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— Hydrologic impact of projected climate

— Climate change impacts on current Consumptive
Use

* Details of Technical Approaches
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infrastructure, currently perfected water rights, and
current levels of consumptive and non-consumptive
water demands

* Phase |
Water Availability under projected demands from
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Historical
Hydrology

» 1950’s forward (most reliable data)

Extend Records
with Tree-Rings &
Stochastic
Methods

Alternate
Historical:
Paleohydrology

Climate Change
N and
" Forest Change
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Cyunnison Fiver at Cirand Junctior
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Average Flow {cfs}

PRELIMINARY RESULTS - UNDER REVIEW

32040 range
2040 average
== Natural Flow

8% reduction in average
annual runoff volume
7-day shift earlier
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Average Flow (cfs)

=== Natural Flow

15% reduction in average
annual runoff volume
11-day shift earlier
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Yampa River at Maybell
Average Monthly Flow

PRELIMINARY RESULTS - UNDER REVIEW

== 2040 range
——2040 average
—&o— Natural Flow gmm=
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Yampa River at Steamboat
Average Monthly Flow
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White River at Meeker
Average Monthly Flow
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Average Flow (cf

17% reduction in average annual
runoff volume
5-day shift earlier

Gunnison River at Grand Junction
Average Monthly Flow
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— CRSS natural flows (Big River)

— CDSS natural flows (Intra-state)
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* Diversions, Return Flows,
Changes in Reservoir Storage,

Evaporation e & Node
Dlv'ersy

Demand Reach
D
<
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Statistical
Models

Colorado River Water Availability Study | Phase |




NOAA treeflow.info
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5. Operations
Modeling

San Francisco Bay

1.
Emissions
Scenario

\ 4
2. Global
Climate
Simulation

3. Downscaled

4. Hydrologic |__| "~ ~ioote

Modeling

Projections

Adapted from Cayan and Knowles, SCRIPPS/USGS, 2003
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Monthly Mean 1950-2004
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— Maximum temperature
— Minimum temperature
- Wind

e Spatial resolution

B/ O-degree
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Tavg, Precip
Downscaled to 1/8™ degree
3 SRES Scenarios (B1, A1B, A2)

16 GCMs
1950 - 2099
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Step 1.2: Emissions Scenarios, Climate Models and Runs

De-select all runs

MNone

None

MNone

Select all runs

All

All

All

Climate Models:

Emissions Path: A1b

Emissions Path: A2

Emissions Path: B1

beer_bem2 0

CREERERERERE

FrMEEEEERERE

CEEEEREE®E

ccema_cgems3_ 1

COCCOCERER

CrCOCOERER

CrCCCCERRE

cnrm_cma3

CEERERERERE

FrMEEEEEERE

CEEEEREREE

csiro_mk3 0

CEEREEREERE

FrMEEEEEERE

CEEEREREEE

gfdl_cm2_0

CEEEEERERE

MMEEEEEERE

CTEEEEREER

gfdl_cm2_1

CEEEEERERE

MMEEEEEERE

CTEEEEREER

giss_model e r

FOECOEERER
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Macroscale Hydrologic Model

Grid Cell Vaegetation Coverage
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e Elevation zones

(topography)
e Snow model

solved for each tile
e Snow state
variables and
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Variable Infiltration Capacity (VIC)
Macroscale Hydrologic Model

Grid Cell Vaegetation Coverage

Celf Energy and Moisture Fiuxes

< Variable Infiltration Curve
= 1 (1- A
in

Infiliration Capacity
=
L]
3
E

Fractional Area

B WU=WO+W‘
Basefiow Curve
&
o
5
§ £ %
39 =
a
0 W Woe

Layer 2 Soil Moisture, W,
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« Subsurface processes — “conceptual”
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Elevation —=

Pregipitation

Snow Cover
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VIC Snow Elevation Bands

Temperature

VIC Snow Algorithm
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“2-layer” formulation

ground snow pack

snow interception and
canopy processes




Variable Infiltration Capacity (VIC)
Macroscale Hydrologic Model

Grid Celt Vegetation Coverage

Celf Energy and Moisture Fiuxes

Dsmax — maximum baseflow that
can occur from the lowest soil layer

(mm/d).
 Variabe infitration Curve : Ds — fraction of Dsmax where non-
N linear baseflow begins.

Ws - fraction of maximum soil

Infiliration Capacity
-
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3
E
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( alibration ( bjectives

- More important than absolute values due to use of
differencing approach

» Calibration “knobs” affect transport
— Temporal mapping of land-surface forcing to flow
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within [min, max]
— Slope sensitivity analysis

— Hybrid slope/scalar calibration
* Periods
— Parameter estimation 1950 — 1984
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Actual vs Simulated for YRDL run SAVE_191 and YRDL run SAVE_223
Calculated stats for period: 1950 1 to 2004 12
and Calculated stats for period: 1950 1 to 2004 12
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600,000
SAVE_191
SAVE_191 Annual Obs Sim  Sim/Obs
Correlation Coefficient = 0.95 Q‘;%HOW (AF) 1387136 137366.9
Nash-Sutcliff Effc. = 0.91 Fo—7 :
500,000 +—— RMSE/Obs Mean -0.47 > : N Std Dev (AF) 203528.6 2140141 —_—
MSE/Obs Var =0.10 ~
. SAVE_223
Abs Avg Peak Diff (AF) = X\ Annual Obs Sim  Sim/Obs
\\‘ Avg Flow (AF) 1387136  138692.1
T8 N A\ 1.00 _
< 400,000 SAVE_2-23 s \ Std Dev (AF) 203528.6 206456.1
c Correlation Coefficient = 0.95 \ ) .
° Nash-Sutcliff Effc. = 0.91 \
£ RMSE/Obs Mean =0.45 \
32 MSE/Obs Var =0.10
£ 300,000+ abs Avg Peak Diff (AF) =
> 41952
<
=
c
o
= 200,000
100,000
0

Month

ObsAvg - - - YRDL SAVE_191 — < — YRDL SAVE_223

ObsAvg 1950 1 to 2004 12 |

PRELIMINARY RESULTS - UNDER REVIEW
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Actual vs Simulated for WRCUT run SAVE_302 and WRCUT run SAVE_baseline
Calculated stats for period: 1950 1 to 2004 12
and Calculated stats for period: 1950 1 to 2004 12

180,000
SAVE_302
SAVE_302 Annual Obs Sim Sim/Obs
160,000 - Correlation Coefficient = 0.87 5 Avg Flow (AF)  46793.2 474634 1.01_
Nash-Sutcliff Effc. =0.72 £\ Std Dev (AF) 43735.6 64371.6  1.47
RMSE/Obs Mean =0.72 4\,
- %
140,000 +—— MSE/Obs Var =060 7= s SAVE_baseline —
Abs Avg Peak Diff (AF) = s \ . .
10840 2 , . Annual Obs Sim  Sim/Obs
<>’/' \\ . Avg Flow (AF)  46793.2 41767.1  0.89
& 120,000 T— SAVE_baseline Vid 3 ‘.‘ Std Dev (AF) 43735.6 65427.7 150 —
c Correlation Coefficient = 0.88 /7 \
© Nash-Sutcliff Effc. = 0.73 /1 v !
£ 100,000 +—— RMSE/Obs Mean =0.73 % —
32 MSE/Obs Var =0.61 " v !
>° Abs Avg Peak Diff (AF) = I \ “
> 80.000 19889 6 b \
K ’ [y
c / & A
] A
= 60,000 v
\ Y
\ 1}
40,000 A &>
P \ N
v \ ~
20,000 N oo > R
R = R e s
0
1 2 3 4 5 6 7 8 9 10 11 12

Month

ObsAvg = = = WRCUT SAVE_302 — < — WRCUT SAVE_baseline ObsAvg 1950 1 to 2004 12 ‘
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Actual vs Simulated for GNGRJ run SAVE_212 and GNGRJ run SAVE_224
Calculated stats for period: 1950 1 to 2004 12
and Calculated stats for period: 1950 1 to 2004 12

700,000 -
SAVE_212
SAVE_212 Annual Obs Sim  Sim/Obs
Correlation Coefficient = 0.92 Avg Flow (AF)  193990.1 194234.8
600,000 - Nash-Sutcliff Effc. = 0.83 1.00 o
RMSE/Obs Mean -047 Std Dev (AF)  234577.6  224218.5
MSE/Obs Var =0.15
. SAVE_224
/:? fﬁvf Peak Diff (AF) = Annual Obs Sim  Sim/Obs
500,000 - ’ Avg Flow (AF)  193990.1 195968.1
% SAVE_224 1.01
c Correlation Coefficient = 0.92 Std Dev (AF) 234577.6 231977.6
= Nash-Sutcliff Effc. = 0.85
Q |
£ 400,000 RMSE/Obs Mean =0.47
3 MSE/Obs Var =0.15
Q Abs Avg Peak Diff (AF) =
> 34477 1
= 300,000 -
c
[e]
=
200,000
. v
Z
-
100,000 s = W S
= == =
0
1 2 3 4 5 6 7 8 9 10 11 12
Month
| ObsAvg - - - GNGRJ SAVE 212 — < — GNGRJ SAVE_224 ObsAvg 1950 1 to 2004 12 |
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Daily Average Flow in CFS
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Daily Average Flow in CFS
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Daily Average Flow in CFS
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Actual vs Simulated for BLUFF run SAVE_211 and BLUFF run SAVE_205
Calculated stats for period: 1950 1 to 2004 12
and Calculated stats for period: 1950 1 to 2004 12

500,000 +
SAVE_211
SAVE 211 Annual Obs Sim  Sim/Obs
450,000 - Correlation Coefficient = 0.92 Avg Flow (AF)  158781.0  158928.3
e =084 1si(<)joo (AF)  185271.2  195028.3
RMSE/Obs Mean =0.49 ev . .
400,000 1 \sE/Obs Var -0.18 SAVE
Abs Avg Peak Diff (AF) = 205 L
11857 7 Annual Obs Sim  Sim/Obs
350,000 Avg Flow (AF) 1587810  159207.1 -
= SAVE_205 1.00
c Correlation Coefficient = 0.92 Std Dev (AF) 185271.2 195873.8
"o 300,000 +— Nash-Sutcliff Effc. = 0.84
g RMSE/Obs Mean =0.50
= MSE/Obs Var =0.18
S 250,000 - Abs Avg Peak Diff (AF) =
> 12263.0
= Y
e 200,000
[e]
=
150,000 -
100,000
\
e S
50,000 - ~———
0
1 2 3 4 5 6 7 8 9 10 11 12
Month
‘ ObsAvg = = = BLUFF SAVE_211 — < — BLUFF SAVE_205 ObsAvg 1950 1 to 2004 12 ‘
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Daily Average Flow in CFS
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Actual vs Simulated for DRGAT run SAVE_265 and DRGAT run SAVE_267
Calculated stats for period: 1950 1 to 2004 12
and Calculated stats for period: 1950 1 to 2004 12

250,000
SAVE_265
SAVE 265 Annual Obs Sim Sim/Obs
Correlgtion Coefficient = 0.88 Avg Flow (AF) 62778.6 62534.1 1.00
Nash-Sutcliff Effc. = 0.78 Std Dev (AF) 86598.6 90855.6  1.05
RMSE/Obs Mean =0.68 N
200,000 +—— msE/Obs Var -025
Abs Avg Peak Diff (AF) = SAVE_267
Aodbe = Annual Obs Sim  Sim/Obs
’ Avg Flow (AF)  62778.6 627408 1.00
L SAVE 267 Std Dev (AF)  86598.6 898242 1.04
c Correlation Coefficient = 0.88
‘o 190,000 17— Nash-Sutcliff Effc. = 0.78
13 RMSE/Obs Mean =0.68
3 MSE/Obs Var =0.24
° Abs Avg Peak Diff (AF) = p
> 4031.2 Y/
<
e 100,000
[«]
=
50,000
> RN
R
0
1 2 3 4 5 6 7 8 9 10 11 12
Month
| ObsAvg = - - DRGAT SAVE_265 — © — DRGAT SAVE_267 ObsAvg 1950 1 to 2004 12|
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Statistical
Models
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Developed the paleo stochastic mode

Obtained and evaluated Christensen &
Lettenmaier VIC calibrated soil file

Made initial VIC runs and produced
PRELIMINARY as-if hydrology

Evaluated routing methods
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Com merits and ( Juestions?
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Ray Alvarado:
Blaine Dwyer:

Matt Brown:

Ben Harding:
Erin Wilson:

Website:

\‘\‘/

303.866.3441
303.987.3443
303.987.3443
303.443.7839
303.455.9589

ray.alvarado@state.co.us
blaine.dwyer@aecom.com
matthew.brown@aecom.com
ben.harding@amec.com
erin.wilson@Ircwe.com
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CDSS Models Results for
StateCU Decision
StateMOD Makers

Climate & Hydrology
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Consumptive
Use Model
StateCU

HydroBase

Data Results for

Management Decision
Interfaces Makers

Gls v’
Coverages ~
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HydroBase

GIS
Coverages

Consumptive
Use Model

Data Results for
Management Decision

Interfaces Makers
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Figure 1 - 2040 Average Annual Temperature Increase from Historical (deg F)
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Largest Increase

Basin Wide 2070 Average
Increase = 5.8 Deg F
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Figure 2 - 2070 Average Annual Temperature Increase from Historical (deq F)
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Average Annual Projected Temperature Compared to Historic

Delta Temperature
Degree Fahrenheit
Climate Station Elevation | Designation | Location 2040 2070

Fruita 1W 4480 Lower North 3.8 6.0
Glenwood Springs No 2 5880 Mid North 3.5 5.8
Grand Lake 6SSW 8288 Higher North 3.3 5.5
Rangely 1E 5290 Lower North 3.6 6.0
Meeker 3W 6180 Mid North 3.6 5.9
Maybell 5908 Lower North 3.5 5.9
Hayden 6440 Mid North 3.4 5.7
Yampa 7890 Higher North 3.5 5.8
Delta 3E 5010 Lower South 3.7 5.9
Montrose No 2 5785 Mid South 3.6 5.9
Gunnison 3SW 7640 Higher South 3.5 5.7
Cortez 6153 Lower South 3.6 5.9
Durango 6592 Mid South 3.5 5.8
Norwood 7020 Higher South 3.6 5.9
Basin-wide Average 3.6 5.8
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Precipitation Increases

More in Northern CO

Precipitation Increases
More at Higher N
Elevations
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Figure 3 - 2040 Percent of Historical Winter (Nov - Mar) Prz cipitation
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Decreases Basin-wide

Precipitation Decreases
More in Southern CO

Precipitation Decreases
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Precipitation Increases
More at Higher
Elevations
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Decreases Basin-wide

Precipitation Decreases
More in Southern CO
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Figure 6 - 2070 Percent of Historica Irrigation Season (Apr-Oct) Precipitation
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Durango
Average Monthly Precipitation

5% decrease in average annual precipitation
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[asin [“epresentation | nnancements

* Opportunity to Supplement Documentation
* Provides Basis for Representing the Effects of

Alternate Historical Hydrology and Climate
Projection

* Enhancements were recommended and
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e (rass Pasture above 6500 feet continues to be
estimated using High-altitude coefficients

* Elevation adjustment applied to other crops above
6500, and all crops below 6500 feet
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Revised in Upper Gunnison to match Subordination
Report estimates

Revised throughout Colorado Basin to better
represent operations

* Incorporate Current Redlands Canal Irrigation
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(\Qrisump‘tiv@ PEE A\ri?lpjsis T nhancements

the Colorado River Basin Project Act of 1968

* Developed Stand-Alone Historical Crop
Consumptive Use Documentation for each Basin

* AcCreage estimates

e Diversion records
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Basin

Yampa
White

Gunnison

Total

25

Upper Colorado

San Juan/Dolores

l
(\‘\
i_)_“
O
)
1
(b
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"
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Previous CIR New CIR

172,900
40,200
503,900
555,900
481,000
1,753,800

183,900
46,400
574,500
618,900
518,500
1,942,200

Previous CU

130,400
38,000
436,600
448,400
346,400
1,399,800
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New CU

139,700
42,500
485,600
513,600
358,200
1,539,600
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Colorado River Basin-Wide Average Monthly Consumptive Use
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600000
Ave Annual CIR =1,942,200 af
500000 Ave Annual Supply-Limited CU =1,539,600 af -
Shortage=21%

400000
1]
&
é 300000
9
<

200000

100000 '

0 T T T - T T T T T T - T T 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
M Crop Irrigation Requirement W Supply-Limited (Actual) CU

26

Colorado River Water Availability Study | Phase |




2040 and 2070
Projected

Temperature and
Precipitation Data

Re-sequenced .
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Growing Season
(Warmer Spring = Earlier Growth|)
(Warmer Fall = Extended Season|

Monthly Irrigation Requirements
(Warmer Temperature = Higher CIR)

28 PRELIMINARY RESULTS — UNDER REVIEW
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2040 Average Annual Crop Irrigation Requirement (CIR)
and Growing Season Length Compared to Historical

A . # Days # Days # Days

CIR is Less at ortgnce | i | Mg | "onig” | Grong

A 4 Climate Station CIR (inches) Season Season Season
Higher Elevations  pmem i . "
Glenwood Springs 25% 5.81 11 8 19
- - - Grand Lake 6SSW 16% 3.67 9 18
Increase is Primarily Rangely 1E p2oe o2 . "
Te m pe rature Meeker 3W 28% 5.47 10 8 18
. Maybell 26% 5.16 9 7 16
Driven Hayden 25% 4.75 7 15
Yampa 13% 3.29 8 17
Delta 3E 21% 6.43 11 7 18
Montrose No 2 23% 6.36 12 8 20
Gunnison 3SW 13% 3.5 9 7 16
Cortez 24% 6.24 14 8 22
Durango 10% 2.81 13 8 21
Norwood 10% 2.74 9 8 16
Average 20% 4.90 10.5 7.6 18.1

29 PRELIMINARY RESULTS - UNDER REVIEW
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Meeker 3W
Average Monthly CIR (Grass Pasture)

2040 Range
——2040 Average
—&— Historic Average

28% increase in average annual CIR
Growing season is extended by 18 days
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Cortez
Average Monthly CIR (Grass Pasture)

E=32040 Range
——2040 Average
—&— Historic Average

24% increase in average annual CIR
Growing season is extended by 22 days
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Rangely 1E
Average Monthly CIR (Grass Pasture)

32040 Range
——2040 Average
—&— Historic Average

22%increase in average annual CIR
Growing season is extended by 16 days
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2070 Average Annual Crop Irrigation Requirement and Growing
Season Length Compared to Historical

o # Days # Days # Days
C l R IS Less at % Increase | Increase Start | Increase End | Increase
2 = Climate Station Diffg:gnce (ii:cch:::;) %Z:“s’:‘r? %r:a“s’g‘r? %?avg‘r?
ngher E'evatlons Fruita 1W 34% 10.15 18 12 30
Glenwood Springs 40% 9.14 19 13 32
lncrease IS Prlmar”_y Grand Lake 6SSW 24% 5.47 15 15 30
Rangely 1E 36% 9.67 16 12 28
Tem pera ture Meeker 3W 44% 8.59 17 14 31
. Maybell 42% 8.45 15 13 28
Drlven Hayden 42% 8.11 14 13 27
Yampa 20% 4.87 14 13 27
Delta 3E 34% 10.18 17 12 28
Montrose No 2 36% 10.01 18 13 31
Gunnison 3SW 19% 5.09 14 13 27
Cortez 38% 9.89 21 13 34
Durango 15% 4.15 20 13 23
Norwood 14% 4.08 19 13 32
Average 31% 7.7 17.0 13.0 29.0
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Rangely 1E
Average Monthly CIR (Grass Pasture)

2070 Range
——2070 Average
—o—Historic Average

36% increase in average annual CIR
Growing season is extended by 28 days
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Delta 3E
Average Monthly CIR (Grass Pasture)

332070 Range
——2070 Average
—&— Historic Average

34% increase in average annual CIR
Growing season is extended by 28 days
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Grand Lake 6SSW
Average Monthly CIR (Grass Pasture)

32070 Range
—2070 Average
—&— Historic Average

24% increase in average annual CIR
Growing season is extended by 30 days
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Temperature and Precipitation based on
climate projection scenarios

* StateMod Determines how Climate-Based
Demands and Projected Hydrology Affect
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tateMod (verview

W

through Unique Data Sets

e Data Sets Define Basin

» StateMod Operates Based on Colorado’s
Water Right System
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StateMod (verview

\ NS ./ - -

or Need Information
— Stream Gages

Diversion Locations
Reservoirs
Beginning/End of Instream Flow Segments
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— Rivers
— Canals
- Pipelines
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— Minimized Data Filling
— Sufficiently Long to look at Water Availability over

time
* Five Models Represent more than 310
Tributaries
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Upper Colorado River
Basin Modeled Tributaries
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Gunnison
River Basin
Modeled
Tributaries
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San
Juan/Dolores
River Basins

Modeled
Tributaries
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* Diversions, Return Flows,
Changes in Reservoir Storage,
Evaporation

N4
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* NF = Gaged + Divert — Return

Nd
'
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Colorado River near Dotsero Flow
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400000 A n
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—Measured Streamflow ——Calculated Natural Flow
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— Return Flow Locations

e Reservolirs

— Location on River or Off-Channel
— Location of Carrier Ditches
— Storage VVolume, QOutlet Capacities, Account Size
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- 699,000 Irrigated Acres

— Larger Structures; Structures that are Important in
Administration (Per Water Commissioner);

Structures Receiving Reservoir Water

- /24 Transbasin Diversions (out of the Colorado
BEN
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223,000 acres or 24 percent of total acreage

— (Grouped by Location
— Structures on Smaller Tributaries not Represented in

the Model; Structures without Diversion Records
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* 193 CWCB Instream Flow Segments
* 20 Minimum Bypass Agreements
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Meadow Creek
Willow Creek
Con-Hoosier Blue
Green Mountain

Grass Valley

Shadow Mtn/
Grand Lake

Williams Fork
Clinton Guich

Homestake

Rifle Gap

Granby
Wolford
Mountain
Dillon

Reudi

Grass Valley

Cottonwood
Creek Res

Leon Creek
Reservoirs

Bonham
Reservoirs

Vega

Taylor Park

Silver Jack

Crawford

54

Blue Mesa
Crystal

Overland

Morrow Point

Fruitland

Paonia
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Vallecito Lemon Cascade Lake Hope

Jackson Guich Summit Narraguinnep  Trout

Groundhog McPhee Gurley Miramonte

Beaver Creek Pot Hook Lester Creek Steamboat
Taylor Draw Allen Basin  Stillwater Stagecoach
Elkhead Fish Creek Catamount Yamcolo
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StateCU
* Municipal Demands

- 1998 to 2005 Average Monthly Diversions
* Transbasin Demands

L 3 t0 2005 Averaae Monthlv Diversion
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\Water [ Jemands — “Sources

— Operational Targets for Ruedi, Green
Mountain, Willow Creek, Paonia, Taylor

Park, and Blue Mesa Provided by USBR

— Operational Targets for Williams Fork
Provided by DWB
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( ondition

C—

Q)
G

A dministrativ

* Reservoir and Carrier Operations
* Policies and Agreements (Such as

Minimum Bypasses, Fish Flows, etc|
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How Water is “Carried” to Off-Channel
Reservoirs

How Demands are Satisfied From Reservoirs
and in What “Priority”

How Water is “Carried” to Collection Systems
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60

. ldentifies Most Senior Water Right

. Estimates Diversion =min (Demand, Water
Right, Headgate Capacity, Available Flow)

. Adjusts Downstream Flows to Reflect

Senior Diversions and Immediate Return
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Model QP"Q“N; tons

Thompson Epperson
Priority 3 = 4.75 cfs

Priority 24 = 4.55 cfs o= MLt
Priority 1 = 64.83 cfs

Priority 26 = 7.8 cfs
Capacity = 160 cfs
Demand = 80 cfs

Capacity = 120 cfs
Demand = 8 cfs

1) Priority 1: Direct Diversion = min (demand, water right, capacity, physical flow) =
min(80, 64.83, 160, 80) = 64.83
2) Demand is decreased to 80 — 64.83 = 15.17
3) Diversion structure capacity is decreased to 160 — 64.83= 95.17
4) Flow Downstream is Decreased to 80 —64.83 = 15.17
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Model QP"Q“N; tons

Thompson Epperson
Priority 3 = 4.75 cfs

Priority 24 = 4.55 cfs o= MLt
Priority 1 = 64.83 cfs

Priority 26 = 7.8 cfs
Capacity = 160 cfs
Demand = 80 cfs

Capacity = 120 cfs
Demand = 8 cfs

Flow = 15.17 cfs

5) Priority 3: Direct Diversion = min (demand, water right, capacity, physical flow) =
min(8, 4.75, 120, 15.17) = 4.75
6) Demand is decreased to 8 —4.75 = 3.25
7) Diversion structure capacity is decreased to 120 —4.75 = 115.25
8) Flow Downstream is Decreased to 15.17 —4.75 = 10.42
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Model QPér; tons

Thompson Epperson
Priority 3 = 4.75 cfs

Priority 24 = 4.55 cfs y L0 DS
Priority 1 = 64.83 cfs

Priority 26 = 7.8 cfs
Capacity = 160 cfs
Demand = 80 cfs

Capacity = 120 cfs
Demand = 8 cfs

Flow = 10.42 cfs

9) Priority 24: Direct Diversion = min (demand, water right, capacity, physical flow) =
min(3.25, 4.55, 115.25, 10.42) = 3.25
10)Demand is decreased to 3.25-3.25=0 Demand is Satisfied
11)Flow Downstream is Decreased to 10.42 — 3.25 = 7.17
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Model QP"Q“N; tons

Thompson Epperson
Priority 3 = 4.75 cfs

Priority 24 = 4.55 cfs y L0 DS
Priority 1 = 64.83 cfs

Priority 26 = 7.8 cfs
Capacity = 160 cfs
Demand = 80 cfs

Capacity = 120 cfs
Demand = 8 cfs

Flow = 7.17 cfs

12) Priority 26: Direct Diversion = min (demand, water right, capacity, physical flow) =
min(15.17,7.8,95.17,7.17) = 7.17
13)Demand is decreased to 15.17 —7.17 = 8.0 Demand is Shorted
14)Diversion structure capacity is decreased to 95.17 —7.17 = 88
15)Flow Downstream is Decreasedto 7.17 —-7.17 =0
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Diversions
Streamflows

Reservoir Contents
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above Shorted Diversions, Around Gage)

— Natural Flow Distribution to Ungaged Tributaries;
Need Enough Physical Flow to Meet Historical

Diversions
— Revise “Priorities” Assigned to Operating Rules
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WAAVAL &V, - J 9

Within 3% for Upper Colorado Basin Gages
Within 1% for Gunnison Basin Gages

Within 1% for San Juan Basin Gages
Within 1% for Yampa Basin Gages
Within 1% for White Basin Gages
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Ulle VAY, Ule - WiVle

6 % for Surface Creek at Cedaredge
4 % for Uncompaghre River at Delta

2 % for Dolores River at Bedrock
6 % Ranch Creek near Fraser
32% Plateau Creek near Collbran (1% Plateau
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Maodel O alibration

USGS Gage 09085000 - ROARING FORK RIVER AT GLENWOOD SPRINGS
Gaged versus Simulated Flow (1975-2005)
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Model € alibration

USGS Gage 09163500 - COLORADO RIVER NEAR COLORADO-UTAH STATE LINE
Gaged and Simulated Flows (1975-2005)
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Flow (acre-feet)
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350000
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USGS Gage 09361500 - Animas River at Durango
Gaged and Simulated Flows (1975-2003)
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Maodel O alibration

USGS Gage 09132500 - North Fork Gunnison River near Somerset
Gaged versus Simulated Flow (1975-2002)
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2% of Historical of Gunnison Diversions
19 of Historical San Juan Diversions
2% of Historical Yampa Diversions

1% of Historical White Diversions
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DU 5 , LOU CCK, U OLLOINTVVOOU
Branch Pipelines in Plateau Basin (Upper Colorado)

Transbasin Diversions Calibrate well, but in some cases
the individual diversions under collection systems over

or under divert (Upper Colorado)

Fortification Creek and Williams Fork due to lack of
Hyvdrology (Yampa
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9 U - dIVEISIU C U U U U
operating rules, order of use under project may not
be understood (Gunnison)

Shortages on Currant and Surface Creeks indicate

interactions between the two tribs, irrigated lands in
Alfalfa Run, and Filling of Fruitgrowers not completely
understood (Gunnison)
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Grass Valley and Rifle Gap Simulation Do not Match
Historical Due to Limited Project Demand Information

Vega Reservoir Affected by Lack of Information and

Understanding of Southside Canal Diversions

North Fork of the Gunnison Off-Channel Reservoirs
Affected by Inconsistent Diversion Coding and Lack of
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Contents (acre-feet)

180000

363543 - GREEN MOUNTAIN RESERVOIR
Gaged and Simulated EOM Contents (1975-2005)
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514620 - CBT GRANBY RESERVOIR
Gaged and Simulated EOM Contents (1975-2005)
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623532 - Blue Mesa Reservoir
Gaged and Simulated EOM Contents (1975-2002)
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313518 - Vallecito Reservoir
Gaged and Simulated EOM Contents (1975-2003)
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-+ Understanding and Representation of
Colorado Project Operations are Good

B © Colorado StateMod Models are
| Appropriate Prediction Tools to Consider

81 Colorado River Water Availability Study | Phase |




A
1=
N)
1=
2
o
O
il
..

S
1)
-
N
4
—
=3
(b
=3
=
Q

Suggestions were Provided through BRT
Some Suggestions Provided Better Project

Operation Understanding, Calibration was
Already Good

82

Some Suggestions Improved Calibration
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— Did not affect Calibration, provided better
representation of current operations

Worked with Division 6 Engineer to better
understand futile call in the Piceance basin

o o o o
— a alampl= = arals ArNCHricl] (1 AL A ala
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— Did not affect Calibration, provided better
representation of current operations

Added the Finalized Black Canyon of the
Gunnison Federal Instream Flow Right

— I dd not Aarre AN ratioNn Drovideo Dhette
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Revised Historical Data and Operations for
Paonio, Overland, Fruitland, Fruitgrowers,

and Crawford Reservoirs
— Revised Historical Data Improved Natural Flow
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Fruit Growers Reservoir
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Crawford Reservoir
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Operations
— Helped Denver Water understand model

demands
Revised water rights for Power demands
Revised historical “split” of Grand Valley Project
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Representation
— Revised order in which Colorado Springs

meets Blue River Decree requirements in

Substitution Year
Incorporated new historical diversions and

90 Colorado River Water Availability Study | Phase |




/-o ' ) i '
"yt E@J\/lod Li’ig’l? fcements

with Collbran and Molina Projects
— Received new information regarding diversion

records
Water commissioners are preparing mapping
and providing information on Southside Canal
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Incorporated new operational criteria
Added James Creek Reservoir

Did not affect Calibration — again upcoming
Southside Canal revisions should improve
Calibration
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Water Commissioners
— Included new account and user ownership

Revised reservoir operations
Did not affect Calibration, provided better
representation of current operations
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Park Reservoir and Blue Mesa Reservoir
Operations with Water Commissioners

— No changes required, represented operations
are current
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e 3 in the Gunnison
* 12 in the Upper Colorado
e 3inthe San Juan

b ™+ Removed Moffat System Bypass
. Requirement on Jim Creek
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Received some data, but mostly represented
“full-build out” or future demands

Still reviewing assumptions to assure
transbasin diversion representation is

consistent
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HydroBase

GIS
Coverages

Consumptive
Use Model

Data Results for
Management Decision

Interfaces Makers
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\\ji:a't@j\/[od and Water /—L\vai]abi]itg

{

Replace Current Demands with CIR-Based
Demands from CGMs

Replace Natural Flow Hydrology with CGM
pbased Hydrology

Model Determines Physical/and Legal/\X/ater
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Com merits and ( Juestions?

Ray Alvarado:
Blaine Dwyer:
Matt Brown:

Ben Harding:

Erin Wilson:

99

\_.\"/

303.866.3441
303.987.3443
303.987.3443
303.443.7839
303.455.9589

ray.alvarado@state.co.us
blaine.dwyer@aecom.com
matthew.brown@aecom.com
ben.harding@amec.com
erin.wilson@Ircwe.com
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