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What is CALVIN?

Entire inter-tied California water system

Surface and groundwater systems

Supply and demand management options

Economics-driven engineering optimization model
 Economic Values for Agricultural, Urban, & Hydropower Uses

 Flow Constraints for Environmental Uses

Prescribes monthly system operation over a 72-
year representative hydrology

Forces quantitative understanding of the system



CALVIN Model Coverage

Over 1,200 spatial elements
51 Surface reservoirs

28 Ground water reservoirs
600+ Conveyance links
88% of irrigated acreage
92% of population
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Data Flow for the CALVIN Model

Surface and
ground water
hydrology

Physical facilities
& capacities

CALVIN Economic
Optimization Model:

Environmental
flow constraints

Databases | HECPRM
of Input & | Solution
Meta- Data | Model

Urban values of
water (elasticities)

Agricultural

(SWAP)

Operating costs

values of water | >
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Economic benefits
of alternatives

Conjunctive use &
cooperative
operations

Willingness-to-pay
for additional
water & reliability

Water operations
& delivery
reliabilities
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Value of more
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Values of
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Applications of CALVIN

 Regional and statewide water markets & values of
new facilities (2001)

e Conjunctive use in S. California (2002)
 Restoring Hetch Hetchy (2003)

 Climate warming & adaptation (2003, 2005, now)
 Paleodrought (2005)

e Groundwater overdraft (2006)

 Baja California & Colorado R. Delta (2006 - now)
e Delta water supply impacts (2002, 2007- now)

« Sacramento Valley Conjunctive Use (now)

Proof of concept for innovations
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Lesson taught by CALVIN

. Integrated modeling Is possible

2. Integrated modeling produces

more insightful results
. Documentation Is possible
. System data bases are possible



Beyond the Peripheral Canal
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The Sacramento-San Joaguin Delta
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Infrastructure in the Delta
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Why the Delta Matters te Califernians
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Major Themes

e Current Delta I1s unsustainable for almost all
Stakeholders

o Improved understanding of the Delta provides
opportunities for new solutions

e Promising alternatives exist
o Most Delta users have ability to adapt

o Promising solutions are unlikely to arise from a
stakeholder-only process
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A Three-pronged Crisis

o [evees al Imcreasing risk
— Sea level rise and simking lamd
— Eloods andl earthquakes

o Steep declines, in many fish Species
— Mamy are “listed™
— Culprits: invasive species, nabitat 10ss,
puUmMpPSs

o Govermimg Institutions lackimg|
— Resurgence ofi legal actions
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Why We Need a New: Delta Policy

o EXisting Delta policy Is unsustainable
— All Interests are getting worse together

e Delta fallure would be disastrous for state,
regional, and local interests

e Better ecosystem understanding points to
promising new solutions

o Stakeholders can better adapt to new solutions
than continue with the current high-risk poelicy

o Promising alternatives exist

14



Eluctuating Delta Alternatives

Are Most Promising

Alternatives Environmental Annual Water Economic and
Performance Exports Financial Costs
1. Levees as Usual Poor 0 — 6+ maf ~$2 Billion +
failures
2. Fortress Delta Poor > $4 Billion +
lost islands
3. Saltwater Barrier Poor $2 — 3 Billion +
lost islands
. = 6+ mat =
4. Peripheral Canal Promising - $2 — 3 Billion +
Plus allows Delta to < $70 Mlyear
5. South Delta fluctuate $2 — 3 Billion +
Aqueduct < $41 Mlyear
6. Armored-Island Mixed $1 — 2 Billion +
Agueduct < $30 M/year
7. Opportunistic Delta Promising 2 — 8 maf $0.7 — 2.2 Billion +
< $170 Mlyear
8. Eco-Delta Best? 1 -5 maf Several $ Billion +
< $600 M/year
9. Abandoned Delta Poor 0 $500 Million +

~%$1.2 Billion/vear
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Hydropower Systems

Imported hydropower High elevation
Pacific Northwest & Lower Colorado River hydropower

Power Demands

- Surface reservoir

Thermal = hydropower
O
L O /\\ M
=
o= 4 A

‘ Pumped storage
hydropower

Aquifer water storage



Hydropower and California

1,000 GWH/yr, 2004

Hydropower Total 45.4
In-state Hydropower 34.4
High Elevation* 25.3
_ow Elevation* 9.1
Pumped Storage ?
Imported Hydropower 11
PNW 9.5
_CR 1.5
Thermal 205.2
Other renewables 24.5
Total 275.1

* Estimated

Sources: CEC; McCann 2005
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Energy demand

Timing of water availability
Quantity of water available
Avallability of hydropower to import
Thermal generation efficiency

Sensitivity of environment to hydro
operations



Revenue ($M/month)
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Water Supply Dam Hydropower
Seasonal Generation Changes

Historical - 2050
—+— Dry warming - 2050
—>~— Paleodrought - 2020
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Month of Water Year

Major water supply reservoirs in CALVIN system optimization model
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Legend

POWER PLANTS
BIOMASS
Conl
CIGESTER GAS
GEOTHERMAL

LANDFILL GAS
MSW
NUCLEAR
CIL/GAS
SOLAR

WIND

156 High-
elevation
power plants

Varied
ownership

Snowpack

dependant

High-head,
little head-
storage effect

Limited
storage or flow
data!!



Monthly Generation
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Model Results

Scenario
Warming-
Base Dry Wet Only
Generation (1000 GWHY/yr) 22.3 18.0 23.4 22.0
Generation Change with Respect to the 193 +48 1.4
Base Case (%)
Spill (MWH/yr) 433 224 1,661 735
Spill Change with Respect to the Base 460 | +283.9 4588
Case (%)
Revenue (Million $/yr) 1,449 | 1,271 1,483 1,435
Revenue Change with Respect to the
Base Case (%) 12.3 + 2.3 0.9

average of results over 1984-1998 period under four climate scenarios
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Overall Conclusions

Sierra loses snowpack, the natural reservoirr.

Storage works. Generation changes more with total
runoff than seasonal runoff shift.

Problems for smaller high-elevation reservoirs - more
spills even without change in total runoff

Drier climate causes more problems than wetter climate
causes benefits.

Revenue reduction may be economically insufficient to
justify expanding storage or generation capacity.
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RECENL.CA Flood Damages
BiElkeret al., 2002)
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Improving Flood Reinforcing Risk of
Infrastructure Cost Loop: Economic

(State Cost)  ESINTERONR

\ Flood Plain

-=\Nho IS respon3|ble for Development
pretecting public?

Local Reinforcing

s Should we stop ncentive (AR - oo
develepment In
floodplains?!
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e Are we prepared for climate change?
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S H00ds cannot always be prevented (residual
ISKIPN hreats can be minimized

> Vleigele r@ ﬁg fleodwaters (historic) vs. managing
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= :_S?[ructural (keeping water away from people) vs.
~ non-structural methods (minimizing the damage
potential of floods)



> Cellifegqite as always floeded and always will

ahror_ms pay. fier fleod management or It
sl Pay. more for mismanagement

__,.-

Jme vihg Infrastructure alone will not eliminate
'c')od risks
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**-; Kcomblnatlon of approaches is needed

® Flood systems must provide land and water use
services for most years, not just flood years
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Renewable Fresh Water
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Water Consumption at a Glance
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1-Population Growth
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PRNS XN -

Under Operation

No Major of Dams 75
Total Capacit
pacity 20
(BCM)
Regulating Volume _ |
(BCM) 18:1-~




PRNS XN -

Under Construction

No Major of Dams 85
Total Capacit
SRR 25
(BCM) .
Regulating Volume 35 9

(BCM)




Mission

Understanding how the
physical processes,
iInformation flows and
managerial policies

SO as to create
the dynamics of the
variables of interest.



Water SISWEB

« Social Bookmarking Website dedicated to
the Water Community

e SISWEB= Scientific Information
Syndication WEBsite

www.watersisweb.org

ﬂ
e WATER sswes
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