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Introduction and Purpose

The Fisheries and Aquatic Habitat Collaborative Effort (“FAHCE”) Modeling Study Plan is intended to
address regulatory and stakeholder concerns about the methods and information used to evaluate the
effects of the FAHCE Reservoir Re-operation Rules as required by CEQA. Based on these concerns, the
parties to the FAHCE Agreement committed to an effort to: evaluate options to refine the temporal and
spatial resolution of the flow and temperature modeling of the Three Creeks (Coyote Creek, Guadalupe
River, and Stevens Creek), decide on the best approaches to improve the flow modeling, and implement
such modifications (see Activities 2, 3, 5 and 7 of the FAHCE Modeling Study Plan).

This technical memorandum fulfills the requirements of Activities 2, 3, 5 and 7 of the FAHCE Modeling
Study Plan and documents a new daily model developed with WEAP to support the CEQA analysis. As
part of the FAHCE Modeling Study Plan, the Technical Working Group (TWG) decided to pursue
disaggregation of the monthly model to a daily time step, which is better suited to evaluate the effects
of water supply operations on key variables related to fish habitat.

The purpose of this memorandum is to document the work done in developing a daily model to provide
spatially disaggregated information of ecological relevance at the defined POls. It describes the
development and calibration of the model for the period 1990-2014, the assumptions and sources of
uncertainty of the model, metrics assessing the ability of the model to produce results consistent with
historically observed river flows and reservoir storage values, development of model alternatives, and
the results of model that support the evaluation of alternatives as part of the FAHCE-related CEQA
analysis.

As part of the FAHCE Modeling Study Plan, the FAHCE Technical Working Group identified reaches of
interest (ROI), which establish a life-stage specific framework to guide the location of Points of Interest
(POI). The details of the definition of the ROIs and POls can be found in the “Methods for Establishing
Reaches of Interest and Points of Interest” EIR Appendix H, and the location of the 39 POIs where the
TWG felt that habitat metrics should be assessed is shown in Figure 1. This memo describes the data
processing required to spatially disaggregate areas adjacent to the ROls in order to simulate runoff at
the POIs by modeling the storm-water runoff process within the WEAP model. Modeling these spatially
disaggregated processes required data on temperature, precipitation, and percent of pervious area, and
the calibration of the hydrological model used to simulate urban storm-water hydrology.

This report also discusses how the base case and FAHCE alternative scenarios were built, based on the
calibrated historical WEAP model and for the time frame of 1990-2014. While the historically calibrated
WEAP model contains operations that may change from one year to the next based on known historical
conditions (for example, changes in reservoir storage capacity due to dam seismic safety concerns), the
operations in the base case and FAHCE alternatives do not change on a year-to-year basis. In this
process, iterative feedback from the District on several rounds of modeled output (reservoir volumes,
inflows, and discharges; transfer volumes; and groundwater storage) helped refine the base case
operations and the implementation of FAHCE rule curves in the WEAP model to better match the
District’s expectations and understanding of the Three Creeks system. The FAHCE Plus scenarios were
designed to address this feedback.

This final section of this report contains key model results and graphs of hydrologic and hydraulic WEAP
outputs that feed into habitat metrics (depth, velocity, temperature). Given that the full set of model
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outputs that feed into habitat metrics is extensive, only a sample of results are included in this report;

a a3\ hla on hle D orm nd o raflacted-in R_Anpend v R odel-Outp

”

Note that results and outputs from modeling of Coyote Creek are excluded, as a separate environmental
impact study will be conducted for the Anderson Dam Seismic Retrofit Project (ADSRP). However,
information on Coyote Creek related to model development necessary to understand the development
of the larger Three Creeks System was retained, given that the system is interconnected via pipelines,
canals and groundwater aquifers.

| SCVWD Basin
~ FAHCE Streams
@ SCVWD Str Gage (5% #4)
@ USGS Str Gage (111### ##) post-2000
<% Final POIs Co00KH)

i

Figure 1. Extent of storm-water accretion assessment and representation in WEAP

Modeling Approach

In this section, we describe the original monthly Valley Water WEAP planning model and the steps
required to disaggregate it into a daily time step model with higher spatial resolution in order to obtain
flow and other relevant habitat characteristics at the POls.

A. Model Time Horizon

The model time horizon was set to 1990-2010; a period for which sufficient data was available to
implement the daily model, and a period comprised of an interesting variation of water year types,
varying from critically dry to wet, in a historically representative order, such that the results of
alternative scenarios could be compared under a variety of conditions (Appendix 1. Water Year Types in
the 1990-2010 period).
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B. Monthly Model

The Valley Water WEAP monthly model, used as a basis for development of the daily model, is the result
of a modeling endeavor that started in the mid-1990s. The initial version of the model used for FAHCE
was based on Lotus 1-2-3 spreadsheets and code that were then converted to Excel spreadsheets. The
models used a monthly time step and included a representation of reservoir rule curves. An earlier
water supply planning model used by Valley Water (which included mainframe computer models and
desktop models programmed using Extend) had an annual time step. In the early 2000s, Valley Water
water supply planning staff began using the WEAP platform as a data repository and analysis tool. In the
following years, continuous improvements of WEAP followed, which led to the completion of a robust
model at a monthly time step that included imported water allocations from CalSim 1l, monthly local
supplies, monthly local demands, and, for some particular years, restrictions on reservoir storage due to
dam seismic safety concerns. In addition to the input data, the model also covered current operations
focused on supplying retailers’ demands and the delivery of water to groundwater recharge facilities
(grey boxes in Figure 2). The main outputs extracted from the model were focused on water supply
reliability and demand coverage. A detailed description of the pre-existing model is found in Appendix N
of the EIR, the “Water Supply Planning Modeling Technical Memorandum”?, which is a compilation of
information about the hydrology, facilities, and the system operations that are built into the monthly
model.

1 Water Supply Planning Modeling Technical Memorandum Santa Clara Valley Water District Fish and Aquatic
Habitat Collaborative Effort Program and Fish Habitat Restoration Plan EIR Environmental Impact Report Santa
Clara County, August 27, 2015
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Depths at POls
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Figure 2. WEAP model data input and relationships
Including operations and metrics of performance included in the monthly model (in gray),
and expected to be obtained through the FAHCE Modeling Study Plan (in blue)

C. Daily Model

The primary objective of disaggregating the existing monthly Valley Water WEAP model was to simulate
flow conditions at specific POls with sufficient temporal variability to reasonably assess habitat variables
as they would be experienced by steelhead trout and Chinook salmon during three life stages
(migration, spawning and rearing) in a stream network with a flashy hydrological regime. The TWG
decided to shift to a daily model in light of the inability of monthly average data to represent actual river
conditions. This decision was facilitated by the fact that data analysis carried out early in the FAHCE
Modeling Study Plan implementation indicated that there was sufficient data to make this shift. Data
sets analyzed included information on climate, reservoir storage, streamflow, and precipitation. In
addition to temporal disaggregation, a spatial disaggregation was deemed both feasible and necessary,
based on data available from storm drain outfalls and in order to assess flow conditions at specific POls.
Other datasets associated with habitat metrics at the POls, such as stage-discharge relationships and
water temperature regressions, were also gathered and entered into the modified WEAP model. The
temporal and spatial disaggregation of the monthly model, including the possibility of implementing
depth and temperature simulation, required four main activities:
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Disaggregate monthly to daily time step

This activity, focused on time step disaggregation, required estimating daily values for the following key
elements of the model: Recharge Pond Operation Rules, water retailer demands, treated water
demands, treated water supplies, recycled water supplies, surface water supplies, and imported water
supplies from the Sacramento-San Joaquin Delta. The time disaggregation of these elements is
described in detail in the section “Disaggregation of Monthly Input Files”.

Model urban catchments for storm water disaggregation

Data gathered to represent contributing areas to storm drains discharging to FAHCE streams showed the
feasibility of preparing a spatially and temporally disaggregated model that includes urban storm-water
runoff. Such disaggregation can be useful to estimate inflows from urban areas, which in turn allows for
the estimation of other ecological variables at POl locations. This approach required the creation of
WEAP catchment objects to represent urban accretions and the processing of precipitation data to be
entered into the Valley Water WEAP daily model. This procedure is described in detail in the section
“Urban Catchments”.

Estimate reservoir inflows

Because observed continuous and complete reservoir inflow volumes were not available, inflows to
reservoirs were calculated based on a mass balance approach, which required estimating evaporation
and other losses. Sources of data uncertainty in this approach came from errors in reservoir elevation
data, evaporation loss estimates and other losses not directly accounted for (e.g. seepage). The process
associated with this method is described in the section “Inflows to Reservoirs”.

Incorporate HEC-RAS modeled stage-discharge relationships into WEAP

Since flow depth is a key output for ecological metrics, stage-discharge curves to obtain depth outputs
from flow estimates within WEAP were included. Using available HEC-RAS models, updated based on
surveys conducted at the POls, updated stage-discharge curves were generated, as described in
Appendix J of the EIR “White Paper on Work Flow of the HEC-RAS Cross Section Analysis”; these were
included in WEAP to streamline the calculations required to turn WEAP flow estimates into depths. This
is described in more detail in the section “Stage-Discharge Relationships”.

Incorporate water temperature correlations into WEAP

Water temperature correlations were developed for historical conditions by the HDR team based on
available data (see Appendix | of the EIR). These correlations were refined for a daily time step in order
to be included in the daily time step WEAP model. These correlation functions were incorporated at the
POlIs using coefficients defined for each site. A brief description of how the correlations were
incorporated into WEAP is included in the section “Water Temperature”.

The following sub-sections of this memo include descriptions of the five main activities outlined above.

D. Disaggregation From a Monthly to a Daily Time Step

The disaggregation of the Valley Water monthly model required the identification of monthly data that
was read into the model using the “ReadFromfFile” or “MonthlyValues” functions and of model logic that
assumed that the model was running on a monthly time step. The “ReadFromFile” function in WEAP is
used to input data from CSV-type files stored in the model directory. These files contain data from 1990-
2015 (the time horizon of the monthly model), out of which we used 1990-2010 (the period defined for
the daily model).

10
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1. Disaggregation of Files and Operation Functions

Table 1 shows examples of the data files identified in the disaggregation process and the disaggregation
approach used. For instance, agriculture demands were presented in the CSV files as Acre-Feet per
month, and to disaggregate the monthly value, each cell was divided by the corresponding number of
days in each month. Other data, such as the artificial recharge, was in AF per day in the CSV files, so the
corresponding value was repeated for all days. Since the “ReadFromFile” function uses columns to read
in variables, the column for each variable was preserved, maintaining the syntax of the functions in the
monthly time step WEAP.

Table 1. Characteristics of the Valley Water WEAP model input files and disaggregation method

CSV File Name Variable in WEAP Unit Disaggregation method
ag_Demand2010, Agricultural water demand AF per month Divided by the number of
ag_Demand2015, days

ag_Demand2020,
ag_Demand2025,
ag_Demand2030,
ag_Demand2035,
ag_Demand2040,

recharge_data Artificial recharge AF per day Repeat
mi_Demand2010, Water demand AF per month Divided by the number of
mi_Demand2015, days

mi_Demand2020,
mi_Demand2025,
mi_Demand2030,
mi_Demand2035,
mi_Demand2040,

Ngwy Natural groundwater recharge AF per month Divided by the number of
days

rainfall Rainfall Inches per month Divided by the number of
days

res_inflow Reservoir inflow AF per month Divided by the number of
days

recycled, recycled2010, Projected recycled water AF per month Divided by the number of

recycled2015, recycled2020, supplies days

recycled2025, recycled2030,
recycled35, recycled2040

The WEAP function “MonthlyValues” is used to enter data directly without making reference to an
external CSV file. In the case of the Valley Water WEAP monthly model, this function is used for data
associated with “Flood Rule Curves” and “Transfer Rule Curve” in reservoirs. Table 2 shows examples of
disaggregation to daily time step using logic conditionals such as “If”, “And” and “TS”, the latter being
used to make reference to a particular time step. The syntax uses the monthly values, making them
applicable to the time step of the year that the values are valid within each month. Table 2 shows the
syntax used for two different types of disaggregation: for the flood rule curve, and for the accretion flow
use factor.

11
Valley Water Daily WEAP Model Technical Memorandum, Updated October 2020



Technical Memorandum of WEAP Model

Table 2. Disaggregation of the data input as “MonthlyValues”

Example Expression in monthly model Expression in daily model
1. Lexington MonthlyValues(Jan, 16.1, Feb, 17.8, Mar, If(And(TS>=Jan 1,TS<=Jan 31),16.1,And(TS>=Feb 1,TS<=Feb
flood rule 18.933, Apr, 19.044, May, 19.044, Jun, 29),17.8,And(TS>=Mar 1,TS<=Mar 31),18.933,And(TS>=Apr
curve 19.044, Jul, 19.044, Aug, 19.044, Sep, 1,TS<=Apr 30),19.044,And(TS>=May 1,TS<=May
17.363, Oct, 15.681, Nov, 14, Dec, 14 ) 31),19.044,And(TS>=Jun 1,TS<=Jun 30),19.044,And(TS>=Jul

1,7S<=Jul 31),19.044,And(TS>=Aug 1,TS<=Aug
31),19.044,And(TS>=Sep 1,TS<=Sep 30),17.363,And(TS>=0Oct
1,TS<=0Oct 31),15.681,And(TS>=Nov 1,TS<=Nov
30),14,And(TS>=Dec 1,TS<=Dec 31),14)

2. Accretion MonthlyValues( Jan, 0.25, Feb, 0.25, Mar, If(And(TS>=Jan 1,TS<=Jan 31),0.25,And(TS>=Feb 1,TS<=Feb

flows 0.25, Apr, 0.25, May, 0.75, Jun, 1, Jul, 1, 29),0.25,And(TS>=Mar 1,TS<=Mar 31),0.25,And(TS>=Apr
utilization Aug, 1, Sep, 1, Oct, 1, Nov, 0.75, Dec, 0.25) 1,TS<=Apr 30),0.25,And(TS>=May 1,TS<=May
factor 31),0.75,And(TS>=Jun 1,TS<=Jun 30),1,And(TS>=Jul 1,TS<=Jul

31),1,And(TS>=Aug 1,TS<=Aug 31),1,And(TS>=Sep 1,TS<=Sep
30),1,And(TS>=0ct 1,TS<=0Oct 31),1,And(TS>=Nov 1,TS<=Nov
30),0.75,And(TS>=Dec 1,TS<=Dec 31),0.25)

Note: TS: Time step

2. Verification of Daily Disaggregation

Whether the base model is run at a monthly time step or a daily time step, it is the same system being
modeled. Therefore, one would expect that the overall system response be similar once the monthly
model hydrology and operating logic have been disaggregated to a daily time step. To test the veracity
of this expectation, both monthly and daily models were run for the 1990-2010 time period before
additional modifications were made to the daily model (i.e. variable storm-water inflows). The results of
the two runs were then compared to ensure that the disaggregated daily model successfully preserved
the overall behavior of the monthly model. Note that with this step, no conclusion about the validity of
either model is made nor sought; instead, this comparison serves to instill confidence that the monthly
to daily disaggregation of various expressions and datasets was done correctly and are functional at the
daily time step. This assessment was done by looking at specific model outputs, such as inflows to
reservoirs, water demand, reservoir storage, reservoir outflow, groundwater storage, recharge, demand
coverage and streamflow at existing POls. The daily model behavior should nearly match that of the
monthly model for these variables, with slight differences being acceptable due to an understanding
that daily streamflow may fluctuate more than monthly average streamflow. The other reason why one
should not necessarily expect the model output to match perfectly is because much of the model logic is
based on the application of if-then threshold logic. Obviously the moment at which such thresholds are
encountered in a monthly model can only be the beginning of the month, while it could realistically
happen within a month or a daily time step. In these types of comparisons, however, it is always good to
see that the output match up at call conditions as this is where physical constraints defining call/not call
conditions control model output.

Table 3 shows the criteria used to compare the monthly vs daily results.
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Table 3. Criteria for comparing results of monthly and daily models after input files disaggregation

Performance measure Monthly model Daily Model
Reservoir inflow Streamflow in CFS Monthly average streamflow in CFS
Reservoir storage volume Storage volume in AF Storage volume of the last day of the month in AF
Volume release Discharge volume in AF Daily sum of discharge water in a month in AF
Water demand Demand volume in AF Daily sum of water demand in a month in AF
Demand coverage Percentage coverage Monthly average of daily coverage in percentage
Groundwater storage Storage AF Storage volume of the last day of the month in AF
Recharge Recharge volume in AF Daily sum of recharge water in a month in AF

Figure 3 shows the comparison of the monthly and daily model results in terms of the simulated
reservoir storage. Note that the results for both the monthly and daily models shown here are from
model versions that were current at the time of verification of the disaggregation process (July 2016).
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Figure 3. Reservoir storage volume of Valley Water WEAP daily vs monthly models

The daily model reservoir storage volume has a similar trace as the monthly model, which means that
the disaggregation process for files and operation rules in WEAP is reliable. Groundwater storage offers
another way to verify the disaggregated model; Figure 4 shows a comparison between the results of the
daily model and the monthly model (July 2016). Again, the results seem to be similar, despite the fact
that the daily model slightly underestimates the stored volume in relation to the monthly model in the
two FAHCE relevant aquifers during the 1993-1996 interval. These deviations, which are likely related to
the assumed timing of stream accretions in the winter months in the monthly model, were deemed
acceptable. In conclusion, the daily model captures the baseline operations of the Valley Water system
in @ manner consistent with the representation contained in the monthly model. This is an important
conclusion as in the effort to produce a daily model suitable to support the FAHCE analysis, we are
assuming that the District’s monthly model represents the best description of the District’s current
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operations. That these operations are captured when the identical model is at a daily time step creates a
point of departure for the modification of the daily model as imagined in the FAHCE Modeling Study
Plan.

25 000 Model_
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20 000 Il Monthly
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Figure 4. Daily and monthly model aquifer storage after input files disaggregation

E. Modeling Urban Catchments

To expand the spatial scope of the existing WEAP model and ensure storm-water accretions to FAHCE
steams are well-represented, it was deemed necessary to model storm-water runoff from surrounding
urban catchments. In the monthly model, such accretions are crudely represented in reaches of major
streams, upstream of the unconfined/confined groundwater zone boundary (i.e., the zone available for
aquifer recharge). This simplification is due to the fact that these storm-water accretions occur
downstream of major reservoirs, and therefore do not bear significant implications upon District
operations, which focus on delivering water to treatment plants and to recharge ponds located in the
unconfined zone. However, the influence of these storm-water accretions can greatly affect streamflow
at the POls, especially at the daily time step, and therefore they needed to be represented in the Valley
Water WEAP daily model as part of the FAHCE modeling.

Accretions from storm-water were evaluated between the furthest downstream POls in the FAHCE
streams and the nearest major upstream dam, which constitutes the majority of the study area.

1. Data Utilized

Unique storm-water runoff zones were delineated upstream of each POI using GIS data provided by the
District. This data consists of both the network of storm drains and storm drain outfall points, and their
corresponding contributing areas, which constitute 1624 polygons or sections of the storm-water
system that drain to streams (each of the red polygons in Figure 5). The location of storm-water outfall
as well as approximations of the percentage of impervious area of each of these catchments was also
calculated.
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Figure 5. Storm-water catchments by percent of impervious area

The urban storm-water polygons whose runoff contributes to FAHCE streams/tributaries below major

dams were identified. Among 1624 total polygons, the 750 highlighted in yellow in Figure 6 were

selected to be included in the daily WEAP model.
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Figure 6. Storm-water catchments that drain to FAHCE streams

Precise storm-water outfall points were collected from various municipal databases?, and used to
understand the runoff routing network in order to identify the specific stream reaches to which each
urban storm-water polygon contributes runoff. A close-up example of a storm drain basin, collector
network, and outfall points along a portion of Stevens Creek is shown below in Figure 7.

2 Databases for storm drain data were collected from various sources, and summarized for the purpose of this
model update by Jack Xu, Associate Civil Engineer, Hydrology, Hydraulics, and Geomorphology Unit from Valley
Water in January, 2016
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Figure 7. Outflows catchment aggregation in the Lower Stevens Creek

The delineation of the boundaries of the 750 FAHCE-relevant urban storm-water polygons with respect
to each POl was implemented by a manual process of tracing each polygon’s drain pipe network to its
respective outfall point into a FAHCE creek/stream, and identifying within which reach between two
POls this outfall point fell. Storm-water polygons where then combined to obtain one aggregated
contributing area for the interval between two POls. In addition to these completely urban catchments,
five additional catchments were delineated to represent storm-water accumulation upstream of the first
POl and downstream of the reservoirs in each FAHCE Creek (Figure 8). This process resulted in 33 unique
urban “catchments” or hydrologic units — one for each POl reach.
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Figure 8. Storm runoff catchments

2. Runoff in Urban Catchments and Calibration Parameters

In order to ensure that the amount of storm runoff being modeled by the urban storm-water
catchments is realistic, a uniform methodology of parameter creation and calibration was applied to
each catchment. The calibration exercise involved comparing model results to observed flows at various
gauge sites throughout the system from January 1991- December 1999. The hydrology module in WEAP
is spatially continuous, with a study area represented as a contiguous set of catchments that cover the
entire spatial extent of the river basin in question. This continuous representation of the river basin is
overlaid with a water management network topology of rivers, canals, reservoirs, demand centers,
aquifers and other features®. Each catchment is fractionally subdivided into a unique set of independent
land use/land cover classes that are defined by their area within the catchment rather than their
location, such that they sum to 100% of the catchment’s area. A unique climate-forcing data set of
precipitation, temperature, relative humidity, and wind speed was uniformly prescribed across each
catchment.

A one-dimensional, physical water balance model depicts the hydrologic response of each fractional
area within a catchment and partitions water into surface runoff, infiltration, evapotranspiration,
interflow, percolation, and baseflow components. Runoff values from each fractional area within the

3 See: Yates, D., Purkey, D., Sieber, J., Huber-Lee, A., Galbraith, H., 2005. WEAP 21--A Demand, Priority, and
Preference-Driven Water Planning Model: Part 2, Aiding Freshwater Ecosystem Service Evaluation. Water Int. 30,
501-502.
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catchment are then summed to represent the lumped hydrologic response, with the surface runoff,
interflow and base flow being linked to a river element; deep percolation being linked to a groundwater
element where prescribed; and evapotranspiration being lost from the system (Figure 9).

At each time step, WEAP first computes the hydrologic flux, which it passes to the relevant river and
groundwater objects. The water allocation is then carried out for the given time step, where constraints
related to the characteristics of reservoirs and the distribution network, environmental regulations, and
the priorities and preferences assigned to points of demands are used to condition a linear
programming optimization routine that maximizes, in order of priority, the demand “satisfaction” to the
greatest extent possible?. All flows are assumed to occur instantaneously; thus a demand site can
withdraw water from the river, consume some, and optionally return the remainder to a receiving water
body in the same time step.

Precipitation,

including snowmelt Imigation ET=PET*(5z1-22z1°)/3

— Surface runoff = (precip + irig) * z1%=
— Direct runoff (onlv if z1 > 100%)

Bucket 1

Percolation = Root zone cond. * |— Interflow = (Root zone cond. * pref. flow dir) * z1°
(1 - pref. flow dir) * z1°

Bucket 2 J’

Soil waler capacily (mm)
z1 (%)

[ Base flow = Deep conductivity * z2°

Deep waler capacily (mm)

o
=

"

Figure 9. Diagram of the two-bucket WEAP hydrology model (From Yates et al., 2005)

The WEAP catchment objects require the following input data:

1) Area
Estimated areas by storm runoff catchment are listed below in Table 4. These areas were
calculated using GIS analysis for the areas visualized in Figure 8.

Table 4. Urban Catchment Input Data

POI Catchment Area (Ha) Paired Rain Gauge Impervious Area (%)
ALAM1 2397 6037 28.8
ALAM?2 168 6037 37.6
ALAM3 944 6128 3.0
CALE1 1312 6037 4.4
Coyo1 1297 6086 67.6
COYO2 311 6086 62.5

4 Yates, D., Purkey, D., Sieber, J., Huber-Lee, A., Galbraith, H., 2005. WEAP 21--A Demand, Priority, and Preference-
Driven Water Planning Model: Part 2, Aiding Freshwater Ecosystem Service Evaluation. Water Int. 30, 501-502.
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COYO03 14004 6132 42.3
CoYo4 1931 6132 20.3
COYO5 1527 6132 36.4
COYO6 6741 6037 6.2
COoYOo7 233 6037 10.6
COYO8 528 6041 6.6
GCRK1 273 6001 48.7
GCRK2 2 6001 9.4
GCRK3 1988 6036 17.1
GUAD1 1393 6086 59.6
GUAD2 2054 6086 69.6
GUAD3 1956 6086 69.1
GUAD4 995 6086 72.8
GUADS5S 7586 6001 55.6
GUAD6 5426 6125 63.8
GUAD7 185 6001 33.6
LOSG1 1529 6086 61.9
LOSG2 2336 6125 53.0
STEV1 658 6121 61.2
STEV2 1236 6048 53.7
STEV3 463 6053 38.6
STEV4 439 6053 37.2
STEVS 210 6100 15.1
UPEN1 129 6099 45.1
UPEN2 145 6099 52.2
UPEN3 355 6099 6.6
UPEN4 5285 6034 2.7

2) Temperature and Daily Observed Precipitation
Regarding temperature, the San Jose Airport station was used for the storm runoff catchments

in the model. In terms of precipitation, each catchment was paired with a nearby rain gauge,

with that station’s rainfall data used as the precipitation input in WEAP (Figure 10). To assign a
rain gauge to each catchment, the list of candidate Valley Water rain gauges was first filtered to

those that had complete records or the 1991-2010 period. Priority was then given to gauges

falling within the catchment areas themselves, as long as they were at an elevation that roughly

corresponded to the average elevation of the catchment. In instances where no rain gauges fell

within the catchment or were not at an elevation representative of the catchment area, the
nearest rain gauge at a reasonably similar elevation was used, due to the fact that average
annual rainfall is strongly correlated to elevation in the Santa Clara basin.
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Figure 10. Storm Runoff Catchments with Rain Gauges

An example of this process is shown in Figure 11 below, in which the CALE1 storm runoff
catchment (rose-colored on the left) contains no rain gauge, and therefore station 6037 (right)
was selected to represent the catchment’s rainfall.
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Figure 11. See CALE1 Urban Catchment (Rose-Colored on left) with its paired rain gauge, 6037 (right)

The complete list of catchment-rain gauge pairs is shown in Table 4 above. An example of precipitation
data input into the urban runoff catchment for the STEV1 POl in WEAP is shown in Figure 12. (In this
image, the data is read from the file named SCVWD_Daily_RainGauge.csv, with the associated ALAM1
station located in column 33. A conversion factor from inches to millimeters is also included.)
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Figure 12. Local Rain Gauge Data Input into WEAP Storm Runoff Catchment

3) Percentage Share of Impervious vs. Pervious Area
The GIS data of the storm-water runoff zones provided by Valley Water also contained information
regarding the estimated percentage of impervious area in each zone. In the process of constructing
the final urban catchments associated with each POI, the area-weighted average percentage of
impervious area per catchment was calculated. The remainder of the area was assumed to be
pervious area. The percentages of impervious areas by storm-water catchment are listed above in
Table 4.

This input data was used to parameterize the storm-water runoff model in WEAP. The final set of soil
and surface-related parameters obtained after calibrating the rainfall-runoff routines (a process
summarized in the following section) is presented in Table 5.

Table 5. Calibration parameters for the rainfall-runoff routine in WEAP

Parameter Impervious Pervious Unit
Sw — Soil water capacity 50 300 mm
Dw — Deep water capacity 500 500 mm
Kc — crop coefficient for evaporation 0.9 0.85
Ks — conductivity of the upper bucket 12 10 mm/day
Kd — conductivity of the lower bucket 5 5 mm/day
f - Preferred flow direction 0.85 0.5
RRF — runoff resistance factor 3 6
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3. Urban Storm-Runoff Calibration

Once calibrated, the urban catchments produced flows for their corresponding areas, which contributed
accretions at each of the POls. The calibration process consisted of comparing the observed flows at
gauges as compared to modeled flows until the calibration statistics of Nash-Sutcliffe Efficiency (NSE —
unit-less), the normalized Root Mean Square Error (RMSE — %), and the Bias (%) fell within acceptable
values. Acceptable values of NSE are above 0.7, of RMSE are below 50%, and of Bias are within +- 20%.
The key points for comparison are gauges 5035 in Stevens Creek, 5050 in Los Gatos Creek, 5023 in
Guadalupe Creek, and 1116900 in Guadalupe River (Figure 13), for which the current results are shown
(Figure 14).

| SCYWD Basin (FAHCE)
) “:‘ ¥  SCWWD Res Gage (4###)
~] ® SOMD Str Gage (5##%)

] © USGS Str Gage (111# ## ##) post-2000
e| — ROI (Spawning)
ROI (Rearing)
ROI (Migration)

Confined Aquifer

Unconfined Aquifer
Elevation (ft)

Figure 13. Streamflow gauges used to compare urban catchments calibration

The following set of plots shows the daily average calibration for the 1990-2014 period, and associated
statistics for the key gauges mentioned (Figure 14). To perform this calibration, actual observed time
series from gauges located downstream of reservoirs were used as input. This way, we controlled for
possible model errors related to modeling reservoir operations and releases which also contribute to the
flows observed at each point, allowing us to exclusively focus on the performance of the urban storm-
water model during the calibration exercise. The resulting graphs and statistics indicate very acceptable
model performance, with NSE values over 0.8 for all gauges except gauge 5023 in Guadalupe River, with
an NSE value of 0.61, and a bias of within 20% for all gauges.
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c)
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Figure 14. Daily average calibration figures and statistics for gauges a) 5035 in Stevens Creek, b) 5050 in Los Gatos Creek, c)
5023 in Guadalupe Creek, and d) 1116900 in Guadalupe River
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F. Estimation of Inflows to Reservoirs

Obtaining daily inflow values for all reservoirs on the FAHCE Creeks consisted of a process of back-
calculating flows from existing daily records of observed reservoir storage volume, reservoir releases,
and transfers in and out of the reservoirs. Estimates of evaporation and precipitation on the reservoir
surface were included in this daily water balance, resulting in daily estimates of inflows. The basic water
balance equation is shown below:

Inflow; = (Voli.1 — Vol;) + Evapi + Releases; — Precipi+/- Transfersi
Where i signifies a given day i

Vol;is the observed reservoir volume at the start of day i. Therefore, the change in storage during day i
is defined as Voli.; — Vol,

Evapi is the estimated evaporation losses over the surface of the reservoir. These values in inches were
taken from the evaporation pan values, corrected for water bodies, at the Alamitos evaporation pond
site. Daily values of reservoir surface area were provided by Valley Water.

Releases;is the amount of water released from the reservoir as measured by the nearest downstream
gauge”.

Precipi Is the estimated amount of precipitation falling on the reservoir surface, calculated using the
daily rainfall values from the nearest rainfall gauge and the estimated reservoir surface area, as with the
estimation of evaporation.

Transfers; Represent any other water flowing in/out of the reservoir due to transfers via pipelines or
canals. Transfers occur in Almaden, Calero, and Anderson reservoirs.

1. Mass Balances for Reservoirs

The following equations show the mass balance used to calculate the daily inflows for each reservoir,
using the correct reservoir, streamflow, and rainfall station IDs. Station IDs numbered 4### are reservoir
volumes, 5##t# are streamflow, and 6### are rainfall. Also, note that some of the station IDs start with
SF## which is a nomenclature used by the District to refer to some of the stations, which is equivalent to
the 4### or 5###, in which the two last numbers of the station ID is used in the SF## nomenclature (i.e.
station 5067 is also SF67). All equation components are in units of AF/day. Evaporation and Precipitation
records were converted to volumes using the time-series of daily reservoir surface areas.

Almaden:

Inflow; = (4001;.; — 4001;) + Evap; + 5016;+ 5015(Transfers Out via Canal to Calero Reservoir); —
6004;

5 Most reservoirs have streamflow gauges with daily records immediately downstream that can be assumed to
reflect reservoir releases. Exceptions to this are Lexington, Calero, and Anderson reservoirs, whose nearest
downstream flow gauge is also downstream of some other significant source of inflow downstream of the
reservoir, making it difficult to discern what portion of recorded streamflow represents reservoir releases.

27
Valley Water Daily WEAP Model Technical Memorandum, Updated October 2020



Technical Memorandum of WEAP Model

Anderson :

Inflow; = (4002;,1 — 4002;) + Evap; + (5082; — San Felipe Pipeline Inflows); + (Releases to
Pipeline); — (CVP Imports to Anderson); — 5012(Coyote Reservoir Releases); — 6041;

Calero:

Inflow; = (4003i:1 — 4003;) + Evap; + 5013; + (Releases to Pipeline)i— 5014(Inflows from
Almaden-Calero Canal); - (CVP/Anderson Imports); — 6128;

Coyote:
Inflow; = (4005;:1 — 4005;) + Evap; + 5012; - 6021;

Guadalupe:
Inflow; = (4006;.; — 4006;) + Evap; + 5017; — 6036;

Lexington:
Inflow; = (4007;.1 — 4007;) + Evap; + (5067 — Accretions US SF67); — 6058;

Stevens Creek:

Inflow; = (4009;.1 — 4009;) + Evap; + 5044; — 6100;

In all reservoirs, evaporation was estimated using the daily average evapotranspiration values across the
year as recorded at the San Jose CIMIS station (Figure 15).
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Figure 15. Reference ET values cycled yearly (daily averages from San Jose CIMIS station)

72013 Best Research-Oriented Paper Award by ASCE-EWRI Journal of Water Resources Planning and Management
selected this work
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Oftentimes, the lack of complete data complicated the application of this methodology to FAHCE-
relevant reservoirs. The only FAHCE-relevant reservoir to have a complete daily streamflow gauge
record of inflows from the period 1990-2010 (SF77 & USGS station 11169800) (Figure 16) is Coyote
Creek. The gauge on Coyote Creek is situated almost 2 miles upstream of the maximum extent of Coyote
Reservoir. This means that the flows captured at this gauge do not represent all inflows to Coyote
Reservoir. It was estimated that the contributing area to this gauge location is roughly 86.8% of the total
contributing area to Coyote Reservoir. It was found that these streamflow records underestimate the
calculated inflows to Coyote Reservoir by roughly 8%. Because the magnitude of this underestimation is
similar to the percent area of the catchment contributing to Coyote located downstream of the gauge
(100%-86.8% = 13%), it was deemed reasonable.

| SCVWD Basin (FAHCE)
% Final FAHCE POIs

coyoterescatcharea
#2725 Catchment Above Stream Gauge (88.4%)
£273 Catchment Above Reservoir DS of Gauge (11.6%)
@ USGS Streamflow Gauge
¥ SOVWD Reservoir Volume Gauge

Bt 0 1 2 3miles

Figure 16. Contributing Area to Coyote Reservoir. DS gauge = 11.6% area. US gauge = 88.4% area.

Other reservoirs did not have as complete an accompanying dataset. At Lexington Reservoir, the nearest
downstream gauge is SF67, which is downstream of a small tributary (Trout Creek) that flows into Los
Gatos Creek just downstream of the reservoir, as well as additional various accretions upstream of SF67.
Therefore, it was necessary to estimate these accretions, so that they could be subtracted from the SF67
records, theoretically leaving a streamflow record of only Lexington Reservoir releases. SCADA data that
was recently processed for this model update offered observed volumes of controlled outflows from
Lexington, and it was determined that from 9/20/2012 to 12/31/2014 there was a mostly continuous (a
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few missing values were filled via interpolation) and reliable record of the actual releases from
Lexington Reservoir. During this period no spillway releases occurred from Lexington (observed volume
was well below the storage capacity the entire period), meaning that in theory all releases from
Lexington were captured by these SCADA records. Comparing this record with the values seen at SF67
illustrates the influence of the unmonitored accretions downstream of the reservoir, especially during
storm events (Figure 17).

Lexington Controlled Release Records & Flows at SF67

SF67 ——SCADA Lexington Outflows Precipitation at Lexington Reservoir (6138)
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Figure 17. Lexington Reservoir Releases and SF67 flows

From this, the accretions upstream of the gauge (labeled “US SF67”) were assumed to be the difference
between SF67 flows and the SCADA Lexington Release records for this period (Figure 18).
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Figure 18. Estimated Trout Creek inflows to Los Gatos Creek

This was deemed the best method to estimate Trout Creek flows and other unknown accretions.

Extending the flow record of these accretions US SF67 backwards to 1990-2010 was done by
determining a relationship between these “observed” accretions and rainfall at Lexington Reservoir for
this period. Given the short period, a very strong relationship did not emerge (R? = 0.64), but it was
deemed sufficient given the lack of additional data (Figure 19).

Accretions (AF)

Estimated Accretions US SF67 vs. Precipitation
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Figure 19. Scatter Plot and fit between Accretions US SF67 and Precipitation

The second-order relationship shown above was used to create a synthetic signal of accretions SF67

from 1990-2010, which was then subtracted from the SF67 records to obtain an estimated record of
releases from Lexington reservoir.
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Calero and Anderson reservoirs posed additional challenges. The nearest downstream gauges (SF13 &
SF83, respectively) are downstream of the inflows of major pipelines, which discharge water directly
into Calero Creek and Coyote Creek. Daily SCADA records exist for these pipeline inflows from
12/1/1994—present. Unfortunately, pipeline inflows are not available from 1/1/1990-11/30/1994. For
these dates, the reservoir inflow to Calero Creek was based on the average daily inflows from 1995-2014
for the particular water year type. These records of the Calero and San Felipe pipeline inflows were
subtracted from the SF13 & SF83 streamflow records, respectively, resulting in estimated records of
reservoir releases.

2. Veracity of Back-Calculation Method

As mentioned above, the only existing streamflow gauge capturing reservoir inflows with some degree
of accuracy is the 5077/11169800 gauge upstream of Coyote, and even this gauge is only capturing a
portion of total inflows. As such, it was difficult to test the veracity of the daily inflow estimates we
obtained by applying the mass balance equations at each reservoir. However, we did compare the daily
inflow estimates for Coyote Reservoir from the entire period of 5077/11169800 record (1973—-2014)
with the observed values at station 5077/11169800 with the following result shown in Figure 20 and
Figure 21 (for daily averages).

Daily Inflows to Coyote Reservoir
NSE =0.91 nRMSE (%) =30 Bias (%) =8
= = Back—Calculated Estimated Inflow—— USGS Observed Inflow
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Figure 20. Daily back-calculated inflow to Coyote Reservoir compared to flows at SF77/11169800
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Daily Averaged (1979 — 2014) Inflows to Coyote Reservoir
NSE=0.95 nRMSE (%)=23 Bias (%) =10
— - Back-Calculated Estimated Inflow——USGS Observed Infiow

300
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Figure 21. Daily Average back-calculated inflow to Coyote Reservoir compared to flows at SF77/11169800

The statistics reported in the heading of each graph are the NASH, nRMSE, and Bias. Notice that both
the NSE and RMSE are fairly good, with the Bias showing the estimated inflows to be roughly 8% higher
than those observed at station 5077/11169800.

However, as previously mentioned, due to the fact that this station does not capture all inflows to
Coyote, we would expect the back-calculated estimates to be higher, to account for the inflows from the
contributing area downstream of 5077/11169800. In fact, the total area downstream of the station
totaled roughly 3,600 ha, while upstream totaled about 27,350 ha, meaning the downstream area is
13.2% of the total contributing area of the reservoir. Therefore, if we assume that the area to runoff
ratio is roughly equivalent in all parts of the contributing area, we would expect our back-calculation
estimates to be roughly 13-14% higher than observed. Our estimates were close to this (8% higher),
giving us confidence that the back-calculation method is in fact producing reasonable inflow estimates.
This supports the conclusion that the mass balance approach to estimate daily reservoir inflow from
daily changes in reservoir storage is reasonable and appropriate. It is not perfect, however, and will
introduce some error into the model.

G. Incorporation of Water Depth at POls: Stage-Discharge Relationships

To determine water depth at each POI, stage-discharge rating curves were calculated for each POl using
a combination of new field survey transects, preexisting survey transects, and estimations of transects
from DEM data. Previous HEC-RAS models for each FAHCE-relevant stream were used as the platform
for developing these rating curves. However, those models were generally constructed for flood-risk
analysis, and therefore consist of fairly coarsely surveyed stream transects, oftentimes representing low-
flow channels as simple trapezoids, and at times consisting of channel geometry values that have been
interpolated between measured survey transects. In addition, those models did not extend all the way
up to many of the FAHCE relevant reservoirs, excluding some POls (Figure 22). Note that there are a
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total of 7 of 39 POls that fell outside of previous HEC-RAS models (LOSG2, GCKR3, GCRK4, ALAM4,
UPEN4, CALE2, STEV®6).

SCVWD Basin (FAHCE)

Y% Final FAHCE POIs

wem Pre-Existing HEC-RAS Maodel Extents
TR - )

3 miles

Figure 22. Extent of pre-existing HEC-RAS models

Given that the FAHCE effort is concerned with fish passage at low flows as one important habitat metric,
it was deemed that a higher level of detail than offered by the previously existing HEC-RAS stream
transects, or cross-sections (XSs), was needed at a selected set of POls in order to accurately capture the
geometry of critical riffles or other passage-barriers. Therefore, the District conducted a field survey to
obtain stream transects at a total of 21 POlIs for the Stevens Creek and Guadalupe River systems. These
transects were developed with RTK (Real-Time Kinematic) GPS (Global Positioning System) stream
transects conducted at the most prominent critical riffle or passage-barrier in the vicinity of each of the
selected POls (Figure 23). The remaining POls did not receive new field surveys of riffles due to a variety
of reasons, detailed in Table 6. Refer to “White Paper on Work Flow of the HEC-RAS Cross Section
Analysis” for a full discussion of the process for refining these HEC-RAS transects.
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Table 6. HEC-RAS Cross-Sections by POI.

Note: The “Range of Flow” column in the table below signifies the flows captured by the field transect data. Many of the new
transects do not have data points extending high up the river banks or out onto the floodplain, making them suited for low and
intermediate flow analysis only. Green cells indicate that no field transect was surveyed, gold cells indicate that transects were

newly surveyed, orange cells indicate that transects were taken from DEM, and yellow cells indicate that new surveyed cells
were upstream of POI.

Range of .
POI HEC-RAS XS Type Flow (cfs) Reason for no Field Survey
coyo1 No field transect, use existing XS 5-15000 O.nllyldeep, standing pools exist in
vicinity
New Field Survey. Stitched into internal bridge
COY02 (Berryessa Rd) XS 15827 US & DS from sta 82 to 137 (US) | 0-15000
& 68 to 123 (DS) to 1051.1
COoYo3 New Field Survey. DS of XS 21400 0-275
COYO4 ::r:;z:'(; HEIE26, V2 T (128 Sl sie (R 0-15000 Singelton Road (Planned for Removal)
New Field Survey. Stitched into internal bridge XS
coYos 139790 US & DS from sta 988.38 to 1051.1 0-15000
New Field Survey. Stitched into internal bridge XS
COYO6 | 163780 US & DS from sta 965 to 1011.36 0-15000
Ccoyo?7 No field transect, use existing XS 0-15000 O.nlly.deep, standing pools exist in
vicinity
COoYos8 New Field Survey DS of 201957 0-175
COY09 New Field Survey US of 220898 0-300
coyo1o New Field Survey US of 222144 0-275
Upper Pen was excluded from field
surveys due to uncertainty
UPEN1 No field transect, use existing XS 0-7500 surroundln_g thg utility of S.UCh data on
Upper Penitencia Creek, given the
absence of District reservoirs on the
creek
Upper Pen was excluded from field
surveys due to uncertainty
UPEN2 | No field transect, use existing XS 0-15000 surrounding the utility of such data on
Upper Penitencia Creek, given the
absence of District reservoirs on the
creek
Upper Pen was excluded from field
surveys due to uncertainty
UPEN3 No field transect, use existing XS 0-3500 surroundm.g the. utility of S.UCh data on
Upper Penitencia Creek, given the
absence of District reservoirs on the
creek
Upper Pen was excluded from field
surveys due to uncertainty
UPEN4 No field transect nor model (used DEM) 0-15000 surroundln.g the. utility of S.UCh data on
Upper Penitencia Creek, given the
absence of District reservoirs on the
creek
GUAD1 No field transect, use existing XS 0-4500 O.nllyldeep, standing pools exist in
vicinity
GUAD2 No field transect, use existing XS 0-4500 O_nlly.deep, standing pools exist in
vicinity
GUAD3 New Field Survey US of 15870 0-200
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POI HEC-RAS XS Type :(a):lg(ec;f) Reason for no Field Survey
GUAD4 New Field Survey DS of 19240 0-100
GUADS New Field Survey DS of 20679 0-750
GUAD6 New Field Survey DS of 95000 0-350
GUAD7 New Field Survey DS of 102400 0-175
R P e e
LOSG2 New Field Survey US of all existing XSs 0-175
GCRK1 New Field Survey just US of XS 1010 (intersects it) 0-325
GCRK2 New Field Survey 28 ft DS of XS 1270 0-350

STEVS

Figure 23. Photo of a cross-section from new field survey. Shown here is STEV5.

The transect data obtained at each of these surveys was in turn built into the existing HEC-RAS models
as new XSs (Figure 24).
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Figure 24. Example of a newly field-surveyed critical riffle built into HEC-RAS as a new cross section. Shown here is STEV5.
A flow of 10cfs is shown in blue.

To encompass the new surveys (LOSG2, GCRK3, GCRK4, ALAM4, STEV6) that were outside of the existing
HEC-RAS model extents, the model domain required an upstream extension. To do this, a number of
intermediate XSs were constructed into the HEC-RAS models between the upstream-most extent of the
preexisting model and the new field transect, as well as upstream of the new transects, so that the flows
modeled in HEC-RAS gradually transition to the field transect location. This helps to avoid large steps in
flow, which could cause model instability (Figure 25). These intermediate transects were constructed
using cut lines from a LiDAR-based digital elevation map (DEM) of Santa Clara County provided by the
District. The resolution of this DEM is 30 ft, meaning the stream XSs constructed from the DEM itself are
very coarse, and serving here only to aid in the transitioning of the HEC-RAS model towards the high-
resolution field transects.
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Figure 25. Example of HEC-RAS model extended upstream to encompass a new field transect.
The purple and green transects shown here in Guadalupe Creek previously ended around XS 1270.171. Additional XSs were
added all the way up to the GCRK4 field transect (just upstream of 1270.178).

Of the 11 POIs that were not newly surveyed, nine fell within the extent of existing HEC-RAS models, and
therefore the nearest pre-existing, field-surveyed cross section was assigned to each POI

For the two POls falling outside of pre-existing HEC-RAS model extents, and which were not newly field-
surveyed (CALE2), the crude DEM-based transects served as the only source of stream-channel data, and
were therefore used. The rating curves determined from these XSs therefore are less sensitive to low
flows and have a high level of uncertainty

Roughness Coefficient Estimation (Manning’s n) for All New XSs

Using HEC-RAS to model channel hydraulics requires a number of parameter estimates and assumptions
about the channel at each given point in order to successfully operate. One of the inputs required by
HEC-RAS for all XSs is a value of the roughness coefficient, or “Manning’s n”. To estimate this for each
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new field transect XS, average sediment size measurements that the survey crew gathered at each field
site were used with this table found in this USGS report on ‘Selecting Manning’s Roughness Coefficients
for Natural Channels and Flood Plains (http://www.fhwa.dot.gov/bridge/wsp2339.pdf). Table 7 includes
a summary of average sediment sizes and corresponding estimated Manning’s n. These Manning’s n
values only represent the “base” value estimates, and ideally one would want comprehensive site data
to estimate additional factors such as channel irregularities, obstructions, and vegetation, which could
potentially add to the overall roughness value of the site. However, given the absence of highly detailed
data regarding these variables; the fact that site photos reveal little in the way of irregularities,
obstructions, or in-channel vegetation (most vegetation occurs along the banks); and that passage at
riffles primarily occurs at below-bankfull flows, it was deemed sufficient to assume the base n value to
be acceptably close to actual in-channel values at these riffles.

Table 7. Estimating Manning’s n values for each new XS

|| Base n Value
Bed Material Median Size of bed material Straight Uniform Channel’ Smooth Channel?
(in millimeters)

| Sand Channels
[sand? 0.2 0.012 -

3 .017 -

4 .020 -

5 .022 -

.6 .023 -

8 .025 -

1.0 .026 -
| Stable Channels and Flood Plains
Concrete - 0.012-0.018 0.011
Rock Cut - - .025
Firm Soil - 0.025-0.032 .020
Coarse Sand 1-2 0.026-0.035 -
Fine Gravel - - .024
Gravel 2-64 0.028-0.035 -
Coarse Gravel |- - .026
|Cobhle 64-256 0.030-0.050 -
iBoulder >256 0.040-0.070 -
[Modified from Aldridge & Garret, 1973, Table 1 --No data
1Benson & Dalrymple --No data
2 For indicated material; Chow( 1959)
3 Only For Upper regime flow where grain roughness is predominant

The field sites were assumed to be at “stable channels”, at least at the relatively low flows relevant to
riffle passage. It’s likely that at high flows there may be some movement of material, and channel
instability, but for the purposes of low-flow riffle passage analysis, the channels were assumed to be
“stable”. This assumption of stability is also required in order to perform the modeling calculations
within HEC-RAS. Table 8 lists the final estimates of Manning’s n values for each field transect XS.
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Table 8. Final Estimates of Manning’s n values for each new field transect XS

POI Dsi:rrB\ZI:rA(-II-IEI) mm Manning's n
STEV1 1 25.4 0.031
STEV3 3 76.2 0.036
STEV4 2 50.8 0.034
STEVS 2 50.8 0.034
STEV6 2 50.8 0.034
GUAD3 36 (sacrete) 910.8 0.070
GUAD4 9 228.6 0.051
GUADS 1 254 0.031
GUADG6 1 25.4 0.031
GUAD7 2 50.8 0.034
GCRK1 1 25.4 0.031
GCRK2 0.5 12.7 0.029
GCRK3 1 254 0.031
GCRK4 4 101.6 0.038
ALAM1 1 254 0.031
ALAM2 5 127 0.041
ALAM3 5 127 0.041
ALAMA4 1 25.4 0.031
CALE1 1 25.4 0.031
LOSG1 3 76.2 0.036
LOSG2 0.5 12.7 0.029

Depth Estimate Validation

Unfortunately, there exist very few field measurements of water depth at the precise locations of each
of the POl sites that can serve to validate estimated depth outputs from HEC-RAS. However, prior to the
28 RTK riffle surveys, there were a total of 11 critical riffle analysis (CRA) surveys carried out by the
District, in which a riffle near a POl was identified and surveyed at 1 - 3 different flows, detailing the
water depth along the survey transect. The POls at which these CRA surveys were carried out are shown
below in Table 9.
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Table 9. Comparison of Average Depths as observed in CRA surveys with those modeled by HEC-RAS

Avg Model Bias:

Valley Water Daily WEAP Model Technical Memorandum, Updated October 2020

AVERAGE DEPTH
HEC-RAS (RTK)  Sim - Obs .
POI [ft]( ) [ft] % Diff
11.4 0.39 0.32
ALAM2 14.9 0.38 0.36
26.5 0.49 0.48
ALAM3 12.0 0.27 0.25
71.0 0.64 0.63
2.6 0.26 0.18
CALE1 14.2 0.53 0.52
20.5 0.56 0.63
20.8 0.50 0.46
GCRK1 22.3 0.49 0.47
31.7 0.58 0.58
14.3 0.40 0.28
GCRK3 15.2 0.42 0.29
33.4 0.54 0.44
GUAD3 2562 0.65 0.62
5.6 0.22 0.27
LOSG1* 20.4 0.41 0.46
52.2 0.75 0.64
1.0 0.11 0.18
STEV1 11.2 0.38 0.56
37.1 0.62 0.98
8.4 0.45 0.47
STEV2 11.7 0.44 0.56
73.4 1.10 1.43
1.4 0.16 0.22
2.8 0.19 0.29
STEV4 13.1 0.45 0.52
14.9 0.46 0.56
16.5 0.49 0.59
2.4 0.26 0.19
STEV5 18.2 0.58 0.46
36.9 0.75 0.65
2.5 0.20 0.15
STEV6 15.9 0.51 0.53
41.4 0.80 0.92
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These 11 riffles are located at the same POls that would later undergo RTK surveys, and therefore
provide some opportunity to compare our estimates of depths from HEC-RAS (which utilizes the RTK
survey data) with observed depths from the CRA analyses. It should be made clear, however, that the
CRA survey transects were not necessarily linear and perpendicular to streamflow, as was the case with
the RTK transects, but instead followed the course of the riffle crest, or the shallowest line along the
riffle. Therefore, while both the CRA and RTK transects were done on the same riffles, they are not
identical, with the RTK transects likely capturing more areas of deeper water due to the fact that they do
not perfectly track the riffle crest. This incongruence makes a 1-to-1 comparison of modeled depths
from the RTK transects with observed depths along the CRA depths impossible, but doing a rough
comparison nonetheless provides reassurance that the HEC-RAS model is generally capturing similar
magnitudes of average depths, as summarized above in Table 9.

It can be clearly seen in Figure 26 below that the differences between the CRA and RTK transect shapes
will produce different average depth values, making a direct comparison between the two impossible,

but nonetheless the similar magnitudes of values suggests the HEC-RAS models are at least reasonably
well-calibrated.

STEV5 CRA STEV5 RTK

*Data collected at measured flow of 18.2 cfs Modeled flow 11 cfs

Elevation Relative to Water Surface (ft)
Elevation Relative to Water Surface (ft)

4
1 1 \‘ ,/
0 0 W
‘W :
1 === = 1 =
0 < 10 15 20 25 20 0 5 10 15 20 25 30 35

Figure 26. CRA and RTK transects at STEV5

Stage-Discharge Rating Curves

Rating curves relating discharge to water depth were calculated in HEC-RAS at each POI for 43 different
flows from 0 to 15,000 cfs, with an emphasis on low and intermediate flows (seven flows from 0-10 cfs,
and 22 flows from 10-1,000 cfs) (Figure 27). These rating curves were then built into WEAP using a

lookup function in a user-defined variable, enabling WEAP to calculate daily depth at each POl from the
modeled flow for that day (Figure 28).

42
Valley Water Daily WEAP Model Technical Memorandum, Updated October 2020



Technical Memorandum of WEAP Model

River. [Guadalupe Creek ~|»>®] Fzzez200 + 10| Reload Date

Reach; [ds of fhladder < River sta: [[EERES

Guadalupe Creek July Submit  Plan: Plan 05 5/12/2016
01_22_01 Proposed Levee Algnment

WS, ERv

260

WS.Elev (1)

2000 4000 8000 2000 10000 12000 14000 16000
QTotal (cfs)

Figure 27. Rating Curve Output from HEC-RAS. Shown here is GCRK2
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Figure 28. Rating Curve Input into WEAP. Shown here is GCRK2

H. Incorporation of Water Temperature Correlations

The full description of the procedure and technical approach for temperature correlations is described in
EIR Appendix I, “Temperature Modeling Technical Memorandum”. To incorporate the temperature
relationships into WEAP, the first step was to consolidate all the daily correlation coefficients in a csv
file, and include the maximum daily temperature value as a ReadFromFile in WEAP. With these two
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input files, we created an equation that could estimate the correlations using the reservoir storage value
for the POls located just downstream of reservoirs, or the upstream reach temperature value for all

other POls, as indicated in HDRs correlation equations. The specific variables used in the correlation
equations differ for each location. However, the generalized HDR correlation equations used are:

o Water Temperature, just downstream of Reservoir = A*Reservoir Storage + B*Previous
Day Water Temperature + C* Reservoir Release + D * Daily Max Air Temperature +

E(constant)

o Water Temperature, all other locations = A*Upstream Water Temperature + B* Previous
Day Water Temperature + C * Flow + D * Daily Max Air Temperature + E (constant)

Below is an example expression used in WEAP to read the coefficients associated with upstream

temperature (column 162), previous day water temperature (column 164), reservoir release (column

165), daily max air temperature (column 167) and the constant (column 168).

o ReadFromFile(Temperature\Temp_8_Complete.csv, 162,,,,,Interpolate)*Below Stevens

Creek Reservoir[C]+ReadFromFile(Temperature\Temp_8_Complete.csv,
164,,,,,Interpolate)*If(TotalDaysBefore=0,10,PrevTSValue)+ReadFromFile(Temperature\T
emp_8 Complete.csv,
165,,,,,Interpolate)*Ln(Streamflow[CFS])+ReadFromFile(Temperature\Temp_8_Complete
.csv, 167,,,,,Interpolate) *ReadFromFile(Temperature\Air temp.csv, 1,, ,,
Interpolate)+ReadFromFile(Temperature\Temp_8_Complete.csv, 168,,,,,Interpolate)

For temperatures at POls, these expressions were added in a user defined variable called Temperature
POl in WEAP (Figure 29), while for temperature along river reaches, a separate user defined variable
called Temperature calculates the average of the nearest upstream and downstream Temperature POI

values (Figure 30).
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Figure 29. River reach/physical/ temperature POl variable calculates temperature at POIs based on HDR correlation equations
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Figure 30. River reach/physical/ temperature variable calculates the reach temperature by taking the average of upstream and
downstream POl temperatures

In the Valley Water system, as in other managed water systems in California and elsewhere, processes

Habitat Metrics and Biological Evaluation Framework (BEF) Indicators

at different levels interact (Figure 31). The FAHCE WEAP model serves as an integrated platform to

integrate key habitat metrics and tools at the broad hydrology scale, as it connects to the system

operations scale and the smaller the fish habitat scale. Hydrologic and landscape processes are driven by
watershed dynamics, but flow, temperature, and habitat suitability must be determined at the river, the
reach and the habitat unit levels. To tackle this challenge, the team drew upon innovative work that
connected a physical systems model with fish population dynamics to assess management adaptations

for threatened species loss reduction (Thompson et al. 2012).” Importantly, in the Three Creeks system,

the underlying system hydrology stems not only from the physical watershed processes, but from the

operation of comprehensive water management systems of dams, diversions and groundwater recharge

basins.

72013 Best Research-Oriented Paper Award by ASCE-EWRI Journal of Water Resources Planning and Management
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Figure 31. Scales of system restoration in time and space adapted from Figure 4 in Friberg et al., 2017

At the smaller scale of analysis required for FAHCE WEAP, creeks are delineated into physical habitat
units. Each possess characteristic physical attributes related to how organisms interact with their
physical habitat (Moyle and Cech 2004). The attributes of physical habitat stem from the interaction
among hydrologic, hydraulic, and geomorphic processes (Poff et al. 1997). Watershed and stream
processes determine transient ecologic functions at the habitat-unit scale that can be characterized with
observable metrics (Maddock 1999). Existing approaches available for habitat functionality are adept at
producing detailed characterizations of parameters representing one or two habitat functions. However,
existing habitat assessment approaches lack an integrated understanding of hydraulic, geomorphic, and
ecologic interactions of physical habitat (Clarke et al. 2003; Maddock 1999). The WEAP FAHCE
framework connects a hydrologic model, water systems operation, and the conceptual ecological
framework to offer a robust conceptual framework that can be used at the reach and basin scales to
evaluate ecological functions and their relation to physical processes (Escobar-Arias and Pasternack
2010).

Biological Evaluation Framework (BEF) metrics were developed using a Tableau tool where threshold
parameters by species can be set for adult immigration depth, adult immigration temperature, adult
spawning depth, embryo incubation temperature, embryo incubation depth, fry rearing depth, fry
rearing temperature, juvenile rearing depth, juvenile rearing temperature, juvenile emigration depth,
juvenile emigration temperature, and percent of depth cross section passable for adult immigration and
juvenile emigration. Based on these thresholds, Biological Evaluation Framework metrics are calculated,
which include, by species: immigration depth, emigration depth, adult immigration passage extent,
spawning combined habitat suitability indicator (CHSI), fry rearing CHSI, juvenile rearing CHSI, spawning
habitat availability indicator (HAI), rearing HAI, juvenile emigration, effective incubation CHSI, effective
spawning CHSI, and effective spawning HAI, as defined in EIR Appendix O “Fisheries Habitat Availability
Estimation Methodology Technical Memorandum”.
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Using the definition of scales and processes from Figure 31, key metrics required at each level which are
outputs of the WEAP model are summarized in Table 10. The Biological Evaluation Framework (BEF),

fills the gap to evaluate physical habitat unit suitability. With BEF, it became

possible to generate a

robust analysis platform in WEAP to obtain all required habitat metrics under different assumptions

regarding the operation of the District’s water management infrastructure.

Table 10. Scales of analysis, processes, habitat metrics, tools used

Scale Process Example habitat metric Tool

Watershed Hydrologic and Flow, temperature and WEAP
Landscape sediment inputs

Whole river Hydrologic and Fluvial  Passage conditions WEAP/ HEC-RAS
Geomorphology

Reach Hydraulic, Depth, velocity, width, HEC-RAS, HDR
temperature temperature temperature

correlations
Habitat Physical habitat units ~ CHSI and HAI by stage and  Tableau/ BEF
species

lIl.  Assumptions in Valley Water Daily Model

The full set of assumptions used in the final model are contained in the spreadsheet titled “Consolidated

Revisions”, available to the District.

A. Assumptions in Daily Disaggregation

The disaggregation of the monthly model required data processing as described in Figure 32, with

disaggregation and review phases to lead to a complete daily model.

Input Disaggregation Revision
Monthly data Number of days in
(CSV File) the month

-Run daily model
-Comparison of
results

-Model performance

9

Monthly model -Expressions
—> .
(WEAP) -Functions

Daily model

-Change inflow reservoirs
(mass balance)

-Change rule curves
(Reservoir operation)
-Urban Catchments

Figure 32. Disaggregation of monthly model into a daily model

The main assumptions that were required in this process include:

e Urban and agriculture water demand, water imports from the CVP and the SWP, and water
evaporation were disaggregated by the number of days in each month. The disaggregation of
monthly input values into daily data created discontinuities between the last and first days of each

month.
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e Inthe case of Transmission Links in the original monthly time step WEAP model, the Maximum Flow
Volume was expressed as a monthly value that was constant value for each year. In order to obtain
daily values, the constant value was multiplied by 12 months and then divided into 365 days.
Implications of this assumption can be seen in Figure 33, where there is evidence of overestimation
of the monthly model in the months with 31 days and underestimation in the months with lower
number of days, indicating also the higher accuracy of the daily model.
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Figure 33. Implications of the volume disaggregation of constant monthly values.

B. Assumptions in Urban Catchments

Assumptions made in the process of developing urban catchments include those associated with the
delineation of the catchments, and those associated with the calibration of the rainfall-runoff routines.
The visual tracking of drainage networks to their respective outfall and identification within which reach
between two POls each outfall point discharged into may generate an error.

Regarding the data required for storm-water runoff modeling, another assumption in the catchments
disaggregation was the pairing of each catchment with nearby rain gauges for rain input data. Many
other assumptions pertaining to the implementation of the storm-water runoff routines had to do with
the partitioning of area between pervious and impervious. Assigning Kc values for catchments was a key
assumption in order to differentiate impervious and pervious sections of the catchments. Finally, runoff
to groundwater from catchments was fine-tuned for each catchment based on monthly fluctuations of
groundwater recharge driven by fluctuations in modeled soil moisture storage.

The resulting calibration of the urban catchments shows acceptable results at key POls (as shown in the
earlier Figure 14). The results indicate that the new Valley Water WEAP daily model represents the
hydrology and operations of the system well enough to explore other alternative operations of the
system that could improve habitat conditions.

C. Assumptions in Inflows to Reservoirs

The assumptions associated with the mass balances for inflows to reservoirs turned out to produce
acceptable results based on the statistics of NSE, Bias, and RMSE at Coyote Reservoir. The main
assumption is that the validity of the approach at Coyote Reservoir was extrapolated to all other
reservoirs, which in many cases have additional mass balance terms. Each dataset used to complete the
inflows to reservoirs mass balances contributes to the potential overall error. The ultimate estimate of
the error associated with this assumption is reflected in the model performance statistics.
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D. Assumptions in Stage-Discharge Data from HEC and WEAP

As described in the corresponding past section, the assumptions required to obtain stage-discharge
relationships for the POls include the fact that some of the cross sections were surveyed (23 POIs were
newly surveyed and fell within existing HEC-RAS model domains), others needed to be obtained from
existing HEC-RAS models cross sections (nine POls fell within existing HEC-RAS model domains), others
needed to be obtained from extensions of the existing HEC-RAS models (five POIs), and others were
obtained based on existing DEMs (two POls). The decision to use the existing models comes with all the
assumptions associated with the physics of one-dimensional hydraulic modeling and those of the
existing model calibration uncertainty, which is beyond the scope of this project. However, from our
understanding of the source of the models, these HEC-RAS models are tools that were built for flooding
analysis and are good representations of the system. Extending the model and using DEMs for cross
sections representation adds additional assumptions to the calculation, which can induce additional
error. In general, the greater assumption in using HEC-RAS for stage discharge data at the POls, and that
was under our control, had to do with the Manning’s n roughness. Thanks to the collection of this data
during the field campaign, it was possible to associate real observations with their respective Manning’s
n, which reduces the uncertainty on this aspect of the model.

E. Assumptions in Temperature Correlations in WEAP

The assumptions associated with the temperature relationships are described by HDR in EIR Appendix I:
Temperature Modeling Technical Memorandum. Note that the correlation equations developed for
reservoir outlet temperatures are the starting point for all three major creeks. Reservoir outlet
temperature estimation accuracy is highly dependent on the accuracy of the modeled reservoir volume.
The temperature correlation equations are not calibrated for conditions where reservoirs are not
operating within historic volume ranges or if reservoir levels rare taken out of service completely.

IV. Model Uncertainty and Sensitivity
The daily Valley Water WEAP model is a complex model that, in addition to representing the Valley
Water supply and demand system, includes disaggregated inflows to reservoirs, urban catchments, and
functions to estimate salmonid habitat metrics at the POls (POls shown in Figure 1). Sources of
uncertainty in this water resources planning model include model and parameter uncertainty, spatial
and temporal variability of the system, and the uncertainty associated with systems operations, as
described below. On June 30%™, 2016, the Technical Working Group explored these sources of
uncertainty and how they combine to impact the model output produced by the modified daily model.

A. Sources of uncertainty
In terms of model uncertainty, the Valley Water WEAP daily model is a water resources planning
platform that brings together pieces of information about the system to represent them in an integrated
assessment tool. WEAP is a priority-driven hydrologic modeling software that computes the system-
wide water balance for each time step (daily in this case) and in turn allocates water to demands within
the system based on their relative priorities. The principal elements of the Valley Water system have all
been represented in the WEAP model. This includes reservoirs and their daily inflows, inter- and intra-
basin transfers, urban runoff hydrology, and the wide diversity of demands within the system. Naturally
the model is not perfectly representative of every nuance and minute detail of the complex system, and
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utilizes a multitude of generalized assumptions in order to emulate real-world hydrology and
operations.

One example of such uncertainty is the conversion and integration of data from the previous monthly
time-step WEAP model to the new daily time-step model. This was done for aspects of the system such
as imported water allocations, various local supplies and demands, seismic restrictions on reservoirs,
and bypass flow requirements, in which daily-specific estimates were unavailable. This disaggregation of
monthly values generally entailed dividing the original monthly values by the number of days in each
month to obtain “daily” estimates of these components of the system.

The modeling of urban runoff hydrology was represented using rainfall-runoff routines, which are based
upon a multitude of physical parameters that introduce a level of parameter uncertainty to the model.
In this particular case, parameters were defined based on a standard calibration procedure that yielded
the optimal representation of the urban runoff as compared to gauge observations. However, it is well
known that hydrological model parameters are not constants in dryland catchments. It was beyond the
scope of this work to evaluate and incorporate unsteady parameters. Additionally, water system
operations functions, such reservoir rule curves and stream-water diversions, were evaluated against
historical observations to produce modeled operations reflective of real-world operations.

The natural variability of the system in a hydrologic and systems model is particularly relevant to the
discussion of model uncertainty since it relates to the spatial and temporal resolution of the model. In
this particular case, the monthly model was refined into a daily model for higher temporal resolution,
and with newly integrated estimates of urban runoff hydrology in order to obtain a higher spatial
resolution of in-stream flow estimates. This increased resolution was implemented in order to represent
the natural fluctuations of the system, which are highly relevant for fish habitat conditions. As such, the
current daily Valley Water WEAP model better captures the natural variability of the system than the
monthly model. That being said, potentially significant sub-daily flow and temperature fluctuations
remain un-captured by this daily model. Still, the current daily time step and spatial disaggregation of
the urban catchments are an improvement over the monthly model resolution to represent natural
variability, which is consistent with the objectives of the FAHCE Modeling Study Plan.

Regarding system operations, the model aims to represent the chief objectives of Valley Water in terms
of fulfilling demands and groundwater storage requirements. The representation of these operations is
based on complex algorithms that represent District priorities for water allocation and distribution.
However, the human on-the-ground decisions made by the District on a daily basis were not driven by
those algorithms.

The combined effect of uncertainty sources has an impact on the veracity of the final model outputs for
habitat metrics at POIs. Therefore, WEAP model robustness, that is the ability of the WEAP model to
handle variability and effectively represent the system, was analyzed, as well as the sensitivity of model
outputs to input parameters. We present a set of graphical analytics to characterize the implications of
uncertainty to guide users in the interpretation of model output.
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B. Model sensitivity
1. Hydrologic model parameter sensitivity

The hydrologic model physical parameters associated with the rainfall-runoff routines that were used
for the urban catchments were calibrated, and the sensitivity of model results to changes in these
parameters was assessed. An initial manual calibration based on the physical process that the rainfall-
runoff routines represent yielded a set of parameters that produced acceptable statistical model
performance. Once this set of parameters for the rainfall-runoff routines was obtained, the PEST
Parameter Estimation tool embedded in WEAP was employed to determine the sensitivity of model
outputs to these parameter values®. PEST estimates model sensitivity to each parameter with respect to
observations. The composite sensitivity estimated in PEST is normalized with respect to the number of
observations, with “composite relative sensitivity” being defined as the composite sensitivity multiplied
by the magnitude of the parameter value. According to the results in Table 11, the hydrologic model is
not sensitive to the deep conductivity (Kd) and deep soil-water capacity (Dw) parameters, because of
the generally low levels of deep percolation in urban zones where overland flow and interflow typify the
hydrologic response (see Figure 9 where the soil model is originally illustrated). Therefore, the majority
of the water remains in the upper soil layer, or the “upper bucket”. However, this partitioning of water
between the upper and lower soil layers, or “buckets”, is largely dictated by preferred flow direction -
the f parameter — which defines the proportion of water to be routed through the soil as interflow vs.
deep percolation, meaning that the model is highly sensitive to this parameter. However, with the f
parameter set so as to maintain the majority of runoff in the upper soil “bucket”, the emphasis during
calibration was on fine-tuning the upper soil water capacity (Sw), the runoff resistance factor (RRF) and
the conductivity of the upper bucket (Ks), both of which are also sensitive parameters, though to a lesser
degree than f. The model’s sensitivity to these parameters is consistent with the expectation that in an
urban zone, runoff is determined by the capacity of water to flow as surface runoff from dominantly
impervious paved surfaces.

Table 11. Rainfall-runoff model parameter sensitivity

Composite Sensitivity Relative Composite Sensitivity
Parameter Sensitivity Impervious Pervious Impervious Pervious
Sw — Soil water capacity (upper bucket) 1.76E-03 1.05E-03 0.35 0.39
Ks — conductivity of the upper bucket 2.83E-01 1.50E-01 0.28 0.15
Kd — conductivity of the lower bucket 1.24E-04 1.24E-04 0.01 0.01
f - Preferred flow direction 1.22E+00 5.17E-01 1.22 0.44
RRF — runoff resistance factor 1.05E-01 5.15E-01 0.28 0.52
Dw — deep water capacity (lower bucket) 3.74E-05 3.74E-05 0.02 0.02

Note: Number of observations with non-zero weight = 7670, and Kc values were set based on existing literature
values, so sensitivity associated to these parameters was not estimated.

C. Metrics used to assess the effect of uncertainty on model performance

Although it is not appropriate to expect the same performance as from pure hydrology studies, the
verified historical model nonetheless shows strong historical correspondence. In general, the verified
historical model shows a good fit of representing the comprehensive system’s historical conditions.

8 PEST: Model-Independent Parameter Estimation and Uncertainty Analysis, http://www.pesthomepage.org/
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However, given that systems models must respond to a wide set of variables including water supply
operation, it is not appropriate to expect the same historical correspondence as from pure hydrology
studies (D. N. Moriasi et al. 2007). It is impossible to know the exact combination of factors that caused
reservoir operators to operate the system in a particular way at some point in the past.

According to the literature, techniques for evaluation of model performance include graphical
techniques and statistical estimates. The statistical estimates recommended include Nash-Sutcliffe
efficiency (NSE), percent bias (%BIAS), and ratio of the root mean square error to the standard deviation
of measured data (nRMSE). NSE indicates how well the plot of observed versus simulated data fits the
1:1 line, nRMSE indicates is an indicator of error in the model, and PBIAS indicates over or
underestimation. For monthly timestep streamflow models, the following thresholds were established
as satisfactory performance: NSE > 0.50, nRMSE < 70%, and PBIAS +/-25%.

The WEAP FAHCE model integrates effects of hydrology and water management operations on habitat
variables on a daily time step. As can be understood intuitively, the literature concurs that model
simulations are typically poorer for shorter time steps than for longer time steps, so acceptable model
statistics will be less stringent for a daily versus a monthly time step. For example acceptable NSE values
have established as 0.395 for daily and 0.656 for monthly streamflows and acceptable base flows as
within 20% of those observed (D. N. Moriasi et al. 2007). Given the unique integrative nature of this
modeling approach and its daily time step, the following thresholds were determined as acceptable: NSE
> 0.36 and nRMSE < 80%, and if PBIAS +/-36% for streamflow. The graphical techniques used include
visual comparison of simulated and measured model variables. These included hydrographs and percent
exceedance probability curves (Appendix 5. Streamflow exceedance figures). The graphic evaluation of
the model outputs, as well as the evaluation of these three statistics guided calibration, validation and
verification.

The most significant factor of the operations verification process that took place after the initial review
of this report in October 2016 until Feb 2017 was fine tuning as best as possible the logic of the current
operations of the complex system of reservoirs and water transfers of Valley Water. This operations
verification process involved several iterations in communication with the District staff in charge of the
operations of reservoir and transfers, who provided feedback on the best approaches to represent these
operations in the system through functions, rule curves, and priorities in WEAP. The set of interactions
included multiple iterations of model outputs (reservoir volumes, inflows, and discharges; groundwater
storage; and transfers in/out of Calero), and numerous meetings to review operation details. These
iterations involved the generation of tables and graphs for Valley Water staff to review the outputs and
to provide feedback, and the assimilation of this feedback into updated WEAP functions, rule curves and
priorities. The purpose of this iterative process was to refine a) the current operations as represented by
WEAP and as applied to the base case scenarios, and b) the implementation of FAHCE rule curves in the
FAHCE alternatives, in order to best match the expectations and understanding of Valley Water staff.
The process also served to inform the historical reservoir operations, and thus the verified model which
represents historical conditions and — unlike the base case and FAHCE scenarios — produces flows and
reservoir volumes directly comparable to historical observations. The model performance graphics from
September 2019 was therefore a better representation of the system’s historical conditions than
previous iterations.
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From upstream to downstream, the first set of graphs (Figure 34) show the performance of the model at
the reservoirs in relation to observed values. These graphs show the correspondence between observed
and modeled reservoir volumes, with model error being a product both of the error in estimated
reservoir inflows as well as the operations and allocation priorities of the downstream demands. The R?
estimates for reservoir storage are included in the graphs.

Reservoir Storage Volume (Acre-feet)

Legend: - observed

mooeled

Almaden
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Guadalupe

Lexington

Stevens
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Figure 34. Observed vs modeled reservoir volume for Almaden, Calero, Guadalupe, Lexington, and Stevens reservoirs.

As seen in Figure 34, Almaden, Calero, Guadalupe, Stevens and Lexington all display general agreement
between observed and modeled data to varying degrees of accuracy (R? between 0.69 and 0.92 for the
calibration period and between 0.79 and 0.94 for the validation period). As noted in the images, there
are particular breaks in 1993, 1997 and 2002, which respond to varying operation regimes and water
year types. The modern-day “flood rule curves” for Alimaden, Calero, Guadalupe, Lexington, and Stevens
Creek reservoirs were adopted in 1997. Previously, the reservoirs were typically operated as “fill-and-
spill” reservoirs, meaning releases were not typically made to provide flood-buffer storage space.
Several of these reservoirs are subject to Division of Safety of Dams (DSOD) interim seismic storage
restrictions, which constrain the operational releases until seismic retrofits are completed. These
seismic restrictions on maximum allowable storage implied reduced reservoir storage over time, as
shown in Table 12. Still, the exact implications of these restrictions on the daily decisions of operators
two decades ago are neither known nor knowable. It is also difficult to capture decisions made by

53
Valley Water Daily WEAP Model Technical Memorandum, Updated October 2020



Technical Memorandum of WEAP Model

reservoir operators about the volumes of transfers in and out of Calero Reservoir from and to the Santa
Clara Conduit, which carries imported supplies. Multi-layered decisions are impossible to capture in an
automatic, modeled rule that can be carried into base case scenarios.

Table 12. Reservoir Storage Capacities and Seismic Restrictions for Historical Scenario

Facility

Stream

Storage Capacity

Seismic Storage Restriction

Almaden Reservoir

Alamitos Creek

1974 = 1,587 AF
2003 = 1,587 AF

2006 = 1,260 AF
2012 =1,472 AF

Calero Reservoir

Calero Creek

1977 =9.934 AF
2006 = 9,246 AF
2011 =5,721 AF
2012 =4.585 AF

2006 = 9,246 AF
2011 =5,721 AF
2012 = 4,585 AF

Guadalupe
Reservoir

Guadalupe Creek

1970 = 3,728 AF
1998 = 3,228 AF
2004 = 3,415 AF

2006 = 2,888 AF
2012 =2,218 AF

Lexington Reservoir

Los Gatos Creek

1987 = 19,834 AF
2002 = 19,044 AF

None

Stevens Creek
Reservoir

Stevens Creek

1988 = 3,465 AF
2004 = 3,138 AF

None

Key streamflow gauges along the FAHCE streams serve as an essential way to check the performance of
the model as compared to the observed streamflows, using the same NSE, RMSE and Bias statistics. A
summary for those key streamflow gauges is provided in Table 13. This table presents the performance
of the modeled flows from the verified historical WEAP model for 1990-2014 compared to observed
gauge data for two main river systems — Stevens Creek, and the Guadalupe River and its tributaries —
and the POls associated with these two systems. The thresholds for acceptable and unsatisfactory values
of these calibration statistics have been defined according to literature standards and presented in the
accompanying legend.

The statistics in Table 13 summarize model performance and improvement of model performance based
on District input. The hydrology calibration results summarize statistics for the pure hydrological
performance of the model, without the influence of reservoirs, for the calibration period of 1990-1999.
Points just downstream of reservoirs are not included in the hydrology calibration results because these
served as the starting point for calibration of urban inflows. In this way, errors in modeling reservoir
operations were omitted from the results. The set of validation statistics, are for the validation period
from 1990-2014, and include the influence of the reservoir operations, which are difficult to model. An
accompanying set of graphs (Appendix 3. Daily graphs and statistics of observed data and modeled
output at gauges (1990-2014) and Appendix 4. Daily average graphs and statistics of observed data and
modeled output at gauges (1990-2014)) show the time series comparison of observed and final modeled
flows for each of the gauges at the daily and daily average time scale, respectively, that are summarized
in the set of statistics in Table 13.
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Table 13. Summary of gauge statistics for observed vs modeled daily streamflow values.

2. Validation/verification-
1. Sep 2019 Sep 2019
Hydrology Calibration
River Gauge POl (Reservoirs Disconnected) Daily 1990-2014
Daily 1990-1999
NSE nRMSE [%] Bias [%] NSE  nRMSE [%] Bias [%]
Stevens Cr SF 5044 STEVG . . . 0.75 50 -3
Stevens Cr SF 5035 STEV2 0.81 43 17 0.72 53 12
Los Gatos Cr SF 5067 NA . . . 0.43 75 4
Los Gatos Cr SF 5059 NA 0.93 27 -14 0.41 77 -12
Los Gatos Cr SF 5050 LOSG1 0.66 59 -21 0.55 67 -16
Alamitos Cr SF 5016 ALAM4 . . . 0.73 52 =L
Guadalupe Cr SF5017 GCRK4 . . . -I
Guadalupe Cr SF 5043 GCRK3 0.75 50 -16 0.64 60 -7
Ross Cr SF 5051 NA 0.82 43 16 0.78 47 22
Calero Cr SF 5013 CALE2 . . . -18
Guadalupe R SF 5023 GUADS 0.85 39 -22 0.72 53 -33
Guadalupe R SF 11169000 NA 0.89 33 -5 0.84 40 -10
Legend Satisfactory Not Satisfactory

NSE >0.36

nRMSE (%) [<80

Bias (%) <35

Statistics are color-coded according to the ranges for “satisfactory” and “not satisfactory” values identified in the
legend.

At most gauge-locations, the model performance statistics are within acceptable thresholds, indicated
by a green color in Table 13. Two sites exhibit lower performance (indicated by a red color) due to their
location, various hard-to-quantify influencing factors, and/or the dubious quality of the original gauge
data itself. Gauge 5013 in Calero, which exhibits poor model performance, includes the aggregated
hydrologic and system operations response of the Calero reservoir, meaning that there are more
modeling assumptions and accumulated uncertainties influencing the modeled flows at this site. Calero
Reservoir transfers water in and out of the conduit carrying imported supplies, and receives a transfer
from Almaden Reservaoir. It is very difficult to model these transfers due to the variability and
uncertainty in the year-by-year decisions taken by reservoir operators around the frequency and
amount of these transfers. The transfer volumes have implications on creek hydrology downstream of
Calero Reservoir because the reservoir is releasing water to satisfy demands that also receive water
from Alamitos Creek, the conduit, and/or Guadalupe Creek. Modeled versus observed Gauge 5017 in
Guadalupe Creek also displays poor performance, likely due to historical operations of Guadalupe
Reservoir differing from the modeled algorithms.

The other gauges have performance that is considered acceptable for a complex hydrology and systems-
operations model. The final set of statistics indicate an overall better performance in NSE, nRMSE and
Bias as compared to the beginning of the validation and verification process. This representative set of
gauges in the system provides the basis to assess the validity of the flow results in WEAP for different
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rivers and reaches within the river, which is the main building block for all other calculations of habitat
availability as part of FAHCE. An overview of the model parameter sensitivity and uncertainty is
provided in the next sections to describe the sources of error.

D. Implications of uncertainty for interpretation of model output

Uncertainty in model structure, input data, model parameters, system variability, and system operations
create error in the model, resulting in different values of performance metrics as indicated in the
sections above. The ultimate WEAP model outputs that relate to flow-dependent habitat metrics include
this model uncertainty and error. The performance metrics of flow estimates (Nash, Bias and RMSE)
provide information about the capacity of the model to represent the hydrologic conditions in an
aggregated way. However, other types of analyses can help one understand different aspects of model
performance and their implications for evaluating fish habitat at the 39 POls.

Understanding the implications of model uncertainty on the habitat conditions at each of the POls is an
essential task in order to draw meaningful conclusions about the various habitat metrics at each of these
POls. However, only 14 of the 39 POls are spatially co-located with streamflow gauges where model
performance was assessed. Therefore, the quality of model results with respect to real-world values at
the other 25 POIs have to be inferred, using the model performance at the nearest up-stream and/or
downstream gauge locations as points of reference.

1. Exceedance curves of modeled vs observed flows

Another common way to assess modeled output uncertainty is with exceedance curves of modeled vs.
observed flows (Figure 35). These graphs illustrate the flow regimes (high, moderate, low) during which
the model tends to coincide closest with observed flows, conveyed as percent-exceedance values (x-axis
values indicate the percentage of time in the observed or modeled flow data at which the corresponding
flow value is equaled or exceeded). The exceedance graphs, with four examples shown in Figure 35 and
the full set (Appendix 5. Streamflow exceedance figures), provide additional insight about the model’s
performance than merely assessing the statistical goodness-of-fit metrics (NSE, nRMSE, and Bias).

For instance, Figure 35 below shows that modeled flow estimates at SF 5035 are generally valid at all
flows greater than approximately 10 cfs, with those below subject to the slight high bias. When looking
at the difference between the red (modeled) and black (observed) curves, we can see that at 10 cfs, the
modeled curve has an exceedance probability of roughly 22%, whereas the observed curve hits 10 cfs
squarely at an exceedance probability of about 17%. Therefore, it can be discerned from this plot that
modeled flows of 10 cfs occur about 5% more frequently than in reality, and therefore conditions for
passage at flows near 10 cfs are prone to this slight high bias. Doing the same analysis for 5 cfs, the
exceedance is roughly 22% of time for observed flows and about 30% of the time in the modeled flows,
meaning the frequency of these flows in the model is about +5% biased. Furthermore, it can be seen
that very low flows of less than 1cfs suffer a greater over-estimation by the model, with the exceedance
probability values between the modeled and observed values widening to 22% at 0.2cfs.
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Flow Duration Curve SF 5043
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Figure 35. Exceedance curves of modeled and observed flows

Model Alternative Scenarios

A. Scenario Development Process

The implementation of the model alternatives in WEAP has been an iterative process. After finishing the
verified model, SEl and Valley Water started a communication thread in order to produce a Base Case
and a FAHCE alternative. The verified historical model was aimed at representing historical conditions,
and captures any changes in operations over time from 1990-2014. The Base Case scenarios focused on
assuming consistent reservoir operations for the 1990-2010 time frame, which serve as the reference to
the FAHCE scenarios. Valley Water staff helped conceive of and verify the current reservoir operations
as defined in WEAP.
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B. Description of Scenarios

In the process of generating the alternatives, five management scenarios were defined and simulated in
the model for the time frame of 1990-2010. Valley Water provided the data necessary to characterize
and implement these alternatives. These included two base cases with current reservoir operation rules:
one representing demand and import levels in 2015, with seismic restrictions on the reservoirs, and the
other in 2035, without seismic restrictions on the reservoirs; and three additional alternatives with
reservoir operations set according to the FAHCE Agreement. A final alternative with no district
operations is also used in order to evaluate the Three Creeks under a completely natural flow regime.
However this last alternative was not used to a great degree in the iterations since it will not be used in
the habitat analysis given the fact that the temperature correlations developed under FAHCE are not
valid for scenarios without reservoirs.

The key elements of the alternatives include the operation of reservoirs which can be either based on
current conditions or FAHCE rule curves, the projected water demands level of demands and water
imports from CALSIM which can 2015 or 2035, and the seismic restrictions which should not be valid in
2035 (Table 14). Ultimately, the alternatives that serve the purpose of evaluating the effect of the
FAHCE rule curves are the 2035 Base Case, and the 2035 FAHCE because the lack of seismic restrictions
in these two scenarios meant that the FAHCE rule curves were not restricted to behave on restricted
reservoir volumes, and all others were used for reference in the evaluation of the model in relation to
what the current operations could be if there are seismic restrictions and current levels of demands.

Table 14. Key elements of alternatives implemented in WEAP

2015 2035 2015 2015 2035 2015 2035 No District
Base Base FAHCE FAHCE FAHCE FAHCE FAHCE Operations
Case Case NSR Plus Plus P

FAHCE | FAHCE | FAHCE FAHCE | FAHCE

Reserv_cur Current | Current Rule Rule Rule Plus Plus
Operation Rule Rule
Curves | Curves | Curves No
Curves | Curves
reservoirs,
Water 2015 | 2035 | 2015 | 2015 | 2035 | 2015 | 2035 | demand
Demand sites,
|mported artificial
Water 2015 2035 2015 2015 2035 2015 2035 recharge,
(CALSIM) or
imported
Includes water.
Seismic Yes No Yes No No Yes No

Restrictions
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C. Implementation of Scenarios in WEAP

One important capability of WEAP is to run an analysis on a large range of scenarios or alternatives. in
WEAP, the scenario called “2035 Baseline Operations (1990-2010)” refers to the scenario containing
historical data used for calibration and validation. The alternatives from Table 14 are evaluated for the
1990-2010, although some include projected data which is not in and of itself historical. For example, for
the “2035 Base Case” alternative, the yearly water demand is defined as the water demand expected for
2035 and the volume of imported water varies based on the type of year, but the reservoir inflows do
not change.

Seismic restrictions are implemented in the reservoir elements in WEAP using the top of conservation
level and restrictions by year as indicated in Table 14. Water demands are included in the demand
elements in WEAP, which in this case are represented by the treatment plants. The imported water is
represented as a head flow of the water that comes into the reservoirs.

D. General Assumptions of the FAHCE Alternatives
The approach used to implement the FAHCE operational rules is based on the following:

o The reservoir outflows are limited by the “Maximum Hydraulic Outflow” variable In the WEAP
reservoir object.

o  WEAP “Flow Requirements” are installed downstream of the reservoirs to simulate required
flows in the FAHCE Agreement.

e Demand priorities are assumed to be the same as in the monthly model.

E. Reservoir Operations in the FAHCE Alternatives
1. Winter Flow

The FAHCE Settlement Agreement Operational establishes operational rule curves for each of the
reservoirs in the Valley Water system; for example, Figure 36 shows the FAHCE rule curves for Stevens
Creek Reservoir. To simulate FAHCE alternatives in the model, the daily values of the rule curves were
saved to a CSV file and imported into WEAP for each reservoir. The imported rule curves for Stevens
Creek Reservoir are shown in Figure 37.
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STEVENS CREEK RESERVOIR
ORIGINAL FAHCE RULE CURVES (3465 AF)
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Figure 36. FAHCE Rule Curves for Stevens Creek Reservoir
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Figure 37. FAHCE Rule Curves for Stevens Creek Reservoir, imported into WEAP.
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Before calculating the discharge from each reservoir, an expression in WEAP calculates the operational
volume, in function of storage volume, net evaporation, and inflow, as follows:

Volume Operationts = Storage Volumers.;-Net Evaporationrs+Headflowrs
Where:

Volume Operationss: Volume in the current time step
Storage Volumers.;: Storage volume in the previous time step
Net Evaporationts: Net evaporation in the current time step
Headflowss: Inflow into the reservoir in the current time step

If the operational volume falls on or above the rule curve, then the discharge released will be equal to
the corresponding streamflow from the curve. Otherwise, the discharge is simply equal to the minimum
required streamflow downstream of the reservoir. This is managed in the “Maximum Hydraulic Outflow”
variable with the following expression:

If “Volume Operationts >= Rule Curves” then “QRelease” otherwise “Minimum Flow”
Where:

Rule Curves: The reservoir volumes in the FAHCE Rule Curves, entered in the “Top of Conservation”
WEAP variable.

QRelease: The corresponding discharge on the rule curve.

Minimum Flow: Minimum flow required downstream of the reservoir.

2. Cold Water Management

The FAHCE Settlement Agreement outlines cold water management programs for Stevens Creek
Reservoir, Guadalupe Creek Reservoir, and Anderson Reservoir. This program lasts from May to October
(184 days). The criteria used to implement the cold water rule curves from FAHCE is the same as the one
used in Valley Water’s monthly model; that is, the volume of cold water available on the 1°* of May. This
is calculated as follows:

Cold Water Volume = Storage Volumers.:-Top of Inactive-Depth Cold Water Volume
Where:

Cold Water Volume: volume of cold water available

Storage Volumers.;: the storage volume from the previous time step

Top of inactive: inactive volume of the reservoir

Depth Cold Water Volume: the volume corresponding to the depth from the water surface, related to a
temperature threshold

It’s assumed that when the available cold water volume is larger than 360 AF (equal to 1 CFS discharge
for 184 days), said volume is released in an equivalent manner throughout those 184 days, starting on
May 1 and ending on October 31st. If the condition is not met, only enough cold water is released, via
restrictions on the maximum hydraulic outflow and a downstream minimum flow requirement in the
WEAP model, to meet the minimum temperature requirement downstream of the reservoir.

In reservoirs without cold water management, releases in the summer are operated by the FAHCE rule
curves where appropriate, or by the summer release rule used in the current reservoir operations when
no rule curves apply.
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3. Pulse flows

The FAHCE Settlement Agreement indicates that up to two pulse flows are required between February
and April. The following assumptions were made when implementing pulse flows in WEAP:

e If the reservoir both contains a volume equal or greater than the pulse flow (50 CFS) and is in a
condition that could lead to spills on February 1%, the model is coded to wait for the spill to
finish and check to see if the duration of the spill was 5 days; otherwise, the pulse flow is
initiated according to what the FAHCE Agreement establishes.

e After the pulse flow is completed, the discharge is “ramped” down to return to the levels
appropriate for winter base flow management.

e The second pulse flow is initiated 15 days after the first. Note that 15 days is an estimation; an
appropriate time interval between the two pulse flows has yet to be determined.

F. FAHCE Plus Scenarios

The FAHCE Plus scenarios represent modifications to the FAHCE scenarios to better support fish species
viability in the District watershed. The FAHCE Plus scenarios were designed based on successes and
feedback from previous model runs of the FAHCE and 4™ Alternative scenarios. The FAHCE Plus
operational rules are very similar to those for the FAHCE scenarios, with changes primarily to three
areas:

e Cold-water management assumptions for Anderson, Guadalupe, and Stevens Creeks in FAHCE
Plus differ from those in FAHCE. The depth from the water surface to top of cold water volume
for these reservoirs are generally less in FAHCE Plus than in FAHCE. These changes are contained
within the csv file, “Depth_Water FAHCEPLus.csv”. The other assumptions regarding cold-water
management are the same as in the FAHCE Scenarios.

e FAHCE Plus also contains changes to the rule curves of Stevens, Guadalupe, Almaden, Calero,
and Anderson Reservoirs. The major difference is in the winter base flow curves, with the FAHCE
Plus rule curves generally releasing less water than FAHCE during the winter as shown in Table
15.

Table 15. Winter Base Flow Curves in FAHCE Plus Scenarios.

i Winter Base Flow Curves (cfs) (red values are
Reservoir .
removed from original FAHCE Curves)
Stevens Creek 16 12 8 5 3 1
Guadalupe 11 g 5 3 1
Almaden Transfer 4 8 3 1
Calero 10 Z 5 3 1

e Finally, FAHCE Plus contains differences in the timing and discharge of pulse flows compared to
the FAHCE scenario. Generally, the FAHCE Plus scenario initiates smaller and more frequent
pulse flows compared to the FAHCE scenario. Under the FAHCE Plus scenarios, pulse flows may
occur on the 1%t and 15 of each month in the period between December 1° to April 1st to
provide appropriate conditions for Chinook and Steelhead migration and outmigration. The
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pulses may last between 1 to 10 days depending on the purpose behind the pulse flow release
and the creek. Table 16 demonstrates the magnitude and duration of pulse flows for different
pulse flows, a safeguard pulse flow on March 1% is considered if no
pulse flows for the season have occurred yet prior that time. The triggers for pulse flows are

creeks. In addition to those

shown in Table 17.

Table 16. Magnitude and Duration of Pulse Flow in the FAHCE Plus Scenario

Target Time Frame | Guadalupe | Alamitos Calero Stevens
Adult Dec 1- Apr 1 | 38 (cfs) for | 50 (cfs) for 17 (cfs) for | 38 (cfs) for
Stfeelllt.ead Up (Mar 1: 2 days 2 days 2 days 3 days
migration safeguard)

Chinook and | April 15
Steelhead
Outmigration

20 (cfs) for 18 (cfs) for | 7 (cfs) for 5 | 20 (cfs) for
5 days 5 days days 5 days

Table 17. Pulse Flow Triggers in FAHCE Plus

Target

Trigger

Adult Steelhead Up

Highest winter baseflow in FAHCE Plus

Outmigration

migration rule curves; may be initiated 9 times on
1%t and 15™ of each month between
December 1 to April 1st.

Chinook and Steelhead Sufficient water to support 2 cfs summer

flow + carryover; may be initiated on
April 15t

VI.  Summary and Conclus

The current Valley Water WEAP daily model is the best available representation of the Three Creeks
system hydrology and system operations to calculate metrics of daily habitat suitability. The model is a
robust tool which integrates the complex hydrology and systems operations of Valley Water, achieved
by disaggregating the monthly input files into a daily time-step, representing storm-runoff in the urban
zone using a rainfall-runoff algorithm, and using daily reservoir levels and mass balances to estimate
inflows to reservoirs. In addition, the model seamlessly allows for the study of habitat impacts in the

ion

same platform, achieved by including depth, velocity, and temperature correlations.
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The model was first developed by disaggregating the previous monthly WEAP model from the District

into a daily model. The daily model was then calibrated according to iterative steps, including the review

of monthly data disaggregation, the adjustment of hydrology parameters, and the verification of the
back-calculated reservoir inflows. Then, the modeled operations were refined with several months of
iterative adjustments to the model scenarios, confirmed with Valley Water staff. Finally, the model
performance was validated to obtain estimates of model error.

The estimated model error comes from sources that are common to hydrology and system operations
models, including model uncertainty, parameter uncertainty, the natural variability of the system, and
the challenge of modeling human behavior as it pertains to urban and agricultural water management
operations. The figures of streamflow outputs in this memo were produced to help understand the
effects of model error in the system. Despite model error and uncertainty, the validated and verified
model is the current best representation of the system in order to assess the effects of changes in
operations on downstream habitat suitability.

The final validated model provides the basis for the implementation of the Biological Evaluation
Framework. The model results provide estimates of relative habitat conditions under the different

Butputs™ This information has helped District staff and interested parties to refine and estimate the
effectiveness of new reservoir operating rules to improve habitat conditions for Steelhead trout and
Chinook salmon in the Three Creeks system.
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Appendix 1. Water Year Types in the 1990-2010 period
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Appendix 2. Hydrology calibration graphs (Daily and Daily Average)

(Hydrology Calibration only— Reservoirs Disconnected)
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(Hydrology Calibration only— Reservoirs Disconnected)
Daily Streamflows at SF5035
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(Hydrology Calibration only— Reservoirs Disconnected)

Daily Streamflows at SF5043
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(Hydrology Calibration only— Reservoirs Disconnected)
Daily Streamflows at SF5050
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(Hydrology Calibration only— Reservoirs Disconnected)
Daily Streamflows at SF5051
MSE = 0.78 __nRMSE (%) =47 Bias (%) =22 nObs = 8019

§ 1 — - WEAP Modeled Flow — USGS Observed Flow

|
|
|
|
|
|
g |
0
('
&)
8 - I
I
|
8
o —
T T T T T T
1980 1995 2000 2005 2010 2015
{H[}ldrology Calibration onla'— Reservoirs Disconnected)
aily Averaged (1990 - 2014) Streamflows at SF5051
NSE=0.74 nBMSE (%) =51 Bias(%)=23 nObs=2901%
g — — - WEAP Modeled Flow — Observed Flow
|
w ||
[
= ]
[
A
&)
= ]
w -
A
o — —— e = - —
T T T T T
Oct 1 Jan 1 Apr1 Jul 1 Sep 30

Valley Water Daily WEAP Model Technical Memorandum, Updated October 2020



Technical Memorandum of WEAP Model

(Hydrology Calibration only— Reservoirs Disconnected)
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[Hydrologa' Calibration only— Reservoirs Disconnected)
aily Streamflows at USGS11169000
NSE =0.89 nRMSE (%)=33 Bias (%])=-6 nObs = 4855

— - WEAP Modeled Flow —— USGS3 Observed Flow

=3
3
% 4

wr

° 3
2 | [
& i : i

| I
| | |
! o ﬁ -
o J.I-'I._th_ e M o ..uJ._ln.'J.l B ol Mo L,
T T T T T
1980 1995 2000 2005 2010 2015
(Hydrology Calibration only— Reservoirs Disconnected
Daily Averaged (1990 - 2014) Streamflows at USGS11169000

= NSE =0.93 nRMSE (%) =26 Bias (%] =-6 nObs =4855
8 ] — - WEAP Modeled Flow—— Observed Flow
3 4
(=]

CFS
400
|

Oct 1 Jan 1 Apr1 Jul 1

Valley Water Daily WEAP Model Technical Memorandum, Updated October 2020

s

Sep 30

74



Technical Memorandum of WEAP Model

Appendix 3. Daily graphs and statistics of observed data and modeled
output at gauges (1990-2014)
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Daily Streamflows at

SF5016
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Daily Streamflows at

SF5023
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Daily Streamflows at

SF5043
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Lally streamflows at

SF5050
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Daily Streamflows at

SF5059
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Daily Streamflows at
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Appendix 4. Daily average graphs and statistics of observed data and
modeled output at gauges (1990-2014)
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Daily Averaged (1990 — 2014) Streamflows at
SF5016
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Daily Averaged (1990 - 2014) Streamflows at
SF5023
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Daily Averaged (1990 — 2014) Streamflows at
SF5043
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Daily Averaged (1990 — 2014) Streamflows at
SF5050
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Daily Averaged (1990 - 2014) Streamflows at
SF5059
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Daily Averaged (1990 — 2014) Streamflows at

USGS11169000
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Appendix 5. Streamflow exceedance figures
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Flow Duration Curve SF 5016
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Flow Duration Curve SF 5023
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Flow Duration Curve SF 5043
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Flow Duration Curve SF 5059
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Flow Duration Curve USGS 11169000
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FAHCE Technical Workgroup
Methods for Establishing Reaches of Interest and Points of Interest
September 2020

Introduction

As part of the Fisheries and Aquatic Habitat Collaborative Effort (FAHCE) Settlement Agreement,
reservoir re-operation rule curves were developed to ensure the Santa Clara Valley Water District’s
(SCVWD) operations would “restore and maintain healthy steelhead trout and salmon populations as
appropriate to each of the Two Creeks?, by providing (A) suitable spawning and rearing habitat within
each watershed, and (B) adequate passage for adult steelhead trout and salmon to reach suitable
spawning and rearing habitat and for out-migration of juveniles”. At the direction of initialing parties to
the FAHCE Settlement Agreement in 2015, the FAHCE Technical Workgroup (formed to facilitate further
analysis and development of the settlement agreement terms) is applying the Water Evaluation and
Planning (WEAP) model to evaluate rule curve performance on instream flow and water temperatures
pursuant to environmental analysis requirements defined in the California Environmental Quality Act
(CEQA). WEAP is a distributed hydrologic model that produces flow and temperature estimates at select
locations along stream networks. These points are called “WEAP nodes” and are based in part on where
sufficient historic data have been collected to inform stream flow and water temperature.

To improve the analysis, the FAHCE Technical Workgroup is adding WEAP nodes at locations throughout
the two creeks network that will yield the most ecologically relevant results for steelhead and
Chinook salmon. Because the CEQA analysis will evaluate the effects of flow regimes outside the range of
current operations, the group’s approach to identifying node locations is focused not only on identifying
areas that currently support steelhead and Chinook habitat, but also in areas with a reasonable
potential to support these salmonids under all future scenarios being evaluated under CEQA.

Reach of Interest Development

To help identify these locations, the FAHCE Technical Workgroup has identified reaches of interest (ROI),
which establish a life-stage specific framework to guide the placement of points of interest (POI). ROls
were defined broadly so as not to exclude analysis of any stream reach that may have present or future
value to one or more salmonid life stages. ROls are shown on the attached map.

ROIs are classified into three categories reflecting the flow-dependent life stages of Steelhead and
Chinook salmon: Adult and juvenile migration; Adult spawning, and; Juvenile rearing.

e Adult and juvenile migration: These reaches include all areas adults pass through to reach
spawning grounds during immigration. This typically occurs from October to December for
Chinook salmon and January through April for steelhead. These reaches also include areas
juveniles must pass through while emigrating from their natal rearing areas to the ocean. This
usually occurs from the beginning of February through May for steelhead and beginning of

! The two creeks are: Stevens Creek and Guadalupe River.



February through June for Chinook salmon. Since adult passage and juvenile emigration flows
are required to pass fish throughout all anadromous reaches of stream, all reaches below
major barriers (i.e., District dams) are considered adult passage and juvenile emigration
(migration) ROls.

e Adult holding and spawning: Adult holding and spawning reaches are defined as areas where
salmonids would most likely be able to hold while completion of adult maturation or
environmental conditions are met at spawning areas, build redds, incubate embryos, and
successfully produce fry. Spawning habitat is typically associated with low gradient reaches
with alluvial deposits of gravel (of sufficient size and quality), a relatively stable configuration of
pools, riffles and runs, and suitable flow and temperature conditions to keep embryos wet and cool
throughout the incubation period for Steelhead (January through April) and Chinook salmon
(mid-October through February). Adults require deep pools with low velocities and sufficient
cover in order to rest, mature, wait for appropriate migration flows to resume, and to avoid
threats such as predation.

e Juvenile rearing: These reaches include areas that provide habitat for fry, sub-yearling, and
yearling parr, as well as areas where juveniles move upstream during the hot and dry period.
These juvenile life stages typically require cool temperatures, adequate dissolved oxygen, food
and cover to survive. Optimal flow conditions in rearing reaches connect riffles and pools, which
(when appropriate substrate conditions are present) support food production. As the summer
progresses, streamflow typically declines and water temperatures increase. Juveniles that did not
emigrate, must then redistribute themselves to more suitable habitat in order to persist through
the remainder of the dry season. This requires sufficient flow to allow them to pass over riffles and
other shallow water features during this transitional period. In addition, juveniles can survive and
grow in warm stream reaches if sufficient food is available to compensate for the increased
metabolic demands that high temperatures place on these fish. While the emphasis of the WEAP
model for juvenile rearing is the summer period, juveniles may rear in streams year-around. In
addition, they may be exposed to elevated turbidity events at any time of year, as a result of
stormflows and/or from mobilization of fine sediment from behind dams. These additional
considerations will therefore be addressed as part of the juvenile rearing ROl evaluation.

As shown on the map, there is considerable overlap among the three ROIs, indicating that many stream
reaches serve as habitat for multiple life stages. Therefore, the WEAP model will produce flow and
temperature metrics appropriate to each ROI-type upon which the POl lies. Because conditions are likely
to vary by water year type, separate estimates will be produced for dry, normal and wet years.

Points of Interest Development

For our purposes, a POl is a discrete point within one or more ROIs where WEAP and temperature
model results will be generated and evaluated. In addition to having pre-existing data at most of the
POls, all will have additional data collected at or near the point to support biological evaluation criteria.
WEAP nodes (i.e. locations where the model produces flow estimates) will be placed at POls, but POls
differ in that they will also become foci for future data collection efforts to support model calibration
and adaptive management. POls were applied liberally to ensure flow and temperature estimates
would be available wherever the group needed to evaluate such conditions. This included placing POls
wherever substantial flow accretions and depletions were anticipated. For example, POIs were placed
above and below water diversions and after transitions to reaches with groundwater accretion,
groundwater percolation and at known storm-water discharge points. Rationale for selection and
placement of each POI can be viewed in Appendix A.



Both ROIs and POls were developed by consensus within the FAHCE Technical Workgroup and drafts
were circulated to the FAHCE initialing parties. Workgroup members evaluated existing fisheries and
habitat information and applied best professional judgment to delineate ROIs and POls given their
understanding of geologic, geomorphic, hydrologic and habitat conditions as well as recent and
historical fisheries data.

ROIs and POls are based on best available knowledge without the benefit of a more in depth analysis.
We therefore recommend both ROIs and POls be revised periodically as new information becomes
available and our collective understanding of habitat conditions improve. This product was developed
specifically to evaluate Santa Clara Valley Water District’s operations and may not be appropriate to use
for any other purpose.
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Appendix A

Distance to SFB

POIID Point of Interest SPAWN | REAR PASS Rationale for inclusion Lat Long (ft) Keep POI?
Downstream extent of documented rearing; have CDFW summer
rearing data (e-fishing) for 2010, 2013, 2014, 2015; HEC-RAS x-
section; temperature data; can also check with Jae Abel's
STEV1 |Stevens Creek D/S of Hwy 101 v v’ |temperature data 13200 Y
Location of Stream Gage SF35; called out as priority barrier in the
FAHCE Settlement Agreement; stream at Central Avenue often dry so
no rearing here typically; CDFW has temperature data from Moffett
Blvd but can't infer conditions u/s using Moffett data due to Moffett
being a site of ground water accretion; leave POl at Central Avenue
but use temperature data from El Camino Avenue; District will be
collecting spawning data at Central Ave as part of the Evelyn Avenue
STEV2 Stevens Creek at Central Ave 4 4 project so more data in coming years; HEC-RAS x-section 20000 Y
Called out as FAHCE priority barrier in FAHCE Settlement Agreement;
typical downstream extent of water in summer months; this was an
STEV3 Stevens Creek above Fremont Ave 4 4 v original point in analysis; temperature data; HEC-RAS x-section 38000 Y
Move point
on map
from
Stevens
Hwy 280 is d/s of FAHCE Cold Water Management Zone (CWMZ); HEC. Creek Blvd
STEV4  |Stevens Creek above Hwy 280 v v v RAS x-section; District critical riffle transect at Hwy 280 47000 to Hwy 280
FAHCE restoration area; important juvenile steelhead rearing reach;
CDFW summer rearing data (e-fishing) for 2010, 2013, 2014, 2015;
HEC-RAS x-section; just below Deep Cliff Golf Course diversion;
temperature data (3 years at McClellan Road and 10 years from Deep
STEV5 Stevens Creek above McClellan Rd 4 v v Cliff so temperature regression analysis good here) 57500 Y
Downstream of Reservoir; Location of Stream Gage SF44; just d/s
reservoir so no need for passage; temperature data; District critical
STEV6 Stevens Creek below Stevens Creek Reservoir v v v riffle transect (1-foot intervals) 64500 Y
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Distance to SFB

POIID Point of Interest SPAWN | REAR PASS Rationale for inclusion Lat Long (ft) Keep POI?
GUAD1 Guadalupe River at Hwy 237 v HEC-RAS x-section; capture passage flows here 29000 Y
HEC-RAS x-section; District doesn't feel there is a passage issue here
GUAD2 Guadalupe River at Montague Exp v v v but may need to expand search for passage issues in area 41500 Y
Upstream of USGS Gage 11169025; HEC-RAS x-section; temperature
data; data for passage depths across channel at 2-foot intervals for
years 2001-2005; permanent grade control structure w/ multiple
measurements of depth; radio telemetry for u/s passage; juvenile
GUAD3  Guadalupe River at SJ Airport v v v' rearing sampling site 54000 Y
Beginning of confined aquifer and accretive flow increases; HEC-RAS x-
section; most years there is flow to the confluence; lot of historical
USGS gauge data but gauge was removed in 2003; temperature data
and flow data d/s of confluence; Jason noted that he cannot speak to
GUAD4 Guadalupe River above Los Gatos Creek v v v acceptance of adding another POI 71500 Y*
Ross Creek has a significant flow signature (per Jae Abel via Michelle
Leicester); don't need a POl above and below so keep this POl and
eliminate POl above Ross Creek; can estimate but not validate
GUAD5 Guadalupe River below Ross Creek v v v temperature data due to only 3 months of data; 97000 Y
GUAD6 Guadalupe River above Ross Creek v v v" Eliminate POI 98000 N
Understand effects of Alamitos Diversion; understand conditions
downstream of Alamitos Drop Structure; remediated FAHCE priority
barrier; important to evaluate the contributions of the two tributaries
u/s; representative of the reach; temperature data; Vaki fish counter
GUAD7 Guadalupe River below Alamitos Drop Structure v v v data for 3 years to verify passage; HEC-RAS x-section 101000 Y
Los Gatos Creek above the Guadalupe River
LOSG1 confluence 4 4 v' Stream Gage 50; HEC-RAS x-section; easily accessible 78000 Y
Ustream extent of anadromy in Los Gatos Creek; temperature data;
Los Gatos Creek below kirk-Biversien Lower Page older models of HEC-RAS but not georeferenced so problematic;
LOSG2  Drop Structure v v need site visit 100000 Y
Guadalupe River Creek at-Guadalupe-Creek- HEC-RAS x-section; District has critical riffle transect; temperature
GCRK1 upstream of Lake Almaden v v v data 108000 Y
GCRK2 |Guadalupe Creek below Masson Dam 4 4 4 Downstream of Masson Diversion; HEC-RAS x-section 114000 Y
Downstream of Camden Ave; Downstream of FAHCE CWMZ; above
diversion; District has critical riffle transect; no HEC-RAS x-section so
GCRK3  Guadalupe Creek above Masson Dam v v v" good candidate for field visit 116800 Y
Downstream of Reservoir so no passage needed; see what releases
are; location of Stream Gage SF17; no HEC-RAS x-section below dam
GCRK4 |Guadalupe Creek below Guadalupe Reservoir v v so good candidate for field visit 137800 Y
GuadatupeRiverat Alamitos Creek above Lake
ALAM1 Almaden 4 4 v' Want a point u/s Lake Almaden 110500 Y
Important juvenile rearing reach in Guadalupe Watershed; HEC-RAS x-
ALAM2  Alamitos Creek below Calero Creek 4 4 v' section; temperature data 124000 Y
ALAM3 |Alamitos Creek above Calero Creek 4 4 4 Want a point u/s conflunce with Calero Creek; HEC-RAS x-section 127500 Y
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Distance to SFB
POIID Point of Interest SPAWN | REAR PASS Rationale for inclusion Lat Long (ft) Keep POI?

Downstream of Reservoir; location of Stream Gage SF16; no HEC-RAS
x-section below dam so no passage but can be good candidate for

ALAM4  Alamitos Creek below Almaden Reservoir v v field visit 147500 Y
Important juvenile steelhead rearing reach in Guadalupe Watershed;
a few hundred feet u/s of HEC-RAS x-section so can move POl down move d/s
to below confluence to match x-section; or can do a critical riffle below

CALE1 Calero Creek above Alamitos Creek v v v transect if necessary 127500 confluence
Downstream of Reservoir; location of Stream Gage SF13; no HEC-RAS
x-section below dam so no passage but can be good candidate for

CALE2 Calero Creek below Calero Reservoir v v field visit 144000 Y

Request to add a POI at Coleman which is d/s of the confluence with Guadalupe River; St John weir is d/s of confluence and has good summer flow data; there is more data at Coleman but it is not year-around
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1 Temperature Modeling

1.1 Introduction

The Fish and Aquatic Habitat Collaborative Effort (FAHCE) project involves development and
implementation of a Fish Habitat Restoration Plan (FHRP) for two watersheds in the Santa Clara
Valley of California. These two watersheds, the Guadalupe River and Stevens Creek (collectively
referred to as the Two Creeks), are important elements of the Santa Clara Valley Water District’s
(Valley Water’s or District’s) water supply and flood management system. The FHRP is one
component of the FAHCE Settlement Agreement, which was initialed in 2003 by the District,
Guadalupe Coyote Resource Conservation District (GCRCD), California Department of Fish and
Wildlife (CDFW), U.S. Fish and Wildlife Service (USFWS), and National Marine Fisheries Service
(NMFS) (referred to as the Initialing Parties or IPs).

The FAHCE Project (Project) is subject to review pursuant to the California Environmental Quality Act
(CEQA). The FAHCE Settlement Initialing Parties formed a technical workgroup that met regularly
throughout the CEQA process to discuss the biological framework for the CEQA analyses and the
modeling required to conduct the biological evaluations according to Settlement Agreement terms.
Output from the District’'s Operations Model provides the base data for several of the impact areas
evaluated pursuant to CEQA, including water supply, groundwater, and water quality. In order to
evaluate key impact areas related to fisheries, it is necessary to estimate water temperature.

This Technical Memorandum provides information about the Project and methods used to simulate
tributary water temperatures under Project operations. The memorandum is organized as follows:

e Section 1: Temperature Modeling

e Section 2: General Modeling Approach

e Section 3: Temperature Regression Methodology

e Section 4: Temperature Regression Results

e Section 5: Regression Limitations

e Section 6: Regression Application

e Section 7: References

Fish and Aquatic Habitat Collaborative Effort Santa Clara Valley Water District 1
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2 General Modeling Approach

This section provides a background for the overall temperature modeling approach, given the
geographic scope of the project, resolution of modeled flows from the Operations Model, and the
desired spatial and temporal resolution of fisheries analyses outlined in the Methods for Establishing
Reaches of Interest and Points of Interest Technical Memorandum in Appendix H of this
Environmental Impact Report (EIR).

21 WEAP Flow Model and Geographic Scope

The Project area includes two primary tributaries: Stevens Creek and Guadalupe River. Secondary
tributaries include Calero Creek, Alamitos Creek, and Los Gatos Creek. The FAHCE technical
workgroup selected Reaches of Interest (ROI) determined to be ecologically relevant for adult and
smolt migration, adult spawning, and juvenile rearing. These ROI informed the overall geographic
extent of the operations and temperature models.

The FAHCE Operations Model (Operations Model) is implemented using the Stockholm Environment
Institute’s (SEI) Water Evaluation and Planning (WEAP) System, with Microsoft Excel as a platform
for input and output time series storage. The model simulates operations on a daily time step to
determine the Project’s response to changes in operations. The Operations Model period of record is
1922 to 2002. Once the geographic limits of the model were established, Points of Interest (POI) were
selected to evaluate conditions at areas above and below flow changes, such as water diversions,
groundwater accretion, and tributary inflows. WEAP model output nodes were placed at all POI to
provide daily flows and end-of-day reservoir storages at biologically relevant locations along each of
the Project tributaries. As a result, WEAP flow nodes are distributed along the tributaries at intervals
ranging from a few hundred feet to several miles.

The WEAP Operations Model is further described in the Valley Water Daily WEAP Model Technical
Memorandum in Appendix G of this EIR.

2.2 Temperature Model

Given the daily historical data resolution, daily operations model scale, and the spatial scale of the
WEAP model output, a statistical model rather than a numerical model is expected to provide a
sufficient level of detail for the temperature evaluation.

A least-squares regression was developed to estimate daily average water temperatures
corresponding with daily project operations using historic flow, reservoir storage, water temperature,
and air temperature daily data measured during the 2000 to 2014 calibration period. For the 1922 to
2002 Operations Model period of record, the resulting regression coefficients were applied using
WEAP-modeled daily flow and storage data, and daily maximum historic temperature data to predict
daily average water temperatures. Daily average water temperatures were summarized at selected
locations corresponding to POI for each project alternative, starting with the Existing Conditions
scenario.

2 Santa Clara Valley Water District Fish and Aquatic Habitat Collaborative Effort
Draft Program Environmental Impact Report



Appendix | - Temperature Modeling Technical Memorandum

3 Temperature Regression Methodology

This section provides an overview of the approach used to select locations for water temperature
analysis and to estimate the water temperatures at these selected locations for each Project
alternative.

Water temperature is influenced by a variety of factors, including reservoir storage, upstream water
temperatures, previous day water temperatures, air temperatures, and flow. The relationship between
these factors and water temperature is nonlinear, and changes throughout the year and throughout
the project area. For this analysis, several simplifying assumptions were applied to these factors.
Along several tributaries, neither historical reservoir water temperature profiles nor release water
temperatures were available, so upstream reservoir storage was used, assuming a relatively strong
correlation between reservoir storage and release temperature for a given month. Meteorological
conditions were represented by maximum daily air temperatures, assuming maximum daily air
temperatures were correlated to environmental heat flux. The magnitude of cooling and warming
relative to upstream temperatures was represented by a constant component, and a component
varying with flow. The constant was assumed to correlate with typical temperature changes from
accretions and depletions between two points. The flow was assumed to be correlated to the relative
stability against warming or cooling within a reach.

For locations directly downstream of a reservoir without historical water temperature profiles or
release temperatures available, historical water temperature data in degrees Celsius, historical daily
maximum air temperature data in degrees Celsius, closest historical flow data in cubic feet per second
(cfs), and closest historical upstream reservoir storage data in acre-feet were used to compute
regression coefficients A, B, C, D and E for the following equation:

Twater = A*Storage + B*In(ﬂOW) + C*Twater,previous day + D*Tair + E

For locations directly downstream from a reservoir with historical water temperature profiles available,
a series of “representative” daily profiles were developed based on historically-measured water
temperature profiles, and the simulated reservoir storage was converted to a water surface elevation,
and the water temperature at the depth of the intake along the representative daily profile was used to
represent water temperature at the inlet to the reservoir outlet. The computed inlet water temperature
in degrees Celsius, historical water temperature data in degrees Celsius, historical daily maximum air
temperature data in degrees Celsius, and closest historical flow data in cfs were used to compute
regression coefficients A, B, C, D and E as follows:

Twater =A* TReservoirInIet + B*In(flow) + C*Twater,previous day + D’kTair +E

For all locations not directly downstream of a reservoir, historical water temperature data in degrees
Celsius, historical daily maximum air temperature data in degrees Celsius, and closest historical flow
data in cfs were used to compute regression coefficients A, B, C, D and E as follows:

Twater = A* Twater,upstream + B*In(ﬂOW) + C*Twater,previous day t D*Tar + E

The least-squares method was used for this analysis. Coefficients A, B, C, D, and a constant E were
optimized for each day of the year to minimize the sum of squared errors between the predicted water
temperature and the measured water temperature. To allow water temperature to decrease
asymptotically with flow, water temperature was assumed to vary with the natural log of flow. Water

Fish and Aquatic Habitat Collaborative Effort Santa Clara Valley Water District 3
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temperature was assumed to vary linearly with maximum air temperature, upstream water
temperature, and upstream reservoir storage.

Calibration of regression parameters are limited by the availability of historical input data. Historical
water temperature data availability typically limited the period of record for data used for calibration.
Accordingly, flow, meteorological, and storage conditions represented by the regressions are limited
to those observed within the available water temperature data period of record. Availability of
historically measured data for storage, flow, air temperature, and water temperature are described
below. Attachment A shows locations of available air and water temperature, flow, and storage data
throughout the watershed. Additionally, the previous day water temperature is the calculated water
temperature from the previous day, not the historical previous day temperature.

Daily maximum air temperature data were available at San Jose Airport from 1919 to 2015 from the
National Climatic Data Center Climate Data Online (NCDC CDO, 2015). Daily maximum temperatures
were used in the analysis due to the long, consecutive period of record available. Daily average
observed air temperature values were not used in the analysis because the record was not
continuous due to missing observations.

3.1 Historical Flow Data

Historical flow data were available at two USGS gages (USGS, 2015) and at fourteen District flow
gages, beginning as early as 1979. Due to water temperature data availability, the period from 2000-
2014 was used in model calibration and regression development. Table 3.1-1 lists locations of
historical flow data, period of record, and the percentage of the calibration period for which each
location has data. Most flow gages had 100% of data available for 2000-2014, but 3 gages were
missing 27%-35% of the record in the calibration time period.

Table 3.1-1. Available Historical Flow Data

Percentage of 2000-2014
DEVERTT G WE ]

Location of Flow Data and Gage Number Period of Record

Guadalupe River

Above Almaden Expressway (SF23.2) 10/1/1979 - 12/31/2014 73%
At Highway 101 (USGS Gage 1169025) 5/21/2002 - 12/31/2014 84%
At St John (1169000) 10/1/1979 - 12/31/2014 65%
Guadalupe Creek

Hicks Road (SF43) 10/1/1979 — 12/31/2014 100%
Below Guadalupe Reservoir (SF17) 10/1/1979 — 12/31/2014 100%

Los Gatos Creek

Lark Avenue (SF59) 10/1/1979 — 12/31/2014 100%
Lincoln Avenue (SF50) 10/1/1979 — 12/31/2014 100%
4 Santa Clara Valley Water District Fish and Aquatic Habitat Collaborative Effort
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Percentage of 2000-2014

Location of Flow Data and Gage Number Period of Record Days with Data

Alamitos Creek

At Graystone Lane (SF70) 10/1/1979 — 12/31/2014 100%
Below Almaden Reservoir (SF16) 10/1/1979 — 12/31/2014 100%
Calero Creek

Below Calero Reservoir (SF13) 10/1/1979 — 12/31/2014 100%
Stevens Creek

Above Highway 85 (SF35) 10/1/1979 — 12/31/2014 100%
Below Stevens Creek Reservoir (SF44) 10/1/1979 — 12/31/2014 100%

3.2 Historical Reservoir Storage Data

Valley Water staff provided 15-minute reservoir storage data for Aimaden, Calero, Lexington,
Guadalupe, Anderson, and Stevens Creek reservoirs for the period October 1998 through September
2014. From these time series, end-of-day storages were used as inputs in the temperature
regression. All locations had complete end-of-day storage records for the 2000-2014 time period.

3.3 Historical Water Temperature Data

District staff provided mean daily water temperature data beginning in 1997 through 2014 for selected
locations throughout the study area. Within this time period, water temperature data were available for
select years at certain locations. Additionally, loggers were deployed seasonally in Guadalupe and
Los Gatos Creeks in late spring (April to June) and were removed each fall (October or November).
As a result, many datasets had incomplete periods of record. The period between 2000 through 2014
was selected as the calibration period.

Mean daily water temperature data were used as inputs in the temperature regression. Table 3.3-1
lists locations for historical water temperature data and the percentage of days for which each location
has data for the 2000-2014 calibration period. The percentage of available data points for the 2000-
2014 calibration period ranged from 2% to 74%. Locations with lower data availability had only a few
months to one full year of data. Locations with higher data availability had more continuous data
available, but were missing data for some years or seasons.

Fish and Aquatic Habitat Collaborative Effort Santa Clara Valley Water District 5
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Table 3.3-1. Locations of Historic Water Temperature Data

Location of Temperature Data

Guadalupe River

Period of Record

Percentage of 2000-2014
days with Data

Almaden Expressway

7/13/2011 - 4/5/2013

5%

Upstream of 880 1/7/2002 - 10/15/2013 42%
Airport Parkway 4/1/2002 - 10/15/2013 32%
Downstream of Los Gatos Creek 5/1/2006 - 10/31/2007 7%
Julian 11/17/2005 - 2/23/2006 2%
Coleman 4/1/2002 - 10/15/2013 29%
St John 4/3/2010 - 10/23/2012 10%
Alamitos Drop Structure 4/1/2002 - 10/15/2013 32%
Streamgage 50 8/3/2012 - 5/13/2013 4%
Upstream of Los Gatos Creek 5/3/2002 - 10/15/2013 34%
Under Highway 85 12/16/2005 - 5/1/2006 3%
Willow Glen Way 4/1/2002 - 10/15/2013 42%
Virginia Street 12/12/2001 - 10/23/2012 49%
Woz Way 5/1/2006 - 10/15/2013 27%
Upstream of Lake Almaden 7/13/2011 - 5/13/2013 4%
Gage 23B 4/1/2003 - 10/15/2013 28%
Guadalupe Creek

Downstream of Guadalupe Reservoir 5/3/2006 - 10/31/2007 7%
Downstream of Masson Dam 4/1/2002 - 10/15/2013 31%
Upstream of Masson Dam 5/2/2006 - 10/15/2013 27%
Gage 43 6/5/2013 - 9/8/2013 2%
Los Gatos Creek

Downstream of Lark at JCC 7/6/2000 - 9/12/2012 59%
Upstream of Guadalupe River 4/1/2002 - 10/23/2012 28%
Campbell Avenue 1/1/2009 - 9/8/2013 20%
Lincoln Avenue 1/1/2009 - 12/31/2011 20%
Meridian 1/1/2009 - 12/31/2011 20%
Bascom 1/1/2009 - 12/31/2011 20%

6 Santa Clara Valley Water District
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Percentage of 2000-2014

Period of Record days with Data

Location of Temperature Data

Camden 5/24/1998 - 12/31/2011 20%
Alamitos Creek

Almaden Reservoir Outlet 6/29/2000 - 12/31/2011 58%
McKean Road Bridge 6/29/2000 -12/31/2011 30%
At Graystone Lane 4/25/2000 - 10/18/2000 3%
Upstream of Calero Confluence 6/29/2000 -12/18/2012 56%
Pfeiffer Ranch Road 6/29/2000 - 1/4/2012 46%
Downstream of Randol Creek 6/29/2000 -1/1/2012 45%
Mazzone Drive 6/29/2000 - 12/31/2011 35%
Calero Creek

Calero Reservoir Outlet 4/22/1999 - 2/6/2008 14%
Fortini Road 4/27/1999 -2/6/2008 12%
Harry Road 6/16/2004 -2/8/2005 4%
Stevens Creek

La Avenida 4/26/2000-3/10/2011 22%
Blackberry Farm 6/1/2009 - 5/31/2013 12%
Downstream of Fremont Avenue 6/16/2000 - 3/3/2011 46%
El Camino Real 4/26/2000 - 5/22/2013 30%
Downstream of Stevens Creek Road 4/26/2000 - 5/31/2013 73%
Upstream of Highway 280 6/16/2000- 5/31/2013 67%
Upstream of Deep Cliff 8/18/2000 - 7/13/2014 73%
SF44 6/17/2000-2/11/2013 61%
Stevens Creek Reservoir Outlet 4/26/2000 - 5/22/2014 74%

3.4 Historical Reservoir Water Temperature Profile Data

District staff provided historical reservoir profile data for Anderson, Guadalupe, and Stevens Creek
reservoirs. Historical profiles were generally available for every two weeks between 2000 and 2013.
Historically-measured water temperature profiles were used to generate monthly average water
temperatures at discrete depths, and a time series of daily profiles was generated by applying the
monthly average profile to the midpoint day of each month, and then linearly interpolating for
intervening days. For example, all the historically measured profiles in June throughout the period of
record for a given reservoir were used to create a single profile for June that was applied for each

Fish and Aquatic Habitat Collaborative Effort
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year on June 15. Corresponding profiles for May and July were used to linearly interpolate profiles for
the other 29 days in June.

Specifics associated with each reservoir’s water temperature, including depth range, intake elevation,
and measurement period of record are described in Table 3.4-1.

Table 3.4-1. Summary of Historical Reservoir Water Temperature Profile Information

Maximum

Reservoir Period of Record Measurement Intake Elevation (ft)
Depth (ft)'

Anderson Reservoir 6/6/2000-9/24/2013 75.5 525.07

Guadalupe Reservoir 7/16/1999-2/6/2018 30.5 529.55

Stevens Creek 5/25/1999-4/29/2009 79.2 463.77

Reservoir

" Reservoir profiles were measured in meters, but converted to feet for ease of use with reservoir water surface and
elevations.

2 Anderson Reservoir has three intakes, but a review of historical operations indicated that the middle intake at 525.0 was
primarily used.

8 Santa Clara Valley Water District Fish and Aquatic Habitat Collaborative Effort
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4 Temperature Regression Results

4.1 Results at Points of Interest

The ROI and POI Technical Memorandum (FAHCE Technical Workgroup, 2016) identified 35 Points
of Interest (POI) where WEAP and temperature model results will be generated and evaluated. After
calibrating daily regression coefficients for each location listed in Table 4.1-1, many were eliminated
from further use in the analysis due to either insufficient data, poor regression fit, or redundancy with a
location with more data or a better regression fit. Water temperature regressions at eliminated
locations are not included in this report. POl and the gage regression assigned to that POI are listed

in Table 4.1-1.

Table 4.1-1. Regressions Used in Analysis by POI

POI Description

Historical Data Number of Days Used

Guadalupe River

Regression for Calibration

GUAD7 Below Alamitos Drop Structure Alamitos Drop Structure 1,027
GUADG6 Below Ross Creek NO DATA AVAILABLE

GUADS Above Los Gatos Creek Virginia Street 1,348
GUAD4 At Coleman Avenue Coleman Avenue 900
GUAD3 At San Jose Airport Airport Parkway 1,269
GUAD2 At Montague Expressway NO DATA AVAILABLE

GUAD1 At Highway 237 NO DATA AVAILABLE

Guadalupe Creek

GCRK4 Below Guadalupe Reservoir Downstream of Guadalupe 2,549
Reservoir
GCRK3 Above Masson Dam Upstream of Masson Dam 1,077
GCRK2 Below Masson Dam Downstream of Masson 713
Dam
GCRK1 Upstream of Lake Almaden Upstream of Almaden 900
Expressway
Los Gatos Creek
LOSG2 Below Lower Page Drop Camden Avenue 1,094
Structure
LOSG1 Above Guadalupe River Lincoln Avenue 1,095
confluence
Alamitos Creek
ALAM4 Below Almaden Reservoir Almaden Reservoir Outlet 1,658
ALAM3 Above Calero Creek Upstream of Calero Creek 1,658

Fish and Aquatic Habitat Collaborative Effort
Draft Program Environmental Impact Report
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POI Describtion Historical Data Number of Days Used
P Regression for Calibration
ALAM2 Below Calero Creek Downstream of Randol 1,665
Creek
ALAM1 Above Lake Almaden Mazzone Drive 1,657

Calero Creek

CALE2 Below Calero Reservoir Calero Reservoir Outlet 620

CALE1 Above Alamitos Creek Fortini Road 528

Stevens Creek

Outlet Stevens Creek Reservoir Stevens Creek Reservoir 2,675
Outlet

STEV6 Below Stevens Creek Reservoir SF44 2,160

STEVS Above McClellan Road Upstream of Deep Cliff 1,921

STEV4 Above Highway 280 Highway 280 2,434

STEV3 Above Fremont Avenue Downstream of Fremont 2,115
Avenue

STEV2 At Central Avenue El Camino Real 269

Attachment B shows the locations of the historical water temperature monitoring locations used for
analysis.

Several locations were missing temperature data at certain times of the year. To compensate for the
missing temperature data, data from other locations were substituted to fill the gaps. Substituted data
were chosen due to its similar geography and behavior to the available temperature data at the
locations. Table 4.1-2 details all the data that was substituted and source of the substituted data.

Table 4.1-2. Substituted Data Used in Analysis by POI

POI Regression Location Dates Substituted Data Source
Guadalupe River

GUAD7 Alamitos Drop Structure 10/02/2009-4/23/2010 Los Gatos Creek-Downstream
10/19/2010-4/29/2011 of Lark at LCC

GUADS5 Virginia Street 1/1/2009-4/2/2010 Los Gatos Creek- Lincoln
10/25/2010-4/29/2011 Avenue

GUAD4 Coleman Ave 10/19/2009-4/2/2010 Guadalupe River upstream of
10/25/2010-4/29/2011 Confluence with Los Gatos

Creek
GUAD3 Airport Parkway 10/19/2009-4/2/2010 Coyote Creek-Mabury Road

10/25/2010-4/29/2011
10/3/2011-4/30/2012

10 Santa Clara Valley Water District Fish and Aquatic Habitat Collaborative Effort
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Regression Location Dates Substituted Data Source
Guadalupe Creek

GCRK4 Downstream of Guadalupe 11/1/2007-4/14/2009 Stevens Creek Reservoir Outlet
Reservoir 10/19/2009-4/2/2010
10/25/2010-4/29/2011
10/3/2011-4/30/2012

GCRK3 Upstream of Masson Dam 12/2/2008-4/17/2009 Alamitos Creek- Bertram Road
10/19/2009-4/4/2010

GCRK2 Downstream of Masson Dam 1. 10/19/2009-4/2/2010 1. Alamitos Creek-Mazzone
2. 10/25/2010-4/29/2011 Drive minus 1°C

2. Alamitos Creek Pfeiffer
Ranch Road minus 2°C

GCRK1 Upstream of Almaden 10/19/2009-4/23/2010 Upstream Calero Confluence
Expressway 10/25/2010-5/23/2011

Calero Creek

CALE2 Calero Reservoir Outlet 2/7/2008-6/30/2008 Almaden Reservoir Outlet
CALE1 Fortini Road 2/8/2005-6/30/2005 Alamitos Creek Pfeiffer Ranch

Road minus 2°C
CALE2 Calero Reservoir Outlet 2/7/2008-6/30/2008 Almaden Reservoir Outlet
4.2 Temperature Regression Calibration and Uncertainty

The following section presents results of temperature regression calibrations selected for use in the
POI temperature analysis, and the relative weighting of the calculation components throughout the
year. The relative contribution of each of the independent variables was computed by multiplying each
of the independent variables times the regression coefficient, taking the absolute value, and then
dividing by the sum of all of the absolute values of the different components. For example, the storage
contribution is computed as:

Contributionsiorage = |A*Storage|/(|A*Storage| + |B*In(flow)| + |C*Twater,prev day|+|D*Tair] + |E|)

The contribution was computed daily and then summarized to monthly for the available period of
historic data.

To estimate the uncertainty inherent in the modeling assumptions, simulated water temperatures were
then compared against available historic water temperature. Scatter plots of computed temperature
versus measured temperature are plotted against a line with a slope of one. Points that are closer to
the line have less error than points further away from the line. Uncertainty was assessed by
computing the R?, normalized root mean square error (nRMSE), and bias (or mean error).

4.21 Guadalupe River

Four water temperature gage locations were selected on Guadalupe River to represent seven POI.
These locations were selected due to their proximity to key fisheries locations, the quantity of data
available, and the quality of the fit of their regressions.

Daily regression coefficients for each POI are included in Attachment C.

Fish and Aquatic Habitat Collaborative Effort Santa Clara Valley Water District 11
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4211 GUAD7

The Guadalupe River below Alamitos Drop Structure was selected as the representative water
temperature gage for GUAD7. Table 4.2-1 shows the relative contribution of each of the temperature
regression components.

Table 4.2-1. Contribution of Regression Components for Guadalupe River below Alamitos Drop
Structure, GUAD7

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Graystone 0.02 0.03 0.02 0.03 0.00 0.00 002 0.01 0.02 0.01 0.01 0.01 0.01
Flow

(% of

Calculation)

Mazzone 024 032 039 028 0.26 022 010 0.09 0.1 0.27 027 040 0.22
Temperature

(% of

Calculation)

Hicks Flow (% 0.01  0.01 0.04 0.02 0.01 0.00 001 0.01 0.04 003 0.01 0.01 0.02
of
Calculation)

Almaden 0.02 0.01 0.02 0.06 0.04 0.15 0.08 0.10 0.1 0.02 004 0.13 0.07
Temperature

(% of

Calculation)

Previous Day 0.65 0.61 052 0.62 0.68 070 080 079 074 067 066 046 0.68
Water

Temperature

(% of

Calculation)

Air 0.08 0.02 0.01 0.01 0.03 0.01 0.05 0.07 0.05 002 0.04 0.03 0.04
Temperature

(% of

Calculation)

Constant (% 0.00 0.00 0.00 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00
of
Calculation)

Since historical water temperature data were not available for December through April, data from Los
Gatos Creek-downstream Lark Avenue were substituted from December 2008 to April 2009 and
October 2009 to April 2011. Los Gatos Creek-downstream Lark Avenue was chosen due to its similar
geography and behavior to the available temperature data for Guadalupe River below Alamitos Drop
Structure. Additionally, Off Hicks Road (SF43) flows were used instead of Guadalupe Creek above
Masson Dam (GCRK3) flows for regression development due to lack of sufficient data for GCRK3.
SF43 was used due to its close proximity to GCRKS.

Overall, previous-day temperature has the highest contribution to the temperature calculations at this
location. Previous day water temperature accounts for 46-80% of the temperature calculations.
Mazzone upstream temperatures accounted for 9-40% of the temperature calculations. Almaden
upstream temperatures accounts for 1-15% of the temperature calculations. The remaining
components contribute less than 7% to the calculations throughout the year. Figure 4.2-1 shows the
accuracy of the computed temperatures, relative to the measured temperatures for Guadalupe River

12 Santa Clara Valley Water District Fish and Aquatic Habitat Collaborative Effort
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below Alamitos Drop Structure. Table 4.2-2 shows the resulting coefficient of determination, mean
error, and absolute mean error for the calibration period of record.

Figure 4.2-1. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Guadalupe River below Alamitos Drop Structure, GUAD?7.
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Table 4.2-2. Summary of the Coefficient of Determination, Mean Error and Absolute Mean Error
for Guadalupe River below Alamitos Drop Structure, GUAD7, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean

Data Source (R-squared) (°C) Error (°C)
Alamitos Drop Structure 0.98 0.02 0.32

Figure 4.2-2 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Guadalupe River at GUAD7.

Fish and Aquatic Habitat Collaborative Effort Santa Clara Valley Water District 13
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Figure 4.2-2. Guadalupe River Validation at GUAD7
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Predictions of average daily temperatures on Guadalupe River at GUAD7 were within less than half a
degree of measured temperatures, on average.

421.2 GUAD6
Insufficient historical water temperature data were available to estimate temperature changes near
GUADG. Regression coefficients were not developed.

4213 GUADS

The Guadalupe River at Virginia Street was selected as the representative water temperature location
for GUADS. Table 4.2-3 shows the relative contribution of each of the temperature regression
components.

Table 4.2-3. Contribution of Regression Components for Guadalupe River above Los Gatos
Creek, GUADS

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al

Upstream 0.86 081 0.82 051 0.71 050 0.09 0.05 0.19 045 0.78 0.83 0.51
Water Temp

(% of

Calculation)

Previous 010 013 0.10 035 020 040 080 0.89 070 052 0.20 0.07 0.41
Day Water

Temperature

(% of

Calculation)

Flow (% of 0.00 0.02 0.01 0.01 o0.01 0.01 0.00 0.00 0.01 0.01 0.00 0.02 0.01
Calculation)

Air 0.03 0.04 0.07 014 008 008 010 0.06 0.11 0.04 0.02 0.08 o0.07

Temperature

Fish and Aquatic Habitat Collaborative Effort
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

(% of
Calculation)

Constant 0.00 0.00 0.00 0.00 000 000 0.00 000 0.00 0.00 0.00 0.00 0.00
(% of
Calculation)

Since historical water temperature data were not available for December through March, data from
Los Gatos Creek-Lincoln Avenue were substituted from January 2009 to March 2010 and October
2010 to April 2011. Los Gatos Creek-Lincoln Avenue was chosen due to its similar geography and
behavior to the available temperature data for Guadalupe River at Virginia Street.

Overall, upstream temperature has the highest contribution to the temperature calculations at this
location. Upstream temperature accounts for 9-86% of the temperature calculations, and contribute
significantly to the temperature calculations from November to April. Previous day water temperature
accounts for 7-89% of the temperature calculations, and contribute significantly to the temperature
calculations from June to October. Air temperature and flow typically contribute less than 14% to the
calculations throughout the year. Figure 4.2-3 shows the accuracy of the computed temperatures,
relative to the measured temperatures for Guadalupe River above Los Gatos Creek. Table 4.2-4
shows the resulting coefficient of determination, mean error, and absolute mean error for the
calibration period of record.

Figure 4.2-3. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Guadalupe River above Los Gatos Creek, GUAD5
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Table 4.2-4. Summary of the Coefficient of Determination, Mean Error and Absolute Mean Error
for Guadalupe River above Los Gatos Creek, GUADS5, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean
Data Source (R-squared) (°C) Error (°C)
Virginia Street 0.98 0.00 0.50

Fish and Aquatic Habitat Collaborative Effort Santa Clara Valley Water District 15
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Figure 4.2-4 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Guadalupe River at GUAD5

Figure 4.2-4. Guadalupe River Validation at GUADS
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Predictions of average daily temperatures on Guadalupe River at GUADS were within 0.5 degrees of
measured temperatures, on average.

4214 GUAD4

Guadalupe River at Coleman Avenue was selected as the representative water temperature gage for
GUADA4. Table 4.2-5 shows the relative contribution of each temperature regression component.

Table 4.2-5. Contribution of Regression Components for Guadalupe River at Coleman Avenue,
GUAD4

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Virginia 0.09 015 028 041 025 070 084 080 022 0.03 0.12 0.05 0.37

Temperature

(% of

Calculation)

Lincoln 051 030 058 056 067 025 0.09 012 068 086 058 044 045
Temperature

(% of

Calculation)

Lincoln Flow 0.00 0.04 0.03 0.00 0.01 0.00 0.01 0.01 0.01 0.04 0.03 0.02 0.01
(% of

Calculation)

St John 0.02 0.01 0.01 0.00 000 0.00 000 0.00 001 0.01 0.00 0.00 0.01
Flow (% of

Calculation)
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Previous 0.32 035 006 0.02 006 004 0.06 005 0.07 005 021 037 0.12
Day Water

Temperature

(% of

Calculation)

Air 0.00 0.00 0.00 0.00 o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
Temperature

(% of

Calculation)

Constant 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
(% of

Calculation)

Since historical water temperature data were not available for December through March, data from
Los Gatos Creek-Guadalupe River upstream of Confluence with Los Gatos Creek were substituted
from October 2009 to April 2010 and October 2010 to April 2011. Los Gatos Creek-Guadalupe River
upstream of Confluence with Los Gatos Creek was chosen due to its similar geography and behavior
to the available temperature data for Guadalupe River at Coleman Avenue.

Overall, upstream temperatures has the highest contribution to the temperature calculations at this
location. Lincoln upstream temperature accounts for up to 86% of the temperature calculations.
Virginia upstream temperature accounts for up to 84% of the temperature calculations. Previous day
water temperature accounts for up to 37% of the temperature calculations. Air temperature and flow
typically contribute less than 4% to the calculations throughout the year. Figure 4.2-5 shows the
accuracy of the computed temperatures, relative to the measured temperatures for Guadalupe River
at Coleman Avenue. Table 4.2-6 shows the resulting coefficient of determination, mean error and
absolute mean error for the calibration period of record.

Figure 4.2-5. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Guadalupe River at Coleman Avenue, GUAD4
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Table 4.2-6. Summary of the Coefficient of Determination, Mean Error and Absolute Mean Error
for Guadalupe River at Coleman Avenue, GUAD4, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean
Data Source (R-squared) (°C) Error (°C)
-0.02 0.33

Coleman Avenue 0.98

Figure 4.2-6 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Guadalupe River at GUAD4.

Figure 4.2-6. Guadalupe River Validation at GUAD4
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Predictions of average daily temperatures on Guadalupe River at GUAD4 were within 0.33 degrees of
measured temperatures, on average.

4215 GUAD3

Guadalupe River at Airport Parkway was selected as the representative water temperature gage for
GUADS3. The monthly regression coefficients for GUAD3, Guadalupe River at San Jose Airport, are
provided in Attachment C. Table 4.2-7 shows the relative contribution of each of the temperature

regression components.
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Table 4.2-7.Contribution of Regression Components for Guadalupe River at San Jose Airport,
GUAD3

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Upstream 073 078 054 077 088 08 082 078 066 084 041 0.65 0.75
Water

Temperature

(% of

Calculation)

Previous 017 009 034 017 005 005 013 0.10 028 013 048 0.28 0.7
Day Water

Temperature

(% of

Calculation)

Flow (% of 0.07 0.05 0.05 003 003 006 002 010 0.05 0.02 0.09 0.05 0.05
Calculation)

Air 0.02 0.08 0.07 0.03 005 003 0.02 001 0.00 0.00 0.02 0.02 0.03
Temperature

(% of

Calculation)

Constant(% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
of

Calculation)

Since historical water temperature data were not available for December through March, data from
Coyote Creek-Mabury were substituted from October 2009 to April 2010, October 2010 to April 2011,
and October 2011 to April 2012. Coyote Creek-Mabury was chosen due to its similar geography and
behavior to the available temperature data for Guadalupe River at San Jose Airport.

Overall, upstream temperature has the highest contribution to the temperature calculations at this
location. Upstream temperature accounts for 41-88% of the temperature calculations. Previous day
water temperature accounts for up to 48% of the temperature calculation. Air temperature and flow
contributes less than 10% to the calculations throughout the year. Figure 4.2-7 shows the accuracy of
the computed temperatures, relative to the measured temperatures for Guadalupe River at San Jose
Airport. Table 4.2-8 shows the resulting coefficient of determination, mean error and absolute mean
error for the calibration period of record.

Fish and Aquatic Habitat Collaborative Effort Santa Clara Valley Water District 19
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Figure 4.2-7. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Guadalupe River at San Jose Airport, GUAD3
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Table 4.2-8. Summary of the Coefficient of Determination, Mean Error and Absolute Mean Error
for Guadalupe River at San Jose Airport, GUAD3, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean

Data Source (R-squared) (°C) Error (°C)
At Highway 237 0.98 -0.01 0.33

Figure 4.2-8 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Guadalupe River at GUAD3.
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Figure 4.2-8. Guadalupe River Validation at GUAD3
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Predictions of average daily temperatures on Guadalupe River at GUAD3 were within less than 0.33
degrees of measured temperatures, on average.

4216 GUAD2

Insufficient historical water temperature data were available to estimate temperature changes near
GUAD2. Regression coefficients were not developed.

421.7 GUAD1

Insufficient historical water temperature data were available to estimate temperature changes near
GUAD1. Regression coefficients were not developed.

4.2.1.8 Discussion

Since historical water temperature data were not available for December through March, data from
Los Gatos Creek-Guadalupe River upstream of Confluence with Los Gatos Creek, Los Gatos Creek-
Lincoln Avenue, and Coyote Creek-Mabury were substituted to fill gaps in the data.

Model uncertainty is relatively low, with R? of .98 at every location, bias less than +/- 0.02°C, and
absolute mean error less than 0.5°C. Measured temperatures may be influenced by factors other than
those modeled in the regression. Discrepancies between predicted and measured values could occur
due to variables such as upstream storage in Lexington, Almaden, or Calero Reservoirs, or accretions
in the vicinity of the San Jose Airport. Nevertheless, the regression for Highway 880 is expected to
provide reasonable predictions for comparative purposes.

4.2.2 Guadalupe Creek

Three water temperature locations were selected on Guadalupe Creek to represent four POI:
downstream of Guadalupe Reservoir, downstream of Masson Dam, and upstream of the Almaden
Expressway. These three were selected due to their proximity to key fisheries locations, the quantity
of data available at each location, and the quality of the fit of their respective regressions.

Daily regression coefficients for each POI are included in Attachment C.
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4221 GCRK4

Guadalupe Creek downstream of Guadalupe Reservoir was selected as the representative water
temperature gage for GCRK4. Table 4.2-9 shows the relative contribution of each of the temperature
regression components.

Table 4.2-9. Contribution of Regression Components for Guadalupe Creek at Guadalupe
Reservoir, GCRK4

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Intake 0.66 0.10 0.03 0.03 0.01 0.00 0.00 0.00 0.00 0.01 0.03 0.15 0.07
Temperature

(% of

Calculation)

Previous 012 024 0.20 0.78 0.92 098 099 097 096 084 0.84 0.79 0.76
Day Water

Temperature

(% of

Calculation)

Flow (% of 0.03 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 o0.00
Calculation)

Air 0.00 0.01 0.07 0.06 0.03 0.01 0.00 0.02 0.02 0.02 0.00 0.01 o0.02
Temperature

(% of

Calculation)

Constant(% 0.19 063 0.69 0.13 0.04 0.01 0.00 0.01 0.02 012 0.12 0.05 0.14
of

Calculation)

Since historical water temperature data were not available for January through March, data from
Stevens Creek Outlet were substituted from November 2007 to April 2009, October 2009 to April
2010, October 2010 to April 2011, and October 2011 to April 2012. Stevens Creek Outlet was chosen
due to its similar behavior to the available temperature data and reservoir characteristics.

Overall, previous day water temperature has the highest contribution to the temperature calculations
at this location. Previous day temperature accounts for up to 99% of the temperature calculations. The
constant accounts for 63% and 69% in February and March, and less than 19% the rest of the year.
Reservoir storage, air temperature, and flow accounts for less than 15% of the temperature
calculations; however, storage does account for 66% of the temperature calculation in January.

Figure 4.2-9 shows the accuracy of the computed temperatures, relative to the measured
temperatures for Guadalupe Creek below Guadalupe Reservoir. Table 4.2-10 shows the resulting
coefficient of determination, mean error, and absolute mean error for the calibration period of record.
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Figure 4.2-9. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Guadalupe Creek below Guadalupe Reservoir, GCRK4
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Table 4.2-10. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Guadalupe Creek below Guadalupe Reservoir, GCRK4, Water Temperature
Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean
Data Source (R-squared) (°C) Error (°C)
Downstream of Guadalupe 0.93 -0.01 0.68

Reservoir

Figure 4.2-10 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Guadalupe Creek at GCRK4.
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Figure 4.2-10. Guadalupe Creek Validation at GCRK4
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Predictions for GCRK4 are within 0.68 degrees of measured values, on average.

4222 GCRK3

Guadalupe Creek upstream of Masson Dam was selected as the representative water temperature
gage for GCRK3. Table 4.2-11 shows the relative contribution of each of the temperature regression

components.

Table 4.2-11. Contribution of Regression Components for Guadalupe Creek above Masson
Dam, GCRK3

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al

Upstream 066 0.15 067 047 0.23 032 065 089 060 051 078 072 0.56
Water

Temperature

(% of

Calculation)

Previous 023 073 015 029 049 046 0.07 0.03 0.06 0.03 005 0.10 0.21
Day Water

Temperature

(% of

Calculation)

Flow (% of 0.10 0.04 0.01 0.05 0.06 0.08 0.11 0.04 0.05 0.27 0.14 0.02 0.08
Calculation)

Air 0.01 0.08 0.17 0.19 0.22 0.14 0.17 0.04 029 019 0.04 016 0.14
Temperature

(% of

Calculation)

Constant (% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
of

Calculation)
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Since historical water temperature data were not available for January through March, data from
Alamitos Creek-Bertram Road were substituted from December 2008 to April 2009 and October 2009
to April 2010. Alamitos Creek-Bertram Road was chosen due to its similar geography and behavior to
the available temperature data for Guadalupe Creek upstream Masson Dam.

Overall, upstream water temperature has the highest contribution to the calculations at this location.
The temperature calculations are the most sensitive to previous day water temperature in January
through June. Flow contributes less than 14% to the calculations throughout the year, however flow
accounts for 27% of the temperature calculation in October. Air temperature accounts for 1-29% of
the of the temperature calculations. Figure 4.2-11 shows the accuracy of the computed temperatures,
relative to the measured temperatures for Guadalupe Creek upstream of Masson Dam. Table 4.2-12
shows the resulting coefficient of determination, mean error, and absolute mean error for the
calibration period of record.

Figure 4.2-11. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Guadalupe Creek above Masson Dam, GCRK3

30

25

[
o
*
L

[EEY
wu
.

* :S

=
o

w

o

Computed Temperatures (degC)

0 5 10 15 20 25 30

Measured Temperatures (deg C)

Table 4.2-12. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Guadalupe Creek above Masson Dam, GCRK3, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean

Data Source (R-squared) (°C) Error (°C)
Upstream of Masson Dam 0.90 0.71 0.72

Figure 4.2-12 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Guadalupe Creek at GCRK3.
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Figure 4.2-12. Guadalupe Creek Validation at GCRK3
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Average water temperature predictions were within 0.72 degrees of measured temperatures, on
average. These discrepancies are likely due to the Masson diversion and groundwater recharge
occurring between the flow node (Hicks Road, SF43) and the confluence with Alamitos.

4223 GCRK2

Guadalupe Creek downstream of Masson Dam was selected as the representative water temperature
gage for GCRK2. Table 4.2-13 shows the relative contribution of each of the temperature regression

components.

Table 4.2-13. Contribution of Regression Components for Guadalupe Creek below Masson

Dam, GCRK2

Upstream 0.81 0.77 0.76 095 0.98

Water
Temperature
(% of
Calculation)

0.93

096 096 098 097 095 081 0.89

Previous 0.05 0.12 0.07 0.02 0.01

Day Water
Temperature
(% of
Calculation)

0.00 0.00 0.00 0.00 0.00 0.00 0.01 o0.01

Flow (% of 0.10 0.06 0.08 0.02 0.00

Calculation)

0.02 0.01 0.01 0.01 002 015 0.07 0.03

Air 0.01 0.05 0.09 0.02 0.01

Temperature
(% of
Calculation)

0.02 0.02 0.01 0.02 0.03 0.04 0.03 0.02
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al

Constant(% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
of
Calculation)

Since historical water temperature data were not available for January through March, data from
Alamitos Creek-Pfeiffer Ranch Road, was substituted from October 2009 to April 2010 and October
2010 to April 2011. The temperatures from Pfeiffer Ranch Road were subtracted by 2°C to more
accurately reflect downstream Masson Dam temperatures. Alamitos Creek- Pfeiffer Ranch Road was
chosen due to its similar geography and behavior to the available temperature data for Guadalupe
Creek downstream Masson Dam.

Overall, upstream water temperature has the highest contribution to the calculations at this location.
Upstream water temperature accounts for 76-98% of the temperature calculations. Previous day
water temperature, flow, and air temperature each contribute less than 15% to the temperature
calculations throughout the year. The historic flow data used in the regression downstream of Masson
Dam is the same as the historic flow data used upstream of Masson Dam, and therefore the flow term
does not capture the differences in temperature between the two locations due to diversions.

Figure 4.2-13 shows the accuracy of the computed temperatures, relative to the measured
temperatures for Guadalupe Creek below Masson Dam. Table 4.2-14 shows the resulting coefficient
of determination, mean error, and absolute mean error for the calibration period of record.

Figure 4.2-13. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Guadalupe Creek below Masson Dam, GCRK2
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Table 4.2-14. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Guadalupe Creek below Masson Dam, GCRK2, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean
Data Source (R-squared) (°C) Error (°C)
Downstream of Masson Dam 0.99 0.00 0.19
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Figure 4.2-14 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Guadalupe Creek at GCRK2

Figure 4.2-14. Guadalupe Creek Validation at GCRK2
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Average daily water temperature predictions at GCRK2 are within 0.19 degrees of the measured
water temperatures at GCRK2, on average.

4224 GCRK1

Guadalupe Creek upstream of the Almaden Expressway was selected as the representative water
temperature gage for GCRK1. Table 4.2-15 shows the relative contribution of each of the temperature
regression components.

Table 4.2-15. Contribution of Regression Components for Guadalupe Creek upstream of Lake
Almaden, GCRK1

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Upstream 0.77 076 0.18 0.82 0.82 087 090 086 092 093 084 0.76 0.80
Water

Temperature

(% of

Calculation)

Previous 017 018 0.65 0.13 0.05 0.02 0.01 0.02 0.02 0.02 005 0.19 0.11
Day Water

Temperature

(% of

Calculation)

Flow (% of 0.03 0.02 0.01 0.02 0.03 0.05 0.08 0.08 0.02 0.05 0.10 0.04 0.04
Calculation)
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Air 0.02 005 016 0.03 010 0.06 0.01 0.04 0.04 0.01 0.00 0.01 0.05
Temperature

(% of

Calculation)

Constant(% 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00 0.00 0.00
of

Calculation)

Since historical water temperature data were not available for January through March, data from
Alamitos Creek-Mazzone Drive were substituted from October 2009 to April 2010 and October 2010
to April 2011. The temperatures from Mazzone Drive were subtracted by 1°C to more accurately
reflect Almaden Expressway temperatures. Alamitos Creek-Mazzone Drive was chosen due to its
similar geography and behavior to the available temperature data for Aimaden Expressway.

Overall, upstream water temperature has the highest contribution to the calculations at this location,
contributing 76-93% to the temperature calculations in most months. Previous day water temperature
accounts for less than 19% of temperature calculations in most months; however, previous day
temperatures account for 65% of the temperature calculations in March. Flow and air temperature
each contribute less than 10% to the temperature calculations throughout the year. Air temperature
influences 16% of the temperature calculations in March. The historic flow data used in the regression
upstream of Lake Almaden is the same as the historic flow data used upstream and downstream of
Masson Dam, and therefore the flow term does not capture the differences in temperature between
the two locations due to accretions and depletions.

Figure 4.2-15 shows the accuracy of the computed temperatures, relative to the measured
temperatures for Guadalupe Creek upstream of Lake Almaden. Table 4.2-16 shows the resulting
coefficient of determination, mean error and absolute mean error for the calibration period of record.

Figure 4.2-15. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Guadalupe Creek upstream of Lake Almaden, GCRK1
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Table 4.2-16. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Guadalupe Creek upstream of Lake Almaden, GCRK1, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean

Data Source (R-squared) (°C) Error (°C)
Upstream of Almaden Expressway 0.98 0.01 0.29

Figure 4.2-16 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Guadalupe Creek at GCRK1

Figure 4.2-16. Guadalupe Creek Validation at GCRK1
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Average water temperature predictions at GCRK1 were within 0.29 degrees of measured
temperatures, on average. These discrepancies are likely due to the Masson diversion and
groundwater recharge occurring between the flow node (Hicks Road, SF43) and the confluence with
Alamitos.

4.2.2.5 Discussion

Nine years of water temperature data were collected on Guadalupe Creek, with no data available in
November through March. Since historical water temperature data were not available for certain
months, data from Alamitos Creek and Stevens Creek were substituted to fill gaps in the data.

Of the Guadalupe Creek regressions, the regression for GCRK2 (below Masson Dam) is the
strongest, with R? of 0.99. Overall, Guadalupe Creek regressions have R? above 0.90. Major
discrepancies in the temperature calculations are likely to occur in months where missing temperature
data were substituted. Model uncertainty is relatively low, with all biases less than +/- 0.1°C and
absolute mean errors less than 1°C.

4.2.3 Los Gatos Creek

Two water temperature gage locations were selected on Los Gatos Creek to represent two POI:
Lincoln Avenue and Camden Avenue. These locations were selected due to their proximity to key
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fisheries locations LOSG2 and LOSGH1, the quantity of data available at each location, and the quality
of the fit of their respective regressions.

Daily regression coefficients for each POI are included in Attachment C.

4.2.31 LOSG2

Los Gatos Creek at Camden Avenue was selected as the representative water temperature gage for
LOSG2. Table 4.2-17 shows the relative contribution of each of the temperature regression
components.

Table 4.2-17. Contribution of Regression Components for Los Gatos Creek below the Lower
Page Drop Structure, LOSG2

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Previous 0.78 089 078 072 066 081 074 052 071 085 056 0.19 0.69
Day Water
Temperature
(% of

Calculation)

Flow 0.01 0.00 0.01 0.02 o0.01 0.02 0.01 0.00 0.00 0.01 0.05 0.02 0.01
(% of

Calculation)

Air 0.05 0.04 016 0.10 019 012 0.07 0.02 0.09 0.11 011 032 0.11
Temperature

(% of

Calculation)

Constant 0.16 0.06 005 0.16 013 005 0.18 046 0.19 0.03 0.28 047 0.18
(% of

Calculation)

Overall, the calculation at this location is driven primarily by previous day water temperature. Since
this location is substantially downstream from Lexington Reservoir, and the intervening reservoir on
Los Gatos Creek, Vasona Reservoir, is not operated in the WEAP model, there is no upstream water
temperature or boundary condition for this location. Flow contributes 5% or less to the calculations
throughout the year. Air temperature accounts for less than 19% for the majority of the year with
contributions of 32% in December. The constant accounts for less than 19% of the temperature
calculations throughout the year, however constants account for 46% and 47% of the calculations in
August and December. Figure 4.2-17 shows the accuracy of the computed temperatures, relative to
the measured temperatures for Los Gatos Creek below the Lower Page Drop Structure. Table 4.2-18
shows the resulting coefficient of determination, mean error and absolute mean error for the
calibration period of record.
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Figure 4.2-17. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Los Gatos Creek below the Lower Page Drop Structure, LOSG2
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Table 4.2-18. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Los Gatos Creek below Lower Page Drop Structure, LOSG2, Water Temperature
Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean

Data Source (R-squared) (°C) Error (°C)
Camden Avenue 0.98 0.00 0.54

Figure 4.2-18 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Los Gatos Creek at LOSG2.
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Figure 4.2-18. Los Gatos Creek Validation at LOSG2
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Predictions of average daily temperatures at LOSG2 were within 0.54 degrees of measured
temperatures, on average.

4232 LOSG1

Los Gatos Creek at Lincoln Avenue was selected as the representative water temperature gage for
LOSG1. Table 4.2-19 shows the relative contribution of each of the temperature regression
components.

Table 4.2-19. Contribution of Regression Components for Los Gatos Creek below the Lower
Page Drop Structure, LOSG2

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Upstream 075 083 084 044 054 022 039 080 072 085 0.81 0.73 0.66
Water Temp

(% of

Calculation)

Previous 015 010 0.12 039 027 055 045 015 024 011 014 0.16 0.24
Day Water

Temperature

(% of

Calculation)

Flow (% of 0.02 0.02 001 0.03 003 004 0.04 003 0.03 0.02 0.01 0.02 o0.03
Calculation)

Air 0.08 005 003 0.14 016 018 0.12 0.02 0.01 0.02 0.05 0.08 0.08
Temperature

(% of

Calculation)

Constant 0.00 0.00 0.00 0.00 000 000 0.00 000 0.00 0.00 0.00 0.00 0.00
(% of

Calculation)
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Overall, upstream temperature has the highest contribution to the calculations at this location. Flow
contributes 4% or less to the calculations throughout the year. Previous day water temperature
accounts for 10-55% of the temperature calculations. Air temperature accounts for up to 18% of the
calculations, with the highest contributions in April through July. Figure 4.2-19 shows the accuracy of
the computed temperatures, relative to the measured temperatures for Los Gatos Creek above the
Guadalupe River Confluence. Table 4.2-20 shows the resulting coefficient of determination, mean
error and absolute mean error for the calibration period of record.

Figure 4.2-19. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Los Gatos Creek above the Guadalupe River Confluence, LOSG1
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Table 4.2-20. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Los Gatos Creek above Guadalupe River confluence, LOSG1, Water Temperature
Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean

Data Source (R-squared) (°C) Error (°C)
Lincoln Avenue 0.99 0.01 0.38

Figure 4.2-20 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Los Gatos Creek at LOSG1
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Figure 4.2-20. Los Gatos Creek Validation at LOSG1
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Predictions of average daily temperatures at LOSG1 were within a half degree of measured
temperatures, on average.

4.2.3.3 Discussion

The LOSG1 and LOSG2 regressions bias is low, less than +/- 0.1°C, and the absolute mean error is
less than 1°C indicating a relatively low level of model uncertainty. Although there is no pronounced
lower or upper limit, measured temperatures may be influenced by factors other than those modeled
in the regression, including Vasona Reservoir, local accretions, and groundwater recharge.
Nevertheless, the regressions for Los Gatos Creek are relatively strong, with R? of 0.98 to 0.99 and 4
to 7 years of data.

4.2.4 Alamitos Creek

Four temperature gages were selected on Alamitos Creek to represent four POI: the Almaden
Reservoir outlet, Upstream of Calero Creek, Downstream of Randol Creek, and Mazzone Drive.
These four were selected due to their proximity to key fisheries locations, the quantity of data
available at each location, and the quality of the fit of their respective regressions. The gage
Downstream of Randol Creek was selected to represent temperatures at ALAM2, Alamitos Creek
below Calero Creek, and the gage at Mazzone Drive was selected to represent temperatures at
ALAM1, Alamitos Creek above Lake Almaden.

Daily regression coefficients for each POI are included in Attachment C.
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4.2.41 ALAM4

Alamitos Creek at the Aimaden Reservoir Outlet was selected as the representative water
temperature gage for ALAM4. Table 4.2-21 shows the relative contribution of each of the temperature
regression components.

Table 4.2-21. Contribution of Regression Components for Alamitos Creek below Almaden
Reservoir, ALAM4

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Previous 098 097 096 095 091 045 004 017 072 096 092 091 0.72
Day Water

Temperature

(% of

Calculation)

Flow 0.01 0.00 0.00 0.00 000 0.05 0.07 018 0.05 0.01 0.01 0.00 0.04
(% of

Calculation)

Air 0.01 0.01 0.00 0.01 0.01 0.03 0.01 0.02 0.01 0.01 0.03 0.06 0.02
Temperature

(% of

Calculation)

Constant 0.01 0.02 003 0.03 007 047 088 063 022 0.01 0.05 0.03 0.23
(% of

Calculation)

Overall, previous day water temperature has the highest contribution to the calculations at this
location, and contributes up to 98% throughout the year. A review of the quality of fit of the regression
with and without a storage term indicated a better, more resilient fit when storage was excluded, so
there is no upstream water temperature or boundary condition for this location. Flow contributes to
less than 7% to the temperature calculations throughout the year, but accounts for 18% of the
calculations in August. Air temperature contributes less than 6% to the calculations. The constant
accounts for less than 7% of the temperature calculations except in June through September when
contributions range from 22-88%. Figure 4.2-21 shows the accuracy of the computed temperatures,
relative to the measured temperatures for Alamitos Creek below Almaden Reservoir. Table 4.2-22
shows the resulting coefficient of determination, mean error, and absolute mean error for the
calibration period of record.
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Figure 4.2-21. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Alamitos Creek below Almaden Reservoir, ALAM4
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Table 4.2-22. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Alamitos Creek below Almaden Reservoir, ALAM4, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean

Data Source (R-squared) (°C) Error (°C)
Almaden Reservoir Outlet 0.98 -0.02 0.45

Figure 4.2-22 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Alamitos Creek downstream of Almaden Reservoir
(ALAM4).
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Figure 4.2-22. Alamitos Creek Validation at ALAM4
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Predictions of average daily temperatures at Almaden Reservoir outlet were within 0.45 degrees of
measured values, on average, but the predicted values showed slightly increased maximum
temperatures and slightly decreased minimum temperatures. Differences in measured and predicted

daily averages could be due to unaccounted-for bathymetric effects.

4242 ALAM3
Alamitos Creek upstream of Calero Creek was selected as the representative water temperature gage
for ALAM3. Table 4.2-23 shows the relative contribution of each of the temperature regression

components.
Table 4.2-23. Contribution of Regression Components for Alamitos Creek Above Calero Creek,

ALAM3
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Upstream 0.02 015 0.26 0.05 0.01 0.01 0.01 0.01 0.00 0.01 0.03 0.01 0.04

Water
Temperature

(% of

Calculation)

Previous 0.97 0.81
Day Water

Temperature

(% of

Calculation)
Flow (% of 0.00 0.02 0.03 0.00 000 001 000 001 000 0.00 0.00 0.01 0.01

Calculation)
Air 0.01 0.02 0.09 001 005 003 001 001 002 0.01 0.03 0.01 0.02

Temperature
(% of
Calculation)

062 093 094 094 098 098 097 098 094 097 0.93
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al

Constant(% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
of
Calculation)

Overall, previous day water temperature component has the highest contribution to the calculations at
this location, and contributes 62-92% throughout the year. Flow contributes less than 3% throughout
the year. Air temperature contributes less than 9% throughout the year. The calculation is most
sensitive to upstream water temperature in February and March. Figure 4.2-23 shows the accuracy of
the computed temperatures, relative to the measured temperatures for Alamitos Creek above Calero
Creek. Table 4.2-24 shows the resulting coefficient of determination, mean error, and absolute mean
error for the calibration period of record.

Figure 4.2-23. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Alamitos Creek above Calero Creek, ALAM3
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Table 4.2-24. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Alamitos Creek above Calero Creek, ALAM3, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean

Data Source (R-squared) (°C) Error (°C)
Upstream of Calero Creek 0.96 0.00 0.42

Figure 4.2-24 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Alamitos Creek above Calero Creek (ALAM3).
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Figure 4.2-24. Alamitos Creek Validation at ALAM3

25 I I T T I I T T 1 I I T T 1 I I T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

.} J A RS S P N N [N DU [ P Ry [ Py RN, Ry S S .
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

PN bl Sk Bl ikl nldd sl Rl et el et ks Bodls Bk "iliel el ity Sl Beldil
1 1 1 1 1

19 —+ - a1 1 __I_
1 §¥ 1 1

1 1

17

.
[§]
o
e
o 1
5
= 15 :
B
1 1 1
@
o 13 A -- 1T-—--
E 1 1 1
@ _ ,, ¥ _ _ _ - ! R R R X
= 11 ] ! [ 1 !
1 1 1 1
9 - 1 e ke Tl
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
y S S N P RN Sy U [P SR Y ORI RPN [ DU MY SO R U F
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 T T T T T T T T T T T T T T T T T T
I~ I~ I~ [+.4] [+.4] [+.4] 2] [+1] [+1] [+1] [+)] (=] (=] (=] o — — — —
e 2 g =2 =2 g2 e £ =2 =2 ¢ o 49 o o o o o o
£ 9 9 ¥ v o @ ¥© L L 0 O v v v L L L @
[1+] [+2) [} [32] &% ﬁ-r\I [32] [1+] [+2) [} [32] ﬁ- [=) [} [32] [1+] [+2) (o]
-—' *“Synthetic—~ -—' = Historical « -—'

Predictions of average daily temperatures at ALAM3 were within 0.42 degree of measured
temperatures, on average.

4.2.4.3 ALAM2

Alamitos Creek downstream of Randol Creek was selected as the representative water temperature

gage for ALAM2. ALAM2 water temperatures reflect flow and water temperature contributions from
both Alamitos Creek and Calero Creek. Table 4.2-25 shows the relative contribution of each of the

temperature regression components.
Table 4.2-25. Contribution of Regression Components for Alamitos Creek Below Calero Creek,
ALAM2

020 055 050 0.34

Almaden 051 007 058 037 016 075 0.15 0.14 0.13

Temperature

(% of

Calculation)

Fortini 0.27 0.84
Temperature

(% of

Calculation)

SF16 Flow 0.00 0.02 0.03 0.02 0.03 0.01 0.01 0.00
(% of

Calculation)

SF13 Flow 0.07 0.03 0.06 0.07 009 0.06 001 0.00 0.03

(% of
Calculation)

0.25 046 0.71 0.12 070 065 023 057 027 023 0.44

0.01 0.03 0.04 0.03 0.02

0.06 0.08 0.04 0.05
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Previous 0.14 0.03 0.05 0.06 0.01 0.06 012 019 055 013 0.04 016 0.13
Day Water
Temperature
(% of

Calculation)

Air 0.00 0.00 0.00 0.00 o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
Temperature

(% of

Calculation)

Constant(% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
of

Calculation)

Overall, the upstream water temperatures from Almaden and Fortini have the highest contribution to
the calculations at this location, and contributes 23-84% at Fortini and 7-58% at Almaden throughout
the year. Previous day water temperature account for less than 19% of the calculations for the
majority of the year and 55% of the calculations in September. Flow contributes less than 9% to the
calculations throughout the year. Figure 4.2-25 shows the accuracy of the computed temperatures,
relative to the measured temperatures for Alamitos Creek below Calero Creek. Table 4.2-26 shows
the resulting coefficient of determination, mean error, and absolute mean error for the calibration
period of record.

Figure 4.2-25. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Alamitos Creek below Calero Creek, ALAM2

30

25

20

'Ll

15 -

- **

10

Computed Temperatures (degC)

0 5 10 15 20 25 30
Measured Temperatures (deg C)

Fish and Aquatic Habitat Collaborative Effort Santa Clara Valley Water District 41
Draft Program Environmental Impact Report



Appendix | - Temperature Modeling Technical Memorandum

Table 4.2-26. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Alamitos Creek below Calero Creek, ALAM2, Water Temperature Regression

Coefficient of Determination Mean Error Absolute Mean
(°C) Error (°C)

0.00 0.43

Water Temperature Regression

Data Source (R-squared)

Downstream of Randol Creek 0.96

Figure 4.2-26 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Alamitos Creek below Calero Creek.

Figure 4.2-26. Alamitos Creek Validation at ALAM2
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Predictions of average daily temperatures at ALAM3 were within 0.43 degrees of measured
temperatures, on average.

4244 ALAM1
Alamitos Creek at Mazzone Drive was selected as the representative water temperature gage for
ALAM1. Table 4.2-27 shows the relative contribution of each of the temperature regression

components.
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Table 4.2-27. Contribution of Regression Components for Alamitos Creek above Lake
Almaden, ALAM1

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Upstream 095 098 096 095 0.90 088 091 093 095 090 0.89 0.86 0.92
Water

Temperature

(% of

Calculation)

Previous 0.03 0.01 0.01 0.01 o0.01 0.07 0.04 0.02 0.02 0.08 0.08 011 0.04
Day Water

Temperature

(% of

Calculation)

Flow (% of 0.02 0.00 0.01 0.04 007 004 005 005 002 0.00 0.02 0.02 0.03
Calculation)

Air 0.00 0.00 0.02 0.00 o0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.01 o0.01
Temperature

(% of

Calculation)

Constant(% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00

of
Calculation)

Overall, the upstream water temperature component has the highest contribution to the calculations at
this location, and contributes 86-98% throughout the year. Previous day water temperature accounts
for less than 11% throughout the year. Flow accounts for less than 7% of the calculations throughout
the year. Air temperature accounts for less than 2% of the calculations throughout the year. Figure
4.2-27 shows the accuracy of the computed temperatures, relative to the measured temperatures for
Alamitos Creek above Lake Almaden. Table 4.2-28 shows the resulting coefficient of determination,
mean error, and absolute mean error for the calibration period of record.
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Figure 4.2-27. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Alamitos Creek above Lake Almaden, ALAM1
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Table 4.2-28. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Alamitos Creek above Lake Almaden, ALAM1, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean

Data Source (R-squared) (°C) Error (°C)
Above Lake Almaden 1.00 0.01 0.43

Figure 4.2-28 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Alamitos Creek above Lake Almaden.

Figure 4.2-28. Alamitos Creek Validation at ALAM1
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Predictions of average daily temperatures above Lake Almaden were within 0.17 degrees of
measured values.

4.2.4.5 Discussion

The fit for Alamitos Creek locations on a month-to-month basis are comparable or higher than the fit
for other regression locations. Model uncertainty for Alamitos Creek is relatively low with all biases
below +/- 0.5°C and all absolute mean error below 1°C, and an R? for all locations ranging from 0.96
to 1.00, and 7 years of data above the confluence with Calero Creek.

4.2.5 Calero Creek

Two water temperature gage locations were selected on Calero Creek, Calero Creek at Calero
Reservoir outlet and Calero Creek at Fortini Road, to represent the two POI. These two locations
were selected due to their proximity to key fisheries locations CALE2 and CALE1, the quantity of data
available at each location, and the quality of the fit of their respective regressions.

Daily regression coefficients for each POI are included in Attachment C.

4.2.51 CALE2

Calero Creek at Calero Reservoir Outlet was selected as the representative water temperature gage
for CALE2. A review of the fit of the regressions with and without Calero Reservoir storage indicated a
better, more resilient fit when storage was excluded from the regression. Accordingly, there is no
upstream water temperature or boundary condition for CALE2. Table 4.2-29 shows the relative
contribution of each of the temperature regression components.

Table 4.2-29. Contribution of Regression Components for Calero Creek at the Calero Reservoir
Outlet, CALE2

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al

Previous 094 099 0.99 099 0.95 094 095 098 099 098 094 0.88 0.96
Day Water

Temperature

(% of

Calculation)

Flow (% of 0.00 0.00 0.00 000 000 000 000 0.00 000 0.00 0.00 0.00 o0.00
Calculation)

Air 0.01 0.00 0.00 0.00 003 0.03 0.02 0.01 0.00 0.02 0.02 0.01 0.01
Temperature

(% of

Calculation)

Constant(% 0.05 0.00 0.01 0.00 0.02 002 0.03 0.01 000 0.01 0.04 0.11 0.03
of
Calculation)

Since historical water temperature data were not available for February through June, data from
Almaden Reservoir Outlet were substituted from February 2007 to June 2008. Almaden Reservoir
Outlet was chosen due to its similar geography and behavior to the available temperature data for the
Calero Reservoir Outlet.

Overall, previous day temperature has the highest contribution to the calculations at this location, and
contributes 88-99% throughout the year. Flow and air temperature have little to no contribution to the
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calculations. The constant accounts for less than 11% of the temperature calculations throughout the
year. Figure 4.2-29 shows the accuracy of the computed temperatures, relative to the measured
temperatures for Calero Creek at Calero Reservoir Outlet. Table 4.2-30 shows the resulting coefficient
of determination, mean error, and absolute mean error for the calibration period of record.

Figure 4.2-29. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Calero Creek at Calero Reservoir Outlet, CALE2
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Table 4.2-30. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Calero Creek below Calero Reservoir, CALE2, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean

Data Source (R-squared) (°C) Error (°C)
Calero Reservoir outlet 0.98 0.01 0.33

Figure 4.2-30 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Calero Creek downstream of Calero Reservoir.
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Figure 4.2-30. Calero Creek Validation at CALE2.
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Predictions of average daily temperatures at Calero Reservoir outlet were within 0.33 degrees, on
average.

4252 CALE1

Calero Creek at Fortini Road was selected as the representative water temperature gage for CALE1.
Table 4.2-31 shows the relative contribution of each of the temperature regression components.

Table 4.2-31. Contribution of Regression Components for Calero Creek at the Calero Reservoir
Outlet, CALE2

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Upstream 070 019 0.89 078 069 051 027 0.07 027 074 078 0.71 0.52
Water

Temperature

(% of

Calculation)

Previous 029 080 0.10 018 017 036 063 0.89 071 022 019 0.29 045
Day Water

Temperature

(% of

Calculation)

Flow 0.01 0.01 0.01 0.04 013 009 0.03 001 0.01 0.03 0.01 0.00 0.02
(% of

Calculation)

Air 0.00 0.00 0.00 0.00 0.00 0.02 0.07 0.03 0.01 0.01 0.02 0.00 0.02
Temperature

(% of

Calculation)
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al

Constant(% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
of
Calculation)

Since historical water temperature data were not available for February through June, data from
Alamitos Creek, Pfeiffer Ranch Road were substituted from February 2005 to June 2005 and
February 2008 to June 2008. Alamitos Creek, Pfeiffer Ranch Road was chosen due to its similar
geography and behavior to the available temperature data for Fortini Road.

Upstream temperature and previous day temperature contributes the most overall to the calculations
at this location, with upstream temperature accounting for 7-89% and previous day temperature
accounting for 10-80%. Flow and air temperature each contribute less than 13% to the temperature
calculations. Figure 4.2-31 shows the accuracy of the computed temperatures, relative to the
measured temperatures for Calero Creek above Alamitos Creek. Table 4.2-32 shows the resulting
coefficient of determination, mean error, and absolute mean error for the calibration period of record.

Figure 4.2-31. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Calero Creek at Fortini Road, CALE1
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Table 4.2-32. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Calero Creek above Alamitos Creek, CALE1, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean

Data Source (R-squared) (°C) Error (°C)
Fortini Road 0.99 0.00 0.29

Figure 4.2-32 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Calero Creek at Fortini Road.

48 Santa Clara Valley Water District Fish and Aquatic Habitat Collaborative Effort
Draft Program Environmental Impact Report



Appendix | - Temperature Modeling Technical Memorandum

Figure 4.2-32. Calero Creek Validation at CALE1

25 T T 1 1 T T 1 1 T T 1 1 1 T T 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
23 A m e mFmmmlmm—md—m—dm—m— b mm—F m—dmm 4 m—— b m | —— = - — = %
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3 [ AN R DU RNy IR NI DU RN R IR U [ Ry . W (- J___1

o R Y 2 """ ;i

—_ i [ i

@) 1 1 1
217 e Tl Bl el T el el Bl el el il Eal il Bkl f il ol Wl Bl 41— =%
® 1 1 1 1 1 1 1 1 1 1 esol
5 15 - [ R QPRSP P P U ) U S (U [ E. Y R L £
= 4} 1 1 1 1 1 1 1 1, 1
S 43 Lo__-_ I__ (T I I N FE N N I -1
) 1 1 1 1 1 1 1 1 1 1 1

»
=3 1 el 1 1 1 1 1 1 1 1 1 1
E1l +------@=3% *- -~~~ --°---T---~r---r~~°~-~-—T1---~r-~—r-—-4-fh---1
ﬁ 1 1 1 1 1 1 1 1 1 1 1 1
9 === ==— D i e i el i s ik T SRRy S —d———
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
B S Py O U T O N | |
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
T T T T T T T T T T T T T T T T
= = < [5y] [5y] [5y] [Ts] [Tn] [Tn] [Tn] (Yo g g g ~ [£2] [£2]
=4 < 2 < =4 < 2 < =4 < 14 < =4 < 2 < =4
w w w w w w w w w w w w w w w w w
— — ~— — — — ~— — — — ~— — — — ~— — —
fr-y & ~ o fr-y & ~ o fr-y & ~ o fr-y & ~ o fr-y
— — — —
= Computed = Historically Measured

Predictions of average daily temperatures at Fortini Road were within 0.29 degrees, on average.

4.2.5.3 Discussion

Four years of data were collected on Calero Creek. Since historical water temperature data were not
available for certain months, data from Alamitos Creek and Almaden Reservoir Outlet were
substituted.

Major discrepancies in the temperature calculations are likely to occur in months where missing
temperature data were substituted. In the case of CALE1, the substituted data were more variable
than the historically measured data at that location. Despite the close fit, it is again important to note
that the predictions are only based on four years of data. Water temperature predictions based on air
temperatures and flows that are higher or lower than those observed in the two years may not be as
accurate. Major discrepancies in the temperature calculations are likely to occur in months where
missing temperature data were substituted. However, based on available data, model uncertainty is
relatively low, with a bias of 0.01°C, an absolute mean error of 0.3, and an R? for all locations ranging
from 0.98 to 0.99.

4.2.6 Stevens Creek

Six water temperature gage locations were selected on Stevens Creek, corresponding with six POI.
These temperature nodes were selected due to their proximity to key fisheries locations, the quantity
of data available at each location, and the quality of the fit of their respective regressions.

Daily regression coefficients for each POI are included in Attachment C.

4.2.6.1 Stevens Creek Reservoir Outlet

Stevens Creek at Stevens Creek Reservoir Outlet was included as part of the Stevens Creek water
temperature regressions. While not a POI, water temperatures at the Stevens Creek Reservoir Outlet
serve as a boundary condition for downstream location, and reflect Stevens Creek Reservoir storage
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and water temperature profile. Monthly relative contributions of the regression terms for Stevens
Creek Reservoir Outlet, are shown in Table 4.2-33.

Table 4.2-33. Contribution of Regression Components for Stevens Creek Reservoir Outlet

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Inlet 095 100 096 085 0.84 088 093 095 099 093 09 091 0.93
Temperature

(% of

Calculation)

Flow 0.05 000 005 0.15 016 012 0.07 005 0.01 0.07 0.04 0.09 o0.07
(% of
Calculation)

Air 0.00 0.00 0.00 0.00 o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
Temperature

(% of

Calculation)

Constant 0.00 0.00 0.00 0.00 000 000 0.00 000 0.00 0.00 0.00 0.00 0.00
(% of
Calculation)

Overall, inlet temperature, based on reservoir storage and water temperature profile, has the highest
contribution to the calculations at this location, and contributes 84-100% throughout the year. Flow
accounts for up to 16% of the calculations. Figure 4.2-33 shows the accuracy of the regression based
computed temperatures, relative to the measured temperatures for Stevens Creek below Stevens
Creek Reservoir. Table 4.2-34 shows the resulting coefficient of determination, mean error, and
absolute mean error for the calibration period of record.

Figure 4.2-33. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Stevens Creek Reservoir Outlet
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Table 4.2-34. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Stevens Creek Reservoir Outlet, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean
Data Source (R-squared) (°C) Error (°C)

Stevens Creek Reservoir Outlet 0.92 0.00 0.53

Figure 4.2-34 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures at Stevens Creek Reservoir Outlet.

Figure 4.2-34. Stevens Creek Validation at Stevens Creek Reservoir Outlet.
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Predictions of average daily temperatures on Stevens Creek Reservoir Outlet were within 0.53
degrees of measured temperatures, on average.

426.2 STEV6

Stevens Creek at Stevens Creek Reservoir Outlet was selected as the representative water
temperature gage for STEV6. Monthly relative contributions of the regression terms for STEV6,
Stevens Creek below Stevens Creek Reservoir, are shown in Table 4.2-35.

Table 4.2-35. Contribution of Regression Components for Stevens Creek below Stevens Creek
Reservoir, STEV6

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al

Upstream 061 037 070 0.14 002 004 0.09 031 047 041 019 0.39 0.32
Temperature
(% of

Calculation)
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Previous 0.37 061 026 084 097 095 088 067 047 055 0.78 056 0.65
Day Water
Temperature
(% of

Calculation)

Flow 0.00 0.00 0.00 0.00 o0.01 0.00 0.01 0.01 0.01 0.03 0.01 0.01 0.01
(% of

Calculation)

Air 0.01 0.02 0.03 0.01 000 0.01 0.02 001 0.04 0.01 0.03 0.04 0.02
Temperature

(% of

Calculation)

Constant 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00
(% of

Calculation)

Overall, previous day temperature has the highest contribution to the calculations at this location, and
contributes 26-97% throughout the year. Upstream temperature accounts for up to 70% of the
calculations in March. Daily maximum air temperature contributes less than 4% of the calculations
throughout the year. Flow accounts for less than 3% of the calculations throughout the year. Figure
4.2-35 shows the accuracy of the regression based computed temperatures, relative to the measured
temperatures for Stevens Creek below Stevens Creek Reservoir. Table 4.2-36 shows the resulting
coefficient of determination, mean error, and absolute mean error for the calibration period of record.

Figure 4.2-35. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Stevens Creek below Stevens Creek Reservoir, STEV6
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Table 4.2-36. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Stevens Creek below Stevens Creek Reservoir, STEV6, Water Temperature
Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean
Data Source (R-squared) (°C) Error (°C)

Stevens Creek Reservoir Outlet 0.99 -0.01 0.17

Figure 4.2-36 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on STEV6 Stevens Creek below Stevens Creek
Reservoir.

Figure 4.2-36. Stevens Creek Validation at STEV6
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Predictions of average daily temperatures on Stevens Creek at STEV6 were within 0.17 degrees of
measured temperatures, on average. For all of the final selected regression locations on Stevens
Creek, the flow below Stevens Creek Reservoir (model location STEV6, gage SF44) was used
because it was the only flow location available and because it was more representative of the flows at
the desired temperature.
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42.6.3 STEVS

Stevens Creek upstream of Deep Cliff was selected as the representative water temperature gage for
STEVS. Monthly relative contributions of the regression terms for STEVS5, Stevens Creek above
McClellan Road, are shown in Table 4.2-37.

Table 4.2-37. Contribution of Regression Components for Stevens Creek above McClellan
Road, STEV5

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Upstream 0.78 037 032 044 039 051 008 049 035 048 0.71 0.84 048
Water

Temperature

(% of

Calculation)

Previous 019 059 0.66 052 0.53 039 088 046 061 047 027 013 048
Day Water

Temperature

(% of

Calculation)

Flow (% of 0.02 0.01 000 0.00 002 003 0.00 001 0.01 0.02 0.00 0.00 O0.01
Calculation)

Air 0.01 0.04 001 0.04 005 007 0.03 003 0.02 0.03 0.01 0.03 0.03
Temperature

(% of

Calculation)

Constant(% 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
of

Calculation)

Overall, the upstream water temperature and previous day water temperature have the highest
contribution to the calculations at this location. Air temperature contributes less than 7% to the
calculation throughout the year. Flow contributes a relatively low percentage to the calculations
throughout the year, contributing less than 3% throughout the year. Figure 4.2-37 shows the accuracy
of the computed temperatures, relative to the measured temperatures for Stevens Creek above
McClellan Road. Table 4.2-38 shows the resulting coefficient of determination, mean error, and
absolute mean error for the calibration period of record.
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Figure 4.2-37. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Stevens Creek above McClellan Road, STEV5
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Table 4.2-38. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Stevens Creek Above McClellan Road, STEVS5, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean

Data Source (R-squared) (°C) Error (°C)
Upstream of Deep Cliff 0.99 0.00 0.16

Figure 4.2-38 shows a comparison of historical daily average water temperatures compared to the
synthetic daily average water temperatures on Stevens Creek above McClellan Road.
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Figure 4.2-38. Stevens Creek Validation at STEVS

23
21

[ R
w N

Temperature (deg C)
=
=

8/15/2003 8/14/2004 8/14/2005 8/14/2006 8/14/2007 8/13/2008 8/13/2009 8/13/2010 8/13/2011

- Synthetic - Historically Measured

Predictions of average daily temperatures on Stevens Creek at STEV5 were within 0.16 degrees of
measured temperatures, on average. For all of the final selected regression locations on Stevens
Creek, the flow below Stevens Creek Reservoir (model location STEV6, gage SF44) was used
because it was the only flow location available and because it was more representative of the flows at
the desired temperature locations than the downstream flow location SF35.

4264 STEV4

Stevens Creek at Highway 280 was selected as the representative water temperature gage for
STEV4. Monthly relative contributions of the regression terms for STEV4, Stevens Creek above
Highway 280, are shown in Table 4.2-39.

Table 4.2-39. Contribution of Regression Components for Stevens Creek above Highway 280,
STEV4

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al

Upstream 059 048 046 051 033 026 026 027 022 027 049 055 0.37
Water

Temperature

(% of

Calculation)

Previous 0.37 046 045 0.38 0.50 057 060 062 067 064 046 0.39 0.52
Day Water

Temperature

(% of

Calculation)

Flow (% of 0.01 0.02 0.04 002 0.05 004 004 0.03 0.01 0.01 001 0.04 0.03
Calculation)
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Air 0.03 0.04 0.05 0.09 0.12 013 010 0.09 0.09 0.08 0.04 0.03 0.08
Temperature

(% of

Calculation)

Upstream 059 048 046 0.51 0.33 026 026 027 022 027 049 055 0.37
Water

Temperature

(% of

Calculation)

Overall, previous day temperature has the highest contribution to the calculations at this location, and
contributes 37-67% to the calculations throughout the year. Upstream water temperature accounts for
26-59% of the calculations throughout the year. Air temperature contributes 3-13% of the calculations
throughout the year. Flow contributes a relatively low percentage to the calculations throughout the
year of less than 5%. Figure 4.2-39 shows the accuracy of the computed temperatures, relative to the
measured temperatures for Stevens Creek above Highway 280. Table 4.2-40 shows the resulting
coefficient of determination, mean error, and absolute mean error for the calibration period of record.

Figure 4.2-39. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Stevens Creek above Highway 280, STEV4
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Table 4.2-40. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Stevens Creek Above Highway 280, STEV4, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean
Data Source (R-squared) (°C) Error (°C)
Highway 280 0.98 0.00 0.31
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Figure 4.2-40. Stevens Creek Validation at STEV4
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Predictions of average daily temperatures on Stevens Creek at STEV4 were within 0.31 degrees of
measured temperatures, on average. For all of the final selected regression locations on Stevens
Creek, the flow below Stevens Creek Reservoir (model location STEV6, gage SF44) was used
because it was the only flow location available and because it was more representative of the flows at
the desired temperature locations than the downstream flow location SF35.

4.2.6.5 STEV3

Stevens Creek downstream of Fremont Avenue was selected as the representative water temperature
gage for STEV3. Monthly relative contributions of the regression terms for STEV3, Stevens Creek
above Fremont Avenue, are shown in Table 4.2-41.

Table 4.2-41. Contribution of Regression Components for Stevens Creek above Fremont
Avenue, STEV3

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Upstream 093 092 088 080 063 049 060 083 093 091 085 0.86 0.80
Water

Temperature

(% of

Calculation)

Previous 0.03 0.07 009 014 024 035 030 004 0.03 0.05 0.03 0.08 0.13
Day Water

Temperature

(% of

Calculation)

Flow (% of 0.02 0.01 0.00 0.01 002 002 0.02 005 0.02 0.03 0.09 0.03 0.03
Calculation)

AirTemp (% 0.02 0.00 0.02 0.06 0.11 0.13 0.07 0.03 0.02 0.01 0.02 0.03 0.05
of
Calculation)
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al

Constant(% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
of
Calculation)

Overall, upstream water temperature has the highest contribution to the calculations at this location,
and contributes 63-93% to the calculations throughout the year. Previous day temperature accounts
for 3-35% of the temperature calculations throughout the year. Flow and air temperature contributes a
relatively low percentage of less than 13%. Figure 4.2-41 shows the accuracy of the computed
temperatures, relative to the measured temperatures for Stevens Creek above Fremont Avenue.
Table 4.2-42 shows the resulting coefficient of determination, mean error, and absolute mean error for
the calibration period of record.

Figure 4.2-41. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Stevens Creek above Fremont Avenue, STEV3
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Table 4.2-42. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Stevens Creek Above Freemont Avenue, STEV3, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean
Data Source (R-squared) (°C) Error (°C)
Downstream of Freemont Avenue  0.99 0.01 0.26
Fish and Aquatic Habitat Collaborative Effort Santa Clara Valley Water District 59
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Figure 4.2-42. Stevens Creek Validation at STEV3
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Predictions of average daily temperatures on Stevens Creek at STEV3 were within 0.26 degrees of
measured temperatures, on average. For all of the final selected regression locations on Stevens
Creek, the flow below Stevens Creek Reservoir (model location STEV6, gage SF44) was used
because it was the only flow location available and because it was more representative of the flows at
the desired temperature locations than the downstream flow location SF35.

42.6.6 STEV2

Stevens Creek at EI Camino Real was selected as the representative water temperature gage for
STEV2. Monthly relative contributions of the regression terms for STEV2, Stevens Creek at Central
Avenue are shown in Table 4.2-43.

Table 4.2-43. Contribution of Regression Components for Stevens Creek at Central Avenue,
STEV2

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al \

Upstream 093 095 0.86 0.76 0.76 0.77 052 -- 089 088 0.77 065 0.82
Water

Temperature

(% of

Calculation)

Previous 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Day

Temperature

(% of

Calculation)

Flow (% of 0.02 0.02 0.02 0.01 0.01 0.07 --- 0.00 0.11 029 0.04 0.03 0.02
Calculation)

Air 0.04 003 0.11 0.23 0.22 0.15 - 0.00 0.01 0.01 0.19 0.32 0.14
Temperature

(% of

Calculation)
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Al

Constant(% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
of

Calculation)

Overall, the upstream water temperature has the highest contribution to the calculation at this
location, and contributes 52-79% to the calculations throughout the year. Air temperature accounts for
up to 30% of the calculations, with the greatest contribution in December. Flow accounts for 1-29% of
the calculations, with the greatest contribution in October. Figure 4.2-43 shows the accuracy of the
computed temperatures, relative to the measured temperatures for Stevens Creek at Central Avenue.
Table 4.2-44 shows the resulting coefficient of determination, mean error, and absolute mean error for
the calibration period of record.

Figure 4.2-43. Accuracy of Computed Temperatures Relative to Measured Temperatures for
Stevens Creek at Central Avenue, STEV2
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Table 4.2-44. Summary of the Coefficient of Determination, Mean Error and Absolute Mean
Error for Stevens Creek at Central Avenue, STEV2, Water Temperature Regression

Water Temperature Regression Coefficient of Determination Mean Error Absolute Mean
Data Source (R-squared) (°C) Error (°C)
El Camino Real 0.91 -0.02 0.52
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Figure 4.2-44. Stevens Creek Validation at STEV2

23

21

Temperature (deg C)
e e e e
~J o = w w ~J o

5 | | | | - | - |
8/15/2003 8/14/2004 8/14/2005 8/14/2006 8/14/2007 8/13/2008 8/13/2009 8/13/2010 8/13/2011

- Synthetic - Historically Measured

Predictions of average daily temperatures on Stevens Creek at STEV2 were within 0.52 degrees of
measured temperatures, on average. Flows above Highway 85 (SF35) were used for STEV2 since it
is the closest monitoring location, but there are extensive periods without any measured flows at this
location, likely due to dry-backs; though upstream water temperatures are used as an input to this
location’s water temperature calculation, the disconnection to upstream water temperatures through
the dry-backs means that correlation with upstream water temperatures may, at times, be coincidental
rather than a real influence. Due to this, regressions from this location are unreliable.

4.2.6.7 STEV1

Locations like STEV1 are subject to dry-backs, or periods of time when the streambed is dry and
influenced from the San Francisco Bay. Due to this, regressions from this location are highly
unreliable and regression coefficients were not developed.

4.2.6.8 Discussion

The temperature regressions for Stevens Creek have low uncertainty: R? ranged from 0.91 to 0.99
and mean error was less than +/-.02°C.

There could be additional influences due to local inflows and corresponding local inflow temperatures
downstream of Stevens Creek Reservoir that are not represented in the regression due to lack of
information.

The flow below Stevens Creek Reservoir (SF44) was used for most of the locations because it was
more representative of the flows at the desired temperature locations except STEV2 than the
downstream flow location SF35. Therefore, the regressions could not represent the effect of any flow
changes that may have occurred between SF44 and the points of interest. Locations like STEV2 are
subject to dry-backs, or periods of time when the streambed is dry. Due to this, regressions from this
location are unreliable.
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5 Regression Limitations

Water temperature regressions assume that District operations are constant except for the changing
rule curves. The regressions represent a mathematical model rather than a physical model, and are
not intended to model the following:

e Changes in channel or reservoir geometry
e Substantial changes to water temperatures into or out of the reservoir
e Substantial changes to downstream flow patterns or diversions

Historical data were collected within a time period that was assumed to have negligible changes to
channel geometry, reservoir bathymetry, and reservoir spillway geometry. Changes to these physical
characteristics would change the temperature interactions in a reach or reservoir. Because the current
model approach assumes these physical characteristics are constant, scenarios with substantial
differences to these characteristics would have to be modeled using a physical model rather than the
current model approach to achieve meaningful results.

In addition to the physical and geometric characteristics implicit in the modeling assumptions, certain
implicit assumptions are also made about boundary conditions. Water temperatures are assumed to
be cooler than the air temperature and warm towards equilibrium downstream of the reservoir.
Applying the current regressions to substantially different boundary condition water temperatures is
inadvisable. If the water temperature at the reservoir has already reached or neared equilibrium, water
temperatures downstream will be less reactive to temperature changes upstream than currently
represented in the model. A scenario with full or empty reservoirs year-round would alter the boundary
condition as well as the timing and location of equilibrium. A spilling reservoir would withdraw warmer
water from the top of the reservoir rather than near the bottom, as is currently represented, and would
reach equilibrium with atmospheric conditions further upstream in the reach below the reservoir. An
empty reservoir would behave more like stream temperatures than is currently represented, and more
information about conditions further upstream would need to be known, invalidating the existing
boundary condition assumptions.

Due to limited spatial availability of data, regressions assume a fixed relationship between flow at
available locations and temperature at POI. Since flow data were not available at every POI, the flow
coefficient in the regressions represents the effect of changing flow at a specific location where data
were available, often upstream of the POI. In the historical data, significant accretions and depletions
occurred between the gaged flow location and the temperature location. Therefore, the effects of any
accretions and depletions between the POI and the flow gage are represented by the constant term in
the regression rather than the flow coefficient. Because the term is constant and is not multiplied by
anything, any changes to diversions or depletions between the flow point and the POl would not be
accurately represented, although they may be represented in the WEAP operations model.

Regression equations developed in this analysis can be applied with high confidence over the
historically-observed range of input data used to develop the regression coefficients. To some extent,
the regression equations can be used outside this range, albeit with less confidence, but for the
reasons listed in the above paragraphs there is some outer limit in which the results are no longer
reasonable or valid. In Sections 4.2.1 through 4.2.7, the range of each input variable used to develop
the regression coefficients is presented to identify the range of high confidence that the regression
equations can be used. The 99% and 1% exceedances of upstream temperature, flow, and storage
were used for an estimate of the outside range of less confidence. Values outside of this range (i.e.
storages closer to empty or full reservoirs, flows far outside the observed range of district operations,
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and/or upstream reservoir temperatures warmer than the seasonally observed range) would no longer
be deemed reasonable or meaningful.

The accuracy of predicted reservoir release temperatures at the head of each reach has lasting
effects; temperatures are propagated downstream as the output from an upstream regression
becomes the input for a downstream regression. Reservoir storage is a key variable in the prediction
of reservoir release temperature. The model uses greatly simplified assumptions for reservoir outflow
temperatures and stream temperatures. The relationship between outflow, storage, air temperature,
and outflow temperature is assumed to be linear. In reality, reservoir warming may accelerate or
decelerate as storage decreases or as water is drawn from different elevations in the reservoir.
Variables that affect stream temperature such as wind, cloudiness, and shading are not modeled.
Sub-daily or hourly flow and air temperature changes are not represented and could also add to the
model uncertainty.

Some reaches did not have a full year of regression input data or measured water temperature data,
in some cases leaving multi-month gaps. To compensate for the missing temperature data, data from
other locations were substituted to fill the gaps. Substituted data were chosen due to its similar
geography and behavior to the available temperature data at the locations. Daily regression
coefficients were interpolated for data gaps of 30 days or less.

The following sections present haze charts of input data used to develop the daily regressions to
highlight the range of high confidence over which the regressions can be used. The range of historical
input data were truncated to show only times when overlapping flow data, downstream temperature
data, and upstream temperature or storage data were available. In some locations, the availability of
downstream temperature or upstream temperature limited the time period for which flow or storage
could be used. Haze charts of maximum daily air temperature are not presented because air
temperature is an independent variable and will not vary between modeled alternatives.

51 Guadalupe River

511 GUAD7

Figure 5.1-1 through Figure 5.1-4 and Table 5.1-1 through Table 5.1-4 show the range of historical
upstream water temperatures and flows used in the regression at GUAD7, Guadalupe River below
Alamitos Drop Structure. Temperature regressions can be applied at a high confidence for values
within the historical range for each date.
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Figure 5.1-1. Range of High Confidence for Upstream Temperature at GUAD7 from Almaden
Expressway
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Table 5.1-1. Range of High Confidence for Upstream Temperature at GUAD7 from Almaden
Expressway

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

99% 101 9.2 10.7 106 125 128 153 157 143 132 120 114
Exceedance
Temperature

1% Exceedance 129 124 138 189 199 225 231 199 189 182 186 14.8
Temperature

Of the period used, 99% of the upstream water temperature data points from Almaden Expressway
were above 9.2°C and 99% of the temperature data points were below 22.5°C. Temperature values
based on modeled temperatures below 9.2°C or above 22.5°C cannot be predicted with high
confidence. In addition, the haze chart above demonstrates the lack of data for this location. No
historical temperature data were available for December through April. Temperatures in early
December and late April were substituted with data from Upstream Calero Creek.
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Figure 5.1-2. Range of High Confidence for Upstream Temperature at GUAD7 from Mazzone
Drive
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Table 5.1-2. Range of High Confidence for Upstream Temperature at GUAD7 from Mazzone
Drive.

Jan Feb Mar Apr May Jun  Jul Aug Sep | Oct Nov Dec

99% 8.9 9.3 9.9 115 134 143 173 177 157 136 9.7 8.3
Exceedance
Flow

1% 13.3 13.7 149 179 19.2 21.0 216 219 207 192 164 15.0
Exceedance
Flow

Of the period used, 99% of the upstream water temperature data points from Mazzone Drive were
above 8.3°C and 99% of the temperature data points were below 21.9°C. Temperature values based
on modeled temperatures below 8.3°C or above 21.9°C cannot be predicted with high confidence.
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Figure 5.1-3. Range of High Confidence for Flows at GUAD7 from Graystone Lane (SF70)
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Table 5.1-3. Range of High Confidence for Flows at GUAD7 from Graystone Lane (SF70)
Jan Feb Mar Apr May Jun ‘ Jul Aug Sep Oct Nov Dec

99% 5.6 6.1 8.2 4.2 3.2 74 48 4.6 4.3 7.3 5.6 5.3
Exceedance

Flow

1% 632.0 129.0 201.0 354 194 250 18. 19.0 13.0 192. 225 197
Exceedance 0 0

Flow

Of the period used, 99% of the flow data points from Graystone Lane (SF70) were above 3.2 cfs and
99% were below 632 cfs. For GUAD7, temperature values based on modeled flows below 3.2 cfs or
above 632 cfs cannot be predicted with high confidence.
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Figure 5.1-4. Range of High Confidence for Flows at GUAD7 from Off Hicks Road (SF43)
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Table 5.1-4.Range of High Confidence for Flows at GUAD7 from Off Hicks Road (SF43)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

99% 4.4 52 8.8 2.5 1.9 2.0 21 28 2.7 3.9 6.0 4.8
Exceedance
Flow

1% 197.0 154.0 383.0 756 123 171 79 6.5 11.0 511 10.7 47.2
Exceedance
Flow

Of the period used, 99% of the flow data points from Off Hicks Road (SF43) were above 2.1 cfs and
99% were below 383 cfs. For GUAD7, temperature values based on modeled flows below 2.1 cfs or
above 383 cfs cannot be predicted with high confidence.

5.1.2 GUADS5

Figure 5.1-5 and Figure 5.1-6 and Table 5.1-5 and Table 5.1-6 show the range of historical upstream
water temperatures and flows used in the regression at GUADS5, Guadalupe River above Los Gatos
Creek. Temperature regressions can be applied at a high confidence for values within the historical
range for each date.
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Figure 5.1-5. Range of High Confidence for Upstream Temperature at GUADS.
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Table 5.1-5. Range of High Confidence for Upstream Temperature at GUAD5.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

99% 8.4 9.3 10.5 125 155 16.7 208 193 183 157 100 8.5
Exceedance
Flow

1% 12.5 14.3 16.8 201 223 240 250 240 230 216 175 14.0
Exceedance
Flow

Of the period used, 99% of the upstream water temperature data points were above 8.4°C and 99% of
the temperature data points were below 25°C. Temperature values based on modeled temperatures
below 8.4°C or above 25°C cannot be predicted with high confidence. In addition, the haze chart
above demonstrates the lack of data for this location. No historical temperature data were available
for December through March. Temperatures in early December and late March were substituted with
data from downstream Lark Avenue.
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Figure 5.1-6. Range of High Confidence for Flows at GUADS.

10,000

Flow (cfs)

I-lan  1-Feb 1-Mar 1-Apr 1-May 1-lun 1-Jul 1-Aug 1-Sep 1-Oct  1-Now 1-Dec

« 2008 « 2009 - 2010 « 2011 « 2012

Table 5.1-6. Range of High Confidence for Flows at GUADS.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
99% 0.2 0.4 0.5 0.6 0.7 0.7 06 06 0.6 0.6 0.3 0.5
Exceedance
Flow
1% 2,620.0 361.0 3,080 1620 44 3.9 33 3.1 2.6 1,780 319 407
Exceedance
Flow

Of the period used, 99% of the flow data points were above 0.2 cfs and 99% were below 3,080 cfs.
For GUADS5, temperature values based on modeled flows below 0.2 cfs or above 3,080 cfs cannot be
predicted with high confidence.

51.3 GUAD4

Figure 5.1-7 through Figure 5.1-10 and Table 5.1-7 through Table 5.1-10 show the range of historical
upstream water temperatures and flows used in the regression at GUAD4, Guadalupe River at
Coleman Avenue. Temperature regressions can be applied at a high confidence for values within the
historical range for each date.
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Figure 5.1-7. Range of High Confidence for Upstream Temperature at GUAD4 from Virginia
Street
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Table 5.1-7. Range of High Confidence for Upstream Temperature at GUAD4 from Virginia
Street

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

99% 7.2 9.2 10.4 12.7 148 16.6 20.0 193 17.0 13.0 8.1 6.6
Exceedance
Flow

1% 129 13.8 16.3 21.0 219 234 234 227 220 206 16.5 139
Exceedance
Flow

Of the period used, 99% of the upstream water temperature data points from Virginia Street were
above 7.2°C and 99% of the temperature data points were below 23.4°C. Temperature values based
on modeled temperatures below 7.2°C or above 23.4°C cannot be predicted with high confidence. In
addition, the haze chart above demonstrates the lack of data for this location; for each day of year,
only 2 to 3 data points are available. No historical temperature data were available for October
through April. Temperatures in mid-October and late April were substituted with data from Los Gatos
Creek-Lincoln Avenue.
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Figure 5.1-8. Range of High Confidence for Upstream Temperature at GUAD4 from Lincoln
Avenue (SF50)
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Table 5.1-8. Range of High Confidence for Upstream Temperature at GUAD4 from Lincoln
Avenue (SF50).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

99% 7.2 9.2 10.4 12.2 149 159 199 190 17.0 13.0 8.1 6.6
Exceedance
Flow

1% 129 13.8 16.3 21.0 219 235 240 232 220 205 16.5 139
Exceedance
Flow

Of the period used, 99% of the upstream water temperature data points from Lincoln Avenue were
above 7.2°C and 99% of the temperature data points were below 24°C. Temperature values based on
modeled temperatures below 7.2°C or above 24°C cannot be predicted with high confidence. In
addition, the haze chart above demonstrates the lack of data for this location; for each day of year,
only 2 to 3 data points are available.
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Figure 5.1-9. Range of High Confidence for Flows at GUAD4 from St John
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Table 5.1-9. Range of High Confidence for Flows at GUAD4 from St John

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

99% 0.5 1.0 0.9 0.6 0.7 0.7 0.6 0.6 0.6 0.6 0.3 0.8
Exceedance
Flow

1% 2,620 355.0 3,080 162.0 44 3.9 3.5 3.1 2.6 1,780 319 407
Exceedance
Flow

Of the period used, 99% of the flow data points from St John were above 0.3 cfs and 99% were below
3,080 cfs. For GUAD4, temperature values based on modeled flows below 0.3 cfs or above 3,080 cfs
cannot be predicted with high confidence. In addition, the haze chart above demonstrates the lack of
data for this location; for each day of year, only 2 to 3 data points are available.

Fish and Aquatic Habitat Collaborative Effort Santa Clara Valley Water District 73
Draft Program Environmental Impact Report




Appendix | - Temperature Modeling Technical Memorandum

Figure 5.1-10. Range of High Confidence for Flows at GUAD4 from Lincoln Avenue (SF50)
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Table 5.1-10. Range of High Confidence for Flows at GUAD4 from Lincoln Avenue (SF50)

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 2.2 2.5 2.5 2.6 2.1 1.9 2.2 1.9 2.2 1.9 2.3 2.0
Exceedance
Flow

1% 446.0 145.0 1,060 248.0 525 56.8 6.9 7.5 5.4 2440 451 137
Exceedance
Flow

Of the period used, 99% of the flow data points from Lincoln Avenue (SF50) were above 1.9 cfs and
99% were below 1.9 cfs. For GUAD4, temperature values based on modeled flows below 2 cfs or
above 223 cfs cannot be predicted with high confidence. In addition, the haze chart above

demonstrates the lack of data for this location; for each day of year, only 2 to 3 data points are
available.

514 GUAD3

Figure 5.1-11 and Figure 5.1-12 and Table 5.1-11 and Table 5.1-12 show the range of historical
upstream water temperatures and flows used in the regression at GUAD3, Guadalupe River at San

Jose Airport. Temperature regressions can be applied at a high confidence for values within the
historical range for each date.
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Figure 5.1-11. Range of High Confidence for Upstream Temperature at GUAD3
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Table 5.1-11. Range of High Confidence for Upstream Temperature at GUAD3

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 9.8 9.7 11.0 13.1 152 166 196 188 16.8 13.7 10.7 9.3
Exceedance
Flow

1% 14.2 15.2 16.8 204 216 225 233 223 214 198 171 154
Exceedance
Flow

Of the period used, 99% of the upstream water temperature data points were above 9.7°C and 99% of
the temperature data points were below 23.3°C. Temperature values based on modeled temperatures
below 9.7°C or above 23.3°C cannot be predicted with high confidence. In addition, the haze chart
above demonstrates the lack of data for this location. No historical temperature data were available
for October through April. Temperatures in mid-October and late April were substituted with data from
Los Gatos Creek-Confluence with Guadalupe.
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Figure 5.1-12. Range of High Confidence for Flows at GUAD3
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Table 5.1-12. Range of High Confidence for Flows at GUAD3

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 36.0 36.0 44.0 22.0 190 170 16.0 150 150 14.0 19.0 20.0
Exceedance
Flow

1% 2,370 908.0 2,360 4720 116 395 41.0 38.0 59.0 1,970 401 833
Exceedance
Flow

Of the period used, 99% of the flow data points were above 14 cfs and 99% were below 2,370 cfs. For
GUADS, temperature values based on modeled flows below 14 cfs or above 2,370 cfs cannot be
predicted with high confidence.

5.2 Guadalupe Creek

5.21 GCRK4

Figure 5.2-1 and Figure 5.2-2 and Table 5.2-1 and Table 5.2-2 show the range of historical storages
and flows used in the regression at GCRK4, Guadalupe Creek below Guadalupe Reservoir.
Temperature regressions can be applied at a high confidence for values within the historical range for
each date.
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Figure 5.2-1. Range of High Confidence for Upstream Storage at GCRK4
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Table 5.2-1. Range of High Confidence for Upstream Storage at GCRK4

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ‘

99% 603.8 905.2 2,311 1,194.2 1,069.2 980.0 905.1 827.2 750.1 686.3 639.8 609.3
Exceedance

Flow

1% 2,1884 2,718.7 2,738 3,459.8 3,352.2 3,246.6 29193 24711 20871 1,846.6 15917 14153
Exceedance

Flow

Of the period used, 99% of the storage data points were above 603.8 acre-feet and 99% were below
3,459.8 acre-feet. Values based on modeled storages below 603.8 acre-feet or above 3,459.8 acre-
feet cannot be predicted with high confidence.

Fish and Aquatic Habitat Collaborative Effort Santa Clara Valley Water District 77
Draft Program Environmental Impact Report



Appendix | - Temperature Modeling Technical Memorandum

Figure 5.2-2. Range of High Confidence for Flows at GCRK4
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Table 5.2-2. Range of High Confidence for Flows at GCRK4

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 0.9 1.7 1.5 1.7 1.5 11 11 11 1.2 0.9 0.9 0.6
Exceedance
Flow

1% 9.6 78.1 188.0 1450 120 110 110 79 17 118 8.4 7.7
Exceedance
Flow

Of the period used, 99% of the flow data points were above 0.9 cfs and 99% were below 188 cfs. For
GCRKA4, temperature values based on modeled flows below 0.9 cfs or above 188 cfs cannot be
predicted with high confidence.

5.2.2 GCRK3

Figure 5.2-3 and Figure 5.2-4 and Table 5.2-3 and Table 5.2-4 show the range of historical upstream
water temperatures and flows used in the regression at GCRK3, Guadalupe Creek above Masson
Dam. Temperature regressions can be applied at a high confidence for values within the historical
range for each date.
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Figure 5.2-3. Range of High Confidence for Upstream Temperature at GCRK3
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Table 5.2-3. Range of High Confidence for Upstream Temperature at GCRK3

Jan Feb Mar Apr May Jun |Jul Aug Sep Oct Nov Dec

99% 8.4 8.7 8.7 9.8 10.2 110 112 115 127 136 117 8.6
Exceedance
Flow

1% 10.0 9.9 10.5 1.2 1.5 121 133 155 194 199 18.3 13.3
Exceedance

Flow

Of the period used, 99% of the upstream water temperature data points were above 8.4°C and 99% of
the temperature data points were below 19.9°C. Temperature values based on modeled temperatures
below 8.4°C or above 19.9°C cannot be predicted with high confidence. In addition, the haze chart
above demonstrates the lack of data for this location. No historical temperature data were available
for late October through April. Temperatures in late October and late April were substituted with
temperatures from Stevens Creek Reservoir Outlet.
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Figure 5.2-4. Range of High Confidence for Flows at GCRK3
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Table 5.2-4. Range of High Confidence for Flows at GCRK3

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 3.2 3.2 7.0 2.5 1.9 2.0 2.1 2.8 2.7 3.3 3.5 2.8
Exceedance
Flow

1% 197.0 154.0 383.0 75.6 123 171 7.9 6.5 1.0 511 10.7 47.2
Exceedance
Flow

Of the period used, 99% of the flow data points were above 2 cfs and 99% were below 383 cfs. For
GCRKS, temperature values based on modeled flows below 2 cfs or above 383 cfs cannot be
predicted with high confidence.

5.2.3 GCRK2

Figure 5.2-5 and Figure 5.2-6 and Table 5.2-5 and Table 5.2-6 show the range of historical upstream
water temperatures and flows used in the regression at GCRK2, Guadalupe Creek below Masson
Dam. Temperature regressions can be applied at a high confidence for values within the historical
range for each date.
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Figure 5.2-5. Range of High Confidence for Upstream Temperature at GCRK2
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Table 5.2-5. Range of High Confidence for Upstream Temperature at GCRK2

Jan Feb Mar Apr May Jun |Jul Aug Sep Oct Nov Dec

99% 8.9 10.6 10.5 10.5 111 1.8 141 142 136 130 101 74
Exceedance
Flow

1% 11.0 12.0 12.2 15.6 16.9 180 180 186 186 17.3 15.1 10.1
Exceedance
Flow

Of the period used, 99% of the upstream water temperature data points were above 8.9°C and 99% of
the temperature data points were below 18.6°C. Temperature values based on modeled temperatures
below 8.9°C or above 18.6°C cannot be predicted with high confidence. In addition, the haze chart
above demonstrates the lack of data for this location. No historical temperature data were available
for late October through April. Temperatures in late October and April were substituted with
temperatures from Alamitos Creek-Bertram Road.
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Figure 5.2-6. Range of High Confidence for Flows at GCRK2
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Table 5.2-6. Range of High Confidence for Flows at GCRK2

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 4.4 8.2 9.3 3.5 3.4 2.9 2.9 2.8 2.7 3.9 6.0 4.8
Exceedance
Flow

1% 197.0 101.0 36.9 75.6 123 171 7.9 6.5 1.0 511 6.9 17.8
Exceedance
Flow

Of the period used, 99% of the flow data points were above 2.7 cfs and 99% were below 197 cfs. For
GCRK2, temperature values based on modeled flows below 2.7 cfs or above 197 cfs cannot be
predicted with high confidence.

5.24 GCRK1

Figure 5.2-7 and Figure 5.2-8 and Table 5.2-7 and Table 5.2-8 show the range of historical upstream
water temperatures and flows used in the regression at GCRK1, Guadalupe Creek Upstream of Lake
Almaden. Temperature regressions can be applied at a high confidence for values within the historical
range for each date.
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Figure 5.2-7. Range of High Confidence for Upstream Temperature at GCRK1
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Table 5.2-7. Range of High Confidence for Upstream Temperature at GCRK1

Jan Feb Mar Apr May Jun |Jul Aug Sep Oct Nov Dec

99% 7.3 7.4 7.8 9.9 12 121 143 145 136 117 8.3 55
Exceedance
Flow

1% 11.3 11.7 12.9 15.9 172 187 184 188 185 17.3 145 129
Exceedance

Flow

Of the period used, 99% of the upstream water temperature data points were above 7.3°C and 99% of
the temperature data points were below 18.8°C. Temperature values based on modeled temperatures
below 7.3°C or above 18.8°C cannot be predicted with high confidence. In addition, the haze chart
above demonstrates the lack of data for this location. No historical temperature data were available
for late October through April. Temperatures in October and April were substituted with temperatures
from Alamitos Creek-Mazzone minus 1°C and Alamitos Creek-Pfeiffer Ranch Road minus 2°C.
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Figure 5.2-8. Range of High Confidence for Flows at GCRK1
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Table 5.2-8. Range of High Confidence for Flows at GCRK1

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 4.4 5.2 8.8 3.5 3.4 2.9 2.9 2.8 2.7 3.9 6.0 4.8
Exceedance
Flow

1% 197.0 154.0 383.0 75.6 123 171 7.9 6.5 1.0 511 10.7 47.2
Exceedance
Flow

Of the period used, 99% of the flow data points were above 2.7 cfs and 99% were below 383 cfs. For
GCRK1, temperature values based on modeled flows below 2.7 cfs or above 383 cfs cannot be
predicted with high confidence.

5.3 Los Gatos Creek

5.3.1 LOSG2

Figure 5.3-1 and Figure 5.3-2 and Table 5.3-1 and Table 5.3-2 show the range of historical storages
and flows used in the regression at LOSG2, Los Gatos Creek below Lower Page Drop Structure.
Temperature regressions can be applied at a high confidence for values within the historical range for
each date.
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Figure 5.3-1. Range of High Confidence for Upstream Temperature at LOSG2
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Table 5.3-1. Range of High Confidence for Upstream Temperature at LOSG2

Jan Feb Mar Apr May Jun |Jul Aug Sep Oct Nov Dec

99% 7.8 9.3 10.5 12.5 159 155 187 193 183 157 10.0 8.3
Exceedance
Flow

1% 12.5 14.3 16.8 211 221 234 244 238 239 204 17.3 13.3
Exceedance

Flow

Of the period used, 99% of the upstream temperature data points were above 7.8°C and 99% were
below 24.4°C. Values based on modeled temperatures below 7.8°C or above 24.4°C cannot be
predicted with high confidence.
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Figure 5.3-2. Range of High Confidence for Flows at LOSG2
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Table 5.3-2. Range of High Confidence for Flows at LOSG2

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 2.7 2.3 24 2.4 4.4 47 4.4 3.7 4.0 8.9 202 26
Exceedance
Flow

1% 3740 175.0 1,010 143.0 86.7 629 422 263 636 2250 503 119
Exceedance
Flow

Of the period used, 99% of the flow data points were above 2.3 cfs and 99% were below 1,010 cfs.
For LOSG2, temperature values based on modeled flows below 2.3 cfs or above 1,010 cfs cannot be
predicted with high confidence.

5.3.2 LOSG1

Figure 5.3-3 and Figure 5.3-4 and Table 5.3-3 and Table 5.3-4 show the range of historical upstream
water temperatures and flows used in the regression at LOSG1, Los Gatos Creek above Guadalupe
River Confluence. Temperature regressions can be applied at a high confidence for values within the
historical range for each date.
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Figure 5.3-3. Range of High Confidence for Upstream Temperature at LOSG1

30

ta

=)
=

[
=]
L

Upstream Water Temperature {deg C)
un tn

o
1-lan 1-Feb 1-Mar 1-Apr  1-May 1-Jun 1-Jul 1-Aug 1-5ep 1-0ct 1-Mow  1-Dec

« 2009 = 2010 « 2011

Table 5.3-3. Range of High Confidence for Upstream Temperature at LOSG1

Jan Feb Mar Apr May Jun |Jul Aug Sep Oct Nov Dec

99% 9.0 9.7 10.6 13.0 16.3 165 213 212 198 15.0 10.0 8.5
Exceedance
Flow

1% 13.3 14.2 16.9 20.5 228 248 254 247 240 224 18.1 141
Exceedance
Flow

Of the period used, 99% of the storage data points were above 9°C and 99% of the temperature data
points were below 25.4°C. Values based on modeled temperatures below 9°C or above 25.4°C
cannot be predicted with high confidence.
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Figure 5.3-4. Range of High Confidence for Flows at LOSG1
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Table 5.3-4. Range of High Confidence for Flows at LOSG1

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 2.2 2.3 2.5 2.6 2.1 1.9 2.2 1.9 2.2 1.9 2.3 2.0
Exceedance

Flow

1% 446.0 152.0 1,060 248.0 525 56.8 6.9 7.5 5.4 2440 451 137
Exceedance

Flow

Of the period used, 99% of the flow data points were above 1.9 cfs and 99% were below 1,060 cfs.

For LOSG1, temperature values based on modeled flows below 1.9 cfs or above 1,060 cfs cannot be
predicted with high confidence.

5.4 Alamitos Creek

5.4.1 ALAM4

Figure 5.4-1 and Table 5.4-1 show the range of historical flows used in the regression at ALAM4,
Alamitos Creek below Almaden Reservoir. Temperature regressions can be applied at a high
confidence for values within the historical range for each date.
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Figure 5.4-1. Range of High Confidence for Flows at ALAM4

10000

1-lan 1-Feb 1-Mar 1-Apr 1-May 1-lun  1-lul  1-Aug 1-Sep 1-Oct 1-Now 1-Dec

» 2007 = 2008 = 2009 - 2010 « 2011 = 2012

Table 5.4-1. Range of High Confidence for Flows at ALAM4

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 2.3 2.5 2.3 2.7 3.0 2.6 2.6 2.8 2.6 2.3 2.3 2.2
Exceedance
Flow

1% 95.8 201.0 388.0 49.0 18.2 16.6 5.9 4.3 4.2 457 7.9 59.1
Exceedance
Flow

Of the period used, 99% of the flow data points were above 2.3 cfs and 99% were below 388 cfs. For
ALAM4, temperature values based on modeled flows below 2.3 cfs or above 388 cfs cannot be
predicted with high confidence.

5.4.2 ALAM3

Figure 5.4-2 and Figure 5.4-3 and Table 5.4-2 and Table 5.4-3 show the range of historical upstream

water temperatures and flows used in the regression at ALAM3, Alamitos Creek above Calero Creek.
Temperature regressions can be applied at a high confidence for values within the historical range for
each date.
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Figure 5.4-2. Range of High Confidence for Upstream Temperature at ALAM3
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Table 5.4-2. Range of High Confidence for Upstream Temperature at ALAM3

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 7.2 8.4 8.9 11.0 121 136 16.2 17.0 194 157 108 7.2
Exceedance
Flow

1% 10.6 11.6 11.9 13.5 154 169 215 235 232 213 174 127
Exceedance
Flow

Of the period used, 99% of the storage data points were above 7.2°C and 99% of the temperature
data points were below 23.5°C. Values based on modeled temperatures below 7.2°C or above 23.5°C
cannot be predicted with high confidence.
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Figure 5.4-3. Range of High Confidence for Flows at ALAM3
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Table 5.4-3. Range of High Confidence for Flows at ALAM3

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 2.3 2.7 2.8 2.7 3.0 2.6 2.6 2.8 2.6 2.3 2.3 2.2
Exceedance
Flow

1% 95.8 201.0 388.0 49.0 18.2 16.6 5.9 4.3 4.2 457 7.9 59.1
Exceedance
Flow

Of the period used, 99% of the flow data points were above 2.3 cfs and 99% were below 388 cfs. For
ALAMS3, temperature values based on modeled flows below 2.3 cfs or above 388 cfs cannot be
predicted with high confidence.

5.4.3 ALAM2

Figure 5.4-4 through Figure 5.4-7 and Table 5.4-4 through Table 5.4-7 show the range of historical
upstream water temperatures and flows used in the regression at ALAM2, Alamitos Creek below
Calero Creek. Temperature regressions can be applied at a high confidence for values within the
historical range for each date.
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Figure 5.4-4. Range of High Confidence for Upstream Temperature at ALAM2 from Upstream
Calero Creek
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Table 5.4-4. Range of High Confidence for Upstream Temperature at ALAM2 from Upstream
Calero Creek

Apr May Jun | Jul Aug Sep Oct Nov Dec

99% 9.6 9.2 9.6 11.8 13.7 147 166 179 172 156 120 109
Exceedance
Flow

1% 13.9 13.7 14.6 16.0 174 190 196 209 201 192 174 159
Exceedance
Flow

Of the period used, 99% of the upstream temperature data points from Upstream Calero Creek were
above 9.2°C and 99% of the temperature data points were below 20.9°C. Values based on modeled
temperatures below 9.2°C or above 20.9°C cannot be predicted with high confidence.
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Figure 5.4-5. Range of High Confidence for Upstream Temperature at ALAM2 from Fortini Road
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Table 5.4-5. Range of High Confidence for Upstream Temperature at ALAM2 from Fortini Road

Jan Feb Mar Apr May Jun |Jul Aug Sep Oct Nov Dec

99% 7.9 9.2 9.6 11.8 137 125 16.0 179 172 156 119 85
Exceedance
Flow

1% 13.6 13.7 14.6 16.0 174 190 196 220 217 192 174 159
Exceedance
Flow

Of the period used, 99% of the upstream temperature data points from Fortini Road were above 7.9 C
and 99% of the temperature data points were below 22 C. Values based on modeled temperatures
below 7.9 C or above 22 C cannot be predicted with high confidence.
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Figure 5.4-6. Range of High Confidence for Flows at ALAM2 from Below Almaden Reservoir
(SF16)
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Table 5.4-6. Range of High Confidence for Flows at ALAM2 from Below Almaden Reservoir
(SF16)

Jan Feb Mar Apr May Jun |Jul Aug Sep Oct Nov Dec

99% 2.3 2.5 2.3 2.7 3.0 2.6 2.6 2.8 2.6 2.3 2.3 2.2
Exceedance
Flow

1% 95.8 201.0 388.0 49.0 182 16.6 5.9 43 4.2 457 7.9 59.1
Exceedance
Flow

Of the period used, 99% of the flow data points from Below Almaden Reservoir were above 2.3 cfs
and 99% were below 388 cfs. For ALAM2, temperature values based on modeled flows below 2.3 cfs
or above 388 cfs cannot be predicted with high confidence.
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Figure 5.4-7. Range of High Confidence for Flows at ALAM2 from Below Calero Reservoir
(SF13)
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Table 5.4-7. Range of High Confidence for Flows at ALAM2 from Below Calero Reservoir
(SF13)

Jan Feb Mar Apr May Jun |Jul Aug Sep Oct Nov Dec

99% 2.1 2.5 2.7 2.6 3.0 3.3 3.0 3.0 3.0 3.8 3.3 2.4
Exceedance
Flow

1% 13.6 7.9 33.1 33.1 31.3 33.0 210 21.0 241 258 149 94
Exceedance
Flow

Of the period used, 99% of the flow data points from Below Calero Reservoir were above 2.1 cfs and
99% were below 33.1 cfs. For ALAM2, temperature values based on modeled flows below 2.1 cfs or
above 33.1 cfs cannot be predicted with high confidence.

5.4.4 ALAM1

Figure 5.4-8 and Figure 5.4-9 and Table 5.4-8 and Table 5.4-9 show the range of historical upstream
water temperatures and flows used in the regression at ALAM1, Alamitos Creek above Lake
Almaden. Temperature regressions can be applied at a high confidence for values within the historical
range for each date.
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Figure 5.4-8. Range of High Confidence for Upstream Temperature at ALAM1
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Table 5.4-8. Range of High Confidence for Upstream Temperature at ALAM1

Jan Feb Mar Apr May Jun |Jul Aug Sep Oct Nov Dec

99% 8.9 9.2 9.8 11.6 13.3 142 165 172 16.3 141 101 8.8
Exceedance
Flow

1% 13.2 13.5 14.7 16.9 177 196 200 216 21.0 194 17.0 1438
Exceedance
Flow

Of the period used, 99% of the storage data points were above 8.9°C and 99% of the temperature
data points were below 21.6°C. Values based on modeled temperatures below 8.9°C or above 21.6°C
cannot be predicted with high confidence.
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Figure 5.4-9. Range of High Confidence for Flows at ALAM1
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Table 5.4-9. Range of High Confidence for Flows at ALAM1

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 4.5 6.1 8.2 9.1 8.2 7.4 4.8 4.6 4.3 71 5.6 5.3
Exceedance
Flow

1% 632.0 378.0 750.0 82.4 215 36.0 204 197 195 1920 376 955
Exceedance
Flow

Of the period used, 99% of the flow data points were above 4.3 cfs and 99% were below 750 cfs. For
ALAM1, temperature values based on modeled flows below 4.3 cfs or above 750 cfs cannot be
predicted with high confidence.

5.5 Calero Creek

5.5.1 CALE2

Figure 5.5-1 and Table 5.5-1 show the range of historical flows used in the regression at CALE2,
Calero Creek below Calero Reservoir. Temperature regressions can be applied at a high confidence
for values within the historical range for each date.
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Figure 5.5-1. Range of High Confidence for Flows at CALE2
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Table 5.5-1. Range of High Confidence for Flows at CALE2

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 2.7 2.7 2.7 2.3 3.0 2.9 3.0 4.2 3.0 2.9 3.5 3.2
Exceedance
Flow

1% 9.8 7.9 12.0 12.0 280 33.0 270 21.0 140 28.0 140 94
Exceedance
Flow

Of the period used, 99% of the flow data points were above 2.3 cfs and 99% were below 33 cfs. For
CALE2, temperature values based on modeled flows below 2.3 cfs or above 33 cfs cannot be
predicted with high confidence.

5.5.2 CALE1

Figure 5.5-2 and Figure 5.5-3 and Table 5.5-2 and Table 5.5-3 show the range of historical upstream

water temperatures and flows used in the regression at CALE1, Calero Creek above Alamitos Creek.

Temperature regressions can be applied at a high confidence for values within the historical range for
each date.
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Figure 5.5-2. Range of High Confidence for Upstream Temperature at CALE1
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Table 5.5-2. Range of High Confidence for Upstream Temperature at CALE1

Jan Feb Mar Apr May Jun |Jul Aug Sep Oct Nov Dec

99% 8.6 8.5 10.1 11.0 17 119 130 146 184 16.2 11.0 8.8
Exceedance
Flow

1% 12.1 124 10.9 11.0 1.7 155 190 218 219 197 16.8 12.2
Exceedance
Flow

Of the period used, 99% of the storage data points were above 8.5°C and 99% of the temperature
data points were below 21.9°C. Values based on modeled temperatures below 8.5°C or above 21.9°C
cannot be predicted with high confidence. In addition, the haze chart above demonstrates the lack of
data for this location; for each day of year, only one to three data points are available, which
seasonally reduces the range of high confidence. The range of higher confidence for summer is
smaller due to the smaller range of observed values. No data were available for February through
April. Temperatures in early February and late April were substituted with temperatures from Almaden
Reservoir Outlet.
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Figure 5.5-3. Range of High Confidence for Flows at CALE1
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Table 5.5-3. Range of High Confidence for Flows at CALE1

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 2.7 2.9 3.2 12.0 230 29 3.0 4.2 3.0 2.9 3.7 3.2
Exceedance
Flow

1% 9.8 7.9 12.0 12.0 230 330 270 21.0 140 14.0 140 94
Exceedance
Flow

Of the period used, 99% of the flow data points were above 2.7 cfs and 99% were below 33 cfs. For
CALE1, temperature values based on modeled flows below 2.7 cfs or above 33 cfs cannot be
predicted with high confidence. In addition, the haze chart above demonstrates the lack of data for
this location; for each day of year, only two to three data points are available, which seasonally
reduces the range of high confidence. The range of higher confidence for summer is smaller due to
the smaller range of observed values. No data were available for February through April.
Temperatures in early February and late April may be modeled by assuming some similarity to late
January and early May values.

5.6 Stevens Creek

5.6.1 Stevens Creek Reservoir Outlet

Figure 5.6-1 and Figure 5.6-2 and Table 5.6-1 and Table 5.6-2 show the range of historical storages
and flows used in the regression at Stevens Creek Reservoir Outlet. Temperature regressions can be
applied at a high confidence for values within the historical range for each date.
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Figure 5.6-1. Range of High Confidence for Inlet Temperature at Stevens Creek Reservoir
Outlet

25

[
=1

tn

10

Inlet Water Temperature {deg C)

0
1-lan 1-Feb  1-Mar 1-Apr 1-May 1-Jun 1-Jul 1-Aug 1-5%ep  1-0Oct 1I-Mov  1-Dec

o 2003 #2004 «2005 o 2006 2007 «2008 «2009 2010 2011

Table 5.6-1. Range of High Confidence for Inlet Temperature at Stevens Creek Reservoir Outlet

Jan Feb Mar Apr May Jun |Jul Aug Sep Oct Nov Dec

99% 8.3 8.0 8.5 9.3 10.2 111 120 129 148 16.9 131 9.9
Exceedance
Flow

1% 9.9 8.5 9.4 10.2 14 122 133 152 179 195 17.2 131
Exceedance
Flow

Of the period used, 99% of the inlet temperature data points were above 8°C and 99% were below
19.5°C. Values based on modeled storages below 8°C or above 19.5°C cannot be predicted with high
confidence.
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Figure 5.6-2. Range of High Confidence for Flows at Stevens Creek Reservoir Outlet.
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Table 5.6-2. Range of High Confidence for Flows at Stevens Creek Reservoir Outlet

Feb Mar Apr May Jun | Jul Aug Sep | Oct Nov

99% 1.7 3.0 34 4.2 2.5 1.6 1.7 1.5 1.5 1.5 1.3 1.6
Exceedance
Flow

1% 2540 167.0 321.0 265.0 400 193 75 7.4 71 6.1 6.5 119.0
Exceedance
Flow

Of the period used, 99% of the flow data points were above 1.5 cfs and 99% were below 321 cfs. For
Stevens Creek Reservoir Outlet, temperature values based on modeled flows below 1.5 cfs or above
321 cfs cannot be predicted with high confidence.

5.6.2 STEV6

Figure 5.6-3 and Figure 5.6-4 and Table 5.6-3 and Table 5.6-4 show the range of historical storages
and flows used in the regression at STEV6, Stevens Creek SF44. Temperature regressions can be
applied at a high confidence for values within the historical range for each date.
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Figure 5.6-3. Range of High Confidence for Upstream Temperature at STEV6
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Table 5.6-3. Range of High Confidence for Upstream Temperature at STEV6

Jan Feb Mar Apr May Jun |Jul Aug Sep Oct Nov Dec

99% 8.2 8.0 8.7 8.8 9.5 104 116 121 131 138 117 8.6
Exceedance
Flow

1% 12.1 104 1.4 12.0 12.1 13.1 13.8 159 18.7 20.3 18.3 13.7
Exceedance
Flow

Of the period used, 99% of the upstream temperature data points were above 8°C and 99% were
below 20.3°C. Values based on modeled storages below 8°C or above 20.3°C cannot be predicted
with high confidence.
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Figure 5.6-4. Range of High Confidence for Flows at STEV6
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Table 5.6-4. Range of High Confidence for Flows at STEV6

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 1.7 3.0 4.3 4.2 2.5 1.6 1.7 1.5 1.5 1.5 1.3 1.6
Exceedance
Flow

1% 2540 167.0 321.0 265.0 400 193 75 5.8 51 5.7 49 119
Exceedance
Flow

Of the period used, 99% of the flow data points were above 1.3 cfs and 99% were below 321 cfs. For
STEVG6, temperature values based on modeled flows below 1.3 cfs or above 321 cfs cannot be
predicted with high confidence.

5.6.3 STEVS5

Figure 5.6-5 and Figure 5.6-6 and Table 5.6-5 and Table 5.6-6 show the range of historical upstream
water temperatures and flows used in the regression at STEV5, Stevens Creek above McClellan
Road. Temperature regressions can be applied at a high confidence for values within the historical
range for each date.
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Figure 5.6-5. Range of High Confidence for Upstream Temperature at STEVS
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Table 5.6-5. Range of High Confidence for Upstream Temperature at STEV5

Jan Feb Mar Apr May Jun |Jul Aug Sep Oct Nov Dec

99% 8.0 8.2 8.7 9.2 9.9 111 122 125 135 141 109 8.2
Exceedance
Flow

1% 104 10.9 13.3 17.3 187 188 175 158 176 19.2 174 13.7
Exceedance
Flow

Of the period used, 99% of the storage data points were above 8°C and 99% of the temperature data
points were below 19.2°C. Values based on modeled temperatures below 8°C or above 19.2°C
cannot be predicted with high confidence.
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Figure 5.6-6. Range of High Confidence for Flows at STEV5
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Table 5.6-6. Range of High Confidence for Flows at STEV5

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 1.7 3.0 4.3 4.2 2.5 1.6 1.7 1.5 1.5 1.5 1.3 1.6
Exceedance
Flow

1% 139.0 167.0 321.0 217.0 400 193 75 5.8 51 5.7 4.4 99.0
Exceedance
Flow

Of the period used, 99% of the flow data points were above 1.3 cfs and 99% were below 321 cfs. For
STEVS, temperature values based on modeled flows below 1.3 cfs or above 321 cfs cannot be
predicted with high confidence.

5.6.4 STEV4

Figure 5.6-7 and Figure 5.6-8 and Table 5.6-7 and Table 5.6-8 show the range of historical upstream
water temperatures and flows used in the regression at STEV4, Stevens Creek above Highway 280.
Temperature regressions can be applied at a high confidence for values within the historical range for
each date.
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Figure 5.6-7. Range of High Confidence for Upstream Temperature at STEV4
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Table 5.6-7. Range of High Confidence for Upstream Temperature at STEV4

Jan Feb Mar Apr May Jun |Jul Aug Sep Oct Nov Dec

99% 7.7 8.3 8.9 9.2 102 116 127 131 134 134 10.2 8.1
Exceedance
Flow

1% 10.5 10.9 13.1 17.0 176 185 155 16.7 174 184 16.8 13.6
Exceedance
Flow

Of the period used, 99% of the storage data points were above 7.7°C and 99% of the temperature
data points were below 18.5°C. Temperature values based on modeled temperatures below 7.7°C or
above 18.5°C cannot be predicted with high confidence.
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Figure 5.6-8. Range of High Confidence for Flows at STEV4
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Table 5.6-8. Range of High Confidence for Flows at STEV4

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 1.7 3.0 4.3 4.2 2.5 1.6 1.7 1.5 1.5 1.5 1.3 1.6
Exceedance
Flow

1% 139.0 167.0 321.0 265.0 400 193 75 5.8 51 57 4.3 99.0
Exceedance
Flow

Of the period used, 99% of the flow data points were above 1.3 cfs and 99% were below 321 cfs. For
STEV4, temperature values based on modeled flows below 1.3 cfs or above 321 cfs cannot be
predicted with high confidence.

5.6.5 STEV3

Figure 5.6-9 and Figure 5.6-10 and Table 5.6-9 and Table 5.6-10 show the range of historical
upstream water temperatures and flows used in the regression at STEV3, Stevens Creek above
Fremont Avenue. Temperature regressions can be applied at a high confidence for values within the
historical range for each date.
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Figure 5.6-9. Range of High Confidence for Upstream Temperature at STEV3.
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Table 5.6-9. Range of High Confidence for Upstream Temperature at STEV3

Jan Feb Mar Apr May Jun |Jul Aug Sep Oct Nov Dec

99% 6.3 8.0 9.1 94 110 131 148 146 139 121 8.1 7.0
Exceedance
Flow

1% 12.1 12.2 13.3 17.2 189 191 183 184 17.7 174 164 13.2
Exceedance
Flow

Of the period used, 99% of the storage data points were above 6.3°C and 99% of the temperature
data points were below 19.1°C. Values based on modeled temperatures below 6.3°C or above 19.1°C
cannot be predicted with high confidence.
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Figure 5.6-10. Range of High Confidence for Flows at STEV3
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Table 5.6-10. Range of High Confidence for Flows at STEV3

Jan Feb Mar Apr May Jun ‘Jul Aug Sep Oct Nov Dec

99% 2.8 3.0 4.3 4.2 2.5 1.6 3.0 3.0 2.9 2.5 2.7 2.5
Exceedance
Flow

1% 2540 167.0 177.0 265.0 400 16.0 75 47 4.3 5.7 49 119
Exceedance
Flow

Of the period used, 99% of the flow data points were above 1.6 cfs and 99% were below 265 cfs. For
STEV3, temperature values based on modeled flows below 1.6 cfs or above 265 cfs cannot be
predicted with high confidence.

5.6.6 STEV2

Figure 5.6-11 and Figure 5.6-12 and Table 5.6-11 and Table 5.6-12 show the range of historical
upstream water temperatures and flows used in the regression at STEV2, Stevens Creek at Central
Avenue. Temperature regressions can be applied at a high confidence for values within the historical
range for each date.
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Figure 5.6-11. Range of High Confidence for Upstream Temperature at STEV2.
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Table 5.6-11. Range of High Confidence for Upstream Temperature at STEV2

Jan Feb Mar Apr May Jun |Jul Aug Sep Oct Nov Dec

99% 7.6 8.5 9.5 10.3 121 153 - - 17.3 153 8.8 75
Exceedance
Flow

1% 12.0 11.5 12.1 14.3 156 170 - - 17.8 15.3 15.0 124
Exceedance
Flow

Of the period used, 99% of the storage data points were above 7.6°C and 99% of the temperature
data points were below 17.8°C. Temperature values based on modeled temperatures below 7.6°C or
above 17.8°C cannot be predicted with high confidence. In addition, the haze chart above
demonstrates the lack of data for this location; for each day of year, only one to three data points are
available, which seasonally reduces the range of high confidence. Additionally, no historical
temperature data were available for June through November; values in June through November
cannot be estimated with confidence.
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Figure 5.6-12. Range of High Confidence for Flows at STEV2.

1ihCkn
L s =
100 .%o . < X
L (o -
o }g * "
# - - *
@ {-i - * » ™ ]
—_ 2 @ . “ +n g
‘E & - #““i‘. * ‘t: &e' -
10 '$. . s - = 3
2 - . w® = T=m -t ¥
1-:‘92{ w ¥ ‘ % - *:ti
*
» T Nt .
1 . T ad® e
. * w *': . —
¥
= -
o *
* 5 L} m
0.1 .

1-lan 1-Feb 1-Mar 1-Apr 1-May 1-lun 1-1ul 1-Aug 1-8ep 1-Oet  1-Mow  1-Dec

« 2008 =2009 = 2010 =2011

Table 5.6-12. Range of High Confidence for Flows at STEV2

Jan Feb Mar ‘Apr May Jun Jul Aug Sep Oct Nov Dec
99% 0.952 0.085 2960 0.511 0.108 0.009 -- -- 0.016 0.176 0.009 0.007
Exceedance
Flow

1% 181.0 200.0 48.8 198.0 5.9 0.1 - - 0.1 0.2 29.8 91.7
Exceedance

Flow

Of the period used, 99% of the flow data points were above 0.009 cfs and 99% were below 200 cfs.
For STEV2, temperature values based on modeled flows below 0.009 cfs or above 200 cfs cannot be

predicted with high confidence. The range of higher confidence for summer is smaller due to the
smaller range of observed values.
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6 Regression Application

This section describes how the regressions described in Section 4 were applied to Operations Model
output to compute water temperatures throughout the Project area for the January 1922 through
December 2002 period of record.

6.1 Temperature Regression Inputs

For each alternative, the Operations Model provides time series of reservoir storages and tributary
flows at discrete locations representative of tributary reaches. These flow and storage time series are
used as inputs for the daily temperature regressions. Regressions were applied for the Operations
Model period of record. Operations Model output locations are listed and described in Table 6.1-1.

Table 6.1-1. Operations Model Output Locations and Description.

Reservoirs

Guadalupe Reservoir Guadalupe Reservoir Storage

Vasona Reservoir Vasona Reservoir Storage

Stevens Creek Reservoir Stevens Creek Reservoir Storage

Calero Reservoir Calero Reservoir Storage

Stevens Creek WEAP NODE Description

Stevens Creek 2 STEV6 - Stevens Creek below Stevens Creek Reservoir

Stevens Creek 11 STEVS5 - Stevens Creek below Stevens Creek Reservoir

Stevens Creek 17 STEV4 - Stevens Creek below Stevens Creek Reservoir

Stevens Creek 21 STEV3 - Stevens Creek above Hwy 280

Stevens Creek 25 STEV2 - Stevens Creek above Fremont Ave

Stevens Creek 2 STEVG - Stevens Creek below Stevens Creek Reservoir

Stevens Creek 29 STEV 1 - Stevens Creek flow to the Bay

Alamitos Creek WEAP NODE Description

Alamitos Creek 2 ALAM4 - Alamitos Creek below Almaden Reservoir

Alamitos Creek 9 ALAMS3 - Alamitos Creek below Almaden Reservoir

Alamitos Creek 15 ALAM2 - Alamitos Creek below Almaden Reservoir

Alamitos Creek 17 ALAM1 - Alamitos Creek with Accretions

Calero Creek WEAP NODE Description

Calero Creek 8 CALE?2 - Calero Creek below Calero Reservoir

Calero Creek 15 CALE1 - Calero Creek below Calero Reservoir

Guadalupe Creek/River WEAP NODE Description

Guadalupe Creek 2 GCRK4 - Guadalupe Creek below Guadalupe Reservoir
Fish and Aquatic Habitat Collaborative Effort Santa Clara Valley Water District 113
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Reservoirs

Guadalupe Creek 11 GCRKS3 - Guadalupe Creek above Masson Dam
Guadalupe Creek 17 GCRK2 - Guadalupe Creek below Masson Dam
Guadalupe Creek 25 GCRK1 - Guadalupe Creek upstream of Lake Almaden
Guadalupe River 5 GUADY - Guadalupe River below Alamitos Drop Structure
Guadalupe River 13 GUADSG6 - Guadalupe River below Ross Creek
Guadalupe River 17 GUADS - Guadalupe River above Los Gatos Creek
Guadalupe River 21 GUAD4 - Guadalupe River at Coleman Avenue
Guadalupe River 23 GUAD3 - Guadalupe River at San Jose Airport
Guadalupe River 25 GUAD?2 - Guadalupe River at Montague Expressway
Guadalupe River 27 GUAD1 - Guadalupe River at Highway 237
Los Gatos Creek WEAP NODE Description
Los Gatos Creek 23 LOSG2 - Los Gatos Creek below Lower Page Drop
Structure
Los Gatos Creek 31 LOSG1 - Los Gatos Creek above Guadalupe River
Confluence

To apply the regression for each temperature location, the Operations Model node closest to the
historical flow node used for the regression was selected. Table 6.1-2 lists the Operations Model
nodes selected.

Table 6.1-2. Operations Model Nodes Selected for Regression Application

Operations Model
Node used for
Upstream
Temperature

Water Operations Model Operations Model

Tempgrature Node Used for Flow Node Used for
Location Storage

Stevens Creek
STEV6 Stevens Creek 2 Stevens Creek Outlet Storage is converted
(STEV6) Reservoir to an inlet
temperature using
water temperature
profiles
STEV5 Stevens Creek 2 N/A STEV6
(STEV6)
STEV4 Stevens Creek 2 N/A STEV5
(STEVG)
STEV3 Stevens Creek 2 N/A STEV4
(STEV6)
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Water
Temperature
Location

Operations Model
Node Used for Flow

Operations Model
[\ [oTe [CRUET-To i {o] §
Storage

Operations Model

Node used for
Upstream
Temperature

(GUAD5)

STEV2 Stevens Creek 2 N/A STEV3
(STEV6)

Alamitos Creek

ALAM4 Alamitos Creek 2 Almaden Reservoir N/A For Aug and Sep,
(ALAM4) min flow of 2.3 cfs.

ALAM3 Alamitos Creek 2 N/A ALAM4
(ALAM4)

ALAM2 Alamitos Creek 2 + N/A ALAMS3 + CALE1 Min flow of 1.1 cfs
Calero Creek 8 (CALE2)
(ALAM4 + CALE2)

ALAM1 Alamitos Creek 15 N/A ALAM2 Min flow of 1.1 cfs
(ALAM2) (ALAM2)

Calero Creek

CALE2 Calero Creek 8 Calero Reservoir N/A Min flow of 1.1 cfs
(CALE2) (CALE2)

CALE1 Calero Creek 8 N/A CALE2 Min flow of 1.1 cfs
(CALE2) (CALE2)

Los Gatos Creek

LOSG2 Los Gatos Creek 23 Vasona Reservoir N/A
(LOSG2)

LOSG1 Los Gatos Creek 23 N/A LOSG2
(LOSG2)

Guadalupe Creek

GCRK4 Guadalupe Creek 2 Guadalupe Reservoir
(GCRK4)

GCRK3 Guadalupe Creek 11 N/A GCRK4 Min flow of 1.1 cfs
(GCRK3) (GCRK3)

GCRK2 Guadalupe Creek 11 N/A GCRK3 Min flow of 1.1 cfs
(GCRK3) (GCRK3)

GCRK1 Guadalupe Creek 11 N/A GCRK2 Min flow of 1.1 cfs
(GCRK3) (GCRK3)

Guadalupe River

GUAD7 Alamitos Creek 15 N/A ALAM1 + GCRK1 Min flow of 1.1 cfs
and Guadalupe (GCRK3) & (ALAM2)
Creek 11 (ALAM2 +
GCRK3)

GUADS Guadalupe 17 N/A GUAD7 Min flow of 1.1 cfs

(GUADS5)

Fish and Aquatic Habitat Collaborative Effort
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. Operations Model
e Operations Model CJEEEL IS AEEE Node used for
Temperature Node Used for
. Node Used for Flow Upstream
Location Storage
Temperature
GUAD4 Los Gatos Creek 31 N/A LOSG1+GUAD5 Min flow of 1.1 cfs
and Guadalupe 17 (GUAD5)
(LOSG1 + GUADS5)
GUAD3 Guadalupe River 23  N/A GUAD4
(GUAD3)

Historical daily maximum air temperature data from the San Jose Airport (NCDC CDO, 2015), was
used to represent meteorological conditions at all regression locations.

At some locations, historically-measured data did not have minimums low enough to reflect minimums
seen in the WEAP data. Due to this, a minimum flow of 1.1 cfs was applied to certain locations.
Additionally, due to some WEAP flow data being unavailable at some locations at the time of
regression testing, other locations were substituted in testing. For GUAD5 and GUAD4, GUADS flows
were used to calculate the regression coefficients; however, the WEAP flow data for GUAD7 was all
that was available at the time of the regression testing.

6.2 Temperature Regression Outputs

Model output is a daily average time series that can be used for comparative temperature and
fisheries analyses. The regression will be applied four times for each location, once each to create a
synthetic time series for the Existing Conditions analysis with present level of demand, Existing
Conditions analysis with 2035 demands, the FAHCE Proposed Action, and the Alternative. An

example of a synthetic time series is shown in Figure 6.2-1. Baseline temperature output is shown for
all locations in Figure 6.2-2.

Figure 6.2-1. Simulated Daily Water Temperatures at Stevens Creek POI6
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Figure 6.2-2. Baseline Temperature Output
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Figure 6.2-2 (continued). Baseline Temperature Output
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6.3 Model Sensitivity to Flow Uncertainty

In addition to the uncertainty described in the above sections, which occurs as a result of the
imperfect fit of the regressions compared to historical data, uncertainty can also propagate from the
model inputs used to estimate temperature. Uncertainty in modeled flow and storage results
contribute to uncertainty in the temperature model. To test the temperature model’s sensitivity to flow
uncertainty, temperature estimates were generated assuming a 10% increase in baseline flows at all
locations and a 10% decrease in baseline flows at all locations. The results were then compared
against the baseline operation temperatures to determine the average change in temperature,
maximum temperature increase, and maximum temperature decrease for each reach.

The effect of flow uncertainty on temperature model performance was tested by computing
temperatures based on a 10% decrease and a 10% increase in modeled flow at all locations. Table
6.3-1 and Table 6.3-2 show the results of that test.

Table 6.3-1. Sensitivity of Modeled Temperature to 10% Decrease In Flow

Max Increase,
relative to Base Case

Average Change, relative to Base

Max Decrease, relative to

Case Flow (°C) Base Case Flow (°C)

Flow (°C)
ALAM +0.00 +0.39 -0.90
CALE -0.01 +0.16 -0.22
GCRK -0.04 +0.35 -0.37
GUAD -0.02 +0.34 -0.63
LOSG -0.01 +0.18 -0.16
STEV -0.02 +0.27 -0.51

Table 6.3-2. Sensitivity of Modeled Temperature to 10% Increase In Flow

Max Increase,

Average Change, relative to Base relative to Base Case

Max Decrease, relative to
Base Case Flow (°C)

Case Flow (°C)

Flow (°C)
ALAM +0.00 +0.81 -0.36
CALE +0.01 +0.20 -0.14
GCRK +0.04 +0.33 -0.32
GUAD +0.02 +0.58 -0.31
LOSG +0.01 +0.46 -0.25
STEV +0.01 +0.30 -0.15

On average, a 10% decrease in flow resulted in an average temperature increase of -0.04°C to 0.07°C
for Alamitos, Calero, Guadalupe, and Los Gatos Creeks and Guadalupe River. A 10% increase in flow
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resulted in an average temperature decrease of -0.04°C to 0.03°C for Alamitos, Calero, Guadalupe,
and Los Gatos Creeks and Guadalupe River.

Based on maximum temperature increase and maximum temperature decrease for both the 10%
increase in flow and the 10% decrease in flow, Alamitos Creek and Guadalupe River were the most
sensitive to flow changes. Uncertainty in flows on Alamitos Creek could lead to an uncertainty of up to
0.9°C. Uncertainty in flows for Guadalupe River could lead to an uncertainty of up to 0.63°C.
Uncertainty in flows on Stevens Creek could lead to an uncertainty of up to 0.51°C. Uncertainty in
flows on Los Gatos Creek could lead to an uncertainty of up to 0.46°C. For Calero and Guadalupe
Creeks, 10% uncertainty in the flow model could lead to an uncertainty of up to 0.37°C.

6.4 Conclusions

Regression calibrations were limited to the smallest available input data set. Temperature data, and
therefore temperature regressions, were only available for a limited number of years, thus
representing a limited range of flow and reservoir storage conditions. For Operations Model output
above or below the range of measured conditions used for regression calibration, the regressions
must extrapolate values, which could introduce uncertainty into the results. In addition, data were
substituted for months in which no temperature data were recorded. As a result, predictions could not
be made for some months of modeled WEAP data in some locations along Guadalupe River.
Additionally, nonlinear effects due to changing bathymetry could affect the accuracy of the
temperature results.

The models described are purely mathematical and not intended to compare scenarios with
substantially different boundary conditions at the reservoir or temperature regimes within the
reservoir; scenarios with substantial changes to downstream flow patterns or diversions; scenarios
with full or empty reservoirs year-round; and scenarios with changes in channel or reservoir geometry.

Nonetheless, temperature model results remain useful for comparative purposes. It is important to
differentiate between “absolute” or “predictive” modeling applications and “comparative” applications.
In “absolute” applications, the model is run once to predict a future outcome; errors or assumptions for
such factors as formulation, system representation, data, and operational criteria, all contribute to total
error or uncertainty in model results. In “comparative” applications, the model is run twice, once to
represent a base condition (Existing Condition) and a second time with a specific modification
(Alternative) to assess the change in the outcome because of the input change.

In the comparative mode (the mode used for this study), the difference between the two simulations is
of principal importance. Most potential errors or uncertainties affecting the Existing Condition
simulation will also affect the Alternative simulation in a similar manner; as a result, the effect of errors
and uncertainties on the difference between the simulations is reduced. However, not all limitations
are fully eliminated by the comparative analysis approach; small differences between the alternatives
and the bases of comparison are not considered to be indicative of an effect of the alternative.
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Temperature Modeling Technical Memorandum
Santa Clara Valley Water District FAHCE Project

Attachment C - Alamitos Creek
DAILY REGRESSION COEFFICIENTS FOR TEMPERATURE MODEL

Day of Year -> 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Reservoir Outlet (ALAM4)
A. Reservoir Storage (Almaden) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B. Previous day temp 0.97 0.97 0.97 0.97 0.97 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
C. Reservoir Release (ALAM4) 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.07 0.07 0.07 0.07 0.07
D. Daily Max Air Temperature 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00
E. Constant -0.10 -0.09 -0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.01 0.02 0.03

US Calero Creek (ALAM3)
A Upstream Temp (ALAM4) -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.01 -0.01 -0.01 -0.01 -0.01 0.00 0.00
B. Previous day temp 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.98 0.98 0.98
C. Flow (ALAM4) 0.04 0.04 0.03 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.00 0.00 0.00 -0.01 -0.01
D. Daily Max Air Temperature 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01
E. Constant 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Randol (ALAM2)
A. Alamitos Temp (ALAM3) 0.90 0.90 0.90 0.90 0.89 0.89 0.88 0.88 0.87 0.85 0.84 0.82 0.80 0.78 0.76
B. Calero Temp (CALE1) 0.15 0.15 0.14 0.14 0.14 0.14 0.15 0.15 0.16 0.17 0.18 0.19 0.21 0.23 0.25
C. Alamitos Flow (ALAM4) 0.15 0.13 0.11 0.09 0.08 0.06 0.04 0.03 0.02 0.01 0.00 -0.01 -0.02 -0.03 -0.03
D. Calero Flow (CALE2) 0.44 0.50 0.55 0.61 0.66 0.70 0.74 0.78 0.82 0.85 0.88 0.91 0.93 0.94 0.96
E. Prev Day Temp -0.28 -0.27 -0.27 -0.27 -0.26 -0.26 -0.26 -0.25 -0.25 -0.24 -0.24 -0.23 -0.23 -0.22 -0.22
F. Daily Max Air Temperature 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
G. Constant 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mazzone (ALAM1)
A. Upstream Temp (ALAM2) 1.02 1.01 1.01 1.01 1.00 1.00 1.00 1.00 0.99 0.99 0.99 0.99 0.99 0.99 0.99
B. Prev Day Temp -0.07 -0.07 -0.07 -0.06 -0.06 -0.05 -0.05 -0.05 -0.05 -0.04 -0.04 -0.04 -0.03 -0.03 -0.03
C. Flow (ALAM2) 0.13 0.13 0.13 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.11 0.11 0.11 0.11 0.10
D. Daily Max Air Temperature 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
E. Constant 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Santa Clara Valley Water District FAHCE Project

Attachment C - Alamitos Creek
DAILY REGRESSION COEFFICIENTS FOR TEMPERATURE MODEL

Day of Year -> 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Reservoir Outlet (ALAM4)
A. Reservoir Storage (Almaden) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B. Previous day temp 0.98 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
C. Reservoir Release (ALAM4) 0.07 0.07 0.07 0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.03 0.03
D. Daily Max Air Temperature 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
E. Constant 0.04 0.04 0.05 0.05 0.06 0.06 0.07 0.07 0.08 0.08 0.09 0.09 0.10 0.10 0.11

US Calero Creek (ALAM3)
A Upstream Temp (ALAM4) 0.00 0.00 0.01 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04 0.05 0.05 0.06 0.06
B. Previous day temp 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.97 0.97 0.97 0.97 0.97 0.96 0.96 0.96
C. Flow (ALAM4) -0.01 -0.02 -0.02 -0.02 -0.02 -0.03 -0.03 -0.03 -0.03 -0.03 -0.04 -0.04 -0.04 -0.04 -0.05
D. Daily Max Air Temperature 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
E. Constant 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Randol (ALAM2)
A. Alamitos Temp (ALAM3) 0.73 0.71 0.68 0.64 0.61 0.58 0.54 0.50 0.46 0.42 0.39 0.35 0.31 0.27 0.23
B. Calero Temp (CALE1) 0.27 0.30 0.33 0.36 0.39 0.42 0.46 0.49 0.53 0.56 0.60 0.64 0.67 0.71 0.75
C. Alamitos Flow (ALAM4) -0.04 -0.04 -0.04 -0.04 -0.04 -0.04 -0.04 -0.03 -0.03 -0.02 -0.02 -0.01 -0.01 0.00 0.01
D. Calero Flow (CALE2) 0.96 0.97 0.97 0.96 0.95 0.94 0.93 0.91 0.89 0.86 0.83 0.81 0.77 0.74 0.70
E. Prev Day Temp -0.21 -0.21 -0.20 -0.20 -0.19 -0.18 -0.18 -0.17 -0.16 -0.15 -0.15 -0.14 -0.13 -0.13 -0.12
F. Daily Max Air Temperature 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
G. Constant 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mazzone (ALAM1)
A. Upstream Temp (ALAM2) 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 1.00 1.00 1.00 1.00
B. Prev Day Temp -0.03 -0.03 -0.03 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02
C. Flow (ALAM2) 0.10 0.10 0.10 0.09 0.09 0.09 0.08 0.08 0.07 0.07 0.07 0.06 0.06 0.05 0.05
D. Daily Max Air Temperature 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
E. Constant 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Santa Clara Valley Water District FAHCE Project

Attachment C - Alamitos Creek
DAILY REGRESSION COEFFICIENTS FOR TEMPERATURE MODEL

Day of Year -> 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

Reservoir Outlet (ALAM4)
A. Reservoir Storage (Almaden) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B. Previous day temp 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
C. Reservoir Release (ALAM4) 0.02 0.02 0.02 0.01 0.01 0.01 0.00 0.00 0.00 -0.01 -0.01 -0.01 -0.02 -0.02 -0.02
D. Daily Max Air Temperature 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
E. Constant 0.11 0.12 0.12 0.13 0.14 0.14 0.15 0.16 0.16 0.17 0.18 0.19 0.20 0.21 0.22

US Calero Creek (ALAM3)
A Upstream Temp (ALAM4) 0.07 0.08 0.08 0.09 0.10 0.10 0.11 0.12 0.13 0.13 0.14 0.15 0.16 0.17 0.18
B. Previous day temp 0.95 0.95 0.95 0.94 0.94 0.93 0.93 0.92 0.91 0.91 0.90 0.89 0.88 0.87 0.86
C. Flow (ALAM4) -0.05 -0.05 -0.05 -0.05 -0.06 -0.06 -0.06 -0.07 -0.07 -0.07 -0.08 -0.08 -0.08 -0.09 -0.09
D. Daily Max Air Temperature 0.00 0.00 0.00 0.00 -0.01 -0.01 -0.01 -0.01 -0.01 0.00 0.00 0.00 0.00 0.00 0.00
E. Constant 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Randol (ALAM2)
A. Alamitos Temp (ALAM3) 0.19 0.16 0.12 0.09 0.06 0.03 0.00 -0.03 -0.05 -0.07 -0.09 -0.11 -0.12 -0.13 -0.13
B. Calero Temp (CALE1) 0.78 0.82 0.85 0.88 0.92 0.94 0.97 1.00 1.02 1.04 1.06 1.07 1.08 1.09 1.09
C. Alamitos Flow (ALAM4) 0.02 0.03 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.09 0.10 0.11 0.12 0.12 0.13
D. Calero Flow (CALE2) 0.67 0.63 0.59 0.55 0.50 0.46 0.42 0.38 0.33 0.29 0.24 0.20 0.16 0.12 0.08
E. Prev Day Temp -0.11 -0.10 -0.10 -0.09 -0.08 -0.08 -0.07 -0.06 -0.06 -0.05 -0.04 -0.04 -0.03 -0.02 -0.02
F. Daily Max Air Temperature 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
G. Constant 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mazzone (ALAM1)
A. Upstream Temp (ALAM2) 1.00 1.00 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.02 1.02 1.02 1.02 1.02
B. Prev Day Temp -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.01
C. Flow (ALAM2) 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01
D. Daily Max Air Temperature 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.