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Computers and mathematical
optimization procedures
notwithstanding, we believe that
reservoir design is a creative art and
that the quality of the design depends
in great part on the designer s ability
to visualize the interaction of all
components of the proposed system.’
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The Challenges Ahead



WMA Future Supply Need Projections

Increasing demand, changes in demand patterns, changing climate...
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for the Year 2050



WMA Future Supply Need Projections

Results from ICPRB’s Potomac Reservoir and River Simulation Model (PRRISM)

Based on historic record as altered by projected
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ICPRB, 2025. Washington Metropolitan Area Water Supply Reliability Study: Demand and Resource Availability Forecast
for the Year 2050



Potomac River is Vulnerable to Contamination Events

Highly urbanized watersheds with thousands of
miles of transportation corridors

Nearly 15,000 sq mi of watershed covering four
states and DC

Major wastewater treatment plants and sewer
infrastructure

25% of the watershed is used for agriculture

Climate change is accelerating the occurrence
of HABs and other water quality events

Primary source for major DC-area water utilities
with limited alternative supply sources
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The Good News? We’ve Been Here Before!

The WMA faced similar challenges in the last fifty years and broke new ground in developing solutions

THEN - 1960s-1970s NOW - 2020s and beyond

Record droughts exposed the region’s vulnerability Deeper, hotter droughts
1930s—-1960s droughts showed WMA supply could fail Climate shifts plus 2050 demand growth

No coordinated drought management Coordination under new stresses
Independent withdrawals created uncertainty during low-flow conditions HABS, spills, and simultaneous demand peaks

New sources evaluated
Coordinated operation of regional resources offset the need for extensive new
infrastructure

New sources on the table again
Regional coordination remains critical to addressing vulnerabilities

That era’s work left us a running start:

Cooperative agreements and shared operating Systems analysis, optimization, and PRRISM and 50 years of real operating experience, deeper

rules OASIS simulation models understanding of regional vulnerabilities




Emergence of Systems Analysis



Systems Analysis

The study of how components of a system are interrelated
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The Location Problem

Laid the foundation for application of systems analysis in water resources planning and management

[i] Allocation of a facility at node i
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Fig. 1. Allocation of service facilities in an example problem. Fig. 2. Minimum number of service facilities as a funetion of maximum
response time &,

Toregas, C., Swain, R., ReVelle, C. and Bergman, L., 1971. The location of emergency service
facilities. Operations research, 19(6), pp.1363-1373.




Baltimore Water Supply System Example
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Baltimore Water Supply Example: Problem Definition

» Determine withdrawals from each reservoir and the Susquehanna River such that:
 Demands are met X% of the time
« Shortages are less than a threshold Y% of the time
* Flows are within the hydraulic limitations of the system
» Cost is minimized (e.g. pumping)

Minimize OBJ = > R; + ), wR;
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Baltimore Water Supply Example: Problem Definition

Subject to constraints and objectives:

SUP: HU; 2 IU*—CU
Storage capacities
SLW: HL, 2 IL,'G— CL
Respect minimum AVU: HU; < IU, ™ — 8V
storage objectives AVL: HL; < IL"™ — 8Ly
D: = + HU;., — HU; + HL;., — HL, < (IU+ IL);.,""* — D,
Meet demands
OD: —b — HU, — HL, < SU,+ SLo— D,
DLW: —R, + SP; + HL, ,— HL, £ IL;.>® — DL,
EXP: —R; + SP; + HU;,., — HU; + HL;., — HL; = (IU + IL);-,>* — D;
NNU: HU;., — HU, < I
NNL: HL,., — HL; < IL,.,"™
CAP: b; < PIPE
Hydraulic capacities
SIZE: R; — SP; < PIPE
Minimize unrealistic . 0.50
fluctuations DIF. — HU,‘—I + HU; + HL;..; — HL, S (IL L IU)i—l = K




Baltimore Water Supply Example: Solution Space
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Systems Analysis for WMA Supply
Planning



Emergence of Systems Analysis for Supply Planning in the WMA

_ Loucks (1968). Computer Models For
Systems Analysis Reservoir Regulation

Schweig & Cole (1968). Optimal
Control of Linked Reservoirs

Systems analysis first applied to ReVelle, Joeres, & Kirby (1969).
reservoir design and basin planning Linear Decision Rule in Reservoir

{ A \ ‘ Management and Design
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. ; and operations : :
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: research methodology to the
1966 drought — projected field of water resource planning”
future demands exceeded

WMA Supply Planning flows in the Potomac River - ReVelle et al., 1969



Convergence: Coordinated Operation of WMA Resources

Systems analysis studies and =\
negotiations over drought |.y
allocations demonstrated benefits JOHNS HOPKINS

of coordinated WMA operations
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Dan Sheer as first Director Drought: the Occoquan Experience




Convergence: Coordinated Operation of WMA Resources

Systems analysis studies and
negotiations over drought
allocations demonstrated benefits
of coordinated WMA operations

| ; .
( \ Continued study by ICPRB and local, regional, federal partners
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UNIVERSITY
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| \ J
1978 Low Flow Allocation 1982 Water Supply Coordination “The study found that the coordinated
Agreement Agreement | Further development and application

of ICPRB’s Potomac Reservoir and

Palmer, Wright, Smith, Cohon, & River Simulation Model (PRRISM)
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The Impacts of Systems Analysis on WMA Water Supply Reliability and
Resilience

MAJOR WATER SUPPLY SYSTEMS - METROPOLITAN
WASHINGTON AREA

« Established a framework for regional cooperation and drought
operations

« Showed that jointly managed resources could provide greater water
supply yield than independently-operated sources

« Estimated $200M — $1B savings with “non-structural” alternative

* Helped launch one of the country's earliest system-model-based
approaches to regional water resource management

« Established PRISM (later PRRISM) as the planning and operations
support tool for the WMA

« Supports proactive, forecast-informed drought operations and
management of backup sources

* Protects environmental and recreational objectives

Sheer, D.P. (1983). Assured Water Supply for
the Washington Metro Area. ICPRB M-14



Beyond the Potomac Basin



The WMA Legacy in Water Supply Systems Modeling

Water resources systems analysis techniques are the foundation of commonly used water resources models

Generic Water Water
Software Resources Resources
Typical Specific
[
Excel GoldSim HEC ResSim
Stella ExtendSim Riverware
Matlab (PRRISM) WEAP

OASIS




The WMA Legacy in Water Supply Systems Modeling: OASIS

OASIS

Potomac OASIS Development and
Water Supply Precursors Applications
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NYC DEP Catskill Turbidity Control Study

Demonstrated that forecast-informed reservoir operations could provide similar benefits to infrastructure alternatives

Costs based $390
on approach

$320

Life-cycle cost
over 75 years

(millions of dollars)

Structural Operational

Intake 1 Intake 2 Intake 3




NYC’s Operations Support Tool (OST)

The Nethomll Acsudrinios o
SCIENCES -+ ENGINEERING - MEDKCINE
Create short-term

ensemble simulations
for operational
guidance, or
long-term runs for

CONSENSUS STUDY REPORT

Review of the New York City gfs(lzgre of OSIS an cap-nal plagnlrlw_g, rule |
Department of Environmental Protection ‘model of New testing, and climate =~ ° o
York City’s water change assessment.« '/

1

Opefrat'\lens Sugpor: Tool supply system and the

r ter Delaware River Basin.

o SteF SUpPpY 1 OST integrates v v |
near-real time data
and ensemble
hydrologic forecasts.

Multiple users
can access the
system through
a user-friendly
interface

“One of the most advanced and
complex support tools for water supply
operations of its kind in the world.”



West B D River at W. NY
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Regional Planning Example

Sequencing capital investments using systems analysis

60
What is the best way to
sequence capital >0 O
projects to realize long- s 4 -
term and near-term £ — o e e
objectives? 2 3 26mod  s5mad  Cpge” pRr
Q
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20
10 —e—Sequence 1
0

Baseline Project1 Project2 Project3 Project4 Project5




Regional Planning Example

Sequencing capital investments using systems analysis

258 mgd
60
79mgd  jntake
65 mgd PRF
PRF
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Back to the Future



The Good News? We’ve Been Here Before!

The WMA faced similar challenges in the last fifty years and broke new ground in developing solutions

THEN - 1960s-1970s NOW - 2020s and beyond

Record droughts exposed the region’s vulnerability Deeper, hotter droughts
1930s—-1960s droughts showed WMA supply could fail Climate shifts plus 2050 demand growth

No coordinated drought management Coordination under new stresses
Independent withdrawals created uncertainty during low-flow conditions HABS, spills, and simultaneous demand peaks

New sources evaluated
Coordinated operation of regional resources offset the need for extensive new
infrastructure

New sources on the table again
Regional coordination remains critical to addressing vulnerabilities

That era’s work left us a running start:

Cooperative agreements and shared operating Systems analysis, optimization, and PRRISM and 50 years of real operating experience, deeper

rules OASIS simulation models understanding of regional vulnerabilities




The Washington area s
cooperative approach to water
supply is recognized as an
example of how planning,
coordination, and shared
investment can help areas
manage regional water
resources efficiently, even
during times of stress.”

ICPRB (2025)

2025 Washington Metropolitan Area Water
Supply Study

Thank you!
jweiss@hazenandsawyer.com
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