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Research Premise and Objective

e Qur Premise — Water supply planning will be more
sustainable when it considers risk-based concepts
such as risk, reliability and resilience in addition to
cost in the decision-making process

* OQur Objective — Prepare a practical Framework
usable by utilities to incorporate concepts of
reliability, resilience and sustainability in addition to
cost in their planning processes
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Traditional
Planning

* Supply
projects

* Firm yield
* Single future
* Deterministic

* Low
complexity

management

* Demand
management

* Firm yield
» Single future
» Deterministic

» Moderate
complexity
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Next-Generation .

IWRM

* Planning under
uncertainty

* Multiple
Futures

* Climate
Variability

» Adaptive
Planning

* Probabilistic

« High

complexity
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Research Approach

TASK 1: Identify and Assess Water Supply Evaluation ‘

Planning Tools

Sustainable Water Supply

TASK 2: Define an Integrated, Reliable, Resilient,\/ ‘

TASK 3: Conduct Case Studies \/ |

TASK 4: Convene Workshop '

TECHNICAL APPROACH

TASK 6: Prepare Reports and Presentation \-/

TASK 5: Develop Framework ' |
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Classical Definitions

* Reliability - the probability that the water supply
sY]stem IS in a satisfactory state, answering the question
“how often”

e Resilience - the probability that a time period when the
water supply system is in an unsatisfactory state is
followed by a time period when the water supply
system is in the satisfactory state, answering the
qguestion “how long”

e Sustainability - the ability of the water supply system to
meet goals for long-term viability, triple bottom line
performance and other organizational objectives
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Description
of a
Sustainable
Water

Supply

Surface water
Groundwater
Reclaimed Water
Contracts

Water Demand
Water
Conservation
Leakage
Management

Collection and
Diversion
Storage
Conveyance
Treatment

Operating Policies
Drought Response
Asset Management
Source Water
Protection

gcement

Mana

| Operations |

Sample Descriptions

= Integrates disciplines

» Connects functions
Integrated = Diverse portfolio

= Holistic
= Robust

=Recognizes shortages will
oceur

: = Sets level of service criteria
Reliable = Accounts for risk and

uncertainty
= Supports community goals

= Recovers from stressors,
risks and threats

shortages

= \leets customer service
expectations

* Renewable supplies
=50+ year planning outlook

Sustainable * Adequate asset
management

» Considers long range
impacts
= Sustainable rates
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Survey sent to the WRF 4615 participating utilities

Survey published in the WRF newsletter
Survey sent to selected utilities

Effort to reach smaller communities
Received 27 responses
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Does your current water supply plan incorporate uncertainty?

EYes

ENo

ODon't know

@ Does not apply

= No Reply



Southwest

Mountain

Northwest

South
Cenfral

Southeast

CO

Meftropolitan Water
District of SoCal

East Bay Municipal
Utility Disfrict

City of San Diego

Colorado Springs
Utilities
Denver Water

Portland

Tarrant Regional
Water District

Tampa Bay Water

West Palm Beach

Case Study Utilities
m

Coastal

Coastal

Coastal

Inland

Inland

Inland
Inland

Coastal

Coastal

>IM

>IM

>1M

100K-500K

>IM

500K-1TM
>IM

>IM

100K-500K

100% - Surface

98% - Surface
2% - Reclaimed

96% - Surface
3.8% - Reclaimed
0.2% -Groundwater

Surface

97% - Surface
3% - Reclaimed

Surface

97% - Surface
3% - Reclaimed

33% - Surface
65% - Groundwater
2% - Desalinated

Mostly Surface
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Research Findings and Lessons Learned —
General Planning

* There are no consistent accepted definitions for
reliability, resilience or sustainability

 We need improved methods of informing policy
makers and stakeholders of these new planning

strategies

* The greatest focus is on 20-25 year planning
horizon

* Understanding your system is critical
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Research Findings and Lessons Learned —
General Planning

* Non-technical factors (e.g., State regulations, local
politics, external stakeholders) can strongly impact
planning approaches

 Utilities concerned with water scarcity have
different issues than those concerned with water

quality

e Commit to continuity - select a process and stick
with it through future updates
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Research Findings and Lessons Learned —
General Planning

* Planning is iterative — you don’t have to do
everything the first time

* You will learn much about your organization and
system in the process — that will a valuable
outcome of the planning activity
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Research Findings and Lessons Learned —
Addressing Risk and Uncertainty

e Concepts of sustainability and uncertainty are currently
being widely used in water supply planning, especially
by large utilities

e Utilities use a wide variety of level of service goals and
decision-making approaches to assess system
performance and make decisions

e Uncertainty is most frequently addressed through use
of different future scenarios
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Research Findings and Lessons Learned —
Addressing Risk and Uncertainty

e Climate change is often addressed in a simplified
fashion (e.g., reduce streamflow by an assumed
percentage, resequence historical flows)
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Research Findings and Lessons Learned —
Modeling

 There are no industry-wide standards for modeling
or decision support systems

 Model approaches vary substantially but nearly
always represent a major time and cost
commitment

e Stay focused — only model and analyze what you
need

e Traditional simulation models are starting to be
combined with optimization routines
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Research Findings and Lessons Learned

“It’s gonna be messy.” — Leon Basdekas, Black and
Veatch, formerly Colorado Springs Utilities, CO

“In preparing for battle | have always found that
plans are useless but planning is indispensable.” —
Dwight D. Eisenhower

“Everyone has a plan ‘til they get punched in the
mouth.” — Mike Tyson
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Framework Goals

* Provide guidance and a process, not make specific
recommendations

* Provide examples from case studies and research

* Provide a practical guidance manual for practicing
water supply planners
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The Framework
addresses part of the
overall integrated
water resources
planning process
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«mm: Module 1: Scoping and Goals

This module presents guidance on how to scope an IWRM project in a
manner thatis consistent with the need to incorporate reliability,
reslience and sustainability in the water supply evaluation process.

Objectives

+ Define the fundamental elements of a planning framework and its
primary godls.

Each module is organized
around a set of key

Inputs questions leading the
» Organization Integration Objective user to specific outcomes
+ Options and Solutions to be

considered

Key Questions

What water supply options and
alternatives should | consider
in my plan? -1A Ovutcome 1A

y . Options and Constraint )
What are appropriate baseline -

conditions for planning?

What should be integratedin 1B QOutcome 1B \l
my planning process? Integration Objec’rives,'

e
4. What is the right planning = Quticome 1C :

horizon? Planning Horizon

© American Water



Example Guidance for Scoping and Goals

Factors Driving Goals Factors Driving Process

Demand Organization Political Past Planning Scheduled
Growth Goals Goals Methods Update
Regional State L System Technical

Droughts or

) Features [ssues
Failures

Opportunities Guidance
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* Risk based planning is
fundamental to new
approaches

e Risk —threat to water
supply system
performance

e Uncertainty —a “known
unknown”
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2 How do we generate potential

AModule 2: Uncertainties and Risks

This module details strategies, best practices, and examples of
generating and prioritizing risks and uncertainties that could impact the
reliability, resilience, and sustainability of a utility's water supply system.

Objectives

» |dentifyrisks and uncertainties to which yourwater supply system may
be susceptible.

« Priorifize these risks and uncertainties to decide which ones will be
analyzed to determine what the system is vulnerable fo.

Inputs
= Scope and goals of plan
- +  Nature of stakeholder engagement
«  Water supply options

Key Questions

How do we best organize the
* process of generatingrisks and
uncertainties?

Ovutcome 1
Prioritized lists of risks and
uncertainties that may
impactyour system

risks and uncertainties?

QOutcome 2
Which risks and
uvncertainties need to
be includedin your

How do we select and prioritize

* risks and uncertainties to
evalvate/analyze as part of this
plan?

—
e
i




Workshop/Working Groups

Group A Group B Group C Group D Study Team

e
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Risks/
Uncertainties

S = Study Team, | = Internal SME, E = External SME, M = Management



bl

Risk and Uncertainty Categories

= Demand Uncertainties - population growth, economic
conditions, conservation effectiveness, demand hardening

» Hydrology Uncertainties — drought, climate change, change
IN rain-snow mix

= Environmental Uncertainties - wildfire, sea level rise, water
quality degradation

= Regulatory Uncertainties — increased environmental
permitting, constrained water administration

» |Infrastructure Uncertainties — aging infrastructure, failures
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Generate inﬁial list of risks and uncerhainiies by thinking about the
water supply system in a bottom-up or top-down approach

List all the events that could List all the eventsthat could
1 :D. have a negativeimpact on the € | occur around a theme and map
é water supply system, stepping % them to the water supply system.
o | fhroughthe various elements. 0 | This approachis effective when
£ | This approachis effective when a | the theme could impact multiple
,g the theme is an aspect of the |2 aspects of the watersupply
water supply system (e.q. supply. system (e.g. environmentadl,
conveyance, demands) climate, political). A key St rategy
Contextualize the initial list by categorizing around themes based on QU eSt | on vour
what is important to your utility. Identify if there are any categories that y
are not well represented by the initial list and if it is realistic. assum pt | ons

initial list and

incorrect.

" uilalilals
« Thereis an Ul

Examples

List assumptions made by your organization in relation to the water supply
system. Generate risks and uncertainties around those assumptions being

ill always increase
fimate demand we can quantify
Past hydrology is indicative of future hydrology
Customers will always use water the way they use it today
We need to meet all our customers demand all the time

Comprehensive list of potential risks and uncertainties
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Module 3: Level of Service Goals

ava VA VAV, vare and Performance Metrics
[T

This module presents guidance on selecting lewvel of service (LOS) goals
and performance metrics for a water supply evaluation that
incorporates the concepts of reliability, resilience and sustainability.

Objectives

+ |denftify the important features of the water supply system that affect

. system performance

o M et rl C — + Define performance metrics that capture RRS concepts for these
features

+ Define Levelof Service (LOS) for acceptable performance using the

q U a ntifi a b I e performance metrics
Inputs
m e a S u re Of SySte m . Gow:en"éng Bourdfcouncil Direction
e e (M
performance |
o .
Level of service Koy Questions

goal - Value Of d What are the key system

system under
uncertainty

features for evaluating Outcome 3A \|

. 2~ performance of a water Metrics to evaluate |

m et rl C d efl n I n g supply? faA performance of the :
I

I

acce pta ble SyStem How do I define the

performance metfrics

associated with the key syste

performance foairs? " Outcome 3B

B Level of Service defining
How do | set the Level of acceptable

Service that defines performance
acceptable performance?
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Colorado Springs e Maintain 1.5 Years of Demand (YOD) in storage 90% of years "
Utilities e  Outdoor watering restrictions in at most 10% of years (90% reliability) -
e Maintain 1.0 YOD in storage 100% of years
e Meet indoor demands in 100% of years
Denver Water e  Qutdoor watering restrictions in at most 10% of years (90% reliability)

Outdoor watering bans in at most 1% of years (99% reliability)
e Meet indoor demands in 100% of years

East Bay Municipal e Meet 85% of total demand in 100% of years

Utility District

Metropolitan Water e Meet commitments to wholesale customers 100% of years for “foreseeable
District of Southern conditions”
California e Maintain 1 million acre-ft in storage, trigger mandatory restrictions if storage falls

below this number (no reliability attached)

Portland Water Bureau Meet average day demand throughout a 500-year drought event

City of San Diego e Meet demands 100% of the time, but allowing for restrictions

Tampa Bay Water e Meet full demands 95% of the time
e  Always maintain 90 days of demand in storage
e Meet contractual pressure requirements for members 100% of time

Tarrant Regional Water e  100% reliability in supply transmission system
Utility e  100% reliability in meeting primary customer demands

West Palm Beach e  Minimum operational targets for Lake Okeechobee and Grassy Lake Elevation
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e Approach to
evaluate system
performance and
evaluation
potential
portfolios

* Two main
categories:

* Scenarios —top
down

* Robustness —
bottom up

2017 © American Water Works Association AWWA Susta

I!‘FModule 4: Evaluation Approach

This module details the different methods that can be done to evaluate
the impact of therisks and uncertainties to the reliability, resilience and

sustainability of the water supply system as well as to evaluate different
portfolios of options.

Objectives
« Define an approach to evaluate system performance, determine
future water needs, and select water development sirategies
« |dentify approach to account for uncertainty elements in the
analysis, evaluate water supply projects performance, and develop
and implement portfali
Inputs
+  Uncertfainties and risks 1o be
- ; evaluated
+ Options to be evaluated

Key Questions

What overall evaluation
1 « approachis best for my plan?

What methodsareusedto ™1 17 ~ibe o AN
2 evaluate impacts of Outcome 4A

» risks/uncertainties on the RRS of I!?F4A Mefhod.folevulluufe
a water supply system? uvncertainties/risks.

———————————————————

What methods are commonly Ovutcome 4B

, Used to evaluate and compare ET'4B Melhod 16 avdlvata
different porifolios of options? portfolios.

What features willthewater | " """ T Toommmmmm———
4 supply system model require in 3 Ovuicome 4C
* order to properly implement the |!?4C Features required of a
desired methods? modeling system




! 1
i L L 1]
T 7T

Bl 1_;“

*.'.‘

Full Combinatorial

Exploratory Search
Probabilistic (monte carlo)
Latin Hypercube Sampling
Selected Stressed System
Story Lines
Discrete Scenarios
"

Machine-Driven
T ————

Scenarios Bookends

Hurnan-Criven
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e Simulation and
optimization
models

e Alternative
evaluation models
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Obijectives

Q Module 5: Models and Tools

This module provides guidance on translating the varous cutcomes
from prior modules info requirements needed of a water supply system
model in order to properly implement those outcomes.

+ Define requirements of modeling system needed based on inputs

from prior modules to perform desired analysis.

+ Compare required modeling system to existing modeling system,
identifying where improvements are necessary.

+ Selected system integration

+ Opfionsto be evaluated

*  Uncertainties and risks to be
evaluated

+  Performance Metrics

* Evaluation approaches

Inputs

Key Questions

What modeling system features
1 » do | need to incorporate RRS
into our ideal plan?

2 How is my existing modeling
« system suited to perform the
desired analysis?

What improvements need to be
3_ added to my existing modeling
system?

Are the improvements
reasonable considering time
and budget constraints??

4 T T N

t Outcome 5A |
1 [15A List of required modeling=
l\ features.

-

Outcome 5B
Evaluation of current
modeling system,
detailing improvements
that are required to
implementfeatures.

A
l-——————-l'l

e
N
n

he S




Guidance for Model

Selection
new model?
Staff and knowledge to
prepare model?

Complex
system?

Need to simulate

climate futures?

Use optimization?
Open source or
proprietary?

Select Suitable Model
Approach

o
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e Multi-criteria Rank
noacion [T T
methods #a

 Add reliability, Redundancy — -

resilience ana oves: [ W 7Y
. N K e — — #1
sustainability

criteria to g oversy | e

traditional triple- S
b Otto m- I i N e C rite ri a ¥ Supply Reliability B Cost-Effectiveness © Implementation Ease
B Water Quality Impacts 1 Stewardship = Environmental Impacts

Example from West Palm Beach, FL
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1. Scoping and
Planning Goals

= l | 2. Level of Service

WRF 4615 Framework Report / bl
* Guidance Manual Framework to
e Literature Review 5. Models and Evaluate Water
 Survey Results Tools SRS
. Rel-Res-Sus-$$
e (Case Study Summaries - 3. Uncertainties
\ and Risks
" l"_* './r
4. Evaluation
Approach
\ Water Report in May 2017
esearch WRF Publications
Foundation* Professional Association Presentations
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Questions and Comments
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