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Level 2 vs. Incremental Level 4 Deliveries *
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Applied Water Use (MAF/yr)
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Level 2 Incremental Level 4 Full Level 4
Water Percent Percent Percent
Year Historic ° Target b Target Historic Target Target Historic Target Target
Delivered Delivered Delivered
Average € 375,358 423,151 89% 61,608 132,265 47% 438,551 555,416 79%
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Refuge Management

- Challenges
How to do more with . .4
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. Delta Isol.a'ted Long-term

Scenario Abbreviation | Hydrology Export/ Fa.c lity/ Groundwater Rc?fug.e

# Outflow Peripheral Deliveries
. Overdraft
Regulations Tunnels

1 HEREC Historic Existing No Yes Historic
2 HERIF Historic Existing Yes Yes Historic
3 HHOEC Historic High Outflow No Yes Historic
4 HHOIF Historic High Outflow Yes Yes Historic
5 HERECG Historic Existing No No Historic
6 HERIFG Historic Existing Yes No Historic
7 HHOECG Historic High Outflow No No Historic
8 HHOIFG Historic High Outflow Yes No Historic
9 CEREC Warm-Dry Existing No Yes Historic
10 CERIF Warm-Dry Existing Yes Yes Historic
11 CHOEC Warm-Dry | High Outflow No Yes Historic
12 CHOIF Warm-Dry | High Outflow Yes Yes Historic
13 CERECG Warm-Dry Existing No No Historic
14 CERIFG Warm-Dry Existing Yes No Historic
15 CHOECG Warm-Dry | High Outflow No No Historic
16 CHOIFG Warm-Dry | High Outflow Yes No Historic

Historic Deliveries: Level 2 and incremental Level 4 deliveries to CVPIA refuges between March 2001 and February 2014.
Existing Delta Export and Outflow: D-1641, 2008 USFWS BiOp and 2009 NMFS BiOp (and BDCP Alt 2a-H3 if tunnels are used to
export water).

High Outflow Delta Export and Outflow: D-1641, 2008 USFWS BiOp, 2009 NMFS BiOp, and BDCP Alt 2a-H4.




CALVIN

*integrated water resource model |

P

*hydro-economic model of State of
California s 2

sexplore supply-side management

objectives



~ Limitations

All models are wrong, but some are useful” — G.E.P. Box

*planning model

*economics-driven response
*simplified representation of Delta

*indirect consideration of WQ
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Opportunity cost of expanding
GW deliveries ($/AF)

EREC ERIF HOEC HOIF
Historic Warm-Dry Historic Warm-Dry Historic Warm-Dry Historic Warm-Dry
£F QF|2F SE|EF SE|£F SF|£8 3|28 2E|2E 2 E|EE ¢
28 “g|3g “glFg “gFg Tg)Fg Tg|Fg “gFg “gFg g
o o @] o O (@] o O @) o @] @) o @] o O
San Joaquin Valley and South Bay
East of San Joaguin River 1 1 30 28 a 3 7 10 0 0 38 34 2 2 19 29
(SJE)
Tulare Basin | | | | |
KernuNa:tion'al Wildlife
1 -16 -17 1 4 -15 -9 0 0 -22 -26 7 8 -15 -9

Refuge (KER)
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Opportunity cost of expanding SW
deliveries ($/AF)

EREC ERIF HOEC HOIF
Historic Warm-Dry Historic Warm-Dry Historic Warm-Dry Historic Warm-Dry
£F SF|EF SE|2F SE|EE 2F|£C 2FE|£E SE|£E 2E|2¢E £°F
=g “g|%g “¢glxg g2y Tg|Fg Tg g Tg|Fg “Tg|Fg g
o] Q Q o] Q Q o] Q Q Q Q Q Q o] Q Q
Lower Sacramento Valley and Delta
Sutter National Wildlife
0 28 27 0 0 33 45 0 0 23 27 0 0 38 42
Refuge (SUT)
Tulare Basin
Pixley National Wildlife
-11 -8 84 291 -16 -13 16 169 -10 -1 190 437 -12 -10 13 154

Refuge (PIX)




Open-Market Water Trading
Opportunities

Regions

Not Included in CALVIN
[: Upper Sacramento Valley
:\ Lower Sacramento Valley & Bay Delta

% San Joaquin Valley & South Bay A - F u I I LEVE' 4 - H iStO riC

Southern California
s Upper Sacramento Valley 95 TAF
Lower Sacramento Valley & Delta 94 TAF
San Joaquin & South Bay 36 TAF
Tulare Basin 10 TAF
EREC ERIF HOEC HOIF
Historic Warm-Dry Historic Warm-Dry Historic Warm-Dry Historic Warm-Dry
§ 5| .%F 5l.% 5 .% £l.% £/.% %|.5 s/.:5 ‘s
- £s o35 |E£% o35 |E£5 o5 | £33 9f|£s g5 £ 2385 |Es o5 |EF ¢os
04080 160 240 320 2§ *g|3§g *g|l=2g *Tg| 2§ *Tg|=2g *Tg|2g *Tg|2g *T§g g 4§
S il [e] (] (=] (] o] [e] (] (=] (] o] [e] (] (=] (] o] [e]
Upper Sacramento Valley 1 0 14 24 0 0

Lower Sacramento Valley & Delta

o
[
~
~
[
~J
[
o

San Joaquin and South Bay

26 4 1 - 30 0
28 - 7 7 14 2

Tulare Basin

Southern California

EREC: Existing regulation (D-1641, 2008 USFWS BiOp and 2009 NMFS BiOp), Existing Conveyance (no Peripheral Tunnels)

ERIF: Existing regulation (D-1641, 2008 USFWS BiOp, 2009 NMFS BiOp, and BDCP Alt 2a-H3), Isolated Facility (or Peripheral Tunnels)

HOEC: High Outflow Scenario (D-1641, 2008 USFWS BiOp, 2009 NMFS BiOp and BDCP Alt 2a-H4), Existing Conveyance (no Peripheral Tunnels)
HOIF: High Outflow Scenario (D-1641, 2008 USFWS BiOp, 2009 NMFS BiOp and BDCP Alt 2a-H4), Isolated Facility (or Peripheral Tunnels)




Spreadsheet Tool

-network flow model

-explore demand-side
management objectives

-uses Linear Programming

Max{HabitatAcreage}
Subject to

WaterDemand < WaterSupply

MinHabitatAcreage < HabitatAcreage < MaxHabitatAcreage

... and Continuity & non-Negativity constraints.



Limitations

All models are wrong, but some are useful” — G.E.P. Box

*planning model

limited data available

*missing key operational

constraints
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Impact of Inter-Refuge Trading on Refuge Deliveries
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Statewide Managed Wetland Acreage:
Historic vs. Optimized Operations
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Water Scarcity?
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... and more results

Singh.Karandev@gmail.com

Thesis posted at
https://watershed.ucdavis.ed
u/shed/lund/ under Former
Graduate Students
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CVPIA Refuge * Esta:ﬁ:;e 45| Fulllevel2® '"EZ’:ITEE' Full Level 4
Sacramento Valley 152,250 36% 26,750 179,000 32%
O Sacramento NWR 1937 46,400 11% 3,600 50,000 9%
O Delevan NWR 1962 21,950 5% 8,050 30,000 5%
O Colusa NWR 1945 25,000 6% 0 25,000 5%
O Sutter NWR 1945 35,400 8% 8,600 44,000 8%
@ Gray Lodge WA 1931 23,500 6% 6,500 30,000 5%
San Joaquin Valley 259,671 61% 85,745 345,416 62%
@ Volta WA 1952 13,000 3% 3,000 16,000 3%
@ Los Banos WA 1929 16,670 4% 8,330 25,000 5%
@ North Grasslands WA 19390

China Island Unit 6,967 2% 3,483 10,450 2%
Salt Slough Unit 6,680 2% 3,340 10,020 2%
O San Luis NWR 1967

Kesterson Unit 10,000 2% - 10,000 2%

Freitas Unit 5,290 1% - 5,290 1%

San Luis Unit 19,000 4% - 19,000 3%

West Bear Creek Unit 7,107 2% 3,603 10,710 2%

East Bear Creek Unit 8,863 2% 4,432 13,295 2%
O Merced NWR 1951 13,500 3% 2,500 16,000 3%
@ Grasslands RCD 1953 125,000 30% 55,000 180,000 32%
@ Mendota WA 1954 27,594 7% 2,057 29,651 5%
Tulare Basin 11,230 3% 19,770 31,000 6%
@) Pixley NWR 1959 1,280 0% 4,720 6,000 1%
O Kern NWR 1960 9,950 2% 15,050 25,000 5%

* NWR: National Wildlife Refuge; managed by US Fish and Wildlife Service (USFWS)
WA: Wildlife Area; managed by California Department of Fish and Wildlife (CDFW)
RCD: Resource Conservation Districts; managed by private owners
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Figure 3-11. Reservoir inflows and local surface water runoff (rim inflows)
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Results are aggregated for all rim nodes represented in CALVIN.
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Figure 3-13. Net groundwater inflows

Results are aggregated across all groundwater basins represented in CALVIN.




Refuge
0.54

Agricultural
23.1
64%

Table 3-5. Urban, agricultural and refuge demands included in CALVIN (MAF/yr)

Historic Refuge Full Level 4 Refuge

Urban Agricultural Deliveries Deliveries
Upper Sacramento Valley 0.4 (3%) 2.6(11%) 0.08 (17%) 0.1(19%)
Lower Sacramento Valley and Delta 1.9 (15%) 4.6 (20%) 0.05(11%) 0.07 (13%)
San Joaquin Valley and South Bay 1.7 (14%) 4.9 (21%) 0.3 (67%) * 0.34 (62%)
Tulare Basin 1.5(12%) 9.6 (41%) * 0.02 (5%) 0.03 (6%)
Southern California 6.8 (55%) * 1.4 (6%)
Statewide Total 124 23.1 0.45 0.54




Table 3-11. Opportunity cost* of historic refuge deliveries (S/AF)

Upper Sacramento Vall
West of Sacramento River
[SRW)

Lower Sacramento Vall
Sutter National wildlife
Refuge (SUT)

Gray Lodge Wildlife Area
{GLD)

San Joaquin Valley and
East of San Joaquin River
(SIE)

West of San Joaguin River
(SIE)

Mendota Wildlife Area
(MDT)

Tulare Basin

Pixley National wildlife
Refuge (PIX)

Kern Mational wildlife
Refuge (KER)

EREC ERIF HOEC HOIF
Historic Warm-Dry Historic Warm-Dry Historic Warm-Dry Historic Warm-Dry
£F 9B|£F SE|£F S E|£F ST|£F SFB|£F SE|EF SE|EE 2 ¢
2g “g|Fg “g|Fg “g| g “¢g|Fg g g “g|Fg Tg g g
o] o] Q o o] Q o @] o] Q o o] o] o o o]
ey
2 2 30 a4 3 3 131 198 2 2 -76 -30 2 2 174 195
ey and Delta
2 2 289 291 2 2 327 3594 1 1 135 219 2 2 353 365
4 4 292 293 4 4 283 274 3 3 242 264 4 4 268 272
South Bay
254 377 808 938 141 263 742 927 381 498 896 1,115 196 354 745 890
235 347 708 785 130 242 576 702 370 490 821 995 182 330 637 747
248 366 814 930 138 257 657 815 381 502 929 1,125 193 347 723 854
339 494 926 926 223 374 926 926 499 637 926 926 273 473 926 926
320 454 948 1,059 187 331 789 940 491 643 1,094 1,321 255 444 851 999
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SAC

DEL

North of Delta

Historic Refuge Deliveries

HISTORIC HYDROLOGY

Full Leveld Refuge Deliveries

WARM-DRY HYDROLOGY

Full Level4 Refuge Deliveries

Historic Refuge Deliveries

South of Delta

No Trading Trading No Trading Trading No Trading Trading Mo Trading Trading
Historic |Optimized| Historic [Optimized] Historic |Optimized| Historic |Optimizedjl Historic |Optimized| Historic (Optimized| Historic |Optimized| Historic |Optimized
Ops Ops Ops Ops Ops Ops Ops Ops Ops Ops Ops Ops Ops Ops Ops Ops
0.16 0.12 0.00 0.01 0.01 0.12 0.00 0.16 0.12 0.00 0.16 0.04 0.1 0.00

012 0.00 0.01 0.12 0.00 0.15 012 0.00 0.15 0.04 0.1 0.00
0.12 0.00 0.01 0.01 0.12 0.00 0.16 0.12 0.00 0.16 0.04 0.1 0.00

Increasing Water Scarcity




