Public Comment
Bay Delta Plan Workshop 3
Deadline: 10/26/12 by 12:00 noon

State Water Resources Control Board > ECEIVE M
1001 | Street | R ECEIVE )
Sacramento, California 95814 | 10-26-12
Via email: commentletters@waterboards.ca.gov SWRCB Clerk

SUBJECT: Bay-Delta Workshop 3 — Analytical Tools for Evaluating Water
Supply, Hydrodynamic and Hydropower Effects

Dear Chairman Hoppin and Members of the Board:

The Department of Water Resources {DWR) appreciates the opportunity to
participate in the ongoing process for Phase 2 of the Bay-Delta Water Quality .
Contro! Plan {(WQCP) update. In the attached submission, DWR presents a
discussion of the computer simulation models that could be used to analyze -
water supply and hydrodynamic effects of a proposed update to the WQCP, and
the development of a multi-dimensional modei called SELFE. We also address
climate change analysis, as well as elaborate on the differences between
“Natural” versus “Unimpaired” flow. Our submittal includes excerpts from the draft
Bay Delta Conservation Plan (BDCP) Environmental Impact Report (EIR) which
contains a complete list of models used to evaluate alternatives related fo the
BDCP and the BDCP Effects Analysis.

As part of our submittal, we present an assessment based on model output of
potential impacts associated with the implementation of the Fall X2 action set
forth in the 2008 U.S. Fish and Wildiife Service (USFWS) Biological Opinion.
~ This analysis uses the CalSim-ll model, and describes the possible impacts to
combined State Water Project (SWP) and Central Valley Project (CVP) exports
as well as combined storage in Shasta and Oroville reservoirs. This analysis is
intended to present a more complete picture of the impact of the Fall X2 action
on the CVP and SWP. '

As discussed in the submittal, in addition to the potential impacts to water supply,
the imposition of a Fall X2 standard that significantly draws down reservoir levels
can have a significant impact on water temperature management at the
reservoirs. In the case of Oroville Reservoir, the cold water pool is critical for

~ providing protection to listed species such as spring-run Chinook satmon and
Central Valley steelhead. Access to the cold water pool at Oroville is limited. i
the water level in the reservoir drops below a certain point, the project’s ability to
provide the amount of cold water necessary to support the Feather River
Hatchery, as well as to maintain suitable temperatures in the lower Feather River
for spawning and egg incubation, becomes compromised and can lead fo
adverse impacts to the species. '




Also discussed in the attached submission are the various models available to
analyze impacts to the Bay-Delta hydrology and ecosystem. Below is a
summary of the models discussed in the submittal:

CalSim-|

CalSim-Il is used to simulate much of the water resources infrastructure in the
Central Valley and Delta Regions, and is the best available planning model for
SWP and CVP operations. Inputs to the model include water diversion
requirements, stream accretions and depletions, return flows and groundwater
operations. The model is capable of investigating the impacts resulting from
unimpaired flow requirements, as well as incorporating the storage to
temperature relationship. It can also incorporate the effects of climate change.

CallLite

CalLite is a rapid and interactive screening model best used to screen various.
Central Valley water management alternatives, and for developing improved
understanding of operational decisions during consensus- based decision
making. :

DSM2

The Delta Simulation Model 2 (DSM2) is a one-dimensional open channel flow
and water quality simulation model, which can capture processes influenced by -
tidal dynamics. Applications of DSM2 include simulating historical conditions,
forecasting future conditions, and planning studies using input from CalSim-I1. It
can help assess the incremental impacts caused by future facilities and
operations, as well to determine the impacts of potent[a[ changes in the Delta
associated with changes in flow patterns

DSM2 does not adequately represent the complex behaviors of juvenite and
adult migrating fish. Attempts to incorporate fish behavior have not been
validated by field observations due to the lack of Delta-wide data availability.
However, continued development of the model may allow limited representation
of delta smelt, Chinook salmon and steelhead behavioral characteristics. Thus,
currently there is no widely accepted model which represents fish behavior.

Bay-Delta SELFE

SELFE is an open source, three-dimensional computational model which can
depict the major flow characteristics of the Delta. It features a variety of
transport, sediment and biological processes. DWR has incorporated into
SELFE practical details such as agricultural sources and sinks, gates and
barriers. It is best used for a three-dimensional hydrodynamic and salinity
transport model of the full Bay-Delta system, and is also well suited to model the



effects of sea level rise. A full Delta calibration is planned for release
in Spring 2013 and, shortly after that, training is to be offered within the modeling
community.

In addition to the models presented, the submittal includes as an attachment an
excerpt from the draft Appendix 5A of the BDCP EIR. DWR has been, and
continues to be, very active in developing methodologies for projecting future
hydrologic conditions that take into account climate change trends. While BDCP
Appendix 5A details an approach for evaluating climate change effects that
works well for the BDCP, we recommend your staff evaluate the relevant
information contained in the appendix as it may not be appropriate for the
purposes in updating the WQCP. For instance, the BDCP approach looks at two
distinct future periods centered around 2025 and 2060. Other types of
approaches provide a continuous projection of climatology and hydrology
spanning from current conditions out to the future, rather than focusing on a
specific future period or periods. This distinction along with others are important
to consider to when choosing a climate change analysis approach. DWR invites
your staff to meet with the DWR Climate Change Technical Advisory Group for
additional focused discussions and more detailed guidance and
recommendations on qualitative and quantitative analytical approaches.

Finally, the submittal includes a discussion of the differences between the terms
“Natural Flow” and “Unimpaired Flow.” It is being included to illustrate the factors
that should be considered when applying these specific terms correctly. Natural
flow and unimpaired flow may be the same when applied to an upstream
location, such as the Sacramento River at Shasta Dam; but, they would definitely
not be the same when applied to the Sacramento River at Freeport. The
included example illustrates why.

Thank you for your consideration of the comments and the attached report. If you
have any questions, feel free to contact me at (916) 653-8045

Sincerely,

e

Acting Deputy Director

Attachment



SWRCB Workshop 3

Analytical Tools for Evaluating Water Supply,
Hydrodynamic and Hydropower Effects

DWR Contribution
October 26, 2012

The following discussion focuses on the computer simulation models used by the
Department of Water Resources (DWR) that could be used by the State Water
Resources Control Board (SWRCB) to analyze water supply and hydrodynamic effects
of a proposed update to the Bay-Delta Plan. The models are CalSim-Il, the related
CalLite model, the Delta Simulation Model (DSM2) and its modules simulating
hydrodynamics, water quality, and particle movement. This submittal also describes the
development of a multi-dimensional model called SELFE. SELFE is capable of
simulating the hydrodynamics and water quality at both the Sacramento San Joaquin
Delta and the San Francisco Bay. A short discussion on incorporating climate change
into analyses of future conditions is included as well as one on the distinction between
“Natural” versus “Unimpaired” Flow.

Included as an attachment are excerpts from Appendices 4 and 5 of the draft
Environmental Impact Report/Statement for the Bay-Delta Conservation Plan (BDCP).
Appendix 5A illustrates how CalSim-Il and DSM2 can be used in assessing potential
impacts. It gives a complete description of all the modeling tools used to study the
effects of the alternatives related to the BDCP. We have also included excerpts from
draft Chapter 4 of the BDCP EIR/S which include a complete list of models used to
analyze the BDCP alternatives (Section 4.3); an illustration of the sequence of the
application of the modeling tools required to complete the analysis (Figure 4.1) and a
table describing the utilization of the models in the BDCP Effects Analysis (Table 4.1).

1- CalSim-ll

DWR and the U.S. Bureau of Reclamation Mid-Pacific Region (Reclamation) have
jointly developed CalSim-Il, which simulates much of the water resources infrastructure
in the Central Valley of California and Delta region. CalSim-Il is a generalized reservoir-
river basin simulation model that allows for water allocation targets or goals (Draper et
al. 2002) to be specified by the user. CalSim-Il represents the best available planning
model for the SWP and CVP system operations and has been used in previous system-
wide evaluations of SWP and CVP operations (USBR, 1994, 2004, 2008). CalSim-II
simulates an 82-year period using monthly time increments.

CalSim-1l models all areas that contribute flow to the Delta. The geographical coverage
includes: the Sacramento River Valley; the San Joaquin River Valley; the Sacramento-
San Joaquin Delta; the Upper Trinity River; the CVP and SWP deliveries to the Tulare
Basin; and the SWP deliveries to the central and south coast regions. CalSim-I|



includes major reservoirs in the Central Valley of California including Trinity, Lewiston,
Whiskeytown, Shasta, Keswick, Folsom, Oroville, San Luis, New Melones and Millerton
reservoirs. CalSim-Il also includes all the major CVP and SWP facilities including the
Clear Creek Tunnel, Tehama Colusa Canal, Corning Canal, Jones Pumping Plant,
Delta Mendota Canal, Mendota Pool, Banks Pumping Plant, California Aqueduct, South
Bay Aqueduct, North Bay Aqueduct, Coastal Aqueduct and East Branch Extension. In
addition, it includes some locally managed facilities such as the Glenn Colusa Canal,
Contra Costa Canal and the Los Vaqueros Reservoir.

Inputs to CalSim-Il include water diversion requirements (demands), stream accretions
and depletions, rim basin inflows, irrigation efficiencies, return flows, non-recoverable
losses, and groundwater operations. Sacramento Valley and tributary rim basin
hydrologies are developed using a process designed to adjust the historical sequence
of monthly stream flows over an 82—year period (1922 to 2003) to represent a sequence
of flows at a future level of development. Adjustments to historic water supplies are
determined by imposing defined level of land use on historical meteorologic and
hydrologic conditions. The resulting hydrology represents the water supply available
from Central Valley streams to the CVP and SWP at the current or future level of
development.

A CalSim-II simulation provides sequential monthly values for river flows and diversions,
reservoir storage, Delta flows and exports, Delta inflow and outflow, deliveries to project
and non-project users, reservoir operations controlling variables (e.g. in-stream flow,
water quality standards, flood control, Delta exports, etc.). Reclamation’s 2008
Operations Criteria and Plan (OCAP) Biological Assessment (BA) Appendix D provides
more information about CalSim-Il (USBR, 2008a). CalSim-Il output provides the basis
for multiple other hydrologic, hydrodynamic, and biological models and analyses.
CalSim-Il results are used to determine water quality, hydrodynamics, and particle
tracking in the DSM2 model. The outputs feed into temperature models including the
Upper Sacramento River Water Quality Model (USRWQM), the Reclamation
Temperature Model, and other habitat and biological models.

CalSim-II model can be re-formulated to investigate impacts resulting from a new flow
requirement at a location based on a certain percentage of unimpaired flows. DWR has
conducted analyses of the effects of potential flow requirements based upon an
assumed percentage of unimpaired flow.

CalSim-Il is also amenable to incorporating the effects of climate change. This is
accomplished by changing the streamflow values and incorporating sea level rise.
Changes in runoff and streamflows are simulated through VIC modeling under
representative climate scenarios. These simulated changes in runoff are applied to the
CalSim-Il inflows as a fractional change from the observed inflow patterns (simulated
future runoff divided by historical runoff). Sea level rise in CalSim-Il is incorporated
through development of a new flow-salinity response relationship.



It is noted that CalSim-Il is structured to meet current water right priorities in the
Sacramento and San Joaquin valleys as well as Delta in-basin use and regulatory
requirements. If any new flow requirements necessitate reduction of applied water
demands in Sacramento valley, CalSim-II model will need to be modified accordingly.

Case-Study of the Potential Impact of Fall X2

CalSim-Il is best used in a comparative mode or comparative analysis that compares a
No Action Alternative to a With Action Alternative. System performance metrics are
then compared and analyzed to determine levels of impacts to the No Action condition
that occur because of the With Action condition. Some typical system performance
metrics include reservoir storage, river flows, Delta outflow, deliveries, exports, and
water quality. These performance metrics can be quantitatively analyzed in many ways
such as evaluating long-term average impacts, worst case impacts, best case impacts,
dry period impacts, frequency of impacts, etc. The quantitative analysis is then often
enhanced or supported with qualitative analyses.

An example analysis that compared a future condition with and without 2008 USFWS
Biological Opinion Reasonable and Prudent Action 4, more commonly referred to as the
Fall X2 Standard, is presented below.

Major Assumptions
No Action Alternative Simulation (With Fall X2)
e 1922 — 2003 Simulation Period
Future Level of Development Land-Use and Demands (2030)
Future Level of Climate Change (2025)
Future Level of Sea Level Rise (15 cm)
Water Rights Decision 1641 regulations
2008 USFWS Biological Opinion Reasonable and Prudent Actions including Fall
X2 requirements which occur only in years following Wet or Above Normal years
e 2009 NMFS Biological Opinion Reasonable and Prudent Actions

No Fall X2 Alternative Simulation
e Same as No Action with the exception of the removal of the Fall X2 requirement

Results

Summary results for combined SWP and CVP exports as well as combined storage in
Shasta, Folsom, and Oroville reservoirs are presented below. Table 1 shows the
combined export impacts for multiple time periods. One period is for the long term
average. The long term (1922 — 2003) average impact to exports is 199 TAF per year.
This means that on average, the CVP and SWP have an average export reduction of
199 TAF per year over the simulation period due to meeting Fall X2 requirements. A
long-term average impact however can be a misleading oversimplification because of



the nature of California’s varied yearly hydrology. California hydrology typically has dry
periods followed by wet periods and vice versa. The wet periods can help the systems
to recover lost reservoir storage and in a sense “reset”, which can mask some shorter
period impacts.

Table 1. Combined SWP and CVP Annual Export (TAF)

Total SWP + CVP Export With Fall X2 | Without Fall X2 Diff
1922 - 2003 Average 4728 4927 199
Average of 1 Year Following W or AN 5040 5374 335
Max Impact of Year Following (1944) 3915 4690 775
Min Impact of Year Following (2000) 4987 4997 10

Another way to examine the impact of meeting the Fall X2 requirement is to evaluate
the years immediately following a year in which Fall X2 is required. The average impact
to exports for those years is 335 TAF per year. The impact for the years following the
implementation of the Fall X2 requirement is obviously larger than the long-term
average but may be more indicative of the magnitude of impact caused by the Fall X2
requirement. Table 1 also shows the maximum and minimum one-year impact of the
Fall X2 requirement on exports for years following the action. Water Year 1944
exhibited the maximum single year export impact of 775 TAF, while Water Year 2000
showed the minimum single year export impact of 10 TAF. The maximum and minimum
impacts give a range of potential impacts.

Export impacts are only one metric for evaluating system performance. Another metric
is system storage. Lower storages in fall would have negative impacts on the cold water
pool, as well as result in a lower carryover (storage at the end of September) for the
following year to meet in-basin obligations and potential water supply impacts. For
example, the impact of the Fall X2 requirement on the cold water pool at Oroville and its
subsequent ability to meet various temperature requirements for the protection of listed
species such as Spring-run Chinook salmon and Central Valley Steelhead could be very
pronounced depending upon the following year’s hydrology, i.e., if conditions are dry in
the winter and spring period and storage is not recovered. As releases are made from
the facilities to meet regulatory and other requirements over the course of the following
year, the storage level at Oroville drops and the cold water pool is subsequently
lowered. Due to the configuration of the Oroville Facilities, access to the cold water
pool needed to meet temperature requirements becomes more limited as the reservoir
is drawn down. Once the cold water pool goes below a certain depth, the facilities’
ability to provide water at the temperatures needed to support the Feather River
Hatchery and the spawning and holding habitat in the lower river below the dam
becomes compromised. This in turn can lead to disease outbreaks, and in some
circumstances, mortality of both eggs and fish.

Changes in exports due to increased outflow requirements are normally balanced with
changes in upstream reservoir storage. The next page shows the full simulation period
trace of combined Shasta and Oroville storage. Shorter periods of interest for further
analysis are circled in red.
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Examining storage impacts due to Fall X2 actions over a shorter time period can give
more insight into the effect of meeting the action. The first period evaluated below is
July 1922 — September 1923, which is an Above Normal year followed by a Below
Normal year. The two alternatives start out with similar storage.

Shasta + Oroville Storage (TAF) Jul '22 - Sep '23 (AN-BN)
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The storage then diverges beginning when the Fall X2 action is implemented in the No
Action Alternative (NAA). The 1923 hydrology is dry in the winter and spring period and
storage is not recovered. The decreases in combined Shasta and Oroville storage at the
end of September for each year indicates the potential of an adverse impact on
reservoirs’ cold water pools needed to support adequate river temperatures for salmon.



The next period to be examined is July 1927 — September 1929 which is a Wet year,
followed by an Above Normal year, followed by a Critical year.

Shasta + Oroville Storage (TAF) Jul '27 - Sep'29 (W-AN-C)
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In this period, the storages in each alternative again start out about the same and then
diverge when the Fall X2 action is implemented in the NAA. The hydrology in Water
Year 1928 is wet enough to recover the storage lost from the Fall X2 action and the
storages are once again in sync between the alternatives. The storages diverge once
more in the Fall of Water Year 1929 due to the implementation of the Fall X2 action and
stay apart due to the Critical-year hydrology. Export impacts are minimal for 1927 and
1928 but are significant in 1929. As shown in the above chart, combined storages in
Shasta and Oroville at the end of September for each of the three years are
substantially lower. The reduced storages indicate the potential for significant adverse
impacts on cold water pools especially for years 1928 and 1929.



The third period is July 1940 — September 1946. This is a 7 year period that starts with
an Above Normal year followed by 3 Wet years, a Dry, and finally two Below Normal
years.

Shasta + Oroville Storage (TAF) Jul '40 - Sep 46 (AN-W-W-W-D-BN-BN)

9,000

8,000

7,000

6,000

5,000

4,000

O N . V,’ ' e Without Fall X2
Total SWP + CVP Export . Vo

- Year WFX2 W/OFX2 Diff S YeE:rd &‘; SFf(gtemmt;/eg)S;)?;a%t?iff

/ 40 4640 4622  -17
41 5957 €182 276 40 3945 4382 437
2000 42 5917 6384 467 4l 5138 5949 811
43 5576 6045 469 425035 5827 792
44 3915 4690 775 43 4327 5223 896
46 5506 5545 40 45 4291 4656 365
46 4156 4666 510

0

q@ q@ o)v o)v %v"’ qu o’v" qv” o)&” M2 o)v"’ %&” qv“’ qv“’ qv“ o o)v“ qb‘“ %v" %v" SRR RS
\*\\”\\\\\”\\”\\”\\*\\*\\”\\”\\”\\”\\”\\”\\*\\”\\*\\”\\”\\”\\”\\”\\”\\*\\\\N

The four years of wetter hydrology show that the system was able to recover storage
each of those years. Exports however were significantly impacted. Water Year 1944,
the Dry year in the sequence, shows the largest export impact of the entire simulation.
In the NAA, the storage and exports recover significantly due to the low export level of
1944 and not having Fall X2 obligations for 3 consecutive years (1944-1946). As shown,
the end of September storages are significantly lower in each of the seven years. Lower
fall storages in some of the years indicate potentially significant adverse impacts on the
cold water pool especially year 1944.



The fourth period is from July 1993 — September 1994 and is an Above Normal year
followed by a Critical year.

Shasta + Oroville Storage (TAF) Jul '93 - Sep '94 (AN-C)

9,000

8,000
7,000 \

5,000 -

- \
\
\ === WithFall X2
4,000
\ e \\/ithout Fall X2
\
3,000 Total SWP + CVP Export \

. \
Year WFX2 W/O FX2 Diff \\

93 4734 4765 31 -
2,000 94 4387 4608 221 End of September Storage

Year W FX2 W/O FX2 Diff
93 5286 5719 433
94 2183 2565 382

1,000

0

Xl
O
>
A

] < ] ] <] ) o ] ] > 3 3 ] ™
AN A A AR A A A G A C AR AR R
NI NN

o ) SN AN

4 \\
e RS R DA

PP

This sequence again starts with the storages of both alternatives nearly identical and
diverging when the Fall X2 action is implemented in the NAA in the fall of 1993. The
resulting storage reduction (433 TAF) is essentially carried through 1994 under the
NAA. Exports also start off similar in 1993 but are reduced 221 TAF in 1994. Lower
storage is especially significant for 1994. The storage projected for September 1994 in
both scenarios is very low due to the dry conditions. The additional reduction of storage
as shown indicates the potential for a significant impact on the cold water pool.

Conclusions

The results analysis shows that, given the operational assumptions of the CalSim-II
simulations, storage is generally lower in the major CVP and SWP reservoirs when
implementing the Fall X2 requirement. The storage impact can be more pronounced in
periods following years when a Fall X2 requirement would be triggered under the 2008
USFWS Biological Opinion. The reduced storage condition is also accompanied by a
reduction in the ability to provide water at a temperature necessary for the protection of
listed species, as well as a reduction in exports.



Together, the storage impacts, temperature/species impacts and export impacts give a
more complete picture of the impact of the Fall X2 action on the CVP and SWP.
Monthly storage values resulting from these simulations are often used as inputs into
temperature models that estimate river temperatures at certain locations in the river
downstream from the reservoirs. In general, lower reservoir storage is directly correlated
to warmer downstream river temperatures.

Currently, CalSim-Il does not simulate water temperature directly. Temperature
compliance is checked post simulation. DWR intends to incorporate temperature
simulation within CalSim-II (or CalLite) using a methodology consistent with Sacramento
River Water Quality Model (SRWQM). DWR hopes to have this capability ready by
spring 2013.

2- CalLite Model

DWR and Reclamation have developed the CalLite model, a rapid and interactive
screening model for evaluating various Central Valley water management options. The
CalLite model is used as a computer aided tool for negotiations in a variety of
stakeholder processes for improved understanding of the Central Valley water system
operations and consensus based decision-making. CalLite maintains the same
hydrologic, operational and institution integrity as represented in the full companion
model, CalSim-II. CalLite simulates the most important dynamic system responses and
simplifies or aggregates less important system features. Major reservoirs such as
Shasta and Oroville are modeled consistent with CalSim-Il, however, the accretions and
depletions within Sacramento and San Joaquin Valley are aggregated and simulated on
a coarser resolution. CalLite obtains the preprocessed data from the CalSim-Il model as
an input to the model. The simulation results obtained from a typical CalLite run are
within 1% of a corresponding CalSim-Il run, while the runtime is less than 10 minutes
(compared to 30 minutes for a corresponding CalSim-II run) (Islam et al. 2009).

The geographical coverage of the CalLite model includes: the Upper Trinity River; the
simplified Sacramento River Valley; the simplified San Joaquin River Valley; the
Sacramento-San Joaquin Delta; and the Central Valley Project (CVP) and State Water
Project (SWP) service areas. The model simulates in monthly time steps over a
simulation period of water year 1922-2003.

CalLite allows interactive modification of a variety of water management actions
including Delta regulation options, demand management, Delta channel flow, and
salinity targets. Model users can choose different regulations from the graphical user
interface (GUI) or can enter their own data to analyze the impact of a desired regulation.
(See Figure 1)
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Figure 1: Delta regulation dashboard of CalLite GUI.

The GUI input dashboards permit users to specify model options such as: the simulation
periods, demand levels, current and future hydrology, regulations, and operation
procedures. In addition, the GUI post-processing dashboards provide quick access to
key simulation results for reservoir storages, river flows, Delta inflows, salinity, and
Delta outflow, and Delta exports (Figure 2). Results can be post-processed and
displayed instantaneously on the GUI (Figure 3).
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Figure 2: Results dashboard dashboard of CalLite GUI.
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Figure 3: Example of model output from CalLite GUI result dashboard.

CalLite simulation results can be exported to other graphical and statistical software
(such as Excel) for further analysis. Figure 4 demonstrates an analysis of different



regulation impacts on water deliveries for a dry period (1987-1992). The CalLite GUI

has utilities to produce a report comparing two scenario results (an example is
attached).
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Figure 4: Example of model output from CalLite GUI postprocess in another software.

The CalLite model is best suited for screening a suite of alternatives to identify a smaller
subset of promising options that should be modeled and studied more thoroughly.
Examples of potential applications would be to explore and experiment with new Delta
regulations, a new storage facility, or a conveyance facility. CalLite is not a replacement
for existing detailed and complex models (such as CalSim-Il), but rather it is informed by
the data and results of existing models and allows users to explore future water
management actions, improve understanding, and support more stakeholder-involved
decision-making processes.

3- DSM2

The Delta Simulation Model 2 (DSM2) is a one-dimensional hydrodynamic and water
quality simulation model used to simulate hydrodynamics, water quality, and particle



movement in the Sacramento-San Joaquin Delta (Delta). Although the model grid has
been extended beyond the Delta for certain applications, the standard grid focuses
primarily on the Delta. The DSM2 model grid is bounded by the Sacramento River at
Sacramento to the North, the San Joaquin River at Vernalis to the South, Martinez to
the West, and State and federal export facilities to the Southwest.

Although DSM2 can run the entire 82 years covered under CalSim—ll, it is normally
based on 16 years of hydrologic data (1976 through 1991). This particular hydrologic
period captures about the same mix of hydrologic conditions in the 1922-2003 period.
The time step for the calculations is on the order of five minutes, capturing processes
influenced by tidal dynamics. Applications of DSM2 include simulating historical
conditions, forecasting future conditions, and planning studies using input from CalSim-
[I. DSM2 represents one of the most widely used planning models for Delta tidal
hydraulics and salinity transport. DSM2 has frequently been used to determine the
impacts of potential changes in the Delta (salinity, flow, and water level) associated with
changes in flow patterns caused by variations in conveyance, river inflows, exports,
diversions, or installation of new hydraulic structures.

DSM2 was first calibrated and validated in 1997. Then in 1999-2000, in coordination
with a number of other agencies, DSM2 was recalibrated through a much more
comprehensive effort. The results of this effort are documented in Chapter 2, Twenty-
second annual progress report (2001) of the California Department of Water Resources’
San Francisco Bay-Delta Evaluation Program at:

http://modeling-prod.water.ca.gov/delta/reports/annrpt/2001/2001Ch2.pdf

and the corresponding plots can be viewed via a “clickable” map at:

http://modeling.water.ca.gov/delta/studies/validation2000/map.html

In support of the BDCP program, DSM2 underwent another recalibration effort
(performed by CH2MHIill staff in coordination with DWR) to update the model. The
update includes the addition of the flooded Liberty Island, updated Sacramento River
bathymetry in anticipation of the need to simulate the proposed diversion intakes, and
an extension of the model grid along Sacramento River to the North. More information
on this effort is available at:

http://baydeltaoffice.water.ca.qgov/downloads/DSM2 Users Group/BDCP/DSM2 Recali
bration 102709 doc.pdf

DSM2 is appropriate for studying the existing conditions in the Delta, as well as
performing simulations for the assessment of incremental environmental impacts
caused by future facilities and operations. DSM2 has three separate modules: HYDRO,
QUAL, and PTM.
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3.1 DSM2 Hydrodynamics Model — DSM2-HYDRO (HYDRO)

HYDRO is a one-dimensional, implicit, unsteady, open channel flow model. HYDRO
simulates flows, velocities, and water surface elevations and provides these values as
output. The resulting HYDRO flow values are used as input for DSM2-QUAL and PTM.
HYDRO uses an unconditionally stable implicit finite difference formulation. Hydro
solves the equations of continuity and momentum which are discretized in both time and
space. Hydro is capable of simulating hydraulic devices, including operable gates that
function based on some user-defined hydrodynamic conditions.

3.2 DSM2 Water Quality Model — DSM2-QUAL (QUAL)

QUAL simulates fate and transport of both conservative and non-conservative water
quality constituents, including salts, based on a flow field simulated by HYDRO. QUAL
is most often used to model Electrical Conductivity (EC) (an indirect measure of salt
concentration) throughout the Delta but has also been used to model the transport of
non-conservative constituents.

QUAL includes the capability to simulate ten non-conservative water quality constituents
including dissolved oxygen (DO), water temperature, carbonaceous biochemical oxygen
demand (BOD), chlorophyll a, organic nitrogen, ammonia nitrogen, nitrite nitrogen,
nitrate nitrogen, organic phosphorus, and dissolved phosphorus. These variables are
inter-dependent and, with the exception of temperature, simulation of one requires
simulation of all other variables. The rates of mass transfer from one water quality
variable to another are assumed to be affected by temperature. Applications of QUAL in
modeling non-conservative constituents include:

1- TMDL DO Project-- Investigation of the effectiveness of installation of low-head
pumps to improve the low DO conditions in Stockton Ship Channel

2- In-Delta Storage Project-- Determine the Impacts of the releases from the In-
Delta islands on the DO and temperature in the nearby areas

3- BDCP Nutrient Modeling-- This work was performed by staff from Resource
Management Associates (RMA). RMA staff performed several iterations of
calibration and validation for water temperature and nutrients. They also made
several improvements including using multiple meteorological regions, and the
addition of inflows and water quality data from most waste water treatment
plants. This work also allowed an analysis of ammonia levels in the Delta, which
potentially affects the primary production.

4- Turbidity Modeling: QUAL was modified using BOD function as a surrogate using
a first order decay rate. However, capabilities are currently limited since sediment
re-suspension is not included and settling rate is not correlated to flow velocity
and suspended sediment properties. DWR in cooperation with UC Davis, has
laid the foundations for the development of a sediment transport module inside



QUAL. Delta Modeling will continue the work of incorporating that functionality
within DSM2.

5- The addition of mercury modeling is being investigated in response to the
Regional Board’s recent TMDL, however, the development of a functional
mercury model may take a few years.

3.3 DSM2 Particle Transport Modeling — DSM2-PTM (PTM)

PTM simulates pseudo 3-D transport of neutrally buoyant particles based on the flow
field simulated by HYDRO. PTM simulates the transport and fate of individual particles
traveling throughout the Delta. PTM uses velocity, flow, and stage output from the
HYDRO to monitor the location of each individual particle using assumed vertical and
lateral velocity profiles and specified random movements to simulate mixing. The
output of PTM is the time series of the percentage of injected particles at any user
defined reach(es)/group(s) and also particle fluxes at given node(s). A graphical
animation for the outputs is available. PTM has multiple applications ranging from
visualization of flow patterns to simulations of discrete organisms such as fish eggs or
larvae. Although, PTM has the capability to model certain particle behavior, it has only
been used to a limited extent in the past.

Limitations of PTM

Like all the other models described, it is important to understand that PTM has
limitations. Perhaps the most challenging application of the PTM is its use to represent
migrating juvenile or adult fish. The current model has been most frequently used by
simulating particles that move passively with flow. However, there is a substantial and
growing body of evidence that both juveniles and adults show complex behaviors that
are not adequately represented by passive particles. To try and address this issue,
there has been continued development of the model to allow at least limited behaviors
that might better represent target species like delta smelt, Chinook salmon, and
steehead trout. The list of improvements includes:

1) Particle surfing ability: a particle can move to the upper layer or the bottom layer
to make it move faster or slower depending on tides or time of day;

2) Falling velocity: vertical velocity can be added to a particle;

3) Particle mortality: the age of a particle can be tracked and mortality included
through the use of some assumed decaying function.

4) Filters: preventing particles to go through a filter to simulate the effects of fish
screens

The behavior features were developed based on literature and hypotheses, but these
have not been validated by field observations due to the lack of Delta-wide field data.
As a promising sign, Sommer et al. (2011) found that addition of particle surfing
behavior (Improvement #1 above) to simulations of delta smelt upstream migration



resulted in migration rates similar to estimates based on fish trawl and salvage data.
Additional field studies on fish behavior are clearly needed to refine and validate the
model.

Future developments

Recent extensive field monitoring for acoustic telemetry salmon/steelhead tag studies in
Georgiana Slough and the south Delta may make it possible to establish mathematical
relationships that provide a better description for fish movement within the Delta
waterways. These relationships can also be validated by field observations. A
generalized linear model (GLM) for the route entrainment possibility has been
developed by the Georgiana Slough non-physical barrier study group. The GLM relates
the possibility of salmon/steelhead entering Georgiana Slough to the non-physical
barrier operations, fish position at the junction, river flow conditions and timing (day or
night). The application of GLM is currently limited to Georgiana Slough, and may only
apply to high flow conditions since it was based on 2011 tagging data. The
implementation of GLM in the PTM code has been completed. Testing and analysis are
underway.

Analysis of 2012 (a drier year) acoustic telemetry tag data for Georgiana Slough and
other south Delta junctions has been started and more GLMs will be produced for
different river junctions and flow conditions. Once the new GLMs are developed, they
will be implemented in PTM and tested within a larger geographical area and under
more variable flow conditions.

In summary, while there has been substantial progress in the development of particle
tracking models, there is still no widely accepted model to model fish behavior. Model
refinements are needed to capture the full range of fish behaviors, and field studies are
needed to provide the appropriate biological input data. This does not mean, however,
that PTM models are not currently useful. For example, the models provide a helpful
starting point for testing different hypotheses for potential fish behaviors, and to identify
field data that are needed to accurately reflect movements. Moreover, in many
circumstances (e.g. impact analyses) PTM may represent the best available tool to
examine different operational scenarios. Such applications may be reasonable
provided the model limitations and assumptions are clearly stated.

4- The Bay-Delta Salmon Ecosystem Simulation and Management Evaluation
(SELFE) Modeling Project

The Bay-Delta SELFE project will offer users the capability to study cross-scale,
multidimensional phenomena in the Bay Delta. DWR is applying SELFE, an open
source, 3D computational model, to depict the major flow characteristics of the estuary
with fidelity. DWR has also incorporated into SELFE many of the practical details



needed to model the Bay-Delta, such as agricultural sources and sinks, gates and
seasonal gates and barriers. A full Delta calibration is planned for release

in Spring 2013, and shortly after that, training is to be offered within the modeling
community.

SELFE is an accurate, robust model that combines modern hydrodynamic, particle and
transport algorithms with practical features for modeling the Bay-Delta. The software is
open source, and has a growing user community around the world. The theoretical
papers describing the algorithm can be found in Zhang and Baptista (2008), Rodrigues
et al. (2009), Pinto et al. (in press), Roland et al. (2012). The model features a variety of
transport, sediment and biological processes, with published shallow water applications
as diverse as salt plumes and salmon larvae modeling in the Columbia River; ecological
modeling in Portugal, New Zealand and Chesapeake Bay; the Prestige Oil Spill; and
super-regional storm surge flooding. After a rigorous multi-year benchmark study,
SELFE is one of six models certified as an inundation model by the National Tsunami
Mitigation Program and the model has been used to produce tsunami inundation maps
for the state of Oregon since 2008.

The model is also fast -- in 2D mode, SELFE runs extremely fast and as a parallel, 3D
application the model won recognition during the IOOS/SURA project
(http://testbed.sura.org/; Teng 2012) for its ability to scale well on high parallel
performance computational systems. This speed allows the user to offer a medium-
resolution application for the region (130,000 nodes, 35 layers, Figure 5), rather than
eliminating key physics to suit computational constraints.

Applications

The core Bay-Delta application of SELFE is a 3D hydrodynamic and salinity transport
model of the full Bay-Delta system. The base model is our "base case" for studies, the
basis of our general ongoing calibration and validation work and is designed to model
and resolve the most basic processes affecting global accuracy in the estuary.
Extending from this core model are focal studies that develop particular regions or
physical and ecological processes.

SESAME

SESAME is a full life cycle energy-based model of salmon migration through the upper
Sacramento River, Estuary and Coastal Ocean. The project is a collaboration between
DWR, NASA and NMFS. SELFE is the estuary hydrodynamic and transport component
of SESAME, and the application involves hydrodynamics, biology at several trophic
levels and particle tracking. In this project, focus was on transport through the
Sacramento corridor, but key policy questions hinge on detrimental pathways leading to
the interior Delta.



Sea Level Rise

To model the effects of sea level rise, the model domain has been extended to the
ocean, including San Francisco Bay, San Pablo Bay, and the Carquinez Strait. SELFE
provides features that are well suited to these types of problems. In addition to an
unstructured grid that can capture undulations in the Bays and channels, the model
uses a particularly accurate depiction of the bathymetry, as sea level rise fills a new part
of the tidal prism. The model also resolves the vertical structure of salinity in the
Carquinez Straits. Finally, the SELFE model includes atmospheric data generated from
a fine grain climate re-analysis models so it is well suited to represent not only sea-level
rise but also to investigate the affects of atmospheric forcing.

SELFE Modules and Capabilities

SELFE has been adapted for hydrodynamics, temperature, salt, oil spill, sediment,
biology and wind-wave interaction. The complete modeling system is shown in Figure 6.
The model is relatively easy for experienced modelers to set up on a new study domain,
though it does require grid generation software such as SMS. The immediate project
goal is to provide hydrodynamic, salinity and scalar transport support on the larger Bay-
Delta domain and a thorough calibration and validation (Please see Figure 7).

Figure 5: The Full Bay-Delta SELFE mesh.
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The SELFE model application to the Bay-Delta has recently been completed within the
full domain, and is already being used by DWR’s NASA partners. As mentioned earlier,
a full Delta calibration is to be released in Spring 2013, and shortly after that, training
will be offered within the modeling community.

5- Climate Change

If the SWRCB plans to evaluate the potential future impacts of proposed changes to the
water quality and flow standards of the Bay-Delta Plan, then future climate changes
should be considered in the evaluation.

DWR has been and continues to be very active in developing methodologies for
projecting future hydrologic conditions that take account of climate change trends. One
such methodology was devised through a multi-agency effort for the BDCP to evaluate
the environmental impacts and benefits of the BDCP project. This methodology is
described in detail in attached draft Appendix 5A . While the process, tools, and data
outlined in the attachment are illustrative of the considerations that go into a climate
change analysis approach and this specific approach works well for the purposes of
BDCP, it may not be appropriate for the SWRCB'’s purposes. For instance, the BDCP
approach looks at two distinct future periods centered around 2025 and 2060. Other
types of approaches provide a continuous projection of climatology and hydrology
spanning from current conditions out to the future, such an approach would allow the
SWRCB to look at projected impacts in any future period.

The complexity and importance of addressing climate change in the modeling work and
estimations that the SWRCB may undertake while updating the Bay-Delta Plan warrant
focused discussions with experts in the field to determine the appropriate level of
analysis, select from existing methodologies, or develop a customized methodology.
The considerations in this determination are not only technical but include issues of risk
tolerance and dealing with irreducible uncertainty. As DWR mentioned in its
presentation to the SWRCB at the first Bay-Delta Plan workshop, DWR has assembled
a group of the leading experts in the field to discuss these topics and help us address
our climate change challenges. DWR invites you to bring this matter to the DWR
Climate Change Technical Advisory Group for additional focused discussions and more
detailed guidance and recommendations.



6- Measured, Estimated, Natural, and Unimpaired Streamflows

Streamflow, or simply flow, is the volume of water flowing past a fixed point on a stream
or on a river in a fixed unit of time. Several terminologies including measured flow,
estimated flow, natural flow and unimpaired flow, have been used to describe
streamflows for various purposes. Brief descriptions for each of these terminologies
have been compiled to help differentiate these flows for better understanding by
professionals as well as the general public.

Measured Flow vs. Estimated Flow

A widely used method of quantifying the flow of a stream is by installing streamflow
gages at selected locations, presumed to be geometrically and hydraulically stable,
such as at a bridge. The stage (the distance of the water surface from a specified
reference datum) of the streamflow and its associated flow velocity measurement are
used to compute the flow. The flow so quantified is known by various names such as
measured flow, gage flow, recorded flow and observed flow.

Many times, gage flow data for a given watershed may not be available for the entire
span of time period for which hydrological data is necessary for water resources
planning. Some watersheds may not have measured data at all. In such situations,
estimating flow is the recourse often taken. There are various methods that may be
used for the flow estimations depending on the situation. For example, a statistical
correlation method is most commonly used to extend shorter flow record for a
watershed where a nearby watershed with longer measured flow record can be found
and has similar hydrologic characteristics. Whatever the process used to estimate the
flow, the flow so obtained is called estimated flow.

Natural Flow vs. Unimpaired Flow

Natural flow, which is sometimes also called full natural flow, at a certain location in a
watershed is the streamflow that would have occurred naturally if the watershed hadn’t
been altered by any human activities including water storage and flood control
structures, water imports and exports, water diversions, channel improvements. The
word natural connotes that the watershed landscape is in a pre-historical or virgin state.



Unimpaired flow is an estimate of the flow that would have occurred had water flow
remained unaltered in rivers and streams instead of stored in reservoirs, imported,
exported, or diverted. It is a measure of the total water supply of a watershed available
for all uses after removing the impacts of upstream alterations, as they occurred
historically. The word unimpaired here implies only that certain items in the measured
flows have been adjusted. Unimpaired flow could be synonymous with natural flow if all
of the items in the unimpaired computation matched the natural flow computation.
However, in reality, this is not usually the case. It is customary to include only those
items in the unimpaired flow computation for which either reliable data are readily
available or reasonable estimates can be made.

In California Central Valley rim watersheds where no significant human activities may
exist, the magnitudes of unimpaired flow and natural flow are assumed to be very close
and their uses are interchangeable. In the valley floor area, natural flows are impossible
to compute reliably due to unknown nature of impairments caused by human alterations
such as channel improvements, levees, and flood bypasses.

The following two examples may further graphically demonstrate how the terminologies
of measured flow, natural flow, and unimpaired flow can be used under different
circumstances within the Sacramento Valley.

Streamflow below Shasta Dam: An example where Unimpaired Flow can be
assumed to be Natural Flow

Shasta Lake on the Sacramento River was built in early 1940s and started regulating
streamflow in November of 1942. The storage space in Shasta Lake has altered the
streamflow below the Shasta dam by both storing and releasing water from the storage
since then. As shown in Figure 8, the line with squares and the line with diamonds
represent the measured Sacramento River flow below Shasta dam before and after the
reservoir was built; the line with asterisks is the estimated unimpaired flow, obtained by
removing the impact of the reservoir from the measured flow (the line with diamonds).
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Figure 8: Measured and unimpaired flows below Shasta Dam

Since the Sacramento River watershed above Shasta Dam has generally been
assumed to exist in natural state and Shasta dam is considered the only significant
human alteration to the river, both terminologies of natural flow and unimpaired flow can
be used to describe the measured flow before the reservoir was built (the line with
squares) and the estimated unimpaired flow after the reservoir was built (the line with
asterisks). The line with triangles is the end of month Shasta storage. It is the main
component used in the unimpaired flow estimation. Reservoir evaporation was also
used in the unimpaired flow estimation but has been omitted from the figure due to its
insignificant magnitude.

Streamflow at Freeport: An example where Unimpaired Flow cannot be assumed
to be Natural Flow

Figure 9 shows a comparison of the gage flow at the United States Geological Survey
(USGS) gage on the Sacramento River at Freeport (the line with diamonds) with the



estimated unimpaired Sacramento River flow at the same location (the line with
squares). Due to the numerous upstream human alterations of water storage and flood
control structures, water imports and exports, water diversions, channel improvements

and other factors, this USGS gage flow gives an impaired flow (in contrast to
unimpaired flow). The unimpaired flow data used in the comparison is taken from the
draft DWR report titled California Central Valley Unimpaired Flow Data, Fourth Edition,
Bay-Delta Office, May 2007 and it was estimated by removing impacts of upstream
water storages, diversions, imports and exports, and other adjustments that may be
reasonably quantified or measured from USGS gage flow. Since the impacts of
upstream channel improvements, levees, and flood bypasses impacts are difficult to
remove from the gage flow, the unimpaired flow so estimated can not be called natural

flow. The differences between the two lines in Figure 9 represent the impairments
removed.
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Figure 9: Sample USGS gage flow and unimpaired flow of Sacramento River at
Freeport.

We would like to remind the Board that DWR gave a presentation called “Estimating
California Central Valley Unimpaired Flows" on January 6, 2011 at the SWRCB
workshop on " Presentation and Discussion of Draft Technical Report on the Scientific
Basis for Alternative San Joaquin River Flow and Southern Delta Salinity Objectives."
The purpose of the presentation was to give an overview of DWR Unimpaired Flows

calculations, weaknesses, issues and pitfalls in using Unimpaired Flows for use as a
basis for setting Flow objectives in the Delta.



This presentation is available at SWRCB’s website at:

http://www.waterboards.ca.gov/waterrights/water issues/programs/bay delta/sds srijf/sj
r/docs/dwr uf010611.pdf

For your convenience, a copy of the presentation is attached at the end of this
submittal.


http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_srjf/sjr/docs/dwr_uf010611.pdf�
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BDCP EIR/EIS Modeling Technical Appendix

This appendix provides information about the assumptions, modeling tools and the methods
used for Bay Delta Conservation Plan Environmental Impact Report/Environmental Impact
Statement (BDCP EIR/EIS) Alternatives analyses including information for Existing Conditions
and No Action Alternative simulations. The Appendix also provides model results obtained
from the BDCP EIR/EIS Alternatives analyses; and additional modeling information such as
model limitations, limitations in climate change modeling, and extreme operating conditions.

The Appendix consists of four main sections that are briefly described below:
e Section A: Modeling Methodology
e Section B: CALSIM II and DSM2 Modeling Simulations and Assumptions
e Section C: CALSIM II and DSM2 Modeling Results

e Section D: Additional Modeling Information

Section A: Modeling Methodology

Several models are used to assess and quantify the effects of BDCP Alternatives on the long-
term operations and the environment. This section provides information about the overall
analytical framework explaining how the modeling information obtained from different models
fit together; and descriptions of the key analytical tools that were part of the analytical
framework. It also summarizes the modifications to the key analytical tools used in this process.

Section B: CALSIM Il and DSM2 Modeling Simulations and Assumptions

This section describes the assumptions for the CALSIM II (Hydrology and System Operations)
and DSM2 (Delta Hydrodynamics, Water Quality, and Delta Particle Tracking) model
simulations of the Existing Conditions, No Action Alternative and with action Alternatives.

Section C: CALSIM Il and DSM2 Modeling Results

This section provides CALSIM II and DSM2 model simulation results for alternatives evaluated
for the BDCP EIR/EIS. Key parameters are selected for display; and several different formats of
presentations are provided for each parameter to enable the reader to do different kinds of
analyses.

Section D: Additional Modeling Information

This section is still being completed. It is planned to be included in a subsequent version of this
appendix. This section will provide additional details on the analytical tools and their
development and background information on modeling of climate change. In addition, it will
also provide information on the model limitations, uncertainty and any sensitivity analyses
performed in support of the overall analysis. Furthermore, it will include information on the
appropriate use of the modeling results presented in Section C.



Section A: Modeling Methodology

QOutline

A.l. Introduction
A.2. Overview of the Modeling Approach
A.2.1. Analytical Tools
A.2.2. Key Components of the Analytical Framework
A.2.3. Climate Change and Sea Level Rise
A.3. Hydrology and System Operations
A3.1CALSIM II
A.3.2. Artificial Neural Network for Flow-Salinity Relationship
A.3.3. Application of CALSIM II to Evaluate BDCP Alternatives
A.3.4. Output Parameters
A.3.5. Linkages to Other Physical Models
A 4. Reservoir and River Temperature
A41. SRWQM
A.4.2. Reclamation Temperature Model
A.4.3. Application of Temperature Models to Evaluate BDCP Alternatives
A.4.4. Incorporating Climate Change Inputs
A.4.5. Output Parameters
A.4.6. Use of Model Results
A.4.7. Modeling Limitations
A.4.8. Linkages to Other Physical Models
A.5. Delta Hydrodynamics and Water Quality
A.5.1. Overview of Hydrodynamics and Water Quality Modeling Approach
A.5.2. Delta Simulation Model (DSM2)
A.5.3. Application of DSM2 to Evaluate BDCP Alternatives

A.5.4. Output Parameters
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A.5.5. Modeling Limitations
A.6. Delta Particle Tracking Modeling
A.6.1. DSM2-PTM
A.6.2. DSM2-PTM Metrics
A.6.3. PTM Period Selection
A.6.4. PTM Simulations
A.6.5. Output Parameters
A.6.6. Limitations
A.7. Climate Change Scenarios
A.7.1. Selection of BDCP Climate Scenarios
A.7.2. Downscaled Climate Projections
A.7.3. Climate Periods
A.7.4. Multi-Model Ensemble and Sub-Ensembles
A.7.5. Incorporating Changes in Mean Climate and Climate Variability
A.7.6. Sea Level Rise Scenarios
A.7.7. Changes in Tidal Amplitude
A.7.8. Analytical Process for Incorporating Climate Change
A.8. Regional Hydrologic Modeling
A.8.1. Variable Infiltration Capacity (VIC) Model
A.8.2. Application of VIC Model for BDCP Evaluations
A.8.3. Output Parameters
A.8.4. Critical Locations for Analysis
A.8.5. Modeling Limitations
A.8.6. Linkages to Other Physical Models

A 9. References
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SECTION A: MODELING METHODOLOGY

A.l. Introduction

This section summarizes the modeling methodology used for the Bay Delta Conservation Plan
Environmental Impact Report/Environmental Impact Statement (BDCP EIR/EIS) Existing
Conditions, No Action Alternative and otherAlternatives. It describes the overall analytical
framework and contains descriptions of the key analytical tools and approaches used in the
quantitative evaluation of the Alternatives.

BDCP includes several main components that will have significant effects on SWP and CVP
operations and the hydrologic response of the system. Most of the Alternatives include
construction and operation of new north Delta intakes and associated conveyance,
modifications to the Fremont Weir, large scale tidal marsh restoration in the Delta and changes
in the operation of the existing south Delta export facilities can significantly influence the
hydrologic response of the system.

For the purposes of the modeling, the Alternatives are simulated at three phases in time: Near-
Term (NT), representing a point in time 5-10 years into the permit (~2015), Early Long-Term
(ELT) representing a point in time 15 years into the permit (~2025), and Late Long-Term (LLT)
representing the end of the 50-year permit (~2060).

In the Alternatives including the new north Delta intakes and isolated conveyance facility, the
facility is assumed not to be functional until the ELT phase. All the Alternatives, except for
Existing Conditions and No Action Alternative, include the tidal marsh restoration. The
acreages of the tidal marsh restoration incrementally increase with each phase. NT includes
14,000 acres, ELT includes 25,000 acres and LLT includes 65,000 acres of tidal marsh restoration.

In the evaluation of the No Action Alternative and the other Alternatives at the ELT and LLT
phases, sea level rise was assumed to be inherent. ELT assumes 15cm and LLT assumes 45cm
sea level rise to exist. The analytical framework and the tools described in this are developed to
evaluate these complex, inter-dependent, large-scale changes to the system. The full modeling
assumptions for all the alternatives are provided in Section B.

For the purpose of BDCP EIR/EIS impacts evaluation, Alternatives’ modeling results at LLT
phase are considered.

A.2. Overview of the Modeling Approach

To support the impact analysis of the Alternatives, modeling of the physical variables (or
“physical modeling”) such as flows is required to evaluate changes to conditions affecting
resources within the Delta as well as effects to upstream and downstream resources. A
framework of integrated analyses including hydrologic, operations, hydrodynamics, water
quality, and particle tracking analysis are required to provide baseline and comparative
information for water supply, surface water, aquatic resources and water quality assessments.
This analytical framework is also useful to assess changes in the function of the alternatives
under varying assumptions of future, non-project conditions such as climate change, future
demands, and changes in Delta morphology.

The Alternatives include complex changes to internal forcings such as Delta conveyance,
SWP/CVP water project operations, floodplains and tidal marsh, and Delta channel
structure/ gates. Both these internal forcings and external forcings such as climate and sea level
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SECTION A: MODELING METHODOLOGY

changes influence the future conditions of reservoir storage, river flow, Delta flows, exports,
water quality, and tidal dynamics. Evaluation of these conditions is the primary focus of the
physical modeling analyses. The interaction between many of the elements proposed under the
Alternatives necessitated modifications to existing analytical tools or application of new
analytical tools to account for these dynamic relationships.

Figure A-1 shows the analytical tools applied in these assessments and the relationship between
these tools. Each model included in Figure A-1 provides information to the next “downstream”
model in order to provide various results to support the impact analyses. Changes to the
historical hydrology related to the future climate are applied in the CALSIM II model and
combined with the assumed operations for each Alternative. The CALSIM II model simulates
the operation of the major SWP and CVP facilities in the Central Valley and generates estimates
of river flows, exports, reservoir storage, deliveries, and other parameters. The Delta boundary
flows and exports from CALSIM II are then used to drive the DSM2 Delta hydrodynamic and
water quality models for estimating tidally-based flows, stage, velocity, and salt transport
within the estuary. Particle tracking modeling uses the velocity fields generated under the
hydrodynamics to emulate movement of particles throughout the Delta system. River and
temperature models for the primary river systems use the CALSIM II reservoir storage,
reservoir releases, river flows, and meteorological conditions to estimate reservoir and river
temperatures under each scenario. The results from this suite of physical models are used to
inform the understanding of effects of each individual scenario considered in the BDCP.

A.2.1. Analytical Tools

A brief description of the hydrologic, hydrodynamic, water quality, particle transport, reservoir
and river temperature modeling tools used in the analytical framework is provided below.

CALSIM I

The California Department of Water Resources (DWR)/U.S. Bureau of Reclamation
(Reclamation) CALSIM II planning model was used to simulate the operation of the CVP and
SWP over a range of hydrologic conditions. CALSIM Il is a generalized reservoir-river basin
simulation model that allows for specification and achievement of user-specified allocation
targets, or goals (Draper et al. 2002). CALSIM II represents the best available planning model for
the SWP and CVP system operations and has been used in previous system-wide evaluations of
SWP and CVP operations (USBR, 1994, 2004, 2008).

Inputs to CALSIM II include water diversion requirements (demands), stream accretions and
depletions, rim basin inflows, irrigation efficiencies, return flows, non-recoverable losses, and
groundwater operations. Sacramento Valley and tributary rim basin hydrologies are developed
using a process designed to adjust the historical sequence of monthly stream flows over an 82-
year period (1922 to 2003) to represent a sequence of flows at a future level of development.

Adjustments to historic water supplies are determined by imposing future level land use on
historical meteorological and hydrologic conditions. The resulting hydrology represents the
water supply available from Central Valley streams to the CVP and SWP at a future level of
development.

CALSIM II produces outputs for river flows and diversions, reservoir storage, Delta flows and
exports, Delta inflow and outflow, Deliveries to project and non-project users, and controls on
project operations. Reclamation’s 2008 Operations Criteria and Plan (OCAP) Biological
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Assessment (BA) Appendix D provides more information about CALSIM II (USBR,
2008a).CALSIM II output provides the basis for multiple other hydrologic, hydrodynamic, and
biological models and analyses. CALSIM II results are used to determine water quality,
hydrodynamics, and particle tracking in the DSM2 model. The outputs feed into temperature
models including the Upper Sacramento River Water Quality Model (USRWQM), the
Reclamation Temperature Model, and other habitat and biological models.

Hydrology & System
Operations
(CALSIM 1II)

Delta Hydrodynamics Reservoir and River

(DSM2-HYDRO) Temperature
(SRWQM, USBR Temp)

Reservoir, river] temperature

Delta Water Quality Delta Particle Tracking
(DSM2-QUAL) (DSM2-PTM)
Salinity (EC, {1, TDS, Br), Particle fate pnd transport,
Organic {Carbon Residence time

A 4 A 4 A 4

[ BDCP EIR/EIS Alternatives” Water Supply, Surface Water, Aquatic Resources }

and Water Quality Impact Analyses

Figure A-1: Analytical Framework used to Evaluate Impacts of the Alternatives

Artificial Neural Network (ANN) for Flow-Salinity Relationships

An Artificial Neural Network (ANN) has been developed (Sandhu et al. 1999, Seneviratne and
Wu, 2007) that attempts to faithfully mimic the flow-salinity relationships as modeled in DSM2,
but provide a rapid transformation of this information into a form usable by the statewide
CALSIM II model. The ANN is implemented in CALSIM II to constrain the operations of the
upstream reservoirs and the Delta export pumps in order to satisfy particular salinity
requirements. The current ANN predicts salinity at various locations in the Delta using the
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following parameters as input: Sacramento River inflow, San Joaquin River inflow, Delta Cross
Channel gate position, and total exports and diversions. Sacramento River inflow includes
Sacramento River flow, Yolo Bypass flow, and combined flow from the Mokelumne, Cosumnes,
and Calaveras rivers (East Side Streams) minus North Bay Aqueduct and Vallejo exports. Total
exports and diversions include State Water Project (SWP) Banks Pumping Plant, Central Valley
Project (CVP) Tracy Pumping Plant, Contra Costa Water District (CCWD) diversions including
diversion to Los Vaqueros Reservoir. The ANN model approximates DSM2 model-generated
salinity at the following key locations for the purpose of modeling Delta water quality
standards: X2, Sacramento River at Emmaton, San Joaquin River at Jersey Point, Sacramento
River at Collinsville, and Old River at Rock Slough. In addition, the ANN is capable of
providing salinity estimates for Clifton Court Forebay, CCWD Alternate Intake Project (AIP)
and Los Vaqueros diversion locations. A more detailed description of the ANNSs and their use
in the CALSIM II model is provided in Wilbur and Munévar (2001). In addition, the DWR
Modeling Support Branch website (http:/ /modeling.water.ca.gov/) provides ANN
documentation.

Upper Sacramento River Water Quality Model (USRWQM)

The Upper Sacramento River Water Quality Model (USRWQM) was used to simulate the effects
of operations on water temperature in the Sacramento River and Shasta and Keswick reservoirs.
The USRWQM was developed using the HEC-5Q model to simulate mean daily (using 6-hour
meteorology) reservoir and river temperatures at key locations on the Sacramento River. The
timestep of the model is daily and provides water temperature each day for the 82 year
hydrologic period used in CALSIM II. The model has been used in the previous CVP and SWP
system operational performance evaluation (USBR, 2008c). Monthly flows from CALSIM II for
an 82 year period (WY 1922-2003) are used as input into the USRWQM after being temporally
downsized to daily average flows. Temporal downscaling is performed on the CALSIM II
monthly average tributary flows to convert them to daily average flows for HEC5Q input.
Monthly average flows are converted to daily tributary inflows based on 1921 through 1994
daily historical record for the following aggregated inflows:

1. Trinity River above Lewiston;
2. Sacramento River above Keswick; and

3. Incremental inflow between Keswick and Bend Bridge (Seven day trailing average for inflows
below Butte City).

Each of the total monthly inflows specified by CALSIM Il is