Completed Yes 

HCSD-2—Enhance water supply system for fire prevention, in areas rated high by Cal Fire 

New and 
Existing 

Wildfire 1,3,4,5 HCSD 1.5 million HCSD/Grants Ongoing Yes 

HCSD-3—Acquire support equipment such as backup generators and water pumps 

New and 
Existing 

All Hazards 1,2,3,5,8 HCSD 500,000.00 HCSD/Grants Ongoing Yes 

HCSD-4—Engineering feasibility study of Critical Facilities for structural and non-structural mitigation 

Existing Flood & 
Earthquake 

1,2,4,5 HCSD 350,000.00 HCSD/Grants Long Term Yes 

HCSD-5—Promote public awareness of the risk associated with natural hazards to HCSD rate payers via public 
information means available to HCSD 

New and 
Existing 

All Hazards 1,2,4 HCSD 15,000.00 HCSD/Grants Short Term Yes 

HCSD-6—Install earthquake valves on tanks  

Existing Earthquake 1,2,3,4,9 HCSD  HCSD/Grants Short Term No 

HCSD-7—Remove tree at Donna Drive tank 

Existing Severe Weather 1,2,3,9 HCSD 5,000 HCSD Short Term No 

HCSD-8—Develop and implement a plan to pump water from H.H. system to rest of District 

New and 
Existing 

Earthquake 

Tsunami 

Drought 

1,3,4,5,7, 
10 

HCSD 100,000 HCSD/Grants Short Term No 

HCSD-9—Upgrade water system for fire protection on Ivy League Streets in H.H. area 

New and 
existing 

Wildfire 2,3,4,5 HCSD 301,000 HCSD/Grants Short Term No 

HCSD-10—Artino St landslide repair 

New and 
Existing 

Landslide 1,2,3 HCSD 20,000 HCSD/Grants Long Term No 

HCSD-11—Donna Dr. pump house rehab 

Existing All Hazards 1,2,3,4 HCSD 20,000 HCSD Short Term No 
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TABLE 11-4. 
HAZARD MITIGATION ACTION PLAN MATRIX 

Applies to 
new or 
existing 
assets 

Hazards 
Mitigated 

Objectives 
Met 

Lead 
Agency 

Estimated 
Cost 

Sources of 
Funding Timeline  

Included 
in 

Previous 
Plan? 

HCSD-12—Ridgewood Booster Station pump 

Existing All Hazards 1,2,3,4 HCSD 15,000 HCSD/Grants Short Term No 

HCSD-13—Pine Hill SLS rebuild 

Existing All Hazards 1,2,3,4 HCSD 125,000 HCSD/Grants Short Term No 

HCSD-14—Truesdale pump upgrade 

Existing All Hazards 1,2,3,4 HCSD 200,000 HCSD/Grants Short Term No 

HCSD-15—Hubbard pump upgrade 

Existing All Hazards 1,2,3,4 HCSD 15,000 HCSD/Grants Short Term No 

HCSD-16—Hillcrest/ Vista/Linda water main upgrade (fire protection) 

Existing Wildfire 1,2,3,4 HCSD 403,000 HCSD/Grants Long Term No 
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11.8 PRIORITY OF RECOMMENDED INITIATIVES 
 

TABLE 11-5. 
MITIGATION STRATEGY PRIORITY SCHEDULE 

Initiative # 

# of 
Objectives 

Met Benefits Costs 

Do Benefits 
Equal or 

Exceed Costs?

Is Project 
Grant-

Eligible? 

Can Project Be Funded 
Under Existing 

Programs/ Budgets? Prioritya

HCSD-1 5 H L YES YES YES - 

HCSD-2 4 M L YES YES YES HIGH 

HCSD-3 5 H L YES NO YES LOW 

HCSD-4 4 M H NO NO NO LOW 

HCSD-5 3 L L YES YES NO LOW 

HCSD-6 5 H H YES YES NO HIGH 

HCSD-7 4 H M YES YES NO HIGH 

HCSD-8 6 M H NO YES NO MED 

HCSD-9 4 H H YES YES YES HIGH 

HCSD-10 3 H M YES YES YES HIGH 

HCSD-11 4 M M YES YES NO HIGH 

HCSD-12 4 M L YES YES YES HIGH 

HCSD-13 4 M L YES YES YES HIGH 

HCSD-14 4 M M YES YES NO HIGH 

HCSD-15 4  M L YES YES NO HIGH 

HCSD-16 4 H M YES YES YES HIGH 
        

a. See Chapter 1 for definitions of high, medium and low priorities. 

 

Table 11-5 identifies the priority for each initiative. 
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11.9 ANALYSIS OF RECOMMENDED INITIATIVES 

TABLE 11-6. 
ANALYSIS OF MITIGATION INITIATIVES 

Initiative Addressing Hazard, by Mitigation Typea 

Hazard Type 1. Prevention
2. Property
Protection  

3. Public
Education and 

Awareness 

4. Natural
Resource 
Protection  

5. Emergency
Services

6. Structural
Projects

Earthquake 8,4 1, 6 5 3 1,4,6,8,11-15

Severe Weather 8,4 7 5 3 4,8,11-15

Tsunami 8,4 5 3 4,8,11-15

Drought 8,4 5 4,8,11-15

Flood 8,4 5 3 4,8,11-15

Wildfire 2, 8, 9,16 2,8,9,16 5 2,8,9,16 2,3,9 4,8,9,11-16

Landslide 8,4 10 5 3 4,8,10,11-15

Dam Failure 8 5 4,8,11-15

a. See Chapter 1 for description of mitigation types.

Table 11-6 summarizes the mitigation initiatives by hazard of concern and the six mitigation types. 

11.10 STATUS OF PREVIOUS PLAN INITIATIVES 

TABLE 11-7. 
PREVIOUS ACTION PLAN IMPLEMENTATION STATUS 

Action Status 

Action # Completed 

Carry Over 
to Plan 
Update 

Removed; 
No Longer 

Feasible Comments 

HCSD-1 X

HCSD-2 X Ongoing 

HCSD-3 X Ongoing 

HCSD-4 X Ongoing 

HCSD-5 X Ongoing 

Table 11-7 summarizes the initiatives that were recommended in the previous version of the hazard 
mitigation plan and their implementation status at the time this update was prepared. 
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11.11 FUTURE NEEDS TO BETTER UNDERSTAND RISK/ 
VULNERABILITY 
Focused engineering studies of critical infrastructure/facilities 
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CHAPTER 12. 
MANILA COMMUNITY SERVICE DISTRICT UPDATE ANNEX 

12.1 HAZARD MITIGATION PLAN POINT OF CONTACT 

Primary Point of Contact Alternate Point of Contact 
Christopher Drop 
General Manager 
1901 Park Street 
Arcata CA, 95521 
Phone: (707) 444-3803 
Cell: (707) 832-3150 
email: christopherdrop@yahoo.com 

Ken Kittleson 
Public Works Supervisor 
1901 Park Street 
Arcata CA, 95521 
Phone: (707) 444- 3803 
email: manilacsd1@sbcglobal.net  

12.2 JURISDICTION PROFILE 
Manila is a rural coastal community with approximately 1000 people. The Manila Community Services 
District is an independent multi-purpose district located in coastal northern California. The Community 
Services District is governed by a locally elected 5 member board of directors and was formed on July 20, 
1965 by the Humboldt County Board of Supervisors. The district employs a General Manager responsible 
for administering and implementing policies set by the board. 

The district boundary encompasses approximately a 4 mile by 2/3 mile strip of land running generally 
from the Samoa Bridge to the mouth of the Mad River slough between Humboldt Bay and the Pacific 
Ocean. The population base and water sewer infrastructure service area encompass a 1/3 mile by 2 1/3 
mile section centrally located in the above mentioned strip (Figure 29.4). 

The following is a summary of key information about the jurisdiction: 

• Population Served—Approximately 1000 people

• Land Area Served—Approximately 4.67 square miles

• Value of Area Served—The assessed value of improvements within the Manila voting
district is $26,716,890 (2007 certified roll, Humboldt County Assessor).

The assessed value of the property associated with the above improvements within the Manila
voting district is $10,999,025 (2007 certified roll, Humboldt County Assessor).

The assessed value of the property and improvements within the Manila voting district is
$37,715,915 (2007 certified roll, Humboldt County Assessor)

• Land Area Owned—Approximately 135 Acres

• Critical Infrastructure and Equipment Owned:

– Water Delivery System and pressure control infrastructure, booster station (District
Office) one (100,000 gallon) redwood storage reservoir one surge protector all associated
appurtenances and delivery pipe.

– Wastewater Treatment Plant, 311 lift stations associated with Septic Tank Effluent
Pumping System, associated conveyance infrastructure. Constructed wastewater
treatment facilities including: aeration ponds, oxidation ponds, rapid infiltration basins
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and all related conveyance infrastructure. Laboratory, essential for wastewater treatment 
tasks. Backup generator for treatment plant. 

– Backhoe, critical for repair of water delivery and sewage removal systems.

– Tractor

– 2 Service Vehicles, critical for communication and system evaluation in emergencies as
well as for daily operations.

– Heavy Duty Septic Tank Pumper Truck

• Total Value of Critical Infrastructure and Equipment—$1,308,350

• Critical Facilities Owned:

– District Office (Water Delivery Booster Station and Surge Protection)

– Service Yard

– Wastewater Treatment Plant and Laboratory

– Community Center

• Total Value of Critical Facilities—$5,523,720

• Current and Anticipated Service Trends—Presently, the Manila Community Services
District has 371 service connections. The Humboldt County General Plan predicts growth for
the county to be approximately 4% every 5 years
(http://co.humboldt.ca.us/planning/Genplan/Framewk/index.htm) . Historically, Manila has
followed Humboldt County growth trends. Presently, growth in Manila is constrained by the
limited capacity of the 100,000 gallon water storage reservoir. For our present population,
135,000 gallon capacity is desired. When this occurs, growth is anticipated to match or
surpass county growth predictions. We presently have 61 unused service applications on file
with the district. These are expected to become active within the next seven years. If these
unused service applications are activated it will represent an 11.74% growth in 5 years; over
double the County’s predicted growth.
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12.3 JURISDICTION-SPECIFIC NATURAL HAZARD EVENT HISTORY 
 

TABLE 12-1. 
NATURAL HAZARD EVENTS 

Type of Event 
FEMA Disaster # 

(if applicable) Date Preliminary Damage Assessment 

Severe 
Weather  

023-17BEF-00 01/01/2006 $4,000 reimbursement; $19,180 actual. $ value of 
damage unknown. 

Earthquake n/a 04/25-26/1992 Magnitude 7.1, 6.6 and 6.7 within 24 hour period. 
Private property damage occurred, but the total value 

is not known. 

 

Table 12-1 lists all past occurrences of natural hazards within the jurisdiction. 

 

12.4 HAZARD RISK RANKING 
 

TABLE 12-2. 
HAZARD RISK RANKING 

Rank Hazard Type Risk Rating Score (Probability x Impact) 

1 Tsunami 36 

2 Earthquake 54 

3 Severe Storm 54 

4 Flood 39 

5 Wildfire 22 

6 Drought 6 

7 Landslide 6 

8 Flood 6 

9 Volcano 0 

 

Table 12-2 presents the ranking of the hazards of concern. 
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12.5 APPLICABLE REGULATIONS AND PLANS 
There are no existing applicable hazard mitigation laws, codes, ordinances or policies in effect by this 
district that could support or enhance the mitigation initiatives identified in this annex. However, 
Humboldt County planning employs the following: consideration of appropriate land use designations in 
order to limit the populace exposed to hazardous areas; 2) assessment and conditioning of development 
applications according to the hazards on a site; 3) policies tailored to specific hazardous conditions; and, 
4) an action program to improve overall safety conditions within the County. Furthermore, the State of
California Uniform Building Code (UBC) has very strict building codes that intend to keep residents and 
property safe during hazard events like earthquakes, wildfires, and floods, and the Humboldt County 
Planning Department enforces these standards during the building application process. 

The following existing codes, ordinances, policies or plans are applicable to this hazard mitigation plan: 

• None

12.6 COMMUNITY MITIGATION PROGRAM CLASSIFICATIONS 

TABLE 12-3. 
COMMUNITY CLASSIFICATIONS 

Participating? Classification Date Classified 

Public Protection No -- -- 

Storm Ready No -- -- 

Firewise No -- -- 

Tsunami Ready (if applicable) Yes -- -- 

Classifications under various community mitigation programs are presented in Table 12-3. 
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12.7 HAZARD MITIGATION ACTION PLAN 

TABLE 12-4. 
HAZARD MITIGATION ACTION PLAN MATRIX 

Applies to 
new or 
existing 
assets 

Hazards 
Mitigated 

Objectives 
Met 

Lead 
Agency 

Estimated 
Cost 

Sources of 
Funding Timeline  

Included 
in 

Previous 
Plan? 

M-1 Achieve Tsunami Ready Status for Manila 

New and 
Existing 

EQ/T 6, 10, 12 Manila 
CSD 

$14,000 

(Low) 

NOAA grant 
(possible) 

Short term 

Ongoing 

Yes 

M-2 Educate/Train Community regarding evacuation/preparedness 

New and 
Existing 

EQ/T/SW  1,3,5,6,7, 

12 

Manila 
CSD 

$5,000 

(Low) 

Grants, HAF Short term Yes 

M-3 Designate Evacuation Routes 

Existing T 1,3,5,6,7, 

10 

Manila 
CSD 

$1,000 

(Low) 

RCTWG, 
Property taxes 

Short term Yes 

M-4 Train Staff, Management, Board of Directors and Community Leaders in NIMS ICS 

Existing All all Manila 
CSD/ 

OES 

$4,000 

(Low) 

Grants, Loans Short Term Yes 

M-5 Seismic and Tsunami retrofit the Community Center 

New and 
Existing 

EQ/T 2,4 Manila 
CSD 

$500,000 

(High) 

FEMA HMGP 
and PDM 

Long Term 

Depends on 
financing 

Yes 

M-6: Work with PGE to protect community from transmission lines /either automatically throw power to them 
or bury them 

New and 
Existing 

EQ/T/SW 1,2,3,4,5,8,
10 

MCSD/PGE $250,000 

(Medium) 

FEMA HMGP 
and PDM / 

PGE 

Long Term 

Depends on 
financing 

Yes 

Table 12-4 lists the initiatives that make up the jurisdiction’s hazard mitigation plan. 



Humboldt Operational Area Hazard Mitigation Plan Update; Volume 2: Planning Partner Annexes 

12-6 

12.8 PRIORITY OF RECOMMENDED INITIATIVES 
 

TABLE 12-5. 
MITIGATION STRATEGY PRIORITY SCHEDULE 

Initiative 
# 

# of 
Objectives 

Met Benefits Costs 

Do Benefits 
Equal or 

Exceed Costs?

Is Project 
Grant-

Eligible? 

Can Project Be Funded 
Under Existing 

Programs/ Budgets? Prioritya

M-1 3 High Low Yes No Maybe Medium

M-2 6 High Low Yes Yes Yes Medium

M-3 6 High Low Yes Yes Maybe Medium

M-4 5 High Low Yes Yes Maybe Medium

M-5 2 High High Yes yes No Medium

M-6 7 High Medium Yes maybe No Medium
        

a. See Chapter 1 for definitions of high, medium and low priorities. 

 

Table 12-5 identifies the priority for each initiative. 

12.9 ANALYSIS OF RECOMMENDED INITIATIVES 
 

TABLE 12-6. 
ANALYSIS OF MITIGATION INITIATIVES 

 Initiative Addressing Hazard, by Mitigation Typea 

Hazard Type 1. Prevention 
2. Property 
Protection  

3. Public 
Education and 

Awareness 

4. Natural 
Resource 
Protection  

5. Emergency 
Services 

6. Structural 
Projects 

Dam Failure       

Drought       

Earthquake M1-M4  M1-M4    

Fish Losses       

Flood       

Landslide       

Severe Weather M1-M4  M1-M4    

Tsunami M1-M4  M1-M4    

Wildfire       
       

a. See Chapter 1 for description of mitigation types. 

 

Table 12-6 summarizes the mitigation initiatives by hazard of concern and the six mitigation types. 
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12.10 STATUS OF PREVIOUS PLAN INITIATIVES 

TABLE 12-7. 
PREVIOUS ACTION PLAN IMPLEMENTATION STATUS 

Action Status 

Action 
# Completed 

Carry Over 
to Plan 
Update 

Removed; 
No Longer 

Feasible Comments 

M-1   Achieved, in process awaiting signage 

 M-2  

M-3  

M-4  

M-5  

M-6  

Table 12-7 summarizes the initiatives that were recommended in the previous version of the hazard 
mitigation plan and their implementation status at the time this update was prepared. 
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CHAPTER 13. 
MCKINLEYVILLE COMMUNITY SERVICE DISTRICT UPDATE 

ANNEX 
 

13.1 HAZARD MITIGATION PLAN POINT OF CONTACT 

Primary Point of Contact Alternate Point of Contact 

Gregory P. Orsini, General Manager 
P.O. Box 2037 
McKinleyville, CA 95519 
Telephone: (707)-839-3251 
e-mail Address: mcsdgm@mckinleyvillecsd.com 

James G. Henry, Operations Director 
P.O. Box 2037 
McKinleyville, CA 95519 
Telephone: (707)839-3251 
e-mail Address: jhenry@mckinleyvillecsd.com 

13.2 JURISDICTION PROFILE 
McKinleyville Community Services District is a small community located just north of the Mad River in 
Humboldt County. The District was formed on April 14, 1970 when the District residents voted for water 
and sewer services. The District serves an area of about 12,140 acres located between Little River on the 
north and the Mad River on the south. At later dates, drainage, street lights, parks and recreation and 
library services were added to the District’s authorities. The District is governed by a five member 
publicly elected Board that meets monthly. The District purchases all drinking water from Humboldt Bay 
Municipal Water District. Wastewater is collected and treated within the District, then discharged to the 
Mad River in winter. During summer, treated effluent is recycled by pasture irrigation to ranch lands. 

The District serves a population of about 15,997 with 5400 water services 4500 sewer services. Most 
water and sewer revenues are from monthly service charges. The District does receive a small percentage 
of property tax to fund the park and recreation department. Additionally, Proposition 218 assessment 
districts for the library, park and recreation, street lights and open space have been voted in by the area 
residents. McKinleyville is primarily a residential area with light commercial and no heavy industry. 

The following is a summary of key information about the jurisdiction: 

• Population Served—15,997 as of 2012 

• Land Area Served—12,140 acres 

• Value of Area Served—The estimated value of the area served by the jurisdiction is 
$1,0452,763,764.00 

• Land Area Owned—356 acres 

• Critical Infrastructure and Equipment Owned: 

– Water Reservoirs: six water reservoirs with capacity of 5.25 MG; 

– Wastewater Treatment Plant: a thirty-acre site with six treatment ponds and headworks 

– Water Distribution System: 85 miles of pipe, an 18” transmission line under the Mad 
River, three reservoir sites and three water distribution pumping stations. 

– Sewer Collection system: 65 miles of sewer main and four sewer pumping stations. 
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– Wastewater Treatment Plant: a thirty-acre site with a control building and six-waste 
treatment ponds. 

– Wastewater Disposal Areas: A 150-acre Ranch for wastewater disposal. 

– Storm water Marsh System: a 10-acre storm water marsh consisting of four separate 
marshes. 

– Street Lights (303). 

• Total Value of Critical Infrastructure and Equipment—$178.242 million 

• Critical Facilities Owned: 

– Wastewater Treatment Facility 

– Main & Field Offices/Garages 

– Activities Center/Law Enforcement building/Library 

– Fischer Ranch/Barns 

• Total Value of Critical Facilities—$14.343 million 

• Current and Anticipated Service Trends—During our last Hazard Mitigation Plan, we had 
been experiencing a 3% growth rate for sewer and water services over the prior 25 years. 
Growth during the last 5 years has leveled off, as McKinleyville builds out. The population 
growth is averaging around 1.8% annually but has been dropping steadily as more seniors and 
single parents move into our area. Expansion projects will include a new water reservoir, 
waste treatment plant upgrade, and upgraded pumping stations for water and sewer to 
accommodate the expected growth. We do expect growth to slow over the next 5 year cycle 
due to infrastructure costs and land availability. 
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13.3 JURISDICTION-SPECIFIC NATURAL HAZARD EVENT HISTORY 
 

TABLE 13-1. 
NATURAL HAZARD EVENTS 

Type of Event 
FEMA Disaster # 

(if applicable) Date Preliminary Damage Assessment 

Winter storms, 
flooding, landslides, 
mud flows 

DR-1044 1/9/1995 $10,000.00 
$15 million countywide 

Flooding, severe winter 
storms, and landslides 

DR-1628 02/03/2006 $85,000.00 
$20,208,206 countywide 

 

Table 13-1 lists all past occurrences of natural hazards within the jurisdiction. 

 

13.4 HAZARD RISK RANKING 
 

TABLE 13-2. 
HAZARD RISK RANKING 

Rank Hazard Type Risk Rating Score (Probability x Impact) 

1 Earthquake 48 

2 Flood 45 

3 Severe Weather 42 

4 Tsunami 20 

4 Landslide 18 

5 Wildfire 12 

6 Drought 9 

 

Table 13-2 presents the ranking of the hazards of concern. 
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13.5 APPLICABLE REGULATIONS AND PLANS 
The following existing codes, ordinances, policies or plans are applicable to this hazard mitigation plan: 

• County of Humboldt Emergency Operations Plan

• MCSD  Risk Control and Safety Plan (Emergency Operations Plan)

• Process Safety Management Plan (For Accidental release of Chlorination and Sulfur Dioxide)

• Hazard Communication Control Plan (Humboldt County Requirement)

• Security Vulnerability Assessment Template (EPA requirement)

13.6 COMMUNITY MITIGATION PROGRAM CLASSIFICATIONS 

TABLE 13-3. 
COMMUNITY CLASSIFICATIONS 

Participating? Classification Date Classified 

Public Protection No -- -- 

Storm Ready No -- -- 

Firewise No -- -- 

Tsunami Ready (if applicable) No -- -- 

Classifications under various community mitigation programs are presented in Table 13-3. 
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13.7 HAZARD MITIGATION ACTION PLAN 
 

TABLE 13-4. 
HAZARD MITIGATION ACTION PLAN MATRIX 

Applies to 
new or 
existing 
assets 

Hazards 
Mitigated 

Objectives 
Met 

Lead 
Agency 

Estimated 
Cost 

Sources of 
Funding Timeline  

Included 
in 

Previous 
Plan? 

MCSD- #1 Earthquake :Mitigate for loss of water transmission line under the Mad River 

Existing Earthquake, 
Tsunami 

1,2 MCSD High Capital 
reserves 

Long-term, 
ongoing 

Yes 

MCSD -#2 Develop a local well for an alternative to the water supply that is currently vulnerable to damage 
from multiple hazard events, particularly where the existing water supply main runs under the Mad River 

New and 
Existing 

Earthquake, 
Flood, Tsunami, 
Severe Weather 

1,2,4,5 MCSD High Capital 
reserves 

Short term, 
ongoing 

Yes 

MCSD# 3- Continue to support countywide initiatives identified in Volume 1 of this plan 

New and 
Existing 

All Hazards All 
Objectives

MCSD Low General fund Ongoing No 

MCSD# 4- Continue to participate in and support the “emergency intertie” project that will provide redundant 
water supply transmission piping and availability under emergency circumstances such as water main failure 
caused by earthquake, flood, tsunami, or severe weather.  

New and 
Existing 

Earthquake, 
Flood, Tsunami, 
Severe Weather 

1,2,3,4 MCSD in 
partnership 

with 
Humboldt 

Bay 
Municipal 

Water 
District, and 
the Cities of 
Eureka and 

Arcata 

State grant 
funds 

Ongoing No 

 

Table 13-4 lists the initiatives that make up the jurisdiction’s hazard mitigation plan. 
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13.8 PRIORITY OF RECOMMENDED INITIATIVES 
 

TABLE 13-5. 
MITIGATION STRATEGY PRIORITY SCHEDULE 

Initiative 
# 

# of 
Objectives 

Met Benefits Costs 

Do Benefits 
Equal or 

Exceed Costs?

Is Project 
Grant-

Eligible? 

Can Project Be Funded 
Under Existing 

Programs/ Budgets? Prioritya

MCSD-1 2 High High Yes Yes Yes High 

MCSD-2 4 High High Yes  Yes No Medium

MCSD-3 12 High Low Yes No Yes High 

MCSD-4 5 High Low Yes Yes No High 
        

a. See Chapter 1 for definitions of high, medium and low priorities. 

 

Table 13-5 identifies the priority for each initiative. 

13.9 ANALYSIS OF RECOMMENDED INITIATIVES 
 

TABLE 13-6. 
ANALYSIS OF MITIGATION INITIATIVES 

 Initiative Addressing Hazard, by Mitigation Typea 

Hazard Type 1. Prevention 
2. Property 
Protection  

3. Public 
Education and 

Awareness 

4. Natural 
Resource 
Protection  

5. Emergency 
Services 

6. Structural 
Projects 

Dam Failure MCSD-3 MCSD-2 MCSD-3  MCSD-3  

Drought MCSD-3 MCSD-2 MCSD-3  MCSD-3  

Earthquake MCSD-3 MCSD-2 MCSD-3  MCSD-3 MCSD-1 
MCSD-4 

Fish Losses MCSD-3 MCSD-2 MCSD-3  MCSD-3  

Flood MCSD-3 MCSD-2 MCSD-3  MCSD-3 MCSD-4 

Landslide MCSD-3 MCSD-2 MCSD-3  MCSD-3  

Severe Weather MCSD-3 MCSD-2 MCSD-3  MCSD-3 MCSD-4 

Tsunami MCSD-3 MCSD-2 MCSD-3  MCSD-3 MCSD-1 
MCSD-4 

Wildfire MCSD-3 MCSD-2 MCSD-3  MCSD-3  
       

a. See Chapter 1 for description of mitigation types. 

 

Table 13-6 summarizes the mitigation initiatives by hazard of concern and the six mitigation types. 
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13.10 STATUS OF PREVIOUS PLAN INITIATIVES 

TABLE 13-7. 
PREVIOUS ACTION PLAN IMPLEMENTATION STATUS 

Action Status 

Action # Completed 

Carry Over 
to Plan 
Update 

Removed; 
No Longer 

Feasible Comments 

MCSD 1   MCSD-1 

MCSD 2  This addressed flooding and river bank stabilization on Mad 
River east bank. MCSD, along with several other planning 
partners, worked to stabilize the Mad River’s eastern bank. The 
project used several different types of protection, including 
planting willow trees, rip rap, etc. This has helped to stabilize 
the eastern bank more than adequately. 

MCSD 3  MCSD-2 

Table 13-7 summarizes the initiatives that were recommended in the previous version of the hazard 
mitigation plan and their implementation status at the time this update was prepared. 
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CHAPTER 14. 
ORICK COMMUNITY SERVICE DISTRICT UPDATE ANNEX 

14.1 HAZARD MITIGATION PLAN POINT OF CONTACT 

Primary Point of Contact Alternate Point of Contact 

Karla Youngblood, OCSD Board Member 
P O Box 63 
Orick, CA 95555 
Phone: 707-488-6605, or 707-845-0935 
e-mail: orickcsd@gmail.com 

Neal Youngblood, Fire Captain 
P O Box 224 
Orick, CA 95555 
Phone: 707-845-6753 
e-mail: orickcsd@gmail.com 

14.2 JURISDICTION PROFILE 
Orick Community Services District is operated by a five-person elected Board of Directors. This Board 
will assume responsibility for the adoption and implementation of this plan. There are two part-time 
office staff, an office manager and an administrative assistant who take care of day-to-day operations. 
There is also a water operator who works mostly on an on-call basis. The district is funded by local taxes, 
water customer fees, and donations. 

The following is a summary of key information about the jurisdiction: 

• Population Served—357 as of 2010 census

• Land Area Served—2.3 square miles

• Value of Area Served—The estimated value of the area served by the jurisdiction is–
$47,650,000

• Land Area Owned—3.5 acres

• Critical Infrastructure and Equipment Owned:

– (2) 100,000-gal tanks

– pumps (xxx),

– chlorinator,

– 5 miles of pipeline,

– 23 hydrants,

– 132 hook ups,

– Fire protection equipment

• Total Value of Critical Infrastructure and Equipment—$4,062,000

• Critical Facilities Owned:

– Office building,  25 x 30 

– Fire hall, 35 x 60 

– Community Hall 65 x 80
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• Total Value of Critical Facilities—$2,589,000

• Current and Anticipated Service Trends—

– Potable water supply and distribution.

– Fire Protection Services.

– Latent Powers:

– Sewage Collection

Anticipated changes in service trends: 

– Provide wastewater

– Additional 100 unit motel and additional tourist ‘attractions’ through the Redwood Lodge
Association developments

Based on the data tracked by the California Department of Finance, Unincorporated 
Humboldt County has experienced a relatively flat rate of growth. The overall population has 
increased only 4.1% since 2000 and has averaged 0.73% per year from 1990 to 2007. 
Considering these historical trends and future population projections produced by the state, 
anticipated development trends for the planning area are considered low, consisting primarily 
of residential development. 

14.3 JURISDICTION-SPECIFIC NATURAL HAZARD EVENT HISTORY 

TABLE 14-1. 
NATURAL HAZARD EVENTS 

Type of Event FEMA Disaster # (if applicable) Date Preliminary Damage Assessment

Flooding, severe winter 
storms, and landslides 

DR-1628 02/03/2006 $20,208,206 countywide 
Minor damages to district 

facilities 

1964 Flood DR-183 12/24/1964 Losses in the millions countywide

Table 14-1 lists all past occurrences of natural hazards within the jurisdiction. 
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14.4 HAZARD RISK RANKING 

TABLE 14-2. 
HAZARD RISK RANKING 

Rank Hazard Type Risk Rating Score (Probability x Impact) 

1 Earthquake 54

2 Severe Weather 42 

3 Tsunami 54

4 Drought 12

5 Flood 6

6 Wildfire 6

7 Landslide 6

8 Dam Failure 6 

9 Fish Losses 0 

Table 14-2 presents the ranking of the hazards of concern. 

14.5 APPLICABLE REGULATIONS AND PLANS 
The following existing codes, ordinances, policies or plans are applicable to this hazard mitigation plan: 

• CEQA

• ESA for anadromous fish (4), spotted owl, marbled murrelet, snowy plover

• Coastal Zone—Coastal Commission

• Applicable county permits

14.6 COMMUNITY MITIGATION PROGRAM CLASSIFICATIONS 

TABLE 14-3. 
COMMUNITY CLASSIFICATIONS 

Participating? Classification Date Classified 

Public Protection N/A N/A N/A 

Storm Ready Awareness 
level 

N/A Awareness level 

Firewise yes 2007 yes 

Tsunami Ready (if applicable) yes 2007 yes 

Classifications under various community mitigation programs are presented in Table 14-3. 
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14.7 HAZARD MITIGATION ACTION PLAN 

TABLE 14-4. 
HAZARD MITIGATION ACTION PLAN MATRIX 

Applies to 
new or 
existing 
assets 

Hazards 
Mitigated 

Objectives 
Met 

Lead 
Agency 

Estimated 
Cost Sources of Funding Timeline  

Included 
in 

Previous 
Plan? 

O-1 —Provide public outreach for tsunami awareness 

New and 
Existing 

Tsunami 3, 6, 7, 8, 
10 

Orick 
tsunami 
ready 

$500 NOAA, NPS Short Term/ 
Ongoing 

Yes 

O-2 —Seismic retro fit of water supply system 

Existing EQ, Wildfire 1, 2, 4, 9 OCSD $10 mil OCSD District 
funding, Hazard 
Mitigation Grant 

Long term, 
Depends on 
financing 

Yes 

O-3 —Upgrade levees to 250 years flood Protection Level 

Existing Flood 1, 2, 3, 9  Humboldt 
County 

High Benefit assessment, 
Army Corps of 
Engineers 205 

funding, HMGP 

Long term, 
Depends on 
financing 

Yes 

O-4 —Continue to support countywide initiatives identified in Volume 1 of this plan 

New and 
Existing 

All Hazards All 
Objectives 

OCSD Low OCSD Funding Ongoing No 

Table 14-4 lists the initiatives that make up the jurisdiction’s hazard mitigation plan. 

14.8 PRIORITY OF RECOMMENDED INITIATIVES 

TABLE 14-5. 
MITIGATION STRATEGY PRIORITY SCHEDULE 

Initiative 
# 

# of 
Objectives 

Met Benefits Costs 

Do Benefits 
Equal or 

Exceed Costs?

Is Project 
Grant-

Eligible? 

Can Project Be Funded 
Under Existing 

Programs/ Budgets? Prioritya

O-1 5 Medium Low Yes No Yes High 

O-2 4 High High Yes Yes No Medium

O-3 4 High High Yes Yes No Medium

O-4 12 Medium Low Yes No Yes High 

a. See Chapter 1 for definitions of high, medium and low priorities.

Table 14-5 identifies the priority for each initiative. 
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14.9 ANALYSIS OF RECOMMENDED INITIATIVES 

TABLE 14-6. 
ANALYSIS OF MITIGATION INITIATIVES 

Initiative Addressing Hazard, by Mitigation Typea 

Hazard Type 1. Prevention
2. Property
Protection  

3. Public
Education and 

Awareness 

4. Natural
Resource 
Protection  

5. Emergency
Services

6. Structural
Projects

Dam Failure O-4 O-4 O-4 

Drought O-4 O-2 O-4 O-4 O-2 

Earthquake O-4 O-4 O-4 

Fish Losses O-4 O-4 O-4 

Flood O-4 O-3 O-4 O-4 O-3 

Landslide O-4 O-4 O-4 

Severe Weather O-4 O-4 O-4 

Tsunami O-4 O-1, O-4 O-4 

Wildfire O-4 O-4 O-4 

a. See Chapter 1 for description of mitigation types.

Table 14-6 summarizes the mitigation initiatives by hazard of concern and the six mitigation types. 

14.10 STATUS OF PREVIOUS PLAN INITIATIVES 

TABLE 14-7. 
PREVIOUS ACTION PLAN IMPLEMENTATION STATUS 

Action Status 

Action 
# Completed 

Carry Over 
to Plan 
Update 

Removed; 
No Longer 

Feasible Comments 

O-1  Orick Volunteer Fire Department is continuing to work with 
the school and community members to increase awareness of 
Tsunami escape routes. There was a successful siren test 
performed in March 2013. 

O-2  We have not been able to seek funding for retrofitting the water 
supply system. 

O-3  Orick is working with Humboldt County to bring the levees to 
the 250-year flood protection level. 

Table 14-7 summarizes the initiatives that were recommended in the previous version of the hazard 
mitigation plan and their implementation status at the time this update was prepared. 
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14.11 ADDITIONAL COMMENTS 
Orick has a disproportionate number of people on public assistance. There are very few services to meet 
the needs of these individuals and yet, there is the perception that Humboldt County Social Service 
agencies continue to send them here. 
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CHAPTER 15. 

REDWAY COMMUNITY SERVICE DISTRICT UPDATE ANNEX 

15.1 HAZARD MITIGATION PLAN POINT OF CONTACT 

Primary Point of Contact Alternate Point of Contact 

Business Manager 
PO Box 40 
Redway, CA 95560 
Telephone: 707-923-3101 
e-mail Address: rcsd@earthlink.net 

Board Chairman 
PO Box 40 
Redway, CA 95560 
Telephone: 707-923-3101 
e-mail Address: rcsd@earthlink.net 

15.2 JURISDICTION PROFILE 
Redway Community Services District was formed in 1965 from a private water system. In 1977 Redway 
CSD was reorganized to include the former Redway Sanitary District. The Eel River flows around the 
community from the southwest to the north. The eastern boundary is Highway 101 and State Park lands. 
The District is governed by a Board of 5 members of the community. The Board members are elected to 
four year terms, or can be appointed if there is no opposition. The Board of Directors meet once a month 
or more often as needed. Redway CSD is an enterprise district that bills for its services, monthly, for 
water and wastewater treatment. As a Special District RCSD also receives some property tax revenues 
that add to the operating funds. RCSD currently employs one Operations Manager and one Business 
Manager. In addition to the Operations Manager there are two licensed operators and one operator in 
training. There is also a customer service manager/billing clerk/office assistant. 

The following is a summary of key information about the jurisdiction: 

• Population Served—1500 as of 2012/2013 SDRMA Insurance Renewal Questionnaire

• Land Area Served—Approximately 1280 acres are served by RCSD.

• Value of Area Served—The estimated value of the area served by the jurisdiction is
$83,603,000.00.

• Land Area Owned—Redway CSD owns 8 small parcels within Redway, as well as many
easements and the acreage for the wastewater treatment and disposal facilities.

• Critical Infrastructure and Equipment Owned:

– RCSD water lines-25 miles of water mains

– RCSD sewer mains/manholes 25 miles of sewer mains

– 2001 Dodge Dakota

– 1995 Nissan King Cab Pickup

– 2001 Dodge Ran 2500

– 2005 Pace American Trailer

– John Deere 3520 Tractor w/loader, bucket and mower
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• Total Value of Critical Infrastructure and Equipment—$33,069,532.00 

• Critical Facilities Owned: 

– Sewage Treatment Plant 

– Sludge Drying System 

– Storage Barn-Wastewater Plant  

– Lift Station-Azalea  

– Main Lift Station-Dogwood  

– Lift Station-Evergreen 

– Lift Station-Mill  

– Lift Station  West Coast 

– Water Treatment Plant #1  

– Water Treatment Plant office 

– Booster Station-Meadows  

– Back wash supply tank 

– Water Intake Filters 

– Water Plant self-contained Stand By Generator 

– Water Tank #1 (small tank)  

– Water Tank #2 ( New large tank) 

– Meadows Water Tank 

– Contact Chamber  

– Pump House ,Barnes Lane Warehouse 

– Finished Water pump station 

– Pressure Reduction vault (Oakridge)  

– Pressure Reduction Vault (orchard)   

– Business Office-contents 

• Total Value of Critical Facilities—$4,664,550.00 

• Current and Anticipated Service Trends—RCSD has approximately 1% growth this year 
with a large annexed property adjacent which could accommodate substantial growth. 
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15.3 JURISDICTION-SPECIFIC NATURAL HAZARD EVENT HISTORY 
 

TABLE 15-1. 
NATURAL HAZARD EVENTS 

Type of Event 
FEMA Disaster # (if 

applicable) Date Preliminary Damage Assessment

Severe Winter Storms, Flooding 
Landslides, Mud Flow 

1046 2/13/1995 $253,551.00 

Severe Winter Storms, Flooding, 
Landslides, Mud Flow 

1628 12/17/2005 $10,304.00 

 

Table 15-1 lists all past occurrences of natural hazards within the jurisdiction. 

15.4 HAZARD RISK RANKING 
 

TABLE 15-2. 
HAZARD RISK RANKING 

Rank Hazard Type Risk Rating Score (Probability x Impact) 

1 Earthquake 36 

2 Flood 24 

3 Slide 21 

4 Storm 24 

5 Fire 28 

6 Drought 12 

 

Table 15-2 presents the ranking of the hazards of concern. 

15.5 APPLICABLE REGULATIONS AND PLANS 
The following existing codes, ordinances, policies or plans are applicable to this hazard mitigation plan: 

• Resolution No. 2007/2008-06 

• Emergency Preparedness General Plan 
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15.6 COMMUNITY MITIGATION PROGRAM CLASSIFICATIONS 

TABLE 15-3. 
COMMUNITY CLASSIFICATIONS 

Participating? Classification Date Classified 

Public Protection No -- -- 

Storm Ready No -- -- 

Firewise No -- -- 

Tsunami Ready (if applicable) N/A -- -- 

Classifications under various community mitigation programs are presented in Table 15-3. 



REDWAY COMMUNITY SERVICE DISTRICT UPDATE ANNEX 

15-5 

15.7 HAZARD MITIGATION ACTION PLAN 
 

TABLE 15-4. 
HAZARD MITIGATION ACTION PLAN MATRIX 

Applies to 
new or 
existing 
assets 

Hazards 
Mitigated 

Objectives 
Met 

Lead 
Agency 

Estimated 
Cost 

Sources of 
Funding Timeline  

Included 
in 

Previous 
Plan? 

RCSD-1—Reinforce river bank at water treatment plant 

Existing Flood and 
earthquake 

1,2,9 RCSD High RCSD, 
Mitigation 

Grant funding 

Long-term Yes 

RCSD-2—Community Outreach/education disaster preparedness 

New and 
Existing 

All Hazards 6,7 RCSD Low RCSD Ongoing Yes 

RCSD-3—Add alternate/Redundant Aerial crossing for effluent from Wastewater Treatment Plant 

Existing EQ, Flood, 
Landslide 

1,2,9 RCSD High RCSD, 
Mitigation 

Grant funding 

Short term Yes 

RCSD-4—Fuel Load Reduction at Wastewater Treatment Plant 

New and 
existing 

Wildfire 1,2,3,4,9 RCSD Medium RCSD, 
Mitigation 

Grant funding 

Short term No 

RCSD-5—Enhance stormwater management capability within the district, with an emphasis on upgrades to 
existing stormwater conveyance system 

New and 
Existing 

Severe Weather, 
Flood 

1,2,3,8 RCSD High RCSD, 
Mitigation 

Grant funding 

Long Term Yes 

RCSD-6—Continue to support countywide initiatives identified in Volume 1 of this plan 

New and 
existing 

All Hazards All 
Objectives

RCSD Low RCSD Ongoing No 

 

Table 15-4 lists the initiatives that make up the jurisdiction’s hazard mitigation plan. 
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15.8 PRIORITY OF RECOMMENDED INITIATIVES 

TABLE 15-5. 
MITIGATION STRATEGY PRIORITY SCHEDULE 

Initiative 
# 

# of 
Objectives 

Met Benefits Costs 

Do Benefits 
Equal or 

Exceed Costs?

Is Project 
Grant-

Eligible? 

Can Project Be Funded 
Under Existing 

Programs/ Budgets? Prioritya

RCSD-1 3 High Med Yes Yes Yes High 

RCSD-2 8 Low Low Yes No Yes High 

RCSD-3 3 High Med Yes Yes Yes High 

RCSD-4 3 Med Med Yes Yes Yes High 

RCSD-5 4 High High Yes Yes No Medium

RCSD-6 12 Medium Low Yes No Yes High 

a. See Chapter 1 for definitions of high, medium and low priorities.

Table 15-5 identifies the priority for each initiative. 

15.9 ANALYSIS OF RECOMMENDED INITIATIVES 

TABLE 15-6. 
ANALYSIS OF MITIGATION INITIATIVES 

Initiative Addressing Hazard, by Mitigation Typea 

Hazard Type 1. Prevention
2. Property
Protection  

3. Public
Education and 

Awareness 

4. Natural
Resource 
Protection  

5. 
Emergency 

Services 
6. Structural

Projects

Dam Failure RCSD-6 RCSD-2, RCSD-6 RCSD-6

Drought RCSD-6 RCSD-2, RCSD-6 RCSD-6

Earthquake RCSD-6 RCSD-1, 
RCSD-3 

RCSD-2, RCSD-6 RCSD-6 RCSD-1 

Flood RCSD-6 RCSD-1, 
RCSD-3’ 
RCSD-5 

RCSD-2, RCSD-6 RCSD-6 RCSD-1, 
RCSD-5 

Landslide RCSD-6 RCSD-3 RCSD-2, RCSD-6 RCSD-6

Severe Weather RCSD-6 RCSD-5 RCSD-2, RCSD-6 RCSD-6 RCSD-5 

Tsunami RCSD-6 RCSD-2, RCSD-6 RCSD-6

Wildfire RCSD-6 RCSD-4 RCSD-2, RCSD-6 RCSD-4 RCSD-6

a. See Chapter 1 for description of mitigation types.

Table 15-6 summarizes the mitigation initiatives by hazard of concern and the six mitigation types. 
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15.10 STATUS OF PREVIOUS PLAN INITIATIVES 

TABLE 15-7. 
PREVIOUS ACTION PLAN IMPLEMENTATION STATUS 

Action Status 

Action 
# Completed 

Carry Over 
to Plan 
Update 

Removed; 
No Longer 

Feasible Comments 

RW1  In Capital Improvement Plan 

RW2  Now Humboldt County Responsibility. Initiative carried over. 
Now initiative #RCSD-5 

RW3  Ongoing 

RW4  Project in Progress 

Table 15-7 summarizes the initiatives that were recommended in the previous version of the hazard 
mitigation plan and their implementation status at the time this update was prepared. 
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CHAPTER 16. 
WEOTT COMMUNITY SERVICE DISTRICT UPDATE ANNEX 

 

16.1 HAZARD MITIGATION PLAN POINT OF CONTACT 

Primary Point of Contact Alternate Point of Contact 

Name: Lou Iglesias 
Title: Director 
Mailing address: P.O. Box 218, 
Weott, CA 95571 
Telephone #:946-2643 
E-mail Address: dogwood62@att.net 

Name: Barbara Kennedy 
Title: Director, Chairperson 
Telephone: 946-2248 
Email Address: bkenn202@att.net 

16.2 JURISDICTION PROFILE 
Weott Community Services District, located approximately 50 miles south of Eureka on State Highway 
101, was incorporated within Humboldt County on September 28, 1965. The purpose of the district is to 
provide potable water, septic and fire protection to the community of Weott, population of about two 
hundred eighty eight residents. The district has adopted authority and is governed by five elected board 
members. This board will assume responsibility for the adoption and implementation of this plan. They 
are Chair, Barbara Kennedy, and Directors, Lou Iglesias, Jeff and Bonnie O’Neil. The Board meets at 
Weott Community Center every fourth Tuesday of the month. The District has one part time employee, 
Christine Conn, General Manager. The Operations and Maintenance of both water treatment plant and 
wastewater plant are contracted with Hank Brenard Environmental Consultants, FPC. The Fire 
Department is managed by Volunteer Chief Kim Frame who supervises an eight member volunteer 
firefighting staff, and manages operations, administration, training and maintenance of the fire station, 
fire engine and rescue vehicle. 

Along with the fire department, the district operates and maintains a water system consisting of source 
springs, well, water treatment plant; transmission lines a septic wastewater plant leach field, lift station 
and community center. The operations of the district are funded by monthly fees levied on each parcel 
service hook up within the Weott service area. According to recent Humboldt County Planning data, 
Weott Community Services District boundary is three hundred sixteen acres. Additionally, the response 
area for the fire department is slightly over 26,000 acres. Geographically, Weott is centered within 
Humboldt Redwoods State Park. The Eel River is the District’s western boarder and has historically 
flooded the district dramatically changing the footprint of a once thriving logging town. Currently the 
district services about one hundred and twenty seven users which include Agnes Johnson primary school, 
Cal Fire Weott Station, two Churches, Humboldt Redwoods State Park campground and US Post Office 
95571. The last commercial retail establishment closed December 2006. 

The following is a summary of key information about the jurisdiction: 

• Population Served—288 as of 2010 US Census Data 

• Land Area Served—Weott Community Services District boundary is 316 acres. The 
response area for the fire department is slightly over twenty six thousand acres. 

• Value of Area Served—The secured value is $17,949,304.00 and the unsecured value 
is $269,350.00 
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• Land Area Owned—approximately 3 acres: sites of water purification plant, site of sewer
plant, site of A & B water tanks and the Weott Community Center

• Critical Infrastructure and Equipment Owned:

– Fire Equipment

– 2005 Kenworth Fire Engine

– Chevrolet Suburban Emergency Light Rescue Vehicle

– Biofilters & Fittings

– Sodium Hypochlorite Feed Equipment

– Submersible Pumps (4)

– Emergency Onan Generator

– John Deere Generator 8-KW

– Pressure Filtration System

– Electrical Transfer Switches

– Office Equipment

• Total Value of Critical Infrastructure and Equipment—$2,958,000.00

• Critical Facilities Owned:

– WVFD Fire House

– Sewerage Treatment Plant

– Water Treatment Plant

– Storage Tank “A”

– Storage Tank “B”

– Milligan Community Center

– Water Collection System

– Water Transmission System

– Sewerage Collection System

– Leach Field System

• Total Value of Critical Facilities—$18,218,654.00

• Current and Anticipated Service Trends—We currently serve approximately one hundred
and thirty accounts which include single family dwellings, a Cal Fire station, a California
Department of Parks and Recreation camping facility, two non-operational commercial
facilities, District facilities and an elementary school. We do not anticipate significant growth
of services in the near future. Our priorities are to replace old and deteriorating components
of our water system.
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16.3 JURISDICTION-SPECIFIC NATURAL HAZARD EVENT HISTORY 
 

TABLE 16-1. 
NATURAL HAZARD EVENTS 

Type of Event 
FEMA Disaster # 

(if applicable) Date Preliminary Damage Assessment 

Severe winter storms, flooding DR-1203 2/9/1998 $5,000.00 

Storm NA 12/13/2002 $5,000.00 

Storm NA 12/17/2005 $5,000.00 

 

Table 16-1 lists all past occurrences of natural hazards within the jurisdiction. 

16.4 HAZARD RISK RANKING 
 

TABLE 16-2. 
HAZARD RISK RANKING 

Rank Hazard Type Risk Rating Score (Probability x Impact) 

1 Severe Weather 48 

2 Earthquake 48 

3 Flood 36 

4 Landslide 36 

5 Wildfire 36 

6 Drought 9 

7 Tsunami 0 

8 Dam Failure 0 

9 Other Hazards of Concern 0 

 

Table 16-2 presents the ranking of the hazards of concern. 

16.5 APPLICABLE REGULATIONS AND PLANS 
The following existing codes, ordinances, policies or plans are applicable to this hazard mitigation plan: 

• Weott Community Services District Ordinances and By-Laws; Gives the authority to the 
District to administer and implement policy to develop and maintain services to the 
Community of Weott. 
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16.6 COMMUNITY MITIGATION PROGRAM CLASSIFICATIONS 
 

TABLE 16-3. 
COMMUNITY CLASSIFICATIONS 

 Participating? Classification Date Classified 

Public Protection Yes 8/9 2012 

Storm Ready No N/A N/A 

Firewise Yes Unknown Unknown 

Tsunami Ready (if applicable) No N/A N/A 

 

Classifications under various community mitigation programs are presented in Table 16-3. 
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16.7 HAZARD MITIGATION ACTION PLAN 
 

TABLE 16-4. 
HAZARD MITIGATION ACTION PLAN MATRIX 

Applies to 
new or 
existing 
assets 

Hazards 
Mitigated 

Objectives 
Met 

Lead 
Agency 

Estimated 
Cost 

Sources of 
Funding Timeline  

Included 
in 

Previous 
Plan? 

WCSD#7 Replacement of 600 feet of “A” line under South Fork Eel River 

Yes SW, F, LS, EQ All 

Objectives 

WCSD $250,000 California 
Department of 
Public Health, 
CA Prop 84 

11/2013 

Short Term 

No 

WCSD#8 Replacement of 90,000 gallon Water Storage Tank 

Yes LS, EQ 1,2,3,4 WCSD $186,000 Prop 50, District 
Funds, FEMA 

hazard 
mitigation grant 

Short Term Yes 

WCSD#2 Upgrade/Replace Water Treatment Plant and Transmission lines 

Yes EQ, LS 1,2,3 WCSD $2,500,000 Prop 50, District 
Funds, FEMA 

hazard 
mitigation grant 

Long Term Yes 

WCSD#3 Develop Back Up Water Source 

No EQ, LS 1,2,3 WCSD $75,000 Prop 50, District 
Funds, 

Government 
grant/loan 

Long Term Yes 

WCSD#5 Establish “Defensible” space Among critical facilities 

Yes WF, SW 
Drought 

1,2,3 WCSD $3,000 Self-Funded Ongoing/ 
Long Term 

Yes 

WCSD#6 Support countywide initiatives identified in the HCAHMP 

Yes All Hazards All 
Objectives 

WCSD Low Funded through 
existing/ 
ongoing 
programs  

Short Term/ 
ongoing 

Yes 

WCSD#4 Retrofit Community Hall 

Yes EQ, F, SW 1,2 WCSD High Prop 50, District 
Funds, 

Government 
grant/loan 

Long Term Yes 

 

Table 16-4 lists the initiatives that make up the jurisdiction’s hazard mitigation plan. 
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16.8 PRIORITY OF RECOMMENDED INITIATIVES 
TABLE 16-5. 

MITIGATION STRATEGY PRIORITY SCHEDULE 

Initiative 
# 

# of 
Objective

s Met Benefits Costs 

Do Benefits 
Equal or 

Exceed Costs?

Is Project 
Grant-

Eligible? 

Can Project Be Funded 
Under Existing 

Programs/ Budgets? Prioritya

WCSD#7 All High High Yes Yes No High 

WCSD#8 All High High Yes Yes No High 

WCSD#2 All High High Yes Yes No High 

WCSD#3 All High High Yes Yes No High 

WCSD#5 All High Low Yes No Yes High 

WCSD#6 All High Low Yes No Yes High 

WCSD#4 All High High Yes Yes No High 
        

a. See Chapter 1 for definitions of high, medium and low priorities. 

Table 16-5 identifies the priority for each initiative. 

16.9 ANALYSIS OF RECOMMENDED INITIATIVES 
 

TABLE 16-6. 
ANALYSIS OF MITIGATION INITIATIVES 

 Initiative Addressing Hazard, by Mitigation Typea 

Hazard Type 1. Prevention 
2. Property 
Protection  

3. Public 
Education and 

Awareness 

4. Natural 
Resource 
Protection  

5. Emergency 
Services 

6. Structural 
Projects 

Dam Failure WCSD 6 WCSD 6 WCSD 6 WCSD 6 WCSD 6 WCSD 6 

Drought WCSD 5,6 WCSD 5,6 WCSD 5,6 WCSD 5,6 WCSD 5,6 WCSD 5,6 

Earthquake WCSD 7,8, 2, 
3, 6, 4 

WCSD 7,8, 2, 
3, 6, 4 

WCSD 7,8, 2, 
3, 6, 4 

WCSD 7,8, 2, 
3, 6, 4 

WCSD 7,8, 2, 3, 6, 4 WCSD 7,8, 
2, 3, 6, 4 

Flood WCSD 7,6,4 WCSD 7,6,4 WCSD 7,6,4 WCSD 7,6,4 WCSD 7,6,4 WCSD 7,6,4

Landslide WCSD 7,8, 2, 
3, 6 

WCSD 7,8, 2, 
3, 6 

WCSD 7,8, 2, 
3, 6 

WCSD 7,8, 2, 
3, 6 

WCSD 7,8, 2, 3, 6 WCSD 7,8, 
2, 3, 6 

Severe Weather WCSD 4,5 WCSD 4,5 WCSD 4,5 WCSD 4,5 WCSD 4,5 WCSD 4,5 

Tsunami WCSD 6 WCSD 6 WCSD 6 WCSD 6 WCSD 6 WCSD 6 

Wildfire WCSD 5,6 WCSD 5,6 WCSD 5,6 WCSD 5,6 WCSD 5,6 WCSD 5,6 

Other Hazards of 
Concern 

WCSD 6 WCSD 6 WCSD 6 WCSD 6 WCSD 6 WCSD 6 

       

a. See Chapter 1 for description of mitigation types. 

Table 16-6 summarizes the mitigation initiatives by hazard of concern and the six mitigation types. 
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16.10 STATUS OF PREVIOUS PLAN INITIATIVES 

TABLE 16-7. 
PREVIOUS ACTION PLAN IMPLEMENTATION STATUS 

Action Status 

Action # Completed 

Carry Over 
to Plan 
Update 

Removed; 
No Longer 

Feasible Comments 

WCSD-1  Project completed using District funds. Cost of project was 
lowered by utilizing district personnel and acquiring used 
meters from the City of Rio Del, CA  

WCSD-2 

WCSD-3 

WCSD-4 

WCSD-5 

Table 16-7 summarizes the initiatives that were recommended in the previous version of the hazard 
mitigation plan and their implementation status at the time this update was prepared. 

16.11 FUTURE NEEDS TO BETTER UNDERSTAND RISK/ 
VULNERABILITY 
Most future needs have been identified and posted. Any further listing for this cycle will depend on future 
hazard conditions. 

16.12 ADDITIONAL COMMENTS 
The difficulty to implementing our goals will be lessened with continued diligence for the safety and 
well-being of our community and cooperation with our neighbors both local and countywide. 
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CHAPTER 17. 
WESTHAVEN COMMUNITY SERVICE DISTRICT ANNEX 

17.1 HAZARD MITIGATION PLAN POINT OF CONTACT 

Primary Point of Contact Alternate Point of Contact 

Richard Swisher, General Manager 
446 B Sixth Ave., PO Box 2015 
Trinidad, CA 95570 
Telephone: 707-677-0798 
e-mail Address:
rswisher.wcsd@suddenlinkmail.com 

Sarah Jordan, Secretary / Bookkeeper 
446 B Sixth Ave., PO Box 2015 
Trinidad, CA 95570 
Telephone: 707-677-0798 
e-mail Address:
sjordan.wcsd@suddenlinkmail.com 

17.2 JURISDICTION PROFILE 
The Westhaven Community Services District, located three miles south of the City of Trinidad, is a 
special-purpose district created in 1987 to provide domestic water service to that portion of the 
unincorporated community of Westhaven / Moonstone previously served by the Westhaven Mutual Water 
Company. Due to limited water source capacity the District’s designated service area has not increased 
since formation. The District currently supplies 205—210 active service connections and an estimated 
population of 490. The District staff includes one full-time position and two part-time positions. 

The District is governed by a five-member elected Board of Directors. The board assumes responsibility 
for adoption of this plan; the General Manager will oversee its implementation. 

The following is a summary of key information about the jurisdiction: 

• Population Served—490 estimated as of January 2013

• Land Area Served—0.60 square miles

• Value of Area Served—The estimated value of the area served by the jurisdiction is
$56,000,000

• Land Area Owned—21 acres

• Critical Infrastructure and Equipment Owned:

– 3  Surface Water Collection Structures $30,000

– ¼ mi. Supply Transmission Pipeline $20,000 

– 6 Supply Transmission Valves $1,800 

– 1  80 GPM Slow Sand Filter $150,000 

– 2  500,000 gallon Back-up Reservoirs $100,000 

– 1 100’ deep Groundwater Well $5,000 

– 2 Chlorination / Treatment Facilities $1,500 

– 1 Booster Pumping Station $6,000 

– 1 Pressure Reducing Station $10,000 
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– 1 100,000 gallon Water Tank  $150,000 

–  Treatment Plant Yard Piping  $10,000 

– 6 Treatment Plant Yard Valves  $1,800 

– 7 Miles of Water Mains   $1,500,000 

– 70 Distribution System Valves  $28,000 

– 8 ACV Valves    $1,000 

– 2 Master Meters    $1,500 

– 1 Flushing / Hydrant Meter  $1,100 

– 224 Residential Meters   $20,000 

– 1 Service Truck    $15,000 

• Total Value of Critical Infrastructure and Equipment—The total value of critical 
infrastructure and equipment owned by the jurisdiction is $2,052,700 

• Critical Facilities Owned: 

– 1 Maintenance Shop   $30,000 

– 1 Chlorinator / Booster Pump Shed $10,000 

– 1 Chlorinator / Calcite Filter Shed  $10,000 

– 1 Business Office (rented)   $20,000 

• Total Value of Critical Facilities—The total value of critical facilities owned by the 
jurisdiction is $70,000 

• Current and Anticipated Service Trends—The Westhaven CSD currently provides 
residential water service to an estimated population of 490. Due to limited water source 
capacity no change is anticipated. 
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17.3 JURISDICTION-SPECIFIC NATURAL HAZARD EVENT HISTORY 

TABLE 17-1. 
NATURAL HAZARD EVENTS 

Type of Event FEMA Disaster # (if applicable) Date Preliminary Damage Assessment

Wind / Power Outage 11/20/2012 N/A 

Wind / Power Outage 11/05/2011 N/A 

Wind / Power Outage 05/01/2011 N/A 

Wind / Power Outage 03/02/2011 N/A 

Wind / Power Outage 04/09/2010 N/A 

Wind / Power Outage 01/17/2010 N/A 

Wind / Power Outage 01/09/2010 N/A 

Wind / Power Outage 01/04/2008 N/A 

Wind / Power Outage 12/27/2006 N/A 

Wind / Power Outage 12/31/2005 N/A 

Wind / Power Outage 11/07/2002 N/A 

Wind / Power Outage 02/14/2000 N/A 

Wind / Power Outage 03/04/1996 N/A 

Wind / Power Outage 12/11/1995 N/A 

Freezing 12/20/1990 N/A 

Wind / Power Outage 02/17/1988 N/A 

Table 17-1 lists all past occurrences of natural hazards within the jurisdiction. 
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17.4 HAZARD RISK RANKING 

TABLE 17-2. 
HAZARD RISK RANKING 

Rank Hazard Type Risk Rating Score (Probability x Impact) 

1 Earthquake 54

2 Severe Storm 51 

3 Drought 26

4 Wildland Fire 18 

5 Landslide 11

6 Volcano (ash fall) 5 

7 Dam Failure 0 

8 Flood 0

9 Tsunami 0

Table 17-2 presents the ranking of the hazards of concern. 

17.5 APPLICABLE REGULATIONS AND PLANS 
There are no existing applicable hazard mitigation laws, codes, ordinances or policies in effect by this 
district that could support or enhance the mitigation initiatives identified in this annex. However, 
Humboldt County planning employs the following: consideration of appropriate land use designations in 
order to limit the populace exposed to hazardous areas; 2) assessment and conditioning of development 
applications according to the hazards on a site; 3) policies tailored to specific hazardous conditions; and, 
4) an action program to improve overall safety conditions within the County. Furthermore, the State of
California Uniform Building Code (UBC) has very strict building codes that intend to keep residents and 
property safe during hazard events like earthquakes, wildfires, and floods, and the Humboldt County 
Planning Department enforces these standards during the building application process. 

17.6 COMMUNITY MITIGATION PROGRAM CLASSIFICATIONS 

TABLE 17-3. 
COMMUNITY CLASSIFICATIONS 

Participating? Classification Date Classified 

Public Protection No N/A N/A 

Storm Ready No N/A N/A 

Firewise No N/A N/A 

Tsunami Ready (if applicable) No N/A N/A 

Classifications under various community mitigation programs are presented in Table 17-3. 
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17.7 HAZARD MITIGATION ACTION PLAN 
 

TABLE 17-4. 
HAZARD MITIGATION ACTION PLAN MATRIX 

Applies to 
new or 
existing assets 

Hazards 
Mitigated 

Objectives 
Met Lead Agency 

Estimated 
Cost 

Sources of 
Funding Timeline  

Included 
in 

Previous 
Plan? 

WHCSD-1—Retrofit and repair water tank roof 

Existing Earthquake 
Wildfire 
Drought 

O1-O5 WCSD $150,000 District 
Funds, State 

Grant 

Short Term N/A 

WHCSD-2—Upgrade / Retrofit water distribution system for earthquakes and landslides 

Existing Earthquake 
Wildfire 

Landslide 

O1-O5 WCSD High District 
Funds, HMGP 

Grants 

Short Term N/A 

 WHCSD-3—Install back-up generator at treatment plant 

New Earthquake 
Severe 

Weather 

O1-O5 WCSD $10,000 District Funds Short Term N/A 

 WHCSD-4—Adopt a long-term capital improvement plan. 

New and 
Existing 

All Hazards All WCSD Low District Funds Short Term N/A 

WHCSD-5—Continue to periodically update Emergency Operations Plan, including Recovery Operations. 

New and 
Existing 

All Hazards All WCSD Low District Funds Short Term N/A 

WHCSD-6—Support countywide initiatives identified in the County Hazard Mitigation Plan 

New and 
Existing 

All Hazards All WCSD Low District Funds Ongoing N/A 

WHCSD-7—Continue to support the implementation, monitoring, maintenance and updating of the Humboldt 
Operational Area Hazard Mitigation Plan 

New and 
Existing 

All Hazards All District Low District Funds Ongoing N/A 

 

Table 17-4Table 17-4 lists the initiatives that make up the jurisdiction’s hazard mitigation plan. 
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17.8 PRIORITY OF RECOMMENDED INITIATIVES 

TABLE 17-5. 
MITIGATION STRATEGY PRIORITY SCHEDULE 

Initiative # 

# of 
Objectives 

Met Benefits Costs 

Do Benefits 
Equal or 

Exceed Costs?

Is Project 
Grant-

Eligible? 

Can Project Be Funded 
Under Existing 

Programs/ Budgets? Prioritya

WHCSD-1 5 High Medium Yes Yes No High 

WHCSD-2 5 High High Yes Yes No High 

WHCSD-3 5 High Low Yes No Yes High 

WHCSD-4 9 High Low Yes No Yes High 

WHCSD-5 9 High Low Yes No Yes High 

WHCSD-6 12 High Low Yes No Yes High 

WHCSD-7 12 High Low Yes No Yes High 

a. See Chapter 1 for definitions of high, medium and low priorities.

Table 17-5 identifies the priority for each initiative. 
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17.9 ANALYSIS OF RECOMMENDED INITIATIVES 
 

TABLE 17-6. 
ANALYSIS OF MITIGATION INITIATIVES 

 Initiative Addressing Hazard, by Mitigation Typea 

Hazard Type 1. Prevention 
2. Property 
Protection  

3. Public 
Education and 

Awareness 

4. Natural 
Resource 
Protection  

5. Emergency 
Services 

6. Structural 
Projects 

Dam Failure WCSD-6, 
WCSD-7 

 WCSD-6, 
WCSD-7 

 WCSD-6, WCSD-7  

Drought WCSD-6, 
WCSD-7 

 WCSD-6, 
WCSD-7 

 WCSD-6, WCSD-7 WCSD-1 

Earthquake WCSD-6, 
WCSD-7 

WCSD-1, 
WCSD-2 

WCSD-6, 
WCSD-7 

 WCSD-6, WCSD-7 WCSD-1, 
WCSD-2 

Flood WCSD-6, 
WCSD-7 

 WCSD-6, 
WCSD-7 

 WCSD-6, WCSD-7  

Landslide WCSD-6, 
WCSD-7 

WCSD-2 WCSD-6, 
WCSD-7 

 WCSD-6, WCSD-7 WCSD-2 

Severe Weather WCSD-6 
WCSD-7 

WCSD-3 WCSD-6 
WCSD-7 

 WCSD-6, WCSD-7 WCSD-3 

Tsunami WCSD-6, 
WCSD-7 

 WCSD-6, 
WCSD-7 

 WCSD-6, WCSD-7  

Wildfire WCSD-6, 
WCSD-7 

WCSD-1 
WCSD-2 

WCSD-6, 
WCSD-7 

 WCSD-6, WCSD-7 WCSD-1 

       

a. See Chapter 1 for description of mitigation types. 

 

Table 17-6 summarizes the mitigation initiatives by hazard of concern and the six mitigation types. 
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CHAPTER 18. 
WILLOW CREEK COMMUNITY SERVICE DISTRICT UPDATE 

ANNEX 

18.1 HAZARD MITIGATION PLAN POINT OF CONTACT 

Primary Point of Contact Alternate Point of Contact 
Lonnie Danel 
P.O. Box 8 
Willow Creek, CA 95573 
Telephone: 707 845 0010 
e-mail Address: wcwaterguy@hotmail,com 

Lynn White 
P.O. Box 8 
Willow Creek, CA 95573 
Telephone: 530 629-2136 
e-mail Address: willowcreekcsd@gmail.com 

18.2 JURISDICTION PROFILE 
In 1964 the Willow Creek Community Services District was incorporated. The original role of the District 
was to provide water and unify multiple small private water systems into one system that would serve the 
whole community. In the middle seventies the WCCSD entered into the role of recreation. Shortly after 
focusing on recreation the District proceeded with receiving Latin power for wastewater. The District is 
currently working on a study for a downtown wastewater system. 

The District employs four full time employees the General Manager, Chief Operator, Office Manager and 
Operator II positions. During the summer months the district also hires one water tech, two recreation 
techs and one part time office/grant writer tech. 

The WCCSD operates on a rate based financial structure with water and recreation fees. The District 
supplements income with rental and property based taxes. 

The District is governed by five elected directors with who established policy and enacts ordinances. The 
Board directs the Manager to conduct the District’s business within described guidelines. This Board will 
assume the responsibility for the adoption and implementation of this plan. 

The community has 945 water service connections with a population base of 1,710. We are located in the 
Trinity River valley basin of eastern Humboldt County. Located on Hwy 299 and 96 from the Trinity 
County line to the east and three north on highway 96 toward Hoopa Valley Reservation. The District has 
over thirty square miles of water shed to the west of town on the Willow Creek. 

The following is a summary of key information about the jurisdiction: 

• Population Served—1,710 as of 2010 US Census

• Land Area Served—3700 acres

• Value of Area Served—The estimated value of the area served by the jurisdiction is
$300,000,000.

• Land Area Owned—50 + A

• Critical Infrastructure and Equipment Owned:

– Water Treatment and Distribution System
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– 30 acres Parks 

– Campground 

– Six Rivers Community Center 

– Office 

– Museum 

• Total Value of Critical Infrastructure and Equipment—The total value of critical 
infrastructure and equipment owned by the jurisdiction is $30,000,000. 

• Critical Facilities Owned: 

– Treatment Plant 

– Water Tanks 

– Wells 

• Total Value of Critical Facilities—The total value of critical facilities owned by the 
jurisdiction is $20,000,000. 

• Current and Anticipated Service Trends—Slow growth of about 1 percent 

 

18.3 JURISDICTION-SPECIFIC NATURAL HAZARD EVENT HISTORY 
 

TABLE 18-1. 
NATURAL HAZARD EVENTS 

Type of Event FEMA Disaster # (if applicable) Date Preliminary Damage Assessment

1964 500 yr. flood 
Trinity River 

N/A 12/25/1964 Widespread tens of millions 

Trinity river flooding 8620704 1/8/1973 Roads and Infrastructure 

Drought N/A 1977 FMHA Drought relief $ 200,000 

Winter weather flooding 68294 2/14/1992 Road drop out FEMA $30,000 

Winter storm /2005 404956 12/31/2005 Loss of Distribution Main 
$40,000 

 

Table 18-1 lists all past occurrences of natural hazards within the jurisdiction. 
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18.4 HAZARD RISK RANKING 
 

TABLE 18-2. 
HAZARD RISK RANKING 

Rank Hazard Type Risk Rating Score (Probability x Impact) 

1 Wildfire 27 

2 Earthquake 12 

3 Flood 12 

4 Severe Storm 12 

5 Dam Failure 6 

6 Drought 3 

7 Landslide 3 

8 Volcanic Ash Fall 3 

9 Tsunami 0 

 

Table 18-2 presents the ranking of the hazards of concern. 

18.5 APPLICABLE REGULATIONS AND PLANS 
The following existing codes, ordinances, policies or plans are applicable to this hazard mitigation plan: 

• District approved ten year CIP plan 2012-2022 by District Board. 

18.6 COMMUNITY MITIGATION PROGRAM CLASSIFICATIONS 
 

TABLE 18-3. 
COMMUNITY CLASSIFICATIONS 

 Participating? Classification Date Classified 

Public Protection No -- -- 

Storm Ready No -- -- 

Firewise Yes Firewise 12/2010 

Tsunami Ready (if applicable) No -- -- 

 

Classifications under various community mitigation programs are presented in Table 18-3. 
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18.7 HAZARD MITIGATION ACTION PLAN 
 

TABLE 18-4. 
HAZARD MITIGATION ACTION PLAN MATRIX 

Applies to 
new or 
existing 
assets 

Hazards 
Mitigated 

Objectives 
Met 

Lead 
Agency 

Estimated 
Cost 

Sources of 
Funding Timeline  

Included 
in 

Previous 
Plan? 

WCCSD-1—Continue to support countywide initiatives identified in Volume 1 of this plan. 

New and 
Existing 

All Hazards All 
Objectives

WCCSD Low WCCSD 
general Fund 

Ongoing Yes 

WCCSD-2—Construct Stormwater Interceptor 

New and 
Existing 

Flood, Severe 
Weather 

1,2,3,4 CSD High Prop 84/Match August 2013 No 

WCCSD-3—Retrofit Bussell water storage tank 

Existing Flood, Wildfire, 
Earthquake, 
Landslide 

1,2,3,4 CSD High Agency Short-term No 

WCCSD-4—Willow Tower Tanks Renovation 

Existing Flood, Wildfire, 
Earthquake, 
Landslide 

1,2,3,4 CSD High Agency Short term No 

WCCSD-5—Retrofit Brannon Mtn. Water Tank 

Existing Flood, Wildfire, 
Earthquake, 
Landslide 

1.2.3.4 CSD High Agency, Grant Long-term No 

WCCSD-6—Hwy 299 Dist. Ln. Replacement 

Existing Flood, Wildfire, 
Earthquake, 
Landslide 

1,2,3,4 CSD High Agency, Grant Long term No 

 

Table 18-4 lists the initiatives that make up the jurisdiction’s hazard mitigation plan. 
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18.8 PRIORITY OF RECOMMENDED INITIATIVES 

TABLE 18-5. 
MITIGATION STRATEGY PRIORITY SCHEDULE 

Initiative # 

# of 
Objectives 

Met Benefits Costs 

Do Benefits 
Equal or 

Exceed Costs?

Is Project 
Grant-

Eligible? 

Can Project Be Funded 
Under Existing 

Programs/ Budgets? Prioritya

WCCSD-1 12 Medium Low Yes No Yes High 

WCCSD-2 4 High High Yes Yes Yes High 

WCCSD-3 4 High High Yes Yes Yes High 

WCCSD-4 4 High High Yes Yes Yes High 

WCCSD-5 4 High High Yes Yes No Medium

WCCSD-6 4 High High Yes Yes No Medium

a. See Chapter 1 for definitions of high, medium and low priorities.

Table 18-5 identifies the priority for each initiative. 
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18.9 ANALYSIS OF RECOMMENDED INITIATIVES 
 

TABLE 18-6. 
ANALYSIS OF MITIGATION INITIATIVES 

 Initiative Addressing Hazard, by Mitigation Typea 

Hazard Type 1. Prevention 2. Property Protection  

3. Public 
Education and 

Awareness 

4. Natural 
Resource 
Protection  

5. 
Emergency 

Services 

6. 
Structural 
Projects 

Dam Failure WCCSD-1 -- WCCSD-1 -- WCCSD-1 -- 

Drought WCCSD-1 -- WCCSD-1 -- WCCSD-1 -- 

Earthquake WCCSD-1 WCCSD-3, WCCSD-4, 
WCCSD-5, WCCSD-6 

WCCSD-1 -- WCCSD-1 -- 

Flood WCCSD-1 WCCSD-3, WCCSD-4, 
WCCSD-5, WCCSD-6 

WCCSD-1 -- WCCSD-1 WCCSD-2

Landslide WCCSD-1 WCCSD-3, WCCSD-4, 
WCCSD-5, WCCSD-6 

WCCSD-1 -- WCCSD-1 -- 

Severe Weather WCCSD-1 -- WCCSD-1 -- WCCSD-1 WCCSD-2

Tsunami WCCSD-1 -- WCCSD-1 -- WCCSD-1 -- 

Wildfire WCCSD-1 WCCSD-3, WCCSD-4, 
WCCSD-5, WCCSD-6 

WCCSD-1 -- WCCSD-1 -- 

       

a. See Chapter 1 for description of mitigation types. 

 

Table 18-6 summarizes the mitigation initiatives by hazard of concern and the six mitigation types. 

18.10 STATUS OF PREVIOUS PLAN INITIATIVES 
 

TABLE 18-7. 
PREVIOUS ACTION PLAN IMPLEMENTATION STATUS 

 Action Status  

Action # Completed 

Carry Over 
to Plan 
Update 

Removed; 
No Longer 

Feasible Comments 

WCCSD-1    Replace single tank with two at Panther site, doubling capacity 
and fire protection 

WCCSD-2    Replace redwood 100,000 with steel 110,000 gal. tank at 
Hodgson site 

WCCSD-3    Replace corroded steel tank with new 150,000 gal. Bigfoot Site

 

Table 18-7 summarizes the initiatives that were recommended in the previous version of the hazard 
mitigation plan and their implementation status at the time this update was prepared. 
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WESTHAVEN CSD FIRST PRIORITY PARCELS FOR NEW WATER SERVICE CONNECTIONS

WCSD HUMBOLDT LAND USE WMWC SHARE CURRENT NAME STREET ADDRESS

SECTION APN OR   OTHER DWELLINGS

401 A 513-190-006-000 9931 1 DEPPE DOUGLAS & DEBORAH G L       HW JT 1212 EIGHTH AVE

401 A 514-032-001-000 1000 see abandoned services 0 GORRELL DIXIE L                       TR 885 HIGHLAND AVE

401 A 514-033-005-000 1100 1 LILLIBRIDGE GORDON E 635 8TH AVE

401 A 514-033-008-000 9931 see aban svcs, also in 601 1 HAIGHT CHARLES & MARIE  LE           NO 874 KINGDOM RD

401 A 514-041-003-000 2120 2 MASON IAN C & BUSTOS ANDREA          SWJT 821 8TH AVE

401 A 514-041-010-000 0096 see agmnt - dconect unauth  1 KOSTRZEWA LUCILLE                 UW 884 9TH AVE

401 A 514-042-008-000 1100 1 KULL STEVEN & APRIL               HW JT 960 9TH AVE

401 A 514-043-001-000 9931 1 QUILLMAN CHARLES & HILL-ROCHA MARIAN LIVING TRUST 1025 8TH AVE

401 A 514-051-010-000 9931 1 FERGUSON KARL L & DANIELLE R              HWJT 607 STONE LN

401 A 514-051-017-000 1100 see aban svcs, also in 601 1 BLAKE COURTNEY K & KAPPLER ADAM C    MSJT 937 S WESTHAVEN DR

401 A 514-061-005-000 0097 1 MAXWELL-CHAMBERLAIN LAURIE & CHAMBERLAIN MARCUS TR 781 9TH AVE

401 A 514-071-003-000 3101 1 HAKENEN ERIK J & ILZA M                HWJT 847 9TH AVE

401 A 514-111-013-000 1100 see abandoned services 1 LONNIES PETER M                         UM 805 2ND AVE

401 A 514-111-015-000 0096 see aban svcs, also in 301 1 GILLHAM LLOYD O JR & DONNA R      HW JT 866 3RD AVE

401 A 514-112-020-000 1100 2 TRUMP STEEN & TAMI 941 1ST AVE

401 A 514-122-018-000 1100 see agmnt - dconect unauth  1 BERNARD JAMES D                     MMSE 725 2ND AVE

401 A 514-134-006-000 0097 1 ORTNER-CAHILL SHARON G 822 4TH AVE

401 A 514-152-015-000 1100 1 SNELL CHARLES O & BARBARA J TR 180 LOOP PL

401 A 514-152-017-000 0097 1 WAYNE R BRUCE & KATHERINE J          HWCP 216 LOOP PL

401 A 514-162-008-000 1100 1 CALDWELL LAWRENCE N                   UM 160 S WESTHAVEN DR

401 A 514-201-049-000 1100 1 MACKIE JAMES B & NANCY J             TR 605 FERNCREST RD

401 A 515-011-009-000 1100 1 SCHNEEKLUTH PAUL W                  SM 724 KAHLSTROM AVE

401 A 515-011-064-000 1100 1 WALKER GARRISON                   SM 657 KAY AVE



401 A 515-022-014-000 9921 2 GARRIGAN BERNARD & NICOLE            HWJT 207 6TH ST

401 A 515-031-009-000 0096 2 OLIPHANT ALFRED D & JERI L        H TR 866 HIGHLAND AVE

401 A 515-041-014-000 9931 2 BARTHMAN RANDAL W & MARY E        HW JT 900 KAY AVE

401 A 515-061-009-000 9931 also in 601 3 LINDQUIST THOMAS W & ANNE H       HW JT

TOTAL DWELLINGS 33
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APR= 6.0 GPM
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WESTHAVEN CSD SOURCE CAPACITY AND SYSTEM CONSUMPTION - GALLONS PER MINUTE 

JULY 2007 - MAY 2014

The driest year in this record was 2009.  In that year total source capacity on Sept. 30 was 79% of total capacity on June 1. 

Total capacity on May 31, 2014 was 46.0 gpm.   Extrapolating to Sept. 30 using 79% gives a result of 36.3 gpm. 

The maximum daily use in this record is 36.6 gpm, including 14.3 gpm loss.

The maximum daily customer use in this record is 29.8 gpm, excluding 6.4 gpm loss.

Combining the maximum customer use and the average loss (7.5 gpm) gives a result of 37.3 gpm as an estimated potential maximum total use.

Finally, we see an extrapolated total source on Sept. 30, 2014 of 36.3 gpm vs an estimated total use of 37.3 gpm. 

Stream WellTotal Source Total UseCustomer Useoss (Monthly)Use as % of 
Total Source

Averages ALL 47.3 8.1 55.4 25.0 17.5 7.5 45%

2007 51.9 8.8 60.7 24.1 19.6 4.5 40%
2008 44.5 7.6 52.1 25.8 19.5 6.4 50%
2009 35.7 8.2 43.9 26.1 17.6 8.5 60%
2010 45.2 9.3 54.4 26.8 18.1 8.7 49%
2011 56.9 9.0 66.0 25.1 16.7 8.4 38%
2012 55.2 8.3 63.5 23.5 15.4 8.1 37%
2013 43.3 6.1 49.4 23.6 16.1 7.4 48%
2014 41.2 6.0 47.2 22.2 16.0 6.2 47%

MAX % 77%
MIN MAX MAX MIN % 25%

SOURCE USE CUST.
ALL ALL ALL

9/28/2009 8/19/2012 9/4/2012

38.3 36.6 29.8

Stream WellTotal Source Total UseCustomer Useoss (Monthly)
(Total Use - Loss)
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