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Water Resources Planning

v Collaborative planningis a planning process in which
individuals, agencies, and organizations, often with widely
varied interests, work together to share knowledge and
resources, and achieve mutually beneficial goals and
enduring solutions through structured, civil dialogue.

- When utilized effectively, collaboration can
serve as an alternative dispute resolution
process.

> Since water resources planning is almost
always contentious these techniques often
offer promising approaches

> Decision support systems can greatly add
to collaborative planning
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About Shared Vision Planning

Shared Vision Planning (SVP} is a collaborative approach to formulating water
management solutions that combines three disparate practices: 1) traditional water
resources planning, 2) structured public participation and 3) collaborative computer
modeling. Although each of these elements has been successfully applied, what makes
Shared Vision Planning unique is the integration of traditional planning processes with
structured public participation and collaborative computer modeling.

Goal

The goal of Shared Vision Planning is to improve the economic, environmental and social
outcomes of water management decisions. Shared Vision Planning facilitates a common
understanding of a natural resource system and provides a consensus-based forum for
stakeholders to identify tradeoffs and new management options. Shared Vision Planning
creates user-friendly and understandable computer models that are relevantto
stakeholder interests and adaptable to changing conditions.

What’s in this Web Site

This web site is designed to inform visitors about Shared Vision Planning and how itis
being applied in real-world situations. It features a step-by-step demonstration, information
about the origins of SVP, current and historical case studies, and thorough explanations of
shared vision planning models, resources and training for those interested in
implementing the approach.

SITE MAP FAQS | ABOUT THE PROGRAM

Shared Vision Planning integrates
- tried-and-true Planning principles
+ systems modeling
« collaboration

into a practical forum for making water
resource management decisions.
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System Overview

» Use a Decision Support System to encourage
communication and collaborative decision
making among hydropower schedulers,
biologists, energy forecasters, and other
managers.

» Basic setting:

- Each week a number of individuals arrive at a

consensus of how best to operate a hydropower
system for the next 7 days.




Ensemble Streamflow Predictions

» What is ESP?
> ESP uses the current hydrologic model states as initial
conditions and drives the model using historical
temperature and precipitation. ESP produces a flow
trace that corresponds to a particular year of historical

weather.




Ensemble Streamflow Predictions

» What is ESP?

> ESP uses the current hydrologic model states as initial
conditions and drives the model using historical
temperature and precipitation. ESP produces a flow
trace that corresponds to a particular year of historical
weather.

- We use this concept, and blend it with a deterministic
forecast of rainfall and temperature for the next 7 days
from NOAA, then revert to using historical data.

- We use some 45 years of historical data. .
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Proof of Concept

» Demonstrate use of forecasts improves
operational performance through:
- Meeting all system constraints
> Increasing Avoided Costs ($$%) for customer base
» Use retrospective hydrologic and
forecasts to drive DSS

» Examine if 60 day forecasts increase
hydropower revenue




Proof of Concept - Models

Simulation Model

»  Built with simulation
software _ S e
»  Simulates system operations at
the Jackson Hydropower Project

»  Shows how water is routed
through the system

»  Incorporates variation in
streamflow, energy prices and
environmental flow requirements 4

» Used to develop targets that
constrain Linear Program




Proof of Concept - Models

Optimization Model

»  Built with Lingo programming
language

» Represents the hydrologic and
hydraulic elements of the
system in a mathematical
framework

» Optimizes system operations
using forecasts of streamflows
and energy prices

» Calculates the quantity and
timing of reservoir releases that
maximizes energy production

» Uses environmental flows,
target storages and hydraulic
capacities as constraints
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Proof of Concept - Method
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Proof of Concept - Results

Cumulative Avoided Cost From Hydropower Production (2001-2002)
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Current Operational Use

» Relies on in-house energy price forecasts and
NWS - NWRFC streamflow products (ESP)

» Model runs are over 90 day period for 45
ensemble members

» Forecast Updated Weekly

- Conference call every Tuesday to develop weekly
operations plans

- Get all parties agreeing on operational direction for
week




Current Operational Use

» Weekly calls have been performed for past 18
months.

» Conversations reflect challenges that appear
based on time of year
> Flood events
> Drought event
> Instream fish flow
> System Maintenance
- Energy Forecasts

» Some weeks are simple, some not

» DSS “informs” decision making, does not
dominate
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MEMORANDUM

To: Keith Binkley, Banry Clisman, Kien Hoang, Adam Lewis, Bruce Meaker,
Sam Nietfeld, and Kelley Wallace

From: Richard Palmer, Professor and Head, Dege. of Civil and Enviren. Engineering
Austin Polebatsks, Ph.D. Candidate

Date: Novemsber 3, 2009

Re: Nowvember 2, 2009 SnoPUD Forecast

Streamflow

During the last week (sinice October 27%) there were significant precipitation events and flows
wmito Spada Reservoir has mcreased and decreased following the mm patters (Figure 1)
Flows began last week at 1630 cfs and are now 85 cfs on the South Fork of the Sultan River
near Sultan (USGS station 12137290). (This is our reference site for inflows into Spada,
actual inflows are appm:umuuly 4.5.7 tumes the South Fork Sultan value,) Flows mncreased
from October 29” 1o October 317, with o maximwim of about 1000 ¢fs. The mean vahue and
medinn value for this date are 152 and 96 ofs, respectively,

The 10-day forecast (on wenv wenthercory for Sultan) predicts sigmificant probability of rains
for the remamnder of the week. Figure 2 presents the Natonal Weather Service Forecast for a
locarion n the Sultan basin that s 8 nales north of Index. Washingron (clevation of 2349 feer.
4704 N, 121.59W). The forecast calls for almost 0o ran or saow dunng the week, which
conflicts with our other forecast (Figure 3), Streamflows coatinue to decline cunrently,

Energy Value Forecast

The “weighted forecast energy value™ is very similar in shape to the forecast Last week but i
significantly Jower, most often between $5 and $7 per mega-watt-hour less than last week’s
forecast. As noted previously, each month shows a discontinuous jump that is a feature of the
manner m which the forecast is bemg made. For the current forecast, the discontinuity is
especanlly large near December 1% but hardly nioticeable in early January.

Everett Water Demands

Everest’s water demands averaged 111 ofs (ranging from 107 ofs to 115 ofs), This week’s
average is 3 cfs less than last week’s average. Unless there are large and unexpested
inclustrial demands, thas is the range that would be expected for tuch of the wanter.

Storage and Power T 1 Relea
As of November 2™, §:00 am Spada Lake was 1535.46. Thas 15 up more than 9 feet from lnst
week, and is up 18 feet from two weeks ago. Lake Chaplain elevation s approximated to be
650.27 feet, up shightly from last week. The power tunuel release on Monday moming was
estimated to be 1260, up more than 800 ofs from last week.

The Uzpvernty of Mesachuesy o s Affemsve Acion Egud Oppornssty lasstatice Page |

Spada Storage and Revenue Forecast

Tliis week we did not wait for the River Fi Center predactions but tock a very
conservative view that flows would continue to decline during the week (Figure 6), The
optinszation model's median operating policy (the one reconunended by more than half of the
runs) suggests that this week releases should be & ed froem thetr high value 1o an
average of 700 ofs, then the average for the next 2 weeks should be 600, 450, and 500 cfs
before mereasing the flows to 1100 cfs five weeks from now. The suggested releases varying
during the week, nmuq)tmg 10 relense for those days for which the energy value is the
greatest. The f average ge (Figure 7) at first decreases, then shows a steady rise
during the next four weeks. The stomge 15 forecasted to increase 1o 1441 feet, before
declining. This may well be too great an increase, but allows the model to capture the higher
valued releases in December. The storages, in general, remain nicely between the mle corves,
although there are a number of traces that reach 1450 feet,

The suggested operational pattern will result in $7.8 nullion of avoided energy costs over the
next 90 days, oa average (Figure 8). This is abour $1.20 million decrease from last week's
forecast due to decreasing prices i the near term,  The rnge of energy values is a puninuon
of $4.6 nullion and a maxi of $10.5 nulla

Fish Flow Forecast
For this scenanio, median fish flows (Flows at Reach 5) basically reflect the operating policy
of the power tinnel releases.  Flows will be near the nuninmun releases

Recommendarions for Operations
The model s suggesting a shift from lase week's prediction. Rather than contme to release ar
high levels, the model’s recommendation this week is 1o cut back releases this week and the
following 3 weeks (700, 600, 450, and 500 cfs) before ncreasing refeases in December. The
modelmy well be “chasing prices” almk too aggressavely. as if this policy is followed,

dicted 10 steadaly during the next four week 1o 1441 feet, The system
fmsuluglmmgclndsmdplanyofumamm:dnn-tm Concers about low
storage are likely over.

Pelton
Feet Tunnel Releazes Gen. Releases Gen.  Total
Releases MW
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Current Operational Use
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Current Operational Use

Water Surface Elevation (ft)
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Future Model Use

» Transferred responsibility of weekly model
runs to in—house staff

» Will continue to update model and add new
functionality



What about Climate Change?

CLIMATE CHANGE

Stationarity Is Dead:
Whither Water Management?

P.C. D. Milly,"* Julio Betancourt,2 Malin Falkenmark,® Robert M. Hirsch,* Zbigniew W.
Kundzewicz,® Dennis P. Lettenmaier,® Ronald J. Stouffer’

ystems for management of water

throughout the developed world have

been designed and operated under the
assumption of stationarity. Stationanty—the
idea that natural systems fluctuate within an
unchanging envelope of varnability—is a
foundational concept that permeates training
and practice in water-resource engineering. [t
implies thatany variable (e.g., annual stream-
flow or annual flood peak) has a time-invari-
ant (or 1-year—periodic) probability density
function (pdf), whose properties can be esti-
mated from the instrument record. Under sta-
tionarity, pdf estimation errors are acknowl-
edged, but have been assumed to be reducible
by additional observations, more efficient
estimators, or regional or paleohydrologic
data. The pdfs, in turn, are used to evaluate
and manage risks to water supplies, water-
works, and floodplains; annual global invest-
ment in  water infrastructure exceeds
U.S.$500 billion (/).

An uncertain future challenges water planners.

In view of the magnitude and ubiquity of
the hydroclimatic change apparently now
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Closing Comments

» Demonstrated proof of concept

» Incorporating forecasts will improve
operations

» Users learning to appreciate “uncertainty”

» Energy price forecast is more valuable than
streamflow forecast

» Established opportunity for expanded
communication between “groups”

» Process illustrated value neutral agent







