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Appendix 15 
Computational Methodology 

Introduction 

This Appendix describes the process used by the risk team to determine the final loss 
exceedence values in the risk analysis. The process involved the following steps:  

1. The data collected as described in the previous appendices was input to a spreadsheet 
program developed by the risk team entitled “Flood Risk Analysis for Tropical Storm 
Environments” (FoRTE). This program implemented the risk methodology discussed in 
Appendix 9. 

2. Input data included: system descriptions, hurricane hydrographs, fragility relationships, 
rainfall and consequence information. 

3. The system descriptions input to FoRTE were developed for the two Hurricane 
Protection Systems (HPS) under investigation (Pre-Katrina and June 2007). 

4. Hurricane hydrographs were developed (as described in Appendix 8) for the two HPS 
based on the changes made in levee or wall heights and any other changes that could alter the 
hydrology and hydraulics of the HPS. 

5. Fragility relationships in the two HPS were also tailored to model the changes in the 
engineering characteristics caused by modifications to levees and walls. 

6. Rainfall volumes were input for each storm. 

7. Pumping was modeled for the “no pumping”, “50% pumping” and “100% pumping” 
scenarios by modifying the rainfall volumes by the amount of water that could be evacuated by 
the pumps in each subbasin. 

8. FoRTE was run for each of the 152 storms for the following conditions: 

a. Pre-Katrina with no pumping 
b. Pre- Katrina with 50% pumping 
c. Pre-Katrina with 100% pumping 
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d. June 2007 with no pumping 
e. June 2007 with 50% pumping 
f. June 2007 with 100% pumping 

9. The FoRTE results for each set of runs were aggregated into a single elevation-
exceedence curve using a separate program developed for that purpose. At this stage, only the 76 
storms with frequencies were aggregated. 

10. The 2%, 1% and .2% elevations were selected from the elevation-exceedence curves for 
each subbasin. 

11. Wave runup and overtopping water volumes were calculated for each storm. This volume 
was examined to determine the impact on total water volume in the subbasin. An adjustment was 
made to the subbasin elevations where appropriate to account for the additional water volume. 

12. Elevations within the subbasins basin were examined to determine if they were consistent 
with the interconnectivity between the subbasins. Elevations used in map preparation were 
adjusted in a few cases to account for interconnectivity between subbasins that could not be 
represented in the simple drainage model used in FoRTE. 

Flood Risk Analysis for Tropical Storm Environments (FoRTE) 

FoRTE provides the analytical engine underlying the Interagency Performance Evaluation 
Task Force (IPET) study of the risks associated with the New Orleans hurricane protection 
system. FoRTE was designed to be accessible on most personal computers by leveraging the 
common Microsoft Excel interface. The FoRTE analyses were done using Microsoft Excel XP 
and 2007. 

General Overview and User Interface 

The standard FoRTE user interface is shown in Figure 15-1 with inputs labeled and described 
in Table 1. In general, execution of the FoRTE tool requires the following three steps: 

1. Input system definition: this step defines the stage-storage relationships for the 
subbasins, conditions for interflow between adjacent subbasins, reach, transition, and 
feature definitions, and storm data. 

2. Specify analysis parameters: this step specifies the parameters for analysis, to include 
uncertainty inputs, stratification inputs, and the hydrograph start time. 

3. Specify output options: this step chooses the output and calculation options. 
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Figure 15-1. FoRTE User Interface 
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Table 15-1. Description of FoRTE Inputs 
Item Description 

A Number of evenly-spaced stratifications of the distribution on surges and waves. The check box to the right of this input 
field turns stratifications on (checked) and off (unchecked). An unchecked box sets the default number of stratifications to 
1 regardless of the value entered in this cell. 

B Log-mean on the uncertainty distribution for surge height. The check box to the right of this input field toggles the 
consideration of uncertainty in surge height, where on (checked) accounts for uncertainty, and off (unchecked) assumes 
no uncertainty. 

C Log-standard deviation on the uncertainty distribution for surge height. This field is ignored if the check box in item B is 
set to off. 

D Log-mean on the uncertainty distribution for wave height. The check box to the right of this input field toggles the 
consideration of uncertainty in wave height, where on (checked) accounts for uncertainty, and off (unchecked) assumes 
no uncertainty. 

E Log-standard deviation on the uncertainty distribution for wave height. This field is ignored if the check box in item D is 
set to off. 

F Prefix for the output file containing surge heights and water volumes for each stratification. The check box to the right of 
this input field determines whether this type of output file will be generated by the FoRTE system (on is checked, and off 
is unchecked). 

G Prefix for the output files containing detailed calculations for each stratification. A separate file is generated for each 
stratification. The check box to the right of this input field determines whether this type of output file will be generated by 
the FoRTE system (on is checked, and off is unchecked). 

H Prefix for the output file containing detailed branch output per storm. This file is required for use with the FoRTE storm 
aggregator tool. The check box to the right of this input field determines whether this type of output file will be generated 
by the FoRTE system (on is checked, and off is unchecked). 

I Prefix for the output file containing the aggregate loss exceedence curves for each subbasin based on the number of 
storms studies in a given run. The check box to the right of this input field determines whether results will be aggregated 
to produce loss-exceedence curves, and whether this type of output file will be generated by the FoRTE system (on is 
checked, and off is unchecked). 

J This box turns on storm frequencies. Checked means that frequencies will be used as described in the storm frequencies 
sheet. Unchecked means that the rate is set to one. This latter option is the one needed for aggregating results using the 
FoRTE storm aggregator tool. 

K The starting elevation for generating loss exceedence curves. This input field is ignored if the check box in item I is 
unchecked. 

L The ending elevation for generating loss curves. This input field is ignored if the check box in item I is unchecked. 
M The elevation increment for generating loss exceedence curves. This input field is ignored if the check box in item I is 

unchecked. 
N This is a notes field used to describe the case and system under study. 
O Log standard deviation on the rainfall. This value assumes that rainfall is a lognomally distributed random variable with a 

log mean of 1. 
P Coefficient of variation on the volume of water due to breach for non-overtopping breach failures. This uncertainty is due 

to uncertainty in the Weir coefficient used for calculating water volume. 
Q Coefficient of variation on the volume of water due to overtopping. This uncertainty is due to uncertainty in the Weir 

coefficient used for calculating water volume. 
R Coefficient of variation on the volume of water due to breach for overtopping breach failures. This uncertainty is due to 

uncertainty in the Weir coefficient used for calculating water volume. 
S Coefficient of variation on the volume of water due to open closures and gates. This uncertainty is due to uncertainty in 

the Weir coefficient used for calculating water volume. 
T This is a modification factor used to adjust the height of the hydrographs. This factor is used for epistemic uncertainty 

analysis. The default value of one corresponds to no adjustment of the hydrographs. 
U This is a modification factor used to adjust the position of the fragility curve along the x-axis. This value shifts the entire 

fragility curve along the x-axis. This factor is used for epistemic uncertainty analysis. The default value of zero 
corresponds to no shift in the fragility curve, 

V This is a modification factor used to adjust the value of the Weir coefficients used for calculating volume. This factor is 
used for epistemic uncertainty analysis. The default value of one corresponds to no adjustment to the Weir coefficients. 
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System Definition 

The definition of the hurricane protection system spans several spreadsheets as described in 
the following sections. In particular, the definition of the hurricane protection system includes 
the following elements: 

• High-level basin information that includes the name of the basin and number of 
associated subbasins; and 

• Stage-storage relationships for each subbasin that specifies the volume of water held in a 
subbasin as a function of water elevation; and 

• Interflow mapping matrix that specifies the elevation at which a subbasin would begin to 
overflow into an adjacent subbasin; and 

• Reach, transition, and feature data that includes heights, widths, materials, probability of 
gate open for closures, fragility curve for reaches and transitions, and mapping to 
associated reaches (for transitions and closures), subbasins, and basins. 

Basin Information 

Basic high-level basin information is provided in the “Basin Data” worksheet of the FoRTE 
tool. An annotated snapshot of the “Basin Data” worksheet is provided in Figure 15-2. The 
“Basin Data” worksheet stores the following information: 

• Name of basin 
• Number of subbasins associated with a basin 
• Prefix for mapping subbasins and lower-level features to basins 
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Figure 15-2. Worksheet showing count of subbasins in each basin. 

Subbasin Stage-Storage Relationships 

The stage-storage relationships for each of the subbasins is provided in the “Subbasin Data” 
worksheet. An annotated snapshot of the “Subbasin Data” worksheet is provided in Figure 15-3. 
The “Subbasin Data” worksheet stores the following information: 

• Water elevations or stage (in feet) for which a corresponding water volume or storage is 
assigned 

• Corresponding water volumes at that stage (in cubic feet) for each subbasin 
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Figure 15-3. Data input sheet for subbasin stage-storage relationships. 

Interflow Mapping 

The interflow relationships for each subbasin are provided in the “Interflow Mapping” 
worksheet. An annotated snapshot of the “Interflow Mapping” worksheet is provided in 
Figure 15-4. The “Interflow Mapping” worksheet stores the water elevation at which a subbasin 
(noted in a row) begins to overflow into an adjacent subbasin (noted in a column). 

Subbasins are across columns

Storage (in cubic feet) 
corresponding to the 
stage in Column A

Stage is in increments 
of 1-foot, spanning a 
range from -30-ft to 
60-ft.



Volume VIII  Engineering and Operational Risk and Reliability Analysis – Technical Appendix VIII-15-8 
This report is the independent opinion of the IPET and is not necessarily the official position of the U.S. Army Corps of Engineers. 

Figure 15-4. Subbasin interflow matrix. 

Reach Definition 

Data that defines the reaches comprising the hurricane protection system is provided in the 
“Reach Data” worksheet. An annotated snapshot of the “Reach Data” worksheet is provided in 
Figure 15-5. Descriptions of the inputs to the “Reach Data” worksheet are provided in 
Table 15-2. 

Interflow relationships are specified in 
the form of a symmetric interflow matrix

Value in these cells 
represent the elevation 
at which the subbasin 
in the row (e.g., 
NOE1) begins to 
overflow into the 
subbasin of the 
column (e.g., NOE2)

Empty cell indicates 
that no interflow 
occurs between the 
row and column 
subbasins.  By default, 
diagonal elements are 
blank.
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Figure 15-5. Reach definition worksheet. 
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Table 15-2. Description of Reach Data inputs 
Item Description 

A Reach ID. Each reach is assigned a unique integer ID corresponding to the IDs used to define hydrograph data. 
B Length of the reach section measured in feet. 
C Nominal top elevation of the reach section measured in feet. This is the value used to calculate the volume of water due 

to reach overtopping. 
D Nominal design elevation of the reach section measured in feet. This value is used for specifying failure probabilities on 

the fragility curve. 
E Reach type. “W” corresponds to “Wall” and “L” corresponds to “Levee.” This value is used to determine the appropriate 

Weir coefficient. 
F Reach Weir coefficient. A nominal value of 2.6 is used for levees, and a nominal value of 3.0 is used for walls. 
G This is the ID of the associated basin containing the reach. 
H This is the ID of the associated subbasin containing the reach. 
I Erosion modifier. This value is not currently used for any calculations. 
J Breach fragility curve that specifies the probability of failure of the reach as a function of peak water elevation. The low 

limit corresponds to an elevation of 0-feet. The high-limit corresponds to an elevation of 6-feet above the nominal top 
elevation of the reach. Data points specified in between include probability of reach failure at the design and top 
elevations, and 0.5-feet, 1.0-feet, 2.0-feet, and 3.0-feet above the nominal top elevation of the reach. See Appendix 10 
for further information. 

K Breach material specifies the composition of the reach as a two-character ID. The first character corresponds to the 
material composition (e.g., “H” for “hydraulic fill”) and the second character corresponds to the length class (e.g., “5” for 
“4000-4999 feet”). This ID is used to determine the breach depth and breach width for use in calculating water volumes 
due to failure. 

L This is the official reach ID as specified by the IPET team. The first set of characters corresponds to the associated 
basin, and the number is a unique ID for reaches in that basin. 

 

Transition Data 

Data that defines the transitions within the hurricane protection system is provided in the 
“Transition Data” worksheet. An annotated snapshot of the “Transition Data” worksheet is 
provided in Figure 15-6. Descriptions of the inputs to the “Transition Data” worksheet are 
provided in Table 15-3. 
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Figure 15-6. Transition definition worksheet. 
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Table 15-3. Description of Transition Data inputs 
Item Description 

A Transition ID. Each transition is assigned a unique integer ID. 
B Length of the transition section measured in feet. 
C Nominal top elevation of the transition section measured in feet. This value is used for specifying failure probabilities on 

the fragility curve. 
D Nominal design elevation of the transition section measured in feet. This value is used for specifying failure probabilities 

on the fragility curve. 
E Reach type. “R” corresponds to “Ramp,” “T” corresponds to “Wall-levee,” “D” corresponds to “Drainage Structure,” “P” 

corresponds to “Pumping Stations,” “G” corresponds to “Gates,” and “U” corresponds to “Unknown.” This value is used to 
determine the appropriate breach parameters. 

F Reach weir coefficient. A default value of 2.0 is used for all transitions. 
G This is the IPET ID of the reach containing the transition. This ID is used to map to the appropriate hydrograph. 
H This is the ID of the associated subbasin containing the transition. 
I This is the FoRTE ID of the reach containing the transition. 
J Breach fragility curve that specifies the probability of failure as a function of peak water elevation. The low limit 

corresponds to an elevation of 0-feet. The high-limit corresponds to an elevation of 6-feet above the nominal top 
elevation of the reach. Data points specified in between include probability of breach failure at the design and top 
elevations, and 0.5-feet, 1.0-feet, 2.0-feet, and 3.0-feet above the nominal top elevation of the reach. 

K Transition material is equivalent to reach type in item E above. 

 

Breach Failure 

Data that define the width and depth of a breach within the hurricane protection system are 
provided in the “Breach Data” worksheet of the FoRTE tool. An annotated snapshot of the 
“Breach Data” worksheet is provided in Figure 15-7. Descriptions of the inputs to the “Breach 
Data” worksheet are provided in Table 15-4 and further description of the breaching model is 
provided in Appendix 9, Table 9-5. 
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Figure 15-7. Breach data definition worksheet. 

Table 15-4. Description of Breach Data inputs 
Item Description 

A Material and length description. 
B Symbol used for associating different breach materials and lengths to system levees and transitions 
C Breach depths measured from the top of reach or transition (in feet) and breach widths (in feet) for several overtopping 

conditions: (1) 0 to 1-ft overtopping, (2) 1 to 3-ft overtopping, and (3) > 3-ft overtopping. 
D Breach depths measured from the top of reach or transition (in feet) and breach widths (in feet) for non-overtopping 

conditions. Note that these inputs do not apply to transitions. 
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Features 

Data that define the closures within the hurricane protection system are provided in the 
“Features” worksheet. An annotated snapshot of the “Features” worksheet is provided in 
Figure 15-8. Descriptions of the inputs to the “Features” worksheet are provided in Table 15-5. 
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Figure 15-8. Feature (closure) data definition worksheet. 

A B C D E F G

Each row defines 
a unique gate

H I
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Table 15-5. Description of Feature Data inputs 
Item Description 

A Feature ID. Each closure is assigned a unique feature ID. 
B Type of feature. Options are “G” for “Gate” and “R” for “Ramp.” 
C Feature category. The only option is “G” for “Gate.” This field is not used for ay calculations. 
D ID of associated reach. This value is used to map the gates to the corresponding reaches. 
E IDs of correlated features used for determining probability of open among a set of related features. 
F Length of closure opening when open (in feet). This value is used with the Weir formula to determine volume of water 

passing through the gate when left open. 
G Bottom elevation of closure when open (in feet). This value is used with the Weir formula to determine volume of water 

passing through the gate when left open. 
H Probability that the gate will be left open during a storm. 
I Associated IPET reach ID. 

 

Storm Data 

Data that define the storm parameters (not including hydrographs) affecting the hurricane 
protection system are provided in the “Storm Data” worksheet of the FoRTE tool. An annotated 
snapshot of the “Storm Data” worksheet is provided in Figure 15-9. Descriptions of the inputs to 
the “Storm Data” worksheet are provided in Table 15-6. 
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Figure 15-9. Storm data definition worksheet. 

Table 15-6. Description of Storm Data inputs 
Item Description 

A Run ID. This is the ID of the storm. This value is used to map storm parameters to input hydrographs. 
B Storm recurrence rate in events per year. By default this value is set to 1 to accommodate offline aggregation using the 

FoRTE Storm Aggregator. 
C Row ID. This is not a user defined input. 
D Mean volume of water due to precipitation for each storm. This column is repeated for each subbasin. 
E Standard deviation of water volume due to precipitation for each storm. This value is calculated for each storm and 

subbasin by multiplying the Rainfall COV by the mean precipitation water volume. 

 

Hydrograph Processing and Calculation Worksheets 

FoRTE performs calculations on hydrograph data as illustrated in Figure 15-10. 
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Figure 15-10. Hydrograph processing and calculation worksheets. 
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In particular, FoRTE begins by reading a hydrograph file for a given storm into the “Input 
Data” worksheet. Then, for each stratification, FoRTE does the following: 

1. FoRTE applies a stratification factor to the hydrograph surge heights according to the 
current stratification and determines the peak surge for each reach (“Stratified Data” 
worksheet) 

2. The peak surge is determined for each transition (“Transition Surge” worksheet) 

3. The volume of water due to overtopping of each reach is calculated (“Processed Data” 
worksheet) 

4. The volume of water passing through open gates is calculated (“Feature Data” 
worksheet”) 

5. The volume of water due to breach of each reach and transition is calculated (“Breach 
Data” and “Transition Breach Data” worksheets) 

6. The surge and volume data is then accumulated and stored in the “Stratified Inputs” 
worksheet. 

If the option to output “Stratified Water Output per Storm” is selected, the FoRTE tool will 
output the “Stratified Inputs” sheet according to the filename specified on the control sheet user 
interface. 

Branch Calculations and Analysis Results Worksheets 

Following the hydrograph processing and calculation phase, the program processes the 
information for each stratification in turn to determine reach probabilities, and subbasin water 
volumes, elevations, and probabilities (or rates) for each branch of the system event tree. The 
sheets are described in Figure 15-11. If “Detailed Branch Output per Storm” is desired, the 
FoRTE will output the “Elevation Consequences” sheet according to the filename specified on 
the control sheet user interface. 
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Figure 15-11. Branch calculations and results worksheets. 

 

This sheet copies the processed 
data from the “Stratified Inputs” 
worksheet according to the cell 
highlighted above

5

This sheet consolidates all surges 
and volume calculations for 
reaches and transitions, and 
calculates reach-level 
probabilities including probability 
of gates being open, probability of 
breach, and probability of 
overtopping.

This sheet maps reach data to 
subbasins, and calculates the 
water volumes, water elevations, 
and probability for each branch of 
the system event tree.

This sheet consolidates the 
subbasin branch results for each 
stratification into a single output 
sheet.

This sheet is used for calculating 
the elevation exceedance 
probabilities based on the results 
considering all stratifications.
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Pumping Calculations  

The total volume entering a subbasin was calculated for each branch of the event tree by 
summing volumes of water due to overtopping, breaching, and closure structures, as well as the 
water volume from rainfall and wave runup minus the effect of pumping. The pumping system in 
New Orleans was designed to remove rainfall from tropical storms up to about a 10-year event 
and not specifically designed to handle larger water volumes from breaching or overtopping. 
This was demonstrated during Katrina when very few pumps operated throughout the storm. 
Most pump stations were abandoned early in the storm and lost power during the event and in 
some cases water flowed back through the stations causing additional flooding. Since Katrina, 
pump stations have been upgraded with safe houses for operators, back flow suppressors and 
power upgrades, however, many stations are still antiquated and the system does not have the 
capacity to evacuate large volumes of water during catastrophic event.  

The effect of pumping on subbasin inflow water volumes was approximated by subtracting a 
portion of the rainfall that was equal to three assumed pumping conditions. In order to 
approximate the range of pumping reliability and efficiency, the conditions modeled were “no 
pumping”, “50% pumping” and “100% pumping”. These conditions were selected to show how 
pumping can be a factor in the depth of flooding. They are intended to provide a relative 
comparison between the flooding expected without pumps and that with pumping and do not 
reflect any actual prediction of pumping capability. In fact, it is highly unlikely that any pumping 
system comprised of hundreds of aging pumps could ever achieve 100% of its nameplate 
capacity.  

The IPET Drainage and Pumping Team developed a detailed model of the interior drainage 
system and the pumping system. The HEC-RAS model was able to show how water was 
distributed through the subbasins by breaching and overtopping during Katrina, and was able to 
show predictions of water levels if breaching had not occurred. The model is described in 
Volume 6 of the IPET report. The level of detail in that model could not be reproduced for the 
full range of hurricanes studied in the risk analysis so a simplified approximation was developed. 
The pumping model developed for the risk analysis looks only at volumes of water evacuated by 
a single pump in each subbasin that has the capacity of all the individual pumps in the subbasin. 
The drainage system that transports water throughout the subbasin to the pump stations is not 
modeled. The water volume that could be pumped within a particular subbasin was estimated by 
taking the capacity of the individual pump stations and multiplying it by the duration of the 
intense portion of the rainfall for each storm. These volumes were then summed for all the 
stations within a subbasin. This volume was considered to be the 100-percent pumping capacity 
of the subbasin and was subtracted from the rainfall from each storm, up to the total estimated 
rainfall volume. Volumes were also determined for 50-percent pump station capacity and no 
pump station capacity. An example of these calculations is presented in Table 15-7. The net 
volumes shown in this table were determined for each storm and input into the FoRTE model as 
replacements for the rainfall for the three pumping conditions and the two HPS scenarios.  
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Table 15-7 
Pumping Volume Calculation Example 

Subbasin A 
1 2 3 4 5 6 7 8 

Storm 
No. 

Rainfall 
Mean (ft3) 

Runoff 
Factor 

Runoff 
volume from 
rain (cf) 

Pumping 
Capacity 
(cfs) 

Rainfall 
duration 
(hr) 

Net volume 
(cf) w/100% 
pump capacity

Net volume 
(cf) w/50% 
pump 
capacity 

Net volume 
(cf) w/0% 
pump 
capacity 

1 6.604E+07 0.82 5.415E+07 11597 8.00 0.00E+00 0.00E+00 5.42E+07 
2 2.001E+08 0.82 1.641E+08 11597 12.00 0.00E+00 0.00E+00 1.64E+08 
3 3.230E+08 0.82 2.648E+08 11597 12.00 0.00E+00 1.43E+07 2.65E+08 
4 4.614E+07 0.82 3.783E+07 11597 8.00 0.00E+00 0.00E+00 3.78E+07 
5 2.612E+08 0.82 2.142E+08 11597 12.00 0.00E+00 0.00E+00 2.14E+08 
6 3.714E+08 0.82 3.046E+08 11597 12.00 0.00E+00 5.41E+07 3.05E+08 
7 2.695E+07 0.82 2.210E+07 11597 8.00 0.00E+00 0.00E+00 2.21E+07 
8 2.815E+08 0.82 2.309E+08 11597 12.00 0.00E+00 0.00E+00 2.31E+08 
9 4.221E+08 0.82 3.461E+08 11597 12.00 0.00E+00 9.56E+07 3.46E+08 
Computations 
Column 1 = Mean rainfall associated with the hurricane 
Column 3 = Column 1 * Column 2 = Volume of water expected to runoff during the storm 
Column 5 = Duration of rainfall expected for the hurricane 
Column 6: If Column 4 * (Column 5 * 60 Minutes * 60 seconds (or 100% pumping capacity volume)) is greater than the rainfall 
volume (Column 3), a zero is entered. Otherwise the net value of rainfall minus pump capacity is entered. 
Column 7 = Column 6 except that 0.50* pumping volume is used 
Column 8 = Column 3 

 

Performing a FoRTE Analysis 

To perform a FoRTE analysis, perform the following steps: 

1. Enter the appropriate system definition, including subbasin stage storage and interflow 
relationships, reach data, transition data, breach failure data, and feature data, as was 
described in the previous sections. 

2. Specify analysis parameters and output file options on the control sheet as specified in 
the “General Overview and User Interface” section of this document (Table 15-1). 

3. Click on the “Start Analysis” button. When prompted, browse to the directory where the 
hydrographs reside and select the input hydrographs. The hydrographs must be in data 
files ending with a *.dat. extension for calculations. The program accommodates 
selecting as many as 256 data files for batch processing. FoRTE will output files to the 
same directory containing the hydrographs. 

4. To produce a single loss-exceedence rate curve by consolidating the results from multiple 
storms, a separate program entitled Storm Aggregator (Figure 15-12) was used as 
follows: 

a. Load “FoRTE Storm Aggregator” 
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b. Input the storms frequencies on the “Storm Data” worksheet, making sure that the 
frequencies are for the appropriate storm numbers. 

c. Click on the “Click Here to Build Loss Exceedence Curves from…” button and select 
the output data files corresponding to the storms to be aggregated. 

d. When complete, the results will available on the “Elevation Loss Exceedence” 
worksheet. 

Figure 15-12. Screenshot of the FoRTE Storm Aggregator tool. 

Wave Runup Calculations 

The hurricane hydrographs used in the FoRTE model do not include wave runup and 
therefore do not include overtopping water volumes that enter the HPS due to waves. Water 
volumes due to wave runup were calculated in a spreadsheet outside of the FoRTE model and 
added to the subbasins where appropriate. The additional loads on levees and walls was 
addressed in the fragility curves for the affected areas.  

Run-up water volume entering polders 

The average wave overtopping over levees and walls is calculated according to Van der Meer 
(2002) and utilized an algorithm developed by the New Orleans District. 

For levee sections the run-up overflow specific discharge was calculated by, 
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The maximum for this discharge is, 
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in which: 

 q = overtopping rate [cfs per ft] 
 g = gravitational acceleration [= 32.18 ft/s2] 
 Hm0 = significant wave height at toe of the structure [ft] 
 ξ0 = surf similarity parameter [-] 
 α = slope [-] 
 Arc = free crest height above still water line [ft] 
 γ = influence factors for presence of beam (b), friction (f), wave incidence (β), vertical 

wall (v) 

The “maximum” discharge value calculated from Eq. 15-2 gives values consistent with 
Figure 15-1 below, was used in the spreadsheet. Equation 15-1 can give values almost 10 times 
larger, and this did not seem reasonable. To obtain total storm volumes per reach, the specific 
discharge was multiplied by 30 minutes (i.e., 30 x 60 seconds) for each hydrograph time 
increment and the time increments were summed for the hydrograph. The total was multiplied by 
the reach length in feet to determine the volume of water added to the subbasin by runup and 
overtopping. The coefficients 4.75 and 2.6 in Eq. (1) are means. The standard deviations of these 
coefficients are 0.5 and 0.35, respectively, and normally distributed. This equation is valid for ξ0 
< 5, where ξ0 is defined by equation 15-3, and slopes steeper than 1:8. This appears to hold for 
the conditions in New Orleans. See Van der Meer for other conditions. 

The surf similarity parameter ξ0 is, 
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in which: 

 s0 = wave steepness [-] 
 Tm-1,0 = mean period [s] 

The parameter values used in the calculations are: slope α = ¼, a berm factor γb = 0.7 and γf 
= γβ = γv = 1. 
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Figure 15-1. Figure and caption from Van der Meer (2002) 

For Floodwall Sections 

The average wave overtopping over floodwalls according to USACE ERDC-CHL (2006) is 
calculated as, 
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in which: 

 q = overtopping rate [cfs per ft] 
 Hm0 = significant wave height at toe of the structure [ft] 
 Rc = free crest height above still water line [ft] 
 γ = influence factors for wave incidence (β) and type of geometry (s) 

The coefficient 3.0 is the mean value. The standard deviation of this coefficient is 0.26. No 
information is given about the error distribution, but a normal distribution has been assumed in 
design studies conducted by the New Orleans District. The influence factors are: γs = 1 and 
γβ = 0.83 for plain impermeable floodwalls with perpendicular wave attack of short-crested 
waves. These settings have been applied in the 100-year design study for the New Orleans 
District. 
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Wave information 

Wave information by storm and reach has been provided numerically by the New Orleans 
District in the form of two spreadsheets, one for significant wave height and one for mean 
period. For both levees and floodwalls, the average wave overtopping can be computed using the 
still water level from ADCIRC and the wave information from STWAVE. The mean wave 
period Tm-1,0 is derived directly from the STWAVE results at 600 ft in front of the 
levees/floodwalls. The significant wave height at the toe of the structure (Hm0) is also derived 
from the STWAVE results, but is adapted because of depth-limited breaking in front the 
structure. The significant wave height based on the STWAVE results is limited to the maximum 
significant wave height according to: 

( )toem zH −= ζγmax,0

 
in which: 

 γ = breaker parameter [-] 
 ζ = still water level [ft] 
 ztoe = bottom level at toe of structure [ft] 

The breaker parameter is set at γ = 0.4 in the design study. The bed level at the toe of most of 
the structures is assumed to be at ztoe = 0 ft. The standard deviation for the significant wave 
height is assumed to be 10% of the value based on STWAVE (or after reduction due to depth-
limited breaking according to Eq. (5)). The error in the wave period is set at 20% of the 
STWAVE result. The error is assumed to normally distributed. Both errors are based on expert 
judgement due to lack of field data. 

Overtopping 

For several of the extreme storm some reaches are directly overtopped, that is, the still water 
level (SWL) is higher than the top of levee. In these cases the same weir equation calculation 
that is used in FORTE was applied. 

q = 3.33LH 3 / 2

 
in which, 

 L = the reach length 

 H = the height of overtopping in feet. 

The same uncertainties in the weir coefficient 3.33 were assumed to apply as in FORTE. 
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Determination of Subbasin Flooding Elevations 

The risk model makes basic calculations of volumes of water entering each subbasin for each 
of the 76 storms used to characterize the hazard and converts the volumes to elevations using the 
stage-storage curves for each subbasin. The result for each storm is an elevation-exceedence 
curve. The results for all of the individual subbasins are combined into a single elevation-
exceedence curve using the storm aggregator described in Figure 15-12. 

Once the aggregated elevation-exceedence curve was developed for each scenario, the 
additional volume of water entering the subbasins by wave overtopping was examined to 
determine the estimated impact on water depths in the subbasin. Elevations were increased 
where appropriate to account for wave overtopping. 

The analysis process in FoRTE includes a step (for each storm) to consider the interflow 
between adjacent subbasins based on the elevations of the geographic features that separate 
them. Note that this is based only on topography and physical structures and does not include the 
internal drainage systems that often connect the adjacent basins. It was not deemed practical to 
model internal drainage at this level for the planning level risk assessment. The elevation-
exceedence results of the FoRTE runs were examined to select the .2, .1 and .02 frequency 
elevations for each scenario. In cases where the elevation corresponding to the frequency 
required interpolation, the interpolated elevation was recorded and rounded to the nearest foot 
after all adjustments were made for wave overtopping. 

We found it necessary in a few cases to smooth out the subbasin elevations for the final 
elevations used in map preparation. This smoothing was done to make the elevations more 
consistent across an individual basin and was based on feedback from local entities and 
consideration of the additional interconnectivity of the subbasins not represented in the simple 
drainage model used for the storm-to-storm re-distribution of water. There was no smoothing 
done for 50 of 500 year flood elevation data. Smoothing was done for Orleans and Jefferson 
Parishes for the 100 year flood elevations only for both the Pre-K and Current HPS scenarios. 
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