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r. INTRODUCTTON

Study Objectives:
In June of 1991, the North Dakota State llater Commission and

the Emmons County l{ater Resource District entered into an

agreement to investigate the feasibility of impounding water
upstream of Highway 1804 at, Beaver Bay. The agreemenÈ called for
the State ïVater Commission to conduct a field survey of the
Híghway 1804 embankment; conduct a study of the hydrology of the
watershed upstream of the Highway 1804 embankment; design the
outlet works necessary to safely and efficiently pass the design
flood through the embankment; prepare a preliminary cost estimate
for all alternatives considered; and prepare a preliminary
engineering report presenting the results of the investigation. À

copy of the agreement is contained in Àppendix À.

ThÍs report contains infonnation on the geology and climate
of the site; a description of the computer models used in the
study; a sunmary of the prelininary design of the projecti a

description of additional studies that will be necessary prior t,o

final design of the project; a sunmary of land and water rights
pertaining to the project; a cost estimate based on the
preliminary design; and a statement of conclusions and

recommendations regarding the project.

Project Location and Pur?ose:
Highway 1804 crosses Beaver Bay in the SEl/4 Section L4, the

NE1/4 Section 23, and the Nwl/4 Section 24r lownship 132 North,
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Range 79 !{est. The crossing presently consists of a roadway
embankment and bridge. Beaver Bay is formed when water retained
by Oahe Dam backs up into Beaver Creek at its confluence with the
Missouri River. Figure 1 shows the location of Beaver Bay within
the state.

Prior to the summer of 1988, Beaver Bay and the recreational
facilities surrounding it provided numerous recreational
opportunities for residents living in South Central North Dakota.
During the drought of 1988, the revel of oahe Reservoir dropped
significantly. ThÍs drop caused the water to recede from Beaver
Bay and limÍted the use of the sumounding recreational
facilities. Àt thÍs ti¡ne, the level of Oahe Rese:¡¡oir has not
returned to its pre-drought revel. Therefore, the use of the
recreational facilities surrounding Beaver Bay remains linited.

The purpose of this investigation is to evaluate
alternatives for retaÍning water upstream of the Highway lB04
crossing at Beaver Bay. The goal being to provide a stable water
level that is not influenced by the fluctuating Oahe Reservoir
levels. À more stable trater level upstream of Highway 1804 will
enhance recreational opportunities in south-central North Dakota.

-z-
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IT. GEOLOGY ÀI{D CLIII,ÀTE

The Beaver Creek drainage basin extends from its origin in
southwest Logan County and northwest l{clntosh County to its
confluence with the Missouri River in western Emmons County. The

basin is located in the llissouri Plateau section of the Great
PÌains physiologic province, which is a major subdivision of the
Interior Plains. It is on the Coteau Slope, which is the
glaciated section of the Missouri Plateau.

The topography of the basin is rnainly rolling to hilly.
Extensive areas t¡here bedrock crops out and small areas where
glacial deposits are thin characterize the western part of the
basin. In many areas severe geologic erosion has resulted in
prominent buttes and badlands. The eastern port,ion of the basin
is characterized by many small depressions, potholesr or lakes.

The climate for the basin is characteristic of the interior
of the continent and latitude. Relatively large extremes in the
weather occur rapidly. Most precipitation falls in sunmer
thunderstorms, which can be intense and accompanied by hait. The

average temperature at Linton, North Dakota, Iocated in the
west-central portion of the basin, is 42 degrees Fahrenheit. The

annual precipitation at Linton is L7.3 Ínches, of which 82

percent falls in Àpril through september, which is the growing
season for most crops. The prevailing wind direction is from the
west-northwest.
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rII. COUPUTER T{ODELS

ITEC-I:

À hydrologic analysis of the Beaver Creek watershed was
performed using the HEc-l computer model, developed by the u.s.
Àrmy Corps of Engineers. The model vras used to determine the
peak discharges and flow volumes of various frequency storms. It
formulates a mathematical hydrologic model of the watershed based
on the following data: the amount of rainfall, the rainfall_
distribution, soir type, rand use, and the hydraulic
characteristics of the channels and drainage areas. The HEc-l
nodel is designed to compute the surface runoff of the watershed
in relation to precipitation by representing the basin as an
interconnected system of hydrotogic and hydraulic components.
Each component of the moder represents an aspect of the
precipÍtation-runoff process wÍthin a portion of the subbasÍn.
These components were put into the nodel to determine the
magnitude and duration of runoff from hydrologic events with a

range of frequencies.

The model was developed to determine the hydrologic response
of the Beaver Creek watershed. The resuJts obtained through the
use of the nodel include: (1) infJ-ow hydrographs, (2I reservoir
stage hydrographs, and (3) outflow hydrographs.

IIEC-2:

À hydraulic analysis of the channel downstream of the dam

site was performed using the HEc-2 computer mode1, developed by
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the U.S. Army Corps of Engineers. HEC-2 computes ¡vater surface
profiles for steady, gradually varied flow ín natural or man-made

channels for flows due to various precipitation events. The data
needed to perform these computations includes: flow regime,
starting !¡ater surface elevation, discharge, loss coefficients,
cross-section geometry, and reach lengths. The computational
procedure used by the model is based on the solut,ion of the
one-dimensional energy equation with energy loss due to friction
evaluated with l"lanning's equation. This computation is generally
known as the Standard Step Method.

HlfR52:

The HMR52 computer model was used to cornpute the
precipitation distribution for the Probable llaximum Precipit,ation
(PlfP) event used for the emergency spillway and freeboard design
storms. The HI[R52 computer program computes basin-average
precipitation for Probable Maximum Storms (Pl{S), in accordance
with the criteria specified in Hydrometeorological Report, No. 52

(National Weather Service, L982\. That Hydroneteorological
Report, (HI'lR) describes a procedure for developing a temporal and

spatial storm pattern to be associated with the PlfP estimates
provided in Hydrometeorological Report No. 51, "Probable Ìlaximum

Precipitation Estimates United States East of the 105th
l{eridian. " The U. S . National Ï{eather Service ( l[WS ) has

detennined the application criteria in a cooperative effort with
the U.S. Àrmy Corps of Engineers and the U.S. Bureau of
Reclamation.
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HI{R No. 52 requires that a criticar storm-area size,
orientation, center.ing and timing be determined which produces
the maximum precipitation. The HMR52 computer program will
optimize the storm-area size and orientation in order to produce
the maximum basin-average precipÍtatÍon. Data required for
application of the HlfR52 proçlram ares thê X and Y coordinates
describing the river basin and subbasin watershed boundaries; pup

from TIMR No. 51; and the storm orientation, size, centerirg, and
tÍning.

Using the time distribution specified by the user, the HÌ{R52

Program comPutes the incremental basin-average precipitation
values for every subbasin requested. That, precipitation data can
subsequently be input into the HEc-1 computer ¡nodel for
cornput,ation of the resulting flood.
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IV. PRELIIIINÀRY DESTGN

Dam Site Selection:
The first steP in the investigation involved the selection

of the dam site. Two dam sites vrere initially considered. The
first site is at the existing Highway 1804 crossing and involves
upgrading the crossing to retain water. The second site is
approximately 2,000 feet upstream of the existing Highway 1904
crossing. This site involves the construction of a nelr
embankment.

Upgrading the existing HÍghway 1804 embankment to retain
vrater wiII involve extensive modification. The existing
embankment was not designed to retain or store water. Hotding
water will produce hydraulic head on the embankment when Lake
Oahe levels are low. The hydraulic head will increase the rate
of seepage through and around the embankment,. Figure 2 shows a
profile view of how the increased hydrauric head caused by
retaining water upstream of the embankment witt cause increased
seePage.

The existÍng embankment does noÈ have seepage and water
pressure treatment measures which are major concerns in dam

design. Therefore, it will be necessary to construct a cutoff
trench beneath or adjacent to the existing Highway lg04
embankment. This wilt be accomplished by removing the permeable
material to a depth at which less permeable material is
encountered, and backfilling it with materiar of row
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petineability. There may also be a need for more extensive
foundation and embankment drainage measures, depending on the
results of a detailed geotechnical study that will be necessary.

Ànother problem with retaining water upstream of the
exÍsting Highway f804 crossing is that the topography of the site
does not allow for the construction of an emergency spiJ-Iway.
This problem is compounded by Highway 1804 passing over the
embankment. the lack of an emergency spillway requires the
principal spillway to pass the freeboard precipitation event
without, overtopping the embanl¡cnent. This will require a large
principal spillway. The roadway embanlsnent may also need t,o be

raised to pass the freeboard precipitation event without
overtopping.

The site located approximately 2r000 feet upst,ream of
Highway 1804 appears to be a more suitable dam site. The

topography of this site allows for the construction of an

emergency spillway adjacent. to the emban],iment. Therefore, the
principal spillway will not be required to pass the entire
freeboard precipitation event without overtopping the embankment

and a smaller principal spillway can be installed. The

excavation for the emergency spillway, Lt found suitable, will
provide fiII for the construction of the new embankment. Measures

to reduce seepage can be incorporated into the construction of
the new embankment. Modifications to the existing Highway 1804

-t0-



crossing will not be necessary if the dam is located at this
site.

À preliminary analysis of the two dam sites indicates that
it will be more difficult and costly to modify the existing
Highway 1804 emban}unent Èo retain water than to construct a neÌr

embankment farther upstream. Based on this prelininary analysis,
the dam site located approximately 21000 feet upstream of the
Highway 1804 crossing was selected as the preferred site. Figure
3 shows the location of the proposed Beaver Bay Dam.

Dam Classification:
The next step in the investigat.ion of Beaver Bay Dam was to

determine the da¡n classification. Design criteria are based on

hazard classification and the heÍght of the dam. Hazards are
potential loss of life or damage to property downstream of the
dam due to neleases through the spillway or complete or part,ial
fai.Iure of the structure. Hazard classifications listed in the
"North Dakota Dam Design Handbook" are as follows:

Low dams located in rural or agricultural areas where

there is little possibility of future development. Failure of
low-hazard dams may result in damage to agricultural land,
township and county roads, and farm buildings other than
residences. No loss of life is expected if the dam fails.

- r1-
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liedium - dams located in predominantly rural or agricultural
areas where failure may damage isolated homes, main highways,
railroads, or cause interruption of minor public utili-ties. The

potential for the loss of a few lives may be expected if the dam

fails.

Eigh dams located upstream of developed and urban areas
where failure may cause serious darnage to homes, industrial and

commercial buildings, and major public utilities. There is a

potential for the loss of more than a few lives if the dan fails.

Considering that it is located in a predominantly rural area
with a main highway and recreational facilities located
downstream, Beaver Bay Dam is classified as a medium-hazard dam.

Àfter a dam has been given a hazard category,
classified according to its height. The following
listed in the "North Dakota Dam Design Handbook" 3

Table 1 - Dam Design Classification

it can be

t,able r{as

Dam Heioht
( feet)

Less than 10
10 to 24
25 to 39
40 to 55
Over 55

Low

I
II

ITIrrr
III

Ìledium

II
IIIrrr
IV
IV

Hich

IV
IV
IV
v
v
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Beaver Bay Dam has a medium-hazard classification and an
embankment height of approximatery 4? feet. Based on this, it is
given a C1ass IV classification for design purposes.

Based on the "North Dakota Dan Design Handbookr,' the
requirements for a crass rv dam ares 1) The principal spillway
is to pass the flows due to a S0-year precipitation event, without
the use of a non-structural emergency spillway, 2, The emergency
spillway is to pass the f lows due to t,he 0.3 pl{p (velocity
hydrograph) event, ¡vithout exceeding the allowable velocity of I
feet per second, and 3) The da¡r is to withstand the 0.5 pMp

(freeboard hydrograph) event without overtopping.

IlydrologE¡:

The watershed above Beaver Bay Dam was defined using USGS

7.5-minute quadrangle ¡naps of the area. The drainage area for
the dan was carculated to be 900 sç[uare ¡niles, of which
approxinately 90 square mires is non-contributing. Figrure 4

shows the drainage basin above Beaver Bay Dam.

Stream gage records from a gage located on Beaver Creek near
Linton, North Dakota ïtere incorporated into the hydrolog'y for the
project. Records of yearry peak mean daily flow dating back to
1949 nere input into a Log pearson Type rrr distribution to
determine the flow due to various recurrence interval
precipitation events. Table 2 contains the results of the Log

-L4-
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Pearson Type III distribution that was performed on the Linton
stream gage data.

Table 2 - Result,s of Log Pearsonf¡pe III Distribut,ion
Recurrence Tnten¡al Fl or¡

(cfs)
3,786
6,223
8,435

10,969

The peak mean dairy flow resurting from the 1952 spring
snovrmelt at, the Linton stream gage \'yas 7 1420 cfs. This event tras
approximated as a 50-year snowmelt for prelininary design
purposes. The naximum frow recorded during the ]9s2 spring
snowmelt, was 91800 cfs and the total inflow volume was calculat,ed
to be 831772 acre-feet.

There are 573 square niles of contributing drainage area
upstream of the Linton stream gage. An additional 237 square
miles of drainage area contributes to Beaver Creek downstream of
the Linton stream gage prior to entering Beaver Bay. This
account,s for a total contributing drainage area of gl0 square
miles. To account for the additional drainage area downstream of
the stream gage, a HEC-I model of the basin upstream of the gage
\ras developed. The basin upstream of the gage was broken into
four subbasins and runoff parameters were adjusted to approximate
the L952 spring snovrmelt. The resurting moder yierded a SO-year
snowmelt hydrograph with a peak flow of 9,229 cfs and a total

10-year
25-year
50-year

100-year

-16-



inflow volume of 82r2L5 acre-feet. Figure 5 shows a comparison
of t,he hydrographs resulting from the L952 spring runoff and the
HEC-1 model used to approximate the L9S2 spring runoff.

The S0-year snowmert inflow hydrograph for Beaver Bay Dam

was developed by incorporating the 237 square miles of
contributing area downstream of the Linton stream gage into the
HEC-1 model developed for the 573 square miles of contributing
drainage area upstream of the gage. The resulting nodel yielded
a peak inflow of 101049 cfs into Beaver Bay Dam.

The peak mean dairy frow resulting from a r953 sunmer
rainfall at the Linton stream gage was 41050 cfs. This event was

approxÍmated as a 10-year rainfalr to estimat,e the runoff
parameters for the PÌlP event used for developing the velocity and
freeboard hydrographs. The maximum flow recorded during the 1953
srunmer rainfall was 51650 cfs and the toÈal inflow volume Ìras
calculated to be 31r854 acre-feet,.

An analysis similar to that performed for the L9s2 spring
runoff was performed on the 1953 sunmer rainfall. À HEC-I model
of the basin upstream of the gage was developed. Runoff
parameters \ilere adjusted to approximate the 1953 srunmer rainfall.
The resulting model yielded a tO-year rainfall hydrograph with a
peak flow of 4r850 cfs and a total inflow volume of 32rïs6
acre-feet. Figure 6 shows a comparison of the hydrographs
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resulting from the 1953 sunmer raÍnfall and the HEC-I model used
to approximate the 1953 sunmer rainfaLl.

The 0.5 PI4P ( freeboard) and 0.3 PltP (velocity) hydrographs
for Beaver Bay Dam were developed by incorporating the 237 square
miles of contributing drainage area downstream of the Linton
stream gage into the HEc-l nodel deveroped for the s73 square
miles of contributing drainage area upstream of the gage. The

precipitation data used for the 10-year rainfall event \rere
replaced by the precipitatÍon data computed by the HMR52 compuÈer

model for the PMP event. The resurting model yielded a peak
infrow of 27,72L cfs for the 0.5 PMp event and a peak infrow of
11'940 cfs for the 0.3 PüP event. Table 2 shows the resulting
peak inflows and toÈal inflow volumes for Beaver Bay Dam

resulting from the HEC-1 computer model.

Table 3 - Peak Infloss and Voh¡nesfor Design Frequenclz

Event Peak Inflow
Total Inflow

Vcrl rrme
(cfs )

10,049
11, 94 0
27,72r

(acre-feet)

The hydrorogy performed as part of this investigation is
very preliminary in nature. rf the decision is made to pursue
the project further, a more detaired hydrologic analysis of the
Beaver creek drainage basin will need to be made prior to the
final design of the project.

50-year snowmelt
0.3 PlfP0.5 Pr{P

115, 075
LLA t784
258,695
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Resen¡oir Level:
The first step in the design of the outlet works for Beaver

Bay Dam was to select a reservoir level. rn serecting a

reservoir level, consideration \ras given to oahe Rese:r¡oir
Ievels, elevation of surrounding recreational facilities, and
land acquisition requirements. Àfter considering the above
crÍteria, a reservoir elevation of 1616 msr was select,ed. Àt
this 1evel, the reservoir wilr contain approximately 9,970
acre-feet of water, have a surface area of 836 acresr ân average
depth of 10.7 feet, and a maximum depth of 28 feet. I{ith the
waÈer controlled at, this elevation, the water level in Beaver Bay
will be sinilar to that which existed prior to the 1988 drought.
The normal operating level of oahe Reservoir is at 160?.5 msr.

Hydraulíc lÞsigm:
The HEC-1 computer model was used to simulate the

precipitatÍon versus runoff response for the basin and to route
the flows through the proposed reservoir. The area-capacity
curve for the reservoir and the rating culî\¡e for the spillway
were needed in order to use the HEc-1 model. The area-capacity
curve for Beaver Bay Dam was obtained using usGS ?.S-minute
quadrangle maps of the area and survey data obtained for the
investigation. Figure 7 shows the area capacity curve. The

rating curve for the principal spillway lras calculated based on
the equation for weir f1ow. The rating curve for the emergency
spilrway Ì{as calcuLated using the Rater computer program
developed by the North Dakota State l{ater Commission. Rater

-2I-
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develops a rating curve for an open channel using lvlanning's
equation. The rating curve for the proposed spillway system is
contained in Tab1e 4.

lable 4 - Rating Cu-n¡e for Proposed
7O-foot Chute Spillway

)fsc()fsc( (cfs )

432
3r806
8r981

15,515
23 t534

6L4
L t736
3, 189
4r910
6,862
9,02L

10r171
LL t799
L7 ,69425,553
34,924
45 r926

16 16
16 18
L620
L622
L624
L626
1628
L629
1630
L632
1634
1636
1638

614
L 1736
3,199
4,910
6,862
9 ,02L

10, 17 1
LL,367
13, ggg
L6,572
19,409
22 r392

In developing the rating curve for the proposed spiLlway
systemr the fluctuating level of Oahe Reservoir and the taihrater
effects it, will provide for the spillway \rere taken into account.
For passage of the S0-year snowmelt, it lras assumed that, oahe
Reservoir \ilas at, its SO-year level t ot 1616 msl. For passage of
the 0.5 PMP event, it was assumed that Oahe Rese:nroir lras at its
500-year levelr or L620 ms1.

Principal Soillwav:
Several spillway alternatives \rere considered as part of

this investigation. rn evaluating the arternat.ives,
consideration was given to their ability to pass the design flood
as well as construction cost. An effort was made to balance
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earthwork quantities between the excavation for the emergency
spillway and the f itl required for the embanJrcnent.

The results of the preliminary investigation show that a

7O-foot wide straight inlet chute spillway wilt most efficiently
pass the principal spillway design flow. The Ínlet, of the
7O-foot chute will be set at an elevation of 1616 msl. Figure I
shows the layout of the proposed principar spillway. Table 5

gives the inf low, outf low, and st,age for the dif ferent,
precipit,ation events for the proposed new spitlway obtained from
the HEc-l model. Figures 9 and 10 show the various
inflow-outflow relationships for the proposed new outlet.

fable 5 - Hydrologic Results for the proposed
70-foot lfide Chute Spillway

Ewent fnflow og Staoe
(cfs ) (cfs)

50-year snowmelt0.3 PnP0.5 PMP

10,049
11r940
27 ,72L

9 t743
11, 157
25,705

(ursl)
1628.6
L629 .6
1634.1

À saint Ànthony Falls (sÀF) stilling basin will be used to
dissipate the energ'y of the water passing through the principal
spillway. The sÀF stiJ-ring basin is designed assuming oahe
Reservoir leveLs are Iow, resulting in no init,ial tailwater. I{hen
oahe Reservoir revers are high, the sÀF stirling basin witl be
submerged and will not function as designed, rather, the energ-y
of the water passing through the chute witl- be dissipated via a

hydraulic jump when it enters oahe reservoir downstream. À
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sO-YEAR SNO\4/MELT

L
0
W

I

N

c
F

1J000

12000

F 11000

10000

9000

8000

7000

6000

5000

40m

3000

s 2000

1000

0

0 50 100 150 200 250 300 J50 400
TIMT IN HOURS

450 500 550 600

Figureg-BeaverBay
Dam Hydrograph

t

IN FLOW

.,OUTFLOW

-26-



F

L
0
W

I

N

C
F
S

14000

13000

12000

r r000
r0000

9000

8000

7000

6000

5000

4000

3000

2000
1 000

0

30000
28000

F 26000
24000
22000
20000
18000

1 6000

1 4000
r2000
10000

8000
6000

4000

2000
0

BEAVER BAY DAÌI HYDROGRAPH
30% OF PROBABLE MAXIMUM PRICIPITATION

0 25 50 75 100 125 150 175 200 zi:s 250 i.ls r00
TIMT IN HOURS

50% OF PROBABLT MAXIMUM PRTCIPITATION

0 25 50 75 i00 125 150 175 20C 225 25C 275 3C0

TII,IT IN HOURS

-27-

L
0
\{

I

N

c
F

S

INFLOW

,

Figure L0 - Beaver
Bay Dam Hydrograph

INFLOW



preliminary analysis indicates that significant erosion wilt not
occur to the downstream face of the dam during high tailwater.
Prior to the final design of the project, it is recommended that
a detailed model study be performed on the proposed spilrway to
evaluate the performance of the spiltway for various tailwater
Ievels.

Emergency Spillway:
The use of a 7O-foot wide straight inlet chute príncipal

spillway requires that the emergency spirrway be set at an
elevation of L629 nsl. The proposed emergency spirlway for
Beaver Bay Dam is a 300-foot, wide grass-rined channer with 3:1
síde slopes located in the teft abutment,. The rating curve for
the emergency spillway was developed using the rater computer
program. The rating curve l,ras used to route the velocity and
freeboard hydrographs. The velocity hydrograph consists of 30
percent of the PMP and the freeboard hydrograph consists of 50
percent of the PMP.

Embankment:

The proposed spilLway system wilt require an embank¡nent with
a crest elevation of 1635 msl in order to pass the freeboard
precipitation event without overtopping. The proposed embanJicnent

will be located approximately 2,ooo feet upstream of Highway
1804. The embankment ¡¡iÌI have a top width of 16 feet, 3:l side
sropes, and wirl be approximately 217oo feet rong. À cutoff
trench wil-1 be excavated beneath the embankment to reduce
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seePage. Construction of the embankment r¡ill require 520r000
cubic yards of earthfill material. The earthfill material will
be obtained during the excavation of the emergency spillway if
this material is found to be suitable. fn calculating the volume
of earthfilr that wilr be required, it yras assumed that, the
material will shrink by 20 percent following construction. This
20 percent shrinkage value will need to be verified during the
geotechnical investigation that Ís needed to determine the
suitability of the borrow material. Figure 11 shows the layout
of Beaver Bay Dam.

Riorao:
Rock rÍprap wiII be placed on both the upstream and

do¡rnstream faces of Beaver Bay Dam to protect it against erosion.
The riprap on the upstream face of the dam will extend from
elevation 1610 msl to elevatÍon 1630 msl. This will protect the
uPstream face of the dam during fluctuating reservoir levels. The
riprap on the downstream face of the dam will extend from the toe
of the dam to elevation L623 msI. This will protect the
downstream face of the dam during fluctuating Oahe Reservoir
Ievels. The riprap will be approxirnately 18 inches thick and
will be placed on t,op of 6 inches of filter material.

Low-Level Drasdown:
À low-level drawdown structure was included in the design of

Beaver Bay Dam. The low-leve1 drawdown structure, aLso known as

a col-d water return or hyporimnetic discharge structure, is
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designed to counteract accelerated aging in reservoirs. The
Iow-level drawdown structure removes nutrient-rich water from the
bottom of a thermarly stratified reservoir, leaving the bet,ter
quality water behind, and thus increasing the usefulness and life
sPan of the reservoir. fmproved water quality conditions result
in a positive benéfit to the fishery and to arr other
recreatÍonal uses.

À rule of thunb used in the design of low-level drawdown
structures is that they should pass 10 percent, of the reservoir
vorume in a 14-day tine period. For Beaver Bay Dam, a 24-inch
diameter Reinforced Concrete Pipe (RCP) is sufficient t'o act as a
Iow-level drawdown. The proposed low-level drawdown structure
will be located in the porÈion of the embankment that passes
through the Beaver Creek channel. Figure 12 shows a transverse
profile of the low-level drawdown structure.

fn designing the low-level drawdown structure, it was

assumed that Oahe Reservoir was at its normal operating level of
1607.5 msl. Therefore, the low-level dravrdown structure will be
able to pass greater flows when Oahe Reservoir is lower and
smaller flows when it is higher.

Downstream trlodif ications :
The principal spillway for Beaver Bay Dam witl be located

near the center of the embankment. This wiII require the
construction of an outlet channel to tie into the Highway 1804

- 31-
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bridge located downstream. The channer is sized to provide
sufficient tailwater for operation of the SÀF stilling basin when
Oahe Reservoir levels are low. The HEC-2 computer model was used
to determine the capacity of the downstream channel.

The proposed downstream channel consists of a 100-foot, wide
channel with 2zL side slopes. Àt the outlet of the SÀF stitling
basin, the channel invert elevation is 1587.3 msl. The channel
will be 100-foot, wide for a distance of 200 feet. At that point
it will taper to a width of 30 feet. The taper will occur over a
distance of 100 feet. The channel wirl be 30 feet wide for a
distance of 900 feet, at which point it will tie into the existing
channel at elevation 1587.2 msl.

Water Control:
ft is preferred that project construction occur when Beaver

Bay is dry. lfater control at this time wirt consist of onry
diverting Beaver creek frows around the proposed dam site.
Minimal water control will help keep the construction costs
lower. À rise in Oahe Resen¡oir leveLs during construction could
increase the construction costs significantly.

Building Relocation:
There are several houses rocated adjacent to Beaver Bay.

The lowest house, rocated in the NEl/4, swLf4 section 19,
Township L32 North, Range 78 lVest, lies at an elevation of 1631.1
msl-. This is below the top-of-dam elevation (1635 msl) of Beaver
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Bay Dam. Therefore, relocation of the house is required. A shed
Iocated near the house lies at an elevation of L62I.3 msl and

should also be relocated. The estimated cost to relocate the
house and shed is $301000. The other houses located adjacent to
Beaver Bay lie above the top-of-dam elevation and will not need

to be relocated.
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V. ÀDDITIOIIAIJ STTIDIES

If the decision is made to pursue the construction of Beaver
Bay Dam, additional studies will be necessary. These studies
include a geotechnical exploration of the proposed dam site and a
model study of the proposed principal spillway. The geotechnical
exploration will determine if the subsurface condition of the
proposed dam site is suitable for t,he construction of a new

embankment. Potential borrow areas will also be evaluated as

part of t,he geotechnical exploration. It Ís estimated that the
cost of the geotechnical exploration wiII be $50r000. The model
study of the proposed principal spillway will help in evaluating
the hydraulic performance of the spillway under varying tailwater
conditions. It is estimated that the cost of t,he model study
will be $10r000.
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VI. I,àND ÀIID IÍÀTER RIGITTS

The exclusive flood zone for Oahe Reservoir is at elevation
L620 msl. The U.S. Àrmy Corps of Engineers owns the land below
this level. The proposed reservoir level of 1616 msl for Beaver
Bay Dam is below the exclusive flood zone. Thereforer Do

additional land will be permanently inundated. During passage of
the freeboard precipitation event, the water level upstream of
the dam wÍlI approach elevation 1635 msl. Flood easements will
need to be obtained for the land up to this level. Àddit,ional
land will aLso need to be purchased on the north and south end of
Beaver Bay for construction of the embanl¡cnent and the emergency
spillway. Àn easement will need to be obtained from the Corps of
Engineers to construct the dam on their land.

Prior to the construction of Beaver Bay Dam, a dam permit
and ltater use permit wÍll need to be obtained from the North
Dakota State Engineer. Federal permits that will need to be

obtained through the Corps of Engineers include a Section 10

Permit required through the Rivers and Harbors Àct. and a Section
404 Permit required through the C1ean l{ater Act.
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VII. PRET,IüTNARY COST BSTIIÍ.ÀTE

As proposed, the cost to construct Beaver Bay Dam is
estimated to be S3r000r000. This cost estimate does not' include
the cost of land acquisition or additional studies that wÍll be

necessary prior to construction. Tal¡1e 6 shows the cost
breakdown for the proposed dam.

Table 6 - Beaver Bay Dan Cost, Estimate
ftem Ouantitw llnit Unit Price TotaI

Ìfobilization
Tüater Control
Embankment Construction(a) Stripping and

Spreading topsoil
(b) Core Trench

Excavat,ion(c) rill(d) Rock Riprap
(e) Rock Riprap Filter

Material(f) Seeding
Chute SpÍllway(a) Concrete(b) Reinforcing Stee1(c) Sheet, Pile (8'x1.5')
Itliscellaneous MetaLs
Outlet Channel Construction
Low-Level Drawdown
House Relocation

LS S 20,000.00 $LS 60,000.00
20,000
60,000

0.25 32,750

II

131,000 sY

42 t00o
520,000

19 r 000

2.50
1.30

30.00
ls.00

200.00
275.00

0. s0
25.00

15,000.00
100,000 . 00
60,000 . 00
30,000.00

105,000
676,000
570,000
94,500
5,400

385,000
98,000
52,000
15 r 000

100,000
60,000
30 - 000

92 r 303,550
232,LL7
232,Lr7
)?) _116

93r000r000

CY
CY
CY

6,300
27

1,400
196,000

2,090
1
1
1
1

CY
Àc.
CY
Lbs
LF
LS
LS
LS
LS

Subtotal
Contingencies (+/- 10t)
Contract Àdministrat,ion (+ /- 10t )Engineering (+/- 10t)
Total
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VIII. SUT,TI{.ARY

The feasibility of impounding water upstream of Highway 1804
has been examined. The proposed dam site is rocated
approximately 2r000 feet upstream of Highway 1804 on Beaver Creek
in the slll/4 section 13, Township L32 North, Range 79 ÌJest and
the Nwl/4 section 24, Township 132 North, Range 29 l{est.

The proposed Beaver Bay Dam is located in a predominantry
rural area. Failure may resurt in damage to a main highway
and/or the loss of a few lives. consid.ering this, the dam is
classified in Èhe medium hazard category. Based on a 4?-foot,
embanlsnent height and a medium hazard classificat,ion, Beaver Bay
Dan is classified as a class rv dam for desiçF purposes.

Design events for t,he various hydraulic structures are as
follows: 1) the principal spillway is to pass the flows of a
SO-year precÍpitation event without the use of a non-structural
emergency spÍllway¡ 2) the emergency spillway is to pass the
flows of a 0.3 PMP extreme rainfall event within acceptable
velocity rirnits; and 3) the dam is to pass the flows of a 0.5
PMP extreme rainfall event without overtopping.

Two dan sites were initially considered, one locate¿ at the
existing Highway 1804 crossing and the other approximately 2tooo
feet upstream of the existing Highway 1904 crossing. Due to the
considerable nodifications that wiII be necessary to upgrade the
existing crossing to sat.isfy North Dakota Dam Design Guidelines,
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the site located approximately 2r000 feet
existing Highway 1804 crossing was selected
site.

upstream of the
as the preferred

The Beaver creek Basin was analyzed using stream gage data
from the Linton stream gage and the HEC-I computer model. Several
spilrway-enbankment combinations were studied. Ànalysis
indicates that a 7O-foot wide straight inlet chute spillway is
the most efficient principal spillway. The inlet to the chute
spillway wirr be at erevation 1616 ¡nsl. The flows witl be
conveyed through the chute to a sÀF energy dissipater. À

300-foot wide grass-lined emergency spillway located at elevation
L629 msr will be used to convey hÍgh flows. À top-of-dan
elevation of 1635 rnsl is required for passage of the freeboard
precipitation event through the spillway system without
overtopping the dam. The embankment witr have a 16-foot top
width and 3:1 side slopes. RÍprap will be praced on both the
upstream and downstream faces of the embankment to reduce
erosion.

A low-level drawdown structure has been designed to allow
for the removal of water from the bottom of the reservoir. The
low-Ievel drawdown r¡iII consist, of a 24-inch diameter Rcp
extending through the embankment at the location of the existing
Beaver Creek channel.
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À downstream channel nill need to be constructed to provide
sufficient tailwater for the operation of the SAF energ:y
dÍssipater during low Oahe Reservoir levels. The channel will be
100 feet wide at the sÀF outret. rt witl taper to 30 feet wide
farther downstream and eventually tie into the existing channel
upstream of the Highway 1804 bridge.

Two additional studi.es will be necessary prior to the final
design of the project. These studies include a geotechnical
explorat,ion and a hydraulic model study of the proposed prÍncipal
spillway during varying tailwater levels. The costs to perform
these studies are estimated to be $50,000 and Sl0rooo
respectively.

The cost to construct the proposed project is s3roo0r000.
This cost does not include the cost for the additional studies or
land acquisition.
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rX. RECOUüENDÀTIONS

Fluctuating oahe Reservoir levels limit the use of
recreational facilities surrounding Beaver Bay. The construction
of a structure to retain water upstream of Highway 1g04 at Beaver
Bay wirr herp maximize the use of t,hese facitities by providing a
stable wate¡i surface during lorv Oahe Reservoir levels. The
modification of the Highway 1804 crossing to ret,ain water is not
feasible due to the considerable modifications that wilI be
necessary for Ít to satisfy North Dakota Dam Design Guidelines.
Therefore, t'he construction of a nelü e¡nbanlcnent, approximately
21000 feet upstream of the Highway 1804 crossing is reconmended.
The construction of an embanlr¡ment to retain water in Beaver Bay
presents a unique design situation in that during high oahe
Rese:¡¡oir revels, sÍgnificant tailwater wÍtr exist on the
embankment. Therefore, it, is recommended that a model study of
the proposed spillway be undertaken prÍor t,o the final design of
the structure. Àdditionally, a geotechnical exploration should
be performed on the proposed dam site to determine if the
subsurface conditions of the site are suÍtable for the
construction of a dam. The decÍsion to proceed with this project
is the responsibility of the Enmons County T{ater Resource Board.
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SWC ProJect #l277
June 10r 1991

ÀGREE}fENT
fnvestigation of the Feasíbility of fm¡nundi.ng

Water Ilpstrean of Highway 1804at Beaver Bay

r. PÀRTIES

THf S ÀGREEI'IENT is between the North Dakota State Water
commission, hereinafter commissÍon, through its secretary, David
Sprynczynatyk; and the Emmons County- ltater Resource District,
hereinafter District, through its Chairman, Glenn lrlcCrory.

Ir. PROJECT, pItRpOSE, ÀìID IpC.àTION

The DÍstrict has requested the CommissÍon to investigate the
feasibility of impounding arater upstream of lfighway 1804 at
Beaver Bay in Emmons county. Highway 1804 crosses Beaver Bay in
the NEl/4 section 23 and the 9EL/A, secrion !4, Township t32
North, Range 79 west. The crossing presently consist.s of a

roadway enbankment, and bridge.

IIT. PREITUINÀRY IIÍVESTTGÀTION

The parties agree that further information is necessar)r
concerning the proposed project. Therefore, the Commission shall
conduct the followÍng:

1. À field survey of the Highway 1804 embankment;
2. À study of the hydrology of the warershed upstream ofthe Highway 1804 embankment;

3. À preliminary design of the outlet works necessary tosafely and efficientry pass the design fl-ood throughthe embankment;
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4

5.

The Distri-ct
Commission to help
investigation.

IV. DEPOSTT

shall deposit a total
defray the field costs

of S2r500, with the
associated with this

À preliminary cost, estimate for alr arternativesconsidered; and

Prepare a preliminary engineering report presenting theresults of the investigation.

V. RTGITTS-OF-EISTRY

The District agrees to obtain written permissÍon from any
affected landowners for field investigations by the Commission,
ryhÍch are reç[uired for the preì.iminary invest,igation.

VT. TIIDEUNIFTCÀTION

The District, agrees to indemnify and hold harmless the State
of North Dakota, the commission, its secretarf¡, their employees
and agents, f:iom all claims, suj-t,s or actions of whatsoever
naÈure resulting out cf the design, const,ruction, operation, or
maíntenance of the project. fn the event a suit is initiated or
judgment, is entered against the state of North Dakota, the
commission, its secretary, their employees or their agents, the
District shall indemnify any or al-l of them for all costs and
exPenses, including legal fees, and any judgment, arrived. at or
satisfied or settlement entered.
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VTI. CIIÀIiIGES TO Tffi ÀGRETIf,PNT

Changes to any contractual provisions herein will not be

effective or binding unless such changes are made in writ,ing,
signed by both parties and attached hereto.

NORTE DÀKOTÀ STÀTE WÀTER EìfMONS COI'NTT WÀTER RESOI'RCE
DISTRTCT
By

Yn
C

ID å. r.lccRoRY
Chairman

WITNBSS:--^fL!, 
,f, rr:tr

c.

DÀTE: DÀTE:

lQ iu-, Ql 2
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