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I Introduction

This document summarizes the DWR developed 2020 Level-of-Development
Full Entitlement Study, BST_2020D09D_FULLTABLEA_5_ 1, using The California
Department of Water Resources ANN Salinity Model for representing Delta flow-
salinity relationships.

The model applied in developing this study is the joint DWR/USBR
operations planning model, CALSIM II. The CALSIM Water Resources Simulation
Model application 1.2.2 was used to run this study. The latest model application is
available for downloading at http://modeling.water.ca.gov/branch/computer _models.html.

CALSIM Il is a general-purpose planning simulation model developed by
DWR and USBR for simulating the operation of California’s water resources
system, specifically the CVP and SWP. On a monthly time-step, CALSIM Il utilizes
optimization techniques to route water through a network. A linear programming
(LP)/mixed integer linear programming (MILP) solver determines an optimal set of
decisions for each time period given a set of weights and system constraints. A key
component for specification of the physical and operational constraints is the
WRESL language. The model user describes the physical system (dams,
reservoirs, channels, pumping plants, etc.), operational rules (flood-control
diagrams, minimum flows, delivery requirements, etc.), and priorities for allocating
water to different uses in WRESL statements.

It is intended that CALSIM Il be used in a comparative mode. The results
from a “With Project” alternative simulation are compared to the results of a
Benchmark simulation to determine the incremental effects of a project. The results
from a single simulation may not necessarily represent the exact operations for a
specific month or year, but should reflect long-term trends. The model should be
used with extreme caution to prescribe seasonal or to guide real-time operations,
predict flows or water deliveries for any real-time operations.

I Key Model Results for Benchmark Study Version
BST _2020D09D_ FULLTABLEA 5 1 (ANN)

This section presents key results regarding project water supply capabilities,
project operations as well as CVPIA (b)(2) and EWA operations as simulated by the
model.



[I.1. Water Supply



Table 11.1.1

Water Supply
(tafiyear)

Delivery

(May 1928 - Oct. 1934)
Dry Period Average

(1922-1994) 73-Year
Period Average

SWP South-of-Delta Firm Delivery
SWP Interruptible Delivery

CVP North-of-Delta Delivery

CVP South-of Delta Delivery =
CVP South-of-Delta Ag Delivery =

Total Delivery

1920
11
2115
1679
343

5725

3N
iti]
2273
2436
97

7908

* Mote: Cross Walley Canal Users not included

Table 11.1.1 shows the average annual deliveries for the SWP and CVP for the
historical dry period of 1928 through 1934 and 73-year long-term. The average
annual SWP south-of-Delta firm delivery in the dry period of 1928 through 1934 is
1920 taf and 3131 taf long-term. The average annual SWP interruptible delivery in
the dry period of 1928 through 1934 is 11 taf and 68 taf long-term. The average
annual for CVP north-of-Delta delivery in the dry period of 1928 through 1934 is
2115 taf and 2273 taf long-term. The average annual CVP south-of-Delta delivery
in the dry period of 1928 through 1934 is 1679 taf and 2436 taf long-term. The
average annual CVP south-of-Delta agricultural delivery in the dry period of 1928
through 1934 is 343 taf and 977 taf long-term.




Talile 1LY 2. Percait AllaceSan S any

Waler
Year Type | SWH NOD e CWF NOD [ ]
Lac

Wit A0 38 Dehir

ear e FRSS | W | WA | AG K fa E] S Pl RF AlG rdl Ex RF
e AN % 100% 100 W0 MO0% 100% 0% 10 100 E%% 100 D0 100
fE Pk BN I00% BE% S86% BE% BE= A% 100% 100% 100% B% 93% 100% 100%
et LM e 2¥ 9% MW IR 4% TEN Gd% ThEWN 4% S% O ER TR
G 1] % 3% Bh PN O ¥Ne W% 0% MR 0re &% M 100 100w
L. -3 o] % 73% 3% TN 73 A% 1m% JFE IO0E MW AT 100%:  100%
bty Lo 100% 100% 1005 OS00% bO0% 100% 100% 0% 100 7% 100% 100 100%
TS AN % T Gk @i% ME Ti% 0 0% @R I0rE FiW 8RR 100 100
R [ % % EE NN O Ne M N EFE 0iE e dXe 100 100%
¥a30 i 0% 0% 7% M% o= 3% 10% TR 00% W TR 100 100%
bEER] T e X% NKBE Ihw XE % e =% TEW BE 5% OMRR TER
i 1] % &5% J5% 4% 4457 TR Ti% e 5% TR SR TR MR
el C % 2% 0% H% 498 4% TN P hE O OME OBYE OANRE MW
pecl] i e ¥R OF[R JIE OFEE OITR 5% Bf% 5% 1™ BM:= 75% T=%
RS 1] 0% 100% 100f 900% 0% 5% 1% TER IO XN5%  TER 1005 100%
s o i} % BEs 6w MW M5 S)% 0% MEe 00 B0%W PR 100% 100
LEE BN 0% H3% Bd% B% 3% 2% 1% 1% I00% 20% T1E 100 100%
3 L] 100% 100% 100°% 8D0% bOO% 100% 100% 00 100% BE% 93% 100% 100%
T 1] 0% HrX% 0% % B 2% % MR 10rs BE% &R 100 100w
a0 AN 0% 100% 10rE 0% u0% 0% 0w 0k 100E MW BFER 100 100%
i W 100% 100% 100% O00% bOO0% 100% 1% 100%  100% B% 549 100% 100%
=" e W O0% 100% 1004 500% bO0% 100% 100% 100%  100% BE0% 100 100%  100%
L £ L. 0% B B8 BPW 8RR &M% 0% 100 T00E TP 00 100R 100
T o % % 5% W% 0 Wb% 1% SO 100 &% SUER 100N 100%
b = BH o0 91% S0% MW 9% &% 1% 100°% 100 B3% 1007 100%% 100%
TR HH % 9% % WY K W Mm% s 100 7i% %% 100% 1009%
oy 1] 1% B G0 % 6FR % 0% s 00E BEW 61 100 100
raaa 1] % A% "B% M% MR &% 1% 9% 100% BN 9O 100 100%
pE = u] I00% B¥% 0% 7% B SE% 1% =% 100% SE% E3% 100% 100%
ED AM % fER TE TR ORR D% 1% TEE IO 3% TER 10 100
T AN % B R W% e W% 0% 0k 0E R4 ¥R 100 100E
LE T4 Lo 0% 100% 100 D0% POO%W 100% V0% 1007 100 E2% 100°E: 100% 100%
bt L] IO0% B% 95% % 5% 100% 0% 1005  100% % 100s 100%  100%
i AN 0% G55 5% W% 85 0% 0% 100k T00rE PO 100 100 100
i 1] % 4¥% 4% A% 47 W% 1% AU 00 % SR 100 100
e iC 0% 100% 100°%% O00% bOO% 100% 100% 100°%  100% 7% 1007 1007 100%
a7 ] oN% 7% 74% TR% T4E 100%  100% 005 100 Bi% 100 1007  100%
TS L. 0% 100 100E 0% u0% 0% 0% 100 i00E P 100 100 100%
bE 1] % B % MY IR 0% W% e 100 TP 100 D0 (00
a0 u] 00 53% S4% OS4% 53% W 1m% 1% l00% MN% T1% 100% 100%
e [i] % 73% 7% TIN 3R R% Mm% Ars 0 RI% PSS 100 100
i [iL] % A% B5%  Bd% ddE TR% 0% 100 0le S2% PR 100 100%
L Lo 0% 100% 100°% O00% MOO% 100% 0% 1007  100%  T2% 97 E 100%: 100%
b u] 00 74% 74% T5% Td4% 4% 1% TEE O 4B%W TR 1006 100%
T L. % 7% TR MW TR % 0% 00k i00E B DG 100 100%
T i} % EF% O wn MW urE 0% 0% 00 100 BN 8FER 100 100w
i T W I00% 100% 100°% BO0% bOO% 100% 100% 100°%: 100 SI% TS 1000 100%
e s 3] ION% BE% B85% BR% BSE 100 0% 005 100 E3% 100 100%  100%
G L. 0% 100 100 0% u0% 0% 0% 100 100 FE% 100 100 100
=l Lo s 25% 25% % R % 1% e 100 4% 99E 100 100
i W 00% 100% 100°% S00% DOO% 100% 900% 100 100 EI%  100¢e 100°%  100%
i rged i1 ioN% RS EE% A% RS GA% i O%e 10k BEA%  BFE 100A 100
L AN 0% B 0% MW are 0% 0% 100 100 E0% 100 100 100
¥ W IoN% 100% 100°= 0O0% MO0% 100% 0% oo 100 W 91% 100 I00%
Ers W I00% 100% 100F% SD0% bOO% 100%W  900% 100 100 B0%  100s 100°%%  100%
L [ 0% E% BS% BE% BEEm 17% 0% AR 100 17N 6T 100 100
Lo C Bre 2 A% 2% X g % Bre B% b e ToR N
rara AN I00% 100% 100° OO0% hOO% 100% 900% 1007 100 55%  BOPE  100%: 100%
e i1 00 A% E8% 8% B 7% im% 00 100 %W 100s 100%%  100%
0 AN 0% A% 85% % flm Su% 0% 00 100 A% 100 100 100
ran o] s IR 0% % IrE 0% 0% T TO0E % S 100 I00%s
|z W I00% 100% 100° 00% DOO% 100% 900% 100°% 100 T4 5 100%: 100%
b W 100% 100 100P 500% 0% 100% 100% s 100R Bl% B5% 1005 100
i L. 0% B 989% 0% e 0% 0% 100k 100 TP 100 100 100
i o] % % BR% Mm% BPE 9% m*% o 100 bW 99 100 100
e : =3 W I00% 7E% TR TBW TEE W 1m% e lO0E EIW TSR 100 100%
|y ] % A% 0 Tiw A A% 1% o 0 4% 5% 10 100
TS [ e ¥ A% OM% IFE ON% 0% e 0 1% fre 100 100w
bE: ) o] Io0% 7=% B0% TN 79 3% 1m% TER IO0E 4% PSR 1000 100%
e ] i 0% XF% Hew 3N XBe 0= 100% Sre  l00% R 5Tre  100°%  100%
e G e 2% % A% IR 13% % e 6% 13% 6BFR MR MR
w2 [ s F% A% A% MR O s NPE OO0 0P WP TOORE 100
i E AN 100% 100% 100 O00% bOO0% 100% 100% 100%  100% 9% 549 100 100%
e L] T I00% E'% EF% % BME 100% TSN 0% 75% Bi% 100 PR TSR




Table 11.1.2 shows the percent annual water year allocation for SWP and
CVP. SWP north-of-Delta includes Feather River (FRSA) and municipal and
industrial (MI) allocations. SWP south-of-Delta includes Metropolitan Water District
(MWD), agriculture (AG) and other municipal and industrial (MI) allocations. CVP
north-of-Delta includes agriculture (AG), Settlement Contractors (SC), municipal
and industrial (MI) and refuge (RF) allocations. CVP south-of-Delta includes
agriculture (AG), municipal and industrial (Ml), exchange contractors (EX) and
refuge (RF) allocations.



Figure 1.1.1
Frequency of Total SWP south-of-Delta Deliveries Reliability
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Figure I1.1.1 shows the frequency of total annual SWP south-of-Delta full
entitlement reliability. In 50 percent of the years, at least 84% of the SWP south-of-
Delta full entitlement is met.



Figure 11.1.2
Frequency of SWP Interruptble Delivery
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Figure 11.1.2 shows the frequency of total annual SWP interruptible delivery.
In about 50% of the years, the total annual interruptible delivery is at least 3 taf. The
average annual interruptible delivery is 68 taf.



Figure 11.1.3
Frequency of Total CVP SOD Delivery
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Figure 11.1.3 shows the frequency of total annual CVP south-of-Delta delivery.
In 50 percent of the years, the total annual CVP south-of-Delta delivery is at least
2,665 taf. The average annual CVP south-of-Delta delivery is 2,436 taf.



Figure 11.1.4
Frequency of Total CVP SOD Ag Delivery
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Figure 11.1.4 shows the frequency of total CVP south-of-Delta delivery to
agricultural contractors. In 50% of the years, the total annual CVP south-of-Delta
delivery to agricultural contractors is at least 1,127 taf. The average annual CVP
south-of-Delta delivery to agricultural contractors is 977 taf.



Figure I1.1.5
Frequency of Total CVP NOD Delivery
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Figure 11.1.5 shows the frequency of total CVP north-of-Delta delivery. In
50% of the years, the total annual CVP north-of-Delta delivery is at least 2,328 taf.
The average annual CVP north-of-Delta delivery to agricultural contractors is 2,273
taf.
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[1.2.  CVPIA (b)(2) Operations
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Figurell.2.1
Total End of Year (b)(2) Costs
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Figure 11.2.1 shows the total end of year (b)(2) costs and the beginning of year
(b)(2) account. The cost is computed from the (b)(2) study with D1485 as the
baseline. The heavy line shows the total (b)(2) account limit at the beginning of
each year (800 taf in normal years, 600 taf in Shasta critical years). The bars show
the actual total end of year (b)(2) costs for each year. There are several years
throughout the 73-year study period in which the total (b)(2) cost exceeded the
(b)(2) account. This can happen for several reasons: 1. CVP costs, as measured
through (b)(2) metrics, of satisfying WQCP standards exceed the allocated (b)(2)
account. This is the primary cause for account over-expenditures. 2. CALSIM is a
monthly time-step model and will impose a (b)(2) action as long as there is a
balance in the (b)(2) account at the beginning of the month and reserve criteria are
satisfied. When a (b)(2) action is imposed, it is imposed for the entire month, and
the action taken resulted in a cost more than the remaining (b)(2) account balance.

There are also years when the total (b)(2) cost is less than the (b)(2) account
limit as shown in the chart. In those years, all of the (b)(2) actions are taken, but
the total cost of those actions is less than 800 taf or 600 taf (b)(2) account.
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Figure 11.2.2
Total Annual WQCP Cost
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Figure 11.2.2 shows the total annual CVP WQCP costs. This is the total cost,
as measured through (b)(2) accounting metrics, to the CVP due to regulatory
requirements of the WQCP. The cost is computed in the (b)(2) study using the
results of the WQCP and D1485 studies, with D1485 as the baseline.
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Figure 1.2.3
Percent of Time (b)(2) Actions Taken
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Figure 11.2.3 shows the percent of time (b)(2) actions are taken during the 73-
year study period. The (b)(2) actions are imposed on the CVP system only.
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[1.3. EWA Operations
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Figure 1.3.1
Percent of Time EWA Actions Taken
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Figure 11.3.1 shows the percent of time EWA actions are taken. While the
(b)(2) actions are imposed only on the CVP system, EWA actions are imposed on
both the SWP and CVP systems. Four of the EWA actions are the same as the
(b)(2) actions. The EWA would impose actions only on the SWP if (b)(2) actions
were imposed on the CVP. However, if (b)(2) actions were not imposed on the
CVP because the (b)(2) account is exhausted, then the EWA will impose actions on
both the CVP and SWP as long as the EWA has sufficient collateral to repay the
debt to the projects.
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Figure 11.3.2
Percent of Times (b)(2) and EWA Actions Taken
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Figure 11.3.2 shows the percent of time (b)(2) and EWA actions are taken.
The actions are common to (b)(2) and EWA. These are percent of times when:

* (b)(2) actions are taken on the CVP, and EWA actions are taken on the SWP
(this qualifies as one full action taken)

* no (b)(2) action is taken on the CVP, but EWA actions are taken on both the
SWP and CVP (this qualifies as one full action taken)

» or (b)(2) actions are taken on the CVP, and EWA does not take actions (this
gualifies as one half action taken)
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Figure 11.3.3
Frequency of Joint Point Use for EWA
(Includes 500 cfs July through September)
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Figure 11.3.3 shows the frequency of total annual use of joint-point-of-diversion
for the EWA. This represents the total use of joint-point-of-diversion at Banks
Pumping Plant to export water for the EWA, including a north-of-Delta purchase,
EWA water stored in north-of-Delta project reservoirs, and surplus water. The
average annual total use of joint-point-of-diversion for the EWA is 72 taf.
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EWA JP (taf)

Figure 11.3.4
EWA Use of JPOD and Dedicated 500 cfs Banks Capacity to Transfer NOD Purchase
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Figure 11.3.4 shows the use of JPOD and dedicated 500 cfs to transfer the
north-of-Delta EWA purchase. EWA north of Delta purchased water is moved
through Banks Pumping Plant during Jul-Sep at the earliest possible opportunity.
The purchased water is transferred through the EWA dedicated additional 500 cfs
capacity at Banks in July through September if existing JPOD capacity is limiting.
Average annual EWA usage of the additional 500 cfs Banks capacity is 8 taf.
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EWA JP (taf)

Figure I1.3.5
EWA Use of JPOD and Dedicated 500 cfs Banks Capacity
toTransfer NOD Storage and Delta Surplus
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Figure 11.3.5 shows total annual transfer of EWA water from north-of-Delta
EWA storage and Delta Surplus into San Luis Reservoir through the use of joint-
point-of-diversion and dedicated 500 cfs capacity through Banks Pumping Plant.
When the EWA takes an action to reduce exports, the amount of storage backed up
in Lake Oroville, Shasta Lake, or Folsom Lake as a result of EWA imposed export
reduction is credited to the EWA account in those reservoirs. The transfer of EWA
water from the northern reservoirs is prevalent in dry years because
* EWA storage in northern reservoirs is usually higher in dry years where EWA is

less likely to lose its storage account due to flood control spills.
* There is sufficient joint-point-of-diversion capacity available at Banks Pumping
Plant to transfer EWA water in dry years

EWA NOD stored water, when available, is moved to EWA SOD storage when
EWA has capacity at Banks — first with the 50% of JPOD capacity and then using
the 500 cfs additional Banks capacity (July-Sept) if not used by north-of-Delta
purchase. This typically occurs during Jun-Aug, but can occur in any month.

The average annual transfer of EWA water from north-of-Delta reservoirs to San
Luis reservoir is 25 taf.
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Figure 11.3.6
EWA Assets Utilized
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Figure 11.3.6 shows EWA assets utilized by water-year type. The assets
shown include south-of-Delta purchase, 500 cfs additional Banks Pumping Plant
capacity, the remainder of the 50% of joint-point-of-diversion capability, and 50% of
(b)(2) SWP gain. The average asset from south-of-Delta purchase is 79 taf/year in
dry and critical years, 150 taf/year in above and below normal years, and 185
taf/year in wet years. The average asset from 500 cfs additional Banks Pumping
Plant capacity is 16 taf/year in dry and critical years, 6 taf/year in above and below
normal years, and O taf/year in wet years. The average remaining asset from 50%
of joint point of diversion capability is 116 taf/year in dry and critical years, 53
taf/year in above and below normal years, and 5 taf/year in wet years. The average
asset from 50% of (b)(2) SWP gain is 6 taf/year in dry and critical years, 4 taf/year
in above and below normal years, and 8 taf/year in wet years. These are the major
assets that the EWA utilizes to accumulate collateral south-of-Delta so that it can
repay debt to the projects when it imposes an EWA action.
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Figure 11.3.7
SOD EWA Unpaid Debt
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Figure 11.3.7 shows the south of Delta EWA unpaid debts for each water
year. The south of Delta EWA unpaid debt ranges from 0 to 323 taf. The average
south of Delta EWA unpaid debt is 47 taf/year.
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Figure 11.3.8
EWA north-of-Delta and south-of-Delta Purchase
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Figure 11.3.8 shows EWA south-of-Delta and north-of-Delta purchase. The
south-of-Delta purchase amounts are 50 taf/year in critical years, 100 taf/year in dry
years, 150 taf/year in above and below normal years, and 185 taf/year in wet years.
The north-of-Delta purchase amounts are 135 taf/year in critical years, 85 taf/year
in dry years, 35 taf/year in above and below normal years, and 0 taf/year in wet
years. The EWA uses the purchase water to repay debts to the projects.
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Figure 11.3.9
EWA Storage in San Luis Reservoir
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Figure 11.3.9 shows EWA San Luis storage. This is EWA'’s storage account in
San Luis Reservoir. This is a part of the south-of-Delta EWA collateral that the
EWA accumulates from the various assets. The collateral is used to repay EWA
debts to the projects when EWA incurs a debt on the projects by taking an EWA
action. EWA will lose its storage in San Luis reservoir if storage is filled. EWA
storage is usually high in dry years because:

» During dry years, EWA actions do not cost as much water because baseline
deliveries are low. Therefore, EWA does not have much debt to repay to the
projects.

» San Luis reservoir has storage capacity available for EWA to store its water.
EWA San Luis reservoir does not spill for several consecutive years.

* Indry years, EWA has more opportunity to back up water in Lake Oroville,
Shasta Lake, and Folsom Lake because there is less chance of losing that
water due to flood control spills from the reservoirs.

* There is sufficient joint-point-of-diversion capacity available at Banks Pumping
Plant.
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Figure 11.3.10
NOD SWP EWA Unpaid debt
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Figure 11.3.10 shows the north of Delta SWP EWA unpaid debts for each
water year. This debt is calculated as the storage difference at Oroville Reservoir in
the EWA versus WQCP run for each water year. The north of Delta SWP EWA
unpaid debt ranges from 0 to 133 taf. The average north of Delta SWP EWA
unpaid debt is 13 taf/year. This debt is paid to Oroville as SWP add-water. Much
of this debt may come from flood release water lost due to export curtailments. This
loss leads to a lower San Luis level in the EWA versus the WQCP run and thus
more water to be pulled out of Oroville Reservoir in the EWA run to meet rule curve.
Also the 100% activation of VAMP may contribute to the NOD SWP EWA unpaid
debt. Further review of north of Delta EWA unpaid debt may be needed.
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Figure 11.3.11
NOD CVP EWA Unpaid Debt
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Figure 11.3.11 shows the north of Delta CVP EWA unpaid debts for each water
year. This debt is calculated as the storage difference at Shasta and Folsom Lakes
in the EWA versus (b)(2) run for each water year. The north of Delta CVP EWA
unpaid debt ranges from 0 to 198 taf. The average north of Delta CVP EWA unpaid
debt is 22 taf/year.
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[I.4. Trinity River
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Figure 11.4.1
Trinity Lake Storage
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Figure 11.4.1 shows Trinity Lake storage. The reservoir is operated to meet the
Trinity River minimum required flow and export of water to the Sacramento River
system.
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Figure 11.4.2 shows the total annual Trinity River minimum instream flow for all
years. The flows varied from 369 taf/year in dry years to 817 taf/year in wet years,

based on the Trinity River index.
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Total Annual Trinity River Export
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Figure 11.4.3 shows the total Trinity River water exported annually to the

Sacramento River system. The average annual export is 584 taf.
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[1.5. Sacramento River
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Figure I11.56.1
Shasta Lake Storage
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Figure 11.5.1 shows Shasta Lake storage. There are 14 years in which the
Shasta Lake carryover storage is lower than 1.9 maf. In 7 of those years, the
carryover storage is between 1,000 and 1,900 taf, and in 7 of those years, the
carryover storage is between 550 and 1000 taf. Most of the low carryover storage
occurs in dry years including 1924, the 1928 through 1934 dry period, 1977, and
the 1986 through 1992 dry period. In those dry years, Shasta reservoir is operated
mostly to meet fish releases or temperature control flows at Keswick Dam or
navigational control flow requirements. The CVP Settlement Contractors (full
allocation 2.2 maf/year) are assumed to use their entire yearly allocation, whether
full or 25% deficiency. This is a conservative approach that aggravates the low
Shasta carryover problem in this simulation. While it is likely that NMFS and
Reclamation would develop extraordinary measures to avoid carryover as low as is
shown here in dry years, it is not possible to simulate this adaptive management
approach with this version of CALSIM.
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Table IL5.1

Shasta Lake Release Control

[ETT
YEAR  0ET o CEC 14 FEB MR ) B L AL Al 8EP  Eiorsge. 1
1952 WP WCF | Hevwik  HoEWkK  WADeilk  FREsirh  Keswch  Feowek | WCE TGP TICP T F=R
1933 Kpssich  Keswick  Heswkk  Hegekk  Bamsdik  Remeick  Keswek NOP HE MR MCP  Kessick 2154
193 HCP KCF  Keswkk  Hoswkk  Waredik  Ofer HOP HCF MR (e HCP HiP 5]
1935 Kpessich  Keawik  Hesakk  Hemekk  Bansi Ohar  Heswek  Kpawkk  NOP MOP Ofwr Hemsick T
195  fdher  Oiver  Heswkk  Hegwik  Bansitk  Ofer  Keswek  NOF WOR O Ofwr RGP e
1937 Kpessick  Kpawick  Heswkk  Hegwkk  Ohe Memsick  Oher OB WGP MCP Ofwr MG e
1938 kpssick  Ofer  Keswkk  Hegekk Baredis Oher Keswek  Kewkk WGP O Omwr HGP =1
19318 HCP  Kewick  Heswkk  Herekk  Gansiic  Kemsick  Oher NOF WF MCP Omar MCR 1930
19 HCP Dier  Hewakk  Hsrwkk  Bansiik  Memsick  Hpswek  Kpawkk  NOP MOCP Ofar Kemsck 2000
1M Kpesick WOP Keswkk  Heswhk  Bareilk  Messick WGP O WF O HOP HiP B0
1932 Kpesich  Kpawick  Keswkk  Hoswhk  Bareitk  Messick  HOP O HE RGP HECP HiP mz
1933 Kpesich  Kpswick  Keswik  Hoswhkk  Boredis  Ressick  MOP P HE HCP HECP HEP m
193 HCP  Kpawick  Keowkk  Meswkk  eredis Ofer MOF NCF WOF Ot Ofwr O [Fra
197 Kpesich  Keawick  Heswkk  Hemwick  Bensik Meesick  Kpswek NOF (¥ RGP FCP  Kessick 2001
1936 Kpssick  WOP Heswkk  Hegwikk  Beneitk Memsich  Heswck  Kpswick  Keswik  NOP HECP HiP 7%
1937 HCP KO Mopwkk  Heswkk  Wapedtk  kepsick  Meswck  Keswkk WOR MR HECP HEP 2=
1938 Kpssich Kpswick  Ofter  Ofher  Onhar Oher Oher Kewakk Other Othe  Omar dmer o
1930 Ofer Oler  Ober  Heswhk  Baedtk  Messick  MOP WOF ity O 0w MCP s
100 fdher Oier  Heswkk  Heswik  Ohw OFer Heswek Kpswick WP RGP HEP HiZp . r |
1041 Kpesick  Ofer  Ofter  Ofher  Ofhe Ofher Oher O Other Offee  Ofar BCR el
194z Ofer Omer  Ofer  Ofher  Oihir Oher Keswek O Other Ofhe  Omar HGP ™z
193 Oher Omer  Ofter  Other Ol OB Keowek  Kpawik NP MCP Omar MCR A7
1L kpessck KOP Meswkk  Megwkk Sanedis Memsick MCP Kewakk  NCP Ohe Omar MCP 2y
105 Kpessich  Kpawick  Heswkk  Hegwik  Beneiik  Memsick  Heswek  Kpwwik NP RGP HECP HiP 143
1046 Kpssick Omer Oty Ofher  Onhe Bpesdce MOP [ HE MR HECP HEP TS
1T HEP Cier  Hewakk  NCP Wanedis  Ressick Kpswek  WOP W Ot Ofar Oher 2187
1048 Oher  Keawik  Hesakk  Hemekk  Ofher  Meesick  Heswek  Kpawikh Memwik  MOP Ofar Kpssick TG
1048 Kpesick  WOP Heswkk  Hegwick  Bensitk Ofer  Keswek O WBCR O Ofbar Kpssick 1153
1950 Odher  Ofer  Hesakk  Hegwikk  Bansiik Memsick  Keswek  NOF HE RGP HECP HiP rm
198 Kpssick Ofer Oy Other Ot Keesick HOP Kpswkk  MOP MR HECP HEP am
1952 Ofer  Keswck  Ofter  Ofher i Oher Oher Oer Otter Ot Omar der o
1953 Ofer Oler  Ober  Ofher  Waredis Messick Heswek  ORer Other  Other  Omar Oer o
1954 Ofer  Ofer  Ofler  Ofher  Onhe Oher Oher e Other Ot Omar dher am
1955 O Keawick  Heswkk  Hegwkk  Ofher Memsick  Oher Keswik Other  Offee  Ofhar Kpssick 2470
1956 Ofer  Keswick  Ofter  Ofher  Ofhir  Kessick Keswek  Oer KGR Ot Omar dmer o
15T Ofer Oler  Keswkk Meswkk  Othm Oher Keswek Oer Other Ot Omar dmer W
1988 kpesick  Ofer  Ofler  Ofher  Onhe Ofher  Oher e Other  Ofhee  Owr dher o
1958 Ofer Ofer  Keswkk  Ofter Ofhe Ofher HOF WCF Oifer  Offer  Ofer Oer 190
1960 Ofer Ofer  Ofher  Megwkk  Baredis  Messick  Keswek  Kewwkk  MCR O Omwr HGP et
198 OEr Keewick  Reswkk Merwkl  Goredis  Memsick  Keswek  Ober Other Othe  Omar Oer .
1962 Oher Oler  Hewakk  Herekk  Ohe Meesick Keswek NOP MR Ot 0w O i
1963 oher  Oiver  Ofter  Heswkk  Obw Ofer Oher  Keswik  BCP O Ofbar Kpssick 06D
196L  Kpessick  Ofer  Keswkk  Ofher  Wareirk  Messick  Oher  NCF Other  Ofher  Omar dher oy
1985 Ofer  Keswck  Ofter  Ofher  ®aredis Oher Oher Kpswik WO MCP Omar HGP el
1986 kpssick  Ofer  Ofier  Other  Onhw Oher Oher  NCF Other Ot Omar der 2m
16T fher  Keswick  Ofler  Ofher  Ofhe Oher Oher O Other  Ofher  Owr dher T
1968 Ofer  Ofer  Ofler  Heswkk  Ofhm Oher HCP Kewaikk WGP Offee  Omwr dher 2005
1908 Kpssich  Keswik Meswkk Other  Onher Oher Oher e KGR Qe Omer Ofer o
1970 Ofer  Ofer  Ofher  Ofher  Ofhir  Kessick MCP Kewakk KGR Ot Omar dmer W
1AM Oer Keswek  Ober  Ofher  Wamedtk Oher  Heswek  Oler Other  Other M Oer o
1972 odher  Ofer  Oiler  Ofher  Orbw Ofher HOP (e ] WOR Offee  Owr der .3
1973 O Keawick  Heswkk  Ofher  Ofbmr OFer Heswek Kpwwik  BOR MOP Ofwr der =
1974 kpssick Omer  Ofher  Other Onher Ohar Oher Kewakk KGR Qe Omar Oher o
1975 Omer Oler  Keswkk Meswkk 0w Oher Keswek O WGP Othe Omar dmer o
1976 Ofer OREr Keswkk  Heswhk  Baredtk Messick  MOP WOF Oiter  Offee Hamedi Kpssick 2500
1977 fher Keswick  Heswkk Heswkk  Ofhm Oher Oher WGP Other  Offee  Omar  dher 550
1978 Ofer Oler  Heswkk Ot O Oher Oher O KR MR MCP  Kessick AT
1978 HCP KCF WOF  Heswhck  Wapedik  Kegsirk  Kesseck  Keswik Ofter WGP Kamsdts  Oher 2
19R0  Kpesich  Kpawick  Meswkk  Ofher  Othir Reosick Keowek Kpawik NP MR MCP  Kessick 202
1B kpesick  WOP Heswkk  Hegwikk  Bensitk OFer  Keswek  NOF WOR Offee  Oar der o
1962 O Keswick  Ofter  Ofher  Ofbwr Ofer Oher Keswick Keswik  Heswik Ofar Kpssick 000
1963 Ofer  Omer  Ofer  Other nhr Oher Oher e Other Ot Omar Ofer o
19EL Ofer  Omer  Ofer Ot Ot Oher Keewek  NOF HF MOP Ofwr Kemsick T2
19B5  Oher  Oler  Ober  Herwkk Benedis  Messick Heswek WP Other Ot Omar Oer 1911
1966 fdher  Keawick  Heswkk  Hemwkk O OFer  Keswek  NOF WCR Qe RGP Epesick D07
96T Kpesick  WOP Meswkk  Hoswik  Breitk  Messick WGP WCF Oifer  Offer O RGP 1
1968 Omer  Ofer  Keswkk Hesekk Ot Oher MCP Kewakk Other O Omar HGP 1%
1968 O Keowick  Hesakk  Herekk  ansiik  emsick  Kpewek  NOF WOF Ot Omwr O 210
1960 Kpessick  Kpawick  Heswkk  Heswik  Ofhm Messick MOP Keswick Other  Ofher  Ofar dher 1%
196 Odher  Ofer  Hesakk  Hemwkk  Ohm Beosick Keswek NOF WOR O Ofwr RGP 1
1982 Kpssick  Ofer  Heswkk  Hegwkk Baredis  Messick  Keswek  WCP Other  Ofher  Omwr Oher nm
1983 Ofer  Ofer  Keswkk  Hegekk  Gersdis Kessick  Keswek  Ofer Other  Offher e Kpssick 149
19BL  kpessich  WOP Meswkk  Hogwhk  Baredtk  Messick  MOP NCF WOF Offee e Oher )
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Table 11.5.1 shows the factors controlling Shasta releases. In the May 1928 to
October 1934 dry period, there are 35 months when Keswick (Fish releases or
temperature flows), 32 months when NCP (Navigational Control Point) controls, and

11 months when Other (Delta requirements, flood control release, Delta exports or
Sacramento River diversions) control.
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Figure 11.5.2
Sacramento River Flow Below Keswick Dam
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Figure 11.5.2 shows the simulated and minimum instream required flows in the
Sacramento River below Keswick Dam. The minimum required flows (Fish
releases and temperature control flows) tend to control the releases from Keswick
Dam in the dry years.
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I1.6. American River
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Figure I1.6.1
Folsom Lake Storage
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In most months in dry years,

Figure 11.6.1 shows Folsom Lake storage.
Folsom Lake release is controlled by the fish release flows at Nimbus.
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Table I1.6.1

Folsom Lake Release Control
oy
YEAR 0T R DEG A2k FEB WaF AFR [oall ] (LN o] SEF  Hveage, gal
1937 e Chter Firribagn Kimbae Cher Hhat Ciaer e et Ciber Tiier =, L] [51]
1911 i e O [l o T} O Mirrikari [ LT Owar Mk [ T 3% Oitsar i L]
1924 CinEr ML MeDae  KEnbes MgDue O MonDUE  hmBes  MeDEE O WEnDuE M O Kinbes 174
1935 Himbais MW Manbad  REmbde Ohed Ol RETERE  FEEEE OB il e Himbeie ¥b
1438 Chher Ciher  Mambaps kimbge bimbos Himbags Ciaer  himbys her Cther  RMirmbgps  Kimbegs T ]
1937 Himbus himEux e [= o 1] Chter Hhat Ol e Cdhet Ciher Tihesr Himbun |
1338 Chin Himbww  Manbus  himbas lar D awn T Cha i D Himbuas o]
1928 HimieiE  FMEAEE: Moo REnbes PMERDGE MO 8 L 1% P Daks [ T i e LT 4B
1930 OmEr B Mavbs  KEmbeE PFEREE O RETERE MEmEE O il O Himbeie |
1838 Mimbegs.  hAmggs Mombgs Kimbge Rimbom Mimbgs Wimage Rimbos e Thter Tifress LU L=
1917 Chher himbux  Fimbaus Kimbas CFter Mimbue himaex Himbm  Himsos Chher Tihesr Ciher =]
1911 ot Oifer  Manbud Kimbes  Fiibue M [ L] i [ ] = 1 1] v Hirbus i
1934 [k T MiFlE  Menbin REnbeg P L LI CTH] 8 L 1% P Dake i T FETTELS e LI 35
1938 Cier hEmbie PMandass Kimbas REmbes Minkass Obeer rfew  Mimbegs Ofrer Rerebis Oier 40
1838 e L Cetar Flarbags o Cfter sy Oiner rter e Thter e L Ll L)
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1341 e Citar 1 (= L1} it Mimbur Ctaer e Ciha Ciher Dt (= 1]} [=21]
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Table 11.6.1 shows the factors controlling Folsom Lake release. In the May 1928 to
October 1934 dry period, there are 44 months when Nimbus minimum required flow
controls and 34 months when other (American River diversions, Delta required
flows, Delta exports, or flood control releases) controls.
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Flow (cfs)

Figure 11.6.2
American River Flow at Nimbus Dam
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Figure 11.6.2 shows the simulated and minimum instream required flows in the
American River below Nimbus Dam. The minimum instream flows at Nimbus tend
to control Folsom reservoir operations in some months of most years.
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Flow (cfs)

Figure 11.6.3
American River Flow at H St
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Figure 11.6.3 shows the simulated and minimum instream required flows in the
American River at H Street. The minimum instream flows at Nimbus tend to control
Folsom reservoir operations in some months of most years.
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[1.7. Feather River

42



Storage (taf)

4000

Figure 11.7.1
Lake Oroville Storage
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Figure 11.7.1 shows Lake Oroville storage. The lowest storage value is 401



Flow (cfs)

Figure Il.7.2
Feather River Flow Below Thermalito
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Figure 11.7.2 shows simulated and minimum instream required flows in the
Feather River below Thermalito Diversion Dam. The simulated flows are almost
always higher than the minimum required flows. The river’'s minimum instream flow
does not control Oroville reservoir operations in most years.



[1.8. Stanislaus/San Joaquin Rivers
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Flow (cfs)

Figure 11.8.2
Stanislaus River Flow Below Goodwin Dam
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Figure 11.8.2 shows the simulated and minimum instream required flows in the
Stanislaus River at Goodwin. The minimum instream flows tend to control New
Melones releases at Goodwin Dam in some months of most years.
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Figure11.8.3
San Joaquin River simulated flow at Vernalis

MMMWWW l

45,000

40,000 -

35,000 1

30,000

—~ 25,000 {

SJ0) MO|

8
39
El

15,000 1

10,000
5,000

[ v661
L z66T
L 0661
| 8861
[ 96T
L ve6T
L z861
L 061
L gz61
L 961
L vz61
L zz61
L oz61
L 8961
[ 9961
L vo61
L zo61
L 0961
| gg61
[ 9g61
L ve61
L zs6t
L og6t
L av61
L ov6T
L vv6T
L zv6T
L ovet
L ge61
L 96T
L veet
L ze61
L og61
L gz61
L oz61
L veet
[ zz61

Water Year

Figure 11.8.3 shows the simulated San Joaquin River flow at Vernalis.



11.9. Delta
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Figure 11.9.1
Total Required Delta Outflow
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Figure 11.9.1 shows the total annual required Delta outflow. The total required

outflow is the flow needed to meet X2 and minimum outflow requirements. The
average annual total required Delta outflow is 6444 taf.
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Figure 11.9.2
Total Delta Outflow
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Figure 11.9.2 shows annual total Delta outflow. The average annual total Delta
51

outflow is 14392 taf.
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Flow (cfs)
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Figure 11.9.4
Average Monthly QWEST Flows
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Figure 11.9.4 shows the average monthly QWEST flows.
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11.10. South-of-Delta
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Storage (taf)

Figure 11.10.1
SWP San Luis Reservoir Storage
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Figure 11.10.1 shows SWP San Luis reservoir storage. The low points shown
do not include EWA's storage debt owed to the SWP. The September end-of-
month storage in SWP San Luis includes EWA debt payback.
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Figure 11.10.2
CVP San Luis Reservoir Storage
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Figure 11.10.2 shows CVP San Luis reservoir storage. The low points shown
do not include EWA's storage debt owed to the projects. The September end-of-
month storage in CVP San Luis Reservoir includes EWA debt payback.
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