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1.0

INTRODUCTION

This memorandum provides detailed information regarding the modeling tools, primary
modeling assumptions, model inputs, and methodologies that are used to evaluate potential
effects on reservoir operations, stream flow, water quality, water temperature, and salmon
mortality under the various scenarios that are analyzed in the Proposed Yuba Accord EIR/EIS.
Implementation of one of these scenarios would result in changes in operations of: (1) YCWA’s
Yuba Project; (2) YCWA Member Units’ groundwater pumping within the Yuba Groundwater
Basin; (3) the DWR Oroville-Thermalito complex of the SWP; (4) CVP/SWP Delta facilities; and
(5) CVP/SWP San Luis Reservoir. This memorandum is included as Appendix D to the Draft
EIR/EIS.

2.0

IMPACT ANALYSIS FRAMEWORK

This section describes the impact analysis framework to evaluate potential flow and water
temperature related changes on surface water supplies, surface water quality, hydropower, and
aquatic and riparian habitat utilized by listed species that would be expected to occur with
implementation of the various alternatives analyzed in the Draft EIR/EIS.
Modeling scenarios were developed to represent existing and future hydrologic conditions with
and without implementation of the alternatives considered for the Proposed Yuba Accord (i.e.,
Yuba Accord Alternative and Modified Flow Alternative) to enable an evaluation of potential
environmental impacts for CEQA, NEPA and water rights purposes.
These scenarios include: (1) CEQA Existing Condition; (2) CEQA No Project Alternative; (3)
CEQA Yuba Accord Alternative; (4) CEQA Modified Flow Alternative; (5) NEPA No Action
Alternative; (6) NEPA Yuba Accord Alternative; and (7) NEPA Modified Flow Alternative. In
addition to these scenarios, baseline conditions for the accounting of Released Transfer Water
for the two characterizations (CEQA and NEPA) of the Yuba Accord Alternative are
determined, but not directly used in any of the impact analyses. The hydrologic modeling and
related post-processing of outputs is used to simulate the YCWA, Reclamation, and DWR water
project operations associated with implementation of the alternatives.
Comparison of model results for the different scenarios is used in the discussions of
environmental effects in the following resource chapters of the Draft EIR/EIS:









Chapter 5 - Surface Water Supply and Management
Chapter 6 - Groundwater Resources
Chapter 7 – Power Production and Energy Consumption
Chapter 8 - Flood Control
Chapter 9 - Surface Water Quality
Chapter 10 - Fisheries and Aquatic Resources
Chapter 11 - Terrestrial Resources
Chapter 12 – Recreation
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Chapter 13 - Visual Resources
Chapter 14 - Cultural Resources
Chapter 18 - Growth Inducement

IMPACT ANALYSIS APPROACH

The impact analysis compares modeling outputs from one modeling scenario with outputs from
another scenario to determine the potential for changes in hydrologic and environmental
conditions. Parameters represented by the modeling outputs include: reservoir storages and
water surface elevations, river flows, reservoir and river water temperatures, early life stage
Chinook salmon mortalities, and Delta water quality (EC).
The alternatives considered involve changes in surface water and groundwater management
within the Yuba River and Yuba groundwater subbasins, changes in operations of the SWP
Oroville-Thermalito complex, and modifications of CVP/SWP export operations in the Delta.
Changes in San Luis Reservoir storage also are evaluated for certain resources, as appropriate.
The evaluation of environmental impacts is performed using the impact indicators and
significance criteria developed for each resource topic (presented in resource chapters of the
EIR/EIS). Simulation comparisons to be evaluated in the Draft EIR/EIS are presented in Table
2-1.
For purposes of addressing potential impact considerations of interest to the SWRCB and to
satisfy CEQA requirements, modeling simulations for the alternatives evaluated in this EIR/EIS
are compared to both the Existing Condition and the No Project Alternative. For CEQA impact
assessment purposes, the alternatives (i.e., Yuba Accord, Modified Flow and No Project) are
compared to the Existing Condition, which includes RD-1644 Interim instream flow
requirements and current demands at Daguerre Point Dam (see Section 4.0, CEQA/NEPA
Model Scenarios). To provide additional information to address SWRCB water rights issues,
the action alternatives (i.e., Yuba Accord and Modified Flow) also are compared to the No
Project Alternative, which includes RD-1644 Long-term instream flow requirements and
additional demands at Daguerre Point Dam (see Section 4.0). Demands at Daguerre Point Dam
are increase by an additional 40 TAF under the No Project Alternative, relative to the Existing
Condition, due to the expected implementation of the Wheatland Project.
To satisfy NEPA requirements, modeling simulations for the Yuba Accord Alternative and the
Modified Flow Alternative are compared to the No Action Alternative.
Cumulative impact analyses are required by both CEQA and NEPA regulations and are an
important component of the environmental documentation and approval process. Model
output for the Yuba Accord Alternative and the Modified Flow Alternative are used to provide
an indication of the potential incremental contributions of the Yuba Accord Alternative and the
Modified Flow Alternative to cumulative impacts.
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Table 2-1. Summary of Required CEQA and NEPA Comparative Scenarios to be Evaluated
Statute

Base Scenarios

CEQA

Scenario
1

CEQA Existing
Condition

NEPA

Scenario
5

NEPA No Action
Alternative

Water
Rights

Scenario
2

CEQA No Project
Alternative

a

Compared Scenarios
Scenario CEQA Yuba Accord
3
Alternative a
Scenario CEQA Modified Flow
4
Alternative
Scenario CEQA No Project
2
Alternative
Scenario NEPA Yuba Accord
6
Alternative a
Scenario NEPA Modified Flow
7
Alternative
Scenario CEQA Yuba Accord
3
Alternative
Scenario CEQA Modified Flow
4
Alternative

Purpose of Comparison
To evaluate potential impacts of
the Proposed Project and
Alternatives scenarios, relative
to the Existing Condition
To evaluate potential impacts of
the Proposed Action and
Alternatives, relative to the No
Action Alternative
To evaluate potential impacts of
the SWRCB action.

The Yuba Accord Alternative is the CEQA Proposed Project Alternative and the NEPA Proposed Action Alternative.

2.2

PROJECT STUDY AREA

The project study area is described in four regions: (1) the Yuba Region; (2) the CVP/SWP
Upstream of the Delta Region; (3) the Delta Region; and (4) the Export Service Area 1.
Operations of Trinity River, Clear Creek, Shasta Reservoir and the upper Sacramento River 2,
Folsom Reservoir and the lower American River will not be affected by implementation of the
alternatives considered, as discussed below. Simulation of these facilities is not included in the
comparative impact analysis.

2.2.1

CHARACTERIZATION OF TRINITY RIVER AND CLEAR CREEK OPERATIONS

The CVP consists of seven divisions located within the Central Valley Basin and two out-ofbasin divisions (i.e., the Trinity River Division and the San Felipe Division). The Trinity River
Division is the only out-of-basin division that imports water into the Central Valley (i.e., the
Sacramento River Basin). Water is transported from the Trinity River Basin via the Clear Creek
Tunnel to Whiskeytown Reservoir. From Whiskeytown Reservoir, Trinity River water can be
transported either via a second tunnel (i.e., Spring Creek Conduit) to Keswick Reservoir or
released into Clear Creek, which flows into the Sacramento River. Reclamation conducts
integrated operations between the CVP Trinity River and Shasta divisions.
The Trinity River does not naturally flow into the Sacramento River Basin but is connected by
the Clear Creek Tunnel and the Spring Creek Conduit to the Sacramento River system and
contributes to CVP water supply. Trinity River flows enter the Sacramento River below
Keswick Dam via Clear Creek, however, Sacramento River flows below Keswick Dam do not
influence or re-enter the Trinity River Basin. The Trinity River and Clear Creek systems are
unlike other river systems (e.g., the Sacramento, Feather, and lower American) evaluated by
CALSIM II modeling because project-related changes in flow, water temperature, or reservoir
storage in those systems do not alter conditions affecting the availability, rate, timing,
magnitude or duration of flows in the Trinity River Basin. The flow regime established in the
Trinity River ROD is the only requirement for CVP water downstream of Lewiston Dam and is

For modeling purposes, the Export Service Area includes San Luis Reservoir.
For analytical purposes of this EIR/EIS, the upper Sacramento River includes those reaches of the Sacramento River
that are located between Keswick Dam and the Feather River confluence with the Sacramento River.

1
2
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not altered by the Proposed Yuba Accord. Diversions from the Trinity River to the Sacramento
River occur at Lewiston Lake and CVP operators have expressed their intent to maintain
diversions consistent in magnitude and temporal distribution with those that have occurred
historically.
Based on the CVP system configuration described above, and upon confirmation that the
Proposed Yuba Accord would not directly or indirectly affect Trinity River resources through
review of hydrologic and water temperature modeling results, the Trinity River system does
not require detailed study in the Draft EIR/EIS. However, Trinity, Whiskeytown, and Folsom
reservoirs are included in the water temperature modeling because including them is necessary
to assess Sacramento River water temperatures.

2.2.2

CHARACTERIZATION OF FOLSOM RESERVOIR AND LOWER AMERICAN
RIVER OPERATIONS

Reclamation does not anticipate modifying Folsom Reservoir, Folsom Dam, or lower American
River operations as a result of the Proposed Yuba Accord for the following reasons: (1) average
annual inflow to Folsom Reservoir is about 2.7 MAF, slightly more than 2.5 times the active
storage in the reservoir; (2) the inflow to storage ratio is so large that Folsom Dam and Reservoir
is operated as an annual reservoir with typically little or no opportunity to store water assets
outside of naturally occurring inflow; (3) in a case when water assets might potentially be
stored in Folsom Reservoir, the likelihood that assets would be spilled due to required flood
control operations would be high; and (4) lower American River flow operations are highly
sensitive to, and regulated by, fishery considerations such that changes to flow regimes are
undesirable and unlikely if alternative operations can accomplish CVP objectives. For these
reasons, CVP operators have expressed their intention to maintain lower American River
releases below Nimbus Dam consistent in magnitude and temporal distribution with those that
have occurred historically. Flow and water temperature output values for Folsom Reservoir and
the lower American River are automatically calculated as part of the CALSIM II and postprocessing modeling runs. As part of the modeling quality assurance and quality control
process, a review of the preliminary model output for the scenarios presented in Table 2-1 was
conducted to verify that project-related actions would not influence or change conditions in
Folsom Reservoir and the lower American River.
Based on the known operational limitations to the American River system described above, and
review of the model output, the American River system does not require detailed study in the
Draft EIR/EIS. However, the American River is included in the water temperature modeling
application because it is required to assess Sacramento River water temperatures.

2.2.3

CHARACTERIZATION OF SHASTA RESERVOIR AND THE SACRAMENTO
RIVER UPSTREAM OF THE FEATHER RIVER CONFLUENCE

According to the modeling assumptions, flows on the Sacramento River upstream of the
confluence with the Feather River would not change with the implementation of the Proposed
Project/Action and alternatives. Due to institutional difficulties in implementing a program
allowing increases in Yuba River flow at Marysville to offset a portion of Shasta Reservoir
releases, thus increasing Shasta Reservoir storage, modeling of the Proposed Project/Action and
alternatives did not include this option. According to modeling rules:
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Increases in Yuba River flow at Marysville can result in increased Oroville Reservoir
storage, increased Delta exports, or increased Delta outflow.



Decreases in Yuba River flow at Marysville in wet, above normal, or below normal
years when the Delta is in balanced conditions, will be offset by an increase in releases
from Oroville Reservoir.



Decreases in Yuba River flow at Marysville in dry or critical years when the Delta is in
balanced conditions, will be offset by a reduction in Banks pumping.



Decreases in Yuba River flow at Marysville when the Delta is in excess conditions will
be offset by a decrease in Delta outflow.

The only case in which Shasta Reservoir storage and Sacramento River flows upstream of the
confluence with the Feather River could be affected by changes in Yuba River flow at Marysville
is in the second case described above. Rather than by just increasing releases from Oroville
Reservoir, a portion of the decrease could be offset by increases in Shasta Reservoir releases.
But, an evaluation of the occurrence of these conditions indicates they are extremely unlikely
(occurring in less than 2.5 percent of months during the 72-year simulation period for the
Proposed Project/Action), and are relatively small compared to the total flow in the Sacramento
River, particularly when divided according to the COA rules (55 percent CVP, 45 percent SWP).
Accordingly, modeling assumed all operational changes would occur in the Feather River and
Oroville Reservoir. In addition, conversations with SWP operations staff indicated that, with
appropriate notice from YCWA to the SWP, changes in Yuba River flow could be
accommodated by Oroville Reservoir releases, and included in the real-time COA accounting
between the CVP and SWP.

3.0

MODELS USED FOR THE IMPACT ANALYSIS

Computer simulation models of water systems provide a means for evaluating changes in
system characteristics such as reservoir storage, stream flow, and hydropower generation, as
well as the effects of these changes on environmental parameters such as water temperature,
water quality, and early life stage Chinook salmon survival. The models and post-processing
tools used to simulate conditions with and without implementation of the Proposed
Project/Action and alternatives include the following:


Reclamation and DWR simulation model of the integrated CVP and SWP system
operations (CALSIM II);



Spreadsheet-based Yuba Project Model (YPM);



Lower Yuba River Water Temperature Model (LYRWTM);



Lower Yuba River Outflow Routing Tool;



Reclamation Trinity, Shasta, Whiskeytown, Oroville, and Folsom reservoir water
temperature models;



Reclamation Feather, and Sacramento river water temperature models;



Reclamation Feather, and Sacramento river early life stage Chinook salmon mortality
models;



Graphical and Tabular Analysis for Environmental Resources (GATAER) Tool



DWR Delta hydrodynamic and water quality model (DSM 2);
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Sacramento-San Joaquin Delta Fish Salvage Analyses; and



CVP and SWP (Project) Hydropower Production and Delta Export Pumping Power
Demand Analysis

The CALSIM II model provides baseline monthly simulation of the CVP and SWP water
operations (reservoir inflows, releases, and storage; river flow; and other operating parameters
such as CVP/SWP pumping and Delta operations) without implementation of the Proposed
Yuba Accord. The YPM provides the Yuba River outflow resulting from the Proposed Yuba
Accord operations in the Yuba River Basin. Output from these two models is used as input to
the Proposed Yuba Accord Routing Tool to develop the system-wide Yuba Accord operations
and to produce a modified or “virtual” CALSIM II output database. This database contains the
final Proposed Yuba Accord operations as if they had been computed in the CALSIM II model.
This step allows the use of the current interface between the CALSIM II model and other
models used in the simulation process.
The virtual CALSIM II output databases is used to generate the inputs required for the DSM2,
water temperature, fish salvage, and power models. Output from LYRWTM is used as a
boundary condition for the temperature models. The water temperature models output is
subsequently used to generate the inputs to the early life stage Chinook salmon mortality
models. The output or results, of all these models is used to generate a model simulation
database. Finally, the GATAER tool is used to generate the information needed for the impact
analysis in the form of tables and graphs of model results. These models and related postprocessing tools are described in detail in the following sections.
A diagram of the modeling and post-processing applications is presented in Figure 3-1.

3.1

CALSIM II MODEL

CALSIM II was jointly developed by Reclamation and DWR for planning studies relating to
CVP and SWP operations. The primary purpose of CALSIM II is to evaluate the water supply
reliability of the CVP and SWP at current or future levels of development (e.g. 2001, 2020), with
and without various assumed future facilities, and with different modes of facility operations.
Geographically, the model covers the drainage basin of the Delta, and SWP exports to the San
Francisco Bay Area, Central Coast, and Southern California.
CALSIM II typically simulates system operations for a 73-year period using a monthly timestep. The model assumes that facilities, land use, water supply contracts, and regulatory
requirements are constant over this period, representing a fixed level of development (e.g., 2001
or 2020). The historical flow record of October 1921 to September 1994, adjusted for the
influence of land use change and upstream flow regulation, is used to represent the possible
range of water supply conditions. It is assumed that past hydrologic conditions are a good
indicator of future hydrologic conditions. Major Central Valley rivers, reservoirs, and
CVP/SWP facilities are represented by a network of arcs and nodes. CALSIM II uses a mass
balance approach to route water through this network.
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INPUT
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RESULTS

Salmon
Mortality
Models
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Rivers
SWP/CVP System
Operations

Yuba River
Yuba Basin
Sub-module

Temperature
Models
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Rivers
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(GATAER)
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FINDINGS
Hydrology
Water Supply
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Flood Control
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Terrestrial
Recreation
Visual
Cultural
Delta X2
Delta Inflow/Outflow
Delta Exports

Delta
Fish
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Figure 3-1. Modeling and Post-Processing Procedures
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The model simulates one month of operation at a time, with the simulation passing sequentially
from one month to the next, and from one year to the next. Each determination that the model
makes regarding stream flow is the result of defined operational priorities (e.g. delivery
priorities to water right holders, and water contractors), physical constraints (e.g., storage
limitations, available pumping and channel capacities), and regulatory constraints (flood
control, minimum instream flow requirements, Delta outflow requirements). Certain decisions,
such as the definition of water year type, are triggered once a year, and affect water delivery
allocations and specific stream flow requirements. Other decisions, such as specific Delta
outflow requirements, vary from month to month. CALSIM II output contains estimated flows
and storage conditions at each node for each month of the simulation period. Simulated flows
are mean flows for the month, reservoir storage volumes correspond to end-of month storage.
CALSIM II models a complex and extensive set of regulatory standards and operations criteria.
Descriptions of both are contained in Chapter 8 of the OCAP BA (Reclamation 2004b), and in
the Benchmark Studies Assumptions Document (Reclamation and DWR 2002).
CALSIM II simulates monthly operations of the following water storage and conveyance
facilities:










Trinity, Lewiston, and Whiskeytown reservoirs (CVP);
Spring Creek and Clear Creek tunnels (CVP);
Shasta and Keswick reservoirs (CVP);
Oroville Reservoir and the Thermalito Complex (SWP);
Folsom Reservoir and Lake Natoma (CVP);
New Melones Reservoir (CVP);
Millerton Lake (CVP);
Jones (CVP), Contra Costa (CVP) and Banks (SWP) pumping plants; and
San Luis Reservoir (shared by CVP and SWP).

To varying degrees, nodes also define CVP/SWP conveyance facilities including the TehamaColusa, Corning, Folsom-South, and Delta-Mendota canals and the California Aqueduct. Other
non-CVP/SWP reservoirs or rivers tributary to the Delta also are modeled in CALSIM II,
including:




New Don Pedro Reservoir;
Lake McClure; and
Eastman and Hensley lakes.

For this EIS/EIR, CALSIM II is used to establish baseline flow conditions in the Sacramento
River, Feather River, and Delta, and the availability of pumping capacity at Banks and Jones
pumping plants. CALSIM II output includes average monthly X2 (2 parts per thousand [ppt]
near bottom salinity isohaline) location, Net Delta Outflow, and Delta export-to-inflow (E/I)
ratio.
CALSIM II modeling undertaken for Reclamation’s OCAP BA is used to provide the foundation
for CVP/SWP system-wide baseline conditions (stream flow, storage, and diversions) used to
represent the Existing Condition (CEQA basis of comparison) and the future No Action
Alternative (NEPA basis of comparison). OCAP model simulations were rerun (OCAP Study 3
and OCAP Study 5) with updated inputs for lower Yuba River outflow to the Feather River,
lower Yuba River diversions at Daguerre Point Dam, and Trinity River instream flow
requirements downstream of Lewiston Dam.
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YUBA PROJECT MODEL

The spreadsheet-based YPM simulates operations of New Bullards Bar and Englebright dams,
diversions at Daguerre Point Dam, and flows in the lower Yuba River between Englebright
Dam and its confluence with the Feather River. The model is a volumetric mass balance
accounting tool, which simulates reservoir operations according to a set of pre-defined
operating rules and to meet downstream water demands and instream flow requirements on
the lower Yuba River.
A schematic of the model is presented in Figure 3-2. Additional details are presented in
Attachment A.

Figure 3-2. Lower Yuba River Model Network Schematic and Output

3.3

LOWER YUBA RIVER WATER TEMPERATURE MODEL

Due to limited available water temperature and meteorological data, a statistical rather than a
physically based water temperature model was developed to evaluate the potential impacts of
the alternatives considered in the Draft EIR/EIS. The statistical model is used to estimate the
effects of various New Bullards Bar Reservoir storage regimes, flow releases, and diversions at
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Daguerre Point Dam on water temperatures in the lower Yuba River. The statistical model is
used to compare water temperatures between alternatives. The statistical model is not used to
predict absolute water temperatures in the lower Yuba River.
The Proposed Yuba Accord modeling approach relies on further developing the statistical
model utilized for the 2000 SWRCB Lower Yuba River Hearings. The statistical relationships
previously developed for calculating predicted water temperatures were enhanced through
extension of the historical data set used for model calibration. The statistical relationships used
in the model developed for the 2000 SWRCB Lower Yuba River Hearings were based on
historical data collected between 1990 and 1999. Now, five more years of data are available and
have been incorporated into the revised model.
The statistical model consists of five sub-models that can be used to calculate water
temperatures at the following locations:






New Bullards Bar Dam low-level outlet
New Colgate Powerhouse release
Narrows I and II powerhouse release (assumed equal to water temperatures at the
Smartville Gage)
Daguerre Point Dam
Marysville Gage

Additional information is provided in Attachment B.

3.4

LOWER YUBA RIVER OUTFLOW ROUTING TOOL

The lower Yuba River outflow routing tool is an Excel-based post-processing tool that uses
output from CALSIM II and the YPM to simulate how changes in Yuba River flow at Marysville
effect downstream flows in the Feather River, lower Sacramento River and Delta.
The starting point for the routing tool are CALSIM II simulations of CVP and SWP operations
under the Yuba Accord accounting baseline, as defined in the Water Purchase Agreement. The
Accord accounting baseline is used to determine Released Transfer Water under the Water
Purchase Agreement, and includes RD-1644 interim instream flow requirements on the lower
Yuba River, and FERC License 2246 instream flow requirements of 400 cfs at the Marysville
Gage for the period October 1 to 14. Two CALSIM II simulations are performed, one for a
present level of development based on OCAP Study 3 used for the CEQA analysis, one for a
future level of development based on OCAP Study 5 used for the NEPA analysis. Input to the
routing tool from a CALSIM II simulation includes Oroville reservoir storage, Feather River and
lower Sacramento River flows, and Delta inflows, exports, and outflow.
The YPM is used to simulate flows in the lower Yuba River for each modeling scenario. Input to
the routing tool from a YPM simulation is the lower Yuba River flow at the Marysville Gage.
The routing tool subsequently adjusts releases from Oroville Reservoir and CVP/SWP Delta
exports to account for the changes in the lower Yuba River outflow under a specific scenario
(e.g. CEQA Yuba River Accord) compared to the accounting baseline condition (RD-1644
Interim flows requirements). The modified reservoir storage, river flows, and Delta inflows,
exports and outflow from the routing tool are stored in DSS so creating the virtual CALSIM II
output database that is used by other post-processing tools.
The lower Yuba River outflow routing tool is a very efficient method of modeling the Proposed
Project/Action and alternatives. The tool is necessary because the CALSIM II model is not
Proposed Lower Yuba River Accord
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presently configured to simulate the range of actions contemplated and evaluated in the Draft
EIR/EIS. CVP and SWP operators have acknowledged their ability to limit the effects of the
Yuba Accord to the Feather River, lower Sacramento River, and Delta through the use of
forecasting, real-time accounting, and adjustment of the COA balance. CALSIM II is not set up
to model this operational flexibility.

3.5

BUREAU OF RECLAMATION WATER TEMPERATURE MODELS

Reclamation has developed water temperature models for the Sacramento, Feather, and
American rivers. The models have both reservoir and river components to simulate water
temperatures in five major reservoirs (Trinity, Whiskeytown, Shasta, Oroville, and Folsom);
four downstream regulating reservoirs (Lewiston, Keswick, Thermalito, and Natoma); and
three main river systems (Sacramento, Feather, and American).
The following sections provide additional detail regarding the reservoir and river components
of the water temperature models, respectively. Additional details regarding Reclamation’s
water temperature models are well documented in the CVPIA “Draft Programmatic EIS (PEIS)
Technical Appendix, Volume Nine” (Reclamation 1997). These water temperature models also are
documented in the report titled: “U.S. Bureau of Reclamation Monthly Temperature Model
Sacramento River Basin” (Reclamation 1990).

3.5.1

BUREAU OF RECLAMATION’S RESERVOIR WATER TEMPERATURE MODELS

Reclamation’s reservoir models simulate monthly water temperature profiles in five major
reservoirs: Trinity, Whiskeytown, Shasta, Oroville, and Folsom. The vertical water temperature
profile in each reservoir is simulated in one dimension using monthly storage, inflow and
outflow water temperatures and flow rates, evaporation, precipitation, solar radiation, and
average air temperature. The models also compute the water temperatures of dam releases.
Release water temperature control measures in reservoirs, such as the penstock shutters in
Folsom Reservoir and the temperature control device in Shasta Reservoir, are incorporated into
the models.
Reservoir inflows, outflows, and end-of-month storage calculated by CALSIM II and postprocessing applications are input into the reservoir water temperature models. Additional
input data include meteorological information and monthly water temperature targets that are
used by the model to select the level from which reservoir releases are drawn. Water
temperature control devices, such as the outlet control device in Shasta Dam, the temperature
curtains in Whiskeytown Dam, and the penstock shutters in Folsom Dam are incorporated into
the simulation. Model output includes reservoir water temperature profiles and water
temperatures of the reservoir releases. The reservoir release water temperatures are then used
in the downstream river water temperature models, as described in the next section.
Trinity, Whiskeytown, and Folsom reservoirs are included in the modeling application because
they are required to assess Sacramento River water temperatures; however, these reservoirs are
not individually analyzed because there would be no change in CVP/SWP project operations
due to implementation of the Proposed Project/Action or an alternative, relative to the bases of
comparison (see Section 6.1).
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BUREAU OF RECLAMATION’S RIVER WATER TEMPERATURE MODELS

Reclamation’s river water temperature models utilize the calculated temperatures of reservoir
releases, much of the same meteorological data used in the reservoir models, and CALSIM II
and post-processing application outputs for river flow rates, gains and water diversions. Mean
monthly water temperatures are calculated at multiple locations on the Sacramento, Feather,
and American rivers.
Reservoir release rates and water temperatures are the boundary conditions for the river water
temperature models. The river water temperature models compute water temperatures at 52
locations on the Sacramento River from Keswick Dam to Freeport, and at multiple locations on
the Feather and American rivers. The river water temperature models also calculate water
temperatures within Lewiston, Keswick, Thermalito, and Natoma reservoirs. The models are
used to estimate water temperatures in these reservoirs because they are relatively small bodies
of water with short residence times; thereby, on a monthly basis, the reservoirs act as if they
have physical characteristics approximating those of riverine environments.
The American River is included in the modeling application because it is required to assess
Sacramento River water temperatures. However, Folsom Reservoir and the lower American
River are not included in post-processing modeling because of the annual high refill and spill
potential at Folsom Reservoir; therefore, the modeling assumes no change in Folsom Reservoir
storage/elevations or lower American River flows with implementation of the Proposed
Project/Action or an alternative, relative to the bases of comparison (see Section 6.1).

3.6

BUREAU OF RECLAMATION’S EARLY LIFE STAGE CHINOOK SALMON
MORTALITY MODELS

Water temperatures calculated for specific reaches of the Sacramento and Feather rivers are
used as inputs to Reclamation’s Early Life Stage Chinook Salmon Mortality Models (Salmon
Mortality Models) to estimate annual mortality rates of Chinook salmon during specific early
life stages. For the Sacramento River analyses, the model estimates mortality for each of the
four Chinook salmon runs: fall, late fall, winter, and spring. For the Feather River analyses, the
model 3 produces estimates of fall-run Chinook salmon mortality. Because hydrologic
conditions in the Yuba River are not characterized in Reclamation’s current Salmon Mortality
Models, it is not possible to estimate changes in early life stage mortality for Chinook salmon in
the lower Yuba River.
The Salmon Mortality Models produce a single estimate of early life stage Chinook salmon
mortality in each river for each year of the simulation. The overall salmon mortality estimate
consolidates estimates of mortality for three separate Chinook salmon early life stages: (1) prespawned (in utero) eggs; (2) fertilized eggs; and (3) pre-emergent fry. The mortality estimates

For the purposes of improved technical accuracy and analytical rigor, simulated Chinook salmon early life stage
survival estimates specific to the Feather River are derived from a revised version of Reclamation’s Salmon Mortality
Model (2004), which incorporates new data associated with: (1) temporal spawning and pre-spawning distributions;
and (2) mean daily water temperature data in the Feather River. Although the updated Feather River information
serving as input into the model deviates slightly from that which was used in Reclamation’s OCAP BA, both versions
of the model are intended for planning purposes only, and thus should not be used as an indication of actual realtime in-river conditions. Because a certain level of bias is inherently incorporated into these types of planning
models, such bias is uniformly distributed across all modeled simulations, including both the Proposed
Project/Action and alternatives and the bases of comparison, regardless of which version of the model is utilized.

3
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are computed using output water temperatures from Reclamation’s water temperature models
as inputs to the Salmon Mortality Models. Thermal units (TUs), defined as the difference
between river water temperatures and 32°F, are used by the Salmon Mortality Models to track
life stage development, and are accounted for on a daily basis. For example, incubating eggs
exposed to 42°F water for one day would experience 10 TUs. Fertilized eggs are assumed to
hatch after exposure to 750 TUs. Fry are assumed to emerge from the gravel after being
exposed to an additional 750 TUs following hatching.
Because the models are limited to calculating mortality during early life stages, they do not
evaluate potential impacts to later life stages, such as recently emerged fry, juvenile outmigrants, smolts, or adults. Additionally, the models do not consider other factors that may
affect early life stage mortality, such as adult pre-spawn mortality, instream flow fluctuations,
redd superimposition, and predation. Because the Salmon Mortality Models operate on a daily
time-step, a procedure is required to convert the monthly water temperature output from the
water temperature models into daily water temperatures. The Salmon Mortality Models
compute daily water temperatures based on the assumption that average monthly water
temperature occurs on the 15th of each month, and interpolate daily values from mid-month to
mid-month. Output from the Salmon Mortality Models provide estimates of annual (rather
than monthly mean) losses of emergent fry from egg potential (i.e., all eggs brought to the river
by spawning adults) (Reclamation 2003).
A similar water temperature based mortality model for steelhead in the Sacramento, Feather
and Yuba rivers currently is not available. However, because the temporal and spatial
spawning distributions of steelhead and late fall-run Chinook salmon are similar, it can be
assumed that water temperature changes and resultant losses of steelhead eggs and fry would
be similar to those estimated for late fall-run Chinook salmon using the Salmon Mortality
Models, where available.

3.6.1

LOWER FEATHER RIVER EARLY LIFE STAGE CHINOOK SALMON
MORTALITY MODEL REVISIONS

During March 2004, Reclamation’s Salmon Mortality Model was revised to include updated
information regarding the temporal distribution of Chinook salmon spawning activity in the
lower Feather River. The revised Feather River Salmon Mortality Model estimates the water
temperature-induced early life stage mortality using updated pre-spawning and spawning
temporal distributions, which were derived from estimated daily carcass distributions.
Estimated daily carcass distributions were derived from daily observations of Chinook salmon
carcasses during the 2002 spawning period. Additional information regarding the use of
carcass survey data as a basis for development of pre-spawning and spawning temporal
distributions in the Feather River, is described in the Oroville Facilities Relicensing, FERC
Project 2100, Study Plan F-10 – “Task 2C: Evaluation of the Timing, Magnitude, and Frequency of
Water Temperatures and Their Effects on Chinook Salmon Egg and Alevin Survival” (DWR 2004).
While the revised Feather River Salmon Mortality Model utilizes updated pre-spawning and
spawning temporal distributions as bases from which to calculate early life stage mortality, the
remaining model assumptions, computations, and input variables remain unchanged from
Reclamation’s Feather River Early Life Stage Chinook Salmon Mortality Model.
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OTHER SALMON MORTALITY MODEL CONSIDERATIONS

Three separate reviews of the NMFS October 2004 BO on the Long-term CVP and SWP OCAP
(NMFS 2004) have been conducted to determine whether NMFS (2004) used the best available
scientific and commercial information (2005).
McMahon (2006) acknowledged that a lack of information on how water operations related
habitat alterations affect Central Valley salmonid populations exists. In this context, McMahon
(2006) concluded that, “…the Biological Opinion (BO) appears to be based on best available
information with regards to temperature effects on survival of salmonid embryos and early fry in the
upper Sacramento River and major tributaries…”.
Maguire (2006) reported two general concerns related to the salmon mortality model. First,
Maguire (2006) stated, “The mean monthly temperature may in fact be of little predictive value for
mortality estimation without knowing (using) the variability and duration of variability.” Second,
Maguire (2006) suggested that the salmon mortality model is of limited usefulness because it
does not evaluate potential impacts on emergent fry, smolts, juvenile emigrants, or adults, and
the model only considers water temperature as a source of mortality.
With respect to the application of the salmon early life stage mortality model in NMFS (NMFS
2004), three concerns were reported within the California Bay-Delta Authority (CBDA) report
(California Bay-Delta Authority 2005). First, CBDA (2005) questioned the use of water
temperature predictions that were developed by linear interpolation between monthly means
without accounting for variation. Second, water temperature at the time of spawning was taken
as an index of pre-spawning water temperature exposure, which reportedly may be an
unsatisfactory approach for spring-run Chinook salmon, which may hold in the river
throughout the summer. Lastly, and reportedly the expert panel’s most serious concern, “…the
data used to develop the relationships between temperature and mortality on eggs, alevins, and especially
gametes was not the best available.”
To address these three concerns, the expert panel recommended that NMFS should: (1) perform
a thorough analysis of the data, relationships, and calculations of the salmon mortality model;
(2) investigate how variation around monthly mean water temperatures would affect salmon
mortality model results; and (3) suggest or make improvements to the model. It is uncertain
whether NMFS will accept these recommendations and undertake these efforts to address the
concerns raised with technical details of the salmon mortality model. At this time, this process
has not been undertaken and salmon mortality model improvements have not been identified
and incorporated into the model. Therefore, the existing salmon mortality model is the best
available model for comparing the potential water temperature related effects of the Proposed
Project/Action and alternatives on Chinook salmon early life stages to those of the basis of
comparison.

3.7

GRAPHIC
TOOL

AND

TABULAR ANALYSIS

OF

ENVIRONMENTAL RESOURCES

The GATAER Tool produces figures and tables for the analysis of output from CALSIM II, the
water temperature models, salmon mortality models, and other post-processing applications.
Data are loaded from these models into a DSS database, which is then used as input to a series
of spreadsheets that generate the figures and tables for use in the environmental resource
analyses. The figures and tables generated for the evaluation of specific resource topics and
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impacts is included in Appendix F4, Graphical and Tabular Analysis of Environmental Resources –
Summary and Technical Output, of the Draft EIR/EIS.

3.8

DELTA SIMULATION MODEL 2

The Delta Simulation Model 2 (DSM2) is a branched one-dimensional model for simulation of
hydrodynamics, water quality and particle tracking in a network of riverine or estuarine
channels (DWR 2002). The hydrodynamic module can simulate channel stage, flow and water
velocity. The water quality module can simulate the movement of both conservative and nonconservative constituents. The model is used by DWR to perform operational and planning
studies of the Delta.
Impact analysis for planning studies of the Delta is typically performed for a 16-year period
1976 to 1991. In model simulations, EC is typically used as a surrogate for salinity. Results from
CALSIM II and the post-processing analysis (i.e., Yuba River Outflow Routing Tool) are utilized
to define Delta boundary inflows. CALSIM II derived boundary inflows include the
Sacramento River flow at Hood, the San Joaquin River flow at Vernalis, inflow from the Yolo
Bypass, and inflow from the Eastside streams. In addition, the Net Delta Outflow from
CALSIM II is used to calculate the salinity boundary at Martinez.
Details of the model, including source codes and model performance, are available from the
DWR, Bay-Delta Office, Modeling Support Branch Web site (http://modeling.water.ca.gov
/delta/models/dsm2/index.html). Documentation on model development is discussed in the
annual reports to the SWRCB, Methodology for flow and salinity estimates in the Sacramento-San
Joaquin Delta and Suisun Marsh of the Delta Modeling Section of DWR.

3.9

SACRAMENTO-SAN JOAQUIN DELTA FISH SALVAGE EVALUATION

The CVP and SWP export facilities (including the Skinner Fish Facility and the Tracy Fish
Collection Facility) that pump water from the Delta can directly affect fish mortality in the Delta
through entrainment and associated stresses resulting from CVP/SWP export pumping
operations. This section describes the methodology and assumptions that is used to evaluate
these potential impacts. The evaluation uses historical fish salvage data from the CVP and SWP
pumping plants to evaluate the overall effect of changes in Delta exports.

3.9.1

SALVAGE

Salvage operations at the CVP and SWP export facilities are performed to reduce the number of
fish adversely affected by entrainment (direct loss). Salvage estimates are defined as the
number of fish entering a salvage facility and subsequently returned to the Delta through a
trucking and release operation. Because the survival of species that are sensitive to handling is
believed to be low for most fish species, increased salvage is considered an adverse impact and
decreased salvage is considered a beneficial impact on Delta fisheries resources.
Historical salvage records provide data for delta smelt, Chinook salmon, steelhead, and striped
bass at both the CVP and SWP facilities. These data were used to develop estimates of salvage
loss. During the historical period, 1993 to 2003, the CVP and SWP facilities were operated
under Delta water quality, flow, and export constraint requirements that varied over the period
and were different than the Delta requirements in place today. This suggests that the historical
fish salvage was likely higher than it would be if the 1993 to 2003 period reoccurred with the
CVP/SWP facilities operated under today’s Delta requirements, as is assumed in this analysis.
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Consistent with prior Reclamation assumptions (Reclamation 2004b), it is assumed that changes
in salvage are directly proportional to changes in the amount of water pumped (i.e., doubling
the amount of water exported doubles the number of fish salvaged). Salvage analyses are
performed for winter-run Chinook salmon, spring-run Chinook salmon, steelhead, striped bass,
and delta smelt to develop estimates of the relative impacts of CVP and SWP pumping
operations under the various modeling scenarios. The evaluation uses historical fish salvage
data from the CVP and SWP pumping plants to evaluate changes in Delta exports (increased
pumping) and the resultant changes in salvage for various fish species in the Delta. The
available historical salvage data extends from 1993 to 2003 for delta smelt, Chinook salmon,
steelhead, and striped bass. The salvage data prior to 1993 does not sufficiently represent the
current conditions in the Delta due to operational changes. Since 1993, the salvage data
provides daily densities, in numbers of fish salvaged per thousand acre-feet pumped at the CVP
Jones Pumping Plant and the SWP Banks Pumping Plant.
Populations of some of the listed species, such as winter-run Chinook salmon, are continuously
variable and the geographical and temporal distribution of the population can be different
today from what they were during the 1993 to 2003 period. Because of this, neither the timing,
duration, nor the quantity of water needed for most export curtailments can be accurately
estimated until shortly before an action is scheduled.
In response to NMFS issuance of a final rule (71 FR 17757 (2006)) listing the Southern DPS of
North American green sturgeon as threatened under the ESA, Reclamation is in the process of
developing a methodology for calculating green sturgeon salvage estimates at the CVP and
SWP export pumping facilities in the Delta. If a methodology is developed prior to completion
of the EIR/EIS for the Proposed Yuba Accord, it is anticipated that salvage estimates for green
sturgeon also would be conducted.

3.9.2

MODELING

Salvage analyses is performed to develop an indication of the relative changes in CVP and SWP
pumping operations under the various modeling scenarios evaluated in the Draft EIR/EIS.
Salvage densities are developed for the purposes of evaluating the incremental effects of
potential operations on the direct losses at the Delta export facilities. Calculations of salvage at
the CVP and SWP facilities, as a function of changes in the seasonal volume of water diverted,
have been used as an indicator of potential effects resulting from changes in water project
operations. The magnitude of direct salvage resulting from export operations is a function of
the magnitude of monthly water exports from each facility and the density (number per acrefoot) of fish susceptible to entrainment at the facilities.
Data selected for use in these analyses extended over a period from 1993 to 2003. The salvage
densities are derived using historic records of species-specific salvage at the CVP and SWP
facilities, which are used to calculate average monthly density (number of fish per thousand
acre-feet), and then are multiplied by the calculated CVP and SWP monthly exports (in
thousand acre-feet) obtained from the hydrologic modeling output to estimate direct salvage.
The salvage estimates are calculated separately for the CVP and SWP export operations for all
modeling scenarios.
Average monthly salvage densities for each species are calculated from daily salvage records
over the period from 1993 to 2003 (pers. comm. M. Chotkowski, Reclamation in (Reclamation
2004a). Based on the daily salvage, expanded for sub-sampling effort, a daily density estimate
is calculated using the actual water volume diverted at each of the two export facilities. The
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daily density estimates are averaged to calculate an average monthly density. For consistency,
the average monthly density of each of the individual target species are used to calculate the
estimated salvage using hydrologic modeling results for each modeling scenario. After
calculating the monthly salvage estimates for each species, the baseline (or basis of comparison
scenario) estimate are subtracted from the monthly salvage estimate for each species to
determine the net difference in salvage estimates for the various scenarios.
Results of the hydrologic modeling provide estimates of the average monthly Delta export
operations for both the CVP and SWP. Because hydrologic conditions may affect salvage
densities, the average salvage densities are calculated separately for wet years (i.e., wet and
above normal water years using the Sacramento Valley 40-30-30 Index) and dry years (i.e.,
below normal, dry, and critical water years using the Sacramento Valley 40-30-30 Index).
Estimates of direct salvage from CVP and SWP facilities are calculated for Chinook salmon,
steelhead, delta smelt, and striped bass, and then are used to determine the incremental benefits
(reduced salvage) and impacts (increased salvage) calculated for each modeling scenario.
Despite the inaccuracies within the analyses caused by assuming historical fish salvage at the
pumping plants, the evaluations are performed to provide an approximate quantification of the
overall potential impacts with implementation of the alternatives, using the best available data.
Without some quantification, the discussion and analyses of potential changes in fish salvage
and the cost of exporting water would have to be qualitative and based solely on scientific
opinion. Therefore, the results provided by the analyses must be considered as only part of the
information (quantitative and qualitative) that are used to evaluate the potential effects in the
Delta.

3.10

PROJECT HYDROPOWER PRODUCTION
POWER DEMAND EVALUATION

AND

DELTA EXPORT PUMPING

CVP project hydropower impacts are assessed using the LongTermGen Model, which is a CVP
power model developed to estimate the CVP power generation, capacity, and project use based
on the operations defined by a CALSIM II simulation. Created using Microsoft’s Excel
spreadsheet with extensive Visual Basic programming, the LongTermGen Model computes
monthly generation, capacity, and project use (pumping power demand) for each CVP power
facility for each month of the CALSIM II simulation.
The LongTermGen model does not compute hydropower production for Oroville Reservoir or
pumping power use for SWP pumping plants. To assess any changes in Oroville power
production, equations were developed relating reservoir storage and release to generation and
capacity, using historical data. These relationships were incorporated into an Excel 2000
spreadsheet that uses CALSIM II (or post-processing tool) output data as input.
Although the LongTermGen Model can calculate export pumping power demand for the CVP
pumping plant at the Jones Pumping Plant, it does not calculate SWP export pumping power
demand at the Banks Pumping Plant. Water pumped at Banks Pumping Plant can gravity flow
to O’Neill Forebay, but water pumped at Jones Pumping Plant requires an additional lift at
O’Neill Pumping Plant. The combined pumping power requirement at Jones and O’Neill is
approximately equal to that of Banks Pumping Plant. For this reason, and because CVP or SWP
water may be pumped at either Delta export facility, the Banks, and Jones plus O’Neill,
pumping power demand was calculated using a plant requirement of 298 kilowatthours/acrefoot times the volume of water pumped at either facility. An Excel spreadsheet is used to
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calculate the resultant pumping power demand using input from the CALSIM II (or postprocessing tool) simulations.

3.11

MODEL LIMITATIONS

Reclamation’s OCAP BA outlines the limitations of three of the models that were used in the
assessment conducted for the most recent Section 7 consultations on the OCAP, which led to
NMFS and USFWS BOs for winter-run and spring-run Chinook salmon, steelhead, and delta
smelt. These models (i.e., CALSIM II, water temperature, and salmon mortality) are the same
models used to conduct the modeling analysis presented in the Draft EIR/EIS for the Proposed
Yuba Accord. The following discussion regarding the model limitations used in the modeling
analysis is taken directly from the CVP and SWP OCAP BA.
“The main limitation of CALSIM II and the temperature models used in the study is the
time-step. Mean monthly flows and temperatures do not define daily variations that
could occur in the rivers due to dynamic flow and climatic conditions. However, monthly
results are still useful for general comparison of alternatives. The temperature models are
also unable to accurately simulate certain aspects of the actual operations strategies used
when attempting to meet temperature objectives, especially on the upper Sacramento
River. To account for the short-term variability and the operational flexibility of the
system to respond to changing conditions, cooler water than that indicated by the model
is released in order to avoid exceeding the required downstream temperature target. There
is also uncertainty regarding performance characteristics of the Shasta TCD
[temperature control device]. Due to the hydraulic characteristics of the TCD, including
leakage, overflow, and performance of the side intakes, the model releases are cooler than
can be achieved in real-time operations; therefore, a more conservative approach is taken
in real-time operations that is not fully represented by the models.
The salmon model is limited to temperature effects on early life stages of Chinook salmon.
It does not evaluate potential direct or indirect temperature impacts on later life stages,
such as emergent fry, smolts, juvenile out-migrants, or adults. Also, it does not consider
other factors that may affect salmon mortality, such as in-stream flows, gravel
sedimentation, diversion structures, predation, ocean harvest, etc. Since the salmon
mortality model operates on a daily time-step, a procedure is required to utilize the
monthly temperature model output. The salmon model computes daily temperatures
based on linear interpolation between the monthly temperatures, which are assumed to
occur on the 15th day of the month.
CALSIM II cannot completely capture the policy-oriented operation and coordination the
800,000 of dedicated CVPIA 3406 (B)(2) water and the CALFED EWA. Because the
model is set up to run each step of the 3406(B)(2) on an annual basis and because the
WQCP and ESA actions are set on a priority basis that can trigger actions using
3406(b)(2) water or EWA assets, the model will exceed the dedicated amount of
3406(b)(2) water that is available. Moreover, the 3406(b)(2) and EWA operations in
CALSIM II are just one set of plausible actions aggregated to a monthly representation
and modulated by year type. However, they do not fully account for the potential
weighing of assets versus cost or the dynamic influence of biological factors on the timing
of actions. The monthly time-step of CALSIM II also requires day-weighted monthly
averaging to simulate minimum instream flow levels, VAMP actions, export reductions,
and X2-based operations that occur within a month. This averaging can either under- or
over-estimate the amount of water needed for these actions.
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Since CALSIM II uses fixed rules and guidelines results from extended drought periods
might not reflect how the SWP and CVP would operate through these times. The
allocation process in the modeling is weighted heavily on storage conditions and inflow to
the reservoirs that are fed into the curves mentioned previously in the Hydrologic
Modeling Methods section beginning on page 8-1 and does not project inflow from
contributing streams when making an allocation. This curve based approach does cause
some variation in results between studies that would be closer with a more robust
approach to the allocation process” (Reclamation 2004).
Because both the lower Yuba River outflow routing tool and DSM2 use output from CALSIM II
planning studies, they share the same limitations as the CALSIM II model. The routing tool
uses fixed operating rules to make decisions regarding CVP/SWP reservoir releases and
changes to Delta exports. These rules were reviewed by Reclamation and DWR for consistency
with CVP/SWP operator decisions. However, the fixed rules cannot capture the flexible and
adaptive management of CVP/SWP operators.
Model assumptions and results are generally believed to be more reliable for comparative
purposes than for absolute predictions of conditions. All of the assumptions are the same for
both the with-project and without-project model runs, except assumptions associated with the
action itself, and the focus of the analysis is the differences in the results. For example, model
outputs for the Proposed Project/ Action can be compared to that of the CEQA No Project and
NEPA No Action simulations. Results from a single simulation may not necessarily correspond
to actual system operations for a specific month or year, but are representative of general water
supply conditions. Model results are best interpreted using various statistical measures such as
long-term and year-type average, and probability of exceedance.

4.0

CEQA/NEPA MODEL SCENARIOS

The full suite of CEQA and NEPA modeling scenarios developed to represent existing and
future hydrologic conditions expected to occur with and without implementation of the
alternatives considered for the Proposed Yuba Accord (i.e., Yuba Accord Alternative and
Modified Flow Alternative) and evaluated in the Draft EIR/EIS are presented in Table 4-1.
Because Reclamation’s OCAP Study 3 and Study 5 are used as foundational studies, these
studies also are presented in Table 4-1, so that the reader may compare specific assumptions
that have been modified for each of the CEQA and NEPA modeling scenarios developed for the
Proposed Yuba Accord. Details on the assumptions included in each of the scenarios are
included in footnotes after the table. The assumptions for groundwater pumping and other
aspects of Yuba Project operations are described in detail in Attachment A.
Yuba River operations must abide by the conditions that have been established in the Yuba
County Water Agency Act, water rights permits and licenses administered by the SWRCB,
FERC License #2246 for the Yuba River Development Project, FERC 1993 License to Pacific Gas
and Electric Company (PG&E) for continued operation at the Narrows I Power House, Section 7
of the Flood Control Act of 1944 (at New Bullards Bar Dam and Reservoir), and the 1966 Power
Purchase Contract between YCWA and PG&E (YCWA 2001).
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Table 4-1. Yuba Accord CEQA AND NEPA Modeling Scenario Assumptions Matrix
Row

CEQA Scenarios

1.

Scenario No.

2.

NEPA Scenarios

-

1

2

3

4

-

5

6

7

Description

Foundation Study OCAP
Study 3 [p]

Existing
Condition

No Project
Alternative

Yuba Accord
Alternative

Modified Flow
Alternative

Foundation Study
OCAP Study 5 [p]

No Action
Alternative

Yuba Accord
Alternative

Modified Flow
Alternative

3.

Time Frame

2001

2005

2007-2025

2007-2025

2007-2025

2020

2007-2025

2007-2025

2007-2025

4.

Lower Yuba River Basin

Assumption

Assumption

Assumption

Assumption

Assumption

Assumption

Assumption

Assumption

Assumption

5.

Lower Yuba River Operations

Derived from DWR HEC-3
model

Updated using YPM [k]

Updated using YPM [k]

Updated using YPM [k]

Updated using YPM [k]

Derived from DWR HEC-3
model

Updated using YPM [k]

Updated using YPM [k]

Updated using YPM [k]

6.

Maximum Demand at Daguerre Point
Dam

N/A [a]

298 TAF - wet, above normal
years, 304 TAF below
normal, dry, and critical
years

338 TAF - wet, above
normal years, 344 TAF
below normal, dry, and
critical years [b]

338 TAF - wet, above
normal years, 344 TAF
below normal, dry, and
critical years [b]

338 TAF - wet, above
normal years, 344 TAF
below normal, dry, and
critical years [b]

N/A [a]

338 TAF - wet, above
normal years, 344 TAF
below normal, dry, and
critical years [b]

338 TAF - wet, above
normal years, 344 TAF
below normal, dry, and
critical years [b]

338 TAF - wet, above
normal years, 344 TAF
below normal, dry, and
critical years [b]

7.

Carryover Storage Target for YCWA
Deliveries to Member Units

N/A [a]

8.

Yuba Groundwater Basin Conjunctive
Use

N/A [a]

Groundwater use to
compensate for surface
water supply shortages at
Daguerre Point Dam

Groundwater use to
compensate for surface
water supply shortages at
Daguerre Point Dam

Groundwater use to
compensate for surface
water supply shortages at
Daguerre Point Dam

Groundwater use to
compensate for surface
water supply shortages at
Daguerre Point Dam

N/A [a]

Groundwater use to
compensate for surface
water supply shortages at
Daguerre Point Dam

9.

New Bullards Bar Reservoir End of
September Maximum Target Storage

N/A [a]

705 TAF [d]

705 TAF [d]

650 TAF [e]

705 TAF [d]

N/A [a]

705 TAF [d]

10.

Carryover Storage Criteria for Stored
Water Transfers for Use Outside of Yuba
County

N/A [a]

No shortages for 1 in 100
year drought event in the
following year

No shortages for 1 in 100
year drought event in the
following year

Stored water transfers
inherent in flow schedules
and New Bullards Bar
Reservoir target operating
line

No shortages for 1 in 100
year drought event in the
following year

N/A [a]

No shortages for 1 in 100
year drought event in the
following year

Stored water transfers
inherent in flow schedules No shortages for 1 in 100
and New Bullards Bar
year drought event in the
Reservoir target operating
following year
line

11.

Stored Water Transfers to SWP, CVP and
EWA

N/A [a]

Stored water transfers.
Modeled per schedules 1-6,
Transfers capped at recent
A-B, and New Bullards Bar
No stored water transfers
Stored water transfers [f]
maximum historical amounts
Reservoir target operating
[f]
line [n] [s]

N/A [a]

No stored water transfers

Modeled per schedules 16, A-B, and New Bullards
Stored water transfers [f]
Bar Reservoir target
operating line [n] [s]

N/A [a]

Groundwater substitution
pumping. Transfers capped Groundwater substitution
at recent maximum historical pumping [f]. Groundwater
amounts [f] Total transfer substitution pumping limited
to 70 TAF/year, and 140
limited to maximum of 164
TAF/year [r]. Groundwater TAF/yr in any 3 consecutive
years
substitution transfer limited
to 85 TAF/year [l]

12.

13.

Groundwater Substitution Transfers to
SWP, CVP and EWA

Yuba River Development Project Power
Generation

Proposed Lower Yuba River Accord
Draft EIR/EIS

N/A [a]

Maximum 50% shortage for
Maximum 50% shortage for Maximum 50% shortage for
Carryover storage targets
1 in 100 year drought event
1 in 100 year drought event 1 in 100 year drought event
inherent in flow schedules
in the following year
in the following year
in the following year

1966 PG&E Power Purchase
Contract as modified by
practice/agreement

1966 PG&E Power
Purchase Contract as
modified by
practice/agreement

Groundwater substitution
Groundwater substitution
pumping. 15 TAF
pumping. Groundwater
groundwater pumping in
substitution pumping limited
Schedule 6 years.
to 70 TAF/year, and 140
Groundwater substitution
TAF/yr in any 3 consecutive
pumping limited to 90
years [f]
TAF/year, and 180 TAF/yr
in any 3 consecutive years
1966 PG&E Power
Purchase Contract as
modified by
practice/agreement, as
further modified for
Proposed Yuba Accord

1966 PG&E Power
Purchase Contract as
modified by
practice/agreement

N/A [a]

N/A [a]

N/A [a]

Maximum 50% shortage
Maximum 50% shortage for
Carryover storage targets
for 1 in 100 year drought
1 in 100 year drought event
inherent in flow schedules
event in the following year
in the following year
Groundwater use to
Groundwater use to
compensate for surface
compensate for surface
water supply shortages at water supply shortages at
Daguerre Point Dam
Daguerre Point Dam
650 TAF [e]

705 TAF [d]

Groundwater substitution
Groundwater substitution
pumping. 15 TAF
Groundwater substitution
pumping. Groundwater
pumping. Groundwater
groundwater pumping in
substitution pumping
Schedule 6 years.
substitution pumping limited
limited to 70 TAF/year,
Groundwater substitution
to 70 TAF/year, and 140
and 140 TAF/yr in any 3
TAF/yr in any 3 consecutive
pumping limited to 90
consecutive years [f]
TAF/year, and 180 TAF/yr
years [f]
in any 3 consecutive years

1966 PG&E Power
Purchase Contract as
modified by
practice/agreement

1966 PG&E Power
Purchase Contract as
modified by
practice/agreement, as
further modified for
Proposed Yuba Accord

1966 PG&E Power
Purchase Contract as
modified by
practice/agreement
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Row

CEQA Scenarios

1.

Scenario No.

2.

Description

14.

Lower Yuba River Instream Flow
Requirements

15.

Other Projects and Programs

16.

Trinity River Flows [g]

17.

NEPA Scenarios

-

1

2

3

4

-

5

6

7

Foundation Study OCAP
Study 3 [p]

Existing
Condition

No Project
Alternative

Yuba Accord
Alternative

Modified Flow
Alternative

Foundation Study
OCAP Study 5 [p]

No Action
Alternative

Yuba Accord
Alternative

Modified Flow
Alternative

1965 YCWA-DFG
Agreement

SWRCB RD-1644 Interim

SWRCB RD-1644 Interim
with Conference Year
provisions

1965 YCWA-DFG
Agreement

SWRCB RD-1644 Longterm

Proposed Yuba Accord
flow schedules

SWRCB RD-1644 Interim
with Conference Year
provisions

Assumption

Assumption

Assumption

Assumption

Assumption

Assumption

Assumption

Assumption

Assumption

369 – 453 TAF

Trinity ROD flows

Trinity ROD flows

Trinity ROD flows

Trinity ROD flows

Trinity ROD flows

Trinity ROD flows

Trinity ROD flows

Trinity ROD flows

Freeport Regional Water Project [h]

Not included

Not Included

Not Included

Not Included

Not Included

Included

Included

Included

Included

18.

CVP/SWP Intertie [i]

Not included

Not Included

Not Included

Not Included

Not Included

Included

Included

Included

Included

19.

CVPIA 3406 (b)(2)

Included

Included

Included

Included

Included

Included

Included

Included

Included

Included

SWRCB RD-1644 Long- Proposed Yuba Accord flow
term
schedules

As modeled in OCAP Study
3, except C1 water may
As modeled in OCAP Study As modeled in OCAP Study
As modeled in OCAP Study
exceed OCAP Upstream of
3
3
3
Delta purchases for EWA in
some years

Included [t]

As modeled in OCAP
Study 5, except C1 water
As modeled in OCAP Study
may exceed OCAP
5
Upstream of Delta
purchases for EWA in
some years

As modeled in OCAP
Study 5

20.

EWA [m]

21.

CVP/SWP Integration [j]

Not included

Not included

Not included

Not included

Not included

Not included

Included [j]

Includedd [j]

Included [j]

22.

South Delta Improvement Program

Not included

Not included

Not included

Not included

Not included

Included

Included

Included

Included

Matrix Footnotes
[a]
[b]
[d]
[e]
[f]
[g]
[h]
[i]
[j]
[k]
[l]
[m]
[n]
[p]
[r]
[s]
[t]

CALSIM II modeling for OCAP represents the lower Yuba River as an inflow to the Feather River (arc C211) and a diversion at Daguerre Point Dam (arc D211). New Bullards Bar Dam and Englebright Dam are not modeled explicitly. Yuba River flows at Daguerre
Point Dam are an input to CALSIM II. These inflows are derived from a DWR HEC-3 model of the Yuba Basin.
Demands at Daguerre Point Dam increase by 40 TAF/year compared to existing conditions due to implementation of the Wheatland Project.
Reservoir target operating line (TAF): Oct -705, Nov -680, Dec - 650, Jan - 610, Feb - 680, Mar - 750, Apr - 890, May - 960, Jun - 920, Jul – 840, Aug - 745, Sep – 705. The target end of September storage is 705 TAF, less stored water transfer amount.
Reservoir target operating line (TAF): Oct -650, Nov -650, Dec - 650, Jan - 600, Feb - 650, Mar - 750, Apr - 850, May - 960, Jun - 920, Jul - 820, Aug - 695, Sep – 650. The target end of September storage is 650 TAF, less stored water transfer amount.
Variable single-year transfer amount depending on water supply availability, transfer demand, and limited by E/I ratio, available conveyance capacity at Banks and Jones pumping plants and periods of Delta balanced conditions.
The December 19, 2000, ROD on the Trinity River Main Stem Fishery Restoration EIS/EIR adopted a variable annual requirement of 369 TAF to 815 TAF.
The Freeport Regional Water Project is a joint venture of the Sacramento County Water Agency and East Bay Municipal Utility District to supply water from the Sacramento River to customers in Sacramento County and the East Bay. Final EIR has been certified,
The Final EIS has been released, and on January 4, 2005, Reclamation issued the ROD.
The Delta-Mendota Canal to California Aqueduct Intertie is part of the CALFED conveyance program and consists of construction and operation of a 400 cfs pumping plant and pipeline connection between the DMC and the California Aqueduct. Reclamation and
the San Luis & Delta-Mendota Water Authority completed a Finding of No Significant Impact/Negative Declaration and Draft Environmental Assessment/Initial Study in 2004.
The CVP/SWP Integration is dependent on an increase in the permitted inflow to Clifton Court Forebay from 6,680 cfs to 8,500 cfs.
YPM - Yuba Project Model
The maximum historical YCWA groundwater substitution transfer of 85 TAF occurred in 1991.
CALSIM II modeling for OCAP does not specify the source of water for EWA purchases upstream of the Delta
Export of stored water transfers not limited by E/I ratio. When the E/I ratio is controlling, the incremental increase in exports resulting from Proposed Yuba Accord Released Transfer Water amount is the Delivered Transfer amount. It is assumed that YCWA will
opt to pay carriage water cost if Released Transfer Water would otherwise be lost as surplus Delta outflow.
Modeling foundations are in accordance with the relevant modeling studies conducted for the Long-term CVP OCAP Biological Assessment/Biological Opinions.
The maximum YCWA annual water transfer, after inception of the EWA program in 2001, is 164 TAF and occurred in 2001. This transfer included 50 TAF sale to EWA, and 114 TAF sale to DWR's Dry Year Purchase Program.
Water for EWA preferentially transferred from July to September using 500 cfs dedicated capacity. Transfer to EWA includes 60 TAF/year commitment of Component 1 water plus any previous year undelivered Component 1 water in wet, above normal, and
below normal years. Additional delivery of Component 4 water to EWA using July – September dedicated capacity.
The OCAP BA assumed that future operation of EWA would be similar to the Short-term EWA Program. The OCAP BA modeling assumptions regarding water purchases for the “Future EWA” are identical to those of the “Today EWA”. These assumptions may
differ from those being developed as part of the Long-term EWA Program EIR/EIS.
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A description of YCWA’s water supply management practices, including instream flow
requirements related to protection of fishery benefits in the lower Yuba River, provision of
surface water supplies to YCWA Member Units and related water demands, groundwater
pumping practices, and other operational and regulatory considerations are presented in the
Chapter 3, Proposed Project/Action and Alternatives, of the Draft EIR/EIS.

4.1

FOUNDATION STUDIES

The foundations studies are CALSIM II planning studies that have been developed by
Reclamation in association with DWR for the OCAP BA. These studies are used as the basis for
all hydrologic modeling.

4.1.1

OCAP STUDY 3

The environmental setting, or existing condition, represents the current conditions at the time a
project is proposed. For CEQA purposes, the existing condition is defined as the time at which
the notice of preparation is published (CEQA Guidelines Section 15125). The existing condition
represents the current regulatory and physical conditions, which are used as a baseline to
evaluate the significance of potential impacts associated with implementation of the alternatives
considered in the Draft EIR/EIS.
OCAP Study 3, “Today EWA” was developed by Reclamation as part of the OCAP BA to
evaluate the current EWA program (Reclamation 2004). OCAP Study 3 represents existing
conditions, and therefore most correctly characterizes the modeling assumptions applied to the
CEQA modeling scenarios evaluated in the Draft EIR/EIS.
No water transfers are modeled in OCAP Study 3, other than as part of the EWA program. Total
North of Delta and South of Delta EWA purchases of water (referred to as assets) include fixed
water purchases of 250 TAF per year in wet, above normal, and below normal water years, 230
TAF in dry water years, and 210 TAF in critical water years (Sacramento Valley 40-30-30 Index).
In OCAP Study 3, targets for upstream of Delta purchases varies from zero in a wet year, to
approximately 47 TAF in above normal and below normal years, to 106 TAF in a dry year, and
to 153 TAF in a critical year. Variable assets include use of 50 percent JPOD export capacity,
acquisitions of 50 percent of any CVPIA 3406(b)(2) releases pumped by SWP, and dedicated 500
cfs pumping capacity at Banks from July through September, which is the preferred transfer
period for EWA actions. EWA transfers are limited by Delta conditions and the availability of
export capacity. Fixed assets are transferred during the July through September period. The
OCAP BA does not identify the sellers of this water.
OCAP Study 3 assumptions associated with the EWA actions include: (1) reducing total exports
by 50 TAF per month, relative to total exports without EWA, in December through February; (2)
VAMP SWP export restrictions from April 15 through May 16; (3) Post VAMP SWP export
restrictions from May 16 through May 31 (and potentially CVP export restrictions if b(2) postVAMP action is not taken); and (4) export ramping in June.
CALSIM II does not simulate operations of the Yuba Project. Flow upstream of and diversions
at Daguerre Point Dam are inputs to the model.
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FOUNDATION STUDY OCAP STUDY 5

In contrast to the CEQA Guidelines, NEPA requirements focus on reasonable foreseeable
actions that may occur at any time during the life of the project, rather than just near-term
future actions. For NEPA purposes, the No Action Alternative is used as the basis of
comparison for evaluating potential impacts due to implementation of the alternatives
considered in the Draft EIR/EIS. The No Action Alternative is defined in the Reclamation
NEPA Handbook (2000) as “a projection of current conditions to the most reasonable future responses
or conditions that could occur during the life of the project without any action alternatives being
implemented.”
OCAP Study 5, “Future EWA” was developed by Reclamation as part of the OCAP BA to
evaluate a future EWA program, and was used to evaluate the effects of projects and actions
included in the early consultation (Reclamation 2004). OCAP Study 5 accounts for future
foreseeable projects/actions, and therefore most correctly characterizes the modeling
assumptions applied to the NEPA modeling scenarios evaluated in the Draft EIR/EIS.
The hydrology and level of development used for NEPA modeling simulations is assumed to be
the 2020 level of development, as forecasted by DWR in Bulletin 160-98. Assumptions under
OCAP Study 5 are similar to OCAP Study 3. However, OCAP Study 5 includes the following
additional projects or actions that are not included in OCAP Study 3:


South Delta Improvements Program;



CVP/SWP Integration;



Freeport Regional Water Project; and



California Aqueduct/Delta-Mendota Canal Intertie.

4.2

CEQA SCENARIOS

For CEQA purposes, model scenarios are based on OCAP Study 3, modified to account for (1)
the Trinity River ROD flows; and (2) lower Yuba River operations under the Baseline Condition,
as defined in Article 4, section 3 of the Water Purchase Agreement (RD-1644 Interim Yuba River
flow requirements) and present level demands at Daguerre Point Dam as simulated by the
YPM. Output from the resulting CALSIM II model simulation was subsequently modified using
the lower Yuba River outflow routing tool to create simulations for the CEQA Existing
Condition (Scenario 1), the CEQA No Project Alternative (Scenario 2), the CEQA Yuba Accord
Alternative (Scenario 3) and the CEQA Modified Flow Alternative (Scenario 4).

4.2.1

CEQA EXISTING CONDITION (SCENARIO 1)

This simulation represents current hydrologic, operational and regulatory considerations within
the Study Area as described in the Chapter 2, Description of Environmental Setting and Existing
Condition, of the Draft EIR/EIS.
The Yuba River is subject to instream flow requirements according to SWRCB Decision 1644
(RD-1644), which came into effect on March 1, 2001. The intent of these requirements is to
provide protection for fishery resources and other issues relating to water use and diversion
activities in the lower Yuba River (the Yuba River below Englebright Dam). To characterize
existing conditions, this scenario includes implementation of RD-1644 Interim flow
requirements on the lower Yuba River. For the CEQA Existing Condition, two types of Yuba
River water transfers are modeled: (1) stored water transfers from releases from New Bullards
Proposed Lower Yuba River Accord
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Bar Reservoir, and (2) groundwater substitution transfers made by YCWA in cooperation with
its Member Units. It is assumed that all transfers are sold to the CVP, SWP or EWA, and are
used in the export service area south of the Delta. Assumptions regarding the magnitude and
timing of these transfers are discussed in Attachment A. Stored water transfers are possible
when the resulting end-of-September storage in New Bullards Bar Reservoir is at or greater
than the required carryover storage to provide 100 percent deliveries in the following year for
dry hydrologic conditions with a 1 in 100 year return period. Both stored water and
groundwater substitution transfers are capped at their maximum historical amount since the
inception of the EWA Program.
For modeling the CEQA Existing Condition, EWA actions are based on the OCAP Study 3
assumptions which include the purchase and conveyance of North of Delta water through
Banks Pumping Plant during July to September for EWA purposes 4.
For modeling purposes, the portion of Yuba transfer water that is made available for EWA
purchase is assumed to be part of the EWA North-of-Delta purchases included in OCAP Study
3. Therefore, these EWA transfers do not result in increased Delta exports beyond that already
identified and simulated in OCAP Study 3. In some years, Yuba transfer water for EWA may
exceed the volume of North-of-Delta purchases included in OCAP Study 3, and therefore
represent an additional EWA transfer.
The portion of Yuba transfer water made available for EWA is determined as follows:


If the SWP end-of-May Table A allocation, as determined in CALSIM II, is greater than
60 percent, all YCWA transfers are attributed to EWA.



If the SWP end-of-May agricultural allocation from CALSIM II is between 40 percent
and 60 percent, YCWA transfers are split evenly between EWA and DWR and
Reclamation.



If the SWP end-of-May agricultural allocation from CALSIM II is less than 40 percent,
all YCWA transfers are attributed to DWR and Reclamation.

4.2.2

CEQA NO PROJECT ALTERNATIVE (SCENARIO 2)

The CEQA No Project Alternative represents current environmental conditions plus future
operational and environmental conditions anticipated to occur in the foreseeable future
pursuant to existing physical and regulatory environmental conditions in the absence of the
Proposed Project or other action alternative.
This scenario includes implementation of RD-1644 Long-term flow requirements on the lower
Yuba River. Additionally, the CEQA No Project Alternative differs from the CEQA Existing
Condition because it assumes a future level of development, and additional irrigation demand
at Daguerre Point Dam due to implementation of the Wheatland Project.

For the months of July, August, and September, the EWA Program has 500 cfs of dedicated conveyance capacity at
the Banks Pumping Plant. EWA actions and CVPIA (b)(2) actions restrict pumping at Banks and Jones pumping
plants in April, May and June, during which months the maximum allowable E/I ratio under D-1641 is 0.35. In April
and May export at the Jones Pumping Plant is restricted to 3,000 cfs in accordance with D-1485 criteria to protect
striped bass. EWA Transfer capacity under the JPOD also may be limited in October due to water quality impacts in
the Delta. June EWA actions typically restrict pumping at Banks by ramping from post-VAMP May shoulder to June
E/I ratio restrictions. Transfer capacity under the JPOD also may be limited in October due to water quality impacts
in the Delta.

4
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YCWA’s ability to make stored water transfers under RD-1644 Long-term flow requirements is
discussed in detail in Attachment C. No stored water transfers are possible. Groundwater
substitution transfers are modeled in a similar manner to water transfers under the CEQA
Existing Condition, except that YCWA water transfers are not capped at the maximum
historical transfer amount. The maximum annual volume of groundwater substitution transfer
is limited to 70 TAF. Additionally, it is assumed the maximum amount of groundwater
pumping over any 3-year period is 140 TAF and over any 2-year period is 120 TAF. Also,
because of institutional difficulties in implementing a groundwater substitution transfer, the
modeling assumes that groundwater substitution transfers will be limited to critical and dry
years, and below normal years when SWP Table A allocations less than 60 percent.

4.2.3

CEQA YUBA ACCORD ALTERNATIVE ( SCENARIO 3)

The Yuba Accord Alternative includes three separate but interrelated agreements that would
result in integrated operation of YCWA and Member Units water supply resources within Yuba
County, as well as provide Reclamation and DWR with increased operational flexibility for the
protection of Delta fisheries resources and the provision of supplemental water supplies to state
and federal water contractors.
Under the Yuba Accord Alternative, YCWA, DWR, and Reclamation would be parties to the
proposed Water Purchase Agreement. This agreement provides for the purchase and delivery
of water to EWA, Reclamation, and DWR. Key elements of the Water Purchase Agreement
include definition of water supply components, water accounting mechanism, and explanation
of Conference Year principles. Under the Water Purchase Agreement, YCWA would have an
obligation to provide specific quantities of transfer water (Component 1, Component 2, and
Component 3) and would have the option to provide additional transfer water (Component 4)
depending on supply availability and demand (see Attachment A). It also is assumed that 60
TAF of Component 1 water would be provided to the EWA Program regardless of water year
type because of EWA Program demands and the availability of dedicated capacity at the
CVP/SWP pumping facilities in the Delta, which have the ability to accommodate a minimum
of 60 TAF of EWA asset acquisitions on an annual basis. The portion of Component 4 transfers
allocated to EWA for the purpose of displacing a portion of the EWA North-of-Delta purchases
as determined in CALSIM II is calculated using the same methodology as the CEQA Existing
Condition and the CEQA No Project Alternative.
For modeling purposes, the preferred transfer period is July through September. In
Reclamation’s OCAP BA, the July through September period is identified as the primary
transfer period for the EWA Program, and a large component of water from the Yuba Accord
Alternative also would be transferred during these months. Because YCWA, Reclamation and
DWR would like to maintain as much operational flexibility as possible, the modeling assumes
that water could be transferred in all months, except for June, depending on: (1) available Delta
export capacity; (2) compliance with the E/I ratio; and (3) the transfer would occur on a “fishfriendly” basis consistent with the provisions identified in Reclamation’s OCAP BA
(Reclamation 2004b).
The maximum annual volume of groundwater substitution transfer is limited to 90 TAF.
Additionally, it is assumed the maximum amount of groundwater pumping over any 3-year
period is 180 TAF and over any 2-year period is 150 TAF.
During some months, Yuba River flows at the Marysville Gage may be lower under the Yuba
Accord Alternative compared to baseline conditions due to changes in instream flow
Proposed Lower Yuba River Accord
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requirements (e.g., RD-1644 Interim requirements compared to the Yuba Accord Alternative
flow schedules), or due to New Bullards Bar Reservoir refill impacts. For modeling purposes,
reductions in flow at the Marysville Gage that occur during Delta balanced water conditions are
offset by either: (1) reduced CVP and/or SWP export pumping, or (2) increased releases from
project storage (e.g., Oroville and Shasta reservoirs). Model assumptions regarding CVP/SWP
operations are discussed in Section 5.

4.2.4

CEQA MODIFIED FLOW ALTERNATIVE (SCENARIO 4)

The Modified Flow Alternative includes implementation of flows characterized by SWRCB
RD-1644 Interim flow requirements, and the conference year provisions that are proposed for
the Yuba Accord Alternative. Stored water transfers are modeled in a similar manner to water
transfers under the Existing Condition. However, transfers are not capped at their historical
level. Groundwater substitution transfers are modeled in a similar manner to water transfers
under the CEQA No Project Alternative.
For modeling purposes, the allocation of Yuba transfer water to EWA, DWR and Reclamation
are as described for the CEQA Existing Condition.

4.3

NEPA SCENARIOS

For NEPA purposes, OCAP Study 5 is used to characterize the modeling scenarios representing
the No Action Alternative, Yuba Accord Alternative, and the Modified Flow Alternative.
Additionally, OCAP Study 5 characterizes the Cumulative Condition, which is used for both
CEQA and NEPA cumulative impact analyses. For NEPA purposes, model scenarios are based
on OCAP Study 5, modified to account for lower Yuba River operations under the Baseline
Condition, as defined in Article 4, section 3 of the Water Purchase Agreement (RD-1644 Interim
Yuba River flow requirements) and future level demands at Daguerre Point Dam as simulated
by the YPM. Output from the resulting CALSIM II model simulation was subsequently
modified using the lower Yuba River outflow routing tool to create simulations for the NEPA
No Action Alternative (Scenario 5), the NEPA Yuba Accord Alternative (Scenario 6) and the
NEPA Modified Flow Alternative (Scenario 7).

4.3.1

NEPA NO ACTION ALTERNATIVE (SCENARIO 5)

The principal elements of the NEPA No Action Alternative would generally be the same as
those previously described for the CEQA No Project Alternative. The primary differences
between the No Project and No Action alternatives are assumptions relating to land use
development and the implementation of reasonably foreseeable programs and actions. The
CEQA No Project Alternative considers conditions without the proposed project imposed upon
an existing condition framework [current hydrologic operations, water demands, and level of
land development, characterized by OCAP Study 3], while the NEPA No Action Alternative
considers conditions without the proposed project in a future condition framework [future
hydrologic operations, water demands, and level of land development, characterized by OCAP
Study 5].
Because several of the conditions specific to RD-1644 are currently being contested and
undergoing litigation, they may be subject to revision. Until those proceedings are finalized, the
original conditions described in the SWRCB’s decision apply and are incorporated as part of the
hydrologic modeling assumptions. Therefore, this scenario includes implementation of RD-1644
Long-term flow requirements on the lower Yuba River. Lower Yuba River operations in OCAP
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Study 5 have been modified to be consistent with operations under RD-1644 Long-term flow
requirements.
No stored water transfers are possible under the No Action Alternative. Groundwater
substitution transfers are modeled as for the No Project Alternative.
For the Draft EIR/EIS, OCAP Study 5 was modified to account for updated flows and
diversions at Daguerre Point Dam, so as to provide consistency with the YPM. Similar to the
approach used for the 2004 OCAP BA, EWA North-of-Delta purchases are considered to be part
of the No Action Alternative, and are transferred to the export service area south of the Delta
during the July through September period. However, the source water for these purchases is
not represented explicitly in the modeling.
For modeling purposes, it is assumed a portion of the YCWA transfers are for EWA purchase.
Accordingly, a portion of the EWA North-of-Delta purchases included in OCAP Study 5 are
“displaced” by the corresponding Yuba River outflow. The portion of YCWA transfers made
available for EWA for the purposes of determining the volume of EWA North-of-Delta
purchases displaced by the YCWA transfers is as described for the CEQA Existing Condition.
The SVWMP is under development and in the process of completing separate environmental
documentation for CEQA, NEPA and ESA regulatory compliance purposes. Under the
proposed SVWMP Short-term Program, upstream water districts would make additional water
available to the CVP and SWP in below normal, dry, and critical water years. Water in above
normal years will be made available on request. Under the terms of the SVWMP, upstream
water users would not be obligated to provide water to the CVP/SWP if providing water might
have a negative impact on the upstream users’ ability to meet their commitment in below
normal, dry, or critical years.
The SVWMP is not included in OCAP Study 5, and in general is not included in the analyses
for the Draft EIR/EIS that concern future conditions. However, for evaluation of impacts to the
Yuba groundwater basin, YCWA’s commitment to provide up to 15 TAF annually is
considered.

4.3.2

NEPA YUBA ACCORD ALTERNATIVE ( SCENARIO 6)

The NEPA Proposed Action scenario includes implementation of the Yuba Accord Alternative,
as previously discussed above, and presented in Chapter 3, Proposed Project/Action and
Alternatives, of the Draft EIR/EIS. Modeling assumptions are as described for Scenario 3.
Yuba Project operations under the NEPA analysis differ from operations under the CEQA
analysis due to changes in the available pumping capacity at Banks and Tracy pumping plants.
The simulated available pumping capacity to support transfers is primarily affected by
increased demands in the export service area, and the assumed implementation of the SDIP,
and the associated increase in the permitted capacity at Clifton Court to 8,500 cfs.
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NEPA MODIFIED FLOW ALTERNATIVE (SCENARIO 7)

The NEPA Modified Flow Alternative includes implementation of flows characterized by
SWRCB RD-1644 Interim flow requirements, and the conference year provisions that are
proposed for the Yuba Accord Alternative. Modeling assumptions are as described for Scenario
4.

5.0

ASSUMPTIONS REGARDING CVP/SWP OPERATIONS

For modeling purposes, the following assumptions and operational constraints are applied to
the CALSIM II post-processing applications used to simulate CVP/SWP reservoir and export
operations. These assumptions were developed through an iterative process involving
collaboration with Reclamation and DWR. The assumptions listed below are designed to
address project considerations related to CVP/SWP exports and fisheries protections in the
Delta.

5.1

WATER TRANSFERS

Cross-Delta water transfers are limited by Delta conditions 5, prevailing operational constraints,
such as the E/I ratio, and available conveyance capacity.
Parties to the transfer are responsible for providing any incremental flows (i.e., carriage water)
to protect Delta water quality standards. For modeling purposes, a carriage water cost of 20
percent of the released transfer water is assumed, so that a 75 TAF purchase of water upstream
of the Delta would result in an export of 60 TAF, and an additional Delta outflow of 15 TAF.
The available conveyance capacity at Banks Pumping Plant for water transfers includes 500 cfs
dedicated capacity for EWA at Banks Pumping Plant from July through September.
Stored water transfers are not possible when RD-1644 Long-term flow-requirements are
governing Yuba River operations due to the associated carryover-storage requirement at New
Bullards Bar Reservoir. A detailed description of this limitation is included in Attachment C.
No such limit exists on groundwater substitution transfers.

5.2

NO TRANSFER PERIOD

For modeling purposes it is assumed that no Yuba transfer water will be pumped during the
month of June. Typically CVP/SWP ability to pump transfer water in June is limited by fishery
considerations. In addition, exports of Proposed Yuba Accord water are limited in April and
May due to assumed (b)2 and EWA actions, and VAMP restrictions imbedded in the modeling
logic: April 15 and June 15 due to VAMP 6, post-VAMP shoulder and June ramping 7.

5

Cross-Delta transfers can only occur during Delta balanced conditions, as defined by the Coordinated Operations
Agreement (COA).

6

As reported in Reclamation’s OCAP BA (Reclamation 2004b), the VAMP program has two distinct components,
including a flow objective and an export restriction. The export restriction involves a combined federal and state
pumping limitation on the Delta pumps during April and May. Combined export targets for the 31-day pulse flow
period of VAMP are specified in the San Joaquin River Agreement (U.S.Department of Interior et al. 1999).

7

As reported in Reclamation’s OCAP BA (Reclamation 2004b), additional export restrictions also occur during the
post-VAMP shoulder and June ramping periods, which are extensions of VAMP-related export restrictions
associated with the use of b(2) water.
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Actual operations of the Delta pumping facilities are adjusted on a near real-time basis, using
daily data, input and decisions by CVP and SWP operators in consultation with resource
agency representatives from USFWS, NMFS and CDFG. CVP and SWP pumping rates may be
adjusted on a weekly or daily basis in response to changing conditions, environmental actions
and resource agency instructions. As a result, on some occasions CVP and SWP operations may
increase to full authorized pumping rates during the month of June, and it may be possible to
transfer some small amount of Yuba Accord water in the June of some years. Water transfers
associated with the Yuba Accord would occur in June only when: (1) the Delta is in balance; (2)
capacity exists at the CVP and SWP export facilities to pump the transfer water; (3) the E/I ratio
and other potential delta constraints do not prevent the transfer; and (4) the ESA agencies allow
pumping at Delta facilities that would include Yuba Accord transfer volumes. Because these
occasions are expected to rarely occur, the modeling assumes that no export of Yuba Accord
water would occur in June.

5.3

PROPOSED YUBA ACCORD WATER
PROJECT

FOR THE

CENTRAL VALLEY

For modeling purposes, it is assumed that all Proposed Yuba Accord water for the CVP would
be exported to service areas south of the Delta.

5.4

PROPOSED YUBA ACCORD WATER FOR THE STATE WATER PROJECT

Full Table A amounts for the SWP total 4.173 MAF. Table A amounts for SWP long-term
contractors upstream of the Delta (not including North Bay Aqueduct) total approximately 37.1
TAF (0.9 percent). Table A amounts for SWP long-term contractors served by the North Bay
Aqueduct total 76.78 TAF (1.9 percent). Because these percentages are relatively small
compared to the full Table A amounts, it is assumed for modeling purposes that all Yuba
Accord water for the SWP would be exported to service areas south of the Delta.

5.5

CHARACTERIZATION OF CVP/SWP RESPONSE
LOWER YUBA RIVER OUTFLOW

TO

DECREASES

IN

During some months flows in the lower Yuba River at the Marysville Gage may be lower under
the Yuba Accord Alternative compared to the baseline conditions 8 due to changes in instream
flow requirements (i.e., RD-1644 Interim requirements vs. Yuba Accord flow schedules), or due
to New Bullards Bar Reservoir refill impacts.
For modeling purposes, reductions in flow at the Marysville gage that occur during Delta
balanced water conditions are offset by either: (1) reduced export pumping; or (2) increased
releases from project storage (Oroville Reservoir). When decreases in the lower Yuba River flow
at the Marysville Gage occur in dry and critical water years during balanced water conditions,
or when reductions in lower Yuba River flow at the Marysville Gage would result in balanced
conditions in the Delta, CVP/SWP exports are reduced to offset the reduction in flows at the
Marysville Gage. The reduction in export was assumed to occur at Banks Pumping Plant 9.

As defined in Exhibit 4, Section 2 of the Water Purchase Agreement
Reduction in pumping at Banks can be expected to occur when the SWP is wheeling water for the CVP, or the SWP
is pumping unused federal share. At other times a reduction in export based on COA sharing formula might be more
appropriate (55:45 CVP:SWP split if there is unstored water for export, 75:25 CVP:SWP split if there is in-basin use),
but not considered significant for modeling purposes.
8
9
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If the E/I ratio is controlling, then the reduction in export will be equal to the E/I ratio
times the reduction in flow at Marysville. Delta outflow is reduced.



If water quality standards are controlling, then the reduction in export is equal to the 0.8
times the reduction in flow at Marysville (i.e. an assumed carriage water cost of 20
percent). Delta outflow is reduced by 0.2 times the reduction in flow at Marysville.



If Delta outflow standard is controlling, then the reduction in export is equal to the
reduction in flow at Marysville. No change in Delta outflow.

For modeling purposes, when decreases in the lower Yuba River flow at the Marysville Gage
occur in wet, above normal and below normal years during balanced conditions in the Delta, or
when decreases in Yuba River flow at the Marysville Gage would result in balanced conditions
in the Delta, exports are maintained and storage releases from Oroville and Shasta reservoirs
are increased by an amount equal to the reduction in flow at the Marysville Gage.
For modeling purposes, when decreases in the lower Yuba River flow at the Marysville Gage
occur during excess conditions in the Delta, or when decreases in Yuba River flow would not
result in the Delta going into balanced conditions, neither additional releases nor decrease in
exports are made. Instead, the amount of surplus Delta outflow is reduced.
For modeling purposes, when decreases in the lower Yuba River flow at the Marysville Gage
would result in a violation of the Feather River flow requirement below the confluence with the
Yuba River, storage releases from Oroville Reservoir are increased by an amount required to
ensure compliance with applicable flow requirements.

5.6

PUMPING PRIORITIES: BANKS PUMPING PLANT
PLANT

VS.

JONES PUMPING

Surplus pumping capacity available for transfers varies considerably. The CVP has little surplus
capacity, except under drier hydrologic conditions. The SWP has greatest capacity in dry and
critical years, less under average conditions, and some surplus in wetter years when demands
may be lower because contractors have alternate supplies. Export of transfer water is divided
between the Banks Pumping Plant and the Jones Pumping Plant according to the following
rules:


Water is transferred through the Banks Pumping Plant and the Jones Pumping Plant
when the Delta is in balanced conditions. Transfers are constrained by the permitted
pumping capacity, downstream channel capacity in the Delta-Mendota Canal, and the
E/I ratio (unless YCWA elects to pay for carriage water costs).



In practice, limited or no Jones pumping capacity is expected to be available.
Accordingly, modeling assumes that in wet and above normal years, all transfers are
exported through the Banks Pumping Plant until all capacity, including the dedicated
EWA capacity, is used. Any remaining transfers are exported through available capacity
at the Jones Pumping Plant.



It is more likely that Jones pumping capacity is available during dry periods. Therefore,
modeling assumes that during below normal, dry, and critical years, transfers are split
evenly between the Banks Pumping Plant and the Jones Pumping Plant as long as export
capacity is available. Once either plant reaches capacity, any remaining transfers are
exported through the remaining capacity at the other pumping plant.
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REREGULATION OF YUBA RIVER WATER IN OROVILLE RESERVOIR

When Delta conditions constrain the export of increased Yuba River flow at the Marysville
Gage, it may be possible for the SWP to reduce releases from Oroville Reservoir, resulting in an
increase of storage for later release and export. Oroville Reservoir releases from storage can be
reduced if:


Feather River flows are greater than the flow requirement below the Thermalito
Afterbay Outlet, but upstream of the Yuba River confluence. If Oroville Reservoir is
operating to meet a minimum instream flow requirement, no reductions in releases are
possible.



An increase in Oroville Reservoir storage would not result in an encroachment into
reserved flood control space.

Increased storage in Oroville Reservoir resulting from increases in Yuba River flow at the
Marysville Gage is subsequently released from storage:

6.0



During flood control operations.



When the Delta is in balanced conditions, and there is export capacity at either the Banks
or Jones pumping plant.



To meet instream flow requirements on the Feather River downstream of the confluence
with the Yuba River due to a decrease in Yuba River flow at the Marysville Gage.
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A.1

INTRODUCTION

The surface water resources of the Yuba Region are described in Chapter 5, Surface Water
Supply and Management, of the Draft EIR/EIS. This attachment describes how these resources
are modeled to determine possible environmental impacts and environmental consequences of
the Proposed Project and alternatives. In particular, this attachment describes reservoir
operations modeling for the Yuba Project and modeling of flows in the lower Yuba River
downstream of Englebright Reservoir.
This attachment is divided into four sections. This Section briefly describes the Yuba Project
and facilities and operations on the lower Yuba River. Section A.2 describes the structure of the
YPM and elements of the model that are common to all modeling scenarios considered in this
EIR/EIS. Section A.3 describes elements of the YPM that differ between scenarios (e.g.,
instream flow requirements for the lower Yuba River). Finally, Section A.4 discusses modeling
of water transfers that require the use of other models to characterize conditions in the Delta.

A.1.1

THE YUBA RIVER BASIN

The Yuba River Basin encompasses an area of about 1,339 square miles and rises from an
elevation of about 88 feet above msl at the Marysville Gage, near the Yuba River’s confluence
with the Feather River, to about 8,590 feet above msl in the upper basin. The estimated annual
unimpaired runoff of the Yuba River at Smartville has ranged from a low of 0.4 MAF in 1977 to
a high of 4.9 MAF in 1982, with an average of about 2.4 MAF per year (1901-2005) 1. In general,
the runoff is nearly equally divided between runoff from rainfall during October through
March and runoff from snowmelt during April through September.
The Yuba Region is one of four regions that make-up the project study area. It encompasses
storage and hydropower facilities of the Yuba Project, the Yuba River downstream from New
Bullards Bar Reservoir, the lower Yuba River downstream from Englebright Reservoir to the
confluence with the Feather River, the YCWA Member Unit water service areas, the local
groundwater basins, and lands overlying the groundwater basins.
Figure A-1 shows the principal streams and facilities of the Yuba Region. Daguerre Point Dam
and Englebright Dam were originally constructed by the California Debris Commission, a unit
of the Corps for debris control, and now are operated and maintained by the Corps. The Yuba
Project, operated by YCWA, is a multiple-use project that provides flood control, power
generation, irrigation, recreation, and protection and enhancement of fish and wildlife. It
includes New Bullards Bar Dam and Reservoir, New Colgate Powerhouse and Narrows II
Powerhouse. Englebright Dam and Reservoir and Daguerre Point Dam are not part of the Yuba
Project. However, Englebright Dam and Reservoir are used to regulate the power peaking
releases from the New Colgate Powerhouse and Daguerre Point Dam is used by YCWA to

1

The forecasted seasonal unimpaired flow at Smartville is estimated each year by DWR and reported monthly in
Bulletin 120, Water Conditions in California.
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divert water to its Member Units 2. The elements of the Yuba Project are described in more
detail in the following subsections.

A.1.2

NEW BULLARDS BAR DAM, RESERVOIR AND NEW COLGATE POWERHOUSE

New Bullards Bar Reservoir, located on the North Yuba River, is the major storage facility of the
Yuba Project. The reservoir has a total storage capacity of 966 TAF with a required minimum
pool of 234 TAF (as required by YCWA’s FERC Project License), thus leaving 732 TAF of
capacity that can be regulated. A portion of this regulated capacity, 170 TAF, normally must be
held empty from September through April for flood control.
The North Yuba River inflow to New Bullards Bar Reservoir is augmented by diversions from
the Middle Yuba River to Oregon Creek via the Lohmann Ridge Tunnel, and by diversions from
Oregon Creek into the reservoir via the Camptonville Tunnel. The average combined inflow to
New Bullards Bar Reservoir from the North Yuba River and the diversions from the Middle
Yuba River and Oregon Creek is about 1.2 MAF per year 3. Releases from New Bullards Bar
Reservoir are made through the New Colgate Powerhouse, which has a capacity of 3,700 cfs, the
dam’s bottom outlet, the Fish Release Powerhouse, or a gated spillway.
The Fish Release Powerhouse is so named because it generates power from the water released
at the base of the New Bullards Bar Dam for fishery maintenance on the river. This facility was
added by YCWA in 1986. If there is a power outage at the dam, this tiny powerhouse can be
used to operate the massive spillway gates of New Bullards Bar Dam.

A.1.2.1

ENGLEBRIGHT RESERVOIR AND NARROW I AND II POWERHOUSES

Englebright Reservoir is situated downstream of New Bullards Bar Reservoir, at the confluence
of the Middle and South Yuba rivers. The average annual inflow to Englebright Reservoir,
excluding releases from New Bullards Bar Dam, is approximately 400 TAF. Englebright
Reservoir has a total storage capacity of 70 TAF, but provides limited conservation storage as
the reservoir is used to attenuate power peaking releases from the New Colgate Powerhouse
and tributary inflows.
Water from Englebright Reservoir is released for generation at the Narrows I (owned by PG&E)
and Narrows II powerhouses. The Narrows I Powerhouse has limited capacity and typically is
used for low flow reservoir releases (less than 700 cfs), or to supplement the Narrows II
Powerhouse capacity for high flow reservoir releases. The combined release capacity of the
Narrows I and II powerhouses is 4,190 cfs. Narrows II Powerhouse is typically shut-down for
annual maintenance at the beginning of September for a 2 to 3 week period.

2

YCWA provides surface water to its Member Units: Brophy Water District, Browns Valley Irrigation District,
Cordua Irrigation District, Dry Creek Mutual Water Company, Hallwood Irrigation Company, Ramirez Water
District, and the South Yuba Water District. YCWA also provides surface water to the city of Marysville for Lake
Ellis, and YCWA will provide surface water in the future to the Wheatland Water District.

3

Based on model simulations of current facilities for the 1922 to 1994 period, and estimated historical inflows for the
1995 to 2005 period.
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Figure A-1. Lower Yuba River Basin
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Under existing water rights and agreements, PG&E may release up to 45 TAF from Englebright
Reservoir storage, although only about 10 TAF of storage normally are used. Fluctuations in
Englebright Reservoir storage principally occur for daily or weekly regulation of winter inflows
and New Colgate Powerhouse releases. Because of recreational and power generation needs,
the storage level within the reservoir seldom drops below 50 TAF.

A.1.2.2

LOWER YUBA RIVER

The lower Yuba River refers to the 24-mile section of the river between Englebright Dam and
the confluence with the Feather River south of Marysville. This stretch of the Yuba River is
shown in Figure A-2. Instream flow requirements are specified for the lower Yuba River at the
Smartville Gage (RM 23.6), approximately 2,000 feet downstream from Englebright Dam, and at
the Marysville Gage (RM 6.2). Below the Smartville Gage, accretions, local inflow, and runoff
contribute, on average, approximately 200 TAF per year to the lower Yuba River. Deer Creek
flows into the Yuba River at approximately RM 22.7. Dry Creek flows into the Yuba River at
RM 13.6, approximately two miles upstream of Daguerre Point Dam. The flow in Dry Creek is
regulated by BVID’s operation of Merle Collins Reservoir, located on Dry Creek about eight
miles upstream of its confluence with the Yuba River.

Figure A-2. Lower Yuba River

BVID diverts water at its Pumpline Diversion Facility, approximately one mile upstream from
Daguerre Point Dam. Daguerre Point Dam, located at RM 11.6, controls water elevations for
irrigation diversions. CID, HIC, and RWD receive water via the Hallwood-Cordua Canal
(North Canal) from the north side of the Yuba River just upstream from the north abutment of
the dam. BWD, SYWD, and DCMWC receive water via the South Yuba Canal (South Canal)
from the south side of the Yuba River just upstream from the south abutment of the dam.
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MODELING THE LOWER YUBA RIVER

This section presents an overview of the YPM, and describes elements of the model that are
common to all modeling scenarios considered in this Draft EIR/EIS.
The first model of the Yuba Basin was developed by DWR’s Division of Planning (now named
the Bay-Delta Office) using the HEC-3 program to generate inflows for DWR’s planning model
DWRSIM for the SWP (Yuba River Watershed Model, DWR 1985). Between 1988 and 2002,
Bookman-Edmonston Engineering, Inc. (B-E), on behalf of YCWA, collaborated with DWR to
further refine and develop this model. B-E moved the model from the HEC-3 to the HEC-5
software platform, and modified operational parameters and criteria to better characterize
YCWA operations. The HEC-5-based Yuba River Basin Model simulates the entire Yuba River
watershed, including facilities outside of YCWA’s operational control. Detailed information
regarding the HEC-5 model is presented in the Yuba River Basin Model: Operations and
Simulation Procedures Report prepared for the SWRCB 2000 Lower Yuba River Hearings.
In 2002, MWH developed the YPM, a spreadsheet model of the Yuba Project and lower Yuba
River. Inflows to New Bullards Bar and Englebright reservoirs, and flows from Deer Creek to
the lower Yuba River were obtained from the output of the HEC-5 Yuba River Basin Model.
The YPM was subsequently used to determine operations of New Bullards Bar Reservoir to
meet instream flow requirements, diversion demands, and reservoir operational requirements
for the 2006 and 2007 Yuba Accord Pilot Program. Figure 3-2 of Appendix D, Modeling
Technical Memorandum, shows the YPM network schematic and lists model output.

A.2.1

YUBA PROJECT MODEL

The YPM simulates system operations for a multi-year period using a monthly time-step. The
model assumes that facilities, land use, water supply contracts, and regulatory requirements are
constant over the simulation period, representing a fixed level of development (e.g., 2001 or
2020). The historical flow record from October 1921 to September 1994 4, adjusted for the
influence of land use changes and upstream flow regulation, is used to represent the possible
range of water supply conditions (this approach is standard practice for planning models,
though projects with a long planning horizon are considering climate change scenarios). For
example, model results for 1976 to 1977 do not try to represent the historical flow conditions
that actually occurred in 1976 to 1977, but rather represent the flow conditions that would occur
with operation of the current (or future) facilities under current (or future) regulatory
conditions during a repeat of the 1976 to 1977 two-year drought.

Hydrologic inputs for the Yuba Project Model have been developed for the period October 1921 to September 2005.
However, the shorter period October 1921 to September 1994 was used for modeling for this Draft EIR/EIS to
conform to the simulation period used by the CALSIM II model.

4
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INFLOWS

In general, inflow data for the YPM are derived from the HEC-5 based Yuba River Basin Model
(model run YRBMS 18-99). The HEC-5 Yuba River Basin Model yields a time series of monthly
simulated system flows for a 73-year period with a repeat of the 1922 to 1994 historical
hydrologic conditions. Inflows for the 1922 to 1994 period account for upstream impairments at
Jackson Meadows Reservoir, Bowman Reservoir, Fordyce Lake, and Lake Spaulding. These
inflows also account for exports from the South Yuba River to Deer Creek, the American River
Basin, and Bear River Basin, and exports from Slate Creek to the Feather River Basin.
For modeling purposes, inflows to New Bullards Bar Reservoir are aggregated into a single time
series. This inflow incorporates flows from the North Yuba River, Oregon Creek, and the
Middle Yuba River via the Camptonville and Lohman Ridge tunnels. Similarly, inflows to
Englebright Reservoir are aggregated into a single time series representing combined inflow
from the South Yuba River, Middle Yuba River, Canyon Creek, and Oregon Creek.
Deer Creek flows into the Yuba River below the Smartville Gage. Deer Creek has upstream
impairments, with diversions into the Bear River and American River watersheds. Modeled
inflows from 1922 through 1994 account for these upstream impairments, and calculated
inflows to the lower Yuba River are corrected for accretions and depletions along Deer Creek.
In the YPM, inflows from Dry Creek into the lower Yuba River are not considered in reservoir
release decisions to meet downstream flow and diversion requirements. Flows in Dry Creek are
regulated by Merle Collins Reservoir, which is outside of YCWA’s operational control. Inflows
from Dry Creek are not included in the model’s flow balance at the Marysville Gage for meeting
regulatory requirements. However, Dry Creek flows are included in the lower Yuba River
outflow to the Feather River that is input into the CALSIM II model.

A.2.1.2

RESERVOIR EVAPORATION

Reservoir storage is adjusted for evaporation for each month in the period of simulation using
an area-capacity curve and monthly evaporation factors. The monthly evaporation factors for
New Bullards Bar and Englebright reservoirs are presented in Table A-1.
Table A-1.

Monthly New Bullards Bar and Englebright Reservoir Evaporation Factors

Reservoir
New Bullards Bar
Englebright

A.2.2

Oct
0.36
0.42

Nov
0.16
0.16

Dec
0.11
0.10

Jan
0.09
0.09

Evaporation Rate (ft/month)
Feb
Mar
Apr
May
0.13
0.19
0.28
0.35
0.16
0.24
0.31
0.40

Jun
0.53
0.63

Jul
0.64
0.76

Aug
0.60
0.71

Sep
0.44
0.50

NEW BULLARDS BAR RESERVOIR OPERATIONS

New Bullards Bar Reservoir operations are primarily driven by downstream demands
(instream flow requirements and diversion requirements), power generation considerations,
and requirements for annual carryover storage.

A.2.2.1

RESERVOIR RULE CURVES

Reservoir rule curves, or target operating lines, define reservoir target storage for each month.
These different rule curves are discussed below.
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The New Bullards Bar Reservoir critical line is based on the terms of the 1966 PG&E Power
Purchase Contract, as described in Chapter 5 of the Draft EIR/EIS. Under the Power Purchase
Contract, PG&E has a right to require YCWA to release up to 3,700 cfs through New Colgate
Powerhouse to bring the end-of-month storage in New Bullards Bar to the critical line each
month. Storage is allowed to exceed the monthly power storage critical line when releases from
New Bullards Bar Reservoir would result in Englebright Reservoir releases exceeding the
combined capacity of Narrows I and Narrows II powerhouses, causing reductions in total
system power generation. The New Bullards Bar Reservoir critical line is not used in the YPM,
and is discussed here for reference only.
For modeling purposes, the FERC-required minimum pool for New Bullards Bar Reservoir of
234 TAF line establishes the minimum reservoir storage. Similarly, the target operating line
establishes the maximum reservoir storage for a given month, except under two conditions:


New Bullards Bar Reservoir releases to achieve the target storage line would exceed the
release capacity of the New Colgate Powerhouse



New Bullards Bar Reservoir releases to achieve the target storage line would cause
releases at Englebright Dam to bypass Narrows I and Narrows II due to the combination
of large releases from New Bullards Bar Reservoir and high inflows from the South
Yuba and Middle Yuba rivers.

A target operating line is established for each based on the carryover storage requirements
described in Section A.3.2.3.

A.2.2.2

FLOOD CONTROL

New Bullards Bar Dam must be operated from September 16 to May 31 to comply with flood
control regulations. Under the contract between the United States and YCWA entered into on
May 9, 1966, YCWA agreed to reserve up to 170 TAF of storage space for flood control. The
YPM specifies an end-of month flood control space, as presented in Table A-2. This flood
control space does not vary from year to year. The YPM makes controlled releases through
New Colgate Powerhouse and New Bullards Bar Dam bottom outlet, and uncontrolled releases
through the spillway to maintain the flood control space.
Table A-2. New Bullards Bar Reservoir Flood Storage Space Allocation
Storage
(TAF)

A.2.2.3

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

170

170

170

170

170

170

70

0

0

0

0

56

POWER GENERATION

In the YPM, power generation from New Colgate Powerhouse is calculated each month based
on reservoir surface water elevation, flow-dependent tailwater elevation, and an assumed
efficiency of 90 percent. The maximum capacity of the powerhouse is assumed to be 3,700 cfs.
The minimum power generation per month from New Colgate Powerhouse is assumed to be
18,500 MWh, as stated in the 1966 PG&E Power Purchase Contract. The Fish Release
Powerhouse is not included in the YPM power generation calculation.
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ANNUAL CARRYOVER STORAGE TARGET

New Bullards Bar Reservoir is operated to meet minimum carryover storage requirements (endof-September storage) designed to ensure that instream flow requirements and anticipated
surface water deliveries to YCWA member units will be met during the next year. The
carryover storage requirement is a drought protection measure. Reservoir carryover storage is
used to make up the difference between the available surface water supply and system
demands (diversion demands, instream flow requirements, and system operational losses)
under dry conditions. For modeling purposes, the determination of the yearly carryover
storage requirement is based on several factors: the drought protection level (return period);
Member Unit water demands; instream flow requirements; minimum percentage delivery
during the next year; and forecasted unimpaired flows. The drought protection level is
designed to provide full instream flow requirements and 50 percent of diversion requirements
during the following water year, if that water year were to have the specified return period
(assumed for this modeling to be 1 in 100 years, that is, if the next year is a 1-in-100 driest year).
The 50 percent delivery corresponds approximately to no deliveries of supplemental water, a 50
percent cut in deliveries of base project water, and full deliveries of all pre-1914 water rights
settlement water.
For modeling purposes, the delivery carryover storage requirement is calculated as:
Carryover storage requirement
=

Annual diversion requirement for member units (with 50 percent
deficiency)

+

Annual instream flow requirement

+

Annual system operational loss

+

Annual evaporation (27 TAF)

+

Operation buffer (50 TAF)

+

Minimum pool (234 TAF)

-

Available water for the lower Yuba River during the following year, if it
were to have a specified hydrological condition (assumed to be 1-in-100
driest year)

System operational losses are present because the lower Yuba River is not completely controlled
by the existing facilities (e.g., inflows from Deer Creek and Dry Creek). The following two
relationships have been developed based on model simulations. The development of system
loss is focused on the simulation results for drier water years, when the carryover storage
requirements affect the water supply available for deliveries.
Water Available Annually for the Lower Yuba River
= 0.00005045 (Annual total unimpaired flow of Yuba River Basin)2
+ 0.6446 (Annual total unimpaired flow of Yuba River Basin)
System Operational Loss
= 6.2619 (Annual total unimpaired flow of Yuba River Basin)3.04736
To simplify the demand and instream flow requirements in the calculation of the annual
carryover storage requirement, the diversion and instream fishery flow requirements for the
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period from October to March used for the above calculation are the requirements for above
normal water years, which results in smaller diversion requirements and higher instream
fishery flow requirements. Before the new year type classification is determined, the operation
should follow the year type defined in the previous year; however, this refinement is not
considered necessary for the precision of modeling.
The carryover storage requirement is relaxed when it would result in a delivery shortage of
more than 50 percent in the current year. This is because YCWA would not operate the Yuba
Project so as to impose deficiencies of 50 percent or greater in the current year to protect against
the risk of a 50 percent curtailment in the following year.
The annual and multi-year inflows and associated exceedance probabilities, and the minimum
observed inflow during the historical period 1922 to 1994 are presented in Table A-3.
Exceedance probabilities are based on an assumed log-Pearson distribution of flows. The 1977
unimpaired flow corresponds approximately to a 1 in 167 year drought event. The 1976 to 1977
2-year unimpaired flow corresponds to a 1 in 300 year drought event. The 1987 to 1992 6-year
unimpaired flow corresponds approximately to a 1 in 100 year drought event.
Table A-3.

Exceedance Probability and Historical Minimum River Unimpaired Flow

Exceedance
Probability

1-Year Flow 2-Year Flow 3-Year Flow 4-Year Flow 5-Year Flow 6-Year Flow 7-Year Flow
Historical Flow (TAF)

Historical
Minimum

370 a

1,174 b

3,323

4,821

6,430

7,341 c

9,891

Corresponding
Exceedance

99.40%

99.67%

97.96%

98.07%

97.89%

98.98%

97.91%

Calculated Flow For a Given Exceedance (TAF)

a
b
c

99.5%

350

1,277

2,745

4,082

5,407

6,754

8,461

99.0%

432

1,482

3,005

4,435

5,863

7,325

9,108

98.5%

490

1,621

3,179

4,667

6,160

7,694

9,525

98.0%

537

1,730

3,313

4,845

6,387

7,975

9,840

1977
1976 to 1977
1987 to 1992

Carryover storage requirements for water transfers are calculated in the same manner as
carryover storage requirements for delivery drought protection, except that the requirement for
water transfers is calculated so there is sufficient water to provide 100 percent deliveries to
Member Units in the following year for a 1-in-100 year drought event. This difference is
necessary because YCWA may transfer only water that is surplus to that needed for local uses.
Attachment C describes these carryover storage requirements in more detail.

A.2.2.5

FLOW REQUIREMENTS BELOW NEW BULLARDS BAR DAM

The 1963 FERC license, as amended in 1966, contains reservoir release and instream flow
requirements. YCWA is obligated to operate the Yuba Project to meet minimum instream flows
throughout the year below New Bullards Bar Dam, Englebright Dam and Daguerre Point Dam.
The minimum release to the North Yuba River from New Bullards Bar Reservoir is 5 cfs yearround. The YPM specifies a minimum 5 cfs release from the bottom outlet of New Bullards Bar
Dam through the Fish Release Powerhouse.
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ENGLEBRIGHT RESERVOIR OPERATIONS

The YPM does not simulate storage operations at Englebright Reservoir. Within the model,
storage is held constant from month to month. Each month’s release equals reservoir inflow
less reservoir evaporation. The maximum controlled release from Englebright Reservoir is 4,190
cfs through the Narrows I and Narrows II powerhouses. The release capacities of the Narrows I
and Narrows II powerhouses are used as part of the release criteria for New Bullards Bar
Reservoir to avoid spilling at Englebright Reservoir. However, because Englebright Reservoir
also receives uncontrolled inflows from the South Yuba and Middle Yuba rivers, spilling of
Englebright Reservoir at some times is unavoidable.

A.2.3.1

POWER GENERATION

In the YPM, power generation at Narrows I and II is not an operational constraint. However, it
is calculated to estimate the total system power generation. There are no considerations for
maximizing power generation other than through avoiding spills at Englebright Reservoir.
Power generation from the Narrows I and II powerhouses is calculated each month based on an
assumed reservoir surface water elevation of 530 feet, flow-dependent tailwater elevation, and
an assumed efficiency of 90 percent.

A.2.3.2

FLOW REQUIREMENTS BELOW ENGLEBRIGHT DAM

YCWA’s FERC license specifies minimum release schedules to be met, except for flood control
operations and release of uncontrolled inflows from tributary streams. Stream flow fluctuation
and ramping criteria specified in the 1966 FERC license have since been superseded by a more
restrictive set of requirements established on November 22, 2005.
Flow requirements in the 1993 Narrows I Powerhouse FERC license are not modeled in the
YPM for the following reasons: (1) the 1993 FERC license flow requirements have only a limited
impact on the operation of New Bullards Bar and Englebright reservoirs because flow
requirements usually are satisfied by operations for Daguerre Point Dam diversion
requirements and instream flow requirements below Daguerre Point Dam under YCWA’s 1966
FERC license, (2) the 1993 FERC license flow requirements have been shown to be constantly
met under the Yuba Accord Alternative, and (3) YPM cannot explicitly incorporate the
conditions specifying when the 1993 Narrows I licensee will maintain the schedule of daily
average flows. The volume accounting procedure required in the FERC license could be
implemented through iterative YPM simulations. However, a preliminary study showed that
the limited impact of these requirements does not warrant such an elaborate effort; rather, a
post-processing spreadsheet analysis provides a satisfactory check that these requirements are
met.
Flow Stability Criteria below Englebright Dam have been established to avoid dewatering
Chinook salmon redds and causing other fishery related impacts. For modeling purposes, the
flow in October is established as an additional modified flow requirement for November
through January.
Because the ramping criteria are characterized by 5-day averages, and the YPM uses a monthly
time step, literal application of the ramping criteria in modeling would unrealistically restrict
operations of New Bullards Bar Reservoir. Accordingly, the modeling uses a simplified
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ramping criterion, where changes in monthly releases from Englebright Dam under non-spill
conditions are not allowed to exceed 200 cfs between October and January.

A.2.4

DIVERSION REQUIREMENTS

All diversions on the lower Yuba River are modeled using an aggregate diversion at Daguerre
Point Dam. The aggregate diversion includes diversions to serve areas north and south of the
lower Yuba River, riparian diversions to the Dantoni Area downstream of Daguerre Point Dam,
diversions to the City of Marysville and seepage losses.
Agricultural diversion requirements for the YCWA service area have been estimated for present
and projected full level of development conditions in Yuba County (SWRCB Lower Yuba River
Hearings 2000, Exhibit S-YCWA-15: Lower Yuba River diversion requirements: Present and full
development). The 12-month schedules of diversion requirements are based on crop acreages
and applied crop water rates within the service area (as limited by contract allocations). The
diversion requirements also account for fall flooding of rice fields for waterfowl habitat and rice
straw decomposition. The present level of demands presented in Table A-4 are for water
purveyors that have existing contracts with YCWA and developed or developing distribution
systems to convey Yuba River water to the purveyor’s service area. The table also includes 400
AF per month for seepage losses from the lower Yuba River upstream of the Marysville Gage.
The post-2007 agricultural demands on the lower Yuba River (after implementation of the
Wheatland Project) are presented in Table A-5. The service area for the post-2007 demands
includes the present YCWA service area and the Wheatland Water District 5.
Table A-4.
Water Year
Type (YRI)

Irrigation Demand at Daguerre Point Dam, Present Level Development
Irrigation Demand (AF)
Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Total

Wet

18,692 10,441

5,210

400

400

1,226

13,055 59,187 54,170 63,869 53,743 17,705

298,098

Above Normal

18,692 10,441

5,210

400

400

1,226

13,055 59,187 54,170 63,869 53,743 17,705

298,098

Below Normal

18,692 10,441

5,210

400

400

2,753

17,311 59,187 54,170 63,869 53,743 17,705

303,881

Dry

18,692 10,441

5,210

400

400

2,753

17,311 59,187 54,170 63,869 53,743 17,705

303,881

Critical

18,692 10,441

5,210

400

400

2,753

17,311 59,187 54,170 63,869 53,743 17,705

303,881

Table A-5.

Irrigation Demand at Daguerre Point Dam, Projected Full Development

Water Year
Type (YRI)

Irrigation Demand (AF)
Dec

Jan

Feb

Mar

Wet

20,543 10,717

Oct

Nov

5,338

400

400

2,191

17,625 65,600 62,174 72,780 60,519 20,201

Apr

May

Jun

Jul

Aug

Sep

338,488

Total

Above Normal

20,543 10,717

5,338

400

400

2,191

17,625 65,600 62,174 72,780 60,519 20,201

338,488

Below Normal

20,543 10,717

5,338

400

400

3,835

22,230 65,600 62,174 72,780 60,519 20,201

344,736

Dry

20,543 10,717

5,338

400

400

3,835

22,230 65,600 62,174 72,780 60,519 20,201

344,736

Critical

20,543 10,717

5,338

400

400

3,835

22,230 65,600 62,174 72,780 60,519 20,201

344,736

5 The first phase of the Wheatland Project is estimated to have a total annual demand at Daguerre Point Dam of 29
TAF. This demand will not all come online in 2008; a reasonable estimate is that 60 percent of this demand will be
served in 2008, 80 percent in 2009 and 100 percent in 2010. After the completion of the second phase of the project, it
is estimated that the total annual demand of the Wheatland Water District will be 40 TAF.
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The estimated demands have been refined to adjust for water year type classifications based on
the Yuba River Index. This refinement reflects an estimated reduction of demand in wet and
above normal years resulting from higher than normal soil moisture at the start of the irrigation
season and reduced pre-irrigation water requirements. Water demands for grains, pastures,
and orchards are reduced by 0.4 feet during March and April in these water year types.
Figure A-3 compares the estimated annual present level development demands used for
modeling purposes with historical deliveries by YCWA to its Member Units. The present level
development demands shown in Figure A-3 do not include estimated demands for riparian
diverters within the Dantoni Area, or demands for the City of Marysville, or the estimated
seepage losses. The figure shows that since 1998 surface water deliveries have been consistent
with the assumed present level of demand presented in Table A-4.

350,000
Above Normal Year
Estimated Present Level Demand

Below Normal Year
Estimated Present Level

300,000

Dry Creek MWC Online

200,000

150,000
South Yuba Canal Online

Volume (AF/year)

250,000

100,000

50,000

Historical Contract Value
Historical Deliveries plus Groundwater Substitution Tranfers
Historical Deliveries

2003

2001

1999

1997

1995

1993

1991

1989

1987

1985

1983

1981

1979

1977

1975

1973

1971

0

Year

Figure A-3. Historical Deliveries to YCWA Member Units Compared to Estimated Present Level of
Demands

A.2.5

DELIVERY SHORTAGE CALCULATIONS

The YPM meets the full diversion demand at Daguerre Point Dam, if the resulting end-ofSeptember carryover storage in New Bullards Bar Reservoir is above the delivery carryover
storage required for the specified level of drought protection (1 in 100 years). Delivery
deficiencies of up to 50 percent are allowed by the model to maintain delivery carryover storage
requirements. Delivery shortages, when required, are applied uniformly (as a fixed percent of
demand) from April through to the following March. If a 50 percent deficiency is reached, then
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New Bullards Bar Reservoir is drawn down below the carryover storage requirement, as
necessary to prevent deficiencies from exceeding 50 percent during that year.

A.2.6

WATER TRANSFERS

Two types of water transfers are modeled using the YPM: (1) stored water transfers, and (2)
groundwater substitution transfers. For a stored water transfer, the monthly transfer volume is
added to the system demands downstream of Daguerre Point Dam. The diversions at Daguerre
Point Dam are maintained and the additional water (transfer volume) flows into the Feather
River. Stored water transfers for the Yuba Accord Alternative are implicit in the Accord flow
schedules and New Bullards Bar Reservoir target operating line so do not require this
adjustment.
Modeling groundwater substitution transfers requires two modifications to the YPM: (1) the
diversion demand at Daguerre Point Dam is proportionally uniformly decreased over the
irrigation season, typically April to September by the amount of the groundwater substitution
transfer, and (2) the system demand downstream from Daguerre Point Dam is increased. The
seasonal volume of increased demands downstream of Daguerre Point Dam is equal to the
decrease in irrigation deliveries. However, the temporal mismatch from month to month is
balanced through regulation of New Bullards Bar Reservoir releases. Reduced releases from
New Bullards Bar Reservoir prior to the transfer result in additional storage, or backing-up
water, in New Bullards Bar Reservoir. The start of groundwater substitution operations
requires that New Bullards Bar Dam is under water management operations and is not
operating to meet flow requirements at the Smartville Gage.
In an iterative modeling procedure, the annual volume of groundwater substitution transfer is
determined by considering the available pumping capacity at Banks and Jones pumping plants,
and rules developed to protect the Yuba groundwater basin from excessive drawdown.
Subsequently, the YPM is rerun, and surface water deliveries in any year are reduced by the
amounts of any groundwater substitution pumping to achieve the transfer volume.

A.2.7

GROUNDWATER MODELING

The YPM includes a simple routine for simulating combined storage in the North Yuba and
South Yuba groundwater subbasins. Groundwater modeling is limited to simple mass balance
accounting of changes in annual storage from existing conditions. The two subbasins are
treated as a single basin. Changes in storage from existing conditions are based on: (1) the net
observed historical rate of groundwater recharge, (2) deficiency groundwater pumping to
make-up for any surface water delivery shortages, and (3) groundwater substitution pumping.
The net observed historical rate of groundwater recharge is the average annual historical
change in groundwater storage after removing the effects of historical groundwater substitution
transfers. A detailed analysis of historical groundwater conditions is presented in Chapter 6,
Groundwater Resources, of the Draft EIR/EIS. The average annual recharge rate for the North
Yuba Subbasin is estimated to be about 10 TAF per year. The average annual recharge rate for
the South Yuba Subbasin is estimated to be about 20 TAF per year. The change in storage is
calculated as the net observed historical rate of groundwater recharge, minus simulated
deficiency pumping, minus simulated groundwater substitution pumping. Changes in induced
groundwater recharge due to changes in groundwater levels are ignored in this approach.
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With implementation of the Wheatland Project, additional groundwater pumping capacity will
be available in the South Yuba Subbasin. Water users in the Wheatland Water District have
historically pumped groundwater to meet all their agricultural water demands. After 2007,
YCWA will deliver surface water from the Yuba River to the Wheatland Water District to meet
a total future projected annual agricultural water demand of approximately 40 TAF. As a
result, the Wheatland Project will have a positive effect on the South Yuba Subbasin
groundwater storage. So as to achieve a conservative analysis, the beneficial effect of the
Wheatland Project on groundwater storage and recharge has not been accounted for.

A.3

MODELING SCENARIOS

The Existing Condition and four alternatives are considered in detail for this Draft EIR/EIS.
The alternatives considered are as follows:





No Project Alternative (as defined by CEQA)
No Action Alternative (as defined by NEPA)
Yuba Accord Alternative (Proposed Project/Action)
Modified Flow Alternative

These alternatives are described in detail in Chapter 3 of the Draft EIR/EIS. A total of seven
model scenarios are considered:








Scenario 1: CEQA Existing Condition
Scenario 2: CEQA No Project Alternative
Scenario 3: CEQA Yuba Accord Alternative
Scenario 4: CEQA Modified Flow Alternative
Scenario 5: NEPA No Action Alternative
Scenario 6: NEPA Yuba Accord Alternative
Scenario 7: NEPA Modified Flow Alternative

These modeling scenarios are discussed in Section 4 and Section 5 of the Modeling Technical
Memorandum. The assumptions for the different modeling scenarios are summarized in Table
3-1 of the Modeling Technical Memorandum. This section describes how the different scenarios
are modeled with respect to New Bullards Bar Reservoir target operating line, New Bullards
Bar Reservoir carryover storage target, and Yuba River instream flow requirements. Section A.4
discusses the water transfer assumptions for each scenario.

A.3.1

NEW BULLARDS BAR RESERVOIR OPERATING LINE

Simulated New Bullards Bar Reservoir target operating lines are presented in Figure A-4 and
Table A-6 for the various model scenarios. Reservoir storage levels presented in Table A-6 are
maximum amounts; actual reservoir storage may be significantly less in some years due to dry
hydrological conditions.
The critical line, described in Section A.2.2.1, is the maximum target storage defined under the
1966 Power Purchase Contract. It is included here for reference only. Target Operating Line 1
represents current practice, agreed to by YCWA and PG&E on a year-to-year basis. Under
Target Operating Line 1, YCWA can hold more water in storage than under the critical line.
However, both Target Operating Line 1 and the PG&E critical line designate 705 TAF as the
end-of-September maximum reservoir surface water elevation. Target Operating Line 1 is the
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New Bullards Bar Reservoir target storage for the Existing Condition, the CEQA No Project
Alternative, the NEPA No Action Alternative and the Modified Flow Alternative. Target
Operating Line 2 is the target storage for the Yuba Accord Alternative.
1,000,000
900,000
Flood Control Storage
800,000

Storage (AF)

700,000
600,000
500,000
Target Operating Line 2 - Yuba Accord Alternative
Conservation Storage

400,000

Target Operating Line 1 - Current Practice

300,000
200,000
FERC Required Minimum Pool

100,000
OCT

NOV

DEC

JAN

FEB

MAR

APR

MAY

JUN

Figure A-4.

New Bullards Bar Reservoir Target Operating Lines

Table A-6.

New Bullards Bar Reservoir Operational Storage Targets

JUL

AUG

SEP

End-of-Month Storage Target (TAF)

Target
Inactive Storage

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

234

234

234

234

234

234

234

234

234

234

234

234

660

645

645

600

600

685

825

930

890

830

755

705

Target Operating Line 1

a

705

680

650

600

650

750

850

960

920

840

750

705

Target Operating Line 2

b

650

650

650

600

650

750

850

960

920

820

695

650

Critical Line

796
796
796
796
796
796
896
966
966
966
966
910
Flood Control
a
Target Storage Line 1 represents current operational practice, and proposed operations under the Modified Flow Alternative.
b
Target Storage Line 2 represents proposed operations under the Yuba Accord Alternative.

A.3.2

LOWER YUBA RIVER INSTREAM FLOW REQUIREMENTS

Instream flow requirements on the lower Yuba River were originally specified in the
September 2, 1965 agreement between YCWA and CDFG.
These requirements were
incorporated into the 1966 FERC license which specified minimum releases from Englebright
Dam. In 1993, FERC issued a new license to PG&E for the continued operation of the Narrows I
Powerhouse. Contained within this license is a new set of instream flow requirements for
fisheries resources downstream of Englebright Dam as measured at the Smartville Gage.
SWRCB in Revised Decision-1644 (RD-1644), adopted July 16, 2003, specified both interim and
long-term instream flow requirements for the lower Yuba River at the Smartville and Marysville
gages. The Yuba Accord Alternative would implement three agreements relating to operation
of the Yuba Project. Changes in facility operations under the Yuba Accord Alternative would
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primarily be triggered by proposed new instream flow schedules at the Smartville and
Marysville gages. The proposed instream flows are described in Exhibit 1 of the Lower Yuba
River Fisheries Agreement.
The 1966 FERC flow requirements, RD-1644 flow requirements and the proposed Yuba Accord
flow schedules are described in Chapter 5 of the Draft EIR/EIS. This section describes how
these instream flow requirements are modeled in the YPM. Regulatory flow requirements at
the Smartville and Marysville gages are sometimes specified for parts of some months. These
flow requirements must be approximated for use in a model that uses a monthly timestep.
Several water supply indices have been developed for the Yuba Basin. These indices are used
to specify minimum instream flow requirements and water supply contract obligations. Flow
requirements under RD-1644 are defined by the Yuba River Index. Flow requirements for the
Yuba Accord Alternative are defined by the North Yuba Index.
The Yuba River Index was developed in 2000 for the SWRCB Lower Yuba River Hearings to
describe the hydrology of the lower Yuba River. This index is a measure of the unimpaired
river flows at Smartville. The Yuba River Index is used to determine the water year types and
the corresponding instream flow requirements under RD-1644.
The North Yuba Index was developed in conjunction with the Proposed Yuba Accord. This
index provides a measure of available water in the North Yuba River that can be used to meet
instream flow requirements and delivery requirements to Member Units on the lower Yuba
River. The Yuba River Index is based on unimpaired flows at Smartville, and thus does not
accurately represent the water available for storage by YCWA. The North Yuba Index
comprises two components: (1) active storage in New Bullards Bar Reservoir at the start of the
current water year (October 1), and (2) total actual and forecasted inflow into New Bullards Bar
Reservoir for the current water year, including diversions from the Middle Yuba River and
Oregon Creek to New Bullards Bar Reservoir. The definition and calculation of the North Yuba
Index is presented in Exhibits 4 and 5 of the Proposed Yuba Accord Lower Yuba River Fisheries
Agreement.
In the YPM instream flow requirements are applied based on the water year type from April
through March. The Yuba River Index was reconstructed from 1922 to 1994 using results from
the HEC-5 based Yuba River Basin Model. The North Yuba Index is calculated dynamically in
the YPM based on New Bullards Bar Reservoir storage and forecasted inflow. The YPM
assumes perfect knowledge of future inflows to forecast the North Yuba Index in April.

A.3.2.1

SMARTVILLE GAGE

The Smartville Gage is located approximately 2,000 feet downstream from Englebright Dam,
and upstream from the Deer Creek inflow. In the YPM, flow at this gage is simulated as the
total outflow from Englebright Dam. The various instream flow requirements for the Smartville
Gage, as modeled, are presented in Table A-7.
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Table A-7.

Yuba Project Model

Modeled Yuba River Instream Flow Requirements at the Smartville Gage

All Water
Year Types e

Oct
527 a

Nov
620

Water Year Type
(Yuba River Index)
Wet
Above Normal
Below Normal
Dry
Critical

Oct
700
700
632 a
555 a
510 a

Nov
700
700
700
600
600

Water Year Type
(Yuba River Index)
Wet
Above Normal
Below Normal
Dry
Critical
Extremely Critical

Oct
700
700
700
555 a
510 a
510 a

Water Year Type
(North Yuba Index) c
1
2
3
4
5
6
Conference d

Oct
700
700
700
700
600
600
527

a
b

c

d

e

1966 YCWA FERC License
Dec
Jan
Feb
Mar
Apr
620
818 a
620
620
0
SWRCB RD-1644 Interim (cfs)

May
0

Jun
0

Jul
0

Aug
0

Sep
0

Dec
Jan
Feb
Mar
Apr
700
700
700
700 800 b
700
700
700
700
800 b
700
700
700
700
767 b
600
600
600
600
533 b
600
600
600
600
490 b
SWRCB RD-1644 Long-term (cfs)

May
0
0
0
0
0

Jun
0
0
0
0
0

Jul
0
0
0
0
0

Aug
0
0
0
0
0

Sep
490 b
490 b
410 b
383 b
260 b

Nov
700
700
700
600
600
600

Dec
Jan
Feb
Mar
Apr
700
700
700
700
800 b
700
700
700
700
800 b
700
700
700
700
800 b
600
600
600
600
733 b
600
600
600
600
733 b
600
600
600
600
567 b
Yuba Accord Alternative (cfs)

May
0
0
0
0
0
0

Jun
0
0
0
0
0
0

Jul
0
0
0
0
0
0

Aug
0
0
0
0
0
0

Sep
490 b
490 b
490 b
383 b
330 b
330 b

Nov
700
700
700
700
600
600
620

Dec
700
700
700
700
550
550
620

May
0
0
0
0
0
0
0

Jun
0
0
0
0
0
0
0

Jul
0
0
0
0
0
0
0

Aug
0
0
0
0
0
0
0

Sep
700
700
700
700
500
500
0

Jan
700
700
700
700
550
550
818

Feb
700
700
700
700
550
550
620

Mar
700
700
700
700
550
550
620

Apr
b
850
b
750
b
700
b
800
b
600
b
550
0

Indicated flow represents average flow rate for the month. Actual flow requirements vary during the month.
Indicated flow represents average flow rate for the month. Actual flow requirements vary during the month. Where the actual
flow requirement is zero for part of the month, the flow requirement for modeling purposes is based on the flow requirement at
the Marysville Gage.
For the Yuba Accord Alternative, Schedule 1 years are years with the NYI > 1,400 TAF, Schedule 2 are years with NYI > 1,040
TAF, Schedule 3 are years with NYI > 920 TAF, Schedule 4 are years with NYI > 820 TAF, Schedule 5 are years with NYI >
693 TAF, Schedule 6 are years with NYI > 500 TAF, and Conference Years are years with NYI < 500 TAF.
In Conference Years under the Yuba Accord Alternative, YCWA would operate the Yuba Project so that flows in the lower Yuba
River comply with the instream flow requirements of YCWA’s 1966 FERC license, except that YCWA would not pursue any of
the flow reductions authorized by Article 33(c) of that license.
Flow schedules include a buffer of 2.5 percent + 5 cfs. The buffer is required because the minimum instream flow specified in
the 1966 FERC license is a daily required flow.

In April and September, flow requirements under RD-1644 and the Yuba Accord Alternative at
the Smartville Gage are specified only for part of the month. For modeling purposes, the
instream flow requirement for Marysville, for the part of the month for which no Smartville
requirement is specified, is used to calculate the monthly average flow requirement at the
Smartville Gage. This step has been taken to so that the Smartville flow requirement controls
New Bullards Bar Reservoir operations when appropriate. For example, the required flow at
the Smartville Gage under the Yuba Accord Alternative under Schedule A is 700 cfs for April 1
to 15, and is not specified for April 16 to 30. For Schedule 2 years, the required flow at
Marysville is 700 cfs Apr 1 to 15 and 800 cfs for April 16 to 30. For modeling purposes, the
required flow at the Smartville Gage for Schedule 2 years is calculated as 700 cfs for 15 days and
800 cfs for 15 days, resulting in a monthly average flow of 750 cfs.
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Yuba Project Model

MARYSVILLE GAGE

The Marysville Gage is the lower of the two flow requirement compliance points. For modeling
purposes, the Marysville Gage flow is calculated as the flow over Daguerre Point Dam; no
accretions or depletions are simulated below the dam. The flow over Daguerre Point Dam is
calculated as the flow at Smartville, plus the inflow from Deer Creek, minus the Daguerre Point
Dam diversion. The various instream flow requirements for the Marysville Gage are presented
in Table A-8.
Several months (April, June, July, and September) have different flow requirements for different
parts of the month. Because the YPM operates on a monthly timestep, the weighted average
monthly flow for each month is used. For example, if the minimum instream flow requirement
for April requires 20 days at 500 cfs and 10 days at 1,000 cfs, the modeled monthly requirement
is (500 cfs * 20 days + 1,000 cfs * 10 days)/(20 days + 10 days) = 667 cfs.

A.4

WATER TRANSFERS

This section presents the water transfer assumptions for the different modeling scenarios,
relating to operation of the Yuba Project and the export of transfer water from the south Delta
through Banks and Jones pumping plants. Since 1987 water transfers have been an important
element in YCWA’s operation of the Yuba Project. For modeling purposes, it is assumed that
YCWA transfers are cross-Delta transfers and all transfer water, less carriage water, is moved
through Banks or Jones pumping plants. Simulated transfers are limited to periods of Delta
balanced water conditions, by the availability of surface water and groundwater water from the
Yuba Region, and the availability of conveyance at Banks and Jones pumping plants.
For modeling purposes, the preferred transfer period is from July 1 to September 30. For the
months of July, August, and September, EWA has 500 cfs dedicated conveyance capacity at
Banks Pumping Plant. EWA actions and the Central Valley Project Improvement Act (CVPIA)
(b)(2) actions typically restrict pumping at Banks and Jones pumping plants in April, May, and
June, during which months the maximum allowable E/I ratio under D-1641 is 0.35. Transfer
capacity under the JPOD may be limited in October due to water quality impacts in the Delta.
Release of transfer water is also limited by the scheduled maintenance of Narrow II power plant
during the beginning of September.
It is assumed that water transfers, whether derived from storage releases or groundwater
substitution pumping, are scheduled so as to achieve maximum fish benefit even if some
supplemental instream flows cannot be transferred. Released transfer water that cannot be
exported, is not backed-up into CVP/SWP storage, but contributes to Delta outflow.
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Table A-8.

Yuba Project Model

Modeled Yuba River Instream Flow Requirements at the Marysville Gage

Water Year Type
f>50%
f < 50%
f < 45%
f < 40%

Oct
415
353
332
291

Water Year Type
(Yuba River Index)
Wet
Above Normal
Below Normal
Dry
Critical

Oct
b

387c
387c
387c
332c
332c

Nov
415
353
332
291

Nov
500
500
500
400
400

1966 YCWA FERC License a
Dec
Jan
Feb
Mar
Apr
415
256
256
256
256
353
218
218
218
218
332
205
205
205
205
291
179
179
179
179
SWRCB RD-1644 Interim Flows (cfs)

May
256
218
218
218

Jun
256
218
218
218

Jul
77
65
65
65

Aug
77
65
65
65

Sep
70
65
65
65

Dec
Jan
Feb
Mar
Apr
May
500
500
500
500
667c 1,500
500
500
500
500
667c 1,500
500
500
500
500
633c 1,500
400
400
400
400
400c
500
400
400
400
400
357c
270
SWRCB RD-1644 Long-Term Flows (cfs)

Jun
808c
808c
808c
400c
245c

Jul
265c
265c
265c
251c
103c

Aug
250
250
250
250
100

Sep
250
250
250
250
127c

Water Year Type
(Yuba River Index)
Wet
Above Normal
Below Normal
Dry
Critical
Extremely Critical

387c
387c
387c
332c
332c
332c

Nov
500
500
500
400
400
400

Dec
Jan
Feb
Mar
Apr
500
500
500
500
667c
500
500
500
500
667c
500
500
500
500
667c
400
400
400
400
600c
400
400
400
400
600c
400
400
400
400
433c
Yuba Accord Alternative (cfs)

May
1,500
1,500
1,500
1,500
1,100
500

Jun
808c
808c
808c
808c
800
500

Jul
265c
265c
265c
265c
265c
263c

Aug
250
250
250
250
250
250

Sep
250
250
250
250
250
250

Water Year Type
d
(North Yuba Index)
1
2
3
4
5e
6
Conference g

Oct
500
500
500
400
400
350
400

Nov
500
500
500
500
500
350
400

Dec
500
500
500
500
500
350
400

May
2,000
1,000
900
745c
497c
448c
245

Jun
1,500
650c
500
400
400
225c
245

Jul
700
500
500
400
400
350f
70

Aug
600
500
500
400
400
350f
70

Sep
500
500
500
400
400
450f
70

a

b
c
d

e

f

g

Oct
c

Jan
500
500
500
500
500
350
245

Feb
500
500
500
500
500
350
245

Mar
700
700
500
500
500
350
245

Apr
1,000
750c
700
750c
550c
425c
245

Flow schedules include a buffer of 2.5 percent + 5 cfs. The buffer is required because the minimum instream flow specified in
the 1966 FERC license is a daily required flow.
The FERC License 2246 instream flow requirement of 400 cfs applies to the period October 1 to October 14.
Indicated flow represents average flow rate for the month. Actual flow requirements vary during the month.
For the Yuba Accord Alternative, Schedule 1 years are years with the NYI > 1,400 TAF, Schedule 2 are years with NYI > 1,040
TAF, Schedule 3 are years with NYI > 920 TAF, Schedule 4 are years with NYI > 820 TAF, Schedule 5 are years with NYI >
693 TAF, Schedule 6 are years with NYI > 500 TAF, and Conference Years are years with NYI < 500 TAF.
For the Yuba Accord Alternative in Schedule 5 years, the instream flow requirement is adjusted when carryover storage in
New Bullards Bar Reservoir is below 400 TAF. If the September 30 New Bullards Bar Reservoir storage is below 400 TAF, the
Marysville Gage instream flow requirement is 400 cfs from October 1 until the next February Bulletin 120 forecast is available.
For modeling purposes, the adjustment is made for the months of October to January. If the September 30 New Bullards Bar
Reservoir storage is below 450 TAF, but above 400 TAF the River Management Team may decide to adjust the Marysville
Gage instream flow requirement of 400 cfs from October 1 until the next February Bulletin 120 forecast is available. For
modeling purposes, this second adjustment is not made.
Includes 30 TAF Schedule 6 year groundwater pumping commitment – modeled as 200 cfs in July and August and 100 cfs in
September. The actual flow schedule for the 30 TAF would be determined by the River Management Team according to when
the water is transferable to the Transfer Agreement transferees, and to achieve maximum fish benefits.
In Conference Years, YCWA would operate the Yuba Project so that flows in the lower Yuba River comply with the instream
flow requirements in YCWA’s 1966 FERC license, except that YCWA would not pursue any of the flow reductions authorized
by Article 33(c) of that license.

A.4.1

MODELING PROCEDURE

The modeling procedure is broken down into a series of steps. Step 1 and Step 2, described
below, are required to establish a set of baseline flows from which the flow and storage
conditions subsequently are determined for each of the modeling scenarios. Steps 3 to 6
describe an iterative modeling process using the YPM and the lower Yuba River outflow
routing tool (described in Section 3.4 of Appendix D) to simulate YCWA water transfers.
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1. The YPM is run to simulate Yuba Project operations for the Yuba Accord accounting
baseline (i.e., RD-1644 Interim instream flow requirements, no stored water or
groundwater transfers)
2. The CALSIM II model is run to establish a set of baseline conditions for: (a) the CEQA
analysis; and (b) the NEPA analysis 6, which are consistent with the lower Yuba River
outflow and Daguerre Point Dam diversions established in Step 1.
3. The YPM is run to simulate Yuba Project operations under the Existing Condition and
for each alternative in the absence of stored water transfers (except for the Yuba Accord
Alternative for which transfers are implicit in the Accord flow schedules and New
Bullards Bar Reservoir target operating line), and in the absence of groundwater
substitution transfers.
4. Based on CALSIM II output from Step 2, the lower Yuba outflow routing tool is used to
adjust flow and storage conditions for all model scenarios due to changes in the lower
Yuba River outflow from Step 3 compared to Step 1. Subsequently, for each scenario,
Delta conditions are determined (excess or balanced water conditions), and the available
pumping capacity at Banks and Jones pumping plants for water transfers calculated.
5. The YPM is rerun to simulate any stored water transfers and/or groundwater
substitution transfers.
6. Using the lower Yuba outflow routing tool, the additional outflow from the lower Yuba
River from Step 5, is used to adjust Feather and lower Sacramento river flows, Delta
inflow, Delta exports, and Delta outflow.

A.4.2

STORED WATER TRANSFERS

In the 18 years between 1987 and 2004, YCWA transferred water in 12 years, averaging about
120 TAF in each transfer year. The details of the individual transfers are presented in Table 5-5
in Chapter 5. Stored water transfers were made by YCWA from storage releases from New
Bullards Bar Reservoir in all of the transfer years except for 1994. The majority of transferred
water has been exported at Banks and Jones pumping plants for use in service areas south of the
Delta.
Single-year stored water transfers may occur when the projected end-of-September carryover
storage in New Bullards Bar Reservoir, without the transfer, is greater than the storage required
to ensure 100 percent deliveries to Member Units in the following year under a drought event
with a 1 in 100 year return period. Carryover storage requirements for local deliveries and
carryover storage requirements for stored-water transfers for the various modeling scenarios
are presented in Table A-9. Values given in the table, except for the Yuba Accord Alternative,
are based on a 1-in-100 year level of protection against critically dry conditions in the following
year. The reduced carryover storage requirement under the Yuba Accord Alternative is made
possible by inclusion of carryover storage in the North Yuba Index which is used to specify the

The CALSIM II model run for the CEQA analysis is based on OCAP Study 3. The CALSIM II model run for the
NEPA analysis is based on OCAP Study 5.
6
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following year Yuba Accord flow schedules. Dry hydrologic conditions may result in New
Bullards Bar Reservoir carryover storage, before any transfer, below the end of September
maximum target storage of 705 TAF. Except under these conditions, the volume of stored water
transfer is measured as the differences between 705 TAF and the carryover storage required to
ensure full deliveries to YCWA Member Units in the following year.
Table A-9.

Carryover Storage Requirements for New Bullards Bar Reservoir
Scenario

No.

Act

Demand (TAF)
Description

Above
Normal
Years

Below
Normal
Years

Lower Yuba River Flow
Requirements

Carryover Storage
Requirement (TAF)
Stored
For Local
Water
Deliveries
Transfers

1

CEQA

Existing Condition

298

304

RD-1644 Interim

477

2/5

CEQA/NEPA

No Project/No Action Alternative

338

344

RD-1644 Long-Term

558

3/6/8

CEQA/NEPA

Yuba Accord Alternative

338

344

Accord Flow Schedules

540

b
d

610
710

a

c
d

4/7/9 CEQA/NEPA
Modified Flow Alternative
338
344
RD-1644 Interim
497
648
a
No stored water transfers are possible because the carryover storage requirement exceeds the Target Operating Line 1 value
of 705 TAF for September 30 (see Table A-7).
b
Value given is based on Schedule 6 instream flow requirements in the following year (April-March). Carryover storage
requirement for local deliveries for a conference year (~1:100 year exceedance) is 495 TAF for deliveries.
c
Because stored-water transfers are inherent in the Yuba Accord Alternative flow schedules and operational parameters,
carryover storage requirements for stored water transfers are not used in modeling of Scenarios 3, 6, and 8. The calculated
carryover storage requirements for stored water transfers for the Yuba Accord Alternative are 647 TAF for a 1-in-100
Conference Year and 692 TAF for a 1-in-100 Schedule 6 Year.
d
Values given are based on critical year instream flow requirements in the following year (April-March). Carryover storage
requirements for a conference year (~1:100 year exceedance) are 486 TAF for deliveries and 638 TAF for water transfers.

For modeling of the CEQA Existing Condition, the maximum single-year YCWA transfer is
capped at 164 TAF, which is the historical maximum YCWA water transfer since inception of
the EWA. This transfer occurred in 2002, and included sales to DWR and EWA.
Implementation of RD-1644 Long-term flow requirements and additional irrigation demand at
Daguerre Point Dam due to implementation of the Wheatland Project would reduce available
storage in New Bullards Bar Reservoir. Carryover storage requirements for water transfers
under RD-1644 Long-term exceed the September target operating storage of 705 TAF.
Therefore, no stored water transfers are possible for the No Project Alternative and the No
Action Alternative.
For the Yuba Accord, stored water is made available through the Yuba Accord flow schedules
and through the New Bullards Bar Reservoir Target Operating Line that specifies a target endof-September storage of 650 TAF (compared to 705 TAF for the Existing Condition, the No
Project Alternative, the No Action Alternative, and the Modified Flow Alternative). No
additional stored water transfers are modeled.
Attachment C of the Modeling Technical Appendix describes carryover storage requirements
for water transfers in greater detail.

A.4.3

GROUNDWATER SUBSTITUTION TRANSFERS

Groundwater substitution transfers were made by YCWA in coordination with its Member
Units in 1991, 1994, 2001, and 2002, and are included in all scenarios. For modeling purposes, it
is assumed that groundwater substitution pumping occurs in dry and critical years (Sacramento
Valley 40-30-30 Index), and in below normal years when the allocations to the SWP are less than
60 percent.
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Under the Existing Condition, single-year transfer amounts are capped at 61 TAF, which is the
historical maximum YCWA groundwater substitution transfer since inception of the EWA.
Similarly, under the Existing Condition, back-to-back groundwater substitution transfers are
limited to two successive years and to a maximum total transfer of 116 TAF, which corresponds
to the combined 2001 and 2002 transfer.
Analysis of the 2001 and 2002 water transfer data and estimates of historical changes in
groundwater storage suggests a third year of transfer of a similar volume could have been
conducted without inducing any detrimental decline in groundwater levels in the Yuba Basin
and without drawing groundwater levels to the historical low levels seen in 1991. Recent
surveys conducted by YCWA with potential participants in the groundwater substitution
program indicated a maximum groundwater substitution pumping volume of approximately 90
TAF per year could be implemented.
For the Yuba Accord Alternative, groundwater substitution transfer modeling assumes a
maximum 3-year total groundwater pumping volume of 180 TAF. An additional constraint of a
maximum 2-year groundwater substitution transfer pumping volume of 120 TAF is applied to
prevent transfers of 90 TAF in two consecutive years, followed by a year without any
groundwater substitution pumping. The resulting 3-year pattern for maximum annual
groundwater substitution pumping is 90 TAF for the first year, 60 TAF for the second year, and
30 TAF for the third year. With implementation of the Wheatland Project, the maximum
available groundwater pumping capacity for groundwater substitution transfers and
groundwater pumping to make-up for deficiencies in surface water deliveries is assumed to be
120 TAF.
While these constraints establish reasonable maximum groundwater pumping levels for the
Yuba Accord Alternative, institutional difficulties in implementing a single-year groundwater
substitution transfer program require that additional restrictions on pumping be used to
simulate operations for the No Project Alternative, No Action Alternative and the Modified
Flow Alternative. Accordingly, groundwater substitution pumping in the absence of a longterm water purchase agreement is limited to a maximum volume of 140 TAF over 3 years. The
resulting 3-year pattern for the maximum annual groundwater substitution pumping is 70 TAF
in the first year, 50 TAF in the second year, and 20 TAF in the third year.
For the NEPA analysis, groundwater substitution transfers have been further limited by
consideration of the volumes of groundwater pumping that may occur in support of the
Sacramento Valley Water Management Program.
Limits on the maximum annual volume of groundwater substitution pumping are distributed
monthly assuming the following percentages for May through September: 20 percent, 20
percent, 25 percent, 25 percent, and 10 percent respectively. These percentages are based upon
experiences from the 2001 and 2002 groundwater substitution transfers. The start of
groundwater substitution pumping is dictated by New Bullards Bar Reservoir operations as
simulated by the YPM. Water can be backed up in storage when releases from New Bullards
Bar Dam are controlled by irrigation requirements at Daguerre Point Dam or instream flow
requirements at the Marysville Gage. No groundwater substitution pumping was modeled
after the end of September.
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For modeling purposes, groundwater pumping is limited so that the long-term average annual
groundwater pumping, including deficiency pumping, is at or less than 30 TAF, which is the
net observed historical rate of groundwater recharge. Groundwater substitution pumping is
also limited so that the simulated groundwater storage remains above the 1991 level.

A.4.4

YUBA ACCORD ALTERNATIVE

Under the Yuba Accord Alternative, YCWA, Reclamation and DWR would be parties to the
proposed Water Purchase Agreement. This agreement provides for the purchase and delivery
of water to EWA, Reclamation and DWR. Key elements of the Water Purchase Agreement
include definition of water supply components, water accounting mechanism, and explanation
of Conference Year principles.
Under the Water Purchase Agreement, YCWA would have an obligation to provide specific
quantities of transfer water (Component 1, Component 2, and Component 3) and would have
the option to provide additional transfer water (Component 4) depending on supply availability
and demand. Table A-11 summarizes YCWA’s water transfer commitments under the Water
Purchase Agreement. In the first 8 years of the agreement (2007 through December 31, 2015),
Reclamation and DWR would purchase 60 TAF per year of Component 1 water, for a total of
480 TAF. YCWA’s obligation to supply Component 2 water is year-type dependent. YCWA’s
obligation to supply Component 3 water would be dependent on CVP/SWP contract
allocations and CVP/SWP requests for the water. Component 1 water would be surface water
made available through the Yuba Accord flow schedules and New Bullards Bar Reservoir target
operating line. Component 2, 3, and 4 water would be made available through a mix of the
Accord flow schedules and groundwater substitution pumping.
Table A-10. Summary of Proposed Yuba Accord Water Purchase Agreement
CVP
Allocation

SWP
Allocation

Water
Year Type

N/A

N/A

All

N/A

N/A

Dry

N/A

N/A

Critical

< 35%

< 40%

N/A

35% - 45%

40% - 60%

N/A

N/A

N/A

All

a

b

c

d

e

Transfer
Type
Component
1
Component
2
Component
2
Component
3a
Component
3b
Component
4c

Transfer
Amount
(TAF)
60
15
30
40
40 a
Supply
Limited b

Source
Stored water only

e

Stored water and groundwater
substitution pumping
Stored water and groundwater
substitution pumping
Stored water and groundwater
substitution pumping
Stored water and groundwater
substitution pumping
Stored water and groundwater
substitution pumping d

For modeling purposes, it is assumed that the CVP/SWP will request 40 TAF of Component 3b water when allocations for the
CVP or SWP are within the percentages shown. Under the Draft Water Purchase Agreement, there is no commitment by
either the CVP or SWP to request this water.
For modeling purposes, it is assumed that YCWA transfer amount is limited only by supply, by Delta conditions, and by
conveyance capacity at Banks and Jones pumping plants during the transfer period.
For modeling purposes, it is assumed that, except in dry and critical years, YCWA will delivered previous years undelivered
Component 1 water prior to making Component 4 water available to the CVP/SWP.
For modeling purposes it is assumed that that the price of water would not support groundwater substitution transfers in wet
and above normal years.
Stored water refers to water made available through the Yuba Accord flow schedules and New Bullards Bar Reservoir target
operating line that has an end-of-September target of 650 TAF.
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SCHEDULE 6 YEAR PUMPING COMMITMENT

As part of the Yuba Accord Alternative, YCWA would enter into agreements with its Member
Units (Conjunctive Use Agreements) to implement a program for the conjunctive use of surface
water and groundwater. Under these agreements, participating Member Units would agree to
pump specified percentages of 30 TAF of groundwater in Schedule 6 years. Through exchanges
with surface water deliveries, these agreements would provide 30 TAF to supplement flows at
Marysville, over and above the Accord flow schedules for Schedule 6 years.
Schedule 6 year groundwater substitution transfers are modeled through a uniform percentage
reduction in the Daguerre Point Dam diversion demand, typically from April to September.
The water that would have been diverted at Daguerre Point Dam is backed up in New Bullards
Bar Reservoir, and then later released to the Delta on a pattern that allows the CVP/SWP to
export the released transfer water. New Bullards Bar Reservoir storage is not affected by
Schedule 6 groundwater pumping, after the transfer is complete, because no net storage
withdrawal occurs to support the groundwater substitution transfer.
For modeling purposes, storage releases to support the groundwater substitution transfers in
Schedule 6 years are assumed to normally provide an increase in flow at Marysville of 200 cfs in
July and August, and 100 cfs in September. The release schedule is modified in some years
based on CALSIM II model results to account for Delta conditions and available Delta export
capacity.

A.4.4.2

GROUNDWATER SUBSTITUTION PUMPING

Accounting rules for water transfers under the Yuba Accord Alternative are presented in Exhibit
4 – Accounting, and Exhibit 5 – Refill Accounting of the proposed agreement for the Long-term purchase
of water from YCWA of Appendix B. Released Transfer Water is calculated based on baseline
flow conditions and flow conditions under the Yuba Accord Alternative, as measured at the
Marysville Gage. Delivered Transfer Water is defined as the Released Transfer Water that is
accounted as being exported by the Buyers. Transfer accounting determines YCWA need to
implement groundwater substitution transfers to provide Component 2 and Component 3
water. Baseline conditions for Released Transfer Water are calculated using the YPM, and are
based on RD-1644 interim instream flow requirements and FERC License 2246 instream flow
requirements of 400 cfs at the Marysville Gage for the period October 1 to 14.
For modeling purposes, groundwater substitution transfers under the Yuba Accord Alternative
are determined based on the following factors:


Groundwater pumping constraints, described in Section A4.3, formulated to protect the
Yuba groundwater basin from overdraft



Delta conditions and the availability of export capacity at Banks and Jones pumping
plants



YCWA commitment to provide Reclamation and DWR with 15 TAF of Component 2
water in dry years and 30 TAF of Component 2 water in critical years (Sacramento
Valley 40-30-30 Index)



YCWA commitment to provide Reclamation and DWR up to 40 TAF of Component 3
water depending on CVP and SWP contract allocations.
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The schedule for the release of groundwater substitution water is determined through postprocessing of CALSIM II output. Transfer water is released during periods of Delta balanced
water conditions, when there exists: (1) CVP/SWP pumping capacity to export the transfer
water, and (2) the E/I ratio is not controlling Delta exports. However, in Schedule 2 and 3
years, 10 percent of the transfer water is dedicated to mitigating instream flows, even if this
water is not transferable. In Schedule 4 and 5 years this percentage is 20 percent.
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B.1

INTRODUCTION

The Yuba River has been developed for water supply, hydropower generation, flood control,
sedimentation control, and recreation over a period extending back to the Gold Rush in the
mid-1800s. These developments have varied and have resulted in complex impacts to the water
temperature regime of the Yuba River.
The lower Yuba River is the 24-mile reach stretching from Englebright Dam to the confluence
with the Feather River, south of Marysville. The construction of the Yuba River Development
Project, and specifically New Bullards Bar Reservoir in 1970, has played a significant role in
reducing the lower Yuba River water temperature in the spring, summer, and fall. Inflows from
tributaries intermix with releases from reservoirs to develop the water temperature profile
within the river channel. The flows emanating from Englebright Reservoir and Narrows I and
II powerhouses provide the base flow of cold water in the upper reaches of the lower Yuba
River. During certain periods of the year, inflows from Deer Creek (RM 22.7) near Smartville,
and Dry Creek (RM 13.6) have significant effects on the heat gain of the river. During the
irrigation season, a portion of the river flow is diverted at Daguerre Point Dam (RM 11.6).
Example of the average temperature regime of the lower Yuba River, from New Bullards Bar
Reservoir to Marysville for May and August, is shown in Figure B-1.

B.1.1

COLDWATER POOL SYSTEM

Other than weather, the greatest factor that affects water temperatures in the lower Yuba River
is the temperature of water released from the Narrows I and II powerhouses, which are located
immediately downstream of Englebright Dam. Because Englebright Reservoir has a relatively
small capacity (70 TAF), the temperature of water released from the Narrows I and Narrows II
powerhouses are primarily governed by:


Temperature of releases from New Bullards Bar Dam through New Colgate
Powerhouse



Air temperature



Middle Yuba and South Yuba rivers’ inflow rates and water temperatures

B.1.1.1

NEW BULLARDS BAR RESERVOIR

New Bullards Bar Reservoir is a 966,000 acre-foot capacity reservoir, which in most years has a
significant coldwater pool supply. A cross-section of the dam is shown in Figure B-2. The
reservoir outlet control gates provide the ability to release water from different levels at the
dam, from a high elevation of 1,956 feet above msl to a low elevation of 1,638 feet above msl (at
the low-level outlet). The upper intake is fitted with slide gates, so that flows from the upper
150 feet of the reservoir can be regulated.
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Figure B-1. Average Monthly Water Temperature Profile in the Lower Yuba River for May and August for the Period
1999 to 2004 1

1

Flow data is from U.S. Geological Survey (USGS) gages 11421000 (Marysville) and 11418000 (Smartville). Water temperature data is from YCWA.
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Figure B-2. Section Through New Bullards Bar Dam

Proposed Lower Yuba River Accord
Draft EIR/EIS

June 2007
Page B-3

Attachment B

Lower Yuba River Water Temperature Evaluation

Under current operating conditions, the coldwater pool in New Bullards Bar Reservoir is
normally not exhausted and coldwater releases are made throughout the year. Current YCWA
operating procedures call for use of the low-level outlet throughout the year, as recommended
by a temperature advisory committee, which was convened by YCWA in 1993 with
representatives from CDFG and USFWS. The low-level outlet has been used for all controlled
releases from the dam since September 1993. The minimum pool for operating the low-level
outlet is at an elevation of 1,734 feet above msl, 96 feet above the low-level outlet.
Analysis of water temperature profiles in New Bullards Bar Reservoir, for the recorded period
of 1990 to 2005, indicate strong seasonal behavior of the water temperature profile within the
reservoir (Figure B-3). The consistent shape and narrow range of water temperature profiles
suggest that temperature in New Bullards Bar Reservoir is primarily controlled by solar
radiation and air temperature. The seasonal trends in average monthly water temperature
profiles are shown in Figure B-4 and Figure B-5, which shows the warming and cooling cycles
of reservoir temperature, respectively.
Additional analysis of the water temperature profiles shows that fluctuations of surface water
elevations do not typically impact the water temperature profiles. Available water temperature
profiles show surface water elevation variations between 1,818 feet and 1,957 feet above msl,
which is equivalent to 440 TAF and 970 TAF of reservoir storage. The consistent monthly water
temperature profiles appear to be independent of surface water elevations, over the observed
range of elevations.

B.1.1.2

ENGLEBRIGHT RESERVOIR

Recreation activities on Englebright Reservoir are dependent upon a stable reservoir level.
Therefore, the active storage in Englebright Reservoir is maintained at a steady elevation of 515
feet (approximately 45 TAF of storage), except during the flood season. As a result, the flow
through the Narrows II Powerhouse at Englebright Dam is primarily governed by the water
temperature releases from New Colgate Powerhouse, air temperature, and the Middle Yuba
and South Yuba rivers’ inflow rates and water temperatures. The intake structure at
Englebright Dam is located approximately 448 feet above msl.
Analysis of temperature profiles in Englebright Lake, for the period of 1990 to 2005, shows a
seasonal behavior of the temperature profiles in the lake (Figure B-6). The warming and
cooling water temperature cycles in Englebright Lake are shown in Figure B-7 and Figure B-8.
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Figure B-4. New Bullards Bar Reservoir Average Monthly Water
Temperature Profile, February to August Warming Cycle
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Figure B-7. Englebright Average Monthly Water Temperature Profile,
February to August Warming Cycle
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LOWER YUBA RIVER

Figure B-9 shows the monthly average of daily mean water temperatures of the lower Yuba
River, at the Marysville Gage, during the three periods, for which water temperature data are
available.


Pre-Yuba project period from 1965 to 1968 (two wet and two below normal years 2)



Post-Yuba project period from 1974 to 1977 (two wet and two critical years)



Modified operations in the Yuba Project period from 1993 to 2005 3 (five wet, four above
normal, one below normal, one dry, and two critical years)
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Figure B-9. Monthly Average of Daily Yuba River Water Temperatures at
Marysville Gage for Periods of Pre- and Post-Yuba River Development Project

The monthly average of daily mean water temperatures, during the 1974 to 1977 period, also
show reductions in summer water temperatures compared to the 1965 to 1968 period, even
though the 1974 to 1977 period included the most severe drought (1976-1977) that the Yuba
River Basin has experienced in recorded history. This shows the effect of Yuba-project on
reducing summer temperature in the Yuba River.
Operation of the Yuba Project was modified in 1993. Therefore, the monthly average water
temperatures for the 1993 to 2005 period are more representative of current conditions in the
Yuba River. Compared to the period of 1965 to 1968, the monthly averages of daily mean water
temperatures were substantially lower during the 1993 to 2005 period, from mid-summer into

Water year types are defined by the Yuba River Index (B-E, Yuba River Index: Water Year Classifications for Yuba River,
2000).
3 Water temperature data is available for 1989 to 2005. However, since September 1993, the low-level outlet of New
Bullards Bar Reservoir has consistently been used to release water for power generation at New Colgate Powerhouse
to assist in the management of water temperatures in the lower Yuba River.
2
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the fall, with the average August temperature over 10°F lower. The reduction in summer and
fall water temperatures was greatly influenced by the continued releases of water from the
coldwater pool in New Bullards Bar Reservoir, resulting from the modified operations in the
Yuba Project.

B.1.2.1

MECHANISM OF HEAT TRANSFER

For most of the lower Yuba River below Englebright Dam, the river channel is wide and flat,
with little or no bank shading. Thus, the entire river channel is exposed to the warm
Sacramento Valley air, which produces substantial heat transfer to the water surface.
Additionally, water temperatures are influenced by solar radiant heating of the river and
riverbed. Many of the Sierra foothill rivers have well defined, moderate to highly incised
channels, which provide for low surface width-to-flow ratios. The Yuba River, however, is
characterized by a wide, shallow channel (i.e., high surface width-to flow ratio) that receives a
substantial amount of solar radiant heating. An aerial photograph of the lower Yuba River at
Daguerre Point Dam is shown in Figure B-10. As can be seen in the photograph, a substantial
portion of the river bottom is covered at very modest flow.

Figure B-10. Photograph of the Yuba River at Daguerre Point Dam
Looking Upstream

A cross section of the Yuba River, downstream of Daguerre Point Dam, is presented in Figure
B-11. Water surface elevations also are plotted within this figure to demonstrate potential water
surface elevations over a range of flows (i.e., 250 to 1250 cfs). The figure shows that flow above
500 cfs result in greater surface water width of the river, for each additional increment of flow,
compared to flow rates below 500 cfs. Typically, there is a dramatic increase in surface water
width once the capacity of the low flow channel is exceeded.
Proposed Lower Yuba River Accord
Draft EIR/EIS

June 2007
Page B-10

Attachment B

Lower Yuba River Water Temperature Evaluation

River Station = 12.65 miles
144

Legend*
WS 1250

142

WS 1000
WS 750
WS 500

Elevation (feet)

140

WS 250
138

136

134

132
1000

1100

1200

1300

1400

Cross Section Station (feet)

Figure B-11. Yuba River Cross Section at River Mile 12.65 with Flow Stages (e.g., WS 750:
Water Surface Elevation at a Flow of 750 cfs)

Figure B-12 shows the range of daily minimum and maximum water temperatures for August
2004. During the summer months, the lower Yuba River experiences a diurnal water
temperature variation of approximately 10°F. This extreme diurnal water temperature variation
can be mainly attributed to the river geometry and intense warm weather. The mechanism of
heat transfer for warming of river water temperatures is governed by air-to-water contact at the
water surface and solar radiant heating of the river and riverbed. The air-to-water heat transfer
is driven by the difference between the air temperature and the water temperature, and
humidity. Solar radiant heating is affected by the time of the year, cloud cover, surface area,
water depth, and solar radiation absorption of the riverbed. The lower Yuba River is
unprotected from both heating mechanisms and, compared with other foothill rivers, has a
greater relative heat load due to its channel geometry. Water temperatures in the lower Yuba
River can increase more than 12°F between Englebright Dam and Marysville.
Although significant warming of river temperature occurs in the lower Yuba River, Figure B-13
shows that considerable warming of cold water releases from New Bullards Bar Dam occurs
upstream the Englebright Dam. During the period from March to July, warming upstream of
Englebright Dam account for more than 50 percent of the increase in water temperature
between New Bullards Bar Dam and Marysville. However, during late summer and fall,
August through November, warming in the lower Yuba River, below Englebright Dam,
accounts for more than 60 percent of temperature gain between New Bullards Bar Dam and
Marysville. Different heat transfer mechanisms control warming of water temperature
upstream of Englebright Dam and in the lower Yuba River, which result in seasonal variations
of warming rates in the two sections of the river. The rate of warming in Englebright Reservoir
is generally controlled by air temperature and solar radiation, and rate and temperature of
inflows from Middle and South Yuba rivers. However, the rate of warming in the lower Yuba
River is controlled by air temperature and solar radiation, and volume of the flow in the river.
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Figure B-12. Lower Yuba River Water Temperature at the Marysville
Gage in August 2004
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Figure B-13. Average Monthly Water Temperature Differences in the Lower Yuba
River (1990 to 2005)
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TEMPERATURE MODELING APPROACH

Temperature models for stream and reservoir applications can be broadly classified as
physically based, empirical, or a mix of the two. Physically based models use governing
equations for heat transport, flow, and climatic conditions to estimate water temperatures. A
physically based model is capable of estimating water temperature under a variety of
circumstances that may not be present in the existing system or data set, such as extreme flow
conditions or reservoir reoperation. Typically, physically based models are one-dimensional,
describing the one-dimensional vertical water temperature profile in a reservoir or the onedimensional horizontal profile along a stream.
One-dimensional reservoir water temperature models that have previously been used to
simulate Central Valley reservoir water temperature profiles include HEC/Reclamation 4, HEC5Q, WQRRS, and RMA. One-dimensional river water temperature models that have previously
been applied to streams in the Central Valley include HEC/Reclamation, HEC-5Q, QUAL2E,
WQRRS, and RMA. A disadvantage to using a physically based model is the effort required to
build and calibrate the model. In order to simulate a full period of record, meteorological
inputs, such as solar radiation and wind, and information about the water temperature for
accretions and depletions to the system, are needed. Additionally, atmospheric data is needed
for a meaningful prediction.
In contrast, an empirical model (e.g., statistical model) characterizes the statistical relationships
between water temperatures and one or more observed characteristic of the system. The
simplest example of this type of model is a linear regression relationship between observed flow
and water temperature. The advantage of a statistically based model is its ease of use and
development. Confidence limits (or error bands) on water temperature results are readily
available. However, the model is limited to making predictions regarding future conditions
based on available historic data, and such a model cannot evaluate potential outcomes outside
of the range of these data. A statistically based water temperature model was used in the 2000
SWRCB Lower Yuba River Hearings (2000 Hearings).
Due to limited available data, statistical water temperature models are used to evaluate the
potential impacts of the Proposed Project/Action and alternatives. The statistical models can be
used to estimate the effects of different New Bullards Bar Reservoir storage regimes and flow
releases, and diversions at Daguerre Point Dam on water temperatures in the lower Yuba River.
The statistical models should be used only in a comparative analysis to predict differences in
water temperature for a particular action alternative compared to the CEQA No Project
Alternative. The statistical models should not be used to predict absolute temperatures in the
lower Yuba River.

B.2.1

PERIOD OF SIMULATION

Monthly simulation of the Sacramento-San Joaquin Delta water system is available for the 72year period of record. The Yuba Project Model (YPM) is capable of simulating operations of
New Bullards Bar and Englebright dams, and flows in the lower Yuba River for the period 1922

HEC (1972) was modified and adapted by J. Rowell to provide temperature simulation capability throughout the
Sacramento River basin. This collection of sub-models was ultimately referred to as the “Sacramento River Basin
Model” and included Trinity, Whiskeytown, Shasta, Oroville, and Folsom reservoirs; Lewiston, Keswick, Thermalito,
and Natoma re-regulating reservoirs; and the Sacramento, Feather, and American rivers. Also see Rowell (1990).
4
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to 2004. However, lack of simulated Delta conditions and simulated through-Delta conveyance
capacity for transfers restricts modeling of the lower Yuba River to the 1922 to 1994 period.
Thus, temperature modeling for the lower Yuba River is restricted to the 1922 to 1994 period.
Climatic data (e.g., air temperature at Marysville) are required as independent variable(s) in
some of the statistical temperature models developed for the lower Yuba River. Historical air
temperature data for Marysville is available from 1948 to present. This further restricts the
simulation period for temperature modeling using historical monthly air temperature to the
1948 to 1994 period. However, the period of 1922 to 1948 could be included by using historical
monthly averages.

B.2.2

TIME STEP

Reservoir storage and flow inputs for the water temperature model are obtained from the YPM.
The YPM is run using a monthly time step; therefore, water temperature modeling also is
conducted using a monthly time step.

B.2.3

LOCATION

The statistical water temperature model is used to estimate changes in monthly water
temperatures of New Colgate releases, Narrows II releases (assumed same as river temperature
at the Smartville Gage), Daguerre Point Dam, and Marysville Gage.

B.2.4

CALIBRATION DATA

The data available for calibration of the temperature model is presented in Table B-1. More
data are available for the period of 1989 to present compared to previous periods, because
YCWA is recording water temperature at more locations in the lower Yuba River with greater
frequency. The recent data record is more representative of the current operation of the Yuba
Project. The water temperature measurement locations in the Yuba River are: New Bullards Bar
Reservoir, New Colgate Powerhouse, Englebright Reservoir, Narrows II Powerhouse, Parks
Bar, Daguerre Point Dam, and Marysville.
Table B-1. Available Historical Data for Water Temperature Model Calibration
Location
New Colgate PH
New Colgate PH
Daguerre
Deer Creek
Englebright
Englebright
Englebright
Marysville
Marysville
Marysville
Marysville
Marysville
Narrows II
Narrows II
New Bullards Bar
New Bullards Bar
Parks Bar
Smartville
Smartville

Data Type
Air temperature
Water temperature
Water temperature
Flow
Air temperature
Reservoir profile
Storage
Air temperature
Air temperature
Flow
Water temperature
Water temperature
Water temperature
Water temperature
Reservoir profile
Storage
Water temperature
Flow
Water temperature

Start Date
1/1/1979
4/6/2000
9/1/1999
9/1/1969
1/9/1990
1/9/1990
1/1/1970
1/1/1951
July 1948
9/1/1969
9/16/1999
10/1/1989
1/9/1990
8/24/1999
1/24/1990
1/15/1969
9/1/1999
9/1/1969
9/3/1999

End Date
Present
Present
Present
Present
Present
Present
Present
Present
Present
Present
Present
5/11/1999
Present
Present
Present
Present
Present
Present
Present

Data Type
Max, Min
Max, Min, Avg
Obs
Avg
Obs
Obs
Obs
Max, Min, Obs
Max, Min, Avg
Avg
Obs
Max, Min, Avg
Obs
Max, Min, Avg
Obs
Obs
Obs
Avg
Obs

Frequency
Daily
Daily
Hourly
Daily
~Bi-weekly
~Weekly
Daily
Daily
Monthly
Daily
Hourly
Daily
~Weekly
Daily
Monthly
Daily
Hourly
Daily
Hourly

Notes: PH = Powerhouse, Obs = Observation, Max = Maximum, Min = Minimum, Avg = Average
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PREVIOUS STUDIES

Two previous studies have developed water temperature models for the lower Yuba River in
1992 and 2000. The 1992 model was developed to evaluate the Lower Yuba River Fisheries
Management Plan proposed by CDFG. The 2000 model was developed for the 2000 Hearings.

B.3.1

1992 WATER TEMPERATURE MODEL OF THE LOWER YUBA RIVER

The development of a water temperature model of the lower Yuba River is reported in Water
Temperature Modeling on the Yuba River (B-E 1992). The developed temperature model consists
of four sub-models:


One-dimensional physical model of New Bullards Bar Reservoir (CE-QUAL-R1)



Statistical, multiple-linear regression model of New Colgate Powerhouse release
temperature, as a function of reservoir temperature and air temperature



Statistical multiple linear regression model of water temperature at the Smartville Gage,
as a function of New Colgate Powerhouse release temperature and air temperature



One-dimensional physical model of the lower Yuba River (HEC-5Q)

The water temperature data used in the study were collected from 1974 through 1977.

B.3.2

2000 ASSESSMENT OF PROPOSED WATER TEMPERATURE REQUIREMENTS

A statistical temperature model was developed for the resumption of the 2000 Hearings. The
model development and application is described in Lower Yuba River: Assessment of Proposed
Water Temperature Requirements (YCWA 2001). Three separate, multivariate linear regression
relationships were developed to relate water temperatures in different parts of the system:


Narrows II Powerhouse release temperature, as a function of New Colgate Powerhouse
release temperature and Marysville air temperature



Water temperature at Marysville Gage, as a function of Narrows II Powerhouse release
temperature, Marysville air temperature, and the flow at the Marysville Gage.



Yuba River temperature at Daguerre Point Dam, as a function of Narrows II
Powerhouse release temperature, Marysville air temperature, and the flow at the
Marysville Gage.

Solar radiation and ambient air temperature are important factors that affect the flow-water
temperature relationship in the lower Yuba River because of the flat geometry of the riverbed.
Thus, in developing water temperature relationships, the daily mean air temperatures at
Marysville were used as a surrogate for solar radiation, ambient temperature, and other
climate-related factors. The relative importance of these controlling factors varies from month
to month. Therefore, statistical temperature relationships were established for each month
using daily data for that month. The analysis showed that the water temperature at the
Marysville Gage is most affected by the Narrows II Powerhouse release temperature and then
by the air temperature at Marysville.
Application of the temperature modeling for the 2000 Hearings was based on historical average
monthly water temperature of releases from New Colgate Powerhouse (to provide the
upstream boundary condition) and historical average monthly air temperature at Marysville.
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PROPOSED TEMPERATURE MODEL

The modeling approach adopted for the Proposed Yuba Accord is to further develop the
statistical model developed for the 2000 Hearings. The statistical relationships previously
developed for calculating temperatures can be enhanced, through extension of the historical
data set used for calibration, to include more recent data. The statistical relationships for the
2000 Hearings were based on historical data collected between 1990 and 1999. Five more years
of data now are available.
In addition, under the Yuba Accord Alternative, New Bullards Bar Reservoir storage will be
significantly lower in many years. Additional analysis on the effect of reduced reservoir storage
on the New Colgate Powerhouse release temperature is needed to understand the impacts of
the Proposed Project/Action and alternatives on lower Yuba River temperatures. New Colgate
Powerhouse release temperature is an input to the statistical model for calculating the Narrows
II Powerhouse release temperatures and, subsequently, the water temperature at Daguerre
Point Dam and at the Marysville Gage.
The proposed statistical model consists of five sub-models that can be used to predict water
temperature at the following locations:


New Colgate Powerhouse release



Narrows II Powerhouse release (assumed to equal the water temperature at the
Smartville Gage



Daguerre Point Dam



Marysville Gage

B.4.1

NEW COLGATE POWERHOUSE RELEASE TEMPERATURE

The consistent monthly temperature profiles in New Bullards Bar Reservoir (Figure B-3) allows
for development of a reasonable estimate of water temperature at New Bullards Bar low-level
outlet. The estimated water temperature at the low-level outlet can then be used to estimate
release temperature through New Colgate Powerhouse by accounting for water warming
through the powerhouse. The temperature model for New Colgate Powerhouse release
temperature consists of two components: (1) low-level outlet temperature component and (2)
release temperature component.

Model Description
The low-level outlet temperature model assumes an average temperature profile for each
month, which is developed using the historical record of temperature profiles in New Bullards
Bar Reservoir (Figure B-3). Water temperature at the low-level outlet is estimated from the
monthly temperature profile corresponding to the depth of the low-level outlet from the water
surface. Depending on the volume of the release, the thickness of the intake zone for the lowlevel outlet will vary. Water temperature at the low-level outlet is adjusted to account for
thickness of intake zone.
The release temperature model uses a multi-linear regression relationship to predict the
temperature of the New Colgate Powerhouse water release. This relationship uses three
independent variables:


Estimated average monthly water temperature at New Bullards Bar low-level outlet
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Average monthly release rate from New Colgate powerhouse



Average monthly air temperature at Marysville

This model accounts for both the warming through the powerhouse and the seasonal variability
in low-level outlet temperature. Because water temperature at the low-level outlet is estimated
using long-term average monthly temperature profiles, monthly air temperature and release
rates are used to account for seasonal variability. Marysville air temperature is used in the
relation as a surrogate for climatic conditions.

Model Calibration
The New Colgate release temperature model was developed using data spanning the period of
1994 to present. Data sets prior to 1994 were excluded because it wasn’t until after 1994 that all
New Colgate releases were made from the low-level outlet at New Bullards Bar Dam. The
regression equation for New Colgate release temperature is:
NCT = 9.88 + 0.7801* NBT - 0.000547 * NCR + 0.0401* Air
Where
NCT = Release temperature of New Colgate Powerhouse (°F)
NBT = Estimated water temperature of the low-level outlet at New Bullards Bar Dam (°F)
NCR = Release rate of New Colgate (cfs)
AIR = Air temperature at Marysville (°F)
Comparison between observed and predicted release temperature at New Colgate Powerhouse
is shown in Figure B-14. The comparison shows a general good performance of the developed
model for New Colgate release temperature (Table B-2). Although the fit between the observed
and predicted is not complete, the observed release temperature falls well within the 99
percentile confidence limits of model predictions. As reported in Table B-3, statistical tests
confirm the significance of all the parameters used in the temperature equation for New Colgate
release.
Table B-2. Performance Statistics for the New Colgate Release Temperature
Equation
Statistic
R-Square
Mean absolute error (°F)
Standard deviation of error (°F)

Value
0.674
0.69
0.88

Table B-3. Statistical Significance Tests for the Parameters of the New
Colgate Release Temperature Equation
Parameter
Intercept
NBT
NCR
AIR

P-value 5
3.7 E-03
2.8 E-23
2.8 E-08
1.6 E-06

P-value tests whether each individual variable has a significant contribution to the relationship. If p-value is less
than 0.05, then its corresponding variable is a significant predictor in the relationship.

5
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Figure B-14. Predicted and Observed Release Temperature at New Colgate
Powerhouse for the Period 1994 to 2005

The coefficients of the regression equation for New Colgate release temperature specifies the
sensitivity of release temperature to each independent variable. A one degree increase in
release temperature can be caused by an increase in low-level temperature of 1.3 degrees, a
decrease in New Colgate release of 1,800 cfs, or a 25-degree increase in average monthly air
temperature of at Marysville.

Model Validation
Under the Yuba Accord Alternative, New Bullards Bar Reservoir storage would be significantly
lower than the levels experienced in recent years. Therefore, it is important to validate the
developed temperature model for New Colgate for reduced reservoir storage conditions. The
observed release temperature at New Colgate during the historical low storage conditions of
1976 and 1977 and data for 1981 were used to validate the developed model. Figure B-15 shows
the time series of New Bullards Bar Reservoir storage.
Figure B-16 compares the observed and predicted release temperature for New Colgate during
1976, 1977, and 1981. It should be noted that observed release temperature is only shown for
periods when release is made from the low-level outlet at New Bullards Bar Dam. Figure B-16
shows a reasonable match between observed and predicted release temperature. Observed
temperature remained largely within the 99 percentile confidence limits of model prediction,
except during 1976. Although the prediction error during 1976 was high (3 degrees on
average), the model correctly predicted the trend of release temperature. Figure B-16 also
shows that model predicted release temperature is generally warmer than the observed release
temperature. This can be explained by the fact that New Colgate releases prior to 1994 were
generally made from the upper-level outlet at New Bullards Bar Dam, while the low-level outlet
is used when reservoir storage is low. This means that during that period cold water pool has
been exercised less regularly than in recent years, which can explain the conservative model
predictions of release temperature.
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Figure B-16. Validation of New Colgate Release Temperature Model using
Observed Release Temperature during 1976, 1977, and 1981 6

Observed release temperature is only shown at periods when release is made from the low-level outlet at New
Bullards Bar Dam.
6
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Model Comparison to Previous Studies
The statistical temperature model developed for the 2000 Hearings did not include a component
to model New Colgate release temperature. However, a temperature model for New Colgate
releases was developed in 1992 (Water Temperature Modeling on the Yuba River, B-E 1992). That
model used a similar concept to the model developed in this analysis, where temperature in the
reservoir is modeled to predict water temperature at the low-level outlet, which is then used to
estimate New Colgate release temperature. The main difference between the two approaches is
that the 1992 model used a one-dimensional physical model to predict the temperature profile
in the reservoir (CE-QUAL-R1), while the approach used in this study used average monthly
temperature profiles of the reservoir. Another significant difference is the time step used in
each model; the 1992 model used daily time step, while the current model uses monthly time
step.
It has been determined that the one-dimensional physical model with daily time steps is not
appropriate for the purpose of this analysis. This is primarily due to the large metrological data
requirements of the one-dimensional model, which restricts its application over the complete
period of analysis. Moreover, the New Colgate release temperature statistical model, developed
in this analysis, has demonstrated adequate performance in predicting release temperature.

Impact of Reservoir Geometry on Temperature Profiles
Due to the three-dimensional (3-D) geometry of the New Bullards Bar Reservoir, as the
elevation of water surface drops, the thickness of a water layer of certain volume will expand
because of reduction in the plan area of the reservoir. This phenomenon could modify the
temperature profile in the reservoir. However, analysis of the available historical record of
temperature profiles did not support the presence of this effect. The available record of
temperature profiles (1990 to 2005) documented surface water elevation variations of 139 feet
(between 1,957 and 1,818 feet). Further analysis was undertaken based on conservation of warm
water volumes as the reservoir elevation is reduced. Under this assumption, the upper
temperature profile becomes elongated. However, changes in the temperature profile and the
estimated water temperature at the low-level outlet were not significant compared to the
observed variation in water temperature profiles from year to year for any given month.
Therefore, distortion of the temperature profiles due to impacts of the reservoir 3-D geometry is
not modeled.

B.4.2

NARROWS II POWERHOUSE RELEASE TEMPERATURE

Narrows II Powerhouse release temperature is modeled using a statistical relationship between
Narrows II release temperature and temperature and volume of the inflows to Englebright
Lake, as well as the effects of solar radiation and heat exchange with the overlaying warm air.
This model relates the release temperature of Narrows II Powerhouse to changes in New
Bullards Bar operations and to changes in New Colgate release temperature. Since Englebright
Reservoir storage is maintained at a steady level during its normal operations, impact of
reservoir elevation on release temperature is not modeled.

Proposed Lower Yuba River Accord
Draft EIR/EIS

June 2007
Page B-20

Attachment B

Lower Yuba River Water Temperature Evaluation

Model Description
Narrows II Powerhouse release temperature model is a multi-linear regression relationship that
uses four independent variables:


Average monthly New Colgate release temperature



Average monthly Air temperature at Marysville



Average monthly Englebright Lake inflows from New Bullards Bar



Average monthly Englebright Lake inflows from sources other than New Bullards Bar
Dam (i.e., Middle Yuba and South Yuba rivers)

Model Calibration
The Narrows II release temperature model is developed using data spanning the period of 1990
to present (data sets prior to 1990 were generally incomplete). The equation for Narrows II
release temperature is:
N2 = 15.69 + 0.448* NCT + 0.236* AIR – 0.00064* NBI + 0.00056* YRI
Where
N2 = Release temperature of Narrows II Powerhouse (°F)
NCT = Release temperature of New Colgate Powerhouse (°F)
AIR = Air temperature at Marysville (°F)
NBI = Inflows to Englebright Lake from New Bullards Bar Dam (cfs)
YRI = Inflows to Englebright Lake from Middle Yuba and South Yuba river (cfs)
Comparison between observed and predicted release temperature at Narrows II Powerhouse is
shown in Figure B-17. The comparison shows a good performance of the developed model for
Narrows II release temperature (Table B-4). Although the fit between the observed and
predicted is not complete, the observed release temperature falls well within the 99 percentile
confidence limits of model predictions. In addition, model predictions closely match the
seasonal trend in observed release temperature. As reported in Table B-5, statistical tests
confirm the significance of all the parameters used in the temperature equation for Narrows II
release.
The coefficients of the regression equation for Narrows II release temperature specifies the
sensitivity of release temperature to each independent variable. A one degree increase in
release temperature can be caused by an increase in New Colgate release temperature of 2.2
degrees, an increase in average monthly air temperature of 4.2 degrees at Marysville, a decrease
in New Bullards Bar release of 1,600 cfs, or an increase of 1,800 cfs in the inflows from Middle
and South Yuba rivers.
It should be noted that the maximum release capacity of New Colgate Powerhouse is about
3,500 cfs. Therefore, the relationships for the reservoir temperature model do not hold for flood
control operations that require a release rate greater than 3,500 cfs. However, temperatures in
the lower Yuba River are not a concern during flood control operations.
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Figure B-17. Predicted and Observed Release Temperature at Narrows II
Powerhouse for the period 1990 to 2005 (Calibration Results)
Table B-4. Performance Statistics for the Narrows II Release Temperature
Equation
Statistic
R-Square
Mean absolute error (°F)
Standard deviation of error (°F)

Value
0.792
1.18
1.49

Table B-5. Statistical Significance Tests for the Parameters of the Narrows II
Release Temperature Equation
Parameter
Intercept
NCT
AIR
NBI
YRI

P-Value 7
3.1 E-08
5.1 E-14
3.1 E-53
2.4 E-06
6.0E-04

Model Validation
Figure B-18 compares the 1976 to 1984 observed and predicted release temperature for Narrows
II. This period of the record is used for validation because it was not part of the calibration data
set (1990 to 2005). Note that model predictions are only provided during periods when
observed New Colgate release temperature is available.

P-value tests whether each individual variable has a significant contribution to the relationship. If p-value is less
than 0.05, then its corresponding variable is a significant predictor in the relationship.
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Figure B-18 shows that predicted release temperature reasonable matched the general monthly
trend of observed temperature. Although observed temperature fell below the 99 percentile
confidence limits of model prediction during some periods, average absolute prediction error
for the validation test was about 2.6°F.
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Figure B-18. Validation of Narrows II Release Temperature Model Using
Observed Release Temperature at Narrows II Powerhouse for the Period 1976
to 1985

Model Comparison to Previous Studies
Two statistical temperature models were developed previously for water temperature below
Englebright Dam: the temperature model for the 2000 Hearings and the temperature model
developed in 1992 (Water Temperature Modeling on the Yuba River, B-E 1992). All models for
water temperature below Englebright Dam, including the one developed in this study, used a
multi-linear regression approach. The two previous models used two independent variables:
(1) New Colgate release temperature and (2) average monthly air temperature at Marysville.
The model developed under this analysis extends the previous two models by including flow
terms in the regression equation, in addition to the temperature terms; it uses four independent
variables: (1) New Colgate release temperature, (2) average monthly air temperature at
Marysville, (3) Englebright Lake inflows from New Bullards Bar, and (4) Englebright Lake
inflows from sources other than New Bullards Bar Dam (i.e., Middle Yuba and South Yuba
river).
In this study, temperature relation for Narrows II is developed using monthly average
temperature and inflows to Englebright Lake to account for detention time in the lake. This
agrees with the approach adopted by the 1992 temperature model, where 20-day running
average temperature was used to account for the effects of detention in Englebright Lake. In
addition to a monthly temperature relation, the 2000 Hearings study also developed daily flow
temperature relations, by month, for water temperature below Englebright Dam. These daily
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relations had noticeably lower R-square values compared to the monthly relation. This again
emphasizes the need to account for effects of detention in Englebright Lake.
Inclusion of flow terms into the regression relation has improved the overall performance of the
temperature model, where its R-Square improved from 0.64 in the 2000 Hearing model to 0.79
under the new model. This is an additional evidence of the significance of the flow terms in the
regression relationship, which has been confirmed by the statistical tests (Table B-5). Moreover,
including the flow terms in the regression equation allows for evaluating the impact of changed
release pattern in New Bullards Bar Dam on temperature in lower Yuba River.

B.4.3

DAGUERRE POINT DAM WATER TEMPERATURE

Daguerre Point Dam is approximately 12 miles downstream of Englebright Dam. The terrain for
this reach of the river varies significantly from a steep, narrow gorge near Englebright Dam to a
wide, flat, open area near Daguerre Point. Also, there are multiple accretions and depletions
between Englebright Dam and Daguerre Point, including Deer Creek, Dry Creek, and the Yuba
River Goldfields. While there is a flow gage at the mouth of Deer Creek, there are limited
temperature data for any of these locations and there are no flow gages below Deer Creek,
except for the Marysville Gage.
Factors controlling Yuba River temperature at Daguerre Point include temperature of the
releases form Englebright Dam and heat exchange in the river, which is affected by both
climatic conditions and volume of the flow in the river. The impacts of inflows from Deer Creek
on river temperature at Daguerre Point is not modeled because of the scarcity of temperature
data for these inflows, in addition to their small volumes compared to the flows in Yuba River.

Model Description
The Daguerre Point Dam temperature model is a multi-linear regression relation that uses three
independent variables:


Narrows II release temperature



Flow at Smartville



Air temperature at Marysville

Two separate models are developed and compared for Daguerre Point, a single-relation model
and a monthly-relations model. The monthly-relations model estimates water temperature at
Daguerre Point using a set of unique coefficients for each month. The monthly relations are
developed to assess the relative influence of the independent variable on a monthly basis.

Model Calibration
The Daguerre Point temperature models are developed using data spanning the periods of
1976, 1977, and 2000 to 2005. Additional available data set between 1997 and 2000 was reserved
for model validation purposes. Although the temperature models developed in this study use
monthly time-steps, calibration of Daguerre Point temperature model is carried-out using daily
data. Use of daily data for calibration provides a larger data set for calibration compared to
using monthly average data. This is especially important because of the short available
temperature record at Daguerre Point. Moreover, because of the short travel time between
Englebright Dam and Daguerre Point Dam, using daily data for calibration of models that uses
monthly time-steps is considered appropriate.
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Observation of the relation between flows and temperature shows a reduction in the influence
on water temperature as flows increase, while influence increase for lower flows. Therefore, a
linear relationship between flow and temperature will tend to overestimate predicted water
temperature at higher flows and underestimate water temperature at low flows. To capture this
nonlinear effect a logarithmic relationship between flows and temperature is used in place of
the linear relationship. Daguerre Point water temperature representative equation has the form:
DGP = A + B* N2 + C* AIR + D* Ln (SMF)
Where
DGP = Water temperature at Daguerre Point Dam (°F)
N2 = Release temperature of Narrows II powerhouse (°F)
AIR = Air temperature at Marysville (°F)
SMF = Yuba River Flow at Smartville gage (cfs)
A, B, C, D = Coefficients
Ln ( ) = the natural logarithm
Table B-6 presents the regression coefficients for the two models of Daguerre Point water
temperature. Figure B-19 and Figure B-20 compare the observed and predicted water
temperature at Daguerre Point using the monthly-relations model for the periods 2000 to 2005
and 1976 to 1977, respectively. The comparison shows a good performance of the developed
monthly-relation model for Daguerre Point water temperature. The observed water
temperatures fall well within the 99 percentile confidence limits of model predictions.
Table B-6.

Model Coefficients of Water Temperature at Daguerre Point Dam
Coefficients

Single-Relation
Monthly-Relations
January
February
March
April
May
June
July
August
September
October
November
December

Proposed Lower Yuba River Accord
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A
37.3

B
0.353

C
0.277

D
-2.636

21.6
8.0
15.9
53.2
46.7
57.1
83.9
86.4
83.2
52.9
2.5
29.6

0.345
0.653
0.708
0.108
0.281
0.271
0.090
0.066
-0.067
0.274
0.877
0.274

0.170
0.179
0.135
0.126
0.183
0.108
0.082
0.037
0.116
0.135
0.148
0.148

0.180
-0.080
-1.030
-1.738
-2.363
-2.836
-4.948
-4.728
-4.274
-2.895
-0.585
-0.221
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Figure B-19. Predicted and Observed Release Temperature at Daguerre Point
Dam for the Period 1999 to 2005 (Calibration Results)
Note: Temperature Predictions are developed using the monthly-relations model.
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Figure B-20. Predicted and Observed Release Temperature at Daguerre Point
Dam for the Period 1976 to 1977 (Calibration Results)
Note: Temperature Predictions are developed using the monthly-relations model.
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Table B-7 reports the performance statistics of the developed single-relation and monthlyrelation models for Daguerre Point water temperature. Performance statistics show an overall
improved performance of the monthly-relations model over the single-relations model. This is
caused by the additional degrees of freedom provided in the monthly-relations model, which
has a total of 48 coefficients compared to 4 coefficients for the single-relation model. In
addition, the monthly-relations model has the ability to capture effects of seasonal controls on
river temperature that are not captured by the three independent variables, e.g., inflows from
Deer Creek and Dry Creek.
Table B-7.

Performance Statistics for the Daguerre Point Dam Water Temperature Models
Statistics

R-Square
Mean absolute error (°F)
Standard deviation of error (°F)

SingleRelation Model
0.861
1.57
1.97

Monthly-Relations
Model
0.971
0.68
0.90

Percent
Change
+13%
-57%
-54%

The coefficients of the regression equation specify the sensitivity of water temperature to each
independent variable. Based on the single-relation model, a one degree increase in water
temperature at Daguerre Point can be caused by an increase in release temperature in Narrows
II of 2.8°F, an increase in Maysville air temperature of 3.6 °F, or a 46 percent decrease in river
flow at Smartville. However, the sensitivity of water temperature to these factors varies from
month to month.
Table B-8 shows the results of statistical significance tests for Daguerre Point temperature
models. The tests confirm the significance of all the parameters used in the single-relation
temperature equation. However, results of the significance test were not consistent for the
monthly-relations model. The coefficients corresponding to Marysville air temperature were all
significant predicators in the model. On the other hand, the coefficients corresponding to
Narrows II release temperatures were insignificant predicators during the months of April, July,
and August. The coefficients corresponding to Smartville flows were insignificant predicators
during the months of January, February, and December. These monthly coefficients were
reported insignificant because the historical record used for calibration showed limited
influence of their corresponding variables on river temperature during the specified months.

Model Validation
To validate the developed models for water temperature at Daguerre Point, the data set for the
period 1997 to 2000, which was not part of the calibration data set, was used. The validation test
was carried-out at monthly time-steps because the developed models will be applied to
estimate average monthly temperature in lower Yuba River. Figure B-21 shows the comparison
between the observed and predicted monthly water temperature at Daguerre Point for the
period 1997 to 2000. It shows that predicted water temperatures, from both the single-relation
and monthly-relations model, reasonably matched the observed temperature. The average
absolute prediction errors in the validation test for the single-relation and monthly-relations
models are 1.7 °F and 0.8 °F, respectively. This is additional evidence in favor of the monthlyrelations model over the single-relation model.
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Statistical Significance Tests for the Parameters of the Daguerre Point Dam Water
P-Value 8

Single-Relation
Monthly-Relations
January
February
March
April
May
June
July
August
September
October
November
December

A
1E-237

B
8.1E-72

C
0

D
2E-296

2.1E-15
5.5E-03
8.4E-09
1.5E-21
3.9E-58
4.0E-78
3.8E-76
2.5E-64
8.8E-91
1.1E-24
4.9E-01
3.0E-23

3.7E-09
8.4E-19
1.0E-25
1.8E-01
2.8E-09
1.2E-13
1.1E-01
3.3E-01
1.3E-02
5.0E-05
1.0E-26
7.2E-09

1.9E-28
2.4E-21
6.3E-22
5.5E-27
9.4E-22
9.2E-21
3.9E-13
4.0E-03
2.2E-15
2.4E-14
9.6E-25
6.4E-21

1.3E-01
3.4E-01
2.8E-18
1.2E-19
2.2E-50
1.5E-72
2E-121
5E-117
1.2E-66
5.2E-15
6.5E-04
1.2E-01

* P-values highlighted in red correspond to coefficients that are statistically insignificant.
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Figure B-21.
Predicted and Observed Release Temperature at Daguerre Point
Dam for the Period 1997 to 2000 (Validation Results)

Model Comparison to Previous Studies
Two temperature models were developed previously for water temperature at Daguerre Point
Dam: (1) the statistical temperature model for the 2000 Hearings and (2) the one-dimensional
physical temperature model (HEC-5Q) developed in 1992 (Water Temperature Modeling on the
Yuba River, B-E 1992). The model developed under this analysis extends the statistical model

P-value tests whether each individual variable has a significant contribution to the relationship. If p-value is less
than 0.05, then its corresponding variable is a significant predictor in the relationship.
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developed for the 2000 Hearings. The physical approach (HEC-5Q) is not used because of the
large data input requirements, which include continuous metrological and flow data, as well as
river cross sections information.
Because of the limited calibration data, the 2000 Hearings model developed a regression
relationship for temperature at Daguerre Point using river temperature at Marysville, in
addition to Marysville air temperature and Yuba River flow at the Marysville Gage. An
additional relationship was also developed that replaced Marysville water temperature with
release temperature at New Colgate. Similar to the approach used in this analysis, the 2000
Hearings model developed single-relation and monthly-relations models that were calibrated
using daily data.
For the purpose of this study, additional five years of continuous daily temperature data is
made available at Daguerre Point Dam (2000 to 2005). This additional data set allowed for the
development of direct relationship between temperature of releases from Englebright Dam
(Narrows II release temperature) and river temperature at Daguerre Point. Additionally, the
temperature relationships developed in this study used flow at Smartville as an independent
variable in place of flow at Marysville. The relationship between flow and temperature is also
changed from a linear to a logarithmic relation to capture the observed behavior of flow and
temperature relation in the calibration data set.

B.4.4

WATER TEMPERATURE AT MARYSVILLE GAGE

The Marysville Gage is approximately six miles downstream of Daguerre Point Dam. The river
in this reach is relatively wide and flat, with very little cover or shade. There are few accretions
or depletions in this reach. While the Yuba Goldfields have an influence on water temperatures,
they are relatively high in the reach, and the flow reaches equilibrium with the Goldfield return
flow temperature by the time it reaches the Marysville Gage. Therefore, the impact of Goldfield
is not explicitly modeled.
Factors controlling Yuba River temperature at Marysville include temperature of the releases
form Englebright Dam and heat exchange in the river, which is affected by both climatic
conditions and volume of the flow in the river. The volume of the flow in the Yuba River is a
function of both Englebright releases and diversions at Daguerre Point Dam.

Model Description
The Marysville water temperature model is a multi-linear regression relation that uses four
independent variables:


Narrows II release temperature



Air temperature at Marysville



Flow at Marysville



Flow at Smartville

Yuba River flows in both Marysville and Smartville are used in order to capture the impacts of
water diversions at Daguerre Point Dam. Two separate models are developed and compared
for Marysville, a single-relation model and a monthly-relations model. The monthly-relations
model estimates water temperature at Marysville using a set of unique coefficients for each
month. The monthly relations are developed to assess the relative influence of the independent
variable on a monthly basis.
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Model Calibration
The Daguerre Point temperature models are developed using data spanning the periods of
1976, 1977, and 2000 to 2005. Additional available data set between 1990 and 2000 was reserved
for model validation purposes. Although the temperature models developed in this study use
monthly time-steps, calibration of Marysville temperature model is carried-out using daily data
because it provides a larger data set for calibration compared to using monthly average data.
Similar to the models developed for Daguerre Point water temperature, a logarithmic
relationship between flows and temperature is used. Marysville water temperature
representative equation has the form:
MAR = A + B* N2 + C* AIR + D* Ln (MRF) + E* Ln (SMF)
Where
MAR = Water temperature at Marysville (°F)
N2 = Release temperature of Narrows II powerhouse (°F)
AIR = Air temperature at Marysville (°F)
MRF = Yuba River Flow at Marysville Gage (cfs)
SMF = Yuba River Flow at Smartville Gage (cfs)
A, B, C, D = Coefficients
Ln ( ) = the natural logarithm
Table B-9 presents the regression coefficients for the two models of Marysville water
temperature. Figure B-22 and Figure B-23 compare the observed and predicted water
temperature at Marysville using the monthly-relations model for the periods 2000 to 2005 and
1976 to 1977, respectively. The comparison shows a good performance of the developed
monthly-relations model for Marysville water temperature. The observed water temperatures
fall well within the 99 percentile confidence limits of model predictions.
Table B-10 reports the performance statistics of the developed single-relation and monthlyrelation models for Marysville water temperature. Performance statistics show an overall
improved performance of the monthly-relations model over the single-relations model. This is
caused by the additional degrees of freedom provided in the monthly-relations model, which
has a total of 60 coefficients compared to 5 coefficients for the single-relation model. In
addition, the monthly-relations model has the ability to capture effects of seasonal controls on
river temperature that are not captured by the four independent variables.
Table B-9. Model Coefficients of Water Temperature at Marysville
Single-Relation
Monthly-Relations
January
February
March
April
May
June
July
August
September
October
November
December

Proposed Lower Yuba River Accord
Draft EIR/EIS

A
47.97

B
0.197

Coefficients
C
0.300

D
-4.873

E
1.723

2.57
11.12
16.33
49.33
53.64
67.63
93.21
117.53
97.30
63.83
3.36
36.27

0.778
0.870
0.843
-0.144
0.085
0.243
0.245
-0.496
-0.173
0.202
0.842
0.141

0.120
0.145
0.116
0.075
0.237
0.167
0.111
0.099
0.092
0.214
0.226
0.141

0.321
1.662
1.439
-0.493
-3.590
-3.313
-3.311
-4.529
-4.380
-2.454
0.094
-0.801

0.033
-3.252
-3.238
1.393
1.203
-1.161
-4.139
-0.962
-0.666
-2.155
-0.999
0.683
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Figure B-22. Predicted and Observed Release Temperature at Marysville for
the period 1999 to 2005 (Calibration Results)
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Figure B-23. Predicted and Observed Release Temperature at Marysville for
the Period 1976 to 1977 (Calibration Results)
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Performance Statistics for the Marysville Water Temperature Models
SingleRelation Model
0.870
1.93
2.48

Statistics
R-Square
Mean absolute error (°F)
Standard deviation of error (°F)

Monthly-Relations
Model
0.964
0.85
1.26

Percent
Change
+11%
-56%
-49%

The coefficients of the regression equation specify the sensitivity of water temperature to each
independent variable. Based on the single-relation model, a one degree increase in water
temperature at Marysville can be caused by an increase in release temperature in Narrows II of
5.1°F, an increase in Maysville air temperature of 3.3°F, or a 22 percent decrease in river flow at
Marysville. However, the sensitivity of water temperature to these factors varies from month to
month.
Table B-11 shows the results of statistical significance tests for Marysville temperature models.
The tests confirm the significance of all the parameters used in the single-relation temperature
equation. However, results of the significance test were not consistent for the monthly-relations
model. Similar to Daguerre Point models, the coefficients corresponding to Marysville air
temperature were all significant predicators in the model in all months. On the other hand, the
coefficients corresponding to Narrows II release temperatures were insignificant predicators
during the months of April and May. The coefficients corresponding to Marysville flows were
insignificant predicators during the months of January, April, and November. The coefficients
corresponding to Smartville flows were insignificant predicators during the months of January,
May, June, August, and September. These monthly coefficients were reported insignificant
because the historical record used for calibration showed limited influence of their
corresponding variables on river temperature during the specified months.
Table B-11. Statistical Significance Tests for the Parameters of the Marysville Water Temperature
Models

Single-Relation
Monthly-Relations
January
February
March
April
May
June
July
August
September
October
November
December

A
6E-221

B
1.8E-15

P-Value 9
C
0

6.2E-01
8.9E-05
5.1E-06
6.6E-14
5.0E-34
2.6E-37
7.3E-54
8.8E-52
2.1E-97
1.6E-32
4.7E-01
5.0E-21

2.6E-09
1.4E-26
1.6E-24
1.5E-01
2.4E-01
4.5E-06
5.8E-04
4.4E-05
6.2E-08
1.7E-03
3.0E-17
1.7E-02

5.9E-08
7.3E-16
1.8E-19
1.3E-08
1.4E-15
7.1E-22
1.4E-16
3.2E-08
2.2E-09
3.3E-31
5.2E-29
3.5E-13

D
1E-186

E
2.4E-16

4.6E-01
1.5E-05
2.9E-03
1.1E-01
2.7E-06
1.7E-05
3.5E-24
1.9E-32
2.6E-20
9.9E-11
7.3E-01
2.2E-04

9.4E-01
3.9E-11
9.0E-09
6.6E-05
2.4E-01
3.0E-01
2.0E-15
5.1E-02
2.4E-01
4.3E-07
5.6E-06
7.8E-03

* P-values highlighted in red correspond to coefficients that are statistically insignificant

P-value tests whether each individual variable has a significant contribution to the relationship. If pvalue is less than 0.05, then its corresponding variable is a significant predictor in the relationship.
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Model Validation
To validate the developed models for water temperature at Marysville, the data set for the
period 1990 to 2000, which was not part of the calibration data set, was used. The validation test
was carried-out at monthly time-steps because the developed models will be applied to
estimate average monthly temperature in lower Yuba River. Figure B-24 shows the comparison
between the observed and predicted monthly water temperature at Marysville Point for the
period 1990 to 2000. It shows that predicted water temperatures, from both the single-relation
and monthly-relations model, reasonable matched the observed temperature. The average
absolute prediction errors in the validation test for the single-relation and monthly-relations
models are 1.9 °F and 1.5 °F, respectively.

Model Comparison to Previous Studies
Two temperature models were developed previously for water temperature at Marysville: (1)
the statistical temperature model for the 2000 Hearings and (2) the one-dimensional physical
temperature model (HEC-5Q) developed in 1992 (Water Temperature Modeling on the Yuba River,
B-E 1992). The model developed under this analysis extends the statistical model developed for
the 2000 Hearings. The physical approach (HEC-5Q) is not used because of the large data input
requirements that restrict the use of the model over the complete simulating period.
The 2000 Hearings model used a regression relationship for temperature at Marysville using
release temperature at Englebright Dam, Marysville air temperature, and Yuba River flow at
Marysville Gage. Similar to the approach used in this analysis, the 2000 Hearings model
developed single-relation and monthly-relations models that were calibrated using daily data.
The model developed for this analysis extends this relationship by adding a fourth independent
variable, flow at Smartville. The use of two flow terms in the equation, flows at Marysville and
Smartville, allows for capturing the effect of water diversions at Daguerre Point Dam. However,
the relationship between flow and temperature has changed from a linear to a logarithmic
relation to capture the observed behavior of flow and temperature relation in the calibration
data set.
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Figure B-24. Predicted and Observed Release Temperature at Marysville for
the Period 1990 to 2000 (Calibration Results)

B.4.5

PREDICTION UNCERTAINTY OF TEMPERATURE MODELS

Error margins for the predictions of a certain model are determined by the standard deviation
of calculated errors during model calibration. Standard devotions of calibration errors for the
four model components for the lower Yuba River are reported in Table B-2, Table B-4, Table B-7,
and Table B-10. Error margin corresponding to 99 percent confidence level is:
Error Margin = ± 2.56 * STD
Where
STD = standard deviation of calibration errors
Because of the linkage between the four components of lower Yuba River temperature model,
prediction uncertainty of a certain component is carried over into the other models that depend
on its output. Table B-12 summarizes the prediction uncertainty of lower Yuba River
temperature model that also accounts for the carry-over of errors. It should be noted that Table
B-12 represents the upper bound on the expected errors of model predictions.
Table B-12. Upper Bound of Prediction Uncertainty of Lower Yuba River Water Temperature
Model at 99 Percent Confidence Level

New Colgate Release Temperature Model
Narrows II Release Temperature Model
Daguerre Point Temperature Model
Marysville Gage Temperature Model

Proposed Lower Yuba River Accord
Draft EIR/EIS

SingleRelation Model
± 2.3 °F
± 4.8 °F
± 6.7 °F
± 8.1 °F

Monthly-Relations
Model
± 4.0 °F
± 4.9 °F
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C.1

MECHANISMS FOR YCWA WATER TRANSFERS

YCWA has two mechanisms for transferring water: groundwater-substitution transfers and
stored-water transfers. This attachment describes YCWA’s ability to make these two types of
transfers under RD-1644 Long-Term flow requirements and under the Yuba Accord Alternative,
and the carry-over storage requirements 1 that are associated with these transfers.

C.1.1

GROUNDWATER SUBSTITUTION TRANSFERS

The quantities of water that YCWA and its Member Units can provide through groundwatersubstitution transfers are not directly affected by the applicable instream-flow requirements.
This is because groundwater substitutions create an additional water supply (which is provided
locally at the farms in the service areas of YCWA’s Member Units) and, as a result, do not create
additional demands on surface water in the Yuba River. For the same reason, groundwatersubstitution transfers do not affect the amount of carry-over storage that remains in New
Bullards Bar Reservoir at the end of the water year during which the transfer occurs.

C.1.2

STORED WATER TRANSFERS

YCWA stored-water transfers are made with water surplus to the local needs for water from the
Yuba River. Historically, YCWA has transferred water from storage in New Bullards Bar
Reservoir because the volume of water in storage, in the absence of a transfer, has been greater
than that needed locally for use within Yuba County plus the stored water needed at the end of
the water year for drought protection for the upcoming year. However, if the volume of stored
water needed for a given year for local water uses within Yuba County plus the volume of
carry-over storage for drought protection for the next year exceeds the volume of water stored
in New Bullards Bar Reservoir at the end of the water year without the transfer, YCWA would
not be able to transfer any water from storage. Under these circumstances, YCWA would not
have any stored water surplus to the volume needed for use within Yuba County and drought
protection for the next year.
In almost all years when the annual runoff is greater than the average annual runoff, the
volume of water needed for local use is less than the total volume of water released from
storage for power generation plus the volume of uncontrolled runoff from the Middle and
South Yuba rivers. In such years, without a transfer, New Bullards Bar Reservoir would be
drawn down to an end-of-water-year storage of 705 TAF, the maximum September 30 storage
volume specified in the 1966 YCWA/PG&E Power Purchase Contract.
Since YCWA is contractually obligated to PG&E to release a sufficient volume of water to
reduce New Bullards Bar Reservoir storage to 705 TAF on September 30 of each year, water
released to reach this storage level is not transferable. Transfers are only credited from releases

In California, (annual) carry-over storage refers to the volume of water in storage at the end of the water year
(September 30).
1
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of stored water reducing September 30 storage to a level below 705 TAF. Therefore, the
maximum amount of stored water that can be transferred in wetter years will normally be the
difference between 705 TAF and the volume required on September 30 to meet all local water
supply demands in the following year assuming the next year is very dry and runoff alone is
not sufficient to meet all local demands for water in that year 2. In drier years, when September
30 storage in the absence of a transfer would be less than 705 TAF, the maximum amount of
stored water that may be transferred will normally be the difference between the September 30
storage volume occurring without the transfer and the storage amount required on September
30 in case the following year is very dry.

C.2

CARRY-OVER STORAGE FOR LOCAL DELIVERIES AND CARRY-OVER
STORAGE FOR WATER TRANSFERS

As discussed in Section A.3.2.3 of Attachment A to the Modeling Technical Memorandum,
modeling scenarios assume that New Bullards Bar Reservoir will be operated to meet a
minimum carry-over storage volume to ensure minimum instream flow requirements and
anticipated surface water deliveries to YCWA Member Units will be met the next year. If the
next year is very dry, this reservoir carry-over storage will be used to make up the difference
between the available surface water supply and total system demands for that year. Total
system demands include local diversion demands, instream-flow requirements, and system
operational losses.
The carry-over storage requirement varies depending on whether it is used to determine: (a) the
stored water that may be released for local uses in the current year; or (b) the stored water that
is available for water transfer during the current year. In the discussion below and in
Attachment A to the Modeling Technical Memorandum, the first type of carry-over storage is
referred to as “carry-over storage for local deliveries” and the second type of carry-over storage
is referred to as “carry-over storage for water transfers.”

C.2.1

CARRY-OVER STORAGE FOR LOCAL DELIVERIES

Carry-over storage for local deliveries is the amount of carry-over storage required for YCWA
to meet the applicable instream flow requirements and 50 percent of anticipated surface water
demands of YCWA’s Member Units in the next water year, given a water year of a specified
return period. For example, a 1-in-100-year return period means that the next year will be a 1in-100 driest year. The value of 50 percent of anticipated surface water demands is used in
modeling to provide a reasonable balance between supplying water for local uses in the current
year and providing sufficient end-of-year storage for deliveries in the next year, in case the next
year is very dry.

Storage volumes can also be adjusted to a limited extent within a year, reducing reservoir releases during Delta
excess water conditions and increasing reservoir releases during Delta balanced water conditions, with no change in
end of September storage. This reoperation can generate additional water transfers.
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With these provisions, Carry-over Storage for Local Deliveries is calculated as follows:
Carry-over Storage for Local Deliveries
= Annual diversion requirement with 50 percent deficiency
+ Annual instream flow requirement
+ Annual system operational loss
+ Annual evaporation (27 TAF)
+ Operation buffer (50 TAF)
+ Minimum pool (234 TAF)
- Available water for the lower Yuba River during the following year, if it were to
have a specified hydrological condition, assumed in modeling to be a 1-in-100
driest year 3

C.2.2

CARRY-OVER STORAGE FOR WATER TRANSFERS

The calculation of carry-over storage for water transfers is the same as the calculation of carryover storage for local deliveries, except that carry-over storage for water transfers is calculated
with retention of sufficient water to provide 100 percent deliveries to Member Units in the
following year rather than 50 percent. This greater retention is necessary because YCWA may
only transfer water surplus to the volume needed for local use, including the volume needed for
local use in the next year if the next year is very dry. Thus, Carry-over Storage for Water
Transfers is calculated as follows:
Carry-over Storage for Water Transfers
= Annual diversion requirement with 100 percent deliveries
+ Annual instream flow requirement
+ Annual system operational loss
+ Annual evaporation (27 TAF)
+ Operation buffer (50 TAF)
+ Minimum pool (234 TAF)
- Available water for the lower Yuba River during the following year, if it were to
have a specified hydrological condition, assumed in modeling to be a 1-in-100
driest year
Since sufficient storage to provide 100 percent deliveries in the next year are required for carryover storage for water transfers, it exceeds the volume of carry-over storage for local deliveries
by 50 percent of the annual diversion requirement.
An increase in YCWA Member Units’ total demand for surface water from YCWA will occur in
the next few years when a new canal is constructed to convey surface water from the Yuba
River to the Wheatland Water District. Construction of this canal is planned for construction in

When calculating carry-over storage for local deliveries, the model does not maintain carry-over storage to meet
50 percent deliveries in the next year if maintaining that level of carry-over storage would require YCWA to impose
deficiencies in its deliveries to its Member Units of more than 50 percent in the current year. This is because YCWA
would not operate the Yuba Project so as to impose deficiencies of greater than 50 percent in the current year to
protect against the risk of a curtailment of less than 50 percent in the next year.
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2007, and deliveries to this area are planned to start in 2008 and to increase by blocks in
subsequent years as distribution canals are added. The first phase of the Wheatland Water
District Project (Wheatland Project) is estimated to have a total annual demand of 29 TAF. This
demand will not all come online in 2008; a reasonable estimate is that 60 percent of this demand
will be served in 2008, 80 percent in 2009 and 100 percent in 2010. The projected annual
diversion requirements for calculation of carry-over storage amounts will be approximately 304
TAF for 2007, 321 TAF for 2008, 327 TAF for 2009 and 333 TAF for 2010 and subsequent years.
After the completion of the second phase of the project, it is estimated that the total annual
demand of the Wheatland Water District will be 40 TAF, and` the projected annual diversion
requirements for calculation of carry-over storage amounts will be 344 TAF 4.

C.3

CARRY-OVER STORAGE FOR WATER TRANSFERS UNDER RD-1644
LONG-TERM INSTREAM-FLOW REQUIREMENTS

Combining YCWA’s projected schedule of demands, protection for a 1-in-100-year return
period drought event, the RD-1644 Long Term instream-flow requirements, and the Wheatland
Water District demands described above, the carry-over storage for water transfers will be 670
TAF in 2007, 687 TAF in 2008, 693 TAF in 2009, 699 TAF in 2010 and 710 TAF after the second
phase of the Wheatland Project is completed.
Subtracting these amounts from the September 30 maximum storage volume of 705 TAF
specified in the 1966 YCWA/PG&E Power Purchase Contract indicates, if RD-1644 Long Term
instream-flow requirements were in place, then 35 TAF of surface-water transfers could occur
in 2007, 18 TAF in 2008, 12 TAF in 2009 and 6 TAF in 2010. Because the required carry-over
storage for water transfers after the completion of the second phase of the Wheatland Project
will be 710 TAF, exceeding the 705 TAF September 30 maximum storage volume in the 1966
Power Purchase Contract, YCWA would not be able to make stored-water transfers if the RD1644 Long-Term instream-flow requirements were in place.

C.4

CARRY-OVER STORAGE FOR WATER TRANSFERS UNDER THE YUBA
ACCORD ALTERNATIVE

If the Yuba Accord Alternative is in place, the required carry-over storage for water transfers
will be lower; the total amount of water needed to meet instream flow-requirements in a 1-in100 Conference Year is lower than the total amount of water needed to meet the RD-1644 LongTerm instream-flow requirements in a 1-in-100 Extreme Critical Year. With the Yuba Accord
instream-flow requirements and YCWA Member Unit demands, including the second phase of
the Wheatland Project, of 344 TAF per year, carry-over storage for water transfers is 648 TAF 5.
This is consistent with the target carry-over storage of 650 TAF for operations under the Yuba
Accord Alternative.

The carry-over storage for local deliveries is calculated assuming that there will be a normal year during the
following October through March and a critical water year during the subsequent April through September. This
calculation results in a carry-over storage for local deliveries of 343,093 acre-feet.
5 For calculation of the available water in the lower Yuba River it is assumed that a 1:100 year Conference Year
corresponds to a 1:100 year unimpaired flow in the Yuba River (see Attachment A).
4
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As noted in Table A-9, if the volume of carry-over storage for water transfers was calculated
based on the driest type of Schedule 6 water year, then this amount would be 692 TAF 6. This
amount is higher than the 648 TAF for Conference Years because the total amount of water
needed for Schedule 6 instream-flow requirements exceeds the total amount of water needed
for Conference Year instream-flow requirements by 45 TAF, while the total unimpaired flow in
the driest type of Schedule 6 year would equal the total unimpaired river flow in a 1-in-100
Conference Year.
To determine the feasibility of water transfers under the Yuba Accord, YCWA is using the
carry-over storage for water transfers amount based on a 1-in-100 Conference Year, with the
understanding that if a very dry Schedule 6 year were to occur, YCWA and its Member Units
would have to address resulting deficiencies.

There is a 5 percent probability that the North Yuba Index will be less than the value that marks the break between
Schedule 5 and Schedule 6 years.
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