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INTRODUCTION

The Squaw Creek drainage basin has been the location of numerous flooding events
throughout its history. Located in northwestern Story, northeastern Boone and
southwestern Hamilton counties in Iowa, the basin's 227 square miles consist mostly of
agricultural land and small rural residential subdivisions. The only large urban-type area
of the basin, the city of Ames, is located at the southern section of the basin where
Squaw Creek joins the Skunk River. The most recent and most damaging of the recorded
flooding events on the Squaw Creek basin occurred in July of 1993. Notable recorded
flooding events with flows greater than 4000 cubic feet per second (cfs) are listed in
Table 1 (Glanville, 1987 and U.S. Department of the Interior, 1985, 1991, 1994).

Table 1. Notable recorded floods (greater than 4000 cfs) on the Squaw Creek basin

Date Gage Height? Discharge
(feet) (cfs)

June 4, 1918 14.5 6900
July 17, 1922 10.7 4130
March 1, 1965 10.70 4200
June 27, 1975 14.00 11300
March 19, 1979 11.81 5300
June 13, 1984 12.97 7180
June 17, 1984 12.77 6820
June 17, 1990 15.50 12500
July 9, 1993 18.50 24300
July 13, 1993 13.92 8660
July 17, 1993 15.03 11090

8Present gage was installed in 1965. Prior to 1925, a non-recording gage was located
0.6 miles upstream from the present gage at a different datum. No official gage was
maintained from May 1927 to February 1965.

The flood of 1993 was a challenge for most residents of midwestern United States. A
persistent wet-weather pattern in June and July followed a period of greater than average
precipitation in the upper Midwest region of the United States. In many midwestern areas
rainfall totals from January to July of 1993 were one and one-half to two times the
average precipitation for the same 7-month time period (Parrett, 1993). With saturated
soils on most stream and river basins, almost all rainfall falling by late May to early June
became direct runoff. This was the scenario in Ames during late June and early July

lanaraa.co



when a stationary front parked over the Midwest depositing 2 to 5 inches of rain with
each rainfall event. The most damaging storm for Ames tracked through the Squaw
Creek basin from northwest to southeast dropping rain on top of flood waters routing
down Squaw Creek. As a result, Ames residents dealt with unprecedented quantities of
flood water as well as economic loss. The economic loss suffered by Ames residents and
businesses due to the 1993 flood totaled well over $10 million (Snyder & Associates,
1996).

The National Weather Service (NWS) is the federal agency responsible for issuing
river forecasts and flood warnings. Thirteen NWS river forecasting centers prepare river
flood forecasts for the nation using calibrated and verified models developed for forecast
service points located on major rivers (U.S. Geological Survey, 1996). Unfortunately,
Squaw Creek is not considered to be a major river and has not been selected as a forecast
service point by the NWS. Therefore, a local flood prediction model is necessary to
provide local officials a means of predicting maximum flooding discharge and time to
peak at the damage centers in Ames.

Squaw Creek residents are not the only group nationally who have discovered the
need for a local flood warning system. Many municipalities and state organizations have
developed their own local flood prediction system. A term often used for a local flood
prediction system is ALERT which stands for Automated Local Evaluation in Real Time
(Rooke, 1996a). ALERT users in two regions of the country have come together to form
user groups, the ALERT User's Group (Western United States) and the Southwestern
Association of ALERT Systems (Southwestern United States). Another group is
currently being formed in the Eastern United States. These groups help member
communities find information on vendors of hardware and software, software packages,
hydrologic data, and system setup and maintenance. The first two user groups have also
organized the National Hydrologic Warning Council whose mission it is "to provide
national coordination and to become an effective voice for the flood warning community
in Congress" (Rooke, 1996a). The very presence of these groups indicates the
widespread use of local flood warning systems. It should be noted that no user group
currently exists for the midwestern ALERT system users.

ALERT systems do vary considerably in the degree of complexity of the systems
being used. One community may need not much more than an automated stream gage as
a warning of the stream levels upstream from the community. Other communities have
very complex systems of stream and precipitation gages linked electronically to
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hydrologic models of the basins (DeGroot, 1980, pp. 201-204), (King, 1980, pp. 205-
212), (Luker, 1993, pp.303-311), (Fleming, 1986, pp. 329-366), (Rooke, 1996b). Still
other ALERT systems are being developed on a more regional basis. A collaborative
effort of Sentar, Inc., NASA Marshall Space Flight Center, the Alabama Emergency
Management Agency, and the U.S. Army Space and Strategic Defense Command is
currently underway to develop a means to use remote sensing data for flood prediction
and mitigation for use by the Alabama Emergency Management Agency (Sentar, 1996).
Regardless of the complexity, the goal of ALERT systems is to provide advanced
warning of flood events for a region by obtaining real-time hydrologic data with which to
predict the high water levels and times of peak.

Although Glanville (Glanville, 1987) had created a HEC-1 model of the Squaw Creek
basin for the purpose of flood prediction, officials for the City of Ames and lowa State
University (ISU) were uncomfortable relying on the model. The accuracy of almost any
hydrologic mode! will be questioned without reliable ground verification via stream
gages. In the case of Glanville's model, the only point of verification of the predicted
peak discharge and time to peak was at the United States Geological Survey (USGS)
stream gage near the damage centers at Lincolnway in Ames. Model verification at that’
point did not allow modlelers enough time to modify the model input parameters, create a
more accurate prediction and still give local officials enough lead time to warn city
residents of the need to sandbag or evacuate dwellings and business establishments.

To increase the warning lead time on the Squaw Creek basin during the 1993 flood
event, City and University officials predicted the degree of flooding and time to peak in
Ames by obtaining information about the degree of flooding upstream of Ames at
Cameron School Road and county road R38. This information was gathered by persons
who drove to the upstream locations, observed the amount of flow outside of the stream
banks, and reported the information back to personnel at the City of Ames Water Plant or
the University Department of Public Safety. Some of the persons obtaining information
about the upstream locations had observed prior flood events on the Squaw Creek and
Skunk Rivers which gave them a "feel" for how the flooding north of Ames would
correspond to the degree of flooding which would be experienced at the damage centers
of Ames. Observation of the flooding occurring upstream also allowed the time of peak
of the flood to be approximated as the peak was seen upstream at Cameron School Road
four to six hours before it was observed in the city damage centers, and the peak at R-38
was seen six to eight hours before the peak in the city was observed. These observations
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increased the local officials’ confidence in the model's predictions, but still did not verify
its accuracy as true verification could only occur at a stream gage location.

After the flood waters had receded, City of Ames personnel recorded the locations of
high water marks left by the flood dirt and debris at various locations near and north of
Ames. Two of these locations were located near the Cameron School Road (CSR) bridge
on Squaw Creek and the Peterson Pits (PP) bridge on the Skunk River north of Ames.
These locations were later surveyed to obtain elevations that corresponded to surveyed
streambed elevations near the bridges. The data for the surveyed points are contained in
Table 2.

Table 2. High Water Mark Elevations

Flood Event Location Elevation, ft.
July 9, 1993 CSR Machine Shed 924.1
July 13, 1993 CSR Ground 915.9
July 17, 1993 CSR Branch Marker 919.1
July 17, 1993 CSR Fence Rail 919.3
July 17, 1993 CSR Fence Post 919.7
July 9, 1993 PP Painted Sign Post 94.7

With cleanup of the flood debris completed and damage repair underway,
representatives from Iowa State University, lowa Department of Transportation (IDOT),
Story County, and City of Ames met in late 1993 to discuss methods for avoiding another
large-scale flooding disaster. It was determined that some of the flood damage could
have been reduced or prevented had there been more advanced warning of the timing and
degree of flooding that was to occur. To meet this objective, the representatives
supported the creation of a flood warning system for the city of Ames. The computerized
basin modeling project on which this thesis is based is part of that warning system.
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PROJECT OBJECTIVES
The objective of this project is to revise, calibrate and verify the HEC1 computer
model for the Squaw Creek basin first developed in 1987 by Thomas D. Glanville using
recent flood event precipitation and streamflow data. The model is to be used as part of a
larger computer model encompassing both Squaw Creek and Skunk River basins. The
larger model with peripheral data collection systems for precipitation and river stages will
be a component of a flood warning system for the City of Ames, IA.
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SCOPE OF STUDY
The Squaw Creek basin modeling project consists of five parts:

1. Creation of stage-discharge curves for stream gages placed on the Skunk
River and Squaw Creek by the City of Ames.

2. Revision of the model created by Glanville in 1987 in order to
provide nodes at the locations for the above-mentioned stream gages.

3. Calibration and verification of the revised model using data from 1993
and 1994 flooding events.

4. Location of sources of real-time precipitation data for use as input to the
HEC-1 model.

5. Facilitation of the model's use in a larger computer model encompassing
both Squaw Creek and Skunk River basins.
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CREATION OF STAGE-DISCHARGE CURVES FOR
STREAM GAGES LOCATED ON SQUAW CREEK
AND SKUNK RIVER
Background

The HEC-1 model created by Glanville in 1987 (Glanville, 1987) is a model that can
predict the time of peak and peak discharge for major floods that occur on the Squaw
Creek basin. As noted earlier, officials at Iowa State University and the City of Ames
have been uncomfortable using the model up)td this point because of the possibility that
the model might not produce accurate results. Local officials were concerned about legal
liabilities that might result if the degree of flooding was over or under-predicted. This
concern is shared by many local officials in areas where flash flooding is a strong
possibility in any given year. (Owen, 1980, p. 231-237)

A system of river gages upstream from Ames was an answer to the need for model
verification during flooding events. Two gages were placed upstream of Ames on Squaw
Creek. One gage is located on the bridge over Squaw Creek for county road E18. The
other is located on the bridge over Squaw Creek for Cameron School Road. Two
additional gages were placed upstream of Ames on the Skunk River. The complete flood
warning system for Ames would also include a computer model for the Skunk River
watershed which would need verification. The Skunk River gages are located on bridges
over the Skunk River for county road E18 and Peterson Pits Road. Figure 1 shows the
gage locations.

The HEC-1 model creates hydrographs in terms of flows (cubic feet/second). Stream
gages produce output in terms of stream depth or depth to the water surface depending on
the setup of the gage. Clearly there was a need for stage-discharge curves for the gages in
order to be able to use the gages for model verification purposes.

Procedure

PCVAL, an unpublished computer program developed by the Iowa Department of
Transportation (IDOT) (Iowa Department of Transportation, 1987), was used to produce
the stage-discharge curves. Little documentation is available on the program, however, it
is used by the Office of Bridge Design at the IDOT and by lowa county engineers to
develop stage-discharge curves for design purposes. The program is based on Manning's
equation (Barrett, 1996).
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Q=(1.49/m) AR¥3s1/2

where: Q = stream flow, cfs
n = Manning's roughness coefficient
A = channel cross-sectional area, fi2
R = channel hydraulic radius, ft
S = slope of the energy grade line
= slope of the water surface or channel bottom for uniform flow

Input to the program included stream valley cross-section elevations, stream slopes, and
stream valley Manning's roughness coefficients.
Stream Valley Cross-section Elevation Determination

Stream valley cross-sections for each gage location were determined by a
combination of surveying the streambed and using bridge construction plans for the
valley.

Bridge plans for the four bridges were obtained from the Story and Boone county
engineers. The plans for the E18 bridge over Squaw Creek, the Cameron School Road
bridge over Squaw Creek and the E18 bridge over the Skunk River contained a grid of
stream valley elevations. The plans for the Peterson Pits bridge over the Skunk River did
not contain stream valley elevations. On each map where valley elevations were
available, two lines were drawn perpendicular to the direction of flow in the stream, one
located upstream of the bridge and one located downstream of the bridge. The elevations
listed along these lines were plotted vs. distance along the lines to develop representative
valley cross-sections for the areas surrounding the bridges. Two cross-section lines were
used because the streams meander near the bridges. The cross-sections upstream and
downstream of the bridges are not necessarily the same due to the meandering and the
surrounding land use and topography. For example, in the case of Cameron School Road,
upstream the stream basin contains gullies and timberland, downstream the basin
contains pastureland. The stream valley cross-section elevations obtained are tabulated in
Tables A1 through A3 in Appendix A. Plots of the valley cross-sections from the bridge
plans are pictured in Figures 2 through 7. The actual streambed in these plots is often one
or two points.
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Figure 1. Map of Stream Gage Locations on Squaw Creek and Skunk River
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Figure 2. Squaw Creek at Cameron School Road Stream Valley Cross-section A
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Plan Stream Valley Cross-section B
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Figure 3. Squaw Creek at Cameron School Road Stream Valley Cross-section B
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Figure 4. Squaw Creek at E18 Stream Valley Cross-section A
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Figure 5. Squaw Creek at E18 Stream Valley Cross-section B
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Figure 6. Skunk River at E18 Stream Valley Cross-section A
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Figure 7. Skunk River at E18 Stream Valley Cross-section B
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Three of the bridge streambeds were conducive to surveying at the time of this study,
Squaw Creek at E18, Squaw Creek at Cameron School Road and Skunk River at Peterson
Pits bridge. The streambed cross-section elevations obtained from the surveys
are tabulated in Tables A4 through A6 in Appendix A. Plots of the surveyed streambed
cross-sections are shown in Figures 8 through 10. The surveyed data focused on the
streambeds and did not include much of the surrounding land, although the surrounding
area would be part of the floodway in a flooding event.

Stream Slope Determination

Plans for the Cameron School Road bridge had the Squaw Creek stream slope listed
on the plans. Stream slopes for the other three gage locations had to be determined by
surveying (Peterson Pits) or from topographic maps (Peterson Pits, E18 over Squaw
Creek, E18 over Skunk River). The slopes used in the PCVAL calculations are listed at
the bottom of Tables A1 through A4 in Appendix A.

The two stream slopes determined for Peterson Pits bridge were quite different. The
slope obtained while surveying was obtained by surveying the elevation of the water
surface 326 feet upstream and 95 feet downstream of the bridge. Being off by even one
tenth of a foot elevation in a 400 foot length could cause a difference of 1.3 feet/mile in
slope. A longer distance would have been preferable, but was not feasible due to the
heavy brush and stream meandering. Because the water surface elevation could easily
have been inaccurate by one-tenth of a foot and the fact that the slope determined from
the topographic maps more closely matches that from the Cameron School road plans, the
stream slope determined by using the topographic map would be preferred.

Roughness Coefficient Determination

Manning's roughness coefficients, n, for the stream gage locations were determined
by comparing the observed valley features at the gage locations with the descriptions and
pictures in Chow's Open Channel Hydraulics book (Chow, 1959). A summary of
roughness coefficient values and descriptions related to those values is shown in Table 3.
Roughness coefficients used for the PCVAL program for the four gage locations are
listed on Tables Al through A6 in Appendix A.

Results

Stream valley cross-section elevations, stream slopes and roughness coefficients were
entered into the PCVAL program (lowa Department of Transportation, 1987). Each set
of cross-section elevations, corresponding stream slopes and channel roughness
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Figure 8. Surveyed Cameron School Road Bridge Streambed Cross-section
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Figure 9. Surveyed E-18 over Squaw Creek Streambed Cross-section
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Peterson Pits Bridge
Streambed Cross-section
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Figure 10. Surveyed Peterson Pits Bridge Streambed Cross-section

Table 3. Roughness Coefficient Values and Descriptions

Roughness Coefficient

Description -

Major Stream, top width at flood stage >100 feet 0.035
Pasture, no brush 0.037
Cultivated, no crop 0.032
Cultivated, row crop 0.035
Brush, light brush and trees 0.050
Brush, light to medium brush 0.075
Brush, medium to dense brush 0.100
Timber, little undergrowth 0.100

coefficients was entered individually. A set of stage-discharge curves was obtained for
each gage location and graphed. The resulting PCVAL output data and graphs are shown
in Tables B1 through B5 in Appendix B and Figures 11 through 14. In order to
determine a better estimate for discharge flows at Cameron School Road for the City of
Ames surveyed high water marks listed in Table 2, road elevations from the bridge plans
were added to the surveyed streambed elevations to produce a stage-discharge curve with
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higher elevation values. This curve is also depicted on the Cameron School Road stage-
discharge graph Figure 12.

For use in comparison of predicted versus actual stream flows from the HEC-1 model,
the stage-discharge curves generated using surveyed elevations would be preferred. As
can be seen by comparing the surveyed streambed data plots versus the stream valley
cross-section data plots, the surveyed elevations for the streams have shorter distances
between readings than those obtained from the bridge plan valley cross-sections. With
shorter distances between readings, it is more likely that the true low point of the
streambed will be included in the generation of the stage-discharge curves. The surveyed
data are also more current. Flood events, water erosion and valley development could
have altered the true valley cross-sections since the time the plans for the bridges were
produced. The only gage for which surveyed elevation data are unavailable is the E18
over the Skunk River gage. It is hoped that the streambed at that location will be
surveyed in the future and a more accurate stage-discharge curve determined .

After the stream gages had been installed at the bridge sites, the elevations of the
bottoms of the gages were also surveyed for the three bridges where surveying was
feasible. The elevations of the stream gage bottoms are listed in Table 4 and are indicated

Peterson Pit Bridge
Stage-Discharge Curves
e | e
g = p ]
E . --
g3 °r a4
2F |
Elevation, ft
| @ Surveyed Sope=2.508 f/mile - Map Slope=3.388 fumile |

Figure 11. Peterson Pits Bridge Stage-Discharge Curves

anaraa.col



Cameron School Road Bridge
Stage-Discharge Curves
L]
° 3
g s 20 L
2
é? =
Elevation, ft
@ Surveyed Streambed © Map Cross-section A
4 Map Cross-section B +# Surveyed + Road Elev. from plans

Figure 12. Cameron School Road Bridge Stage-Discharge Curves

E18 over Squaw Creek Bridge
Stage-Discharge Curves
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Figure 13. E-18 over Squaw Creek Bridge Stage-Discharge Curves
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E18 over Skunk River Bridge

Stage-Discharge Curves
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Figure 14. E-18 over Skunk River Bridge Stage-Discharge Curves

on the streambed cross-section plots (Figures 8 through 10). The stage-discharge curves
for Cameron School Road and Peterson Pits bridge were used to estimate the peak flow at
those locations during the flood events of 1993 from the surveyed high water marks listed
in Table 2. The estimated flows for those events are listed in Table 5. These flows were
used in the calibration and verification of the revised HEC-1 model as described later in
this report.

Stage-discharge data for the United States Geological Survey (USGS) stream gage at
Lincolnway in Ames were obtained from the USGS. These data were used with flood
hydrographs also obtained from the USGS to calibrate and verify the HEC-1 model as
described later in this report. A copy of the Lincolnway USGS gage stage-discharge data
is included in Appendix B.

Table 4. Stream Gage Bottom Elevations

Stream Location Elevation, ft
Cameron School Road bridge 926.2
Peterson Pits bridge 100.78

E18 over Squaw Creek bridge 983.12
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Table 5. Flood Event Discharges from Stage-Discharge Curves

a,b

Flood Event Location Elevation Discharge USGS discharge
(ft) (cfs) (cfs)
July 9, 1993 CSR Machine Shed 924.1 22609 24300¢
July 13, 1993 CSR Ground - 9159 8116 8660°
July 17, 1993 CSR Branch Marker 919.1 12863 11090€
July 17, 1993 CSR Fence Rail 919.3 13188 11090¢
July 17, 1993 CSR Fence Post 919.7 13855 11090¢
July 9, 1993 PP Painted Sign Post 94.7 8985 8980d

a. CSR = Cameron School Road b. PP = Peterson Pits Bridge
¢. USGS gage at Lincoln Way d. USGS gage on the Skunk River North of Ames
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REVISION OF SQUAW CREEK HEC-1 MODEL

Background

Glanville gave a detailed description of his procedure for dividing the Squaw Creek
drainage basin into thirteen subbasins based on drainage data obtained from USGS
topographic maps and drainage district maps (Glanville, 1987 pp.64-65). The delineation
worked well from the standpoint of storm tracking and basin runoff response. However,
when the new stream gages were put in at the E-18 over the Squaw Creek and Cameron
School Road bridges, subbasin nodes were needed in the model at those locations in order
to compare actual basin response with predicted model response.

Procedure
Subdivision of Squaw Creek Basin and Subbasin Area Determinations

The Glanville model had a subbasin node at the location of the stream gage on the E-
18 over the Squaw Creek bridge (location where subbasins C1 and C2 entered stream
hydrograph), but a node needed to be created at the location of the Cameron School Road
bridge. As the original maps used by Glanville to make the model subdivisions were
unavailable, the process had to be redone on a new set of USGS maps.

The basin subdivisions were located on the maps. An attempt was made to match
Glanville's basin delineations as closely as possible. Subbasins E1 and E2 were divided
at logical locations from a drainage standpoint to create the necessary node for the
Cameron School Road bridge stream gage. The final subbasin division is shown in
Figure 15. Cameron School Road bridge is located where subbasins E1 and E2 enter the
stream hydrograph.

The subdivided areas were planimetered from the USGS topographic maps. The total
planimetered area is within 5% of the literature value of 227 square miles (U.S.
Department of the Interior, 1974). The subbasin areas used in the revised HEC-1 model
are listed in Table 6. A schematic of the revised Squaw Creek basin model is shown in
Figure 16.

Subbasin SCS Curve Number Determination
Glanville also determined appropriate SCS curve numbers for each of the subbasins.
(Glanville, 1987, pp.72-77) The values determined for each of the subbasins were used
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Figure 15. Map of Squaw Creek Basin Subdivisions and Areas
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in the revised HEC-1 model. The SCS curve numbers for the old subbasin E1 were used
for subbasins E1 and E3 and the SCS curve numbers for the old subbasin E2 were used
for subbasins E2 and E4 in the revised HEC-1 model.

It was also noted in the calibration of the revised HEC-1 model that often a curvé
number associated with an antecedent moisture condition between Antecedent Moisture
Condition (AMC) II and AMC III more closely matched the actual data. Therefore, a
SCS curve number corresponding to an AMC I1.5 was developed by averaging the curve
numbers associated with AMC I and AMC III. It is possible to do this because
Antecedent Moisture Conditions and the associated curve numbers represent the physical
reality of soil moisture. True soil moisture occurs on a continuum that is not easily
represented by discrete values. At any given time actual moisture conditions on a

watershed could fall somewhere in between the values given for any discrete designation.

Therefore, the curve numbers that most closely match the actual antecedent moisture
condition on the basin could be used even if they fall in between those listed for the
discrete designation of AMC II or AMC III. The discrete SCS curve numbers used as

Table 6. Squaw Creek HEC-1 Model Subbasin Areas

Subbasin Label Subbasin Area
square miles
A 17.91
Bl 18.10
B2 20.66
Cl 15.62
C2 14.17
D1 15.88
D2 14.79
D3 9.08
D4 18.72
El . 6.35
E2 10.41
E3 18.59
E4 5.20
F 15.36
G 16.62
Total Area 217.46
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Figure 16. Schematic Diagram of the Squaw Creek HEC-1 Basin Model
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starting points for representing the true antecedent moisture condition of the basin in the
calibration and verification of the revised model are listed in Table 7.

Subbasin Lag Time Determination

Glanville described the determination of subbasin lag times to be used in the HEC-1
model (Glanville, 1987, pp. 80-89). His determination of lag time using times of
concentration based on overland and channel flow approximations and the application of
the SCS lag time equation gave the values shown in Table 8 as the Glanville Model lag
times. It should be noted that the value given for E1 was for the combined area of E1 and
E3 in the revised model, and the value given for E2 was for the combined area of E2 and
E4 in the revised model. Glanville used Mitchell's Method as a check of the lag time
values obtained by the SCS lag time calculations. He determined that the values obtained
by the two estimating methods compared fairly well (Glanville, 1987, p. 92). The
empirical equation used for Mitchell's Method is:

Tjag = 1.05 A060
where:
Tlag = Basin lag time in hours
A = Basin drainage area in square miles
The value calculated by the Mitchell's Method equation was used as an initial lag time
value for the revised HEC-1 model lag times for subbasins E1, E2, E3 and E4. All other
initial lag times were those from the original Glanville model.

During the model calibration process, the lag times were modified by iterative model
adjustments to better fit actual stream routing lag time data. A close estimate of actual
stream routing lag times was obtained from City of Ames Water and Pollution Control
Department River Readings documents for the July 13, 1993 and the July 17, 1993 flood
events. City of Ames personnel documented on those records the times at which the
flood waters at Cameron School Road appeared to begin receding (City of Ames, 1993).
Actual stream routing lag times were also obtained from stream gage readings during the
1994 high water event which occurred following the installation, but not the calibration,
of the upstream stream gages at Cameron School Road and E18 on Squaw Creek (City of
Ames, 1994). The lag times used in the final revised version of the HEC-1 model are
listed in Table 8. These may need to be adjusted again as future flooding or high water
events provide additional data.
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Table 7. Squaw Creek HEC-1 Model Subbasin SCS Curve Numbers

Subbasin Label AMC I AMCLS AMCII AMCILS AMCIII

A 64 73 g1 87 92
Bl 64 73 81 87 92
B2 64 73 81 87 92
Cl 60 69 78 84 90
C2 63 72 80 85 91
D1 62 71 79 85 91
D2 63 72 80 85 91
D3 63 72 80 85 91
D4 62 71 79 85 91
El 60 69 78 84 90
E2 62 71 79 86 92
E3 60 69 78 84 90
E4 62 71 79 86 92
F 59 68 77 83 89
G 59 68 77 83 &9

Theissen Polygon Determination

The Squaw Creek basin responds rapidly to rainfall events. In most flood events, the
length of time between the most intense rainfall and the peak flooding at Lincoln Way in
Ames was less than 24 hours. Therefore, precipitation data were needed in hourly or 15-
minute intervals in order to be useful for modeling on the basin. Both 15-minute and
hourly precipitation data sets were experimented with during the model calibration. It
was found that there was little or no increase in model accuracy with 15-minute data,
therefore, calibration and verification were completed utilizing hourly precipitation data.

Hourly precipitation data from the National Climatic Data Center were available for
only one location on the basin, Ames 8WSW. There were three other locations that were
within a few miles of the basin, Ogden, Story City, and Webster City. These four rain
gage locations were used to create a Theissen polygon for the Squaw Creek basin. It
should be noted that none of these rain gages is in the northwest quadrant of the basin.
This is a cause for concern as most of the storm events leading to severe flooding on the
Squaw Creek are storms that track from northwest to southeast. Without precipitation
data from the northwest, the model may not adequately predict the true degree of
flooding. The lack of precipitation tracking from the northwest was the very problem
Glanville encountered in calibrating the mode! with the 1975 flood event. He used data
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Area Glanville Mitchell's Method Used in
Subbasin (Miles*2) Model Lag Time Range Revised Model
A 17.91 5.9 5.93 3.71 - 8.15 6.3
Bl 18.10 7.9 5.97 3.74 - 8.20 7.9
B2  20.66 4.9 6.46 4.04 - 8.88 6.8
Cl 15.62 29 5.46 3.42-7.51 5.0
C2 14.17 3.1 5.15 3.23-7.08 52
D1 15.88 9.5 5.52 3.45-758 9.5
D2 1479 3.7 5.29 3.31-7.26 53
D3 9.08 5.0 3.94 2.47-5.42 5.0
D4  18.72 23 6.09 3.81-8.37 5.7
El 6.35 4.7 3.18 1.99 - 4.37 1.0
E2 10.41 8.0 4.28 2.68 - 5.88 4.0
E3 18.59 6.06 3.80-8.33 4.7
E4 5.20 2.82 1.77 - 3.88 4.0
F 15.36 6.3 5.41 3.39-7.43 6.3
G 16.62 5.6 5.67 3.55-17.79 5.2

provided by an area farmer to correct the deficiency, but that type of data is no longer

available.

The hourly precipitation Theissen polygon is shown in Figure 17. The corresponding
polygon area for each of the subbasins is tabulated in Table 9. These are the weighted

precipitation values used for the revised HEC-1 model.

Description of Model Inputs

An example of a HEC-1 model input file can be found in Appendix C followed by a
description of the file inputs and acceptable values for the input parameters.
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Figure 17. Map of Squaw Creek Basin Theissen Polygon using NWS Hourly
Precipitation Gages

iharaa.col



28

Table 9. Squaw Creek HEC-1 NWS Hourly Precipitation Gages Theissen Polygon
Area Percentages

Percent of Area in Polygon Section

Area Ames 8WSW Story City Webster City Ogden
Subbasin  square miles 43) (38) (11) (10)
A 1791 0.22 85.26 14.52
B1 18.10 55.30 44.70
B2 20.66 64.96 35.04
Ci 15.62 98.21 1.79
C2 14.17 100.00
D1 15.88 35.58 44.46 19.96
D2 14.79 54.77 45.23
D3 9.08 96.26 3.74
D4 18.72 11.43 88.57
El 6.35 100.00
E2 10.41 48.32 51.68
E3 18.59 100.00
E4 5.20 100.00
F 15.36 100.00
G 16.62 100.00
Total 217.46 42.50 37.70 10.10 9.70
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CALIBRATION AND VERIFICATION OF THE
REVISED SQUAW CREEK HEC-1 RUNOFF MODEL

Background

There are several rainfall-runoff models and flood prediction packages currently
available on the market besides the HEC-1 model. MIKE-11 (Earthsat, 1996b), OMEGA
(Correia, 1986) and Floodwatch (Earthsat, 1996a) are examples. However, the wide-
spread use of HEC-1 as a modeling tool for goVemmental agencies, the desire of local
officials for a revised model in a fairly short time frame, and the availability of the
researched and calibrated Glanville Squaw Creek HEC-1 model almost precluded the use
of any other modeling program for flood warning purposes on the Squaw Creek basin.

Glanville calibrated his model based on a 1975 flooding event. At the time his work
was done, the 1975 flood was the flood of record. Since 1987, several additional flooding
events have occurred. The June 17, 1990 and July 9, 1993 floods exceeded the
discharges of the 1975 flood. It was decided that it would be prudent to recalibrate and
reverify the model using the additional available data not only because of the larger flows
from the more current storm events, but also because of the addition of a node to the
model.

Procedure

The model parameters that were adjusted to calibrate the model are listed earlier in
this report and include lag times, routing parameters, baseflow recession constants and
curve numbers. During the initial calibration stages for this report, data were only
available for peak discharges and time of peak at Lincolnway in Ames for most of the
flood events . This information was used to determine the accuracy of the model
predictions. It was found that the parameters used by Glanville for his final model still
held fairly well with the more current flood events. Minor adjustments were made to the
basin lag times lower on the basin to account for the splitting of the E1 and E2 subbasins
from Glanville's model. Three high water events for which actual stream hydrographs
were available were used to calibrate and verify the basin lag times and routing
parameters. Comparisons of the input parameters used in the Glanville model and those
used in the calibrated revised model are listed in Tables 10 through 12.
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Table 10. Squaw Creek HEC-1 Model Input Comparison - Basin Areas

Subbasin Glanville Model Revised Model
A 18.29 17.91
B1 16.78 18.10
B2 22.77 20.66
Cl 16.70 15.62
C2 14.42 14.17
Di 24.66 15.88
D2 14.77 14.79
D3 9.46 9.08
D4 17.01 18.72
El 26.70 6.35
E3 18.59
E2 16.56 10.41
E4 5.20
F 14.27 15.36
G 14.54 16.62

Total 226.93 217.46

Table 11. Squaw Creek HEC-1 Model Input Comparison - Subbasin Lag Times

Subbasin Glanville Model Revised Model
A 59 6.3
B1 7.9 7.9
B2 4.9 6.8
C1 2.9 5.0
C2 3.1 5.2
Dl 9.5 9.5
D2 3.7 53
D3 5.0 5.0
D4 2.3 5.7
El 4.7 1.0
E3 4.7
E2 8.0 4.0
E4 4.0
F 6.3 6.3
G 5.6 5.2
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Table 12. Squaw Creek HEC-1 Model Input Comparison - Routing Muskingum k

Routing Reach Glanville Model Revised Model
A-B 1.6 1.6
B-C 2.9 2.9
C-D 2.9 29
D-E1/E2 3.1 1.5
E1/E2-E3/E4 2.1
E3/E4-F 1.2 22
F-G 1.2

To do the calibration and verification, the baseflow was removed from the storm
events corresponding to the July 9, 1993, July 17, 1993 and June 24, 1994 floods.
Although the June 1990 flood had also occurred fairly recently, the actual stream
hydrographs for the 1990 flood were unavailable for comparison purposes as the USGS
was in the process of converting from one data system to another and had not transferred
hydrograph data from flood events prior to 1991 to the new data system. The actual
hydrographs used and baseflows removed are shown in Figures 18 through 20. The
USGS hydrograph for the July 9th flood also contained a smaller hydrograph peak from a
storm event that had occurred on July 10th. This was removed during the calibration
process as the HEC-1 model is designed to model one storm event only. With baseflows
removed, the model runoff hydrographs compare almost exactly with the actual runoff
hydrographs for the 1993 events. Figures 21 and 22 show the hydrograph comparisons.
The modeled time of peak for the 1994 event was not the same as the actual as can be
seen in Figure 23. However, the total modeled runoff volumes under both the calibration
run and verification runs were within five percent of the actual basin runoff volumes. A
graph of model generated runoff volumes versus baseflow-removed actual runoff
volumes (Figure 24) and the data tabulated in Table 13 depicts a good correlation
between actual and modeled volumes.

In order to model the other storm events, baseflow had to be included in the model.
The baseflow recession constant was modified from Glanville's model to better match the
recession curves seen in actual hydrographs for the Squaw Creek basin at Lincolnway
during a June 1994 recession event where the stream was almost at bank full. The
baseflow constant was calculated by averaging several values of Q,/Q}, where Q,, is an
initial flow on the recession portion of the hydrograph curve and Qy, is the flow one hour
later. A final value of 1.055 is used in the revised model as compared to 1.02 used in the
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Actual Hydrograph w/ Baseflow
Squaw Creek @ Lincolnway 7/9/93
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Figure 18. July 9, 1993 Squaw Creek Hydrograph Depicting Baseflows
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Figure 19. July 17, 1993 Squaw Creek Hydrograph Depicting Baseflow
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Figure 20. June 24, 1994 Squaw Creek Hydrograph Depicting Baseflow
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Figure 21. July 9, 1993 Computed and Actual Runoff Hydrographs
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Actual vs Computed Runoff Hydrographs
Squaw Creek @ Lincolnway 7/17/93
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Figure 22. July 17, 1993 Computed and Actual Runoff Hydrographs
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Figure 23. June 24, 1994 Computed and Actual Runoff Hydrographs
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Actual vs. Computed Runoff Volumes
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Figure 24. Computed versus Actual Runoff Volumes for Revised Squaw Creek
HEC-1 Model

Glanville model. This value was also supported by the recession curve portions of the
1993 hydrographs.

The model came close to predicting the time of peak and peak discharge in almost all
cases using the SCS curve numbers associated with an AMC I1.5. For the Squaw Creek
basin, AMC I1.5 is a good starting point for basin SCS curve number input. Table 14 lists
the flood events used for verification of the model (baseflow included) with the
corresponding actual and predicted times of peak and peak discharges for initial HEC-1
runs without adjustment of the basin curve numbers.

Table 13. Actual and Computed Runoff Volumes

Date of Flood Actual Runoff Modeled Runoff % Difference
cubic feet cubic feet

July 9, 1993 857873 864201 0.74

July 17, 1993 396119 412678 4.18

June 24, 1994 123745 118084 4.57
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Table 14. Actual vs. Computed Peak Discharges and Times at Lincolnway
Initial Runs (No Curve Number Adjustments)

Actual Computed
Peak Flow Time Peak Flow Time

Date cfs hr/min cfs hr/min AMC
June 27, 1975 11300 0830 5502 0830 I
June 13, 1984 7180 1300 est. 8814 1300 I1.5
June 17, 1990 12500 unknown 13566 1030 I1.5
July 9, 1993 24300 0830 24634 0830 I1.5
July 17, 1993 11090 1545 12180 1600 I1.5
June 24, 1994 2841 0215 7124 1600 I1.5

The model run for the 1975 flood event did not include the Fibikar Farm precipitation
data that Glanville found necessary to use to obtain a better description of precipitation
on the basin in the 1975 storm event. Without the additional precipitation data, the
modeled peak discharge is considerably lower than the actual. This points to a need for a
more comprehensive system of rain gages for the Squaw Creek basin, especially in the
northwest corner of the basin.

By adjusting the model curve numbers, it is possible for the model to closely match
the actual peak discharges and times. Table 15 lists peak discharges and times of peak for
curve number adjusted model runs and the associated curve number adjustments. The
value +1, -1, etc. after the AMC numeral indicates what value was added or subtracted
from each of the curve numbers to obtain the desired peak discharge. An example of the
HEC-1 output for the curve number adjusted Squaw Creek model from the July 17, 1993
storm event is included in Appendix D. The data for COMB2 corresponds to the stream
gage at E-18 over Squaw Creek; the data for COMB4 corresponds to the stream gage at
Cameron School Road; and the data for COMB6 corresponds to the USGS stream gage
at Lincolnway in Ames. It is also possible to adjust the shape of the hydrograph
somewhat by adjusting the various curve numbers on the basin to differing degrees.
Figures 25 and 26 show how consistent curve number adjustment can affect the peak
discharge. Figure 27 portrays the affects of adjusting curve numbers to differing degrees
on the basin.

Figures 25 through 27 show that with the baseflow included in both the model and
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the stream hydrographs, the model and stream hydrographs do not match as well as they
did with the runoff-only hydrographs. This can be accounted for by the fact that the
hydrographs used for calibration and verification were not just one storm event. Both the
July 9 and July 17 flood events had basins reacting to prior or additional storms when the
modeled storm occurred. This seems to affect the peak shape more than anything else.
The time of peak and peak discharges are still predicted well by the model. Perhaps as
more information becomes available from the upper basin stream gages, adjustments will
be able to be made to the model to increase the matching of the modeled hydrograph peak
shape to the actual.

As shown prior in this document, data were also used for a smaller high water event
on June 24, 1994. This event varied from the other calibration and verification storm
events in that the basin was not as saturated before the storm event occurred. Using an
antecedent rainfall weighting procedure (Chenoweth, 1986), it is easily seen that the
antecedent rainfall prior to the 1994 event was much less than that for the 1993 events.
Tables 16 and 17 show the weighted antecedent rainfall amounts for the June 1994 and
the July 9, 1993 events. The weighted antecedent rainfalls can be used with Figure 28
(Chenoweth, 1986) to adjust the basin curve numbers for antecedent rainfall. This
procedure would adjust the June 1994 event curve numbers to an AMC I level and the
July 9, 1993 curve numbers to an AMC III level. This closely matches the curve numbers
used to obtain modeled hydrographs that match actual hydrographs for those storm
events.

As a consequence of the lower antecedent rainfall amounts, neither the computed

Table 15. Actual vs. Predicted Peak Discharges and Times at Lincolnway

Curve Numbers Adjusted
Actual Predicted
Peak Flow  Time Peak Flow Time
Date cfs hr/min cfs hr/min AMC
June 13, 1984 7180 1300 est. 7124 1300 I +2
June 17, 1990 12500 unknown 12682 1030 11.5-2
July 9, 1993 24060 0830 24018 0830 I1.5 -1
July 17, 1993 11090 1545 11180 1600 I1.5 -2

June 24, 1994 2841 0215 3275 1600 L5
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Actual vs. Computed Hydrograph
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Figure 25. Actual vs. Computed Hydrographs with Baseflow July 9, 1993
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Figure 26. Actual vs. Computed Hydrographs with Baseflow 7/17/93
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Effects of Varied Curve Numbers

Squaw Creek @ Lincolnway 7/17/93
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Figure 27. Effects of Varying Curve Numbers in Squaw Creek HEC-1 model

Table 16. Weighted Antecedent Rainfall - June 24, 1994

Rain gage data, centimeters

Date Day Ames 8WSW Ogden Story City =~ Webster City
June 16 7 0 0 0 0

17 6 1.016 1.016 0 0.762

18 5 0.254 0.254 0 0.254

19 4 0 0 0 0.254

20 3 0.508 0.762 0.254 0.254

21 2 0 0.254 0 0

22 1 0 0 0 0

23 5.334 NA 7.62 7.62
Weighted Antecedent

Rainfall, cm 0.874 1.417 0.224 0.739

peak discharge nor the time to peak for the June 1994 high water event matched what
actually occurred although the runoff volumes matched very well. Figure 28 shows the
actual and computed hydrographs for this event. It is hypothesized that more interflow
and infiltration occurred during that event causing the actual peak discharge to be smaller
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and the time to peak to occur later than the model had predicted. It is also possible that
the rainfall was more scattered over the basin than what the available rain gage data
weighted according to the Theissen polygon portrayed in the model. This raises a
question as to the model's usefulness during relatively normal to dry time periods on the

basin.
Table 17. Weighted Antecedent Rainfall - July 9, 1993
Rain gage data, centimeters
Date Day Ames §WSW Ogden Story City Webster City
July 2 7 0 0 0.254 0
3 6 0 0 0 0.254
4 5 1.219 0.508 0.762 0
5 4 1.956 2.032 1.524 1.016
6 3 0 0 0 0
7 2 0.381 0.508 0.254 0
8 1 1.803 15.24 9.144 6.096
9 11.811 1.016 3.302 2.54
Weighted Antecedent
Rainfall, cm 5.475 29.555 18.113 11.681

Cameron School Road Correlations

A comparison was also made between the model output and the actual peak discharge
at Cameron School Road based on the developed stage-discharge curves and the surveyed
high water marks for the July 9 and 17, 1993 flood events. The peak discharge for July
9th as determined from the computed stage-discharge curves for the surveyed high water
marks was 22600 cfs. The model gave a discharge of 20989 cfs at Cameron School Road
when the model and actual flows were matching at Lincolnway. This is a reasonably
good match.

For July 17th, the peak discharge from the computed stage-discharge curves for
Cameron School Road was approximately 13000 cfs. This value seems high considering
the peak discharge at Lincolnway was 11090 cfs. The model produced a discharge of
10456 cfs for Cameron School Road which corresponds more closely with the actual
peak discharge at Lincolnway. It appears from the limited data available that the model's
peak discharges at Cameron School Road are reasonably closely matching the actual
basin response. Once the stream gages at Cameron School Road and E-18 over Squaw
Creek are calibrated, it will be of interest to do more accurate comparisons.
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Figure 28. Sliding Scale Runoff Curve Number (Chenoweth, 1986, p.21)
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Actual vs Computed Hydrograph

Squaw Creek @ Lincolnway 6/22-24/94
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Figure 29. Actual vs. Computed Hydrographs for Squaw Creek 6/22-24/94

The only high water situation for which gaged timing data were available for both the
Lincolnway and Cameron School Road stream gages was that of June 24, 1994.
Unfortunately, this is the verification run where the timing parameters are in question.
Both the predicted peak at Lincolnway and the predicted peak at Cameron School Road
were earlier by about 8 hours than the actual records for those locations indicate.
Adjusting curve numbers can reduce this difference by several hours. However, if the
model is to be used for lesser high water events occurring under drier antecedent moisture
conditions, the model lag times and routing parameters may have to be adjusted to better
match what is actually occurring on the basin.

The theory that basin timing parameters are different during saturated versus dry
conditions is also supported by the observation that the difference in time to peak
between Cameron School Road and Lincolnway was higher under dry conditions than
under saturated conditions. During the 1993 floods, the difference between times to peak
was two to three hours as observed by water plant personnel. The timing difference for
the 1994 event was six hours.
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NEEDS FOR REAL-TIME MODEL USE
POSSIBILITIES FOR FURTHER STUDY

Needs for Real-time Model Use
Need for Real-time Precipitation Data

As had been mentioned earlier, there currently are no means to obtain real-time
precipitation data for the Squaw Creek basin. Hourly precipitation data used in model
calibration and verification were at least eight months old at the time of use. Real-time
daily precipitation is available, but that is not on a frequent enough time scale to be useful
in predicting flooding on a basin that responds within twenty-four hours to a storm event.
There is a need for real-time hourly precipitation data in a format readily entered into the
model.

Some options that could be explored in regard to real-time precipitation data are:
placing rain gages on the basin which would be monitored along with the stream gages at
the City of Ames Water Plant, using a commercial electronic meteorological service to
supply statistically analyzed precipitation data for the basin, or finding a means to work
cooperatively with the National Weather Service and the National Climatic Data Center
to obtain hourly precipitation data from the radar data used in weather forecasting
(NEXRAD). There are costs and benefits associated with each of these options.

Placing rain gages on the basin is costly in both the initial expenditure for equipment
and in the costs of operation and maintenance on a long-term basis. The initial cost of
putting ten rain gages on the Squaw and Skunk River basins is $1901 per gage. The costs
for telephone and/or electric service to the rain gage sites runs approximately $50 per
month. There would also be a cost for personnel to maintain and monitor the gages. No
estimate has been prepared as it is unknown who the personnel would be.

Commercial electronic meteorological services are also available. These services
offer the ability to download statistically analyzed weather information by e-mail or have
it sent via fax to the location of use. They use radar data from the National Weather
Service which is then run through a computer algorithm to allocate the precipitation over
the basin. The concern here is the accuracy of the information input into their computer
algorithms and the effects the algorithms have on the allocation over the basin. With
many of the services, the data are only downloaded once per day at a specific time each
day for the preceding twenty-four hours. This could be a problem if the storm event were
to begin just after the day's data had been downloaded. The flood would most likely
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occur prior to the receiving of the data to predict it. There is a monthly charge associated
with these services which varies depending on the size of the basin, data requested and
the supplier chosen. The lowest charge seen was $50 per month per site.

There is also a possibility that in the near future Iowa State University will have
access to the NEXRAD system used by the National Weather Service for weather
forecasting. This system uses enhanced radar images to determine the amount of
precipitation over a given area. Some of the same concerns that were discussed for the
commercial providers apply to the NEXRAD system as far as how the computer
algorithms determine the amount of precipitation. The question as to how the data from
the radar images would be translated into a format that can be used in the model may be
answered by the successor to the HEC-1 program currently being developed at the
Hydrologic Engineering Center in Davis, California (Feldman, 1996). The new model
makes use of three programs, ModClark, GridParm-DEM2HRAP, and HEC-DSS.
ModClark is a Modified Clark Runoff Simulation model that incorporates National
Weather Service WSR-88D radar data into a runoff simulation model. GridParm-
DEM2HRAP creates a basin parameter grid from USGS Digital Elevation Models
topographic information. HEC-DSS is a data storage system to which the created
hydrographs are written. Previous HEC-1 models can input the hydrographs from the
HEC-DSS files. The successor program to HEC-1, HEC-HMS will make use of these
subprograms in a PC-based Windows environment. It is expected to be beta tested late in
1996. It is still uncertain though when the university will begin to have access to the
NEXRAD data and how much information will be available at that time.

Need for Real-time Feedback Loops for Model Modification

Once real-time precipitation data are available to input into the model, there needs to
be a means to continually update the model to better match the data being supplied from
the upstream stream gages. It is the assumption that a series of feedback loops would be
needed that would adjust curve numbers and possibly basin lag times to help the upstream
modeled hydrographs match the hydrographs coming off of the upstream stream gages.
A possible schematic for such a procedure is shown in Figure 30. It is hoped that if the
modeled stream gage readings match the actual upstream, then the prediction of the
degree of flooding to occur in Ames will be accurate enough and early enough that
officials in Ames will have adequate time to sandbag and/or evacuate residents if
necessary prior to the occurrence of the flood. Hopefully the amount of lead
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Figure 30. Schematic of a Real-time Modeling Feedback Loop

time for city officials will be increased from the "drive upstream and look" method by
two to three hours.

Persons using this model on a real-time basis will need a user-friendly manual to
guide them through the use of the model. The initial users of the model in a storm event
may be water plant operators or water plant technical staff. Without a complete step-by-
step guide to the use of the model, those persons may not feel comfortable using the
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model. This could delay flood prediction and negate some of the benefits of the computer
modeling process. Once the real-time model is completed and ready for use, a complete
user manual will need to be developed. Training of the persons who may need to use the
model would also be advisable.

Possibilities for Further Study
Modifications of the Model to Include New City of Ames Rain Gages

At the writing of this thesis, ten rain gages have been ordered by the City of Ames to
be placed on the Squaw Creek and Skunk River basins. After the gages are installed, a
new Theissen polygon will need to be created, and the model will need to be revised
again to include the new rain gage locations. Calibration and verification of the newly
revised model will also be necessary.

Locations for the new rain gages were proposed to the City as part of this project.
The proposed rain gage locations and the corresponding Theissen polygon are depicted in
Figure 31. The proposed locations attempted to place the new rain gages on public or
cooperative properties to minimize difficulties in obtaining access for maintenance of the

rain gages.

Inclusion of the Squaw Creek Model in the Skunk River Model

The Squaw Creek basin model is only part of the larger flood warning system
envisioned for the Ames community. Another model is being developed for the Skunk
River that may include the Squaw Creek model as one of its subbasins. If that happens, it
may be necessary to adjust the Squaw Creek model to accommodate its use by the larger
model and flood warning system.

Comparisons of Model Output to Actual High Water Events Upstream of Ames

At the writing of this thesis, few calibrated data were available from the stream gages
at Cameron School Road and E-18 over Squaw Creek. The stream gages were installed
in 1994, but were not calibrated until after the high water event in June 1994. Since that

time there have been no storm events that have caused a concern of flooding on the basin.

When such data become available, it will be necessary to adjust the basin lag times,
routing parameters and possibly also the SCS curve numbers associated with the upper
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subbasins to match the actual times of peak and discharges seen at the stream gages. This
will lead to the need to once again recalibrate and verify the model.
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CONCLUSION

The HEC-1 flood modeling program developed by Glanville for the Squaw Creek
basin has been modified to include a node at the location of Cameron School Road.
Following the modification, the model was calibrated and verified. The parameters
Glanville developed for the Squaw Creek basin needed little adjustment even with the
creation of the new nodes. The model correlates fairly well during large flood events, but
may not be as accurate for high water events on a non-saturated basin.

The model can be used to predict flooding in real-time, but the precipitation data will
need to be upgraded so that it is available on at least an hourly basis to obtain an accurate
prediction. In the best possible situation, the amount of time local officials will have to
react to the flooding event will be eight to nine hours.

This model should be used only as part of a comprehensive floodplain management
plan. Flood prediction can only help people react to an event that is already occurring.
Planning for future events by adjusting planning and zoning requirements in the
floodplain could eliminate many of the damage centers and the need for flood prediction.
While complete removal of all development in the floodplain is probably not feasible,
local officials should explore the means of limiting and/or reducing development in these
areas in the future.
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APPENDIX A. STREAM CROSS-SECTION DATA
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Table Al. Stream Valley Cross-sections for E18 Bridge over Skunk River

Cross-section A

Cross-section B

Station Elevation n Station Elevation n
0 48.0 0.100 0 57.6 0.100
23 47.7 0.100 37 56.6 0.100
38 50.7 0.100 59 44.2 0.035
66 51.1 0.100 82 42.7 0.035
74 48.2 0.100 103 43.1 0.100
79 44.2 0.035 123 48.5 0.100
88 43.6 0.035 158 54.5 0.100
103 43.8 0.035 187 543 0.100
106 43.2 0.035 202 56.7 0.100
118 42.8 0.035 254 56.6 0.100
132 43.3 0.035
139 44.2 0.100
147 45.6 0.100
154 48.5 0.100
170 58.8 0.100
176 60.4 0.100
187 60.4 0.100
199 60.1 0.100
238 59.7 0.100
251 58.2 0.100
262 56.7 0.100

Drainage Area = 230 square miles

Stream slope = 5.106 feet/mile
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Cross-section A

Cross-section B

Station Elevation n Station Elevation n
0 971.0 0.100 0 1010.9 0.100
66 967.5 0.100 95 1011.0 0.100
170 969.0 0.100 195 969.6 0.100
260 968.0 0.100 300 967.5 0.100
286 967.7 0.035 400 968.0 0.035
315 962.5 0.035 420 960.6 0.035
340 969.3 0.100 445 968.0 0.037
420 972.6 0.100 592 966.2 0.037
475 972.4 0.037 692 968.8 0.037
577 970.3 0.037 795 969.2 0.037
677 970.0 0.037 895 970.0 0.037
777 969.9 0.037
Drainage area = 90 square miles Stream slope = 4.94 feet/mile

Table A3. Stream Valley Cross-sections for Cameron School Road Bridge

Station

Cross-section A

Elevation

Cross-section B

n Station Elevation n
0 922.5 0.100 0 940.0 0.100
93 905.0 0.100 170 912.0 0.100
156 905.4 0.035 280 912.0 0.100
200 911.7 0.037 390 913.5 0.100
282 911.1 0.037 400 905.1 0.035
450 914.7 0.037 440 905.1 0.035
500 913.0 0.037 450 911.3 0.100
600 912.6 0.032 590 912.6 0.032
700 913.5 0.032 700 912.4 0.032
800 915.6 0.032 810 912.3 0.032
900 917.6 0.032 920 912.5 0.032
1000 920.3 0.032 1030 914.0 0.032
1100 925.8 0.032 1140 915.4 0.032
1250 917.8 0.032
1360 919.5 0.032

Drainage area = 170 square miles

Stream slope = 5.28 feet/mile
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Station Elevation n

0 102.58 0.050
25 101.60 0.050
50 100.74 0.050
75 99.91 0.050
109 844 0.035
120 80.8 0.035
130 80.4 0.035
140 80.0 0.035
150 78.7 0.035
160 78.5 0.035
170 78.6 0.035
180 78.0 0.035
190 79.2 0.035
200 81.4 0.035
208 84.4 0.035
217 97.39 0.050
312 94.8 0.050
317 92.6 0.050
332 91.0 0.032
417 90.9 0.032
517 91.9 0.032
617 93.1 0.100

Drainage area = ~310 square miles

Stream slope = 2.508 feet/mile (surveyed)
Stream slope = 5.388 feet/mile (topographic map)
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54

Section Elevation n
0 982.3 0.100
2 982.2 0.100
2 980.1 0.100
12 978.5 0.100
22 976.2 0.100
32 975.5 0.100
37 974.0 0.100
37 968.2 0.035
42 967.4 0.035
52 967.2 0.035
62 965.3 0.035
84 963.4 0.035
92 963.0 0.035
102 959.2 0.035
112 960.1 0.035
122 960.7 0.035
130 960.6 0.035
130 973.7 0.100
132 973.7 0.100
142 974.5 0.100
150 974.6 0.100
152 976.6 0.100
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Section Elevation n

0 921.1 0.075
10 917.7 0.075
20 914.0 0.075
30 908.6 0.075
40 906.0 0.075
50 904.7 0.035
60 901.7 0.035
70 903.7 0.035
80 903.6 0.035
83 903.7 0.035
90 903.9 0.035
100 903.9 0.035
110 904.4 0.035
120 904.2 0.035
130 907.2 0.035
140 907.5 0.035
150 908.8 0.035
160 909.9 0.035
170 913.5 0.075
180 916.4 0.075
190 919.7 0.075
199 921.9 0.075
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for Cameron School Road

Section Elevation n

0 925.6 0.075
100 924.2 0.075
200 923.1 0.075
300 922.5 0.075
400 922.8 0.075
500 923.3 0.075
600 924.1 0.075
700 921.1 0.075
710 917.7 0.075
720 914.0 0.075
730 908.6 0.075
740 906.0 0.075
750 904.7 0.035
760 901.7 0.035
770 903.7 0.035
780 903.6 0.035
790 903.9 0.035
800 903.9 0.035
810 904.4 0.035
820 904.2 0.035
830 907.2 0.035
840 907.5 0.035
850 908.8 0.035
860 909.9 0.035
870 913.5 0.075
880 916.4 0.075
890 919.7 0.075
898 921.9 0.075
900 922.5 0.075
1000 928.0 0.075
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APPENDIX B. STAGE-DISCHARGE CURVE TABLES
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Table B1. Peterson Pits Bridge PCVAL output

Surveyed Slope = 2.508 ft/mile Map Slope = 5.388 ft/mile
Elevation Discharge Elevation Discharge
ft cfs ft cfs
79 12 79 17
80 72 80 106
81 179 81 263
82 374 82 548
83 630 83 923
84 943 84 1382
85 1334 85 1955
86 1795 86 2631
87 2311 87 3387
88 2879 88 4219
89 3497 89 5126
90 4166 90 6106
91 4883 91 7158
92 5777 92 8468
93 6965 93 10209

Table B2. Cameron School Road Bridge PCVAL Output for Map Cross-sections

Cross-section A Cross-section B
Elevation Discharge Elevation Discharge
ft cfs ft cfs
905.5 11 905.5 12
906.5 137 906.5 95
907.5 368 907.5 235
908.5 697 908.5 422
909.5 1124 909.5 653
910.5 1650 910.5 925
911.5 2144 911.5 1223
912.5 3033 912.5 1624
913.5 4230 913.5 2925
914.5 6255 914.5 5193
915.5 9223 915.5 8330
916.5 12983 916.5 12449
917.5 17489 917.5 17399
918.5 22811 918.5 23026
919.5 28884 919.0 26125

920.0 32201
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Surveyed + Road Elev.

n=0.075/0.035

Surveyed + Road Elev.

n=0.100/0.035

Surveyed only
n=0.075/0.035

Elevation Discharge Elevation Discharge Elevation Discharge
ft cfs ft cfs ft cfs
902.5 2 902.5 2 902.5 2
903.5 17 903.5 17 903.5 13
904.5 69 904.5 69 904.5 60
905.5 257 905.5 256 905.5 226
906.5 539 906.5 537 906.5 482
907.5 855 907.5 850 907.5 771
908.5 1308 908.5 1296 908.5 1150
909.5 1851 909.5 1830 909.5 1754
910.5 2534 910.5 2503 910.5 2438
911.5 3346 911.5 3300 911.5 3216
912.5 4253 912.5 4192 912.5 4085
913.5 5255 913.5 5175 913.5 5043
914.5 6429 914.5 6329 914.5 6083
915.5 7701 915.5 7578 915.5 7205
916.5 9073 916.5 8922 916.5 8415
917.5 10543 917.5 10360 917.5 9713
918.5 12110 918.5 11890 918.5 11094
919.5 13775 919.5 13512 919.5 12561
920.5 15537 920.5 15226 920.5 14109
9215 17243 921.5 16915 921.0 14915
922.5 18995 922.5 18658
923.5 20500 923.5 20231
924.5 23186 924.5 22708
925.5 26466 925.5 25647
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Table B4. E-18 over Squaw Creek Bridge PCVAL Qutput

Map Cross-section A Map Cross-section B Surveyed Cross-section
Elevation Discharge Elevation Discharge Elevation Discharge
ft cfs ft cfs ft cfs

: 960.0 3

961.0 0 961.0 30

962.0 6 962.0 109

963.0 1 963.0 25 963.0 224
964.0 11 964.0 63 964.0 345
965.0 43 965.0 125 965.0 535
966.0 105 966.0 216 966.0 809
967.0 206 967.0 365 967.0 1149
968.0 360 968.0 728 968.0 1484
969.0 635 969.0 1514 969.0 2012
970.0 2608

971.0 3254

972.0 3946

973.0 4680

974.0 5463

975.0 6352

975.7 7045

Table B5. E-18 over Skunk River Bridge PCVAL Output

Map Cross-section A Map Cross-section B
Elevation Discharge Elevation Discharge
ft cfs ft cfs
43 0 43 1
44 33 44 44
45 168 45 160
46 385 46 336
47 673 47 564
48 1022 48 841
49 1165
50 1536
51 1954
52 2421
53 2937
54 3503
55 4047
56 4757
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An example of the HEC-1 model input file will be listed in the next pages.
Parameters that can and should be changed in the event of a flooding situation will be
bolded. Following the input file example will be a description of the file inputs and a
listing of acceptable input values for the input parameters.

Using COED, an editing program available from the US Army Corps of Engineers,
the following type of input file is created for use by the HEC-1 modeling program.

Example HEC-1 Model Input File
*$AEREE***

ID Squaw Creek Basin Response Model Ames, IA

ID Head of creek to junction with Skunk River
ID Karla K. Tebben 10/3/94 AMC I1.5
*DIAGRAM

IT 30 08JUL93 000, , 12JUL93 000

I0 5

PG 430

IN 60 08JUL93 060
PIOO0OO0OOO 0.60 0.10 0 0
PIO00000O0O0O0O

PI 1.60 0.40 0 0.70 1.70 0.10 0.10 0 0 0
PI0O000000O0O0O

PG 110

IN 60 08JUL93 000
PIOC0O0O0O0OO0 1.00 010 0
PLO0C0000O0CO0O0O

P1 0.40 0.60 0 0.30 0.10 0.70 0.20 0 0 0
PL0000000O0O0O

PG 100

IN 60 08JUL93 000

PI0OOOOO 040040000
PLI0O0OO0O00O0O0O0O0 100

PI 1.70 0.10 0.90 1.50 0.20 0.10 0 0 0 O
PI001000000000O

PG 380
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IN 60 08JUL93 000
PLOOOOOO 090 0.10 0.10 0
PL00000000O0DO

PI 1.40 0.40 0.10 0.60 1.10 0.10 0 0 0 0
PI00100000000O
KK SUBA

KO 5

BA 17.91

PR 38 11 10

PW 0.0022 0.8526 0.1452

LS ,,87

UD 63

KK ROUTEI]

KM ROUTE A TO B OUTLET
KO 5

RM -1 1.6 0.20

KK SUBBI1

KO 5

BA 18.10

PR 38 10

PW 0.5530 0.4470

LS, ,87

UD 7.9

KK SUBB2

KO 5

BA 20.66

PR 11 38

PW 0.3504 0.6496

LS, ,87

UD 6.8

KK COMBI

KM COMBINE A, B1, AND B2
HC 3

KK ROUTE2
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KM ROUTE COMBINED FLOW TO C OUTLET
KO 5

RM -1 2.9 0.20

KK SUBC1

KO 4

BA 15.62

PR 38 10

PW 0.9821 0.0179

LS, ,84

UD 5.0

KK SUBC2

KO 5

BA 14.17

PR 38

PW 1

LS, ,85

UD 5.2

KK COMB2

KM COMBINE FLOW WITH C1 AND C2
KO 0 2

HC 3

KK ROUTE3

KM ROUTE COMBINED FLOW TO D OUTLET
KO 5

RM -1 2.9 0.20

KK SUBDI1

KO 4

BA 15.88

PR 38 43 10

PW 0.4466 0.3558 0.1996
LS, ,85

UD 9.5

KK SUBD2

KO 5
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BA 14.79

PR 43 10

PW 0.5477 0.4523
LS, ,85

UD 53

KK SUBD3

KO 5

BA 9.08

PR 38 43

PW 0.0374 0.9626
LS, ,85

UD 5.0

KK SUBD4

KO 5

BA 18.72

PR 43 38

PW 0.1143 0.8857
LS, ,85

Ub 5.7

KK COMB3

KM COMBINE FLOW WITH D1, D2, D3, AND D4
KO 5

HCS5S

KK ROUTE4

KM ROUTE FLOW TO E1 AND E2 OUTLET
KO 4

RM -1 1.5 0.20
KK SUBEI

KO 5§

BA 6.35

PR 43

PW 1

LS, ,84

uD 1.0
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KK SUBE2

KO 5

BA 10.41

PR 43 38

PW 0.4832 0.5168
LS, ,86

UD 4

KK COMB4

KM COMBINE FLOW WITH E1 AND E2
KO 0 2

HC 3

KK ROUTE5

KM ROUTE FLOW TO E3 AND E4 OUTLET

KO 5

RM -1 2.1 0.20
KK SUBE3
KO 5

BA 18.59

PR 43

PW 1

LS, ,84

UD 4.7

KK SUBE4
KO 5

BA 5.20

PR 43

PW 1

LS, ,86

UD 4.0

KK COMBS
KM COMBINE FLOW WITH E3 AND E4
KO 5

HC 3

KK ROUTE 6
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KM ROUTE FLOW TO LW GAGE
KO 5

RM -1 2.2 0.20

KK SUBF

KO 5

BA 15.36

BF 540 -0.26 1.055

PR 43

PW 1

LS, ,83

UD 6.3

KK COMB6

KM COMBINE FLOW WITHF
KO 4

HC 2

KK COMPI

KO 1

KM COMPARE ACTUAL TO COMPUTED HYDROGRAPHS @ LW

IN 60 09JUL93 000

QO 3510 3951 5086 5748 6478 6610 10690 17470 23110 23580
QO 21800 19820 17610 16390 14760 13410 12620 10350 9939 8715

QO 7992 7551 6887 6622 6231
KK ROUTE7?

KM ROUTE FLOW TO SKUNK RIVER
KO 5

RM -1 1.2 0.20

KK SUBG

KO 5

BA 16.62

PR 43

PW 1

LS, ,83

UD 5.2

KK COMB?7
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KM COMBINE FLOW WITH G
KO 5

HC 2

Y4

Explanation of Line Records and Ranges of Values

The following is a listing of the two letter line record delineators and the
corresponding input parameters used in the above HEC-1 model input file. Those records
that will be changed on a regular basis are listed first with their respective ranges of
associated values. Those records that will not be regularly changed will also be listed
with an explanation of the values associated with them. The information for these
explanations comes from a HEC-1 user manual published by the US Army Corps of
Engineers (1987).
Records That Will Be Changed
ID <Information concerning job>

The ID record is required to begin the job. The ID record lists information about the
model to be run, such as basin name, programmer name, date of run, date of storm event,

etc.

IT <NMIN> <IDATE> <ITIME>, ,<NDDATE><NDTIME>
The IT record is required to begin the job. The IT record defines the time interval to
be used for computation, starting time and date, and ending time and date.
<NMIN> = Integer number of minutes in computation interval
= 60 for hourly computation
= 30 for every thirty minutes
Minimum value is 1 minute
<IDATE>= Day, month and year for the beginning of the first time interval
Example: 08JUL93 would be entered for July 8, 1993. No runoff
calculations are made for precipitation preceding this date.
Use 3-character lettering only for the month.
<ITIME>= Integer number for hour and minute of the beginning of the first
time interval. Example: 1700 would be entered for 5:00 p.m.
No runoff calculation are made for precipitation preceding this time.
<NDDATE> =Day, month and year for the end of the required hydrograph
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computations. The same format is used as for IDATE.
<NDTIME> = Integer number for the ending time of the hydrograph computations.
The same format is used as for ITIME.

IN <JMIN> <JDATE> <JTIME>
The IN record is used to define the time interval and starting time and date for the
precipitation or true stream gage data that follows it for each of the four rain gage stations
or three stream gages used in the model development.
<JMIN> = Integer number of minutes between precipitation readings.
= 60 for hourly data
= 15 for 15-minute data

<JDATE> = Day, month and year of the beginning of the precipitation information.
Example: 08JUL93 would be July 8, 1993
<JTIME> = Integer number for the beginning time of the precipitation information.

Example: 1830 would be 6:30 p.m.

PI <PRCP> <PRCP> <PRCP> etc.

The PI record is used to input precipitation amounts in the intervals specified in
the IN record starting at the time and date specified in the IN record. For example, if the
IN record had a time interval of 60, hourly precipitation data in inches or mm would be
entered on the PI card starting at the time and date listed in the IN record. Up to 10
numbers may be listed after each PI record up to a total of 300 numbers over 30 lines.

It should be noted that the precipitation amounts in this HEC-1 model are hourly data
for Ames 8WSW (PG 43), Story City (PG 38), Webster City (PG 11), and Ogden (PG
10). Data for these gages are obtained from the National Climatic Data Center and are
not available at this time on an hourly real-time basis. Hourly data for these gages is
available eight to nine months after the storm event. For real-time flood prediction, the
model will need to be altered to make use of a source of real-time precipitation data. In
this case, it would be in the user's best interest to obtain the full documentation for the
HEC-1 model from the US Army Corps of Engineers before proceeding with the
alteration of the model.

LS , ,<SCSCN>
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The LS record is used to enter the curve number for the subbasin into the model. The
subbasin with which the LS record is associated would be that listed on the KK record
above the LS record in question. Curve number values for the subbasins in the model can
be found in Table18 earlier in this report. Based on calibration and verification modeling
for the Squaw Creek basin, curve numbers corresponding to an AMC IL.5 are a good
place to start in a flooding situation. Curve numbers between those listed also may be
used to help the model response more closely match the true basin response measured by

the stream gage data.

QO <STRQ>

The QO records are used to input the true stream hydrograph data as measured by the
stream gages on the basin. The hydrograph intervals, and start date and time are specified
on the preceding IN record. The hydrograph flows should be entered in cubic feet per
second or cubic meters per second beginning at the starting date and time indicated on the
IN record. If the measured hydrograph does not extend to the begin or end at the same
time as the modeled hydrograph, the first or last value will be repeated as necessary to
produce a hydrograph for the full time of the modeled hydrograph.

BF <STRTQ> <QRCSN> <RTIOR>
The BF records are used to input the baseflow in the stream prior to the storm event
and the recession parameters for baseflow.
<STRTQ> = Flow in the basin at the gaging station of question at the start of the
storm in cubic feet per second or cubic meters per second.
<QRCSN> = + number for flow in cubic feet per second below which baseflow
recession occurs in accordance with the recession constant RTIOR.
= - number to signify the ratio by which the peak discharge is
multiplied to obtain QRCSN. This has been set to -0.26 which
says that the discharge at which recession flow begins is 26% of the

peak discharge.

<RTIOR> = Recession flow constant computed by the equation:

RTIOR = (Qa/Qb)* (1/dt)
where Qb is the recession flow that occurs dt hours after recession
flow Qa. This has been set equal to 1.055 in the model based on

recession curves from basin hydrographs.
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Records That Will Not Be Changed
10 <IPRT>
The IO record is used to control the output for the entire job. It can be overridden by
a KO record later in the job.
<IPRT> = 0,1, or2 to print all output created by the modeling program
= 3 to print input data and intermediate and master summaries
= 4 to print input data and master summary
= 5 to print job specification and master summary only

PG <ISTAN> <PRCPN>
The PG records are used to identify the type and location of the precipitation data that
will follow it.
<ISTAN>

Precipitation gaging station identifier

= 43 for Ames SWSW

= 38 for Story City

= 11 for Webster City

= 10 for Ogden
<PRCPC> = 0 if the total storm precipitation will be computed from PI or PC

' records. This is what is currently used in the model.

= + number of total storm precipitation in inches or mm for the station

during the time interval specified in the IN record.

KK <ISTAQ>
The KK record signals the beginning of a new job step, and is required to move from
one job step to the next. <ISTAQ> is an alphanumeric identifier for each job step and

must be unique to that step only.

KO <JPRT> <JPLT>
The KO record is used to define the output for a specified job step. It overrides the
10 record until the next KK record is read.
<JPRT> = 0 to use the print control specified on the IO record
1 or 2 to print all of the output for the job step
= 3 to print input data and summaries for the job step
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= 4 to print basin input data only for the job step
= 5 to have no printout for the job step
<JPLT> = 0 or Blank to use the plot control specified on the IO card
= 1 to have no plots printed for this job step
= 2 to have the computed hydrograph for this job step plotted

KM <MESSAGE>
The KM record is used to add a message to remind the user of the process occurring
during a particular job step.

BA <AREA>
The BA record specifies the subbasin drainage area in square miles or square
kilometers.

PR <ISTR> <ISTR> etc.
The PR record identifies which precipitation gaging stations apply to the subbasin in
the job step. Up to five precipitation gaging stations may be specified.

<ISTR> = 43 for Ames 8WSW
= 38 for Story City
= 11 for Webster City
= 10 for Ogden

PW <WGT> <WGT> etc.

The PW record lists the relative weights to be assigned to the precipitation gages
identified in the PR record. The value is entered in decimal form. For example, if the
Ames 8WSW gage accounted for 28% of the rainfall in the subbasin according to the
Theissen polygon, a value of 0.28 would be entered on this record to correspond to the
gage order in the PR record. The percentages used for the subbasins are listed on

Table 20 earlier in this report.

UD <TLAG>
The UD record is used to input the subbasin lag time in hours. The lag times used
and the possible ranges for lag times are listed in Table19 earlier in this report.
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RM <NSTPS> <AMSKK> <X>
The RM record inputs the parameters necessary for Muskingame routing of the
stream flow from one node to the next.
<NSTPS> = + integer to specify the number of steps (equal to the number of
subreaches) for the Muskingame routing.
= -1 for the number of steps to be optimized or the number of steps
must have been previously supplied.
<AMSKK> = + number to specify the Muskingame K coefficient in hours for the
entire reach. The program automatically calculates the subreach K
as AMSKK/NSTPS. The values for this parameter were obtained from
Glanville's original model and calculated according to the
procedure he outlined in his thesis for the added reach in the revised
model. (Glanville, 1987, pp. 102-104)
<X> =+ number for the Muskingame routing X coefficient. Glanville states
in his thesis that the value of 0.20 was reasonable for the Squaw Creek
basin. (Glanville, 1987, p. 102)

HC <ICOMB>
The HC records specify the number of previously computed hydrographs to be
combined in the job step.

ZZ
The ZZ record signals the end of the input file for the HEC-1 program.
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APPENDIX D. EXAMPLE OF SQUAW CREEK HEC-1 MODEL OUTPUT
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1**#““t#“ﬁ*#*‘##i*‘t‘t’t#tti!t#itl‘ittt ERERFRRRURRERE SRR AR RN R R R kNN
* * * »
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS  *
. FEBRUARY 1981 . * THE HYDROLOGIC ENGINEERING CENTER *
*  REVISEDOIJUNg  * * 609 SECOND STREET  *
. . *  DAVIS, CALIFORNIA 95616 *
* RUNDATE 05/22/1996 TIME 20:12:04 * * (916)551-1748 y
* * * *
BEREEERKERRREEEEERRERRERE BN R R AR R R KRRk ¥ SRERRAEEEERRFFENBRESASB AR R ERESHRRR NSRS
X X XXXXXXX XXXXX X
X XX X X XX
X XX X X
XXXXXXX XXXX X  XXXXX X
X XX X X
X XX X X X
X X XXXXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HECI1DB,
AND HECIKW.

. THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-
STYLE INPUT STRUCTURE.

THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE
FORTRAN77 VERSION

NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE
STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM
1 HEC-1 INPUT PAGE 1

LINE D den 2030 b S 60n0 700000 8000090010

k% FREE kR
1 ID Squaw Creek Basin Response Modet Ames, [A
2 ID Head of creek to junction with Skunk River
3 ID Karla K. Tebben 2/18/96 7/17/93 flood AMCILS-2
4 ID No baseflow, File:93FL3R25 Actual at LW included
*DIAGRAM
5 IT 30 16JUL93 2300 20JUL93 000
6 10 4
7 PG 43 0
8 IN 60 16JUL93 2300

9 Pl 040 0 o0 0 19 060 0 0 0 O
10 PLOIO 0 0 0 O O 0 0 O O

11 PG 11 0

12 IN 60 16JUL93 2300

13 PL 0 0 010 020 0 0 09 09 050 050
14 Pl 040 010 0 0 o0 0 0 0 0 O

15 PG 10 0

16 IN 60 16JULS3 2300

17 PI 0 0 0 02 010 010 010 0 0 O
18 PP 0 0 06 0 60 0 0 0 0 O

19 PG 38 0

20 IN 60 16JUL93 2300

21 PI 0 040 0 O 19 100 040 010 0 0
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PIL. 0 0 0 0

KK SUBA

KO 4

BA 1791

PR 38 11 10

PW 0.0022 0.8526 0.1452

LS 85

UD 6.3

KK ROUTEI

KM ROUTE A TO B OUTLET
KO 4

RM -1 16 .20
KK SUBBI

KO 4

BA 18.10

PR 38 10

PW 5530 .4470
LS 85

UD 179

KK SUBB2

KO 4

BA 20.66

PR 11 38

PW .3504 .6496
LS 85

UD 638

HEC-1 INPUT

D200 3vden 56 700 8009 10

KK COMBI

KM COMBINE A, Bi, AND B2

HC 3

KK ROUTE2

KM ROUTE COMBINED FLOW TO C OQUTLET

KO 4
RM -1 29 .20

KK SUBC1

KO 4

BA 15.62

PR 38 10
PW 9821 .0179
LS 82
uD 5.0

KK SUBC2
KO 4

BA 14.17
PR 38

PW 1

LS 83
UD 5.2

KK COMB2

KM COMBINE FLOW WITH C1 AND C2

KO 0 2
HC 3
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100
101
102
103
104

105
106
107
108

109
110
111
112

113
114
115
116
117
118
119

120
121
122
123
124
125

KK
KM
KO
RM

KK
KO
BA
PR

PW

Do 2e 3 S b 7 80009 10

KK
KO
BA
PR
PW
LS

KK

ROUTE3

ROUTE COMBINED FLOW TO D OUTLET

4
-1 29

SUBDI1
4
15.88
38 43
4446 3558
83
9.5

SUBD2
4
14.79
43 10
5477 4523
83
53

HEC-1 INPUT

SUBD3
4
9.08
38 43
0374 9626
83
5.0

SUBD4
4
18.72
43 38
1143 8857
83
5.7

COMB3

COMBINE FLOW WITH D1,D2,D3 AND D4

4
5

ROUTE4

ROUTE FLOW TO E1 AND E2 OUTLET

4
-1 1.5

SUBE1
4
6.35
43
1
82
1.0

SUBE2
4
10.41
43 38
4832 5168
84

2

10
1996

20
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127
128
129
130

131
132
133
134

LINE

135
136
137
138
139
140
141

142
143
144
145
146
147
148

149
150
151
152

153
154
155
156

157
158
159
160
161
162
163

164
165
166
167

168
169
170
171
172
173

174
175
176

KM

Q0
QO

KK
KM
KO

85

4

COMB4

COMBINE FLOW WITHE! AND E2
0 2
3

ROUTES
ROUTE FLOW TO E3 AND E4 QUTLET
4
121 .20
HEC-1 INPUT

JFURIOR U ASVUIOI JOPUOPNR: JOUPRL. JURIN . OO JOUSURSE . SIOTUINL SO0

SUBE3

18.59
43

82
47

SUBE4
4
5.20
43
1
34
4.0

COMBS

COMBINE FLOW WITH E3 AND E4
4
3

ROUTE6
ROUTE FLOW TO LW GAGE
4
-1 22 020

SUBF
4
15.36
43
1
81
6.3

COMB6

COMBINE FLOW WITH F
32
2

COMPI

1
Compare actual to computed hydrograph @ LW
180 17JUL93 0000

0 0 2360 4079 6421 10753 9437 7468 35769 4756

3864 3116 2374 1906 1415 906 575

ROUTE?
ROUTE FLOW TO SKUNK RIVER
4

.10

327

75

0
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177 RM -1 12 020
HEC-1 INPUT

178 KK SUBG
179 KO 4

180 BA 16.62
181 PR 43

182 PW 1

183 LS 81
184 ubp s2

185 KK COMB7

186 KM COMBINE FLOW WITH G

187 KO 4
188 HC 2

SCHEMATIC DIAGRAM OF STREAM NETWORK

86

(V) ROUTING (-->) DIVERSION QR PUMP FLOW

(.) CONNECTOR (<~-) RETURN OF DIVERTED OR PUMPED FLOW

189 zZ
]
INPUT
LINE
NO.
23 SUBA
v
v
30 ROUTEI
34 SUBBI
41 SUBB2
48 COMBIooor
v
v
s1  ROUTE2
55 SUBCI
62 SUBC2
69 COMB2ovor.
v
v
73 ROUTE3
77 SUBDI
84 SUBD2
91 SUBD3

LINE ID.....ln2en 3 den Senbe 0 7.000.80.9.0.10
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98 . . . . suBD4
105 COMB3
v
v
109 ROUTE4
113 . SUBEI
1200 . . SUBE2
127 COMBAumrsr.
v
v
131 ROUTES
135 . SUBE3
142 . . SUBE4
1499 COMBS.ooommr.
v
v
153 ROUTES
157 . SUBF
164 COMB......
v
v
174 ROUTE?
178 . SUBG
185  COMBT........

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION

1t‘l‘t"ttttttlttt‘tttt“tttttt‘ittt#ttitt

* *
FLOOD HYDROGRAPH PACKAGE (HEC-1) *
FEBRUARY 1981 *

REVISED 01 JUN 88 *
*

*

* % B X BB #

RUN DATE 05/22/1996 TIME 20:12:04 *
*

REERBEEAEREEEERRRRRF AR RRRIEEERRRERRTRR DAY

Squaw Creek Basin Response Model Ames, [A

Head of creek to junction with Skunk River

87

EEEREERRERR AR AARRS IR R EEARRR kS RESRS

*

* U.S. ARMY CORPS OF ENGINEERS

* THE HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
DAVIS, CALIFORNIA 95616 *
* (916) 551-1748 *

*

HEREREEEERRERB AR ERRRERB AR EE R AR RS E R R R R R &

Karla K. Tebben 2/18/96 7/17/93 flood AMCIL5-2

*
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No baseflow, File:93FL3R25 Actual at LW included

610 OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
8§IN TIME DATA FOR INPUT TIME SERIES
JXMIN 60 TIME INTERVAL IN MINUTES
JXDATE 16JUL93 STARTING DATE
JIXTIME 2300 STARTING TIME
12IN TIME DATA FOR INPUT TIME SERIES
JXMIN 60 TIME INTERVAL IN MINUTES
JXDATE 16JUL93 STARTING DATE
JXTIME 2300 STARTING TIME
16 IN TIME DATA FOR INPUT TIME SERIES
JXMIN 60 TIME INTERVAL IN MINUTES
JXDATE 16JUL93 STARTING DATE ’
JXTIME 2300 STARTING TIME
20IN TIME DATA FOR INPUT TIME SERIES
JXMIN 60 TIME INTERVAL IN MINUTES
JXDATE 16JUL93 STARTING DATE
JXTIME 2300 STARTING TIME
IT HYDROGRAPH TIME DATA
NMIN 30 MINUTES IN COMPUTATION INTERVAL
IDATE 16JUL93 STARTING DATE
ITIME 2300 STARTING TIME
NQ 147 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 20JUL93 ENDING DATE
NDTIME 0000 ENDING TIME
ICENT 19 CENTURY MARK
COMPUTATION INTERVAL .50 HOURS
TOTAL TIME BASE 73.00 HOURS
ENGLISH UNITS

KAk KRR KRk SRR Rk KAk Bk Rk KKK KKK KEK KRk KKK XXX KRR BRK KRk REK KRk KRE RRK RRK XXX Bk FKX SRk KX KRK KHF KK FEK %

L2 24

DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH INCHES

LENGTH, ELEVATION FEET

FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES

TEMPERATURE DEGREES FAHRENHEIT

kAR RBRKERRH
L] *

23KK * SUBA *

* *
AXREEFAERERERER

24KO OUTPUT CONTROL VARIABLES

IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
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SUBBASIN RUNOFF DATA

25BA SUBBASIN CHARACTERISTICS
TAREA  17.91 SUBBASIN AREA

PRECIPITATION DATA
26 PR RECORDING STATIONS 38 It 10
27PW WEIGHTS .00 .85 .15

28 LS SCS LOSS RATE
STRTL .35 INITIAL ABSTRACTION
CRVNBR 8500 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

29UD SCS DIMENSIONLESS UNITGRAPH
TLAG 6.30 LAG

PRECIPITATION STATION DATA

STATION TOTAL AVG.ANNUAL WEIGHT
38 3.80 .00 .00
11 3.60 .00 .85
10 50 .00 A5

TEMPORAL DISTRIBUTIONS

STATION 38, WEIGHT= .00
0 00 20 20 00 00 00 00 95 95
S0 S50 20 20 05 05 00 00 .00 .00
00 00 00 00

STATION 11, WEIGHT = .85
0 00 00 00 05 05 .20 10 00 .00
00 00 45 45 45 45 25 25 25 25
20 20 05 .05

STATION 10, WEIGHT = .15
00 00 00 00 00 00 .0 .0 .05 .05
H5 05 05 05 00 00 00 .00 00 .00
00 00 00 00

UNIT HYDROGRAPH

65 END-OF-PERIOD ORDINATES
30. 88. 167. 259. 380. 532. 707. 894, 1056. 1175,
1260. 1310. 1320. 1312. 1272, 1209. 1138. 1058. 964. 856.
736. 635. 556. 490. 430. 380. 340. 304, 268. 238.
208. 183, 163. 143. 127. 112. 98. 87 76. 67
60. 52. 47. 41. 36. 32, 28. 25 22, 19
17. 15, 14. 13, 1. 10. 9. 8. 7. 6.
5. 4. 3. 2. i,

Bk ARk Rk Rk Rk ok Rk Rkk KRk KRk kRE Xkk KB K KEX RRE ERK REE AR AR KFE AR AR KEE REX KAk ko kK& AR FXK AEK Rk k%
*EX

RESERERBEEERRN
* *

30KK * ROUTEL *
* *

XEsb kRS R hkR
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90

ROUTE A TOB OUTLET

OUTPUT CONTROL VARIABLES

IPRNT 4 PRINT CONTROL

IPLOT 0 PLOT CONTROL

QSCAL 0. HYDROGRAPH PLOT SCALE

HYDROGRAPH ROUTING DATA

33 RM MUSKINGUM ROUTING

Bk REE KRk RRR KRk kRk KRR RRE RRK KX KAR Bk KK KRF FRE KEE KR REE BRE SR Kk & KKk XEK BPE KRR AR BNE RRE Hk AR REE S

L X2

NSTPS -1 NUMBER OF SUBREACHES
AMSKK  1.60 MUSKINGUM K
X 20 MUSKINGUM X

(2 1]

ERERRKFRRKKEEK

*

34 KK

»

* SUBBI *
*

LRERERESRE KRR

35KO0

36 BA

37PR
38 PW

39LS

40UD

OUTPUT CONTROL VARIABLES

IPRNT 4 PRINT CONTROL

IPLOT 0 PLOT CONTROL

QSCAL 0. HYDROGRAPH PLOT SCALE

SUBBASIN RUNOFF DATA

SUBBASIN CHARACTERISTICS
TAREA  18.10 SUBBASIN AREA

PRECIPITATION DATA

RECORDING STATIONS 38 10
WEIGHTS .55 45

SCS LOSS RATE

STRTL .35 INITIAL ABSTRACTION
CRVNBR  85.00 CURVE NUMBER

RTIMP .00 PERCENT IMPERVIOUS AREA

SCS DIMENSIONLESS UNITGRAPH
TLAG 7.90 LAG

PRECIPITATION STATION DATA

STATION TOTAL AVG.ANNUAL WEIGHT
38 3.80 .00 55
10 .50 .00 45

TEMPORAL DISTRIBUTIONS

STATION 38, WEIGHT = .55
00 00 20 20 00 00 00 00 95
S50 50 20 20 05 05 00 .00 .00
00 00 00 .00

.95
.00
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STATION 10, WEIGHT = 45

00 00 00 00 00 00 0 10 05 .05
L5 05 05 05 00 00 00 00 00 .00

.00 00 00 .00

UNIT HYDROGRAPH

81 END-OF-PERIOD ORDINATES
20.  49. 95 151, 213. 291. 383 488. 6l1. 7L
837. 922, 995. 1036. 1064. 1071. 1068. 1059. 1020. 977

931. 880. 825. 759. 686. 607. 540. 480. 434. 392.
353. 320, 291. 267. 243. 219. 200. 180. 160. 146.

133, 120. 109. 99. 89. 80. 73. 66. S9. 54,
49. 44, 40. 36. 33. 30. 27. 24 22, 20
18. 16, 15, 13, 12, 1L, 10. 10. 9. 8.

7. 6. 6. S. 4. 4. 3. 2. 2. 1.

AR KK KR R BRE BB REE KRR BRK KEE BEE KAk R Rk kdok Rk Rk Rk RRE ARk Rk Rk R RNk KRR KRR AR A KRR RAE HAk KRk AR

*h¥

SEERREERRRE AR
* .

41KK * SUBB2 *
* *
BRRERRRE AR R

42KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
[PLOT 0 PLOT CONTROL

QSCAL 0. HYDROGRAPH PLOT SCALE
SUBBASIN RUNOFF DATA

43 BA SUBBASIN CHARACTERISTICS
TAREA  20.66 SUBBASIN AREA

PRECIPITATION DATA
44 PR RECORDING STATIONS I 38
45 PW WEIGHTS 35 .65

46 LS SCS LOSS RATE

STRTL

.35 INITIAL ABSTRACTION

CRVNBR  85.00 CURVE NUMBER

47UD

RTIMP

.00 PERCENT IMPERVIOUS AREA

SCS DIMENSIONLESS UNITGRAPH

TLAG

6.80 LAG

PRECIPITATION STATION DATA
STATION TOTAL AVG.ANNUAL WEIGHT
11 3.60 .00 35
38 3.30 .00 .65
TEMPORAL DISTRIBUTIONS

STATION 11, WEIGHT = .35
00 00 00 .00 05 05 .10 .10 .00

.00
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00 00 45 45 45 45

STATION 38, WEIGHT= .65
60 00 20 20 00 00 00 .00 95 95
S0 50 20 20 05 .05

UNIT HYDROGRAPH

70 END-OF-PERIOD ORDINATES
30. 84, 158. 248, 362. 497. 657. 847. 1021. 1175.
1286. 1360. 1405. 1415, 1407. 1372, 1311. 1241. 1164. 1078.
978. 860. 749. 649. 579. 515. 457. 406. 367. 330.
294, 264. 233. 205. 185. 165. 146. 131. 116. 103.
92. 8i. 73. 65. 58, 52 46, 41, 37, 33,
29.  26. 23. 20. 18.  16. 15, 14, 12. 1L
10. 9. 8. 7. 6. 5. 4. 3. 2. 1.

EEE AR BRR BRE RAE REK KRR KPR RER BER KFE X AR K Bk ARK BEE KR FEF KRR KRK KR KRS KRk RR RER NAK KRS RAE X SXE AEE ARk

L2

FRERRREHRBRERN
» *

48KK * COMBI *
* *

SREXREERRERERE

COMBINE A, B1, AND B2

50HC HYDROGRAPH COMBINATION
ICOMP 3 NUMBER OF HYDROGRAPHS TO COMBINE

kK

W KK BNk RRE Nk ok ko Rk EBE Rkk BRE AR KK KKk NBk KKK Bhk KEX RRE kAK kdk KkX Rk kkk kXK Rk KAK hkK kKR KAk XX KKS

* Wk

EREERBRERRRRRS
. .

SIKK * ROUTE2 *
. .
ERERRREAR RN

ROUTE COMBINED FLOW TO C OUTLET

53KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

HYDROGRAPH ROUTING DATA
54 RM MUSKINGUM ROUTING
NSTPS -1 NUMBER OF SUBREACHES

AMSKK  2.90 MUSKINGUM K
X .20 MUSKINGUM X

xan

Bk KRR RRE hNK RNk SEE Rk gy AR kk g REK REE ARk KRk ShK KX Akk XXX KBk BEE KK A FRk kRS REE KRN KKK BRE ARE Ak kkk Ak

Rk
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XEXBEFRKREERREE
* »

S5SKK * SUBCI *
* *

kR RABRESR XS

56 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

SUBBASIN RUNOFF DATA

57BA SUBBASIN CHARACTERISTICS
TAREA  15.62 SUBBASIN AREA

PRECIPITATION DATA
58 PR RECORDING STATIONS 38 10
59 PW WEIGHTS .98 .02

60 LS SCS LOSS RATE
STRTL .44 INITIAL ABSTRACTION
CRVNBR  82.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

6t UD SCS DIMENSIONLESS UNITGRAPH
TLAG 5.00 LAG

E2 1]

PRECIPITATION STATION DATA

STATION TOTAL AVG.ANNUAL WEIGHT
38 3.80 .00 98
10 .50 .00 .02

TEMPORAL DISTRIBUTIONS

STATION 38, WEIGHT = .98
0 00 20 20 .00 00 00 00 95 95
S0 50 20 20 05 05 00 00 00 .00
00 00 00 .00

STATION 10, WEIGHT = .02
0 00 00 00 00 00 .10 .10 .05 05
05 05 05 05 00 00 00 00 .00 .00
00 00 00 .00

UNIT HYDROGRAPH

52 END-OF-PERIOD ORDINATES
41. 134, 255. 413. 622, 872 1103, 1278, 1388. 1432
1432, 1388. 1300. 1199. 1081, 937. 778. 648. 553. 471
403. 353, 303. 261. 220. 190. 162. 140. 119. 102,
87. 74 64. 55, 47. 40. 35 29. 25 2L
19. 16. 14, 13. 1L 9. 8. 6. 5. 3.
2. 1.

REE KRE SRE KBE REK KA k0% kg FRR AEd KKk KEX SFF FRE KpK X K0 REK XXX KEE KK KEX KRX SRS SR khd AEK RN AXX K2k K2X HR
*Ek
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SEAREFREERR AR
* *

62KK * SUBC2 *
* *

EEREFERRUERERS

63 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

SUBBASIN RUNOFF DATA

64 BA SUBBASIN CHARACTERISTICS
TAREA  14.17 SUBBASIN AREA

PRECIPITATION DATA
65 PR RECORDING STATIONS 33
66 PW WEIGHTS 1.00

67LS SCS LOSS RATE
STRTL .41 INITIAL ABSTRACTION
CRVNBR  83.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

68 UD SCS DIMENSIONLESS UNITGRAPH
TLAG 5.20 LAG

¥
PRECIPITATION STATION DATA

STATION TOTAL AVG.ANNUAL WEIGHT
38 3.80 .00 1.00

TEMPORAL DISTRIBUTIONS

STATION 38, WEIGHT = 1.00

00 00 20 20 00 00 00 00 95 95
S0 56 20 20 05 05

UNIT HYDROGRAPH

54 END-OF-PERIOD ORDINATES
35, 11, 21t 340. 507. 711. 914, 1077. 1187. 1245,
1255. 1243, 1173. 1094, 1003. 894. 764. 639. 540. 463,
398, 343. 301, 259. 225. 190. 165. 142, 123. 106.
91. 78. 66. 58. 49. 43 37 32, 27. 24
20. 18, 15, 13, 12, 10, 9. 3. 6. S.
4. 3. 2. 1.

Kk kEE KRR REE KBk kpk gokok okl Rk Rk RSk KKk K KRE kkk dokk Rk HEE hRk HRE KAk KFE REE KRR KEE KRR KRR XAk kR Kk KR kR
XK

ERERREFRRKERKR
» *

69KK * COMB2 *

* *
EEFRRESRBRERES

COMBINE FLOW WITH C1 AND C2
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71 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 2 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

72 HC HYDROGRAPH COMBINATION
ICOMP 3 NUMBER OF HYDROGRAPHS TO COMBINE

L2 24

1 STATION COMB2

(0) OUTFLOW
0. 1000. 2000. 3000. 4000. 5000. 6000. 7000. 0. 0. Q. 0. 0.

DAHRMN PER

162300 10

162330 20

170000 30

170030 40

170100 50

170130 60

170200 70

170230 80

170300 90

170330 100 . . . . . . . . . . . .

170400 100, oot e e e

170430 12. O .

170500 13. O .

170530 14. .0 .

170600 15. . 0.

170630 16. . .0 .

170700 17. . . .0 .

170730 18. . . . .0 .

170800 19. . . . . 0.

170830 20. . . . . . 0 . . . . . . .

170900 21. ... O

170930 22. . . .

171000 23.

171030 24. . . . . . . 0.

171100 25. . . . . . . 0.
O
(0]

171130 26.

171200 27. . . . . . .

171230 28. . . . . . . 0

171300 29. . . . . . . 0

171330 30. . . . . . .0
O i e

171430 32.

171500 33.

171530 34,

171600 3s. . . . . .

171630 36. . . . . . 0.

171700 37. . . . . . 0.

171730 38. . . . . . 0

171800 39. . . . . .0

171830 40. . . . . O . . . . . . .

171900 41. .. ... 0 N

171930 42. . . . .0 . . . . . . . .

172000 43. . . . .0

172030 44. . . . 0.

172100 45. . . . 0.

172130 46. . . .0

172200 47. . . o)

172230 48. . . 0.

172300 49, . . 0O

172330 50. . .0 . . . . . . . . . .

180000 S1........... (0 TP I
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180030 52.
180100 53.
180130 54.
180200 55.
180230 56.
180300 57.

180400 59.
180430 60.

180500 61....0.

180530 62.
180600 63.
180630 64.
180700 65.

180800 67.
180830 68.
180900 69.
180930 70.
181000 71.0..
181030 72.0
181100 73.0
181130 74.0
181200 75.0
181230 76.0
181300 77.0
181330 78.0
181400 79.0
181430 80.0

181500 81.0...

181530 82.0
181600 83.0
181630 840
181700 850
181730 860
181800 870
181830 880
181900 890
181930 900
182000 910..
182030 920
182100 930
182130 940
182200 950
182230 960
182300 970
182330 980
190000 990
190030 1000
190100 1010,
190130 1020
190200 1030
190230 1040
190300 1050
190330 1060
160400 1070
190430 1080
190500 1090
190530 1100
190600 {110
190630 1120
190700 1130
190730 1140
190800 1150
190830 1160

o
o
(0]
o .
180730 66. O .
o
0
0
0

96

0.
0.
(6]

o

.0
.0
180330 58. o)
0.
0.
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190900 1170
190930 1180
191000 1190
191030 1200

191100 1210 . o+ e oo oo e

191130 1220
191200 1230
191230 1240
191300 1250
191330 1260
191400 1270
191430 1280
191500 1290
191530 1300

191600 1310 .+ v ee oo '.

191630 1320
191700 1330
191730 1340
191800 1350
191830 1360
191900 1370
191930 1380
192000 1390
192030 1400

192100 1410 .+ o+ oo oo e

192130 1420
192200 1430
192230 1440
192300 1450
192330 1460
200000 1470

97

1

REK KR ARE KKK RRK RRE BEE KKK KX RAK KKK BEE Kkk KRR RBR XXk BRRx SXE KAE XK KXk 2R R0k 5K SRR kv khk HkE KAk KK 2k Rk X

E3 1

ERRRRERRRASNRE
* *

73KK * ROUTE3 *
* .
FEARARRERARASS

ROUTE COMBINED FLOW TO D OUTLET

75 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

HYDROGRAPH ROUTING DATA

76 RM MUSKINGUM ROUTING
NSTPS -1 NUMBER OF SUBREACHES
AMSKK  2.90 MUSKINGUM K
X 20 MUSKINGUM X

L2 2]

SR Rk kkk Kbk RRK kS Rhk KRk kkk HEE KKK Rk KEK KBE RS AXE RER FEE KEX KRE XDE RKR KX SRS HER KBS AXE S0k RXE HXE £2K 4R

¥
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(A2 s 221222 3 2

- *
77KK * SUBDI *
» *
FEREERERRERRAR
78 KO OUTPUT CONTROL VARIABLES

79 BA

80 PR
81 PW

82LS

83UD

IPRNT 4 PRINT CONTROL

IPLOT 0 PLOT CONTROL

QSCAL 0. HYDROGRAPH PLOT SCALE
SUBBASIN RUNOFF DATA

SUBBASIN CHARACTERISTICS
TAREA  15.88 SUBBASIN AREA

PRECIPITATION DATA

RECORDING STATIONS 383 43 10
WEIGHTS 44 36 .20

SCS LOSS RATE

STRTL A1 INITIAL ABSTRACTION
CRVNBR  83.00 CURVE NUMBER

RTIMP .00 PERCENT IMPERVIOUS AREA

SCS DIMENSIONLESS UNITGRAPH
TLAG 9.56 LAG

L1 L
PRECIPITATION STATION DATA
STATION TOTAL AVG.ANNUAL WEIGHT
38 3.80 .00 44
43 . 3.00 .00 36
10 .50 .00 .20
TEMPORAL DISTRIBUTIONS

STATION 38, WEIGHT= 44

00 00 20 20 00 00 00 .00

56 50 20 20 05 .05

STATION 43, WEIGHT = .36

20 20 00 00 00 00 .00 .00

30 30 00 00 00 .00

STATION 10, WEIGHT= .20

00 00 00 00 00 .00 .10 .10

05 05 05 05 00 .00

UNIT HYDROGRAPH

97 END-OF-PERIOD ORDINATES

12. 25, 53, 82 119. 157. 205. 257.

466. 539. 603. 661. 705. 742. 766. 78I.
781. 766. 742. 715. 687. 656. 624. 586.

450. 408. 368. 338. 310. 285. 261. 24l
191, 176. 162. 150. 137. 125. 114, 106.

82. 76. 70. 64 59. 54 50. 46.
36. 33, 30. 28 26 23 22, 20
16. 14, 13. 12 11, 10, 9. 9.

7. 7. 6. 6. 5. 5. 4. 4. 3.

95 95
95 95
.05 .05
321, 389
785.  785.
545. 499
220.  206.
98.  90.
42. 39,
i8. 17.
8. 8.

3.
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HRE KRR kR KKK RER Rk Rk ARE KRk Rk kkok Rk RR KRk KRR kX RRR KRk dkk Kk kAE R kR k KRk Rk Rk Rk Kk AEK KRE KkK RXK
ok

kEKkERREEbERKE

* *
84KK * SUBD2 *
. *

XERERREEARERESE

85KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

SUBBASIN RUNOFF DATA

86 BA SUBBASIN CHARACTERISTICS
TAREA  14.79 SUBBASIN AREA

PRECIPITATION DATA
87PR RECORDING STATIONS 43 10
88 PW WEIGHTS .55 45

89 LS SCS LOSS RATE
STRTL 441 INITIAL ABSTRACTION
CRVNBR  83.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

9 UD SCS DIMENSIONLESS UNITGRAPH
TLAG 5.30 LAG

PRECIPITATION STATION DATA

STATION TOTAL AVG.ANNUAL WEIGHT
43 3.00 .00 .55
10 .50 .00 45

TEMPORAL DISTRIBUTIONS

STATION 43, WEIGHT = .55
20 20 00 00 00 00 00 00 95 95
30 30 00 00 00 00 00 00 00 00
05 .05

STATION 10, WEIGHT = .45
o0 00 00 00 00 00 .0 10 05 .05
05 05 05 05 00 00 00 .00 00 .00
.00 .00

UNIT HYDROGRAPH

55 END-OF-PERIOD ORDINATES
35, 1tl.  210. 338. 503. 704. 9i3. 1085. 1205. 1274.
1286. 1277. 1219. 1142, 1054. 951. 827. 693. 582, 50!
431. 372, 327. 284, 246. 2I1. 181. 158. 135. 118.
101. 87. 75. 65. 56. 48. 42, 36. 3l 27,
23. 20 17. 15, 13. 12, 1L 9. 8. 6.
5. 4. 3. 2. I
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WA KRR RN kR ok R Rk KRR R Rk RKR KKk KK KRR KRk Kk REX KRR KRR RRK KKK KKK KRR KRR Rk KK KBE KRR KKk KRk KBk KKR
whE

kRS RRKBIREEK
* *

91KK * SUBD3 *
* *
ShkNREERBERN Rk

92 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

SUBBASIN RUNOFF DATA

93 BA SUBBASIN CHARACTERISTICS
TAREA 9.08 SUBBASIN AREA

PRECIPITATION DATA
94 PR RECORDING STATIONS 338 43
95 PW WEIGHTS .04 .96

96 LS SCS LOSS RATE
STRTL 41 INITIAL ABSTRACTION
CRVNBR  83.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

97UD SCS DIMENSIONLESS UNITGRAPH
TLAG 5.00 LAG

L2

PRECIPITATION STATION DATA

STATION TOTAL AVG. ANNUAL WEIGHT
38 3.80 .00 .04
43 3.00 .00 .96

TEMPORAL DISTRIBUTIONS

STATION 38, WEIGHT = .04
00 00 20 20 00 00 00 00 95 95
56 50 20 20 05 .05 00 .00 .00 .00
.00 .00

STATION 43, WEIGHT = .96
20 26 00 .00 00 .00 00 00 95 95
30 30 00 .00 00 .00 .00 .00 00 .00
05 .05

UNIT HYDROGRAPH
52 END-OF-PERIOD ORDINATES
24, 78. 148. 240. 361. 507. 641. 743, 807. 833.
833. 807. 756, 697. 629. 545. 453. 376. 321. 274,
234, 205. 176, 152 128. 110. 94, 8l. 69. 59.
50. 43, 37, 32, 27. 23, 20. 17 15, 12,
1. 9. 8. 7. 6. 5. 4. 4. 3. 2.
1. 0.
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101

B RRR FAk RNk KRR ERR K Kk kkk KR KN KK kBk R Rk kk kN KAk KRk KR RRF kKRR KRR kKK Kk ok BEk kX

SEREBRRRERRERN

*

*

98KK * SUBD4 *
* *
222222 L] L]
99KO  OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
SUBBASIN RUNOFF DATA
100BA  SUBBASIN CHARACTERISTICS
TAREA  18.72 SUBBASIN AREA
PRECIPITATION DATA
10t PR RECORDING STATIONS 43 38
102 PW WEIGHTS .11 .89
103LS  SCSLOSSRATE
STRTL .41 INITIAL ABSTRACTION
CRVNBR  83.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
104UD  SCS DIMENSIONLESS UNITGRAPH

TLAG 5.70 LAG

k¥

PRECIPITATION STATION DATA

STATION TOTAL AVG. ANNUAL WEIGHT

43 3.00 .00 A1
38 3.80 .00 .89
TEMPORAL DISTRIBUTIONS
STATION 43, WEIGHT = .11
20 20 00 00 00 00 00 00 95 95
30 30 00 00 00 .00 00 00 00 .00
05 .05
STATION 38, WEIGHT = .89
00 00 20 20 00 00 W00 00 95 95
50 S0 20 20 05 05 00 .00 00 .00
00 .00
UNIT HYDROGRAPH
59 END-OF-PERIOD ORDINATES
38.  118. 223, 355, 520. 727. 969. 1179. 1341. 1450,
1509. 1519. 1506. 1435. 1349. 1253. 1142, 1011, 857. 729
630. 548. 477. 416, 370. 323, 283. 245, 212, 187.
162, 142, 123, 107. . 93. 8. 7i. 62. 54 47
41, 36. 31. 27. 24 21. 18 16 15, 13,
12. 10. 8. 7. 6. 4. 3. 2. 1.
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HRK N KRR KK KK KRk KRk BRR RER KRR R KRR AR ERN Rk Rk KRR KRN kR X kk Rk KR ARk Rk okk RRK KRR Rk Kk Rk Rdk k%

i L]

ERERERRRRERERR
. *

1I05SKK * COMB3 *
* *
AREEEERRR SRR R

COMBINE FLOW WITH D1,D2,D3 AND D4

107 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

108 HC HYDROGRAPH COMBINATION
IComMmpP 5 NUMBER OF HYDROGRAPHS TO COMBINE

E1 1]

ok Rk R RRK RRk ERk KR KRR KRR KRR Rk Rk Rk KRRk Rkl BRk HRE KR KKK Kk kR KRR KRR KRk ARk AKE AR Rk KRR AkE REK ANK

31

EREREERRRE RN
* »

109 KK * ROUTE4 *
* .
Ly

ROUTE FLOW TO E1 AND E2 OUTLET

111 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT - 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

HYDROGRAPH ROUTING DATA

112 RM MUSKINGUM ROUTING
NSTPS -1 NUMBER OF SUBREACHES
AMSKK  1.50 MUSKINGUM K
X 20 MUSKINGUM X

*%%

AER KRR bk 5D KRR KBE KAk BAK B KRR AP AFE KRk ARk RRE BEK AN KEK RRE KK R H XXX RAR NRE KRk SRR KK Rk Rk kA X K TR

k%

CEBRREKEEERRRE
* *

113KK * SUBEI *
* .

SEEEENERRERREE

114 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
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SUBBASIN RUNOFF DATA

115BA SUBBASIN CHARACTERISTICS
TAREA 6.35 SUBBASIN AREA

PRECIPITATION DATA
116 PR RECORDING STATIONS 43
117 PW WEIGHTS  1.00

118LS SCS LOSS RATE
STRTL .44 INITIAL ABSTRACTION
CRVNBR  82.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

119 UD SCS DIMENSIONLESS UNITGRAPH
TLAG 1.00 LAG

LA L
PRECIPITATION STATION DATA

STATION TOTAL AVG.ANNUAL WEIGHT
43 3.00 .00 1.00

TEMPORAL DISTRIBUTIONS

STATION 43, WEIGHT = 1.00
20 20 00 00 00 00 00 00 95
30 30 00 00 00 00 00 .00 .00
05 .05

UNIT HYDROGRAPH
12 END-OF-PERIOD ORDINATES

767. 2300. 2300. 1385. 692. 364. 190. 99. 52

15. 5.

BEK RRE REE Rdk Rokk Rk kR KRR RRK KR KRk REE RS KRk kkok Bhk Kk KRR kkk kkk RkE kK KRR NEk kkk WK kk kK SRk KXW Sk AKX

L i 2]

EEREEEREEN R AR
* *

120KK * SUBE2 *
* L]

FhREUEREkE RS REE

121 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
[PLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

SUBBASIN RUNOFF DATA

122 BA SUBBASIN CHARACTERISTICS
TAREA  10.41 SUBBASIN AREA

PRECIPITATION DATA
123 PR RECORDING STATIONS 43 38
124 PW WEIGHTS 48 .52

12518 SCS LOSS RATE

95
.00

27.
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STRTL .38 INITIAL ABSTRACTION
CRVNBR  84.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

126 UD SCS DIMENSIONLESS UNITGRAPH
TLAG 4.00 LAG

k%

PRECIPITATION STATION DATA

STATION TOTAL AVG.ANNUAL WEIGHT
43 3.00 .00 A8
38 3.80 .00 52

TEMPORAL DISTRIBUTIONS

STATION 43, WEIGHT = 48
20 20 00 00 00 00 00 00 95 95

30 30 00 00 00 00 00 00 00 00
05 .05

STATION 38, WEIGHT = .52
00 00 20 20 00 00 .00 00 95 95

S0 50 20 20 W05 05 00 00 00 .00
.00 .00

UNIT HYDROGRAPH
42 END-OF-PERIOD ORDINATES
50. 156. 300. 500. 754, 978. 1117. 1176. 1176. 1117.
1022, 909. 763. 607. 491. 403. 331 280. 232. 19l
157. 129. 108. 88. 73. 60. 49. 41, 34 28,
23. 19. 16. 13. 1. 10 8. 6. 5. 3.
2. 1.

ek RS kXK AR HRK kkk Hkk KRR BAE KK HEE REX FEE Sk SEE Rk FEE ANE Kk KRk Kk FRk AR KKK FRh Ik Bk kkk kkh kEF kR KRN
kg

e T T
. *

127KK * COMB4 *
» *
B e T

COMBINE FLOW WITH E1 AND E2

129KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 2 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

130 HC HYDROGRAPH COMBINATION
ICOMP 3 NUMBER OF HYDROGRAPHS TO COMBINE

*6k

1 STATION COMB4
(O) OUTFLOW
0. 1000. 2000. 3000. 4000. 5000. 6000. 7000. 8000. 9000. 10000. 11000. 0.
DAHRMN PER
162300 10
162330 20
170000 30
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170030 40
170100 50
170130 60
170200 70
170230 80
1703060 90

170330 10.

170400 11

170430 12.
170500 13.
170530 14.
170600 15.
170630 16.
170700 17.
170730 18.
170800 19.
170830 20. . . . . . . . . . . .
170900 21. ... oo O
170930 22.
171000 23.
171030 24.
171100 25.
171130 26.
171200 27.
171230 28.
171300 29.
171330 30. . . . . . . . . . . . .
F7H400 3. .o O.........
171430 32.
171500 33.
171530 34.
171600 35.
171630 36.
171700 37.
171730 38.
171800 39.
171830 40. . . . . . . . . . . .
L71900 41 ettt iaii i eaieaas O, .
171930 42.
172000 43.
172030 44.
172100 45.
172130 46.
172200 47.
172230 43.
172300 49.
172330 50. . . . . . . . . . . .
180000 51.......ooviiiiiie. O e
180030 52. . .

180100 53.
180130 54.
180200 55.
180230 56.
180300 57.
180330 58.
180400 59.
180430 60.

180500 61

180530 62.
180600 63.
180630 64.

180700 65.
180730 66.
180800 67.
180830 68.

105

lanaraa.co



106

180900 69. 0
o

180930 70.

181000 71....0

181030 72.
181100 73.
181130 74.
181200 75.

181300 77.
181330 78.
181400 79.
181430 80.

181500 81..0........ T TR

181530 82. O
181600 83.0
181630 84.0
181700 85.0
181730 86.0
181800 87.0
181830 88.0
181900 89.0
181930 90.0

182000 91.0. -+ - v e oo e s

182030 92.0
182100 93.0
182130 94.0
182200 95.0
182230 96.0
182300 970
182330 980
190000 990
190030 1000

190100 1010 . - - v v e e

190130 1020
190200 1030
190230 1040
190300 1050
190330 1060
190400 1070
190430 1080
190500 1090
190530 1100

190600 T110 .. .ottt et i et ittt s eians

190630 1120
190700 1130
190730 1140
190800 1150
190830 1160
190900 1170
190930 1180
191000 1190
191030 1200

11100 1210 + + - oo

191130 1220
191200 1230
191230 1240
191300 1250
191330 1260
191400 1270
191430 1280
191500 1290
191530 1300

191600 13100+ + oo oo e

191630 1320
191700 1330

O
0
(0]
o .
181230 76. O .
o
0
0
o
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191730 1340
191800 1350
191830 1360
191900 1370
191930 1380
192000 1390
192030 1400

192000 1410 o+ oo oo

192130 1420
192200 1430
192230 1440
192300 1450
192330 1460
200000 1470
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1

BRE KRS KRR EBE FEE FRK BFE FRE KRR BRK ARG KRR Shk RRE BAk Rk Rk KRR kkd REE HE® RAE RER KRR ARk RRE KRR KRK REX KKK KER XA

*EH

ARRBERRRERRON S
* *

131KK * ROUTES *
* .
T T T

ROUTE FLOW TO E3 AND E4 OUTLET

133 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

HYDROGRAPH ROUTING DATA

134 RM MUSKINGUM ROUTING
NSTPS -1 NUMBER OF SUBREACHES
AMSKK  2.10 MUSKINGUM K
X .20 MUSKINGUM X

%k

KRR REK REE KRR ARE S0k k% REE kkk hkk kg Fhk SRk kA2 RAR Hkk KKK kS Kk bkk SXE Bk SRR KKK $h%k XRE Ak REX ARk SRk K&k k2N

*E¥

FRERKSEARRENNS
. *

135KK * SUBE3 *
* .
ERERRERERRARRE

136 KO OUTPUT CONTROL VARIABLES
[PRNT 4 PRINT CONTROL
PLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

SUBBASIN RUNOFF DATA

137BA SUBBASIN CHARACTERISTICS
TAREA 18.59 SUBBASIN AREA
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PRECIPITATION DATA
138 PR RECORDING STATIONS 43
139 PW WEIGHTS  1.00

140LS SCS LOSS RATE
STRTL 44 INITIAL ABSTRACTION
CRVNBR  82.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

141 UD SCS DIMENSIONLESS UNITGRAPH
TLAG 470 LAG

L2314
PRECIPITATION STATION DATA

STATION TOTAL AVG.ANNUAL WEIGHT
43 3.00 .00 1.00

TEMPORAL DISTRIBUTIONS

STATION 43, WEIGHT = 1.00

20 20 00 00 00 00 00 00 95 95
30 30 00 00 00 00 00 00 00 00
.05 .05

UNIT HYDROGRAPH
49 END-OF-PERIOD ORDINATES
56. 185, 351. 574, 870. 1215. 1502. 1696. 1798. 1812.
1784. 1672. 1541. 1390. 1201. 987. 813. 688. 581. 495.
428. 363. 308. 258. 221. 187. 159. 134, 114, 96.
82. 69. 59. 50. 43. 36. 31 2. 22 19.
17. 15, 12, 10, 8. 6. 5. 3. L.

Rkk RER RBE ok kkdk Bk kkk RKX RNk Kbk KBk REF KEE kR Xk kkE kkk Bk kkk Kkk kKD Kkk kR kkk Kbk KAk FhE Xkk hhk BEK kR ke
k¥

SREREREREIRRRA
* *
142KK * SUBE4 *
* *

SEERRERRARRRRS

143 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

SUBBASIN RUNOFF DATA

144 BA SUBBASIN CHARACTERISTICS
TAREA 5.20 SUBBASIN AREA

PRECIPITATION DATA
145 PR RECORDING STATIONS 43
146 PW WEIGHTS 1.00

147 LS SCS LOSS RATE

STRTL .38 INITIAL ABSTRACTION
CRVNBR  84.00 CURVE NUMBER
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RTIMP .00 PERCENT IMPERVIOUS AREA

148 UD SCS DIMENSIONLESS UNITGRAPH
TLAG 4.00 LAG

E L1

PRECIPITATION STATION DATA

STATION TOTAL AVG.ANNUAL WEIGHT
43 3.00 .00 1.00

TEMPORAL DISTRIBUTIONS

STATION 43, WEIGHT = 1.00
20 20 00 00 00 00 00 .00 95 95
30 30 00 00 00 00 00 00 00 .00
05 .05

UNIT HYDROGRAPH
42 END-OF-PERIOD ORDINATES
25. 78. 150. 250. 377. 488. 558. 587. 587. 558.
511. 454, 381. 303. 245. 201. 165. 140. 116. 95.
79. 65. 54 44 36 30. 25 2. 17. 14
12. 9. 3. 6. 6. S. 4. 3. 2. 2.
L. 0.

BEE Ak KRR Rkk kkk KBk kRE KRR kR RNk Sk KX REd KFx kkk Rk KRk kk khk Kk KRR kK Ehk KK KB kWD Sk kKK REk KKK KEN K%

Li 1]

BEERRRKRCKNEEE
* *

1499KK * COMBs *
* *

EREEREEE SR KRS

COMBINE FLOW WITH E3 AND E4

151 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
I[PLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

152 HC HYDROGRAPH COMBINATION
1ICOMP 3 NUMBER OF HYDROGRAPHS TO COMBINE

¥

BEE KR kER B ARK Kkk EF KAE REK AkX BRE KXX KX KK ARk AFH KES KXk Kk ¥ Shd HKk KkE kkk RER KRN RRE ARk K% A¥h KRR ARk SBA

R K

ARERRBERSRN AN
* *

I1S3KK * ROUTESé *
. *
EREEEBRR IR

ROUTE FLOW TO LW GAGE

155KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
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IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

HYDROGRAPH ROUTING DATA

156 RM MUSKINGUM ROUTING
NSTPS -1 NUMBER OF SUBREACHES
AMSKK  2.20 MUSKINGUM K
X .20 MUSKINGUM X

k%

KRS EXE BRE BEK FFE RR% ARK KkE AEE KRE UEX KEK 20K KkK XRE BRK KK KRE KKK KBk AFK dkE KXk KD kK KKk KRk X¥S Kbk ¥ KKk kX%
k¥

EXERRERRRERBRE
* *

I157KK * SUBF *
. .

AEXRERNBEREE XS

158 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

SUBBASIN RUNOFF DATA

159 BA SUBBASIN CHARACTERISTICS
TAREA 1536 SUBBASIN AREA

PRECIPITATION DATA
160 PR RECORDING STATIONS 43
161 PW WEIGHTS  1.00

162 LS SCS LOSS RATE
STRTL .47 INITIAL ABSTRACTION
CRVNBR  81.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

163 UD SCS DIMENSIONLESS UNITGRAPH
TLAG 6.30 LAG

PRECIPITATION STATION DATA

STATION TOTAL AVG.ANNUAL WEIGHT
43 3.00 00 1.00

TEMPORAL DISTRIBUTIONS

STATION 43, WEIGHT = 1.00
20 20 00 00 00 00 00 00 95 95
30 30 .00 00 00 00 00 00 .00 .00
05 .05

UNIT HYDROGRAPH

65 END-OF-PERIOD ORDINATES
26. 76. 143. 223. 326. 456, 606. 767. 906. 1008.
1081, 1123, 1132, 1125, 1091. 1037. 976. 907. 827. 734,
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Bk RRE KRR KR RRE RRE B8 KRk KRR R KK Rk KKK FRE AR kAR RKE KRE ARk Rk Rk Rk Rk R kR RAK KK KRR Rk Ak R kRS R

E 21

631.
178.

18.

111

545. 477.  420. 369. 326. 292, 260. 230. 204
157.  140. 122, 109. 96. 84. 75 65. 58
45. 40. 35 3. 28 24, 22, 19. 17.

13. 12. 1L 10. 9. 8. 7. 6. 5.

3. 2. 1. 0.

RERRERARREREIE

]

164 KK

*

]

*

COMB6 *

*

ERREKERRREERRR

166 KO

167 HC

ek

PEAK FLOW TIME

+ (CFS)

+ 10811

0.

(

o1

1000. 2000. 3000. 4000. 5000. 6000. 7000. 8000. 9000. 10000. 11000.

COMBINE FLOW WITH F

OUTPUT CONTROL VARIABLES

IPRNT 3 PRINT CONTROL

IPLOT 2 PLOT CONTROL

QSCAL 0. HYDROGRAPH PLOT SCALE

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

HYDROGRAPH AT STATION COMB6

MAXIMUM AVERAGE FLOW
6-HR 24-HR  72-HR 73.00-HR

HR)

(CFS)

7.00 10508.  7728.  2866. 2827.

(INCHES) .486  1.431 1.592 1.592

(AC-FT) 5211. 15328. 17053.  170S3.

CUMULATIVE AREA = 200.84 SQ MI
STATION COMB6

(0) OUTFLOW

DAHRMN PER

162300
162330
170000
170030
170100
170130
170200
170230
170300
170330
170400
170430
170500
170530
170600
170630
170700
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170730
170800
170830

170930
171000
171030
171100
171130
171200
171230
171300
171330

18.
19.
20.

22.
23.
24,
25.
26.
27.
28.
29.
30.

112

11400 31 v e oo e O.o0on.

171430
171500
171530
171600
171630
171700
171730
171800
171830

32.
33.
34,
3s.
36.
37.
38.
39.
40.

171900 81 e v oo e 0. 0viv..

171930
172000
172030
172100
172130
172200
172230
172300
172330
180000
180030
180100
180130
180200
180230
180300
180330
180400
180430
180500
180530
180600
180630
180700
180730
180800
180830
180900
180930
181000
181030
181100
181130
181200
181230
181300
181330
181400
181430
181500
181530

42,

43.
44,
45.
46.
47.
48.

49.
50.
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181600 83.
181630 84.
181700 85.

181800 87.
181830 88.
181900 89.
181930 90.
182000 91..0.
182030 92. O
182100 93.0
182130 94.0
182200 95.0
182230 96.0
182300 97.0
182330 98.0
190000 99.0
190030 100.0
190100 101.0.
190130 102.0
190200 103.0
190230 104.0
190300 105.0
190330 106.0
190400 1070
190430 1080
190500 1090
190530 1100
190600 1110 .
190630 1120
190700 1130
190730 1140
190800 1150
190830 1160
190900 1170
190930 1180
191000 1190
191030 1200

(&)
(0]
o .
181730 86. O .
0
0
o
0

113

191100 1210« oo e

191130 1220
191200 1230
191230 1240
191300 1250
191330 1260
191400 1270
191430 1280
191500 1290
191530 1300
191600 1310
191630 1320
191700 1330
191730 1340
191800 1350
191830 1360
191900 1370
191930 1380
192000 1390
192030 1400
192100 1410
192130 1420
192200 1430
192230 1440
192300 1450
192330 1460

200000 1470,
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Rk ok kkk kR kokk Kk Rkk pkk Rk kokk kkk kR kR wREk KRk Kkk RAR Bk Rk KRN Rk kR ko RAE KRk KX Kk EEE KRR kkk KBk R R
L L]

EREREERRAREXRE
» *

168KK * COMPI] *
» *

ERRKREERREBRRE

169 KO OUTPUT CONTROL VARIABLES
IPRNT 1 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
Compare actual to computed hydrograph @ LW

171 IN TIME DATA FOR INPUT TIME SERIES
JXMIN 180 TIME INTERVAL IN MINUTES
JXDATE 17JUL93 STARTING DATE
JXTIME 0 STARTING TIME

k%

BRXRKERBBRERRREE R R RSB RR R R AR AR RN ERERERR SRR AR R SR RR R RN A B R AR AR KRR A IR TR R R R AR R AR AR SRR R B AR R R PR SRR R R IR R ER KRR RS R Rk

Rk
* *
. COMPARISON OF COMPUTED AND OBSERVED HYDROGRAPHS y
* *

RARRKRRRAKRRENE AR B AR R ERERRRRR KRN RA KB EA RS F RS SRR A R R A SR AR BRI R RSB RS R R R SRR AR B ISR IR R R SRR SRR AR AR KRN B ERE SRR R R

RRERE
* *
. TIMETO  LAG .
. SUMOF EQUIV ~ MEAN CENTER CM.TO PEAK TIMEOF *
. FLOWS DEPTH FLOW OFMASS CM. FLOW PEAK *
* *
* COMPUTED HYDROGRAPH  412678. 1592  2807. 2128 2128  1081l. 17.00 *
* OBSERVED HYDROGRAPH  396119. 1528  2695. 2326 2326  10753. 1600 *
] *
*  DIFFERENCE 16559. 064  113. -198 -198 S8 100 *
* PERCENT DIFFERENCE  4.18 849 54 .
* *
. STANDARD ERROR ~ 942. AVERAGE ABSOLUTE ERROR  680. *
. OBJECTIVE FUNCTION 1138 AVERAGE PERCENT ABSOLUTE ERROR  55.86 .
* .

AREREERERESRRERERARERRERRRAA AR KRR R B R R R AR A SR AR KA SRR R R R AL RS ER RN R E N E SRR N AR AR B E RN AR RN AR R KRR AR R AR AR RN
ERR KR

BERERARKERRREERERERRERRR R B R R A E AR RAS LR AR EX RN RS RN BT RRR SRR R BN AR AR RS S AR R R R R PR IR R RS AR KA KA AR R R R R R RS RRARA R SRR AR R
EESRERREREERDERE

HYDROGRAPH AT STATION COMPt

ESRBESERRERREAEE AR R R EERRB R R KRR GRS R RS BE RN SRR R B XN SRR AR IR RS R R R AR R R AR R AR E RN E R AP AR R BN R RS KRR SRR DR R AR Ak
SEREFRBREIR RS RE
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DA MON HRMN ORD COMP Q OBS Q RESIDUL * DA MON HRMN ORD COMP Q OBS Q RESIDUL * DA MON HRMN

*

*

ORD COMPQ OBSQ RESIDUL

16 JUL 2300
16 JUL 2330
17 JUL 0000
17 JUL 0030
17 JUL 0100
17 JUL 0130
17 JUL 0200
17 JUL 0230
17 JUL 0300
17 JUL 0330 10
17 JUL 0400 11
17 JUL 0430 12
17 JUL 0500 13
17 JUL 0530 14
17 JUL 0600 15
17 JUL 0630 16
17 JUL 0700 17
17 JUL 0730 18
17 JUL 0800 19
17 JUL 0830 20
17 JUL 0900 21
17 JUL 0930 22
17 JUL 1000 23
17 JUL 1030 24
17 JUL 1100 25
17 JUL 1130 26
17 JUL 1200 27
17 JUL 1230 28
17 JUL 1300 29
17 JUL 1330 30
17 JUL 1400 31
17 JUL 1430 32
17 JUL 1500 33
17 JUL 1530 34
17 JUL 1600 35
17 JUL 1630 36
17 JUL 1700 37
17 JUL 1730 38
17 JUL 1800 39
17 JUL 1830 40
17 JUL 1900 41
17 JUL 1930 42
17 JUL 2000 43
17 JUL 2030 44
17 JUL 2100 45
17 JUL 2130 46
17 JUL 2200 47
17 JUL 2230 48
17 JUL 2300 49

O 00 NN BN

U T T T Ty T T Ty T e TP T T T

EREXEKEREBEREEES

1

afPoeeoeeoe

26.
61.
181.
500.

1036.
1750.
2572.
3427.

4261.
5044.
5767.
6430.
7035.
7591.
8100.
8572.
9004.
9393.
9741.

10040.
10289.
10495.
10655.
10762.
10811.
10806.
10748.
10642.
10496.
10317.
10112,

9890.
9654.
9409.
9156.
889s.
8627.
8352.
8070.

* *

0. 0.*17JUL2330 50 7783. 6052. 1731.*19JUL 0000 99 118. 575. -457.

0. 0.*18JULO0000 51 7490. 5769. 1721.*19JUL 0030100 106. 534. -428.

0.  0.*18JULO0030 52 7192. 5600. 1592.*19JUL 0100101 94. 492. -398.

0. 0.*18JULOI00 53 68%90. 5431. 1458.*19JUL 0130102 84. 451. -367.

0. 0.*18JULOI30 54 6584. 5263. 1321.*19JUL 0200103 75. 410. -335.

0. 0.*18JULO0200 55 6276. 5094. 1182.*19JUL 0230104 66. 368. -302.

0.  0.*18JULO0230 56 5966. 4925. 1042.*19JUL 0300105 59. 327. -268.

0. 0.*18JULO0300 57 5657. 4756. 901.*19JUL 0330106 52. 285. -233.

0. 0.*18JULO0330 58 5350. 4607. 743.*19JUL 0400107 46. 243. -197.

393. -387.* 18JUL 0400 59 5047. 4459. 588.*19JUL 0430108 40. 201. -l16l.
787. -761.* 18 JUL 0430 60 4747. 4310. 437.*19JUL 0500109 36. 159. -123.

1180. -1119.* 18 JUL 0500 61 4454, 4161. 293.*19JUL 0530110 31. 117. -86.
1573. -1392.* 18 JUL 0530 62 4169. 4013. 157.* 19JUL 0600 111  27. 75. -48.
1967. -1466.* 18 JUL 0600 63 3893. 3864. 29.*19JULO630112 24. 75. 5L
2360. -1324.* 18 JUL 0630 64 3626. 3739. -113.*19JUL0700113 21. 75. -54.
2647. -896.* 18 JUL 0700 65 3370. 3615. -244.*19JULO0730114 18. 75. -57.
2933. -361.* 18JUL 0730 66 3125. 3490. -365.*19JUL 0800115 15. 75. -60.
3220. 207.* 18 JUL 0800 67 2892. 3365. -474.* 19JUL 0830116 13. 75. -62.
3506. 755.* 18 JUL 0830 68 2670. 3241. -571.*19JUL 0900117 1I. 75. -64.
3793, 1251.* 18 JUL 0900 69 2459. 3116. -657.*19JUL 0930118 10. 75. -65.
4079. 1688.* 18 JUL 0930 70 2261. 2992. -731.*19JUL 1000119 8. 75. -67.
4469. 1961.* 18 JUL 1000 71 2074. 2869. -794.*19JUL 1030120 7. 75. -68.
4860. 2175.* 18 JUL 1030 72 1900. 2745. -845.* 19JUL 1100 121 6. 75. -69.
5250. 2341.*18JUL 1100 73 1736. 2621. -885.*19JUL 1130122 5. 75. -70.
5640. 2459.* 18JUL 1130 74 1584, 2498. -914.*19JUL 1200123 4. 75. -7i
6031. 2542.* 18JUL 1200 75 1443. 2374. -931.*19JUL 1230124 3. 75. -72.
6421, 2583.*18JUL 1230 76 1312. 2296. -984.*19JUL 1300125 3. 75. -72.
7143. 2250.* 18JUL 1300 77 1192. 2218. -1026.* 19JUL 1330126 2. 75. -73.
7865. 1876.* 18JUL 1330 78 1081. 2140. -1059.*19JUL 1400127 2. 75. -73.
8587. 1453.* 18JUL 1400 79 980. 2062. -1082.*19JUL 1430128 2. 75. -73.
9309. 980.* 18 JUL 1430 80 887. 1984. -1097.* 19JUL 1500 129 1. 75, -74
10031. 464.* 18 JUL 1500 81 802. 1906. -1104.* 19 JUL 1530 130 1. 75 -74
10753. -98.* 18 JUL 1530 82 725. 1824. -1099.* 19 JUL 1600 131 1. 75, -74.
10534, 228.* 18 JUL 1600 83 654. 1742, -1088.* 19 JUL 1630 132 1. 75. -74
10314, 497.*18JUL 1630 84 590. 1661. -1070.* 19 JUL 1700 133 1. 75. -74.
10095. 711.*18JUL 1700 85 532. 1579. -1046.* 19JUL 1730 134 1. 75, -74,
9876. 872.*18JUL 1730 86 480. 1497. -1017.*19JUL 1800135 0. 75 -75.
9656. 986.* 18 JUL 1800 87 432. 1415. -983.*19JUL 1830136 0. 75. -75.
9437. 1059.* 18 JUL 1830 88 389. 1330. -941.*19JUL 1900137 0. 75 -75.
9109. 1208.* 18 JUL 1900 89 350. 1245. -895.*19JUL 1930138 0. 75 -75.
8781. 1332.*18JUL 1930 90 315, 116l. -846.* 19JUL 2000139 0. 75. -7S.
8453. 1438.* 18 JUL 2000 91 283. 1076. -793.*19JUL 2030140 0. 75. -75.
8124, 1530.* 18 JUL 2030 92 254. 991. -736.* 19 JUL 2100 141 0. 75. -75.
7796. 1613.* 18JUL 2100 93 228. 906. -678.* 19JUL2130142 0. 75. -75.
7468. 1688.* 18 JUL 2130 94 205. 851. -646.*19JUL2200143 0. 75. -75.
7185. 1710.* 18JUL 2200 95 184. 796. -612.* 19JUL 2230144 0. 75. .75.
6902. 1725.* 18JUL 2230 96 165. 741. -576.* 19JUL 2300145 0. 75. -75.
6619. 1733.* 18 JUL 2300 97 148. 685. -538.*19JUL 2330146 0. 75. -75.
6335. 1735.*18JUL 2330 98 132. 630. -498.*20JUL 0000147 0. 75. -75.
* *

STATION COMPI

1

15

(I) INFLOW, (O)OUTFLOW, (*)OBSERVED FLOW

0. 2000.
DAHRMN PER
162300 1l

4000.

6000.

8000. 10000. 12000.

0.

0.

162330 21
170000 31
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170030
170100
170130
170200
170230
170300
170330
170400
170430
170500
170530
170600
170630
170700
170730
170800
170830
170900
170930
171000
171030
171100
171130
171200
171230
171300
171330
171400
171430
171500
171530
171600
171630
171700
171730
171800
171830
171900
171930
172000
172030
172100
172130
172200
172230
172300
172330
180000
180030
180100
180130
180200
180230
180300
180330
180400
180430
180500
180530
180600
180630
180700
180730
180800
180830

116
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180900 691
180930 701
181000 71I....

O
181030 721 0.
0

181100 731
181130 741
181200 751
181230 761
181300 771

181400 791
181430 801
181500 81iI.
181530 82I
181600 831 O
181630 841 O
181700 85I O
181730 8610

O
0
o
(0]
181330 781 O .
o
o
o
0

*
181800 8710 * .
x

181830 8810
181900 8910
181930 9010

182000 9110, . .o o\

182030 9210 *
182100 9310
182130 9410
182200 9510
182230 9610
182300 9710 *
182330 9810 *
190000 9910 *
190030 10010 *

*

* % ®

190100 1011% ...... ... TR

190130 1021 *
190200 1031 *
190230 1041 *
190300 1051 *
190330 1061*
190400 1071*
190430 1081*
190500 1091*
190530 1101*

190600 1111 .......... DU L

190630 1121
190700 1131
190730 1141
190800 1151
190830 1161
190900 1171
160930 1181
191000 1191
191030 1201

191100 1210 o+ oo oo e

191130 1221
191200 1231
191230 1241
191300 1251
191330 1261
191400 1271
191430 1281
191500 1291
191530 1301

191600 1310 .+ oo v oo oo e e e e e

191630 1321
191700 1331

* »

117
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191730 1341
191800 1351
191830 1361
191900 1371
191930 1381
192000 1391
192030 1401

192100 1410 oo e

192130 1421
192200 1431
192230 1441
192300 1451
192330 1461

118

200000 1471
1

BhE kkk dokk Rk Kkl RRE KRk Rk kkk BRE SRR Sk KRk KNE KRk KRR ARE KR Kk kX KRS BEE KRk Rk KRS kKK AR REE ANE KKk RN

kX

BERSEEREERERED
* *

174KK * ROUTE7 *
* *

EEESERBERERRES

ROUTE FLOW TO SKUNK RIVER

176 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

HYDROGRAPH ROUTING DATA

177 RM MUSKINGUM ROUTING
NSTPS -1 NUMBER OF SUBREACHES
AMSKK  1.20 MUSKINGUM K
X .20 MUSKINGUM X

LR 2]

AR HRE RKk ENE KXE kRE RS RRK RS FRE REK KBk AEE KK E KRR RES FE BEE Rk KSR HEE Kk d AR SRS KSR SRR XNk AR AR RN kA

.EE

REESEERRREEREES
* *

178KK * SUBG *
* *

PEERRREEERRAR K

179 KC OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

SUBBASIN RUNOFF DATA

180 BA SUBBASIN CHARACTERISTICS
TAREA  16.62 SUBBASIN AREA
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PRECIPITATION DATA
181 PR RECORDING STATIONS 43
182 PW WEIGHTS  1.00

183 LS SCS LOSS RATE
STRTL .47 INITIAL ABSTRACTION
CRVNBR  81.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

184 UD SCS DIMENSIONLESS UNITGRAPH
TLAG 5.20 LAG

%
PRECIPITATION STATION DATA

STATION TOTAL AVG.ANNUAL WEIGHT
43 3.00 00 1.00

TEMPORAL DISTRIBUTIONS

STATION 43, WEIGHT = 1.00

20 20 00 00 00 .00 00 00 95 95

30 30 00 00 00 00 w00 00 00 .00
05 .05

UNIT HYDROGRAPH
54 END-OF-PERIOD ORDINATES
41, 130. 247, 398. 595, 833, 1072, 1263. 1393. 1461.
1472.  1457. 1376. 1283. 1177. 1049. 896. 749. 633. 544
466. 403. 353. 304, 264. 223. 194. 167. 144. 124
106. 91. 78 68. 58 s51. 43. 38  32. 28

24, 21 18 16, 14, 12, 1L 9. 7. 6.
5. 3. 2. 1.

L2}

ERESREERREEE SR
* *

185KK * COMB7 *
* *

SREBERERERRRNE

COMBINE FLOW WITH G

187 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

188 HC HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

LR

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD

OPERATION  STATION FLOW PEAK AREA STAGE MAXSTAGE

HEE KRk Kk KRR Rkk RER KRk KRk kRE KRk RRX KEE KKE KR FRK kK X2 FRK kR TEk kP REE KKk kR E REE HE KRK Kk REY Kk kRF KA

BASIN MAXIMUM TIME OF
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HYDROGRAPH AT
SUBA

ROUTED TO
ROUTEI

HYDROGRAPH AT
SUBBI1

HYDROGRAPH AT
SUBB2

3 COMBINED AT
COMBL1

ROUTED TO
ROUTE2

HYDROGRAPH AT
SUBC1

HYDROGRAPH AT
SUBC2

3 COMBINED AT
COMB2

ROUTED TO
ROUTE3

HYDROGRAPH AT
SUBDI1

HYDROGRAPH AT
SUBD2

HYDROGRAPH AT
SUBD3

HYDROGRAPH AT
SUBD4

5 COMBINED AT
COMB3

ROUTED TO
ROUTE4

HYDROGRAPH AT
SUBELI

HYDROGRAPH AT
SUBE2

3 COMBINED AT
COMB4

ROUTED TO
ROUTES

HYDROGRAPH AT
SUBE3

120

6-HOUR 24-HOUR 72-HOUR

2073. 15.00
1961. 16.50
1096. 13.50
2751. 13.50
5382. 15.00
4860. 17.50
2712, 10.50
2537. 10.50
6815. 12.00
6177. 16.50
1024. 15.00
723. 10.50
1143, 10.00
2971. 11.00
10277. 13.00
9919. 14.50
2396. 6.00
2015. 9.00
10456. 14.00
9957. 16.00
2320. 9.50

1847.

1769.

1008.

2518.

4972.

4547.

2252.

2132.

6495.

6074.

968.

613,

949,

2558.

9656.

9417.

886.

1557.

9948.

9575.

1879.

817.

815.

493.

1211

2510.

2484,

832.

804.

4061.

4000.

539.

241.

359.

1020.

6076.

6045.

235.

521,

6603.

6526.

689.

275.

275.

169.

411.

855.

855.

278.

268.

1401.

1401.

190.

81.

120.

341,

2132,

2132.

78.

174.

2385.

2385.

230.

17.91

17.91

18.10

20.66

56.67

56.67

15.62

14.17

86.46

86.46

15.88

14.79

9.08

18.72

144.93

144.93

6.35

10.41

161.69

161.69

18.59
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HYDROGRAPH AT

SUBE4  826. 9.00
3 COMBINED AT

COMBS 10679. 15.50
ROUTED TO

ROUTE6 10296. 17.50
HYDROGRAPH AT

SUBF  1393. 11.50
2 COMBINED AT

COMB6 10811, 17.00
ROUTED TO

ROUTE7 10723. 18.50
HYDROGRAPH AT

SUBG 1797. 10.00

*

2 COMBINED AT

COMB7 11046. 18.00

626.

10266.

9984.

1238.

10508.

121

212. 7. 5.20

7346.  2685. 185.48

7242.  2685. 185.48

537. 181. 1536

7728.  2866. 200.84

10432.  7693.  2866. 200.34

1511

10772.

586. 196.  16.62

8143.  3061. 217.46

*** NORMAL END OF HEC-1 ***
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