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Initial Sensitivity Evaluation of Operational Parameters énd Storage Capacities
Using the CALFED Post-Processing Operations Model

Upstream of Delta Off-Stream Storage Facilities

AGRICULTURAL AND URBAN WATER SUPPLY EVALUATION

Introduction

Environmental water supply benefits from new upstream of Delta storage facilities
would be achieved by releasing the water from storage to meet agricultural and urban
needs. This water would be released for use during periods of need and maintain
protection for the ecosystem. The capacity of the new storage facility, rules governing
diversions into storage, and operational goals (e.g. maximum normal period supply or

maximum dry period supply) all affect the magnitude of potential agricultural and urban
water supply benefits.

The CALFED spreadsheet operations model was used to evaluate effects of various
operational rules and physical capacities of new upstream of Delta storage facilities on
potential agricultural and urban water supply benefits. A sensitivity analysis was
conducted by individually exercising the operational parameters through reasonable
ranges with a set upstream of Delta maximum storage capacity of 3.0 maf and
inflow/outflow conveyance capacities of 5,000 cfs, devoted exclusively to agricultural
and urban water supply. These ranges were defined using input from agency
represetnatives, stakeholders, and previous analysis. Information from this phase of
the evaluation was then used to develop eight operation conditions which collectively
bracket the range of potential operations. These eight operations conditions define two
operational goals implemented under four external conditions.

The first operational goal modeled is to maximize supplies over normal hydrologic
periods. This goal is achieved by imposing no storage carryover requirement and
releasing water from storage whenever unmet demand exists. A by-product of this type
of operation is that supplies in storage are often depleted when entering critically dry
periods. The second operational goal is to maximize supplies in the driest years of
normal hydrologic sequences. This goal is achieved by reducing the amount of water
delivered from storage in any given year through methods such as imposing carryover
requirements. While this type of operation usually results in relatively larger quantities
of water in storage for use during extended dry periods, overall long-term water
deliveries are diminished.

Input from agency representatives, and stakeholders suggested a need to maintain
certain flow events to protect geomorphological processes along the upper un-leveed
portion of the Sacramento River and biological processes in the river and in the San
Francisco\San Joaquin Bay-Delta prior to diverting flows for any new storage facilities.
A one month volume in combination with an equivalent two month volume is used in
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Table NA-1
Bracketing Operational Conditions
Condition Description
A Existing Banks PP Capacity/Low S.R. Flow Event Targets -- Normal Period

Supply Operation. This condition assumes existing Banks Pumping Plant capacity is in
operation and diversions to upstream of Delta storage are limited by low Sacramento River
flow event targets. The storage facility is operated to provide maximum supplies over
normal hydroiogic periods.

B Existing Banks PP Capacity/L.ow S.R. Flow Event Targets -- Dry Period Supply
Operation. This condition assumes existing Banks Pumping Plant capacity is in operation
and diversions to upstream of Delta storage are limited by low Sacramento River flow event
targets. The storage facility is operated to provide maximum supplies in critically dry years.

C Expanded Banks PP Capacity/Low S.R. Flow Event Targets ~- Normal Period
Supply Operation. This condition assumes increased Banks Pumping Plant capacity as
proposed in the Department of Water Resources Interim South Delta Improvement Plan is
in operation and diversions to upstream of Delta storage are limited by low Sacramento
River flow event targets. The storage facility is operated to provide maximum supplies over
normal hydrologic periods.

D Expanded Banks PP Capacity/Low S.R. Flow Event Targets -- Dry Period
Supply Operation. This condition assumes increased Banks Pumping Plant capacity as
proposed in the Department of Water Resources Interim South Delta improvement Plan is
in operation and diversions to upstream of Delta storage are limited by low Sacramento
River flow event targets. The storage facility is operated to provide maximum supplies in
critically dry years.

E Existing Banks PP Capacity/High S.R. Flow Event Targets -- Normal Period
Supply Operation. This condition assumes existing Banks Pumping Plant capacity is in
operation and diversions to upstream of Delta storage are limited by high Sacramento

River flow event targets. The storage facility is operated to provide maximum supplies over
normal hydrologic periods.

F Existing Banks PP Capacity/High S.R. Flow Event Targets -~ Dry Period
Supply Operation. This condition assumes existing Banks Pumping Plant capacity is in
operation and diversions to upstream of Delta storage are limited by high Sacramento
River flow event targets. The storage facility is operated to provide maximum supplies in
critically dry years.

G Expanded Banks PP Capacity/High S.R. Flow Event Targets -- Normal Period
Supply Operation. This condition assumes increased Banks Pumping Plant capacity as
proposed in the Department of Water Resources Interim South Delta Improvement Plan is
in operation and diversions to upstream of Delta storage are limited by high Sacramento
River flow event targets. The storage facility is operated to provide maximum supplies over
normal hydrologic periods.

H Expanded Banks PP Capacity/High S.R. Flow Event Targets -- Dry Period
Supply Operation. This condition assumes increased Banks Pumping Plant capacity as
proposed in the Department of Water Resources Interim South Delta Iimprovement Plan is
in operation and diversions to upstream of Delta storage are limited by high Sacramento
River flow event targets. The storage facility is operated to provide maximum supplies in
critically dry years.
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Table NA-2
Statistical Measures of Ag & Urban water Supply Benefits

Measure

Description

1

71-Year Average Annual Environmental Delta Qutflow. Annual average
over the historical hydrologic sequence used in the model simulations.

1928-34 Critical Dry Period Average Annual Environmental Delta Outflow.
Annual average over the seven year critical dry period.

Average Dry Year Environmental Delta Qutflow. Annual average over the
sixteen water years classified as dry years within the 71-year hydrologic
sequence.

Average Critically Dry Year Environmental Delta Outflow. Annual average
over the eleven water years classified as critically dry years within the 71-
year hydrologic sequence.

Minimum Annual Environmental Delta Outflow. The minimum annual
quantity that occurs over the 71-year hydrologic sequence.
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this evaluation to limit diversions to storage. In addition, for this evaluation, the
Sacramento River flow event target is considered a recurring annual target. Beginning
each October this flow target in addition to existing in-stream and/or navigation
requirements must be met prior to diverting any flows to storage. Once the target is
met for the current water year only existing in-stream and/or navigation requirements
must be met prior to diverting subsequent flows to storage during the water year. An
initial sensitivity evaluation (described below) indicates the Sacramento River flow event
target has negligible effects on storage operations below a flow event target of 500 taf
and minimal effects on storage operations above a flow event target of 1,000 taf. For
subseqguent analysis the Sacramento River flow event target was considered an
external condition to be applied in conjunction with existing or expanded Banks
Pumping Plant capacity.

The four external conditions considered in this evaluation address the capacity of
Banks Pumping Plant, the State Water Project Delta pumping facility and Sacramento
River flow event target. Under the first external condition, existing Banks Pumping
Plant capacity is assumed in conjunction with low Sacramento River flow event targets.
Under the second external condition, an expanded Banks Pumping Plant capacity as
proposed in the Department of Water Resources South Delta Improvements Plan is
assumed in conjunction with low Sacramento River flow event targets. Under the third
external condition, existing Banks Pumping Plant capacity is assumed in conjunction
with high Sacramento River flow event targets. Under the fourth external condition, an
expanded Banks Pumping Plant capacity as proposed in the Department of Water
Resources South Delta Improvements Plan is assumed in conjunction with high
Sacramento River flow event targets. The eight operation conditions defined by the two
operational goals under these four external conditions are described in Table NA-1.

Once defined, each of the eight operation conditions were input to the CALFED
spreadsheet operations model. Potential agricultural and urban water supply benefits
were evaluated for maximum storage capacities ranging from 100 taf to 5.0 maf. In this
evaluation, south of Delta SWP and CVP demands were used as a as a surrogate for
agricultural and urban water supply demands. In actual practice, agricultural and urban
water supply benefits from upstream of Delta storage might be designated to a subset
of SWP and CVP users, other south of Delta agricultural and urban water users, or
upstream of Delta users through a water exchange program. Five statistical measures
of agricultural and urban water supply benefits are included in this analysis, as
described in Table NA-2.

Agricultural and urban water supply benefits, as described by these five statistical
measures, were estimated for each of the eight sets of operation conditions over the
range of maximum storage volumes. While this information should not be considered
definitive, this evaluation illustrates the potential for agricultural and urban water supply
benefits from upstream of Delta storage facilities and the effects of various external
conditions and operational goals. The information developed in this evaluation may be
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used to provide an initial refinement of the range of storage volumes of potential
upstream of Delta storage facilities which should be considered in future studies.

Summary

This evaluation provides initial quantitative information on agricultural and urban water
supply benefits that might be provided by new upstream of Delta storage facilities.
Additional information on water quality benefits, interaction with environmental water
supply opportunities, interactions with other potential new storage and conveyance
facilities, costs of new storage facilities, and environmental acceptability of new storage
facilities must all be considered in a further refinement of agricultural and urban water
storage facilities.

Summary resuits of this initial evaluation are presented in Figures NA-1 thorugh NA-4.
These charts display net increases in 71-Year Average Annual Environmental Delta
Outflow and Minimum Annual Agricultural and Urban Water Supply Benefits,
respectively, under the eight operation conditions described in Table NA-1 for storage
volumes ranging from 100 taf to 5.0 maf. The charts allow comparison of the range of
potential benefits under various Banks Pumping Plant capacities, Sacramento River
flow event targets, operational goals, and storage capacities.

As evidenced by the ranges between the curves of Figures NA-1 through NA-4, this
initial evaluation demonstrates the importance of operating assumptions on the
outcome of water supply evaluations. As water supply benefits over normal hydrologic
periods are emphasized, 71-Year Average Agricultural and Urban Water Supply
Benefits are maximized at a cost to the Minimum Annual Agricultural and Urban Water
Supply Benefits. As water supply benefits over dry hydrologic periods are emphasized,
Minimum Annual Agricultural and Urban Water Supply Benefits are maximized at costs
to other statistical measures of Agricultural and Urban Water Supply Benefits.

This is illustrated by comparing the curves in Figures NA-1 and NA-2. In Figure NA-1,
Expanded Banks Pumping Plant Capacity -- Normal Period Supply Operation
(Condition C) reaches a net increase of about 400 taf for 71-Year Average Agricultural
and Urban Water Supply Benefits at a storage volume of 4.0 maf, and the Expanded
Banks Pumping Plant Capacity -- Dry Period Supply Operation (Condition D) reaches a
net increase of about 220 taf for 71-Year Average Agricultural and Urban Water Supply
Benefits at a storage volume of 4.0 maf. In Figure NA-2, Existing Banks Pumping Plant
Capacity -- Normal Period Supply Operation (Condition A) reaches a maximum net
increase of about 800 taf for Minimum Annual Agricultural and Urban Water Supply
Benefits at a storage volume of 3.5 maf, and the Existing Banks Pumping Plant
Capacity -- Dry Period Supply Operation (Condition B) reaches a net increase of about
950 taf for Minimum Annual Agricultural and Urban Water Supply Benefits at a storage
volume of 3.5 maf. '
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Banks Pumping Plant has varying effects on Agricultural and Urban Water Supply
Benefits. This is illustrated by comparing the curves in Figures NA-1 and NA-2. In
Figure NA-1, Expanded Banks Pumping Plant Capacity -- Normal Period Supply
Operation (Condition C) reaches a net increase of about 400 taf for 71-Year Average
Agricultural and Urban Water Supply Benefits at a storage volume of 4.0 maf, and the
Existing Banks Pumping Plant Capacity -- Normal Period Supply Operation (Condition
A) reaches a net increase of about 330 taf for 71-Year Average Agricultural and Urban
Water Supply Benefits at a storage volume of 4.0 maf. In Figure NA-2, Existing Banks -
Pumping Plant Capacity -- Normal Period Supply Operation (Condition A) reaches a
maximum net increase of about 685 taf for Minimum Annual Agricultural and Urban
Water Supply Benefits at a storage volume of 3.0 maf, and the Expanded Banks
Pumping Plant Capacity -- Normal Period Supply Operation (Condition C) reaches a net
increase of about 375 taf for Minimum Annual Agricultural and Urban Water Supply
Benefits at a storage volume of 3.0 maf.

Increasing the Sacramento River flow event target has varying effects in reducing
Agricultural and Urban Water Supply Benefits. This is illustrated by comparing the
curves in Figures NA-2 and NA-4. In Figure NA-4, the maximium net increase of about
200 taf for Minimum Annual Agricultural and Urban Water Supply Benefits is reached at
a storage volume of 1.5 maf and does not increase beyond this amount for any
operational condition. In Figure NA-2, the minimum net increase of about 375 taf for
Minimum Annual Agricultural and Urban Water Supply Benefits is reached at a storage
volume of 1.0 maf and increases significantly beyond this amount for all operational
conditions as storage volume is increased.
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Upstream of Delta Off-Stream Storage

Net increase in 71-Year Average Ag & Urban Water Supply Benefits

versus Maximum Storage Volume
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Figure NA-2
Upstream of Delta Off-Stream Storage

Net Increase in Minimum Annuai Ag & Urban Water Supply Benefits

versus Maximum Storage Volume
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Figure NA-3
Upstream of Delta Off-Stream Storage

Net increase in 71-Year Average Ag & Urban Water Supply Benefits
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Upstream o@%%i?a%_-%tream Storage

Net Increase in 1928-34 Dry Period Annual Average Ag & Urban
Water Supply Benefits
versus Maximum Storage Voiume
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Agricultural and Urban Water Supply Benefits versus Storage Carryover Factor
Background

The storage carryover factor is an operational parameter designed to provide a means
of reserving water supplies for use throughout extended dry periods. In practice,
complex reservoir storage carryover rules may be devised to take into account runoff
forecasting, variable demand, current storage volume, and other criteria. In this model,
a simple storage carryover function has been included which allows the user to set a
fraction of end-of-September storage from the previous water year that will be required
to remain in storage at the end of the current water year. For example, if 100 taf are in
storage at the end of September of the current year, with a storage carryover factor of
50 percent, the storage facility must maintain at least 50 taf by the end of September of
the following year. While implementing conservative carryover rules in reservoir
operations will increase available supplies during dry periods, total deliveries over
normal hydrologic periods will be reduced in comparison to more aggressive reservoir
operations.

Model Runs

Storage carryover factors ranging from 0 to 70 percent were varied in a set of model
runs to evaluate effects on water supply benefits 1) with and without expanded Banks
Pumping Plant capacity 2) with varied Sacramento River flow event targets (described
below) and 3) with varied unmet demand targets. These model runs are described in
Table NA-3 and summary results are displayed in Table NA-4. For comparability, all
results are measured using total south of Delta SWP and CVP water supply deliveries.

Evaluation -- Sensitivity Analysis

Varying the storage carryover factor results in substantive effects (difference between
the minimum and maximum) for the Critically Dry Year Average and Minimum Annual
Ag & Urban Water Supply Benefits with existing Banks Pumping Plant capacity.
Minimum Annual values increase up to 9 percent as Critically Dry Year Average
declines up to 9 percent as the storage carryover factor is increased. Less than 2-
percent differences are seen in 71-Year Average, 1928-34 Dry Period Average, and
Dry Year Average Ag & Urban Water Supply Benefits throughout the range of storage
carryover factors evaluated. Increasing the Sacramento River flow event target and
reducing the unmet demand target has the effect of reducing Ag & Urban Water Supply
Benefits between 3 and 7 percent. Increasing both the Sacramento River flow event
target and the unmet demand target has the effect of reducing Ag & Urban Water
Supply Benefits between 0 and 16 percent. Charts displaying the five statsitical
measures of Ag & Urban Water Supply Benefits, described in Table NA-2, are shown in
Figures NA-5 through NA-8. These figures display Ag & Urban Water Supply Benefits
versus storage carryover factor for the existing Banks Pumping Plant capacity.

Similar effects occur in runs with expanded Banks Pumping Plant capacity. Varying the
storage carryover factor results in substantive effects (difference between the minimum
and maximum) for the Critically Dry Year Average and Minimum Annual Ag & Urban
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Water Supply Benefits with expanded Banks Pumping Plant capacity. Minimum Annual
values increase up to 8 percent as Critically Dry Year Average declines up to 8 percent
as the storage carryover factor is increased. Less than 2-percent differences are seen
in 71-Year Average, 1928-34 Dry Period Average, and Dry Year Average Ag & Urban
Water Supply Benefits throughout the range of storage carryover factors evaluated.
Increasing the Sacramento River flow event target and reducing the unmet demand
target has the effect of reducing Ag & Urban Water Supply Benefits between 3 and 7
percent. Increasing both the Sacramento River flow event target and the unmet
demand target has the effect of reducing dry period Ag & Urban Water Supply Benefits
between 0 and 13 percent and increasing 71-Year Average and 1928-34 Dry Period
Average less than 1 percent. Less than 6-percent differences occur between runs with
existing Banks Pumping Plant capacity and expanded Banks Pumping Plant capacity.
Charts displaying the five statistical measures of Ag & Urban Water Supply Benefits,
described in Table NA-2, are shown in Figures NA-9 through NA-12. These figures
display Ag & Urban Water Supply Benefits versus storage carryover factor for the
expanded Banks Pumping Plant capacity.

The storage carryover factor has minimal effect in increasing minimum annual water
supplies. The incremental increase/decrease (percent change between Agricultural
and Urban Water Supply Benefits for single incremental change in carryover factor are
primarily less than 1 percent, and always less than 2 percent.

The Minimum Annual Environmental Delta Outflow benefits are maximized with the total
unmet demand target set at SWP unmet Demands only, Sacramento River flow event
target set at 0 taf, and storage carryover factor set at 50 percent. A notable side effect
is that as Minimum Annual Ag & Urban Water Supply Benefits are increased, Critically
Dry Year Average Ag & Urban Water Supply Benefits tend to decrease.

The 71-year Environmental Delta Outflow benefits are maximized with the total unmet
demand target set at SWP and CVP unmet demands, Sacramento River flow event
target set at 0 taf, and storage carryover factor set at less than 30 percent.
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Table NA-2

Upstream of Delta Off-Stream Storage
Model Runs for Evaiuation of Storage Carryover Factor

OQUT_NAQ1.XLS NA_CO1.XLS NA101 0% 3.0 maf Maximum Storage Voiume
NA102 10% 5,000 cfs Inflow/Qutfiow Capacity
NA103 20% Existing Banks PP Capacity
NA104 30% Total Unmet Demand = SWP and CVP Unmet Demana
NA105 40% S.R. Flow Event (1 Month) Target = 0 TAF
NA106 50% S.R. Flow Event (2 Month) Target = Q0 TAF
NA107 60%
NA108 70%
QUT_NA01.XLS NA_CO2.XLS NA109 0% 3.0 maf Maximum Storage Volume
NA110 10% 5,000 cfs Inflow/Qutflow Capacity
NA111 20% Existing Banks PP Capaaty
NA112 30% Total Unmet ODemand = SWP-only Unmet Demand
NA113 40% S.R. Flow Event (1 Month) Targe = 1,500 TAF
NA114 50% S.R. Flow Event (2 Month) Target = 2,550 TAF
NA115 60%
NA116 70%
QUT_NAO1.XLS NA_CO3.XLS NA117 0% 3.0 maf Maximum Storage Volume
NA118 10% 5,000 cfs Inflow/Outflow Capacity
NA119 20% Existing Banks PP Capacity
NA120 30% Total Unmet Demand = SWP-only Unmet Demand
NA121 40% S.R. Flaw Event (1 Month) Target = 0 TAF
NA122 50% S.R. Flow Event (2 Month) Target = 0 TAF
NA123 60%
NA124 70%
QUT_NAQ1.XLS NA_CO4.XLS NA125 0% 3.0 maf Maximum Storage Volume
NA126 10% 5,000 cfs inflow/Outflow Capaaty
NA127 20% Existing Banks PP Capacity
NA128 30% Total Unmet Demand = SWP and CVP Unmet Demand
NA129 40% S.R. Flow Event (1 Month) Targe = 1,500 TAF
NA130 50% S.R. Flow Event (2 Month) Target = 2,550 TAF
NA131 60% .
NA132 70%
QUT_NAQ1.XLS NA_COS.XLS NA133 0% 3.0 maf Maximum Storage Volume
NA134 10% 5,000 cfs Inflow/Qutflow Capacity
NA135 20% SDi Banks PP Capacity
NA136 30% Total Unmet Demand = SWP and CVP Unmet Demand
NA137 40% S.R. Flow Event (1 Month) Target =0 TAF
NA138 50% S.R. Flow Event (2 Month) Target =0 TAF
NA139 60%
NA140 70%
QUT_NA01.XLS NA_COB6.XLS NA141 0% 3.0 maf Maximum Storage Volume
’ NA142 10% 5,000 cfs Inflow/Outflow Capaaty
NA143 20% SDI Banks PP Capaaty
NA144 30% Totat Unmet Demand = SWP-cnly Unmet Demand
NA145 40% S.R. Flow Event (1 Month) Targe = 1,500 TAF
NA146 50% S.R. Flow Event (2 Month) Target = 2,550 TAF
NA147 60%
NA148 70%
OUT_NAG1.XLS NA_CO7.XLS NA148 0% 2.0 maf Maximum Storage Volume
NA150 10% 3,500 cfs inflow/Outflow Capacity
NA151 20% SDI Banks PP Capacily
NA152 30% Totat Unmet Demand = SWP-anly Unmet Demand
NA153 40% S.R. Flow Event {1 Month) Target =0 TAF
NA1S4 50% S.R. Flow Event (2 Month) Target = 0 TAF
NA1S5 60%
NA156 70%
QUT_NAO1.XLS NA_CO8.XLS | ° NA1S7 0% 3.0 maf Maximum Storage Volume
: NA158 10% 5,000 cfs Inflow/Outflow Capacity
NA159 20% SDI Banks PP Capacity
NA160 30% Totat Unmet Demand = SWP and CVP Unmet Demand
NA161 40% S.R. Fiow Event (1 Month) Targe = 1,500 TAF
NA162 50% S.R. Fiow Event (2 Month) Target = 2,850 TAF
NA163 60%
NA1G4 -~ 70%

NA_COSM.XLS: Runs
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Table NA4

Upstream of Deita Off-Stream Storage
Agricuitural and Urban Water Supply vs. Storage Carryover Factor

Under Various Operational Conditions’
(Values in thousands of acre-feet)

on w‘;v‘.«

- SRR T, At | M -1 wwﬁl
Run Identfers: NA101 s NA1OT- = NATOA - % NATOS:: NAT0SH2 NATOTE. SNATOR:| ™ Value~ +Differancel
Storage Camyover Factor T 0% 0% W% #0% 0% 6% T0%

71-Year Average 6236 8235 5234 6231 6226 6219 6210 6196 613 6238  0.8%
1028-34 Oy Penad Average. 4372 4371 4370 4370 4AT4 4372 4358 4332 4332 4374 10%
Dry Year Average 5751 5754 S755 5768 5774 5719 5782 ST 5751 5782 0.6%
Ceitically Ory Year Averags 4235 4215 4187 4142 4007 4045 3979 3897 3867 4235  87%
Minmum Annual 2802 2868 2842 2880 2909 2913 2916 2927 2842 2927  30%

T B Ty L LB VT

Run dentfiers: : A s nm.mx e mmﬁmsa%"i?é

Storage Camyover Factor 0% 10% 70% 30% 50% 0% 70%

71-Year Average 6068 6067 8066 6063 GOS8 6053 6046 6038 6038 6068  0.5%
1928-34 Dry Penod Average 4,094 4,004 4,094 40081 4,089 4,083 4,075 4,061 4,081 4,084 0.8%
Dry Year Average 5540 5548 5552 5557 5560 5562 5562 5556 5540 5582 0.4%
Caltically Ory Year Average 3877 3888 3858 3628 3796 3781 3720 3677 3677 3877 5.4%
Minimum Annuat 2532 2575 2608 2631 2645 2675 2719 2752 2532 2752 8.7%

Run idenufiers: . P ] NM 1908 NA120% 5 NATZISS NATZZ..
Slorage Camyover Factor 0% 10% 20% 30% 40% 50%
71-Year Average 6,186 6,156 8,155 6,150 8,144 8,138
1928-34 Dry Period Average 4,367 4366 4,365 4,363 4,359 4352
Dry Year Average 5,651 5,657 5,660 5,661 5,671 5,675
Crtically Ory Year Average 4,256 4,244 4,233 4,202 4,145 4,088
Minimum Annual 3.009 3.018 3,044 3,073 3,107 3,136

Run ldeatifiers:

Slorage Camryover Factor 10%
71-Year Average 8,136 6,135
1928-34 Ory Penod Avarage 4,101 4,101
Dry Year Average 5,609 5613
Criticaily Ory Year Average 3.890 3,867
Minimum Annual 2,532 2,538

] S R AL A N N
Run identifiars: ; :NA134:05 NAT35TNA38 7 NATAT S NA‘!S& ZNA1335ENATAD
Storage Camyover Factor 0% 10% 20% 30% 40% 50% &50% 70%
71-Year Average 6,555 8,555 8.553 6,551 8,548 8,543 8,535 8,521 8,521 8,555 0.5%
1928-34 Dry Pencd Average 4,408 4,408 4,405 4,405 4,405 4,404 4,402 4,395 4,395 4,408 0.2%
Dry Year Average 6,174 6.178 6,181 6,185 6,187 6,193 6,195 6,176 6,174 8,195 0.3%
Criticaly Ory Year Average 4,154 4,126 4,097 4,067 4,036 3,990 3.941 3,887 3.887 4,154 6.9%
Minimum Annual 2,560 2,609 2,645 2.671 2,673 2,700 2735 2764 2,560 2.764 8.0%

AT A

415 NAJ4275:NA1T

W RSP ik d

: ey e

Run (dentifiers: TN T3 L NATAASENAATTINALAS: §3A147$NM43

Storage Camyover Factor 0% 10% 20% 30% 40% 50% 60% 70%

71-Year Average 6315 6314 8312 6309 6305 6299 6293 6285 6,285 8315 0.5%
1928-34 Dry Period Average 4198 4,198 4198 4,196 4,193 4,188 4,180 4,167 4,187 4,198 0.7%
Dry Year Average 5884 5838 5894 5898 5901 5899 5898 5893 5,884 5,501 0.3%
Critically Ory Year Average 3,909 3,902 3,889 3,859 3,828 3,801 3,764 3.721 3,721 3,909 5.1%
Minimum Annual 2,547 2585 2614 2634 2838 2671 2722 2,754 2,547 2754 8.2%

e SR T AN A

* Run Identifiers: NA154-ENA158 S NATSE. | 2V alue . e Valuu_u-cDHhunJ
Storage Camyover Factor 50% 80% 70%
71-Year Average 6,365 8,358 6,345 8,345 8.381 0.6%
1928-34 Dry Penod Average 4,423 4,424 4,397 4,397 4424 0.6%
Ory Year Average 5,993 5,995 5.992 5,950 5,995 0.8%
Critically Ory Year Average 4,058 4004 3,922 3.922 4,221 7.6%
Minimum Annual 2,920 2,900 2,892 2,892 3,043 5.2%

L TS, sRaisae s | Minimum. Maximum.Percant

Run |dentifiers: Nmao“%ummmwmsz NMG:& 184~ -\i\lulunw ewValus' EDifference,
Storage Carryaver Factor Q0% 10'/. . 20% 30% 40% 50% 60% 70%
71-Year Average 6,458 6,458° 8,456 8,454 6,450 8,444 8,428 8,417 8,417 8,458 0.6%
1928-34 Ory Period Average 4,193 4,193 4,192 4,191 4,189 4,186 4,180 4,170 4,170 4,193 0.6%
Dry Year Average 6,035 = 6,037 8,043 8,052 8,058 8,055 8,043 5,984 5,984 6,058 1.2%
Critically Dry Year Average 3,898, 3875 3.844 3,813 3,783 3,756 3.727 3,701 3,701 3,898 5.3%
Minimum Annual 2,547 2,548 2,555 2,571 2.594 2,821 2,651 2,686 2,547 2,586 5.5%

NA_COSM.XLS: Rasulls

'See Table NA-1 for description of operational conditions.
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Figure NA-5
Upstream of Delta Off-Stream Storage
Ag & Urban Water Supply Benefits versus Storage Carryover
Factor

7,000

6,500

6,000

5,000

f
I
)
!
5,500 i
|
|

4,500

Total Annual Water Supply Benefits
(TAFlyear)

4,000 " , === —~—a
3,500 | :
i 5
3,000 {— ' e
2,500 ! : :
| i
2,000 - | ’
0% 10% 20% 30% 40% 50% 60% 70%
' Storage Carryover Factor
: Assumptions : ~
| Storage Volume = 3.0 MAF i 71-Year Average

Conveyance Capacity = 5,000 cfs
Existing Banks PP Capacity ;
Unmet Demand Target = SWP & CVP ' = = Dry Year Average
S.R. Flow Event (1 month) Target = 0 taf
S.R. Flow Event (2 month) Target = 0 taf

= 1928-34 Dry Period Average

= = (Critically Dry Year Average

= = Minimum Annual

Total Water Supply Benefits (TAF/yr)

I Storage Carryover Factor: 0% 70%
g 71-Year Average: . 6,236 6,196
1928-34 Dry Period Average: : 4,372 4,332
Average of all Dry Years: 5,751 5777
Average of all Crit. Dry Years: 4,235 3,897
Minimum Annual: 2,892 2,927

NA_CO1.XLS: XY-Tot Chart 1 3127197
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Figur NA-6
Upstream of Delta Off-Stream Storage
Ag & Urban Water Supply Benefits versus Storage Carryover

Factor
7,000 : ' ‘
| | ll
6,500 | !
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Storage Carryover Factor

' ~ Assumptions . 71-Year Average ;
i Storage Volume = 3.0 MAF P i

Conveyance Capacity = 5,000 cfs e 1928-34 Dry Period Average :
Existing Banks PP Capacity

Unmet Demand Target = SWP

S.R. Flow Event (1 month) Target = 1,500 taf
S.R. Flow Event (2 month) Target = 2,650 taf

= = Dry Year Average

= ™ Critically Dry Year Average

- = Minimum Annual

e

it

| Total Water Supply Benefits (TAF/yr)
!
i

. Storage Carryover Factor: 0% 70%
i 71-Year Average: ) 6,068 6,038
1928-34 Dry Period Average: - 4,004 4,061
Average of all Dry Years: 5,540 - 5,556
Average of all Crit. Dry Years: 3,877 3,677
Minimum Annual: 2,532 2,752

NA_CO2.XLS: XY-Tot Chart 1 3127197
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Upstream oFfJ%LgletaNé#-Stream Storage

Ag & Urban Water Supply Benefits versus Storage Carryover

Factor
7,000 -
| ? ' |
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E 3,000 ; R S XS L RN
h e ; i
2,500 !. ; f :
| | s |
2,000 - : '
0% 10% . 20% 30% 40% 50% 60% 70%
Storage Carryover Factor
. —
Assumptions 71-Year Average
Storage Volume = 3.0 MAF
Conveyance Capacity = 5,000 cfs o> 1928-34 Dry Period Average
Existing Banks PP Capacity |
Unmet Demand Target = SWP = Dry Year Average
S.R. Flow Event (1 month) Target = 0 taf - = -
S.R. Flow Event (2 month) Target = 0 taf Critically Dry Year Average
= = Minimum Annual

Total Water Supply Benefits (TAF/yr)

Storage Carryover Factor: 0%

71-Year Average: e 6,156
1928-34 Dry Period Average: 4,367
Average of all Dry Years: 5,651
Average of all Crit. Dry Years: 4,256
Minimum Annual: , 3,008

70%
6,112
4,309
5,674
3,932
2,962

NA_CO3.XLS: XY-Tot Chart 1
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Upstream gg%‘éﬁaN é??-Stream Storage
Ag & Urban Water Supply Benefits versus Storage Carryover
Factor
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[t | i | i ¢
m 5'500 - - - L} - .
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2,500 f=mm = e = meem m—= = = _ = == =
| i
2,000 :
0% 10% 20% 30% 40% 50% 60% 70%
Storage Carryover Factor
Assumptions P 71-Year Average
Storage Volume = 3.0 MAF : )
Conveyance Capacity = 5,000 cfs : 1928-34 Dry Period Average |
Existing Banks PP Capacity i - - :
Unmet Demand Target = SWP & CVP Dry Year Average t
S.R. Flow Event (1 month) Target = 1,500 taf : = = Critically Dry Year Average
S.R. Flow Event (2 month) Target = 2,650 taf !, ‘
o = = Minimum Annual

Total Water Supply Benefits (TAF/yr) ;
Storage Carryover Factor: 0% 70%
71-Year Average: Lt 6,136 6,105 .
1928-34 Dry Period Average: 4 101 4,070 ;
Average of all Dry Years: . ’ 5,609 5,622
Average of all Crit. Dry Years: 3,890 3,659
Minimum Annual: 2,532 2,698

NA_CO4.XLS: XY-Tot Chart 1 3127197
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Fi -
Upstream o#%g?ty éf?—Stream Storage
Ag & Urban Water Supply Benefits versus Storage Carryover

Factor
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Storage Carryover Factor

! Assumptions

Storage Volume = 3.0 MAF
Conveyance Capacity = 5,000 cfs

SDIi Banks PP Capacity

Unmet Demand Target = SWP & CVP
S.R. Fiow Event (1 month) Target = 0 taf

i
'
!
|
{

71-Year Average

e 1928-34 Dry Period Average

Dry Year Average

Critically Dry Year Average

S.R. Flow Event (2 month) Target = 0 taf ‘
i

Minimum Annual

i Storage Carryover Factor:
71-Year Average:

1928-34 Dry Period Average:
Average of ail Dry Years:
Average of all Crit. Dry Years:
Minimum Annuai:

Total Water Supply Benefits (TAF/yr)

0%
6,555
4,406
6,174
4,154
2,560

70%
6,521
4,395
6,176
3,887
2,764

NA_CO5.XLS: XY-Tot Chart 1
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Total Annual Water Supply Benefits

Upstream of Delta Off-Stream Storage

Ag & Urban Water Supply Benefits versus Storage Carryover

Factor
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i

]

; Storage Volume = 3.0 MAF
. Conveyance Capacity = 5,000 cfs

Assumptions H

SDI Banks PP Capacity

Unmet Demand Target = SWP & CVP

S.R. Flow Event (1 month) Target = 1,500 taf
S.R. Flow Event (2 month) Target = 2,650 taf

—T1-Year Average

e 1928-34 Dry Period Average

= = Dry Year Average

= = (Critically Dry Year Average

= = Minimum Annual

Total Water Supply Benefits (TAF/yr)

Storage Carryover Factor:
71-Year Average:

1928-34 Dry Period Average:
Average of all Dry Years:
Average of all Crit. Dry Years:
Minimum Annual:

0%
6,458
4,193
6,035
3,898
2,547

70%
6,417
4,170
5,084
3,701
2,686

NA_CO08.XLS: XY-Tot Chart 1
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UpstreamF%%ll#éA aé-Stream Storage
Ag & Urban Water Supply Benefits versus Storage Carryover
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Storage Carryover Factor:
71-Year Average:

1928-34 Dry Period Average:
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Average of all Crit. Dry Years: -
Minimum Annual:

Total Water Supply Benefits (TAF/yr)

70%

0%

6,315 6,285
4,198 4,167
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2,547 2,754

NA_CO6.XLS: XY-Tot Chart 1
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Upstream ﬁ%ﬁ%ﬁ%tmam Storage

Ag & Urban Water Supply Benefits versus Storage Carryover
‘ Factor
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Storage Carryover Factor

l Assumptions
Storage Volume = 3.0 MAF

Conveyance Capacity = 5,000 cfs ===="1928-34 Dry Period Average
SDI Banks PP Capacity - :
Unmet Demand Target = SWP = = DryYear Average
S.R. Flow Event (1 month) Target = 0 taf
S.R. Flow Event (2 month) Target = 0 taf

71-Year Average

= = Critically Dry Year Average t
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Total Water Supply Benefits (TAF/yr)
Storage Carryover Factor: 0% 70%
71-Year Average: o 6,381 6,345
1928-34 Dry Period Average: 4,411 4,397
Average of all Dry Years: . . 5,950 5,992
Average of all Crit. Dry Years: 4,221 3,922 :
Minimum Annual: 3,037 2,892 !
NA_CO7.XLS: XY-Tot Chart 1 3127197
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Water Supply Benefits versus Unmet Demand Target

Background

Unmet south of Delta SWP and CVP demands are used in this evaluation as a
surrogate for agricultural and urban water demands. Higher demand levels deplete
reservoir storage more often, resulting in higher average deliveries over normal
hydrologic periods but reduced deliveries during extended dry periods.

Model Runs

Unmet demand targets ranging from SWP-only unmet demand to combined SWP and
'CVP unmet demand were varied in a set of model runs to evaluate effects on water
supply benefits 1) with and without expanded Banks Pumping Plant capacity 2) varied
Sacramento River flow event targets (described below) and 3) varied storage carryover
factors. These model runs are described in Table NA-5 and summary results are
displayed in Table NA-6. For comparability, all results are measured using total south
of Delta SWP and CVP water supply deliveries.

Evaluation-- Sensitivity Analysis

Moderate effects of varying unmet demand targets are observed in runs with existing
Banks Pumping Plant capacity. Less than a 2-percent increase (between the minimum
and maximum) in 71-Year Average Annual Agricultural and Urban Water Supply
Benefits is observed while up to 10-percent increases (between the minimum and
maximum) occur in Minimum Annual Agricultural and Urban Water Supply Benefits as
the unmet demand target is reduced from combined SWP and CVP unmet demand to
SWP-only unmet demand. Negligible effects are seen in dry and critical year averages,
all within a 3-percent range. Increasing both the Sacramento River flow event target
and the storage carryover factor has the effect of reducing Ag & Urban Water Supply
Benefits between 2 and 12 percent. Increasing the Sacramento River flow event target
and reducing the storage carryover factor has the effect of reducing Ag & Urban Water
Supply Benefits between 2 and 22 percent. Bar charts of the five statistical measures
of Agricultural and Urban Water Supply Benefits for various unmet demand targets for
the existing Banks Pumping Plant capacity condition are shown in Figures NA-13
through NA-16.

Similar effects are also observed in runs with expanded Banks Pumping Plant capacity.
Increases of up to 3 percent occur in 71-Year Averages Annual Agriculturai and Urban
Water Supply Benefits. Increases of up to 19 percent (between the minimum and
maximum) in Minimum Annual Agricultural and Urban Water Supply Benefits result as
the unmet demand target is reduced from combined SWP and CVP unmet demand to
SWP-only unmet demand. Increasing both the Sacramento River flow event target and
the storage carryover factor has the effect of reducing Ag & Urban Water Supply
Benefits between 2 and 14 percent difference between the minimum and maximum.
Increasing the Sacramento River flow event target and reducing the storage carryover
factor has the effect of reducing Ag & Urban Water Supply Benefits between 2 and 16
percent. Less than 8-percent differences occur between runs with existing Banks

D—005892
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Pumping Plant capacity and expanded Banks Pumping Plant capacity. Plots of the five
statistical measures of Agricultural and Urban Water Supply Benefits versus unmet
demand target for the expanded Banks Pumping Plant condition are shown in Figures
NA-17 through NA-20.

This operational parameter has a significant effect on Minimum Annual Agricultural and
Urban Water Supply Benefits, and the effects increase with expanded Banks Pumping
Plant capacity in place. Effects on 71-Year Average Annual Agricultural and Urban
Water Supply Benefits are negligible. The largest effects occur as unmet demand is
reduced and Sacramento River pulse flow requirement is set at 0 taf. The incremental
increase/decrease (percent change between Agricultural and Urban Water Supply
Benefits for single incremental change in carryover factor are generally less than 2
percent, however this incremental difference increases up to 19 percent due to the
large differences between increments.

The Minimum Annual Agricultural And Urban Water Supply Benefits are maximized with
the total unmet demand target set at CVP-only unmet demands, Sacramento River flow
event target set at 0 taf, and storage carryover factor set at 50 percent.

The 71-year Agricultural And Urban Water Supply Benefits are maximized with the total
unmet demand target set at combined SWP and CVP unmet demands, Sacramento
River flow event target set at O taf, and storage carryover factor set at 0 percent.

D—005809 3

D-005893



Preliminary Draft --March 27, 1997

Page NA-25

NA_DESM.XLS: Runs

Table NA-S

Upstream of Delta Off-Stream Storage
Model Runs for Evaluation of Totai Unmet Demand

f' '. = oy g«

S  Re  S Sey
T T A el A o T
<=L Common Assumptions ~ 1=

QUT_NAO2.XLS NA_DE1.XLS 3.0 maf Maximum Storage Volume
5.000 ¢fs InflowiOutflow Capacity
Existing Banks PP Capacity
Storage Camryover fFactor = 0.0
S.R. Flow Event (1 Month) Target =0 TAF
S.R. Flow Event (2 Month) Target = 0 TAF
QUT_NA02.XLS NA_DE2.XLS NA204 SWPA&CVP 3.0 maf Maximum Starage Volume
NA205 SWP Only 5,000 cfs Inflow/Qutflow Capacity
NAZ06 CVP Only Existing Banks PP Capaaity
Storage Camryover Factor =0.5
. S.R. Flow Event {1 Month) Target = 1,500 TAF
S.R. Flow Event (2 Month) Target = 2,650 TAF
QUT_NAD2.XLS NA_DE3IXLS NA207 SWP & CVP 3.0 maf Maximum Storage Volume
NA208 SWP Only 5.000 cfs inflow/Outflow Capacity
NA209 CVP Only Existing Banks PP Capacity
Storage Carryover Factor =0.5
S.R. Flow Event (1 Month) Target = 0 TAF
S.R. Flaw Event (2 Month) Target =0 TAF
QUT_NAQ2.XLS NA_DE4.XLS NA210  SWP & CVP 3.0 maf Maximum Storage Volume
NA211 SWP Onty 5.000 cfs Inflow/Outflow Capacity
NA212 CVP Only Existing Banks PP Capaaty
Storage Camryover Factor =0.0
S.R. Flow Event (1 Month) Target = 1,500 TAF
S.R. Flow Event (2 Month) Target = 2,650 TAF
QUT_NA02.XLS NA_DES.XLS NA213 SWP&CVP 3.0 maf Maximum Storage Volume
NA214 SWP Only 5,000 cfs Inflow/Qutflow Capacity
NA215 CVP Only SD! Banks PP Capacity
Storage Carryover Factor = 0.0
S.R. Flow Event (1 Month) Target =0 TAF
S.R. Flow Event {2 Month) Target = 0 TAF
QUT_NAQ2.XLS NA_DES.XLS NAZ16 SWP & CvP 3.0 maf Maximum Storage Volume
NA217 SWP Only 5,000 cfs Inflow/Qutflow Capacity
NA218 CVP Only SD! Banks PP Capacity
Storage Caryover factor 0.5
S.R. Flow Event (1 Month) Target = 1,500 TAF
S.R. Flow Event (2 Month) Target = 2,650 TAF
OUT_NAQ2.XLS NA_DE7.XLS NA219  SWP&CVP 3.0 maf Maximum Storage Volume
NA220 SWP Oniy 5,000 cfs Inflow/Qutflow Capacity
NA221 CVP Only SD! Banks PP Capacity
Storage Carryover Factor = 0.5
S.R. Flow Event (1 Month) Target = 0 TAF
S.R. Flow Event (2 Month) Target = 0 TAF
QUT_NAQ2.XLS NA_DEB.XLS | NAZ22 SWP&CVP 3.0 maf Maximum Starage Volume
. NA223 SWP Only 5.000 cfs Inflow/Qutflow Capacity
NAZ24 CVP Oniy SDI1 Banks PP Capacity

Storage Carryover Factor 0.0
S.R. Flow Event (1 Month) Target = 1,500 TAF
S.R. Flow Event (2 Month) Target = 2,650 TAF
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Table NA-6

Upstream of Delta Off-Stream Storage
Total Ag & Urban Water Supply Benefits vs. Unmet Demand Target
Under Various Operational Conditions'
(Values in thousands of acra-feet)

M - M o Parcant
= Value - Diffacence:

Run |dentfiers:

Uamet Demand Target: SWP & CvP
71-Year Average 6,236 6.156 6.149 8,149 6.226 1.4%
1928-34 Dry Penod Average 4372 4,367 4,354 4,354 4372 0.4%
Dry Year Average 5,751 5,651 5.602 5,602 5,751 7%
Ciitically Ory Year Average 4235 4,256 4201 4,201 4,256 1.3%
Minimum Annual 2,892 3,009 3,009 2,892 3,009 4.0%
ntmumy 2. m. - -2 - Parcent
Run identifiers: Valde- 25 Value./ Ditference
Unmaet Demand Target:
71-Year Average 6,048 8.122 1.2%
1928-34 Dry Penod Average 4072 4,090 0.4%
Dry Year Average ) 5513 5,630 2.1%
Criticaily Ory Year Average 3,734 3,761 3,744 3,734 3,761 0.7%
Minimum Annual 2,628 2,675 2704 2.628 2,704 2.9%
“ % ... Percant.
Run identfiers: . iVaius: Differenca,
Unmet Demand Target: SWP & CVP
71-Year Average 8,219 6,138 8,128 6,128 6,219 1.5%
1928-34 Dry Penod Average 4,372 4,352 4,338 4,338 4,372 0.8%
Dry Year Average 5,779 5675 5.595 5,585 5779 3.3%
Criticalty Ory Year Average 4,045 4,088 4,072 4,045 4,088 1.1%
Minimum Annuat 2913 3.136 3.211 2,913 3211 10.2%

M o Pércant
.-Value: Difference

Run Identifiers:

Unmet Demand Target:

T1-Year Average 8,138 8,068. 8,060 8,060 6,136 1.2%
1928-34 Dry Penod Average 4,101 4,094 4077 4,077 4,101 0.6%
Dry Year Average 5,609 5,540 5,513 5513 5,809 1.7%
Critically Ory Year Average 3,890 3,877 38186 3,818 3.890 1.9%
Mimimum Annual 2,532 2,532 2.838 2,532 2538 42%
Run Identifiers:

Unmet Demand Target:

71-Year Average 6,430

1928-34 Dry Penod Average 4,402 4,402 4,411 0.2%
Dry Year Average 5,902 5,902 8,174 4.6%
Criticaily Ory Year Average 4,193 4,154 4221 1.6%

Minimum Annuai 3.037 2.560 3.037 18.6%

ST L MIUmL M
PSR NAZLS

Run identifiers: ’ NA218 %% |- Value<E¥Value: - Differencal
Unmet Demand Target: SWP & CVP CvP
71-Year Average 8,444 8.299 8,342 8,299 8,444 2.3%
1928-34 Ory Penod Average 4,186 4,188 4,175 4,175 4,188 0.3%
Ory Year Average 6,055 5,899 5.861 5,861 8,055 3.3%
Crtically Ory Year Average 3,758 3,801 3,77 3,758 3,801 1.2%
Minimum Annual 2,621 2,671 2,681 2,621 2,671 1.9%
g ‘_ZTW - vy Mintmuns s, My, oo Parcant
Run identifiers: : & m”?:’t—;ﬁ:ﬂ&hizn - :‘5& Valusi ZraValue-2 Differenca;
Unmet Demand Target: cve
71-Year Average 6,418 6,365 6,543 2.8%
1928-34 Dry Penod Average 4,404 4,423 4,432 4,404 4,432 0.6%
Dry Year Average . 8,193 5,993 5935 5,935 6,193 4.3%
Criticaily Dry Year Average 3,990 4,058 4,082 3.990 4,058 1.7%
Minimum Annual 2,700 2,920 2.963 2,700 2,963 9.7%

Run Identifiers:

Unmet Oemand Target:

71-Year Average * 8,458 8,315 8,355 8,315 8.458 2.3%
1928-34 Ory Period Average 4,193 4,198 4175 4,175 4,198 0.6%
Ory Year Average 6,035 5,884 5,861 5,861 8,035 3.0%
Criticaily Ory Year Average 3.898 3,909 3,858 3,856 3.909 1.4%
Minimum Annual = © 2,547 2,547 2,547 2547 2,547 0.0%

'See Table NA-1 for descnption of operational conditions.

NA_OESMXLS: Rewuits
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Figure NA-13
Upstream ofg D

elta Off-Stream Storage

Ag & Urhan Water Supply Benefits versus Unmet Demand
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S.R. Flow Event (2 month) Target = 0 taf i !

=’ 71-Year Average

@& 1928-34 Dry Period Average
% Dry Year Average

z Critically Dry Year Average

= Minimum Annual

Total Water Supply Benefits (TAF/yr)

Unmet Demand Target: SwP&cvP . SWP CVvP

- 71-Year Average: 6,236 6,156 6,149
 1928-34 Dry Period Average: - - 4,372 4,367 4,354
" Average of all Dry Years: 5,751 5,651 5,602
~ Average of all Crit. Dry Years: 4,235 4,256 4,201
3,009 3,009

Minimum Annual: 2,892

NA_DE1.XLS: Bar-Tot Chart 1
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Fi - |
Upstream c'%%%llijéo‘ C;#-Stream Storage
Ag & Urban Water Supply Benefits versus Unmet Demand

Target

Storage Voiume = 3.0 MAF

Conveyance Capacity = 5,000 cfs

Existing Banks PP Capacity

A&U Storage Carryover Factor = 50%
S.R. Flow Event (1 month) Target = 1,500 taf
S.R. Flow Event (2 month) Target = 2,650 taf

= 1928-34 Dry Period Average
2 Dry Year Average
z Critically Dry Year Average

= Minimum Annual

7,000 : ,
6,500 ;
£ 6,000 :
S : :
& :
a 5,500 - % %
2 / / /
g _ 5,000 - K
=
n 3 / { /
§ > 4,500 - / / /
- ! ;
Q
£g - I E )
® 4,000 A : : :
: - T B
£ 3,500 - : }
= i | |
£ 3,000 - ; :
| |
2,500 {— / R : —
& [ g
2,000 A % ' :
SWP & CVP SWP CVP
Unmet Demand Target
Assumptions m 71-Year Average i

Total Water Supply Benefits (TAF/yr)

Unmet Demand Target:
71-Year Average:

1928-34 Dry Period Average:
Average of all Dry Years:

Average of all Crit. Dry Years:

Minimum Annual:

SWP & CVP SWP CvpP
6,122 6,053 6,048
4,090 4,083 4,072
5,630 5,562 5,513
3,734 3,761 3,744
2,628 2,675 2,704

NA_DE2.XLS: Bar-Tot Chart 1

D—005897

3/27/97

D-005897



Preliminary Draft --March 27, 1997

Page NA-29

UpstreamFéqlﬁgl't\!%f?-Stream Storage

Ag & Urban Water Supply Benefits versus Unmet Demand

Target

7,000

6,500

6,000 -

5,500 -

5,000 -

4,500 -

(TAFlyear)

4,000 -

3,500 -

Total Annual Water Supply Benefits

3,000 1

2,500 A

2,000 -

SWP & CVP SWP

Unmet Demand Target

Assumptions W 71-Year Average
Storage Volume = 3.0 MAF i
Conveyance Capacity = 5,000 cfs .
Existing Banks PP Capacity { : %z Dry Year Average
|
i

A&U Storage Carryover Factor = 50%
S.R. Flow Event (1 month) Target = 0 taf P
i S.R. Flow Event (2 month) Target = 0 taf !‘ = Minimum Annual

@ 1928-34 Dry Period Average

% Critically Dry Year Average

' Total Water Supply Benefits (TAF/yr)
! Unmet Demand Target: _ SWP & CVP SwpP

. 71-Year Average: 6,219 6,136
, 1928-34 Dry Period Average: - 4,372 4,352
! Average of all Dry Years: 5,779 5,675
i Average of all Crit. Dry Years: 4,045 4,088
{ Minimum Annuai: 2,913 3,136

6,128
4,338
5,595
4,072
3,211

NA_DE3.XLS: Bar-Tot Chart 1
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Figure NA-16

Upstream of Delta Off-Stream Storage

Page NA-30

Ag & Urban Water Supply Benefits versus Unmet Demand
Target

7,000 .
6,500 ‘
] 6,000
= i
[+ i
o .
a 5,500 4
& . 5,000 -
55 /
T2 /
5] w 4,500 - 7
3+ < 7
Se
= 4,000 A
3
o
& 3,500 4
s
2 3,000
2,500 -
2,000 -
SWP & CVP SWp CVP
Unmet Demand Target
I Assumptions R 71-Year Average

[

Storage Volume = 3.0 MAF

Conveyance Capacity = 5,000 cfs

Existing Banks PP Capacity

A&U Storage Carryover Factor = 0%

S.R. Flow Event (1 month) Target = 1,500 taf
S.R. Flow Event (2 month) Target = 2,650 taf

%z Dry Year Average

= Minimum Annual

= 1928-34 Dry Period Average

% Critically Dry Year Average

Total Water Supply Benefits (TAF/yr)

Unmet Demand Target: SWP & CVP

71-Year Average:

1928-34 Dry Period Average:
Average of all Dry Years:
Average of all Crit. Dry Years:
Minimum Annuat:

6,136
4,101
5,609
3,890
2,532

SWP
6,068
4,094
5,540
3,877
2,532

CVP
6,060
4,077
5,513
3,816
2,638

NA_DE4 .XLS: Bar-Tot Chart 1
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Figure NA-17
Upstream of Deita Off-Stream Storage
Ag & Urban Water Supply Benefits versus Unmet Demand

Target

7,000

6,500 -
2 6,000 -
@
s
Q 5,500 +—
2>
§,: 5,000 1
w0 3
& 2 4,500
S <
=e
= 4,000 A
g
< 3,500 A
s
2 3,000 -

2,500 -

2,000 -

SWP & CVP SWP CVP
Unmet Demand Target

i Assumptions m 71-Year Average

L

Storage Volume = 3.0 MAF
Conveyance Capacity = 5,000 cfs

SDI Banks PP Capacity

A&U Storage Carryover Factor = 0%
S.R. Flow Event (1 month) Target = 0 taf
S.R. Flow Event (2 month) Target = 0 taf

i
i
|

m 1928-34 Dry Period Average
Dry Year Average
z Critically Dry Year Average

= Minimum Annuai

Total Water Supply Benefits (TAF/yr)

Unmet Demand Target:
71-Year Average:

1928-34 Dry Period Average:
Average of all Dry Years:
Average of all Crit. Dry Years:
Minimum Annual:

SWP&CVP  SWP cvP
6,555 6,381 6,430
4,406 4,411 4,402
6,174 5,950 5,902
4,154 4,221 4,193
2,560 3,037 3,037

NA_DES5.XLS: Bar-Tot Chart 1

D—005900

3127197

D-005900



Preliminary Draft --March 27, 1997

Page NA-32

" Figure NA-18
Upstream of Delta Off-Stream Storage
Ag & Urban Water Supply Benefits versus Unmet Demand

Target

7,000

6,500

6’000 "

5,500 -

5,000 -

4,500

(TAFlyear)

4,000 -

3,500 -

Total Annual Water Supply Benefits

3,000 A

2,500 -

2,000 -

=

SWP

CVvP

Unmet Demand Target

Assumptions
Storage Volume = 3.0 MAF
Conveyance Capacity = 5,000 cfs
SD! Banks PP Capacity
A&U Storage Carryover Factor = 50%
S.R. Flow Event (1 month) Target = 1,500 taf
S.R. Flow Event (2 month) Target = 2,650 taf

m 71-Year Average

m 1928-34 Dry Period Average
7 Dry Year Average

% Critically Dry Year Average

= Minimum Annual

Unmet Demand Target:
71-Year Average:

1928-34 Dry Period Average:
Average of all Dry Years:
Average of all Crit. Dry Years:
winimum Annual:

Total Water Supply Benefits (TAF/yr)

SWP & CVP SWP CVvP
6,444 6,299 6,342
4,186 4,188 4,175
6,055 5,899 5,861
3,756 3,801 3,771
2,621 2,671 2,661

NA_DEB6.XL.S: Bar-Tot Chart 1
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Fi -
Upstream %%l’#aA O1 -Stream Storage

Ag & Urban Water Supply Benefits versus Unmet Demand

Target

7,000 | :
6,500 - : ‘
2 6,000 - ‘ ’
)
S
2 5,500 -
2>
g.,: 5,000 -
0 3
&2 4,500
S <
g
= 4,000 -
g
£ 3,500 -
=
2 3,000 -
2,500 A
2,000
SWP & CVP SWP CVP
Unmet Demand Target
Assumptions ’ W 71-Year Average

Storage Voiume = 3.0 MAF -
Conveyance Capacity = 5,000 cfs .
SDI Banks PP Capacity ?
A&U Storage Carryover Factor = 50% , -
S.R. Flow Event (1 month) Target = 0 taf i
S.R. Flow Event (2 month) Target = 0 taf !

m 1928-34 Dry Period Average
% Dry Year Average
z Critically Dry Year Average

= Minimum Annual

Unmet Demand Target: SWP & CVP
71-Year Average: , 6,543
1928-34 Dry Period Average: - = 4,404
Average of all Dry Years: 6,193
Average of all Crit. Dry Years: 3,990
Minimum Annual: v 2,700

Total Water Supply Benefits (TAF/yr)

SWP
6,365
4,423
5,993
4,058
2,920

CVP
6,416
4,432
5,935
4,052
2,963

NA_DE7.XLS: Bar-Tot Chart 1
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Figure NA-20
Upstream of Deita Off-Stream Storage
Ag & Urban Water Supply Benefits versus Unmet Demand

Target

7,000

6,500

6,000 -

5,500

5,000 -

4,500 -

(TAFlyear)

4'000 “

3,500 -

Total Annual Water Supply Benefits

3,000 -

2,500 -

2,000 -

SWP & CVP

Unmet Demand Target

Assumptions
Storage Volume = 3.0 MAF
Conveyance Capacity = 5,000 cfs
SDI Banks PP Capacity
A&U Storage Carryover Factor = 0%
S.R. Flow Event (1 month) Target = 1,500 taf
S.R. Flow Event (2 month) Target = 2,650 taf

m 71-Year Average

m 1928-34 Dry Period Average

7 Dry Year Average

7 Critically Dry Year Average

= Minimum Annual

Unmet Demand Target:
71-Year Average:

1928-34 Dry Period Average:
Average of all Dry Years:
Average of all Crit. Dry Years:
Minimum Annual:

6,458
4,193
6,035
3,898
2,547

Total Water Supply Benefits (TAF/yr)
SWP & CVP SWP

6,315
4,198
5,884
3,909
2,547

CVP
6,355
4,175
5,861
3,856
2,547

NA_DEB.XLS: Bar-Tot Chart 1
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Water Supply Benefits versus Sacramento River Flow Event Target

Background

Input from agency representatives, and stakeholders suggested a need to maintain
certain flow events to protect geomorphological processes along the upper un-leveed
portion of the Sacramento River and biological processes in the river and in the San
Francisco\San Joaquin Bay-Delta prior to diverting flows for any new storage facilities.
A flow of 60,000 cfs was suggested as the seasonal flushing flow necessary in addition
to existing in-stream and/or navigation requirements prior to diversions from the
Sacramento River. Because, the CALFED spreadsheet operations model uses a
monthly time step, this peak flow rate must be related to a monthly volume. An initial
evaluation of historical records was made to provide a relationship between monthiy
volumes and peak flows. Charts displaying this information are shown in Figures NA-21
and NA-22. Continuing evaluation of the historical record suggests that the peak flow
may occur such that an equivalent two month volume is more reflective of the
conditions under which such a peak flow occurs. A one month volume in combination
with an equivalent two month volume is used in this evaluation to limit diversions to
storage. In addition, for this evaluation, the Sacramento River flow event target is
considered a recurring annual target. Beginning each October this flow target in
addition to existing in-stream and/or navigation requirements must be met prior to
diverting any flows to storage. Once the target is met for the current water year only
existing in-stream and/or navigation requirements must be met prior to diverting
subsequent flows to storage during the water year.

Model Runs

Sacramento river flow event (1 month) targets ranging from 0 to 1,500 taf (and
equivalent 2 month flow events) were varied in a set of model runs to evaluate effects
on water supply benefits 1) with and without expanded Banks Pumping Plant capacity,
2) varied storage carryover factors, and 3) varied unmet demand targets. These model
runs are described in Table NA-7 and summary results are displayed in Table NA-8.
For comparability, all results are measured using total south of Delta SWP and CVP
water supply deliveries.

Evaluation -- Sensitivity Analysis

Varying the Sacramento River flow event target results in varying effects for the majority
of runs with existing Banks Pumping Plant capacity. Up to 2-percent decreases in 71-
Year Annual Average Ag & Urban Water Supply Benefits (difference between the

" minimum and maximum) and up to 19-percent decreases in Minimum Annual Ag &
Urban Water Supply Benefits (difference between the minimum and maximum) occur
as the Sacramento River flow event target is increased from 0 to 1,500 taf. Maximum
decreases in Minimum Annual Ag & Urban Water Supply Benefits occur with the unmet
demand target set at SWP-only, and Sacramento River flow event target set above
1,000 taf. Variable effects occur in dry and critical year averages, between 3 and 9
percent. Charts displaying the five statistical measures of Ag & Urban Water Supply

D—005904
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Benefits versus Sacramento River flow event targets for the existing Banks Pumping
Plant capacity condition are shown in Figures NA-23 through NA-26.

Similar effects occur in model runs with expanded Banks Pumping Plant capacity. Up
to 2-percent decreases in 71-Year Annual Average Ag & Urban Water Supply Benefits
(difference between the minimum and maximum) and up to 20-percent decreases in
Minimum Annual Ag & Urban Water Supply Benefits (difference between the minimum
and maximum) occur as the Sacramento River flow event target is increased from 0 to
1,500 taf. Maximum decreases in Minimum Annual Ag & Urban Water Supply Benefits
occur with the unmet demand target set at SWP-only, and Sacramento River flow event
target set above 1,000 taf. Charts displaying the five statistical measures of Ag &
Urban Water Supply Benefits versus Sacramento River Flow event target for the

expanded Banks Pumping Plant capacity condition are shown in Figures NA-27 through
NA-30.

The Minimum Annual Ag & Urban Water Supply Benefits benefits are maximized with
the unmet demand target target set at SWP-only, Sacramento River flow event target
less than 600 taf, and storage carryover factor set at 50 percent.

The 71-year Ag & Urban Water Supply Benefits benefits are maximized with the unmet
demand target set at combined SWP and CVP unmet demand, Sacramento River flow
event target less than 800 taf, and storage carryover factor set at 0 percent.

As indicated on the charts in Figures NA-23 through NA-30, a Sacramento River flow
event target of up to 500 taf does not reduce benefits for any statistical measure. Ator
below this level, the existing in-stream and navigation requirements provide more
restrictive diversion requirements. In addition, decreases in benefits do not increase
significantly beyond Sacramento River flow event targets of 1,000 taf. The incremental
increase/decrease (percent change between Agricultural and Urban Water Supply
Benefits for single incremental change in Sacramento River flow event target are
primarily less than 1 percent for flow events less than 400 taf, and increase up to 9
percent for flow events greater than 800 taf.

D—005905
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Two-Month Flow Voiume (taf)

906500-d

Sacramento River Flow Data
Ord Ferry Station
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Monthly Flow Volume (taf)
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Table NA-7

Upstream of Deita Off-Stream Storage

Model Runs for Evaluation of S.R. Flow Event Target {1 and 2 Month Values)

BT
FTarget.

mm"‘ iy & N
entifiersc] : (1:Maiith): |

oy
CoRETa)
mComman

OUT_NA04.XLS NA_SR1.XLS NA401 [+] [+] 3.0 maf Maximum Storage Volume
NA402 200 400 5.000 cfs Inflow/Qutflow Capacity
NA403 400 750 Eusting Banks PP Capaaty
NA404 600 1200 Total Unmet Demang = SWP and CVP Unmet Demang
NA4QS 800 1450 Slorage Camryover Factor = 0.0
NA406 1000 1800
NA407 1200 2150
NA408 1500 2650
QUT_NA04 . XLS NA_SR2XLS NA40S 0 0 3.0 maf Maximum Storage Volume
NA410 200 400 5,000 cfs Inflow/Qutflow Capacity
NA411 400 750 Existing Banks PP Capacity
NA412 600 1200 Totat Unmet Demand = SWP Unmet Demand Cnly
NA413 800 1450 Storage Carryover Factor =0.5
NA414 1000 1800
NA415 1200 2150
NA416 1500 2650
QUT_NAQ4.XLS NA_SR3.XLS NA417 Q o] 3.0 maf Maximum Storage Volume
NA418 200 400 5,000 cfs inflow/Qutflow Capacity
NA419 400 750 Existing Banks PP Capaaty
NA420 600 1200 Totaf Unmet Demand = SWP Unmet Demand Only
NA421 800 1450 Storage Carryover Factor = 0.0
NA422 1000 1800
NA423 1200 2150
NA424 1500 2650
QUT_NA04.XLS NA_SR4.XLS NA425 0 s} 3.0 maf Maximum Storage Volume
NA426 200 400 5.000 cfs inflow/Outflow Capacity
NA427 400 750 Existing Banks PP Capacty
NA428 600 1200 Total Unmet Demand = SWP and CVP Unmet Demand
NA423 800 1450 Storage Carryover Factor = 0.5
NA430 1000 1800
NA431 1200 2180
NA432 1500 2650
QUT_NAQ4 XLS NA_SRS.XLS NA433 0 0 3.0 maf Maximum Storage Yolume
NA424 200 400 5,000 cfs inflow/Outflow Capacity
NA435 400 750 SDI Banks PP Capacity
NA436 600 1200 Totat Unmet Demand = SWP and CVP Unmet Oemand
NA437 800 1450 Storage Carryover Factor 0.0
NA428 1000 1800
NA439 1200 2150
NA440 1500 2850
QUT_NA04.XLS NA_SR6.XLS NA441 4] 0 3.0 maf Maximum Storage Volume
NA442 200 400 5,000 cfs inflow/Outflow Capacity
NA443 400 750 SD! Banks PP Capacity
NA444 600 1200 Total Unmet Demand = SWP Unmet Demand Oniy
NA44S 800 1450 Storage Carrycver Factor = 0.5
NA448 1000 1800
NA447 1200 2150
NA448 1500 2650
OUT_NAQ4.XLS NA_SR7.XLS NA449 0 [¢] 2.0 maf Maximum Storage Volume
NA450 200 400 3,500 cfs Inflow/Qutflow Capacity
NA451 400 750 SDI Banks PP Capacity
NA452 600 1200 Total Unmet Demand = SWP Unmet Demand Only
NA453 800 1450 Storage Camryover Factor = 0.0
NA4S54 1000 1800
NA455 1200 2150
NA4SE 1500 2650
QUT_NAQ4.XLS NA_SR8.XLS NA4S7 | 0 0 3.0 maf Maximum Storage Volume
NA458 200 400 5,000 cfs Inflow/Outflow Capaaity
NA459 400 750 SDI Banks PP Capacity
NA46Q 600 1200 Total Unmet Demand = SWF and CVP Unmet Demand
NA481 800 1450 Storage Carryover Factor = 4.5
NA462 1000 1800
NA483 1200 2150
NA464 1500 2650

NA_SRSM.XLS: Runs
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Table NA-3

Upstream of Daita Qff-Stream Storage
Ag & Urban Water Supply vs. S.R. Flow Event Target
Under Various Operationai Conditions’
(Values in thousands of acre-feet)

e - | MITUMUM Maxinum. Psrcant

Run identfiers: Value - Value- Diffarsncs
S.R. Flow Evert (1 Month} Targe [) 200 400 600 800 1.000 1,200 1.500
- S.R. Fiow Event (2 Month) Targe ) 400 750 1.200 1,450 1.800 2,180 2.850
— - 71-Year Averaqe 6.238 8,238 6.223 8.221 6.203 6.181 8,152 6,136 8,136 6.236 1.6%
- 1928-34 Ory Penod Average 4,372 4372 4354 4,321 4238 4,101 4,101 4,101 4101 4372 8.6%
- Dry Year Average 5751 5.751 5,748 5714 S.711 5.668 5.857 5.609 5,809 5,751 2.5%
Cnticaily Dry Year Average 4,235 4,235 4222 4,197 4,108 3.914 3.895 3.890 3,890 4,225 8.9%
Minmum Annual 2,892 2892 2,875 2,749 2843 235312 2,532 2532 2,532 2,892 14.2%
v ety | Minunume Maxumum . Pefcsnt
Run identflers; { NAALE | . Value--~7 Value., 5 Qifferance
S.R. Fiow Event (1 Manth) Targe [ 200 400 600 800 1,000 1,200 1,500
$.R. Fiow Event (2 Month) Targe 1] 400 750 1.200 1,450 1,800 2,150 2.850
71-Year Average 8,128 8128 8,135 8,123 8.112 8,073 8,087 8.053 8.083 5.138 1.4%
1928-34 Qry Pencd Average 4,352 4,352 4,352 4327 4242 4,092 4,087 4.083 4,083 4,352 8.6%
Ory Yaar Average 5,675 5,675 5,674 5.655 5.844 $.589 5583 5.562 5,562 5.67% 2.0%
Critically Ory Year Average 4038 4083 4085 4062 3983 3818 3790 3761 3761 4,088 8.T%
Mimmum Annual 3,138 3,138 3,138 3122 3,085 2,828 2774 2,875 2878 3,138 1T.2%
Mimmum. Maamom: . Percant”.
Run Idenmufiers: g : ! Vatues. "~ Value: - Diffarance
S.R, Flow Event (1 Month) Targe [ 200 400 600 800
S.R. Flow Event (2 Momth) Targe 0 400 750 1,200 1,450
71-Year Average 8.158 6,158 8,154 6,145 6,128 8.068 6.156 1.5%
1928-34 Ory Penod Average 4,367 4367 4.350 4317 4233 4.094 4287 6.7%
Ory Year Average 5.651 5.651 5,648 5.615 5.606 5.540 5.651 2.0%
Critically Ory Year Averaqe 4.256 4258 4,245 4233 4,144 3.87T7 4256 9.3%
Minimum Annual 3,009 3.009 3,009 3,008 3.009 2,532 3.009 18.8%
e . Minumum: Maximum - Percent
Run idenufiers: -NA42s ¢ SNAMSZ: |t Values ‘- Vafue. Difference
S.R. Fiow Event (1 Mombh) Targe [] 1,500
S.R. Flow Event (2 Momth) Targe 0 2,650
71-Year Average 6.219 8,122 8,122 6.219 1.6%
1928-34 Ory Period Average 4,372 3 3 4,090 4,020 43712 8.9%
Dry Year Average 5779 8779 5778 5757 5,738 5.684 5.679 85,830 5.630 5779 2.5%
Criticatly Dey Year Average 4,045 4,045 4,037 3,998 3.930 3,780 3,739 3,734 3,734 4,045 8.3%
Minimurn Annual 2913 2913 2908 2,878 2,824 270 2,648 2,624 2.828 2913 10.8%
Run Identfiers:

S.R. Fiow Event (1 Month) Targe v
S.R. Flow Event (2 Month) Targe

71-Year Average 8,555 8.585 8,458 8,555 1.5%
1928-34 Ory Penod Average 4.408 4,408 4,193 4,408 5.1%
Dry Year Average 8.174 8,174 8,035 6.174 2.3%
Caticalty Ory Year Average 4,154 4.154 3,898 4,154 6.6%
Mintmum Annuat 2580 25650 2547 2.560 0.5%

Mirnouou Maxmuot.... fercent:
Rur idenufiers: - Valuer " Value x Dlmnnu]
S.R. Fiow Event (1 Month) Targe q 200 400 600 800 1.000 1,200 1,500
S.R. Flow Event (2 Momh) Targe Q 400 750 1200 1.450 1,800 2,150 2.850
T1-Year Average 6.365 6,365 8,365 8,384 6,358 6,317 6,313 8299 8299 6.365 1.0%
1928-34 Dry Penod Average 4,423 4,423 4423 4412 4,382 4.201 4,193 4,188 4,188 4.423 5.6%
Ory Year Average 5,993 5,993 5993 §,991 $.980 5919 5.926 5.899 5,899 5,993 1.6%
Criticatly Ory Year Averags 4,058 4,058 4,058 4,053 4018 3,852 3.826 3.801 3.801 4,058 &.8%
Minimum Annual 2,920 2920 2,920 2,920 2913 2815 2,752 2,674 2671 2,920 9.3%
ey A A | IAICATT, MaXITUITL ~ Percent
Run (dentiffers: % % MALSA < NAASE: TTHAASS: |? Valve 257 Vate: T Ditference
S.R. Fiow Event (1 Month) Targe [ 200 400 800 800 1,000 1,200 1,500
S.R. Flow Event (2 Month) Targe o 400 750 1.200 1,450 1,800 2,150 2.650
71-Year Avarage 8.381 8,381 8,39 8379 8371 8,331 8328 8315 8215 8,381 1.0%
1928-34 Ory Period Average 4,411 441 4411 4,399 4,352 4,210 4,199 4,198 4,198 4411 5.1%
Ory Year Average 5.950 5.950 5,950 5,950 $.950 5,903 $.906 5.884 5,884 5,950 1.1%
Criticalty Ory Year Average 4,221 4221 4221 4214 4,162 3.988 3,941 3.000 3.909 4221 8.0%
Micimum Annual 3.037 - 3037 3,037 3,037 3,037 278 2547 2.547 2,547 3.037 19.2%
AT A i, S T e Maximum . Percent
Run Identrfiers: 58. ENA4SS - - k > Value- = Diffarence
S.R. Fiow Eveat (1 Month) Targe 400 400
S.R. Flow Evant (2 Month) Targe 750 1.200
71-Year Averags . 8,543 8.540 6.525 8.479 8.485 6.444 8,444 6.543 1.5%
1928.34 Dry Penod Average . 4,404 4,392 4,341 4,188 4,186 4,186 4,188 4404 5.2%
Ory Year Average X 6,193 6,194 8,178 8,125 6,123 6,055 6,055 6,194 2.3%
Criticaly Ory Year Average . . 3,990 3.978 3.929 3,776 3.758 3.756 3,756 3,990 6.2%
Miumum Annuat . 700 2.589 2,683 2,681 2628 2,621 2,821 2,700 3.0%
'See Table NA-1 for jon of

NA_SRSM.Q.S. Rewuts
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Figure NA-23
Upstream of Delta Off-Stream Storage

Ag & Urban Water Supply Benefits versus S.R. Flow Event
Target

S.R. Flow Event (2 month) Target
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Total Water Supply Benefits (TAF/yr)

. S.R. Flow Event (1 month) Target: 0 taf 1,500 taf ‘

| S.R. Flow Event (2 month) Target: . 0 taf 2,650 taf 5

| 71-Year Average: 6,236 6,136
1928-34 Dry Period Average: 4,372 4,101
Average of all Dry Years: . 5,751 5,609

LAverage of all Crit. Dry Years: 4,235 3,880

NA_SR1.XLS: XY-Tot Chart 1 3127197
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Figure NA-24
Upstream of Delta Off-Stream Storage

Ag & Urban Water Supply Benefits versus S.R. Flow Event

Target

S.R. Flow Event (2 month) Target
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NA_SR2.XLS: XY-Tot Chart 1
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Figure NA-
Upstream ogf Dehla &gﬁtream Storage
Ag & Urban Water Supply Benefits versus S.R. Flow Event
Target
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NA_SR3.XLS: XY-Tot Chart 1 3127187
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Total Annual Water Supply Benefits

Figure NA-
Upstream 019 Deltapb%fe-;Stream Storage
Ag & Urban Water Supply Benefits versus S.R. Flow Event
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Total Annual Water Supply Benefits

(TAFlyear)

Upstream glfg\g{a?tg %—%?Stream Storage

Ag & Urban Water Supply Benefits versus S.R. Flow Event
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Upstrearr}: SR FB.stream Storage

Ag & Urban Water Supply Benefits versus S.R. Flow Event
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Figure NA-29
Upstream of Delta Off-Stream Storage

Ag & Urban Water Supply Benefits versus S.R. Flow Event
Target
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% e NA-30
Upstream of Delta Off-Stream Storage

Ag & Urban Water Supply Benefits versus S.R. Flow Event
Target
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Selection of Bracketing Operational Parameter Sets

As described in the previous sections, sensitivity analyses were conducted using the
CALFED spreadsheet operations model to identify the effects of various operational
parameters on environmental water supply benefits. Using the information developed
through this process, operational parameters were selected to represent the eight
bracketing operation conditions described in Table NA-1.

Parameter sets which maximized 71-year Average Annual Ag & Urban Water Supply
Benefits were chosen for the Normal Period Supply Operation conditions. Emphasizing
this long-term average clearly results in the largest quantity of total water supply
deliveries over the 71-year hydrologic period. Developing a rational for selecting
parameter sets for Dry Period Supply Operation conditions is more complex. Several
sets of operational parameters resuited in relatively large Average Dry Year, Average
Critically Dry Year, or 1928-34 Critical Dry Period Average Annual Environmental Deita
Outflows. When examined in detail, however, it was found the large averages are often
due to a particularly large storage release in one or two years, while no benefits are
provided during many other critical years. Because of this, operational parameters
which maximized Minimum Annual Ag & Urban Water Supply Benefits were selected
with more conservative operating criteria (higher storage carryover requirements and
lower unmet demand targets); however, maximizing minimum annual deliveries may not
be a cost-effective operational goal for agricultural and urban water supply benefits. To
provide a reasonable bracketing operation condition, it was decided to use a 50 percent
storage carryover factor with existing Banks Pumping Plant capacity, a 30 percent
storage carryover factor with expanded Banks Pumping Plant capacity and SWP-only
unmet demand target for Dry Period Supply Operations. This set of operation
parameters provides a more uniform distribution of water supply benefits in dry and
critically dry years.

Parameter sets for Normal Period Supply Operation and Dry Period Supply Operation
were selected for the four external conditions considered in this evaluation, existing
Banks Pumping Plant capacity with low Sacramento River flow event target, existing
Banks Pumping Plant capacity with high Sacramento River flow event target, expanded
Banks Pumping Plant capacity with low Sacramento River flow event target, and
expanded Banks Pumping Plant capacity with high Sacramento River flow event target.
The resulting operational parameters for each of the eight bracketing operation
conditions are detailed in Table NA-9.
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Tanie NA-g

Upstream of Delta Off-Stream Storage
Selected Parameter Sets for Bracketing Operation Conditions

A. Existing Banks PP Capacity

S.R. Flow Event (1 month) Target = 200 taf
S.R. Flow Event (2 month) Target = 400 taf

— Normal Period Supply Operation
Storage Carryover Factor = 0%
Unmet Demand Target = SWP and CVP

B. Existing Banks PP Capacity

S.R. Flow Event (1 month) Target = 200 taf
S.R. Flow Event (2 month) Target = 400 taf

- Dry Period Supply Operation
Storage Carryover Factor = 50%
Unmet Demand Target = SWP-only

C. Expanded Banks PP Capacity

S.R. Flow Event {1 month) Target = 200 taf
S.R. Flow Event (2 month) Target = 400 taf

- Normal Period Supply Operation
Storage Carryover Factor = 0%
Unmet Demand Target = SWP and CVP

D. Expanded Banks PP Capacity

S.R. Fiow Event (1 month) Target = 200 taf
S.R. Flow Event (2 month) Target = 400 taf

— Dry Period Supply Qperation
Storage Carryover Factor = 30%
Unmet Demand Target = SWP-only

E. Existing Banks PP Capacity

S.R. Flow Event {1 month) Target = 1500 taf
S.R. Flow Event (2 month) Target = 2650 taf

— Normal Period Supply Cperation
Storage Carryover Factor = 0%
Unmet Demand Target = SWP and CVP

F. Existing Banks PP Capacity

S.R. Flow Event (1 month) Target = 1500 taf
S.R. Flow Event (2 month) Target = 2850 taf

- Dry Period Supply Operation
Storage Carryover Factor = 50%
Unmet Demand Target = SWP-only

G. Expanded Banks PP Capacity

S.R. Flow Event (1 month) Target = 1500 taf
S.R. Flow Event (2 month) Target = 2650 taf

~ Normai Period Supply Operation
Storage Canyover Factor = 0%
Unmet Demand Target = SWP and CVP

H. Expanded Banks PP Capacity .

S.R. Flow Event (1 month) Target = 1500 taf
S.R. Flow Event (2 month) Target = 2650 taf

— Dry Period Supply Operation
Storage Carryover Factor = 30%
Unmet Demand Target = SWP-only

NA_RVSM.XLS: Conditions Table
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Comparison of Bracketing Operation Conditions

Model Runs

Model runs were completed for each of the four operation conditions using the
operational parameter described in Table NA-9. For comparative purposes, maximum
storage volume was set at 3.0 maf with a 5,000 cfs inflow/outflow capacity. Table NA-
10 compares the total and net increased Agricultural and Urban Water Supply Benefits
under each operation condition.

Evaluation

The Normal Period Supply and Dry Period Supply Operation conditions bracket the
range of potential storage operations. Normal Period Supply Operation maximizes total
average water supply benefits, as measured by the 71-Year Average Annual
Agricultural and Urban Water Supply Benefits. Dry Period Supply Operation maximizes
water supply benefits in extremely dry years, as measured by the Minimum Annual
Agricultural and Urban Water Supply Benefits. Contrasting these bracketing operations
for the existing Banks Pumping Plant capacity condition with low Sacramento River flow
event target, Normal Period Supply Operation (Condition A) results in a net benefit of
315 taf in 71-Year Average Annual Agricultural and Urban Water Supply Benefits, as
compared to a net benefit of 215 taf in 71-Year Average Annual Agricultural and Urban
Water Supply Benefits under Dry Period Supply Operation (Condition B). Conversely,
Condition B results in a net benefit of 930 taf in Minimum Annual Agricultural and Urban
Water Supply Benefits, compared to a net benefit of 685 taf in Minimum Annual
Agricultural and Urban Water Supply Benefits with Condition A.

Similar benefits are achieved under the expanded Banks Pumping Plant capacity
conditions with low Sacramento River flow event target. Contrasting the bracketing
Operation Conditions C and D, Normal period Supply Operation (Condition C) results in
a net benefit of 385 taf in 71-Year Average Annual Agricultural and Urban Water Supply
Benefits, as compared to a net benefit of 207 taf in 71-Year Average Annual
Agricultural and Urban Water Supply Benefits under Dry Period Supply Operation
(Condition D). Conversely, Condition D results in a net benefit of 790 taf in Minimum
Annual Agricultural and Urban Water Supply Benefits, compared to a net benefit of

685 taf in Minimum Annual Agricultural and Urban Water Supply Benefits with Condition
C.

The benefits of the operation goals are similar, although slightly reduced, under the
high Sacramento River flow event target conditions. Contrasting the bracketing
Operation Conditions E and F which include existing Banks Pumping Plant capacity,
Normal Period Supply Operation (Condition E) results in a net benefit of 215 taf in 71-
Year Average Annual Agricultural and Urban Water Supply Benefits, as compared to a
net benefit of 130 taf in 71-Year Average Annual Agricultural and Urban Water Supply
Benefits under Dry Period Supply Operation (Condition F). Conversely, Condition F
results in a net benefit of 470 taf in Minimum Annual Agricultural and Urban Water
Supply Benefits, compared to a net benefit of 325 taf in Minimum Annual Agricultural
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and Urban Water Supply Benefits under Condition E. Contrasting the bracketing
Operation Conditions G and H which include expanded Banks Pumping Plant capacity,
Normal Period Supply Operation (Condition G) resulits in a net benefit of 290 taf in 71-
Year Average Annual Agricultural and Urban Water Supply Benefits, as compared to a
net benefit of 140 taf in 71-Year Average Annual Agricultural and Urban Water Supply
Benefits under Dry Period Supply Operation (Condition H). Conversely, Condition H
results in a net benefit of 450 taf in Minimum Agricultural and Urban Water Supply
Benefits, compared to a net benefit of 363 taf in Minimum Annual Agricuitural and
Urban Water Supply Benefits under Condition G.

A high Sacramento River flow event target results in reduced benefits with existing or
expanded Banks pumping plant capacity. Contrasting the bracketing Operation
Conditions A and E, Condition A ( low Sacramento River flow event target) results in a
net benefit of 315 taf in 71-Year Average Annual Agricultural and Urban Water Supply
Benefits, as compared to a net benefit of 215 taf in 71-Year Average Annual
Agricultural and Urban Water Supply Benefits under Condition E (high Sacramento
River flow event target). Contrasting the bracketing Operation Conditions B and F,
Condition B (low Sacramento River flow event target) results in a net benefit of 930 taf
in Minimum Annual Agricuitural and Urban Water Supply Benefits, as compared to a net
benefit of 469 taf in Minimum Annual Agricultural and Urban Water Supply Benefits
under Condition E (high Sacramento River flow event target).

Figures NA-31 through NA-34 compare the relative effects of the eight operation
conditions on an annual basis. In these charts, bars represent the total Agricultural and
Urban Water Supply Benefits for the 71 years used in the model simulations, sorted
from minimum to maximum. For comparison, base case Agricultural and Urban Water
Supply Benefits is represented with a line in each chart. In each chart Normal Period
Supply Operations are compared to Dry Period Supply Operations for a given set of
external conditions. In each case, Dry Period Supply Operations result in benefits
during the very driest years, while Normal Period Supply Operations offer increased
benefits during average and above average water years. More significant differences
between operations are seen with low Sacramento River flow event targets (Figures
NA-31 and 32) compared to high Sacramento River flow event targets (Figures NA-33
and 34).

Figure NA-31 compares Normal Period Supply and Dry Period Supply Operations
(Conditions A and B) for the existing Banks Pumping Plant capacity condition with low
Sacramento River flow event target. While, substantive benefits are seen during the
driest years under Dry Period Supply Operation (Condition B), benefits during average-
type water years are reduced in comparison to Normal Period Supply Operations.
Similarly, Figure NE-32 compares Normal Period Supply and Dry Period Supply
Operations (Conditions C and D) for the expanded Banks Pumping Plant capacity
condition with low Sacramento River flow event target. Increased benefits occur during
the very driest years under Dry Period Supply Operation (Conditicn D) in comparison to
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Normal Period Supply Operation (Condition C); however, benefits during average-type
water years are significantly reduced in comparison to Normal Period Supply Operation
(Condition C). Figure NA-33 compares Normal Period Supply and Dry Period Supply
Operations (Conditions E and F) for a high Sacramento River flow event target
condition. Reduced benefits are seen during the driest years under Dry Period Supply
Operation (Condition F) in comparison to Condition B. Benefits during average-type
water years are also reduced. Figure NA-34 compares Normal Period Supply and Dry
Period Supply Operations (Conditions G and H) for the expanded Banks Pumping Plant
capacity condition with high Sacramento River flow event target. Reduced benefits
occur during the very driest years under Dry Period Supply Operation (Condition H) in
comparison to Condition D. Benefits during average-type water years are once again
reduced in comparison to Normal Period Supply Operation (Condition G and Condition
C).

Figure NA-35 presents the same data used in Figures NA-31 and NA-32 in a frequency-
of-exceedence format. In this chart, total annual Agricultural and Urban Water Supply
Benefits for the base case and four operation conditions is plotted against frequency of
exceedence. As described above, substantial benefits in average-type years are
shown with Normal Period Supply Operation, and substantial net gains in drier years
under Dry Period Supply Operation.

Figure NA-36 presents the same data used in Figures NA-33 and NA-34 in a frequency-
of-exceedence format. In this chart, total annual Agricultural and Urban Water Supply
Benefits for the base case and four operation conditions is plotted against frequency of
exceedence. As described above, substantial benefits in average-type years are
shown with Normal Period Supply Operation, and smaller net gains in drier years under
Dry Period Supply Operation. Comparing to Figure NA-29, the overall benefits with a
higher Sacramento River flow event target are less than the overall benefits with a
lower Sacramento River flow event target.

To provide a better understanding of the year-to-year operations that occur under the
eight bracketing operation conditions, Figures NA-37 through NA-44 display the
simulated storage releases that occur throughout the 71-year hydrological sequence.
In each chart, bars represent annual volumes of storage releases and a solid line
represents the annual volume of water required to fully meet the total south of Delta
SWP and CVP unmet demands. A dashed line represents the annual volume of water
required to meet the SWP and CVP unmet demand target. As can be seen in these
charts, under Normal Period Supply Operations (Conditions A, C, E and G) larger
annual volumes of water are released frequently during the 71-year hydrologic
sequence. Under Dry Period Supply Operations (Conditions B, D, F and H), annual
releases are much smaller, and occur on a much less frequent basis for normal type
years, but more frequently during dry type years. The overall lower values and reduced
frequency under all conditions is a result of the higher Sacramento River flow event
target.
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Simulated end-of-month storage volumes for the eight bracketing operation conditions
are shown in Figures NA-45 through NA-52. As expected, storage volumes show much
larger variability under Normai Period Supply Operations (Conditions A, C, E and G) in
comparison to Dry Period Supply Operations (Conditions B, D, F and H). Under
Condition B (Existing Banks Pumping Plant -- Dry Period Supply Operation), the
storage volume is not emptied in any year of the 71-year hydrologic sequence. Under
Condition F (Existing Banks Pumping Plant -- Dry Period Supply Operation) with high
Sacramento River flow event target, the minimum storage volume is reached during 5
periods of the the 71-year hydrologic sequence. Under Condition A and E (Existing
Banks Pumping Plant Capacity -- Normal Period Supply Operation), the 3.0 maf storage
volume empties periodically during historical dry periods of the 71-year hydrologic
sequence.
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Table NA-10

Upstream of Delta Off-Stream Storage
Ag & Urban Water Supply Benefits vs. Operational Condition

for 3.0 MAF Maximum Storage Capacity
(Values in thousands of acre-feet)

"Bis [{0peraien: Gandit
s '{;!‘i‘wﬁ.:,:.:

F

CERLIEIRA

1661 ‘L2 Yo1e~- yeiq Areuiwifaid

71-Year Average 5,921 6,169 6,236 315 6,136 215 6,555 386 6,376

1928-34 Dry Period Average 3,918 4,033 4,372 454 4,352 434 4,406 372 4413 379
Dry Year Average 5,374 5,635 5,751 377 5,675 302 6,174 538 5,981 345
Critically Dry Year Average 3,421 3,480 4,235 814 4,088 667 4,154 674 4,146 667
Minimum Annual 2,206 2,184 2,892 685 3,136 930 2,560 377 2,976 792

71-Year Average

1928-34 Dry Period Average 3,918 4,033 4,101 183

Dry Year Avérage 5,374 5,635 5,609 235

Critically Dry Year Average 3,421 3,480 3,890 469

Minimum Annual 2,206 2,184 2,532 326
U
)
«Q
@

15ee Table NA-1 for description of operational conditions. %
&
3]

- A2TRT

NA_OP1.XLS: Results 3 MAF
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Ag & Urban Water Supply Benefits Under a Range of Operational Conditions N
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Dry Period Supply Operation Conveyance Capacity = 5,000 cfs 1928-34 Dry Period Average: 4,372 4,352 -
S.R. Flow Event (1 month) Target = 200 taf Average of all Dry Years: 5751 5,675 g
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Preliminary Draft --March 27, 1997
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s G. Expanded Banks PP Capacity --
Normal Period Supply Operation

gz H. Expanded Banks PP Capacity --

Upstream of Delta Off-Stream Storage
Ag & Urban Water Supply Benefits Under a Range of Operational Conditions

Assumptions

Maximum Storage Volume =3,000 taf

Total Water Supply Benefits (TAF/yr)

Operation Condition: G H
71-Year Average: 6,458 6,309

1661} ‘LZ Yo1eW-- yeiqg Aieujweld

Dry Period Supply Operation Conveyance Capacity = 5,000 cfs 1928-34 Dry Period Average: 4,193 4,196
S.R. Flow Event (1 month) Target = 1,500 taf | Average of all Dry Years: 6,035 5,898
—-— Base Case (No Storage, SDI Banks || S.R. Flow Event (2 month) Target = 2,650 taf || Average of all Crit. Dry Years 3,808 3,859
Cap.) Minimum Annual: 2,547 2,634
e e e e
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Page NA-60

Figure NA-35 ,
Upstream of Delta Off-Stream Storage
Ag & Urban Water Supply Benefits Under a Range of

8000 — Operational Conditions
| i
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Percent of Years at or Above

Assumptions

Maximum Storage Volume =3,000 taf
Conveyance Capacity = 5,000 cfs

S.R. Flow Event (1 month) Target = 200 taf
S.R. Flow Event (2 month) Target = 400 taf

' — - — - Base Case (No Storage, Existing
Banks Cap.)

Peseenn A. Existing Banks PP Capacity -

} Normal Period Supply Operation

REEEEE B. Existing Banks PP Capacity -

: - Dry Period Supply Operation

j —— C. Expanded Banks PP Capacity -

Normal Period Supply Operation

l
i ———D. Expanded Banks PP Capacity -

Dry Period Supply Operation

Operation Condition:
71-Year Average:
1928-34 Dry Period Average:

- Average of all Dry Years:
Average of all Crit. Dry Years: -
Minimum Annual:

Total Water Supply Benefits (TAF/yr)

A B C D
6,236 6,136 6,555 6,376
4,372 4,352 4,406 4,413
5,751 5,675 6,174 5,981
4,235 4,088 4,154 4,146
2,892 3,136 2,560 2,976

NA_OP1.XLS: Freq-Tot Chart 1
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Page NA-61

Upstream oF Egéjlrt% lHﬁ%f‘-gstream Storage
Ag & Urban Water Supply Benefits Under a Range of

Operational Conditions

t

Maximum Storage Volume =3,000 taf
Conveyance Capacity = 5,000 cfs

S.R. Flow Event (1 month) Target = 1,500 taf
S.R. Flow Event (2 month) Target = 2,650 taf
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— - — - Base Case (No Storage, Existing
Assumptions Banks Cap.)

E. Existing Banks PP Capacity -

Normal Period Supply Operation

Dry Period Supply Operation
—— G. Expanded Banks PP Capacity -
Normal Period Supply Operation

——— H. Expanded Banks PP Capacity --
Dry Period Supply Operation

F. Existing Banks PP Capacity --

Total Water Supply Benefits (TAF/yr)

Operation Condition:
71-Year Average:

' 1928-34 Dry Period Average:

Average of all Dry Years:
Average of all Crit. Dry Years: .

© Minimum Annual:

E
6,136
4,101
5,609
3,890
2,632

F
6,053
4,083
5,562
3,761
2,675

G
6,458
4,193
6,035
3,898
2,547

H
6,309
4,196
5,808
3,859
2,634

NA_OP2.XLS: Freg-Tot Chart 1
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Upstream of Delta Off-Stream Storage

Ag & Urban Water Supply Benefits Under Operations Condition B

Assumptions
Maximum Storage Capacity = 3.0 MAF
Conveyance Capacity = 5,000 cfs
A&U Storage Carryover Factor = 50%
Unmet Demand Target = SWP
Unmet SWP &GVP Demand S.R. Flow Event (1 month) Target = 200 taf
e meee s eme—l g R Flow Event (2 month) Target = 400 taf

s Releases from Storage

- = = Unmet SWP Demand

Existing Banks PP Capacity -- Dry Period Supply Operation

Operation Condition:

71-Year Average:

1928-34 Dry Period Average:
Average of all Dry Years:
Average of all Crit. Dry Years:

Minimum Annual:

6,000
5,000

4,000

3,000

(TAFIYR)

2,000

1,000

Water Year

NA_OP1.XLS: Outfiow Plot B

Total Water Supply Benefits (TAF/yr)

B
6,136
4,352
5675
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Upstream of Delta Off-Stream Storage g
Ag & Urban Water Supply Benefits Under Operations Condition D 3
Expanded Banks PP Capacity -- Dry Period Supply Operation g
memm Releases from Storage Assumptions Total Water Supply Benefits (TAF/yr) :f
. Maximum Storage Capacily = 3.0 MAF Operation Condition: D §
- = = Unmet SWP Demand Conveyance Capacity = 5,000 cfs . 71-Year Average: 6,376 §
A&U Storage Carryover Faclor = 30% 1928-34 Dry Period Average: 4,413 3
Unmet Demand Target = SWP Avera fal Dry Y . <
Unmet SWP &CVP Demand ge ot all Dry Years: 5,981 -
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Upstream of Delta Off-Stream Storage

Ag & Urban Water Supply Benefits Under Operations Condition F
Existing Banks PP Capacity -- Dry Period Supply Operation

9€6500—4

R Releases from Storage

= = = Unmet SWP Demand

Unmet SWP &CVP Demand

Assumptions

Maximum Storage Capacity = 3.0 MAF
Conveyance Capacity = 5,000 cfs _
A&U Storage Carryover Factor = 50%

Unmet Demand Target = SWP

S.R. Flow Event (1 month) Target = 1,500 taf
S.R. Flow Event (2 month) Target = 2,650 taf

Total Water Supply Benefits (TAF/yr)

Operation Condition:

71-Year Average:

1928-34 Dry Period Average:
Average of all Dry Years:
Average of all Crit. Dry Years:
Minimum Annual:

6,000
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9
E 3,000
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1,000
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= Releases from Storage

~— Unmet SWP &CVP Demand

(TAFIYR)

6,000
5,060
4,000
3,000
2,000

1,000

Expanded Banks PP Capacity -- Normal

Upstream of Delta Off-Stream Storage
Ag & Urban Water Supply Benefits Under Operations Condition G

Period Supply Operation

2661 ‘LZ yosepy-- yeiq Aeujwijaid

Assumptions Total Water Supply Benefits (TAF/yr)
Maximum Storage Capacily = 3.0 MAF Operation Condition: G
Conveyance Capacity = 5,000 cfs 71-Year Average: 6,458
A&U Storage Carryover Factor = 0% 1928-34 Dry Period Average: 4,193
Unmet Demand Target = SWP&CVP Average of all Dry Years: 6,035
-— -1l 8.R. Flow Event (1 month) Target = 1,500 taf Average of all Crit. Dry Years: 3,898
S.R. Flow Event (2 month) Target = 2,650 taf Minimum Annual: 2,547
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Upstream of Delta Off-Stream Storage

Ag & Urban Water Supply Benefits Under Operations Condition H
Expanded Banks PP Capacity -- Dry Period Supply Operation

8€6S00—a

mmam Releases from Storage

Assumptions

Total Water Supply Benefits (TAF/yr)

Maximum Storage Capacity = 3.0 MAF Operation Condition: H
= = = Unmet SWP Demand Conveyance Capacity = 5,000 cfs 71-Year Average: 6.309
A&U Storage Carryover Factor = 30% 1928-34 Dry Period Average: 4'196
——— Unmet SWP &CVP Demand|| Unmet Demand Target = SWP Average of all Dry Years: 5'898
e S.R. Flow Event (1 month) Target = 1,500 taf Average of all Crit. Dry Years: 3'859
S.R. Flow Event (2 month) Target = 2,650 taf Minimum Annual: 2,634
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Upstream of Delta Off-Stream Storage

End-of-Month Storage Volume Under Operations Condition A
Existing Banks PP Capacity-- Normal Period Supply Operation
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End-of-Month Storage (taf)

Maximum Storaﬁg%%%m% 3.0 MAF
Conveyance Capacity = 5,000 cfs
A&U Storage Carryover Factor = 0%
Unmet Demand Target = SWP&CVP

S.R. Flow Event (1 month) Target = 200 taf
__S.R. Flow Event (2 month) Target = 400 taf
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Upstream of Delta Off-Stream Storage .
End-of-Month Storage Volume Under Operations Condition C
Expanded Banks PP Capacity -- Normal Period Supply Operation

Assumptions
Maximum Storage Capacity = 3.0 MAF

Conveyance Capacity = 5,000 cfs

A&U Storage Carryover Factor = 0%

Unmet Demand Target = SWP&CVP

S.R. Flow Event (1 month) Target = 200 taf
__S:R. Flow Event (2 month) Target = 400 taf

4661 °LZ Yoiep—- yeiq Keujwyjeig

3,000 H h
-
2,500 . U S &
) S
] >
o 2000 |-—-—) - ——m e ———— >
o A
S ~
7))
«< 1,500 e
=
3]
=
“c}' 1,000 sy [} PRSOEMIPSENPURR | JS—
o]
I
wi
500 . - . . . et e e e — —_— _——— —_—
0 1] i 13 0 LY ) L) K] k) L] L] . 1 ] " K] I LI T S IR R ) L] L) T L L) ] 1] L] " ¥ d'l 1 i i 13 i i T i T hln
N (9% oN N N
10 © [~ Vo] o)) k)
2 2 2 2 2 @
)
Water Year -4
P
“
N
NA_OP1.XLS: EOM Storage C 3127197



Z2v6500-d

ZvV6600—0a

Upstream of Delta Off-Stream Storage
End-of-Month Storage Volume Under Operations Condition D
Expanded Banks PP Capacity -- Dry Period Supply Operation

Assumptions
Maximum Storage Capacity = 3.0 MAF
Conveyance Capacity = 5,000 cfs
A&U Storage Carryover Factor = 30%
Unmet Demand Target = SWP
S.R. Flow Event (1 month) Target = 200 taf

S.R. Flow Event (2 month) Target = 400 taf
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Upstream of Delta Off-Stream Storage
End-of-Month Storage Volume Under Operations Condition E
Existing Banks PP Capacity-- Normal Period Supply Operation

Assumplions

Maximum Storage Capacity = 3.0 MAF
Conveyance Capacity = 5,000 cfs

A&U Storage Carryover Factor = 0%

Unmet Demand Target = SWP&CVP

S.R. Flow Event (1 month) Target = 1,500 taf
S.R. Flow Event (2 month) Target = 2,650 taf
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Figure NA-50
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Figure NA-51
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Upstream of Delta Off-Stream Storage

End-of-Month Storage Volume Under Operations Condition H
Expanded Banks PP Capacity -- Dry Period Supply Operation

Assumptions
Maximum Storage Capacity = 3.0 MAF
Conveyance Capacity = 5,000 cfs
A&U Storage Carryover Factor = 30%
Unmet Demand Target = SWP
S.R. Flow Event (1 month) Target = 1,500 taf
S.R. Flow Event (2 month) Target = 2,650 taf

3,000
2500

2,000

1,500 J—

1,000

End-of-Month Storage (taf)

500 | - |- |-

1922
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- N

ter Supply Benefits versus Maximum Storage VoluD
Model Runs
Maximum storage volumes ranging from 100 taf to 5.0 maf were varied in a set of
model runs that simulated the eight bracketing operation conditions described
previously. These model runs are described in Table NA-11 and summary results are
displayed in Tables NA-12 through NA-15. For comparability, all results are measured
using the total south of Delta SWP and CVP water deliveries.

Evaluation

Tables NA-12 and NA-14 display the five statistical measures of total Agricultural and
Urban Water Supply Benefits achieved over the range of maximum storage volumes
studied for each of the bracketing operation conditions. Tables NA-13 and NA-15
display net increases in Agricultural and Urban Water Supply Benefits for the same
range of maximum storage volumes and operation conditions. Figures NA-53 through
NA-62 display plots of total Agricultural and Urban Water Supply Benefits versus
maximum storage volumes. Figures NA-63 through NA-72 display plots of net
increases in Agricultural and Urban Water Supply Benefits versus maximum storage
values. The wide range of benefits seen in these plots between operation conditions
for any given maximum reservoir volume indicates the varability in benefits for the.
operation conditions considered in this evaluation.

Figures NA-53 and NA-63 show that maximum 71-Year Average Annual Agricultural
and Urban Water Supply Benefits is achieved under Condition C (Expanded Banks
Pumping Plant Capacity -- Normal Period Supply Operation) with low Sacramento River
flow event target. Under this operating condition, 71-Year Average Annual Agricultural
and Urban Water Supply Benefits continue to increase with diminishing incremental
benefit throughout the range of maximum storage volumes evaluated. With a maximum
storage volume of 5.0 maf, the largest maximum storage volume evaluated, a net
increase of 415 taf is observed in 71-Year Average Annual Agricultural and Urban
Water Supply Benefits. About 70-percent of this net benefit, a 280 taf increase in 71-
Year Average Annual Agricultural and Urban Water Supply Benefits, is achieved with a
maximum storage volume of only 1.0 maf.

Under Condition A (Existing Banks Pumping Plant Capacity -- Normal Period Supply
Operation) with low Sacramento River flow event target, 71-Year Average Annual
Agricultural and Urban Water Supply Benefits increase through about 5.0 maf maximum
storage capacity, but with smaller gains in comparison to Condition C. With a maximum
storage volume of 5.0 maf, a net increase of 345 taf occurs in 71-Year Average Annual
Agricultural and Urban Water Supply Benefits. About 65 percent of this benefit, or 225
taf is achieved with a 1.0 maf maximum storage volume.

Figures NA-57 and NA-67 indicate thé largest Minimum Annual Agricultural and Urban
Water Supply Benefits are achieved under Condition B (Existing Banks Pumping Plant
Capacity -- Dry Period Supply Operation) with low Sacramento River flow event target.

. D—005947
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Under this operating condition, Minimum Annual Agricultural and Urban Water Supply
Benefits increase dramatically between maximum storage volumes of 500 taf and 1.5
maf. Additional net benefits with decreased incremental gains occur between 1.5 and
3.0 maf. A maximum net benefit of 960 taf in Minimum Annual Agricultural and Urban
Water Supply Benefits is observed with a maximum storage volume of 3.5 maf. About
60 percent of this net benefit, or 590 taf is achieved with a 1.5 maf maximum storage.

Under Condition D (Expanded Banks Pumping Plant Capacity -- Dry Period Supply
Operation), a net increase in Minimum Annual Agricultural and Urban Water Supply
- Benefits of 892 taf is observed with a maximum storage volume of 3.5 maf.

Figures NA-58 and NA-68 show that maximum 71-Year Average Annual Agricultural
and Urban Water Supply Benefits is achieved under Condition C (Expanded Banks
Pumping Plant Capacity -- Normal Period Supply Operation) with high Sacramento
River flow event target. Under this operating condition, 71-Year Average Annual
Agricultural and Urban Water Supply Benefits continue to increase with diminishing
incremental benefit throughout the range of maximum storage volumes evaluated. With
a maximum storage volume of 5.0 maf, the largest maximum storage volume evaluated,
a net increase of 335 taf is observed in 71-Year Average Annual Agricultural and Urban
Water Supply Benefits. About 65-percent of this net benefit, a 225 taf increase in 71-
Year Average Annual Agricultural and Urban Water Supply Benefits, is achieved with a
maximum storage volume of only 1.5 maf.

Under Condition E (Existing Banks Pumping Plant Capacity -- Normal Period Supply
Operation) with high Sacramento River flow event target, 71-Year Average Annual
Agricultural and Urban Water Supply Benefits increase through about 5.0 maf maximum
storage capacity, but with smaller gains in comparison to Condition G. With a
maximum storage volume of 5.0 maf, a net increase of 335 taf occurs in 71-Year
Average Annual Agricultural and Urban Water Supply Benefits. About 65 percent of
this benefit, or 225 taf is achieved with a 1.0 maf maximum storage volume.

Figures NA-62 and NA-72 indicate the largest Minimum Annual Agricultural and Urban
Water Supply Benefits are achieved under Condition F (Existing Banks Pumping Plant
Capacity -- Dry Period Supply Operation) with high Sacramento River flow event target.
Under this operating condition, Minimum Annual Agricultural and Urban Water Supply
Benefits increase dramatically between maximum storage volumes of 500 taf and 1.5
maf. Additional net benefits with decreased incremental gains occur between 1.5 and
3.0 maf. A maximum net benefit of 831 taf in Minimum Annual Agricultural and Urban
Water Supply Benefits is observed with a maximum storage volume of 4.5 maf. About
65 percent of this net benefit, or 550 taf is achieved with a 3.5 maf maximum storage.

Under Condition H (Expanded Banks Pumping Plant Capacity -- Dry Period Supply
Operation), a net increase in Minimum Annual Agricultural and Urban Water Supply
Benefits of 810 taf is observed with a maximum storage volume of 4.5 maf.

D—005948
D-005948



Preliminary Draft --March 27, 1997

Page NA-80

Tabie NA-11

Upstream of Daita Off-Stream Storage

Modai Runs for €

Storags

& Ezivting Banag PP C
2erteg Sypgey Qpermion
500 $.000 cfs InflowOutliow Caneaty
1.000 Euseng Bars PP Caosaity
1,500 Storage Carrvover Facior = 0%
2,000 Unmet Cemana Target = SWP ang CVP
2.500 SR Flow Event {3 mone) Target * 200 tal
3,000 S.R Flow Evert (2 month} Target = 200 taf
3,500
4.000
4,500
4,000
3 X3 SR Flow Targe
OUT_NADS.XLS NA_RVZXLS 100 2
500 $.000 cfs inficwOutfiow Cagecity
1,000 Exstng anks PP Cananty
1,500 Slarsge Carryaver Facior = 50%
2000 Unrmet Cemnana Target = SWP-onty
250 S.R. Flow Evert (1 monin} Targee 3 200 taf
NAS1S 3.000 S.R. Fow Event {2 month) Target = 200 taf
NASI9 3.500 .
NAS2G 4,000
NASZ1 4,500
NAS22 5,000
amc ow SR Fiow Target =
OUT_NAGS.XLS NA_RVI XLS NASTY 100 Hormw Peries Suppry Operstion
NAS24 500 5.000 cfs inBowQusfiow Capacity
NAS2S 1.000 SOt Banks PP Caosaty
NASZE 1,500 Slorage Carryover Factor x 0%
NASZT 2000 Unmet Cemand Target * SWP and CVP
MNAS28 2.500 S.R. Flow Event {1 month) Targel = 200 taf
NAS29 3.000 S.R Flow Event (2 month) Target = 20Q tad
NASIO 3500
NASTY 4,000
NASIZ 4500
NASI3 5.000
ke 28 R, Flow €vene Target -
QUT_RAGE.XLS NA_RVA XLS NAGIK 100 Panos Sysew Operveen
NASIS 500 5.000 ci3 infiovwOutfiow Capacty
NASIS 1.000 SOt Sanxs PP Caoecity
NAS3IY 1,500 Storage Carryover Factor = 0%
NAS3S 2,000 Unmet Cemand Targel = SWP-onty
NAKIS 2,500 S.R. Flaw Event {1 mondh) Target = 200 tal
NAB4O 3.000 S.R. Flow Event (2 month) Targat = 200 tal
NAB4 Y 3,500
NABS2 4,000
NAB43 4,500
NASLL $.000
£ Exisung Rarg 2P Coagegityfiioh I R, Figw Event Target = Normas,
OUT_NAOS.XLS NA_RVS.XLS NASIS 100 Periog $upsey Opseaion =
NASSS 500 5,000 cfs inflowOutfiow Cacaaty
NASA? 1,000 Exisang Banks PP Cacacily
NASLS 1.500 Storage Caryover Fecior = 0%
NAB49 2,000 Unmet Cemand Target 2 SWP and CVP
NASSO 2.500 S.R. Flow Evert {1 mond} Target = 1500 taf
NASS1 3000 SR Flow Event {2 morun) Target = 2650 tal
NASSZ 3.500
NASS3 4,000
NABSL 4500
NASSS $.000
[3 [ Fiow Evecx Target ~
OUT _NADE.XLS NA_RVE.XLS NASSE 100 Pened Juppty Operswon
NASST S00 5.000 &fa inficwOutfiow Caoecity
NASSS 1,000 Exssng Banks PP Capaarly
NASSR 1.500 Slorage Carryover Factor = 50%
NASSG 2,000 Unmet Demand Target = SWP-only
NASS1 2500 SR Flow Event (1 month) Target = 1500 tal
MASSZ 3.000 S.R. Row Event (2 month) Tarqet = 2650 (af
RASE3 3.500
NASSA 4,003
NASES 4,500
NAGSS 5.000
) LR, Figw Evert Target =
QUT_NAGS.XLS NA_RVT XLS NASST toa Hermy Pertod Jupgry Oparwtion
NAGSS 500 $5.000 cfs inflowrOuctiow Caneaty
NASS 1.000 SOt Banks PP Caoenty
NASTO 1,500 Storage Carryover Factor = 0%
NagTY 2,000 Unmet Oemang Targe: = SWP and CUP
NABT2 2500 S.R. Flaw Eveet (1 month) Targes = 1500 taf
NASTS 3.000 S.R. Flow Event (2 month) Target = 2650 taf
NAST4 3500
NASTS 4,000
NASTS 4.500
NAST? $.000
. ” -
OUT_NAGB.XLS NARVAXLS «  NASTS 100 Purioy Suseiy Operengy
NASTY 500 5,000 cfs Inflow Cutfiow Cacacity
NASO 1,000 SOl Qanks PP Cacaarty
NASS1 1,500 Siorage Carryaver Factor » 30%
Nas82 2,000 Unemet Comand Target » SWP-anly
. . NASS3 2,300 SR, Flow Event {1 monthy} Targe! = 1500 taf
NASSS 3,000 SR Fiow Event {2 monin) Targes = 2850 tal
NASAS 3300
NABSS 4,000
NASAT 4,500
Nasss 5.000

NA_RVSM.XLS: fluna
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Table NA-12

Upstream of Delta Off-Stream Storage
Ag & Urban Water Supply Benefits vs. Maximum Storage Volume

Under Various Operational Conditions'
(Values in thousands of acre-feet)

s R i

N Opamlon COndition A, Existing Banks PP Gapacltyll.ow S.R. Flaw Event Target -~ Normal Peﬂod Supply Dpnratlon

Run identifiers:

Max. Storage Volume (taf)

71-Year Average

1928-34 Dry Period Average , X 3 R . . 4,372 454

Dry Year Average 5,374 5,459 5,630 5,659 5,660 5,726 5,751 5,751 5,750 5,750 5,748 5,748 5,751 377 7.0%

Crilically Dry Year Average 3,421 3,462 3,631 3,796 3,960 4,032 4,132 4,235 4,273 4,312 4,348 4,385 4,385 964 282%

Minimum Annual 2,206 2,206 2311 2,661 2,661 2,661 2,661 2,892 3,009 3,008 3,009 3,009 3,009 802 36.4%

X V0 SR BB ) S e T
gz;ﬂm" RE 'Mix.'.ms'!‘."

. & | daTotabi | 2 3 J

Run Identifiers: ) U Fvane® |

Max. Storage Vohime (laf) k 3,000 X K . 5,000

71-Year Average . 8 A 6,123 6,136 6,147 6,154 6,161 6,166 6,166 245 4.1%

1928-34 Dry Period Average 3,918 3,949 4,044 4,292 4,352 4,382 4,382 4,382 4,382 4,382 464 118%

Dry Year Average 5374 5,429 5,570 5,671 5,675 5,679 5,679 5,679 5,676 5,679 305 57%

Critically Dry Year Average 3421 3,460 3,598 4,008 4,088 4,149 4,198 4,245 4,279 4,279 858 251%

Minimum Annual 2,206 2,231 2,326 3,000 3,136 3,163 3,163 3,163 3,163 3,163 957 43.4%

| SR

Run identifiers:

Max. Storage Volume (taf)

71-Year Average

1928-34 Dry Period Average

Dry Year Average

Critically Dry Year Average

Minimum Annual

¢ B?s‘.

6,169
4,033
6,635
3,480
2,184

4,150
5,939
3.605
2,184

6,047
3,760
2,547

6,080
3,927
2,560

415
372
538
832
863

| T SUPNY Operatia WL %‘Mﬁwy ]
e i | Mgy la {1 m|; Masimym:
_ i @ﬂ% NE G oL liperraet
Run Idenlifiers: ; ﬂ‘: ; ¥y Vllun ”“ Vallle‘ i{parceny)”.
Max. Storage Volume (taf) 4,500 5,000
71-Year Average 6.394 6,397 6,397 228 37%
1928-34 Dry Period Average 4,413 4,413 4,413 379 94%
Dry Year Average 5,976 5,967 5,981 345 6.1%
Critically Dry Year Average 4,269 4,304 4,304 824 23.7%
3,076 3,076 3,076 892 409%

Mirimum Annuat

'See Table NA-1 for descriplion of operational conditions.

NA RVSM XUS. Results (2)
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Table NA-13

Upstream of Delta Off-Stream Storage
Net Increase in Ag &Urban Water Supply Benefits vs. Maximum Storage Volume

Under Various Operational Conditions’
(Values in thousands of acre-feet)

JER T
Run Idenlifiers:

o

TrQperation Candiijon Ay Exisling Banks PP Capacity/Low S.R. Flow Event Target - Normal Parlod Supply Operationaisia-y «
T NAGOT 1y NABOZ 4.4 NABO3 13 NABDA 1 NABOS it NABOG b NABAT ik NABQB LY NAGOS L. NABA

Max. Storage Volume (taf) 100 500 1,000 1,500 2,000 2,500 3,000 3, 500 4,000 4, 500

71-Year Average 68 181 225 250 276 297 315 327 333 338 344
1928-34 Dry Periad Average 51 144 208 274 340 403 454 454 454 454 454
Dry Year Average 86 257 285 287 352 377 a77 377 376 374 374
Ciitically Dry Year Average 41 210 375 539 611 71 814 852 891 927 964
Minimum Annual 0 105 455 455 455 455 685 802 802 802 802

Run identifiers:

e Operatlon Gonditian B,.Exis{ing Banks PP Capacity/Low S.R,
| NABIZE i NABT3 1N NAGTAL  NAGTS 5 .. NABTE

NA617_7,.e T NAGIE LY

Max. Storage Volume (taf} 100 500 1,000 1,500 2,000 2,500 3,000 4,500
71-Year Average 24 105 139 162 184 202 215 225 233 240 245
1928-34 Dry Period Average 31 126 187 250 313 374 434 464 464 464 464
Dry Year Average 55 196 239 267 288 297 302 305 305 305 303
Crilically Dry Year Average 39 178 287 386 490 587 667 728 777 824 858
Minimum Annual 24 119 352 591 668 794 930 957 957 957 957
[t Operation Condillon G, Expanded Banks PP CapacitylLow S.K. Flow Evant Target = Normal Berlad Supply Operatlants;
Run Identifiers: [aNAB23 4 NAB24Y, 1 NAB2S i NAG26 i NAB2T i1 NAB2B v NAG28 v, NAGI0 . NAB3. Ji: NAB32 & i, NABIT ™
Max. Storage Volume (laf) 100 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
T1-Year Average 77 224 283 321 352 374 386 308 404 409 415
1928-34 Dry Period Average 37 116 181 246 312 372 372 372 372 372 372
Dry Year Average 85 304 412 445 485 537 538 537 529 529 529
Crilically Dry Year Average 28 125 281 447 6554 596 674 718 756 794 832
Minimum Annual 0 0 363 377 377 377 377 377 622 853 853

# Operajion Gonpditlon D, Expanded Banks PP Capaclty/Low S.R, Flow Event Target = Dry Petlaod

‘Supply Qperatlon it

Run Identifiers: |iNAB34 .t NAB35 !

"~ NAB36 ;)7 NAB37 7 - NAG3S

NAB39. i NAB4D 1 £ NAGS

41:. 0 NAG42:.01NAGS

Max. Storage Volume (taf) 100 500 1,000 1,500 2,000 2,500 3.000 3,500 4,000 4,500 5,000
71-Year Average 2 89 133 156 177 194 207 215 220 225 228
1928-34 Dry Period Average 18 95 159 224 200 350 379 379 379 379 379
Dry Year Average 43 235 291 312 332 343 345 344 343 341 331
Critically Dry Year Average 28 151 281 402 501 587 667 720 755 780 824
Minimum Annual 15 126 455 487 499 593 792 892 892 892 882

See Table NA-1 for descriplion of operational conditions.
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Table NA-14

Upstream of Delta Off-Stream Storage
Ag & Urban Water Supply Benefits vs. Maximum Storage Volume
Under Various Operational Conditions’
(Values in thousands of acre-feet)

; ﬂnggr‘t)k

Run Identifiers:

Max. Storage Volume (tal)

71-Year Average . X 245 4.1%
1928-34 Dry Period Average 4,101 4,101 4,101 4,101 4,101 4,101 4,101 183 4.7%
Dry Year Average 5,581 5,609 5,633 5633 5,633 5,633 §,633 259 4.8%
Critically Dry Year Average 3,863 3,890 3,894 3,830 3,967 4,005 4,005 585 17.1%
Mimimum Annual 2,532 2,532 2,532 2,532 2,591 3,009 3,009 802 36.4%

| TS

Ruf Identifiers:

Max. Storage Volume (taf} 0 100 500 1.000 1.500 2, 000 2,500 3.000 3,500 4.000

71-Year Avesage 6,921 §,923 5,968 6,001 6,023 6,034 6,044 6,053 6,061 6,069 6,082 161 27%

1928-34 Dry Period Average 3,918 3,920 3,967 4,027 4,083 4,083 4,083 4,083 4,083 4,083 4.083 165 4.2%

Dry Year Average 6,374 §,382 5465 5,622 5,545 5,562 5,557 5,562 5,562 §.862 §,562 188 35%

Criticafty Dry Year Average 3,421 343N 3478 3,543 3,614 3,662 3,711 3,761 3814 3,868 3,951 530 15.5%

Minimum Annual 2,208 2,231 2,326 2,549 2,574 2,602 2,639 2,675 2,752 2.874 3,037 831 31.7%
f‘b{’?‘fx{ $ER

li.

Run tdentifiers: ki
3,000

Max. Storage Volume (laf) L
71-Year Average 6,169 6211 6,304 6,357 6,391 6,440 6,458 6,492 6,499 6 505 6,505 335 5.4%
1928-34 Dxy Period Average 4,033 4,047 4,099 4,163 4,193 . 4,193 4,183 4,193 4,193 4,193 4,193 160 4.0%
Dry Year Average 5,635 5,645 5,758 5,889 5,965 , 6,007 6,035 6,091 6,091 6,091 6,091 456 8.1%
Criticaly Dry Year Average 3,460 3,480 3515 3,597 3,670 3,834 3,898 ) 3,042 3,980 4,015 4,018 535 154%
Minimum Annual 2,184 2,184 2,184 2,322 2,547 y 2,547 2,547 2,547 2,547 2,547 2,547 363 16 6%

i{laxlmum Max(mum Mulmx;;tl
#Tata! [v,” Nett ¥ lpcmag.«
Vlluo ¢ A aluo*‘ ¢ (parcent)’

i
. i“.l lg :
L0
‘:;‘NAGG’I§ NAeaa‘-
4,000 4,500 5000

%AGN

1 .000 1 ,500 2,000 2,500

Run identifiers:

Max. Slorage Volums (taf)

71-Year Average 6,169 6,147 6,202 6,242 8,269 6,285 6,298 6,324 6,329 6,335 6,335 165 _27T%
1928-34 Dry Period Average 4.033. 4,029 4,078 4,142 4,196 4,196 4,196 4,196 4,196 4,196 4,196 162 4.0%
Dey Year Average 5,635 5,623 5,740 5,825 5,868 5,879 5,888 5,898 5,898 5,898 5,898 263 4.7%
Critically Dry Year Average 3,480 3,482 3,534 3,610 3,695 3,754 3,809 3,957 3,990 4,024 4,024 §45 15.7%
Mininwim Annual 2,184 2,199 2,276 2,552 2,560 2,567 2,581 2,829 2,994 2,994 2,994 810 37.1%

See Table NA-1 for description of operational conditions.

NA_RVSM2 XLS. Resuls (2)
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Table NA-15

Upstream of Delta Off-Stream Storage
Net Increase in Ag &Urban Water Supply Benefits vs. Maximum Storage Volume

Under Various Operational Conditions’
(Values in thousands of acre-feet)

[ vt inliutcy: Oparation Condition E; Existing Bapks PR Capacily/High S.R. Flow Event Target = Normal Perlod Supply Operatjon: .
Run tdentifiers: JsNAB4 5&@1\345&'@@54755% NAB48: 13 NAB49 bk NABSH NAG6T it NARSS | NABSIEENAGS %
Max. Storage Volume (taf) 100 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
71-Year Average 40 101 142 171 189 202 215 227 233 239 245
1928-34 Dry Period Average 13 65 129 183 183 183 183 183 183 183 183
Dry Year Average 29 126 188 208 208 208 235 259 259 259 259
Critically Dry Year Average 8 87 151 269 351 433 469 473 509 546 585
Minimum Annual 0 92 326 326 326 326 326 326 326 385 802
[ i i e 2, Operation Gondltlon F, Exlsting Banks PP Capaclty_l_ngh S.R. Flow Event Target ~; Dry Periad Supply Operation ...

Run Identifiers: TNAGS6 + & NABST o7 NAGGR i NAGS - NABBO i NAB6T 1, NAGEZ L NAGE] L NABEY vy, NARES:

Max. Slorage Volume (taf) 100 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500
71-Year Average 2 47 80 102 113 123 132 140 148 156
1928-34 Dry Period Average 2 49 109 165 165 165 165 165 165 165
Dry Year Average 9 91 148 171 178 183 188 188 188 188
Critically Dry Year Average 10 57 122 193 241 290 340 394 447 494
Minimum Annual 24 119 342 388 396 433 469 548 668 831

Operation Condilion G, Expandad Banks PP Capacly/High S.R. Flow Event Target - Normal Perlod Supply Operatlan i

o g

T NABB7,..; NAGEB &1, NABBY % -, NAGTO v:v NAGBT 1]+ NABT2 ik NAGT 3 5 NAGTA1a5 NABTS | igiNABTE

Run ldentifiers:

Max. Storage Volume (taf) 100 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
71-Year Average 42 135 188 222 2486 271 289 307 323 330 335
1928-34 Dry Period Average 13 66 130 160 160 160 160 160 160 160 160
Dry Year Average 10 122 254 329 357 371 400 438 456 456 456
Critically Dry Year Average 0 35 117 190 273 355 418 450 463 500 535
Minimum Annual 0 0 138 363 363 363 363 363 363 363 363

[=NABTA i NABTA .7 NAGBO. .NAGRT..,«NABB2 1. NABBY 1. NABEA ! NAGSS <11 NABRR .° Y NAGRT F1

Max. Storage Volume (taf) 100 500 1,000 1,500 2,000 2,500 3,000 3.500 4,000 4,500 5,000
71-Year Average -22 33 72 100 116 129 140 149 155 160 165
1928-34 Dry Period Average -5 45 108 162 162 162 162 162 162 162 162
Ory Year Averags -13 105 190 233 244 252 263 263 263 263 263
Crilically Dry Year Average 3 54 131 215 275 330 378 441 477 511 545
Minimum Annual 15 92 368 378 383 397 450 540 645 810 810

'See Table NA-1 for descriplion of operational conditions.

MA RVSM2 XIS Resulls (3)

2661} ‘LZ Yolew-- yeiq Aeunwuijeig
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Figure NA-53

Upstream of Delta Off-Stream Storage
71-Year Average Ag & Urban Water Supply Benefits
versus Maximum Storage Volume
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1928-34 Dry Period Annual Average Ag & Urban Water Supply Benefits

Figure NA-54
Upstream of Delta Off-Stream Storage

versus Maximum Storage Volume
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Figure NA-55

Upstream of Delta Off-Stream Storage
Dry Year Average Ag & Urban Water Supply Benefits
versus Maximum Storage Volume
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Figure NA-56
Upstream of Delta Off-Stream Storage

Critical Year Average Ag & Urban Water Supply Benefits

versus Maximum Storage Volume
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Figure NA-57

Upstream of Delta Off-Stream Storage
Minimum Annual Ag & Urban Water Supply Benefits
versus Maximum Storage Volume
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Page NA-90
Figure NA-58
Upstream of Deita Off-Stream Storage
71-Year Average Ag & Urban Water Supply Benefits
versus Maximum Storage Volume
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Figure NA-59

Upstream of Delta Off-Stream Storage
1928-34 Dry Period Annuai Average Ag & Urban Water Supply Benefits
versus Maximum Storage Volume
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Figure NA-60

Upstream of Delta Off-Stream Storage
Dry Year Average Ag & Urban Water Supply Benefits
versus Maximum Storage Volume
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Figure NA-61

Upstream of Delta Off-Stream Storage
Critical Year Average Ag & Urban Water Supply Benefits
versus Maximum Storage Volume

7,000 . :
| ; i
1 : |
| ' H
6,500 ‘ . :
6,000 : ' :
|
& 5500 ‘ ‘
] 1 :
s |
s} 5,000 ‘
2% f
=R '
2 g :
03) E 4,500
5 E
T ' : '
= 4,000 : P = SR
8 : e
2 3,500 4 e _
3,000 .
i i
2,500 , '
2,000 ’ ‘ |
0 1,000 2,000 3,000 4,000 5,000
Maximum Reservoir Volume
e . Existing Banks PP Capacity/High S.R. Flow Event Target --
Normal Period Supply Operation
= Existing Banks PP Capacity/High S.R. Flow Event Target -- i
Dry Period Supply Operation
|
= = (. Expanded Banks PP Capacity/High S.R. Flow Event Target --5[
Normal Period Supply Operation i
= = M. Expanded Banks PP Capacity/High S.R. Flow Event Target -
Dry Period Supply Operation
NA_RVSM2.XLS: Crit Years Chart 3/27/97

D—00596 2
D-005962



Preliminary Draft --March 27, 1997 Page NA-94

Figure NA-62

Upstream of Delta Off-Stream Storage
Minimum Annual Ag & Urban Water Supply Benefits
versus Maximum Storage Volume
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Figure NA-63

Upstream of Delta Off-Stream Storage

versus Maximum Storage Volume
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Figure NA-64

Upstream of Delita Off-Stream Storage
Net Increase in 1928-34 Dry Period Annual Average Ag & Urban
Water Supply Benefits
versus Maximum Storage Volume
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Net Increase in Water Supply Benefits
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Upstream of Delta Off-Stream Storage
Net Increase in Dry Year Average Ag & Urban Water Supply
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Net Increase in Water Supply Benefits
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Figure NA-66

Upsfream of Delta Off-Stream Storage
Net Increase in Critical Year Average Ag & Urban Water
Supply Benefits
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Figure NA-67

Upstream of Delta Off-Stream Storage
Net Increase in Minimum Annuail Ag & Urban Water Supply Benefits
versus Maximum Storage Volume
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Figure NA-68

Upstream of Delta Off-Stream Storage
Net increase in 71-Year Average Ag & Urban Water Supply Benefits
versus Maximum Storage Voiume
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Figure NA-69

Upstream of Delta Off-Stream Storage
Net Increase in 1928-34 Dry Period Annual Average Ag & Urban
Water Supply Benefits
versus Maximum Storage Volume
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Figure NA-70
Upstream of Delta Off-Stream Storage
Net Increase in Dry Year Average Ag & Urban Water Supply
Benefits
versus Maximum Storage Volume
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Figure NA-71

Upstream of Delta Off-Stream Storage
Net Increase in Critical Year Average Ag & Urban Water
Supply Benefits
versus Maximum Storage Volume

1,000 , '
800 } ‘
L | *
S 800 '
c
: |
a 700
) !
= |
S 600 '
n g
= @
o >
® T 500
=g
> 400
Q
©
o 300
Q
£
< 200
=
100 +—-—
0
0 2,000 3,000 4,000 5,000
Maximum Reservoir Volume
e . Existing Banks PP Capacity/High S.R. Flow Event Target - :
Normal Period Supply Operation ;
F. Existing Banks PP Capacity/High S.R. Fiow Event Target --
Dry Period Supply Operation
= = G.Expanded Banks PP Capacity/High S.R. Flow Event Target --
Normal Period Supply Operation
- H.'Expanded Banks PP Capacity/High S.R. Flow Event Target --
Dry Period Supply Operation
NA_RVSM2.XLS: Net Crit Years Chart ' 3/27/97

D—00597 2

D-005972



Preliminary Draft --March 27, 1997

Page NA-104

Figure NA-72
Upstream of Delta Off-Stream Storage

Net Increase in Minimum Annual Ag & Urban Water Supply Benefits
versus Maximum Storage Volume
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