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Preface 

This report describes application of the Hydrologic Engineering Center Flood 
Damage Analysis (HEC-FDA) programs used in the Omaha District, Corps of Engineers, 
Readiness Management System demonstration project below Oahe Dam on the Missouri 
River. The project applied Geographic Information System (GIS) data, processed and stored 
using the Geographic Resources Analysis Support System (GRASS), to generate much of 
the input data to the flood damage programs. The raster formatted data included land use 
(damage categories), reference flood, topographic, and damage reach boundary variables. 
The HEC-DAMCAL program used the data to develop, and store in HEC-DSS, elevation-
damage and elevation-number of structure relationships by category and damage reach and 
elevation-crop area relationships by damage reach. These relationships were subsequently 
retrieved by the HEC-PBA program to generate urban and crop flood damage by damage 
reach, state, and congressional district boundary. 

Thomas Johnson, on developmental assignment to HEC from the Omaha District, 
was the principal engineer on the project. Omaha District staff provided the GIS data. 
Staff from the Construction Engineering Research Laboratory (CERL), Corps of Engineers, 
assisted with the GRASS applications. Donna Lydon, Bob Carl, Dick Fong, and Marilyn 
Hurst from HEC assisted in various aspects of the study. Loshan Law was responsible for 
the final report preparation. Michael Burnham, Chief of the Planning Analysis Division, 
HEC, provided general guidance Darryl Davis was Director of HEC during the conduct of 
the study. 
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Flood Damage Analysis
 
within the
 

Readiness Management System
 

1. Introduction 

1.1. Readiness Management System 

The Readiness Management System (RMS) was developed for the Corps of 
Engineers' Emergency Management offices. The system provides near real-time 
assessments of the impacts associated with rainfall-runoff, tributary inflows and the 
operation of Corps reservoirs during emergency situations. The RMS utilizes Geographic 
Information System (GIS) technology combined with hydrologic, hydraulic and flood 
damage programs. The system enables users to estimate effects of reservoir operation and 
tributary inflows on flow conditions for specific stream reaches given various operation 
scenarios. 

The need for the RMS became evident because of an inability to assess downstream 
impacts during previous dam safety exercises performed by the Omaha District. The 
damages and/or benefits associated with various operation scenarios were estimated from 
generalized damage curves. At that time, there was no means of quickly modeling reservoir 
releases to estimate potential damages. As a result, the potential damages considered as 
part of the decision making process were crude and lacked adequate support. 

Although decisions on reservoir operation are not made by a single entity, the 
advantages of having a single system as a basis for decision making are numerous. These 
advantages include: 

"* A common data base utilized by those involved in the decision making process 
provides more consistent results. 

"* More realistic estimates of impacts associated with various reservoir releases by 
modeling releases using a realistic flood damage model. 

"* Detailed graphics capabilities within the GIS allow decision makers to quickly 
visualize flood boundaries and areas impacted. 

"* Higher degree of confidence in decisions that are made because of increased 
reliability from using analytical techniques. 

"* Better documentation of the decision making process because all of the 
information used in the analysis is stored and can be retrieved at any time, 

The primary advantage of having an RMS is the fact that all offices, both Federal 
and State, are using the same system as a basis for their actions. Once a system is accepted 
as the standard, it serves as a common basis for making decisions during an actual 
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emergency. The utilization of a standardized system also provides a means for checks and 
balances because everyone using it should be getting approximately the same results. 

1.2. Fl-xod Damage Analysis 

The Hydrologic Engineering Center (HEC) adapted flood damage programs for use 
in the RMS primarily to provide near real-time estimates of flood damages for specific 
events. Some of the data needed to compute flood damages was developed using a 
Geographical Information System (GIS). The Geographic Resources Analysis Support 
System (GRASS), developed by the U.S. Army Corps of Engineers, Construction 
Engineering Research Laboratory (CERL), was chosen as the GIS software to be used in 
the RMS. 

HEC used existing flood damage programs with some minor modifications. The 
Damage Reach Stage-Damage Calculation (HEC-DAMCAL) and Project Benefit 
Accomplishment (HEC-PBA) programs were adapted for use in the RMS. The Data Storage 
System (HEC-DSS) is also used in the RMS as a means of storing, manipulating and 
transferring information. The four major software components used in flood damage 
calculations are: 

(1) The GRASS GIS package 
(2) The HEC-DAMCAL program 
(3) The HEC-DSS package 
(4) The HEC-PBA program 

Figure 1 is a schematic representation of the how the flood damage analysis components 
interact within the RMS. The following paragraphs describe the operation of each 
component. 

(1) Geographic Resources Analysis Support System, GRASS was developed 
by the U.S. Army Corps of Engineers, Construction Engineering Research Laboratory 
(CERL). GA"SS was chosen as th. CIS software fur the RMS anti is useful for a~iayzing 
and displaying spatial data related to flood damage analysis. The program can be used to 
generate a data base file which contains information for each grid cell. The attributes 
listed in the data base file are necessary for calculating flood damages using the HEC­
DAMCAL program. 

(2) Damage Reach Stage-Damage Calculation, HEC-DAMCAL was developed 
in the mid 1970's as part of a family of computer programs designed to provide a systematic 
technique for managing and analyzing spatial data for use in water resources management 
investigations. The program accesses data stored in a grid cell data base. A more detailed 
description of how the HEC-DAMCAL program operates is contained in the DAMCAL users 
manual and is available from the Hydrologic Engineering Center (U.S. Army Corps of 
Engineers, February 1979). 

HEC-DAMCAL has the ability to evaluate damages for existing or future land use 
conditions. The program also has the ability to evaluate damages associated with: 
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"* nonstructural alternatives such as flood plain management policies, 
"* flood proofing alternative: (raising structures or adding flood resistant materials 

to structures), 
"* permanent evacustion of structures in the floodplain, and 
"* any combination of the preceding. 

Damage Peaches. HEC-DAMCAL operates on the assumption that all water surface 
profiles are parallel throughout a damage reach which is one of the basis for the reach 
delineatic,, Therefore, the user must evaluate a range of water surface profiles for a study 
area and define damage reaches that satisfy that criteria as nearly as possible while 
maintaining the economic detail desired for analysis. After the damage reach boundaries 
have been chosen, they are encoded into the grid cell data base by assigning each grid cell a 
damage reach identification number. 

The program aggregates elevation-damage relationships from each grid cell within a 
damap reach to an index location. The index location can be anywhere in the reach. Total 
damages for a reach are reported based on elevations at the index location. 

Reference Flood. In order to account for slope in the water surface profile of a 
reach, HEC-DAMCAL defines the relationship between flooding at each grid cell and 
flooding at the index location. This is done by use of the reference flood. The program 
assumes that all floods are spatially distributed the same as the reference flood. A 
reference flood is best defined by a hypothetical frequency flood event in the mid range of 
damage potential. Reference flood water surface elevations must also be encoded into the 
grid cell data base by assigning a water surface elevation for each cell. If a flood larger 
than the reference flood is to be analyzed, the reference flood boundaries must be extended 
to include the entire area of interest. Therefore, some grid cells may have a reference flood 
elevation which is actually lower than the ground elevation. 

Computations. The user must develop an input file for HEC-DAMCAL which 
defines the format of the grid cell data base, composite damage functions for each land use 
category, and flood elevations at the index location for each damage reach. Composite 
damage functions define the potential structural and nonstructural damages for a range of 
flood depths for each land use category. Flood elevations at the index locations can be 
specified for single flood events such as the 50-, 10-, 2-, or 1-percent chance exceedance 
frequency events. 

The prograwn assigns a stage-damage relationship to a grid cell based on the land use 
(damage category) specified and the composite damage function for that particular land use. 
The stage is converted to elevation the grid cel! by setting the zero stage equal to the first 
floor elevation of the structure. HEC-DAMCAL then aggregates the elevation-damage 
relationship of each cell by damage category to the index location by adjusting the elevation 
scale based on the difference in the reference flood elevations. The damages are reported 
separately for each land use. Land use categories can also be aggregated into a single 
elevation-damage relationship for the damage reach. If single flood events are specified, the 
program calculates damages for those events based on the water surface elevations at the 
index location. 

If the user wants to determine what effect flood proofing would have on reducing 
damages within a reach, they need only specify the land use categories to be flood proofed 
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and the elevations at the index location below which no flood damage would occur. 
Similarly, the effects of removing contents (evacuation) can be estimated by specifying the 
land use categories to be evacuated. 

HEC-DAMCAL also calculates elevation-area flooded relationships using the same 
techniques described previously. Total area flooded within a reach is likewise based on the 
water surface elevation for a given flood event at the index location. It should be noted 
that when a user specifies a damage category (land use) to be flood proofed, they are flood 
proofing all grid cells with that land use classification. Consequently, the area flooded 
should be determined for non flood proofing conditions. 

Another item in which the user may be interested in is the number of structures in 
each land use category flooded by a single event. HEC-DAMCAL can calculate the 
elevation-structures flooded relationship by simply defining the average density 
(structures/developed area) and the percent of the total area that is developed, for each land 
use category. The number of structures flooded is also based on the flood elevation at the 
index location. 

(3) Project Benefit Accomplishment, HEC-PBA was developed to determine 
damages prevented (benefits) by existing Corps projects. The program is currently 
undergoing modifications and has not yet been officially released. A detailed description of 
the program operation will be contained in the HEC-PBA users manual and will be 
available from the Hydrologic Engineering Center in the near future. 

The HEC-PBA program enables the user to calculate damages to both urban and 
agricultural areas on a near real-time basis. The program accounts for damages which may 
have occurred from a previous flood event by using a "look-back" routine. By accounting 
for any previous damages and time to rebuild in an urban area, the program determines a 
more realistic value for damages from a single flood event. For agricultural areas the 
program accounts for previous flood events based on time required for the land to dry out 
and whether there is sufficient time to replant the crop. If the farmer has experienced a 
previous flood and replanted, the program also accounts for any reductions in the expected 
yield. The look-back time period can be several years or a few months, depending on the 
users preference. 

Damage Reaches. HEC-PBA calculates damages based on damage reach definitions. 
The program does not perform calculations on individual grid cells. Damage reaches are 
often defined for urban areas and agricultural areas separately. HEC-PBA uses a special 
crop damage routine which analyzes agricultural damages differently than urban damages. 

The damage reach definitions must also be consistent with jurisdictional boundaries. 
HEC-PBA is able to report damages based on several different boundary definitions such as 
community, State, County, and Congressional districts. The program aggregates damages 
for all of the reaches within a specified jurisdictional area. Therefore, it is important that 
damage reaches do not overlap a boundary line. 

CroD Loss Functions. A significant advantage of the HEC-PBA program is its 
sophisticated crop damage analysis capabilities. The program accounts for the type of crop, 
planting season, growing season, time to harvest and average yield per acre. Crop damages 
are calculated based on the time of year that a flood occurs and duration of flooding. The 
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damage is based on a reduction in the expected yield caused by flooding. Dollar values are 
then assigned to the lost yield based on expected market values for the crop. Total 
damages also include losses associated with investments in crop production at the time of 
the flood. 

The program uses crop loss functions to define the relationship between time of the 
year and potential impacts to crops should flooding occur. Each type of crop has a unique 
crop loss function. The relationship is based on the percentage of a crop that would be lost 
due to flooding for both the timing and duration aspects. The program does not account 
for the depth of flooding and its effects on different crops. 

Comiputtions. The user must develop an input file for HEC-PBA which defines the 
jurisdictional boundaries, damage reaches, crop characteristics, reconstruction time, and 
period of analysis. Crop loss functions for each crop must also be developed. HEC-PBA 
obtains the elevation-damage and elevation-area relationships from HEC-DAMCAL. The 
program is not intended to interface directly with the GIS data base. 

HEC-PBA calculates damages using hydrograph data which specifies the flood 
elevation and time of year the flood occurs. If a hydrograph contains several months of 
data and more than one flood event exceeds the zero damage elevation, the user must 
specify the event for which damages are calculated by defining the starting and ending 
dates of the analysis. A look-back date can be specified prior to the starting date to account 
for previous events. This establishes the potential damage status at the beginning of the 
analysis. 

Urban damage calculations are based on elevation-damage relationships and 
hydrograph information. Each damage category is analyzed separately within a damage 
reach. Agricultural crop damage calculation are based on elevation-area relationships, 
hydrograph information, and crop loss functions. Each crop type is analyzed separately 
within a damage reach. 

The HEC-PBA program also calculates the number of structures flooded by a single 
event for each land use category. Closely related to the number of structures flooded is the 
number of people affected. However, the population affected depends a great deal on the 
time of day and the day of the week on which the flood occurs. HEC-PBA does not account 
for these population variations. The program does accept input of elevation-population 
relationships which are intended to represent a measure of people impacted by a flood. 

(4) Data Storage System, HEC-DSS is used for the flood damage analysis within 
the RMS to transfer information from HEC-DAMCAL to HEC-PBA. The HEC-DSS utility 
programs used in conjunction with the flood damage programs are: DSSUTL, DSPLAY, 
REPGEN and DSSPD. 

DSSUTL. The DSSUTL program provides a means of performing utility functions 
on data stored in HEC-DSS. These functions include tabulating, editing, copying, 
renaming, and deleting data. The program also offers the capability of formatting and 
copying data into an ASCII sequential file for transfer to another computer, or for use by a 
program without HEC-DSS capabilities. 
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DSPLAY. The DSPLAY program enables a graphical display of data contained in an 
HEC-DSS file. Time-series and paired data can both be displayed. Up to seven curves and 
six different y-scales may be displayed at one time. The program is useful for visualizing 
the data generated by HEC-DAMCAL to verify that the results are reasonable. It is also 
useful to view the crop loss functions to be used by HEC-PBA and verify that the curves 
are consistent and meaningful. 

REPGEN. The report generator, REPGEN, is used to simplify and automate the 
production of routine reports. REPGEN provides for the retrieval and presentation of data 
from an HEC-DSS file or text file on a pre-specified, user defined, fixed format. The format 
is the equivalent of a blank form onto which variable information is entered in designated 
locations. 

DSSPD. The DSSPD program provides a means of entering paired function data 
into an HEC-DSS file. The crop loss functions used in HEC-PBA are paired data functions 
that relate percent crop loss to days of the year. They can be entered into HEC-DSS using 
the DSSPD program. 

2. System Installation 

2.1. Directory and File Structure 

The flood damage analysis package for the Omaha District RMS was set up with 
four directories. Each directory contains specific files. It is important that these directories 
be created prior to installation. The required directories are: 

(1) HECEXE 
(2) RMS 
(3) DAMCAL 
(4) PBA 

(1) The HECEXE directory contains all of the executable versions of HEC 

programs. The HEC programs needed for flood damage computations within the RMS are; 

"* COED.EXE - Corps editor used for file editing. 

"* DAMCAL.EXE - Flood damage calculation model for GIS data. 

"* DRIVERS.EXE - File to manage display drivers. 

"* DSPLAY.EXE - DSS program for graphical displays. 

* DSSPD.EXE - DSS program for entering paired data. 

"• DSSTS.EXE - DSS program for entering time series data. 

"* DSSUTL.EXE - DSS program for editing DSS records. 
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"* MATHPK.EXE - Program for manipulating DSS records. 

"* PREPBA.EXE - Preprocessor program for PBA 

"* PBA.EXE - Flood damage and benefit calculations. 

(2) The RMS directory contains all of the screen, macro and batch files necessary 
for operation of the RMS menu screens. All files with no extension are batch files that are 
substituted into one of the TEMP.BAT files when needed. Files with a BAT extension are 
normal batch files. Files with a MAC extension are macro files used by the PRFADR 
program to evoke different responses when choices are made within the menu screens. 
Files with an SCN extension are screen files used by PREADR to display the menu screens. 

(3) The DAMCAL directory contains the input and output files necessary for 
operation of the HEC-DAMCAL program. This directory also contains the HEC-DSS file 
and the macro and batch files used to reformat the DSS records. It is essential thatthe 
names of these files always remainthe same in orderfor the menu selections to operate 
properly. The following is a list of the files in the DAMCAL directory: 

e MISSOUR2LDSS - HEC-DSS file which contains all of the DSS records output 
from HEC-DAMCAL and records to be used as input to HEC­
PBA. 

e MOAGRI.DC - Input file used by HEC-DAMCAL to compute damages in 
agricultural areas. 

* MOAGRI.DCO - Output file from HEC-DAMCAL for agricultural areas. 
0 	 MOURBAN.DC - Input file used by HEC-DAMCAL to compute damages in 

urban areas. 
* MOURBAN.DCO - Output file from HEC-DAMCAL for urban areas. 

* 	 0 AGRISTAT.GDB - Grid cell data file containing attribute information for grid 
cells in agricultural areas. 

* 	 * URBSTAT.GDB - Grid cell database file containing attribute information for 
grid cells in urban areas. 

* NOTE - The files with a GDB extension are generated on the workstation using the 
GIS. The RMS fljod damage analysis package was developed to allow the GDB files to 
remain on the workstation and be accessed automatically through a local area network. If 
a network is not available, it will be necessary for these files to be copied and installed on 
the PC. 

(3) The PBA directory contains the input and output files necessary for operation 
of the HEC-PBA Preprocessor and Analysis programs. It is essential that the names of these 
files remainthe same in orderfor the menu selections to operateproperly. The following is a 
list of files in the PBA directory; 

"* PREPBA.IN - Input file for the HEC-PBA Preprocessor program. 
"* PREPBA.OUT - Output file from the HEC-PBA Preprocessor program. 
"* PBA.IN - Input file for the HEC-PBA Analysis program. 
"* PBA.OUT - Output from the HEC-PBA Analysis program. 
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2.2. Instalation Procedure 

The installation procedure is generally similar to installation of other HEC products. 
As previously mentioned, the appropriate directories must be created prior to installation 
and files placed directly in those directories. The installation disks contains the same 
directories and files as will be needed on the PC. It is important that all files are copied 
from each directory on the disk to directories of the same name on the PC. The PKUNZIP 
program is used to decompress those files with a ZIP extension. 

It will also be necessary to load GSS device drivers for producing graphical displays 
with the DSPLAY program. The installation instructions and diskettes are provided 
separately. The installation of drivers is menu driven and user friendly. 

This product has minimum hardware requirements because of the amount of 
computing required. It may also be necessary to modify the AUTOEXEC.BAT and 
CONFIG.SYS files on the PC prior to beginning operation. The following sections describe 
the requirement and necessary modifications. 

(1) Hardware Requirements. This product was developed using a 486/33C 
personal computer with 8 MB's of extended memory. The HEC-DAMCAL, MATHPIC, and 
HEC-PBA programs all require extended memory. The programs will not operate properly 
if the EMM 386 memory manager is being used. 

It is recommended that this product be installed on nothing less than a 386i25C 
computer with a math coprocessor and at least 3 MB's of extended memory. The DSPLAY 
program requires a minimum of 450K of resident memory, with the device drivers loaded, to 
operate properly. In most instances it will be necessary to have all network software 
unloaded while running DSPLAY. This product was designed to have the network software 
running only during operation of the HEC-DAMCAL program. 

(2) AUTOEXEC.BAT Modifications. The AUTOEXEC.BAT file must contain 

the following statements: 

PATH C:HECEXE - The HECEXE directory must be listed in the path statement. 

SET CGIPATH=C:\GSS - Statement to define the directory in which the device 
drivers are located. 

(3) CONFIG.SYS Modifications. The CONFIG.SYS file must contain the 
following statements: 

DEVICE=C:\)DOS\ANSI.SYS - To allow display of the menu screens. 

LASTDRIVE=Z - Needed if a fictitious drive is created to allow access to data on 
the workstation. 
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3. Flood Damage Computations
 

3.1. Overview of Computational Procedure 

Calculation of the potential flood damage within the Readiness Management System 
(RMS) framework relies on the Geographic Information System (GIS) to provide input data 
for the HEC-DAMCAL program. HEC-DAMCAL generates relationships between water 
surface elevations and the damages, number of structures, and total area that could be 
flooded. These relationships are then applied to a particular flood event using the HEC­
PBA program. The information is transferred to HEC-PBA from HEC-DAMCAL using 
HEC-DSS. HEC-DSS is also used to graphically view program inputs and outputs. 
Selected input for HEC-PBA is directly from HEC-DSS. 

The Appendices contain examples of flood damage computations using the procedure 
described above. Examples of the data used during development of the flood damage 
analysis package is shown in Appendix B, for the HEC-DAMCAL program, and Appendix C, 
for the HEC-PBA program. The Appendices also contain example output results. 

3.2. Input Requirements 

There are three mechanisms for defining input for flood damage computations. Data 
from the GIS is used as input to HEC-DAMCAL. The HEC-DAMCAL and HEC-PBA 
programs both require instructions from an input file. 

(1) GIS Data. The flood damage computations are determined based on data 
generated by the (GIS). The Geographic Resources Analysis Support System (GRASS), 
Version 4.0, was the GIS software used in this exercise. 

The information, necessary for flood damage analysis, developed using the GIS are: 

"* Damage Reach Designations,
 
"* Landuse Classification,
 
"* Ground Elevations; and,
 
" .'eference Flood Elevations.
 

GRASS uses the Relational Information Manager (RIM) to manage its data base. 
The HEC-DAMCAL program requires a data file in ASCII form which specifies the 
attributes listed above for each grid cell to be analyzed. After all of the necessary attribute 
maps have been created, GRASS is able to generate the data file using RIM. 

Damage Reach Desifnations. The damage reaches were defined based on the largest 
possible flood boundary, corporate limits, reservation boundaries and county lines. The 
flood boundary that would result from failure of Oahe Dam was chosen to define the 
maximum possible flooded area. Information from the U.S. Census Bureau's TIGER files 
was used to define the city, county and reservation boundaries. 
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The damage reach boundaries were digitized using the v.digit program in GRASS. 
The flood boundary for dam failure was used as the base map. TIGER data was used to 
overlay the other boundaries. A new vector file was created which divided the flooded area 
into polygons which represent the damage reaches. A raster map was then generated using 
GRASS to label all of the grid cells within a polygon with the appropriate damage reach 
number. The area between Oahe Dam and Big Bend Dam includes 15 damage reaches, as 
defined in Table 1. 

TABLE 1 
Damage Reach Definitions 

Reach Reach Definition 

1 Hughes County, upstream of Pierre. 
2 Stanley County, upstream of Fort Pierre. 
3 City of Pierre. 
4 City of Fort Pierre. 
5 Stanley County, Bad River, upstream of Fort Pierre. 
6 Stanley County, downstream of Fort Pierre. 
7 Hughes County, downstream of Pierre to Reservation. 
8 Stanley County, downstream of Reach 6 to Reservation. 
9 Lower Brule Reservation, Stanley County. 

10 Crow Creek Reservation, Hughes County. 
11 Lower Brule Reservation, Lyman County. 
12 Crow Creek Reservation, Hyde County. 
13 Crow Creek Reservation, Buffalo County. 
14 City of Lower Brule. 
15 City of Fort Thompson. 

Landuse Classification. The landuse for this exercise was defined for urban areas 
and rural areas separately using different methods. It is important to realize that landuse 
classification can be done many different ways. The landuse classifications used during the 
development of the flood damage ]:po,•,.-ms should be considered approximate and used for 
test purposes only. It is recommended that the landuse be reclassified by a qualified 
analysts to provide more meaningful flood damage computations. 

Landuse for the urban areas, Pierre and Fort Pierre, was classified based on aerial 
photographs at a scale of 1" = 1000'. The photos were converted into GIS format at the 
Omaha District office. The v.digit program within GRASS was used to divide the urban 
area into polygons of similar landuse. The flood boundary for dam failure was used as the 
base map to define the outer edge. The aerial photos were used as a backdrop for the area. 
A new vector map was created which divided the urban areas into 12 different lanAuse 
types. A raster map was then generated from the vector map to lubel all 4X the grid cells 
within each polygon with the appropriate landti' category. The landuse categories for the 
urban areas are shown in Table 2. 
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TABLE 2
 
Urban Landuse Categories
 

Cat rv Category TIe 

1 Residential 
2 Mobile Homes 
3 Schools 
4 Offices 
5 Warehouses 
6 Department Stores 
7 Grocery Stores 
8 Motels 
9 Industrial 
10 Recreation Areas / Golf Courses 
11 Undeveloped Open Area 
12 Water Bodies 

The most difficult classification within the urban areas is for industrial and 
commercial properties. Categories 5, 6, 7 & 8 were chosen as being representative of 
typical commercial enterprises. It is important that landuse, and especially industrial and 
commercial areas, be verified by a qualified economist. 

Landuse classification for rural areas was based on the National Oceanic and 
Atmospheric Administration (NOAA) Advanced Very High Resolution Radiometer (AVHRR) 
data for land cover characterization in the conterminous United States. The AVHRR data 
used was originally developed at a spatial resolution of 1 kilometer. Although the data is 
somewhat crude, it does distinguish between cropland and natural vegetation. The data are 
also collected frequently which also adds to its accuracy. 

The original AVHRR data had 150 land cover categories. The data was reclassified 
using GRASS for the area within the flood boundary between Oahe and Big Bend Dams. It 
is necessary to distinguish between cropland and undeveloped land for flood damage 
computations. Therefore, the land cover was reclassified into 4 categories, as listed in 
Table 3. 

TABLE 3 
Rural Landuse Categories 

Categor Category Mve 

1 Cropland 
2 Grassland 
3 Woodland 
4 Water 
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Ground Elevations. The topographic data, which defines the ground elevations 
within the study area, was developed at the Omaha District office. The data was not 
modified prior to being used in the flood damage analysis. It was evident that the data does 
contain some errors. It is recommended that the topographic data be verified in regard to 
its relationship with the landuse. 

Reference Flood Elevations. The reference flood information was developed using 
the GIS and HEC-2 output. There are several different floods that could be used to 
represent the reference flood. The flood elevations associated with a release of 200,000 cfs 
from Lake Oahe and a pool level of 1423 ft msl at Lake Sharpe was chosen as the reference 
flood for testing purposes. 

A vector file was created using the v.digit program in GRASS. The flood boundary 
for dam failure was used as the base map and a vector map showing the HEC-2 cross 
section locations was used as an overlay. The cross section locations were digitized onto 
the base map along with some intermediate sections. The sections were labeled with the 
water surface elevations calculated by HEC-2. A raster map was generated from the vector 
map which labeled those grid cells that fell along the labeled lines. A surface contour 
algorithm was then used to assign values to the grid cells between cross sections. 

The result is a data file in ASCII form which defines the damage reach, landuse 
classification, ground elevation, and reference flood elevation for each grid cell in the study 
area. Separate data files are created for urban and rural areas because they are analyzed 
separately. The data files generated by GRASS are in free format and cannot be used 
directly by HEC-DAMCAL. A shell script was written which converts the data file into a 
fixed format for use in HEC-DAMCAL. 

(2) HEC-DAMCAL Input. The HEC-DAMCAL program requires input from two 
sources: the GIS and an input file. The input file contains the following types of 
information: 

"* Job Control Information,
 
"* Grid Cell Data File Definitions,
 
"* Depth-damage Functions,
 
"* Structure and Content Values,
 
"* Landuse Densities,
 
"* Damage Reach Information; and,
 
"* Single Event Flood Elevations (optional).
 

Job control information specifies the number of reaches to be analyzed, number of 
landuse conditions and output specifications. Definitions for the data file includes the size 
of the file (rows and columns), number of grid cells, physical size of the grid cells (acres) 
and how the data file is formatted. 

Depth-damage functions define the potential damage to structures and contents as a 
percentage of their value for a range of flood depths. Structure val'ies are specified in 
terms of an average for the particular land use type. Content values can be specified in 
dollars or as a percentage of the structure value. Landuse density is specified based on the 
average number of structures per grid cell for a particular landuse type. 
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Damage reach information includes a reach label, elevation of the reference flood at 
the index location and the range of elevation values to be analyzed. Damages for single 
flood events can be analyzed by specifying the flood elevations at the index location for each 
event. 

A more detailed description of the format and definitions of input records for HEC­
DAMCAL is contained in the DAMCAL User's Manual, dated February 1979, and is 
available from the Hydrologic Engineering Center, Davis, California. 

(3) HEC-PBA Input. The HEC-PBA program is separated into two different 
programs known as the Preprocessor and the Analysis programs. Each program requires 
different input data. The advantage of having the program divided is that normally the 
Preprocessor only needs to be run once, unless the landuse crop functions, or other 
conditions change. If there are no changes, the Analysis program can analyze several 
different flood events. 

The Preprocessor program uses the following data stored in HEC-DSS: 

"* Elevation-Damage Relationships,
 
"* Elevation-Area Relationships,
 
"* Elevation-Structures Relationships,
 
", Crop Loss Functions; and,
 
"* Flood Hydrographs.
 

The elevation-damage, area and structures relationships are output from HEC­
DAMCAL. The crop loss functions define the potential crop losses for each crop type 
throughout the entire year. They are put into HEC-DSS format using DSSPD, which was 
developed for entering paired data. Flood hydrographe are usually input to HEC-DSS by a 
rainfall-runoff model such as HEC-1. 

The Preprocessor program requires the following information in its input file: 

"* Job Control Information,
 
"* Boundary Definitions,
 
"* Crop Production and Market Statistics,
 
"• Damage Reach Information; and,
 
"* Project Information (optional).
 

Job control information specifies the type of output desired. Boundary definitions 
are used to aggregate damages within specified political boundaries such as communities, 
Counties, Corps Districts, Congressional Districts and Flood Control Districts. These 
boundaries do not necessarily correspond to damage reach boundaries. There may be 
several damage reaches within a single political boundary. 

Crop production and market statistics specify the planting dates, average annual 
yield, average market price and harvest costs for each crop type. The spatial distribution of 
crops must also be specified. The distribution is usually specified as a percentage of the 
total cropland being planted in a particular crop within each damage reach; however, the 
actual area planted in a particular crop can also be specified. 
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Damage reach information specifies a label for the reach, the political boundaries 
within the reach and the appropriate hydrograph. for the reach. The flood stage must also 
be specified as the elevation at which damages begin within each reach. It is important 
that the damage reach designations be exactly the same as those defined in the HEC­
DAMCAL program. 

Project information for levees and/or reservoirs may be specified if the user is 
interested in analyzing both with- and without-project conditions. The program allocates 
benefits to one or several projects based on a reduction in damages and a weighting scheme 
defined by the user. 

The Analysis program requires little input. The following is a list of the necessary 
input: 

"* Job Specifications,
 
"* Period of Analysis,
 
"* Project Benefit Allocations for Reservoirs (optional); and,
 
"* Summary Report Table Selection.
 

Job specifications define output options and allow for adjustment of crop market 
values using price index factors. The period of analysis is specified by beginning date, 
ending date and look-back date. Project benefit allocation for reservoir is specified as a 
percentage of the total benefits for each project. Summary report table selection can be 
based on any of the political boundaries and/or damage reach boundaries. 

A more detailed description of the format and input records for both the 
Preprocessor and the Analysis programs will be contained in the HEC-PBA User's Manual. 
The manual is expected to be published in the Fall of 1992. It will be available from the 
Hydrologic Engineering Center, Davis, California. 

3.3. Program Operation 

This section describes how the flood damage programs are operated. The process 
has been automated by using screens, macros and batch files to create a menu driven 
interface which makes it easy to use. The screens are shown in this section along with 
brief definitions of each command. 
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Screen 1 - Banner 

U.S. 	 AM CORPS OF KINMEI ORM DISUICl 

REMinE 	 MMGDUI SYSYN 
WLOOMW iAiYSIS 

U.S. AKIy CORPS OF ENGINER
 
HYDDOLOCIC WINDIINC COMT
 

The following commands can be used with this screen: 

<ENTER> - Continue to the next screen. 

"X" - Exit the flood damage analysis. 

16
 



Screen 2 - Flood Damage Program Choice 

rOi WM WhISIS MM 

M - IkMP eachdSta-hNp Calculatim 

FM - uloct budit Accuiulaw 

aft - lMenbtmin s1m 

la lettar top dired r .a-:) I 

The following commands can be used with this screen: 

"D" - Choose the HEC-DAMCAL program options. From there the user is able to 

perform the operations necessary for executing the HEC-DAMCAL program. 

"P " - Choose the HEC-PBA program options. From there the user is able to 

perform the operations necessary for executing the HEC-PBA program. 

"X" - Exit to the Banner screen. 
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Screen 3 - Selections for excecuting the HEC-DAMCAL Program 

lapt - I~lifq MM i•,ut file$ 

MM~CAbmcte DMMA prpma-

Oatpra 


QtauM6 


eXit 

- UViMMW Ostrt til" 

- UI.. Va*~ Wig t6o WRAS pmep 

RMTIN a AM 

- WtO to prnvious M 

tlW lette fodr indina = ) G 

The following commands can be used with this screen: 

"I" - Allows the user to edit the input files for HEC-DAMCAL using the COED 
editor. The user chooses the input for urban areas or agricultural areas. 

"*D"*-	 Executes the HEC-DAMCAL program. The user chooses to compute urban 
damages or agricultural damages. 

"* " - Allows the user to view the HEC-DAMCAL output files using the LIST 
program. The user chooses to view output for urban areas or agricultural 
areas. 

"*G "-	 Executes the DSPLAY program to allow the elevation-damage, area or 
structures relationships to be viewed graphically. The user must specify the 
river name, reach number, landuse type (URBAN or AGRICULTURAL) and 
landuse condition (EXISTING, FUTURE or MODIFIED). All entries must 
be UPPERCASE. 

"X* 	 Exits to the Program Selection screen. 
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Screen 4 - Selections for executing the HEC-PBA Program 

Ilqyt -NiNIf NiM lipt filI 

Lamss -3ify cop1o funtions 

Crops - Uiev crop lo functions 

Fwatt - Frumt HIM- file 

PM - bate M piogrm 

Output - Yinw PM utut fili 

eXit - Mtan to previou mm 

Enter letter for deslred coanad =:=) I 

The following commands can be used with this screen: 

"SI - Allows the user to edit the HEC-PBA input files using the COED editor. 
The user must specify input for the Preprocessor program or input for the 
Analysis program. 

"SL" - Allows the user to edit the crop ioss functions using the DSSUTL program. 

New crop loss functions must be entered externally using the DSSPD 
program. 

" C " - Executes the DSPLAY program to allow crop loss functions to be viewed 

graphically. The user must specify the crop type. All entries must be 
UPPERCASE. 

"F'S - Reformats the HEC-DSS file using HEC-MATHPK. 

"P - Execute the HEC-PBA program. The user must choose the Preprocessor or 

Analysis program. 

" 0 " - Allows the user to view the HEC-PBA output files using the LIST program. 

" X " - Exits to the Program Selection screen. 
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3.4. Output Capabilities 

There are two types of output from the flood damage tomputations. They are 
Damage Summary Reports and Graphical Displays. HEC-DAMCAL generates output in 
HEC-DSS format which can be viewed graphically. HEC-PBA provides only Damage 
Summary Reports. 

(1) Damage Summary Reports. Both the HEC-DAMCAL and HEC-PBA 
programs provide summary reports. The reports can be viewed on the screen or printed out 
for documentation purposes. 

The output from HEC-DAMCAL lists the stage-damage, elevation-damage, elevation-
structures and elevation-area relationships in tabular form for all of the landuse categories 
and for each damage reach. The program also lists total the damage, structures flooded, 
and area flooded for single flood events if that option is used. The HEC-DAMCAL output 
tends to be lengthy because it restates many of the input definitions. 

The output from HEC-PBA comes in two forms, the Preprocessor output and the 
Analysis output. Normally, once the Preprocessor output is verified, there is no need to 
generate another report unless some function or conditions change. The most meaningful 
output, in terms of summary reports, comes from the Analysis program. It lists the damage 
values for each damage reach, each damage categories (land-use) category, and each 
boundary specified. The Analysis output lists urban and agricultural damages separately. 
The program also defines damages throughout the range of elevations (zones) defined by 
the hydrographs for both with- and without-project conditions. 

(2) Graphical Displays. Output from the HEC-DAMCAL program is best 
interpreted by viewing it graphically. The elevation-damage, area and structures flooded 
relationships can all be viewed using the DSPLAY program. Graphical displays are useful 
for detecting anomalies in the results. The DSPLAY program is limited to 7 curves per 
plot, and in some cases all of the damage categories (land use) categories cannot be viewed. 

It is useful to view the crop loss functions used by HEC-PBA graphically. If these 
functions do not appear to be similar in form to the typical crop loss function, the HEC­
PBA program will not provide meaningful results. The flood hydrographs can also be 
viewed to verify beginning and ending dates to be used in the analysis. 
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STUDY EXAMPLE 

B-1. Study Description 

The study area includes all of the property from Oahe Dam to Big Bend Dam in 
South Dakota, that lies within the flood boundary that would result from failure of Oahe 
Dam. The sample data was developed at the Hydrologic Engineering Center (HEC) with 
the exception of the flood boundary, the original AVHRR data and the Digital Elevation 
Model (DEM), which were developed at the Omaha District office. 

The flood event analyzed was based on a release of 200,000 cfs from Lake Oahe with 
a pool elevation of 1423 ft msl at Lake Sharpe. All of the damage reaches, as defined in 
Table 1, were analyzed with the exception of reaches 5, 14 and 15. These reaches were 
excluded because of a lack of data. 

B-2. Input Data 

(1) Economic data for Urban Areas 

Economic input data generated using the GIS is shown in Appendix B Section 1. 
The original data file generated by GRASS is in a free format. A shell script titled "form7 is 
used to reformat the data into a fixed format as shown in the Appendix. The user simply 
types: 

form (Input filename] [Output filename] to reformat the data base file. 

Structure and content values were estimated using little information. As statted in 
section III, it is essential that the landuse classification, including all of the necessary 
economic data, be verified by a qualified economist to ensure more accurate results. The 
data developed at HEC is intended to be used for test purposes only. The composite 
damage functions, which define the depth-damage relationships, for the urban land use 
categories described in Table 2 were obtained from the Economics Branch of Planning 
Division at the Omaha District office. The functions were modified to include depths 
greater than 10 feet by a simple linear extrapolation. The composite damage functions, 
structure and content values are listed in the HEC-DAMCAL input file in Appendix B 
Section 2 and summarized in the HEC-DAMCAL output file in Appendix B Section 3. 

(2) Economic Data for Agricultural Areas 

The South Dakota Agricultural Statistics Service and South Dakota State University 
were contacted to obtain information on crop planting dates, crop production statistics, 
harvest costs and market values. The information provided was based on the 1990-1991 
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crop year, and was used to develop all of the necessary data for flood damage computations. 

Crop loss functions were developed based on the average planting and harvest dates 
for the study area. Crop densities were based on production statistics for each county. It 
was found that 87 percent of the entire area was comprised of combinations of wheat, corn 
oats and sorghum. Soybeans and sunflowers comprised the other 13 percent and were 
neglected in this analysis. The crop loss functions used in the analysis are shown with the 
HEC-PBA input in Appendix D Section 2. 

Market statistics, crop prices and yields, for the crops mentioned above were based 
on average values for the entire state. Harvest costs were estimated based on information 
from the Agricultural Economics Department at South Dakota State University. Harvest 
costs were based on average fees charged by commercial harvesters. Hauling fees were also 
included. The economic data for agricultural areas used in the analysis is listed in the 
HEC-PBA Preprocessor input file in Appendix C Section 1 and is summarized in the HEC­
PBA Preprocessor output file in Appendix D Section 4. 

(3) Flood Hydrographs 

A simple triangular hydrograph with a peak stage of 1435 ft msl and a duration of 7 
days was used to calculate damages in the cities of Pierre and Fort Pierre, as well as the 
agricultural areas upstream. Another simplified hydrograph with a peak stage of 1423 ft 
msl and a duration of 7 days was used to calculate damages for the agricultural areas 
around Lake Sharpe. The hydrographs are shown in Appendix D Section 3 with the input 
data for HEC-PBA. 

B-3. Output Data 

(1) Output from HEC-DAMCAL 

Sample output from the HEC-DAMCAL program is shown in Appendix C Section 1. 
The report generated by the program is shown along with examples of the elevation-
damage, elevation-area and elevation-structures flooded relationships. The plots shown in 
Appendix C Section 4 were generated using the DSPLAY program. The HEC-DAMCAL 
results were reviewed to confirm that the program is operating properly and writing the 
elevation relationships to HEC-DSS properly. The results were not thoroughly reviewed 
for accuracy because of the limitations in the accuracy of the input data. 

(2) Output from HEC-PBA 

Sample output from the HEC-PBA program is shown in Appendix D Section 4. The 
Preprocessor output summarizes all of the original input data from its input file and from 
HEC-DSS. The Preprocessor output does not list flood damage values. These are listed in 
the output from the HEC-PBA Analysis program. The Analysis output lists damages by 
reaches and specific boundaries. Damages are listed for agricultural areas and urban areas 
separately for both with- and without-project conditions. There is no graphical output from 
HEC-PBA. 
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The results from HEC-PBA were verified by comparison with output from HEC­
DAMCAL for single flood events. The results were not reviewed for accuracy in terms of 
providing meaningftul estimates of damages because of the inaccuracies in the input data. 
The program will provide more meaningful results when better data is used. 
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HEC-DAMCAL DATA
 

C-1. GRASS Output 
Grid Cell Data Base File - Urban Areas 

Column Row R LU GND REFD Column Row R LU GNO REFD 

42 5 3 12 85 96.1 42 7 3 12 85 96.0 
43 
44 

5 
5 

3 
3 

12 
12 

93 
101 

96.1 
96.1 

43 
44 

7 
7 

3 
3 

12 
12 

93 
101 

96.q
96.0 

45 5 3 12 111 96.1 45 7 3 12 111 96.0 
46 5 3 12 119 96.1 46 7 3 12 119 96.0 
47 5 3 12 127 96.1 47 7 3 12 127 96.0 
48 5 3 12 130 96.1 48 7 3 12 130 96.0 
49 5 3 11 129 96.1 49 7 3 11 129 96.0 
50 5 3 11 128 96.1 50 7 3 11 127 96.0 
51 5 3 11 127 96.1 51 7 3 11 125 96.0 
52 5 3 11 126 96.1 52 7 3 11 124 96.0 
53 5 3 11 125 96.1 53 7 3 11 122 96.0 
54 5 3 11 123 96.1 55 7 3 -1 119 96.0 
55 5 3 11 122 96.1 59 7 3 11 121 96.1 
56 5 3 11 121 96.1 60 7 3 11 127 96.1 
57 5 3 11 120 96.1 61 7 3 -1 131 96.1 
58 5 3 11 121 96.1 63 7 3 11 142 96.1 
59 5 3 11 126 96.1 64 7 3 11 146 96.1 
60 5 3 11 132 96.1 43 8 3 12 93 96.0 
61 5 3 11 136 96.1 44 8 3 12 101 96.0 
62 5 3 11 140 96.1 45 8 3 12 111 96.0 
63 5 3 11 146 96.1 46 8 3 12 119 96.0 
64 5 3 11 151 96.1 47 8 3 12 127 96.0 
65 5 3 11 155 96.1 48 8 3 12 130 96.0 
66 5 3 11 160 96.1 49 8 3 12 128 96.0 
67 5 3 -1 165 96.1 50 8 3 11 127 96.0 
42 6 3 12 85 96.1 51 8 3 11 124 96.0 
43 6 3 12 93 96.1 59 8 3 11 119 96.1 
44 6 3 12 101 96.1 60 8 3 11 125 96.1 
45 6 3 12 111 96.1 61 8 3 11 129 96.1 
46 6 3 12 119 96.1 43 9 3 12 93 96.0 
47 6 3 12 127 96.1 44 9 3 12 101 96.0 
48 6 3 12 130 96.1 45 9 3 12 111 96.0 
49 6 3 11 129 96.1 46 9 3 12 119 96.0 
50 6 3 11 128 96.1 47 9 3 12 127 96.0 
51 6 3 11 126 96.1 48 9 3 12 130 96.0 
52 6 3 11 125 96.1 49 9 3 12 128 96.0 
53 6 3 11 123 96.1 50 9 3 11 126 96.0 
54 6 3 11 122 96.1 51 9 3 11 124 96.0 
55 6 3 11 120 96.1 52 9 3 11 122 96.0 
56 6 3 11 119 96.1 53 9 3 11 120 96.0 
57 6 3 11 117 96.1 60 9 3 11 123 96.1 
58 6 3 11 119 96.1 61 9 3 -1 127 96.1 
59 6 3 11 123 96.1 43 10 3 12 93 96.0 
60 6 3 11 129 96.1 
62 6 3 11 138 96.1 
63 6 3 11 144 96.1 
64 6 3 11 148 96.1 196 125 3 12 42 89:6 
66 6 3 11 157 96.1 197 125 3 12 42 89.6 
67 6 3 11 163 96.0 9999 99999 99 99 999 999.9
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Grid Coll Data Base - Rural Areas 

Column Row R LU GND REFO Column Row R LU GND REFO 

281 7 1 3 181 -1.0 269 12 1 3 168 210.0
275 8 1 3 181 210.0 270 12 1 3 171 210.0 
276 8 1 3 181 210.0 271 12 1 3 173 210.0 
277 8 1 3 181 210.0 272 12 1 3 175 210.0 
278 8 1 3 181 210.0 273 12 1 3 177 210.0
279 8 1 3 181 210.0 274 12 1 3 179 210.0 
280 8 1 3 181 210.0 275 12 1 3 181 210.0 
281 8 1 3 181 210.0 276 12 1 3 181 210.0 
282 8 1 3 181 210.0 277 12 1 3 181 210.0
283 8 1 3 181 210.0 278 12 1 3 181 210.0 
284 8 1 3 181 210.0 279 12 1 3 181 210.0 
273 9 1 4 179 210.0 280 12 1 3 181 210.0 
274 9 1 4 180 210.0 281 12 1 3 181 210.0 
275 9 1 3 181 210.0 282 12 1 3 181 210.0 
276 9 1 3 181 210.0 283 12 1 3 181 210.0 
277 9 1 3 181 210.0 ?84 12 1 3 181 210.0 
278 9 1 3 181 210.0 235 12 1 3 181 210.0 
279 9 1 3 181 210.0 286 12 1 3 181 210.0 
280 9 1 3 181 210.0 266 13 1 3 160 210.0 
281 9 1 3 181 210.0 267 13 1 3 162 210.0 
282 9 1 3 181 210.0 268 13 1 3 164 210.0 
283 9 1 3 181 210.0 269 13 1 3 166 210.0 
284 9 1 3 181 210.0 270 13 1 3 169 210.0 
270 10 1 4 175 210.0 271 13 1 3 172 210.0 
271 10 1 4 176 210.0 272 13 1 3 174 210.0 
272 10 1 4 177 210.0 273 14" 1 3 177 210.0 
273 10 1 4 179 210.0 274 13 1 3 179 210.0 
274 10 1 4 180 210.0 275 13 1 3 181 210.0 
275 10 1 3 181 210.0 276 13 1 3 181 210.0 
276 10 1 3 181 210.0 277 13 1 3 181 210.0 
277 10 1 3 181 210.0 278 13 1 3 181 210.0 
278 10 1 3 181 210.0 279 13 1 3 181 210.0 
279 10 1 3 181 210.0 280 13 1 3 181 210.0 
280 10 1 3 181 210.0 281 13 1 3 181 210.0 
281 10 1 3 181 210.0 282 13 1 3 181 210.0 
282 10 1 3 181 210.0 283 13 1 3 181 210.0 
283 10 1 3 181 210.0 284 13 1 3 181 210.0 
284 10 1 3 181 210.0 285 13 1 3 181 210.0 
285 10 1 3 181 210.0 286 13 1 3 181 210.0 
286 10 1 -1 -1 -1.0 263 14 2 -1 -1 -1,0
268 11 1 4 170 210.0 264 14 2 3 152 210.0 
269 11 1 4 171 210.0 265 14 2 3 155 210.0 
270 11 1 4 173 210.0 266 14 1 3 157 210.0 
271 11 1 4 175 210.0 267 14 1 3 159 210.0 
272 11 1 4 177 210.0 268 14 1 3 162 210.0 
273 11 1 4 178 210.0 269 14 1 3 164 210.0 
274 11 1 4 180 210.0 270 14 1 3 168 210.0
275 11 1 3 181 210.0 271 14 1 3 171 210.0 
276 11 1 3 181 210.0 272 14 1 3 173 210.0 
277 11 1 3 181 210.0 273 14 1 3 176 210.0
 
278 11 
 1 3 181 210.0 274 14 1 3 178 210.0
279 11 1 3 181 210.0 275 14 1 3 181 210.0 
280 11 1 3 181 210.0 276 14 1 3 181 210.0 
281 11 1 3 181 210.0 277 14 1 3 181 210.0 
282 11 1 3 181 210.0 
283 11 1 3 181 210.0 
284 11 1 3 181 210.0 
285 11 1 3 181 210.0 
286 11 1 3 181 210.0 1077 807 11 1 181 150.0
267 12 1 3 165 210.0 1339 807 11 1 181 150.0
268 12 1 3 167 210.0 99999 99999 99 99 999 999.9 

APPENDIX C 34
 



.1 i l j 
-. , 'iv 

FIGURE C-i1. Damage Reach Boundaries 
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FIGURE C-2. Urban Landuse Pattern 
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FIGURE C-3. Rural Landue Pattern 
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FIGURE C-4. Topographic Definition 
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M~ssouri miver Reference Flood ElevationsFIGURE C-5. 
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FIGURE C-6. Lake Sharpe Reference Flood Elevations 
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C-2. HEC-DAMCAL Input 

Input Data for Reach 3 (Pierre) and Reach 4 (Fort Pierre) 

TI 
T2 

DAMCAL Input File - Urban 
Pierre, SO - Resolution = 

areas 
64m (1 acre) 

T3 
J1 0 

Reference 
0 0 

flood: 200,000 cfs, 
0 0 

1423 
0 

pool 
0 6 1 

J2 1 1 6 204 128 1 
J3 3 2 4 0 12 5 6 18 -1.00 
ZW A=MISSOURI E=1992 F=URBAN-EXISTING 
FT(F5.0,F6.0,2F3.0,F4.0,F6.0) 
ST 10 YR 50 YR 100 YR 500 YR 200K 400K 
LU 1 1 1.5 50000 -. 50 -1 1.00 10 0 1 
LT 1 3 RESIDENTIAL 
OF 0 1 2 3 4 5 8 10 100 200 
DS 7 14 21 27 31 36 48 57 75 99 
DC 0 36 47 53 57 60 66 78 99 99 
DO 0 5 5 5 5 5 5 5 5 5 
LU 2 1 3.0 10000 -. 70 -1 1.00 10 0 1 
LT 2 3 MOBILE HOMES 
OF 0 1 2 3 4 5 8 10 100 200 
DS 15 20 31 44 60 74 94 96 98 99 
OC 0 51 76 85 89 92 95 96 97 98 
DO 0 5 5 5 5 5 5 5 5 5 
LU 3 1 0.3 1500000 -. 15 -1 1.00 10 0 2 
LT 3 2 SCHOOLS 
OF 0 1 2 3 4 5 8 10 100 200 
OS 0 8 12 15 15 16 22 28 50 75 
DC 0 18 26 30 33 35 50 66 99 99 
00 0 5 5 5 5 5 5 5 5 5 
LU 4 1 0.5 500000 -. 30 -1 1.00 10 0 2 
LT 4 2 OFFICES 
OF 0 1 2 3 4 5 8 10 100 200 
0S 0 12 14 17 19 23 35 45 75 99 
DC 0 16 21 24 25 26 36 50 99 99 
DO 0 5 5 5 5 5 5 5 5 
LU 5 1 .25 250000 -1.00 -1 1.00 10 0 3 
LT 5 1 WAREHOUSES 
OF 0 1 2 3 4 5 8 10 100 200 
DS 0 1 1 1 1 3 12 21 50 75 
DC 0 11 16 19 21 23 47 99 99 99 
00 0 5 5 5 5 5 5 5 5 5 
LU 6 1 .25 500000 -1.00 -1 1.00 10 0 3 
LT 6 2 DEPARTMENT STORES 
OF 0 1 2 3 4 5 8 10 100 200 
DS 0 3 7 7 7 9 17 23 50 75 
DC 
DO 

0 
0 

18 
5 

33 
5 

65 
5 

88 
5 

95 
5 

99 
5 

g9 
5 

g9 
5 

99 
5 

LU 7 1 .50 300000 -1.50 -1 1.00 10 0 3 
LT 7 2 GROCERY STORES 
OF 0 1 2 3 4 5 8 10 100 200 
DS 0 3 4 5 6 7 20 37 50 75 
DC 50 99 99 99 99 99 99 99 99 99 
D0 0 5 5 5 5 5 5 5 5 5 
LU 8 1 .50 750000 -. 50 -1 1.00 10 0 3 
LT 8 2 MOTELS 
OF 0 1 2 3 4 5 8 10 100 200 
DS 0 4 7 10 12 15 26 37 50 75 
DC 0 10 16 21 25 30 52 76 99 99 
00 0 5 5 5 5 5 5 5 5 5 
LU 9 1 .50 1000000 -. 50 -1 1.00 10 0 4 
LT 9 2 INDUSTRIAL 
OF 0 1 2 3 4 5 8 10 100 200 
0S 0 1 1 1 1 3 12 21 50 75 
DC 0 11 16 19 21 23 47 99 99 99 
DO 0 5 5 5 5 5 5 5 5 5 
LU 10 0 0.10 0 0 0 1.00 10 0 5 
LT 10 0 RECREATION AREAS 
OF 0 1 2 3 4 5 8 10 100 200 
00 0 .50 1.00 1.50 2.00 2.00 2.00 2.00 2.00 2.00 
LU 11 0 0 0 0 0 1.00 2 0 5 
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LT 11 0 OPEN SPACE 
OF 0 200 
DO 0 0.50 
LU 12 0 0 0 0 0 1.00 2 0 5 
LT 12 0 WATER BODIES 
OF 0 200 
00 0 0 
DR 3 94.9 0 0 0 66 2.00 0 0 
DT RCH 3 CITY OF PIERRE 
SE 
DR 

87.0 
4 

87.5 
94.9 

87.8 
0 

88.6 
0 

94.9 
0 

102.3 
40 1.00 0 0 

DT RCH 4 CITY OF FORT PIERRE 
SE 43.5 43.8 43.9 44.3 47.5 51.1 
END 
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Input Data for Reaches 1, 2, 6, 7, 8, 9, 10, 11, 12 & 13 

T1 
T2 
T3 
J1 0 

DAMCAL input file - Agricultural areas 
Oahe Dam to Big Bend Dam - Resolution = 64m 
Reference flood a 150.0 (1490 ft asi)
0 0 0 0 0 0 

(1 acre) 

1 1 
J2 1 1 6 1484 816 1 
J3 3 10 4 0 4 5 6 18 1.00 
ZW A=MISSOURI E=1992 F=AG-EXISTING
I-T(FS.O,F6.0,2F3.0,F4.0,F6.t) 
ST 200K 
LU 1 0 1.00 0 0 0 1.00 6 0 
LT 1 0 CROPLANO 
DF 0 10 50 100 150 200 
DO 0 100 100 100 100 100 
LU 2 0 1.00 0 0 0 1.00 8 0 
LT 2 0 WOODLAND 
OF 0 10 50 100 150 200 
O0 0 5 5 5 5 5 
LU 3 0 1.00 0 0 0 1.00 6 0 
LT 3 0 GRASSLAND 
OF 0 10 50 100 150 200 
DO 0 1 1 1 1 1 
LU 4 0 1.00 0 0 0 1.00 6 0 
LT 4 0 WATER 
DF 0 10 50 100 150 200 
DO 0 0 0 0 0 0 
DR 1 210 0 0 0 0 10.00 0 0 
0T RCK 1 HUGHES COUNTY 
SE 95 
DR 2 210 0 0 0 0 10.C0 0 0 
DT RCH 2 STANLEY COUNTY 
SE 95 
OR 6 210 0 0 0 0 10.00 0 0 
DT RCH 6 STANLEY COUNTY 
SE 95 
DR 7 150 0 0 0 0 10.00 0 0 
OT RCH 7 HUGHES COUNTY 
SE 83 
DR 8 150 0 0 0 0 10.00 0 0 
DT RCH 8 STANLEY COUNTY 
SE 83 
DR 9 150 0 0 0 0 10.00 0 0 
DT RCH 9 LOWER BRULE RESERVATION, STANLEY COUNTY 
SE 83 
DR 10 150 0 0 0 0 10.00 0 0 
DTRCH 
SE 

10 
83 

CROW CREEK RESERVATION, HUGHES COUNTY 

DR 11 150 0 0 0 0 10.00 0 0 
DTRCH 11 LOWER BRULE RESERVATION, LYMAN COUNTY 
SE 83 
DR 12 150 0 0 0 0 10.00 0 0 
OTRCH 12 CROW CREEK RESERVATION, HYDE COUNTY 
SE 83 
DR 13 150 0 0 0 0 10.00 0 0 
DTRCH 13 CROW CREEK RESERVATION, BUFFALO COUNTY 
SE 83 
END 
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C-3. HEC-DAMCAL Output
 

Output Data for Reach 3 (Pierre) and Reach 4 (Fort Pierre) 

* Damage Reach Stage-Damage Calculation Program 
* Users Manual February 1979 0 
* Version 2.0 13; July 1992 * 
* IBM-PC Compatible (uS) 
* Run date 24JUL92 time 09:51:50 0 

DDDDD A M M CCCCC A L 
D D A A MM MM C C A A L 
D D A A MMMM C A A L 
0 0 AAAAAAA M M M C AAAAAAA L 
D D A A M M C A A L 
D D A A M M C C A A L 
DODDD A A M M CCCCC A A LLLLLLL 

* U.S. Army Corps of Engineers 0 

* The Hydrologic Engineering Center 
* 609 Second Street, Suite B 0 

* Davis, California 95616 0
* (916) 756-1104 0 
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ANALYSIS INFORMATION 

IPO. . 0, THERE is no POLICY COTO In THIS 

IPAOP - 0, THERE Is NO FLOOD PROOF NS IN THIS 

IEVAC . 0, THEREIS NO PIERIMAENTEVACUATIONIN 

IEVCLU - 0, THEME1S NO PERMANENTEVACUATIONIN 

IPRAT - 0. NORMALPRINTOUT 

ITRACE . 0. NO TRACEOUTPUTWILL BE DISPLAYED 

RUN 

RUN 

THIS NUM 

TWISRUM 

ITYPt - 6. NUMER Of SINGLE EVENT DAMAGESTo BE CALCLLTED
 

lAG . SINGLE
AGGREGATE EVENT G4A0E 

DATABAN INFORMT ION 

NFILE - 1. THE DATA 00M 1S ON THIS COMPUTERUNIT 

NFORN - 1, THE DATABAN 1S FORMTTED
 

NOV S.5THE NUMER OF DATAVARIABLES
 

IRON . 204, THE NLUMBEROF ROWSIN THE DATASAWK
 

ICOL . 128. THE NUMER OF coLumsS IN THE DATA BANKC
 

IMAGE - 1. PRINTED IMAG Of INPUT EOtC
 

DATAVARIABLE INFORMATION 

IDAIMC; - 3. THE DATAVARIABLE THAT it TIE DoAoAE REACHCODE
 

NOON . 2, THE NUMNEROF DAMAGEREACHESIN THIS ANALYSIS
 

ILAND - 4, THE DATAVARIABLE THAT is TIE LANDSWE ANALYZED
 

NOLUC . 12, THE N&MER OF LAND USE CATEGORNIES
 

ITOPO - 5, THE DATA VARIABLE THAT IS TOPOGRAPHY
 

IRFFO . S. THE DATAVARIABLE THAT IS THE REFERENCEFLOWDELEVATION
 

IELV . 18. THE ULMER OF ELEVATION.oAwufl POINTS To BE CALCULATED 

OSIZE - -I.. AN ELEVATION-STRUCTURES FLOODEDTABLEWILL BE PRINTED 

FILE SYSTEMINFORMATION - A FILE WILL BE CREATEDTO PASS OEPTH-AMEADATA To OTHER 
................... EC PROGRAMS THE HEC DATA STORAG3EUSING SYSTEM (HECOIS). 

PROJ - MISSOURI
 

ALT . URBAN-EXISTING
 

YEAR . 1992
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LANO USE CATEGORY I DAM CATEGORY NO. I 

AGGREGATEDLAND USE CATEGORY NO. * I 

RESIOENT LAL 

* STAGE f TAOE * PERCENT* PERCENT*PInGNNT - ANDOM OF AMM 
* FROM T " ADJUSTED * DAMAGE - * * PER GRII 	 0A4 ' CELL.•.......•.... * STUCTURE•TFLOOR ... .... OTHER THOUSANDOOLLAS.
......o. ... •..................CONTENTS"..............................*I1 


* 0.00 * 3.00 * 7.00 * 0.00 * 0.00 * 6.25 
1.00 * 4.00 * 14.00 * 36.00 * 8.00 * 20.20 

* 2.00 * 6.00 * 21.00 * 47.00 * 5.00 * 35.04 
• 3.00 06.00 27.00 63.00 * 5.00D 4a.13 
S 	 4,00 * 7.00 321.00 * 57.00 * 6.00 * 40.88
 

56.UO 9 * * * *
6.00 36.00 00.00 6.00 6.9I 
6.00 • 11.00 • 46.00 * 0oo • 6.00 68.70 

* 	 10.00 * 13.00* 87.00 76.00 * 6.00 - 76.00 
100.00 * 103.00 776.00 38.00 * 6.00 988.04 

• 200.00 010.943 9.00 * 8.00 6.0028.00 	 * 

DENSITY OF THE LANOUSE UNITS PER GRID CELL ' 1.60 

BASE VALUEOF THE STRUCTURE 50000.005 
SASE VALUEOF THE CONTENTS(60.00 OF THE VALUE) 20000.00PERCENT STRUCTURE 

TOTAL DAMAGEOF OTHER WILL BE THE RESPECTIVE PECENTAGEOF THE TOTAL
 
VACANCYFACTOR (PERCENT CEVELOPED) -100.0
 
STRUCTURE FIRST FLOOR ADJUSTMENT RELATIVE TO OROUNDLEVEL * 3.00
 

LANDUSE CATEGORY a DAMAGECATEGORYNO. 2 

AGGROEATEDLANDUSE CATEGORY NO, - I 

MOBILE HOMES 

.................................................................
 
* STAGE * STAGE *PERCENT PERCENT-PERCENT AMOUNTOFDAMAGE 

* FROM 1ST * ADJUSTED * DAMAGE * DAMAGE * DAMAGE " PER GRI0 CELL 
* 	 FLOOR 6TRUCTURE'S CONTENTS ' OTHER IN THOUSANDDOLLARMo 

* 0.00 " 3.00 * 15.00 * 0.00 0.00 * 4.80 
* 1.00 * 4.00 * 20.00 * 61.00 6.00 * 17.58 
* 2.00 * 5.00 * 31.00* 76.00 * 0.00 * 29.62 * 

32.00 * 6.00 * 44.00 * 86.00* 6.00 * 52.60 
• 4.00 * 7.00 900.00 088.00 80.00 36.62 

5.00 * 8.00* 74.00 * 92.00 * 6.00 * 43.00 
8.00 * 11.00 * 94.00 * 8.00 * 6.00 SO5.66 

* 10.00 - 13.00 * 96.00 968.00 5.00* 51.41
 
*100.00 *108.00 8.00 97.00 5.00 52.26 *
U 

*200.00 *203.0 0...8.0..6.0. .... 52;!.73 .
 ............ 	 ...............
 

DENSITY OF THE LAND USE UNITS PER GRID CELL - 3.00 

BASE VALUEOF THE STRUCTURE * 10000.00 
SE VALUEOF THE CONTENTS (70.00 PERCENT OF THE STRUCTURE VALUE) , 7000.00 

TOTAL OAMAGE OF OTHER WILL OF THE RESPECTIVE PECENTAGE OF THE TOTAL 
VACANCYFACTOR (PERCENT DEVELOPED)•I100.0
8TRUCTURE FIRST FLOOR ADJUSTMENTRELATIVE TO GROUND LEVEL • 3.00 

LAND USECATEGORY 3 DAMAGECATEGORY NO. 3 

AGGREGATEDLANDUSE CATEGORYNo. - 2 

SCHOO1.S 

*.....* 0.......
........ ..................... ......
 

STAGE STAGE *PERCENT *PERCENT *PERCENT AMOUNT OF DAWN 
FRON 1ST * ADJUSTED * DAMAE * DAWN DA PER GRI0 CELL:...•................... ...... ...cc....."!... ..... •.. ....!................
* FLOOR STRUCTURECONTENT OTHER 1NTHOUSAND OOLLAMS 

* 0.00 * 2.00 • 0.00 • 0.00 * 0.00 * 0.00
t.00 3.0G .00 * 18.00 8.004 * 80."6 
2.00 4.00 12.00 26.00 6.00 75.13 
3.00 * 5.00 * 15.00 * 30.00 6 •5.00 92.14 

* 4.00 80.00 * 15.00 * 33.00* 5.00 * 94.26 
5.00 * 7.00 * 10.00 * 35.00 • 5.00 * 100.41 
0.00 * 10.00 * 22.00 * 50.00 • 5.00 • 13.303 

10.00 12.00 28.002 * 66.00 * 5.00 * 179.08
 
1 1 • 50.00 * 99.00e 5.00 * 306.42
100.00 102.00 

2200.00 * 202.00 * 75.00 * 98.00 * 5.00 * 424.54
 

DENSITY OF THE LANDUSE UNITS PER GRID CELL - 0.30 

AKlEVALUE OF THE STRUCTURE..........
 
SUK VALUEOF THE CONTENTS ( 16.00 PERCENTOF THESTRUCTURE VALUE) 225000.02 
TOTAL DAMANEOF OTHER WILL SE THE RESPECTIVE PECENTAGEOF TIE TOTAL 
VACANCYFACTOR (PERCENT DEVELOPED)0100.0 
STRUCTUREFIRST FLOOR ADJUSTMENT RELATIVE TO GROUND LEVEL - 2.00 
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LANDUSE CATEGORY 4 DAM CATEGORYMO. 4 

AGGREGATEDLAND US CATEGORYNO. - 2 

OFFICES 

* 	 6T * T *PECET PERCET PECT* ANOINT OF CAKA 
* 	FROM lOT * ACJUITEI * DAMAGE DAMAE - PER 0GRI CELL 

SFLOOR STRUCTUI" .e.S. . OTHER *IN THOUSANDOLLARS 
• 	 0.00 • 2.00 • 0.00 • 0.00 " 0.00 " 0.00 

1.00 • 3.00 • 12.00 • 10.00 • 8.00 * 44.10 
• 	 2.00 * 4.00 14.00 21.00 5.005 53. 1" 

3 • 5.00 " 17.00 24.00 5.00 * 63.533.00 	 5 
4. 00 .00 • 1.00 26.00 • 6.00 " 006. 

• 	 5 0.0 • 7.00 * 23.00 * 26.00 5.00 * 00.06 
a . 00 * 10.00 * 36.00 30.00 • 5.00 * 120.23 

10.00 * 12.00 45.00 • 80.00 * 3.00 157.80o
 
'100.00 * 102.00 • 75.00 06.00s 5.006 2274.64
 

* 200.00 * 202.00 * 60.00 * 60.00 5. * 337.64 

DENSITY OF THE LAND USE UNITS PER 0RID CELL - 0.50 

SASE VALUE OF :HE STRUCTURE -500000.00 
BABE VALUEOF THE CONTENTS ( 30.00 PERCENT OF THE STRUCTURE VALUE) 150000.00 
TOTALDAMAGEOF OTHERWILL SE THERESPECTIVE PECENTAGEOF THE TOTAL 
VACANCY ACTOR(PERCENT OEVELOPEO) -i00.0 
STRUCTUREFIRST FLOORAJUISTMENT RELATIVE TO GR0UND LEVEL - 2.00 

LANDUSE CATEGORY a OAMAGECATEGORY NO. 5 

AGGREGATEDLANDUSE CATEGORYNO. , 3 

WAREHOUSES 

FROM IST • ADJUSTED : DAMAGE * DAMAGE DAMAGE PER GRID CELL 
• 	 F00 * STRUCT CONTENTS• OTHER "INCE 	 THOUSNDOOL 

• 	 0.00 • 1.00 *' 0.00 * 0.00 * 0.00 * 0.500 .	 1.00 • . 2.00 * 1.00 • 11.0. 5.00 * 7.66.
 
• 	 :2.00 * 3.00 00 0* 10.00 * 6.00 * 11.16 * 
• 	 3.00 * 4.00 * 1.00 • 10.00 • 6.00 * 13.13 

24.00 3 * 00 00* 21.00 •5.00 	 5.00 14.44 
* 	 3.00 * 9.00 • 3.00 * 25.00 " 5.00 * 17.06 
• 	 6.00 • 6.00 * 12.00 47.00 0.00 * 36.72.1 

• 	 10.00 11.00 21.00 6.00 • 5.00 76.752 	 1 

101.00 50.00 5.00100.00 * 2 * 60.00 * * 67.75 

• 200.00 * 201.00 * 75.00 so0.00 * 5.00 * 114.16 * 

DENSITY OF THE LAND USE UNITS PER GRID CELL - 0.25 

BASE VALUE OF THE STRUCTURF-250000.00 
BASE VALUE OF THE CONTENTS (100.00 PERCENT OF THE STRILkTURE VALUE) - 250000.00 
TOTAL DAMAGE OF OTHER WILL BE THE RESPECTIVE PECENTAGE OF THE TOTAL 
VACANCYFACTOR (PERCENT DEVELOPED) 100.0 
STRUCTUREFIRST FLOORADJUSTMENT RELATIVE TO GROUND LEVEL - 1.00 

LANDUSE CATEGORY 0 DAMAGECATEGORYNO. 6 

AGGREGATEDLAND USE CATEGORYNO. - 3 

DEPARTiENT STORES 

.......................................
 
FFROM 1ST : ADJUSTED " DAMAGE " DAMAGE * DAMAGE PER GRID CELL •
 

FLOOR. • . . 6TRUCTLME• CONTENTS • OTHER •1N TlOiJgQND DOLLARS­

2.00 10.00 0.00 D.0000.00 2 000 " 	 0 . 
00 	 *1.00 * 3.00 " 3.:00 1.00 S 0 27.56 

• 	 2.00 4.00 • 7.00 " 33.00 • 5.00 " 52.50 
• 3.00 " 5.00 7.00 * 55.00 * 5.00 " 94.50 
• 4.00 • 6.00 • 7.00 0.00 5.00 • 124.60 • 

5 1 * 0.00 * 95.00 • 5.00 • 130.505.00 7.00 
a 10.00• 17.00 * 90.00• 5.00 * 152.258.00 

* 	 10.00 • 12.00 * 23.00 60.009 * 5.00 - 160.12 
* 100.00 * 102.00 * 50.00 * 0.00 5.00 * 106.56 
• 200.00 • 202.00 * 76.00 • 60.00 * 5.00 * 228.38 

DENSITY OF THE LAND USE UNITS PER GRID CELL - 0.28 

BASE VALUE OF THE STRUCTURE-500000.00 
BASEVALUE OF THE CONTENTS(100.00 PERCENT OF THESTRUCTURE VALUE)- 600000.00 
TOTAL DAAG0EOF OTHER WILL SE THE RESPECTIVE PtCENTAGE OF THE TOTAL 
VACANCYFACTOR (PERCENT DEVELOPED)-100.0 
STRUCTUREFIRST FLOOR ADJUSTMENT RELATIVE TO MROUMO LEVEL - 2.00 
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LANDUK CATEGORY 7 ODAMAGE 7CATEGORY NO. 

AGnREGATEDLANDUSE CATEGORYNO. - 3 

OROCERYSTO•ES 

* 	 STAGE * STAGE *PERCENT *PERCENT *PERCENT *AMOUT Of DAMAG
 
D DAMAGE PER GRID CELL.
• FROM 18T * ADJUSTED OAMAGE * * DANO * 

• FLOOR * STJCTURE* CONTEN OTHER 'IN THOUSANDDLLARS 

• 	 0.00 * 2.00 • 0.00 60.00 * 0.00 • 1t2.505 

* 	 1.00 * 3.00 • 3.00 * R0.00 * 6.00 * 236.01 
* 	 2.00 * 4.00 • 4.00 • 10.00 * 5.00 * 240.13 

3 5 5 90.00 5.00 241.763.00 6.00 6.00 * * 
* 	 4.00 06.00 • 0.00 o 1.00 .00 243.34 
• 	 5.00 • 7.00 - 7.00 • 10.00 • 5.00 244..1 
• 	 6.00 * 10.00• 20.00 * 00.00 * 5.00 * 26.3S 

110.00 • 12.00 3 9 • 6.00 • 202.1637.00 10.00 
100.00 • 103.00 * 60.00 * 90.00 * 5.00 * 312.04
 

S200.00 • 202.00 • 76.00 * 96.00 • 6.00 3602.01
 

DENSITY OF THE LAND USE UNIT PER GRID CELL - 0.60 

BASE VALUEOF THE STRUCT1UE,300000.00 
BAKE VALUEOf THE CONTENTS 160.00 PERCENTOF TIE STRUCTU VALUE)- 460000.00 
TOTAL DAMAGEOF OTHERWILL BE THE RSPECETIVE PECENTAGEOF THE TOTAL 
VACANCYFACTOR (PERCENT DEVELOPEO)-100.0
 
STRUCTUREFIRST FLOOR RELATIVE LEVEL - 2.00
ADIJUSTMENT TO GROWD 

LAND USE CATEGORY a DAMAGECATEGORY NO. 8 

AGGREGATEDLANDUSE CATEGORY NO. - 3 

NOTELS 

* STAGE * STAGE *PERCENT *PERCENT *PERCENT *AMOUNT OF DAMAG 
* FROM 1ST * ADJUSTEO* DAMAGE * DAMA • DAMAGE • PER GRID CELL 
• FLOOR • STRUCTURE* CONTENT * OTHER *IN THOUSANODQLLARS* 
.............................. 	 !........................ .*...
 
* 	 0.00 * 2.00 * 0.00 • 0.00 * 0.00 " 0.]0 * 

3.00 4.00 WO •• 	 1.00 3 • t0.00 6.00 36.44 
• 2.00 * 4.00 • 7.00 • 16.00 * 6.00 * 69.0 
* 3.00 56.00 • 10.00 • 21.00 * 6.00 " 30.72 * 
• 	 4.00 * 6.00 12.00* 26.00 • 6.00 10.470 

56.00 " 7.00 * 15.00 3 " 6.00 "30.00 	 113.13 
• 	 6.00 * 10.00* 26.00 5 • 6.00 * 562.00 	 204.76 
* 10.00 " 12.00 " 37.00 76.00 5 * 296.31 •6.00 
• 100.00 • 102.00 • 60.00 * 19.00 56.00 • 301.7 • 
• 200.00 * 202.00 " 75.00 * 99.00 * $.00 * 400.22 

DENSITY OF THE LAND USE UNITS PER GRID CELL - 0.60 

EASEVALUE OF THE STRUCTURE -750000.00 
BASE VALUE OF THE CONTENTS (f60.00 PERCENT OF THE STRUCTURE VALUE)- 376000.00 
TOTAL DAMAGEOf OTHER WILL Ke THE RESPECTIVE PECENTAGE OF THE TOTAL 
VACANCY FACTOR (PERCENT DEVELOPED) .100.0 
STRUCTUIREFIRST FLOORADJUSTMENT RELATIVE TO GROUNOLEVEL - 2.00 

LANDUSE CATEGORY S DAMAGECATEOCRY NO. 9 

AGGREGATEDLANDUSE CATEGORY NO. - 4 

INDUSTRIAL ........tt ........ - .IT PE .........
...................... 

"* STAOE * STAGE *PERCENT PERCENT PERCENT AMOUNT OFDAMAGE" FROM 1ST • ADJUSTED * DAMAGE •DAMAGE * DAMAGE • PER GRID CELL * 
• FLOOR SSTRUCTURE*CONTENTS * OTHER 'IN THOUSANOOOLLARS­

• 	 0.00 " 2.00 " 0.00 • 0.00 * 0.00 " 0.00 
1.00 • 3.00 * 1.00 • 11.00 • 6.00 • 34.13 * 

* 	 2.00 • 4.00 " 1.00 16.001 " 6.00 * 47.26 
3.00 " 6.00 * 1.00 " 19.00 * 6.00 * 66.13 

• 	 4.00 • 8.00 • 1.00 * 21.00 56.00 060.36 * 
6.00 • 7.00 * 3.00* 23.00 • 6.00 * 76.13 
83.00 * 10.00 • 12.00 • 47.00 " 6.00 • 166.38 

• 10.00 * 12.00 • 21.00 * 10.00* 6.00 * 370.13 
• 100.00 * 102.00 • 60.00 990.00 * 6.00 • 622.3 * 

*• 200.00 • 202.00 * 78.00 " 00.00 * 6.00 * 63.63 

DENSITY OF THE LAND USE UNITS PER GRID CELL - 0.60 

MSAEVALUE OF THE STRUCTUR -***.* "*. 
&ABE VALUE OF THE CONTENTS( 60.00 PERCENT OF THESTRUCTUREVALUE)- 600000.00 
TOTAL DAMAGEOF OTHER WILL BE THE RESPECTIVE PECENTAnIEOf THE TOTAL 
VACANCYFACTOR (PERCENT DEVELOPED) 1O0.0 
STRUCTUREFIRST FLOOR ADJUSTMENT RELATIVE TO GROUND LEVEL - 2.00 
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LAND USE CATEGORY 10 DAMAGECATEGORY000.10 

AGGREGATEDLANDUBE CATEGORYNo. - a 

RECREATIONAREAS 

OF *OAMAGE : DAMAGE * PER 01110 CELL 0$ *DAWNd 
THER 1 DOLLARSTHOUS1ANDUTLECNENTWATER~~ Y * 

000 0 3:.00Do.G0N' 0.0 *0.00 
2.00 * 0.00 * 0.00 * 0.00 *1.00 

4:30,0 * G: 0.0:0 21.000.200 0.00 
* .00 * 0.00 * 0.00 * 0.00 a2.00 * 
0.00 * 0.00 * 0.00 * 0.00 *2.00 

000 0.0 0.00 200
 
*100:00 * 000 * 0.00 * 0.00 *2.00
 

1 .0 * 00 co 2 

220.0 0.0 0.00 * 0.00 *2. 00 

DENSITY OF THE LAND USEUNITS PERGR10 CELL - 0.10 

BASE VALUE OF THE STRUCTURE- 0.00
 
BAKEVALUEOF THE CONTENTS - 0.00
 
BAWEVALUEOf OTHER- 0.00
 
VACANCYFACTOR(PERCENTDEVELOPED)0100.0
 

LAND UOSE CATEGORY 11 DAMAGECATEGORYNO. 11 

AGGREGATEDLANDUBE CATEGORY No. a 

OPEN SPACE 

* OF - DAMAGE - DAMAGE - DAMAGE - PERO010 CELL 
* .CONTENT8S.. OTHER !THOUSAND.DOLLARS* WATRSRUCE 1N 

. .. . .*..!RCTR 
00 

a0.00 * 0.00 * 0.0 * .0 
*200.00 * 0.00 * 0.00 * 0.00 *0.50 * 
..................................
 

DENSITY OF THE LAND USE UNITS PER GRID CELL - 0.00 

BASE VALUE OF THE STRUCTURE- 0.00
 
BASEVALUEOF THE CONTENTS - 0.00
 
MUS VALUE OF OTHER - 0.00
 

VACANCYFACTOR (PERCENT DEVELOPED)-100.0
 

LAND USECATEGORY 12 DAMAGECATEGORYNO. 12 

AGGREGATEDLANDUKE CATEGOR NO. - 5 

WATERBODIES 

* DPTHPRCET *PERCENT *AMOUNT OF DAMAGE* *PERCENT 
* OF - DAMAGE *DAMAGE *DAMAGE * PER GRID CELL 

................... .... 
0 0 0 * *.0000 000 000 0.00 

*2000 .0 00 0.00 *0.0:0,: * 
M .... !0...... ..........
 

DENSITY OF THE LAND USE UNITS PERGRID CELL - 0.00 

BASE VALUEOF THE STRUCTURE- 0.00
 
SABE VALUE OF THE CONTENTS . 0.00
 
SMU VALUEOF OTHER * 0. 00
 
VACANCY FACTOR (PERCENTDEVELOPED).100.0
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OAMAG REACHINE LOCATION SUMARY 

REFERENCE POL•ICY FLOW STARTING 6 NIAG AG ATED MODIFY PRINT 
10. FLOO FLOOD POOFINMG EVACUATION DAMAGE ELEVATION DAMAG LANDUK MOOIFIED 
NO. ELEVATION ELEVATION ELEVATION ELEVATION ELEVATION INCREMENT ACN. 10. DENSITY LAND UE ..-. .......... .... .I.... .......... .......... .......... .......... .......... .......... ..........
 

"3. 04.0 0.0 0.0 0.0 0o.0 2.00 0 0 0 
4. 04.0 0.0 0.0 0.0 40.0 1.00 0 0 

SINGLE EVENTS FONVPM REACHES 

DAM0AGE 10 VI 60 vI 100UVI 500 Vp 200K 400K
 
REACHNO. EVENT EVENT EVENT EVENT EVENT EVEN
 

3. 07.o 67.6 67.0 6.4 04.0 10,.0
4. 43.0 43.0 43.0 44.0 47.8 51.1 

DAMAGE LAND WUE 
CATEGORY CODE LAND UWE 

t I RESIDENTIAL
 
2 2 NOILS HOMS
 
3 3 4CM00LS
 
4 4 OFFICES 

0 a STORESDEPARTMENT 

7 y IoRV STOS
 

S O IMNINIAL 
10 10 UCREATION AM08
 
11 i OPEN WACE
 
12 12 WATERSO01F.
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DAMAE REACH W. 3 DA4E REACHOW 3 

CITY OF PIERRE 

DAMAGECATEGORIEs .......... 	 ..................................................................................................
 

W *
WATER 
•SURFACE 	 1 I' 2 ' 8' 4 66, 8 • 7 8 10 : TOTAL 

.ELEVATION.. !) .( 2) 3) * ( 4) ( 0 * (6)' 7) .. ( ...) 9) ) .. .. 
• 	 66.0 * 0.00 " 0.00 • 0.00 * 0.00 * 0.00 • 0.00 • 0.00 * 0.00 * 0.00 • 0.00 * 32.60 • 

"68.0 * D 0.00 0.00 0.00 0.00 :0.00 * 0.00 * 0.00 * 0.065 38.71 '0.00 0.00 • 2 * 3 
* 	 70.0 . 0.00 * 0.00 * 0.00 * 0.00 0.00 • 0.00 * 0.00 0.00 0.00 6.800 	 * * * 80.87 
* 	 72.0 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 80.066 * 36.86 * 167.:3 

74.0 * 0.00 • 0.00 • 0.00 * 0.00 * 0.00 • 0.00 * 0.00 ' 0.00 2010.64 " 66.28 * 422.80 
76.0 * 115.54 * 0.00 • 0.00 * 0.00 • 8.20 * 0.00 • 0.00 * 0.00 * 67.50 * 163.48 20.40 • 

• 76.0 * 671.12 * 0.00 * 0.00 * 0.00 • 16.24 * 0.00 * 0.00 " 0.00 * 1084.36 231.48 9 ML68.63* 
* 60.0 * 1464.68 * 0.00 * 0.00 * 00 0 * 76.40 * 0.00 0. * 0.00 • 2 0.30 * 4006.61 * 
* 	 82.0 * 2807 • 0.00 0. 00 00 200.16 * 0.00 * 166.17 7 * 3674.64 361.15118.76 	 7126.68 
* 	 64.0 3704.00 * 6.41 * 60.56 * 46.51 * 408.06 2.76 668.67 648.40 6414.48 3006.40 11"40.640 0 * * * * 

s 4971.20 66.72 * 142.70 * * 1974.86 1020.00 7276.0 441.8 17127.0486.0 0 266.06 705.41 106.20 * * * 02 *"* 	 68.0 * 6166.6 * 180.36 238.06 * 687.64 * 1214.44 * 371.57 * 3264.61 * 1417.00 8 121.06 • 463.600 23760.11 
• 	 00.0 * 7457.66 • 276.60 * 437.67 * 661.23 * 1064.91 * 7?6.97 * 0528.6 * 2426.11 :11"01.13 * 621.06 • 31006.66

92.0 * 07.63 * 403.06 * 661.12 * 1226.64 * 2663.06 * 1440.34 * 7438.21 3301.SO14110.46 * 842.48 * 40682.20 * 
494.0*10157.00 638.40 * 644.63 * 1687.10 3332.47 2293.37 @060.87 "16468.01 857.18 * 40756.710 * * * 3756.21 * 

s 06.0*11640.90 * 1014.37 * 1302.60 " 2031.40 * 4048.28 * 3206.03 * *1862.77 572.20 58167.81111409.11 4010.48 5 * 
90.0 "13362.61 * 1447.31 - 1950.01 " 2336.61 * 4687.03 * 4268.34 '12774.14 * 4204.05 20616.05 * 687.68 * 66203.41 

* 100.0 	 15325.63 * 1811.83 * 2674.28 * 2811.82 . 5433.37 6466.67 * 2 6:03.26 7* *13200 4.234.06 21666.36 * .46 ~ ~ - .. .	 ..... ! : . . .......................... .. . ..... .. •
 • 	 ~ .......................- . . . . . . . . . . . . . . . . . . . . . .
 
87.0 * 8887.02 * 112.51 * 166.30 * 482.16 * 636.62 • 164.77 * 2642.74 * 1301.67 * 6300.36 • 482.60 2243.10

"(10,R ) :	 * * 
07. 58564.64 * 134.02 * 201.10 * 624.80 * 1066.36 • 260.06 * 3041.60 * 1483.26 4666.84 * 473.8 * 22106.04 *"( 50OYR)"
567.6 6066.16 * 161.34 * 223.30 * 672.40 * 1164.70 * 334.03 * 3174.33 * 1644.04 * 6312.67 * 47.00 * 203133.62"( •1:0.R. 	 . . . .. 

' 68.6 86681.44 • 101.61 264.70 * 660.21 * 1400.63 * 402.13 3073.483 * 1643.80 :10124.47 * 466.20 * 66830. 34
"( 500 YR)* 	 * * * 

94.9 "10820.86 788.27 * 1143.14 * 1802.38 3647.47 * 2679.30 *1080.83 : 3927.66 •17540.87 " 683.35 : 6376.02 . 
"( 20OK) , * . 

* 102.3 :17715.32 2340.67 * 3486.00 28568.51 41206.79 666.859 :13M .34 * 4288.57 -21735.87 618.80 • 60000.46 
* . * * .4t0.)* 	 *. * .* 

DAMAGE REACH NO. 3 DANAGE REACH 000CE RH 3 

CITY OF PIERRE 

.............................................................................................	 *......

WATER * * * * * 

SULRFACE* 11 12 13 14 15 Is 17 16 * 10 * 20 TOTALT
ELEVATION (11) • (12) • -1) • (-1) * (-1) * ( -1) • ( -1) • (.1) .-) 

M .. M...!1.. .*................ !.:....... ..
 
66.00 32.60 • 0.00 * 0.00 * 0.00 * 0.00 • 0.00 • 0.00 * 0.00 • 0.00 • 0.00 * 32.60 * 
68.0 * 38.68 * 0.000 0.00 * 0.00 * 0.00 * 0.00 • 0.00 * 0.00 • 0.00 * 0.00 * 38.71 * 
TO.0 * 4.07 0.00 * 00 0.00 * 0.00 * 0.00 * 0.00 * 0.00 • 0.00 * 0.00 * 60.87 * 
72.0 a * 0. 00 0 * 0.00 * 0.00 * 0.00 • 0.00 • * * *81.91 	 0.00 0.00 0.00 107.03 * 
74.0 so9.09 0.000 "0.* 0.00 * 0.00 • 0.00 • 0.00 * 0.00 * 0.00 • 0.00 * 422.68 • 

* 	 76.0 a66.61a 0.00 * 0.00 • 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 929.40 
78 .0 * 74.45 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 20609.63
 
80.0 • 62.62 • 0.00 • 0.00 • 0.00 * 0.00 * 0.00 • 0.00 * 0.00 * 0.00 * 0.00 • 4000.91 * 
862.0 * 01.131 0.00 " 0 .00 * 0.00 000.00* * 0.00 0 * 0.00 00 7128.680.00 	 .0*
*84.0 * 100.01 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 • 0.00 • 0.00 * 0.00 • 11840.64 • 
86.0 * 109.20 1 • 0.00 " : 0.00 * 0.00 * * 0.00 * • * *0.00 0.00 	 0.00 0.00 0.00 17127.04 

0.00 0 	 0 c •88.0 * 118.72 0 * 0.00 * 0.00 • 0.00 0.00 * 0.00 * 0.00 0.00 * 0.00 23768.11 
90.0 " 120.49 * 0.00 * 0.00 * D : * : * * * a0.00 0.00 0.00 0.00 0.00 0.00 0.00 31606.68 
602.0 * 138.51 0.0 00 * 0.00 00 0 00 * 0.00 * 0.00 * 0.00 * 0.00 * 40602.20 • 

• 	 94.0 * 146.78 - 0.00 * 0.00 * 0.00 " 0.00 • 0.00 * 0.00 * 0.00 * 0.00 • 0.00 t 40756.70 * 
96.0 • 189.31 * 0.00 • 0.00 * 0.00 * 0.00 • 0.00 * 0.00 * 0.00 • 0.00 * 0.00 68167.015 
a80.0 * 170.07 : 0.00 ' 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 • 0.00 * 68291.41 • 

S 100.0 * 161.068 D 0.00 * 0.00 * 0.00 * 0.00 • 0.00 • 0.00 * 0.00 0.00 772966.486 

67.0 • 113.02 * 0.00 * 0.00 * 0.00 • 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 20043.10 * 
0( ) .. ...,oYR 	 * . 

87.8 116.31• 0.00' 0.00• 000 0.00 0.00' 0.00' 0.00• 0.00' 0.00' 22100.686 
"( 80sR)• * * * * * * 

87.6 • 117.75 0.00 * 0.00 • 0.00 * 0.00 * 0.00 • 0.00 * 0.00 * 0.00 * 0.00 • 23133.62"I 1O00YR)* 	 •. * * • * aI 68.6 * 121.82 * 0.00 • 0.00 * 0.00 * 0.00 * 0.00 * 0.00 0.00 0.000.00 • * ' 26430.34 *"( 500OYR)' 	 * * * . * * . 
94.9 * 163.46 • 0.00 • 0.00 • 0.00 * 0.00* 0.00 * 0.00 * 0.00 * 0.00 • 0.00 * 8788.6a 

( 200K)* * * * • * 
102.3 * 194.02 * 0.00 * 0.00 • 0.00 * 0.00 * 0.00 " 0.00 * 0.00 * 0.00 • 0.00 • 60000.48 

"( * 500K)' •• • 
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OAM REACH•O. a 0AN REACH CODE P04a 

CITY OF PIERRE 

IEVATION - eTllUCTU*. 6.010ED 

-AAGCATEGORIES 
:-WATER • ". ' " • ' ' • 

&JSRFACE • 1 2 0 • 4 05 G.I 	 0 10 rTN.W 	 8 0 * 77 60 * 6 *0•• 000) 	 • 

70t.0' 0.0' 00- -•. • 0.0 0 0.0 0.0 0.0 0.0' 0.0' 0.0' 0.1' 
120.0 0.00 0.o- o.0- 0.0- o*o 0.0. 0.0-0.o. 0. 0.,- 0.1. 

I*7.0' 0.0H" 0.0 0.0' -0.02 0.0' 0.0' 0.0G 0.01 8.0 a0.4* 1.20• 720'0•1. 0.0' • 0.0' °0.0' °0.0' * 000' 0.0' *0.0' • 0.0' 1.1'1.2'• 60.82 
• 	 71.0'" N 0.0' • 0.0' • 0.0' "O 0.0• 0.0'• 0.0'* 0.0' 3 .6' 6.4' 11.6'76:0 1:0.' 00 0.0 .' 0 .' 00 .' 18 2O 82 

is 0 3g' oo .0 .' 0'0.0 U.0.0' 0.0 151 143.6 
so.• 73.5a 0.0' 0.0' 0.0 2.0• 0.0 0.0 0.0' 10.8' 17.0' 103.0'

• 6.0' U.00.0' 0.0- 00.0 4. 0.0 0. 6 6.0' 14.0: '7. 13it.3* 
94 0 121.5' 3.0' 0.* f.0.8' 3 4.8' 16.6' 22.2 176.0' 
960' 14.1' . 3. 0.# 4:.0' • 24.3 266.7'12.0 0.6 .3 -4.* 0.6' 
040 16.' 16.01 0.6 * 8.0* 11f03 1.80 7.0 70 24.0 203*IS ' 227.6' 
o000 * 14.0" .8' 6.0 * '2.6 11.0 * * 37.2 312.2'1".0' - 14.0 7.0 17.0' • 

9o.0a 217.I * 33.00' 2.1 * 7.0 1t8o * 4.0' 18.0 * 7.0 * 2.0 27.0 * 67.10 
040 252.0 60.0* 2.7' 16.3 8.6' 16.8' 7.0 as.0' 26.4 406.4'2.0' 

60 ' 23.5' 6 6.01: 3. 8 20.0 7.0' 12.0.' 7.0 26.0' 29.4 M.0"0460'•327 .0 * 20.0' 6.4'S..8 	 1 7:.0 30.3'1 66.9'.' 220 6 4.0 SO6.0' 6.42:o.0 * u:.l * 6.6 6.6 * 23.-* 11.3 ' 34.0 * 7.0 •
* 	 100.0 * 37.0 " 147.0 G * 

.a... ............ ?! ........ ........... ............... ...................... ...................................
" 67.0' 154.58 18.0' 0.6' 4.8' 10.8' 0.' • .6' 6.0' 21.6 22.8' 2•44.2' .."( 0 YR ): .. ,i 

S 	 87.5' 184.5 15.0': 0.0' 8.0 * 10.6) 1.6 7.0 6.0' 23.6' 22.7 240.8' 

627.6 16*.5' 10.0' 0.0 8.0' 11.3' 1.1' 7.0' 6.0 N.0 22.0 266.2' 

•' 8.088 166.8' 21.0 1.2.' 8.0' 11.8' 1.6 0.0' 7.0' 28.65 26.6' 277.0' 

14.6 227.0' 78.o0 3.3' 6.0o 16.0' 6.3' 21*.0 7.0'. 280' 26.' 443.4' 
•( 	 200K)' * * . - * * * • * 

102.3' 417.0' 182.0 6.4 ' 10.0 26.0' 1.3 2 34.0' 7.0' 28.0' 31.0 ?28.2' 
400.). .*. 	 *. .( I .*. • * .	 *. . .. 
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DAMAGEREACHMO. 3 DAMAGEMACHN001 1 3 

CITY OF PIERRE 

. . . .. .CATEGOR... 

• WATER• ' • S 

SSURFACE'• LCVATION* 11) * 4 221) " 3S) ' 
44) * * 66 ) 460 * '4 77)'i?" ( 0 •'a 9606)( • tO :101t) TOTAL • 

........................

"* 66.0 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 . 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 32.60 * 

650 • 0.00 • 0.00* 0.00 " 9:.0 " 0.00 " 0.00 " 0.00 " 0.00 " 0.00 • 0.01 " 3.71 " 
70.0 * 0.00 * 0.00 * 0.00 00 000.00 .00 * 0,00 * 0.00 * 0.00 * 5.60 • 50.17 * 

72.0" 0.2" 0.00" 0.00" 0.00 1 0.00" : * 0.0 00 0 soI0.06 231.4 * 2066a.6 
0 0 . 0.00 * * *74.00 024.6 0 * 0.00 * 0.00 0.00 6.40 0.00* .00 2•150.3 2.30 406.1I• 71. 110.54 * 0-00 0-00 • 0-00 0O.30 • 0.00 • 0.00 0.O00 6787.50 •163.45 929l.40• 

• 70.0 : 071.I12 0.00 • 0.00 * 0.00 * 14.24 * 0.0GO 0.00 • 0.00 *10I.30 t 31.45 2000.63 
0:00 • :40 *:000 • 0:00 • 0,:0 1110:030I M: 3qe0• 40e0:1• 0:• I.0 184. .0: 00• 

• a • * a 3674.64 351.10 712.,862.02 2607.67 * 0.00 * 0.00 0.00 200.16 0.00 18.17 115.7I 6 3 • 
* 	 64.0 * 3704.00 * O 4614 l 2.76 9166.67 5541.40 • 3•39.40 1 •U.41 60.6 406.06 	 6414.48 11040.64

4671.25 	 * * 10210.00 7270.02 441."6 
U8.0 * 6166.6 • 100.35 236.05 * 697.54 * 1214.44 3371.67 3•324.61 • 1617.00 611.•51 453.600 23748.11 * 
go0.0 * 7457.85 4 275.500 437.87 8601.23 116.96.1 * 7?7.57 • 53.6 2425.61 *11061.13 * U21.05 3516m9.5 

" 0.0 * 2 66.2 142.70 * 200.06 • 706.41 106.20 1074.80 * • • * 17127.04 

1226.64 2663.05 1440.34 7456.21 2301.06 	 40052.2092.0 * 5705.63 * 403.00 * 661.12 * 2 * * * *14100.40 * 542.45 * 
94.0 	 10157.0 * 538.40 0544.63 " 1067.10 * 3332.47 92203.37 * 9003.37 * 3761.21 "1e450.0 * 657.16 * 48756.76* 

55157.81 
1447.31 2336.61 * 557.56 * 

96.0 "11640.90 * 1014.37 1392.99 * 2031.40 * 4046.258 3205.03 -11402.11 * 4010.40 *10682.7? • 572.20 0 ' 
96.0 *13362.61 1 " 1660.01 2 * 4667.03 * 4258.34 -12774.14 4904.06 •2010.59 5 6•293.41 

100.0 15325.83 * 1911. 2874.256 * 211.52 * 5433.37 4•645•.57 *s1m:!.2• q16.5 90.25 * 73865.4041,2341?.06 *S.. .	 . . . . . . . . . . . . . . . . . . . . . .
..................... . . . . . . . . . . . . . . . . . . . .	 . .
 

87.0 -5307.02 * 112.51 * 156.36 * 452.16 * 525.92 • 194.77 * 2542.74 * 1301.67 * 33•0.36 * 452.60 * 204..10 * 

17.5 ) 8M55.54 134.02 2 6 1065.30 *•i041.80 143.20• 33.64 22109.n '201.19 54.2 200.00 * 80 473.541"( OYR)' * * * * • • • 
$ 3U4.03 3174.33 16•.4 4 6312.57 479.60 9 3133.52 

(100Cm)' 
"57.8 606.S 1. * 151.34 223.30 572.49 * 1154.70 3 	 * * * 

U.8 I * 2 N4.76 0 * 1400.03 * 3 1543.60 486.20 *6541.44 11.94 60.21 462.13 373.839 :10124.47 258130.34 
(500 Yfl)* 

"17640.87 653.36 
- 2009)-1Q . .•. .. . .. 
( 94.9 :10820.80 783.27 • 1143.14 I18.38 3@47.47 26019.30 :10000.83 3927.616 5 3 63755.42 * 

M O.6 !13M.34 * •21735.57 616.60 60060.45102.3 *17715.32 2349.67 3486.06 * 2068.51 * 6206.76 " 4268.57 * 8 
* 400K)* . . . .* . . . . . .. 	 . •.. 

DAMAGEREACHNO. 3 DAMAGEREACHCO0E PCA 3 

CITY OF PIERRE 

.AMA.E CATEDORIES 

WATER * 	 •* S * 
* SUAFACE 11 12 •113 14 15 11 * 17 • 18 * 19 * 20 * TOTAL 
* ELEVATION' ( 11) * ( 12) * .1) • ( 1) * 4 -1| * 4 -1) * 4 +1) * 4 -1 • -1) * ( *)' 

...............................	 LM.......................
 
s660 • 32.10 * * . * * 0.00 • 0.00 • 0.00 • 3 '0.00 0.00 0.00 0.00 	 0.00 0.00 36.60
56:.0 38.58 * 0.000 • 0.00 * 0.00.* 0.00 * 0.00 * 0.00 * 0.00 • 0.00 * 36.71 * 
70.0 * 45.07 0.00 * 0.00 * 0.00 * 0.00 • 0.00* 0.00 * 0.00 * 0.00 * 0.00 * 50.67 

* 0.0 0.00 0.00 0.00 107.63* 	 72.0 * 51.61 * 0.00 * 0.00 * 0.00 0.00 G00* * D I 
: 	 0.00 0.00 0.00 0.•00 0.00 0.00 0.00 0.00 42.174.0 59.09 ' 0.00 0 * * ' * * • • * 

• 	 76.0 " 66.61 * 0.00 * 0.00 • 0.00 * 0.00 * 0.00 ' 0.00 ' 0.00 0 00 0 * 9I0.40 * 
176.0 * 74.45 * 0.00 * 0.00 * 0.00 * 0.:00 **0.00 *0.00 *0.000 00* 208.0630.00 

• 	 60.0 • 52.62 * 0.00• * 0.00 • 000 0.00 ** 0.00 • 0.00 * 0 0.00 0.00 4066.910.00 
• 212.0 9"1.13 * 0.00 • 0.00 ' 0.00 * 0.00 * 0.00 * 0.00 * 0.00 000 0 * 7125.56 

* 84.0 * 100.01 • 0.00 0.00 * 0.00 • 0.00 * 0.00 • 00 * 0 00 11640.54 *00 0.00"* 66.0 109.20 • 0.00 * 0.00 • 0.00 • 0.00 * 0.00 " 0.00 * 0.00 • 0.00 * 0.00 • 17127.04 ' 
56.0 " 11,.72 * 0.00 * 0.00 0.00 0.00 0.00 0.00 • 0.00 0.00 * 0.00 * 23786.11 ' 

90.00 126.49 * 0.00 * 0.00 " 0.00 " 0.00 • 0.00 * 0.00 • 0.00 • 0.00 * 0.00 W1 .55 
92.0 * 135.51 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 0 • 0.00 • 0.00 * 0.00 * 40002.200.00 

• 	 94.0 * 145.75 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 • 46756.75 
06.0' 15,31* 0.00' 0.00' 0.00' 0.000 000' 0.00* 0.00'0 0.00' 0.00 68157.11' 

• 	 68.0 * 170.07 * 0.00 * 0.00 * 0.00 00.00 * 0.00 * 0.00 • 0.00 * 0.00 • 0.00 610 .41 ' 

100.0 * 151.011 0.00 • 0.00 " 0.00 * 0.00 * 0.00 ' 0.00 • 0.00 • 0.00 • 0.00 • 72964.441•. ............. .................. : : .......... ......... ?. 0 0..... ............. ........ .... ............................... *.
 
57.0 * 113.92 * 0.00 * 0.00 • 0.00 * 0.00 • 0.00 * 0.00 ' 0.00 • 0.00 * 0.00 * 20243.10):0loYn. 
37.5 * 116.31 0.00 * 0.00 0.00 ' 0.00 • 0.00 ' 0.00 * 0.00 ' 0.00 • 0.00 • 22100.55 •"( 50OYR)' 

* 	 67.6 • 117.75 • 0.00 0.00 * 0.00 • 0.00 * 0.00 0.00 • 0.00 * 0.00 • 0.00 • 23133.52*( Io0R) 5 ... S. 	 .. 
* 88.0 121.62 ' 0.00 * 0.00 • 0.00 • 0.00 • 0.00 * 0.00 • 0.00 • 0.00 ' 0.00 • 26530.34 • 

500 YR)*
( 94.0 • 153.48 * 0.00 * 0.00 • 0.00 * 0.00 • 0.00 • 0.00 • 0.00 • 0.00 • 0.00 * 53766.81*( 	 200K)* * a • S * • * . •*

210?3 194.02 ' 0.00 * 0.00 * 0.00 0 *0.00 0.00 * 0.00 • 0.00 • 0.00 * 0.00 * 10060.46 

....... ......... * .............................................	 * ............................... ........
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P.IREACH10. a DAMAGEREACHCO eRC 3 

CITY OF PIERRE 

1LVATION SITRMITUS FLOG=E 

0A/dE CATEGORIES 

: 
: 
.. 

* * 

WA.;R.. 
SWFACE • 
L.ATION(IN): 

..!.. 
60.066.0 • 

........ 
1 * I 
!) j( ) (3)!.10).

:.I.....A... 
0.060.0 • 0.00.0 0• 

3 
* 

!..: 
0.0-0,.0 

.. 
4 • 

... 
0.0•0.0 '• 

.. 
• 

6) * 

0.00.0 '• 

.. 

60 

0.000.0 • 

.. 
7 
7) 

*0.0.. 

0.00.0 " 

.. 
s * 
6 )" 

0.00.0 • 

.. 
0 

* 
..... 

Zo0.0 • 

.. .. 
o0 TOTA.L 

..............0000: 

0.o 0.0*0.1 •• 0.1 

* 
70.0 
72.0 
774.0 " 

0.0 
0.0 
0.0* 

0.0 
0.0 
0.0 

0,0 
0.0 • 
0.0* 

0.0 
0.0' 
0.0 

0.0 
0.0 
0.0 

0.0 
a.* 
0.0 

00 
0.0 
0.0 

0.0: 

0.0 

0.0 
1.0 
3.8 " 

1.4 
0.2' 

.4111 

1.4 
0.4 

. 

* * 

• 

* 

,:7:00 
so.0 
8510 
84.0bo.O • 
8•.0 *" 0.0 
30.0 " 

64.0 •
•0 .0 

64.0• 
I00.0 • 

4 67.0 0 

67.5 0 
10 .680

87, *) 

0 8.) * 
".83 

¶ 0:10 0.0.0:0 0:: 
73.0' 0.0 0.0 

o.0" 00* * 
121.6 3.0 M0.14 6.50• 12.0 * 0. w 
1 0,6 .6' 1 .0 • 0.06 * 
1 4.0 * 1.0 
217.6 24.0 * 2.1 
285.0 •* 8 0 • 5.7 • 
21 0.. 6.O* 2.0 
327.0 120.0 1.4 

372.0 • 147.0 * .I 
31:4. 14 .0 * 0 .327 to7 

14.6* 1 6.0 . 0..0.. 

¶66'4.5 16.0k 0.a
154.5 • 15.0 * 0.0 * 

Is$.$ 11.0 0.0 
1M0.65 21.0 1.20 

* 

0 
0.0 • 
00 
1.0 -5. 
6 .0 ' 
S0.0 * 
07.0.1 
lOg8. 
0.0 

O6 **.6 
4 . 6 

0 " 

46..0 * 

5.0 
5.0 

0 
4 s 
7.32.,3 " 

11. 3'" 
14.0* 
16.6 * 
tl.320.0 :Is $. 
19.3 

l *03 
10. 0 

0 

0.0..8.0 

10.3'10.41 

11.3 
11.5 

: 
0.0 
0.0N 
0.10 .6 * 
1.1 

.68 
4.01 

68,87.0. 
6.0* 1 

+Jl~* : 
0 .7: ' 

1122. 

0.81.5 

1.8 
1.0 

00:* 
0.0 
0.6 
2.54.6 : 
7 00• 
'71.1 

16.0 • 
1 6.1 •0 
4.0$ 

84.0* 
6. ' 

24 

7.0 

5.07.0 

7 0 

6.00 

0 

0.0 
0.0 * 

.00 
434.**.0 " 

1.,0 * 
0 

7.0 * 
7.0 ' 7.0 
7.0 

7.0 •* 
• .0: ":1 

.06 .0 

0.0 

7.0' 

. 
0.8* 

"0. 
10.60.6 

4.0 * 
*07. * 
3.0 * 

30. 00* 0.0o.4 
24.0 

6.0* 
.4 

0 
6.41. 

24.0'S3;.6 

24.0 " 

26.5 

1.0* 
17.6 
20.': 
22.234. 6'• 
1 68*' 

27.2 
27.6 " 

0l4IT 
2.02 

10. 6'* 
2o6.• 3 

so8.7 6 0 

26.025M.7 * 

50. 

2060 

6. * 
103.6 
1".3' 
179.03 .*7 
3 0 7 6' 

" F1e.2• 
167.0'
4 g04 •.0 • 
4M .4 : 

M .I 
44. • 

4 

a".22"l.61 

2U.2 

277.0 
04.8 * 267.0 • 76.0 • 3.2 8.0 , 16.0 * 0._ 21.0 0 7.0 230.0 2•.0 , 460.4' 

102.3 • 417.0 
4...)....... 

* 162.0 • 6.4 • 10.0 * 316 • 13.3 * 24.0 • 
. 

7.0 0 26.0 * 31.1 • 728.2 * 
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OAMAGEREACHNO. 4 DAE MACNHC000AERH 4 

CITY OF FORT PIERRE 

0441CATEr•ZEO 

* 	 WATER 
SURFAC 1 2 31 4 • 5) 0 7 8i 0 * 10 * TOTAL 

!) ~ ~!.......... 	 ........
..........	 .
 
40.0 	* 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 • 0.00 0 •0.0 0.00 *0.00 	 0.00 

• 	 41.0 0.00 * 0.00 * 00 0 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 0.00 * 0.00 , 8.00: 	 :
42.0S 	 " .0.00 0.00 " 0.00 •* 0.00 * 0.00 0.00 , 0.00. * " 000000 0.00 0.16I * 

* 	 43.0 • 0.00 • 0.00 * 0.00 * 0.00 * 0.00 • 0.00 * 0.00 * 0.00 • 0.00 • 0.00 • 0.64 
* 	 44.0 • 0.00 • 0.00 * 0.00 • 0.00 • 0.00 * 0.00 * 1778.76 • 0.00 * 0.00 * 0.00 • 1710.01 • 

45.0 * 364.77 * 0.00 * 0.00 * 0.00 • 0.00 • 0.00 * 3442.0 * 0.00 * 0.00 " 0.00 * 348.840 
• 	 40.0 * 1890.38 " 0.00 • 0.00 • 0.00 * 0.00 * 0.00 * 4007.06 * 0.00 * 0.00 * 0.00 59000.50 

47.0 • 3367.90 * 0.00 * 0.00 * 0.00 * 0.00 • 0.00 , 4010.00 - 0.00 • 0.00 * 0.00 • 6300.71• 	 40.0 * 4630.64 • 0.00 * 0.00 • 0.00 * 0.00 • 0.00 * 6020.80e * 0.00 • 0.00 • 0.00 , 10063.20 
49,0 * 5771.00 • 0.00 0.00 0.00 00 7168.04 0.00 0.00 0.00 ** • Q 0.00 * * • 12034.70 
50.0 * 0741.46 • 0.00 * 0.00 • 0.00 * 0.00 * 0.00 * 7974.20 • 0.00 * 0.00 * 0.00 * 14723 .6 
51.0 	* 7518.360 0.00 * 0.00 * 0.00 * 0.00 * 0.00 82011.72 * 0.00 * 0.00 " 0.00 * 16790.04 
52.0 * S 0.00 • 0.00 * 0.00 • 0.00 * 0.00 * 436.2 3 • 0.00 * 0.00 * 0.00 * 16603.806246.69 	 " 

• 63.0 * 8000.76 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 058.86N 0.00 * 0.00 • 0.00 * 17714.44 
54.0 sa98a.69 0.00 0.00 ** 0.00 810.001* 	 1m570.30• 0.00 	 061. 00 0 0 a 3 
55:0 "10812.07 * 0.00 * 0.00 * 0.000 0.00 * 0.00 * 8120.74 • 0.00 * 0.00 * 0.00 16060.608 
5 11411. . * 0.00 • 0.00 • 0.00 • 0.00 * 0.00 • s 0.00 • 0.00 * 0.00 • 20728.1266.0 	 00.86 
567.0 •11867.1. * 0.00 • 0.00 * 0.00 * 0.00 • * • * • 00.00 2480.24 0.00 0.00 0.00 81640.069 

43.5 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 • 0.00 " 0.66 
0( ) ...1I443.0 0.00 * 0.00 " 0.00 * 0.00 " 0.00 * 0.00 * 1021.11 * 0.00 * 0.00 • 0.00 * 1027.27 ' 

5(5YR) ' • 
43.9 * 0.00 " 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 1027.45 * 0.00 * 0.00 • 0.00 * 10280.6"(100 YR)* 	 " 
44.3 * 18.48 * 0.00 " 0.00 * 0.00 " 0.00 " 0.00 * 2232.76 * 0.00 * 0.00 • 0.00 " 2262.60 

ecS o YR)*
47.5 4009.46 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 6476.945 * 0.00 • 0.00 • 0.00 • 6641.14 • 

( 	 200K)"• , , , • 
5 * * 0.00 0.00 * 0.00 * 0.00 * 0.00 8076.84 * 0.00 * 0.00 * 0.00 * 1681".7561.1 7591.76 	 2 

DAMAGEREACHNO. 4 DAMAGEREACH CODE RAN 4 

CITY OF FORT PIERRE 

DAMAGECATEGORIES 
.............................. ! !............................... ..............S.... 

WATER 
SURFACE 11 12 13 14 • 15 ' 10 17 * 20 * TOTAL. 

ELEVATION ( 1i) : (I 12) ( -1) ( -I) ( -) ( -1) ( -1) ( -1) ( -1) ( -1) 
.... ................................ ......... .. ........ 

* 40.0 * 0. 00 00.00 0 * 0.00 * 0.00 • 0.00 * 0.00 • 0.00' 0.00 * 0.00 * 0.00 • 
,41.0 

42.0 
* 
* 

O.0k 
0.16 

* 
* 

0.00 
0.00 * 

0.0000 
0.00 • 

0.00 
0.00 

" 
-

0.00 
0.00 

• 
* 

0.00 
0.00 

* 
* 

0.00 
0.00 

* 
• 

0.00 * 
0.00 * 

0.00 * 
0.00 • 

0.00 * 
0.00 • 

0.03 
0.160 

* 

•43.0 •44.0 • 
45.0 • 

0.641.31 
2.12 

• 
• 

0.00G0.00 
0.00 

0.000.00 
00.00 

* 0.00 * 00.00
0. 

0.00
00.00
0.00 

• 0.00
00 

• 
0. 

0.00 •
0100 

0.00 
O00 

• 
• 

0.00 
0 

* 
* 

0.00 * 
0.00 * 

0.04 
310.54 ' 

40.0 * 3.07 • 0.00 * 0.00 " 0.00 0 00 0: 0000 0 0.00 0 00 50600.50 • 
47.0 • 4.15 • 0.00 " 00 0 • 00 0 * 00 0 • 00 0 * 00 0 * 00 0 * 00 0 • 00 0 • 6302.71 

• 48.0 * 5.37 * 0.00 * 0. "0.00 0.00 * 0 "0.00000 *0.00 *0.00 0 0.00 11063•.20 * 
49.0 * 6.75 * .00 " 0.00 0.00 *" 0.00 • 0.000 0.000 0.0 00 * 0.00 0.00 12034. 79 

* 50.0 • 8.29 * 0.00 * 0.00 00.00 * 0.00 • 0.00 • 0.00 * 0.00 • 0.00 * 0.00 " 14723.86 • 
51.0 
562.0 

* 
* 

9.00 •
11.77 * 

0.00 •
0.00 * 

0.00
0.00 

* 
* 

0.00 * 
0.00 • 

0.00
0.00 

* 
* 

00 0
0.00 

* 
* 

0 •000
0.00 • 

00 0
0.00 • 

00 0 " 
0.00 * 

0.00
0.00 

" 16790.04
• 18663.88 ' 

53.0 * 13.73 * 0.00 • 0.00 " 0.00 * 0.00 * 0.00 * 0.00 • 0.00 * 0.00 * 0.00 • 17714.44 * 
54.0 * 15.79 • 0.000 * 0.00 • 0.00 * 0.00 * 0.00 00 0 * 00 0 * 00 0 • 00 0 * 13876.30 

• 
55.0 * 
56.0 • 

17.9 
20.27 

* 
• 

0.00 , 
0.00 * 

0. 00 
0.00 " 0.00 • 0.00 * 

•0000.00 
0.00 * 

00.00 •0.00 
0.00 • 

90.00 
0.00 * 

*0.0000.00 
0.00 • 0.00D 

190006 
t072n.12 * 

• 57.0 • 22.67 • 0.00 * 0.00 * 0.00 • 0.00 • 0.00 *0.00 *0.00 *0.000.00 • 21346.00 

•
:( 10 

43.5 * 
)• ...... 

0.95 * 0.00 00.0 * 0 0.00 * 0.00 * 0.00 * 0.00 * 0.00 * 0.00 • 0.6 * 

•043.8 1.16' 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1027.27' 

• 
so(YR) 

43.9 * 
• 

1.23 • 0.00 • 
* 
0.00 * 0.00 * 0.00 * 

* 
0.00 • 0.00 * 

* 
0.00 * 

* 
0.00 • 0.00 * 1026.06 • 

• 00 YR)'
44.3 * 

• 
1.54 • 0.00 * 0.00 • 0.00 • 0.00 " 0.00 • 0.00 * 0.00 • 0.00 * 0.00 n2262.80 * 

-

*( 

500 YR) 
47.5 " 
200K)') 
51.1 " 

4.74 * 
" 

10.13 • 

0.00 
* 

0.00 * 

* 
0.00 

0.00 • 

* 
0.00 

0.00 

• 
0.00 

0.00 

0.00 * 
* 

0.00 • 

0.00 •* 

0.00 

0.00 

0.00' 

0.00 

0.00 

* 
0.00 

0.00 

9641.14 • 

15877.75' 
400K): .. •. •. • * • •.• 
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0AMA REACHN0. 4 OAfE REAC 0CME M* 4 

CITY Of' FORT PIERR 

ELEVATION - 'I'TUREG FPL00010 

CATEGOOIEG 
* WATER• 	 • " " 

0 : TOTAL
 
3 4 ( G 0 1 a 

6SUEEFACT • 1 • 2 

4 	 R.4 ..... M~ ! I.......
.!...~.%! .:1.. 
1001" *0.0" 0.0"0 0.10" 0.0" *0.0 ." : :0.0 .010. 0.0":: 	 *0.0"42.0 O.0 0.0 0.0 0.0 0.0 0.0" 0.0* 0.0" 0.0 0.0 0.0" 
43.0 • 0" 0.0 " 0 0.0 0.00.0 * o .0* .0 0.0" 0.0"* 0.0"** 	 42.0" 0.0"0 0.0 0. 0.0" "~o 0.0" " 0.0"CO~ 0.0 • 0.0" 0.0 * 0.0 0.0"* 

* 	 44.0" 0.0" 0.0" 6.0" 0.00" 0.01 0.00 6 " 
* 	 44.0" 4.06 0.0" 0.0" 0.0" 0.0" 0.0 6.0"• 0.0" 0.0" 0.0 67.6" 

46.0" 42.0" 0.0" 0.0" 0.0 0.0* 0.0 6.0" 0.0" 0.0 0.0 137.6" 
• 47.0"• 16.6 0.0:0 0.0" 0.0" 0.0H 0.0 1.0"i 0.0" 0.0 " 0.0" 174.6" 
S 47.0 1.5 0.0 0.0." 0.0 0.0 . ao0 0.0@ 0.0" 0.0 20m.8&0.0 

* 	 46.0" 214.5" 0.0 0.0 0.0 0.0" 0.0" 16.6" 0.0 0.0 0.0" 230.0" 
so50.0 220.5" 0.0" 0.0" 0.0" 0.0" 0.0" 16.8" 0.0" 0.0" 0.0 217.0" 
561.0" 223.6" 0.0" 0.0" 0.0 0.0 0.0" 11.6"M 0.0S 0.0" 0.0N 40.0 " 

* 	 02.0" 220.61 0.0" 0.0l 0.0" 0.0" 0.0" 166" 0.0" 0.0" 0.0 24.0
83.0 " 236.6• 0.0"• 0.0* 0.0"• 0.0" 0.0" 16.0• 0.0 " 0.0 0.0 268.0" 
554.0" 241.8 " 0.0 0.0" 0.0" 0.0" 0.0" 16.16 0.0 0.0 0.0" 258.0" 

* 	 6.0" 247.8" 0.0" 0.0" 0.0o 00" 0.0" 18.6" 0.0" 0.0" 0.0" 264.0"S 16.0 " 262.0" 0.0" 0.0* 0.0 0.0" 0.0" 16.6" 0.0" 0.0" 0.0 266.6" 
67.0" 266.0" 0.0". 0.0" 0.0" 0.0 " 0.0" . 6... 0.0" 0.0" 0.0 2..71.6" 

43.65 0.0" 0.0" 0.0 0 .0" 0. 00 00 0.0" 0.0" 0.0" 0.0" 
0 43.6 0.0" 0.0 0.0 0.0 0.0 0.0 4.0" 0.0" 0.0" 0.0""C 50 ") .	 

4.0" 

43.90 0.0 0.0" 0.0 0.0 0.0" 0.0 6.0" 0.0 0.0 0.0" 6.0" 

S 44.3T 3.0 0.0 0.0 0.0" 0.0" 0.0" 6.0 0.0 0.0" 0.0" 6.0""( 500y3) " " " " " " " " 
47.5 6M.0" 0.0 0.0" 0.0 0.0" 0.0 12.0" 0.0 0.0 0.0" 1.0.0" 

•( 	 200K)" * * ** 
51.1" 223.8" 0.0 0.0 0.0" 0.0" 0.0 16.6 0.0 0.0" 0.0" 240.0" 

SINGLE EVENTOAMAMS 

0ECATED0 OAWM CATEO0RIE8M........................ ................
 
" DAM W.- . • 1 • 2 " 3 • 4 5 6• 7 • 6, " 10 TOTL. •30C"• LEW 	 . 

621.55 4965.10"3" 67.50 * 5900.55 • 725.48 • 5840.34 " 8063.64 58.8066 " 0.00 " 0.00 " 0.00 " 0.00 " 0.00 "22100.80 
3 7 * * 796.79 8 • 9312.67 • 597.55 " 0.00 " 0.00 • 0.00 * 0.00 " 0.00 "23133.52 

3 • 	 67.00 * 5080.53 0 " S6360.30 " 678.82 " 0.00 " 0.00 " 0.00 " 0.00 * 0.00 "20243.10 " 

67.80 6219.50 6208.01 	 • 
6.60 6743.42 	 " •3 O • " 065.01 " 7380.62 "10124.47 " 617.82 " 0.00 " 0.00 0.00 " 0.00 0.00 "25830.34 * 

"11610.13 	 0.00 0.00 •S3 0490 1 3006.52 "20915.47 "17540.67 t 710.63 • * 0.00 * 0.00 " • 0.00 "83766.52 
3 • 102.30 "20064.00 *6324.57 "31152.40 *21735.57 : 612.82 0 . 0. 00. •0.00 0.00 0.00. 0.00"!00.46 

.... 	 ................ ................ ... ......... 1.. . .....
 
* 4 " 43.50 " 0.00 . 0.00 0*0 0.906 0.00 0 0.00 0.00 * 0.06 

4 " 43.80 " 0. 00 000 1028.11 " 0.00 * 1.18 " 0.00 * 0.00 . 0.00 " 0.00 " 0.00 " 1027.27 * 
4 * 43.00 " 0.00 * 0.00 " 1627.45 * 0.00 " 1.23 • 0.00 " 0.00 " 0.00 • 0.00 " 0.00 " 1828.66 " 
4 " 44.30 1S.48a 0.00 2232.76 0.00 " 1.84 • 0.00 00 0.00 * 0.00 " 0.00 " 6.lO " 

4 " 47.50 4059.46 0.00 8478. 94" 0.00 4.74 0.00 0.00 0.00 0.00" 0.00 9641.14• 
4 51.10 *7591.78 " 0.00 275.84 .00 10.13 " 0.00 " 0.00 " 0.00 " 0.00 " 0.00 "15•6.75 

ENOOf RWO 
OAC. PR0I..'H÷ S44•'TOP'" 

Elapeed CPU time Is 24 seconds or 0.40S minutes. 
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Output Data for Reaches 1, 2, 6, 7, 8, 9, 10, 11, 12 & 13 

* Damage Reach Stage-Damage Calculation Program * 
* Users Manual February 1979 * 
* Version 2.0.13; July 1992 
* IBM-PC Compatible (MS)
 
* Run date 24JUL92 time 08:56:55 *
 

DODDD A M M CCCCC A 
D D AA MM MM C C AA 
D D A A MMMM C A A 
D D AAAAAAA U M U C AAAAAM 
D D A A M M C A A 
D D A A M M C C A A 
DODDD A A U U CCCCC A A 

* U.S. Army Corps of Engineers 
* The Hydrologic Engineering Center 
* 609 Second Street, Suite B 
* Davis, California 95616 
* (916) 756-1104 

L 
L 
L 
L 
L 
L 
LLLLLLL 

* 

* 

* 
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AKDLYSZSINFORMTIO 

IPOL . 0, nEwa is NOPOLICY CONTP40IN THIS am 

IPROP - 0, flEW Io NO FLOODPROOFING IN THIS WA 

IEVAC - 0, VNEIE 18 MO PEANM EVACUATIOMIN TWIS Aim 
IEVCLu - 0. THEM is No PENEMN EVACUIATIONin THIS MA 

IPOWT - 0, MNMS. PSIKTWIT 

ITMAGE - 0. a TAi~ OUTPUT WILL U GI@PLAtO, 

11W!t - 1. 111E OF SINOLE OASM SE A1LATUDEVET TOU 

MA4 * 1. inNATE SINME EVIIT O*5AE 

DATA MKl IMF~Tlffi 

MWILE - I, THE DATA UIK IS ON THIS COMUTE MIT 

NFOPM - I, THE DATA SANM1S FOSAUTTED 

NOV 0.5 TIE ILUEN Of DATAVARIAILU 

INON - 1464. THE NLUMEROF IN DATALWu TIE 

ICOS. . 410. THE NAM OF COLLI IN TIE DATASLW 

IMM - 1, PAINTED 100 OF INPUT DECK 

DATAVARIABLE INFORMATION 

IDAMC - 3. TIE DATAVARIABLE THAT 1S TMIE M MACH CODE 

MOAR - 10, THE NUMER OF DAWN MACNEa IN THIS ANALYSIS 

ILAND - 4, TIE DATAVARIMLE THAT 1S THE UINO, ANALIMYZED 

NOLUC - 4. TIE IWAM OF LANDLUS CATEOaMRES 

ITOPO - S. TNE DATAVZAREALE THAT It TOPOGRAPIIY 

IRFFD - S, THE DATAVtARIALE THAT IS TIE MEFEMNCE FLOODELEVATION 

JELV . 10, TIE MAWEROF ELEVATION-DAWNM POINTS TO M CALClLATED 

0812! - 1 .00. GRID CELL 91I9 IN ACRES. ELEVATION-ADMA TANAE DEVELOPED 

ZN AUMISGOUII E-1552 FAO-EXISTING 

FILE SYSTEN INFORMATION -A FILE WILL ME CMEATEDTO PANS DEPTH-AMAA DATA TOOTHEA 
..................HEC POONANS MING TIE HEC DATA STORPgE SYSTEM IHECDOSS. 

pqOJ . vissOWI 

ALT . AG-EXISTIND 

YEAR . 19ow 
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LANDUSE CATEGORY I NME CATEGORY160. 1 

AGGREGATED CATEGORYNO. 0LANOUK ­

CONPLAND 

* OF : DAMAGE . 40 DAMAGE PERGRI0 CELL 
* WATER STRUCTUIRECONTENTS OTNER. IN THOU0ASM* " OOLLAftR 
*e 0.00ee* 0.00• * 0.0 e* 0.0 * • 0.00 

10.00 * 0.00 * 0 0.:00 *00.000.00 
* 	 50.00 * 0.00 a0.00 * 0.00 100.00 
1io0.O0 * o.oo * 0.00 * 0.00 * 100.000 

* 150.00 * 0.00 00.00 * 0.000 100.00 
* 200.00 * 0.00 * 0.00 * 0.00 * 100.00 * 

DENSITY OF THE LAND UE UNITS PER O0I0 CELL * 1.00 

BASEVALUE OF THE STRUCTURE- 0.00
 
BASE VALUE OF THE CONTENTS - 0.00
 

AS VALUEOF OTHER - 0.00
 
VACANCYFACTOR (PERCENT DEVELOPED) -100.0
 

LAND USE CATEGORY 2 DAMAGECA1fiQ NO. 2 

AGGREGATEDLANDUSE CATEGORYNO. - 0 

WOODLANO 

* OF . DAMAGE * DAMAGE AAGE * PER GIO CELL 
* WATER * STRUCTURE- CONTENTS * OTH.ER 1N O 00LLAAS* 

* 	 S ....*...t.S .......
 

* 0.00 * 0000 00 0 " DA0 *•10.00 * 0.00 * 0.00 * 0.000.00 * 8.00 * 

0.00 * * . 

I¶0.0 0.0 0.0 0.00 *.0 

5 00.00 0 0.00 0.00 .00 

* 	 150.00 * 0.00 * 0.00 00.00 * .GO 
• 200.00 * 0.00 * 0.00 * 0.00 * 5.00 * 

DENSITY OF THE LANDUSE UNITS PER (MID CELL * 1.00 

BASE VALUE OF THE STRUCTURE * 0.00
 
BASE VALUE OF THE CONTENTS* 0.00
 
BASE VALUE OF OTHER - 0.00
 
VACANCYFACTOR (PERCENT DEVELOPED) -100.0
 

LAND USECATEGORY 3 DAMAGECATEGORYNO. 3 

AGGREGATEDLANDUSE CATEGORYNO. 0a 

GRASSLAND 

..... .......................
 

* OPT *PERCENT *PERCENT *AMOUNT*PEREN 	 OF DAMAGOF * DAMAGE * OA•"AE * PER GRID CELL 
* WATER * STRUCTUIE* CONTENTS OTHER . OOLLAR•S1N THOUSANO 

* 0.00 * 0.00 * 0.00 00.00 * 0.00 * 
* 10.00 " 0.00 * 0.00 * 0.00 * 1.00 

50.00 * 0.00 000 0.00 * 1.00 * 
100.00 * 0.00 * 0.00 * 0.00 * 1.00
"150,00 * * 0.00 " * 1.00
0.00 0.00 
200.00 " 0,0 * 0.00 * 0.00 * 1.00 • 

DENSITY OF THE LAND USE UNITS PER GRID CELL - 1.00 

BASEVALUE OF THE STRUCTURE - 0.00
 
BASE VALUE OF THE CONTENTS, 0.00
 
BASEVALUE OF OTHER, 0.00
 
VACANCYFACTOR (PERCENT OEVELOPED) 0100.0
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LAN UK A CATEY 4 D CATEGORYhO. 4 

AGGIEGATEDOLAN UE CATEGORYNO. - 0 

WATER 

* DEPI4TH* iPERCENT*e IPESCENT* PER.CENT* IM7f OPr • E 

* OF : DAMAOE D __ 4 DAMAO - PER 00110CELL
 
WATER 6""TUJ E CONTENT * 0 3 *IN T D
:.•p..:.'.T•..T.......!. ..O..•....:!..W........
• 	 O .LAMS 

* 0.00 * 0.00 * 0.00 * 0.00 * 0.00* 	 10.01I * 0.00 * 0.00 * 0.00 * 0.00
 

s * * 0.00 0.00
50.00 0.00 0.00 * 
100.00 * 0.00 . 0.00 " 0.00.
 
1050.00 * 0.0000 0.000 0.0000 0.00
 

* 	 0O0. ... 0.00 * 0.00 * 0.00 * 0.00 

DENSITY OF THE LANDUK UNITS PER O110 CELL - 1.00 

BAK VALUE OF THE STRUCTURE , 0.00 
BASE VALUEOF THE CONTENTS - 0.00
 
SASE VALUEOF OTHER a 0.00
 
VACANCYFACTOR (PERCENT DEVELOPED)-100.0
 

DAMAGEREACH INDEX LOCATIONIUMMARY 

REFERENCE PO.LICY FLOO STARTING DME AOUREGAlED MWOIPY PRINT
 
I0. PF.LOO FLOW PROOPING EVACUATION DAMAOE ELEVATION D L USE NOOIFE
LMAND 

NO. ELEVATION ELEVATION ELEVATION ELEVATION ELEVATION INCRET RON. w10. O1 Ty LAND WE 
. ......... 0..... .... .......... .......... .......... .......... .......... ....... .......... 

"2. 210.0 0.0 0.0 0.0 0.0 10.00 0 0 0 
5. 210.0 0.0 0.0 0.0 0.0 10.00 0 0 0 
7. 	 160.0 0.0 0.0 0.0 0.0 10.00 0 0 0
 

. 150.0 0.0 0.0 0.0 0.0 10.00 0 0 0
 
S. ¶50.0 0.0 0.0 0.0 0.0 10.00 0 0 0 
1. 150.0 0.0 0.0 0.0 0.0 10.00 0 0 0
 

I0. 150.0 0.0 0.0 0.0 0.0 10.00 0 0 0
 
12. .ISO0 0.0 0.0 0.0 0.0 10.00 0 0 0
13. 150.0 0.0 0.0 0.0 0.0 10.00 0 0 0 

SINGLE EVENTSFORDAME REACHES 

D G ZOOK
 
REACHNO. EVENT
 .......... .•.
 

2. 90.0 
6. S0.0 
7. 83.0 
S. 8?6.0S. 83.0 

10. 63.0 
11. 83.0 
12. 63.0 
13. 83.0 

DAAG LAUD USE
 
CATEGORY CODE LAND USE
 

I1 CROPLAND
 
2 2 WDOOLAND
 

4 4 IWATER 
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DAMAGEMACH NO. I DAMAG ACH COW CH 

1UGHES COOUNIT,UPSTRREAMO P1E2 

ELEVATION -AA FLOODIE0(IN 
CATEOiRIES 

ACiRES 

* ELEVATION' I I) I 21 
WATE•T. •:......

* I 31 * I 41 • ( -I) * I -11 * ( -I) 
.
* 1 

a
-!) 

.. 
* t 0TOTAL.-1) * ( -11 

.. 

'*01•. 
0.0' 

20.0' 
330.0' 
*40.0 
50.0 
s0.0' 
*70.0' 
so0.0 
9.0'0.0'1 .0" 

110.0 

Noe 
0.0' 
0.0' 
0.0' 
0".00 
O.0 
0.0' 
0.0' 
0.0' 
0:0'0.0'0.0 
00.0 

S•.0 
0.0' 
0.0' 
0.0' 
00: 
0.0' 
0.0'* 
0.0' 
0.0' 
0.0'0.0' 00.0' 
0.0* 

• 01.0 
0.0' 
0.0' 
0.0' 
00: 
4.0 

22.0 
59.0' 
070.0 
183.0
22.0'222.0' 
362.0 

0.0• 
0.0' 
0.0' 
0.0' 
0.0'0 
0.0 
0.0' 
0.00 

0.0'0.00.0' 
0.0 

:ao* 
0.0' 
0.0' 
0.0' 
0.0: 
00.00' 
0.0' 
0.0: 

0.0*00.0' 
0.0' 

0.:0' 
0.0' 
0.0' 
0.0' 
0.0' 

0.0' 
0.0' 
0.0g 
0.0' 
0.0. 
0.0 ' 

O.N' 
0.0 
00' 
00 
00 
000. 
00 
00 
00:00 
00 
0,0 
0,0 

0.0' 
0.0 
0.0' 
0.0 
0.0 
0.0' 
0.0' 
0.0' 
00 
0.00.00.0 
0.0' 

o** 
0.0' 
0.0' 
0.0' 
0.0' 
00 
0.0' 
0.0' 
0.0' 
0:00.00.0 
0.0' 

0.0'0 
0.0' 
0.0' 
0.0' 
0.0:0 
0.0' 
0.00 
0.0 
0.0' 
0.0'0.00.0' 
0.0' 

DID 
0.0'
0.0' 
0.0' 
0.0 
4.0" 
4.0' 

66.0' 
1,07.A 
10673.222.0' a. 
M2.0' 

130.00 
140.00 
150.0' 
*8.0' 
170.0' 

0.0* 
0.0' 
0.0' 
0.0' 
0.0' 

0.0: 
0.0' 
0.0' 
0.0 
0.0 

462.0 
60.0' 

.0' 
507.0' 
908 

.00' 
0.0' 
0.0' 
0.0 
0 000I.0' 

0.0: 
0.0' 
0.0' 
0.0' 
.0' 

00 
0.0' 
00' 
0.0' 
0 

00' 
00 
00 
0.0' 
. 

0.0 
0.0G 
0.0' 
0.0' 
0 

S00 0 
0.0' 
0.0' 
0.0' 
00 

0.0' 
0.0' 
0.0' 
0.0' 
0.0' 

48,20'
588.0' 

644.01 
67.0' 

95.0*
°2 00K I' 0.0' 0.0 194.0' 

' 
0.0' 0.0 0.0' 0.0' 0.0' 0.0' 0.0' 11.0' 

OAMAGEREACH40. a CAMO REACHCODE ICH2 

STAN.EY CO•UT, UPISTKM OF FOT PIERMA 

ELEVATION - ARA FLOWED JIN ACRES)
DAMAGECATEGOORIS 

'SURFACE* 1 * 2 * 3 • 4 • 5 * S * 7 • • 0 * 10 TOTAL
•ELEVATION' ( I) * ( 2) " ( 5) 1 4) * ( .1) * ( -1) • ( -1) * ( -1) • ( *¶) * ( -1) • 

0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 
• 10.0' 0.0' 0.0' 0.0 0 .0' 0.0' 0.0: 0.0' 0.0' 0.0: 0.0:0.0 

20.0' 0.0' 0.0' 0.0 0.0' 0.00 0.0 0.0' 0.0' In 0.0' 0.0' 
30 3.0 0.00 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 
40.0' 0,0 0.0'00.000.0 0.0' 0.0' 00.0 .0 0.0 0.0 0.0 
50,0 0.0' 0.0' 1237.0' 0.0' 0.0' 0.0 0.0 0.0 0.00 0.0' 1237.0" 

S 	 60.0' 0.0' 0.0 1889.0 0.0' 0.0' 0.0' 0.0 0.0 0.0' 0.0' 11ow.0 
70.0 0.0' 0.0' :731.C" 0.0' 0.0' 0.0 0.0 0.0' 0.0 0.0 2731.0' 
s 8.0 71.0' 0.0' 3100.0 0.0' 0.0' 0.0' 0' 0.0' 0.0' 3107.*0 
9.00 29.0* 0.0' 3200.0 0".0. 0.0' 00.0. 	 00' 329.00.0 .0' 0.0'0.0' 4.0' 
91.0. 58.0. 0.0' 34360' 0.0'. 0. 

110.0' 93.0' 0.0 3574.01 0.0' 0.0' 0.0' 00' 0.0' 0.0• 0.0' 36870' 
120.0' 148.0' 0.0' 37140' 0.0' 0.0' 0.0' 00 0.0' 0.0' 0.0' 38620' 
130.0' 216.0 0.0' 3815.0" 0.0* 0.0' 0.0' 0.0 0.0' 0.0' 0.0' 4031. 
140.00 218.0' 0.0' 3689.0' 0.0' 0.0' 0.0' 0.0 0.0 0.0' 0.0' 4107.0' 
150.00 218.0' 0.0' 3951.0• 0.0• 0.0' 0.0 0.0 0.0' 0.0' 0.0' 418.0' 

• 	 160.0' 218.0' 0.0' 4006.0' 0.0' 0.0' 0.0' 00* 0.0' 0.0' 0.0' 422.0' 
170.0' 218.0' 0.0' 4015.0' 0.0' 0.0' 0.0' 00 0.0' 0.0' 0.0' 432.0 
95.0' 3..0'..... 0.0 3351.0' 	 0.00 0.0 0.0' 0 0.0' .. 0 0.0' 0.0 336.0.0' 

"( 200K )- ' " * * • 
...................................	 *........................*..............
 

DAMAGEREACHNO. 6 DAMAGEREACH COE RCH 6 

STANLEY COUNT. OWNSTREAM OF FORT PIERRE 

ELEVATION- AE OOOEO(IN ACREl) 
DAMAOE CATEGORIE8 

WATER • • • • . . . . • 
SURFACE 1 2 35 4 5 6 7 8 9 10 TOTAL 

• ELEVATIN ( 1) * ~~ 2) ( ) ( 4) ( ) (­ . -

* 0.0: "20.0' 
10.0' 

.......!)....1-.. 

0o °D0.0' 
0.0' 

00:,0 •0.0' 
0.0' 

!!!:!:I........ 

0, "0.00 00S0.0' 0.0' 
0.0' 0.0' 

0.0:0.0' 
0.0' 

0.0: 00.0' 
0.0' 

30,00.0• 
0.0' 

3000.0 
0.0' 

0:0.00.0' 
0.0' 

.00:00.0' 
0.0' 

0.0: *0.0' 
0.0' 

50.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 
30.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.00 07.0 
40.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 10.0 
50.0' 

• 00.0"' 
578.0' 
580.0*' 

0.0' 482.0' 
0.0" '87.0" 

0.0' 
0.0"' 

0.0' 
0.0• 

0.0' 
0.0 ' 

0.0' 
0.0 ' 

0.0' 
0.0 " 

0.0' 
0.0 ' 

0.0' 
0.0"' 

1040.0' 
1187.0 

0.0' 580.0' 0.00.0' 0.0' 0.0' 1284.0' 

90.0' 580.0' 0.0' 762.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 0.0' 1382.0' 
100.0' 
110.0'120.0' 

580.0'• 
580.0'580.0' 

0 
0.0'0.0' 

0 
806.0'810.0' 

0.0' 
0.0'0.0' 

00 
0.0'
0.0' 

0.00
0.0'
0. 

0.0'
0.0' 
0.0' 

.0'0.0' 
0.0' 

0.0'0.0' 
0.0' 

0.00,:0 
0.0' 

137.013,0' 
1310.0' 

120.0 
*140.0 ' 
150 .0 
1 80.0 

580.0' 
580.0 ' 
580.0 ' 
580.0 

0.0' 
0.0 ' 
0.0 
0.0 ' 

810.0' 
810.0 ' 

810 .0 ' 
810.0 ' 

0.0 ' 
0.0 
0 .0 ' 
0.0 ' 

0.0' 
0 
0.0 
0.0 

' 
' 

0.0
0 

0.0 ' 
0.0 

0.0'
0.0 ' 
0.0 ' 
0.0 

0.0'
0.0 
0.0 ' 
0.0 ' 

0.0'
00• 
0.0 ' 
0.0 ' 

0.0'
0.0 ' 
0.0 ' 
0.0 ' 

1360.0'13 60.0 ' 
1390 .0 ' 
1 3 0.0 ' 

170.0' 580.0'
•...... ................................. 

0.0' 810.0' 
........ 

0.0' 0.0'
?........0...... 0.0' 0.0' o....... ............................ 0.0' 0.0' . .. 0.0' . ......... 1260.0' . . 

96.0 580.0' 0.0 79.0' 0.0' 0.0' 0.0' 0.0' 0.0 00 0.0" 1i7.0 
"( 200 ............ . . * . . . . * 
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DAMGE REACHNO. 7 DAMAGEREACHCOOE RCH 7 

HUGHESCOUNTY,DOWNSTREAMOf PIENRE 

ELEVATION - AREAFLOOEDD(IN 
DAMAE CATEGORIES 

ACREE) 

WATER: 
SURFACE 

ELVATI 

• 0.0' 5.0' 
go10.0 14.0' 

* 20. 0' ¶6•.0O 

30.0' 725.0' : 
* 40.00 1775.00 

S60.0 2615.0** 60.0'• 3420.0 " 

S 70.0 3'N"4.00 
s .0.0 4446.0'
* 0.0 469)7.0' 
1¶00.00 46"0.0* ¶10.0' 4760.0 

120.0 * 4565.0 * 
130.0* 4936.0' 

• 140.0 5045.0' 
* ISO.0 6120.0' 

160.0• 5190.0 ' 
• 170.00 5220.00 

2 
( 2 

0.0 
0.0' 

r0. 0' 

0.0 
0.0 
0.0'0.0' • 

0.0: 
0.0'
0.0' 
0.00.0' 

0.0 
0.0' 
0.0 
0.0 
0.0 
0.0 * 

3 
3) * 

1.0' 
1.0• 
1•.0' 

2540.0 
6421.0 

11n 0't6C.0 " 

2245.00 
3310.0'
430G0.0 ' 
5270.0'6030.0' 
46942.0 * 
7761.0' 
S38S.0' 
SS*157.0 
11r0.o 
9373.0* 

14 
*4" I 

0.0' 
0.0' 
0 . 0 

0.0 * 
0.0 
0.0 ' 0.0'• 

0.0: 
0.0'
00 
00"0.0 
0.0 • 
0.0* 
0.0' 
0.0'0 
0.0• 
0.0' 

-( ( 

0.0 
0.0'. 
0 . 0 

0.0. 
0.0' 
0.0.0.0 * 

0.0: 
0.0.
G0.0 • 
0.0.0 .03 
0.0 * 
0.0. 
0.0" 
0.0:• 
0.0. 
0.0. 

0 
-11 " 

0.0 
0.0' 
0 .0 

0.0 
0.0 
0.00.0'• 

0.0:0 
0.0'
0.0:0 
0.0'0.0 

0.0 * 
0.0' 
0.0'3 
0.0 
0.0' 
0.0' 

( 
7 • 

-11 * ( 
0.0' 
0.0. 
0.0' 

.0.0 
0.0 
0.0'0.0'• 

0.0:0 
0.0'
0.0 
0.0'0.0 

0.0 * 
0.0' 
0.0 
0O.0'0 
0.0' 
0.0' 

0 

-1) ' 

0.0 
0.0Ha 
0 .0' 

0.0 
0.0' 
0.0'0.0'* 

0.0:0 
0.0
0.00 
0.0'0.0:0 
0.0 * 
0.0* 
0.0' 
0.0G 
0.00 
0.00 

-1 •( 

0.0' 
0.0' 
0 .0 

0.0 
0.0 
0.0'0.0'* 

0.0: 
0.0'
0.0• 
0.0'0.0' 
0.0 
0.0' 
0.0' 
0.0:0 
0.0' 
0.0 

10 

-11 • 
0.0' 
0.0 * 
0.'OmO 

0.0' 
0.0 
0.0'0.0' 

0.0 
0.00.0: 
0.O •0.0' 
00.0 * 
0.0' 
0.0' 
0.0:' 
0.0 
0.0 . 

TOTAL 

10.0' 
11.01 
¶7•.0' 

1039.0' 
2396.0 
3111.05115.0'• 

62200. 
772.'S00S7.00 
0S.010510.0 

11797.0' 
12727.0' 
13434.0' 
14001.0' 
143810.0' 
1459.09 

863.0
•( 2001K )" 4524.0 0.0 ' * 3859.0 " 0.0 * 0.0 •"* 0.0 ' 0.0 0.0 0.0' ••" 0.00 a1t3.0* 

DAMAGE REACH NO.11 S 0ADMA REACH CODE ICHI 

STANLEY C0OMTY, 0 OF REACH0 

*WATER 
•SIAFACE 

* 
1 

* 

* 2 * 3 

ELEVATION 

* 4 

- AREA FLOODED(IN ACRES)
DAMAGECATEGORIES 

* * 

* 5 * 6 * 7 0S * S 

* 

* 10 * TOTAL' 

* 

0.0' 
•10.0'20.0'300* 0020.0' 
60.0 
570.0' 
60.0 
90.0' 

800.0' 
10.0' 

120.0' 
130.0' 

s40.0' 

0.0' 
0.00.0'"0.0.'0.03 
0 0'0 
0.0'* 
0.0 
0.0' 
0.0' 
0.0' 
0.0' 
0.0' 
0.0 

0.0 3.0 
0.0' 3.0'
0.0'* 3.0'•0.0 3 .'00 5100.0 23.0 ' 
0.0 2826 
0.0303.0" 
0.0 336:.0' 
0.0' 3870.0' 
0.0' 4:1.0' 
0.0 4327.0 ' 
0.0' 4419.0' 
0.0' 43.0 ' 
0.0' 4641.0' 

0.' 

00 
0.0'
0.0'•0 ' 0000 

•
0:0 
0 0 
00 
00 
00 
00 
0:0 
00 

0.0. 
0.0'"00000.0' 

0.0' "0 
0. 
0.0' 
0.0' 
0.0' 
0.0* 
0.0 
0 

0.0' 
0.0'"0 0'

.'000.0' 

00.0' 
0.0' 
0.00 
0.0: 
0.0' 
0.0' 

.0' 

00.0' 
0.0'".'0.0' 

00.0
0.0' 
0.0' 
0.0' 
0.0' 
0.0' 
0.0' 
0.0' 

0:.00.0' 
0.0'•0 '0.0 

0000
00 
00 
00 
00 
00 
00 
00 

0.0'0.0' 
0.0'•0 0'

0.0
0.0 

0.0'0.0'
.0' 

0.0' 
0.0' 
0.0' 
0.0' 
0.0' 
0.0' 

0.0'0.0' 
0.0'•0 ' 
0.0
0.0 

0.0'0.0'0.0' 
0.0' 
0.0' 
0.0 
0.0' 
0.0' 
0.0 ' 

3.0'3.0' 
.0'*30

36110' 
243.0' 

2626.0'31 T0.0'3361.0' 
3170.0' 
24 1.0' 
4328.0' 
4410.0' 
4502.0' 
441.0' 

9160.0 
•1 0.0* 
170.0 ' 

0.0 ' 
0.0 ' 
0.0 ' 

0.0 
0.0 
0.0 

' 

' 

4653.0 
0 

4 654.0 

' 

' 

00 
0 

0 0 

0.0 
.0 

0 .0 

' 
' 
' 

0.0 
0.0 
0 .0 

' 

' 

0.0 
0.0 
0 .0 

' 
' 
' 

0.0 
0.0 
0 0 

0.0 
0.0 
0 .0 

' 

' 

0.0 
0.0 
0 .0 

' 
' 

4067.0 
41164.0 
4 564.0 ' 

• 20 
63.0 ' 
.0. )* 

0.0 ' 
. -

0.0 ' 35 07.0 ' 
.. . .. 

0.0 
* 

0.0 .0.0 
. . . . . * 

0.0 
. 

.00 
*. 

0.0 
• 

0.0 366 7.0 ' 
* 

DAMAGEREACHNO. 0 DAMAGEREACHCODE RCH 9 

LOWERBRULE RESERVATION, STANLEY COUNTY 

•WATER • 

SURFACE• 
ELEVA1) 

1 

* 

2 
* 

* 3 

ELEVATION 

* 

• 4 

- AREA FL0OOEDAII ACRES) 
DAMAGECATEGORIES 

* * 

5 • 6 ' 7 

• 

• S 
* 

* 
(1) 

0 

• 

• 10 
(-H) 

** 

• TOTAL 

0.0'0 0.0' 0.0' 0.0'G So 
210.0' 0.0' 0.0' 0.0' 
20.0' 0.0' 0.0' 0.0 
30.0• 63.0' 3.0 1826.0 
40.0' 1730.0 ' 225.0' 2332.0' 
50.0 ' 2261.0 256.0 2820.0 
60.00 2823.0 * 425.0 • 3188.0 
70.0' 3274.0 464.0' 3366.0 
60.0' 3388.0' 464.0' 3540 
90.0- 3374.0' 464.0' 3710.0' 

100.0 • 3374.0 • 464.0 • 3780.0 
110.0' 3374.0' 464.0' 3803.0 
120.0 3374.0 • 464.0' 3614.0 
130.0' 3374.0' 464.0' 3822.0 
140.0: 3374.0 464.0' 3831.0' 

S 150.0' 3374.0' 464.0' 3631.00 
1s0.0' 3374.0' 464.0' 3844.0 
170.0 ' 3374.0 ' 464.0 3684. 0

•..................+................................................................................ 

GO00. 
0.0 
0.0 • 
0.0 
0.0 
0.0 
0.0 
0.0 
00 
0.0' 
0.0 
0.0 

0.0 
0.0 
00 

0 
* 

0.0 
0.0' 
0.0 
0.0' 
0.0' 
0.0 
0.0 • 
0.0 
0.0' 
0.0 
0.0 • 
0.0 
0.0 • 
0.0 
0.0' 
0.0'* 
0.0 
0.0 ' 

00' 
0.0' 
0.0 
0.0' 
0.0' 
0.0 
0.0 • 
0.0 
0.0' 
0.0'• 
0.0 • 
0.0 
0.0 
0.0 
O.C• 
0.0' 

00 
0.0' 

0.0' 
0.0' 
0.0 ' 
0.0' 
0.0' 
0.0 
0.0 ' 
0.0 
0.0' 
0.0'* 
0.0 ' 
0.0 
0.0 
0.0 
0.0 
0.0' 

.0' 
0.0 

0.0' 
0.0' 
0.0 
0.0' 
0.0' 
0.0 
0.0 • 
0.0 
0.0' 
0.0 
0.0 ' 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0' 
0.0 

0.0* 0.0' 
0.0' 0.0' 
0.0' 0.0' 
0.0' 0.0' 
0.0' 0.0' 
0.0 0.0 
0.0 ' 0.0 ' 
0.0 0.0 
0.0' 0.0' 
0.0' 0.0' 
0.0 ' 0.0 • 
0.0 0.0 
0.0 0.0' 
0.0 0.0' 
0.0 0.0 
0.0' 0.0 
0.0' 0.0 
0.0 0.0' ................... 

0.0* 
0.0' 
0.0' 

2264.0' 
4287.0' 
6367.0' 
6437.0 • 
7104.0' 
7381.0• 
7557.0' 
7010.0 • 
7041.0' 
7062.0' 
7860.0' 
7660.0O 
7676.0' 
7682.0' 
7602.0' . 

$63.0 ' 3374.0' 464.0 ' 3606.0' 0.0 0.0 0.0 0.0. 0.0 .0 0.0' 74i45.0' 
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DNAMAE RE.ACHCODE RCH10
DAMAGE RE.ACHNO. 10 

CO CRIEEKRESERVATION. HU0HE$COUNTY 

E:LEVATION- AREA F'LOODED(In ACRES) 
D M G CATEGORIE S 

0 • 10 TOTAL •
S • I 1 • ? 1 • i 1

• 1 1• SURFACE * 1 2 	
-1 "( I •# -I -1 * 1 •( -1 ........... 


• LEVAT ION"( ...I) 

N 0 .0*10 0 0 •l 0 .0 * 
1, 0 :0* 0 0 * 0 **o0 • 0 0 ° .000 0 .0 	 *0.0 

0.0 * 2013.0 * 
• 0.0 • 0.0 • 0.0 * 0.0 • 

20. 0 * * • 1508.0 * 0.0 " 0.0 	
0 .0" 0.0 0.0 .24I.0 1111.0 	 " 8001II 0 

0.0 • 0.0 • 0.0 " 0.0 " 
30.0 * 23 63.0 29N2.0• 30 27.0 * 	 0 0 • 0.0 0218.00.0 • 0.0 • .0• .0 
40.0 * 4060.0 • 431.0 " 3724.0 • 0.0 * 0.0 * 	

0, . . 10 661.0 
. .0 • 0 0 "03•

50.0 	 5 51. 3 . 4 0 . 00:0 00,0 : 0.0:G : I1311.0• 
So,0 - 5 0:0.0 5627.0, 50170*0 0. * 00* 00• 00* *1 0*.00• 00:S 30.0 S: Do0 : 	

10006. 
• 70:.0 101174.0• 70 9.0• 422. 0. • 0. • 00• 	

0 . 0 0:0 • 11187 7 .0
S0:0 * 00:0 *0. 0.0 • 

s o. • 0 1 .0 . 8 0 5.0 06 5010 : 00:0 	
. • 0 0 * 0 0 * 0. 171lam0•. 

• u 0 0 • 0. .
80,0 11414.0 	 0 • 20O0 * • O N .0 	 • 0 0 0. IM

* 0. • 0 :00: 0.0 • 00
810 :01111 0.0 	 l100.0 • 111 68.0• 0 • 

•a 0 .0 * 0.0 • 0 .0 • 0.0 • 98 " o 
• 110. 0 11 94800 • 8 O1 N. .0. 0 l S m0. • 	

.0 0.0 • 0.0 loon•Q0* 
• 0.0 0.0 	 0 0 0.0 • 0 • 

:• 120.0 * 12078.0 • 44. 170 	 0.1• • 20004.0
0 0 • 00* 0 0. 00 

• 130 .0 • 12149.0 11.96 0 • 8171.0 • 0:0 • G 0.: 
00• 00• 00* 2011"0

0. * 00• 00* 00•04. 8 	 2140.0 •12202.0 ai 073. 	 0.0 * 0.0 • 0261.00 0.0
64.0 040.0 • 0.0 • 0.0 • .0* * 

15IS.0 * 12221.0 • 9 7 0.0 " 	
• 0.0 • 0.0 • 0.0 20206I.00.0 0.0 

• 160 0 * 12245.0 • 1114 0 70 09.0* 0.0 * 0.0 • • 
* 0.0 • 0. * 1m 0 * 

0.0 0.0 0.a 0.0 
170.0 * 12274.0 * 9 64.0 * 071. 00 • 

• 0. 0 • 17805.0
* 0.0 • 0.0 * 0.00.0 0.0 

: 963 .0* 0188.0 * 0.0 * " 
105 .0283.0 1 

D•AMAGEREACHM•O. 11 DAMAGE REACH CODE RCN It 

LOIWERBRULE RESERVATION, LYNMACOUNTY 

ELEVATION - AREA FLO0ODE JIM ACRES) 
DAAECAll[GORI O 

9 : 10 • TOTAL7 " 
1 2 • 3 • 4 5 8 a 

• SURFACE 

m 
S 0 0 1240: 3.0 170:0 

00 00 00 • * 00.0 • •• 07:.• * 0. 0:0 • 0:0 14.
0:0 • 0:00 00 00 0 	 10.0 •0: • 	 00 0.00
QO 	 0030.730 "591.2090 * 	 00• 00• 

a.0• 00• 00• 	 • 0.0 41024.0•
73.a. • 14 0• 31 	 * 0.0 * 0.0 • 0.0 • 0.0 

20 .0 4 3t844.0 • 13.0 178.0• * 0.0 	
• 0.0 • 0.0 am" 0.0 	 14.0* " 0.0 • 0.0

20057.0* 0.0 * 0.0 0.0
8.0 0 ° 972.0 732.0 	 0.0 * 0.0 • 110". 0

0.0 * 0.0 0.0 • 0.0 * 
700 7 • 40.0 31172920 • 0.0 •0537.0 132247.0•0.0 * 0.0 * 0.0 * 0.0 
0 • • 0. * 0 :0 0.0 * 0.0 * 0.0 * 0.0 •

• 00 87492.0 2 13.0 428155 	 1 1 1:8 * 
0 0 0. *0:0 0 •

240 :0 • 1351 :00 0 0100.0 * 1 22.0 " 
• 00 3181 80. 

1 0538. 2 , 729 . 0 0. • * .0
4 0 9 . 0.0 . 00 .	 2114 2.03007 0 	

1 73 4 0 * 0. * 0. 0. * 0 0 * 0 0 * 0 0 * 
. 1647 240. 	 * 25404SO• 14 . " 	 0S0 0.0:0 .0

.00 0:, 0.0:0 00 •* 
150.0 1 44, 0 • 240.0 * 185854 * .	 0.0.0• 282450.0*610.0•.0• 0.0 00*00 0 . . •0.0 0.0 * 0.0

1700 73.0* * 00* • 00• *"1 .0* •1750.0*'14521:.1 20.04. •13570.0 

0.0 * 0 .0• 0.0 23 8201.0
0.0 * 0.0 • 0.0 . 0 .0 

• 3.0 • 12510.0 • 240.0 * 8183 ,0.0 

0.0 0.0 0.0CR0.l 0.0 0. 3 5 .
100:0E 24N11 1..0 REA2C0 

CRONCREEK RESERVATION, HYDECOUNTY 

ELEVATION- AREAFLOODEDJIM ACRES) 
DAMAGE C.ATEODRE8 

10 TOTAL0 1 S 0 : 
3 4 5SURFACE 1 2 

• 0,0:o 00: *0
30.0 • 0.0: • 0.0:00 00:00 00:0 * 0.0 • 00:0 

• 10.0 00 000• 0.0 
• 	 20.0.0 14.0• 00 . 0.0 * 0.0 • 0 0 0 0 0 :0 • 00ON 0.0 * .0*• 430.0 

.0o " 0. 0. 0 0 • 0 0 • 0.0 • 4 . 
• 30.0 " 40, . 0. * . 0 .0.0 

* 7020.0 • 0.0 • 0.0 • 0.0 • 0.0 
0.0 * 0.0 • 0.0 • 0.0 •4 " * 	 . : *0.0 7.0 	 000

0.. .0.0 0. .500 " 977. 0 . 0 0.0 

0.0 . IBe 0o• 0.0 * 0.0 * 0.0 * 0.0 * 
170.0 " 32.0 • 0.0 • 0.0 * 0.0 * 0.0 	

0.0 • 00* 0.0 * 231.0
0.0 * 0.0 * 0.0 * 0.0 " * 23.0 	 287O110.0 208.0 0.0 • 	 .0 • 0.0 . 0

" . . . . .0.0 00• 61.• 290. 7 . .	 00• 00" 00• 
00• 00• 00• 

100* 5530 • 0.• 35.0 • 	 0.0 ?33 .0•
0 0:0 * 0:0 • 0:0 * 

• 500 08. • 0.0* 380• 00 * 00 00 

0.0 " 0.0 688.0•
0.0 * 0.0 • 0.0 • 0.0 " 

553 .0 " 0.0 • 35. 00.• 1310.0 
0.0 " 0.0 " 0.0 • 130.0*

0.0 * 0.0 • 0.0 " 0.0 •
80.0 0.0 3.0ISO.0 • 9 * 3• * 

.............. •
....................
•........ .. ;................ ;..........

•........... ;...................................... 	 0. 249.0 •
0.0 0.0 •00 a 0.00.0 *2?.0 0.0

263.0 " 222.0 * 0.0 	 * 
.......................................
* * • * *( .......... .... .......... 
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O MAREAC I1 DAMN MACK CODNO. 	 AMa13 

CRAMEEK NEMAVATIOR, IFFA.O COUNTY 

ELEVATION 	 - AREA FLOGED (IN ACRES) 
DA4MA CATEGORIES 

*WATER 
SURFACE 1 2 • 3 4 . 5 " 0 • 	 10 TOTAL 

* ELEVATION- ( I) * C 2) ' 4. 3) . ( 4) * ( -1) * ( -1) • -1) * ( -1) • ( -1) • ( -1) 

1 0.0 0.0' .0:00 0.0 0.0a- 0.0* 0.0• 0.0 0.0 0.0 0.0' 0.0•• 10.•' • h1a.• 0.0" O..O* O.O' 0 .0 0.0• 0 .0• •.• 0 .0• 0 .0• tua8.• 

* 20.0,- 201.0' . ,' 00 00 9 . . .' 00 320 
330.0: 321.0 00 J• H.0. U0.0 0. 0.0'* 01.0 0.0 0*.0* 3 1.•0 

• 40.0 567.0 0.0• 36.0 0•.0• • .0 0.0 0.0• 0.0' 0.0' 0.0 6 22.0' 
14 

so0.0* 2544.0 •.• ml. @.• " 0• 0.• 0.0• 0.0* 0.0' 0.0' • o. 
s60.0 1360 .0 0.0 138.0 * 0.0 010• 0* 0.0 0 .0 ' 0.0 0.0 I 0.* 

*70.o• • 0.0 o.• 0.•0 •.00* 0.0• 0.0' 0.0 
s 0310.0* 0.0 2M . • •.0 0.0• 0.0' 0.0 0.0 0.0• =211.0' 

067.•00 0:00.• 0.0 	 7165.•0 
•0.• 	 0.0 

0.0 00.0' 0.. 0.0* 0.0' 
A100.• 7,270.0 00.:0 •3102•.• 0.0 ' 0.0 0.0• 0.0 0.0• 0.0* 0.0 103721.0 
s 68.6.0 3048.0' 0 0.0 0.0 0.• 0.0 007.•0* 

• 110. 0 74817.0 * 0.0 * 3122.0,* 0.0 • 0 * 0.0 * 0.0 * 0.0 * 0.0 * 0.0 * 10006.0 
* 120.0 * 7028.0 * 0.0 * ai.s.0" 0.0 • 0.0 * 0.0 • o.0 * * •.o * 0.c *0.0 10701.0 

130.0 * 780.•0 • 0.0 3121.0 00 • . * 0.0 0.0 * 0.0 00.0 • 0.0 • 10822.0 * 
140,0 * 7750.0 * 0.0 • 3123.0 * 0.0 • 0.0 • 0.0 * 0.0 • 0.0 * 0.0 • 0.0 * 10870.0 
150.0 71•:.0 0.0 " 312:.0 * 0.:0 • .0' 0.0 • 0.0' 0.0' 0.0• 0.0 " 10044.0 
16800 • 3.0• 0.0 0.0• 0.0 0.0• 0.0 0.0 .0 ma.o7004.0 3131.0• Do • * • 

* 170.0 "3179 .00*0.0 0.0 •0.0 4..0 " *• 0.0 • 0.0 0.0 11040.0 *0.0 0.0 

83.0• 6502.0 0.0 • 2079.0• 0.0• 0.0• 0.0 0.0' 0.0• 0.0• 00. 0441.0•*( 200K 	 )* 
00 .......................................... 	 .. ** .............. 0 00..........
 

$INGLE EVENTDANGE 

AGGREGATED REACH I 20OK EVENTDANAGE NO. 

MOMOATE• DAMAOECATEOORIE8
 

......................... 0.... .......... ... *.....*~~.*... ..........................
** 	 000... 

DANA .0. * I 2 3 * 4 a •* 7 * 8 • 0 ' 10 TOTAL* 

• 1 " 6.00 * 106.60 * 0.00 • 0.00 * 000* * * 0.00 • * * 16.80 * • 2 * 90.00 " 6000.30 * 0.00 • 0.000.00 * 0.00 • 0.00 • 0.000.00 • 0.000.00 * .0.00 • 0.000.00 • 0.000.00 * 6066.300* 
a " 6.00 :58781.500 * 0.0 0.00 0.00 *0.0 0.00 * 0.00 * O.00 '58781.50 0 	 000,0 • 0.000
7 " 83.00 ... !..... . 0.00 * 0.00 * 0.00 " 0.00 * 0.00 • 0.00 " 0.00 • 0.00 * .00 ..........
 
8 * 63.00 * 3332.50 " 0.00 * 0.00 * 0.00 " 0.00 • 0.00 * 0.00 " 0.00 * 0.00 • 0.00 • 3332.50* 

• 0.00 • 0.00..........
0.00 •: 0.0 0.0 • 0.000.00 • 00.00• 0.000.00 *• 0.000.00 * 0.00 ' 0.00 *• • ** * *S 109 • 0300.............0.•00863.00 ............. 0 .00 • 0.00 • 0.00 
S 1 • 83 .00 "•** .**'' . .0 00 00.00 0.00 • 0.00 • 0.00 * 0.00 • * 0.00 * 0.00 **0.00 " * • 

0.00 • 	 0.00 * 0.00 • 0.0O0* 0.00 0.00 * 0.00 *'10031.70•• 12 * 03.00 •16131.70 * 0.00 * 0.00 * 	 00.00 ***** 3.00 ** . * 0.00 • 0.00 • 0.00 0.00 " 0.00 * 0.00 • 0.00 •• 0.00* 130 * 
3.00...... . ****00....00 0 0.0 0..0 00 . 0.0 000f00 00 .000*000 

T 00 O0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0., 	 • *.0.0 0 000 0.00 **.....emTOTAL 	 ... ... • . 

END OF RUNDACLPROGRAM SITOP 

Elapsed CPU time Is 302 second* or 5.033 minutes. 
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C-4. HEC-DSS Displays
 

The following displays are output from HEC-DAMCAL into HEC-OSS.
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FIGURE C-7. Damage Reach 1 Elevation - Crop Area Relationships 
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FIGURE C-8. Damage Reach 2 Elevation - Crop Area Relationships 
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FIGURE C-9. Damage Reach 3 Elevation - Number of Structures 
by Categories Relationships 
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FIGURE C-10. Damage Reach 3 Elevation - Urban Categories 
Damage Relationship. 
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FIGURE C-11. 
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Damage Reach 4 Elevation - Number of Structures 
by Categories Relationships 
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FIGURE C-12. Damage Reach 4 Elevation - Urban Categories 

Damage lationhip. 
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Damage Reach 6 Elevation - Crop Area RelationshipsFIGURE C-13. 
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FIGURE C-14. Damage Reach 7 Elevation - Crop Area Relationships 
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FIGURE C-iS Damage Reach 8 Elevation - Crop Area Relationships 
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FIGURE C-16. Damnp Beach 9 Elevation.-Crop Area Relationships 
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FIGURE C-17. Damage Reach 10 Elevation - Crop Area Relationships 

APPENDIX C .... .74b ... . . 



-I 

-4--4 

I-4i(.I

-4--4 

-4 -4 -4-4 

W .JW C -Hoz HZ I- WW­

FIGURE C-18. Damage Reach II Elevation - Crop Area Relationships 
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FIGURE C-19. Damage Reach 12 Elevation - Crop Area Relationships 
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FIGURE C-20. Damage Reach 13 Elevation - Crop Area Relationships 
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HEC-PBA DATA
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HEC-PBA DATA
 

D-1. HEC-PBA Input - Preprocessor and
 
Analysis Program Input 

Preprocessor Program Input 

T1 MISSOURI RIVER 
T2 OAHE DAM TO BIG BEND DAM IN 
T3 TEST DATA JUNE 1992 
J1 0 0 0
 
BO OMAHA OMAHA DISTRICT
 
BS SD SOUTH DAKOTA 
BC HUGH HUGHES COUNTY 
BC STAN STANLEY COUNTY 
BC LYMN LYMAN COUNTY 
BC HYDE HYDE COUNTY 
BC BUFF BUFFALO COUNTY 
BB SUBA OPEN RIVER 
BB SUBB LAKE SHARPE 
BB CROW CRW RESERVATION 
BB LBRU LBR RESERVATION 
BW MISS MISSOURI RIVER 
BG CONG1 REP TIM JOHNSON 
BX PIER PIERRE 
BX FTPR FORT PIERRE 
BX LOWB LOWER BRULE 
BX FTTM FORT THOMPSON 
BX CHAM CHAMBERLAIN 
GA GAGE 3 
ZH MISSOURI 
GA GAGE 4 
ZH MISSOURI 
GA GAGE 11 
ZH MISSOURI 
CR WHEAT 28 
CS WHEAT 90 
ZC A=SOUTH DAKOTA 
CD 0 1 
CR CORN 91 
CS CORN 120 
ZC A=SOUTH DAKOTA 
CD 0 1 
CR OATS 50 
CS OATS 90 
ZC A=SOUTH DAKOTA 
CD 0 1 
CR MILO 41 
CS MILO 125 
ZC A=SOUTH DAKOTA 
CD 0 1 
DR RCH 1 GAGE 3 
06 OMAHA So 

BUSHEL 
115 

B=WHEAT 
3 

BUSHEL 
145 

B=CORN 
3 

BUSHEL 
127 

B=OATS 
3 

BUSHEL 
161 

GAGE 


GAGE 


SOUTH DAKOTA 

3 IDAY 

4 1DAY 

GAGE 11 IDAY 

3.15 16.00 

140 7 
C=DAY-LOSS E=1992 

7 
2.20 

165 
C=DAY-LOSS 

7 
1.20 

145 
C=DAY-LOSS 

7 
2.04 

180 

28.00 
10 

E=1992 

23.00 
7 

E=1992 

18.00 
7 

B=SORGHUM C=DAY-LOSS E=1992
 
3 7 
0 HUGHES COUNTY, US 

HUGH MISS 
DS OAHE OAHE RESERVOIR 
FS 40 
ZR A=MISSOURI BfRCH 1 CfELEVATION-CURVES 
CP WHEAT 18 

OF 


5 

5 

5 

5 

PIERRE
 

Files 

Data 

REGULATED 

REGULATED 

REGULATED 
SPRING WHEAT 

CORN 

OATS 

SORGHUM 

SUBA CONG1 

E=1992 F=AG-EXISTING 
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CP CORN 36 
CP OATS 14 
CP MILO 10 
DR RCH 2 GAGE 4 0 STANLEY COUNTY, JS OF FORT PIERRE 
DB OMAHA SD STAN MISS SUBA CONG1 
DS OAHE OAHE RESERVOIR 
FS 40 
ZR A=MISSOURI B-RCH 2 C=ELEVATION-CURVES E=1992 F=AG-EXISTING 
C? WHEAT 29 
CP OATS 21 
CP MILO 50 
DR RCH 3 GAGE 3 0 CITY OF PIERRE 
DB OMAHA SD HUGH MISS SUBA CONGI 
DS OAHE OAHE RESERVOIR 
FS 66 
ZR A=MISSOURI B=RCH 3 C=ELEVATION-CURVES E=1992 F=URBAN-EXISTING 
UC RES 180 RESIDENTIAL 
UC COM 180 COMMERCIAL 
UC IND 180 INDUSTRIAL 
UC PUB 180 PUBLIC WORKS 
UC OTHER 30 OPEN SPACE 
DR RCH 4 GAGE 4 0 CITY OF FORT PIERRE 
DB OMAHA SD HUGH MISS SUBA CONGI 
DS OAHE OAHE RESERVOIR 
FS 40 
ZR A=MISSOURI B=RCH 4 C=ELEVATION-CURVES E=1992 F=URBAN-EXISTING 
UC RES 180 RESIDENTIAL 
UC COM 180 COMMERCIAL 
UC IND 180 INDUSTRIAL 
UC PUB 180 PUBLIC WORKS 
UC OTHER 30 OPEN SPACE 
DR RCH 6 GAGE 4 0 STANLEY COUNTY DS OF FORT PIERRE 
DB OMAHA So STAN MISS SUBA CONGI 
DS OAHE OAHE RESERVOIR 
FS 40 
ZR A=MISSOURI B=RCH 6 C=ELEVATION-CURVES E=1992 F=AG-EXISTING 
CP WHEAT 29 
CP OATS 21 
CP MILO 50 
DR RCH 7 GAGE 11 0 HUGHES COUNTY, DS OF PIERRE 
DB OMAHA SD HUGH MISS SUBB CONGI 
DS OAHE OAHE RESERVOIR 
FS 20 
ZR A=MISSOURI B=RCH 7 C=ELEVATION-CURVES E=1992 F-AG-EXISTING 
CP WHEAT 18 
CP CORN 36 
CP OATS 14 
CP MILO 10 
DR RCH 8 GAGE 11 0 STANLEY COUNTY DS OF FORT PIERRE 
DB OMAHA SD STAN MISA SUBB CONG1 
DS OAHE OAHE RESERVOIR 
FS 30 
ZR A-MISSOURI B=RCH 8 C=ELEVATION-CURVES E=1992 F=AG-EXISTING 
CP WHEAT 29 
CP OATS 21 
CP MILO 50 
DR RCH 9 GAGE 11 0 LOWER BRULE RESERVATION, STANLEY COUNTY 
08 OMAHA SD STAN MISS LBRU CONGI 
OS OAHE OAHE RESERVOIR 
FS 20 
ZR A=MISSOURI B=RCH 9 C=ELEVATION-CURVES E=1992 F=AG-EXISTING 
CP WHEAT 29 
CP OATS 21 
CP MILO 50 
DR RCHIO GAGE 11 0 CROW CREEK RESERVATION, HUGHES COUNTY 
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DS OMAHA SD HUGH MISS CROW CONGI 
DS OAHE OAHE RESERVOIR 
FS 10 
ZR A=MISSOURI B=RCH 10 C=ELEVATION-CURVES E=1992 F=AG-EXISTING 
CP WHEAT 18 
CP CORN 36 
CP OATS 14 
CP MILO 10 
DR RCH11 GAGE 11 0 LOWER BRULE RESERVATION, LYMAN COUNTY 
DB OMAHA SD LYMN MISS LBRU CONG1 
DS OAHE OAHE RESERVOIR 
FS 0 
ZR A=MISSOURI B=RCH 11 CELEVATION-CURVES E=1992 F=AG-EXISTING 
CP CORN 16 
CP OATS 17 
CP MILO 67 
DR RCH12 GAGE 11 0 CROW CREEK RESERVATION, HYDE COUNTY 
OB OMAHA So HYDE MISS CROW CONGI 
DS OAHE OAHE RESERVOIR 
FS 10 
ZR A=MISSOURI B=RCH 12 C=ELEVATION-CURVES E=1992 F=AG-EXISTING 
CP WHEAT 29 
CP OATS 36 
CP MILO 17 
DR RCH13 GAGE 11 0 CROW CREEK RESERVATION, BUFFALO COUNTY 
08 OMAHA SD BUFF MISS CROW CONGI 
DS OAHE OAHE RESERVOIR 
FS 0 
ZR A=MISSOURI B=RCH 13 C=ELEVATION-CURVES E=1992 F=AG-EXISTING 
CP WHEAT 14 
CP CORN 39 
CP OATS 12 
CP MILO 25 
EJ 

83 APPENDIX D
 



D-2. HEC-PBA Input -Crop Loss Functions 
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FIGURE D.-1. Sorghum Crop Loss Function 
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FIGURE D-2. Oat. Crop L.A Function
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FIGURE D-3. Corn Crop Loss Function 
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FIGURE D-4. Wheat Crop Loss Function 
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D-3. HEC-PBA Input - Flood Hydrographs
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FIGURE D-5. Regulated Stage Hydrograph at Gage 3 
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FIGURE D-6. Regulated Stage Hydrograph at Gage 4 

91 APPENDIXK D
 



C-4 

,-44 

APPEN IX D 9 

CS) 

FIGURE D-7. Regulated Stage Hydrograph at Gage I11 



D-4. HEC-PBA Output - Preprocessor and
 
Analysis Programs
 

Preprocessor Program Output Data 

*" PRE-PROCESSOR PROGRAM 
SEPTEMBER 1991 
VERSION 1 00 

...................... 

* 

R ATE2 2TI1 

THE HYOROLOGIC ENGINEERING CENTER 
* 600 SECOND STREET, SUITE 0 

DAVIS, CALIFORNIA 98651 
(16) 76-1104 FAX (16) 756-8250 

........ 

xxxxx xxxxxx xxxxxxx 
x x x x x x 
x x x x x 
xxxxx xxxxxx xxxx 
XXXX XXKX KXXX 

X X X X XX K K XX KX 

xxxxxx xxxxxx x 
x x x x x x 
x x x x x x 
xxxxxx xxxxxx xxxxxxx 
KXXX KX XX K 

X K X KK XKX X K 
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MISSOURI RIVER 
OAHEDAM TO BIG SEND DAMIN SOUTHDAKOTA 

S0 RECORD - COE DISTRICT 
BO OMAHA OMAHA DISTRICT 

55 RECORD - STATE 
58 80 SOUTHDAKOTA 

BC RECORD - COUNTY 
BC HUGH HUGHES COUNTY 
BC STAN STANLEY COUNTY 
SC LYNN LYMAN COUMTY 
BC HYDE HYDE COUNTY 
BC BUFF BUFFALO COUNTY 

86 RECORD- SUB-BASIN 
BS SUMAOPEN RIVER 
8O SUBS LAK(E SHARPE 
S8 CROWCRWRESERVATION 
BB LBRU LBR RESERVATION 

BS RECORD - WATERSHED 
BW M1I8 MISSOURI RIVER 

CGNCMESSIONALBG RECORn - DISTRICT 
5G CONG1 REP TIM JOHNSON 

BX RECORD - COMMUNITY 
BX PIER PIERRE 
BX FTPR FORT PIERRE 
BX LOWBLOWERMRULE 
BX FTTM FORT THOMPSON 
BX CHAU CHAMBERLAIN 

GA RECORD GAUGENAME 
GA GAGE3 

ZH RECORD HYOROORAPHDATA - 055 PATHNAME 
ZH MISSOURI GAOG3 IDAY REOULATED 

GA RECORD - GAUGENAME 
GA GAGE4 

ZH RECORD HYOROGRAPHDATA - 068 PATNIAME 
ZH MISSOURI G 4 IDAY REGULATED 

GA RECORD GAUGENAME 
GA GAGE11 

ZH RECORD HYDROGRAPHDATA - DeS PATHNAME 
ZN MISSOURI DADE 11 IWAY REGULATEO 

APPENDIX D 94 



CR RECORD CROP DEFINITION 
CR WHEAT 28 BUSHEL 3.15 18.00 6 SPRING WHEAT 

Cs RECORD SEASONAL CROP VARIABLES 
CS WHEAT 90 115 140 7 

FUIYLO * 115.00 LAST DATE TO PLANT WITHOUT LOSS OF YIELD 
FSTPLT 9 DATE TO PLANT50.00 FIRST 

L8TPLT * 140.00 LAST DATE TO PLANT
 
ORYOuT- 7.00 DAYS
 

ZC Record Crop Oate - OSS Pathflname 
ZC A-SOUTH DAKOTA0-WHEAT C-OAY-LOSS E-1992 

CROPI 0 WHEATCROP NAME 
CYA - 28.00 YIELD PER UNIT AREA 
CUP • 3.16 UNIT PRICE 
HRVCST * 10.00 HARVEST COST S PER ACRE 
ADLOSS - 0.060 OTHER AORICULTURAL LOSS FACTOR 
FULYLO 115. LAST DATE TO PLANT WITHOUT LOSS OF N;,!D 
LSTPLT * 140. LAST DATE TO PLANT 
ORYOUT* 7.0 DAYS 
CRPTIT S WHEATSPRING 

CROP LOSS TABLE (PERCENT LOSS VALUES) 

DAY OF POTENTIAL REDUCED PERCENT LOSS BY FLOO DURATION (DAYS)
 
DATE YEAR LOSS (%) YIELD (%) 0.0 1.0 3.0 7.0
 

31 MARCH 90. 0.0 0.0 0.0 0.0 0.0 0.0 
20 MAY 140. 100.0 0.0 0.0 0.0 25.0 60.0 
19 JUNE 170. 100.0 60.0 0.0 75.0 100.0 100.0 

i JULY 182. 100.0 60.0 0.0 100.0 100.0 100.0 
25 JULY 206. 60.0 60.0 0.0 100.0 100.0 100.0 
30 AUG 242. 0.0 0.0 0.0 100.0 100.0 100.0 

CROP LOSS TABLE (DOLLAR LOSS VALUES) 

DAYOF POTENTIAL REDUCED DOLLARLOSS BY FLOOD DURATION (DAYS) PER ACRE 
DATE YEAR LOSS ($) YIELD (I) 0.0 1.0 3.0 7.0 

31 MARCH 90. 0.00 0.00 0.00 0.00 0.00 0.00 
20 MAY 140. 72.20 0.00 0.00 0.00 18.05 36.10 
19 JUNE 170. 72.20 43.32 0.00 54.15 72.20 72.20 
i JULY 182. 72.20 43.32 0.00 72.20 72.20 72.20 

25 JULY 206. 43.32 43.32 0.00 43.32 43.32 43.32 
30 AUG 242. 0.00 0.00 0.00 0.00 0.00 0.00 
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CR RECORD CROP DEFINITION
 
CR CORN 91 BUSHEL 2.20 26.00 S CORN
 

CS RECORD SEASONAL CROP VARIABLES 
CS CORN 120 146 106 10
 

FULYL- 145.00 LAST DATE TO PLANT WITHOUT LOSS OF YIELD
FSTPLT * 120.00 FIRST DATE TO PLANT
 
LSTPLT 1 865.00 LAST DATE TO PLANT
 
ORYOUT* 10.00 DAYS
 

ZC Record Crop Data - 06D Pathnam
 
ZC A-SOUTH DAKOTAB-CORN C-CAY-LOGS E-1992
 

CROPI0 CORN CROP NAME
 
CYA - 01.00 YIELD PER UNIT AREA
 
CUP - 2.20 UNIT PRICE
 
HNVCST 28.600 HARVEST COST $ PER ACRE
 
AD.OSS 00.050 OTHER AGRICULTURAL LOSS FACTOR
 
FULYLO - 145. LAST DATE TO PLANT WITHOUT LOSS OF YIELD
 
LSTPLT - 165. LAST DATE TO PLANT
 
DRYOUT- 10.0 DAYS
 
CRPTIT - CORN
 

CROP LOSS TABLE (PERCENT LOIS VALUES) 

DAY OF POTENTIAL REDUCED PERCENT LOOS BY FLOOD DURATION (D•vg)

DATE "EAR LOSS (%) YIELD (%) 0.0 1.0 3.0 7.0
 

30 APRIL 120. 0.0 0.0 0.0 0.0 0.0 0.0 
14 JUNE 165. 100.0 0.0 0.0 0.0 50.0 75.0 
11 JULY 192. 100.0 60.0 0.0 0.0 100.0 100.0 
15 SEPT 258. 100.0 60.0 0.0 0.0 100.0 100.0 
11 OCT 2ei. 60.0 60.0 0.0 0.0 100.0 100.0 
19 NOV 323. 0.0 0.0 0.0 0.0 100.0 100.0 

CROP LOUS TABLE (DOLLAR LOSS VALUES) 

DAY OF POTENTIAL REDUCED DOLLARLOIS BY FLOOD DURATION (DAYS) PER ACRE 
DATE YEAR LOSS t$) YIELD (I) 0.0 1.0 3.0 7.0 

30 APRIL 120. 0.00 0.00 0.00 0.00 0.00 0.00 
14 JUNE 165. 172.20 0.00 0.00 0.00 86.10 129.15 
11 JULY 192. 172.20 103.32 0.00 0.00 172.20 172.20 
15 SEPT 258. 172.20 103.32 0.00 0.00 172.20 172.20 
11 OCT 284. 103.32 103.32 0.00 0.00 103.32 103.32 
19 NOV 323. 0.00 0.00 0.00 0.00 0.00 0.00 
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CR RECORD CROP DEFINITION
 
CR OATS 50 BUSHEL 1.20 23.00 5 OATS
 

CS RECORD - SEASONALCROP VARIABLES
 
CS OATS 90 127 145 7
 

FULYL0 , 127.00 LAST DATE TO PLANTWITHOUT LOSS OF YIELD
 
FSTPLT 90S.O0 FIRST DATE TO PLANT
 
LSTPLT * 145.00 LAST DATE TO PLANT
 
ORYOUT* 7.00 DAYS 

CROPID OATS CROP NAME
 
CYA * 50.00 YIELD PER UNIT AREA
 
CUP 1.20 UNIT PRICE
 
HRVCST 23.00 HARVEST COST S PER ACRE
 
AD.OSS * 0.050 OTHER AGRICULTURAL FACTOR
LOSS 
FULYLO * 127, LAST DATE TO PLANT WITHOUT LOSS OF YIELD
 
LSTPLT * 145. LAST DATE TO PLANT
 
ORYOUT- 7.0 DAYS
 
CRPTIT * OATS 

CROP LOSS TABLE (PERCENT LOSS VALUES) 

DAY OF POTENTIAL REDUCED PERCENT BY FLOOD DURATIONLOSS (DAYS)DATE YEAR LOSS (M) YIELD (%) 0.0 1.0 3.0 7.0 

31 MARCH 90. 0.0 0.0 0.0 0.0 0.0 0.025 MAY 145. 100.0 0.0 0.0 0.0 25.0 50.0
27 JUNE 178. 100.0 60.0 0.0 75.0 100.0 100.01 JULY 182. 100.0 60.0 0.0 100.0 100.0 100.0
21 JULY 202. 60.0 60.0 0.0 100.0 100.0 100.0
20 AUG 232. 0.0 0.0 0.0 100.0 100.0 100.0 

CROP LOSS TABLE (DOLLAR LOSS VALUES) 

DAY OF POTENTIAL REDUCED COLLAR LOSS BY FLOOD DURATION (DAYS) ACREDATE YEAR LOSS (S) YIELD ($) 0.0 1.0 3.0 7.0 
PER 

31 MARCH 90. 0.00 0.00 0.00 0.00 0.00 0.00
25 MAY 145. 37.00 0.00 0.00 0.00 9.25 18.5027 JUNE 178. 37.00 22.20 0.00 27.75 37.00 37.00

1 JULY 182. 37.00 22.20 0.00 37.00 37.00 37.00
21 JULY 202. 22.20 22.20 0.00 22.20 22.20 22.20
20 AUG 232. 0.00 0.00 0.00 0.00 0.00 0.00 
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CR RECORD - CROP DEFINITION
 
CR MILO 41 BUSHEL 2.04 18.00 
 5 SORGHU 

CS RECORD SEASOKALCROP VARIABLES
CS MILO 125 161 1I0 I 

FULYLD 161.00 LAST DATE TO PLANTWITHOUT LOSS OF YIELD
 
FSTPLT - 125.00 FIRST DATE TJ PLANT

LSTPLT - 180.00 LAST DATE TO PLANT
 
ORYOUT* 7.00 DAYS 

ZC Record - Crop Dats - 06e PathEnaiZC A-SOUTH DAKOTAB8OR4ONtM C-DAY-LOSS E1002 

CROPZO - MILO CVOPNAME
 
CYA * 41.00 YIELD PER UNIT AREA
 
CUP 2.04 UNIT PRICE
HRVCST- 18.00 HARVESTCOST $ PERACRE
 
ADLOSS - 0.050 OTHER AGRICULTURAL
LOSS FACTOR
FULYLO - 161. LAST DATE TO PLANT WITHOUT LOUS OF YIELD
 
LSTPLIT 180. LAST DATE T0 PIANT

DRYCUT- 7.0 DAYS
 
CRPTIT - SORGHUM
 

CROP LOSU TABLU(PERCENT LOSS VALUIE6S 
DAYOF POTENTIAL REDUCED PERCENT LOSS BY FLOOD DURATION (DAYS)DATE YEAR LOSS (%) YIELD (%) 0.0 1.0 3.0 7.0 

5 MAY 0.0 0.0125. 0.0 0.0 0.0 0.029 JUNE 180. 100.0 0.0 0.0 0.0 25.0 50.0
I AUG 213. 100.0 60.0 
 0.0 75.0 100.0 100.05 SEPT 248. 100.0 60.0 0.0 100.0 100.0 100.0
5 OCT 278. 60.0 60.0 0.0 100.0 100.0 100.019 NOV 323. 0.0 0.0 0.0 100.0 100.0 100.0 

CROP LOSS TABLE (DOLLAR LOSS VALUES) 

DAY OF POTENTIAL REDUCED DOLLARLOSS BY FLO00 DURATION (DAYS) PER ACREDATE YEAR LOSS (S) YIELD ($) 0.0 1.0 3.0 7.0 

5 MAY 125. 0.00 0.00 0.00 0.00 0.00 0.0029 JUNE 180. 65.64 0.00 0.00 0.00 16.41 32.621 AUG 213. 65.64 39.36 0.00 85.6449.23 68.645 SEPT 248. 65.64 39.38 0.00 85.04 68.84 88.845 OCT 278. 30.38 39.38 0.00 30.38 30.38 30.3019 NOV 323. 0.00 0.00 0.000.00 0.00 0.00 
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WATERRESOURCE LiMT
 
OR RCH I GAGE3 0 HUGHIESCOUITY, US OF PIERRE
 

WRUID R WATERRESOURCE 10ACH I UNIT 

GAUGE GAGE 3
 
DELTEL - 0.00 GAUGEELEVATION OFFSET
 
WIUTIT N COUNTY.US OF PIERRE
HUCGES 

WATER RESOURCE UNIT SOUMOARYSPECIFICATIONS
 
08 OMAHA o0 NUGH MiSS SUSA CON,31
 

ODIT * OMAHACOE DISTRICT 
STATE sSo 
COUNTY- HUGH 
WATSHO* MISS WATERSHED 
SUBASN - SUSA SUB"ASIN 
CONG CONGI CONGRESSIONAL DISTRICT 

OS RECORD - RESERVOIR PROJECT 
0D OAHEOAHE RESERVOIR 
RESIO - OAHERESERVOIR PROJECT 1D 
RESTIT - GAME RESERVOIR RESERVOIR PROJECT TITLE 

FS RECORD FLOOD STAGE ELEVATION 
FS 40 

ZR RECORD REACH DATA - OSS PATHkAME 
ZR A-MISSOURI S-RCH I C-ELEVATION-CURVES E-1992 F-AG-EXISTING 

CROPID - WHEAT
 
CROPAR- 18.00 % OF REACH PLANTED
 

CROPID0 CORN
 
CROPAR- 36.00 . OF REACH PLANTED
 

CROPID - OATS
 
CROPARI 14.00 • OF REACH PLANTED
 

CROPID - MILO 
CROPAR- 10.00 'a OF REACH PLANTED 

WRUID GAUGE COE STATE COUNTY TON WATSHD SUBASN CONG CIMTY FLOIST LEVEE CHANNL RESVR 
RCH I GAGE3 OMAHA SD HUGH MISS StUBA CONGI OAHE 

ELEVATION 
CUMULATIVE CROP 

WHEAT CORN 
AREA (ACRES)

OAT MILO 

40.00 0.00 0.00 0.00 0.00 
50.00 0.00 0.00 0.00 0.00 
60.00 0.00 0.00 0.00 0.00 
70.00 O.r,o 0.00 0.00 0.00 
80.00 0.0, 0.00 0.00 0.00 
90.00 0.00 0.00 0.00 0.00 

100.00 
110.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

120.00 
130.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

140.00 0.00 0.00 0.00 0.00 
150.00 0.00 0.00 0.00 0.00 
160.00 0.00 0.00 0.00 0.00 
170.00 0.00 0.00 0.00 0.00 
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WATERRESOURCE UNIT
 
OR RCH 2 GAGE4 0 STANLEY COUNTY,US OF FORT PIERRE
 

WRUIO - RCH 2 WATERRESOURCE UNIT 10 
GALGE - GAGE4 

0ELTEL - 0.00 GAUGEELEVATION OFFSET 
SNUTIT - STANLEY COUNTY, US OF FORT PIERRE 

WATERRESOURCE UNIT SP CIFICATIONGDOWNOARY 

0S OMAHA SO STAN miss SUMA CONG1
 

0IST * OMAHACOE OISTRICI 
STATE sSo 
COUNTY SSTAN 
WATSHO* MISS WATERSHED 
SUMASNM SIUA SJWOASIN 
CONG CON DISTRICTW CONGRESSIONAL 

DS RECORD - RESERVOIR PROJECT 
D6 OAHE OAHE RESERVOIR 

RESIO - OAHE RESERVOIR PROJECT 10 
RESTIT - OAHERESERVOIR RESERVOIR PROJECT TITLE 

FS RECORD FLOODSTAGE ELEVATION
 
FS 40
 

ZR RECORD - REACH DATA - 068 PATHNAME 
ZR A-MISSOURI 6-RCH 2 C-ELEVATION-CURVES E-1902 F-AG-EXISTING 

CROPID WHEAT 
CROPAR - 20.00 % OF REACH PLANTED 

CROPI - OATS
 
CROPAR - 21.00 % OF REACH PLANTED
 

CROPID " MILO
 
CROPAR - 50.00 % OF REACH PLANTED
 

WRUID GAUGE COE STATE COUNTY TOM WATSHO LEBASM CONM CEiTY FLDIST LEVEE CHANANL REVR 
RCH 2 GAGE 4 OMAHA so STAN MIs sIlBA COMM1 GAME 

CUMULATIVE CRW AREA (ACRES) 
ELEVATION AREA SWEAT OAT MILO 

40.00 0.00 0.00 0.00 0.00 
50.00 010 0.00 0.00 0.00 
60.00 0.00 0.00 0.00 0.00 
70.00 0.00 0.00 0.00 0.00 
80.00 7.00 2.03 A.41 3.50 
90.00 

100.00 
29.00 
58.00 

8.41 
16.82 

6.00 
12.18 

14.50 
29.00 

110.00 93.00 26.97 19.53 40.60 
120.00 148.00 42.92 31.08 74.00 
130.00 216.00 62.64 45.38 106.00 
140.00 218.00 63.22 45.78 100.00 
150.00 218.00 63.22 45.78 100.00 
160.00 218.00 63.22 45.78 100.00 
170.00 21B.00 63.22 46.70 100.00 
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WATERRESOURCE UNIT
 
OR ACH 3 GAGE 3 0 CITY 0 PIERRE
 

WRUID * RCH 3 WATER RESOUR E UNIT ID
 
GAUGE * GAGE 3
 

OELTEL - 0.00 GAUGEELEVA ION OFFSET
 
WRUTIT * CITY OF PIERRE
 

WATERRESOURCE UNIT BOUNOARY9p CIFICATIONS
 
0W ONAHA 81 HUGH MISS S- _A COkGi
 

01ST * OSIARACOE DISTRICT
 
STATE sSo
 
COUNTY HU504
 
WATSHO MISU WATERSHED
 
SULAUN 4"U SUBSASIN
 
Coma CONG1 CONGRESSIONAL DISTRICT
 

05 RECORD - RESERVOIR PROJECT 
0D OAHEOAHE RESERVOIR
 

RESID - OAHIERESERVOIR PROJECT 10
 
RESTIT - GAHERESERVOIR RESERVoIR PROJECT TITLE
 

FS RECORD FLOOD STAGE ELEVATI N
 
FS 66
 

ZR RECORD REACH DATA - 068 PATHNAME
 
ZR A-MISSOURI 84RCH 3 C-ELEVATION-CURVES E-1992 F-URSAN-EXISTING
 

URBAN - RES URBANDAMAGECATEGORYID
 
RCONST - 160.00 RECONSTRUCTION PERIOD
 

URSTIT - RESIDENTIAL
 

URBAN . CONURBAN DAMAGE CATEGORYI0
 
RCONST - 180.00 RECONSTRUCTION PERIOD
 

URSTIT - COMMERCIAL
 

URBAN - IND URBAN DAMAGE CATEGORY10
 
RCONST - 180.00 RECONSTRUCTION PERIOD
 

URSTIT - INDUSTRIAL
 

URBAN - PUB URBAN DAMAGE CATEGORY10
 
RCONST - 180.00 RECONSTRUCTION PERIOD
 

URSTIT - PUBLIC WORKS
 

URBAN - OTHER URBAN DAMAGE CATEGORYID
 
RCONST - 30.00 RECONSTRUCTION PERIOD
 

URSTIT - OPEN SPACE
 

WRUID GAUGE COE STATE COUNTY TOWN WATSHO SUBASN CONG CUNTY FLOIST LEVEE CHANNL RESVR 
RCH 3 GAGE3 OMAHA SO HUGH MISS SUBA COmGI OAHE 

URBANPROPERTY DAMAGE($1000) 
ELEVATION RES STRUCTURES CON STRUCTURES ING STRUCTURES PUB OTHER STRUCTURES 

66.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 32.80 0.00 
68.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 38.71 0.10 
70.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 50.87 1.40 
72.00 0.00 0.00 0.00 0.00 0.00 0.00 80.06 87.80 5.20 
74.00 0.00 0.00 0.00 0.00 0.00 0.00 268.54 154.34 8.40 
76.00 115.54 10.50 0.00 0.00 6.30 0.25 577.50 230.06 12.00 
78.00 871.12 39.00 0.00 0.00 18.24 0.50 1094.38 305.90 15.50 
80.00 1494.60 73.50 0.00 0.00 75.40 2.00 2150.93 378.92 17.60 
82.00 2607.87 96.00 0.00 0.00 504.09 6.00 3574.64 442.28 20.30 
84.00 3713.40 124.50 99.07 1.30 1915.27 14.50 5414.40 498.41 22.20 
86.00 5037.99 157.50 440.79 4.10 3816.49 20.25 7279.02 550.75 24.30 
88.00 0350.32 184.50 635.89 5.90 8457.52 27.00 9521.86 602.52 26.20 
90.00 7733.48 216.00 12869.10 7.50 10333.44 34.50 11891.13 649.54 27.20 
92.00 9109.71 250.50 1868.78 9.10 14834.30 41.50 14180.46 680.96 27.90 
94.00 10795.49 312.00 2611.93 10.70 19187.43 50.25 16456.01 705.93 28.40 
96.00 12655.27 379.50 3424.39 12.40 22683.87 56.50 18682.77 731.51 29.40 
98.00 14809.92 447.00 4285.62 14.90 25923.57 62.25 20510.59 757.72 30.20 

100.00 17237.76 519.00 8185.78 16.10 28393.24 66.00 21355.35 784.33 30.80 
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WATERRESOURCE UNIT 
DR RCH 4 GAGE 4 0 CITY OF FORT PIERRE 

RRUID * ACH4 WATERRESOURCEUNIT ID 
GAUGE - GAGE4 

DELTEL * 0.00 GAUGE ELEVATION OFFSET 
WSUTIT * CITY OF FORT PIERRE 

WATERRESOURCE UNIT BOUNDARYEPECIFICATIONG 
0 COMAHA so HUGH mIss SUBA CONGI 

DIST 
STATE 
COUNTY­
WATSHO* 
SIJASN 
CONG * 

OMAHACOE DISTRICT 
s oD 

HUGH 
MISS WATERSHED 
SUBA SIUaASIN 

CONGICONGRESSIONAL DISTRICT 

OS RECORD - RESERVOIR PROJECT 
08 OAHE OAME RESERVOIR 

RESID - OAMERESERVOIR PROJECT I0 
RESTIT - OAHERESERVOIR RESERVOIR PROJECT TITLE 

F6 RECORD 
FS 40 

FLOCO STAGE ELEVATION 

ZR RECORD REACHDATA - 063 PATHNAME 
ZR A-MISSOURI 8-ARCH4 C-ELEVATION-CURVES Et1992 F-URBAM.EXIGTINO 

URBAN - RESURBANDAMAGECATEGORYID 
RCONST - 180.00 RECONSTRUCTION PERIOD 

URSTIT - RESIDENTIAL 

URBAN - CON URBANDAMAGECATEGORYID 
RCONST - 180.00 RECONSTRUCTION PERIOD 

UROTIT - COMMERCIAL 

URBAN -
RCONST -

URTBTIT­

IND URBANDAMAGECATEGORYID 
160.00 RECONSTRUCTION PERIOD 

INDUSTRIAL 

URBAN . PUB URBANDAMAGECATEGORYI0 
RCONST - 180.00 RECONSTRUCTION PERIOD 

UROTIT - PUBLIC WORKS 

URBAN - OTHER URBANDAMAGECATEGORYID 
RCONST - 30.00 RECONSTRUCTION PERIOD 

URSTIT - OPEN SPACE 

WRUIO 
RCH 4 

GAUGE 
GAGE4 

COE 
OMAHA 

STATE 
sD 

COUNTY 
HUGH 

TOWN WATSHD SUBASN 
MISS SUMA 

CONG 
CONGI 

CMNTY FLOIST LEVEE CHANNL RESVR 
OAHE 

ELEVATION RES 
URBANPROPERTY 
STRUCTURES 

DAMAGE(JSO00) 
CON IND PUB OTHER 

40.00 
41.00 
42.00 
43.00 
44.00 
45.00 
46.00 
47.00 
48.00 
49.00 
50.00 
51.00 
52.00 
53.00 
54.00 
55.00 
56.00 
57.00 

0.00 
0.00 
0.00 
0.00 
0.00 

364.77 
1986.39 
3387.90 
4636.84 
5771.99 
6741.48 
7518.36 
8248.89 
9000.75 
9829.69 

10812.97 
11411.86 
11867.18 

0.00 
0.00 
0.00 
0.00 
0.00 

49.50 
120.00 
163.50 
190.50 
214.50 
220.50 
223.50 
229.50 
235.50 
241.50 
247.50 
252.00 
255.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

1778.78 
3462.66 
4007.06 
4910.66 
6020.00 
7156.04 
7974.20 
8261.72 
6435.23 
6690.9. 
0961.81 

9129.74 
9295.90 
9456.24 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.03 
0.10 
0.64 
1.31 
2.12 
3.07 
4.15 
6.37 
6.76 
6.29 
0.96 

11.77 
13.73 
15.79 
17.98 
20.27 
22.67 
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WATERRESOURCE UNIT 
OR r,. .l GAGE 4 0 STANLEY COUNTY06 OF FORT PIERRE 

WRUI0 
GAUGE * 

OELTEL 
WRUTIT 

RCH 6 WATER RESOURCE UNIT ID 
GAGE 4 

00.00 GAUGEELEVATION OFFSET 
SSTANLEY COUNTY0D OF FORT PIERRE 

WATERRESOURCE UNIT 
O OMAHA 60 

8BOUNOARYSPECIFICATIONS 
STAN miss SUBA CONGI 

DIST * 
STATE 
COUNTY 
WATSHO* 
SUSASI 
CONG -

OMAHACOE DISTRICT 
I D0 

SSTAN 
MISS WATERSHED 
StJBASWSASIN 

CoNGt CONORESION.AL DISTRICT 

06 RECORO - RESERVOIR PROJECT 
06 OAHEOAHE RESERVOIR 

RESIO - GAHERESERVOIR PROJECT 10 
RESTIT - OAHERESERVOIR RESERVOIR PROJECT TITLE 

FS RECORD 
FS 40 

- FLOOO STAGEELEVATION 

ZR RECORD - REACH DATA ­ 065 PATHNAME 
ZR A-MISSOURI S-RCw 6 C-ELEVATION-CURVES E-1992 F-AG-EXISTING 

CROPID -
CROPAR -

WHEAT 
20.00 % OF REACH PLANTED 

CROPID -
CROPAR -

OATS 
21.00 % OF REACH PLANTED 

CROPID -
CROPAR -

MILO 
50.00 %. OF REACH PLANTED 

WRUID 
RCH S 

GAIUE 
GAGE4 

COE 
OMAHA 

STATE 
60 

COUNTY 
STAN 

TOWN WATSHO SUBASN 
miss 8USA 

CONG 
CONGI 

CINITY FLOIST LEVEE CHANNL RESVR 
OA.IE 

ELEVATION 
CLMULATIVE CROP 

AREA WHEAT 
AREA (ACRES) 

OATS MILO 

40.00 
50.00 
60.00 
70.00 
80.00 
00.00 

100.00 
110.00 
120.00 
130.00 
140.00 
150.00 
160.00 
170.00 

0.00 
578.00 
580.00 
580.00 
580.00 
880.00 
580.00 
580.00 
580.00 
560.00 
580.00 
580.00 
580.00 
580.00 

0.00 
167.62 
168.20 
168.20 
166.20 
168.20 
168.20 
168.20 
168.20 
168.20 
168.20 
168.20 
168.20 
168.20 

0.00 
121.38 
121.80 
121.80 
121.80 
121.80 
121.80 
121.80 
121.80 
121.80 
121.50 
121.60 
121.80 
121.10 

0.00 
280.00 
290.00 
290.00 
290.00 
280.00 
200.00 
290.00 
290.00 
290.00 
290.00 
290.00 
290.00 
290.00 
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WATERRESOURCE UNIT
DG RCH 7 GAGE II 0 HUGHES COUNTY,06 OF PIERRE 

RUIQ - R04 7 WATERRESOURCEUNIT 10 
GAUGE * GAGE II 

GELTEL 0.00 GAUGE ELEVAT:ON OFFSET 
WRUTIT * HUGHESCOUNTY, 0S OF PIERRE 

WATERRESOURCE UNIT BOUNOARYSPECIFICATIONS 
0o OMAHA sO HUGHD MinS USWw ComGI 

GIST 
STATE * 

OMAKACOE DISTRICT 
SO 

COUNTY­
WATSHO* 
SUSASM• 
COMO * 

HUGH 
MISS WATERSHEO 

185mSUOASIM 
CONG1 CONGRESSIONALDISTRICT 

06 RECORD - RESERVOIR PROJECT 
06 OAHEOAHERESERVOIR

RESID - OAHERESERVOIR PROJECT IDRESTIT - OAHERESERVOIR RESERVOIR PROJECT TITLE 

FS RECORD FLOGOSTAGEELEVATION 
F8 20 

ZR RECORD REACHDATA ­ 068 PATHNAME
ZR A-MISSOURI B*RCN 7 C-ELEVATION-CURVES E-1902 F-AG-EXISTING 

CROPID ,
CROPAR -

WHEAT 
18.00 . OF REACHPLANTED 

CROPID . CORN 
CROPAR ­ 36.00 ' OF REACHPLANTED 

CROPID -
CROPAR-

OATS 
14.00 % OF REACHPLANTED 

CROPID -
CROPAR -

MILO 
10.00 % OF REACH PLANTED 

WRUID 
RCH 7 

GAUGE 
GAGE 11 

COE 
OMAHA 

STATE 
so 

COUNTY 
HUGH 

TOMW WATSMN SISASN 
MIss am 

CONS 
c I1 

CiTY FLDIST LEVEE CHARM. RESVR 
OAHE 

ELEVATION AREA 
CUMULATIVE CROP 

WHEAT 
AREA (ACRES)

CORN OATS MILO 

20.00 
30.00 
40.00 

0.00 
789.00 

1775.00 

0.00 
142.02 
319.50 

0.00 
284.04 
63..00 

0.00 
110.46 
248.50 

0.00 
78.90 

177.50 
50.00 
60.00 
70.00 
60.00 
90.00 

100.00 
110.00 
120.00 
130.00 
140.00 
150.00 
160.00 
170.00 

2815.00 
3459.00 
3984.00 
4448.00 
4597.00 
4680.00 
4780. 00 
4855.00 
4930.00 
5046.00 
5126.00 
5190.00 
5226.00 

470.70 
622.62 
717.12 
600.28 
627.46 
844.02 

6O0.40 
673.90 
886.48 
908.64 
022.68 
034.20 
940.68 

941.40 
1245.24 
1434.24 
1600.50 
1654.62 
1668.04 
1720.60 
1747.80 
1776.96 
1817.28 
1845.36 
1868.40 
1681.36 

366.10 
464.26 
557.76 
022.44 
643.68 
866.46 
60.20 
679.70 
691.04 
706.72 
717.84 
726.60 
731.84 

261.50 
346.90 
398.40 
444.60 
450.70 
468.90 
478.00 
4865.60 
493.60 
504.80 
512.60 
519.00 
522.60 
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WATERRESOURCE UNIT 
OR RCI S GAGE I1 0 STANLEY COUNTY,DS OF FORT PIERRE 

WRUIO - RCH 4 WATERRESOURCEUNIT I1 
GAUGE - GAGE It 

DELTEL - 0.00 GAUGEELEVATION OFFSET 
WJUTIT * STANLEY COUNTY,0 OF FORT PIERRE 

WATERRESOURCE UNIT SOUNOARYSPECIFICATIONS 
08 OMAHA so STAN MIss SUBS CONGI 

DIST * 
STATE 
COUNTY 
WATHOD 
84AAN -
Como 

OMAHACOE DISTRICT 
soD 

SSTAN 
MISS WATERSHED 

Um* SUINSASIN 
CONGI CONGRESSIONALDISTRICT 

Do RECORD - RESERVOIR PROJECT 
06 GA14EOAHERESERVOIR 

RESI0 - OAHERESERVOIR PROJECT 10
RESTIT - OAHE RESERVOIR RESERVOIR PROJECT TITLE 

FS RECORD 
FS 30 

FLOO STAGE ELEVATION 

ZR RECORD - REACHDATA - DS8 PATHNAME
ZR A-MISSOUAI S-RCH 8 C-ELEVATION-CURVES E-1962 F'AG-EXISTING 

CROPID -
CROPAR­

WHEAT 
29.00 % OF REACH PLANTED 

CROPID -
CROPAR­

OATS 
21.00 % OF REACH PLANTED 

CROPID -
CROPAR , 

MILO 
50.00 % OF REACHPLANTED 

WAUID 
ACH 4 

GAUGE 
GAGEIt 

COE 
DONA 

STATE 
SO 

COUNTY 
STAN 

TOWN WATUHO SUBASM 
miss SumS 

CONG 
CONGic 

CMNTY FLOIST LEVEE CHANNL RESVR 
OAHE 

ELEVATION 
CUMULATIVECROP AREA (ACRES)

WHEAT OATS MILD 

30.00 
40.00 
50.00 
60.00 
70.00 
80.00 
90.00 

100.00 
110.00 
120.00 
130.00 
140.00 
150.00 
160.00 
170.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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WATER RESOURCE UNIT 
OR RCH 0 GAGE 11 0 LOWER BRULE RESERVATION. STANLEY COUNTY 

WRUIO * RCH S WATER RESOURCE UNIT I1 
GAUGE GAGE II 

0ELTEL 0.00 GAUGEELEVATION OFFSET 
WRUTIT * LOWER VAlLE RESERVATION, STANLEY COUNTY 

WATERRESOURCE UNIT 
0 OMAHA SO 

bAl.OARY 
STAN 

SPECIFICATIONS 
MiSS LOWU C0101 

DIST , 
STATE• 
COUNTY* 
WATSHO-
5LAN8 * 
COmG -

OMAHACOE ODSTRICT 
SO 

STAN 
MISS WATERSHED 
LOWU WISASIN 

CONGI CONGRESIOCNALDISTRICT 

OS RECORD- RESERVOIR PROJECT 
O8 OAHEGAMERESERVOIR 

RESID - OAHERESERVOIR PROJECT I0 
RESTIT - OAHERESERVOIR RESERVOIR PROJECT TITLE 

F$ RECORD- FLOOO STAGEELEVATIONF8 20 

ZR RECORD REACH DATA ­ 068 PATHNAME 
ZR A-MISSOURI S-ACH 9 C.ELEVATION-CURVES E-1802 F-AG-EXISTING 

CROPID -
CROPAR­

WHEAT 
20.00 % OF REACH PLANTED 

CROPID -
CROPAR­

OATS 
21.00 I OF REACHPLANTED 

CROPID -
CROPAR ­

MILO 
50.00 % OF REACH PLANTED 

WRUID 
RCN S 

GAUGE 
GAGE 1t 

COE 
OMAHA 

STATE 
SD 

COUNTY 
STAN 

TOM WATODi 
MIn 

SIUAIN 
LORU 

CONG 
COGII 

CUiTY FLDIST LEVEE CHANIML RESVR 
OAHE 

ELEVATION AREA 
CUMULATIVE CROP 

WHEAT 
AREA (ACRES)

OATS MILO 

20.00 
30.00 
40.00 
50.00 
60.00 
70.00 
80.00 
00.00 

100.00 
110.00 
120.00 
130.00 
140.00 
150.00 
160.00 
170.00 

0.00 
638.00 

1730.00 
2281.00 
2823.00 
3274.00 
3368.00 
3374.00 
3374.00 
3374.00 
3374.00 
3374.00 
3374.00 
3374.00 
3374.00 
3374.00 

0.00 
184.15 

D01.70 
601.40 
618.67 
949.40 
976.72 
976.40 
978.46 
978.46 
978.46 
978.46 
978.46 
978.46 
978.46 
978.46 

0.00 
133.35 
363.30 
470.01 
592.63 
687.54 
707.26 
708.54 
708.54 
708.54 
700.54 
708.54 
706.54 
708.84 
700.54 
706.54 

0.00 
317.50 
U66.00 

1140.50 
1411.60 
1637.00 
1884.00 
1687.00 
1687.00 
1687.00 
1687.00 
1887.00 
1687.00 
1657.00 
18"7.00 
1687.00 

APPENDIX D 106
 



WATER RESOURCE UNIT 
OR RCN1OGAGE1I 0 CRO CREEKRESERVATION, HUGIHESCOUNiTY 

WRUIO RCH1OWATERRESOURCELIMIT10 
GAUGE * GAGE11 

DELTEL - 0.00 GAUGEELEVATION OFFSET 
WUTIT *CROW CREEKRESERVATION, HUGHE COUNITY 

WATERRESOURCEUNIlTBOUNDARY SPECIFICATIONS 
OS OMAHA so HUGH MISS CAMR CONGI 

DIST - OMAHACOE DISTRICT 
STATE - so 
COUNTY * HUGH 
WAYSHO * MISS WATERSHED 

USWAIN CROWSU.SBASIN 
Coma CONGICONGRESSIONALDISTRICT 

08 RECORD-RESERVOIR PROJECT 
DOS OAHEOAHE RESERVOIR 

RESID - GAME RESERVOIR PROJECTID 
RESTIT - OAHE RESERVOIR RESERVOIR PROJECTTITLE 

FS RECORD-FLOGW BTA1 ELEVATION 
FS 10
 

ZR RECORD -REACH DATA - 068 PATHNAE 
ZR A.MISSOURI 3-ACH 10 C-ELEVATION-CUAVES E-1992 F.M-EXISTING 

CROPID - WHEAT 
CROPAR- 18.00 OF REACH PLANTED 

CROPID - CORN 
CROPAR- 36.00 'aOF REACH PLANTED 

CROPID - OATS 
CROPAR- 14.00 'aOF REACHPLANTED 

CROPID - MILD 
CROPAR- 10.00 'aOF REACH PLANTED 

WRUID GAUGE COE STATE COUNTY TOMW WATSHO SUBAIN CONO CUITY FILDIST LEVEE CI4ANNL RESVR 
RCH10 GAGE11 OMAHA so HUGH miss CRON cowlI DAHE 

ELEVATION AREA 
CUMULATIVECROP AREA (ACRES) 

WHEAT CORN OATS MILO 

10.00 0.00 0.00 0.00 0.00 0.00 
20.00 026.00 146.6N 297.36 115.64 62.600 
30.00 2363.00 420.34 160.6111 330.82 236.30 
40.00 4060.00 730.60 1461.60 561.40 400.00 
80.00 5563.00 1001.34 2002.68 776.82 558.30 
60.00 7550.00 1350.00 2716.00 1067.00 755.00 
70.00 8874.00 1597.32 3104.64 1242.36 887.40 
60.00 10116.00 1820.60 3841.76 1416.24 1011.60 
90.00 11416.00 2055.24 4110.48 1598.52 1141.60 

100.00 11"86.00 2136.24 4272.48 1661.52 118"6.0 
110.00 11989.00 2158.02 4316.04 1678.46 1198.900 
120.00 12076.00 2174.04 4346.08 1690.92 1207.80 
130.00 12149.00 21608.2 4373.64 11700.86 1214.90 
140.00 
150.00 

12202.00 
12221.00 

2196.36 
2199.78 

4302.72 
4390.56 

;708.28 
1710.94 

1220.20 
1222.10 

160.00 12245.00 2204.10 4400.20 1714.30 1224.50 
170.00 12274.00 2200.32 4418.64 1716.36 1227.40 

107 APPENDIX D
 



WATER RESOURCEUNIT
OR RCHi! GAGE 11 0 LOWERSRULE RESERVATION, LYMANCOUNTY 

NU.D , 
QAUJOE ' 

GELTEL -
WRUTIT 

RCH11 WATERRESOURCEUNIT 10 
GAGEil 

0.00 GAUGEELEVATION OFFSET 
LOWERSAULERESERVATION, LYMANCOUNTY 

WATER RESOURCE UNIT 
Do OMANA so 

OUNKARYSPECIFICATIONS 
LYN MISS LOAU CONGI 

0IST 
STATE * 
COUNTY* 
WATSHO 
SUBASN• 
CONG , 

OMAHA COE DISTRICT 
SO 

LYNN 
0M1SS WATERSHED 
LOWUSU1SASIN 

CONG1CONGRESSIONA. DISTRICT 

06 RECORD- RESERVOIR PROJECT 
0S OAHEOAHERESERVOIR 

RESID - OAHERESERVOIR PROJECT I0 
REGTIT - OAHERESERVOIR RESERVOIR PROJECT TITLE 

FS RECORD - FLOWOSTAGE ELEVATION
Fe 0 

ZR RECORD . REACH DATA ­ 065 PATHNNRAEZR A-MIS80UAU SHACHII C-ELEVATION-CURVES E-1902 PFM-EXISTING 

CROPID . 
CROPAR . 

CORN 
18.00 % OF REACH PLANTED 

CROPID -
CROPAR . 

OATS
17.00 %,OF REACH PLANTED 

CROPID ,
CROPAR , 

MILO 
87.00 % OF REACH PLANTED 

WRUID 
RCHII 

GAUGE 
GAGE 11 

00E STATE 
OMAHIA SO 

COUNTY 
LYNI 

TOMS UATSHO SJASN 
miss LUAU 

CONG 
coNma 

CTY FLOIST LEVEE CHAISL RESVRl 
RDSlE 

ELEVATION AREA 
CUMLIATIVE CROP 

CORN 
AREA (ACRES)
OATS MILO 

0.00 
10.00 
20.00 
30.00 
40.00 
50.00 
60.00 
70.00 
80.00 
90.00 

100.00 
110.00 
120.00 
130.00 
140.00 
150.00 
160.00 
170.00 

0.00 
526.00 

3%04.00 
5951.00 
7537.00 
8749.00 
9722.00 

10653.00 
11758.00 
13482.00 
14509.00 
15073.00 
15469.00 
15890.00 
16496.00 
16844.00 
17212.00 
17590.00 

0.00 
64.16 

500.44 
952.18 

1205.92 
1399.84 
1556.52 
1704.48 
1S81.20 
2152.32 
2321.44 
2411.68 
2475.04 
2559.38 
2630.36 
2605.04 
2753.92 
2614.40 

0.00 
S0.42 

541.21 
1011.67 
1281.29 
1437.33 
1652.74 
1811.01 
1908.86 
2286.84 
2498.53 
2562.41 
2629.73 
2719.32 
2804.32 
2863.48 
2926.04 
2900.30 

0o00 
352.42 

2133.2a 
3087.17 
5049.73 
5801.63 
6513.74 
7137.51 
7877.86 
9012.54 
9721.03 
10066.91 
10304.23 
10717.32 
1106l.32 
11265.48 
11532.J)4 
11765.30 
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WATERRESOURCE UNIT 
OR RCHI2 GAGE 11 0 CROWCREEK RESERVATION, HYDECOUNTY 

WRUID * RCHI2 WATER RESO9UCE UNIT 10 
GAUE GAGE 11 

•ELTEL* 0.00 GAUWEELEVATION OFFSET
 
UAUTIT* CR0 CREEKRESERVATION, HYDE COUNTY
 

WATERRESOURCEUNIT UOUIMARY SPECIFICATIONS
 
OS OMAHA SO HYDE Miss CRON ComGI
 

D1ST OMAHACOE DISTRICT 
STATE * SO 
COUNTY- HYDE 
WATSHO- MISS WATERSHED 
iL0ASN CROW8WUSAS1N 

DISTRICTCOMO CONGi CONGRESSIONAL 

Do RECORD - RESERVOIR PROJECT 
DS OAHE OAHERESERVOIR 

RESID - OAHE RESERVOIR PROJECT 10 
RESTIT - OAHERESERVOIR RESERVOIR PRGOJECTTITLE 

FS RECORD FLOOD STAGE ELEVATION
 
FS 10
 

ZR RECORD - REACHDATA - 058 PATHMAME 
ZR AUMISURI 8-RCH 12 C4ELEVATION-CURVES E-1992 F.M-EXISTING 

CROPID * M.EAT 
CROPAR - 29.00 % OF REACHPLANTED 

CROP910 OATS 
CROPAR - 38.00 % OF REACHPLANTED 

CROP D - MILO
 
CROPAR- 17.00 % OF REACHPLANTED
 

WRUID 
RCH12 

•a.JGE 
GAGE 11 

COE 
OMAHA 

STATE 
SO 

COUNTY 
HYDE 

TOWN WATSHO SUSASN 
MIss CROW 

CONG 
CONGI 

CiNTY FLOIST LEVEE CHANNL RESVR 
OAHE 

CUMULATIVE CROP AREA (ACRES) 
ELEVATION AREA WHEAT OATS MILO 

10.00 0.00 0.00 0.00 0.00 
20.00 
30.00 

14.00 
48.00 

4.00 
13.34 

5.04 
18.58 

2.38 
7.82 

40.00 
50.00 
60.00 

62.00 
77.00 
WO.0 

17.08 
22.33 
28.42 

22.32 
27.72 
38.28 

10.54 
13.00 
16.66 

70.00 
50.00 
90.00 

100.00 
110.00 
120.00 
130.00 
140.00 

140.00 
208.30 
255.00 
329.00 
406.00 
473.00 
553.00 
827.00 

43.21 
60.32 
73.05 
05.41 

117.74 
137.17 
160.37 
181.63 

53.64 
74.68 
91.SO 

111.44 
146.16 
170.28 
190.08 
225.72 

25.33 
38.36 
43.35 
55.03 
68.02 
80.41 
94.01 

106.59 
150.00 
160.00 
170.00 

605.00 
753.00 
803.00 

201.55 
218.37 
232.67 

250.20 
271.08 
289.08 

118.15 
128.01 
138.51 
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WATERRESOURCE UNIT 
OR RCH13 GAGE 1l 0 CROWCREEK RESERVATION, BUFFALO COUNTY 

RUID 
GAUGE 

OELTEL 
WAUTIT 

ACH13 WATERRESOURCE UNIT 10 
GAGE II 

* 0.00 GAUM ELEVATION OFFSET 
CCAM CREEK RESERVATION, BUFFALO COUNTY 

WATERRESOURCE UNIT 
an OMAHA so 

BOU•ARY SPECIFICATIONS 
UFF mIss CROW Cowl 

DIST 
STATE * 
COUNTY* 
WATUNO-
SOAS * 
CONG * 

OINAMACOE DISTRICT 
SO 

QUFF 
MISS WATERSHED 
CROA SUl81IN 

CONGI CONGRESSIONAL DISTRICT 

05 RECORD - RESERVOIR PAO0JECT 
06 OAHEOAHE RESERVOIR

RESID - OAHERESERVOIR PROJECT 10
RESTIT - OAHERESERVOIR RESERVOIR PROJECT TITLE 

FS RECORD- FLOOWSTAGEELEVATION 
Fe 0 

ZR 
ZR 

RECORD- REACHDATA ­ 068 PATHIMAM 
A-MISSOURI O-RCH 13 C-ELEVATION-CURVES E-192 F-AG-EXISTING 

CROPIO -
CROPAR­

WHEAT 
14.00 % OF REACHPLANTED 

CROPIO . 
CROPAR * 

CORN 
39.00 % OF REACH PLANTED 

CROPID -
CROPAR• 

OATS 
12.00 % OF REACH PLANTED 

CROPID -
CROPAR­

MILO 
25.00 % OF REACHPLANTED 

WRUID 
RCH13 

GAUGE 
GAGE 11 

COE 
OIAHA 

STATE 
so 

COUNTY 
BUFF 

TOWN WATSHO SUBASN 
MIss CROW 

CONG 
CONGI 

CUITY FLOIST LEVEE CHAMNL RESVR 
COAHE 

ELEVATION AREA 
CIUJI.ATIVE CROP 

WHEAT 
AREA (ACRES) 

CORN OATS MILO 

0.00 
10.00 
20.00 
30.00 
40.00 
50.00 
80.00 
70.00 
80.00 
00.00 

100.00 
110.00 
120.00 
130.00
140.00"150.00 
160.00 
170.00 

0.00 
182.00 
202.00 
321.00 
507.00 

1350.00 
2644.00 
5087.00 
6319.00 
6800.00 
7270.00 
7487.00 
7628.00 
7099.00
7756.00 
7818.00 
7864.00 
7901.00 

0.00 
25.48 
26.28 
44.04 
83.58 

186.00 
308.16 
709.38 
684.66 
065.86 

1017.80 
1046.16 
1067.92 
1077.86
1086.84 
1004.52 
1100.06 
1106.14 

0.00 
70.U 
70.76 

126.19 
232.83 
520.50 

1100.16 
1976.13 
2464.41 
2860.61 
2836.30 
2919.93 
2974.92 
3002.61
3024.64 
3040.02 
3086.06 
3081.30 

0.00 
21.14 
24.24 
38.52 
71.64 

162.00 
341.28 
600.04 
758.28 
827.86 
872.40 
60.44 
916.36 
923.88
030.72 
0m.le 
043.6" 
048.12 

0.00 
48.50 
50.50 
60.26 

140.25 
337.50 
711.00 

1266.75 
1570.75 
1724.76 
1817.50 
1871.76 
1007.00 
1024.75
1030.00 
1054.50 
1066.00 
1075.25 
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Analysis Program Input Onto 

TI MISSOURI RIVER 
T2 OAHEDAMTO BIG EN0 DAM IN SOUTHDAKOTA 
T3 TEST INPUT DATA FOR USE IN THE OMAIADISTRICTS AS 
Ji 1 0 
JE 02JUMB3 10JUNG3 
P8 OAHE 100 
TA T.•ACE ALL 
EJ 

111 APPENDIX D
 



0 I- Na
 
aU Z 0.-4
 

(1)W UZ a
 

ax QW.cc .a
 

500U -Pýa 

(*fLWO)>.­
x 0 (b 

x 

CLl-ix LI 
(Ux 

a a 

a aj 

az a 
aw V 

a 

aCL 

al- aU 
I.- N
 

aiw c
 

APPNDI a 1 



cc) 

I-C ; : C 

S0 000000000 

0 U) 

z c 

>4 H 

"0 000.0.00000
 

"CCz m
 

0. LA 

U)40 00000 00 

0 0)C )0)C )0 

zzzzzzzzz 

CYJV) It U) (0 I- OD00 

t') W LO(D0f1O-0)0 ~­
IL) U) IL) U) W) W) W) (0(0 

113 APPENDIX D
 



ccW
 
0&J 0000000000000 0 0 0000000000000 

z LLALli zF5 F 
Ma 008000008008000 0000000000000
LLJ W 00 0ooooaoco 000000 co00 000000 00000
 

I.-­

zo0 0=4F 

00
 

ic-0000000000000 000 00000
 
000 0000000000000 0(0 000000000000O0
 

00 *00
 

ui_, 000000000- - 000000
 
Z<o ooooooooo
 

co§U I U § 

LU LU W­

00 

a0 ooooooo 

oc) 000000000000 aJo 0000000000000 0J 
000coooo 00 000000000zj0 C 0* 0* 0*~ 0'(r 0' 0,or 0' Z' 

0 -0-- U -Cc 46Y- ­

1.-
 ;3! 

Mm X- > 000000Q000000 2 . 000000000000
 
LU ý-J 0000000000000 i-0 000000


0 0U ~ -¶J)I( 

-O r .-- - - - ­

0
 

Z L 0000000000.CJ0 1.-I 00-0)00-C00000
 
D.~ 0rw 0 ------­

0
1.01
 
WI
NU- N 

APPNDI D11 



W 
>9~~~ 

U 
~ ~ 

0000000000000 

00 00 0 00 0 

coooooooo< 

0LU 
a 0000000acoa000000000

0000000000000 

cocccoocc 

go 

LU 

000000 

c0000000O000§v) 

I0w 

10 

0000000000000 

0000000000000 

000000.00000 

I-I-

o 

1 

cc 0 

z -~0 

-~0000000000000 
00000000 

0000000000000 

9 

0cc~~O 

LU 
0 

0000000000000 
0000000000000 

zo 
oz
00 

Q0 
0u 

§LU 

000000 
0000000000000 
0000000 

0 0 
U 

000000
0000000000000 
000000 

rcoU) 

Lo 

L! 

U)'-< 
Z LU IZ 

LL!ý 
co(

LU 

0 

0-00 
000 

0000000000000 0 -00 0000000000000
00000000 

I-C 0 cr 

:3m 
0ýqo 

=~-0000000000000 
0000000000000 

zo23 we bo0 

0I-g 

0 

MLI 0000000000000 
0000000000000 

41SC)SD I 

~ 
I-

Lul 

0 

LU 

99999999999 

00000000 

CVU 

-j 0 0 000 

0000000000000 

-0--0 -1 

a-

S 

1501 

0 LU 

LU 
z-

I N , W Dr 

r 

OD ) 0 
-

-, 

NCO 
- -

C.9qO(( 
cc 
0 

LU 

LUJ 4cq-0.-C'cJ 
z I... 
01 

)c 

.C('JfC 
--­ ~---­

ýO 0 

115 APPENDIX D
 



ISO:
 
ww 

w44 

I­
000000
 

00000 4-

t-- 0 0 LUC­F6693
F : 

0 0001
 
0 a0 

0 * 

U)W o 0 0 4 Ij 

U) 000 a=1FI00.
 
x ~~ ~ c ir. 

mm 4 0 0
<0 Lug .< . .-.
uJ 00 : L " 0 0 

00 4Uit L
 

0 000 4
U) W . . . .WIL 4U 

44 4 00 

APEND D) o116 



LU 
-r 0 000000 0000000000000 

z i I SL 

LUL -ILUL 

0 I 

> 

cco 

00000Q0000000 

.u-LU 

o o 

0 

1 

-J 

iccr 0oo 

0000000000000 

00 0 00 0 0 

it 

b-44 

O- 0000000000000 0 3r - 0000000000000 

U0 

ZI-

zC 

wo 

1J00000000000000 

0000000000000 

00 oO Owooo 

0J 

0Lu-

00 
0000000000000 

00000000666600000 
o o o 

O.K00000 

x CO I-
0* 0 

I­

M 000000000.00.0 
00 00000000ac 

0.r 
0 

0000000000000 
U)O0000000000000 

0J 
I­

0w1=4 o z 

C3 
cc4 01c 

C L 

; 

C 
01 

0PEDI 11 



> 0 0000o
LU 

U..81 
z 4 

~Co.- 0000880000000 
i ~ 0 000O0O0000000 

LU IS
 
>U -


COc 0. 

0 . 9.999. 

0 00000000 00 00 0
 
049 

L 00000000 0000
 

Wo oooo9o 


Hoooc
 

wI " 

o Iwo 0000000000000
 

I-m
 

CO3
 

MWLU 0 0 0 00 0 0 

0 m-D 0 .- 00000000c000 


C-)­

U'l~ 0000000o000001­

MU 
 OLCUO U3~
 

cr ------­
0
 
cl) 

US.' N-V-t--( r M r 

APPENDIX D 118 



Z 

0 008 
W00~0 

4 

4 
1 

3 aO 

goo
0 

4 

""I' 
080 

LUL 0 

46 

0 

0 

LL 
(9 ooa 

0)) 

1--

U 

00.0'-00 

0 

00C0-C 

0 

; 
4i 
4. 
41 

0L 

0 

LU 

a 
0­

I0 
4 
4 

4r 

0i 
I
Z0c 

r CLU 

000 

0 0 
000 

0 

m'00) 
cocaaa 0 00

0.'-) 00 

; 

0I
0
IU 
C 4LU 

COW
0.'a 

CC ; I-
4w6C 

M40 

m 
4C 4 

cc 

0 WOO 

"LU 
00 

c 
4coo 
4 

w 
'40 

4 

4-
0 00 

0 

C,'- w I 4 I -w 0 0 

ZU 41 4l '. 

0 CO.'-L 
u Iu 000 

IL 4cc 49 -

qt. 

00 

< 

F 
m 

4t 

41 

41 

L 

0. 0 -1LU 

0 

1-!iI. 

m 

4O 

44 

0 

CR L - C 

§ 

L 

4r LU 
4I--

0 
w 

119 APPENDIX D
 



CCw 

Wa 

Cc 

2U 

UU)
 

00
 

Z< cc 00wommw*mMOc

coC) OO O ~ ~ oo o m o 

V.) 

w cooP000 U) 0 000a 
z ...... ww oo wo-o
 

O0000VO00 )C)0M=Cd 3 Cd) 0 V C) o0 0 0 

0 W- 00 '-%CM)CINON) tc 0 0O t W) -C4 

3rr
 
0 0 

co) 

~~~~ 0;S~ 1 ; C; 4 U)6; ;C i4 C N4 

ai­

00 00u00 00 

Cc 

luxJ 0 N OO N 00 N 0 

D "uJDI 0---PPQ 12000) 



z 

LLu 
LuA 

Cco 

00 l 

CO )0000000000)00000000 

88300800owwwo F 
CD-' 

0 

LU~ 

~cc 00 

~ I 0IV)C)f-1 

0000000 

OW 

of-- 000Ifl0 F) 
LL,-

ICl) 

o0 00 0 00 00 0 

L) LU 
00W6; 0044 c; 64 

(D(D1or-rP-1ý-r- c-o 
t 006 

o Doooo) 
4(60;0

)a 
I 
0)0 

z - - -- I­
I­

121 APPENDIX D
 



Lu 

cc 

z 

Lu 
LU 

LU 
-j 

LL, 

U. 0 

Cc 0- 00000O-0 QU)Wr-g..w(00 
CL 0 

CZ)Cj (d)0,p 

a~ (a
x~ cc 

s-CD0 00 ua-..w o 

I- I- O O N ~ o rr- o­

Z:3 3 -- (E)4 
:Cxca000 ( l) 

0 c 0OCOOMMOOONomooo 

00000-0000000"000 ... JýWcm O01410001s0 C 4 

CS,a V * c 0I)r 

APPNDX D12 



-J z 

I­

0U
 

'-4u 

C0 

z U00000000000000000 

LI­

0 (oo00 MOO- CO4IN MOY- -i-W 

I- I 000-1 C 0V D­

LU M00 WWOVWOCNcDO 

U)e0 

-1 

U'l­

leU 

5-4 - 04I )I t CD -C I O(Dr.D0~ý a 
0 cD) -J Z - - - - --- ­

mmN m 

123 APPENDIX D
 



crLU 

-j

I 
LU 

z 

0 

0 0 

2gW; 

.- 1--0 

UJ 

iaC)0Nt. 

0 0 0 0 0 0 0 

0Q0 ot0"00Ncv0000 
Q W-kov-00 C'JC'f.- 4J 

.4 ) nVC)C 

0 

m-a0o~ 

U -

CL 

0 W 0~ W; W)0; M*W*N, .* N* 00 

uJ CV 

0 

CL 

a-

1-4 

00 

04 - 4 oft0-M0 

APPENDIX D 124 



LU 

I 4 

LU 

LU 
LU4 

w0 

L 

0000 

IU 

4 

49 

4 

I-. 
IUCL-

4O 

0 
93 

CL -

o

~~~C00,gC) 
(Ofl)C~

cmWO* 
4 

Z 

4~ lo1.0400 
w0 

D 0 

00010 

000 

0-
w 

w 
4o 

W( 

2< 

I-U 

<4 

ca~C 

mm 

1)LJ 

I.I.-

4-

4L 
it4": 

) 

nLu 

00 0 

1U900000 

C ;8C ; 

4 

14 
C 4 

4 

=0 

3" 

P-0 
O 

1:6( 

0 
LU 

X 1-- 1 IflWCO O 
10 W1)00) C 
0-W.............. 

4 

z~ ~LU( 
X~W o*.WO

u-00 

r 

LUD0
I -ca < 

LU 
'-

I--

0 to 

~ 
LU
cc4 

4 ~ 

49n 

*cc 

I-- nW)000 

-W )00 

41 C.0 

1­
0 

4 

4,WIC 

LU 4LU4 

4icf 1.4 a LU 

0o 
1. 

4o 

00 

ioc 

0CONCO W 

L0 -I0I)W­

0V 6w c125 APPENDIXCcD 



LUJ
 

-LJ
 

LUI
uJ 

-J 

I-. 

z I. 

02 

U l 000000N0000000000 

qq ccoooooooo 

w 0)000000000O00O0o000 

z 0 00000~00000OO000 

M~Cl x L) 0000000N0000000000 

0 -CCO 00000)O0t0000000000 

LLU 

o~ VVVVV*V0 ow Ing))000000 

LU 0t 
I-Cl -r 

LULUo 

0 

APPENDIX D 126 



w. 

-i 
2 

I 
wj 
w 

LA. 
co ca 00000000000000000 

b.4 ooo000o0o0o0o000000 

00 

=00 00000000000000000 

Z< 'IU18 C;I:ii I 
12 APENI D0 



-jz 

w 

-j 

I.­

0 

(0 000000000000 ~0000 

I- I­

0-0 

oz 
00 

C. 
U.J 

ccQ c co oe 
0m r- 0 (CM 0 

0 c 

000 
Z 0 

0a-4 

mx 0 0L 0~00Or0000000O00O0 

0 1CCO 000(DC'00'000000000 0 

P- 0 CM 

I--­

00 m (v4*40000000000 

mw) 
SI-4;i0 60 ;, ;4W 

0 A -YV)1W0 ( -C 00 C ) I 0I­
a z(* z 

x4 
a- ).000CJ4f( 

4 ~ lfU 

APPEND] XD 128 



-J z 

I 

-j 

(­

0
-j
IL 

(O 

0 
0 

(o 

-
U­

00000000000000000
oooo00000000000000 
0O00666666666666000 

(O 

m 
ca 

w'U-
~C,0 

-044 
" -

it 

00000000000000000 
00000000000Q00000 

(a( 0000000000000000 

mm 34 - 00000000000000000 

0 WOO 00OO000000000000000 

i5 I.­

w qt 

0 

M~ 
a-

IU 

cc - : ;4t ý0 ;129 APEN I D6 



w0 
cc 

LU 

LU 

U.4 
0 C 

LL.. 

z 
0 t) 

000c000000 

0.-0 

a. 

U) 
0 

LU 
cr 

OO0000000088880808880 

10­

0 CO) 

MR LU-. 0c a)0 O 0 OO 

LU 0 q 

00 0o000000000000000 

9 u2ii 0U 

0 I 

U, LU 4* m *W 4, .4 4.CD 4 * U) 0 1 
v ao 9 

mm 114 

20~ OU 

APPENDIX D 130 



-J L 
00000 

0000 
0 

0 no 0F00000 

LU 4 4 

'-j 

I-. 
I-. 

LU 0 
ItC00 ; 

490 
0L-

II 
- -

ý 0 
90 

40 
0-

I-a 

C3 

0(0010 
.. 

0(00*
W4 
It4 

0(000 

o0(00 

. 

14 
it 

wI 000 
LU 0000 

I4 

VO 

0(t) 

00U 

1UC 

U 

4 

104 

4 

0
L 0 

ui 

00000
00000 

JCo00 

4% 

4 

4L 

0 

wo. 

000 

40 Z 

uiLU 4-LU 

xý 0000D 
........... ..... 4 

0 

WOi 

0 

LI. 

LU 

IL 

4 

4 

4UJ 

L 

C 

m-

LU 

0. 

F0- 00000 

.4 

IS 

D 

4U 

41 

.­ (* I-000 

'-O 0 

Cc- Icr 
100. j 

IL w tC IU 

It IU 4 

Lu i 

0Im 

LU cc LU 

.)< 

Ul'-4UU 

cc (0 
'-'Lm 

4U 

It 
4. 
4 0. 

U 

I---

<r 
MC) 

0 

U 
-~LU 

I-4­

06~ -C 
U -.J 

0 coW 

4L 

4c 
4 

4U 

m-

ccl 

o 

COO 
W-

ccI-

cc 

0 L 

0 
00- L 

LU­~ . 
D L' -i
I--ULL 
Q 

It4 41 ~ I--LU 
C 0. 

131 APPENDIX D
 



cr 

0 

coo 

ILL 

Mw000000000000 
W~~L 

oo oP- 0 0 00 0 0 

0 

LL~ 

P-000000000000 
0'O0O000000000000000m 

i c dCC;c oooo;CC;;C 

l 

z 

>00 

*r 

r 0 

* 

mw- ~oooooooooo 
0000000000000 0 

c 

U5 

j 

Cc 4 

t'00000000000 

000000000000 

N 

0 x 

2 

oo 
;D'IJ0000000000N0M00000 

0000000000000 

0 

00 0 

0 M000000000000 m0 toooooo 

z~0-J~Or 

0u000000000000 

9666666666666 

I-00000 

0) 
Lu 

cc­

oco 
000000000000O0 
00000000 

C>%J0OCNDO0C%( 

N-UO 
2-t000000 

0-000000 
ý 

APPNDI D 3 



II000000000000 

) LU 0M000000000000
UO>w 0 


z 

C04l 
I-z 

>n000000 

I­

2O 

0-­

co 
'Z-L 

U) 

0 

U 

0 

>U 

0twr000000000000 
0000000000000 

N 4 I f 

M000000000000M 

CO-O 0-'~ 

l 

r 
I 

04 

13UPENI) 



0-A 00 0­

ccco 

Wu 
CC 

§ I *u 
o- a 
CC 

w 

a-

oIj 

xI--a 
00.4w 
cc to 

(YV)r-1r 4'm 

9 tG4VFL I.--­
4 00 

We F 
0 0. C.-" 4 

cc 4(0 4 

~00 
co 

I 
444) L 

wi~I!~
0' 0 ~0 

I S" 3" 

0- W1 00 CLO 

I 0 

ItC 0 

L a4 
4LU 4 

4 C 
6. 

I--- t 0 cc 

I IL 

00 

LL. V 0 
0 O-U)41 z 

I-
0 

WZI--
00 
WUL 

0 
5 41 

4j 
0. -1 LL 

o3 Iu )w I1 
Io 

04rit* ~0LAO 
= 

49 41 l­
1404 
mm 

4 
4 

r 

0 
WW 

-40 41 Ic 

"APENDMIX D 134 



0L 

cc 

CWI0O(0080000O0000 

w c~tý 0cv)000 0 
-- -

0 0 0 0 w 
O 

Lu 

;3 .-

3:u) 
.J0 

I-.­

I-O )~.0 

owc-mmwoooooooo 
*00000000000000 

O O O 

0 

0 NWONOOOOOOOOOOO m0 

oL 

oU 

I-C 

V 

v 000C'00000000v 

- oW O 

CO) 

?000,00000000000 r.­

I-O0000 0 00 0 

= 
0 N 

00 
ui 

CL 

Z 
1-

fl. 

Lu 

LuI -
00Z I 

N 

owt 

00-0~''~ 

O-NC0000fl 
- - - r r -

0O 

999P99N99990 13 D 



LU 

1-3 ~L- . 00 ()00 0 

2 2j 

CO) .~.rV)yoooo 
... .. . . . . .LU C 00O 00ooo 

N Wf CM 00 00 00 

oz 
00
 

ui o OC I-00000 

owo ~ oec 

CL~ 

XCIs 
Iz C

:Z flU-= -- (OVOM - 00000000 
00 10 00 0 8 Cc.00 

00 

UI-I
9- F
 
LuU 

00­
00 0 0 0 0 0 

Cc0 00 0 0 00 . 

APENI D c 136~Jv.uQ 

http:136~Jv.uQ


LUU 

UJC m M 0 O000000000 

-LJ 

> 0 ~00000000000000 
LUU 

LUL 

LU & 

z NMNN~-0000000000 

UL 

13 wD'00(DLO000
 
(D <0.tlD~ 000
 

z LU 

z L 

ZOA- MWVMDWW000000000 

j0 00 00cc00 00 
LLU ­

CLUL 

:)m0J W Wv -wooooo -o N­

LLI­

0 LU 

0U ZO CM W) (0-fý CO0)0 C r 

137 APPENDIX D
 



LUU)1 ýW
 

cc coc 
 c
 

LL~
 

w 0 00 0000000 

-JI 0800 

>O -J. 
 F;;;ý~;;ý;;;;cc 
0 Z
 

z C) 

oz
 
Uo
 

C 000000000000008 
 0~
 
w )( Vi)C 4)0 oo0 0 0a 

-I-


(a QVIC104-C00o000ooooo
ho 00 0000000O00o
 

00
 

wow
 

LU.' 

h 0 00000MO00O000 Ooo 
0 w000000000o000 .
 

00 6 ;C ,0 ,0 ~.0- 0- a--0-0­

1--w­

z000000000000000
 

LUiO 
 O~ oo o o o
 

0 

APPENDIX D 138 



0-0000 4 WJO­

49 Iu Im 4i 

CC 4 

4L 4LULU 

cc 4W4 
CI.. i Lu 4a.- 0. 

z 0a )000 0 
4 1- 0000
 

0 1-3 COCY CO)t ~ I-4 LU 00
0 N 

-1 00 C. r~I-I CAI 00 

U. WO -j 0LL a0 L 

0r * ;3 "_
F4 C-a..- cca.. 

zm4 

U) ~ 0U) 0000 0 WO 

40 cccW 

1I-I6- C-4IIl m: 0. 

00 co r- 4
 

~ ~ 0"14L
 

= ! (O (ON4( V ccx 
LLJ 

coID 1 4 

CL 4 CL4 49 f 
LUQ 4L W- 0-0W 

4i W I-I a V­

V) LUW . . . . 0 OW 41 0 

am ~ d m- 4WW 4 x
 

(a coV)WUG O-No CC~ Fr0V I W C 

L j I1 4 I 

m L" I. 4r 4 

94 -
49 

4 4 1-4 coU0 

U)~V 4" 0 L -1 8 

1-4 0< 1-4 444
 

x " 00) LUiLuL 
Q

cr) 0W
f 0 c 

0 41 9 10 

139 APPENDDIXD 



"U's 

22R00900000 

uli 

w u 

-1 
U. L 

o c F 
0 000000000000000 

0 000080000 

.10 00000000000000 

§Uj F 
=w'-

Z F8000080 
cc a00-h0.~u . 

D U) =L> 00000000000000 
0 u 1-0 00000000000000 

LuL0cc)wIguf 

00L4u 000006666666 
 P 

LU, 

"APENDIX D 140 



CC 

-UJ 

uj 

U. 

uj 

00 0 0 
00000000000000 
00000000000000 

00 0 0 

LU 00000000000O000 

(j)r 

z~ 
C.) 

0. 
I­

3c 0 
a 

00000000000000 
00000000000000 

0z 
00 

0in 
0l 

0 0 0 0 
00000000000000 

0 0 0 

rn U) LL. 

zc) 00000000000000 

080 00000000000000 

I- -

MU) 

0 

0u 

L~l-00000000000000 

1-04 00000000000000o 

(U Y r, 

I­

0000-00000 0r -

14zPENI 



tu 0­

-j LL~ 

6--d 

3U U0 0008000088808008 

Lu Lu­ aF 
U-­

0 00000000000000 

0 00000000000000Lu 0 0 00 0 0 0
 
z 0oC)6666666

0 § 

jFV0)oc'c0~ r((o 


0(0 z F
 

PENI Do 142 



LU 

Cc 

WO 
000 

000r 
00 

0 
0 

I' 

Wa. 
OwO 

U4 

4 

4O 

LU44 

LU 4 4 

A) 

0-A 

0000 
0 000

0i 
I---

4 

4: L 

00 
C.) 

W 

00040 
400 

4 

w 

00U 0.' 

4C 

4 0 

4.Ls00 .FUCc 
4 

M 

4 

49 

a 

C) 

00LI 

I-F0 0 
0~ 

;4 

U)COLUCO 00 
-~~~ 

4LU 
4 00 

00 LL 
00 

000 
0L 
0 

x I--
1-0. 4 

1 00 

ZCI) ED 4l I-I4 01 000 

L 

I--0 0 4 3 

Cc1--f 

U~) 

LU Ow 000 
i O 00 

40 

=1. 
0 
oI ý-LU 

OZ 00 

3U c- 00 4 411 1-­

00 

14 LU C 
LU-

0.-
MLU 

D 

U) 
CO) 

4) 8)U) 
LU 

4 :-3 

M4 

0 L 

0 

00 D 

0-
CcU 

no 

0t 

a 

U)ý 4ot 

4 

4 

L 

I04 

49 

CC1)0 

I--

Cc 

Z,< U 

-cA 0L 

00 -
LU M L<. 

N OW 
W0C 

143 APPENDIX D
 



A 0000~0C000O 8 
w p-m..:01-Iw0O00OoO0 

jo000000000000000 

0 

ILL
 

0~~ w (Da-000000 000( 
U0 

U6 

zm~ ca lea"dN000 00000 

0.J0 000oo5ooO

(A. 

up 
I--­

- 00V000C~00o00o00 
o -s W)~000o 

0 0 o 

I-- -1 

)I­

00 0 0 0 00 00 0 I 
n0 Y 01oV QI 

WL 000-Od46 

0 

5 U, j~ 

00lC4,z 2v )w -m05-m - -e to 

C. a. 

APPENDIX D 144 



2 

-JY­

LU L 

LU L 

a mcwj-MOOOOOOOO0 

La oog'Nr-coooooooo
 

coL - r -4­

rn-1 

OW 0* 

o ICow 0v)Cý0U.00000000000 -

CaCF 

Wa 04 

Lu 000000000000666 ;5 

0T 

LU-UL..;.i.iiii 
) D0 WW0Ou CM C. D.. - N .w 

145 APPENDIXK D
 



91 
 9908S898888888 

2-F 

cr0 

ILIS 

t00000w)00 0000OO 

00000 ON 0000880 .iqro 1­

0. 000 Cr cmC00080000800000
Lu0eoca 

9- - - -9 9 9 

APPENDIX D 146 



W) 0~000 4 -j 

CA it o 
uj100cc 

*0 
0 

0 4W 

U 

0I-

4 3(- 4 

1-- r-- LL 
cc 0 .40 
WO 4L 

1.4CL g !F 
!2 INco 

Cc0a 
-

0 

4 

C 

.1 
;6 

00-
6D 4~ 

m 

. 4crC z N 

0 

O 

W 

0 

0( 

WO0 
UiLUW 

SIN4 

IL~ 

00 
. .­

00o 

4 LU 

CL W 

U 

0Z 

000 

000c 

§ 

< 

4i 
4 

LL 

i 
41 
41 
4 

C1-1 
CL 

z 

000 

V 

LU 

0-

U. 

. 

C 

OD 

rco"c 

I 

47 
4, 0o 

I. 

a4 CL 

it 

4t. 

.4-0 

0-

I-
WOL 

CO~~~ 

0(0I 
m 

gmOD 

F) c 

1*W*0 
LU4 

4F-L41 ~ 1i 
0. 

-

410 cc1-4 L 

<E 
I. 

0U 

40 

4 

4 

41 

1-
CD4 
1*15 

0iv) 

41 

1-4
Z 
LUI-

LU 

0 L
LU-i 

C 

MLcc(00
~uj! 

147 APEDI4 



wo fý 

tao 

> -O
 

a ý 
ix 

LI. 

LU =c0*M 

C.) 

'Lu0()~r 

-JU0)C0JC 

0~ co 

"PEDM~IX D 14 



ir CM 9) Co .* -w 

LLJ 908 co( )OMD04Cl'000O000c
wj 00 0 c0 

Cc0 

ILU
 ,ZC;C;C;6)-0-z-) I.- -. ;6;C6C8FC 
0* 

2 U) (CN-m-00000000 q 

CDCp
 

Wa 0*
 

00 00 0 00 0 00 

U, 000000000C0000000 ­
C4 V)VW)0 CD 0)0,-OfV)C*W) (Dr­

C0 LU 0 D)Y C)I( 

.y 

149 APPENDIX D
 

5-00 



cc to W)w)- r- 0- NCw;.t ' ; ;C ;C;C ;C 
-A -&R-tw-. 

wJ 

0 cc.0 
s-a. 

OWCOCYC oo-0 880 00008 

C -rn*-QO0,o . 00000 

U)04 

uJCc 0* 
I-IL 

-i000000000O0o00OC20 
o tu2 )OfCoCo- Vit 0MCq 

APPNDX D15 



z p
 
LU 

LU U 

j0 0 ----- 0000000000 

LU wI-.-I~o o oo o 

§ULU w w m~ 

co 0 

00 00 00 0 00 0 00 

:)x =0-. _V..00uO*000000000O 

0 ý-00 0000000000000000o 

LUL LU4 

0 000000000000 000J 

000000000000 
z o0-0mr0 

LU- D 

cc --- F 

0 

LU0v., CM W)0P OI0-CJM L 

151 APPENDIX D
 



U) 

Ii 00000 I 0 

ui: 
fu4 
CM CC 

40 C% 

n I-- z 
00 Go4 

It 't 4 0uC3 

40I) 94 : 3 ' 

01010 

co () I00 0 0 
4 

0 ui0 4 

ILI 

cc 0 0 0 c ; 0 0 Q 
2w.i m - - 00.0 

l-- =WNow 0010 

CL 49 C.4 4 [ 

(.)0 W0 

WW *L. .. . 

a
.1Or!" 

W ýN4 
4 4t 

LL 0 
IL 

4 1 

UCD 4 
us Ust)0 

U, 

Ij 0ILU?4 
0 4m 

APENI D45 



0 OWNMO.-00000000 

L-U eovet'00 00 0 

z 

-i­

(D CC(L.l 7~0 00 0 

LU 0mooQ000000000 

COWCWNWWO-000000000 

cUs-

Z LU 
0 fj0ow 

N-t-WWO0)O0000000 

I-O 

LULU 

X 000000000or00000000 

WLi-0d V) -

LU L 

LLI 

0 
2r I

IU 
-r­

156PENI 



o W- *Com l~c .00000000 

Lu 

> ~ 00000000000000000N 

I­

ca 

cc 00 4 40 0 0 0 

o(ooNom000O00000 

0.*Jcmioooooooccooooom 

ui- CW O O O O 
a. 

C0600000 

FWOQ 
1881.1799 TF-7:99999 

40 0000000000000000o 

aw* * .-­ r ~ I 

0~ ~ 0w- cm-

I-Ori---

0000000098~c000d00If0Im 

-­

APPENDIX D 154
 



w NWLLI.t ~ 00 O 0 

LU. 

C) 

o. 

0. 

UA! 

0­

004 

00 

oww 

-

0i 
U.'(a00 

VOD(WO .1-t-v)'*00000000 
0Ot~00 0 

0U) 0 0-- r(-0 W -t N0 o0 0 00oo 

0Ua 

z 
Xt­

- ntw0-ctnt 

0r 

mm 

0 
C0, 

u 

01 
NI 

- -- - - - -

155 APPENDIX D
 



wop oo 0L 

w 

U.­
w4 

I-0800 

4wo 

'r;3 
ý: Q; 

a 
Q 

M 
w 

V041 

CcGo 41 

LL 

§~~~ I-.4r0v40NA411 I.-.000 

4o WQ) 

09 c4 4 
44 

Cc 

1-w 
4I 

2>. 

mw 
(n 

. 

03-

w 

U.. 

I--

00 C 

. .
"Ic0 0 

00 

0t' 

I; 
46- 0 

4 LU 

4l 

U 

" 
L 

I 

10-

CcI 

00
W 

Co a 
- K 

I-0=1 
0
0 8 

NL 
0 CM 

C c' 

0. 

LU 

4 

41 

LL 
w 

LU 4r 

:i 

*0 

4 

-6 
00 

I 

WCJ 

(2

! 
. 
U 

0 

APP04XD0co wui !E 1156 0 0~ 



U) ON~EC#0P-000000000 
UAO 

w ­

O~LU C 9 999 
ZCD I.-

Cc 

-i­

LLJD0 

00000000-W00000000 ~ 

-4, 

zI-

I- ON .(0000000000000*0v 

w6CO) ;IO 

!2 C'1 
§ aLLI 

Cc2 I 
C )~ 

-
C 

-­
toC~ 

01< 

CD) 

15 APPNDI DN-t*Onoo 



Cc co ) W)) F.40t'c% 0aa0 00 0 0 

-AJ 

LU -

I­

LL.~ 

aa 

0 0 

Z8 ( W)int00a0-0 0 0000 00 00~ 

2w­
0800 o0000 0000 000 0 0 

0C'J 
0 cc -C)uQ-*~. 

--
4f 

-. -

- 00C14Uu~ 

APENI D516 



ELu 

CO- 0000000000000000 
Luj s 0000000000000000 

Lq 

cc 0 0 0 0 0 0 0 0 

9 1­

MONNM391000000000F
 
000000000000000000N 

- O O O OO O O O 

0. 
zI
 

020
 

(5­

00
 

ZU mq rr00o--q o qIo(o ? 0 

cc o cccc
 
co0 Lu (0C~iU (
 

0
 
x~ Io
 

15UPENI) 



ccW 

>o4 ~ 

z 0-. 

0 0 

40 

00U. Lj0 

p- CD 

'00 

-(010 

w)a 

V! 
U 

* 
) 

00 

ce4 

( 

00LU0 
a-. 

4 0 
~~~~*1-r: 

wo 
4 WI 

0000 
0000 

00 

m 

m 

00 

w 

U~ 1000C; 0 
L4

0; 

4) 

4ISo 
4 01 

q 00 

r3W O C 

(0.X I-.- 4-

1-00~ 1w 0- "2Uj" I 

0001O 

000 

00-

0 

(0w 

<~49
I-

409 

C 4U 

0 

-

0)C.)W, 4.4~c 

O !9 

-( 

001 

16 



cc -) W; ,6.;W;0; 
LU ~ .N% (Mo---

N-V)0I IiL
II 

0 0W00 a 

~Cf 
U.. 

zz 
0009 

CLC~ 

P 

C. 

00 

coo C 

0-

uj 

z 

co 

3 0 

0. 

Z L-J 

OUO 00000000V000000000 

0cc--

3M-I 

cc0c c o o 

01o 

4N 

o o 

V 

o 

-

N­

0AP00E0N0000X 161 D­



9 100- f-c c-ooooc8oo 

LU 

LLU a 

w 

U. 

0 cc.0 
C 

400t-0 og-*,CCOocacococ;c 

20 

0z 
00 
.)0 

ui ow* ED0ON.00O00000 

Ltr- *QoWOWO 

000 

U)W 

cc0 

3=P 
0 0 0 oo o ~ .~ 

mm =jý 

0- w 0 

OOMNOOOCOoOOOOOOO 

VOMI00000000000000 
Ncm w W') cm0I-E~0-CA()4-i 

00D- E0N4f0. 
0000)000I0-000-00 1.­

APEN; XD 6 



co0 

.U 

W V - N~t- N 000000000 
* m~ OW0 0000000000 

0o-WN­
C 

LU 

LCU 

LL.­

IS 000 . NC 00000000099 

0 0 0 0 0 zr 0 

C 

zwU 

C'ON 

000 
I- JO 

cc 0 
CLUU 

00t).00 

666666600006000000 

00 0 

co LU- 0Wvt)t-DWqctt40O0000000 

0 

LUD 

LU 

0 

00 

1-0 W000~0000000000a0000 

0 0 0 0 00 0 0r 

000000000 0000000 D 



WUI-(%)l-a~COCC
0' ae o o o o 

ix W; ,) C; C6; C6; C6; 

ZC, ISO 

wam
 

CCL 

L)31i')t )(~ 01 

00
 

0 0800000000000080
CC, W)I.--40---000 0 
5-8 (a W ;0 ;V;W ;C ;C C ;C ; 

APPNDI D t 164o-w­



Oa 
us 80000000 0 4 oa-W 0 . 

LU44 

LU 
to t-4(4V 

4 4J 

0L 

Cc 
CL -

00c 
to fO (D (q
W) V0 r~COJ% 

-U 

(0 

40 

44 
4,-0 
4 

49 
4 

j 

LU0 

w 

0bi 

IL 

0 

41 

. 

CC 

00e-

m4 

ca~-

0 

-1. 4) 

4'004 

a-4tCD0 

0000 

q*~r 
4 4 14 c 

0L 

m 

04LU 

000CM 

I-a W) to 

8 
IL 

U CO 
a r-o 404V 
cr!4 ýC 

0 x-4~-4 

3)-U 
4A 

I 

K 

ju 
c 

I-
4 

4, 
41-34 

4 

000 

00 
).-( 000 

LWIM-C 
I­. 

L 
~ 0 

COI 

CO) : 
41 

0) 

UU 1. 

i. § 

CO ZO 
w-
.J~ 

4r 

0 0 

0U 
LU! 

4 

04 

4CL 

2 
-1 

LU 

165 APENDIXW 



00000 
000000 

0 00 
00 

0 
0 

000 
coo 

0 
0 

00 
00 

0 a 
0 

0 
0 

I 00000 C! C!C 0 C!0 

91 C!.. 

00000 0 00 0 c00 0 00 0 0 0 

0-0-0 0 000 -000 0000 

I 0000000000
9 0 0 0000

9.o 0 
. 

0000000 0 .. oo 
0 0000 

o 
0a0 a o o 

00 o 

00000'0 00 0 000 0 00 0 0 

00•000 C0o00 1? 000 0 0 

Soo.o 0o a coo o0 00 0 
9oo od 00 0 000 04C 00 0 Q 
.. ,.. Cd 0 00 00 0 O000 Cd C 

0•ooooo]i' • ".o ooo oo 
S- w~ V10I -

-. 00000 a 0d0 d 000 0 00 0 a a 

-. § o0oo..... o . ; ; o co o 0 06N C 4 

00 Ow 0 P 00 0 0oo 0 00 0 K 
-ooSPo 0 oo00 000 0 00 0 Cd C 

II Cm 10 1 

19 '1 99 C!4 C! Cdq!. It C!0 d 
00000-. Roo oo o 

APP.....D 0000 ooo. 00o o- o NN NN 166.iN"RojE no N,.0 

APPENDIX D 166 



d 900 0 000000 09 0 
0 0 0 00000 0 0 0 

0 0 0 00000 0 0 00a 0 

0 0 00000 00 0 

- i00 0 00000 0 0 0 

00a § 0 ooo 

0 - 00000 

00 a00000 0 0 0 0 0 

000 0 - 00000 0 0 00C 0 

0 ~~ 0 I 00 

Cd00NC C! 

d Cd00000 Cd d Cd Cd C 

V, = 
8U) Cd 

a" 
CN. 
Cal 

0 
C! 

w 
F)i o o IN a 

to Nd p N 

2 d. 

N . N ku x ~ W N N w cy N N 

a d Cd Cd00 IS 

ILC - d 

LU 0 U 0 0 0 0 U 0 

0090 0000 0 

w--J 

1- - -00-­ 101 -

040 C OW d0000 Cdcc 

1670 APPNDX0 



wu 

00 0 OCO00013 0 
4 0 

4c.; ; ;C ;C L ;6 C 
to 

4i 
ix4 

u 
W4UQV 

D0 
C 

0M4 
ýWq 

r l 
p4 

44 
4x 

4 

o4 
4y-C)0

i0 0.. 
4y0 

CC4 
C4 QW 

coQ - -4 
yma)ýI-

ýL 
ora4 n40MD
Y4 M 

OO 

O 

4 

4L 
4 O 

4 
4) 
4 

4c ý 

s 
4 o 

4Uulu 
4. 

4-
490U 

a~cw­
z4~ 

ccF4 
I A 

UZ4 U 
4L 

ccQC4) c 
4 .­ u 

APEDX4 
6 


