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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

PURPOSE OF MANUAL UPDATE

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 outflowsEvaluate the frequency of peak outflows 
under the new operating conditions

BUILDING STRONG®



FEMA levee break scenario 
for 1/100 event

Total Damageable Property –
approximately $28 billion
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SAFCA Consolidated Capital Assessment District Map
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SAFELY PASS A 1/200 EVENTSAFELY PASS A 1/200 EVENT
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STEPS TO A REGULATED CURVE
Unregulated Frequency Curve Reservoir Unregulated Frequency Curve

STEPS TO A REGULATED CURVE
Unregulated Frequency Curve

Simulations(p(Qunreg),Qunreg)(p(Qunreg),Qunreg)
Unregulated Frequency Curve

Critical Duration

Transform (Qcd unreg Qpeak reg)Transform (Qcd,unreg,Qpeak,reg)

Regulated Frequency Curve
(p(Qunreg) Qpeak reg)
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UNREGULATED FREQ CURVESQ

• Use Bulletin 17B procedures 

• Incorporate the 1862 event peak flow

• Censor the 1977 annual maximum for all• Censor the 1977 annual maximum for all
durations

• Display very similar results to previousDisplay very similar results to previous 
analysis (2006); validation?

• Approximate well the ~1%
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NOAA 14 RAINFALL FREQUENCYQ
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LOCAL AND HEADWATER FLOWS
2.6% French Meadows

LOCAL AND HEADWATER FLOWS

14%
6.3% Hell Hole
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0.4% Loon Lake

3.5% Union Valley

86%
Local

3.5% Union Valley

1.2% Ice House

Local
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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

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”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 y
targeted controlled flow
The n day volume that drives peak outflowThe n-day volume that drives peak outflow
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WHY 7 DAYS ISN’T CRITICALWHY 7 DAYS ISN T CRITICAL
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DESCRIBING THE PROBLEM
Historic flood n-day volumes have different 
frequencies (i e hydrographs are unbalanced)frequencies (i.e., hydrographs are unbalanced).
Scaling a historic hydrograph to a 1/200 7-day 
volume created a 3 day volume that was rarervolume created a 3-day volume that was rarer 
than 1/200 for some events.
The hydrograph could not be passed safely.
However, the entire 7-day volume wasn’t used.
The event was still labeled as a 1/200 event.
The transform would link a 7-day volume with aThe transform would link a 7-day volume with a 
1/200 probability to a peak flow above channel 
capacity
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IMPETUS FOR A NEW METHOD
Thus, there was a need for showing a clearer 
relationship between the unregulated volume

IMPETUS FOR A NEW METHOD

relationship between the unregulated volume 
and the peak outflow.

Reservoir storage volume shows a clear 
maximum, and the maximum storage is often 
closely timed with peak outflow.

This led to the development of the “volume-This led to the development of the  volume-
window” method in which the timing of 
maximum storage is used to compare
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maximum storage is used to compare 
durations.
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VOLUME-WINDOW METHOD

1) For a given pattern calculate the

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, y p g ,
Vn,p.

3) The ratio VW(n) = V /V %3) The ratio VW(n) = Vn,p/Vn,max %.
4) Perform this analysis for n = 1,2,3…k.
5) The critical duration is that n-day with a 

VW closest to 100%
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VW closest to 100%.
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Unregulated Frequency Curve Reservoir 
STEPS TO A REGULATED CURVE
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COMBINING THE EVENT CURVES
Once a conditional regulated curve has

COMBINING THE EVENT CURVES
Once a conditional regulated curve has 
been derived from each set of hydrographs:
1) A th fl d th ti t t l1) 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 thefrequency 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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1955 1/AEP = 47 (2-day)
1964 1/AEP = 48 (3-day)
1986 1/AEP = 72 (3-day)

1955 1/AEP = 47 (2-day); 47/258 = 0.182
1964 1/AEP = 48 (3-day); 48/258 = 0.186
1986 1/AEP = 72 (3-day); 72/258 = 0 279

1955 1/AEP = 47 (2-day); 47/258 = 0.182
1964 1/AEP = 48 (3-day); 48/258 = 0.186
1986 1/AEP = 72 (3-day); 72/258 = 0 2791986 1/AEP  72 (3 day)
1997 1/AEP = 91 (2-day)
► 47 + 48 + 72 + 91 = 258   Sum of all return periods

1986 1/AEP  72 (3 day); 72/258  0.279
1997 1/AEP = 91 (2-day); 91/258 = 0.353
► 47 + 48 + 72 + 91 = 258   Sum of all return periods

For 160,200 cfs:

1986 1/AEP  72 (3 day); 72/258  0.279
1997 1/AEP = 91 (2-day); 91/258 = 0.353
► 47 + 48 + 72 + 91 = 258   Sum of all return periods

For 160,200 cfs: 0.182*0.004 + 0.186* 0.004 +
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VARIABLE CRITICAL DURATIONVARIABLE CRITICAL DURATION

3-Day Critical Duration
v

The pattern specific curve results in a shift to the right

Variable Critical Duration
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The pattern-specific curve results in a shift to the right. 



CONCLUSIONS

Our hydrological analysis of regulation:

CONCLUSIONS

Our hydrological analysis of regulation:
Yields visual tools to help modelers 
adjust rules for improving performance 
in response to likely flood hydrographs.p y y g p
Establishes a basis for examining the 
added benefits to real time operationsadded benefits to real-time operations 
from 1) monitoring/ modeling of basin 

diti d 2) i d f ticonditions and 2) improved forecasting 
techniques.
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QUESTIONS & COMMENTSQUESTIONS & COMMENTS
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