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Background

e Colorado River Simulation
System (CRSS)

— Reclamation’s long-term
planning model

— Developed as FORTRAN
model late 1970’s

— Implemented in RiverWare mid-
1990’s

— Simulates operations at 12
reservoirs

— Models 500+ individual ‘water
users’ at a monthly time-step
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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 | "3 e Sy

Water Project

resolving imbalances G A NS0

ron
......

e Study conducted by Reclamation and
the Basin States in collaboration with
stakeholders throughout the Basin
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« A 3 year study that began in January e = omaen
2010 and completed December 2012 o YL TS [
« A planning study — did not result in = B g
any decisions, but provides the MR
technical foundation for future  Sh R
activities Y
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RiverWare Distributed MRM

ulation Object List

m RiverWare Distributed MRM

Process Status ) Single Run Status
State: Not Started

E Q cution State: Execution State:

CurrentRun: 0 of 0 Current Timestep:

tun Status (Tra e Run Status
State: Not Started

E g xecution State: Execution State:

Current Run: 0 of 0 Current Timestep:

1ated Time Remaining: Mot Available
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RiverWare™ Study Manager

 Manage input and output for all 240 scenarios
« Automate simulation process

5| Scenario List Simulator

Edit ‘Wiew Scenarios
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Baseline

with Options
with Options
with Options
with Options
with Options
with Options
with Options
with Options
with Options
with Options
with Options
with Options
with Options
with Options
with Options
with Options
with Options
with Options
with Options

o

MRM Config Dermand

MIC_C1
WIC_C2
WIC_C2
MIC_CT
MIC_CT
WIC_D1
AIC_D1
\IC_D2
VIC_D2

Rapid Growth C1

Rapid Growth C2

Rapid Growth C2

Current Trends

Current Trends

Enhanced Environment D1
Enhanced Ervironment D1
Enhanced Environment D2
Enhanced Environment D2
Current Trends

Current Trends

Current Trends

Current Trends

Current Trends

Current Trends

Current Trends

Current Trends

Palicy

Revertto Mo Action
Interirn Guidelines Extended
Revertto Mo Action
Interim Guidelines Extended
Revertto Mo Action
Interim Guidelines Extended
Revertto Mo Action
Interim Guidelines Extended
Revertto No Action

Partfolio

Interim Guidelines Extended OAndS Portfolio &
Interim Guidelines Extended OAndS Portfolio B
Interirn Guidelines Extended OAndS Porfaolio C
Interim Guidelines Extended OAndS Portfalio D

Revertto Mo Action OAndS
Revertto Mo Action O&nd$
Revertto Mo Action 0&AndS
Revertto Mo Action OAndS

Portfolio &
Portfolio B
Portfolio
Portfolio D

Enhanced Environment D1 Interitm Guidelines Extended OAndS Portfalio £
Enhanced Environment D1 Interim Guidelines Extended OAndS Portfolio B
Enhanced Environment D1 Interim Guidelines Extended OAndS Portfalio ©
Enhanced Ervironment D1 Interim Guidelines Extended O&ndS Portfalio D

Enhanced Environment D1
Enhanced Environment D1
Enhanced Environment D1
Enhanced Environment D1

Revertto Mo Action O&nd3
Revertto Mo Action 0&AndS
Revertto Mo Action OAndS
Revertto Mo Action OAndS

Portfolio &
Portfalio B
Portfolio C
Portfolio D

Enhanced Environment D2 Interitm Guidelines Extended OAndS Portfolio &
Enhanced Environment D2 Interim Guidelines Extended OAndS Portfolio B
Enhanced Environment D2 Interim Guidelines Extended O&ndS Paortfalio C

DNF

Demand

DMI DMI DMI

™.
reent Trends ™R apid Growth CL_Entanced Enviranment D1

DMI DMI DMI

Slow Growth B Riapid Growth C2~Enhanced Environment D2

MRM

MRM

= MRM

= MRM

MRM | MRM

Portfolio

DMI

DMI

MNone
1

Partfalio B
!

DMI

DMI

T
Portfolio & Partfolio C
[

Portfolio &

Scenatio DNF,Current Trends, Inkerim Guidelines Extended ©ands, Portfolio B: Has not been not run

240 Scenarios (240 Shown, 0 Hidden, 4 Checked)

WIC_CT

YIC B

WIC_C1

MRM

VIC_C2 WIC_D1 VIC_ D2

Revert o Mo Action OAnds

RPL

Interim Guidelines Extended C4nds

Baseline

RPL

T
Revert ko Mo Action

RPL

Interim Guidelines Extended

Models
<]

Baseline

MODEL

with Options
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Basin Study Modeling

4 Supply Scenarios
(1,959 total
seguences)

6 Demand
Scenarios

2 Operations
Assumptions

Baseline

4 Portfolios

Resource
Metric
Results (90)

117,540 total
Traces

Apply Indicator

Metrics (27)

Vulnerability e
Thresholds

Resource
Vulnerabilities
(27)
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Post Basin Study
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High Performance Computing and Water
Resources Management

» A project with the RAND Corporation, Lawrence Livermore
National Laboratories (LLNL), CADSWES, and
Reclamation to explore the use of supercomputing In
water resource management

 The Colorado River Basin Water Supply and Demand
Study was used as the test-case

* The biggest challenge of the project was getting
RiverWare to run on the supercomputer
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Challenges

e Supercomputers operate on Linux
e Cannot rely on Excel DMIs
e File management

 Transferring many small files across the file system
was problematic
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High Performance Computing Workshop

e Held at LLNL in November 2014

 |nvitees represented a mix of academics, CRB water
managers, CA water managers, Feds, others

» Breakout groups tasked with developing new portfolios
from assigned perspectives




Portfolio Development Tool

Define Group Portfolio

Instructions: Set option characteristic requirements for inclusion in portfiolio.

Portfolio: User Portfolio

Technical

Environmental

Technical Feasibility
| AB,C,D,E

Technical Feasibility (NT)
* |ABCDE

Permitting
+| |ABCDE

Permitting (NT)
| A B,C,DE

Energy Needs Energy Needs (NT)

| A B, C

Implementation Risks
| A,B,C,D,E

Implementation Risks (NT)
s [aBCDE al | A B,CDOE

Energy Source
| 4B, C,DE

Energy Source (NT)
| 4B, C,DE

Reliability (Long-Term Via.. Reliability LT (NT)
| AB.CDE 4 [ABCDE 3|

Reliability (Operational Fl.. Reliability Operations (NT)
| AB,C,D,E *| |ABCDE +| |AMBCDE

Other Environmental Factors Other Environmental Factors (..

+| |ABCDE v

Social Others

Recreation
| A B,C,D.E

Recreation (NT)
* |ABCDE

Hydropower
¢« |ABCDE

Hydropower (NT)
«| |ABCDE

Socioeconomics
| A, B,C,D,E

Socioeconomics (NT)
¥ |ABCDE

Water Quality
v |[ABCDE

Water Quality (NT)
v/ |ABCDE

Policy Considerations
| 4B,C,DE

Policy Considerations (NT)
¥ |ABCDE v

Legal Considerations
| 4B, C,DE

Legal (NT)
* |ABCDE

Filters and Screens

Modeled in CRSS? Option Type

| ves ¢ | [ Agricultural Conservation
Desalination

M Import
Local Supply

B M & | Conservation
Reuse
Watershed Management

Mutually Exclusive: Front Range

| Exclude Import-Front Range-Mississippi v

Cost Filter ($/AF) (user defined)
5,000 |

RE

Watershed-Weather Mod1
Watershed-Weather Mod2
Watershed-Weather Mod3
Watershed-Weather Mod4
Watershed-Dust1

Ag Cons-Transfer1

Ag Cons-Transfer2
Watershed-Tamarisk

Ag Cons-Transfer3

M & | Conservation 1
Watershed-Dust2

Ag Cons-Transferd
Desal-Yuma

M & | Conservation 2

Ag Cons-Transfer5
Desal-SoCal groundwater
M & | Conservation 3

M & | Conservation 4

M & | Conservation 5
Desal-Salton Sea
Desal-Salton Sea2
Desal-Salton Sea3
Desal-Pacific Ocean-MX
Reuse-Municipal1
Reuse-Municipal2
Import-Front Range-Missouri
Reuse-Municipal3
Reuse-Municipald
Reuse-Municipal5
Desal-Pacific Ocean
Desal-Pacific Ocean2
Desal-Pacific Ocean3
Local-Coalbed Methane

<50 SIAF
<50 $IAF
<50 $/AF
<50 $/AF
200 $IAF
) 300 $/AF
© 400 SiAF
400 $IAF
@ 500 SIAF
) 500 SIAF
500 $/AF
@ 500 SIAF
600 $/AF
@ 700 SiAF
@ 800 $IAF
800 $/AF
@ 800 S/AF
@ 900 SiAF
@ 200 $iAF
1,000 S/AF
1,200 S/AF
1,300 SIAF
1,500 SIAF
1,500 SIAF

1,600 §/AF
1,700 $/AF
800 $/AF

1,800 $/AF
1,800 S/AF
1,900 $/AF
1,900 $/AF
1,900 $/AF
2,000 $/AF

10 20 30 40 50

60

Timing years (user portfolio)
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Bring in the Super Computer....

Supercomputer “Cabernet”
Capacity

— 1,296 nodes x 16 Intel cores
Speed

— 431 Teraflops

Memory
— 41.5 Petabytes




High Performance Computing Modeling

4 Supply Scenarios

(1,959 total
seguences)

Metric
Results (90)

: Vulnerabilit Indicator
2 Operations Threshold y Metrics (27)
Assumptions reshoids

Resource
Vulnerabilities
(27)
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How much vulnerability
reduced?

Current Management 2012-2026

Supply Scenarios
] An

[2] Future climate
™ Historical
2041-2060 ™ Palealhistorical

Time Period

™ 20122026
Lee Ferry Deficit [] 2027-2040
(exceeds zero in ™ 2041-2060

any one year) 2041-2060

CRBS D (Common Options)  2012-2026

Portfolio
[ ey

CRBS A (Highly Inclusive) 2012-2026

[Q Current Management
[g CRBS A (Highly Inclusi...

# CRBS D (Gomman Opt...

2041-2060

Current Management 2012-2026

2041-2060

Lake Mead Pool CRBS D (Common Options)  2012-2026

Elevation < 1000

foet 2041-2060

CRBS A (Highly Inclusive) 2012-2026

2041-2060 30%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70%

Percent Traces Vulnerable »

|| Erwironment (Aggressi...
|| Emvironment (Very Agg...
|| High reliability (Very A...
|| No restrictions (Very A...

75% 80%




Lessons Learned and Future Work

* RiverWare modeling can be implemented in a high
performance computing environment

 Reduces run-time constraints
e Number of simulations
e Model complexity

* However, for “regular” use in high performance computing,
RiverWare development for Linux likely needed

« Output data management, processing, and visualization
pose challenges
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Lessons Learned and Future Work

« High Performance Computing is commercially available
« Amazon cloud, EC2, etc.
* Are development and computing costs justified?
e Decisional framework
« Results analysis and processing
* Future model complexity and needs
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Contact Information:

gov

David Groves groves@rand.org

Ken Nowak knowak@ushbr
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