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Executive Summary

Technical Report A — Scenario Development

Technical Report B — Water Supply Assessment

Technical Report C — Water Demand Assessment

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




http://www.usbr.gov/lc/region/programs/crbstudy.html
ColoradoRiverBasinStudy@usbr.gov

U.S. Bureau of Reclamation
Attention Ms. Pam Adams, LC-2721
PO Box 61470

Boulder City NV 89006-1470

702-293-8418
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Resource
Category

Water Delivery

Electrical Power

Recreational

System Reliability
Metric (90 total)

Lake Mead elevation
< 1,000’

Upper Basin
Electrical Power
Generated

Boating flow days on
the Yampa River at
Maybell and
Deerlodge; Green
River at Jensen and
Greendale

Indicator Metric
(26 total)

Lake Mead
elevation < 1,000’

Upper Basin
Electrical Power
Generated

Total Boating Flow
Days in the Green
River Basin

Vulnerability
Threshold
(26 total)

One occurrence in
any month

Generation <
4,450 GWhlyr for
more than 3
consecutive years

Days less than
current conditions
with variable
hydrology
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Time Period / Supply Scenario Demand Scenario
2012-2026 2027-2040 2041-2060 O Current Projected
100% O Slow Growth
+ Rapid Growth {C1)
* Rapid Growth {C2)
* Enhanced Environment (D1)

80% < Enhanced Environment (D2)
E Post-2026 Reservoir Operations
60% M Extend 2007 Interim Guidelines
_§_ Q M Revert fo Final EIS No Action Alternative
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Projected
Projected
Frojected

Observed Resampled
Faleo Resampled
Faleo Conditioned
Downscaled GCM

Observed Resampled
Palec Resampled
Paleo Conditioned
Downscaled GCM

Observed Resampled
Faleo Resampled
Paleo Conditioned
Downscaled GCM



Time Period

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

2012-2026

2027-2040

2041-20860

|4%

Lee Ferry Deficit
{exceeds zero in any one
year)

2012-2026

2027-2040

- —
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=

o
=
—
w
&

2041-2060 . 16% IE%
Lake Mead Pool Elevation 2012-2026 . 13% I4%

=< 1,000 feet
{below 1,000 feetin any
one month)

2027-2040

2041-2060

[l
<
2
—
@
2

40% . 19%

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

2012-2026

2027-2040

2041-2060

P
M
S
=]
=
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-q,‘l
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80%

Lower Basin Shortage
{exceeds 1.5 maf over any
five year window)

2012-2026

2027-2040

2041-2060

30%

Remaining Demand Above
Lower Division States'
Basic Apportionment
{exceeds moving threshold
in any one year)

2012-2026

2027-2040

2041-2060

% 3%

. T T T
0% 25% 950% 73% 100% 0% 25% 50% 75% 100%

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

Lake Powell Pool Elevation
< 3,490 feet

(below power pool of 3,490
feet in any one month)

2012-2026

2027-2040

2041-2060

Upper Basin Electrical
Power Generated

(below 4 450 GWh per year
for more than three
consecutive years)

2012-2026

2027-2040

2041-2060

Lake Mead Pool Elevation

= 1,050 feet

(below 1,050 feet in any one
month of any year)

2012-2026

2027-2040

2041-2060 0%

0% 25% 50% 75% 100%
Percent Traces YVulnerable

33%

42%

0% 25% 50% 75% 100%
Percent Years Vulnerable
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Time Period

Culora{!c: River B 2012-2026
(ecological vulnerability) 20272040

2041-2060 38%
Green River B 2012-2026
(ecological vulnerability) 20272040

2041-2060
San Ju:_an River B 2012-2026
(ecological vulnerability) 2027.2040

2041-2060 52%
Yampa _River B 2012-2026
(ecological vulnerability) 20272040

2041-2060
Hoover Dam to Davis Dam  2012-2026
Flow Reductions
(greater than 845 kafin any ~ 2027-2040 29% 10%
one year) 2041-2060 24% 12%

0% 25% 50% 75% 100% 0% 25% 50% 75% 100%

Percent Vulnerable Traces

Percent Vulnerable Years




Boating Flow Days

Time Period

Colorado River Optimal Boating Flow Days 2012-2026

(below 10th percentile of control run) 2027-2040 31%
2041-2060 38%

Green River Optimal Boating Flow Days 2012-2026

(below 10th percentile of control run) 2027-2040 21%
2041-2060 25%

San Juan River Optimal Boating Flow Days 2012-2026

(below 10th percentile of control run) 2027-2040 19%
2041-2060 27%

Colorado River Acceptable Boating Flow Days 2012-2026

(below minimum of control run) 2027-2040 21%
2041-2060 30%

Green River Acceptable Boating Flow Days 2012-2026 1%

(below minimum of control run) 2027-2040 5o
2041-2060 8%

San Juan River Acceptable Boating Flow Days 2012-2026 2%

(below minimum of control run) 2027-2040 20% 7%
2041-2060 30% 13%

0% 50%  100% 0% 50%  100%
Percent Vulnerable Percent Vulnerable

Traces

Years



Shoreline Public Use Facilities

Time Period
Blue Mesa Shoreline Public Use Facility 2012-2026
(pool elevation below 7 433 feetin any month  2027-2040
May-Sept) 2041-2060
Navajo Shoreline Public Use Facility 2012-2026
(pool elevation below 6,025 feet in any month 20272040
Apr-Oct) 2041-2060

Flaming Gorge Shoreline Public Use Facility  2012-2026
(pool elevation below 6,019 feetin any month  2027-2040

May-Sept.) 20412060
Powell Shoreline Public Use Facility 2012-2026
(pool elevation below 3,560 feetin any month  2027-2040
May-Sept.) 2041-2060
Mead Shoreline Public Use Facility 2012-2026
(pool elevation below 1,080 feetin any 2027-2040
month) 20412060

0% 50% 100% 0% 20%  100%

Percent Vulnerable Percent Vulnerable
Traces Years
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M Increase Supply

M Reduce Demand

I Modify Operations

M Governance and
Implementation
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Portfolio performance assessed for
all future supply-demand scenarios
across all resources
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Option Selection

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
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Option Category

Option Group

Portfolios

Portfolio A

Portfolio B Portfolio C

Portfolio D

Importation

Imports to the Colorado
Front Range from the
Missouri or Mississippi
Rivers

X

X

Desalination

Gulf of California

Pacific Ocean in California

Pacific Ocean in Mexico

Salton Sea Drainwater

Groundwater in Southern
California

XXX XX

XXX XX

Groundwater in the Area
near Yuma, Arizona

X

X
>

Reuse

Municipal Wastewater

Grey Water

Industrial Wastewater

XXX

Local Supply

Treatment of Coal Bed
Methane-Produced Water

XXX [X

Rainwater Harvesting

Watershed Management

Dust Control

Tamarisk Control

Weather Modification

M&I Water Conservation

M&Il Conservation

Agricultural Water
Conservation

Agricultural Water
Conservation with Transfers

XXX XXX

XXX
XXX XXX

XXX

Energy Water Use
Efficiency

Power Plant Conversion to
Air Cooling

X

Water Banking

Upper Basin Water Bank
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Time Period Baseline Portfolio A Portfolio B Portfolio C Portfolio D
Upper Basin Shortage 2012-2026 38% 36% 36% 36% 37%
(exceeds 25% of requested
dep|etion in any one yea[} 202?—2040 45% 36% 31 % 36% 33%
2041-2060 59% 26% 27% 31% 35%
Lee Ferry Deficit 2012-2026 2% 2% 2% 2%
(exceeds zero in any one
year) 2027-2040 9% 3% 5% 3% 6%
2041-2060 4% 9% 5% 11%
Lake Mead Poal Elevation 2012-2026 12% 11% 12% 12%
<1000 feet
(below 1000 feetin any one  2027-2040 17% 15% 18% 18%
month) 2041-2060 10% 10% 14% 15%
Lower Basin Shortage 2012-2026 16% 15% 16% 16%
(exceeds 1 maf over any two
}lea[ window} 202?—2040 48% 43% 48% 49%
2041-2060 80% 35% 34% 40%
Lower Basin Shortage 2012-2026 29% 27%
(exceeds 1.5 maf over any
five year window) 2027-2040
2041-2060
Remaining Demand Above 2012-2026 0%
Lower Division States' Basic
Appgnionment 2027-2040 7% 12%
{exceeds moving threshold in 2041.2060 20% 229 26% 229,

any one year)

0% 50%

Vulnerable

100%
Percent Traces

0%

50%

100%

Percent Traces
Vulnerable

0%

20%

100% 0%

Percent Traces
Vulnerable

50%

100%

Percent Traces
Vulnerable

0%

50% 100%

Percent Traces
Vulnerable
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Lower Basin Vulnerability

Water Supply Portfolio Upper Basin Vulnerability (Lake Mead Pool Elevation
Scenario (Lee Ferry Deficit) <1.000 feet msl)
Observed Baseline 0%
Resampled Portfolio A 0%

Portfolio B 0%

Portfolio C 0%

Portfolio D 0%
Paleo Resampled Baseline 0%

Portfolio A 0%

Portfolio B 0%

Portfolio C 0%

Portfolio D 0%
Paleo Conditioned Baseline

Portfolio A

Portfolio B

Portfolio C

Portfolio D
Downscaled GCM Baseline 189 449,
Projected Portfolio A

Portfolio B

Portfolio C

Portfolio D 11%

10% 20% 30% 40% 50%
Percent Years Vulnerable

10% 20% 30% 40% 50%
Percent Years Vulnerable
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System Vulnerability

Upper Basin Reliability (Lee Ferry Deficit)

Lower Basin Reliability (Lake Mead pool
elevation < 1,000 feet msl)

30%
o
All Water é‘é% 20% Baseline: 19%
Supply B I
Scenario e 2 o
Sequences gg 10% Baseline: 6%
[1h]
& pr—— == .
0%
20 30 40 50 60 70 20 30 40 50 60 70
Total Annual Cost in 2060 [$ Billion] Total Annual Cost in 2060 [$ Billion]
M rortrolio s [ rortfolic & [l Portolio C Portfolio D



41

System Vulnerability

Upper Basin Reliability (Lee Ferry Deficit)

Lower Basin Reliability {Lake Mead pool
elevation < 1,000 feet msl)

30%
o
All Water }Si% 20% Baseline: 19%
Supply 5 &
Scenario == o
Sequences 83 10% - Baseline: 6%
LiH] +
& i — == .
0%
30%
w
§ . 0
Observed L2 20%
Resampled 5 T
Supply €L
Scenario gg 10% Baseline: 7%
@D
o o
0% I%as_elln?_ 0% . ,
20 30 40 50 60 7O 20 30 40 50 80 7O
Total Annual Cost in 2060 [$ Billion] Total Annual Cost in 2060 [$ Billion]
B Fortfolio s [ Portfolios [l Portfalio © Partfalio D
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System Vulnerability

Upper Basin Reliability (Lee Ferry Deficit)

Lower Basin Reliability {Lake Mead pool
elevation < 1,000 feet msl)

30% -
i
5 .
All Water L2 20% - |Baseline: 19% .
Supply 5 D
Scenario == o
Sequences S 3 10% - Baseline: 6%
g —t—
30% -
i
m
Observed L2 20% -
Resampled 5 g
Supply € c
Scenario 83 10% 1 |Baseline: 7% . -
[}
o .
0% Basellne.z_'l}% - " R
30% - Baseline: 44%
o
Downscaled E % 20% - Baseline_:_lE_i‘fo_ ______________ m
GCM Projected 5 g
Supply E £ 10% +e—— 5 4 +
Scenario o3 ° } ST
i el e,
0%

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

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

B rFortfolio & [ Portfolio 5 [l Portfelioc [ Portfolio D
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System Vulnerability

Upper Basin Reliability (Lee Ferry Deficit)

Lower Basin Reliability {Lake Mead pool
elevation < 1,000 feet msl)

30% -
i
m .
All Water L2 20%- | Baseline: 19% ___ _________ ]
Supply 52
Scenario € C o
Sequences 3 = 10% ' Baseline: 6%
I ! I
30% -
n
m
Observed L % 20% -
Resampled S g
Supply E £ 0% .
Scenario o3  Baseline: 7% ]
@D
o .
0% Basellnti_'ﬂ% " " ,
30% - Baseline: 44%
i
Downscaled E 2 20% - Baseline:18% ——
GCM Projected 5 g
Supply T c n 3 .
Scenario 83 10%- : 3 o
Q e
0%
30% i Baseline: 71% ,
Baseline: 30% . Partfolio C
n ' i /"’# "+F
Sequences :;‘l'lé % 20% - Portfolio B Portfolio D
with Lower 5 O ,/v_+ / T
Streamflow == Sortfora D e 7
Conditions (1) 33 10%- ortfolio : _
S /;+ Portfolio B Portfolio A
0% Portfolio C boe i Y

20 30 40 50 60 70

20 30 40 50 60 70

Total Annual Cost in 2060 [$ Billion]

B rorfolio s [ Portfolio 8 [ Portalioc I Portfolio D

Total Annual Cost in 2060 [$ Billion]
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Option Category Option Group Partfolio A Portfolio B Portfolio C Portfolio D
Ag. Conservation  Ag Conservation with Transfers B 100% . 100% B 100% B 100%
Desalination Desal-Groundwater = 99% B 99% B 99% B 99%
Desal-Gulf of California m 28% B 2%
Desal-Pacific Ocean-California B 5% B %
Desal-Pacific Ocean-Mexico 66% 63%
Desal-Salton Sea [ 78% [0 76% B 85% W 8%
Desal-Yuma m 100% m 100% m 100% m 100%
Energy WUE Energy Water Use Efficiency . 100% B 19% . 100% B 20%
Import Import Front Range [ 4% B 9%
Local Supply Local-Coalbed Methane m 16% B 16%
Local-Rain B 29% " 48%
M & | Conservation M&I Conservation . 95% . 93% . 97% . 93%
Reuse Reuse-Grey Water H 25% B 39%
Reuse-Industrial = 35% B 33% 0 44% m 42%
Reuse-Municipal 0 4% T a4% 54% 53%
Watershed Watershed-Brush Control [ 89% [0 88%
Management Watershed-Dust Control B o23% B 24%
Watershed-Weather Mod 60% . 100% 62% 59%
Implementation Minimum Delay (years)
0% I 100% L 0 [ 5 110 B 15 =2
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ColoradoRiverBasinStudy@usbr.gov





