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• Consistent Dam-Flood Risk 
Management for Hydro System 
– Address Risks Associated with Dam 

Failure
– Application of Design Flood Standard
– Standards for all dam safety-related 

issues
– System-Specific Approach
– Qualitative Screening to Quantitative 

Analysis

Why Risk Assessment 
Approach?



• Prioritize Implementation of Deficiency 
Corrections
– Dam Stability
– Spillway Adequacy
– Operations
– Emergency Preparedness

Why Risk Assessment 
Approach?



Deterministic Design Flood 

• Deterministic Design Flood Standards
– Conservative Estimates
– Uncertainties
– Upper Bound of Flood – Very Low 

Probability of Occurrence



Probabilistic-Based Design Flood 

• Frequency Analysis of Extreme Floods
• Credible Extrapolation 

• Paleoflood Data

• Other

• Probability Loading vs. Consequences
• Acceptable Level of Risk



• PMF used as the design flood (IDF) for high 
hazard structures in the U.S.
– Spillway Adequacy

– Stability

• PMF is the flood resulting from the probable 
maximum precipitation (PMP).

Design Flood based on FERC 
Engineering Guidelines
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Probable Maximum Precipitation

This assumes that there exists an upper 
physical limit to the depth of rainfall and that it 
can be estimated in a deterministic fashion.

The PMP is the greatest depth of precipitation, 
for a given storm duration, that is theoretically 
possible for a particular area and geographic 

location



PMP Uncertainties
• Total Precipitation – HMR 58 and 59 for 

California with areal and seasonal 
adjustments

• Basin specific orographic effects
• Spatial, and temporal distributions of 

extreme precipitation event



Plate 2 from HMR 58/59 depicting General Storm PMP isohyets



PMF Uncertainties
• Antecedent Conditions
• Unit Hydrograph Parameters – watershed 

response to rainfall; need good historic data 
for calibration

• Snowmelt – temperature and wind effects
• Hydraulic Routing
• Operation
• Sensitivity Analysis



Though uncommon in the FERC 
arena, probabilistic approaches are 

used in the U.S. and abroad…
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Accepted Probabilistic Approaches to
(High Hazard) Design Floods

• USBR - 1,000 yr Failure; 10,000 yr ALL
• France - concrete dams use 1,000 yr to 5,000 

flood; embankment dams 10,000 yr flood
• Spain – 1,000 yr to 10,000 yr flood
• Austria – 5,000 yr flood
• Canada, Germany, Switzerland - varies 

between 1,000 yr and PMF
• Italy - 1,000 yr 



Storm Probability and Significance 
of Flood Frequency

1 yr

10 yr

100 yr

1,000 yr

PMF

~100% of occurring in a CY

bank full (no loss of life)

design loading for most civil works

design loading for many dams 
outside the U.S.
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If the PMF represents an upper 
limit, can it be related to a 
probabilistic-based flood?



Rule of Thumb?

• Hershfield (1981) quantified a Chow 
frequency factor (i.e., K value) for a PMF

• Merz and Bloschi (2003) related PMF to the 
10,000 year flood
• QPMF = 1.79 Q10000 for snowmelt- 

influenced floods
• Eliasson (1994) presents additional methods 

for assessing the probability associated with 
the PMF



PMF and 10,000 year flood…
a specific example



Mammoth Pool and spillway, September 2007



PMF and 10,000 year flood at 
Mammoth Pool Dam

• Flood frequency analysis at Mammoth 
Pool to determine the 10,000 year 
inflow

• DTA’s preliminary PMF results for 
Mammoth Pool Dam

000,185≈PMFQ



Flood Frequency Analysis

• Log-Pearson III (LP3) distribution is 
generally used in flood frequency analyses

• Suited for skewed events such as naturally 
occurring floods (as opposed to a 
symmetric normal distribution)

• USGS Bulletin 17B provides method for 
regionally adjusting to locations in the U.S.



LP3 – Frequency Analysis

• LP3 was performed on the USGS Gage at 
Miller’s Crossing upstream of Mammoth 
Pool.

• Regionally adjusted for SJR basin
• Flows for each recurrence interval were 

prorated by area
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RI P Qpeak

(yrs) (%) (cfs)

1 99.0% 6,011 

2 50.0% 18,357 

5 20.0% 28,658 

10 10.0% 36,517 

25 4.0% 47,616 

50 2.0% 56,711 

100 1.0% 66,567 

200 0.50% 77,246 

500 0.20% 92,772 

1,000 0.10% 105,680 

2,000 0.05% 119,683 

10,000 0.01% 154,406 
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Implications of Frequency 
Analysis

• For this example, the PMF is greater than 
the 10,000 year flood.

• The probability of a PMF is significantly 
less than 0.0001.

• Effects of upstream regulation and 
snowmelt

20.1
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Implications of Frequency 
Analysis (continued)

• Highly dependent on assumed linear 
relationship between stream flow at 
Miller’s Crossing and Mammoth Pool.

• LP3 methods are ill-suited for determining 
recurrence intervals greater than 500 - 
1,000 years

• Paleohydrology warranted for floods with 
large return intervals



Is the PMF really an upper 
physical limit?



• While the previous example is consistent with 
this concept, other site-specific comparison 
have shown PMF < 10,000 yr flood or even 
the flood of record!

• Indeed, the concept of an upper physical limit 
is not universally accepted (e.g., Dingman 
1994, Benson 1973)



Limitations of a PMF Design 
Flood

• Risk at 100% PMF is minimized but risk below 
100% cannot be quantified.
• Many states specify spillway adequacy based on a 

fraction of the PMF (e.g., 50% PMF)

• If the PMF does not actually represent an upper 
physical limit then Risk at 100% is not 
minimized!



Summary

Risk-based design flood considerations result 
in more effective dam safety risk 
management.
• Prioritize projects to address acceptable risk

• System-specific

• Consistent Systematic approach

• Qualitative to Quantitative Risk Assessments

• Understand uncertainties in deterministic and 
probabilistic extreme floods
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