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Colorado River Basin Water Supply and
Demand Study

e Study Objective

— Assess future water supply and demand | EARESRSSSEERS A . p—
imbalances over the next 50 years AT

— Develop and evaluate opportunities for i
resolving imbalances i s

« Study conducted by Reclamation
and the Basin States, In
collaboration with stakeholders
throughout the Basin

« Began in January 2010 and
completed in December 2012

* A planning study — does not result in -
any decisions, but will provide the s
technical foundation for future R s ;
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Study Phases and Tasks

Phase 1: Phase 2: Phase 3: DevPerI](?S%:;]t &
Water Supply Water Demand System Reliability br
. Evaluation of
Assessment Assessment Analysis

Opportunities

1.1 - Select

2.1 — Select Methods

Methods to o Estimate Current 3.1 - |dentify 4.1 - Develop
Estimate Current Demand Reliability Metrics ’ Opportunities
Supply :
3.2 - Estimate nd
1.2 - Select omate. 2.2 - Select Methods Baseline System v
Methods to Project ‘ pIFr)qu de to Project Future Reliability L/
Future Supply Uncertaint Demand L/ 4.2 -
ncertainty : Evaluate and Refine

S Opportunities

1.3 - Conduct
Assessment of
Current Supply

2.3 - Conduct 3.3 - Project Future S

Assessment of System Reliability
Current Demand

2.4 - Conduct 3.3.5-3.3.8 - Project : 43—
Assessment of Future Reliability with Finalize O ortunities
Future Demand Opportunities PP

Develop
Future

1.4 - Conduct ‘ Supply and

Assessment of Demand

Future Supply Scenarios
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Final Study Reports

 The final Study is a collection of reports available at:
http://lwww.usbr.gov/lc/region/programs/crbstudy/report1.html

Executive Summary
Study Report
Technical Report A — Scenario Development

Technical Report B — Water Supply Assessment
Technical Report C — Water Demand Assessment

Technical Report D — System Reliability Metrics

Technical Report E — Approach to Develop and
Evaluate Opportunities to Balance Supply

Technical Report F — Development of Options and
Strategies

Technical Report G — System Reliability Analysis and
Evaluation of Options and Strategies

RECLAMATION

naging Water in the West

Interim Report No.

Colorado River Basin Water
Supply and Demand Study
Technical Report A — Scenario Development

RECLAMATION

ging Water in the West

Interim Report No. 1
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naging Water in the West

February 2012 Update

Colorado River Basin Water Supply and
Demand Study

Technical Report B — Water
Supply Assessment

naging Wate
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Colorado River Basin
Water Supply and Demand Study
Technic: r\G-§ istem Reliability Analysi: valuation
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Scenario Planning: Addressing an

Uncertain Future

« The path of major influences on the Colorado River system
IS uncertain and can not be represented by a single view

« An infinite number of
plausible futures exist

A manageable and
Informative number of
scenarios are being
developed to explore the
broad range of futures

Decision
point

We are here
now

Y—Plausible
_~future states
S
Pl

Disruptive
event

Today

(adapted from Timpe and Scheepers, 2003)
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Water Supply Scenarios

Water Demand Scenarios

Observed Resampled:

» future hydrologic trends and variability
will be similar to the past 100 years

Paleo Resampled:

» future hydrologic trends and variability
are represented by the distant past
(approximately 1250 years)

Paleo Conditioned:

» future hydrologic trends and variability
are represented by a blend of the wet
dry states of the paleo-climate record
but magnitudes are more similar to the
observed period

Downscaled GCM Projected:

» future climate will continue to warm with
regional precipitation trends represented
through an ensemble of future GCM
projections

Current Projected (A):

» growth, development patterns, and
institutions continue along recent trends

Slow Growth (B):

» low growth with em
efficiency

Rapid Grow
» economi
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Quantification of Water Supply Scenarios

Projections of 2011-2060 Average Natural Flow at Lees Ferry

1244 Traces
Direct Paleo Mean = 14675

Box represents 25" — 751 percentile,

1994 — 2013 average = 13.6 MAF whiskers represent min and max, and
' triangle represents mean of all traces
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Water Demand Quantification Results

Demand for
consumptive uses
ranges between 13.8
and 16.2 maf by
2060 (including
Mexico and losses
18.1 and 20.4 maf by
2060)

Approximately a 20%  [———— N A A
spread between the ||IIIIIIIIIIIIIIIIIIIIIIIIIIIIII|||||| IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

lowest (Slow Growth)

*Quantified demand sc e been adjusted to include Mexico's allotment and estimates for future reservoir evapora and other losses.

and highest (Rapid Figure C- 4 CoIorado Rlver Basm Hlstorlcal Use and
Growth — C1) Projected Demand

demand scenarios
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Water Demand Quantification Results

Colorado River Demand
wanids do not Inclisde Maxloo's allotmant, resenvolr svaporation, and othir losses)

Change in Colorade River Demand, from 2015
wanids do not Inclisde Maxloo's allotmant, resenvolr svaporation, and othir losses)

EAgricultural

I unicipal and Industrial

ey

I inerals

sk and Wildlife and
Recreation

ITrital

=#=tet Change

Figure C-7 Study Area, Colorado River, and Change in
Colorado River Demand

Demand for consumptive
uses ranges between 18.1
MAF and 20.4 MAF by 2060
when including Mexico and
losses

Population increase from
about 40 million people by
23% (49 million) to 91% (77
million)

Per capita water use
decrease by 7% to 19%

Irrigated acreage decrease
from about 5.5 million acres
by 6% (5.2 million) to 15%

(4.6 million)



Projected Future Colorado River Basin
Water Supply and Demand

Average supply-demand
iImbalances 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 Acre-feet

Historical Supply and Use Projected Future Supply and Demand

Projected Water Demand

Water Supply h
10-vear Running A Projected Water Supply
i yearrmming ferage) (10-year Running Average)

Water Use
(10-year Running Average)

Water Supply represents natural flow as measured at the Colorado River above Imperial Dam, Arizona

Water Use and Demand include deliveries to Mexico in accordance with the 1944 Treaty with Mexico and losses such as
those due to reservoir evaporation, native vegetation, and operational inefficiencies.

Projected Water Supply is computed as the average 10th, 50th (median), and 90th percentiles of the Study’s 4 water
supply scenarios. The average of the medians is indicated by the darker shading.

CRBS_103

Projected Water Demand is represented by the Study’s 6 water demand scenarios. The median of the scenarios is
indicated by the darker shading.
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System Reliability

A n aI y S I S ! RESOURCI;(;\;I“EGORIES
. — Water Deliveries * -ﬂfJNer B
« Simulate the state of the
system over the next 50 S
years for each scenario, SO ———

with and without options
and strategies

« Use metrics and vulnerabilities

to quantify impacts to Basin S # 2o J/A%

resources & A
« Resource Categories e ) ) ”’

> Water Deliveries

» Electrical Power Resources

» Water Quality

» Flood Control

» Recreational Resources

>

Ecological Resources RECLAMATION



Water Deliveries
Percent of Futures (Traces) and Years Vulnerable

Time Penod

Upper Basin Shortage 2012-2026
(exceeds 25% of
requested depletion in any 2027-2040
one year)

2041-2060

Lee Ferry Deficit 2012-2026
({exceeds Zero in any one
year) 2027-2040

2041-2060

Lake Mead Pool Elevation 2012-2026
= 1,000 feet
(below 1,000 feetin any 2027-2040
one month)

2041-2060

Lower Basin Shortage 2012-2026
{exceeds 1 maf over any
two year window) 2027-2040

2041-2060

Lower Basin Shortage 2012-2026
(exceeds 1.5 maf over any
five year window) 2027-2040

2041-2060

Remaining Demand Above 2012-2026 | 1% |0%
Lower Division States'
Basic Apportionment 2027-2040

({exceeds moving threshold
in any one year) 2041-2060 % _3%
0% 25% 50% 75% 100% 0% 25% 50% 75% 100%

Percent of Traces Exceeding Percent of Years Exceeding
Threshold At Least Once Threshold at Least Once




Summary of Options Submitted

« Over 150 options were submitted to the Study from Nov 2011 - Feb 2012
« All options received were included and are reflected in the Study

Distribution of Options Received

Increased Supply — reuse,
importation, desalination, etc.

M Increased Supply

m Reduced Demand Reduced Demand — M&l and
agricultural conservation, etc.

W Modify Operations

T T Modify Operations —
ImpleseAiaHion transfers & exchanges, water
banking, etc.

Governance & Implementation — stakeholder committees,
population control, re-allocation, etc.
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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

« Perioritizes 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




Water Deliveries
Futures Vulnerable

Percent of

Time Period

Baseline

Portfolio A

Portiolio B

Portfolio C

Portfolio D

Upper Basin Shortage
(exceeds 25% of requested
depletion in any one year)

2012-2026
2027-2040
2041-2060

38%
45%
29%

36%
36%
26%

36%
31%
27%

36%
36%
31%

37%
33%
35%

Lee Ferry Deficit
(exceeds zero in any one
year)

2012-2026
2027-2040
2041-2060

2%
3%
4%

2%
o%
9%

Lake Mead Pool Elevation
= 1000 feet

(below 1000 feet in any one
month)

2012-2026
2027-2040
2041-2060

12%
17%
10%

11%
15%
10%

Lower Basin Shortage
(exceeds 1 maf over any two
year window)

2012-2026
2027-2040
2041-2060

16%
48%
35%

15%
43%
34%
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All Water
Supply
Scenario
Sequences

Supply
Scenario
Sequences with
Low Streamflow
Conditions (1)

Supply
Scenario
Sequences with
Lowest
Streamflow
Conditions (2)

B rFortfoiio 2 [ Portolio B [l Portfolio ©

Percent of Years Vulnerable | Percent of Years VYulnerable | Percent of Years WYulnerable

Upper Basin Vulnerability
(Lee Ferry Deficit)

Baseline: 6%

——— TN

Baseline: 10%

1.*»

Baseline: 30%

Portfolio D Portfolio B
ortfolio
\‘-L

Portfolio C Portfolio A

20 30 40 50 60 70
Total Annual Costin 2060 [$ Billion]

Portfolio D

Lower Basin Vulnerability
{Lake Mead Pool Elevation < 1,000 feet msl)

Baseline: 19%

—F

Baseline: 33%

Baseline: 71% Portfolio D

«— Portfolio C

o

s
Portfolio B~ /
Portfolio A

20 30 40 50 60 70
Total Annual Cost in 2060 [$ Billion]

Water
Deliveries
Percent
years
vulnerable

VS. COSt
(2041-2060)




Summary

« The system is vulnerable if we do nothing

« Doing something greatly reduces that vulnerability and
makes us more resilient to adverse conditions but does
not eliminate vulnerability

* In the near term, all portfolios show that conservation,
transfers, and reuse are cost-effective ways to reduce
vulnerability

* In the longer term, more tradeoffs emerge to achieve an
acceptable level of risk in terms of options, cost,
resources, and other implications.
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Next Steps

Educational Outreach Sessions
— March 25 in Salt Lake City, UT

— March 26 in Phoenix, AZ

— April 3 via Webinar

Reduce uncertainties related to water conservation,
reuse, water banking, augmentation, and weather
modification concepts

Further study of tribal water issues
Advance science and modeling tools used in the Study

Consider strategies that provide a wide-range of benefits
to all water users
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Study Contact Information - T RN R
- Website: http://www.usbr.gov/lc/region/programs/crbstudy.html Ve
» Email: ColoradoRiverBasinStudy@usbr.gov , i
* Telephone: 702-293-8500; Fax: 702-293-8418 i




