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Historical reservoir design

 The only time series available to estimate storage
was the observed record

— The worst drought in this time series is termed the
historical drought of record

e A reservoir was built according to the maximum
storage required to deliver the no-failure yield

— This will occur during the worst drought

 Therefore, most reservoirs were designed according
to the historical drought of record
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Current methods to design and
evaluate reservoirs

e Through the application of stochastic techniques to
hydrology, we can create a synthetic time series of
any length to use for reservoir design

— A process called bootstrapping is used to extend and
rearrange the historical record

* Reservoir design specifications can be determined
from many time series of substantial record length

— Historical record contains 1 record of length 40-60 years to
evaluate the reservoir

— Bootstrapped records can be repeated 100s of times with
each record length greater than 1,000
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Goal:
How reliable is a reservoir that was
designed according to the drought of record?

 Because the reservoir design guaranteed the yield would
be delivered without failure throughout the historical
record, we can ask:

1. What is the corresponding no-failure reservoir yield?

2. How reliable is this yield if the reservoir were to
experience alternative droughts other than the
historical drought of record?

3. Under what conditions is this or is this not a reliable
method to design reservoirs?
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Approach:
How do we answer these questions?

e Our dataset comprised 36 reservoirs in Massachusetts
and 30 reservoirs across the U.S.

 We designed the following approach to answer our
guestions:

1. What is the corresponding no-failure reservoir yield?

— Computed the maximum yield that did not resultin a
reservoir failure throughout the historical period of record
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2. How reliable is this yield if the reservoir were to
experience droughts other than the historical
drought of record?

— Used the bootstrap technique to create at least 100
synthetic records that were 12,000 months in length

— For each synthetic record, counted the number of failures
that resulted from the historical no-failure yield and
determined reliability of the reservoir

— From the individual reliability estimates, we determined an
average reliability

3. Under what conditions is this or is this not a reliable
method to design reservoirs?

— Compared average reliability to reservoir and streamflow
characteristics
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Preliminary Results:
What is the reliability of the drought of record
for reservoirs in Massachusetts?
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Location of Study Reservoirs in the U.S.




Preliminary Results:
What is the reliability of the drought of record
for reservoirs across the United States?
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Preliminary Results:
What causes some reservoirs
to be more reliable than others?
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How much water the reservoir has to store to ¢
deliver the yield without failure
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Preliminary Conclusions:
Why does this matter?

e Reservoirs designed on the basis of the drought of
record are highly reliable if storage-yield ratio less
than 2

— Stochastic streamflow methods may not be
needed to evaluate this class of reservoirs

o Establishing a reservoir classification scheme that
provides a priori knowledge about the behavior of
reservoirs designed on the basis of the drought of

record
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Next steps:
Future directions for this work

 What is the likelihood of the observed drought of record?

— If we looked at another historical period of the same length,
would our results change?

 \What about other metrics of reservoir behavior, such as
resilience and vulnerability?

e Add context to the reliability estimates

 Need to QA our methodology

ZUSGS YE



Addiitional work

BS Reservoir Information

Reservoir Yame [Ashley Lake Rermarks BACK to

MNavigaktion
Palis ID | 21003 Public \Water Supplier ID | 1236000-015 Form

Specify Conditions Perform Reservoir Analysis Results

. Histarical Firmn vield =
Starage Multiplier = Compute the Compute the

q bepis — historical firm reliability of the L Standard dEVi.ati'.:'." of
Failure Critetia ] vield historical yield Average reliability = the reliability =
Murmber of blocks bo

] ) Standard dewviation of
subkract From reu:Eru:I I_D Awerage Failre duration = Failure duration =
length {1 blcck = 2

= Standard dewviation of
years) = &vverage Failre amount = an ?;Hur:g;;ﬂ;tlj:

Firm Yield Estimator Input Data

Climate and Streamflow | watershed and Reservoir Characteristics | Usage and Other Withdrawal InFormation

Data to compute monthly streamflow Click on a link below to view the locations of the streamflow
gages and climate stations.

=t e Il e Fiver ab Williamsbown, Ma _ .
Map of Climate Stetions

Climate Station |knightville Dan Map of Gage Statons

srene sl prediEn, T inces ETE Select an option to ¥IEW evaporation or streamflow,

Average annual snowfall, ininches 51.54 VIEW Monthly VIEW Daily YIEW Monthly

Average annual kernperature, in l—? cg Evaporation Streamflows Streamflows
degrees Celsius

Averages based on Iﬁ wears of record Select an option to EXPORT the evaporation or
streamflow record as an Excel spreadsheet.

Data to compute monthly evaporation rates EXPORT Monthly |  EXPORT Daily EXPORT Montly | EPot

1924 Evaporation Streamflows Streamflows Arnual

Elesation of the spillway, in Feet Flows

Longitude, in decimal deqrees 73.1652

Click here to wiew the reference
? For the calculations of evaporation
and strearmfow,

Record: @ 1 @ of 1




Additional Work: Estimate ground-water
component to reservoirs
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