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BIOGRAPHICAL SKETCH

Brian Walker began his career with the Sacramento District, US Army Corps of Engineers in 2009. He
received his BSCE (2005) and MSCE (2007) from Purdue University under Dr. Rao S. Govindaraju. With the
Corps, Brian has worked primarily as a hydrologist, with much of his work focusing on rainfall-runoff
modeling, including assessment of potential impacts of climate change for the California Department of
Water Resources. As part of the effort to update the Folsom Dam water control manual, he has worked
extensively with the Corps’ Hydrologic Engineering Center and the interagency group comprised of the
Corps, US Bureau of Reclamation, California-Nevada River Forecast Center, and Sacramento Area Flood
Control Agency.

ABSTRACT

The purpose of the Folsom Dam Water Control Manual is to lay out a detailed plan for operating Folsom Dam
for flood control and management. The update to the Manual is motivated by the additional capabilities
offered by the Joint Folsom Project’s auxiliary spillway. Additionally, as part of the directive authorizing the
update, Congress charged the Corps to examine how measurements of basin wetness and inflow forecasts
might inform operations. The Hydrology Section of the Sacramento District of the US Army Corps of
Engineers has been tasked with providing a framework for evaluating the degree of protection afforded by
the new structure and operations. This framework will be used to develop operating rules and to evaluate
the added performance benefits from basin wetness indices and forecasts.

One way of depicting the performance is a regulated frequency curve, in which the magnitudes of peak
regulated flows are plotted against their probabilities. Two lines of analysis come together to produce the
final regulated frequency curve. We first assess the probability of unregulated flows in the American River
by applying the procedures of Bulletin 17B to them. In a parallel effort, unregulated hydrographs based on
the floods of 1955, 1964, 1986 or 1997 and scaled by multiple factors (ranging from 0.1 to 3.0) are run
through an HEC-ResSim model of Folsom Dam. From the model output, regulated peak outflows are taken.
The critical duration of each model run is also assessed. For the Manual Update, the volume-window
method for selecting critical durations was developed. The volume-window method determines the critical
duration based on of the percentage of the maximum n-day flow that has entered the reservoir by the time
of maximum storage. The frequency of the critical duration’s volume is then assigned to the regulated peak
outflow. From conditional, pattern-specific regulated frequency curves, a composite frequency curve may be
derived by applying the Total Probability Theorem. The final curve serves as our best estimate of regulated
peak probabilities before the inclusion of risk and uncertainty.
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PURPOSE OF MANUAL UPDATE

= Revise operation rules for Folsom Dam
based on the capabilities of the Folsom Joint
Federal Project (JFP) to reduce flood risk

= Reflect operational capabilities created by
improved weather forecasts and basin
wetness parameters

= Evaluate the frequency of peak outflows
under the new operating conditions
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SAFELY PASS A 1/200 EVENT
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STEPS TO A REGULATED CURVE

'Unregulated Frequency Curve

(P(Qurveg), Qunres)
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UNREGULATED FREQ CURVES
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» Use Bulletin 17B procedures
* Incorporate the 1862 event peak flow

* Censor the 1977 annual maximum for all
durations

* Display very similar results to previous
analysis (2006); validation?
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STEPS TO A REGULATED CURVE
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LOCAL AND HEADWATER FLOWS
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STEPS TO A REGULATED CURVE
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WHAT IS A "CRITICAL DURATION'?

= “_..critical durations will be a function of the
degree of flood protection selected and of

the release rate or maximum rate of flow”
(EM 1110-2-1420)

* The accumulated time that an average
inflow takes to force the system above the
targeted controlled flow

* The n-day volume that drives peak outflow
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Volume (acre ft)
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3,000,000 r

-
Dav 3 2 Day 7
. A

2,500,000 -

2,000,000

1,500,000

1,000,000

500,000

o 1 2 3 4 5 6 7 8 9 10
Duration of Maximum Inflow (days)

1986 Max 1997 Max

- = Qobj =160k cfs k- AEP inflow volume (p = 0,005} 1955 Max —e— 1964 Max
=

BUILDING STRONG




DESCRIBING THE PROBLEM

Historic ¥ o gif erent
frequen w JIIHNN\ ZaHb alanced).

AV FULSUIV PRISUN
Scaling 00 7-day

volume as rarer
than 1/2

The hyc | safely.
Howeve '_ | n’'t used.
The evelllawea &l o event.
The tra me with a
1/200 p channel

sl

BUILDING STRONG




‘ -
BRI |l h__the Cre
& window” meth@®

= -

~ maximum storag B, \LT-




Flow (cfs)
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VOLUME-WINDOW METHOD

1) For a given pattern, calculate the
maximum n-day volume, Vn max

2) Calculate the volume from the start of the

n-day max to the time of peak storage,
Vn,p.

3) The ratio VW(n) = Vn,p/Vn,max %.
4) Perform this analysis forn =1,2,3...k.

5) The critical duration is that n-day with a
VW closest to 100%.
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AmericanRiver at Fair Oaks (1955)
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Flow (cfs)
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STEPS TO A REGULATED CURVE
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DRAFTCVHS rain-flood regulated peak flow frequency curve
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STEPS TO A REGULATED CURVE
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COMBINING THE EVENT CURVES

Once a conditional regulated curve has
been derived from each set of hydrographs:

1) Assume the floods span the entire total
probability of large flood events

2) Weight each curve based on the
frequency of the critical duration for the
unscaled (i.e. observed) hydrograph

3) Combine the curves horizontally, i.e. for
Qp,i, sum the weighted probabilities
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VARIABLE CRITICAL DURATION
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QUESTIONS & COMMENTS
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