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INTRODUCTION

1. This report presents the hydrologic computations required to determine the
need for repairs and/or modifications for dam safety at Winnibigoshish Dam
near Deer River, Minnesota. Discussion is made including computer programs
used, routing methods used, assumptions made, and results obtained. Also
included is a discussion concerning the effects of failure to maintain adequate
freeboard above the Probable Maximum Flood pool with regard to potential loss of
life and property downstream of Winnibigoshish Dam.

STUDY PROCEDURES AND RESULTS

2. The Probable Maximum Flood at Winnibigoshish Dam was developed and routed
through the structure to determine maximum pool elevation, maximum outflow, and
available freeboard. Storage discharge routing was accomplished using the 1981
version of the HEC-1 computer program. Probable Maximum Flood inflow, outflow,
and pool elevation hydrographs for "project without failure" and "project with
failure", and "failure at normal high pool elevation" are shown on plates 5, 6
and 7, respectively. Results of the PMF routings were compared to design con-
ditions for Winnibigoshish Dam. These comparisons are presented on table 20.

3. The Probable Maximum Flood was routed for the "project without failure" and
"pre-project (natural) conditions" to determine flood conditions at several
points downstream of the Dam, between the Dam and the downstream routing limit,
in terms of flooded area, flood depth, flood duration, flow velocity and debris
and erosion potential. These results are presented on tables 15 and 16, respec-
tively.

4. Several HEC-1 computer runs were made for various dam breach conditions.
The results of these various conditions in terms of maximum discharge and maxi-
mum water surface elevation at both the Dam and at selected locations downstream
of the structure are shown on table 17. More detailed results of the most
likely dam breach (adopted condition) are presented on table 18. A comparisonof Probable Maximum Flood routings for the "Project With Failure" condition and

the "Pre-Project (Natural) conditions" at all points downstream of the Dam in
terms of maximum elevation, flood depth, peak discharge, and flow velocity is
presented on table 19.

5. Inundation maps were prepared for the PMF under "project without failure"
and "project with failure" conditions for areas in the vicnity of the Dam and
reservoir and downstream to Lake Pokegama at which point it was determined that
loss of life or significant property damage would no longer be a threat. PMF
routings were terminated at Lake Pokegama due to the fact that storage capabili-
ties of the lake would have a dissipating effect on any adverse impacts.
Additionally, there was only a minimal difference in profiles at this downstream
location. The inundation map package is included as Appendix A.

6. The outflow hydrograph resulting from dam failure at normal high pool ele-
vation was also routed downstream to determine flood conditions between the Dam
and Lake Pokegama in terms of flooded area, flood depth, flood duration, flow
velocity, and debris and erosion potential. These results are presented on
table 21.
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PROJECT DESCRIPTION

LOCATION

7 7. Winnibigoshish Dam is located on the Mississippi River in north central
Minnesota, 1247.9 river miles above the mouth of the Ohio River. The Dam is at
the outlet of Lake Winnibigoshish Reservoir and about 14 miles northwest of Deer
River, Minnesota, in the southwest portion of Itasca County. It is approxima-
tely 170 river miles downstream from the source of the Mississippi in Lake
Itasca, and 408 river miles above St. Paul, Minnesota.

WATERSHED CHARACTERISTICS

8. The Lake Winnibigoshish Watershed is located in the Mississippi River head-
waters area. A map of the basin is shown on plate 1. From the outlet of Lake
Itasca (mile 1366.2 above the Ohio River), the Mississippi River follows a cir-
cular route through north central Minnesota; first northeastward to Bemidji
(mile 1303.9), then eastward and southeastward to Lake Winnibigoshish Reservoir
and Dam (mile 1247.9) and Grand Rapids (mile 1180.4). From Lake Itasca at about
elevation 1450 (all elevations in this report are referenced to National
the power dam at Bemidji, then to about elevation 1300 at Lake Winnibigoshish

Reservoir, and then to about elevation 1270 at the power dam at Grand Rapids.

The river flows through a relatively flat region which includes numerous lakes
and large areas of poorly drained swamplands. The headwaters area is generally
covered by a mantle of glacial drift ranging in depth from 100 to 300 feet and
is composed of a heterogeneous mixture of sand, gravel, and boulders. The total
drainage area above Winnibigoshish Dam is 1442 square miles.

9. The climate of the headwaters area is characterized by long, severe winters
with snow on the ground from November to March, with a mean snowfall of 49.5
inches and annual precipitation of 24.3 inches. Extreme temperatures range from~59 degrees (Farenheit) below zero to 105 degrees above. Normally the winter

months, December through February, are the driest months while the greatest
amount of precipitation occurs during June and July. The numerous lakes and
wooded areas tend to moderate the sumner heat, making it an ideal vacationing
area.

STREAM CHARACTERISTICS

10. The Mississippi River between Winnibigoshish Dam and Grand Rapids has a
mild slope, averaging about 0.5 foot per mile. In the reach betven White Oak
Lake and Blackwater Lake (approximately 18 miles) the channel slope is rela-
tively milder averaging only 0.2 foot per mile. The flood plain in this area is
generally wide and the river meanders through numerous shallow lakes and pools
between the Dam and Grand Rapids.

LAKE WINNIBIGOSHISH DAM AND RESERVOIR

11. Winnibigoshish Dam is located on the Mississippi River at the outlet on the
east side of Lake Winnibigoshish Reservoir. A schematic of the dam plan is
shown on plate 2. Profile and cross section are shown on plate 3. It consists
of an earth dike 800 feet long with a timber diaphragm, filled with puddled clay
for a core wall. It is capped with sod, and the lake side from the control

(structure to the right bank is protected by a concrete slab. A large part of
the embankment at the Dam is protected with a grouted riprap. The top of the
dike carries a 20 foot roadway.
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12. The control structure consists of reinforced concrete abutments andpiers,
supported on timber piling. There are five 14-foot sluiceways, each of which is
divided into three sections of stoplogs, and each sluiceway has a 3 1/2 by
5-foot slide gate. In addition, there are a 12-foot log sluice and a 5-foot
fishway (no longer used) in the structure. The total length between abutments
is 165 feet. The control structure also supports a 20-foot highway bridge which
has a treated timber deck and sidewalk laid on steel stringers, which are sup-
ported between the abutments by six steel bents and one concrete wall.

13. Winnibigoshish Lake and Cass Lake provide the major portion of the storage

capacity of Lake Winnibigoshish Reservoir. When the pool elevation in
Winnibigoshish reaches 1300.94 feet, Knutson Dam at the outlet of Cass Lake is
drowned out, and that lake then becomes part of the Reservoir. Storage in Cass
Lake amounts to about 16 percent of the total volume that can be stored in the
Reservoir. Numerous other connecting lakes are also affected at various stages
when the Reservoir is being filled. Elevation versus volume for the Reservoir
is shown on plate 4.

14. The primary purpose for Winnibigoshish Reservoir was for storing water to
improve navigation on the Mississippi River between St. Paul and Lake Pepin.
Demands by resort and private property owners in the Reservoir area have
resulted in revised regulations that have reduced the usable storage capacity of
the Reservoir by limiting its drawdown. During periods of abnormally high
inflow, storage is utilized up to 15.34 feet. Flowage rights have been acquired
to 19.14 feet to allow for wave action and seepage damage. Stored water is
released if required during the summer to augment streamflows for water supply,
water power, or other beneficial uses.

15. Four dikes were constructed along the southern perimeter of the Reservoir
near the village of Bena. Dike No. 1 is short and low, with a maximum height of
2 or 3 feet, and is probably buried under State Highway No. 2. State Highway
No. 2 is a formidable barrier and thus this dike is not actually needed. Dike
Nos. 2, 3, and 4 prevent escape of water to the south from Lake Winnibigoshish
to Leech Lake via Six Mile Lake. These three dikes are essential during a flood
to prevent unauthorized releases from moving downstream. Pertinent data on
Winnibigoshish Dam, Lake Winnibigoshish Reservoir and the perimeter dikes are
presented on tables 1, 2, and 3, respectively.

HYDROLOGIC INSTRUMENTATION

16. The existing hydrologic network in the area of and adjacent to the entire
headwaters drainage basin consists of 22 climatological, 31 discharge, and 20
soiw survey stations. In the Lake Winnibigoshish drainage basin there are four
climatological stations; three non-recording precipitation and temperature sta-
tions at Cass Lake, Bemidji, and Itasca State Park, and one recording precipita-
tion and temperature station at Lake Winnibigoshish Reservoir. In addition to
rainfall and temperature data recorded at the damsite, snowfall, cloud cover,
and wind data are also recorded. The key stream flow station is a recording
tailwater (rated) gage at Winnibigoshish Dam. There are two reservoir level
gages above the dam, one at Cass Lake at Knutson Dam (non-recording) and one at
Winnibigoshish Reservoir (recording) and a non-recording flowage gage below the
dam at White Oak Lake near Deer River. There are also two recording river gages
(rated) downstream of the Dam, one at Deer River and the other at Grand Rapids.
There are no sediment ranges in the headwaters area.

() .,¢3
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Table 1 Pertinent Data -Winnibigoshish Dam

Location in miles above Ohio River 1247.9
Drainage area (square miles) 1442

Dam

Type Earth fill with timber
diaphragm core

Elevation top of dam (m.s.l., 1929 adj.) 1311.36
Length of crest (total, feet) 1000

Control Structure

Type Reinforced concrete
Net length of spillway crest (feet) 82
Stage height of piers (feet) 15.42
Length between abutments (feet) 165.4
Sill elevation (m.sl., 1929 adj.) 1285.17
Number of sluices - with gates and stoplogs 5 (each divided into 3

sections of stoplogs)
Size - sluices (feet) 14 (each)
Size - gates (feet) 3.5 x 5 (each)
Number of sluices - with stoplogs only 1 (12' wide)
Gate invert elevation (m.s.l., 1929 adj.) 1285.22

Spillway Apron i

Type Concrete
Length (feet) 148.5
Width (feet) 138.5

Type Steel with treated
timber deck

Length (feet) 168.6
Number of spans 7
Roadway width (feet) 20
Walkway stage height (feet) 23.42
Floor stage height (feet) 22.42

Elevation of gage zero (m.s.l. 1929 adj.) 1288.94

* C) 4



Table 2 Pertinent Data - Lake Winnibigoshish Reservoir

Inactive Storage Pool

Elevation (m.s.l., 1929 adi.) 1294.94
Area (acres) 57,000
Storage (acre-feet) 314,000
Regulated Outflow - minimum (cfs) 50

Recreation Pool

Elevation (m.s.l., 1929 adj.) 1298.44
Area (acres) 76,000
Storage (acre-feet) 268,000
Regulated Outflow - minimum (cfs) 100
Regulated Outflow - maximum (cfs) 2000
(Channel Capacity)

Flood Control Pool

Elevation (m.s.l., 1929 adj.) 1303.14
Area (acres) 115,000
Storage (acre-feet) 385,000
Regulated Outflow - minimum (cfs) 100
Regulated Outflow - maximum (cfs) 2000
(Channel Capacity)

Real estate taking line for easement
Up to Elevation 1306.94 (M.S.L.
1929 adj.) - total area (acres) 147,164

Maximum pool elevation of record 1303.39
30 July 1905 (M.S.L., 1929 adj.)

Minimum average daily flow and date of occurrence - No flow at times. The St.
Paul Ulstrict follows the policies set forth by the State of Minnesota (under
Statues 1961, section 110.51) in regard to regulation of the Headwaters
Reservoirs while still cohering to their own policies.

Average annual flow - 92 years of record (cfs) 516
Maximum average daily flow and date (cfs) 4370, August 1905

Ic 5
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Table 3 Pertinent Data -Lake Winnibigoshish Reservoir, Perimeter Dikes

Numb~er 1 2 3 4

Length feet 170 400 770 420
eiht feet 2-3 - 5-85

Top Width (feet) Unknown 32 17 10
Surface Unknown Trees Trees Trees
Slope (Lake) Unknown 1V:2H 1V:2H IV:2H

Slope (Land) Unknown 1V:3H 1V:1.5H 1V:3H

6
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HYDROLOGY

UNIT HYDROGRAPH DERIVATION

17. There are no discharge records of inflow to Lake Winnibigoshish or any of

the other five headwaters reservoirs. Inflow hydrographs for the reservoirs can
be obtained only by reverse routing or by synthetic procedures. The surface
areas of the reservoirs are large compared to the drainage areas. At high sta-
ges, each .01 foot change in lake level can represent significant volumes of
storage. Variations in wind intensity and direction cause various differences i
between gage heights and average lake levels. Consequently, daily inflows com-
puted by reverse routing (involving daily change of storage) do not result in a
good inflow hydrograph. Preliminary unit hydrographs were obtained from the 3
computed approximate inflow hydrographs or from synthetic methods. Unit
hydrograph characteristics of these preliminary unit hydrographs were plotted
against the drainage area and relationship lines were developed. From these I
relationships the adopted unit hydrograph was derived for inflow to Lake
Winnibigoshish Reservoir.

18. When using the HEC-1 Dam Break feature it is recommended that the standard
computation time interval used not be much longer than the duration of the
breach. This is advised because the failure duration is divided into several
smaller intervals to minimize routing errors during the period of rapidly
changing flows when the breach is forming. Because downstream routings are
accomplished using the standard computation interval, which is usually longer
than the breach duration, the entire breach hydrograph may occur within a single
standard interval. Errors may then be introduced Into the downstream routings
because the HEC-1 program computes and displays only end-of-period discharges,
and therefore the peaks occurring within a single computation interval are not
known. The HEC-1 model also requires that the unit hydrograph be derived for
the same duration as the standard computation interval used. Because the
reatest breach duration analysed was 2.5 hours it was necessary to convert the
2-hour unit hydrograph to a 6-hour duration to use a 6-hr computation interval.
(An even smaller duration was not used because of HEC-1 program limitations).
The unit hydrograph was converted in accordance with procedures outlined in EM
1110-2-1405, "Flood Hydrograph Analyses and Computations".

19. The 6-hr unit hydrograph was then peaked by factors of 1.25 and 1.50

according to guidelines also provided in EM 1110-2-1405.

PROBABLE MAXIMUM PRECIPITATION DETERMINATION

20. The National Weather Service's "Probable Maximum Precipitation Estimates
and Snowmelt Criteria For The Upper Mississippi River in Minnesota and the Fox -

Wolf Rivers in Wisconsin" (NWS-PMP) was used to develop the Probable Maximum
Precipitation (PMP) and Snowmelt Criteria for the Lake Winnibigoshish Watershed.

21. The All Season PMP was developed along with three seasonal variations,
March 15, March 31 and April 15. PMP increments for these four events were
taken directly from NWS-PMP and the values for March 31 wer, obtained by
linear interpolation between the March 15 and April 15 values.

C) 7
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2. The distributions of the 6-hour Increments for all four seasons are shoWn

en tables 4 through 7. wo different distributions Were developed for each
season, a teoporal distribution end the Corps of Engineers quartile distribu- ,

( tion. The temporal distribution was obtained by placing the four greatest
6-hour Increments together at any position in the storm sequence except within
the first 24 hours. Individual 6-hour increments were arranged so that they
decrease progressively to either side of the greatest 6-hour amunts. The Corps
of Engineers quartile distribution is a 4-2-1-3 arrangemnt, I being the
greatest increment value and 4 being the sallest. The formulation of this
distribution Is based upon the division of the Increments Into four successive
tim periods, each of 16-hour duration, and arranging the blocks of tim periods
as described above. The Corps of Engineers quartile distribution results in themaximum runoff and was therefore chosen to be used in this study.

Table 4 - Dlstribution 64= All Sm P Estinte

Dinage Arm rTol O( M afftile
mant fP Estti ku t Distribution Distribution
(hr) (in) (in) (in) (in)

6 9.90 9.90 0.35 3
12 U.95 2.05 0.M5 0.35
18 13.00 1.A5 0.5 0.35
24 13.70 0.70 0.40 0.50
30 14.25 0.5 050 0.56
36 14.75 0.50 9.90 0.70
42 15. 0.45 2.05 9.90
48 15.0 0.40 1.05 2.5
4 MAD 0.4 0.70 1.0

60 16.35 0.35 0.55 0.45
as 16.70 0.5 0.45 0.40
72 17.05 0.35 0.40 0.40

Table 5 - Dlstribtion of 64mr Faitch 15 W Estinte

nine Am r Tporil COE Qawtile
futetWruwt Distrlbtiat Distribution

Or) (in) (in) (In) (in)
62 3.4 3A.4200j12 4.75 L3 0.2D 0.3
is SA cis O5 0.2024 6. 0.5 0.25 0.30
306.56DA OJO 0.40

X6.8 0.30 0.40 0.55
42 7.1S 0.30 3.40 3.40
48 7.40 0.5 15 1.35
54 7A5 0.5 0C5 0.5
6O 7A5 0.20 0.55 0.30
66 L.S 0.3 0.30 0.5
72 6.2 OD 0.3 0.5
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Table 6 - Distributi of 64iour Irch 31 1P1 Estlite

Dmvp Area Aerep Tearul OE Qiartile
Dimrat,n P Etite Inm nt Distriblon Distribution

(hr) (In) (In) (in) (in)

6 4.3 4.3 0.23 0.23
12 5.73 1.45 0.28 0.27
18 6.66 0.93 0.31 0.28
24 7.23 0.57 0.3 0.37
30 7.69 0.46 0.37 0.46
36 8.06 0.37 0.46 0.57
42 6.41 0.3 4.28 4.3
48 8.72 0.31 1.45 1.45
54 9.02 0.30 0.93 0.93
60 9.30 0.28 0.57 0.35
66 9.57 0.27 0.30 0.31
72 9.80 0.23 0.27 0.30

Table 7 - Dstributon of 6-hour *11 15 FIP Estltute

nmIr Anu h ge Teoprul OE Qirtle
uration r Estnate 1nrsuut Distribution Distribution
_r) (in) (in) (in) (in)

6 5.10 5.10 0.35 0.36
12 6.65 1.55 0.35 0.3
18 7.65 1.00 0.35 0.35
24 8.25 0.60 0.40 0.35
30 .75 0.50 0.45 0.35
36 9.20 0.45 0.50 0.40
42 9.60 0.40 5.10 5.10
48 9.95 0.3 1.55 1.55
54 10.30 0.35 1.00 1.00
70 10.5 0.3 0.5 0.50
66 11.00 0.3 0.35 0.50
72 11.25 0.25 0.36 0.45
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• SNOWNELT

23. Snowmelt criteria: critical sequences of temperatures, dew points, wind
speeds, and snowpack associated with the spring PMP storms, were developed using
NWS-PMP. These criteria in conjunction with the HEC-I energy-budget method were
used to compute snowmelt for the Lake Winnibigoshish Watershed.
24. Certain snowmelt criteria, such as air temperature, and dew point tem-

perature vary with elevation. The HEC-1 energy-budget method adjusts input data
for different elevation zones; data for the lowest elevation zone having been
provided. The Lake Winnibigoshish Watershed was divided into four elevation
zones as listed in Table 8 along with their approximate total area percentages.

Table 8 - Elevation-Zone Data for Lake Winnibigoshish Watershed

Zone Elevation Approximate % of Watershed Area (sq.mi.)l/

1 1300 - 1400 45 649

2 1400 - 1500 30 433

3 1500 - 1600 20 288

4 1600 - 1700 5 72

1/ Total area - 1442 sq. mi.

25. Water equivalents of available snow cover were developed from the adjusted-
average 100-year value for each elevation zone using ratios of water equiva-
lent values for large areas to that of a 100 square mile area. The March 15
value was obtained by adjusting the given adjusted-average 100-year water
equivalent. The March 31 and April 15 values were obtained by reducing this
value by 25% and 50%, respectively. Final adjusted water equivalent values for
each zone and season are shown on Table 9.

Table 9 - Adjusted Water Equivalents for Lake Winnibigoshish
Elevation Zones

Area Water Equivalents (inches)

Zone (sq. mi.) Ratio l/ March lb Harch 31 April lb

1 649 .982 12.766 9.575 6.383

2 433 .987 12.831 9.623 6.416

3 288 .992 12.896 9.672 6.448

4 72 1.03/ 13.00 9.750 6.500

1/ Ratio of 100-year adjusted average water equivalent value for large areas to
that of 100 square mile area.

3/ Value of ratio for areas less than 100 square miles not given, therefore
water equivalent for 100 square miles was used.

10
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26. Critical sequences of air temperatures, dew point temperatures and wind
speeds were developed for the 3 day P1P storm period, for 10 days prior to the
storm and for 3 days after the storm. [Such factors required in computing
snowmelt such as amount and type of forest cover and radiation are not con-
sidered in this portion of criteria development. These factors are accounted
for In NEC-1 model components and are discussed later].

27. Dew point temperatures for during the P1P storm for all three seasons were
determined using the guidelines provided in INS-PMP. These near sea level
values were then adjusted for elevation to the lowest elevation zone, Zone 1.
The adjustment during the P1P storm, assuming a saturated adiabatic process in
which the condensed water particles are removed from the system, is 3*F decrease I
per 1000 feet above sea level. Adjusted 6-hour dew point temperatures for Zone

1 during the PMP storm are listed in Table 10.

Table 10 - Adjusted Dew Point Temperatures for Zone 1,
During the PMP Storm

SiK~hur~peiod arch a e Dew Point Temperatures (OF) ipSix hour period arch--5MaU hs 1t ed

1 48.20 53.95 58.95
2 47.45 52.48 57.20
3 46.45 51.70 55.95
4 44.95 51.45 54.95
5 43.95 49.45 53.95
6 43.70 48.15 53.75
7 43.45 47.95 52.35
8 42.45 47.45 51.95
9 41.45 46.95 51.70
10 40.95 46.45 51.60
11 40.45 45.95 51.45
12 39.95 44.95 49.45

28. With the assumption of a saturated adiabatic process during the P14P storm,
air temperatures equal the dew point temperatures.

29. Six-hour average windspeeds for during the PMP storm, were taken directly
from NWS-PMP. The same values were used for all three storms; March 15, March
31, and April 15. These values are listed in table 11. It should be noted that
the same wlndspeed values are used for all elevation zones. The values are
assumed to be representative J windspeeds at an average anemometer level of 30
feet.
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Table 11 - Six Hour Average Windspeeds During the PMP Storm

Six hour period Windspeedl/ (mph)

1 39
2 32
3 27
4 *25
5 23
6 22
7 20
8 16
9 15

10 15
11 13
12 13

1/ Used for March 15, March 31 and April 15 Storms.

30. Six-hour temperatures and windspeeds prior to and after the PMP storm were
also developed using the guidelines provided in NWS-PMP. (These values for
prior to and after the PMP storm are not listed). Air temperatures follow
a continuing warming trend from the 10th day prior to the beginning of the PMP
storm. Dew point temperatures are 9*F lower than the air temperature on the
10th day prior to the storm and linearly interpolated to 3°F lower on the first
day prior to the storm. This particular sequence of dew points shows a gradual
change toward near saturation at the beginning of the storm. Winds prior to the
PMP storm are sequenced from lowest wind 10 days prior to the highest on the
first day prior. Again the same values are used for March 15, 31, and April 15
and are assumed representative for all elevation zones.

31. Air temperatures after the PMP storm differ from the highest daily tem-
perature during the storm by 70F the first day, 9°F the second day and 10OF the
third day, thus reflecting a slight cooling trend. The dew point temperatures
after the storm remain 6°F below the air temperature all three days. Windspeeds
for these three days are 28 mph the first day after, 10 mph the second day, and
12 mph the third day. Again, these are the same for all three events and are
assumed representative for all elevation zones.

32. The aforementioned snowmelt data are used by HEC-I in computing snowmelt by
the energy-budget method. This method used equations 20 and 24 of EM
1110-2-1406, "Runoff From Snowmelt", for rainy and rainfree periods, respec-
tively. (HEC-1 uses 0.6 and 1.0 for k and k', respectively, in these
equations). The equation used for snowmelt during rainy periods is applicable
to heavily forested areas and for melt during rainfree periods the equation for
partly forested areas (50% forest cover) is used. Other model input data for
the computation of snowmelt included: snowmelt coefficient of 1.0; temperature
at which snow will melt at 320F; and shortwave radiation assumed to be constant
at 10 Langleys/hour.

i0 12
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INFILTRATION INDICES

33. Infiltration indices used In modeling the drainage basin are shown on( I[ table 12. There are a great number of small lakes and pools in the watershed |
that comprise a large portion of the area that contributes directly to runoff,
making approximately 50% of the basin impervious. High initial losses are
attributed to the many depression areas that do not contribute directly to
runoff, and low uniform losses (rainfall and snowmelt) are due to the frozen
soil conditions.

Table 12 - Infiltration Indices

Initial Uniform losses
Season loss rainfall snowmelt

(in) "n/hr) (in/hr)

March 15 2.0 .04 .04

March 31 2.0 .05 .05

April 15 2.0 .10 .10

All Season 2.0 .10 0

CRITICAL PROBABLE MAXIMUM FLOOD EVENT

34. Peak inflows for the four seasonal PMP events, with a unit hydrograph
peaked by 1.00, are shown on table 13. The most critical storm is the March 15
occurrence. A combined total of 20.00 inches of rainfall and snowmelt resulted
in 12.23 inches of runoff and a peak inflow of 55,295 cfs. By comparison, the
all season event, with a total of 17.05 inches of rainfall resulted in 11.30
inches of runoff and a slightly smaller peak inflow of 54,068 cfs. The March 15
inflow hydrograph was then recomputed using a unit hydrograph peaked by 1.25 in
accordance with guidelines provided in EM 1110-2-1405. This was done to account
for the fact that the existing unit hydrograph, which is based on historical
data, Is not representative in defining characteristics of an extreme runoff
event such as the PMF. The unit hydrograph for large storm events such as the
PNF would peak earlier and be of greater magnitude. Unit hydrograph peaking
factors of 1.25 and 1.50 were examined. The use of a unit hydrograph peaked by
1.25 is consistent with the results obtained from previous regional studies
completed for drainage areas of a similar nature. The PMF inflow hydrograph
using a unit hydrograph peaking factor of 1.25 in association with the March 15
PMP storm was adopted for the study. The adopted Probable Maximum Flood has a
peak inflow of 67,500 cfs. The hydraulic results of the adopted PMF for the
reservoir under without failure conditions are listed in table 14. As the table
shows, the peak inflow is 67,500 cfs with a peak outflow of 5,900 cfs.

Table 13 - Results, PMP Events Prior to Unit Hydrograph Peaking

March 15 March 31 April 15 All Season
peak inrow (crs) 52'0u MID
time of peak (hrs) 354 360 372 126
precipitation (in) 8.25 9.80 11.35 17.05( snowmalt (in) 12.74 . 9.61 6.32 0

, total storm (in) 20.99 19.41 17.68 17.05
runoff (in) 12.23 10.73 6.01 11.30

13
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PROBABLE MAXIMUM FLOOD ROUTING

Reservoir Routing

35. Reservoir routing for Lake Winnibigoshish was accomplished using the HEC-1
level-pool reservoir routing component. This component functions by taking
upstream inflows and routing these inflows through the reservoir using storage
routing methods based on the principle of conservation of mass. Reservoir
outflow is a function of storage in the reservoir and tailwater elevation. I
36. Elevation - area - capacity data up to elevation 1304.00 were previously
developed for Lake Winnibigoshish Reservoir. Data up to elevation 1312.0 were
developed for this study using a 1:250,000, U.S.G.S., topographic map of the
Reservoir and surrounding area. Areas at available contours were taken from the
map and the conic method for computing reservoir volumes was used. The eleva-
tion - capacity curve for Lake Winnibigoshish Reservoir is shown on Plate 4.

37. For *pre-project (natural) conditions", the PMF was routed through Lake
Winnibigoshish assuming the dam was not in place. This was done because the
Lake would act as a natural reservoir providing a great amount of storage capa-
city even without the dam in place. A storage-outflow relationship for the Lake
was developed using a typical cross section at the outlet of Lake Winnibigoshish
assuming natural conditions. Manning's equation was used to calculate
discharges for several elevations at this cross section.

38. The gate opening-discharge relationship describing the outflow from
Winnibigoshish CIm was developed using a computer program written for this pur-
pose. This program computes the flow over the spillway, over the top of the dam
and through each orifice for varying headwater elevations and a given tatlwater
elevation. Flow past each portion of the structure is computed separately and

39. The control structure of Winnibigoshish Dam consists of 16 bay areas with

stoplogs, 5 slide gate orifice openings, and the main embankment of the dam (for
top of dam overflow). The outflow past the da varies with different set-
tings of these controls. Two feasible operation plans, each consistent with
the damtenders ability to operate the controls, and each characterizing a dif-
ferent arrangement of control settings, were used for routing the Probable
Maximum Flood (PMF) through the Dam. The control settings for each were: Plan
I - all bay areas closed, all slide gates open; and Plan 2 - 10 of the 16 bay
areas open, all slide gates open. Also, for each Plan, the adopted PMF was
routed through the reservoir using three different starting water surface
elevations; normal pool elevation (1299.0), spillway design flood elevation
(1304.4), and the elevation obtained by adding 50% of the storage capacity bet-
ween normal pool and spillway design elevations to normal pool elevation
(1302.0).

40. The most likely plan, in terms of antecedent conditions, ability of the
damtender to adequately operate the controls, peak outflow from the dam and
maximum reservoir water surface elevation attained, was chosen as Plan 1. This
plan has a starting water surface elevation of 1302.0. The plan was selected
for the analysis in this report.
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41. These gate opening discharge relationships that were developed for
Winnibigoshish Dam were entered directly as outflow rating curves into the HEC-1
model. Because of HEC-1 program limitations these direct input rating curves()  did not work in conjunction with the dam breach component of the model.
Therefore, the "project without failure* reservoir routings that had been
completed, using these rating curves, served as a base for model calibration
when using HEC-1 model parameters to describe the various types of flow past the
Dam. The results of the final reservoir routing are listed on table 14.

42. Approximately 1.0 river mile downstream of the Dam, the Mississippi River
flows through the southwestern corner of Little Winnibigoshish Lake. This lake
is treated as a reservoir in this system. Also considered as reservoirs are
areas of shallow lakes and pools downstream of the dam which are formed during
periods of high flood flows. Elevation storage capacity data were developed for 4

these areas using the same method as described in paragraph 36.

43. Elevation - outflow relationships for these small pool areas and for Little
Winnibigoshish Lake were developed using a typical downstream - cross sectional
area at each site and applying Manning's equation at several elevations to
obtain the corresponding discharges.

Table 14 - Results of "Project Without Failure" Reservoir Routing

Probable Maximum Flood Event March 15
Unit Hydrograph Peak 1.25
Selected Operating Plan Plan 1 -

all stoplogs in place
all slide gates open

Starting Reservoir WSEL (ft) 1302.00
Peak Inflow (cfs) 67,500
Time of Peak Inflow (hrs) 354
Peak Storage (AF) 1,054,800
Peak Outflow (cfs) 5900
Time of Peak Outflow (hrs) 618
Maximum Reservoir WSEL (ft) 1307.9
Time of Maximum Reservoir WSEL (hrs) 618

iit
Channel Routing

44. Channel routing was accomplished using the HEC-1 normal-depth storage and
outflow component. This component uses modified Puls routing to determine
storage and outflow data from channel characteristics. The program uses an 8
point cross section to represent the routing reach and Manning's equation is
used to compute outflows for normal depth.

45. Channel cross sections were obtained from the available U.S.G.S. quadrangle
maps. Cross sections were plotted and adjusted to fit the HEC-1 program.

46. The PMV was also routed through 4 bridge sections. Bridge data was
obtained from State of Minnesota, Highway Department, construction drawings of
the bridges. As for the channel cross sections, the bridge sections were
plotted and adjusted to fit the HEC-I program.
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47. Manning's roughness coefficients for the channel and overbank areas were
estimated based on a limited on-site inspection and from the U.S.G.S. quadrangle
maps. Below the Dam, to Little Winnibigoshish Lake, an "n" value of .080 was
used for the overbank areas and below this point, to Lake Pokegama, a value of
0.05 was used. An "n" value of 0.04 was used for the channel throughout the
entire study reach. The channel slope was estimated based on available eleva-
tion data along the channel, also obtained from the U.S.G.S. quadrangle maps.

48. The Probable Maximum Flood was routed under "project without failure" and
"pre-project (natural) conditions" to determine flood conditions at 17 loca-
tions, from the Dam downstream to Lake Pokegama. These locations include 11
river cross sections, 2 pool routings (White Oak Lake and Little Winnibigoshish
Lake) and 4 bridge routings (U.S. 2, Itasca CO. 18 at two locations, and Minn.
Ray. 6). The results of these routings are presented on tables 15 and 16,
respectively.

FAILURE OF DAM

49. Failure of Winnibigoshish Dam was simulated using the HEC-1 computer
program. The dam-break simulation assumes that the dam-break hydrograph will
not be affected by tailwater constraints and that the reservoir pool remains
level. Structural failures are modeled assuming certain geometrical shapes for
the dam breach.

50. HEC-1 computer runs were made for five dam breach conditions. The breaches
were assumed to be rectangular with vertical side slopes. Various combinations
of breach widths and breach durations were analysed. The breach conditions ana-
lysed are listed on table 17 along with the resulting peak discharges and maxi-
mum water surface elevations at the Dam and at selected points downstream of the
Dam.

51. The possibility of the perimeter dikes, located along the southern end of
the Reservoir, breaching before the Dam was investigated. It appeared, because
the dike crests are at a lower elevation than that of the Dam, that this would
be the case, but it was assumed that possible wave action and strong currents at
the damsite would most probably cause the Dam to fail first.

52. The most likely dam breach condition is Plan 5 in terms of peak discharge,
maximum water surface elevation and possible failure conditions. Results of the
PNF Routings for "project with failure" conditions are presented on table 18. A
comparison of the PMF routings for "project with failure" and "pre-project
(natural) conditions" at all points downstream of the Dam in terms of maximum
elevations, flood depths, peak discharges, and flow velocities is shown on table
19. The results of P?4F with and without failure were then compared to design
conditions at Winnibigoshish Dam. This comparison is presented on table 20.

53. For the condition of failure at "normal high pool elevation" the breach
parameters of Plan 5 were also used. Inflow to the reservoir was assumed to be
constant at 1 cfs per square mile of drainage area. The reservoir pool eleva-
tion was Initialized at the top of the flood control pool (1303.14) and the
breach simulation was begun at this point. All other routing parameters used
for this condition (reservoir storage - outflow, downstream channel) were iden-
tical to those used for the first two conditions. Results of this routing are

( i, presented on table 21.
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Table 17 - Breach Conditions Analysed

Adopted
4 BREACH TYPE 1 2 3 4 5

Ultimate Bottom Elevatlon(ft,msl) 1298.4 1298.4 1298.4 1298.4 1298.4
Width of Breach(ft) 162 78.6 26.2 52.4 78.6
Sideslope 1:0 1:0 1:0 1:0 1:0
Time for Breach Development(hrs) 0.5 1.0 2.5 2.5 2.5
Time of Breach 606 606 606 606 606

SECTION I /

Winnibigoshish Dam
Peak Discharge (cfs) 20307 12929 8257 10600 12939
Peak Elevation (ft) 1307.88 1307.88 1307.88 1307.88 1307.88

Section #1
Peak Discharge (cfs) 20580 13109 8329 10733 13123
Peak Elevation (ft) 1299.83 1297.70 1295.83 1296.82 1297.71

Section #3
Peak Discharge (cfs) 19360 12581 8155 10373 12595
Peak Elevation (ft) 1293.05 1291.33 1289.97 1290.70 1291.33

Section #8
Peak Discharge (cfs) 19344 12565 8153 10372 12579
Peak Elevation (ft) 1288.84 1287.51 1286.45 1287.01 1287.51

Section #13
Peak Discharge (cfs) 16600 11316 7686 9509 11333 (
Peak Elevation (ft) 1283.03 1281.44 1280.16 1280.33 1281.45

Section #17
Peak Discharge (cfs) 16585 11309 7683 9505 11326 I
Peak Elevation (ft) 1278.87 1278.00 1277.25 1277.63 1278.00

1./ Section locations are shown on inundation map package, index map
(Plate A-i).
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Table 20 - Comparison of Design Conditions to Probable Maximum Flood Conditions
at Winnibigoshish Dam

(

Spillway PNF PMF
Design "Project "Project
Flood Without With

Failure" Failure"

Peak Elevation (ft) 1304.44 1307.9 1307.9
Peak Inflow (cfs) 23,400 67,500 67,500

Peak Outflow (cfs) 1000 5900 12,939

Design Storm (in) 7.06 20.992./ 20.992./

Runoff (in) 4.66L/ 12.23 12.23

Freeboard above flood elevation (ft) 6.92 3.48 -

1./ Includes Base flow
__./ Includes Snowmelt

22

22l



I

10

(

~r~1 --

U.

I

~ Rt~~ 0 Ia.
I

~ I
a

bu~~ IIts

17 (7) -I

3

II

-r 4.

~ ~ <I: -.. -



DISCUSSION OF RESULTS

54. It is apparent from the results of the Probable Maximum Flood "pre-project
( (natural) conditions", "project without failure" and "project with failure"

routings that Winnibigoshish Dam has a significant impact on the reduction of
the PMF peak, even in the event of dam failure. Despite this fact, however,
hazardous flood depths are attained for the PMF with and without dam failure
conditions from the Dam downstream to Lake Pokegama. High flow velocities are
not expected, except for the immediate area below the Dam, in the event of dam
failure, because most of the energy from the dam breach flood wave would be
dissipated in the wide floodway immediately below the dam and in Little
Winnibigoshish Lake. This, however, does not lessen the hazardous effects pro-
duced by the high flood waters.

55. Although flow velocities for the PMF under project with and project without
failure conditions and for failure at normal high pool level are relatively low,
the potential for debris transport and erosion would exist. This is due to the
large surface area encompassed by the floodway, which in itself increases the
amount of materials available for erosion and transport. Immediately downstream
of the dam this potential would be greater because of the higher velocities that
occur at that point.

56. The land downstream of the Dam between the Dam and Lake Pokegama is not
highly developed. Only a few scattered homes and summer cottages exist along
the channel and four highway bridges and one railroad bridge cross the channel.
For all cases none of the bridges would be inundated although access to them
would be cut off because of the inundated overbank areas. The homes and cot-
tages near the channel would also be inundated.

57. This analysis indicates that the current spillway capacity is inadequate.
The Spillway Design Flood produces a peak outflow of 1000 cfs and a maximum
reservoir water surface elevation of 1304.44, which is 6.92 feet below the top
of the dam. Results of the PMF reservoir routing show a maximum pool elevation
of 1307.9 feet and a peak outflow of 5900 cfs. This provides only 3.5 feet
of freeboard. PMF inflow, outflow, and reservoir pool elevation hydrographs are
shown on plates 5, 6 and 7 for the cases of "project without failure" and "pro-
ject with failure" and "failure at normal high pool elevation", respectively.

58. Further studies should be undertaken to evaluate the feasibility of
modifying the dam to maintain adequate freeboard. One possibility is to modify
the spillway controls. In determining what control settings to use in this
study it was assumed that the damtender could not possibly open all the gates
and remove all the stoplogs from the bay areas because the stoplogs are not
mechanically operated. Therefore, as discussed earlier, the chosen scenerio for
routing the PMF through the Dam was one in which all slide gates were open but
all stoplogs were in place. Therefore, there is a possibility, that if the
controls were more easily operated (i.e. mechanically operated) the capacity of
the spillway could be brought to full operating range in the necessary time
frame, with a possibility of meeting the freeboard requirements. This alter-
native, however, would not reduce the PIF peak downstream of the Dam.

59. Other possible cost-effective alternatives to maintaining adequate
freeboard allowance such as widening the spillway, raising the Dam, or acceptingO/ the existing condition should also be investigated. As seen from the results of
the PW "pre-project (natural) conditions" routing, an alternative of removing
the Dam is most likely prohibitive.
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CROSS SECTION DATA 12

PROBABLE MAXIMOM FLOOD PROBABLE MPAXIMUM FLOOD
WITHOUT FAILURE WITH FAILURE

MI LES PEAK Ij PEAK PEAK ;j PEAK
PLATE FROM FLOOD TIME ELEVATION FLOOD TINE ELEVATION1
NUMBER SECTION DAM (DAYS) (FT.) (DAYS) (FT.) 11 MEASURED FROM THE TIME .

RESERVOIR LEVEL EXCEEDS
2 1 1.11 12.2S 12911.67 0.60 1297.71 Top OFLOWC CONTROL POOL.
2 2 IBI1: 12.1so 290.12 1.75 1292.56
2 3 2.1162 :2.60 1289.18 1.76 1291.33 2/ MEASURED FROM THE BEGIN- b
2 11 3.977 12.7s 1266.61 2.00 1290.90 NIR6 OF FAILURE.

3 :.629 12.71 1267.111 2.00 1269.39 NOTE: HAZARDOUS FLOWS HILL -

* .71 13.00 1286.92 2.00 1289.27 BEGIN AT MOST POINTS DOW-0

11 7 9.660 13.00 1266. 22 2.2S 1286.80 STREAM OF THE DAN PRIOR TO ; k
11 10.64s1 13 .00 1 261.61 2.2S 1207.51 THE TIME THE RESERVOIR *I

11 9 12.36? 13.00 :283.&S 2.25 121.9" LEVEL EXCEEDS TOP Of FLOOD
11 to 1 3.060 1 3.211 12.94 2.26 12611.21 CONTROL POOL.
11. 1I 19.261 16.50 1280.21 7.00 1262.412
1 12 20.226 16.60 1260.13 7.25 1242.00

6 13 211:.13SO :1:.71 279.11 7.2S 1281 .16
6 141 27,677 1700 1279.29 7.50 1261.24

6 I 26.600 17.00 1279.18 7.10 1261.00 ( 1-
6 15 29.1171 17.2S 1276.9 "7.SO 12110.911

7,11 17 32.729 17.60 1276.79 7.71 1276.00

lip
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LES

EDS tST. PAUL DISTRICT
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slk . W H I P P It W A N A \T 1 0 N A LDISTAN CE
\PROS

"'. PEAK FLOOD TIME
PEAK ELEVATION 12

" B O W T R IING S A27

WINNIBIGOSHISH DAM

. . . .. . . . .- . . .

DISTANCE FROM DAM IMILES)2.5

PROBABLE MAXIMUM FLOOD

WlO DAM FAILURE WITH DAM FAILURE

PEAK FLOOD TIME 12.10 DAYS 1.71 DAYS

PEAK ELEVATION 1289.1 FEET 1231.3 FEET

INSTANCE FROM OAM MILES 4.1

PROSASLI MAXIMUM FLOOD

Wt# #A"* FAILURE WIN AM FAILORE

SPEA FLOO TIME 12.1 DAYS 2.o0 DAYS

PEAK ELEVATIOS 12H6. FEET 12181 F.ET "44

-& s.i
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DISTANCE FROM CAM (MILES) 0.1

PROBABLE MAXIMUM FLOOD

wVIo DAM FAILURE WITH OM FAII1021 LEGEND

PEAK FLOOD TIME 12.2S OAYS 0.50 DAYS

PEAK ELEVATION 124.8 FEET 12,7.1 FEET LIMIT FSLE LII ,, .ULE

AXIMIUM FLOS MiU I FLOW WITH
WITIOKT DAl FAILUE IM FAILURO

DISTANCE FROM DAM (MILESI 1.i 32 - 32 CROSS SECTION

PROBABLE MAXIMUM FLOOD

W/O DAM FAILURE WITH SAM FAILURE 
I

PEAK FLOOD TIME 12.50 DAYS 1.75 DAYS

PEAK ELEVATION 1211011 FEET 1212.6 FEET CONTOUR IRTERVAL I0 FEET.
NATIONAL GODETIC VERTICAL DATUM OF 1929.
SOURCE OF RU VAP: U.S. EOLOGICAL SURVEY

?.S MINTE SERIES.

2OT2E IRNTES AREAS SHOW ON TIG
MAP IMFTL.ECT EVENITS OF ANl EXREMELY RT
DATUM, THESE RESULTS AIM NO10 IMY WdANY

IRTEROD TO REFLECT UP"l TiE ITEGRITY OF
TOE WIUIIilOIIsN OW.

U.S. ARMY ENGINEER DISTRICT, ST. PAW&3 . COUPS OF ENSIWEERSI

ST. PAUL, MINNEOTA

WINNIMS NIS DAM

MISSISSIPPI RIVER, MINNESOTA
INUNDATION MAP

K NOVEMBER 1934 PLATE A-2

t~Ip U.S. GOVERING"I? P ofN?108 O 1PPICt1014-S4.SS
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DISTANCE FROM DAM (MILES) 6 61

PROBABLE MAXIMUM FLOOD

W/O DAM FAILURE WITH DAM FAILURE

* PEAK FLOOD TIME 12 76 DAYS 2.00 DAYS
PEAK ELEVATION 1267.1 FEET 1200. 4 FEET

L~

Vo '-E.

4LEGEND

LII FPOAL IIMA

MAXIUM FOOD AX N FLOWWIT

SCLE6E1D

LI ATTOALOE TI LETIA DAU OF OF9 RO9. L
S EIBIFOUCO F AE P U.S GEOLGICA FLURVEY IT

RITHORT7. MIAUT FSLER AMIES. E

INTENDLEDE C RFLET UPON THAITERI OF2
SOUE WINO RSIS N.PUS SAU A SRE

U.S.ARMYENGIN.E DISTEIT SEIES. L

RA ELCTORS OF AEGTNEILERE

H UT. THSEREULTS MIRESUT HAMA

-. WINNIUIGOSHISH DAM
- MISSISSIPPI RIVER, MINNESOTA

INUNDATION MAP

NOVEMBER 1984 PLATE A-3

U. U c OVSNHRmSFT p" I N I meor OFICIE I f a4 -1R4 - 7
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A. V': '26
DISTANCE FROM DAM (MILES1B.7 '

* ~PROBABLE MAXIMUM FLOOD ~$

PEAK FLOOD TIME 13ol0 DAYS 2.00 DAYS -. ~

C.

1-

PROBABLE MAXIMUM FLOOD

W/O DAM FAILURE WITH DAM FAILURE -*

PEAK FLOOD TIME 13.00 OAYS 2-25 OAYS
PEAK ELEVATION 1296.2 FEET 1288.1 FEET "

DISTANCE FROM DAM IMILES1lOS 6

PROBABLE MAXIMUM FLOOD0,-

W/D DAM FAILURE WITH DAM FAILURE ~ ' ~
PEAK FLO IE 13.00 DAYS 2.25 DAYS 1

PEAK ELEVATION 1285.8 FEET 1287.5 FEET N /c ~

DISTANCE FROM DAM IMILES) 12.4

PROBABLE MAXIMUM FLOOD

PEKFLO W/D DAM FAILURE WITH DAM FAILURE0). ii* )
®PEKFODTIME 13.00 DAYS 2.25 OAYS . ..

0 PEAE ELEVATION 1283.9 FEET 1285.9 FEET ... DITNEFM

W/D DAM
---------

FEAR FLOOD TIME 13 25

PEAK ELEVATION 1282 9

-7,
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ALLOU CLUBA I FET

LEGEND F 2

LISI OU O F RARL E U G LIM T Of PROBABLE
-'~~~Ni WAX USUN FLOOR W(B~~F.O ITH

WITHOUT DAN FAIURE AM FAILURE

OTEINT32 32 CROSS SECTION

PROBABLE ~ ~ ~ ~ ~ ~ 00 0AIU FL000 0000ET VNSO A XRMEYMT
NATIONAL EODETIC VERTICAL DATUM OF 129.
SOURCE OF ROSE ENP U.S. GEOLOGICAL SURVEY

FROM DAM IMILES13.MIN ES
ROTE: THE INUNDATED AREAS SHOO THISPROBABLE MAXIMUM FLOOD MAP REFLECT E VENTS OF AN EXTREMELY REMOTE

MATUREK. THESE RESULTS ARE 1R0T IN ANY VAY
WIO A ALU WT DAM FAILURE INTENDED TV REFLECT UPON TOE INTEGRITY OF

PEAK FLOOD TIME I3.25 DAYS 2.25 DAYS ThIINRGSIODM

PEA ELVAION122.1FET 1042 FETU.S. ARMY ENGINEER DISTRICT. ST. PAUL t

- . 0'ST. PAUL, MINNESOTA
VIP,

WINNIBIGOSHISH DAM
MISSISSIPPI RIVER, MINNESOTA

INUNDATION MAP

NOVEMBER 1984 PLATE A-4
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7 11

DEE RIV

ZEMPLE

__W A

DI TANC RO M D M IILSO 29 3

PROBABLE MAXIMUM FLOOD

W/ O DAM FAILURE WITH DAM FAILU E .I

PA FLOOD TIME IS DAYS 7 120 DAYS 
.~:~

PEAK ELEVATION 1280 I FEET - 1282 0 FEET 12 -1

/ _____________
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'5.~~~~LII OF01 =KE005. _______ LIMIT OF PKMISLt
~~Mill Fc VAX *AI Rfl VITO~ WIThOUT SPX FAILURE0 WIN FAILURE

~ ~ '-7-.32 - 32 CROSS SECTION

"m0 0 mo O

ctu STAL 10 PUT1

v&iCGODETIC0011 VERTICAL DAIW OF 1921.
SOURCE1 OF USE PAP: U.S. GEOLOGI1CAL SURVEY

NOTE: T*E INIUDATED AlIAS $0 N 'M IS 
MIAP REFLECT? EVENTS OF AN EXTREMELY1 015011

- BANKI. TIEl RESUL.TS ARE NOT 10 AOT WAY
4 INTENDED TO REFLECT UPON TWE INTEGRITY OF

Till WINNI Blom Is" PAN.

U.S. AR1MY EINEERN DISTHICTSI.-oW
CORPS OF INGINEERS
ST. PbAUL. MINNESOTA

WWNINISIGOSiNISH DAM
MISSISSIPI RIER MINESOTA

INUNDATIO MAPI

NOVEMBER 1164 PLATE A-5
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113 AREA 2
DITNC RO A (IES2.

PROBALE MXIMUMFLOO

WI/ANC CAO FAAMR WMLES 21M FALR

PEAK FLOOD TIME 1710 DAYS 7.50 DAYS
PEAK ELEVATION 1229. 3E F2E. 2EE3TEE

DITAC LFROM DAF PROSASLE 27L.ITO AL
PRBAL MAIU FLOOD9560 LO .J IIU LODW

W/O1*0 DAM FALURE WITH RAMIFILUR

OCLEGINDE

LII FPOBTIA 107 TLE PA I OF O UB
SOURCE W FL OF ANNP HAS. OORI ANN FLWOR

0 NmIT "DO15

SCE 00IUALBEA 8 Pill 11

NATINA010ET ECL RANTONlTE OF9

INOE K INO &YS OARA PNO 071

US. ARMY ENQINEER DITRICT, ST. PAULr CORPSOF ENBIEERS
ST. PAML MINNESOA

1INNIWGOS1N DAM
MISSISP RIER, NWNTA

NOVEMBER 1084 PLATE A-

lo .. I @VURp"INSNT 11INTIWU DelIEs IN94164-61s
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c 7.1

LEGEND

LII ifILALIV1UIT Vf PUSNkI~' few .~J m Illum FLUS VITO
.TNOUT SIlM FAILURE WA FAILUR

20 32 - 32 CROSS SECTION

COUTW INTUVAL 1S FEET.
STimUl. usCsEIC YERTICAL SoTU OF hUB
MICEE OF Sl UPP "ll "KNICAL WIET

ME: TUE ISJNATU ASIA 011111 U hNIl
Wp fffltfT 15157$ VN hiEhhlST1111 MOMh
PATIVE. TK ULf151 ARE UT 18 1W Sf
INTEIU To hILALCl um Tilt IITI of

--------------

US. ARMY Nfufh= USUCT. ST. PAUL

ST. PAUL. M11INESTA
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DISTANCE FROM DAM (MILES)32 1

PROBABLE MAXIMUM FLOOD

DISTNCE ROM AM IILES29.5W/O DAM FAILURE WI TH DAN F)AILUIEE

C PEAK FLOOD TIME 17.50 DAYS 7.76 DAYS

- ~ PEAK ELEVATION 1276.8 FEET 1278.0 FEET
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1, Wtu

1 6. 1
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ISTIC FROM DAM IMIL,1132.7

POOSIABLE MAXIMUM FLOOD

W/0 DAM FAILURE WITH DAM FAILURE

PEAK FLOOD TIME 17.50 DAYS 7.75 DAYS

PEAK ELEVATION 1276.8 FEET 1278.0 FEET

'All-*o- -N-

41 "

I L~ IMIT uO MMIT

Wl~IITn DAM FAILUR ilJiM FAILURtE

0

: ; 32 32 cnoss S cTioN
SCLEGII EET

LI CONT OUR INTE VAL 10 FEET.

NATIOAL G OETIC uTL # OF 1 i29

75NIII SERIES.

NOTE: THE INNDATED ARAS NM O THIS
NAP REFLECT EVENTS OF AN ETNTIELY 3N01T.TUNE. TESE RSLTS A 32 C ROSSY AY

INTEND0ED TO REFLE CT UPON Tit[ INTEVITY OF
SISSEMAKW7 "Am, THE 1 0 1OD RO4D

U.S. ARMY ENGINEER DISTRI , Tl.I PAUL

ORSOF ENGINEERS
ST'. PAUL, MINECTA

'10 WINNISWAOSHISH DAMMISSISSIPPI RIVER, MINNESOTA
NOVEMBER 1 E84 PLATE A-$
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