
PRELIMINARY ENGINEERING REPORT
WELK DAM IMPROVEME]VT

swc # 4oo
EMMOAI,S COUNTY

NORTH DAKOTA
STATE WATER COMMI,S,S/OAI

JULY I99I

iCT LOCATION.ROJ

83

t-

in-./_
-l



PRELIUTNARY ENGINEERING REPORT

WEI¡K DÀI{ Tì{PROVE¡íENTS
swc PRoJECT #400

No¡:th Dakota State lûater Commission
900 East Boulevard

Bismarck, l{orth Dakota 58505-0850

Prepared by:

Ilanson
Resource Engineer

Subnitted by:

L. Frink, Director
Water Development Division

by:

À. ,State Eng



r.
rr.

III.

PI'RPOSE .AND

BACKGROT'I[D

DESCRTPTION

LocatÍon and

TÀBI,B OF CONTEIITS

scoPE.

aaaa

OF .àREÀ.

Basin Description

Pace

I
3

4

10

10
10
10
L2
L2
L2
L4
14
L4
15
15
16
15
20
20
23
23
23
24
26
31
32
34

3s

36

37

42

4
4
4
5
6
6I

Climate. . . .
Geolog-y. .
Hydrolog'y.
Dam Description. .
Dam Design ClassificatÍon.
Sedimentation. .

rV. DESCRIPTIOII OF PRO.]ECT

Discussion of ÀlternativesÀIternat,ive One.
Breaching the Embanlsnent.
Cost Est,imateAlternativeTwo.. ..Rehabilitating Spillway . .
Cost EstimateAlternative Three. . .Construction of a New Spillway.Hydrology . . .Hydraulics.......
Preliminary Design. . . . . . .

CI'tp Spillway
Cost Estimate - Àlternative 3À.

Concrete Chute
Cost Estimate - Àlternative 38.Àlternat,iveFour ...Construction of New DamHydrology :Principat Spillway.EmergencySpillway... ..
Embankment Design
Cost Est,i¡nate

BIIVIRONUENTÀL ÀSSESSIiENT

I,AND RTGHTS.

slnftfÀRY.

RECO}O,IEIIDÀTTON

v.
vr.

VII.
VIII.

(.

Cost Estimate.

I

42



TÀBI_,8 OF CONTENTS (CO¡IT. )

FIGI'RES

-LocationMap.. ....SÍte Topography . .
- Prof ile - 6 feet C¡fP.
- Plan View - Two 6 feet CI,IP. . . . .
- Profile - Concrete Chute. .
- Plan View - Concrete Chute. . . . .
- New Dam Location. .25- and 100-year Rainfall Hydrograph0.3 PMP Hydrograph. . . .
- Traverse Profile of Dam at Principal
- Emergency Spillway Proposed Dam :

Spillway

Paoe

2
7

18
19
2L
22
25
28
29
30
33

15
16

26
26

27

FÍgure 1Figure 2Figure 3FÍgure 4Figure 5Figure 6Figure 7Figure IFigure 9FÍgure 10Figure 11

Table 1

Table 2Table 3

Table 4Table 5

TÀBLES

- Peak Inflows and volumes for Design
SO-Year Event

- Area-Capacity Curve. . . .
- Peak Inflows and Volumes for Design

Frequency 6-hour Rainfall Event
-NgwDamSite.... .. ...
- Result,s of Hydrology Study

Proposed 5 Lf2-foot Diameter RCP.

ÀPPEIIDICES

ÀPPENDIX À - ÀGREEMENT

APPENDTX B - WÀTER QUÀLITY ÀNÀLYSIS

, -J.I-



t

r PT'RPOSE À¡ID SCOPE

In January of 1991, the North Dakota State lvater Commission
entered into an agreement with the Emmons County Water Resource
District to investigate the feasibílity of repairÍng or replacing
of I{elk Dam. A copy of the agreement is incruded Ín AppendÍx A.
Figure 1 shows the location of I{eIk Dam within the state.

This report contains a history of activÍty related to Welk
Damr a description of the study area, hydrologic and hydraulÍc
analysis of the drainage basin, a su¡nmary of the preliminary
design of the project, a cost estimate based on the preliminary
desÍgn alternativesr ân environment,al assessment, descript,ion of
land rights and finarry, a statement of conclusíons, and
reconmendations regarding the project.
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IT. BÀCKGROITITD

WeIk Dam was constructed by the Ilork Progress Àdministration
in the mid-1930s to provide fish habitat and recreation. The dam

was fi-rst referred to as Meier Dam, until the name was changed to
Iüelk Dam in the late 1940s. SÍnce its const,ructÍon, the
principal spillway has required periodic repair work consistÍng
mainly of guniting concrete on the spillway. RepaÍrs and
modifications to the principal spillway occurred in 1945, 1950,
1955, and 1958.

In ltarch L975, a meeting was held with the Emmons County
l[ater llanagement District in discussion of designing a downstream
dam site. The State l{ater Commission presented prelÍminaqf data
for the proposed downstream site. The nerÍ site would have a
control elevat,Íon of 1840 feet (msl), an 8?-acre pool, and a
23-foot, average depth. The prelÍminary data presented was from a
quadrangular map of the area. There was discussion on the amount
of farm land that needed to be acguired and concluded that a
topographic map clearly defining the tracts of land wourd be
required. No further progress was made on the project.

The St,ate I{ater Commission's inspect,ion of I{eIk Dam in 1990,
noted the poor condition of the spillway and undermining,
cracking and deterioration of the wingwalls. For safety reasons,
the Emmons County lfater Resource District has requested an
investigation on Welk Dam to provide alternatives for repairing
or replacing the dam.
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ITI. DESCRTPTIO¡Ü OF ÀREÀ

Locat,ion and Basin Description:
!{elk Dam is located in the SEL/4 of Section 33, Township 131

North, Range 77 West,. The site is seven miles west and
one-half-mile south of Strasburg, in Emmons County (see Figure
1). The embankment lies across Little Beaver Creek approximately
11 miles above entry with Oahe Reservoir.

The drainage area above I{elk Dam Ís 16 square miles, The
Little Beaver Creek valley flattens and widens upstream of the
reservoir. The bluffs rise to elevation 2100 mean sea level
(msl). !Íost, of the upstrearn drainage area is under cultivation
wÍth the exception of the steep slopes of the buttes and their
tops.

Climate:
Precipitation for crop production is adequate during normal

years, although occasionally the area suffers from periods of
drought,. The tot,al annual precipitation is L7 .3 inches . Of
this, L4 inches or 82 percent usually falls in AprÍI through
September, which includes the growÍng season for most crops. The

average temperature is 13 degrees Fahrenheit during the winter
and 69 degrees Fahrenheit during the surnmer.

GeologrX':

I{elk Dam, and its drainage area, lie within the MissourÍ
Plateau in the Great Plains Province. It is on the óoteau slope,
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which is the glaciated section of the Missouri plateau. soil
format,ions are Bearpaw and vebar series which consist of deep,
well-drained, srowly permeable soils on gracial tilr plains.
Slope ranges from 1 to 50 percent.

Hvdrolomz:

--

À hydrologic analysÍs of the watershed tras performed using
the HEc-1 computer model, deveroped by the u.s. Ànny corps of
Engineers. It was used to determine the peak discharges and flow
volumes of varÍous frequency storms. rt formurates a
mathematical hydrotogic model of the watershed based on the
following data: The amount of rainfall, the rainfall
distribution, soíl type, land use, and the hydraulic
characterÍst,ics of channeLs and drainage areas. The HEc-l model
is designed Lo calculate the surface runoff of the watershed, in
reration to precipit,ation, by representing the basin as an
interconnected system of hydrologic and hydraulic components.
Each component of the nodel represents an aspect of the
precipitation-runoff process within a portion of the subbasÍn.
These components were put into the model to determine the
magnit'ude and duration of runoff from hydrologic events with a
range of frequencÍes.

The model was developed to determine the hydrologic response
of I{eIk Dam watershed. The results gained fro¡n the nodel
incrudeds (1) infrow hydrographs, (2) reservoir stage
hydrographs, and (3) out,flow hydrographs.
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Dam Description:
The lfelk Dam embanlrcnent is a rolled earth-filted type whose

top elevation is 1849 msl. The 24-foot. high embanJ,cnent has a
3H:1v (3 horizontar to 1 vert,icar) sropes for both upstream and
downstream faces with riprap on the upstream slope. The top of
the embankment is 400 feet rong and 20 feet wÍde. À row-level
drawdown pÍpe is not incruded as part of the structure.

The prÍncipal spirlway consists of an approach channer, ogee
concrete spillway, and a plunge pool. The approach channel
consist,s of a flat curved earth channel approximately 50 feet,
rong at the same elevation as the principar spillway (1939 msr).
The princÍpar spirlway is 42 feet wide wÍth a face slope of
lH:lV. The st,illing basÍn consists of the original l0-foot long,
flat rubble masonry apron and a secondary drop 10 feet long and 3

feet, deep. The crest, elevation of the principal spillway Ís lg40
msl. The reservoir's water surface is at 1B4o msl, covers 29.!
acresr and the capacity is 205 acre-feet. The average depth is
7.3 feet and maximum depth is 19.? feet (see Figure 2 site
Topography l{ap).

Dam Desigm Classification:
Dams are classified according to their potential hazard to

property and potential for ross of life, íf the dam shourd
suddenly fail. Ifelk Dam is located in a rural area where there
is little probability of future residential development
downstream of the dam site. Failure of t,hÍs dam could result in

-6-
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damage to agriculturar land and townshÍp roads, however, no loss
of life would be expected. Therefore, I{eIk Dam is considered a

.lor hazard dam. The embankment heÍght, is 24 feet, classifying
I{elk Dam as classification IT, according to the North Dakota Dam

Design Handbook.

Sedinentation:
The rate of sedÍmentation in reservoirs is dependent upon

the amount, of soil eroded from the watershed and transported into
the reservoÍr. There are several factors which determine the
amount, of sediment that is carried by surface runoff. Àmong them
are soil type amount, of runoff, slope of land, land use, and
conservation pract,ices used. ÀIso contributing to the sediment
accumulation is the organíc material that, is generated withÍn the
reservoÍr itself.

SedimentatÍon in the Ìlelk Dam could be reduced by examinÍng
the watershed to determine land treatment measures which could
reduce the erosion rate. Treatment pracÈices include
conservation croppÍng systems, crop residue use, stubble
mulching, strip cropping, contour plowing, grassed waterways,
windbreaks and buffers, and sediment catching ponds.

There is limited data available on the total sediment
accumulation in the reservoir. An original topographic map of
the reservoir area is not available and no sedimentation surveys
of the reservoir have been completed. Comparing the elevations
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uPst,ream and downst,ream of the dam, sedimentation has occurred
and is estímated at 2 feet, deep.
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IV. DESCRIPTION OF PROJECT

Discussion of Àlterrrat,ives :

Àct,ion must be taken to prevent Welk Dam from failing due to
a high runoff event. The existing spillway is Ín poor condit,ion.
The spillway has incurred extensive undermining wÍth cracking and
deterioration of the wingwalls.

There are four alternatives considered that, will eit,her
Ímprove the existing spillway or construct a nen dam downstrea¡n.
The first, alternat,ive consists of breaching the existÍng
embankment, and drainíng the reservoir. The second alternative
consists of restoring the existing spillway. The third
alternat,ive is replacing the spÍllway with a new outlet
structure. The outlet, structures to be considered are corrugated
metll pipes and a concrete chute. À nen dam constructed
downstream will be the fourth alternat,ive.

ÀIternative One

Breaching the Embanlment,:

The first, alternative is breaching the embankment and

draining the reservoir. This could be done immediately,
preferably in the fall before the next spring runoff. Depending
on the level of the reservoir, Ít may be necessary to síphon or
pump the level of the reservoir down a few feet prior to
breaching the embankment. Lowering the reservoir level prior to
breaching the embankment would reduce the risk of damaging
downstream areas.
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Àn option to draÍn the reservoÍr would be to excavate a
notch in the do¡vnstream half of the embankment, Ínstall a gated
curvert, backfilr around the culvert, and excavate the upst,ream
side of the embankment allowing the reservoir to drain through
t,he culvert at an orderly rate. The controlled releases through
the culvert would help prevent downstream erosion and decrease
the sediment, load of the rereased flows. Breaching the
embankment. would provide less control over the releases and could
result in downstream flooding, erosion, and sedimentatÍon
problems.

À channel, with a maxÍmum depth of approximately 4 feet,
would be required upstream and downstream of the embanl<ment to
provide adequate drainage of the reservoir through the breach.
The channel would need to extend approximately 100 feeÈ upstream
and downstream of the embanlcnent.

After the reservoir is draíned, the culvert, would be removed
and the embankment would remain breached. It, would be necessary
to remove the spillway for hazardous precautions Ín case the
embankment is filled, the responsÍble party would need to provide
the proPer out,let for the dam. The spillway would be dismantled
and buried near the site or could be hauled away.

Breaching the embankment and draining the reservoir would
eliminate t,he risk of damage caused by a dam failure. However,
the loss of the reservoir to recreation may not, outweigh the

,
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circumstances. The breached area would be available as a site for
a new spillway which might be built, at some later date. The cost,
sunmary for breaching and draining Welk Dam is provided in Table
1. The tot,al cost for this alternative is $181000.

Cost, Estimate - Àlterrrative One

Ttam IIni t llot-aI

Ìlobilization LSTravel LSCoffer Dam LS
Demolish Structure LS
Excavate Notch LSDrain Lake LSI{iden and Stabilize Notch LS
Seeding and Cleanup LS

Subtotal
Engineering 10tÀdministration 10t
ContÍngencies
TotaI

$ 1r500.00
1r500.00
1,500.00
3,500 . 00
3,000.00
1,000.00
1, 000 . 00

500.00
$13,500.00

1, 350 . 00
I,350.00
]- 800.00

$18,000.00

ÀIternatiwe Tno

Rehabilitatíng Spillwav:
The second alternative would consist of

spillway through the use of g,trnite. There has
undermÍning to the spillway creating large voids
concrete. Gunite would be pumped into the voids
and st,abilize the spillway.

restoring the
been excessive
underneath the
to add support

An inspection of the spillway was performed by boring holes
Ínto the concrete floor. The borings consisted of 2-inch holes
drilled at random throughout the face of the spillway. The
depths of the voids were measured in each hole and recorded. The

o
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Ìargest voÍd found was 27 inches below the 12-ínch concrete slab.
This void was located on the west, side of the weÍr watl
approximately halfway down. Borings on the bottom of the
spillway face revealed void depths of L7 inches and 9 inches
below the concrete slab. The voids were rocated on the west,
harf, there ïrere no voids discovered on the east harf of the
weir. The thickness of the concrete slab varied from L2 to 16

inches thick throughout the face of the spillway.

Holes were drilled on the crest of the spillway, but no
voÍds were found. Therefore, it does not, appear that the seepage
is entering directly in front of the spitlway. since the voids
rùere only found on the west harf of the weir, it has been
concluded that the water is entering from under the west
wingwall

Several holes Ìtere drilled randomly across the first 8-inch
t,hick concrete apron. The depths of the voids below the concrete
apron ranged from 10 to 13 inches. The second apron was L2

Ínches thick with voids ranging from 5 to 10 inches. The
secondary drop Just below the toe of the dam had l8-inch holes
bored which revealed a voÍd with a 6-inch depth, with water
filling the void.

The amount of gunite needed to fill the voids is estimated
at 75 cubic yards. The total cost estimate for rehabititation is
$25r000. Rehabirítation wourd not include wingwall repair.
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RehabÍlitation of the wingrvalls would be difficult because of
their deteriorated condition. The wingwalls courd probably be
replaced, but the problem would be tying them into the weÍr and
providing stability for the spiltway. This alternatÍve does
address the undermining of the spillway, but the wingnvalls would.
not be improved.

Cost Estimate - Àlternative Ttro

Mobilization
TraveI
SI{C Labor
SWC Equipment
Grout
MÍsc. Materials

I LS $1,500.001 LS 2,000.001 LS 7,000.001 LS 2,500.007s cY 80.00I LS 500.00
Subt,otal
EngineerÍng 10tÀdmÍnístration 10t
ContingencÍes
Total

$ 1,500.00
2,000.00
7,000.00
2,500.00
6,000.00

500. oo
$19,500.00

1r950.00
1r950.00
1,600.00

$25, 000 . 00

Àlternative Three
Constmction of a New Spil]-way:

The third alternative consists of replacing the existing
spilrway with a new outret structure. A corrugated metal pipe
and concrete chute r'rere analyzed. The outlet structure desÍgn
will be addressed in the fórrowing sections of hydrorogy,
hydraulics, and prelimi-nary design. A preliminary cost estimate
will be also provided for each structure.
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Ilvdroloov:
PrecipÍt,at,ion design amounts were determined

was classified. Outlet, works are required
capacities such that they pass the runoff from
events as suggested by its classificatÍon.

once the dam

to have flow
precipitation

Based on the North Dakota Dam Design Handbook, the
requirement for a class rr dan is t,hat the dam is to withst,and
the S0-year event without overtopping. A 6-hour rainfall, 10-day
rainfa1I, 24-hour rainfall, and 10-day snowmelt precipitation
tables were used for the 50-year event. The 6-hour raÍnfall
event lras found to be the critical event for the watershed and
was used for dam design crÍterÍa. Table 3 shows the resulting
peak inflows and total volumes for a S0-year event.

Table 1 - Peak fnflows and Voh¡mes for Design
50-Year Event

TotaIFreguency Peak fnflows fnflo¡r Volume peak Stage(cfs) (acre-feet) (fr) ms1

6
24
10
10

-hour rainfall
-hour rainfali
-day rainfall
-day snowmelt

L924
1601
L7 44
1304

756
1498
2644
2424

1845.44
1844.90
1845.13
1844.33

Ilydraulics:
Àn area-capacity curre for the reservoir vras developed

through a fÍeld survey. The normal surface pool elevation is
1840 msl which covers 28.L acres, a vorume of 2os acre-feet,
maximum depth of L8.7 feet, and an averaqe depth of 7.3 feet. The
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mini¡num lake elevation recorded is 1821.3 msl. The top of the
emban}¡nent, is at an elevat,ion of 1849 nsl.

The normal surface pool elevatÍon will be constant for each
of the proposed outlet structures. The exÍsting dam does not,

have an emergency spillway and based on the classificatíon, an

emergiency spillway is not required. Table 2 shows the area
capacity for the new dam site.

Tab].e 2
Àrea-Capacity Cunre

( feet) (acres) (ac-ft)
L825
1830
183s
1840
1845
1850

2
2
9I
4
1

3I
15
28
41
50

6
34
95

205
3?9
508

The elevation capacity curve and the inflorr hydrographs rúere

then used to determine rese:¡¡oir stages and outflow hydrographs
by routing the inflows through the reservoir using the HEC-I
model. Th3 outflow hydrographs were used to determine the desÍgn
criteria for the outlet structures.

Preliminar¡r Design
À. Ct-fP Spillway.

Two corrugated metal pÍpes L20 feet in length and 6 feet in
dÍameter will be considered as a replacement for the deteriorated
spillway. The inlet would have a l2-foot. drop and a 96-inch
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intake opening with trash guard. The inlet will have a crest
elevation of 1840 msl with the invert, of the cMP's at, elevation
1828 msI. The cMP's will be laid at a slope of 3.33 percent with
the outlet at elevatÍon L824 msl. The outlet structure consÍst,s
of a standard cantilevered oútlet wíth st,Ítting basin (See Figure
3). The embankment would have a 14-foot wide top at, 1849 msl,
with 3:1 s j-de slopes that will tie into the existing e¡nbanl¡cnent

(See Figure 4).

The deteriorated spillway would be removed and disposed
on-site or haured avray. The oLd spillway rocation would be
plugged wíth earth-filled material. A soil investigat,ion may be
required to find proper filt material for the embankment.
Àdditional riprap wiII be needed on the face of the embankment

for erosion protectÍon.

The critical event, for design criteria nas the 6-hour
rainfall 50-year event. The peak outflow through the pipes was

L245 cubic feet per second (cfs). fnflow from the 50-year
raÍnfall event will cause the reservoir to rise to an elevation
of L847.4 nsl. The top of the embanlrcnent (f849 mst) would not be
overtopped by the S0-year rainfall event.

A low-level drawdown system will also be implemented. À

row-Ievel (hlpotimnetic) water guality contror structure would
improve the water quality by removÍng stagnant water from the

-L7-
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bottom of the reservoir. The total cost of for ClfP spillway is
$145,000.

Cost Estimate'- ÀIternative 3À

Mobilization![ater Control
Denolish Spillway
Excavation
72-inch Dia. CIIP96-inch DiameterInlet Structure
Embankment
RR Filter Material
Rock Riprap
Cathodic Protect,Íon
Low-L,evel Drawdown

System
SeedÍng

1I
1

5r000
240

2
8r0oo

L20
400

1

LS
LS
LS
CY
LF

$10,000.00 $
15 r 000.00
10,000. 00

1.50
75.00

10,000. 00
15,000. 00
10,000.00

7 r 500. 00
18,000. 00

L2
16

1
10

3

Ea
CY
CY
CY
LS

6 r 000. 00
2.OO

15.00
25.00

3,700.00

,000 .00
,000 . 00
,800.00
,000.00
,700 .00

6,000.00
1,000.00

s111,000.00
11r 000.00
11r000.00
12 ,000 .00

1 LS 6,000.001 LS 11000.00
Subtotal
Engineering 10tAdministration 10t
Contingencies
Total $145,000 . 00

B. Concrete Chute.
À concrete chute would be another opt,ion for replacement of

the deterÍorated spillnay. The chute would be located in the
same area as the original spillway. The concrete chute would be
30 feet wide' 150 feet in length, and have a crest el-evation of
1840 msl (See Figure 5). The concrete chute would have a height
of I feet. The wingwalls on the concrete chute wourd be at a
3H¡1V slope tying into the top of the embankment at 1849 msl (See
Figure 6). This alternative also includes a low-level drawdown.

t

-20-



I
t\)F

I

1r

l:1 -z
N

CONCRETE CHUTE
lr0 sGA¡l

PROFILE
Figure 5



I
NJ
N)
I

181

1

1834

1840

1840

J:1

3:l 1834
1828

1822

CONCRETE CHIJTE
NO SCALE

Figure 6

PLA}I VIEII



The crit,ical event for design crit,eria was the 6-hour
50-year rainfall event. The peak outflow over the chute was 1887

cfs. Inflow from the 50-year event, will cause the reservoir to
rise to an elevation of L843,2 msl. The top of the enbanlsnent
(1849 msl) would not be overtopped by the S0-year event. The
prelininary estimated cost' for a concrete chute is $315r000.

Cost Estímate - Alternative 38
Ttern Ouanti t-¡z IIn i t- Cost- ]Fotal

Ìlobilization
I{ater Control
Demolish Spillway
Excavation
Concrete
Resteel
Embankment
RRR Filter
Rock Riprap
Low-Level DrawdownMisc. Metals
SeedingSteel Sheet Piling

4 ,
36s

73,000
4,000

200
600

1
1I

360
Subtotal

$15,000. 00
25,000.00
10,000.00

r..50
2s0.00

0.50
2.00

15.00
25.00

I,000. 00
12,000.00
1,000.00

25.00

,000.00
,000.00
,000.00
,750.00
,250.00
,500 . 00
,000.00
,000.00
,000.00
,000.00
,000 . 00
,000 . 0o

9 ,000 . 00
$240 ,000 . 00

24,000.00
24,000.00
27 . OO0. OO

15
25
10

5
91
36I

3
15I
t2

1

$1
1I

500

LS
LS
LS
cv
CY
CY
CY
CY
CY
LS
LS
LS
LF

EngineerÍng 10tÀùninistration 10t
Cont,Íngencies
TotaI $315 r 000.00

Àlternative Four
Construction of New Dan:

The fourth alternative would be to construct a new dam

downstream from the existing dam and use the existing enrbanl¡cnent

for a settling basin. The dam would be located one mile
downstream from the existing dan site. The new dam location is
in a rural area where there is little probability of future
resÍdential development downstream of the dam site. FaÍlure of
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this dam could result in damage to agricultural land and townshÍp
roads, however, no loss of life ¡could be expected. Therefore,
the new dam is considered a low hazard dam. The embankment

height is 36 feet, classifying the dam as classÍfication IfI,
according to t,he North Dakota Dam Design Handbook (see Figure 71.

Hwdroloar¡:
Precipitat,íon design amounts were determined once the dam

was classified. Outlet, works of a dam are requÍred to have flow
capacities such that they pass the runoff from precipitation
events as suggested by its classi-fÍcation.

Based on the North Dakota Dam Design Handbook, the
requirements for a class rrr dam are: 1) the principal spilrway
must pass the flows of a 25-year event without the use of a
non-structural emergency spillway, 2) the emergency spiltway
must pass the flows of a 100-year event within accept,able
velocity limÍts | 3) the dam is to withst,and the 0.3 pMp event,
without overtopping. À 10-day rainfall, 24-hour rainfall, 6-hour
rainfall, and 10-day snowmelt precipitation tables were used for
the 25-year and 100-year events, and a 0.30 p!{p event. The
6-hour rainfall event was found to be the critical event for the
watershed and rras used for dam design cri-teria. Table 3 shows
the resulting peak inflows and total volumes for 6-hour rainfall
event,s.
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Tab1e 3 - Peak fnflows and Volumes for Design
Frequency 6-Hour Rainfall Event

Event Peak Inflows Total ïnflow Volune
(cfs)

25-year
10O-year0.3 PTIP

L427
2284
5783

( acre-feet )

754
1208
3203

An atea-capacity curve for the neril dam site nas developed
through a field survey. The elevation capacity curve and the
inflow hydrographs were then used to determine reservoir stages
and outflow hydrographs by routing the inflows through the
reservoir using the HEC-I rnodel. Table 4 shows the area capacity
for the new dam site.

Table 4 - Ne¡r Dam Síte
lll av.af inn Àrea Vrrl rrma
(feet) (acres) (ac-ft)
L79L
1795
1800
1805
1810
1815
1820
L825
1830
183s
1840

1.
5.

L4.
26.O
31. 9
51.1
55.2
64.4
7L.2
80. 0

0
0
3
3
5
4
9
7
7

0
0
9
5

2.
19.
70.

L7L.
315.
523.
789.

1088.
L427.7
1805.7

Principal Spíllway:
Several alternatives were evaluated for the desÍgn of the

princÍpal spillway. The alternatives included a 6-foot diameter
reinforced concrete pipe (RCP), a 5 tf2-foot RCP, a S-foot RCP,
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and a concrete chute. The alternatives were evaluated by
considering flow capacity, hydraulÍc efficiency, and preliminary
construction costs. Based upon the criteria, the 5 Lf2-fooE RCP

was chosen for the principal spillway design. Table 5 shows the
results of the hydrologíc study for Èhe proposed 5 Lf2-foot
diameter RCP (See Figure I and 9 for Hydrographs).

Table 5 - Results of Hydrologic Study
Proposed 5 Lf2-f:oot Diameter RCP

Event fnfl-ow Out.flow Staqe
(cfs ) (cfs) (feet)

25-year 6-hour rainfall
100-year 6-hour rainfall0.3 PTIP

L427
2284
5826

733
1938
5823

1835.00
1836.51
1838.07

The principal spillway inlet will be at an elevation of 1830

msl. The proposed reservoir will have a surface area of 64.4
acres, and a volume of 1088.7 acre-feet. The maximum depth of
the resen¡oir wÍll be 39 feet and have an average depth of 15.9
feet.

With the normal surface level at 1830 msl, an island will be
formed on the reservoir. The island wiII have a peak elevation
of 1845.5 msl, and cover an area of 3.2 acres at, the normal water
surface Ievel.

The principal spillway will consist, of a inlet. box
structure, 5 I/2 foot RCP, and plunge pool (See Figure 10). The

spillway would have a 24-fooX drop inlet with the pipe invert at
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1806 msl. The RCP Ís 208 feet, in length wit,h a 2.5 percent slope
with the outlet invert, at elevation 1801 msl. The reinforced
concrete pipe will consist of thirteen - 16-foot sections. Within
the length of the spillway there wiII be 6 reinforced concrete
ant,i-seep collars. The outlet structure consists of a st,andard
cantilevered out,let with st,illing basin.

A low-level drawdown pipe will be implemented to discharge
water into the - principal spillway structure. The low-level
drawdown structure or hlrpolirnnetic discharge structure is
designed t,o counteract accelerated aging in reservoirs. The

Iow-level drawdown structure removes nutrient-rich water from the
bottom of a thermally stratified rese:rroir, J.eaving the better
quality water behind, and thus increasing the usefulness and life
span of the reservoir. Improved water quality conditions result,
in a posit,ive benefit to the fishery and to all other
recreational uses.

Emergency Spillway:
A grassed emergency spillway will be located on the west,

side of the reservoir discharging to a separate drainage basin to
the west. The emergency spillway will have a bottom width of 200

feet and a crest elevation of 1835.5 msl. The reservoir covers
72.L acres and the capacity is 1463.5 acre-feet at the emergency
spillway crest. The suggested design criteria for establishing
the crest of the emergency spillway is based on the 25-year
event,.
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The location of the emergency spillway is a natural swale
that, will dÍscharge to the west of the reservoir. The existing
peak elevation is 1837.3, with a base width of 20O feet,. The

spillway crest would be excavated to 1835.5 msl, with the síde
slopes of 3:1, and tying into the existing contours to preserve
the natural ground wÍth the minimum amount of disturbance. A one
percent, slope 5-s designed for the downstream and upstream channel
tying Ínto existing ground at 1830 msl (See Figure 11). Seeding
the excavated area would be required to prevent soil erosion to
the emergency spillway channel.

Enbanlment Desigm:
The nen dam embankment would be a rolled earth-fill type

whose top elevation is 1840 msl. The 49-foot high embanlcrnent

will have 3H:1V upstream slope and the downstream face will have
a slope of 3H:1V. The top of the embankment Ís 800 feet long and

L7 feet wide. The criteria for the dan is prelim5-nary and a soil
invest,igation will be needed to verify site and construction
data.

Rock riprap will be provided for protection to the upstream
face of the dam. ft would be placed from 5 feet, below the
permanent pool elevation to 5 feet above. Flood resistant
veget,at,ion would need to be planted above the riprap to protect
the emban}cnent, for those days that the water is more than 5 feet
above the permanent pool elevation. Rock riprap would consist of
hard, durable rock, well graded; placed at a thickness of 18
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inches on 6 inches of well-graded gravel fÍIter material. The
embanlrcnent would need 500 cubic yards of riprap and 300 cubic
yards of filter material to be placed for vert,ical heÍght of 10

feet along the ent,ire dam face. Rock riprap will also be placed
downstream from the outlet structure and in other areas where
erosion may occur.

The existing embankment from the dam upstream would be

breached and the dam would be used as sedÍmentation pond.
Lowering the embanl¡ment to an elevat,ion of 1830 msl would leave
the reservoir with a depth of 8.7 feetr ên area of 8.2 acres, and
a total volume of 34 acre-feet,.

Cost, Estimate - Àlternative 4

Tt-e-m Ouantitw Unit Cost lfotal
ltobilizatÍon
Water ControlStripping Topsoil
Core Trench

Excavation
EmbankmentI{ater for

Compaction
Concrete
Reinforcing Steel
66-inch RCP
Low-I¡evel Drawdown
Drainage PipingDrain F111
Rock Riprap Filter
Rock Riprap
Misc. Met,als
Seeding

2,000 II GÀL400 cY40,000 LBs208 I,F
1.- LF
lLS500 cY800 cY3,000 cY1LS20 Ac.

Subtotal

$10,000.0020,000.00
0.25
2.25
L.20
s.00

300.00
0. s0

25.00
6,000.00

12,000.00
20.00
12 .50
20.00

10,000.00
300.00

s.10,000.00
20,000.00
6,800.00

18r000.00
180,000.00

10 r 000.00
L20 | 000.00
20,000.00
5,200.00
6,000.00

12,000.00
10,000.00
10,000.00
60,000.00
10,000.00

6 ,000.00
s504,000.00

50,400.00
50,400 . 00
so .200.00

1
1

27 ,200
8r000

150 r 000

LS
LS
SY

CY
CY

Engineering 10t
Àdministration 10t
Contingencies
Total
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V. EMIIRONUENTÀL ÀSSBSSI{EI{T

The project would have minÍmal environmental impacts.
Replacing the principal spillway as in Àlternative Three would
improve the safety due to preventÍon of structural failure and
soil erosion. Iûhile breaching the embanlrcnent would provide less
flood protection for downstream areas and leave the surrounding
area short of water supply during drought times, construction of
a new dam downstream would alter the landscape in certain areas.
Àreas affected by the construction of the embanlcnent, would need
to be re-landscaped and reseeded to native g:rass.

Loca1 changes in air quality and noise levels would be
noticeable during the construction phase of the proJect. rf the
proJect, is pursued, the State Historical Society should be
contacted concerning any historical, archaeologicalr or cultural
resources that nay be affected.
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VI. IJAI{D RTGITTS

The Emmons County Ì{ater Resource District and the State of
l{orth Dakotá obtained the easements for the land to be flooded or
inundated by the construction of Welk Dam in 1936. No additional
land will need to be obtaíned in Alternative One, T!Ío, and Three.
Land rights, either by purchase or easement, will be required for
Àlternative Four, the construction of a new dan. The neÌr site
will consist, of approximately 82.7 acres in section 33, Township
131 North, Range 77 l{est. The cost for this land acquÍsition is
not, figured into the cost estimate proposal for the alternative.
rf the alternative for constructÍon of a new dam is pursued, it,
is recommended that the ent,ire reservoir be fenced. Fencing will
greatly enhance the recreational aspect,s of the project,
Íncluding improved water quality conditions.

-3 6-



VII. SUUT.ÍARY

Welk Dam was constructed in 1935 and the last recorded
repair work that has been done on the spillway was in 1958. Thus,
the exÍsting spillway is in poor condition due to the extensive
undermining, cracking, and deterioration of the wingwalls. The
Emmons County IÍater Resource DistrÍct entered into an agreement,
wíth the North Dakot,a State Water Commission and the North Dakot,a

State Game and FÍsh Department to investigate the feasibílity of
repairing or replacing Welk Dam.

Four alternatives are considered that, will either improve
the existing spillway or construction of a nerr darn downstream.
The first alternative consists of breaching the existing
embanlrcnent and draining the resen¡oir. The second alternat,ive
consists of the use of guníte to restore the existing spillway.
Replacing the spillway with a new outlet structure is the third
alternative. The fourth alternative to be considered will be the
constructÍon of a new dam downstream.

Às part, of the agreement, the North Dakota State Iùater
CommÍssion's survey crew did a field survey of the existÍng site,
and the proposed downstream dam site for area capacity data. Ilelk
Dam has a normal pool surface of 1840 msl, with a Ogee weír as

the princÍpal outlet structure. At this elevation the reservoir
covers 28.2 acres, maximum depth of 18.7 feet,, a total volume of
205 acre-feet, and with an average depth of 7.3 feet. The top of
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the embankment is at an elevat,ion of 1849 msl, with no emerçfency

spillway available.

An on-site structural investigation Ìùas done by the State
Ilater Commission's construct,ion creïr to provide information to
amount, of undennining that has occurred to the spillway.
InspectÍon of the spÍllway was performed by drilling borings
(2-inch holes) across the face of the spillway. The largest void
Ís 27 inches deep, with an average void depth of 13 inches
throughout the spillway. The voids r{ere located on the west half
of t,he spillway. There nere no voids discovered on the east
half.

The first alternative dÍscussed is the breaching of the
embankment and drainÍng the reservoir. This could be done
i¡nmedÍately, preferably in the fall before the next spring
runoff.

Breaching the embankment and draining the rese¡r¡oir would
eliminate the risk of damage caused by a danr failure. However,
the loss of the reservoir for water supply duríng drought,
conditions and recreatÍon may not outweigh the circumstances. The

breached area would be available as a site for a netr spittway
¡vhich might be built at some later date. The total cost, for this
alternat,ive is $18,000.
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The second alternative consists of the use of gunite to
restore the spillway. The amount of gunite that would be needed
to fill the voids is est,Ímated at ?5 cubic yards. The total cost
estimate for rehabilitation is $25r000. This rehabilitation
would not, include work done on the wingwalls of the spÍllway.
RehabilÍtation of the wingwalls would be impossÍble because of
their deteriorated condition. The wing-wa1ls could probably be
replaced, but the probrem wourd be tyÍng them into the weir and
providing st,abilizat,Íon for the spillway.

The third arternative is repracing the spiltway with a new

outlet structure. The out,let st,ructures to be considered are
corrugated metal pipes and a concrete chute. The deteriorated
spillwa1r would be removed and disposed on-site or haured away.
The outlet structure would be located in the same location as the
exist,Íng ogee weir. Because of the classificationr'an emergency
spillway is not, required for the dam. À tow-rever drawdown
system wiII be implemented for removing stagnant water to improve
water quality.

Two corrugated metal pipes L20 feet in length and 5 feet in
diameter, will be consÍdered as a repracement for the
deteriorated spillway. The inlet ¡uitt have a crest elevation of
1840 ms1, with the invert of the CMP's at elevation 1828 msl. The

pipes wirr be laid at a srope of 3.33 percent wíth the out,let at
elevation L824 msl. The outlet structure consists of a standard
cant,ilevered outlet wÍth stilling basin. The embankment would
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have a L4-foot wide top at 1849 msl, with 3:1 side slopes that
will tie into the existing emban}cnent. The total cost for
replacing the spillway with two CMp,s is $1451000.

À concrete chute would be another option for replacement of
the deteriorated spillway. The chute would be located in the
same area as the original spillway. The concrete chute would be
30 feet wide, 150 feet, Ín length, and have a crest elevation of
1840 msl. The concrete chute would have a height of I feet. The
wingwalls on the concrete chute would be at a 3H:1V slope tying
int,o the top of the embankment at 1849 msl. The preliminary
estÍmated cost for a concrete chute is $3151000.

' The fourth alternative would be to construct a nen dam

downstream from the exÍstin*g dam and use the exist,ing embankment
for a settling basin. The nen dam,s height 'is 36 feet
classifying the dam as classification IfI, according to the North
Dakota Dam Design Handbook.

The principal spillway inlet will be at an elevation of 1830

msl. The nevr formed reservoir will have a surface area of 64.4
acres, a volume of 1088.7 acre-feet. The maximum depth of the
reservoir will be 39 feet and have an average depth of 16.9 feet,.
I{ith the normal surface level at 1830 msl, an island wilt be

formed on the reservoir. The island wilt have a peak elevation
of 1845.5 msl and cover an area of 3.2 acres at the normal ¡rater
surface level.
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The prÍncipal spillway wÍll consist of a inlet, box
structure, 5 Lf2-foot RcP, and prunge pool. The spÍllway would
have a 24-foot drop inlet with the pipe invert at 1806 msl. The
RcP is 208 feet in length with a 2.5 percent srope with the
outlet invert at elevat,ion 1801 msl.

À low-level drawdown pipe will be ímplemented to discharge
water into the principal spillway structure. An emergency
spillway will be located on the west side of the reservoir
discharging to a separate drainage basin to the west. The
criterÍa for the dam is prelinÍnary and a soÍl invest,igation wilt
be needed to verify site and construct,ion data.

The existing embanlcnent, from the dam upstream would be
breached and the dam would be used as sedimentation pond.
Lowering the embanlcnent to an elevation of 1830 msi would leave
the reservoir with a depth of 8.7 feetr ôn area of 8.2 acres, and
a total volume of 34 acre-feet.

The cost estimate for a new dam would be $6551000. Land
acquisition and the soÍI investigation are not figured into the
engineer's cost estimate.
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VIIT. RECOüTTEIÙDATION

The existíng spirlway is in poor condition. Extensive
undermining to the weir and deteriorating wingwalls is affecting
the integrity of the dam. The spillway should be either
repaired, replaced, or the dam breached. Several alternat,ives
have been studied and are being proposed as solutions to prevent
the collapse of welk Dam due to a high runoff event. The repaÍr
of the existing spillway, construction of a nerr spÍllwayr o! new
dam locat,ed imnediately downstream are acceptable from an
engÍneering standpoint. The estÍmated construction costs for
each alternative are substant,iatly dj-f ferent,.

Cost, Estimate - Alternatives
Life

Breach Dam
Repair of Existing Spillway
New Spillwaya) ClrP SpÍllwayb) Concrete Chute
New Embanl¡cnent,

$1
2

8r000
5r000

145, 000
315, 000
655, 000

(years )

Life
5-10

20-30
s0-60
s0-60

ff the Emmons County Ttater Resource District, does not repair
or replace the spillway, it Ís recommended the embanlment be
breached this falr at a cost of $18r000.00. The decision to
proceed with one of the alternatives is the responsibitity of the
Emmons County I{ater Resource District.
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SI{C Project #400January 11, 1991
ÀGREEUENT

fnvestigation of Repairing or ReplacingÌfelk Dan
.. .?

I. PÀRTIES

TIIIS àGREExEI{[T is between the North Dakota State Water
commission, hereinafter conmission, through its secrétary, David
sprynczynatyk; the North Dakota state Game and Fish Department,,
hereinafter Department, through its commissioner, Lloyd Jones;
and the Emmons County Water Resource District,, hereinafter
District, through its Chairman, Glen McCrory.

II. PROJECT, pttRpOSE, ÀtID LOCÀTION

The District, and the Department have requested the
comnission to 'investigate the feasibility of repairing or
replacÍng of ltelk Dam. The darn is located in sect,ion 33,
Township 131 North, Range 77 lüest, near strasburg, Nort,h Dakota.
The purpose of this agreement is to acquire the proper
topographic data necessary for preliminary design to repair and
improve the existing dam, and a prelÍmÍnary design for a new dam

downstream.

IIT. PRELIT,ÍINÀRY I}T\IESTIGÀTION

The parties agree that further information is necessary
concerRing the proposed project. Therefore, the CommÍssion shall
conduct the following:

1



1

3

2

A field survey of the existing embankment,and the proposed new dam site whichtopographic data and area-capacity data;
À- study of the hydrorogy of the watershed upstream ofthe dam;

reservoir
includes

necessary toflood through
A prelininary design of the outlet workssafely and effS-ciently pass the designthe existing dam and the proposed new darn;

Preliminary cost estimates for thereplacing of the dam; and
4. repairing or

ç Prepare a prgliminary engineering report presenting theresults of the investigatÍon.

rv. cosrs
The District and Department shalr each deposit SlrB00 with

the Com¡¡ission prior to investigation commencement to help defray
the cournissions costs assocÍated ¡vith this invest,igation.

V. RIGIITS-OF ENTRY

The District agrees to obtain written permíssion from any
affected landowners for any fíeld Ínvestigat,ions by the
Commission, which are required for the preliminary investigation.

V. INDEMIIFICATTON

The District hereby accepts respons5-bility for and holds the
commissÍon, the Department, their emproyees, their agent,s, the
St'ate Engineer, and the Corunissioner free from all claims and
damages to pubric or private property, rightsr or persons arising
out of -this investigatÍon. In the event a suit is initiated or
Judgment rendered against the Commission, the Department, their
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employees, or agents, the District shall indennify them for any

Judgment arrived at or Judgement satisfied.

VTT. CHÀ¡IGES TO Tffi ÀGREET{ENT

Changes to any contractual provisions herein wilt not be
effective or binding unless such changes are made in writing,
signed by aJ.I parties and attached hereto.

NORMI DÀKOTÀ STÀTE TIÀTER
coulrrssloN
By:

NORTH DÀKOTÀ GÀ¡TB ÀND FISH
DEPÀRTMENT
By:

(ù"ilU*r-t*,rxÁ
DÀvr D' tr/' SÉsyfl(zyNfrfK
Secretary

DÀTE:

l8 i",^ ll

LLOYD
Commis

DÀTE:

s

L 4

wTTNESS:^^[ü; 
& F;ü

WITNESS:

EUIIONS COTINTT I{ÀTER RESOT]RCE
DISTR,ICT
By:

c

GLEN
Chairman

DÀTE:

t f zr/ qt
WITNES
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NORTH DAKOTA
STATE DEPARTMENT OF HEALTH
AND CONSOLIDATED LABORATORIES
Slate Capitol
6O0 E. Bouleva¡d Avenue
Eismarck. Noth oakota 5g50$0200 ENVIRONMENTAL HEALTH SECTION

120O Missouri Avenue
P.O. Box 5520
Bisrna¡ck, Norúr Dakota SSSOZ-SSZO
Fax S701-258{052

June LL, 1991

Stan Hanson
Division of Engineering
North Dakota State Water Commission
900 East Boulevard
Bismarck, ND 58505

Dear Mr. Hanson:

Enclosed are the results of the water quality samples collectedat tfelk Dam on May r4r 1991. These results are typical for mostsma1l reservoirs in the state. Please note the gieater ammoniaand phosphate concentratÍons at the five met,er-dépth interval.These greater concentrations are likery caused by the low dis-sorved oxygen at thÍs de¡lth. These results suggést a hlpo-limnetic wi.thdrawar wourd be a practical compoñent of aáy aamrest,oration effort on Welk Dam.

For your informatÍon, Ilelk Dam will continue to be sampred thissummer as one of 30 lakes which will be assessed as part of theDepartment's Lake Vüater Quality Assessment Project. This assess-ment wiII also include a characterization of the lake's watershedin addit'ion to describing the current trophic stat,e of the lake.
rf you have any questÍons concerning these results or the lakeassessment effort, please feel free to contact me ax 22L-s2I4.
Sincerely,

ïü*ö-? cQ\)
Michael J. EII
Environmental ScientistDivision of Water euality
MJE:krh
Enc.
cc: Fred Ryckman, Game and Fish Department - Bismarck

Gene Van Eckout, Game and FÍsh Department - Jamestown

Environnrental
Enforcement

701-?,2.4-32U

Environmential
Engineering

701-224-2U8

Munkipal
Faclities

701-224-2J54

Waste
Ñ4anagom€nt
701-224-23æ

Wator
Ouality

701-224-2354



North Dakota State Department of Health
Division of t{ater Quality

Date {-tq -clt

4

'rke or River Name

n ?,i0-'-server
Storet No.

Time

-t'317L{
t'4 :3<''

:ation Description TJ

[¡nbient Temp. 7 < -gLl Í{ind Speed & Direction S ¿i Í. -zc)
Loud cover 30 *-of 1oo County år-.v-r.q9 Secchi L

^lmments

4J (m)

*J¿ ,-,L&.

rpth (m) SañpIe

evised L2/IO/9O



l.lor'th Dakota Stat e Depar.t ment of He¿r1th
and Consolidated Labor.ator.ies

6/ 6/9L
Emmons Cor-rnty

Log Number.: 91-RËgS Type: É

Date Collected z 3/L4/9L
Time CoIIec.ted: 14:3tZr
Site: ¿813É5 t^leIk Dam

St^¡ of spillway deepest
trollected by: Mike EI1
Comment s:

Result

Dat e
Time

Rece i ved :
Reee i ved :

=r/ t=/gL
o-qE

at'e å

fttalyte llncertainty Date Tire Analyst

Copper (Cu) (
Zinc (Znl t
Beriur (Ba) (
Sodiur (Na) (
llagnesiur (üq) (
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