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Colorado River Basin
Water Supply and Demand Study

o Study Objective

— Assess future water supply and
demand imbalances over next 50 years

— Develop and evaluate opportunities for
resolving imbalances

Study conducted by Reclamation and
the Basin States in collaboration with
stakeholders throughout the Basin

A 3 year study that began in January
2010 and completed December 2012

A planning study — did not result in
any decisions, but provides the
technical foundation for future
activities
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Water Supply Scenarios*

Observed Resampled

Paleo Resampled 5 (MM

\-’\ 14
Paleo Conditioned ‘" | m"

Downscaled GCM Projected ettt _:_.,,,|.“h|,|_..:




Water Demand Scenarios

Current Projected (A): growth, development patterns, and
Institutions continue along recent trends

Slow Growth (B): low growth with emphasis on economic efficiency

Rapid Growth (C1 and C2): economic resurgence (population and
energy) and current preferences toward human and environmental
values

— C1 - slower technology adoption

— C2 - rapid technology adoption

Enhanced Environment (D1 and D2): expanded environmental
awareness and stewardship with growing economy

— D1 — with moderate population growth

— D2 — with rapid population growth




Projected Future Colorado River Basin
Water Supply and Demand

Average supply-demand
Imbalances by 2060 are
approximately 3.2
million acre-feet

This imbalance may be
more or less depending
on the nature of the
particular supply and
demand scenario

Imbalances have
occurred in the past and
deliveries have been
met due to reservoir
storage

Volume - Million Ace-feet
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Projected Future Supply and Demand

Projected Water Demand ii

Projected Water Supply
(10-year Running Average)

Water Supply
(10-year Running Average)

Water Use
[10-year Running Average)

Water Supply represents natural flow as measured at the Colorado River above Impenal Dam, Anzona

Water Uise and Demand inciude delvenes fo Mexico in acoordance with the 1944 Treaty with Mexico and losses such as
thase due fo reservoir evaporation, native vegetation, and operational inefiiciencies

Projected Water Supply is compuled as the average 10th, 50th {median), and 90th percentiles of the Study's 4 waler
supply scenarios. The average of the medsans is indicaled by the darker shading

Projected Water Demand s represented by the Study's 6 waler demand scenanas The median of the scenanos is
indicated by the darker shading




System Reliability
Analysis 0

« Simulate the state of the ool 1| F STt
system over the next 50 Vot %
years for each scenario, i
with and without options
and strategies

Gl T

RESOURCE CATEGORIES : )

@ Flood ControdResenvodr Spills
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Use metrics and vulnerabilities [ it REA e =

UPPER BASIN _J

to quantify impacts to Basin
resources

Resource Categories
Water Deliveries
Electrical Power Resources
Water Quality
Flood Control
Recreational Resources

Ecological Resources RECLAMATION




Summary of Portfolios

Universe of options Option Selection

considered Least restrictive resulting in a highly inclusive set
of option preferences
Considers the largest set of options

Low-risk strategy in the long-term with high
reliability

High technical feasibility

Excludes options with high permitting, legal and
policy risks

Prioritizes options that have low environmental
impacts and long-term flexibility
Excludes options with high permitting risk

High technical feasibility and long-term reliability
Low energy intensity

Excludes options with high permitting, legal, and
policy risk

Considers smallest set of options




System Reliability Analysis Approach

4 Supply Scenarios
(1,959 total
seguences)

117,540 total RIBOILIEE

Traces Metric
6 Demand Results (90)

Scenarios

Apply
Vulnerability gme
Thresholds

Indicator

2 Operations Metrics (27)

Assumptions

Baseline
Resource

Vulnerabilities
(27)
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Colorado River Simulation System
(CRSS)

Reclamation’s official Basin-
wide long-term planning model

Implemented in RiverWare™

Simulates operations at 12
reservoirs and deliveries to
over 500 individual ‘water
users’ at a monthly time-step

Model logic reflects reservoir
operations

Gives a range of potential
future system conditions
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CRSS Enhancements

Navajo ROD

Flaming Gorge ROD

State of Colorado water priorities
Climate impacts on reservoir evaporation
Demands modeling — data objects




RiverWare™ Study Manager

 Manage input and output for all 240 scenarios
e Automate simulation process
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Approach to Implement and Analyze

Portfolios

Inputs to CRSS included option
timing, yield, and cost

Options were implemented, based
on cost-effectiveness, when
signposts indicated an approaching
vulnerability

— This dynamic approach avoids

Implementing options when not
needed

— Signposts were informed by
vulnerable conditions (those
conditions that frequently led to
vulnerabillities)

All portfolios were assessed across
all future conditions R
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Dynamic Portfolio Example ST

Simulation

Vulnerability NO EyEnE

Already : _
Addressed? Option N Option N

=S Yes

Corirae [ nttcsseo T 1 cp
JiElE ol y Available?

? magnitude?

Year Magnitude  Addresses Addresses
Available [KAF] Vulnerability 1 Vulnerability 2

2031 200 No Yes
2021 75 No
2045 150
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File Edit Wwiew TimeStep I'0  Adjust

Dynamic Portfolios In CRSS ] [Garporii

=== Malue |1 MOME

Serall: ID 2011 :I El "
mﬂpen Object - Portfolios Al . = i
e

File Edit Yiew 3lobt  Account NONE

Object Mame: |Partfolios 12-2011

Draka Object o1-2012 00
0z-2012 a0
03-2012 00
IDecemI:uer, 2011 :I e 00
05-2012 00
Slok Marne I Yalue Linits 06-2012 .00
FirstOptinndyailable 24:00 January 31, 2016 FulDateTime 07-z012 .00

| | CurrentPortfolio I 1.00 MORE 03-2012 .00
M MexkCpkion] 0,00 MOME (i 09-2012 00
MextOption2 0,00 MOME N 10-z012 | 1.00
MextOpkions 0,00 MNOME 11-2012 00

[As] Mextoptions 0.00 MOME 12-2012 | 1.00
[02] MinvolumeThreshald 100,000.00 acre-ft o1z013 | 1.00

Portfaliol 0z-2013 | 1.00
Portfolioz 03-2013 | 1.00
Portfalio3 04-2013 | 1.00
Portfaliod 05-2013 | 1.00

0&-Z013 .00
07-2013 .00
05-2013 .00
09-2013 .00
10-2013 .00
11-2013 .00
12-2013 .00

Slots | Cescription |

Showve: [ Description
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Dynamic Portfolios In CRSS

mPurtfulins.Purtfulinl

File Edit

Row Column  Wiew Adjust

I Portfoliol

value: | 200000

acre-ft

v A0 Cons-Transfer 2

Option Mumber

MNOME

Year fvailable
MOME

Magnitude
acre-ft

Addresses LIBShork
MOMNE

Addresses LFDeficit
MOMNE

Addresses MeadPE
MOMNE

fddresses LBShork:
MCMNE

Addresses LEShorts |~

MOME

£.00

z,021.00

£00,000.00

1.00

1.00

1.00

1.00

1.00

» &0 Cons-Transfer 3

3.00

2,026.00

200,000.00

1.00

1.00

1.00

1.00

1.00

M 2T Conservation 1

158.00

z,016.00

200,000.00

1.00

1.00

1.00

1.00

1.00

» A Cons-Transfer 4

4,00

2,026.,00

200,000.00

1.00

1.00

1.00

1.00

1.00

' Desal-viuma

47.00

7,021.00

100,000,00

0.0a

0.0a

1.00

1.00

1.00

1 & 1 Conseryvation 2

19.00

7,021.00

200,000.00

1.00

1.00

1.00

1.00

1.00

1 &0 Cons-Transfers

5.00

7,026.00

200,000.00

1.00

1.00

1.00

1.00

1.00

i Desal-5oiCal groundwater

37.00

z,021,00

£0,000.00

0.00

.00

1.00

1.00

1.00

M & 1 Conseryvation 3

20.00

7,031.00

£00,000.00

1.00

1.00

1.00

1.00

1.00

Ly e et e T el e}

1 & 1 Conseryvation 4

21.00

7,041,00

200,000.00

1.00

1.00

1.00

1.00

1.00

10: M & I Conservation 5

2z2.00

2,051,00

200,000.00

1.00

1.00

1.00

1.00

1.00

11: Desal-5alton Seal

34.00

7,026.00

200,000.00

0,00

0,00

1.00

1.00

1.00

12: Desal-5alton Seaz

35.00

7,031.00

£00,000.00

0.0a

0.0a

1.00

1.00

1.00

13: Desal-5alton Sead

36.00

2,036.00

100,000,00

0.0a

0.0a

1.00

1.00

1.00

14: Desal-Pacific Ocean-My

33.00

7,026.00

Si,000.00

0.0a

0.0a

1.00

1.00

1.00

F
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mﬂpen Object - Portfolios

File Edit Yiew 3lobt  Account

Object Mame: |Partfolios

Draka Object

Slots | Cescription |

IDecemI:uer, 2011 :I

Slok Marne I Yalue Linits

FirstOptiongyailable 24:00 January 31, 2016 FulDateTime
j 1.00 MONE

MexkCpkion] 0.00 MNONE

M Mextopkionz 0,00 MNONE

Mextopkion3 0.00 NONE

Mextopkiond 0.00 MNONE

MinvolurmeT hreshold 100,000.00 acre-ft

PortFoliol
Portfolioz
Portfoliod
PortFoliod
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Scroll: ”2

| Mestoption 1

Walue: I 0

MOME

011 C.E.

MNONE

2011

—
(=]

2012

0.0a

245

2013

0.0a

245

Z014

0.00

245

£015

0.0a

245

Z016

15.00

235

2017

0.0a

235

20135

0.00

235

£019

0.0a

£35

2020

0.0a

235

2021

2.00

235

2022

47.00

235

Z023

19.00

£35

2024

24.00

235

2025

32.00

235

2026

3.00

235

Z0E7

4.00

£35

2025

5.00

235

2029

34.00

235

2030

11.00

235

£031

£0.00

£35

2032

35.00

235

2033

25.00

235

2034

0.00

235

2035

£9.00

£35
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DynamIC PorthIIOS In CRSS: File Edit '-.-'ITimeitepI,l'O..ﬁ.l:_Iiust
Study Manager :
Scrall: ”Dec 2011 jg&

MOME =
12-2011 |-

DMT DMT DMT Portfolio o1-zo1z | 1.00

Demand

.
rrent Trends “Rapid Growth C1_Enhanced Envirarment D1 omI | [DMT 02-201=2 00
03-2012 Qo
DMI|  |DMmI DMI None  Porfolo’ 042012 | 1.00

Slows Gthh\é\RaDid Growth C2~Enhanced Enwiranment D2 DMI DMI 05-2012 Rl

062012 | 1.00
072012 | 1.00
082012 | 1.00
03-z012 | 1.00
DIV N\ 102012 | 1.00

MRM [-{MRM [ MRM || MRM || MRM | MRM ' 11-2012 | 1.00
: 1z-201z | 1.00

01-2013 | 1.00
MRM 02-2013 | 1.00
03-2013 | 1.00
Policy Models 04-2013 | 1.00

with Options Baseline (] 05-2013 .00
06-2013 | 1.00

RPL RPL Baseline O7-2013 00

T
Portfolio & Partfalio C
[

VICLCT  WICB  WICLCl  WIC.C2  WICDl  wic_pe

Revert b Mo Action OAnds Revert to No Action ¢ 05-2013 Rl
— 09-2013 | 1.00

RPL with Options :
10-2013 oo
11-2013 00

12-2013 .00

RPL

Interim Guidelines Extended OAndS Interim Guidelings Extendad

Showve: [ Description
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Frequency of Option Implementation

Option|
M & I Conservation UB (Step 1) |

Portfolio A

Ag Conservation UB- Transfer (Step 1) il

Ag Conservation LB- Transfer (Step 1)

M& | Conservation LB (Step 1) | |

M & | Conservation UB (Step 2)

Ag Conservation UB- Transfer (Step 2) |

Ag Conservation LB- Transfer (Step 2)

Watershed-Weather Mod (Step 1) |48
Ag Conservation UB-Transfer (Step 3) |
Ag Conservation LB- Transfer (Step 3)
Desal-Yuma Area Groundwater |
Ag Conservation UB- Transfer (Step 4) |
Ag Conservation LB- Transfer (Step 4) |

M & | Conservation UB (Step 3)

M & | Conservation LB (Step 2) |

Energy Water Use Efficiency-Air Cooling

Ag Conservation UB- Transfer (Step 5) |

Ag Conservation LB- Transfer (Step 5)
Desal-SoCal Groundwater

M & | Conservation LB (Step 3) |

Watershed-Weather Mod (Step 2)

Desal-Salton Sea Drainwater (Step 1)

M & | Conservation UB (Step 4)

Reuse-Municipal (Step 1) |

Desal-Salton Sea Drainwater (Step 2)

M & | Conservation LB (Step 4) |

Watershed-Tamarisk

Desal-Salton Sea Drainwater (Step 3) |

Reuse-Municipal (Step 2)
Reuse-Incustrial

M & | Conservation UB (Step 5) |
Reuse-Municipal (Step 3) |
Desal-Pacific Ocean-Mexico |

Local-Rainwater Harvesting

M & | Conservation LB (Step 5) |

Reuse-Municipal (Step 4)

Reuse-Grey Water |

Desal-Gulf (Step 1)
Reuse-Municipal (Step 5)

Watershed-Dust (Step 1) |

Import-Front Range-Missouri
Desal-Pacific Ocean-CA (Step 1)

Desal-Gulf (Step 2) |

Local-Coalbed Methane

Watershed-Dust (Step 2) |

2040
Year

2060 | 2020

2040
Year

2060 | 2220

Portfolio C

2040

Year

2060 | 2020

2040
Year

2060




Frequency of Option Implementation

Option Portfolio A Portfolio B

M & | Conservation UB (Step 1) |+
Ag Conservation UB- Transfer (Step 1)
Ag Conservation LB- Transfer (Step 1)
M & | Conservation LB (Step 1) |
M & | Conservation UB (Step 2)
Ag Conservation UB- Transfer (Step 2) |
Ag Conservation LB- Transfer (5tep 2)
Watershed-Weather Mod (Step 1) | 4
Ag Conservation UB- Transfer (Step 3) |
Ag Conservation LB- Transfer (Step 3)
Desal-Yuma Area Groundwater |
Ag Conservation UB- Transfer (Step 4)
Ag Conservation LB- Transfer (Step 4)
M & | Conservation UB (Step 3) |
M & | Conservation LB (Step 2)
Energy Water Use Efficiency-Air Cooling
Ag Conservation UB- Transfer (Step 5) |
Ag Conservation LB- Transfer (Step 3) |
Desal-SoCal Groundwater |
M & | Conservation LB (Step 3)
Watershed-Weather Mod (Step 2)
Desal-5alton Sea Drainwater (Step 1) |
M & | Conservation UB (Step 4)

| |

|

i




Comparing Portfolio Results
Percent years vulnerable vs. cost (2041-2060)

Upper Basin Vulnerability Lower Basin Vulnerability
{Lee Ferry Deficit) (Lake Mead Pool Elevation < 1,000 feet msl)

All Water
Supply
Scenario
Sequences

Baseline: 19%

 Baseline: 6% :

'_ Baseline: 33%

Supply
Scenario
Sequences with
Low Streamflow

Baseline: 10%
Conditions (1) e e

e — i —

| Baseline: 71% Portfolio D

+«— Portfolio C

Portfolio D T e

N Portfolio B

_ Bas_eiine: Z__%[]%

Supply
Scenario
Sequences with
Lowest
Streamflow
Conditions (2)

e e
Portfolio B / /‘

Portfolio A

o
a
m
s
@
=
3
=
w
o
@
@
P
o
(o]
35
=
@
o
i
@
o
e
£
@©
e
@
=
=
=
w
i
@
i H]
>~
ol
o
g5
(=
@
o
;!
@
o
i
a
[14]
o
@
I=
3
=
w
i
@
@
>
o]
(o]
o
=
@
o
2
L H]
o

Portfolio C Portfolio A
20 30 40 50 60 7O 20 30 40 50 60 70
Total Annual Costin 2060 [$ Billion] Total Annual Costin 2060 [$ Billion]
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Study Contact Information

 Website: http://www.usbr.gov/Ic/region/programs/crbstudy.html
e Email: ColoradoRiverBasinStudy@usbr.gov

* Telephone: 702-293-8500; Fax: 702-293-8418
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