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Office of the State Engineer

August 2, 1990

Mr. Julian Gunlikson, Chr.
Wil-l-iams County Park Board
I{iJ-1iston, ND 58801

RE: SI,IC Project #560 - Blacktail Dam

Dear lvlr. Gunlikson:
This letter is in responseregarding the modificationsBlacktail Dam.

your letter of July 24, 1990,and improvements proposed for
to

A meeting vÍas held in Bismarck on February 22,1989. Those inattendance were representatives of the i{ilIiams County ParkBoard, the I'li11iams County ltater Resource District, ND Game andFish Department, and the State lÍater Commission.
At that meeting, it v¡as proposed to construct a nev¡ spillway
system at Blacktail Dam to bring the structure up to a currentlevel of dam safety standards. Part of the work (Phase 1) wasdone during the suÍrmer of 1989, which involved the following
operations.

1. À l7-foot high,  8-inch diameter, reinforced concreteriser pipe (RCP), located at the upstream end of the18-inch diameter corrugated metal pipe (CMP), was
pumped full of grout (cement slurry) .

An l8-inch diameter CMP and a 4-inch diameter iron pipe
\ùere pumped full of grout.

2

3 A 65-foot long, 36-inch diameter RCP, outletting at thetoe of the embankment's downstream slope, eras pumpedfull of grout.
Both the l8-inch and  -inch diameter pipes v¡ere plugged withgrout because they were in poor condition and presented a struc-tural deficiency and a dam safety hazard. The 36-inch concretepipe is far too small for current design floods and is al-so toosteep, causing a slugging potential which coul-d shake the pipeapart. In addition, it was constructed without a cradle support,
which makes it more vulnerable to structural fail-ure.
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Às mentioned previously, the aforementioned work pertained to
Phase I. Àfter this phase was completed, two ramps lùere con-
structed, one on the upstream slope and one on the downstream
slope of the embankment. The ramps !,rere constructed in the area
where the ne\ú spillway is to be located. The ramps provided
access to the embankment slopes for a drill Tj-g, which was used
to conduct soil borings during the Phase II geotechnical inves-
tigation. This investigation began in the faII of 1989 and was
completed in the spring of 1990.

In addition to the structural anC geotechnical operations, the
State Water Commission survey cren performed survey work in the
summer of 1989. Both the topographic surveys and the geo-
technical investigation were necessary in order to determine the
scope, magnitude, and the approximate benefits and costs of theproject with sufficient dependability to support project autho-
rization or approval for construct,ion.
The State ÏJater Commission is using this geotechnical information
to complete a preliminary engineering report on the replacement
of the main spillway. This report should be available in about
one month. According to cost estimates in the initial draft of
this report, the modifications needed are in the range of
$5001000, which are considerably higher than the previous cost
estimates.
The North Dakota State lùater Commission may have funds available
to cost-share on the project in 1991. Therefore, it is important
that we continue to move forward, if you can supPort this size of
a project.
Based on the studies conducted, we disagree with your statement
"that very little work has been completed. " I{e have completed
the work and studiesr ôs outline in our previous correspondence,
and \{e are definitely noving into the design stage of project
deveJ-opment. Theref ore, with one exception, we feel- v¡e have
p.erformed the field work and office studies in a timely and
sätisfactory manner.|;
The one exception or work item that yras to be performed during
Phase I and was omitted was the placement of rock. On March 2,
1989, Gary McDowall, construction superintendent for the State
I.tater Commission met with Dwight Blikre, Roy Trogstad, and other
county officials regarding the hauling and placement of rock at
Blacktail Dam. At that time, rock had been stockpiled at the dam
and more was to be hauled and stockpiled.
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The initial rock contained a large amount of dirt and was veryirregular in size and gradation. The locaL Board was told thatthis rock was unsatisfactory and would have to be cl-eaned priorto placement. Local Board members indicated that they wouldrequire cleaner rock to be hauled in. This was not done and no\úit, is questionable how useful any of the rock is. Àlthough no
immediate plans were made for placing the rock at that ti-me,l-ocal officials were instructed not to place the rock within anarea that the ner.r spilLway structure was to be located. The
1ocal officials were also informed that if the rock hauled to the
dam continued to contain excessive amoun-us of dirt, trashr ordeleterious material, the rock would be rejected in accordancewith our standard specifications for slope protection. Theforeign material would then have to be removed within the limitsas determined by the specifications or the, Engineer, prior to its
placement on the embankment.

On Jut_le 27, 1989, during Phase I of project improvements, ÀrlandGrunseth, construction engineer, inspected construction opera-tions and the stockpiJ-ed rock. Based on this inspection, he
informed our construction crew not to place the rock because of
excessive amounts of dirt and deLeterious material. Àt a laterdate, Arland informed Dwight Blikre by phone of his inspection
and decision to reject the stockpiled rock. On Àugust 5t 1989,the cost report for Phase I of the dam modifications was for-
warded to the county water resource district. At that timer w€again informed the Board of our decision not to place the rock onthe embankment.

If local officials want the stockpiled rock removed from itsexisting location(s) and placed on the upstream sloper wê will
consider inspecting the site again and determine if the stock-piles coul-d create a blockage or hazard to the passage of floodflows. However, the rock prior to its placement at designatedlocations, musr- be cl.eaned a*- no expensê +-o the Water Ccmmission.
We wilI consider cost-sharing for the placement of the rock.
During the rock work, Ì,re can also f iII in the ramp slots. Ïüe donot consider the cuts as a potential danger to the dam, but we
agråe that the slots,should b-e repaired.
fn closing, I recommend that the State Water Commission and theIùilliams County Board Members meet after the preliminary reportis availabl-e to discuss further actions regarding B1acktail Dam.
Please feel free to call or write us, if you have questions prior
to this meeting.

ereIy,

id À. s
State Engineer
DAS:ÀCG:dm
cc: Dwight BIikre

yk P.E
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I. INIR.ODI'CTION

Study Obiectives:
In October, 1989, the l.Iorth Dakota State IÍater Commission

entered. into an agreement with the !üilliams County I{ater Resource

District. The Purpose of the agreement lilas to investigate the

feasibility of improving the discharge capability of Blacktail
Dam, located approximately 25 miles north of Ìililliston, North

Dakota. The mod.if ications includ,e the installation of a larger
principal spillway and the possíble enlargement of the emergency

spi}lway. A copy of the agreement is included in Àppendix À'

Figure 1 shows the location of Blacktail Dan within the state'

This report contains information on the geolog-y of the site;
results of a geotechnical survey conducted on the embanlment;

results of a hydrologic and hydraulic analysis of.the drainage

basin; a srunmary of the preliminary design of the project; a cost

estimate based on the preliminary design; and a statement of

conclusions and recommendations regarding the project'

Basin Location and Descriotion:
Blacktail Dam is located on Blacktail Creek, approximately

25 miles north of !Íitliston, North Dakota, in Sections 9, 10' L5'

and. L6, Township I57 North, Range 101 I{lest. The dam lfas built
primarily for recreation and. fish and wildlife propagation and

conservation. The topography of the area is moderate, with

drainage patterns well-defined. The drainage area for the dam is

-L-
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28.0 square miles. Land use in the basin is priurarily agricul-
tural. Figure 2 is a map of Blacktail Dam and the adjacent area'

The embankment is a zoned, rolled earthfill structure. The

embankment is 2250 feet long, 57 feet high at the maximum

section, and 10 feet wide at the crest. The crest of the

embankment is at 2094 msl and has an alignment of north-northeast

to south-southwest, with the right abutment on the south side'
The upstream slope is 3:1 and the downstrean slope is 2zl, with a

l2-foot wide berm across the maximum embanl'cment section'

The reservoir is controlled at an elevation'of 2079 msl by

the use of an uncontrolled, drop inlet structure. The inlet
structure has a 3$-inch stid'e gate that can control the reservoir
between the control elevation of 2O7g msl, and an elevation of

2073 msl (elevatÍon of top of inlet slab). À 36-ìnch diameter

reinforced. concrete Pipe (RcP) conveys the discharge from the

inlet structure to a stilting basin at the downstream toe of the

dam

The emergency spillway is a grass-Iined channel located in

the lef t abutment. The spillway has a variable channel bot'tom

and variable side slopes. The control elevation of the emergency

spillway is set aE 2086 nsl.

-3-
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Historical Backgrround:

Blacktail Dam was designed by the North Dakota state Ílater

commission. The original principal spillway Piper âî l8-inch

d.iamet,er corrugated. metal pipe (cuP) ' Ìfas installed by the state

Ilater commission's construction crew on a force-account basis'

The Frank olson construction company supplied the equipment

and operator for construction of the embankment and outlet works

on a rental basis. The llendenhall Construction Company was the

contractor for the riprap. construction began on september 3,

1959 and ended on JanuarY 20, 1960'

In February, Lg67, the state l{ater commission's force-

account cren raised the inlet structure 6 feet. In the spring of

Lg67, the downstream slope sloughed. The first stage conduit was

Iengthened. and the d.ownstrean slope of the embankmènt was flat-

tened. Rock riprap ¡ras also add.ed to the upstream slope to

compensate for the 6-foot raise. In Àpril, 1969, a large snow-

melt runoff threatened to overtop the dam. The state lüater

Commission's creÌf cut a relief channel through the emergency

spillway to Protect the dam.

ft was determined that another larger principal spillway

would be needed, so a rnodification was designed. The contract

\úas awarded to Neshem Peterson construction company and the

modification work was done in the summer of 1969. This work

included the installation of a principal concrete drop inlet and

-5-



a 36-inch dianeter RCP conduit, with a 35-inch slide gate in the

inlet. ÀIso, the emergency spÍllway was lowered by 2 feet from

an elevation of 2098 msl to an elevation.of 2086 msl.

In Lg7L, the i¡tlet structure for the l$-inch CMP¡ías

repaired by the State lÍater Commission. In 1989, thÍs outlet and

a 4-inch diameter low-level outlet lÍere grouted closed and some

rock riprap was added to the face of the dam'

The existing principal spillway is a 36-inch diameter RCP

with a 5'x6'x5'drop inlet structure. The slope of the pipe is

such that fult-pipe flow is never attained, resulting in orifice
control. This could lead to slugging and possible failure of the

structure. In ad.dition, the exist'ing spillway does not satisfy
the North Dakota Dam Design criteria'

-6-



II. GEOLOGY

The structure is located in the glaciated section of the

Ivlissouri coteau slope section of the Great Plains Province. The

topography consists of level to dissected uplands, along wit'h

knob and kettle features with high relief. Surface features were

formed by ground moraine tilt deposits of undetermined thicl'nress.

The material consists mostly of brown and blue clay with strata
of sands and gravels. Fort Union sediments underlie the entire
area.

-'7 -



III. HYDROLOGY

A hydrologic analysis of the watershed was performed using
the HEC-1 computer model, developed by the U.S. Àrmy Corps of
Engíneers. It vras used t'o símulate the raÍnfall vs runoff
response for the basin, and to route the flows through the
reservoir. It formulates a mathematicat hydrologic model of the
watershed based on the following data: the amount of rainfallt
the rainfall distribution, soil true, land use' and the hydraulic
characteristics of the channels and drainage areas. The HEC-I

model is designed to calculate the surface runoff of the water-
shed, in relation to precipitation, by representing the basin as

an interconnected system of hydrologic and hydraulic components-

Each component of the model represents an aspect of the
precipitation-runoff process within a portion of the subbasin-

These components were put into the model to determine the magni-

tude and duration of runoff from hydrologic events with a range

of frequencies.

The model was developed to determine the hydrologic response

of the B1acktail watershed. The results gained from the model

included: 1) inftow hydrograPhs, 2) rese:¡¡oir stage hydro-
graphs, and 3 ) out,f low hydrographs.

-8-



rV. GEOTECIII{ICÀú

Introduction:
A preliminary subsurface exploration was initiated by the

State lrlater Commission. The purPose of the exploration was to
assist in evaluating soil and groundwater conditions related to
the construction of a nelv inlet structure and spillway for
Blacktail Dam, Iocated approximately 25 rniles north of l{illistont
North Dakota, in Williams CountY.

This section of the report describes the exploration and

testing performed, soil properties, and recommendations.

Exploration and Testing:
The drilling and testing were performed by Braun Engineering

Testing of North Dakota, Inc. The locat,ion and elevation of all
test borings was surveyed by the State Tlater Commission (Refer to
Figure 3).

The penetration test borings ïIere performed on Januarlr 3,

1990, and llarch 27, 1990, with a trailer-mounted rotary d:lill-. A

total of three standard penetration tests borings were performed.

Sampling for the borings rras conducted in accordance with ASTM

D1556 "Penetration Test and Split Barrel Sampling of Soils."
Using this method, the bore hole was advanced with a hollow-stem

auger to the desired depth. A 140-pound hammer falling 30

inches, then drove a standard 2-inch outside diameter' split
barrel sampler, a total penetration of L-f/2 feet below the tiP

-9-
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of the hollow-stem auger. The blows for the last foot of Pene-

tration rfere recorded and are an index of soil strength

characteristics .

The soils encountered in the borings were

nanually classified in the field by the cren chief'
with ASTM D2488 "Recommended Practice for Visual and llanual

Description of soils." AII samples lfere then returned to the

laboratory for review of the field classifications' Logs of test

borings are contained in Appendix B'

Immediately after the final sample of the borinçf was taken'

the bore hole was probed through the hollow-stem auger to check

for the Presence of ground ¡vater. Irnmediately after wÍthdrawal

of the auçler, the bore hole was again probed and the depth to

¡rater or cave-in was noted,. The boring was finall! checked and

backfilled just prior to leaving the site'

taboratory Testing:
Laboratory tests lÍere performed by Braun Engineering Test-

ing. Laboratory tests conducted. for this project consisted of

ind.exing tests for verification of ctassification' Based on

their review of soil borings, Braun Engineering felt additional

tests \úere not warranted.. Results of the tests performed are

contained in ÀPPendix C.

visually and

in accordance

-rt-



Subsurface Soil Conditions:
The subsurface conditions are indicated by the logs of the

test borings which are included, in Àppendix B. The logs indicate

the depth and identification of various soil strata' the Pene-

trationresistances'andwaterlevelinformation.

The general soils profile at the boring locations consists

of fiII comprised of a lean clay. The fitl materials extended to

the termination depth of the boríngs. The soils encountered at

the probable depth of support for the proposed structure have a

design bearing
(psf ) .

pressure of up to 3000 pounds Per square foot

-L2-



V. PRELTUINARY DESIG:TT

fntroduction:
Blacktail Dam is a recreation dam located about 25 miles

northwest of l[illiston, North Dakota, on Blacktail creek, in

williams County. The d,an was originally built in 1959, and an

additional principal spillway PiPe was installed in 1969' In

1989, the originaÌ l8-inch diameter cl4P spillway and 4-inch

diameter low-Ievel outlet were grouted closed in phase I of this

invest,igation. llhe reservoir stores at'out 2670 acre-feet of

water at the normal pool elevation of 2079 msl' This constitutes

a surface area of approximatety 158 acres. The present spillway

is a 36-inch diameter RCP with a 5'x6'x6', drop inlet' The slope

of the pipe is such that pipe flow is never attained, with

orifice flow controlling. This could lead to slug flow and

possible failure of the dam. Another problem encountered at the

site is flooding of cabins around the dam. The following sec-

tions describe in detail how the outlet works should be modified'

Dam Ctassification:
The first step in the investigation of Blacktail Dam was to

d.etermine the dam classification. Design criteria are based on

hazard classification and the height of the dam' Hazards are

potential loss of life or d.amage to property downstream of the

dam ¿ue to releases through the spillway or complete or partial

failure of the structure. Hazard classifications listed in the

"North Dakota Dam Design Handbook" are as follows:

-13-
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t{ediuut -

IIigh

Dams located in rural or areas where
It"i"-i" little possibiti development'
iãii"=" ot low-häzard dam in damage t?
äõriã"rt"""r rand, Y roads' and
farm buildings otÍre No loss of
life is exPected if
Dams located in Predomitural areas where fail
homes, main
ruption of m
for the loss
dam fails.
Dams located upstream of developed- and urban areas
rtt"t" failure *"y cause serious damage to homest
ind.ustrial and åommercial buildings r - and major
püÈrið- "tilities. There is a _potenrial for the
lossofmorethanafet¡livesiftheda¡rfails.

considering that it is located' in a predominantly rural

area, and that failure would. not result in serious damage to

property and./or the loss of a large number of lives, Blacktail

Dam is classified as a medium-hazard dam'

After a dam has been given a hazard category'

classified, according to its height' The following

listed' in the ''North Dakota Dam Design Handbook..:

Tabl.e I - Dan Design CJ-assification

it' can be

table was

Da¡t
I faat-ì

Less than 10
10 t'o 24
25 Eo 39
40 to 55
Over 55

T.ow

I
II

III
III
IIÏ

edium

II
TII
III
IV
IV

Hioh
IV
IV
IV
v
v
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Blacktaj-I Dam has an embanlment height of 57 feet, there-

fore, it is classified as a class IV da¡n for design PurPose' In

a class IV dam, the principal spillway must pass a So-year

precipitation event. without using the emergency spillway' The

entire spillway system (emergency and principal) must Pass the

f lows from a .5 PI{P (probable maximum precipitation) event wit'h-

out overtopping the dam, and pass the flows from a .3 PIIP event

without exceeding a velocity of 8.0 feet per second in the emer-

gency spÍIlwaY.

Precipitation Desigm:

once the dam rfas classified, precipitation design amounÈs

were determined. Outlet works of a dam are to be designed so

that they pass the runoff from precipitat'ion eventsr âs suggested

by the dams classification'

The event that provides the maximum reservoir level should

be used. as the design event (i.e., l2-hour rainfall, 10-day

rainfall or 10-day snowmelt). For Blacktail Dam, the design

event is the 10-day snowmelt.. A 6-hour, lo-square mile extreme

rainfall table developed, from Hydrometeorological Report Number

51, was used for the 0.3 PI{P and 0.5 PuP events. Table 2 shows

the resulting peak inflows and total volumes for these events'

-15-



:Ia.b}e 2 - Peak Inflows and Volunes for Design Frequency
Tota].

(in interval) (cfs) (acre-feet)
S0-year l2-hour rainfall
SO-year 10-daY rainfall
50-year 10-daY snowmelt
0.3 PMP
0.5 PMP

3.46
6 .78
3.04
5.38
8.97

23t9
1903
t994
6062

13344

L720
3040
36?L
3855
8479

Hydraulic Desigm:

The HEC-I comPuter model sfas used to siurulate the precipi-
tation vs runoff resPonse for the basin and to route the flows

through the rese:r¡oir. The area-capacity curve for the reservoir
and the rating curve for the spillway were needed in order to use

the HEC-I model. The area-caPacity curve llras obtained from a

previous inspection report for Blacktail Dam and is shown in
Figure 4.

The rating curve for the principal spillway lfas calculated

based on the equations for pipe flow. The rating curve for the

emergency spillway nas calculated using the HEC-2 computer model'

The HEC-2 computer modet is capa-ble of calculating water surface

profiles for steady, gradually varied flow in natural or man-made

channels. The rating curve for the existing spitlway system is
contained in Table 3.

-I6-
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Table 3 - Rating cunre for Existing 36-inch Di-ameter RCP

(cfs ) (cfs)(cfs)
2079
2080
2081
2082
2083
2084
2 085
2086
2087
2 088
2 089
2090
209L
2092
2093

37 .2
89.7
96 .3

102.5
108.4
114.0
119.3
L24.3
r29.2
133.9
138.5
L42.9
L47 .L
ls1.3

400.0
1100.0
2s00.0
4s00.0
7000.0

10000.0
12400.0

37 .2
89.7
96 .3

102.5
108.4
114.0
119.3
524.3

L229.2
2633.9
4638.5
7 L42 .9

10147. 1
12551. 3

The rating curve for the proposed S-foot diameter RcP using

the existing emergency spillway is contained in Table 4'

Table 4 - Rating curve for Proposed S-foot Diameter RCP

(cfs ) (cfs)(cfs)
2079
2 080
208t
2082
2 083
2084
2085
2086
2087
2088
2 089
2090
209r
2092
2093

93.0
263.0
483.2
638.8
647 .5
656.1
664.6
672.9
68L.2
689 .4
697 .4
705.4
713.3
72L.L

400.0
1100.0
2500.0
4500.0
7000.0

10000.0
12400.0

93.0
263.0
483.2
638.8
647 .5
6s6 .1
664.6

t072.9
L78r.2
3189.4
5t97.4
7705.4

10713.3
13121.1
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Principal Spillway lforks:
The present principal spillway consists of 270 feet of

36-inch diameter RCP with a 5'x6'x6' drop inlet. The slope of
the pipe is approximately 14 percent. The relatively steep slope

of the pipe prevents it from reaching futl piPe flow. ÀIthough

problems with the existing spillway have not occurred in the
past, the potential for slugging and possible dam failure exist.
In addition, the pipe is not capable of handling the design flow
required for a C1ass IV dam. Table 5 gives the inflow, outflow'
and stage for the different precipitation events for the existing
conditions generated by the HEC-I model. This data shows that'

the water surface elevation exceeds the elevation of the emer-

gency spillway (2086 mst) for the SQ-year l2-hour rainfallr âs

well as the 50-year 10-day snowmelt and rainfall.

Tabte 5 - Results of llydrologic Study
on Existing Conditions

(cfs) (cfs)
50-year l2-hour rainfall
50-year 10-day rainfall
S0-year 10-day snowmelt
0.3 PMP
0.5 PMP

23L9
1903
L994
6062

13344

34s
354
999

4203
12331

2086 .5
2086.6
2087 .7
2089.8
2092.9

The results of the preliminary investigation show that a

4.S-foot box culvert or a S-foot diameter RCP will safely handle

the design flow. Past experience with box culverts sho¡vs that
they must be formed and are more difficult to fabricate and

install. It is recommended that the new principal spillway

-19-



consist of a S-foot diameter RCP with a standard drop inlet
structure set at an elevation of 2079 msI. Table 6 gives the
inflow, outflow, and stage for the different precipitation events

for the proposed netv outlet obtained from the HEC-I computer

model. Figures 5-7 show the various inflow-outflo¡r relationships
for the proposed new outlet. The proposed S-foot dia.nreter RCP

consists of thirteen 16-foot sections and one 22-foot section.
Itithin the length of the spiltway there will be six reinforced
concrete anti-seep collars. The spillway will be laid at a slope

of 2.2 percent with the outlet invert at elevation 2044 msl-

Figure I shows a transverse section of the dam at the principal
spillwayr êS weII as a profile of soils encountered at the Pro-
posed depth.

Table 6 - Results of Eydrologic Study
for Proposed S-foot Diameter RCP

(cfs) (cfs)
50-year l2-hour rainfall
S0-year 10-day rainfall
5O-year 10-daY snownelt
0.3 PMP
0.5 PMP

23L9
1903
1994
6062

13344

654
647
664

4004
L2307

2084.77
2083.96
2085.91
2089.41
2092.66

À cantilever outlet and plunge pool are recommended to
dissipate enerçfy. À Saint-Ànthony Falls type stilling basin was

also considered, but due to its considerably higher cost
(approximately $351000), was not recommended. Figure 9 shows the

cantilever outlet and plunge pool. The invert of the cantilever

-20-
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outlet is to be at least one-foot above the tailwater elevation

at maximum discharge.

There will also be a need for a Ìow-level drawdown structure

since the exisLing pipe was grouted closed in 1989' The existing

Iow-level drawdown structure lras grouted closed prÍ:narily for

safety reasons. The condition of the Pipe Yfas unknown and it

posed'adangertotheembankmenthadj-tfailed.

The low-Ievel d.rawdown structure, also known as a cold water

return or hlpolimnetic discharge structure, is designed to

counteract accelerated, aging in rese:rroirs. The lot¡-level

drawdown structure removes nutrient-rich water from the bottom of

a thermally stratified. reservoir, Ieaving the better quality

water behind, and thus increasing the usefulness and life span of

Improved, water quality conditions' result in a

tothefisheryandtoallotherrecreational
the reservoir.
positive benefit
uses.

Energency SPilIwaY:
Theemergencyspillwayconsistsofagrass-linedchannel

rocated in the left abutment. The spirrway has a variabre

channel bottom and variable side slopes. The control elevation

of the emergency spillway is set' at 2086 msl'

The rating
using the HEC-2

curve for the emergency spitlway \ras developed

computer model- The rating curve \ilas used to

-26-



route the velocity and freeboard hydrograPhs. The velocity
hydrograph consists of 30 percent of the probable maximum

precipitation, while the freeboard hydrograph consists of 50

percent of the probable maximum precipitation'

The 0.3 PMP inflow is 6t062 cfs. The routing of the 0'3 PMP

event yields a 41004 cfs outflow. The event causes the reservoir
to rise Èo an elevation of 2o8g.4L msl. The principal spillway
passes 693 cfs while the emergency spíIlway Passes 31311 cfs of

total outflow. The velocity corresponding to this outflow is 6'7

feet per second. The criteria from the North Dakota Dam Design

Handbook allows a velocity of approximately g feet' Per second for

a group one cover on erosion resistant soils, ât a slope under 5

percent, with a 10 percent increase in velocity for infrequent

use. This shows that the existing spillway is acceptable based

on the velocitY hYdrograPh.

Theo.5PMPinflowis13|344cfs.Theroutingofthe0.5
plfp event yields a 12 t3O7 cf s outfl-ow. The event causes the

reservoir to rise to elevation 2092.66 ¡nsl' The North Dakota Dam

Design Handbook requires a class IV dam to pass a 0.5 P!ÎP event

without overtopping the dam. The maximum rese¡¡¡oir elevation of

2092.66 msl- is below the top of dam height of 2093-2094 msl' The

existing emergency spillway is acceptable based on the freeboard

hydrograph.
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cabin owners have suggested that the possibility of lowering

the emergency spillway bê considered. They feel this will help

prevent the flooding of cabins during high water levels' A HEC-I

computer mod.el 1Ías perfonned. to determine what .. size principal

spillway is required, to lower the emergency spillway' To lower

the emergency spillway by 2 feet, a 7-foot dia¡reter RCP principal

spillway is required for the d.am to pass the runoff from precip-

itation eventsr ês suggested by the danr classification' The

installation of a 7-foot diameter RCP principal spillway rePre-

sents a significant increase in the project cost (approximately

$::42r0OO). Based on the cost, increase and the fact that the

available storage capabÍIities of the dam would not be utilízed'

it is recomrnended that the emergency spillway not' be lowered'

Another alternative that will help prevent flooding is to

design the principal spitlway so that it gÍves 100-year flood

protection. À 6-foot d.iameter RCP prÍncipal spÍllway wiII Pass

the runoff from 100-year precipitation events, without water

flowingthroughtheemergencyspillway.Thecostincrease
associated with this alternative is $65'000'

Downstream llodif ications :

Modifications to the downstream channet will be required in

order to accommodate the proposed. new spillway. The new location

will eliminate the curved channel upstream of the road' À

2o-foot wide channel paralleled by berms with 2zL side slopes is

recommended between the plunge pool exit and roadway crossing

-28-



(Refer to Figure 1O). This channel should be lined with riprap
t'o prevent erosion.

The present roadway crossing. consists of one 36-inch and tI'ro

4g-inch d.iameter CI{p culverts. À HEC-2 comPuter model was Per-
formed on the downstream channel to determine the backwater depth

at the culvert outlet. The model indicated that the culvert
outlet would not be submerged due to backwater. This means that
the culvert inlet will control the flow'

The maximum outflow from the proposed principal spillway is
664 cfs for a So-year precipitation event. The present crossing

is only capable of passing a flow of 275 cfs, based on a Bureau

of public Roads culvert nomograPh with inlet cont'rol. This means

that overtopping of the road' will occur when flows greater than

275 cfs are encountered. overtopping is not desirable since the

road has washed out Ín the past when water passed over it' À

Bureau of PubIiC ROads nomograph, based on inlet control' lÍas

also used to size the new roadway crossing. À 65' long 12'-10'

by 8,-4,,arch pipe is recommended as a nevf roadway crossing. The

arch pÍpe ¡vill pass flows of up to 700 cfs, with a maximum

upstream water surface elevation equal to that of the top of the

PiPe.

It is recommended that 2 feelu of cover be used over the arch

pipe. This will require that the roadway be raised for a length

of approximately 200 feet. The two 48-inch diameter cltP culverts
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in the existing crossing can be relocated in the south berm of
local runoff. The

present location to
the out,let channel
36-inch dÍameter CI{P

flows due to
remain at, its

to pass

should
pass runoff from the north.

The channel downstream of the roadway should also be

rnodified to allow for the new roadway crossing. À 3O-foot wide

channel paralleled by berms with 3:1 side slopes is recommended'

This channel will be approximately 300 feet in length and will

tie in with the existing channel (Refer to Figure 10).

Existing Spillway ltlodifications :

Modifications to the existing principal spillway must be

performed. The present spillway consists of a 36-inch diameter

RCP with a 5'x6'x6'drop in1et. The slope of the spillway is

approximately 14 percent. The relatively steep slopè of the pipe

prevents it from attaining full Pipe ftow with orifice flow

controlling.Thiscouldleadtosluggingandpossibledam
failure. The present spiltway should' not remain in service due

to the potent,ial hazard accompanying it. The recommended alter-

native for dealing with the present spillway is to take it out of

service by grouting the intake of the pipe'

fùater Control:
water control represents a significant part of the Blacktail

Dam project. LOwering of the water level does not appear to be a

feasible alternative because the well established fishery located
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in the reservoir wourd be lost. The proposed arternative for

water control is to construct an earthen cofferdan or dike around

the area to be excavated. for the new spilrway instarration' The

cofferdam will help maintain the resenroir at or near its current

elevation and will help retain the fishery' The exact details of

the cofferdam will be left uP to the contractor for the project'

-32-



VI. LA¡ID å¡ID WÀTER RIGETS

No additional land or water rights will be required in order

to nodify Blacktall Dan, sÍnce the control elevatÍon of the

reservoir water Si¡rface is to remain at its present elevat'ion of

2079 nsl.
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VIT. PRELIIIIIIARY COST BSTIUATB

As proposed, the modifications to Blacktail Dam are esti--

mated to cost $5461000. Table 7 shows the breakdown of costs for

the modifícations.

Table 7 Blaclctait Dam Cost Estimat'e
Unit

1
1

1
2
3

4
5
6
7I
9

Mobilization
Water Control
Stripping and
Spreadíng ToPsoiI

Trench Excavation
Trench FiII
ConcreteReinforcing Stee1
Rock RiPraP
Low-Level Drawdown
Pipe

Low-Level Drawdown
Valve

Plunge PooI
(a) RiPraP(¡l Filter I'faterial
lcl Excavation

nòaáway and Channel
Modificationslal Relocate 2-48" CMP

i¡i Firr for RoadwaY
(c ) FilI(al Cut (Excavation)
(e) Gravel

Arch PiPe
(12'-10"x8'-4:'16!')

6Ó" RcP (rnstalled)
llrash naik & Ìfisc. ldetal
Existing SPilIwaY
I'Iodif ications

16. Seeding

lLS 6,000.00 6, o0o

I LS 4,000.00 4'000

LS
LS

SY
CY
CY
CY
Lbs
CY

ss
60

,000.00
,0oo.0o

.25
2.20
1. 10

275 .00
.50

25.00

25.00
11.00
1.50

1r000.00
1. 10
1.10
1.50

15.00
17,500.00

275.00
6,000.00
1,000 .00

200.00

$ 5,000
60 r 000

10.

11.

L2.

13.

L4.
15.
16.

10,280
33,6oo
39,600

257
35,100

874

515
15s

1,050

1
202

2t740
L r67l

180

1
230

1

CY
CY
CY

LS
CY
CY
CY
CY

LS
LF
LS

LS
Àc

2 t57O
731920
43,560
70,675
17,550
21r 850

L2 t875
2 1475
L,575

1, 000
222

3,014
2 r5OO
2,700

17 ,500
63 t250
6r000
1,000

800
s420,035

41,988
41,988
41 -988

1
4

Subtotal
Contingencies 1+ I -tOZ)
Contraõt Administration (+/- 109)
Engineering (+/- 10*)
TotaI

-34-
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VIII. SI'IÍUÀRY

The feasibility of improving lhe d.ischargé - cãpability of

Blacktail Dam has been examined. The d.am site and resenroir is

Iocated on Blacktail creek, approximately 25 miles north of

Ìtilliston, North Dakota, in sections 91 10, 15, and L6, Township

L57 North, Range 101 I{est. The dam was built primarily for

recreation and fish and wildlife propagation and conservat'ion'

Blacktail Dam is located. in a predominantly rural area'

Failure would not result in serious damage to property and/or t'he

loss of a large number of lives. considering this' the dam is

ctassified in the rnedium-hazard category. Based on an embankment

height of 57 feet and a med.ium hazard classification, Blacktail
Dam is classified as a Class IV dam for desíçJn Purposes'

Design events for the various hydraulic structures are as

follows: 1) the principal spillway is to pass the flows of a

50-year l2-hour rainfall event, a So-year 10-day rainfall event'

and a So-year 10-day snowmelt event without the use of a non-

structural emergency spillway i 2) the emergency spillway is to

pass the flows of a 0.3 PI{P extreme rainfatl event within

acceptable velocity linits; and 3) the dam is to pass the flows

of a 0.5 PMP extreme rainfatl event without overtopping'

The resulting hydraulic structure can be described as

follows. The principal spillway should consist of a S-foot by

l5-foot reinforced concrete drop inlet. A S-foot diameter rein-
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forced concrete Pipe extend,s through the embankment' The RcP

consist,s of thirteen 16-foot sections and one 22'fooB section'

The principal spillway will be placed north of the exist,ing

spil}way. A cantilever outlet and plunge pool is designed to

dissipate the energY. There will also be a 1ow-Ievel water

quality control structure to help improve the water quality by

removing stagnant wat,er from the bottom of the reservoir' An

emergency spillway with variable channel bottom and variable side

slopes is located in the north abutment. The existing emergency

spitlway is capable of passing flows due to large events without

overtopping the dam, therefore, modifications
emergency spillway are not recommended' The

exploration revealed adequate bearing capacity to supPort the new

principal sPillwaY structure'

Mod.ifications to the downstream channel and roâdway crossing

must be made in order to facilitate the principal spillway at its

new location. It is recommend.ed that a nelf channel be con-

structed. between the ptunge pool and roadway crossing' À 65-foot

Iong 12 ,-10 "x8 ' -4,, arch pipe will handle f lo¡vs for the roadway

crossing. Ànother channel should be constructed for a distance

of about 300 feet beyond the roadway crossing' to tie in with t'he

existing channel.

The existing 36-inch RCP spillway is a potential hazard and

it is recommend.ed that it be taken out of service' The proposed

alternative for dealing with the existing spillway is to grout

t'o the existing
subsurface soil

-36-



the pipe intake. fn 1989, the original 18-ínch CMP spillway and

4-Ínch low-level outlet were grouted closed as a part' of Phase 1

of this project.

The dam modificationsr âs proposed, will cost $546r000'

Thj-s cost includes $4201036 for constnrction costs and $1251964

for contíngencies, contract ad¡rinistration and engineering'
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IX. RECOüUETÚDÀTIONS

It is recommended that the exÍsting spillway system for

Blacktail Dam be replaced. The recommended alternative includes

a S-foot by ls-foot concrete drop inlet and a new S-foot diameter

RcPmainspillway.Thisspillwaysystemwillpassa
flood without the use of the emerçJency spillway' The

this alternative was estimated at $546r000'

5O-year
cost of

Î}wo other alternatives were also analyzed' À 6-foot

diameter RCP main spillway witl Pass a 100-year flood wit'hout the

use of the emergency spillway. This would provide additional'

but not total, protection for the existing cabins around the

lake. This would increase the cost by 9651000 ($611'000 total) '

Lowering the emergency spillway was also analyzed. I,owering

the emergency spÍtlway 2 feet would reguire a 7-foot diameter RCP

main spillway to meet state standard's. This spillway system is

capable of passing a So-year flood without the use of the lowered

emergency spillway. The additional cost "for this system vras

estimated to be $142r000 ($688,000 total)'

since the project presently meets state l{ater commission

cost-share eligibility guidelines, the commission would consider

cost-sharing if fund.s vfere available- The decision to proceed

with this project Ís the responsibility of the williams county

!{ater Resource District '
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Sf{C Project #560
October 27, 1989

ÀGREEI{BNT
fnvestigation of Improving

Discharge Capacity ofBlacktail Dan

I. PÀRTIES

TIIfS ÀGREEIÍENT is entered into by the North Dakota State
I{ater commission, hereinafter comnission, through its secretary,
David À. Sprynczynatyk, hereinafter Secretary; and the lti1liams
County Water Resource District, hereinafter District, through its
Chairman, Dwight Blikre.

rI. PROJECI, , Àt¡D IÆCÀTION

The District wishes to investigate the feasibitity of rnaking
modificaÈions to B1acktail Dam. The modifications witl.includ.e:
the installation of a larger principal spillway and the possible
enlargement of the energency spillway. À geotechnical survey
wiII be conducted on the embanlsnent to determine its stability.
The purpose of this project is to determine the most cost effec-
tive method to increase the discharge capability of the dam to
meejt .-the current dam safety requirements. The dam is located.
approximately 25 miles north of the city of Witliston in Section
10, Township 157 North, Range 101 I{estr on Blacktail creek in
western Willians County.
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The parties agree
concerning the proposed
conduct the following:

1.

rlr. PRELr¡frNÀRY TNVESTTGATION

that further information is necessar1r
project. Therefore, the Comnission sha1l

study the hvdrol0-gy of the b-asin to dete:r¡ine the frowsfor use in-rhe aËËiô" ãã t¡" nerir princjand the .nodificariãñ-- ü ìnecessary, 11";;i;;" å' ån" "'"=|"rãy"=îtttìiåi,*"îi

3

4

5

2

7.

A field survey of the embankrnentareas i and other pertinent
investigation of the embanlsnentt11ges and engineeringr-p="pãrti""; to

À geotechnical
determine soil

5

Soil tests on samples taken;
À prelininary desemergenc seÐ new prilcip-al spillway andties-oi "."aq. Engineerirq p=ãp";_of rhe e ro derermine rhe étãÈiiily
À preliml"O cost estimate; and

:::iïi: årnif;å'îåiå:ir;:giffi:='"s reporr presenrins the

rV. DEPOSIT-REFT]ND
The District shall deposit a totaÌ of s3r500 with the com_missio¡:. to help def:cay -uhe field costs, the field survey andgeotechnical investigation of the investigation. Upon receipt ofa request from the District to terminate proceeding further withthe preJ-irninary investigation or upon a breach of this agreementby any of the parties, the commission sharr provide the Districtwith a statement of all expenses incurred Ín the investigation

and shall refund to the District any unexpended fund.s.
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V. RTGTITS-OF-ENTRY

The District agrees to obtain written permission from any
affecte'd landowners .for field investigations by the Commission
which are required for the preriminary investigation.

VT. TNDEUNTFICàTION

The District hereby accepts responsibirity for and hord.s the
commission, it.s emproyees and. their agents, and the state Engi-
neer free from all craims and damages to pubric or private pro-
perty, rightsr or persons arising out of this investigation. rn
the event a suit is initiated or jud.grnent rend.ered against the
commission, its employees and. their agents, the District, sharl
indemnify it for any judgment arrived. at or jud.gment satisfied.

VTT. CHÀNGES TO THE ÀGREEI{EIÙT . \

Changes to any contractual provisions herein rrill not be
effective or binding unress such changes- are mad.e in writing.,
signed by both part,ies and attached. hereto.

NORTII DÀKOTÀ STÀTE WÀTER WII,I,IÀIÍS COUTTIY IIÀTER RESOURCEION D
By: %4,À. SPRSecretary

WI

DÀTE:

IKRE

SS:

-? ?3

-3-

DÀTE:

,
¿-1



APPEIÜDIX B - I,OG OF TEST BORTìIGS



LOG OF BORING BRáUN
EXGII¡EERTIIG ÍEST¡IIG
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SCALE: l'= 4'

| \#ater level down 5'
immediately after
withdrawal of auger.

tt Boring then
backfilled.

Tess or Notes
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t2

9

37

BPF

DATE r/3190

BORING:
LOCATION:

Downstream Side - See Sketch

rather stiff.gray, \Ãret, rather soft to

trace of gravel, very dark
coarse

brownish gray,
waterbearing, loose.

very

brown, frozen.
trace

Description of Materials
(ASTM D2488)

CL

ASTM
Symbol

17.0

8.0

0.0
Depth

.8

r.3

2050.3

.8

Elev

PROJECT: NDB90-001
SUBSURFACE EXPLORATION
Blacktail Dan
lVilliams CountY
lVilliston, North Dakota



LOG OF BORING BRáUN
ETG¡IIEERIIIG TESTIIIG

SCALE: l' = 4'
Tests or Notes

r6

r9

l5

l6

t2

9

25

BPF

DATÊ 3/27 /90

BORING: -2
LOCATION:

Top of Ilike - See Sketch

da¡k brownish gray, moist,
seamq
rather stiff to

very stiff.

to very stiff.

stiff.rather stiff to very

dry (Topsoil).
very

Description of Materials
(ASTM D2488)

ASTM
Synbol

32-0

22.0

7.0

1.0

0.0
Depth

2072.1

I

Elev.
2094.r

I

PROJECÎ NDBgO-OOl
SUBSURFACE EXPLORATION
Blacktail Dam
tVilliams CountY
1{illiston, North Dakota

2062-r



LOG OF BORING BRáUN
EIIG¡IIEERTI,IG TESTII¡G

SCALE: l'= 4'
Tests or Notes

I Boring then backfilled
with grout.

lVL

l9

l6

t4

r6

l8

20

BPF

DATE: 3/27/90

cont.BORING:
LOCATION:

Top of Dike - See Sketch

Water level not encountered with 60' of
holtow-stem auger in the ground.

Description of Materials
(ASTM D2488)

moist, rather stiff todark brownish gray,
very stiff.

, sea[ls

ASTM
Symbol

Depth
32.0

Elev

PROJECT: NDB90-001
SI'BSI,JRFACE EXPLORATION
Bl¡cktail Dam
Williams CountY
lVllliston, North Dakota



LOG OF BORING BRáUN
EI{G¡ I¡EERT IIG TEST I I¡G

SCALE: l' = 4'
Tests or Notes

t7

ll

l3

t2

l5

3l

7

BPF

DATE 3/27190

BORING: T-
LOCATION:

Lake Side - See Sketch

grayish brown, moist, stiff to very
, sgalls

stiff.

medium to rather stiff.
gray

olive brown, frozen.

moist, rather stiff to stiff.
, very

Description of Materials
(ASTM D248E)

ASTM
Symbol

32.0

22.0

12.0

0.0
Depth

3.0

2060-2

Elev

PROJECT: NDB90-001
STJBSURFACE EXPLORATION
Blacktail Dam
lVilli¡ms County
lVilliston, North Dakota

2050.2



LOG OF BORING

END OF BORING.

Water level not encountered with 40'
hollo\¡r-stem auger in the ground-

Boring then backfilled.

BR'îUN
ETG¡X€EN¡XG TESTIIIG

rf

SCALE: l' = 4'
Tess or Notes

r8

r9

BPF

cont.BORING:
LOCATION:

Lake Side - See Sketch

DATE: 3127190

grayish brown, moist, stiff to very
, sea[ls

stiff.

Description of Materials
(ASTM D24EE)

ASTM
Symbol

DepthElev

t.7

PROJECT: NDB90-00r
SUBSURFACE EXPLORATION
Bl¡cktail Dam
Itilliams CountY
lVilllston, North Dakot¡



ÀPPENDIX C - IÀBORATORY TEST RESIILTS



SRAUN ENGINEERING TESTING OF NORTH DAKOTA' INC.

CLASSIFICATION OF SOILS FOR ENGINEERING PURPOSES
ASTM Designation: O 2487

REPORT OF TESTS OF SOILS SAI{PLES

BlackÈail Dam Test Boring No.

NDB90-001 County: I{i1lians

IProject Nane:

Project No. :
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1.

2.

3.

4.

BTBLIOGRÀPEY

Moum, R. À., D. L. Frink, and E. J. Pope, North Dakota DamDesisn Handbook, office of the North Dakota state Engineer,
Second Printing, June, 1985.

Soil Consen¡atÍon Sen¡ice, U.S.D.À., Bismarck, North Dakota,Hydrology Manua1 for North Dakota.
U.S. Army Corps
Packaqe, September

of Engineers,
, 1981.

HEC-1 Flood Hydrograph

U.S. Àrmy Corps of Engineers, HEC-2 Tlater Surface Profiles,
September, L982.




