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INTRODUCTION

Winzler & Kelly (W&K) has completed the storm drain modeling work relating to the Storm Water
System Model Study (Study), Phase Il for the City of Rohnert Park (City). Information presented in
this technical memorandum summarizes the development of computer models for storm drains with
diameters of 36-inches and greater within the City’s sphere of influence.

Five creeks were modeled for hydraulic analysis: Copeland, Hinebaugh, Crane, Five, and Coleman
Creeks. In general, these creeks flow in a westerly direction from the high hills/low mountains east
of Rohnert Park, through the City, and ultimately discharge into the Laguna de Santa Rosa.
Copeland and Hinebaugh Creeks flow in natural channels from their sources to a point west of
Petaluma Hill Road where they become channelized. Five and Crane Creeks also flow in natural
channels outside the City limits and are diverted west of Snyder Lane to Hinebaugh Creek. Coleman
Creek consists of two tributaries that flow in natural channels outside the City limits. At the City
limits, the tributaries are diverted through closed conduit piping to their confluence in an open, man-
made channel that runs through a golf course and discharges into Wilfred Channel. Wilfred Channel
becomes Bellevue-Wilfred Channel outside the northwestern City limit and finally discharges into
the Laguna de Santa Rosa.

Hydraulic models were developed for each of these creeks to identify areas of flooding that result
from the design and 100-year storm events. Peak flows for these storm events were developed as
part of Phase I of this project and included the analysis of land use corresponding to existing and
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fully developed conditions. An analysis of the creeks for each condition was conducted and the
results are described herein.

HYDROLOGY DESIGN CRITERIA

Flow rate data for this hydraulic study was generated during Phase | of this project and reported in
the final draft of Technical Memorandum #2, dated April/May, ??, 2004. The purpose of the
hydrologic study was to quantify the runoff response of the creeks that flow through Rohnert Park to
design storms of different magnitudes and under the two development scenarios discussed
previously. Inaccordance with criteria developed by the Sonoma County Water Agency (SCWA) in
the Flood Control Design Criteria, design storms with recurrence intervals of 10-, 25-, and 100-
years were simulated. Runoff parameters were estimated for the existing and projected fully
developed land use conditions based on City and County provided zoning information. The
hydrology study quantified peak runoff rates at critical locations along the five creeks for each design
storm and development scenario. These peak runoff rates represent the maximum flow that the
waterway is expected to encounter in the given scenario.

HYDRAULIC DESIGN CRITERIA

As requested by the City of Rohnert Park, the design criteria used for this study adheres to those
published in Chapter 4 of the SCWA Flood Control Design Criteria and is as follows:

= Major creeks shall accommodate the 100-year design storm within its banks.
= Culverts located on minor creeks and tributaries of major creeks shall be sized according
to SCWA guidelines, which are summarized below:
o0 Waterways with watersheds less than one square mile shall be designed to
accommodate the 10-year design storm;
0 Waterways with watersheds greater than one square mile but less than four square
miles shall be designed to accommodate the 25-year design storm; and
0 Waterways with watersheds greater than four square miles shall be designed to
accommodate the 100-year design storm.
e The hydraulic capacity of culverts under design flows is assumed to be at full flow.
Surcharged culverts under design flows may be allowed where backwater effects do not
cause flooding upstream.

The main channel of major creeks through Rohnert Park and their culverts were analyzed for the
100-year design storm where upstream watersheds exceeded 4 square miles and the 25-year design
storm and 100-year storm upstream of this location to the project limits. The culverts located on
minor creeks and the tributaries of major creeks were analyzed for both the SCWA design storm and
the 100-year design storm.

HYDRAULIC ANALYSIS METHODS
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The computer software HEC-RAS version 3.1.1 was used for the hydraulic analysis of the major
creeks within the City’s sphere of influence.

HEC-RAS Methodology

HEC-RAS performs one-dimensional steady flow water surface profile calculations to simulate
water flow behavior in natural and constructed channels. The basic computational procedure is
based on the solution of the one-dimensional energy equation. Energy losses are evaluated by
friction (Manning’s equation) and contraction/expansion (coefficient multiplied by the change in
velocity head). The momentum equation is utilized in situations where the water surface is rapidly
varied. These situations include mixed flow regime calculations (i.e. hydraulic jumps), hydraulics of
bridges, and evaluating profiles at river confluences. A detailed explanation of the use of these
equations is provided by HEC (1997).

Geometric model inputs include channel cross-section data, reach lengths, and slopes, energy loss
coefficients, roughness of the channel banks and over banks (Manning’s roughness coefficient “n”)
and stream junction information. Where hydraulic structures exist (bridges, culverts, etc.), multiple
cross-sections upstream, downstream, and through the structure are required. HEC-RAS creates an
interconnected channel by interpolating between the defined sections.

For the creeks in the City, a geometric model was constructed in HEC-RAS and subjected to design
flows. The model output is a water surface elevation at each defined point in the channel. Simulated
flood occurrences are evident from the cross sections when the water surface elevation exceeds the
bank elevation. It should be noted that where the water surface exceeds the highest elevation of the
cross sectional data, HEC-RAS assumes a vertical wall at the cross section limit. This is a result of
limited topographical information and can have a tendency to over estimate the water surface
elevation. The HEC-RAS cross sectional and tabular results for creeks within the City are attached
as Appendix ??.

DATA SOURCES

The data used to develop input parameters for model development were obtained from the sources
described below.

Node ldentification

Nodes represent points along a waterway where hydrologic analysis will occur. Nodes were located
primarily at road crossings where culverts, bridges, or box culverts exist, and at major storm drain
discharge points. The locations of nodes were identified from street and storm drain mapping
provided by the City of Rohnert Park. Nodes were numbered based on the watershed tributary to
them. For example, Drainage Nodel.0 is in Watershed 1 and Drainage Node 9.6.3 is in Watershed 9.
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Channel Cross Sections and Invert Elevations

HEC-RAS requires that channel cross section data be obtained at regular intervals. This information
was obtained by conducting topographic surveys of the creeks from November 2003 to February
2004. Limits of each cross section were determined in the field and dictated by accessibility
constraints and topography. In cases where obstructions limited survey access, topographic
information for the over bank areas was estimated using field tape or Global Positioning System
(GPS) equipment.

MacKay & Somps (M&S), a consultant located in Pleasanton, CA, provided W&K with cross
section information obtained during their hydrologic/hydraulic study of Hinebaugh Creek for
development of the University District. This information was used to the extent possible with
additional cross sections obtained in areas where necessary.

Cross section survey locations were spaced according to the following criteria:

= Upstream of SCWA control (natural channel) — Assume cross sections at 300-foot spacing.
0 Copeland Creek: From SCWA easement upstream to Petaluma Hill Road.

Hinebaugh Creek: From Snyder Lane to Petaluma Hill Road.

Crane Creek: From Snyder Lane to Petaluma Hill Road.

Five Creek: From Snyder Lane to Petaluma Hill Road.

Cook Creek: From Snyder Lane to Petaluma Hill Road.

Wilfred Channel (Coleman Creek): From Snyder Lane to Petaluma Hill Road.

O O O0OO0Oo

= Upstream (east) of Highway 101 to limits of SCWA control — Assume cross sections at 500-
foot spacing with intermediate creek flow line elevations.
0 Copeland Creek
Hinebaugh Creek
Crane Creek: Upstream to Snyder Lane.
Five Creek: Upstream to Snyder Lane.
Wilfred Channel (Coleman Creek): From Golf Course upstream to Snyder Lane.

O 00O

= Downstream (west) of Highway 101 — Assume cross sections of 300-foot spacing.
o0 Copeland Creek
0 Hinebaugh Creek

= Additional cross sections at bridges and culverts for proper modeling.

Vertical Datum

All surveying efforts were completed using the National Geodetic Vertical Datum of 1929 (NGVD
1929). During the modeling effort, elevation discrepancies were found to exist between benchmarks
located throughout the City. This discrepancy was discovered when reviewing plans for the Rohnert
Park Foothills Subdivision No. 1 (located in the “G” section). The benchmark used for elevations of
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this subdivision differed from plans for the Cook Creek Conduit by 0.57 feet.

In order to evaluate the extent of this difference, level loops were run from a known accurate
benchmark to benchmarks used for Cook Creek Conduit and the Rohnert Park Foothills Subdivision.
Results of this analysis were compared to benchmark elevations used for the construction of
randomly chosen subdivisions in each section of the City. This analysis indicated that benchmark
elevations at various locations throughout the City varied from each other by a difference of
approximately 0.5 tol.5 feet.

As the impacts of this elevation discrepancy could result in inaccurate results from the model,
discussions with W&K staff and the City Engineer were conducted and resulted in the adjustment of
cross section elevations as follows:

=  W&K Cross Sections. Each point of each cross section obtained through W&K surveys was
lowered by 1.51 feet to reflect the discrepancy found between the elevations of the known
benchmark and the benchmark used by W&K.

= MA&S Sections. Each point of each cross section obtained through M&S surveys was lowered
by 1.26 feet to reflect the discrepancy found between the elevations of the known benchmark
and the benchmark used by M&S.

Hydraulic Structure Data

Most box and pipe culverts in the project area were field measured to confirm the dimensions and
flow conditions. The soffit elevation, channel elevation, and column dimensions were measured for
bridges.

Flow Rates
The design flow rates were determined in the hydrology technical memorandum for the design storm
and100-year storm for existing and future conditions.

Roughness Coefficient

For this study, the Manning’s roughness coefficients were based upon existing conditions observed
during field investigations. Manning’s “n” values were estimated according to information found in
Supplement B, Subsection 4.4 of the Hydraulics Section of the Engineering Handbook, dated August
1, 1956, and published by the Soil Conservation Service.

Boundary Conditions

For hydraulic analyses, a downstream and upstream water surface condition is required as input. For
the 100-year storm event, the upstream water condition was assumed to be normal. The downstream
water surface elevations for Hinebaugh and Copeland Creeks were taken from the 100-year
floodplain elevation provided by the Federal Emergency Management Agency’s Flood Insurance
Rate Map for the Laguna de Santa Rosa.
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The downstream water surface elevation for Crane Creek was evaluated by running the HEC-RAS
model for Hinebaugh Creek and noting the water surface elevation at the confluence of Hinebaugh
and Crane Creeks. The noted elevation was input as the downstream boundary condition for the
Crane Creek model. In the same manner, the downstream water surface for Five Creek was
evaluated by running the HEC-RAS model for Crane Creek and noting the water surface at the
confluence of Five and Crane Creeks. The noted elevation was input as the downstream boundary
condition for the Five Creek model.

RESULTS

The results of the hydraulic model consist of the comparison of design flows versus hydraulic
capacity as defined by the design criteria. A waterway or structure is considered adequately sized if
the design criteria are met and design flows do not exceed the hydraulic capacity. The culvert
analysis results are presented in Table ?? and Figure ??. The hydraulic analysis results for the creeks
are presented in Table ?? and Figure ??.

SUMMARY

The hydraulic study of creeks within the City of Rohnert Park was conducted to identify undersized
channel segments and culverts for design flow conditions. HEC-RAS models were developed for the
creeks and subjected to design flows to identify flood occurrences. The hydraulic capacity of all
culverts located at roadway crossings of the major and minor creeks were calculated. Creek
segments and culverts having capacity in excess of the design flows are considered adequately sized.
The ultimate use of these results will be to evaluate the existing channel and culvert capacities and
develop improvement projects.
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Background and Purpose

In 2004, the Santa Rosa Incremental Recycled Water Program Master Plan (the IRWP Master
Plan) was completed. In 2005, the Santa Rosa Subregional Water Reuse System (Subregional
System) began implementing the IRWP Master Plan including conceptual design for the
Discharge Compliance Project and a feasibility study of the Santa Rosa Urban Reuse Project.
In late 2006, the City of Santa Rosa (City) Board of Public Utilities (BPU), which has policy
oversight over the Subregional System, elected to proceed with preliminary design of the
Santa Rosa Urban Reuse Project and conceptual design for the Seasonal Storage Project. The
Seasonal Storage Project (Project) helps carry out the IRWP Master Plan through the imple-
mentation of the components associated with storing recycled water. In October 2006, the
BPU approved a Purpose and Need Statement for the Project and in January 2007 accepted
the Draft Engineering Report - Evaluation of Storage Sites.

The Project Purpose and Need Statement identifies the need for about 500 million gallons
(MG) of additional storage capacity in the Subregional System to facilitate carrying out the
IRWP Master Plan objectives. Subsequent to reviewing the Evaluation of Storage Sites, the
BPU authorized conceptual design development of storage facilities located at the six
recommended sites shown on Figure 1. One or two storage ponds could be located at most
sites, and the Environmental Impact Report (EIR) will evaluate each storage pond
independently. Some combination of ponds will be required to meet the Project Need, and
no one site has sufficient storage capacity to provide 500 MG of additional storage by itself.
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IRWP SEASONAL STORAGE PROJECT
GROUNDWATER EVALUATION

The purpose of this TM is to assess the potential impacts of the proposed ponds on
groundwater at the site and at nearby properties, wells, and surface water bodies. This
evaluation focuses on determining which wells or surface water bodies might be impacted
and assesses the timing of these impacts. To evaluate the impacts, groundwater models
were used to forecast the following;:

e Rate of any potential seepage from the ponds under specified liner conditions.

¢ Change in groundwater levels that may be caused by the ponds. This information was
also used to assist in designing the ponds when geotechnical considerations require the
presence of an unsaturated zone below the ponds for purposes of pond maintenance
when a pond is dry.

e Direction, rate, and ultimate discharge point of water if it were to seep from the ponds.

e Concentration of water pumped from existing and potential new wells that originates
from the ponds.

Groundwater modeling was conducted at the following potential pond sites:

Alexander Valley Road
Alpha Farm

Brown Farm

Kelly Farm

Petaluma Hill Road
West College

The West College and Alexander Valley Road Sites are not considered further because of
findings from the geotechnical investigations indicating uncertainty related to potential
impacts from liquefaction, fault zones, and/or landslides and the appropriate measures to
mitigate for these potential hazards. Based on the geotechnical findings at these sites, both
are considered infeasible as defined by CEQA Guidelines, as described in the TM
Geotechnical Evaluation, November 2007.

This technical memorandum includes the following sections:

Background and Purpose
Conclusions and Recommendations
Alpha, Brown, and Kelly Farm Sites
Petaluma Hill Road Site

References

Conclusions and Recommendations

Potential impacts of the proposed ponds were evaluated using numerical groundwater
models (Hemker and de Boer, 2006). The groundwater models were developed and
calibrated using existing data and new data collected as part of this evaluation. The
following impacts associated with the proposed ponds reflect groundwater model results.
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GROUNDWATER EVALUATION

The impacts are estimates used for the conceptual design of the proposed ponds, and as
with any model have some associated uncertainty.

For this study, 11 scenarios were investigated. The scenarios include various combinations
of proposed ponds to meet the City’s storage requirements. Table 1 summarizes the ponds
in use for each scenario that was simulated.

The proposed Alpha Farm (AF), Brown Farm (BF), and Kelly Farm (KF) ponds would be
lined with a typical compacted native clay liner. The hydrogeology of the AF, BF, and KF
sites is characterized by strong downward vertical gradients near AF, BF, and KF. At all
three sites, the model predicts that if water seeps from the proposed ponds, it would travel
downward and toward the municipal wells in the area. Water from the ponds would not
ultimately discharge to the Laguna de Santa Rosa or other creeks. Travel times to the wells
are forecasted to be on the order of 50 years, and in all cases, the percent of water pumped at
the wells that originated from the ponds would not exceed about 3 percent.

TABLE 1
Scenario Summary
IRWP Seasonal Storage Project — Groundwater Evaluation

Scenario
Pond Volume

Pond Identification (MG) 1 2 3 4 | 5| 6 7 8 9 | 10
Kelly Farm 185 o | o ° °
(KF 1 south)
Kelly Farm 282 °
(KF 2 north)
Brown Farm 226 o | o
(BF 1 northeast)
Brown Farm 105
(BF2 southwest)
Alpha Farm 177 o | o °
(AF 1)
Petaluma Hill Road (PHR 1 upper) 45 ° ° °
Petaluma Hill Road (PHR 2 lower) 49 ° ° °
Note:

® = Potential Pond in Use

Potential seepage from the proposed AF pond is estimated to be about 29 gallons per
minute (gpm) (Table 2). The predicted rise in groundwater levels beneath the proposed AF
pond relative to current conditions is about 4 to 5 feet. Predicted groundwater level rise
beyond the property boundary is generally less than 2 feet. Most of the water that would
seep from the proposed pond would flow toward the Sonoma County Water Agency
(SCWA) Todd Road and Sebastopol Road municipal wells and would reach the Todd Road
well within about 50 years. Under steady-state conditions, about 3 percent of water
extracted at the Todd Road well would originate from the proposed AF pond if pumping
continues at current rates.
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Potential seepage from proposed BF Pond 1 is estimated to be about 18 gpm, and seepage
from proposed BF Pond 2 is estimated to be about 10 gpm. Predicted rise in groundwater
levels beneath the ponds relative to current conditions is about 8 feet. Predicted ground-
water level rise beyond the property boundary is generally less than 2 feet. Water seeping
from the proposed ponds would flow toward SCWA'’s Sebastopol Road well, and is
expected to reach the well in about 50 years. Under steady-state conditions, about 3 percent
of water extracted at the Sebastopol Road well would originate from the existing and
proposed storage ponds if pumping continues at current rates.

TABLE 2
Pond Seepage Estimate (gpm)
IRWP Seasonal Storage Project — Groundwater Evaluation

Scenario
Pond Volume

Pond Identification (MG) 1 2 3 4 5 6 7 8 9 10
Kelly Farm 185 4 4 4 4
(KF 1 south)
Kelly Farm 282 3
(KF 2 north)
Brown Farm 226 18 18
(BF 1 northeast)
Brown Farm 105
(BF 2 southwest)
Alpha Farm 177 29 29 29
(AF 1)
Petaluma Hill Road 45 17 17 17
(PHR 1 upper)
Petaluma Hill Road 49 14 14 14
(PHR 2 lower)

Potential seepage from proposed KF Pond 1 is estimated to be about 4 gpm, and potential
seepage from proposed KF Pond 2 is estimated to be about 3 gpm. Groundwater levels
below the two proposed ponds are predicted to drop by about 2 to 6 feet because seepage
from the pond is less than the amount of recharge currently occurring from infiltration of
precipitation at the site. Water that would seep from the proposed ponds would flow
toward SCWA'’s Sebastopol Road and Occidental Road wells, and would reach both wells in
about 50 years. Under steady-state conditions, about 3 percent of water extracted at the
Sebastopol Road well and 0.1 percent of water extracted at the Occidental Road well would
originate from the existing and proposed storage ponds if pumping continues at current
rates.

In addition to evaluating potential for pond seepage to travel toward existing wells, the
model was used to evaluate potential impacts to potential future municipal wells. Results
suggest that a new municipal well could be installed anywhere in the modeled AF, BF, KF
area and would have concentrations of less than 3 percent water originating from the
proposed ponds.
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The proposed Petaluma Hill Road (PHR) storage ponds would be located within a thin
alluvial area with seasonally shallow groundwater. The originally proposed conceptual
design of both ponds included a GCL liner. Model results suggest that the proposed lower
pond would seep at a rate of about 14 gpm, and the proposed upper pond would seep at a
rate of about 17 gpm. The maximum predicted rise in groundwater levels from background
conditions is about 15 feet. Because seasonal depth to water is as low as 2 feet, groundwater
levels would likely exceed the elevation of the pond bottom with the GCL liner. This
condition might result in potential geotechnical problems such as “floating” the liner. The
model also predicts a likelihood of seepage through the embankments due to relatively low
transmissivity, high seasonal groundwater elevations, and the construction of the pond
bottom at grade. Water seeping from the ponds into the groundwater system could travel
downgradient to nearby municipal supply wells and Copeland Creek. Travel time to the
wells is estimated to be 160 to 200 years and less than 10 years to the creek. An alternate
liner system, such as a double liner with a seepage collection system (effectively zero
seepage into the groundwater system), is recommended because it would eliminate
potential impacts related to rising groundwater levels from background conditions and
seeping water traveling toward creeks and wells.

Nitrate concentrations in existing storage ponds are generally below the maximum
contaminant level (MCL) of 10 milligrams per liter (mg/L). Based on available data, it is
unlikely that seepage from the proposed ponds would cause nitrate concentrations in the
groundwater to rise above the MCL. Data supporting this conclusion are provided in
Attachment 1.

Alpha, Brown, and Kelly Farms Sites

The AF, BF, and KF sites are located near the western edge of the Santa Rosa Plain, east of
the Laguna de Santa Rosa (Figure 1). The proposed pond plan at AF is to replace the two
existing smaller ponds with one large pond. Proposed plans at BF and KF are to construct
two new ponds at each site. A single storage pond is currently in operation at each of the BF
and KEF sites.

Hydrogeologic Setting

The AF, BF, and KEF sites are located within approximately 2 miles of each other and are
considered to be in the same hydrogeologic setting based on geologic maps, lithologic cross
sections, and their proximity to each other. Attachment 2 presents a detailed description of
local hydrogeology. Heterogeneous alluvium and floodplain deposits comprise the surface
soils near AF, BF, and KF. Near-surface soils are typically silts and clays with thin sand and
gravel lenses that are assumed to be discontinuous based on lithologic cross sections.

Available water level data from nearby wells indicate that depth to water in shallow wells
ranges from several feet to 40 feet below ground surface (bgs), with seasonal fluctuations of
shallow groundwater levels on the order of 5 to 10 feet. Table 3 shows recorded seasonal
high and low groundwater elevations at each site. These elevations correspond to depths to
water (bgs) of 8 to 16 feet at KF, 10 to 12 feet at BF, and 4 to 10 feet at AF. While data are
available for the KF and AF sites from 1997 to 2007, the only wells available at the BF site
were installed in 2006, so insufficient data are available to evaluate seasonal fluctuations at
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the BF site. Hydrographs of local wells are presented in Figures 2 to 4. Significant vertical
gradients exist near AF, BF, and KF, and numerical modeling indicates that groundwater
flow in shallow soils (above about 70 feet bgs) is predominantly vertical.

TABLE 3
Seasonal Low and High Groundwater Elevations at Kelly Farm, Brown Farm, and Alpha Farm
IRWP Seasonal Storage Project — Groundwater Evaluation

Seasonal Low Seasonal High
Groundwater Elevation Groundwater Elevation
Site (feet)? (feet)?
KF 74 80
BF 79° 79°
AF 71 79

aVertical datum is NGVD 29.
®Seasonal data unavailable; no well data prior to January 2007.

SCWA operates three deep (well screens > 400 feet below ground surface [bgs]) municipal
water supply wells, named “Todd Road,” “Sebastopol Road,” and “Occidental Road”
(Figure 5). The average combined pumping rate in 2005 from these three wells was approxi-
mately 3,600 gpm (Figure 6). The City of Sebastopol also operates three deep (>150 feet bgs)
municipal wells (Figure 5). Records of pumping rates for these wells begin in 1972, and their
combined average pumping rate in 2005 was approximately 800 gpm (Figure 7).

Results

Groundwater impacts for the proposed ponds at AF, BF, and KF were evaluated using a
numerical groundwater flow model. A complete description of model assumptions,
development, and calibration is provided in Attachment 3.

According to the geotechnical analysis and recommendations, all proposed ponds at AF, BF,
and KF would be lined with compacted native clays. The clay liners are assumed to be

1.25 feet thick, with a hydraulic conductivity of 1 x 107 centimeters per second (cm/sec). As
discussed in the TM Geotechnical Evaluation, November 2007, groundwater levels may rise up
to the bottom of these ponds without impacting the clay liner; however, it is recommended
that several feet of unsaturated zone be provided seasonally to facilitate pond maintenance.

Because of the proximity of proposed ponds to one another, it is necessary to evaluate
potential combinations of ponds at AF, BF, and KF. Of the 11 potential scenarios evaluated,
6 include various combinations of ponds at the AF, BF, and KF sites (Table 1).

The six AF, BF, and KF scenarios were simulated with the groundwater model to evaluate
potential effects on local groundwater. For each scenario, potential seepage from the
proposed ponds was calculated and the associated change in shallow groundwater levels
was estimated using the model. Flowlines were simulated from the boundaries of each pond
in use for a particular scenario to evaluate the direction and rate of groundwater movement.
Flowlines and travel times were plotted on a map showing local wells to help assess which
wells might be impacted, and travel times to the wells were estimated. Figures showing
results of each scenario are presented in the sections below; results are summarized in the
text as a range of seepage, change in water levels, and travel times for each site.
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Alpha Farm

The proposed pond at AF would replace the two existing smaller ponds at the site

(Figure 8). Groundwater model results indicate that potential seepage from the proposed AF
pond would be about 29 gpm (Table 2). Groundwater level contour maps for all of the
modeled scenarios are provided on Figures 9 through 14. The predicted rise in groundwater
levels beneath the proposed pond relative to current conditions is about 4 to 5 feet for
scenarios that include the proposed AF pond (Figures 15 through 20). Predicted ground-
water level rise beyond the property boundary is generally less than 2 feet.

Observed high groundwater levels at the AF site are 79 feet above mean sea level (msl). The
proposed AF pond bottom elevation would be 80.5 feet above msl. The 4- to 5-foot rise in
groundwater levels would likely result in the water table rising above the bottom of the
proposed pond during the wet season when the pond is full and for a period after draining
the pond. However, during the dry season, observed low groundwater levels are about

71 feet above msl, so there would be about 6 feet of unsaturated zone, facilitating pond
maintenance. As discussed in the TM Geotechnical Evaluation, November 2007, groundwater
levels could rise up to the pond bottom during parts of the year without compromising the
integrity of the clay liner.

Simulated flowlines from the proposed AF pond are provided on Figures 21 through 26. If
water were to seep from the proposed pond, the flow would be toward the Todd Road and
Sebastopol Road municipal wells and would reach the Todd Road well in about 50 years.
Travel time to the Sebastopol Road well would be about 500 years. A cross section view of
the flowlines is provided on Figure 27. Under steady state conditions, about 3 percent of
water extracted at the Todd Road well would originate from the proposed storage ponds if
pumping continues at current rates (Figure 28). Although not shown on Figures 21 through
26, a small amount of water from the AF pond would reach Wells 6 and 7 of the City of
Sebastopol. The number of flowlines that reach these wells is significantly less than the
number reaching the Todd Road well: Wells 6 and 7 intercept only four and two flowlines,
respectively. In contrast, approximately 150 flowlines from the AF pond reach the Todd
Road well, which accounts for only 3 percent of the water pumped from the well.
Furthermore, travel time from the AF pond to the two Sebastopol wells is greater than
1,000 years.

Brown Farm

Two new ponds are being considered at the BF site in addition to the existing storage pond
at the site (Figure 8). The model scenarios include operation of either one or both of the
proposed ponds with continued use of the existing pond (Table 1). Groundwater model
results indicate that potential seepage from the proposed BF Pond 1 would be about 18 gpm,
and seepage from the proposed BF Pond 2 would be about 10 gpm (Table 2). Groundwater
level contour maps for all of the modeled scenarios are provided on Figures 9 through 14.
Predicted rise in groundwater levels beneath the proposed ponds relative to current
conditions is about 8 feet at the center of the pond (Figures 15 through 20). Model results
indicate that groundwater level rise beyond the property boundary is generally less than

2 feet. In a small area extending up to few hundred feet east of Llano Road, the water level
rise might be up to 4 feet.
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Observed high groundwater levels near the BF pond sites were about 79 feet above msl in
January 2007. The pond bottom elevation for both proposed ponds would be 83 feet. The
predicted 8-foot rise in groundwater levels would likely result in the water table rising
above the bottom of the proposed pond during the wet season when the pond is full and for
a period after draining the pond. Given the lack of data at this time, it is unknown whether
groundwater levels in the dry season will drop below the pond bottom to facilitate pond
maintenance. It is reasonable to assume that water levels will be lower in the summer than
those observed in January 2007, which would result in a seasonal unsaturated zone below
the ponds.

Simulated flowlines from the BF ponds are provided on Figures 21 through 26. If water
were to seep from the proposed ponds, the flow would be toward the Sebastopol Road
municipal well, reaching the well in about 50 years. A cross section view of the flowlines is
provided on Figure 27. Under steady-state conditions, about 3 percent of water extracted at
the Sebastopol Road well would originate from the existing and proposed storage ponds if
pumping continues at current rates (Figure 28). The 3 percent includes potential flow from
the existing pond at BF and potential additional flow from the proposed ponds at KF.
Flowlines from BF do not reach any of the City of Sebastopol wells.

Kelly Farm

Two new ponds are being considered at KF in addition to the existing storage pond at the
site (Figure 8). The model scenarios include operation of either one or both of the proposed
ponds, with continued use of the existing pond (Table 1). Groundwater model results
indicate that potential seepage from proposed KF Pond 1 would be about 4 gpm, and
potential seepage from proposed KF Pond 2 would be about 3 gpm (Table 2). Groundwater
level contour maps for all of the modeled scenarios are provided on Figures 9 through 14.
Groundwater levels below the proposed ponds are predicted to drop by 2 to 6 feet (Figures
15 through 20). Water levels near KF decrease with the addition of the proposed ponds
because the seepage from the proposed pond is predicted to be less than the amount of
recharge from precipitation that currently occurs in the pond area (Table 3). The areal extent
of declining groundwater levels is generally limited to within the site’s property boundary
(Figures 15 through 20).

Simulated flowlines from the KF ponds are provided on Figures 21 through 26. If water
were to seep from the proposed ponds, the flow would be toward SCWA’s Sebastopol Road
and Occidental Road wells, reaching both wells in about 50 years. A cross section view of
the flowlines is provided on Figure 27. Under steady-state conditions, about 3 percent of
water extracted at the Sebastopol Road well and 0.1 percent of water pumped from the
Occidental Road well would originate from the existing and proposed storage ponds if
pumping continues at current rates (Figure 28). Flowlines from KF do not reach any of the
City of Sebastopol wells.

Impact to Future Municipal Wells

In addition to evaluating the potential for pond seepage to reach existing wells, impacts to
potential future municipal wells were assessed. To evaluate the impact of proposed ponds
on a future well, a hypothetical well was simulated in the model at a location 100 feet north
of the proposed AF pond. The location of the hypothetical well was selected as a worst-case
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scenario because the proposed AF pond has the greatest potential seepage rate, and the
vertical connection to the deeper aquifers is greatest near the AF site. The hypothetical well
was added to Scenario 5 in the model, which has the greatest volume of combined pond
storage simulated at the AF, BF, and KF sites. The hypothetical well simulated in the model
was assumed to be similar to existing SCWA wells with an average pumping rate of

1,200 gpm, and pumping from the same depth as the existing wells.

Results of the modeled scenario with the hypothetical well are provided on Figure 29. Less
than 3 percent of water pumped from the hypothetical well would originate from the
storage ponds. Because this was designed as a worst-case scenario, it is assumed that a new
municipal well could be installed anywhere in the modeled area, and less than 3 percent of
the water pumped from the well would originate from the proposed and existing storage
ponds. Seepage from all ponds with and without the hypothetical well is provided in

Table 4. A small amount of additional seepage would be induced by the lowering of
groundwater levels caused by pumping from the hypothetical well.

TABLE 4
Seepage from Ponds (gpm), with and without Hypothetical Well
IRWP Seasonal Storage Project — Groundwater Evaluation

Scenario 5 Plus

Pond Identification Scenario 5 Hypothetical Well Change
Kelly Farm (KF 1 south) 4 4 0
Brown Farm (BF 1 northeast) 18 18 0
Alpha Farm (AF 1) 29 29 0
Existing Brown Farm 9 13 4
Existing Kelly Farm 1 1 0
Total 62 66 4

Petaluma Hill Road Site

The PHR storage site is located at the southern end of the Santa Rosa Plain (Figure 1). The
proposed plan at this site includes construction of two new ponds, PHR 1 and PHR 2 (upper
and lower ponds, respectively). Based on the geotechnical analysis, it was assumed that
both ponds would be lined with a GCL (0.25 inch of very low permeability [5 x 10 cm/sec]
clay). Groundwater modeling results presented below are based on this type of lining
system.

Hydrogeologic Setting
The following sections describe the aquifer properties, groundwater inflows and outflows
(groundwater budget), and groundwater levels in the area.

Aquifer Properties

Characterization of the subsurface near the PHR storage site was primarily based on
existing data. Figure 30 shows the geologic map of the area around the PHR storage site.
The pond sites are located on either side of a hill consisting of Sonoma Volcanics. While
both pond sites are located in the alluvium, they are close to the boundary between the
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alluvium and the volcanics, which indicates that the alluvium is thin. Alluvium
predominates in the lowland portions of the model domain. The alluvium thickness
increases to the west away from the outcrop of Sonoma Volcanics.

Transmissivity values calculated from pumping rate and drawdown data (specific capacity)
from wells near the PHR site are provided on Figure 31. More detailed aquifer testing was
performed onsite by ENGEO (2005) and downgradient (west) by Luhdorff and Scalmanini
(2005). An analysis of the ENGEO (2005) test conducted near the PHR storage site indicates
a transmissivity of 20 ft2/day. Luhdorff and Scalmanini (2005) compiled aquifer test data
from tests conducted at the City of Rohnert Park wells, located downgradient (west) of the
model domain. They reported transmissivity ranging from 130 to 1,600 ft2/day. These
higher transmissivities correlate with an increase in alluvial thickness toward the west. A
transmissivity value typical of the Sonoma Volcanics (5 ft2/day) was assumed for the
outcrop in the east-central portion of the modeled area.

Groundwater Budget

The primary source of groundwater recharge is infiltration from precipitation. In the
alluvium, recharge was assumed to be 4 inches per year, which is consistent with the value
used for the AF, BF, and KF models. Recharge to the bedrock outcrop was adjusted during
model calibration, and was assumed to be 2 inches per year. Primary areas of discharge
include creeks and municipal wells in Rohnert Park, Cotati, and Sonoma State University.
All municipal wells are located outside of the western model boundary. The western model
boundary is a constant-head boundary, with subsurface outflow equal to 607 ac-ft/yr.

Groundwater Levels

Groundwater levels near the PHR storage site show significant variability. Available water
level data are provided on Figures 32 through 33 (ENGEO, 2005). Near the onset of summer,
water levels decline steeply, by about 13 feet. The seasonal fluctuation near the site is
assumed to occur each year.

Model Results

Potential impacts of the proposed storage ponds at PHR were evaluated using a numerical
groundwater model. A complete description of model assumptions, development, and
calibration is provided in Attachment 3. The purpose of this modeling study is to estimate
the effects of the proposed PHR storage ponds. Specifically, the model forecasts (1) the
seepage rate from the proposed ponds and associated change in groundwater levels, and
(2) the direction and rate of groundwater movement from the pond.

Groundwater model results indicate that seepage from the proposed lower pond would be
about 14 gpm, and seepage from the proposed upper pond would be about 17 gpm

(Table 3). Resulting groundwater level contour maps are provided on Figure 34. The
maximum predicted rise in groundwater levels from background conditions (i.e., no pond)
is forecasted to be about 15 feet (Figure 35). Because seasonal depth to water is as low as

2 feet, groundwater levels would likely exceed the elevation of the proposed pond bottom.
An alternate liner system, such as a double liner with a seepage collection system, would
have effectively zero seepage and result in no rise in groundwater levels from background
conditions.
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Flowlines originating at the PHR storage ponds are provided on Figure 36. The model
predicts that if water were to seep from the potential ponds, flow would be toward
downgradient municipal wells, through pond embankments as seepage, directly to the
surface, or be consumed by plant evapotranspiration. The potential for seepage through the
embankments is consistent with the fact that the proposed pond would be entirely above
grade, the alluvium transmissivity is relatively low (reducing the rate at which infiltrating
water can be transmitted away from the ponds), and observed water levels rise close to land
surface during the rainy season.

Because the Rohnert Park municipal wells are not within the model domain, specific travel
times could not be calculated. However, an average groundwater velocity was calculated
from the ponds to the western model boundary. This value was then used to calculate travel
time to the municipal wells given their known distance from the ponds. Approximate travel
times from the proposed ponds to downgradient wells would be about 200 years to Rohnert
Park and 160 years to Sonoma State University. An alternate liner system, such as a double
liner with a seepage collection system (effectively zero seepage into the groundwater
system), would eliminate potential impacts from seeping water traveling toward creeks and
wells.
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ATTACHMENT 1

Water Quality Evaluation

The proposed ponds evaluated in this TM would be filled with recycled water from the
City’s Laguna Plant. Water quality evaluations of recycled water have recently been
undertaken by the IRWP Discharge Compliance Project (Merritt Smith, 2007). Those results
indicate that one constituent in the City’s recycled water, nitrate, exceeds the drinking water
MCL, and two constituents exceed the California Department of Health Services (DHS)
notification level: NDMA and NDPA. This attachment describes potential reduction of
nitrate, NDMA, and NDPA concentrations in the proposed storage ponds, their fate in
groundwater, and regulations related to drinking water wells potentially pumping water
originating from seepage from the proposed ponds.

Pond Water Quality

The City has several existing storage ponds, from which water is conveyed for reuse and
seasonally discharged to surface water bodies. The discharge season is generally from
November through May. To comply with discharge permitting, samples are collected
during the discharge season only, and are collected as weekly “grab” samples from the
discharge pipes. The discharge pipes withdraw water from about 1 foot above the pond
bottoms. Nitrate data collected during this sampling, as well as plant effluent data, were
used to assess potential adverse impacts to groundwater quality by seepage of water from
the proposed storage ponds. The nitrate MCL standard of 10 mg/L (as N) was used as the
benchmark for this evaluation.

Nitrate concentrations of the treatment plant effluent and five discharge locations are
provided on Figure 1-1 (the figures appear at the end of this attachment) and in Table 1-1.
The existing storage pond at the Brown Farm site (Brown Pond) is most similar in size to the
proposed storage ponds evaluated in this TM. The proposed ponds would be filled with
water of the same quality as the existing ponds, and because of the similar size of the
proposed storage ponds to the existing Brown Pond, nitrate concentrations in the Brown
Pond would be representative of nitrate concentrations in the proposed ponds.

Recycled water, which is used to fill the existing and proposed storage ponds, had an
average nitrate concentration of about 11 mg/L (as N) from 2005 through 2006. Water in
Brown Pond was observed to have a time-weighted average nitrate concentration of

5.6 mg/L (as N) during the discharge seasons from 2000 through 2002. Other ponds also
have nitrate concentrations lower than those of the recycled water. The observed decline in
nitrate concentration in the ponds is assumed to be the result of denitrification and algal
uptake. Using the average nitrate concentration of 5.6 mg/L in the Brown Pond during the
discharge season as an average annual nitrate concentration in the proposed ponds indicates
that any seepage from the proposed ponds would not exceed the MCL of 10 mg/L (as N).
To confirm the assumption that nitrate concentrations in the pond are below the MCL, grab
samples would need to be collected from Brown Pond throughout the dry season. Grab
samples would need to be obtained from both the bottom and the surface of the pond to
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ATTACHMENT 1 IRWP SEASONAL STORAGE PROJECT
GROUNDWATER EVALUATION

evaluate possible vertical stratification of nitrate in the pond. To avoid potential influence of
recent recycled water added to the pond, all grab samples would need to be collected from a
location removed from the pond influent location.

TABLE 1-1
Time-Weighted Average Nitrate Concentrations (in mg/L as N)
IRWP Seasonal Storage Project — Groundwater Evaluation

D-Pond Delta 48 in.
Laguna Joint Brown Pond Incline D-Pond 36 in. Discharge
Discharge Season Wetlands (#016) (#003) (#06A) (#06B) (#12B)
2000 5.5 6.1 2.6 5.0
2001 10.2 5.0 8.9 6.4 3.9
2002 9.3 5.5 8.4 10.1 5.7
2003 9.7 9.7 46
2004 8.8 8.9
2005 8.5
2006 3.8 7.6 7.5 8.8
Average 8.7 5.1 8.3 7.7 5.6

Average excl. 2006 5.6

Maximum concentrations of NDMA and NDPA in the recycled water have been recorded at
0.012 and 0.013 pg/L respectively, exceeding the DHS notification level of 0.01 pg/L for
both NDMA and NDPA. Existing ponds have been sampled twice for both NDMA and
NDPA, and both concentrations were found to be below the reporting limit of 0.002 pg/L.
Concentrations of NDMA and NDPA are expected to be below the notification limit in
ponds due to degradation, but the number of samples to date is small.

Groundwater Quality

Available data for recent nitrate concentrations in groundwater near the proposed Alpha,
Brown, and Kelly ponds are provided on Figure 1-2, and help establish the baseline water
quality at these sites. Nitrate data were not available near the PHR site, and NDMA and
NDPA data were not available for any of the sites. Background nitrate concentrations in
groundwater near the proposed AF and BF ponds are generally less than about 5 milligrams
per liter (mg/L) (as N). Nitrate concentrations in groundwater near the proposed KF ponds
vary between zero and about 30 mg/L (as N), which is above the maximum contaminant
limit (MCL) standard of 10 mg/L. The high background nitrate concentrations may be due
to cattle or manure application to fields. These localized areas of high nitrate concentrations
may depend on a natural flushing effect of clean groundwater to dilute the nitrate source
that is impacting the well’s water. If water seeping from the ponds (nitrate assumed to be
5.6 mg/L) replaces the natural recharge from precipitation (nitrate assumed to be 0 mg/L)
over the pond footprint, then it is possible that the dilution effect could be lessened,
resulting in higher nitrate concentrations at some wells.
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ATTACHMENT 1 IRWP SEASONAL STORAGE PROJECT
GROUNDWATER EVALUATION

Groundwater modeling results discussed in this TM suggest that if water were to seep from
the AF, BF, and KF ponds, it would flow towards SCWA municipal wells in the area. The
model indicates that about three percent of the water pumped from the wells would have
originated from seepage from the ponds. Using this percentage, and assuming conservative
transport of constituents (i.e., not degradation in the groundwater) and no nitrate, NDMA,
or NDPA currently in water pumped from SCWA wells, predictions can be made of
concentrations in the wells if water seeping from the ponds were to reach the wells. Nitrate
concentration would increase to 0.17 mg/L, and NDMA and NDPA would increase to
0.0004 ng/L; these concentrations are well below the MCL of 10 mg/L and notification limit
of 0.01 png/L, respectively. If some treatment of NDMA and NDPA takes place in the ponds,
as the limited data suggest, the concentration at the wells would be less than 0.0004 pg/L.

Regulatory Requirements

A recent letter written by the DHS (July 16, 2007) regarding the Discharge Compliance
Project indicates that it is acceptable for a well to draw a fractional amount of groundwater
that is from a stream containing treated and disinfected wastewater discharges under
certain conditions, and the protection provided by the standard provisions of the Clean
Water Act and Safe Drinking Water Act assures a safe drinking water under these
conditions. However, the DHS recommends that not more than five percent of the drinking
water from a well be derived from wastewater sources. Groundwater modeling performed
as part of this TM shows about three percent of drinking water from the local municipal
wells would be derived from seepage from any of the ponds studied, which is within the
DHS recommendations. Because domestic wells near AF, BF, and KF are shallow and water
seeping from the proposed ponds would flow vertically downward, it is unlikely that any
domestic wells would be influenced by seepage from these ponds.

References

DHS. 2007. Comments on Discharge Compliance Project. Letter to City of Santa Rosa
Utilities Department. July 16.

Merritt Smith Consulting, 2007. Untitled. Publication pending.
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ATTACHMENT 2

Hydrogeologic Setting, Alpha, Brown, and
Kelly Farms

Alpha, Brown, Kelly Farms Sites

The Alpha, Brown, and Kelly Farm sites (AF, BF, and KF, respectively) are located close to
one another and are considered to be in the same hydrogeologic setting. The following
sections describe the aquifer properties, groundwater budget, and groundwater levels in the
area.

Aquifer Properties

Both existing and new data were used to characterize the aquifer properties. Existing data
included a California Department of Water Resources (DWR) report (Herbst et al., 1982) and
SCWA water quality reports in addition to well logs from wells in the DWR database. To
augment existing data near the three sites, 33 geotechnical borings were made and 20 wells
were installed near the existing ponds (Figure 2-1; all figures are located at the end of the
attachment). These new wells and borings were installed because shallow groundwater data
were sparse, there were no data near the BF site, and aquifer tests of the shallow aquifers
were needed. Well screen depths were placed in two zones, a “shallow” zone located at
approximately 20 feet below ground surface (bgs) and a “lower” zone between 50 and

60 feet bgs. The zonation of screen depths provides information on vertical hydraulic
gradients and the hydraulic connection between the shallow and lower zones.

Heterogeneous alluvium and floodplain deposits comprise the surface soils near AF, BF,
and KF. Near-surface soils are typically fine-grained with thin sand and gravel lenses that
are assumed to be discontinuous. Figure 2-2 is a geologic map of the study area. East of the
Laguna de Santa Rosa, the soils comprise unconsolidated alluvial deposits, whereas much of
the area west of the Laguna de Santa Rosa comprises the Wilson Grove Formation, formerly
the Merced. The Wilson Grove Formation crops out at the surface west of the Laguna de
Santa Rosa and dips beneath alluvial deposits toward the east (Herbst et al., 1982). The
Wilson Grove Formation is the principal water-bearing unit in Sonoma County

(Herbst et al., 1982). The alluvial deposits east of the Laguna de Santa Rosa are up to 400 feet
thick, increasing in thickness toward the south as the Wilson Grove thins. Figure 2-3 shows
the locations of smaller-scale cross sections near the potential storage sites. The cross
sections show clay to be the dominant soil type (Figures 2-4 through 2-9). They also
illustrate the highly discontinuous nature of sediments in the area. As a result, correlating
individual units in cross section is not possible. In the cross sections, Layers 1 and 2
represent the shallow and lower zones, respectively.

Aquifer test data were available for three wells near the Alpha, Brown, and Kelly Farms
(Figure 2-10). All three wells tested are municipal wells operated by Sonoma County Water
Agency (SCWA), and are screened in the Wilson Grove Formation. To evaluate shallow
aquifer properties, three 8-hour pumping tests were performed in January and February
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ATTACHMENT 2 IRWP SEASONAL STORAGE PROJECT
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2007 at new wells installed at the AF, BF, and KEF sites. Aquifer test data are summarized in
Table 2-1. More detailed information for the three shallow pumping tests can be found in
Attachment 4. Transmissivity estimates were also made from specific capacity as recorded
in drillers’ logs obtained from DWR (Figure 2-11).

TABLE 2-1
Summary of Aquifer Test Data
IRWP Seasonal Storage Project — Groundwater Evaluation

Screening Interval Transmissivity
Location? (feet) Aquifer (f¥Iday)
KF 55-65 Alluvium 500
BF 50-60 Alluvium 50
AF 45-55 Alluvium 80
Occidental Rd. 410-805 Wilson Grove 3,315-3,740
Sebastopol Rd. 425-1,045 Wilson Grove 3,340
Todd Rd. 650-800 Wilson Grove 1,350-2,030

aVertical datum is NGVD 29.

Groundwater Budget

Two sources of water flow into the area of AF, BF, and KF: upgradient groundwater inflow,
and infiltration of precipitation. Upgradient inflow is simulated in the groundwater model
using constant-head boundaries. Subsurface inflow from the eastern boundary equals

1,783 ac-ft/yr, whereas subsurface inflow from the western boundary is 1,530 ac-ft/yr.
Infiltration of precipitation is assumed to be 4 inches per year, or a total of about 4,900 ac-
ft/yr. The primary discharge of groundwater in the area is to wells. Pumping rates for
municipal supply wells were ascertained from SCWA Water Quality reports and pumping
records from the City of Sebastopol, and total about 7,200 ac-ft/yr in 2005. A survey of
drillers” logs from DWR was used to identify domestic and irrigation wells in the area.
There are a total of 115 domestic wells. Assuming four people per well and 125 gpd/person,
total domestic pumping is about 60 ac-ft/yr. Because the domestic pumping is less than one
percent of total municipal pumping, it was not included in the model. The well survey also
identified irrigation wells on three different properties, all screened in deeper zones (greater
than 400" bgs). However, nearly all of the acreage identified as “irrigated” in DWR land use
maps within one mile of the proposed ponds is supplied with recycled water for irrigation.
Irrigation pumping was not included in the model, because it is assumed that the total rate
of irrigation pumping is small relative to that of the municipal pumping.

Groundwater Levels

Regional groundwater flow is in a westerly direction across the Santa Rosa Plain

(Herbst et al., 1982). Available data indicate depth to water in shallow wells ranges from
several feet to 40 feet bgs, and the average basin-wide hydraulic gradient is approxi-

mately 0.003 ft/ft. Hydrographs of local wells are presented in Figures 2 to 4 of the technical
memorandum, and show seasonal fluctuations in the groundwater levels. Table 2-2 shows
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GROUNDWATER EVALUATION

the seasonal high and low groundwater elevations at each site. Seasonal fluctuation is
greatest at AF, although the dataset for BF is limited.

TABLE 2-2
Seasonal Low and High Groundwater Elevations at Kelly Farm, Brown Farm and Alpha Farm
IRWP Seasonal Storage Project — Groundwater Evaluation

Seasonal Low Seasonal High
Groundwater Elevation Groundwater Elevation
Site (feet)® (feet)®
KF 74 80
BF 79° 79°
AF 71 79

aVertical datum is NGVD 29.
®Seasonal data unavailable: no well data prior to January, 2007.

Although lateral flow across the Santa Rosa Plain is generally westward, significant vertical
gradients exist near AF, BF, and KF. Thus, a groundwater contour map is not presented
because the flowfield in the AF, BF, and KF region is predominantly vertical in the shallow
soils (< 70 feet bgs). Figures 2-12 through 2-14 show the groundwater elevations at the
recently installed wells recorded on January 19, 2007 at AF, BF, and KF, respectively.
Observed vertical gradients are about 0.1 foot/foot at AF, 0.6 foot/foot at BF, and

1.0 foot/foot at KF.

References

Herbst, Charlene M., Doris M. Jacinto, R. A. McGuire. 1982. Evaluation of Groundwater
Resources, Sonoma County, Volume 2: Santa Rosa Plain. California Department of Water
Resources, Bulletin 118-4.
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ATTACHMENT 3

Groundwater Modeling

Alpha, Brown, and Kelly Farms Sites

A numerical groundwater flow model was developed for the Alpha Farm (AF), Brown Farm
(BK), and Kelly Farm (KF) region using the three-dimensional finite element model
MicroFEM (Hemker and de Boer, 2006).

Numerical Model Development

The numerical model simulates long-term average, steady-state conditions. Pumping rates
for the municipal supply wells in the model were held at a constant rate. For each municipal
well in the model, the pumping rate is equal to the total volume pumped from that well in
2005 distributed over 1 year.

Figure 3-1 (figures appear at the end of this attachment) shows the model grid and grid
spacing. The finest spatial discretization occurs near the proposed ponds where nodal
spacing is 30 feet.

The model consists of six layers. East of the Laguna de Santa Rosa, Layers 1 and 2 represent
the shallow and lower zones, respectively, in which the newly installed wells at the AF, BF,
and KF sites are screened and have a total thickness of 65 feet. Layer 3 represents the lower
alluvium. Thickness of Layer 3 varies depending on the depth to the top of the Wilson
Grove Formation. The elevation of the top of the Wilson Grove Formation is taken from
cross sections found in a California Department of Water Resources report (Herbst et al.,
1982). Layers 4 through 6 represent the Wilson Grove Formation and are each 250 feet thick.
For most of the model area west of the Laguna de Santa Rosa, the entire model thickness is
the Wilson Grove Formation. Figure 3-2 shows the boundary conditions used in the model.
The Laguna de Santa Rosa and other major creeks are explicitly defined in the model. Other
creeks within the modeled area are implicitly included by including the surface topography
in the model, thereby allowing water to discharge in the appropriate location. The hydraulic
conductivity of the simulated proposed pond bottoms equal 107 centimeters per second
(cm/sec), with a thickness of 1.25 feet. Only the existing large storage ponds at AF, KF, and
BF were included in the model. Other smaller storage ponds exist in the area, but were not
included because it was assumed that they did not contribute a significant amount of water
to the regional groundwater budget.

Model Calibration

The primary calibration targets at the AF, BF, and KF sites are observed water levels from
January and February 2007. Calibration targets also include the vertical gradient between
the shallow and lower zones observed at the newly installed wells at each farm site. Vertical
gradients are significant at BF and KF and represent the predominant control on
groundwater flow in the shallow soil near these sites.
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To replicate the observed vertical gradients, the primary parameter adjusted during calibra-
tion was the vertical hydraulic conductivity (Ky). Values of Ky, used in the calibrated model
are similar to the values calculated from analysis of the onsite aquifer tests (Attachment 3).
The distribution of Ky, for Layer 1 is shown on Figure 3-3.

The transmissivity distribution in the model is largely based on analyses of aquifer tests. In
the eastern portion of the model, Layer 1 has a homogeneous transmissivity (T) distribution
of 30 ft2/day. A value of T typical of the fine-grained soils observed in this layer was used
because of a lack of data in this shallow zone. Transmissivity distribution in Layer 2 is
shown on Figure 3-4. Regions were marked out around each pond site and ascribed the

T values from the corresponding aquifer tests. The T for the outer reaches of the model in
Layers 2 and 3, which represents the lower alluvium, is assigned the geometric mean of the
three aquifer tests. The T for the Wilson Grove Formation (Layers 4 through 6 in the eastern
portion of the model and Layers 1 through 6 for the western nodes) is 2,400 ft2/day. This
value falls within the range of calculated values from aquifer tests of that formation.
Figures 3-5 through 3-7 show the observed versus simulated heads at each pond site. The
model reasonably approximates the strong observed vertical gradients at the three farm
sites. Figure 3-8 shows the spatial distribution of residuals.

Petaluma Hill Road Site

The three-dimensional finite element model MicroFEM (Hemker and de Boer, 2006) was
used to simulate groundwater flow near the Petaluma Hill Road (PHR) storage site. The
following section describes development and calibration of the numerical model.

Numerical Model Development

The numerical model simulates long-term average, steady-state conditions. Figure 3-9
shows the model grid and grid spacing. The finest spatial discretization occurs near the
proposed ponds where nodal spacing is 10 feet. The model consists of one layer of 20-foot
thickness. The variable thickness of the alluvium is implicitly accounted for in the

T distribution (Figure 3-10). Figure 3-11 shows the boundary conditions used in the model.
Lack of sufficient data precluded the inclusion of supply wells in Rohnert Park. Instead, the
wells were implicitly accounted for by placing a constant head at the western boundary of
the model domain. The value of the constant head was assumed to be 140 feet, and is
consistent with approximate groundwater level contour maps from Todd Engineers (2004)
and Luhdorff and Scalmanini (2005).

Model Calibration

The primary calibration targets for the PHR model were observed water levels at five moni-
toring wells at the proposed lower pond site (Figure 3-12). Calibration was also performed
to ensure that water levels were bgs, except where known streams exist, or where
evapotranspiration by plants may be occurring.

Parameters adjusted during calibration included transmissivity and recharge from precipi-
tation. The transmissivity of the shallow alluvium was kept constant because data exists
from an aquifer test that was conducted in that material (ENGEO, 2005). The transmissivity
of the deeper alluvium and the location at which it increases toward the west were altered
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during calibration. Recharge to the Sonoma Volcanics region was adjusted to 2 inches/year
to maintain groundwater levels below the ground surface.

Figure 3-12 shows the observed and simulated heads at the calibration targets. The observed
gradient is replicated reasonably well.
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Brown Pond Aquifer Test
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Drawdown, Kelly Pumping Test
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Kelly Pond Aquifer Test
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Storm Water System Model Study — Phase IV

PREPARED FOR: Darrin Jenkins, City of Rohnert Park
Richard Pedroncelli, City of Rohnert Park
Carl Eric Leivo, City of Rohnert Park
Phil Wadsworth, SCWA
Damien O’Bid, SCWA

PREPARED BY:  Paul McEntyre, Winzler & Kelly

REVIEWED BY: Richard J orgénsen, Winzler & Kelly

DATE: November 7, 2006, RevMay 29, 200¢
JOB #: 03-205608-32505

CITY TASK #: 2005-13

INTRODUCTION

Winzler & Kelly (W&K) has completed the work relating to the alternatives modeling creek and-
storm water system improvements, Phase IV for the City of Rohnert Park based on the locations
identified in Storm Drain System Model Study, Phase II (dated December 30, 2005) and Creek
System Model Study, Phase III (dated December 30, 2005) for the City of Rohnert Park.
Information presented in this technical memorandum summarizes the development of alternatives
based on computer models of five creeks as well as storm drains with diameters of 36-inches and
greater within the City’s sphere of influence.

Pipe and creek nodes are labeled based on which watershed the pipe system discharge. There are
nine watersheds (not all of which have pipe networks associated with them):

Laguna De Santa Rosa (LSR)
Copeland Creek (C)
Hinebaugh Creek (H)

Crane Creek (R)

Five Creek (F)

Cook Creek (COOK)

Coleman Creek (COL)

Wilfred Channel (W)
Bellevue/Wilfred Channel (BW)

StormCAD models were developed for the Phase II hydraulic study based on the Phase I hydrology
results using the 10-year design storm at key nodes within the city. Each ofthe pipe network models
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were used to identify areas of flooding that result from the 10-year design storm event.

Five creeks were modeled in HEC-RAS for hydraulic analysis in Phase III: Copeland, Hinebaugh,
Five, Crane, and Cook Creeks. Hydraulic models were developed for each of these creek models for
the 10 and 100-year storm events. The resulting 10-year water surface was used in analyzing the
pipe system networks. Areas of flooding identified in Phase II and III are addressed in Phase IV with
projects to reduce the flooding threat.

HYDROLOGY DESIGN CRITERIA

Design storm flows for this hydraulic study were generated during Phase I of this project and
reported in the final draft of Technical Memorandum #2, dated September 10", 2004 in accordance
with criteria developed by the Sonoma County Water Agency (SCWA) in the F Zood Control Deszgn
Criteria.

Detention Basin Analysis

The alternatives analysis includes construction of detention basins in the upper watersheds to reduce
flooding in the downstream channel reaches. A rough approximation of needed storage was made
without actually knowing exact locations or available sites for these detention basins. Haestad’s
Quick TR-55 was used, utilizing the rational method for developing hydrographs. This program
develops the estimated flow for the watershed in question using the time of concentration calculated.
An assigned maximum outlet flow is selected and the model calculates the maximum storagée and
storm duration that will result. An assumption was made that the flow retained by the proposed
detention basin can be subtracted from the estimated peak flows at downstream nodes which is an
approximation. This analysis only results in estimated acre-feet of storage and does not give a
resultant pond size (in area) or size the necessary outlet structure. Some assumptions were made in
estimating pond size in order to prepare concept level cost estimates but these are only rough
approximations and a more detailed analysis will be required during the pre-design stage.

HYDRAULIC DESIGN CRITERIA

As requested by the City of Rohnert Park, the design criteria used for this study adheres to those
published in Chapter 4 of the SCWA Flood Control Design Criteria and is as follows:

Flood flows to be used for design of Waterways channels and closed condults shall have minimum
average recurrence intervals as follows:

=  Major Waterways with watersheds greater than four ‘square mlles shall be designed to
accommodate the 100-year design storm.
= Secondary Waterways with watersheds greater than one square mile but less than four
- squate miles shall be designed to accommodate the 25-year design storm.
»  Minor Waterways with watersheds less than one square mile shall be designed to
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accommodate the 10-year design storm.

» Secondary or minor waterways outletting into major or secondary downstream
waterways shall be designed to operate against a 25 or 10 year flow respectively in the
major or secondary downstream waterway, provided that the ground elevation along the
secondary or minor system shall be above the 100 year water surface elevation in the
major or secondary downstream waterway.

» If a secondary or minor waterway is placed in a closed conduit, sufficient additional
surface routes for flood flows shall be made available to carry the added flow increment
up to the 100 year design discharge with no more than nuisance damage to improvements
or projected improvements and with no inundation of present or future buildings. If such
surface routes cannot be made available, the secondary or minor waterway shall be
designed to carry the 100 year discharge.

» Design depth of flow in gutters shall not exceed 0.4 foot for the 10 year flow.

All of the pipe networks within the project reach fall under the minor waterway category and are
analyzed for a 10 year discharge. The main channel of major creeks through Rohnert Park and their
culverts were analyzed for the 100-year design storm where upstream watersheds exceeded 4 square
miles and the 25-year design storm upstream of this location to the project limits.

HYDRAULIC ANALYSIS METHODS

The computer software StormCAD version 5.5 by Haestad Methods was used for the hydraulic-
alternatives analysis of the pipe networks (See Appendix C for StormCAD alternative models,
Appendix D for TR-55 detention basin calculations and refer to Storm Drain System Model Study,
Phase II for StormCAD Methodology).

The computer software HEC-RAS version 3.1.1 was used for the hydraulic alternatives analysis of
the major creeks within the City’s sphere of influence (See Appendix E for Phase IV HEC-RAS
results and refer to the Creek System Model Study, Phase III for HEC-RAS Methodology).

DATA SOURCES

The data used to develop input parameters for model deVelopment'were obtained from the sources
described below.

Node Identification

Nodes represent points along a waterway where hydrologic analysis occurs. For the pipe networks,
nodes were located primarily at change of pipe sizes. The locations of nodes were identified from
street and storm drain mapping provided by the City of Rohnert Park. Nodes were numbered based

- onthe watershed tributary to them. For example, Drainage Node 1.0 is in Watershed 1 and Drainage
Node 9.6.3 is in Watershed 9.
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Pipe Network Size, Material, Rim and Invert Elevations.

Information necessary for proper modeling of the pipe networks 1nclude pipe size, mater1a1 and
junction rim and invert elevations. This information was, for the most part, obtained by reviewing
as-built drawings from the City files. In some cases this information was not available and gps
surveys were used to obtain the necessary data.

Vertical Datum

All surveying efforts were completed using the Natlonal Geodetlc Vertical Datum of 1929 (NGVD
1929). During the modehng effort, elevation dlsorepanoles were found to exist between benchmarks
located throughout the City. This dlscrepancy was discovered when reviewing plans for the Rohnert
Park Foothills Subdivision No. 1 (located in the “G” section). The benchmark used for elevations of
this subdivision differed from plans for the Cook Creek Conduit by 0.57 feet.

In order to evaluate the extent of this difference, level loops were run from a known accurate
benchmark to benchmarks used for Cook Creek Conduit and the Rohnert Park Foothills Subdivision.

, Results of this analysis were compared to benchmark elevations used for the construction of
randomly chosen subdivisions in each section of the City. This analysis indicated that benchmark
elevations at various locations throughout the City varied from each other by a dlfference of
approximately 0.5 tol.5 feet.

As the impacts of this elevation discrepancy could result in inaccurate results from the model,
dlscussmns with W&K staffand the Clty Engineer were conducted and resulted i in the adJustrnent of
Cross seotron elevations as follows: .

= W&K Cross Sections. Each point of each cross section obtained through W&K snrveys was
‘lowered by 1.51 feet to reflect the discrepancy found between the elevations of the known
, benchmark and the benchmark used by W&K. ;

»  M&S Sections. Each point of each cross section obtained ;chrough M&S surveys was
lowered by 1.26 feet to reflect the discrepancy found between the elevations:of the known
benchmark and the benchmark used by M&S. N

Prior to any actual design of improvements, it is critical that the datum issue be revisited and
accurate elevations be obtained for the project reach.

Flow Rates

The design flow rates were determined in the Phase I hydrology technical memorandum for the 10
and 100-year design storm for existing and future conditions. The Phase II Storm Drain System
Model Study (StormCAD) included results based on the 10 year event and Phase I1I Creek System
Model Study (HEC-RAS) included results for both the 10-year and 100-year events. Flow data in
the HEC-RAS models assumes all flows at a node enter just downstream of the adjacent upstream
node resulting in a conservative approach.
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Boundary Conditions

For storm drains discharging into the major creeks, a 10-year HGL was calculated using HEC-RAS
and the resulting beginning water surface was used as the pipe discharge elevation boundary
condition in Phase II StormCAD models. For Phase IV, the creek improvement alternatives were

first modeled to create an improved 10-year starting water surface which was used in StormCAD
pipe alternative models.

RESULTS

Improvement alternatives modeled in HEC-RAS for Hinebaugh and Copeland creeks resulted in
lower starting water surfaces which eliminated some of the flooding previously identified in Phase II
models. Storm drain systems that remain undersized and flood after creek improvement alternatives
are implemented are included in Phase IV proposed improvements StormCAD models. Aerial
photos enhanced with CAD drawings of existing and proposed improvement projects for each creek
and storm drain alternative are presented in Appendix A. Preliminary construction cost estimates of
each project alternative are available in appendix B.

Cost Estimates
Concept level cost estimates have been developed for the various alternative projects using Means.
These cost estimates can be used for comparing alternatives. Care should be taken in using these as

true estimates of overall costs as not all issues are known at this concept level such as potential
utility conflicts. :

PROJECT DESCRIPTIONS

Construction of proposed detention basins will greatly reduce the flooding threat on Copeland
and Hinebaugh Creeks. The cost and environmental issues associated with channel improvement
options such as widening within existing easements far outweigh the benefits received from such
widening. Thus, the detention basin options are the most viable solution to reduction of creek
flooding.

The recommended storm drainage improvements listed below are necessary even if the creeks
are operating effectively with no flooding as the pipe capacities are inadequate for design flows.

Proposed Projects

1) Copeland Creek Culvert and Channel Improvements Projects

Three existing culverts, two bridges and one channel section were identified for
improvement or replacement when modeled under the 100-year storm. Two 15° x 11°
reinforced concrete box culverts cross under U.S.-101 and Redwood Drive and are
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recommended to be supplemented with two additional 15 x 11° box culverts (Refer to
Figure 1 in Appendix A for project and Appendix E for HEC-RAS creek modeling
calculatlons) Tt is recommended that the two 28.5° x 10° culverts crossing under
Cominerce Blvd be supplemented with one additional 28. 5 x10° box culvert. Completion
of the Commerce Blvd. culvert upgrade will require channel improvements and
replacement of the nearby foot path bridge. Four 14’ x 5’ box culverts cross under Country
Club Drive and are recommended to be supplemented with two additional 12” x 6’ box
culverts. The railroad bridge and 28 concrete channel just downstream are recommended
to be replaced with a new widened concrete channel and longer railroad bridge span . The
estimated cost of the culvert / channel improvements is $3,220,000. These projects are :
based on full 100-year flow in the channel. Although these improvements help flooding at
the structures themselves, flooding still occurs within the channel due to insufficient
channel capae_lty An attempt was made to widen channel Sections within the allowable’
right-of —Way but there was a minimal 1mpact‘ to the water surface even with substantial
modifications to the channels. This was not deemed a cost effective solution for reducmg
the flooding within the channel.

2) Detention Pond — Copeland Creek Improvement Project

As an option to channel and culvert improvements, detention was looked at m the upper s
watérshed. The peak 100-year flow at Petaluma Hill Road is estimated at 1958 cfs. _
‘Downstream flow in the channel was reduced until flooding was minimized. A detentlon ’
pond allowing 1,139 cfs of outflow and requiring 64.4 ac-ft of storage reduced the
majority of downstream flooding. The culvert crossing at US 101 will surcharge to near the
top and Commerce Boulevard culvert appears to just slightly overtop at these flows. This
detention option provides marginal flood protection and a model was developed that
resulted in approximately 92 acre-feet of storage resulting in a dowristream release of 850
cfs. A similar detention structure could result in downstream releases of approximately 450
cfs during a 10-year storm event. This scenario was.used to run the 10-year HEC-RAS
model in developing a beginning HGL for the Pipe network StormCAD analysis. A basin
meeting the above criteria would likely require up to 10 acres of land. (Refer to Figure 2 in
Appendix A and Appendix D for detention pond calculations). Although the detention
basin is indicated just east of Petaluma Hill Road, no site has been selected and the
detention site could be located on any identified site adjacent to the creek east of Snyder
Lane. The estimated cost of detention basin option A is $2,285,000.

3) Detention Pond — Hinebaugh Creek Improvement Project o

Flooding on lower Hihebaﬁgh Creek results, toa larg‘"el extenf; from 'BéckWater effects from
the Laguna. The channel HGL is essentially flat upstream to Us 101.
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As an option to channel improvements, detention was looked at in the upper watershed.
Hinebaugh Creek above the confluence with Five Creek/Crane Creek is a relatively small
watershed with a peak 100-year flow at Petaluma Hill Road of 376 cfs. Both Crane Creek
and Five Creek have much larger watersheds with a peak 100-year flow at Petaluma Hill
Road of 1163 cfs on Crane Creek and 1013 cfs on Five Creek. Thus it makes more sense to
develop storage on Crane or Five Creek for maximum impact. Reducing flows downstream
by approximately 700 cfs would greatly reduce the flooding threat. Preliminary sizing of
detention facilities on both Crane Creek and Five Creek to accomplish this resulted in
storing 57 acre-feet on Crane Creek vs. storing 42 acre-feet on Five Creek. The alternative
analyzed was a 6.5 acre detention basin on Five Creek. (. (Refer to Figure 3 in Appendix
A and Appendix D for detention pond calculations)) to create 41.7 ac-it of storage and
reduces flooding on Hinebaugh Creek downstream of the confluence with Five Creek.
Although the detention basins are indicated just east of Petaluma Hill Road, no site has
been selected and the detention sites could be located on any identified site adjacent to the

- creeks east of Snyder Lane The estimated cost of the project is $2,549,000. Options could
include lesser storage on both watersheds and even some storage on the Hinebaugh
watershed where potential storage may be available.

4) Storm Drain Replacement - East Cotati Avenue / Railroad Project

. The existing dual 54-inch storm drain that outlets into a ditch 700 feet north of the crossing
of the SPRR and East Cotati Avenue is undersized along 1395-feet of its length showing
flooding during the 10-year design storm. (Refer to Figure 4 in Appendix A). The
proposed Cotati Avenue / Railroad Project consist of installing a new 42-inch reinforced
concrete storm drain parallel to the existing dual 54-inch line. The estimated construction
cost of the project is $908,000.

5) Storm Drain Replacement - East Cotati Avenue / Camino Colegio Project

The existing 36-inch storm drain along East Cotati Avenue is significantly undersized
along 657-feet of its length showing flooding during the 10-year design storm. (Refer to
Figure 5 in Appendix A) The proposed East Cotati Avenue/Camino Colegio Project
consists of installing a new 36-inch reinforced concrete storm drain parallel to the existing
undersized 36-inch pipe. The estimated construction cost of the project is $379,000.

6) Storm Drain Replacement — Country Club Drive Project

The existing 36-inch storm along Country Club Drive north of Copeland Creek is
undersized along 1510 feet of its length showing flooding during the 10-year design storm.
(Refer to Figure 6 in Appendix A). The proposed Country Club Drive Project consists of
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installing 600 feet of 36-inch and 910 feet of 42-inch reinforced concrete storm drain
“parallel to the existing undersized 36-inch System. The estimated construction cost of the
project is $886,000.

7) Pump Station Improvements — Hinebaugh Creek Pump Station Project

The existing storm drains along Martin Avenue on the north side of Hinebagh Creek just
upstream of the confluence with Labath Creek are undersized and are impacted by
backwater from the Laguna. This area is currently being studied independently of this
Planning Document with a more detailed hydrology and hydraulic analysis of the separate
storm drain systems. This project is therefore being deleted from consideration in this
current document.

8) Storm Drain Replacement — Santa Cruz Way Project

The existing 42-inch storm drain along Santa Cruz Way near Country Club Drive is
undersized along 1390-feet of its length showing shallow flooding during the 10-year
design storm. (Refer to Figure 7 in Appendix A). The proposed Santa Cruz Way Project
consists of the demolition of 500 feet of 42-inch reinforced concrete pipe and the
installation of a new 38 x 60-inch elliptical reinforced concrete pipe. The estimated.
construction cost of the project is $412,000. I

9) Storm Drain Replacement — Southwest Drive Project

The e‘)iist'ihg 36, 42 and 48-inch storm drain beginning 700 feet east of U.S.-101 and
running approximately 4,800 feet east along Southwest Drive is undersized, showing
significant flooding during the 10-year design storm. (Refer to Figure 8 in Appendix A).
The proposed Southwest Drive Project consists of the installation of 3,745 feet of 54-inch,
385 feet of 43 x 68-inch and 670 feet of 38 x 60-inch elliptical reinforced concrete pipe

parallel to the existing storm drain. The estimated construction cost of the project is
$3,867,000.

10) Storm Drain Replacement — Estrella Drive Project

The existing 36-inch storm drain along Estrella Drive is undersized along 762-feet of its
length with the HGL right at street grade during a 10-year storm. (Refer to Figure 9 in
appendix A). The proposed Estrella Drive Project consists of the installation of 742 feet of
new 24-inch reinforced concrete pipe parallel to the existing 36-inch system. The estimated
construction cost of the project is $241,000.
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11) Storm Drain Replacement — Myrtle Avenue Project

The watershed for this project site was revised based on conversations with the City and
Agency. The flows were reduced from values indicated in the Phase 1 Hydrology Study.
Refer to Figure 10 in Appendix A for the revised flows. '

The existing dual 48 and 60-inch storm drain near Myrtle Drive and Liman Way is
undersized along 1684-feet of its length showing significant flooding during the 10-year
design storm. The original proposed Myrtle Avenue project consists of the installation of
1,604 feet of 60-inch and 80 feet 48 —inch reinforced concrete pipe discharging into a ditch

400 feet east of Laguna de Santa Rosa. The estimated construction cost of the project is
$1,530,000.

However, discussions with City and Agency staff indicated that much of the existing storm
drain is within a narrow right-of-way and it would be difficult to construct a parallel system
adjacent to it. An option would be to construct a new pipe line on Landcaster Drive from
Myrtle Avenue to North Lamont and then north on Lamont. (Refer to Figure 10 in
Appendix A). This option would still require obtaining an easement through one property
to tie from the end of North Lamont to the railroad culvert crossing. Hydraulic analysis
indicates the existing storm drain system can handle approximately 60% of the 10-year
design flow. The proposed new system would therefore need to divert 40% of the flow to
Landcaster. This system would require approximately 1800 feet of 54-inch and 750-feet of
48-inch storm drain. It would discharge at the same location as the existing 60-inch storm
drain. The estimated construction cost of this option is $2,153,000.

12) Storm Drain Replacement — Flores Avenue Project

The existing 48 and 38 x 60-inch storm near Flores Avenue north of Fairway Drive is
undersized along 1,262-feet of its length showing shallow flooding during the 10-year
design storm. (Refer to Figure 10 in Appendix A). The proposed Flores Avenue project
consists of the installation of 70 feet of 38 x 60-inch elliptical and 1,192 feet of 48-inch
reinforced concrete pipe parallel to the existing undersized system. The estimated
construction cost of the project is $888,000.

‘Other Recommendations

Adopting stricter design standards would help in reducing flooding in future developments. An
example would be to change the freeboard requirements for closed conduits that currently allow -
surcharging to within one foot of grade to no surcharging of the pipe for the design storm (with
the exception of unavoidable backwater effects). This would allow greater storm drainage
capacity to accommodate storms in excess of the design storm. Another option would be to
require building pads to be 2 feet above the 100-year hydraulic grade line as opposed to 1 foot.
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For development next to creeks and open channels requiring wider setbacks would allow for a
wider floodplain. :

The City could consider working with landowners to fence and plant stream barnks to reduce
erosion. It is likely that funding opportunities exist to limit the fiscal impacts to property owners.

SUMMARY

The Phase II and Phase III hydraulic models of the storm drain pipe and creek networks w1th1n the
City of Rohnert Park were developed to identify undersized channel capacity and pipe network
segments under design flow conditions. The storm drain pipe and creek hydraulic models that
identified flooding are used to develop proposed project alternative models. Pipe segments with
HGL’s below junction rim elevations at design flows are considered adequately sized. Creek
segments and culverts having capacity in excess of the design flows are considered adequately sized.
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11/2/2006

TABLE

CONSTRUCTION COST ESTIMATE

Budget Estimate Sheet

Title: Copeland Creek Proposed Improvements Project Prepared By: Winzler & Kelly
CAD: Figure 1 Date of Estimate:| 11/2/2006
Node: C-1 Design Status:  |Concept Design
Location: From confluance with LSR to Petaluma Hill Road
Project: Copeland Creek Culvert and Channel Improvements Project

ITEM QUANTITY UNIT UNIT COST TOTAL COST
Replace (E) Steel Foot Path Bridge just west of Commerce Blvd Culvert 1 EA - $. 40,000{$ 40,000
Demolish and replace concrete channel between Seed Farm Drive and RR Bridge 1 EA $ 109,560 | $ .109,560
Install (2) 15' x 11' RCB to existing dual 15" x 11' Redwood Drive / US-101 Culvert 161 LF $ 4,500 | § 724,500
Install one additional barrel to make (3) 28.5' x 10' RCB Commerce Blvd Culvert . 55 LF $ 3,500 1 $ 192,500
Demolish and replace RR Bridge 1 EA $ 250,000 | $ 250,000
Install (2)-12' x 6' to (4) 14' x 5' RCB Country Club Drive Culvert 61 LF $ 3,5001 $ 213,500
Traffic Control . : 1 LS $ 50,000 | $ 50,000
Dewatering - 1 LS $ 60,0001 $ 60,000
Subtotal 3 1,640,060
General Conditions 30 % $ 492,018
Sales Tax 4 % $ 65,602
General Contractors Overhead & Profit 8 % '3 131,205
Legal, Administration, Engineering & CM 35 % $ 574,021
Bond 1.5 % $ 24,601
Total Base Bid $ 2,927,507
Contingency: | . 10 % $ 292,751
Total with Contingency ] $ 3,220,258

1:24 PM

J:\03\205608\Phase [Vicosts\construction costs.xls




11/2/2006

- TABLE
. CONSTRUCTION COST ESTIMATE
l | ‘ | | 1
Budget Estimate Sheet :

Title: Copeland Creek Proposed Improvement Projects Prepared By: Winzler & Kelly

CAD:  |Figure 2 - Date of Estimate:| 11/2/2006

Node: C-19 Design Status; - {Concept Design

Location: [East of Petaluma Hill Road ' '

Project: |Copeland Creek Detention Basin Project

ITEM QUANTITY UNIT UNIT COST TOTAL COST

Clear and Grub ' 10 AC $ 1,000.00 | $ 10,000

Excavation 50100 CY $ 8.001 % 400,800

Levee Construction 9250 CY $ 20004 $ 185,000
|Crack Stopper Material 1050 CYy $ 80.00( $ 84,000

Class 2 Aggregate Base 1560} - CY $ 50.00 ) $ 78,000

Fencing 2800 LF $ - 20001 % 56,000

Rock Slope Protection 2900 Tons - $ 100.00 | $ 290,000
[Outlet Structure 1 LS $ 50,00000]% 50,000

Seeding | 10 AC $ 1,000.00 | $ 10,000

Land aquisition for detention basin 0 AC $ - $ -

Traffic Control 0 LS $ - $ -

Subtotal $ 1,163,800

General Conditions 30 % 3 349,140

Sales Tax| 4 % $ 46,552,

General Contractors Overhead & Profit 8 % 3 93,104

Legal, Administration, Engineering & CM 35 % $ 407,330

Bond | 1.5 % $ 17,457

Total Base Bid : $ 2,077,383

Contingency 10 % 5 207,738

Total with Contingency $ 2,285,121

1:24 PM

J:\03\205608\Phase IV\costs\construction costs.xls
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TABLE

CONSTRUCTION COST ESTIMATE

, Budget Estimate Sheet
Title: Hinebaugh Creek Proposed Improvement Project Prepared By: Winzler & Kelly
CAD: Figure 3 Date of Estimate:| 11/2/2006
Node: F-5 Design Status: |Concept Design
Location: |East of Petaluma Hill Road :
Project: [Hinebaugh Creek / Five Creek Detention Basin Project
ITEM - QUANTITY UNIT UNIT COST | TOTAL COST
Clear and Grub . 6.5 AC $ 1,000.00 | $ 6,500
Excavation 57350 CY 3 - 80018% -~ 458,800
Levee Construction 16550 CY $ 20.00 | $ 331,000
Crack Stopper Material 1360 CY $ 80.00 ] $ 108,800
Class 2 Aggregate Base 1360 CcY $ 50.00 | $ 68,000
Fencing 2440 LF $ 20.00 | $ 48,800
Rock Slope Protection 2200 TonS $ 100.00 | $ 220,000
Outlet Structure .1 LS $ 50,000.00 § $ 50,000
Seeding | 6.5 AC $ 1,000.00 | $ 6,500
Land aquisition for detention basin 0 AC $ - 19 -
Traffic Control 0 LS $ - $ -
Subtotal $ 1,298,400
.|General Conditions 30 % $ 389,520
Sales Tax| 4 % $ 51,936
General Contractors Overhead & Profit 8 % $ 103,872
Legal, Administration, Engineering & CM 35 % $ 454,440
Bond | 1.5 % $ 19,476
Total Base Bid $ 2,317,644
Contingency 10 % $ 231,764
Total with Contingency $ 2,549,408

1:24 PM

J:\03\205608\Phase IVicosts\construction costs.xls




11/2/2006

|

|

TABLE

CONSTRUCTION COST ESTIMATE

|

Budget Estimate Sheet :

Title: Copeland Creek Proposed Storm Drainage Projects Prepared By: Winzler & Kelly
CAD: |Figure 4 Date of Estimate:{11/2/2006
Node: C-94 Design Status:  |Concept Design
Location: |East Cotati" Avenue near NWPRR
Project: |East Cotati Avenue / Railroad Project

ITEM . . QUANTITY UNIT UNIT COST TOTAL COST
Install 42" RCP bypass parallel to (E) dual 54"RCP 1395 LF ’ 27701 $ 386,866
Install Manhole 3 EA - 8,202 % 24,606
Install Cross Connected Inlet (triple 54") 1 _ EA 24,606 | $ 24,606
Install Catch Basin 1 EA 82021 $ 8,202
Outlet Structure, triple 54" equiv. 1 EA. 15,000 | $ 15,000
Traffic Control ' 1 LS 3,0001 9% 3,000
Subtotal $ 462,280
General Conditions 30 % $ 138,684
Sales Tax 4 % $ 18,491
General Contractors Overhead & Profit 8 % $ 36,982
Legal, Administration, Engineering & CM 35 % $ 161,798
Bond 1.5 % $ 6,934
Total Base Bid , $ 825,169
Contingency 10 % $ 82,517
Total with Contingency $ 907,686

1:37 PM

J:\03\205608\Phase [V\costs\construction costé.xls
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TABLE
, CONSTRUC]%ON'COST_ESTTMATE'
Budget Estimate Sheet

Title: Copeland Creek Proposed Storm Drainage Project Prepared By: Winzler & Kelly
CAD: Figure 5 ' Date of Estimate:|11/2/2006
Node: C-9 4B Design Status:  |Concept Design
Location: |East Cotati Avenue west of Camino Colligo '
Project: |Cotati Avenue / Camino Colegio Project

ITEM K QUANTITY UNIT UNIT COST | TOTAL COST
Install 36" RCP 657 LF $ 2451 % 160,854
Install Catch Basin 2 EA $ 6,067 | $ 12,134
Outlet Structure 1 EA 15 3,887 $ 3,887
Install Manhole 2 EA $ 6,067 | $ 12,134
Traffic Control 1 LS $ 4,000 % 4,000
Subtotal 3 193,009
General Conditions 30 % 3 57,903
Sales Tax | 4 % $ 7,720
General Contractors Overhead & Profit 8 %] $ 15,441
Legal, Administration, Engineering & CM 35 % $ 67,553
Bond - 1.5 % $ 2,895
Total Base Bid | $ 344,522
Contingency 10 % $ 34,452
Total with Contingency $ 378,974

11/2/2006

1:46 PM

J:\03\205608\Phase IV\costs\construction costs.xls



11/2/2006

l 2l

TABLE
, CONSTRUC?ION COST ESTIIIVIATE
Budget Estimate Sheet

Title: Copeland Creek Proposed Storm Drainage Project Prepared By: - . [Winzler & Kelly"
CAD:  |Figure 6 ’ / Date of Estimate:|11/2/2006
Node: C-9A Design Status:  |Concept Design
Location: |Country Club Drive north of Copeland Creek
Project: |Country Club Drive Project

ITEM QUANTITY UNIT UNIT €COST | TOTAL COST
Install 36" RCP 600 LF $ 2451 § 146,899
Install 42" RCP 910 LF $ 27718 252,364
Install Catch Basin 1 EA $ 6,067 % 6,067
Outlet Structure -1 EA $ 53651 % 5,365
Install Manhole 6 EA $ 6,067 | $ .36,402
Traffic Control 1 LS $ 4,000 1 $ 4,000
Subtotal $ 451,097
General Conditions 30 % 3 135,329
Sales Tax | - 4 % $ 18,044
General Contractors Overhead & Profit 8 % 5 36,088
Legal, Administration, Engineering & CM 35 % $ 157,884
Bond | 1.5 % $ 6,766
Total Base Bid $ 805,208
Contingency 10 % $ 80,521
Total with Contingency $ 885,729

1:49 PM

J:\03\205608\Phase IV\costs\construction costs.xls



11/2/2006

TABLE

CONSTRUCTION COST ESTIMATE

I | ! |
Budget Estimate Sheet

Title: Hinebaugh Creek Proposed Storm Drainage Project’ Prepared By: Winzler & Kelly
CAD: |Figure7 Date of Estimate:|11/2/2006
Node: [H-19 Design Status:  |Concept Design
Location: |Santa Cruz Way near Country Club
Project: |Santa Cruz Way Project

ITEM . QUANTITY UNIT UNIT COST .| TOTAL COST
Demolish (E) 42" RCP 500 LF $ 1618 8,000
Install 38" x 60" Eil RCP 500 LF 15 362 | $ 180,860
Install Catch Basin 1 EA $ 6,067 { $ 6,067
Install Manhole 2 EA $ 6,067 | § 12,134
Traffic Control 1 LS $ 3,00019% 3,000
Subtotal $ 210,061
General Conditions 30 % -$ 63,018
Sales Tax| - 4 % $ - 8,402
General Contractors Overhead & Profit 8 % $ 16,805
Legal, Administration, Engineering & CM 35 - % $ 73,521
Bond | - 1.5 % $ 3,151
Total Base Bid : $ 374,959
Contingency - 10 % $ 37,496
Total with Contingency 5 412,455

1:55 PM

J:\03\205608\Phase [Vicosts\construction costs.xls




| I ]
TABLE
L CONSTRUCFION COST ES'I’“IMATE . ,
Budget Estimate Sheet
Title: Laguna de Santa Rosa Proposed Storm Drainage Project Prepared By: Winzler & Kelly
CAD: Figure 8 Date of Estimate:|11/2/2006
Node: LSR-4 Design Status:  |Concept Design
Location: {Southwest Drive
Project: |{Southwest Drive Project (paraliel)

ITEM , - QUANTITY UNIT UNIT COST | TOTAL COST
Install 54" RCP - 3745 LF § 39318 1,472,072
Install 43" x 68" Ell. RCP 385 LE $ 3991 % 153,549
Install 38" x 60" Ell RCP 670 LF $ 36213 242,353
Install Manhole ' 10 ‘EA $ 6,067 | $ 60,670
Outlet Structure 1 EA $ 74711 % 7,471
Install Catch Basin 3 EA $ 6,067 | $ 18,201
Traffic Control 1 LS $ 15,000 | $ 15,000
Subtotal $ 1,969,315
General Conditions 30 % $ 590,795
Sales Tax | 4 % $ 78,773
General Contractors Overhead & Profit 8 % $ 157,545
Legal, Administration, Engineering & CM 35 % $ 689,260
Bond | 1.5 % $ 29,540
Total Base Bid $ 3,515,228
Contingency 10 % $ 351,523
Total with Contingency 3 3,866,751

11/2/2006

1:58 PM
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| | i | |
: : ' TABLE :
CONSTRUCTION COST ESTIMATE -
| l l L | |
' Budget Estimate Sheet -

Title: Laguna de Santa Rosa Proposed Storm Drainage Project ' " |Prepared By: Winzler & Kelly
CAD: Figure 9 - ‘ _ |Date of Estimate: |11/2/2006
Node:  [LSR-2A Design Status:  |Concept Design
Location: |Estrella Drive '
Project: |Estrella Drive Project

ITEM | . _ . QUANTITY UNIT UNIT COST | TOTAL COST
Install 24" RCP ‘ N 762 LF $ 14218 = 108,526
Install Manhole 1 EA $ 6,067 | $ : 6,067
Install Catch Basin 1 EA $ 6,067 | $ 6,067
Traffic Control 1 LS $ 2,0004 $ 2,000
Subtotal $ 122,660
General Conditions . , 30 % $ 36,798
Sales Tax| 4 % $ 4,906
General Contractors Overhead & Profit , . 8 % $ 9,813
Legal, Administration, Engineering & CM 35 % $ 42,931
Bond | ' - - 1.5 % $ 1,840
Total Base Bid ' $ 218,948
Contingency 10 % $- 21,895
Total with Contingency ' $ 240,843

11/2/2006 ) 1:57 PM J:\03\205608\Phase IV\costs\construction costs.xls
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_ TABLE
CONSTRUCTION COST ESTIMATE :
[ ' | | [ |
. Budget Estimate Sheet

Title: Laguna de Santa Rosa Proposed Storm Drainage Project ' Prepared By: Winzler & Kelly
CAD: Figure 10 : Date of Estimate:|11/2/2006
Node: ©~ |LSR-9 Design Status:  |Concept Design
Location: |East of Myrtle Ave and Liman Way :
Project: |Myrtle Avenue Project

ITEM QUANTITY UNIT UNIT COST | TOTAL COST
Install 54-inch RCB : 1810 LF 39318 711,330
Install 48-inch RCB _ 750 LF 3201 $ 239,693
Install Manhole : 7 EA 8,200 F % 57,400
Outlet Structire 1 EA : 15,0001 $ - 15,000
Install Catch Basin ' 16 EA 3,0001 % 48,000
Traffic Control _ 1 LS 25,000 | $ 25,000
Subtotal $ 1,096,423
General Conditions , 30 % $ 328,927
Sales Tax | - 4 % $ 43,857
General Contractors Overhead & Profit 8 % $ 87,714
Legal, Administration, Engineering & CM 35 % $ 383,748
Bond | 1.5 % $ 16,446
Total Base Bid ' : $ 1,957,115
Contingency 10 % $ - 195,711
Total with Contingency ' $ 2,152,826

11/2/2006 ’ 1.59 PM J:\03\205608\Phése IV\costs\construction costs.xls
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TABLE
| CONSTRUCTIONI COST ESTIMAITE | |
Budget Estimate Sheet

Title: Bellevue-Wilfred Channel Proposed Storm Drainage Project] Prepared By: Winzler & Kelly
CAD: Figure 11 ‘ Date of Estimate:|11/2/2006
Node: |BW-2 Design Status:  |Concept Design
Location: |Flores Avenue north of Fairway Drive : ‘ '
Project: |Flores Avenue Project

ITEM ‘ QUANTITY | UNIT UNIT COST | TOTAL COST
Install 38" x 60" Ell RCP . 70 LF $ 36218 25320
Install 48" RCP : 1192 LF $ 320 | § 380,952
Install Manhole . 4 EA $ 6,067 | § 24,268
Outlet Structure 1.  EA $ 747118 7,471
Install Catch Basin . 2 EA’ $ 6,067 | $ 12,134
Traffic Control 1 LS $ 2,000 $ 2,000
Subtotal $ 452,145
General Conditions ' ' 30 % $ 135,644
Sales Tax| 4 % $ 18,086
General Contractors Overhead & Profit ' 8 % $ 36,172
Legal, Administration, Engineering & CM ' V 35 % $ 158,251
Bond | - 1.5 % $ 6,782
Total Base Bid $ 807,080
Contingency _ 10 % $ 80,708
Total with Contingency ' $ 887,788

11/2/2006 ) 2:00 PM J:\03\205608\Phase IVicosts\construction costs.xls
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Scenario: 10 year

Node Report

Label |Known| Ground | Rim [HydrauligHydraulic

Flow [Elevation|Elevation|] Grade | Grade

(cfs) (ft) (ft) Line In [Line Out

. (ft) (ft)

C-9.10| 39.00| 123.00| 123.00f 118.67] 118.44
C-9.6.9 39.00| 121.19| 121.19| 116.97| 116.52
J-19 110.33| 110.33( 109.74| 109.39
J-18 111.67| 111.67| 110.66] 110.32
J-17 112.27| 112.27| 111.56] 111.21
C-9.5 |212.00| 114.08| 114.08| 112.69] 112.34
J-15 123.00| 123.00| 118.37} 118.13
J-14 124,50| 124.50| 117.88] 117.62
J-13 122.50] 122.50| 117.25| 117.01
J-12 122.40| 122.40| 116.68| 116.45
J-11 120.00| 120.00| 115.87| 115.64
C-9.9 | 40.00| 119.55| 119.55| 114.61| 114.47
J-10 119.83| 119.83| 114.39] 114.26
C-9.8 | 43.00( 119.00| 119.00{ 113.83} 113.77
J-9 117.00 117.00| 113.66f 113.60
J-8 . 117.70} 117.70( 113.51] 113.45
J-7 118.32{ 118.32| 113.37{ 113.31
J-6 117.70( 117.70] 113.20] 113.15
J-5 118.50| 118.50{ 113.08| 113.03
C-9.6.1 41.00] 119.08] 119.08] 113.63| 113.58
J-3 120.80| 120.80| 113.64| 113.53
C-9.6 | 79.00| 118.85} 118.85| 113.54] 113.35
C-9.7 | 43.00| 118.50| 118.50| 113.01| 112.96
C-9.3 110.00( 110.00] 106.52| 106.52
C-9.6.2] 39.00( 120.96| 120.96| 115.68| 115.29
C-9.4 {229.00( 110.00( 110.00| 109.25} 108.84
J-20 120.00| 120.00|  115.19} 115.00°

Title: Phese IV Rohnert Park SDMP East Cotati Avenue / Railroad Project Project Engineer: User
j:\...\copelandic-94 bo10 imps.stm Winzler & Kelly StormCAD v5.5 [5.5003]

04/07/06 08:52:37 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Scenario: 10 year

Pipe Report
UpstreamPownstrean]Section| Total [Lengthf Full |[UpstreamDownstrean) Upstream | Downstream | Upstream | Upstream Structure Downstrearm Downstream StructurejAverage Full
Node Node Size |System| (ft) |Capacity| Invert Invert Cover Cover Ground Hydraulic Grade Ground Hydraulic Grade |Velocity| Area
Flow (cfs) |Elevationj Elevation (ft) (ft) Elevation (ft) Elevation (ft) (ft's) | (ft*)
(cfs) _ (ft) (ft) fty : (ft)
C-9.6.2 |J-3 42 inch| 39.00( 63.00| 160.83| 113.35 111.74 4.1 5.56 120.96 115.29 120.80 113.64] 13.78| 9.6
J-3 C-9.6.1 54 inch| 39.00( 73.00} 378.87} 110.74 108.03 5.56 6.55 120.80( - A 113.53 119.08 . 113.63| 15.36{15.9
C-9.6.1 |C-9.6 54 inch| 41.00| 83.00( 30.52| 108.03 108.01 6.55 6.34 119.08 113.58 118.85 113.54 2.58| 15.9
1 C-9.6 C-9.7 54 inch} 79.00[207.00| 33.48} 108.01 107.95 6.34 6.05 118.85 113.35 118.50 113.01 4971159
J-5 C-9.7 54 inch| 43.00( 26.00( 54.54| 107.97 107.95 6.03 6.05 118.50 113.03 118.50 113.01 2.70| 15.9
J-6 J-5 54 inchf 43.00{135.00f 29.31| 108.00 107.97 5.20 6.03 117.70| ° 113.15 118.50 113.08 270 15.9
J-7 J-6 54 inchf 43.00{227.00| 34.53| 108.07 108.00 5.75 : 5.20 118.32 113.31 117.70 113.20 270} 15.9
J-8 J-7 54 inch|- 43.00{174.00| 36.51} 108.13 108.07 - 5.07 5.75 117.70 - 113.45 118.32 " 113.37 2.70|15.9
J-9 J-8 |54 inch] 43.00 190.00| 40.35| 108.21 108.13 4.29| 5.07 117.00 113.60 117.70 113.51 2.7015.9
C-9.8 J-9 54 inch| 43.00|236.00f 36.20| 108.29 108.21 6.21 4.29 119.00 113.77 117.00 113.66 270|159
J-10 C-9.8 42 inch| 40.00]274.00{ 20.16( 108.40 108.29 7.93 7.21 119.83 114.26 119.00 113.83 4.16]- 9.6
C-9.9 J-10 42 inchf 40.00) 50.00| 145.09] 109.44 108.40 6.61 7.93 119.55 114.47 119.83 114.39} 4.16] 9.6
J-20 C-9.9 27 inch| 39.00({100.00f 18.58| 109.53 109.44 8.22| 7.86 120.00 115.00 119.55 114.61 4.90( 4.0
J-11 J-20 36 inch| 39.00{130.00( 15.48} 109.60 109.53 7.40 7.47 120.00 - 115.64 120.00 116.19 5.52| 7.1
J-12 J-11 36 inch| 39.00(168.00{ 15.44| 109.69 109.60 9.71 7.40 122.40 116.45 120.00 115.87 5.52) 7.1
J-13 J-12 36 inch| 39.00| 96.00{ 15.22| 109.74 109.69 9.76 9.71 122.50 117.01 122.40 116.68 5.52) 71
J-14 J-13 36 inch| 39.00[123.00| 36.58] 114.93] . 114.56 6.57 . 4,94 124.50 117.62 122.50 117.25 5.82| 7.1
J-15 J-14 36 inchf 39.00| 79.00 36.76) 115.17 114.93 4.83 6.57 123.00 118.13 124.50 117.88 5.86( 7.1
C-9.7 C-9.5 54 inch| 43.00(560.00| 119.84| 107.95 105.87 6.05 3.71 118.50 112.96 114.08 112.69 2.70(15.9
C-9.5 J-17 54 inch|212.00)270.00| 239.34] 105.87 104.87 3.71 2.90 114.08 112.34 112.27 111.56 6.66| 15.9
J-17 J-18 54 inch|212.00(190.00( 238.71| 104.87 10417 2.90 - 3.00 112.27 111.21 111.67 110.66 6.66} 15.9
J-18 J-19 54 inch|212.00[200.00| 239.22]| 104.17 103.43 3.00 2.40 111.67 110.32 110.33 109.74 6.66| 15.9
J-19 C-94 54 inch{212.00| 50.00f 242.43| 103.43 103.24 2.40 2.26{ 110.33 ) 109.39 110.00 109.25)  6.66] 15.9
C-9.4 C-9.3 54 inch|229.00(685.00] 184.65| 103.24 101.73 2.26] . 3.77 110.00 108.84 110.00 106.52 7.20]|15.9
C-9.6.3 |C-9.6.2 36 inch| 39.00(215.00| 48.14| 114.47 113.35| 3.72 4.61 121.19 116.52 120.96 115.68 7.58) 71
C-9.10 }J-15 36 inch| 39.00| 20.00| 36.53| 115.23 115.17 4.77 4.83 123.00 118.44|.  123.00 ’ 118.37 5.82| 71
Title: Phese IV Rohnert Park SDMP East Cotati Avenue / Railroad Project Project Engineer: User
j:\...\copeland\c-94 bo10 imps.stm Winzler & Kelly StormCAD v5.5 [5.5003]
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Scenario: 10 year bypass
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Scenario: 10 year bypass

Profile: bypass

Scenario: 10 year bypass
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Scenario: 10 year bypass
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Scenario: 10 year bypass

irre e PR, P . .

Node Report
Label|Known: Ground | Rim |HydrauligHydraulic
Flow [Elevation|Elevation|] Grade | Grade B
(cfs) (ft) (ft) Line In |Line Out
(0 (ft)
J-19 110.33[ 110.33] 109.22| 108.97
J-18 111.67| 111.67| 110.08| 109.82
J-17 112.27( 112.27] 110.90| 110.64
C-9.5 55.00| 114.08| 114.08| 111.96{ 111.71
C-9.3 110.00{ 110.00| 106.52| 106.52
C-9.4| 55.00( 110.00| 110.00| 108.82| 108.57
Title: Phase IV Rohnert Park SDMP East Cotati Avenue / Railroad Project : v Project Engineer: User
j:\...\copeland\c-94 bypass bo10 imps.stm Winzler & Kelly StormCAD v5.5 [5.5003]
Page 1 of 1
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Scenario: 10 year bypass

Pipe Report

Upstreambownstrea Section| Total |Length| Full |[UpstreamPownstrean] Upstream | Downstream | Upstream | Upstream Structure DownstreamDownstream Structure|Average| Full

Node Node Size [System] (ft) |Capacity] Invert Invert Cover Cover Ground -| Hydraulic Grade Ground Hydraulic Grade |Velocity|Area

Flow (cfs) |Elevation| Elevation (ft) (ft) Elevation (ft) Elevation (ft) (ftrs) | (ft3)

(cfs) (ft) -(ft) . (ft) : (ft)

C-9.5 " [|J17 42 inch| §5.00|270.00( 61.23] 105.87 104.87 4.71 3.90 114.08 _ 111.71 112.271 . 110.90 572} 9.6

J-17 J-18 42 inch{ 55.00{190.00{ 61.06{ 104.87 104.17 3.80 4.00 112.27 110.64 111.67 110.08 5.72| 9.6

J-18 J-19 42 inch! 55.00(200.00] 61.20| 104.17 103.43 4.00 3.40 111.67 109.82 110.33 - 109.22 572 9.6

J-19 c-94 42 inch| 55.00f 50.00] - 62.02 103.43 103.24 3.40 3.26 110.33 . 108.97 110.00 108.V82 5.721 9.6

C-9.4 C-9.3 42 inch| 55.001685.00| 47.23[ 103.24 101.73 3.26 4.77 110.00 : 108.57 110.00 106.52 5.72| 9.6
Title: Phase IV Rohnert Park SDMP East Cotati Avenue / Railroad Project. : o ) . Project Engineer: User
j:\..\copeland\c-94 bypass bo10 imps.stm Winzler & Kelly StormCAD v5.5 [5,5003]
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Scenario: 10 year
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Title: Phase lVQohnert Park SDMP East Cotati Avenue Project . - Project Engineer: User
j:\...\copeland\c-9_4b bo10 imps2.stm Winzler & Kelly . StormCAD v5.5 [5.5003]
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Scenario: 10 year

Pipe Report
Upstream Downstream |Section] Total |[Length| Full [UpstreamDownstrean Upstream | Downstream Upstréam Upstream Structure PownstreamDownstream StructurejAverage} Full
Node Node Size |System| (ft) |Capacity| Invert Invert Cover Cover Ground Hydraulic Grade Ground Hydraulic Grade | Velocity|Area
Flow 1 (cfs) |Elevation| Elevation . (ft) (ft) Elevation (ft)y Elevation (ft) (ft/s) | (ft»
(cfs) () (ft) _ (ft) (ft) i .
C-9.5.5 J-1 36 inchi 80.00|141.00| 64.04) 143.00 141.70 4.00 3.64 150.00 148.55 148.34 146.52| 11.32| 7.1
J-1 J-15 "| 36 inch| 80.00268.00] 76.87| 141.70 138.14 3.64 3.16 148.34 145.52 144.30 141.67{ 1132 71
J-15 C-9.5.4 42 inch] 80.00{276.00; 107.31] 138.14 135.00 2.66 1.50 144.30 140.93 140.00 137.89| 12.23} 9.6
C-9.54 J-3 48 inch{105.00360.00| 171.96] 134.00 128.84 2.00 4,96 140.00 137.10 137.80 132.73| 14.36{12.6
J-3 J-4 48 inch{105.00(284.00| 136.37( 128.84 126.28 4.96 - 4,52 137.80 131.94 134.80 130.17] 11.97|12.6
J-4 J-6 48 inch|105.00{200.00| 136.26| 126.28 124.48 4.52 4.32 134.80 129.38 132.80 128.37] 11.96(12.6
J-5 J-6 48 inch|[105.00[375.00| 136.37| 124.48 121.10 4.32 4.40 132.80 127.58 129.50 124.99] 1197|126
J-6 J-7 48 inch]105.00[237.00| 127.59( 121.10 119.28 4.40 4.27 129.50 124.20 127.50 123.12| 11.34|12.6
J-7 C-9.5.3 48 inch|105.00/288.00{ 136.21} 119.23 116.64 4,27 412" 127.50 122.33 124.76 120.81| 11.96112.6
C-9.5.3 J-8 54 inch|123.00] 74.00| 164.84] 116.64 116.12 3.62 3.88 124.76 120.14 124.50 120.15] 11.36115.9
J-8 C-9.5.2+1 54 inch|123.00(334.00} 171.82{ 116.12 113.57 3.88 3.93 124.50 119.39 122.00 117.74] 11.74}1 159
C-9.5.2+1 J-9 60 inch|123.00| 45.00] 67.24| 113.04 113.01 3.96 3.49 122.00 117.38 121.50 117.27 6.26[19.6
J-9 J-10 60 inch|123.00| 80.00| 164.71| 113.01 112.69 3.49 M 121.50 116.81 121.10 116.70 9.20|19.6
J-10 J-11 60 inch|123.00160.00| 164.71] 112.69 112.05 3.41 3.45 121.10 116.14 120.50 115.93 9.20|19.6
J-11 J-12 60 inch|123.00(300.00| 164.71| 112.05 110.85 3.45 2.45 120.50 115.27 118.30 114.78 9.20|19.6
J-12 C-9.5 (no36") 160 inch{123.00680.00| 177.25( 110.85 107.70 2.45 3.70 118.30 114.16 116.40 113.20 9.75| 19.6
J-13 C-9.5 (no36") | 36 inch| 40.00[166.00] 28.82| 109.33 109.02 4.07 4.38 116.40 113.80 116.40 113.20 5.66| 7.1
J-14 J-13 36 inch| 40.00|328.00{ 20.50} 109.64 109.33 4.76 4.07 117.40 116.23 116.40 114.05 5.66| 7.1
C-9.5.A J-14 36 inch| 40.00|163.00 20.90]{ 109.80 109.64 3.60 4.76 116.40 116.06 117.40 115.48 5.66| 7.1
C-9.5 (no36") | C-9.5 60 inch|190.00{357.00| 186.46| 107.70 105.87 3.70 3.21 116.40 112.45 114.08 110.81( 10.81}19.6
J-16 C-9.5 (no36") |36 inch; 27.00]166.00( 66.09{ 109.33 107.70 4.07 5.70 116.40 113.48 116.40 113.20 3.82) 71
J-17 J-16 36 inchl 27.001328.00| 20.50] 109.64 109.33 4.76 4.07 117.40 114.13 116.40 113.59 3.82| 741
C-9.5A (new) [J-17 36 inchf 27.00|163.00f 20.90| 109.80 109.64 3.60 4.76 “116.40 114.51 117.40 114.24 3.82| 741
Title: Phase 1V Rohnert Park SDMP East Cotati Avenue Project Project Engineer: User
j:\...\copeland\c-9_4b bo10 imps2.stm Winzler & Kelly StormCAD v5.5 [5.5003]
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Label Known| Ground | Rim |HydrauligHydraulic|
Flow |Elevation|Elevation| Grade | Grade
(cfs) (ft) (ft) Line In |Line Out
‘ (ft) - (ft)
C-9.5A (new) 27.00| 116.40| 116.40| 114.62| 114.51
J-17 117.40| 117.40| 114.24| 114.13
J-16 116.40| 116.40| 113.69| 113.48
C-9.5.A 40.00| 116.40| 116.40| 116.31| 116.06
J-14 117.40| 117.40{ 115.48| 115.23
J-13 116.40| 116.40( 114.05| 113.80
C-9.5 (no36") 190.00| 116.40] 116.40| 113.20( 112.45
J-12 118.301 118.30{ 114.78] 114.16
J-11 120.50| 120.50f 115.93| 115.27
J-10 121.10| 121.10| 116.70] 116.14
J-9 121.50| 121.50| 117.27] 116.81
C-9.5.2+1 123.00| 122.00f 122.00| 117.74| 117.38
J-8 124.50} 124.50{ 120.15} 119.39
J-7 ©127.50} 127.50| 123.12]| 122.33
J-6 129.50] 129.50| 124.99| 124.20
J-5 132.80| 132.80| 128.37| 127.58
J-4 134.80| 134.80| 130.17| 129.38
J-3 137.80| 137.80( 132.73| 131.94
J-1 148.34| 148.34( 146.52| 145.52
C-9.5.5 80.00{ 150.00| 150.00| 149.54| 148.55
C-9.5.3 123.00{ 124.76] 124.76| 120.81| 120.14
C-9.5 114.08| 114.08| 110.81| 110.81
J-156 144.30| 144.30| 141.67| 140.93
C-9.54 105.00| 140.00| 140.00| 137.89{ 137.10

Title: Phase IV Rohnert Park SDMP East Cotati Avenue Project
j:\...\copeland\c-9_4b bo10 imps2.stm
05/05/06 10:58:26 AM

© Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

Scenario: 10 year

Node Report

Winzler & Kelly

Project Engineer: User
StormCAD v5.5 [5.5003]
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Scenario: 10 year
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Profile
‘Scenario: 10 year
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rrofile
Scenario: 10 year

Profile: C-9.5bo10 to C-9.5.5
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Profile
Scenario: 10 year
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_ Profile ~
Scenario: 10 year
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Scenario: 10 year
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Scenario: 10 year
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Scenario: 10 year

Profile: C-9.5 new
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Scenario: 10 year

Pipe Report

Upstream |{Downstream| Section | Total [Length| Full {UpstreamPownstreanj Upstream | Downstream| Upstream |{Upstream Structure DownstreamDownstream Structure(Average| Full
Node Node Size [System| (ft) |Capacity] Invert Invert Cover ~ Cover Ground Hydraulic Grade Ground Hydraulic Grade |Velocity|Area
Flow (cfs) |Elevation| Elevation (ft) (ft) Elevation (ft) Elevation (ft) (ft/s) | (ft%)

(cfs) | - (ft) (ft) : Y (i) .
C-9.A1 J-1 ~ |36inch 15.00{280.00{ 29.83| 102.02 101.46 0.98 1.54 106.00 105.26 106.00 105.12 2142 7.1
J-1 J-2 36 inch 15.00/320.00| 29.83| 101.46 100.82 1.54 1.18 ~ -106.00 - 105.09|" 105.00 104.93 212 741
J-2 J-3 36inch ~ | 15.00]300.00( 29.83] 100.82 100.22 1.18 2.78 105.00 104.89 106.00 104.74 212 7.1
J-3 J-4 36 inch 15.00{200.00| 29.83] 100.22 99.82 2,78 2.18 106.00 104.70 105.00 104.60 212 7.1
J-4 J-5 36 inch 16.00] 40.00] 29.83] 99.82 99.74 2.18 213 105.00 104.57 104.87 104.55 212 741
J-5 J-6 36 inch 15.00[210.00| 29.83| 99.74 99.32 2.13 3.45 104.87 104.51 105.77 104.41 2.142] 74
J-6 C-9.A 36 inch .15.00{160.00| 29.83| 99.32 99.00 3.45 5.37 105.77 104.37 107.37 104.29 212} 74
J-7 C-9.A 42 inch 22.00(160.00| 44.99 99.32 99.00 2.95 4.87( . 105.77 104.37 107.37 104.29 2.29{ 9.6
J-8 J-7 42 inch 22.00[210.00| 44.99| 99.74 99.32 1.63 2.95 104.87 104.51| - 105.77 104.41 2.29] 9.6
J-9 J-8 42 inch 22.00| 40.00| 44.99| 99.82 99.74 1.68 1.63 105.00 104.57 104.87 104.55 2.29( 9.6
J-10 J-9 42 inch 22.00|200.00| 44.99] 100.22 99.82 2.28 1.68 106.00 104.70 105.00 104.61 2.29| 9.6
J-11 J-10 42 inch 22.00|300.00). 44.99| 100.82 100.22 0.68( . 2.28 105.00 104.89 106.00 104.74 2.29| 9.6
J-12 J-11 36 inch 22.00)320.00f 29.83} 101.46 100.82 1.54 1.18 106.00 105.28 105.00 104.93 341 74
C-9A.1a [J12 36 inch -22.00)280.00 29.83| 102.02 101.46 0.98 1.54]  106.00 105.66 106.00 105.35 311 74

) ) . ) Project Engineer: User
j:\...\copeland\c-9a bo10 imps2.stm Winzler & Kelly StormCAD v5.5 [5.5003]
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Label Known{ Ground | Rim |HydrauligHydraulic

Flow |Elevation|Elevation| Grade | Grade

(cfs) (ft) () Line In |Line Out

7 (ft) (ft)

C-9.A1.a 22.00| 106.00| 106.00{ 105.73| 105.66
J-12 106.00| 106.00| 105.35f 105.28
J-11 105.00| 105.00] 104.93| 104.89
J-10 106.00| 106.00| 104.74] 104.70
J-9 105.00| 105.00{ 104.61] 104.57
J-8 104.87| 104.87| 104.55} 104.51
J-7 105.77} 105.77| 104.41| 104.37
C-9.A 107.37( 107.37 104.l29 104.29
J-6 105.77} 105.77{ 104.41| 104.37
J-5 104.87| 104.87| 104.55] 104.51
J-4 105.00| 105.00| 104.60] 104.57
J-3 106.00| 106.00( 104.74| 104.70
J-2 105.00] 105.00| 104.93| 104.89
J-1 106.00] 106.00| 105.12{ 105.09
C-9.A1 15.00] 106.00| 106.00] 105.30{ 105.26

j:\...\copeland\c-9a bo10 imps2.stm
05/09/06 04:58:16 PM
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Scenario: 10 year

Pipe Report

Upstream | Downstream| Section | Total {Length| Full [UpstreamDownstrean] Upstream | Downstream| Upstream |Upstream Structure PownstreaniDownstream StructurelAverage| Full
Node Node Size |System| (ft) [Capacity| Invert Invert Cover Cover Ground Hydraulic Grade Ground Hydraulic Grade - |Velocity|Area
Flow " (cfs) [Elevation| Elevation (ft) (ft) Elevation (ft) Elevation (ft) (firs) | (ft3)

{cfs) (ft) (ft) (ft) (ft)
J-4 H-19.1 38x60 inc| 49.00[180.00f 48.82{ 101.31 101.13 1.70] 1.68 106.20 104.03 106.00 103.86 4.21]112.9
H-19.1 J-5 48 inch 49.00[145.00f 75.44| 101.13 100.73 0.87 1.27 106.00 103.56 106.00 -103.30 5.39(12.6
J-5 H-19 48 inch 51.00( 70.00| 331.568| 100.73 97.00 1.27 4.00 106.00 102.87 105.00 100.14| 119.11{12.6
H-19.1.1 | J-5 48 inch 2.00]100.00| 64.24| 100.93 100.73]  1.07 1.27 106.00 103.30 106.00 103.30 2.3112.6
H-19.2 J-1 42 inch 49.00|220.00] 52.54| 102.90 102.30 1.10 2.10 107.50 107.27 107.90 106.75 5.09] 9.6
J-17 J-2 42 inch 49.00{210.00( 32.56| 102.30 102.08( . 2.10 1.42 107.90 106.54 107.00 106.05|- 5.09| 9.6
J-2 J-3 42 inch 49.00{110.00| 30.33{ 102.08 101.98 1.42 1.32 107.00 105.84 106.80 105.58 5.09{ 9.6
J-3 J-6 42 inch 49.001350.00| 36.87 101.98 101.51 1.32 1.39 106.80 105.38 106.40} . 104.60 5.09( 9.6
J-6 J-4 38x60 incl| 49.00(320.00f 38.60f 101.51 101.31 1.70) . 1.70| 106.40 104.48 106.20 104.17 3.80(12.9

Title: Phase IV Rohnert Park SDMP Santa Cruz Way Project : : Project Engineer: User
j:\...\hinebaugh\h-19 bo10 imps.stm Winzler & Kelly ~ StormCAD v5.5 [6.5003]
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Label Known| Ground | Rim |HydrauligHydraulic,

Flow [Elevation|Elevation| Grade | Grade
(cfs) (ft) (ft) Line [n |Line Out

(ft) (ft)

H-19.1.1 2.00{ 106.00{ 106.00| 103.30| 103.30
H-19 105.00{ 105.00( 100.14! 100.14
J-4 106.20] 106.20( 104.17| 104.03
H-19.1 49.00( 106.00{ 106.00| 103.86| 103.56
J-5 106.00| 106.00| 103.30{ 102.87
J-6 106.40| 106.40{ 104.60| 104.48
J-3 106.80| 106.80; 105.58] 105.38
J-2 107.00| 107.00( 106.05f{ 105.84
J-1 107.90| 107.90f 106.75| 106.54
H-19.2 49.00{ 107.50( 107.50] 107.47| 107.27

Title: Phase |V Rohnert Park SDMP Santa Cruz Way Project
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05/05/06 11:32:07 AM
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Scenario: 10-year buildout

N

05/08/06 03:26:04 PM

® Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Pipe Report
Upstream [Downstream| Section | Total |Length} Full UpstreamDownstrean U'pstream Downstream| Upstream |Upstream Structure DownstreamDownstream Structure|Average| Full
Node Node Size [System| (ft) [Capacity| Invert Invert Cover Cover Ground Hydraulic Grade Ground Hydraulic Grade |Velocity|Area
Flow (cfs) [Elevation| Elevation (ft) (ft) Elevation (ft) Elevation (#t) (ft/s) | (ft
(cfs) (ft) () . (ft) (ft)
J-4 J-5 48 inch 41.001340.00| 24.63 92.20 92.10 3.29 3.10 99.49 97.45 99.20 97.18 3.26{12.6
J-5 LSR-4 48 inch 41.00(360.00| 23.94] 92.10 92.00 3.10 3.00 99.20 97.09 99.00 96.80 3.26|12.6
J-21 LSR-4 54 inch 59.00(360.00| 46.35 92.20 92.00 2.50 2.50 '99.20 97.12 99.00 96.80 3.71]15.9
J-20 J-21 54 inch 59.00/340.00 0.00| 92.20 92.20 2,79 2.50 99.49 97.54 99.20 97.23 3.71|15.9
J-19 J-20 54 inch 59.00(400.00] 56.48 92.53 92.20 2.42 2.79 99.45 98.00 99.49 97.64 3.71] 15.9
J-18 J-19 54 inch 59.00|400.00f 56.48 92.86 92.53 2.05 2.42 99.41 98.47] . 99.45 98.11 3.71]15.9
J-17 J-18 54 inch 59.00430.00] 569.22 93.25 92.86 3.14 2.05 100.89 98.86 99.41 98.47 3.71]15.9
LSR-4.1a |J-17 54 inch 59.00(430.00| 98.55 94.33 93.25 3.54 3.14 102.37 99.35 100.89 98.97 3.71] 15.9
J-16 LSR-4.1a " {54 inch 59.001310.00 0.00 94.33 94.33 3.36 3.54 102.19 99.74 102.37 99.46 3.71115.9
J-156 J-16 54 inch 59.00(310.00] 92.77 95.02 94.33 2.48 3.36 102.00 100.12 102.19 99.85 3.71|15.9
J-14 J-15 54 inch 59.00{385.00( 92.94 95.88 95.02 1.62 2.48 102.00 100.47 102.00 100.12 3.71] 15.9
J-13 J-14 54 inch 59.00/380.00 0.00 95.88 95.88 1.62 1.62 102.00 100.92 102.00 100.58 3.71|15.9
LSR-4.2a |J-13 43x68 inch| 59.00(385.00( 121.61 97.10 95.88 1.28 2.50 102.00 101.31]. 102.00 101.03 3.55|16.6
J-12 LSR-4.2a 38x60 inch{ 42.00(335.00| 77.77 97.95 97.10 1.04 1.71 102.18 101.66 102.00 101.41 3.26(12.9
LSR-4.3a |J-12 38x60 inch} 42.00{335.00| '49.90 98.30 97.95 0.87 1.04 102.36 101.99 102.18 101.74 3.26(12.9
J-3 J-4 48 inch 41.00)800.00} 41.26 92.86 92.20 2.55 3.29 99.41 98.19 99.49 97.54 3.26|12.6
LSR-4.1 J-3 48 inch 41.00860.00| 43.26 93.64 g2.86 4.73 2.55 102.37 08.97 99.41 98.27 3.26|12.6
1 -1 LSR-4.1 42 inch 26.00{620.00| 47.46 95.02 93.64 3.48 5.23 102.00 99.47 102.37 99.05 2.70| 96
LSR-4.2 J-1 42 inch 26.00]150.00| 42.79 97.10 95.02 1.40 3.48 102.00 100.27 102.00 99.52 4.66| 9.6
LSR-4.3 LSR-4.2 36 inch 17.00]670.00 28.23 98.30 97.10 1.06 1.90 102.36 100.72} 102.00 100.33 418 7.1
A
Title: Phase IV Rohnert Park SDMP Southwest Blvd Project Project Engineer: User
j:\...\Is\upsized models\Isr-4 10yr bo up2.stm Winzler & Kelly StormCAD v5.5 [5.5003]
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Label Known| Ground | Rim [HydrauligHydraulic
Flow [Elevation|Elevation| Grade | Grade

(cfs) (ft) () Line In jLine Out

(ft) (ft)

LSR-4.3 - 17.00{ 102.36| 102.36{ 100.78| 100.72
LSR-4.2 26.00| 102.00| 102.00( 100.33| 100.27
J-1 102.00| 102.00| 99.52] 99.47
LSR-4.1 41.00] 102.37| 102.37| 99.05| 98.97
J-3 99.41 99.41 98.27{ 98.19
LSR-4.3a 42.00( 102.36{ 102.36] 101.99| 101.99
J-12 102.18| 102.18| 101.74} 101.66
LSR-4.2a 59.00| 102.00| 102.00( 101.41] 101.31
J-13 102.00| 102.00{ 101.03| 100.92
J-14 102.00| 102.00| 100.58| 100.47
J-15 102.00| 102.00( 100.12] 100.12
J-16 102.19| 102.19( 99.85] 99.74
LSR-4.1a 59.00f 102.37| 102.37| 99.46{ 99.35
J17 100.89| 100.89( 98.97| 98.86
J-18 99.41 99.41 08.47( 98.47
J-19 09.45| 99.45| 98.11f 98.00
J-20 99.49f 99.49| 97.64| 97.54
J-21 99.20| 99.20| 97.23| 97.12
J-5 99.20f 99.20] 97.18| 97.09
J-4 99.49| 99.49| 97.54| 97.45
LSR-4 99.00| 99.00| 96.80| 96.80

Title: Phase IV Rohnert Park SDMP Southwest Blvd Project
j:\..\Isr\upsized models\isr-4 10yr bo up2.stm
05/08/06 03:26:13 PM
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Scenario: 10-year buildout
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Profile \ | ’ b -
Scenario: 10-year-buildout '

Hydrautic Grade Line In: 99.52 ft
Hydraulic Grade Line Out: 99.47 f,

Sla: 18+20 1t
Inv In: 85.02 &t
Ijv Out: 95.02 ft
Rim: 102.00 #

H1

16+00 17+00 18+00 19+00 20+00 21+00 22+00 B 23+00
Title: Phase IV Rohnert Park SDMP Southwest Bivd Project Project Engineer: User
j:\..\Isr\upsized models\Isr-4 10yr bo up2.stm Winzler & Kelly StormCAD v5.5 [5.5003]

05/08/06 03:27:04 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 1 of 1



P RIS PR PRSI [

Profile: LSR-4 bo 10
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Profile | |
‘Scenario: 10-year buildout
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Scenario: 10 year buildout

Pipe Report

Downstream

Downstream Structure|Average| Full

Upstream |Downstream| Section | Total |Length| Full ™ [UpstreamDownstreant Upstream Upstream |Upstream Structure Downstreant
Node ~Node Size  |System| (ft) |Capacity] Invert Invert Cover Cover Ground Hydraulic Grade Ground Hydraulic Grade |Velocityl Area
Flow (cfs) {Elevation| ‘Elevation (ft) (ft) Elevation (ft) Elevation (ft) (ft/s) | (ft3)
(cfs) (fy U (ft) _ (ft)
J-1 LSR-2.A 48 inch 32,00| 50.00| 307.39( 82.00 79.71 5.60 7.94 91.60 89.02 91.65 89.00 2.55| 12.6
LSR-2.1 J-2 48 inch 32.00{298.00| 81.95| 83.69 '82.72 2.51 4.18 90.20 89.42 90.90 89.27 2.55112.6
J-2 J-1 48 inch 32.00(299.00] 38.96{ 82.72 82.50 4.18 5.10 90.90 89.22 91.60 89.08 2.55{12.6
LSR-2.4 |J-3 36 inch 24.00(381.00| 38.35{ 85.71 84.45 2.49 3.25 91.20 90.55 90.70 g 90.06 3.40| 71
J-3 LSR-2.1 36 inch 24.00(381.00] 29.79| 84.45 83.69 3.25 3.51 90.70 89.97 90.20 89.47 3.40( 741
J4 . LSR-2.1 24 inch 8.001381.00| 10.10 84.45 83.69 4.25 4.51 90.70 89.95 90.20 89.47| . 2.55{ 3.1
LSR-2.4a [J-4 24 inch 8.00)381.00| 13.01 85.71 84.45 3.49 4.25 91.20 90.48 90.70 90.00 2.65| 3.1

Title: Phase IV Rohnert Park SDMP Estrella Drive Project
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Label Known| Ground | Rim [HydrauligHydraulic
Flow |Elevation|Elevation] Grade | Grade

(cfs) (ft) (ft) Line In |Line Qut

m | @

J4 90.70| 90.70| 90.00] 89.95
LSR-2.A 91.65| 91.65| 89.00] 89.00
J-1 91.60| 91.60| 89.08] 89.02
J-2 90.90| 90.90| 89.27| 89.22
LSR-2.1 32.00] 90.20| 90.20| 89.47| 89.42
J-3 90.70 90.70 90.06 89.97
LSR-2.4 24.00 91.20 91.20 90.64 90.55
LSR-2.4a 8.00 91.20 91.20 90.53 90.48

Title: Phase IV Rohnert Park SDMP Estrella Drive Project
j:\...\lsr\upsized models\sr-2_1 10 yr bo up.stm
05/08/06 02:50:38 PM
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Node Report
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Scenario: 10 year buildout
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Scenario: 10 year buildout
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Scenario: 10 year buildout
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Scenario: 10 year buildout
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Scenario: Base
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Scenario: Base

Node Report
Label | Area [Inlet| Inlet |Ext System Time - External |Upstream Timel System |System|System AdditionalddditionalKnown [Upstream] Total | Ground | Rim  |HydrauligqHydraulid Local |-Local Description
(acres)) C | CA CA CA | of Time of @f ConcentratiofFlow Timgintensity|Rational| Flow [Carryovel Flow AdditionalSystem|Elevation|Elevation] Grade | Grade [intensity|Rational
(acres)| (acres) | (acres){oncentratiofoncentratior) (min) (min} | (in‘/hr) | Flow (cfs) (cfs) (cfs) | Flow | Flow (ft) (ft)- | Line Iin |Line Out| (in/hr) | Flow
(min) {min} (cfs) ] (cfs) (cfs) X (ft) () . (cfs)
LSR-9.4 0.00/0.00] 0.00{ 0.00|" 0.00 0.00 0.00 0.00 6.00f 0.00| 0.00 0.00 0.00]118.00 0.00|118.00] 113.00} 113.00| 113.06| 112.89| 0.00} 0.00
LSR-9.1 0.00]/0.00{ 0.00 0.00} 0.00 0.00 0.00 0.28 0.28 0.00 0.00 0.00 0.00]127.00 0.00§127.00} 113.00] 113.00} 112,75} 112.43 0.001 0.00
LSR-9 0.00 4.421 0.00f 0.00 " |127.00| 110.00f 110.00] 103.29| 103.29
J-2 0.00 3.83]° .0.00 0.00 127.00} 110.87( 110.87| 109.16| 108.83
~
o
“sr-9bo’ T oalsyst T T %flow - TOWEF T T elly ‘ i -
e T — rraestad Metnoas;inc. 37 B1Gukrside Roao—vWaterbuiy, &1 u6708 UST"+1-203;7’55:1'566 T

TUHI02/06 0402 PM
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Profile: Profile - 1
Scenario: Base
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Title: LSR-9 BYPASS SYSTEM
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Scenario: Base

Pipe Report’

Labellp p Inle); C y Total |Length 18 Full r.‘,_ X I y igHy idDescription|
Node Node Inlet Rational inlet System CA | ilyjSystem| (ft) Slope Size n Capaclty|{- Invert Invert { Ground [ Ground | Gover Cover Grade | Grade
Area | Coefficient CA {acres) (inthr) | Flow {f/R) {cfs) |Elevation{ El Elevation| Elevat (ft) {fty Line In |Line Out
(acres) (acres) {cfs) (ft) ) {ft) {fty (ft) {f)

P4 |H 0-1 N/A NIA N/A 0.00 0.00| 84.00(250.00{ 0.001440|54 inch 0.013| 74.62| 103.65 103.28] 110.00 110.00 1.85 2.211 108.25| 107.79
P-2 |J-2 J1 N/A NIA NIA 0.00 0.00§ 84.00] 90.00| 0.001444}54 inch| 0.013{ 74,73| 103.78 103.65] 110.20 110.00f - 1.92 1.85| 108.41| 108.25
P3 |11 J-2 0.00 0.00 0.00 0.00 0.00} 84.00/270.00| 0.001444|54inch| 0.013} 74.73| 104.17 103.78{ 110.50 110.20 1.83 1.92| 108.90f 108.41
P-4 |12 1 0.00 0.00 0.00 0.00{ 0.00; 78.00{600.00| 0.001450|64 inchl 0013} 74.88( 105.04 104.17{ 112.00 110.50 2.46 1.83| 109.85| 108.90
P-5 (J-3 12 NiA N/A. N/A 0.00 0.00{ 78.00{600.00| 0.001450[54 inchl 0.013{ 74.88| 105.91 105.04] 112.80 112.00 239 246} 110.79] 109.85
P-6 |J4 J-3 N/A NIA NIA 0.00 0.00| 78.00[500.00| 0.001440[48 inch{ 0.013| 54.51| 106.63 105.91] 113.00 112,80 . 2.37 2,89} 112.27] 110.79
P-7 |J-6 J-4 N/A N/A N/AL - 0.00 0.00| 78.00[150.00| 0.001533}48inch| 0.013] 656.24| 106.86 106.63] 113.00 113.00 2.14 2.37] 112.71| 112.27
P8 |I-3 J-5 0.00 0.00 0.00 0.00| 0.00( 78.00[100.00} 0.001400|48inch| 0.013} 53.74|. 107.00 106.86| 113.00{ ~ 113.00 2.00 2.14] 113.00| 112.71

Title: LSR-9 BYPASS SYSTEM
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Scenario: Base

Node Report
Label| Area |Inlet| [nfet ExlernallSyslem Time Extemal [Upstream Timg System |System|System AdditionatAdditionalKnown L pslrean" Total { Ground n] Rim  |Hy Hy Local | Local
C | CcA CA CA of Time of C tratiogFlow Flow [Camyoven Flow AdditionalSystem|ElevationElevation] Grade | Grade i
(acres)| (acres) | (acres)| {min}) (min) | (infhr) | Flow (cfs} (cfs) (cfs) | Flow | Flow @) (ft) Line In jLine Out| (in/hr) | Flow
(min) (min) {cfs) . (cfs) (cfs) ) ) (cfs),
3 0.00f0.00{ 0.00 0.00| 0.00 0.00 0.00 0.00 0.00{ .0.00 0.00 0.00 0.00| 78.00 0.00( 78.00f 113.00{ 143.00{ 113.00{ 113.00 0.00 0.00
45 0.00 0.27 0.00 0.00 78.00| 13.00] 113,00 1_12‘.71' 12,71
J4 0.00 0.67 0.00 0.00 78.00| 113.00| t13.00| 112.27| 11227
J-3 0.00 2.01| 0.00] 0.00 . 78.00{ 112.80| 112.80| 110.79] 110.79
12 0.00{0.00{ 0.00 0.00{ 0.00 0.00 0.00 4,05 4.05 0.00 0.00 0.00 0.00{ 0©.00 0.00f 78.00{ 142.00{ 112.00f 100.85| 109.85 0.00 0.00
-1 0.00]0.00| 0.00 0.00 . 0.00 0.00 0.00 6.09 6.09 0.00 0.00 0.00 0.00| 84.00 0.00| 84.00( 110.50| 110.50| 108.90| 108.90 0.00 0.00
J-2 0.00 6.94 0.00f " 0.00 84.00 110.20} 110.20{ 108.41; 108.41
H 0.00 7.23 0.00 0.00 84.00 110.bQ 110.00{ 108.25} 108.25
a1 0.00 8.02 0.00 0.00 84.00; 110.00; 110.00; 103.29; 103.29
Title: LSR-8 BYPASS SYSTEM
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Scenario: Base - - o,

Pipe Report
Upstream |Downstream| Section | Total |Length! Full |[UpstreamDownstrean] Upstream | Downstream| Upstream |Upstream Structure DownstreanDownstream Structure|Averagef Full
Node Node Size [System| (ft) [Capacity| Invert Invert Cover Cover Ground Hydraulic Grade Ground Hydraulic Grade |Velocity|Area
Flow (cfs) {Elevation{ Elevation (ft) (ft) Elevation (ft) Elevation (ft) (ftrs) 1§ (ft)
(cfs) (ft) (ft) {ft) (ft)

J-1 BW-2 60 inch 78.000386.00f 45.92| 87.33 87.21 1.17 1.49 93.50 93.50 93.70 93.70 3.97] 19.6
J-2 - Jd-1 60 inch 78.00|448.00| 44.36 87.46 87.33 2.93 117 95.39 93.90 93.50 . 93.62 3.97(19.6
BW-2.1 J-2 60 inch 78.00{124.00| 40.51 87.49 87.46 2.72 2.93 95.21 94.14 95.39 94.02 3.97119.6
J-3 BW-2.1 48 inch 28.00)215.00| 23.99| 87.55 87.49 2.84 3.72 94.39{ . 94.34 95.21 94.26 2.23| 12.6
J-4 J-3 48 inch 28.00{147.00| 26.49| 87.60 87.55 3.20 2.84 .94.80 . 94.43 94.39 94.38 2.23112.6
J-5 J-4 48 inch 28.001477.00| 24.61 87.74 87.601 . 3.23 3.20 94.97 94.65 94.80) . 94.47 2.23|12.6
J-6 J-5 38x60 inch| 28.00( 70.00 0.00f 90.15 - 90.15 1.86 - 1.63 95.20 94.72] = 94.97 94.69 2171129
BW-2.2 J-6 48 inch 28.00(353.00| 46.50 90.52 90.15 1.08 1.05| . 95.60 94.89 95.20 . 9475 2.23|12.6
J-8 BW-2.2 36 inch 20.00(160.00| 12.92f 90.58 ' 90.52 2.32 - 2.08 95.90 95.07 95.60 94.93 2.83] 7.1
BW-2.3 J-8 36 inch 20.00(412.00| 11.38] 90.70 90.58 3.55 2.32 97.25 95.50|  95.90 95.13 2.83| 741
BW-2.2a |J-9 48 inch 29.001353.00{ 46.50} 90.52 90.15 1.08 1.05 95.60 94.77 95.20 94.63 2.31/12.6
J-9 J-10 38x60 inch{ 29.00{ 70.00] 286.46| 90.15 87.74 1.86 4.04 95.20 . 94.63 94.97 94.60 2.25112.9
J-10 J-11 48 inch 20.00/477.00} 24.61 87.74 87.60 3.23 3.20 94.97 94.60 94.80 94.41 2311126
J-11 J-12 48 inch 29.00{147.00| 26.49| 87.60 87.55 3.20 2.84 94.80 94.41 94.39 94.35 2.31|126
J-12 BW-2.1 48 inch 29.001215.00|] 23.99| 87.55 87.49 2841 3.72 94.39 94.35 95.21 94.26 2.31112.6

Title: SCWA comments buildout conditions : Project Engineer: User
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Label Known| Ground | Rim |HydrauligHydraulic
Flow |Elevation|Elevation| Grade | Grade

(cfs) (ft) (ft) Line In {Line Out

(i) (ft)

BW-2.3- 20.00| 97.25| 97.25] 95.66] 95.50
BW-2.1 78.00 95.21 95.21 94.26( 94.14
BW-2 93.70] 93.70| 93.70| 93.70
J-1 93.50( 93.50| 93.62| 93.50
J-2 95.39] 95.39] 94.02] 93.90
J-3 94.39 94.39 94.38 94.34
J-4 94.80| 94.80f 94.47] 94.43
J-5 94.97| 94.97| 94.69| 94.65
J-6 95.20f 95.20| 94.75| 94.72
J-8 95.90( 95.90f 95.13| 95.07
BW-2.2 28.00 95.60 95.60 94.93 94.89
J-12 94.39| 94.39( 94.35| 94.35
J-11 04.80( 94.80] 94.41|  94.41
J-10 94,97 94.97! 94.60| 94.60
J-9 95.20| 95.20] 94.63| 94.63
BW-2.2a 29.00| 95.60| 95.60( 94.81 94.77

Title: SCWA comments buildout conditions
j:\...\bwlupsized models\bw-2bo 10 yr bo up2.stm
05/08/06 03:06:03 PM
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Scenario: Base

ydraule G rade Line Jn: 85.56 ft
ydraplle G rade Line Out: §5.50 ft

lic GradeLlne Out: 94,89 ft

W-2.3

ta; 0+00
pv O ut: §0.70 ft

Rim: 97,25 ft

HydrJulk G rade Line In: 95.13 1t
Hydrdulk G rade Line Dut: §5.07 ft
Hvdrablc G rade Line In: 94.53 ft

Sta: dl+12 1t

-8

0+00 1+00 2+00 3+00 4400 5+00 6400 7400 B+00
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4,63 1t
&

deline In:84.75 ft
Gradeline Out; 84,72 1t

Profile
Scenario: Base

Profile: BW-2bo10

Scenario: Base

LS

v O ut: 817.60 it

Rim: 94.6,

— Hydraulic!G rade Line In:84.47 ft

Sta: 14+7p ft
v in:87]60 it

HydrauliclG rade Line Out: 94,43 ft

Hydraulic Girade Line Out: 84,34 ft

[} 8¢00 10400 11400
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‘Profile
Scenario: Base

Hydraulic Grade Line Qut: 93.70 ft
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Sta:27+92 it
hyin: 8721 ft
Rim:92.70 it
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_—
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“Profile
Scenario: Base

Profile: BW-2.2a

Scenario: Base -
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rrofile - I
Scenario: Base

[ au: &
o ¥ ® EaaiEa
o®xo i YN
EoNg@ Epien G ®Oyr
oW E I s TAB DL, w ] 100.00
) 3t BeHid] grEEGLE
| PEQ 2 EESEE 3‘1’5>>>.§:E:
'EEEE’ ‘F“H:SEE BrEEEEAR
po==Ea 3GEEza
95.00
Elevation (11)
90.00
- 85.00
8+00 9+00 10+00 11+00 12+00 13+00 .
¥
Title: SCWA comments buildout conditions Project Engineer: User
j:\.\bwlupsized models\bw-2bo 10 yr bo up2.stm Winzler & Kelly . StormCAD v5.5 [5.5003]

05/08/06 03:08:44 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1 h




Detention Basin Analysis




. , c19
Quick TR-55 Ver.5.46 S/N:
Executed: 14:42:46 01-13-2006

_ MODIFIED RATIONAL METHOD
---- Graphical summary for Maximum Required Storage ----

First peak outflow point assumed to occur at Tc hydrograph recession Jleg.

€19

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

* RETURN FREQUENCY: 100 yr | Allowable outflow: 1139.00 cfs *
* 'C" Adjustment: 1.391 - | Required storage:  64.377 ac-ft *
* Peik Inflow: 1814.36 cfs Inflow .HYD stored: NONE STORED *
Y L L L L L R R T R L A L L R T T R A Y
[ Td = 67 minutes | 'Retuqn'Freq: 100 yr
[ Approx. Duration for Max. Storage ------ /- C adj.factor: 1.39
Tc=  57.00 minutes' ‘ :
I=_1.199 -in/hr Area (ac): 2607.80
. Q =1957:35 cfs _Weighted C: 0.45
. , Adjusted C: 0.63
F . .
L oo ~ “Requiréd-Storage: - c .
0 . .-~ " 64377 ac=ft Td= - 67 minutes
w | . | I = 1.112 1in/hr
A XX XXX XXX XXX XXXXXXX Q=1814.36 cfs
C
f X : X S
S i 0000000000000 OOO Q=1139.00 cfs
X o }. _ ‘ %x (ATlow.outflow)
0 .
. X o { NOT TO SCALE } X
. 0 _
o { } X
' 80.83 minutes’ 88.22 minutes
Quick TR-55 Vver.5.46 S/N:
Executed: 14:42:46 01-13-2006
c-19
) *#%* Modified Rational Hydrograph ##***=*
Weighted C = 0.450 Area= 2607.800 acres Tc = 57.00 minutes
Adjusted ¢ = 0.626 Td= 67.00 min. I= 1.11 in/hr Qp= 1814.36 cfs

RETURN FREQUENCY: 100 year storm Adj.factor = 1.39
output file: NONE STORED
Page 1



Cc19

HYDROGRAPH FOR MAXIMUM STORAGE
For the 100 Year Storm

Time " Time increment = 0.033 Hours

Hours ~ Time on left represents time for first Q in each row.

.017 31.83 95.49 159.15 222.82 286.48 350.14 413.80

.250 477.46 541.12 604.79  668.45 732.11 795.77 859.43

.483 923.10 . 986.76 - 1050.42 1114.08 1177.74 1241.40 -1305.07

717 1368.73 . 1432.39 1496.05 1559.71 1623.37 1687.04 1750.70
1814.36 1814.36 1814.36 1814.36- 1814.36 1814.36 1750.70
.183 1687.04 1623.37 1559.71 1496.05 1432.39 1368.73 1305.07 .
417 1241.40 1177.74 1114.08 1050.42 986.76 923.10 859.43
.650 795.77 .732.11 668.45 604.79 541.12 477.46 413.80
.883 350.14 286.48 222.82 159.15 95.49 31.83 0.00 -

Quick TR—SS ver.5.46 S/N:
Executed: 14:42:46 01-13-2006

HRHHROOOOO
te)
i
o

0

c-19

* % % % % * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * *

Q=adj *c*I*A |
where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres
adj = 'C' adjustment factor for each return frequency

- RETURN FREQUENCY.= 100 years.
c"-adjustmenty; -k~ = 1,391 -
Adj. 'C' = wid.'c' x 1.391

. . = |
Subarea Runoff Area | Tc wtd. || vAdj. I Total | Peak Q
Descr. 'c'. acres { (min) ct I{ 'c in/hr  acres { (cfs)
" ¢c-19  0.450-2607.80 I ' - H ' I
| |

-0 . .
Quick TR-55 ver.5.46 S/N:
. Executed: 14:42:46 01-13-2006

R R N A A R R R R S R R R R A R R N R N N R A S N R A A T R e R AR A RN R AN AR AR R AR AR TR ARTRETTRRRITARTATRRARRIIR

L S R R e e L A R T L A A LA A A R I R A s e Lt A kA
% *
x *
* J %*
= MODIFIED RATIONAL METHOD

e - N ke
* ---- Grand summary For A1l Storm Frequencies ---- *
* ' *
* *
X L Ry T T L T T

A A A A R A R R R R R A R R R R T R A R T R AR R AT AR R AT R AR R AR TR AR RRTRRTRAARNETRARTETTRATTERATR

First peak outflow point assumed to occur at Tc hydrograph recession leg.
c-19 '

Page 2




a

c19

Area = 2607.80 acres . Tc = 57.00 minutes

----------------------------------------------------------------------------
----------------------------------------------------------------------------

VOLUMES
Frequency Adjusted buration Intens. Qpeak Allowable | = Inflow Storage
(years) c' minutes in/hr cfs cfs % (ac-ft) (ac-ft)
100 0.626 - 67 1.112 1814.36 1139.00 |

Quick TR-55 Ver.5.46 S/N:
Executed: 14:42:46 01-13-2006

MODIFIED RATIONAL METHOD
---- summary for Single Storm Frequency =----

First peak outflow point assumed to occur at Tc hydrograph recession leg.
c-19

RETURN FREQUENCY: 100 yr  "C' Adjustment = 1,391 Allowable Q =1139.00 cfs

 Hydrograph file: NONE STORED = Tc = 57.00 minutes
"""""":"'f ................. _..i........f ................. Qéﬂﬁﬁééf .....
weighted AdQusted Duration Intens. Areas Qpeak | Inflow . storage
et c' minutes in/hr . acres cfs I (ac-ft) (ac-ft)
© 0.450 0.626 57 . 1.199 260780 1957.35 | 153.677 64.253
0.450 0.626 60 1.164 2607.80 1900.06 | 157.030 63.682
**************#*********************#*********************** Storage Maximum
0.450 0.626 67 1.112 2607.80 1814.36 | 167.441 64.377

AR A AR AT R AR AT RR AT R ARSI AR R A AR T T AR R A AR TR RN RN CERTAVR AR AT AR TR RTEIRTCTEANRARIRNRTEARRTR

0.450 = 0.626 120 0.806 2607.80 1315.68 | 217.467 41.892.
0.450 0.626. 180 0.651 2607.80 1062.66 | Qpeak < Qallow

Page 3




Quick TR-55 Vver.5.46 S/N:
Executed: 14:46:35 01-13-2006

) MODIFIED RATIONAL METHOD
---- Graphical summary for Maximum Required

First peak outflow point assumed to occur at Tc hydro

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Storage ----

graph recession leg.

nnnnnnnnnnnnnnnnn

RETURN FREQUENCY: 100 yr | Allowable outflow: 719.00 cfs *

* 'C' Adjustment: 1.335 | Required Storage:

B e o o o o e e e e e e .

AR R A A R R R AR R A R R R AR TR AR T E R AR A AR AR AT AR RARATAATARTAIRTTRTRTRTR

| Td = 72 minutes -

[-=————- Approx. bDuration for Max. Storage ------ /
Tc=  57.80 minutes
I=_1.190 1in/hr
i Q =1419:18 cfs
F . .
L [ . ~-Required«Storage:
0 : : --  57.310 ac-ft
W l . l '
XX X XXX X|[XXXXXXXXXXX
c . .
f X :
3 000000000 000O00DO
X o |.
) |-
. X o | NOT TO SCALE
. o |
2 |
86.32 minutes 97.

Quick TR~55 ver.5.46 S/N:
Executed: 14:46:35 01-13-2006

) , **%% Modified Rational Hydrograph **
weighted C = 0.450 Area= 1985.600 acres TC =
Adjusted C = 0.601 Td= 72.00 min. . I= 1.07 in/hr

RETURN FREQUENCY: 100 year storm Adj.factor = 1.3
output Tile: NONE STORED

Page 1

57.310 ac-ft *

— - —— - ——— Y

TR R R AR TSR A ARARARTAETRR

Return Freq: 100 yr
C adj.factor: 1.34

Area (ac): 1985.60
wWeighted C: 0.45
Adjusted C: 0.60

Td= 72 minutes

I = 1.074 in/hr

Q = 1281.12 cfs

X f . o

00 Q= 719.00, cfs
Ix (ATTow.outTlow)
1 y

|
I X

7.36 minutes

e afe da

"R

57.80 minutes
Qp= 1281.12 cfs
4




" R6

HYDROGRAPH FOR MAXIMUM STORAGE
“For the 100 Year Storm

Time . _Time increment = 0.033 Hours
Hours Time on-left represents time for first Q in each row.
- 0.030 "39.90 84.23 128.56 172.88 217.21 = 261.54 305.87

0.263 350.20 394.53 438.86 483.19 527.52 571.85 616.18
0.497. 660.51 704.84 749.17 793.50 837.83 882.16 926.48
0.730 970.81 1015.14 1059.47 1103.80 1148.13 1192.46 1236.79
0.963 1281.12 1281.12 1281.12 1281.12 1281.12 1281.12 1281.12
1.197 1281.12 1241.22 1196.89 1152.56 1108.24 1063.91 1019.58
1.430 | 975.25 930.92 886.59 842.26 797.93 753.60 709.27
1.663 664.94 620.61 576.28 531.95 487.62 443.29 398.96
1.897 354.64 310.31 265.98 221.65 177.32 132.99 - 88.66
2.130 44.33 0.00 . . '

Quick TR-55 Vver.5.46 S/N: '
Executed: 14:46:35 01-13-2006

o

T A

"""""" .SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * ok ox ko

Q= adJ *C*I %A '
where: Q—cfs, C=weighted Runoff Coefficient, I=in/hour, A=acres
© adj = 'c' adjustment factor for each return frequency

RETURN FREQUENCY = 100 years
*C' adjustment, k = 1.335
Adj. 'C' = wtd.'c' "x'1.335-

: : l :
Subarea  Runoff Area | Tc wtd. || Adj. I Total | Peak Q
Descr. 'c’ acres I (min) 'c’ {i in/hr. acres l (cfs)
R-6 0.450 1985.60 } }I i
| 57 80 0. 450 || 0.601 1.190 1985.60 | 1419.18
0 . : _ .
Quick TR-55 Vver.5.46 S/N:
Executed: 14:46:35 01—13-2006 ,
* MODIFIED RATIONAL METHOD . ’ ®
* ---- Grand summary For All Storm Frequencies ---- *

N R R R R A R R R R R R R A R R R R R R R R A A A R R R A R R AR R A A N A R R R R AR AR AT AT TETRETCTRTRRRARARRRRRRER

R R R R R N A R R A R A R I R A A A A A R N A N R A R R A R AR R R R R AR R A T A RN AR N AR R AR AT AR ATER R TR RARTRRRARRRTRTRS

First peak outflow point assumed to occur at Tc hydrograph recession leg.

page 2




R6

Area = 1985.60 acres Tc = 57.80 minutes
............................................................... PiRiiiiiii:
Frequency Adjusted Duration Intens. Qpeak Allowable | Inflow Storage

(years) c' minutes in/hr cfs cfs I (ac-f1t) (ac-ft)
100 0.601 72 1.074 1281.12 719.00 | 127.053 57.310

o . ’
Quick TR-55 Vver.5.46 S/N:
Executed: 14:46:35 01-13-2006

MODIFIED RATIONAL METHOD
---- summary for Single Storm Frequency ----

First peak outflow point assumed to occur at Tc hydrograph recession leg.

" RETURN FREQUENCY: 100 yr  "C' Adjustment = 1.335 A11owéb1e Q = 719.00 cfs

Hydrograph file: NONE STORED Tc = 57.80 minutes
L L R L L BRiRiniainiias EAAIAELEE
weighted Adjusted Duration Intens. Areas Qpeak | Inflow Storage

c' : c' minutes in/hr  acres cfs { (ac-ft) (ac4§E)

0.450 0.601 58 - 1.190 1985.60 1419.18 | 112.987 55.745
0.450 0.601 : 60 1.164-1985.60 - 1388.48 | 114.750 55.649 .

R R R S R R R R A R R A R A A A R R R S R N S S A R R R S A R A R R AR AR AR AT A RARRARATRRN

_ . , * Storage Maximum
0.450 0.601 72-.  1.074 1985.60 1281.12 | 127.053 - 57.310

L T Rk T T e R kT R T S R L T T e e

0.450  0.601 120  0.806 1985.60 . 961.44 | 158.915 1 46.976
0.450  0.601 180 . 0.651 1985.60  776.54 | "192.532 26.267
0.450 0.601 240 - 0.559 1985.60  666.80 | Qpeak < Qallow

Page 3



Quick TR-55 Vver.5.46  S/N:
Executed: 14:49:52 01-13-2006

) MODIFIED RATIONAL METHOD
---- Graphical Summary for Maximum Required Storage ----

First peak outflow point assumed to occur at Tc hydrograph recession leg.

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

* RETURN FREQUENCY: 100 yr | Allowable outflow: 540.00 cfs *
* 'c' Adjustment: 1.229 . | Required Storage: 41.696 ac-ft *
* peak Inflow: 951.35 cfs Inflow .HYD stored: NONE STORED  *

AR R R R R R R R AR R TR R RAE R R AR AR AR AR AR A AR A AR A TR R T AR ATAA R AR RN AR T AR RERRIRETTRTRTIRAN

| Td = 70 m1nutes | Return Freq: 100 yr

/- Approx. Duration for Max. Storage ------ / C adj.factor: 1.23
Tc= 41.40 minutes -
I= 1.419 1in/hr Area (ac): 1579.60
. Q= 1240:04: cfs - Weighted C: 0.45
.. ' Adjusted C: 0.55
F - . :
L | . ' Required Storage ,
o |- . -- 84156967 ac-Tt Td= 70 minutes
w i . | ’ I= 1.089 1in/hr
XXX XXX XX XX XXXXXXXX Q= 951.35 cfs
c ‘
f X , X
[ : 0D0O0O0ODO0D0D0000O0COO0OO0OOCO Q= 540.00 cfs
b o }. {x (A1low.outflow)
o .
. X (o] i NOT TO SCALE } X
. o] ]
o} E i X
64.77 minutes 87.90 minutes
Quick TR-55 ver.5.46 S/N:
Executed: 14:49:52 01-13-2006
~ *%%% Modified Rational Hydrograph *#****
weighted C = 0.450 Area= 1579.600 acres Tc = 41.40 minutes
Adjusted € = 0.553 Td= 70.00 min. I= 1.09 in/hr Qp= 951.35 cfs

RETURN FREQUENCY: 100 year storm Adj.factor = 1.23
output file: NONE STORED »

Page 1




F5

HYDROGRAPH FOR MAXIMUM STORAGE -
For the 100 Year Storm

Time Time increment = 0.033 Hours
Hours Time on left represents time for first Q in each row.

.657 | 275.75 229.79 183.84 .137.88  91.92  45.96  0.00

Quick TR-55 Ver.5.46 S/N:
Executed: 14:49:52 - 01-13-2006

B A L )

# % % % ¥ % SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * % % =
' adi * C* I *A

Q=
where: Q=cfs, C—We1ghted Runoff Coefficient, I=1in/hour, A=acres
adj = 'C' adjustment factor for each return frequency

_RETURN FREQUENCY = 100 years
C' adjustment, k = 1.229
Adj. 'C' = wtd.'Cc' x 1.229

Subarea  Runoff Area

- |
| Tc wtd. || Adj. I = Total | peak Q
Descr. ! acres“{ (min) c' I{ ¢t 1n/hr acres { (cfs)
F-5 0.450 1579.60 { : 1| I
_ | 41. 40 -0.450 || 0.553 1.419 1579.60 | 1240.04
) s R

Quick TR-55 ver.5.46 S/N:
Exchted: 14:49:52 01-13-2006

A R R R A A R R S R R S R R A R R A N A R N AR N A R S R S S A A N A RS SR RS RSN T AR ARTRERRAERTRARNTRNRETR

AR R AN R A T A e RN A A R TR T R AR AR R AR AT AR R A A R AR A R AT T AT TR R IRT AR RAATERRARATRRTRTRTRRTS

* *
* . *
* MODIFIED RATIONAL METHOD o
* 3 *

~---- Grand Summary For A1l Storm Frequencies ---- *
* *
* *
T T L L Y I 2 2 L L T T T T T R X T T T T T TOrY

A A RN RN R R A R R A A R A AR R A R R R TR R TR R R AR R TR AR TR RRER AR AT AT ARTNETRRRTIRRRERTRTRTARETRRTRR

First peak outflow point assumed to occur at Tc hydrograph recession leg.

Page 2°




0

F5

Area = 1579.60 acres : Tc = 41.40 minutes
.................. ».......:....................i..,.............QéLOMéé......
Frequency Adjusted Duration Intens. Qpeak Allowable | Inflow Storage
(years) c! minutes in/hr cfs cfs I‘_ (ac-ft) (ac-ft) _
100 0.553 70 1.089 951.35 540.00 |_ 91.728 41..696

Quick TR-55 ver.5.46 S/N:
Executed: 14:49:52 01-13-2006

MODIFIED RATIONAL METHOD
---- Summary for Single Storm Frequency ----

First peak outflow point assumed to occur at Tc hydrograph recession leg.

RETURN FREQUENCY: 100 yr  C' Adjustment = 1.229 Allowable Q = 540.00 cfs

.....:::::::::::;::;::::::::::::::;.:.:..:...:.:.:............:Qéibﬁéé::::::
weighted Adjusted Duration Intens. Areas Qpeak | Inflow Storage
c! oh minutes ~ in/hr acres cfs i (ac-ft) ‘(ac—ft)
0.450 0.553 41 1.419 1579.60 1240.04 | ~ 70.713 39.919
0.450 0.553 50- 1.281 1579.60: 1119.08 .| 77.072- 40.606
0.450 0.553 60 1.164 1579.60 1016.87 | 84.039 40.882
-k-k**-k*-k:’{-.':-.':-k-.".--.f:-k****************#-.":'k-.’":-.":-.’:‘************************ Storage Maximum
LQ;&EQ.&.I..l.J.J.g.;?.?.é.k.l..I.J..l..l.*Zg.l..’..l‘.l..*}igg?.&}EZ?-:.§9.I..I.J¢-Lg§;ll::‘§-§ﬁl**mg}lzg§*hkkﬁﬁ}l§g§*
0.450 0.553 120 0.806 1579.60 704.12 I. 116.383 32.230
0.450 0.553 180 0.651 1579.60 568.71 | 141.003 15.033
0.450 0.553 240 0.5

59 1579.60. 488.34 | Qpeak < Qallow

Page 3




| H-26—0%
| "Quick TR-55 Ver.5.46  S/N: o "
Executed: 11:23:52 04-26-2006

MODIFIED RATIONAL METHOD
---- Graphical Summary for Maximum Required Storage ----

First peak outflow point assumed to occur at Tc hydrograph recession'leg.

DETENTION BASIN - COPLAND AT PETALUMA HILL -10-YEAR STORM

*********************************,*************************************

<% jRETURN FREQUENCY: 10 vyr 3 Allowable Outflow:  450.00 cfs L x
* 1C!' Adjustment: 1.391 - Required Storage: .84.860 ac-ft *
Ko e m e . — - e~  — —  — —— — — - — e . —— - e o e = —— ——— [ )
* Peak Inflow: 860.25 cfs Inflow .HYD stored: NONE STORED - *

**fk%******************************************************************

| Td = 144 minutes | Return Fregq: 10 yr
[--====- Approx. Duration for Max. Storage ------ / C adj.factor: 1.39
' Tec= 57.00 minutes A . o
I = 0.847 in/hr Area (ac): 2607.80
. Q = 1381.95 cfs S A Weighted C:- 0.45
e ’ , Adjusted C: 0.63
F ) A
L | Required ‘Storage :
0 . e 84.860 ac-ft Td= 144 minutes
W | . I = 0.527 in/hr
XA XAXAAXAXKXKXIXXXAXXXXXXX Q= 860.25 cfs
c .
£ b.d , X ' o
s OO0 O0OO0ODO0ODOO0ODOOO0OO0OO0OO0OO0OO0OOo Q= 450.00 cfs
X o . x (Allow.Outflow)
o - . '
x o) ' . " NOT TO SCALE .0x
(@] ' B 5 1 1 .
o x

95.44 minutes - 171.18 minutes




‘Quick TR-55 Ver.5.46  S/N:
Executed: 11:23:52  04-26-2006

DETENTION BASIN - COPLAND AT PETALUMA HILL -10-YEAR STORM

*x%% Modified Rational Hydrograph #****%*

Weighted C = 0.450 Area= 2607.800 acres Tc = 57.00 minutes

Adjusted C = 0.626 Td= 144.00 min. I= 0.53 in/hr "Qp= 860.25 cfs

RETURN FREQUENCY: 10 year storm Adj.factor = 1.39
Output file: NONE STORED

HYDROGRAPH FOR MAXIMUM STORAGE
For the 10 Year Storm

Time : Time irnicrement = 0.033 Hours

Hours Time on 1eft represents time for first Q in each TOW.
0.017 15.09 45,28 - 75.46 105.64 . 135.83 | 166.01 196.20
0.250 226.38 256.57 286.75 316.93 347.12 377.30 407.49
0.483 437.67  467.86. 498.04 528.22 558.41 588.59 618.78 -
0.717 648.96 - 679.14 709.33 739.51 769.70 .799.88 830.07.
0.950 : 860.25 860.25 860.25 . 860.25 860.25 860.25 860.25
1.183 - 860.25 860.25 | 860.25 860.25 860.25 860.25 860.25
1.417 860.25 860.25 860.25 860.25 860.25 860.25 - 860.25
1.650 860.25 860.25 860.25 860.25 860.25 860.25 860.25
1.883 860.25 860.25 860.25" 860.25 860.25 860.25 -860.25"
2.117 -860.25 860.25 860.25 860.25 860.25 860.25 860.25
2.350 - 860.25 860.25 845.16 8§14.97 784.79 754.60 724 .42

- 2.583 - 694.24 664.05 . 633.87 . 603.68 573.50 543.32 513.13 -
2.817 482 .95 452 .76 422 .58 392.39 362.21 332.03 301.84

" 3.050 271.66 241.47 211.29 181.11 150.92 120.74 90.55
3.283 60.37 30.18 0.00



Quick TR-55 Ver.5.46 S/N:

Executed: 11:23:52

04-26-2006

DETENTION BASIN - COPLAND AT PETALUMA HILL -10-YEAR STORM

¥ k ok x % % GUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * # * % *

Q =

adj * C * I * A

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres

adj =
Subarea Runof £ Area
Descr. rct acres
WATERSHED

57.00

0.450

\c|

'C' adjustment factor for each return frequency

RETURN FREQUENCY = 10
adjustment, k =

Adj. I Total
in/hr acres

j. 'C!' = Wtd.'C' x 1.

years
1.391

391

- 1381.95
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Quick TR-55 Ver.5.46 S/N:
Executed: 11:23:52 04-26-2006

kkkhkkhkhkhkdhhkhkkhkhhkkkhkhkhkhhkdkhchkdhhhddhhorbhhdrdhdhdhhhkhhhddkhdhdhhdhdhhhkrdkdhhodhkidbhkhikrhrdrdx
************************************************************************
* ’ *

' MODIFIED RATIONAL METHOD -
---- Grand Summary For All Storm Frequencies ----

* b ¥

*
*
*
*
* ' *
khkkkkkkhkkhhdhhdhhhhhkhrhhhhhhdhhhhhkhdbhhrdhdhdhdhhkhddhkhhdhdhhhdhdhdhdhdbhhdrds

**********************************************'k*'k*****_****************'**

First peak outflow point assumed to occur at Tc hydrograph recession leg.

DETENTION BASIN - COPLAND AT PETALUMA HILL -10-YEAR STORM

Area = 2607.80 acres : Tc = 57.00 minutes

T VOLUMES
Freguency Adjusted Duration Intens. Qpeak Allowable Inflow Storage
(vears) e minutes in/hr cfs cfs , (ac-ft) (ac-ft) -

10 0.626 144 0.527 860.25 450.00 170.628 84.860



Quick TR-55 Ver.5.46 S/N:
- Executed: 11:23:52 04-26-2006

MODIFIED RATIONAL METHOD‘
---- Summary for Single Storm Freguency ----.

First peak outflow point assumed to occur at Tc hydrograph recession leg.

DETENTION BASIN - COPLAND AT PETALUMA HILL -10-YEAR STORM

Hydrograph file: NONE STORED Tc = 57.00 minutes
‘ ' : VOLUMES
Weighted Adjusted Duration Intens. Areas Qpeak Inflow Storage
sCt rc minutes in/hr acres: cfs (ae-ft) (ac-ft)
0.450 0.626 57 0.847 2607.80 1381.95 108.500 - 73.169
. 0.450 . 0.626 60 0.822 2607.80 1341.79 110.8952 73.874
0.450 0.626 120 0.571 2607.80 932.07 | 154.062 82.458

Ckkkkkkkkkhkkhkkkkhkhkk Ak hF Ak hh kA kA hkk kA hhkk kR Ak hkkhkkkkhh kK Storage Maximum

- 0.450 0.626 144 0.527 2607.80 860.25 l 170.628 84.860

hhkhhkkhhkkhhk ko kR hkh bk k ko ko dhkhkkhhhk kK hkhhhhhhd ko hkhhkkhhhkkhhhdkdhdhdddhdd

0.450 0.626 ) 180 0.461 2607.80 752.51 186.574 79.815
0.450 0.626 240 0.396 2607.80 646.41 213.690 71.475.
0.450 - 0.626 300. 0.352 2607.80 574 .59 '237.433 55.565
0.450 0.626 360 0.320 2607.80 - 522.35 259.018 - 45.344
0.450 0.626 420 0.295 2607.80 481.54 278.579 29.004
0.450 0 0.275 2607.80 448.90 Qpeak < Qallow

.626 480



- | | : 42.6~0b
-E Quick TR-55 Ver.5.46 S/N:
Executed: 09:55:57 04-26-2006

| MODIFIED RATIONAL METHOD |
U ~ ---- Graphical Summary for Maximum Required Storage ----

First peak outflow point assumed to occur at Tc hydrograph recession leg.

SIZE DETENTION BASIN UPSTREAM OF PETALUMA HILL ON -COPELAND CREEK

’ hhhkdhhkhkhkhkkhhhhkhhhhkhhhkhhhhkhhkdhdhhhhhdhhhkhhkhohhhkhhhdhhdhhbdokdrhhkhhkhodhkhkhdkdhdd

* RETURN FREQUENCY: 100 yr - Allowable Outflow: 850.00 cfs *
| * 'C' Adjustment: 1.391 Required Storage: 91.571 ac-ft *
’ *_.__..._...___..._____________...___._.__'__4.___...._____._. __________________________ *
‘ * Peak Inflow: 1704.18 cfs - Inflow .HYD stored: NONE STORED *

ok kkkkkh kA A hArA AR R A A A AR AR A AR AR A IR Ak kkhkhkkkdhkkkkhkk kb kkkhkhhhkrhrhkrrrbhrt

| : Td = 76 minutes - | Return Freq: 100 yr
{ [ Approx. Duration for Max. Storage ------/ C adj.factor: 1.39
‘ Tc= 57.00 minutes
( : I = 1.199 in/hr Area (ac): 2607.80
.’Q = 1957.35 cfs. Weighted C: 0.45
. : R ' Adjusted C: 0.63
F . .
I L - Required Storage
0 _ . o= 91.571 ac-ft Td= 76 minutes
W R ' I = 1.044 in/hr
l . X XXXXXXIXXXXXXXXXXX Q= 1704.18 cfs
c .
£ pd ’ b d
3 s OO0 0000000000 O0O0O0 O
b d o be
. o .
i .ox o . NOT TO SCALE x
(@] . . e
o X

89.25 minutes 104 .57 minutes
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' Quick TR-~55 Ver.5.46 S/N:
 Executed: 09:55:57 04-26-2006

" SIZE DETENTION BASIN UPSTREAM OF PETALUMA HILL ON COPELAND CREEK

**%% Modified Rational Hydrograph **#***

( Weighted C -0.450 ° Area= 2607.800 acres Tc = 57.00 minutes

- Adjusted C = 0.626 Td= 76.00 min. I= 1.04 in/hr Qp= 1704.18 cfs

RETURN'FREQUENCY: 100 year storm | Adj.factor:; 1.39
Output file: NONE STORED

_ HYDROGRAPH FOR MAXIMUM.STORAGE
- ' For the 100 Year Storm

Time Time increment = 0.033 Hours

} Hours : Time on left represents time for first Q in each row.
0.017 - 29.90 89.69 149.49 209.28 2695.08 328.88 388.67
; 0.250 448.47 508.26 - 568.06  627.85 687.65- = 747.45 807.24
‘ 0.483 867.04 926.83 986.63 1046.42 1106.22 1166.02 1225.81
0.717 1285.61 1345.40 1405.20 1464.99° 1524.79 1584.58 1644.38
| 0.950 1704.18 1704.18 1704.18 1704.18 1704.18 1704.18 1704.18
J 1.183 1704.18 1704.18 1704.18 1674.28 1614.48 1554.69 1494.89
1.417 1435.10 1375.30 1315.50 1255.71 1195.91 1136.12 1076.32
, 1.650 |- 1016.53 '956.73 8956.93 837.14 777.34 717.55 657.75
i 1.883 | 597.96 538.16 478.37 418.57 358.77 < 298.98 239.18
2 o :

.117 '179.39 119.59 59.80 0.00




' Quick TR-55 Ver.5.46
- Executed:

S/N:
09:55:57

04-26-2006

SIZE DETENTION BASIN UPSTREAM OF PETALUMA HILL ON COPELAND CREEK

* % % % % * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * ok ok ok ox %

Q =

adj * ¢ * I * A

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres
adj = 'C' adjustment factor for each return frequency

Subarea Runoff Area
Descr. e acres
CREEK WS 0.450 2607.80

57.00 0.450

RETURN FREQUENCY = 100 vyears
“C' adjustment, k = 1.391
'c' = Wtd.'C' x 1.391

1957.35




' Quick TR-55 Ver.5.46 . S/N:
Executed: 09:55:57 ' 04-26-2006

hhkkhkdhhkhhkkhkhhkhhdhdrhhhhdhhrdhdbhhhhdhddhhhkhhhhdbhhkdhdhhbrrhkdhhoddhodbbhbdrrdhhdhhrhs
*************************************************************‘***********

* v : ‘ *

*

* MODIFIED RATIONAL METHOD

* ---- Grand Summary For All Storm Frequencies ----
*

* % ok F

* . ‘ %
Kk kkkk kA kkkhhkhhhhhhhh Ak ok kh ko hhkhkhkhhh kA kk ko hh Ak khkhhhkhkhkkkhkF k%
R I I I I I I T T I I I O T T o o I I I oy

First peak outflow point assumed to occur at Tc hydrograph recession leg.

SIZE DETENTION BASIN UPSTREAM OF PETALUMA HILL ON COPELAND CREEK

Area = 2607.80 acres Tc = 57.00 minutes
: | | VOLUMES
Frequency Adjusted Duration Intens. Qpeak -Allowable | Inflow Storage
(years) 'Cc'  minutes in/hr cfs cfs 7 (ac-ft) (ac-ft)

100 0.626 76 . 1.044 1704.18 850.00 178.399  91.571
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Quick TR-55 Ver.5.46 S/N:

. Executed: 09:55:57 04-26-2006

MODIFIED RATIONAL METHOD
---- Summary for Single Storm Freguency ----

First peak outflow’point'assumed to occur at Tc hydrograph recession leg.

SIZE DETENTION RBASIN UPSTREAM OF PETALUMA HILL ON COPELAND CREEK

RETURN FREQUENCY: 100 yr — ~C' Adjustment = 1.391 Allowable Q = 850.00 cfs

n n e M e e S A M A e S da e  mn v v et e O i A e M mm e Mw mm e e e Sm MRt M G M G b e e M e AR e e R e e e e ma M e G e e e e MM e e e e e e e e e e e

Hydrograph file: NONE STORED Tc = 57.00 minutes
. VOLUMES

Weighted Adjusted Duration Intens.  Areas Qpeak Inflow - Storage
sCy el minutes in/hr . acres cfs (ac~-ft) (ac-£ft)
0.450 0.626 57 1.189 2607.80 1857.35 | 153.677 ) 86;942
0.450 0.626 60 1.164 2607.80 1800.06 157.030 87.219

**"**'****************************************-*****}k********** Storage Maximum

0.450 0.626 76 1.044 2607.80 1704.18 | 178.399 81.571

Fhhkhkhkhhkhhdhdhhdddhhdhhhkbhrhkrrrrhhdddhddbddhrdddhrdhhhdbhoddhdhdhddhdrddhbdrhbhdrrhdstx

0.450 0.626 0120 0.806 2607.80 1315.68 217.467 84.038
0.450 0.626 180 0.651 2607.890 1062.66 | 263.470 64.526
0.450 0.626 240 0.559 2607.80 912.48 301.648 37.249

0 0.497 2607.80 811.28 ~ Qpeak < Qallow

0.450 .626 300



HEC-RAS Modeling



10 year allow 450cfs outflow  4/27/2006

Plan

Copeland Creek buildout

copeland 10 year allow 450cfs
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HEC-RAS 10 year 450 allowed outflow Copeland Creek
XS Location LOBElev ROB Elev QTotal ~W.S.Elev Top Width
1(ft) (ft) (ft) (cfs) (ft) (ft)
17173 172.07 172.52 4501 = 167.96 64.87
17100 174.04 173.24 450 167.56 24.05
17066|Pet Hill road
17032 172.83 172.65 450 167.47 23.93
16914 169.93 170.49 450 166.15 45.75
16672 167.75 167.64 450 163.71 41.21
16462 168.62 164.91 450 161.33 39.51
16172 158.4[  158.35 450 157.66 63.56
16127 160.02 160.54 450 156.95 34.07
16121 |Bridge into SSU
g . 16115 160.02 160.54 . 450 156.85 33.39
’ 16093 160.8 167.57 450 156.91| 74.07
16076|Foot Bridge :
16059 160.8 157.57 450 156.32 61.71
15986 160 157.67 450 155.31 73.13})
- 15938 160.69 158.41 450 154.59] 48.12
o 15746 157.94 156 450 151.56 30.8
{ 15418 152.06 152.74 450 ~ 148.8 40.27
- 15389 149.84 148.62 . 450 148.5 . 32.03
Ty 15383.5|Foot Bridge
|- 15378 149.84 148.62 450 148.43 31.71
15353 149.11 148.32 450 146.84 22.57
: 14985 145.1 145.11 450 143.53 162.89
( 14429 142.11 141 539 140.27 203.83/
‘ 14282 137.9 137.98 539 138.27 131.5
, : 13958 136.54]- 135.38 539 134.39 147.79]
[ o 13454 130.62 130.22 539 129.36 162.5
L 12947] - 12475  123.51 539 120.57 46.61 B
12924 125.06 121.55 542 120.31] . 78.73
' r 12883 124.76 122.92 542 119.57 37.51
! 12633 123.6 120.86 542 '117.82 56.54
12243 121.77 118.46 542 -115.53 54.83
11779 . 118.15 116.36 575 111.51 45.79
f 11683 117 116.35 575 111.5 59.26
11657.5{Snyder Lane Culvert
. 11632 116.14 116.2 575 111.47 71.62
‘ 11561 115.74 115.53 575 111.12 58.53
: 11025 113.48 113.48 575 109.13 65.07
10839 112.9 112.92 575 108.6 66.77
f 10546 111.74 111.81 575 107.61 69.27
J 10049 110.8 110.33 575 106.88 70.53
, 10014 108.43 108.31 575 106.87 76.7
’ 10008.5|Foot Bridge
l 10003 108.43 108.31 575 106.84 76.54
9927 109.81 109.49 575 106.59 69.22
9697 108.76 108.38 575 105.64 71.78
9427 107.71 107.5 575 104.85 75.8
’ 8945 105.97 106.28 575 101.52 59.77
. 8890 105.97 107.27 575 101.67 87.67

4/27/200612:42 PM - J:\03\205608\Phase IV\Tech Memo\Draf\HEC-RAS Alts Output

AAAAAA




8858.5|Country Club Drive
8827{ -105.35( . 107.17 575 101.57 91.97
8733 105.49 105.87 575 101.01 58.19
8468 105.24 105.08 575 100.81 60.66
7990 105.47 105.28 575 100.1 46.39
7913 103.95 103.81 694 99.28 25.72
7904.5|RR Bridge :
7896 103.82 103.82 694 97.82 24.3
7884 106.55 106.48 694 96.36] - 2471
7868 104.73 104.71 694 98.64 53.75
7835|Seed Farm Drive Culvert
7802 104.88 104.48 694 98.57 62.56
7745 103.091]. 103.55 703 98.51 56.88
7437 103.84 105.22 703 98.05 89.69
6952 101.07 -104.4 703 97.35 88.76
6853 100.96 100.92 703 97.2 59.51
6848.5|Foot Bridge
6844 100.96|. 100.92 703 97.19 59.46
6771 100.77 102.8] . 708 97.07 61.58
6629 101.16 101.98 708 96.93 89.85
6153 101.09 100.07 708 96.36 88.22
5676 98.67 99.68 708 95.89 91.73
5237 98.04 .99.19 708 95.46 92.08
5171 - 99.65 100.44 708 95.35 68.28
5165.5{Foot Bridge .
5160 99.65 100.44 708 - 95.33 68.14
5118 98.88 © 98.72 708 95.27 82.16
4651 97.99 97.88 708 94.67 90.82
4176 96.81 97.64 708 94.11 58.89
4059 94.14 96.01 708 94.07 57.6
4030.5{Commerce Blvd. Culvert '
4002 93.76 96.8 708 94.07 69.7
3996 97.8 97.81 708 93.8 58.2
3990.5{Foot Bridge
3985 97.76 97.75 708 93.68 57.59
3941 96.17 95.92 708 -93.66 45.16
3844 97.36 97.33 708| 93.58 29.43
3763.5|US-101 | Redwood Drive Culvert
3683 97.03]- 97.03 708 93.05 29.32
3606 96.08 94 .89 708 - 93.05 43.54
3419 94.64] . 95.15 708 92.78 55.97
3166 95.17 95.09 708 92.44 56.92
2881 94.25 94.83 708 92.16 57.82
2525 93.46 94.39 708 91.68 57.02
2256 93.81 93.69 708 91.39 59.28
1935 94.74 93.78 708 90.94 57.66
1620 93.03 93.25 708 90.38 53.91
1317 92.46 92.84 708 90 54.93
1000 92.94 93.32 708 89.6 95.66

4/27/200612:42 PM ' J\03\205608\Phase IViTech Memo\Draf\HEC-RAS Alts Output
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HEC-RAS 100 year buildout allow 850 out Copeland Creek

XS Location LOB Elev ROB Elev Q Total W.S.Elev  Top Width

(ft) (ft) (ft) (cfs) (ft) (ft)
17173 172.07 172.52 850 170.04 . 70.87
17100 174.04 173.24 850 169.32 24.05
17066|Culvert Pet Hill road
17032 172.83 172.65 850 169.02 23.93
16914 169.93 -170.49 850 167.76 53.29
16672 167.75 167.64 850 165.31 47.46
16462 168.62 164.91]. 850 162.72 46.46
16172 158.4 158.35 850 159 100.16
16127 160.02 160.54 850 158.16 57.2
16121|Bridge into SSU
16115 160.02 160.54 850 157.81 55.57
16093 160.8 157.57 850 1567.97 80.17
16076(Foot Bridge
16059 160.8 157.57 850 157.58 79.72
15986 160 157.67 850 157.05 94.15
15938 160.69 158.41 850 156.56 66.53
15746 157.94 156 850 . 153.72 80.89
15418 152.06 152.74 850 150.46 83.58
15389 149.84 148.62 850 150.1 113.74

15383.5|Foot Bridge |

15378 149.84 148.62 850 149.98 101
15353} 149.11 148.32 -850 148.19 29.23
14985 145.1 145.11 ‘850 144.38] 190.84
14429 142.11 141 974 140.96 231.12
14282 137.9 137.981 . 974 139.06 248.88
13958 136.54| 135.38 974 135.44] 203.76
13454 130.62 130.22 974 130.23 240.95
12947 124.75 . 123.51 - 974 121.74 55.96
12924 125.06 - 121.55 979 121.59 100.94
12883 124.76 122.92 979 120.57 70.97
12633 123.6 120.86 979 119.13] 73.32
12243 121.77 118.46 979 117.03 63.2
11779 118.15]  116.36 1026 112.88 . 50.57
11683 117 116.35 1026 112.87 69.77

11657.5!Snyder Lane Culvert .

. 11632 116.14 116.2 1026 112.77 82.54
11561 115.74 115.53 1026 . 11249 70.21
11025 113.48 113.48 1026 110.58 75.78
10839 112.9 112.92 1026 110.05 76.38
10546 111.74 111.81 1026 109.13 77.65
10049 110.8 110.33 1026 108.37 81.27
10014 108.43 108.31 1026 108.36 90

10008.5/Foot Bridge :

- 10003 108.43 108.31 1026 108.33 89.42
9927 109.81 109.49 1026 108.03 79.62
9697 108.76 108.38 1026 107.07 129.28
9427 107.71 107.5 1026 106.16 84.54
8945 105.97 106.28 1026 103.09 73.3
8890 105.97 107.27 1026 103.13 110.75
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8858.5|Country Club Drive .
8827 105.35 107.17 1026 102.99 117.85
8733 105.49 105.87 1026 102.79 74.95
8468 105.24 105.08 1026 102.63 80.75
7990 105.47 105.28 1026 102.04 62.31
7913 103.95 103.81 1192 100.89 2715
7904.5|RR Bridge
7896 103.82 103.82 1192 08.96 25.63
7884 106.55 106.48 1192 97.31 27.35
7868 104.73 104.71 1192 100.29 61.15
7835|Seed Farm Drive Culvert
7802 104.88 104.48 1192 100.1 69.96
7745 103.09 103.55 1204 100.08 63.41
7437 103.84] - 105.22 1204 99.63 98.14
6952 101.07 104.4 1204 99.03 98.46
6853 100.96 100.92 1204 98.85 69.64
6848.5|Foot Bridge |
6844 100.96 100.92 1204 08.84 69.58
6771 100.77 102.8 1211 98.74 97.07
6629 101.16 101.98 1211 98.61 99.69
6153 101.09 100.07 1211 98.1 99.56
5676 98.67 99.68 1211]. . 97.68 104.72
5237 98.04 99.19 1211 - 97.34 106.64
5171 99.65 100.44 1211 97.23 81.3
5165.5{Foot Bridge : ) '
5160 99.65 100.44 1211 97.21, 81.04
5118 08.88 . 98.72 1211] 97.17 94.55
4651 97.99 - 97.88 1211 96.76| - 190.14
4176 . 96.81 97.64 1211 96.26| - 88.83
4059 94.14 96.01] . 1211 96.23 201.9
4030.5|Commerce Blvd. Culvert
4002 93.76 96.8 1211 96.22 -151.3
. 3996 97.8 : 97.81 1211 96.02 61.89
3990.5(Foot Bridge
3985 97.76 97.75 1211 95.79 ‘ 61.68
3941 96.17 95.92 1211 ' 95.73 57.82
3844| - 97.36 97.33 1211 95.53 29.43
3763.5|US-101 /| Redwood Drive Culvert
- 3683 97.03 97.03 1211 94.85 29.32
3606 96.08 94.89 1211 94.94 54.68
3419 94.64 95.15 1211 94.69] . 64.99
3166] . 95.17 95.09 1211 - 94,37 65.47
2881 94.25 94.83 1211 94.06 66.46
2525 93.46 . 94.39 1211 93.59 65.59
2256 93.81 93.69 1211 . 93.29 69.85
1935 94,74 93.78 1211 92.83 66.35
1620 93.03 93.25 1211 92.29 61.39
1317 92.46 92.84 1211 91.92 63.04
1000 92.94| - 93.32 1211 91.6 115.81
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HEC-RAS 100 year buildout allow 1139 out Copeland Creek

XS Location LOB Elev ROB Elev Q Total W.S. Elev Top Width
{ft) (ft) () (cfs) (ft) ()
17173 172.07 172.52 1139 171.35 74.43
17100 174.04 173.24 1139 170.49 24.05
17066|Culvert Pet Hill road
17032 172.83 172.65 1139 169.91 23.93
16914 169.93 170.49 1139 168.7 57.7
16672 167.75 167.64 1139 166.2 50.93
16462 168.62 164.91 1139 163.42 . 48.42
16172 158.4 158.35 1139 159.63 119.05
16127 160.02 160.54 1139 158.71 59.7
16121 |Bridge into SSU
16115 160.02 160.54 1139]| - 158.4 58.28
16093 160.8 157.57 1139 158.61 80.9
16076{Foot Bridge
16059 160.8 157.57 1139 158.29 80.53
15986 160 157.67 1139 157.88 99.93,
15938 160.69 158.41]. 1139 157.37 74.42
15746 157.94 156 1139 154.51 103.06
15418 152.06 152.74 1139| 151.22 103.34
15389 149.84 148.62 1139 -150.82 170.13,
15383.5{Foot Bridge )
15378 - 149.84 148.62 1139 150.63 155.58
15353 149.11 148.32 1139 -149.77 80.29
14985 145.1 145.11 1139 143.89 184.66
14429 142.11 141 1263 141 232.37]
14282 137.9 137.98 1263 - 139.38 250.95|
13958 136.54 135.38 1263 135.73 204.66
13454 130.62 130.22 1263 130.65 243.15
12947 124.75 123.51 1263 122.24 60.68
12924 125.06 121.55 1268 122.13 103.91
12883 124.76 122.92 1268 121.17 79.88
12633 ~ 123.6 120.86 1268 119.88 80.24
12243 12177 118.46 1268| 117.96 70.63
11779 118.15 116.36 1315 113.62 55.38
11683 117 116.35 1315 113.6 75.37
11657.5(Snyder Lane Culvert .
11632 116.14 116.2 1315 113.46 88.28
11561 115.74 115.53 1315 113.21 76.35
11025 113.48 113.48 1315 111.34 81.4
10839 112.9 112.92 1315 110.81} 81.49
10546 111.74 111.81 1315 109.9| 82.43
10049 110.8 '110.33 1315 109.1 87.18
10014 108.43 108.31 1315 109.09 111.15
10008.5|Foot Bridge
10003 108.43 108.31 1315 108.99 . 108.21
9927} 109.81 109.49 1315 108.67 88.4
9697 108.76 108.38 1315 107.77 226.9
9427 107.71 107.5 1315 106.86 176.42
8945 105.97 106.28 1315 104.02 79.03
8890 105.97 107.27 1315 104.02 124.93
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8858.5{Country Club Drive
8827 105.35 107.17 1315 103.8 132.75
8733 105.49 105.87 © 1315 103.69 80.96
8468 105.24 105.08 1315 103.55 . 87.97
7990 105.47 105.28 1315 103.01 70.37
7913 103.95 103.81 1481 101.7] 28.03
7904.5|RR Bridge .
7896 . 103.82 - 103.82 1481 99.53 26.3
7884 106.55 106.48 1481 97.77 28.62
7868 104.73 104.71 1481 101.14 ‘ 64.99
7835|Seed Farm Drive Culvert 4 '
7802 104.88 104.48 1481) - 100.88 73.73
7745 103.09 103.55 1493 100.89 71.48
7437 103.84 105.22 1493 100.45 102.49
6952 101.07 104.4 1493 ©99.89 103.39
6853| 100.96 100.92 1493 99.7 74.84
6848.5|Foot Bridge
6844 100.96 100.92 1493 99.69 74.78
6771 - 100.77 102.8 1500 99.61 102.83
6629 101.16 101.98 1500 99.49 104.9
6153 101.09 100.07 1500. 99.03 105.6
5676 98.67 99.68 1500 98.64 111.69
5237 98.04 99.19 1500 98.34 122.15
5171 . 99.65 100.44 1500 98.23 . 97.23
5165.5{Foot Bridge
5160 99.65 100.44 1500 98.18 96.31
5118 98.88 - 98.72 1500 98.15 390.66
4651 97.99 97.88{ 1500 97.79 297.32
4176 96.81 97.64 1500 - 97.36 183.11] .
4059 94.14 -~ 96.01 1500 97.34 281.37
4030.5|Commerce Blvd. Culvert ' N
4002 . 93.76 96.8 1500 97.34 268.72
_ 3996 97.8 97.81| . 1500 97.11( . 63.72
3990.5|Foot Bridge :
3985 . 97.76 97.75 1500] 96.71 63.28]
3941 96.17 95.92 1500 96.65 110.76
3844 97.36] . 97.33 1500 96.37 29.43
3763.5|US-101 /| Redwood Drive Culvert :
3683 97.03 97.03 1500 95.56 29.32
3606 96.08 94.89 1500 95,73 62.67
3419 94.64 95.15 1500 95.5 99.53
3166 © 95171 95.09 1500 95.15 106.12
2881 - 94.25 94.83 1500 94.8 © 84.8
2525 93.46 94.39 1500 94.3 69.8
2256 93.81 93.69 1500 93.94 105.14
1935 94.74 93.78 1500 93.32 74.92
1620 93.03 93.25 1500 92.59 62.59
1317 92.46 92.84 1500 92.08 63.71
1000 92.94| - 93.32 1500 91.6 115.81
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HEC-RAS 100yr Buildout Copeland Creek
XS Location |LOB Elev |ROB Elev |Q Total |W.S. Elev |[Top Width
(ft) (ft) (ft) (cfs) (ft) (f)
17173 172.07 172.52 1958 174.21 216.33
17100 174.04 173.24 1958 172.76 24.05
17066|Culvert |Pet Hill road .
17032 172.83 172.65 1958 171.47 23.93
16914 169.93 170.49 1958 170.44 118.95
16672 167.75 167.64 1958 168.05 188.78
16462 168.62 164.91 1958 164.82 174.47
16172 158.4 158.35 1958 161.11 149.4
16127 160.02 160.54 1958 159.93 71.06
16121|Bridge into SSU )
16115 160.02 160.54 1958 159.5 66.53
16093 160.8 157.57 1958 159.84 83.28
' 16076|Foot Bridge
? 16059 160.8 157.57 1958 159.47 81.9
‘ 15986 160 157.67 1958 159.05 101.58
15938 160.69| -158.41 1958 158.63 284.75
_ 15746 . 157.94 156 1958 155.85 145.9
- 15418 152.06 152.74 1958 152.71 181.98
15389  149.84 148.62 1958 152.06 266.55
15383.5|Foot Bridge :
15378 149.84] 148.62| 1958 151.47 221.86
15353|. 149.11 148.32 1958 150.62 101.27
14985 145.1 145.11 1958 144.73 193.91
14429] 142.11 141 2082 141.42 237.59
14282 137.9 137.98 2082 140.11 255.55
13958 136.54 135.38 2082 136.42 206.86
13454 130.62§ 130.22 2082 131.57 243.15
12947 124.75 123.51 2082 123.48 96.11
12924 125.06 121.55 2087 123.45 114.91
g - 12883 124.76 122.92 - 2087 122.55 97.76
B 12633} 123.6 120.86 2087 121.51 117.43
12243 121.77 118.46 2087 119.84 124.31
S 11779 118.15 116.36|.. .. 2134 1154  67.62|
! 11683 117 116.35 2134 115.3 88.33|
o 11657.5|Snyder Lane Culvert
:, 11632 116.14 116.2 2134 115.02 101.31
| 11561 115.74 115.53 2134 114.87 91.54
o 11025 113.48 113.48 2134 113.01 101.24
10839 112.9 112.92 2134 112.45 316.96
; 10546 111.74 111.81 2134 111.43 259.61
b 3 10049 110.8 110.33 2134 110.4 309.44
10014 108.43 108.31 2134 110.39 150.08
| 10008.5|Foot Bridge
: 10003 108.43 108.31 2134 110.09 140.98
' 9927 109.81 109.49 2134 ' 109.61 -103.93
9697 108.76 108.38 2134 108.61 433.38
“ - 9427 107.71 107.5 2134 107.89 670.96
o 8945 105.97 106.28 2134 106.48 384.32
[ 8890 105.97 107.27 2134 106.51 437.8
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HEC-RAS 100yr Buildout Copeland Creek

XS Location |LOB Elev |ROB Elev |Q Total |W.S. Elev |Top Width
(f6) (ft) (ft) (cfs) (ft) (ft)
8858.5|Country Club Drive
8827 105.35 107.17 2134 106.01 437.93
8733 105.49 105.87 2134 105.85 340.74
8468 105.24 105.08 2134 105.77 320.74
7990 105.47 105.28 2134 105.57 272.71
7913 103.95 103.81 2300 103.68 29.56
7904.5|RR Bridge
7896 103.82}. 103.82 2300 100.95 27.96
7884 106.55 106.48 2300 103.06 52.67
7868 104.73 104.71 2300 103.04 73.49
7835|Seed Farm Drive Culvert , v
7802 104.88 104.48 2300 102.5 81.55
7745 103.09 103.55 - 2312 102.67 86.89
7437 103.84 105.22 2312 102.23 © 1131
6952 101.07 104.4 2312 101.69 125.62
6853 100.96 100.92 - 2312 101.49 113.35
63848.5|Foot Bridge :
6844 100.96] 100.92]. 2312 101.46 113.09
6771 100.77 102.8} 2319 101.4 127.17
6629 101.16 101.98 2319 101.28 123.5
6153 101.09 100.07 2319 100.82 140.89
5676 98.67 99.68 . 2319 100.45 149.81
5237 98.04 99.19 2319 100.18 135.93
5171 99.65 100.44 2319 100.06 123.08
5165.5|Foot Bridge ' i
5160 99.65] 100.44 2319 99.86 121.38
5118 98.88 '98.72]. 2319 99.95 563.28
4651 97.99 97.88 2319 99.8 422.39
4176 96.81 97.64 2319 99.6 283
4059 94.14 96.01 2319 99.56 281.37
4030.5|Commerce Blvd. Culvert ’ .
4002 93.76 96.8 2319 99.58 268.72
3996 97.8 97.81 2319 99.47 269.92
3980.5|Foot Bridge .
3985 97.76 97.75 2319 99.36 269.92
3941 96.17 95.92 2319 99.26 110.76
3844 97.36 97.33 2319 98.67 48.38
3763.5|US-101 /| Redwood Drive Culvert :
3683 97.03 97.03 2319 96.7 36.26
3606 96.08 94.89 2319 97.22 104.7
3419 94.64 95.15 2319 97.01 103.94
3166 95.17 95.09 2319 96.69 106.62
2881 94.25 94.83 2319 96.32 102.98
2525 93.46 94.39 2319 95.73 94.41
2256 93.81 93.69 2319 95.37 105.14
1935 94.74 93.78 2319 94.65 111.4
1620 93.03 93.25 2319 93.58 101.79
1317 92.46 92.84 2319 92.69 79.14
1000 92.94 93.32 2319 91.6 115.81
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