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Introduction
• Hydrologic and Hydraulic (H&H) Modeling determines

flood levels where human and financial costs occur
during events

• Uncertain H&H modeling parameters must be examined
to determine risk for the flood reduction study

• Examples: flow rates, gauge record lengths, drainage
areas, Manning’s “n” values, coefficients of contraction
and expansion and pier debris at bridges

• The final results of this analysis will describe the
likelihood that an alternative will produce a degree of
economic benefit and its probability of exceedance
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Terminology
• Parameter – A quantity in a function that determines the specific form of the

relationship of known input and unknown output. Example Manning’s “n”

• Parameter uncertainty – Lack of complete knowledge or accuracy of the
value of a parameter.

• Sensitivity Analysis – Computation of the effect on the output of changes in
input values or assumptions.

• Function uncertainty – Lack of complete knowledge or accuracy of the form
of a hydrologic or hydraulic function used in an application such as a flood
damage reduction study.

EM-1110-2-1619
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Hydrological and Hydraulic Contributions to Risk
and Uncertainty Studies

• Hydrologic Uncertainty
Uncertainty with the Discharge – Probability Curve

• Hydraulic Uncertainty
Uncertainty with the Stage – Discharge Function

• Interior Flooding Uncertainty
Storm Runoff from the watershed that drains to the interior of a levee must be passed
through or over the levee (EM-1110-2-1619). Performance of facilities like gravity
outlets, pump stations, pump discharge outlets, collection facilities, storm sewers, and
detention storage/flooding involves uncertainty
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Hydrologic Uncertainty
• Flood damage reduction projects such as reservoirs, detention storage,

diversions, levees, and channels affect the discharge –probability curve
• Therefore, an uncertainty propagation study must be performed

2 Methods to perform hydrologic uncertainty propagation study

• Direct Analytical Approach
When a sample of stream gage data and annual peak discharge data are available and can be fit with a statistical
distribution. Uncertainty is attributed primarily to the probability distribution

• Analytical / Synthetic Approaches
When the discharge-frequency function is derived from methods such as transfer, regression, empirical equations,
and modeling simulations.

The example case in Montoursville, Pennsylvania used a regional transfer approach for hydrologic uncertainty
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Direct Analytical Approach
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Analytical Approaches
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Analytical Approach: Regional Transfer
Montoursville, Pennsylvania
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Analytical Approach: Regional Transfer
Montoursville, Pennsylvania

• The flood frequency analysis from nearby Loyalsockville was
available, but was located 5 miles upstream of Montoursville

• The drainage area ratio below was used to transfer the flows

, where the subscript M represents Montoursville and L represents Loyalsockville

• The results of the study below show the record length from
Loyalsockville was reduced from 79 to 71 years.
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Analytical Approach: Regional Transfer
Montoursville, Pennsylvania
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Analytical Approach: Regional Transfer
Montoursville, Pennsylvania
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Hydraulic Uncertainty
• Uncertainties exist with stage-discharge functions because of

measurement errors, the use of numerical models, and the inability
of these models to exactly reproduce the complex nature of
hydraulics. Therefore, uncertainty propagation studies must be
performed for hydraulic parameters

• Hydraulic uncertainties are also handled differently for gaged
reaches and ungaged reaches
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Hydraulic Uncertainty
Gaged Reaches

The standard deviation defined by stage residuals determines the uncertainty
for gauged reaches due to the nature of how the observed points fit the selected
probability distribution.
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Hydraulic Uncertainty
Ungaged Reaches

• For Ungaged reaches, uncertainty can be approximated from the Gamma
Distribution. Figure 5-3 Below shows how this is done
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Hydraulic Uncertainty
Ungaged Reaches

• For many ungaged areas, the hydraulic analysis is performed by computing
water surface profiles. Uncertainties arise from the model’s parameters.
For the Montoursville case, uncertainties with Manning’s “n” values, pier
debris at bridges, and contraction/expansion coefficients were computed.

• A “Low Risk”, an “Expected Risk”, and a “High Risk” HEC-RAS model was
produced for the Loyalsock Creek in Montoursville. Arbitrary increases in
coefficients and parameters based on previous studies in the Baltimore
District were chosen.

• The next slide shows the chosen parameters for the Montoursville hydraulic
risk and uncertainty contribution
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Hydraulic Uncertainty
Ungaged Reaches – Montoursville Study

HEC-RAS Model Parameters for Low, Expected, and High Risk Scenarios

Coefficients of Contraction and Expansion
Location Low Expected High
ContractionChannel 0.1 0.1 0.3

Bridge XS 0.3 0.3 0.5
Expansion Channel 0.3 0.3 0.5

Bridge XS 0.5 0.5 0.8

Pier Debris at Bridges
Low Expected High

Pier Width increase 0% 25% 50%
(max. 3 ft)

Lowering of Bridge Deck 0 ft. 0.5 ft 1.0 ft

Manning’s n in Channels / Overbanks

(Next Slide)
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Hydraulic Uncertainty
Ungaged Reaches – Montoursville Study
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Hydraulic Uncertainty
Ungaged Reaches – Montoursville Study
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Hydraulic Uncertainty
Ungaged Reaches – Montoursville Study
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Hydrological and Hydraulic Contributions to Risk
and Uncertainty Studies

• Hydrologic Uncertainty
Uncertainty with the Discharge – Probability Curve

• Hydraulic Uncertainty
Uncertainty with the Stage – Discharge Function

�Interior Flooding Uncertainty
Storm Runoff from the watershed that drains to the interior of a levee must be passed
through or over the levee (EM-1110-2-1619). Performance of facilities like gravity
outlets, pump stations, pump discharge outlets, collection facilities, storm sewers, and
detention storage/flooding involves uncertainty
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Interior Flooding Uncertainty

• Optimal Process
Select four cases by identifying critical factors that define the best case, the
Most-likely case, the worst-case, and a conservative case for interior facility
Operation. Then, select a probability distribution to represent a likelihood of
these scenarios (EM 1110-2-1619). The function should consider:
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Interior Flooding Uncertainty

• Optimal Process
And the result should look like the following:
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Interior Flooding Uncertainty

• Optimal Process
An annual exceedance curve for error probability similar to that from the HEC-

FFA analysis would then be generated:
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Interior Flooding Uncertainty

• Optimal Process
This process would be repeated for a range of values for exterior stage.

However, a study performed earlier
Indicated the best-fit curve did not fit

well through points.
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Interior Flooding Uncertainty
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Interior Flooding Uncertainty

Presently, there is no standard automated way to perform
Interior Flooding analyses and their contributions to risk and
uncertainty analyses. Presently used expensive procedures
could be more efficient.
Standard procedure:
• HEC -1 for Hydrology and HEC-IFH / INTDRA3 for flooding analysis

Recommendation
• I believe in updating and merging HEC-IFH functionality into HEC-

HMS and adding automated risk/uncertainty functionality compliant
with EM 1110-2-1619 and EM 1110-2-1413, perhaps even an
interior sub area delineation feature or something for HEC-GeoHMS
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Example Results
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Summary
• Hydrologic and Hydraulic uncertainty needs to be

properly studied to account for risk and make better
informed decisions with flood situations.

• Current methodology accounts for uncertainty in most
hydrologic and hydraulic parameters, EXCEPT

The ability to account for interior flooding uncertainties is
still not straightforward at this time and a statistical software
add-on in addition to updates to current interior flooding
analysis packages would be recommended.


