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APPENDIX B
HYDROLOGY

The Southwest Division computer program, known as the SUPER model, was used to model the Wister

Lake pool levels and outflow from the dam, as well as the flows at the Poteau and Panama control points.

Operation of the Wister Lake project with a conservation pool at 478.0 feet could increase flooding (both

around Wister Lake and downstream), runoff, and sedimentation.  Therefore, the hydrological analysis

focused on determining the frequency and duration of flood events for Wister Lake and the downstream

area of the Poteau River.

The SUPER Model is a suite of computer programs that simulates a multi-purpose reservoir system.  In

the SUPER Model, a complex set of intervening area flows is developed for the river system for the entire

period of record. For this study, the period of record for the Arkansas River system is 56 years—from

January 1940 through December 1995.  Headwater reservoir inflows and subsequent releases, based on

set regulation criteria for all reservoirs and control points within the system, are then routed through the

system on a daily basis and combined with intervening area flows at all control point locations.  Reservoir

releases are simulated for flood control, hydroelectric power generation, water supply requirements, and

stream flow requirements such as water quality and irrigation. Additional regulating considerations within

the model include channel capacities, bank stability, and most importantly, system flood control storage.

The computer simulation assumes that all reservoirs are in place for the entire period of record and that

each reservoir operates based on specified operational criteria.

The SUPER Model was used in this study to model Wister Lake and the Poteau River downstream of the

lake to the confluence with the Arkansas River. Two runs were done for this study, one with the

conservation pool at 478.0 feet and one with the conservation pool at 471.6 feet.

Two additional “modules” were run to develop hypothetical frequency discharges for both existing and

modified conditions.  The additional frequency points were calculated to provide better definition on the

upper end of the discharge-frequency curve for extremely rare events.  The SUPER Model performed

numerous storm simulations using the maximum precipitation throughout the basin for both pool levels.

For this study, hypothetical storms were developed at 67 storm center locations at 40 and 50 percent of

the maximum precipitation.  For two hypothetical storms, exceedance probabilities of 0.005 and 0.001

were assigned, based on the annual series and partial duration frequency plots of all control points when

compared collectively.  The exceedance probabilities were also verified by use of the binomial risk

equation.
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All outflow-duration plots are based on daily average flows, and all elevation-frequency and duration

plots are based on end-of-the-day values.  Period-of-record duration plots are provided to compare how

the elevations and flows change over time for the two conservation pool levels.  The following plots and

tabular data are provided:  elevation frequency and duration for Wister Lake; flow duration and maximum

flow frequency for the Wister Lake outflow, Poteau, and Panama control points.  These plots and tabular

data provide a comparison between the two conservation pool levels (see Attachment B).

The SUPER Model performed a period of record simulation which encompassed several of the large

storm events with the conservation pool at both 471.6 and 478.0 feet.  The flow-frequency curves for

Poteau and Panama are adjusted for peaks if specified on the plots and tabulations, through a separate

process and are considered to be instantaneous discharges.  All other flow-frequency data are based on

daily average flows.

Several assumptions were entered into the model for consistency and simplification.  The model assumed

no leakage (in terms of cubic feet per second [cfs]) at the dam. For both pool elevations, the model used

elevation-area-capacity data based on current sediment data (1985), and the bottom of the conservation

pool was set at 468.8.  Water supply demands for the 471.6 run reflect only Heavener and PVIA, both of

which were under contract when the pool was at 471.6.  Water supply demands for the 478 run reflect

what is currently under contract, which includes Heavener, PVIA, and AES Shady Point.

Results

The hydrological analysis information was provided on the frequency and duration of potential effects.

Potential impacts include an increase in flooding, pool fluctuations, and duration of flooding. High-water

events behind the dam, which dictate discharges, are the most critical since they are directly related to

downstream discharges.  Inundation time for the affected area and potential for downstream flooding are

also directly linked to discharge.  Low-water events or drought conditions can affect water supply ,

however, USACE does not recall low lake levels affecting any of the facilities or operations of the dam at

Wister Lake.

Wister Lake Hydrology Analysis

Runs of the SUPER Model were used to estimate peak Wister Lake outflows at control points for Wister

Lake, Poteau, and Panama.  Table B-1 shows a summary of the estimated discharges for three large storm

events with the pool at 471.6 or 478.0 feet.  At these most extreme events, “bankfull” discharges (or those

considered flooding) would occur at the Wister outflow with the pool elevation at 478.0 feet during the

1984 storm and at both 471.6 and 478.0 feet for the 1990 storm.  The same hydrologic events were

modeled with the Wister pool raised to 478.0 feet.  Table B-2 compares USACE observed Wister
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elevation data with model estimations for three flood events.  Even with the associated discharges shown

in Table B-1 for the three storm events, the Wister pool elevation does not exceed 508.2 feet, and there is

little difference in elevation between the pool plans at 471.6 and 478.0 feet.

Table B-1  Peak Discharge Estimation

Lake Outflow

Date 471.6 feet  478.0  feet
May 4, 1990 21,580.4 cfs 22,839.1 cfs
November 3, 1984 5,655.6 cfs 6,982.5 cfs
May 27, 1957 4,077 cfs 4,297.9 cfs
Modeled bankfull flow 6,600 cfs

Poteau

Date 471.6 feet 478.0 feet
May 4, 1990 34,223.7 cfs 34,951.7 cfs
November 3, 1984 9,267.1 cfs 10,586.6 cfs
May 27, 1957 9,862.8 cfs (May 25) 9,998.8 cfs (May 25)
Modeled bankfull flow 7,200 cfs

Panama

Date 471.6 feet 478.0 feet
May 4, 1990 34,223.7 cfs 34,951.7 cfs
November 3, 1984 9,267.1 cfs 10,586.6 cfs
May 27, 1957 9,862.8 cfs (May 25) 9,998.8 cfs (May 25)
Modeled bankfull flow 10,000 cfs

Table B-2  Wister Pool Peak Elevation

Date
Top of

Conservation
Level

USACE
Monthly Charts

(observed)

SUPER  Model
Estimation
 471.6 feet

SUPER  Model
Estimation
 478.0  feet

May 4, 1990 474.6 508.22 508.01 508.11
November 3, 1984 474.6 504.94 504.43 504.79
May 27, 1957 471.6 505.73 504.01 504.09

The analyses also determined the duration and frequency of discharges and lake levels potentially

occurring within the affected environment for the two conservation pool elevations.  Comparison of the

two pool levels provides information on effects of raising the pool from 471.6 to 478.0 feet, and on the

frequency and duration of outflows or releases with the pool levels at both 471.6 and 478.0 feet.

Comparative plots and summary tables were made from the output files of the SUPER Model run and are

discussed below.
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The comparative plot in Figure B-1 shows that, with the conservation pool at 478.0 feet, there is no

increase in the time during which pool level would reach or exceed the 502.5-foot elevation. Table B-3

shows a comparison of the amount of time the pool conservation levels would be within certain

elevations.  In fact, both pool levels show little difference in the percentage of time equaled or exceeded

at elevations above 490.0 feet.  In addition, the table shows that, for the majority of time, the pool level is

within 471.6 to 485.0 feet for both alternatives.   The minimum and maximum pool elevations for 471.6

and 478.0 feet are 467.7 and 508 feet and 472.8 and 508.1 feet, respectively (Figure B-1).

Table B-3  Percent of Time Pool Elevation is equaled or exceeded

Water Surface
Elevation (WSE)

WSE 478.0 Feet* 471.6 Feet*

> 471.6 0% 15%
471.6 To 478.0 35% 67%
478.0 To 485.0 63% 15%
485.0 To 496.0 10% 7%
496.0 To 502.5 1% 1%
502.5 To 511.0 1% 1%

  *Values represent the percentage of time pool elevation is equaled or exceeded.

Frequency and recurrence interval analysis was conducted by two methods, a Weibull Plotting and Log

Pearson 3 methods.  The Weibull plotting method is used for frequency or recurrence interval analysis

and does not employ a curve fitting technique.  The Log Pearson 3 method is a curve fitting technique

know to fit many different shapes of observed sample frequency distributions.  This method is best known

for its ability to fit flood flow frequency.  A Weilbull Plot is limited to recurrence intervals up to the

number of years in the period of record, while the Log Pearson 3 method may extrapolate for additional

time periods.  Annual series peak pool elevation data was used in both methods.  Both methods show

similar return periods for reaching the spillway elevation of 502.5 feet (Table B-4).  The Weibull method

Figure B-1  Maximum Pool Elevation Duration at Wister Lake
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shows a recurrence interval, for 502.5 feet, of 7 years with the top of conservation pool at 471.6 feet, and

6 years for the 478.0 feet conditions. The comparative frequency plot of Wister maximum elevations

(Figure B-2 and Table B-4) shows a pool elevation of 502.5 has a 16 percent annual exceedance

probability or chance of occurring, in any given year with a conservation pool set at 478.0 feet.  Figure B-

2 also shows a 14 percent annual exceedance probability of 502.5 feet when the conservation pool

elevation is set at 471.6.  This result indicates little change in the pool elevation frequency.  The Log

Pearson 3 method indicates identical pool elevations for the 5, 25, 100, 200, and 500-year return period at

both conservation pool elevations.  The highest recorded pool elevation of 508.22 correlates to the

modeled 100-year pool elevation of 511.0.  Historical records indicate that the 502.5-foot elevation has

only been exceeded three times in the 56 years of record.

Table B-4  Annual Series Peak Pool Elevations

Weibull Plot Method Log Pearson 3 Method

Peak Pool
Elevation

Annual
Exceedance
Probability

Recurrence
Interval

Peak Pool
Elevation  Probability Return

Period

503 0.16 6 493 0.5 2
498 0.25 4 499 0.2 5
495 0.40 2 503 0.1 10

506 0.04 25
509 0.02 50
511 0.01 100
513 0.005 200

Top of
Conservation

Pool Elevation
478.00 Feet

515 0.002 500
502 0.14 7 492 0.5 2
498 0.23 4 499 0.2 5
495 0.33 3 502 0.1 10

506 0.04 25
508 0.02 50
511 0.01 100
513 0.005 200

Top of
Conservation

Pool Elevation
471.6 Feet

515 0.002 500
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For the economic impact analysis below Wister Lake, the Poteau River was broken into two reaches.  The

first reach was from the Wister Lake outflow to the confluence with Brazil Creek (just upstream of the

Panama gauge).  The second was from the confluence of Brazil Creek to the confluence of the Arkansas

River near Forth Smith, Arkansas.  For the hydrologic analysis, Wister outflow from the dam to Poteau

gage, and then the Poteau flows in the reach down to Panama, and then the Panama flows to the outlet of

the Poteau River were used.  Threshold values at which the Poteau River is considered to be flowing “out

of banks” or flooding were determined for each of the reaches.  A threshold value of 7,200 cfs was

applied to the reach below Wister outflow to the confluence of Brazil Creek.  A flow of 11,496 or greater

is the threshold value, or considered to be flooding, from Brazil creek to the confluence with the Arkansas

River.

Weibull Plotting and Log Pearson 3 frequency analysis were conducted on the Annual Series Peak Flow

data for the Wister Outflow, Poteau and Panama control points.

Down Stream Hydrology Analysis:  Wister to the Confluence of Brazil Creek

The Wister Lake Outflow was modeled to show the maximum releases for both alternatives (Figure B-3).

For the purpose of simplifying the model, the seepage through the dam was indicated to be 0 cfs.

However flows ranging from 12 to 20 cfs are common seepage losses through the gate structure and seals.

The applied bankfull flow for the reach from Wister Lake outflow to the confluence of Brazil Creek is

7,200 cfs as described in section 3.2-1.  However, 7,200 cfs has not been published as an official flooding

flow for this reach, thus the SUPER model has applied 6,600 cfs for this section.

Figure B-2 Comparative Frequency Plot of Wister Maximum Elevations
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  *Modeled regulating flow = 6,600 cfs
    Current regulating outflow = 7,200 cfs

Annual series peak flow data indicate that Wister outflow discharges are frequently reaching 6,600 cfs

when both pool elevations are modeled.  The Weibull plotting method indicates a flow of 6,600 cfs for the

2, 5, and 10-year flow event.  Discharges significantly greater than 6,600 cfs are uncommon at the Wister

outflow, according to the Weibull method (Table B-5).  In this case, the Log Pearson method more

accurately describes the larger events, due to the ability of the USACE to regulate discharges for average

storm events having 25 and 100-year return periods. Discharges equaling or exceeding 7,200 cfs would

occur only 0.2 percent of the time at both 471.6 feet and 478.0 feet conditions (Figure B-3).  Wister

discharge is reduced approximately 9 percent of the time with the top of conservation pool elevation at

478.0.  The percent of time with discharges above 1,000 cfs is very similar at both conservation pool

elevations (Figure B-3).  A maximum discharge of 13,800 cfs from the Wister outflow had an occurrence

of 0.1 percent for both pool levels.  This indicates the change in the conservation pool elevation from

471.6 to 478.0 does not change the potential for flooding along the Poteau River from the Wister outflow

to the confluence with Brazil Creek.

Figure B-3  Annual Flow Duration at Wister Outflow
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Table B-5  Wister Outflow Annual Series Data

Weibull Method Log Pearson 3 Method

Peak Flow
Annual

Exceedance
Probability

Recurrence
Interval Peak Flow Probability Return Period

6,600 0.49 2 5,733 0.5 2
6,600 0.19 5 7,766 0.2 5
6,600 0.11 10 9,414 0.1 10

17,662 0.04 25 11,882 0.04 25
22,839 0.02 57 14,033 0.02 50

16,483 0.01 100
19,282 0.005 200

Top of
Conservation

Pool Elevation
478.00 Feet

23,618 0.002 500
6,600 0.49 2 5,708 0.5 2
6,600 0.21 5 8,100 0.2 5
6,600 0.11 10 9,593 0.1 10

17,678 0.04 25 11,307 0.04 25
21,581 0.02 57 12,620 0.02 50

13,811 0.01 100
14,955 0.005 200

Top of
Conservation

Pool Elevation
471.6 Feet

16,409 0.002 500

Down Stream Hydrology Analysis:  Confluence of Brazil Creek to the Confluence of the Arkansas River

Annual series peak flow data for the lower reach of the Poteau River was analyzed at Poteau and Panama

control points (Figure B-4 and Table B-6). A flow of 11,496 or greater is considered to be flooding.  A

significant amount of flow is contributed to this reach from uncontrolled tributaries.  Weibull analysis

indicates bankfull discharge for this reach has a recurrence interval of approximately 2 years for both

conservation pool elevations.  The Log Pearson 3 method yielded nearly identical peak flows and return

periods for both conservation pool elevations.  This indicates flows in the lower reach of the Poteau are

not significantly effected by the 1996 conservation pool level increase to 478.0 feet.
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Table B-6  Poteau Annual Series Data

Weibull Method Log Pearson 3 Method

Peak Flow
Annual

Exceedance
Probability

Recurrence
interval Peak Flow  Probability Return Period

8,710 0.49 2 8,815 0.5 2
14,534 0.21 5 14,421 0.2 5
21,903 0.11 10 19,144 0.1 10
26,043 0.04 25 26,427 0.04 25
41,136 0.02 57 32,921 0.02 50

40,430 0.01 100
49,121 0.005 200

Top of
Conservation

Pool Elevation
478.00 Feet

62,735 0.002 500
8,710 0.49 2 8,714 0.5 2

14,534 0.21 5 14,576 0.2 5
21,903 0.11 10 19,196 0.1 10
36,043 0.04 25 25,864 0.04 25
40,408 0.02 57 31,437 0.02 50

37,533 0.01 100
44,206 0.005 200

Top of
Conservation

Pool Elevation
471.6 Feet

54,003 0.002 500

Conclusions

The Super Model as well as the Weibull Plotting and Log Pearson 3 methods provided the following

information on pool levels and frequency of discharges:

1. In a comparison of the modeled pool elevations at the 471.6 feet and the 478.0 feet conditions

insignificant increases in frequency and duration occurs for the 2-500 year return period pool

elevations.

2. For the period of record examined, through several major storm events Wister Lake pool did not

exceed elevation 508.0 feet for the two pool levels.

3. There is minimal difference in the occurrence of pool elevations above 485.0 feet at Wister Lake for

either pool level.  The most frequent pool elevation is from 471.6 to 478.0 with the conservation pool

at 471.6 and from 478.0 to 485.0 with a conservation pool at 478.0 feet.

4. Wister outflow peak discharges will frequently be at or near bankfull flow but only exceeded in

extreme events.

5. The 6.4-foot increase in the Wister Lake conservation pool elevations has a minimal effect on flows

in the lower reaches.
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Attachments

Attachment A is the Log Pearson 3 frequency analysis plots for Wister Lake pool elevation as well as

discharges for the Wister outflow, Poteau, and Panama control points.

Attachment B is the SUPER model output data files provided by USACE.
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Log Pearson III Frequency Analysis: Wister Lake: 
Top of Conservation Pool 478.0 feet
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Log Pearson III Frequency Analysis Wister Lake:
Top of Conservation Pool 471.6 Feet
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Log Pearson III Frequency Analysis Wister Outflow:
Top of Consevation Pool 478.0 Feet
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Log Pearson III Frequency Analysis Wister Outflow:
Top of Conservation Pool Elevation 471.6
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Log Pearson III Frequency Analysis Poteau:
Top of Consevation Elevation 478.0
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Log Pearson III Frequency Analysis Poteau:
Top of Conservation pool Elevation 471.6 Feet
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Log Pearson III Frequency Analysis Panama:
Top of conservation Pool Elevation 478.0 Feet
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Log Pearson III Frequency Analysis Panama:
Top of Conservation Pool Elevation 471.6 Feet
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