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Reclamation Operational Modeling
3 Colorado Basin-wide Models

Operations of the major reservoirs at a monthly timestep

24-Month Study

Official operations model, used in Annual
Operating Plan (AOP)

Lower Colorado River Basin

: : g
Mid-Term Operations Model (MTOM) el W

Probabilistic version of 24-Month Study, used
for risk and uncertainty analysis
(recently developed)

Colorado River Simulation System (CRSS) b

Long-term planning model, used in EISs, planning
studies, etc. By 4
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Reclamation Operational Modeling
Model Comparison

CRSS

MTOM

24MS

Primary Use

Long-term planning,
comparison of alternatives
(NEPA)

Risk-based operational
planning

AQOP Tier
determination

Probabilistic/ Deterministic

Probabilistic — 107 (or
more) traces

Probabilistic — 30 (or
more) traces

Deterministic

Rule-driven/
Manual Operations

Rule-driven

Rule-driven

Manual Operator
Input

Time Horizon

~50 years

5 years

24-32 months

Upper Basin Inflow

Natural: historic hydrology,
paleo-hydrology, climate
change

Unregulated ESP
forecast, 30 traces

Unregulated forecast,
1 trace

Upper Basin Demands

Explicit, 2007 UCRC
assumptions

Implicit, in unregulated
inflow forecast

Implicit, in
unregulated inflow
forecast

Lower Basin Demands

General assumptions

Official approved or
operational

Official approved or
operational
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Operational Decision-making Hierarchy

Spatial Resolution
Time Horizon

Operational
Activity

Decisions

RiverWare
Operations Model

Basin-wide
over decades

Basin-wide
over 1-5 years

Sub-basin
over 4-6 weeks

Single project
over 1-7 days

Long-term Planning

Mid-term Operations
and Planning

Short-term Scheduling

Real-time Control

Operating Criteria and
Guidelines

Annual Operating Plan
and Mid-term Planning

Water and Power
Schedules

Unit Commitment
Economic Dispatch
Automatic Generation
and Control

Colorado River
Simulation System
(CRSS)

24-Month Study Mode!

Mid-term Operations
Probabilistic Model
(MTOM)

Daily Operations
Models

Hourly Operations
Models




24-Month Study Model

» Basin-wide reservoir operations
tool

« Deterministic: “best guess”
projection for upcoming 24
months of operations

* Projects monthly reservoir
releases, elevations, storages,
hydropower, etc.

« Updated monthly




Model Configuration

Reservoir Operation
— 12 maijor reservoirs

Monthly time step
24-month projection
Updated monthly
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Output

* Annual Operating Plan (written document

« 24-Month Study Report (mostly tabular data),
monthly update to the AOP

OPERATION PLAN FOR COLORADO RIVER SYSTEM RESERVOIRS
October 2012 24-Month Study
Managing Water in the West Most Probable Inflow*
Lake Powell

S Lake Powell Elevations

i Historic and Projected based on Most Recent Inflow Projections
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Operational Decision-making Hierarchy

Spatial Resolution
Time Horizon

Operational
Activity

Decisions

RiverWare
Operations Model

Basin-wide
over decades

Basin-wide
over 1-5 years

Sub-basin
over 4-6 weeks

Single project
over 1-7 days

Long-term Planning

Mid-term Operations
and Planning

Short-term Scheduling

Real-time Control

Operating Criteria and
Guidelines

Annual Operating Plan
and Mid-term Planning

Water and Power
Schedules

Unit Commitment
Economic Dispatch
Automatic Generation
and Control

Colorado River
Simulation System
(CRSS)

24-Month Study Model

Mid-term Operations
Probabilistic Model
(MTOM)

Daily Operations
Models

Hourly Operations
Models




MTOM Inputs: Ensemble vs Discrete

1988 1989 1990 —#&— 1991

1981 1982 1983 1984 1985 1986 1987
2001 2002

1994 1995 1996 —@— 1997 1998 —&— 1999 2000

1992 1993
2007 2008 2009 2010 sessess Min == @ MaxX e Most

2003 2004 2005 2006

Flow (cfs)

0.00
Apr-18 Oct-18 May-19 Dec-19

Jun-14 Dec-14 Jul-15

January 2015 MTOM: Lake Powell Inflows

Note: Official Min, Most, and Max Probable forecasts R E ‘ I AMA I ION

“‘extended” to 5 years by repeating the last year

Aug-16 Mar-17 Sep-17
Timestep (Monthly)

Jan-16




MTOM Output: Ensemble vs Discrete
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1 OJanuary 2015 MTOM: Lake Mead Elevations RECL AM ATION




Operational Decision-making Hierarchy

11

Spatial Resolution
Time Horizon

Operational
Activity

Decisions

RiverWare
Operations Model

Basin-wide
over decades

Basin-wide
over 1-5 years

Sub-basin
over 4-6 weeks

Single project
over 1-7 days

Long-term Planning

Mid-term Operations
and Planning

Short-term Scheduling

Real-time Control

Operating Criteria and
Guidelines

Annual Operating Plan
and Mid-term Planning

Water and Power
Schedules

Unit Commitment
Economic Dispatch
Automatic Generation
and Control

Colorado River
Simulation System
(CRSS)

24-Month Study Model

Mid-term Operations
Probabilistic Model
(MTOM)

Daily Operations
Models

Hourly Operations
Models
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Observed Elevations
May 1 Elevation

Future Releases
Observed Total Release
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e Future Elevations

Flaming Gorge Operations WY2015-2017
Most Probable Operations August Most Final Forecast
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Operational Decision-making Hierarchy
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Spatial Resolution
Time Horizon

Operational
Activity

Decisions

RiverWare
Operations Model

Basin-wide
over decades

Basin-wide
over 1-5 years

Sub-basin
over 4-6 weeks

Single project
over 1-7 days

Long-term Planning

Mid-term Operations
and Planning

Short-term Scheduling

Real-time Control

Operating Criteria and
Guidelines

Annual Operating Plan
and Mid-term Planning

Water and Power
Schedules

Unit Commitment
Economic Dispatch
Automatic Generation
and Control

Colorado River
Simulation System
(CRSS)

24-Month Study Model

Mid-term Operations
Probabilistic Model
(MTOM)

Daily Operations
Models

Hourly Operations
Models




Hourly Yampa and Green River
\Vilele[<1

Yampa8 Basin MOD Profile - mi~2

Basin Viewer
[ 10 [ 20 s0 ][40 so | 60 [ 70 | 80 [ s0o | 100 | 110 [ 120 [ 130 |
total forecast time: . 5 . 811 | 335 743 2.3 723 39.3 16.3 8.3 3.0 0.6

Yampa Temperatures

—ocutflow ——¥YPSC ——Now 700 z0 =0 0 70 0 110 Now

Snow-To-Flow
Reaches

ate Data Vie

Snow-To-Flow Parameters
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Hourly Yampa and Green River
\Vilele[<1

(a]]
L=~
Realtime Model Coach

5/20/2015 4:00
119 hours

Yampa4

outflow = MBLC e NOW

05/12/15

Routing Parameters

scale
Reach Name _coefficient

LittleSnake1
LittleSnake2
LittleSnake3

SlaterFork1

Flow Data .~ Basin Data

Gauge Control
use =1

smooth
remove =0

coefficient

scale lag lag
exponent _coefficient _exponent
ELCC
YPSC
LSSC
SLSC
ELMC
YBCC
MBLC
YNHC
LILC
YPDC

Time Settings

Snow-to-Flow Forecast

FLGU Delay
LY dava
ErrorFinder  MENTTERENT® CONTROL PAGE MENCVEEEETEWY Ek2

Yampa8

LittleSnake1
LittleSnake2
LittleSnake3

SlaterFork1

LittleSnake4

SlaterFork2

max scale

Greenl

(@ View Yampa Basin Map

(4

min scale max scale
t

Green2 Yampal

Yampa2

Yampa4

Yampa3 Yampa4

Hourly Reach Input and Q

5/9/2015 20:00
5/9/2015 21:00
5/9/2015 22:00
5/9/2015 23:00
5/10/2015 0:00
5/10/2015 1:00
5/10/2015 2:00
5/10/2015 3:00
5/10/2015 4:00
5/10/2015 5:00
5/10/2015 6:00
5/10/2015 7:00
5/10/2015 8:00
5/10/2015 9:00
5102015 10-NN
Yampas
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outlet
5/10/20
5M10/20
5/10/20
5M10/20
5/10/20
5/10/201
5/10/201
5/10/201
5/10/201
5/10/201
5/10/201
51101201
5/10/201
5/10/201
AAN 101201
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Hourly Yampa and Green River
Model

Release Change Scheduler Matrix Jensen Goal Matrix
Hour 14-May 15-May 16-May 17-May 18-May 19-May 20-May Hour 15-May 16-May 17-May 18-May 19-May 20-May
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FLGU Release Viewer

5/10 5/12 5/14 5/16 5/18
—— FLGU Release ———YPDC — JESU Forecast = NOW

Forecasted Jensen Flow Matrix Absolute Residual Matrix Residual Summary

Hour 14-May 15-May 16-May 17-May 18-May 19-May 20-May Hour 15-May 16-May 17-May 18-May 19-May 20-May 15-May 16-May 17-May

564
567
562
550
532
509
483
456
428
401
376
353
334
319
309
303
301
415 304
436 309
461 318
327

HHHH HHEHR  HHRHR  REERR R 20 488
Flow Data .~ Basin Data ErrorFinder  MTTTAREPAC OIS FLGU Release Elk2 -~ Yampa8
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1,039
1,136
1.224

1,470
1,506
1,530
1,544
1,549
1,547
1,540
1,531
1,521
1512
1,507
1,507
1514
1,529
1,552
1,585
1,624
1,670
1,717
1,765
1,810

1,915
1,919
1914
1,901
1,881
1,857
1,829
1,800
1,772
1,745
1,721
1,702
1,687
1,677
1,672
1,672
1,674
1,679
1,685
1,691
1,692

Average Hourly Residual 380 401 638
Max Hourly Residual 553 567 1,423
Min Hourly Residual 104 301 265

Solver Constraints
Max Release 8,600 cfs Calibrate Releases
Min Release 800 cfs

Outside of Range
Solver Goal

871
LittleSnake4 SlaterFork2 “Greenl . Green2 . Yampal . Yampa2 . Yampa3 . Yampa4 . Yampa5 . Yil]
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Data Needs

 \Wind Rivers SNOTEL network

* Should we continue putting in more
SNOTEL?

— Gamma
— Model NOHRSC
— Aerial JPL
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ISCUSSION

Questions and D

RECLAMATION
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