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1. INTRODUCTION

The area around Chain Lake, Lake Alice and Lake Irvine has a

history of flooding problens. These are due mostly to sheet flooding
caused by spring runoff which raises the iake levers. To help remedy

this problem, it was suggested that the control structure at the outlet
to Lake Irvine be modified to allow more flow out of the 1ake. rt was

recognized that these increased flows could cause flooding problens

along Lower Mauvais Coulee between Lake Irvine and Devils Lake.

0n October 12, 1979, the North Dakota State Water Corunission

entered into an agreenent with the Devits Lake Joint h¡ater lr{anagernent

Board. The purpose of the agreement t{as the development of water

surface profiles along Mauvais Coulee and portions of its tributaries.
These profiles will aid in determining the effect of existing channel

conditions and structures on selected flows. A copy of the agreement is
included in Appendix A. The original agreement ca1led for the investí-
gation of Mauvais Coulee fron Lake frvine to Pelican Lake. On April 30,

1980, the original agreement was arnended to expand the study area so it
extended fron Lake Irvine to the road across Devils Lake four miles east

of the city of Minnewaukan.

The total length of Mauvais Coulee included in this study is 23

ni1es. Figure 1 is a general map of the area showing the location of
Chain Lake, Devils Lake, Channel A and the Lower lr{auvais Cou1ee.

I]. DESCRIPTION OF PROBLEM

The Devils Lake Basin is a closed drainage basin with a total area

of approxinately 3,800 square miles. Lower Mauvais Coulee, at the outlet
of Lake Irvine, has a drainage area of nearly 2,000 square mi1es.
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Little Coulee is the only major tributary to Mauvais Coulee below Lake

Irvine and has a drainage area of approximately 400 square miles.

Á nain problem in the basin is danage to agricultural crops by

sheet flooding. In the spring, flood waters raise the levels of the

nany lakes and sloughs and inmdate thousands of acres of adjacent

cropland. Table 1 shows the area of various lakes at the outlet ele-
vation, the rneandered elevation, and the 1979 flood 1eve1. Approxirnately

16,000 acres of deeded land were flooded between Dry Lake and Lake

rrvine in 1979. rn addition, another 1,500 acres of deeded land were

flooded between Pelican Lake and Devils Lake in 1979. Due to Channel 'rA'r,

flooding in 1979 was less severe than in 1974. It was estimated that
19,000 acïes of deeded land were flooded between Dry Lake and Lake

frvine ín 7974 and that 13,000 acres were flooded in 1969.

TABLE 1

Lake Surface Areas

OutreJ \Ieanderefl
Acres Level AcresLake

Dry
Mikes
Chain
A1 ice
Irvine
Pelican
Oswalds Bay
TOTALS

1979 Peak
Level Acres

1451.0 7, 500
3/
3/
5/

22,00fl
2,I50
l,100

32,750

Leve 1

144s. 0

1443.0
r44r.6
744L6
I44I.0

4,450
600

1, 000

2, 800

3,400

1446.5
1445.6
1443.2
1443.2
I44I.0
1435. 0
143s. 0

5, 500

9s0
1,050
3,500
3,700
r,100

650
16,450

1447 . r

t436.6
143s. 0

Vff," Ievel at which the lake will discharge to another aïea. The level shownis only approximate and may change from year to year.
)/ia'The 1evel at which the lake was meandered. The 1eve1s shown are estimates.
alJDuring flood periods, these lakes are noïnaliy joined. The acreage shownonly includes the flooded land that became part of one of the lakes. It doesnot include all flooded farmland.
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CIi{NNEL rrArr

Channel ttA, was constructed in 1978 by the Ramsey Coutty and Cavalier
County lVater Management Boards. The channel connects Dry Lake to Six
Mile Bay on Devils Lake. Its intended purpose r{as to decrease flooding
in the upper lakes area by moving the water into Devils Lake rnore quickty.
Under natural conditions, the water rnoved from Sweetwater-Morrison Lakes

to Dry Lake to Mikes Lake to Chain Lake and on to Lake Alice and Lake

Irvine. Lower lr{auvais coulee connects Lake rrvine to Devils Lake.

Channel 'rAtr divides the watershed into tr^Jo sections. Lake Sweetwater,

Lake Morrison and Dry Lake now outlet into Channel rrAt'. The renaining
lakes still follow the natural watercouÌse.

A control structure has been proposed for the natural outlet of Dry

Lake into Mikes Lake. The proposal includes an earth embankment with an

overflow spillway at elevation 1449.5 msI. No water would be able to
flow to Mikes Lake until Dry Lake reached 1449.5 rns1.

The operating plan for Dry Lake and Channel ilAil requires that Dry

Lake be drawn down to elevation 1445.0 each fall. The Channel ,,4'r

control gates would remain open during the winter months and also during
the snowrnelt period. These gates could be ternporarily closed after the
peak flood period. Details of the Channel "Arr operating plan are in-
cluded in Appendix B.

III. ENGINEERING ANALYSIS

STUDY PROCEDURES

To begin with, the historical flood conditions were determined by

defining historical lake levers, discharge rates and acres flooded.
Next, a base condition was found by estimating the 1979 flood levels

4



that would have resulted if Channel 'rArr would have been fully operation-
a1. rn order to estinate the flooding impact, some field data was

necessary. Therefore, a topographic survey was conducted. This survey
included the measuring of stream profiles, cross sections, and structural
details along Lower Mauvais Coulee.

After the stream characteristics were measured and the historic
flood leve1s were studied, water surface profiles were deveroped. The

profiles were developed with the use of the corps of Engineers water
Surface Profile Program, HEC 2. This program was used to develop flood
profiles along Lower Mauvais Coulee of the 1"979 historical flood. Flood
level infornation for a flow equal to half the 1979 flood, approximately
the 25 year flood, was developed. rn 1979 channel 'Arr was not fu1ly
operational. Therefore, flood 1evels were calculated along Lower Mauvais

Coulee assuming Channel rrArt to be fully operational. Flood 1evels were

also estirnated for the case in which various stïuctural and chalnel
modifications were inplemented along the coulee.

Using the water surface profiles, the inpacts of the flood leve1s

resulting from the alternatives were evaluated. These irnpacts were

studied for the entire area fro¡n Dry Lake to the lulinnewaukan Flats
portion of Devíls Lake. Next, the cost of these alternates was estimated.
Then, after considering the inpacts on flood levels and the costs,
recornrnendations for channel improvement along Lower Mauvais Cou1ee were

made.

HISTORICAL FLOOD EVENTS

The 1979 flood in the Devils Lake Basin generated the greatest
volurne of runoff since record keeping began. It increased the storage
ín Devils Lake from 461,000 acre-feet in April of 1979 to 746,000 acre-

5
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feet by Septenber of 1979. Based on the annuar lake fluctuations
recorded since 1867, it appears unrikely that the 1979 volume was

exceeded in the years between 1867 a¡rd 1980. The total storage in
Devils Lake has been increased by 100,000 acre-feet in only four years

since 1930. In 1979 the storage was increased by 28s,000 acre-feet.
The increase in storage was 200,000 acre-feet in 1974,120,000 acre-feet
in 1950 and 100,000 acre-feet in 1969.

The 1950 rr.noff may have been the second largest volume produced

over the entire basin. However, in 1950 rnany of the vrretlands and lakes
in the upper basin were low or dry and the area around then was r:ndrained.

As a result, a lower percentage of the total runoff reached Devils Lake.

BASE FLOOD

The Devils Lake Basin has undergone too many changes to accurately
define the 25 year and 100 year floods from historical data. For this
leason the 1979 flood was considered the base flood rather than the

typical 100 year event. Since it provided the highest volume of inflow
to Devils Lake since 18ó7, the 1979 flood may be approximately equal to
a I00 year flood. The total flow in Lower Ì,fauvais Coulee in 1979 was

170,000 acre-feet. Channel trArr carried an additional 56,000 acre-feet.
Therefore, the area above Lake rrvine contributed a total inflow of
226,000 acre-feet.

The state lVater corunission normally requires all bridges to be

designed for the 25 year flood. For purposes of this study, a frood
equal to 50 percent of the 1979 base flood was used to appïoximate the
25 year event, This 25 year base flood was used to determine the needed

structure sizes of the streafl crossings. Its magnitude is larger than

the 1969 flood but snaller than the flood of 1974. hlith channel "4,'

6



fu11y operational, a 25 year flood would result in a peak 1evel at
Lake AIice-Irvine of near 1445.2 nsl. A 2s year flood would yield
a peak discharge from Lake Irvine of 700 cfs, and the flow below the
confluence of Little Coulee would increase to 900 cfs.

channel 'rArf was only operated for part of the year in 1979 (Appendix

D shows the discharge of channel ,At in r97g). rn addition, the
proposed control structure across the natural outlet of Dry Lake has not
been constructed. Therefore, to accurately assess the inpacts of any

proposed changes to Lower Mauvais coulee, it was necessary to adjust
the 1979 flows to reflect ful1 operation of channel "A" according to
the proposed operating p1an.

Table 2 sumrnarizes the historical and projected flows at Dry Lake

and Lake frvine for a 1979 equivalent nrnoff.

TABLE 2

1979 Streanflow at Dry Lake with Charutel nAil

I979 Historical Channel A Fu11y Operational
Inflow
Channel trA?r Outflow
Natural Outlet Flow

1979 Strearnflow at Lake frvine with Channel ilArt

1979 Historical Channel A Fully Operational

80,00
56, 00
24,00

170,000 a. f.
1,030 cfs

0 a.f.0 a.f.
0 a.f.
0 a.f.

0 a.f.
0 a.f

80, 00
75,00
5, 00

Inflow
Natural Outflow

15I,000 a. f.
1,000 cfs

HYDROLOGIC INVESTIGATION

Seventeen crossings exist on Lower Mauvais Coulee between Lake

frvine and Devils Lake. These structures aïe generally inadequate to
pass a flood equal to that of 1979. Table 3 lists specific details of

7



the structure. Figure 2 is a map of the study area showing the stTucture

locations.

In 1979, the peak discharge from Lake Irvine was 1030 cfs. Below

the confluence with Little Coulee, the peak discharge on Lower Mauvais

Coulee was 1400 cfs. Figure 3 shows the water surface profile of the

1979 historical flood from Lake Irvine to the upper end of Pelican Lake.

Figure 4 shows the 1979 water surface profile from Pelican Lake to the

end of the study area. The figures also show the water surface profiles
of the 25 year base flood.

A combination of high strean florr's and high backwater caused by

downstrean conditions resulted in the overtopping of several roads in
1979. The following roads crossing Lower Mauvais'Coulee were overtopped

in 1979:

1
2
3
4

Structure No.
Structure No,
Structure No.
Stmcture No.

1 - Lake Irvine Outlet Road
2 - OId Highway #2
6 - Benson County Road
14 - Bridge Below Pelican Lake

Minnewaukan Road would have overtopped in 1979, had the roadway not

been cut to decrease upstrean flooding problens.

Six crossings caused at least six inches of backup water during the

1979 ftood. Structure number six is a 26-foot long bridge that l^/as over-

topped and increased the water level by about six to eight inches.

Structure number eight consists of seven 5tx 7t culverts. The inverts
are at varying elevations. These culverts increased the water surface

elevation 1.8 feet and are the greatest restriction between Lake Irvine
and Pelican Lake. Structure number nine is a 27 foot long bridge that
caused a seven inch increase in water levels. This bridge is high

enough but too narrow for high flows. The r^¡ater levels increased approx-

imately six inches behind structure number ten, a 47-foot long bridge.

8
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Structure
Number

General
Description County

Roadway
E lv.
ms1

Low Chord
E 1v.
ms1

1979
IVater Level

ms1

TABLE 3 - STRUCTURE DESCRIPTIONS
LOWER IVIAUVAIS COULEE

LegaI
Description

S-T-R
Type

I1lidth
Feet

Deck
E lv.
msl

I Lake Irvine
Outlet Road

Old Highway 2

BurI ington
Northern

South FIwy. 28I

Soo Line R.R.

Below Pelican L.

Highway 19

Trail Bridge

Minnewaukan Rd.

32-tS6-66
5-1s5-66

s/8-rs5-66

7-1s5-66

7-155-66

7 -Iss-66
12-Iss-67

12/ L3-Iss-67

23/24-rss-67

23/26-1ss-67

26/ 3s-rss-67

2/ rr-rs4-67
t r/ 12-rs4-67

12/ 13-rs4-67

L3-rs4-67

2r/ 22-rs4-66

s4=rs4-66

10-1s3-66

16/r7/20/2r
153-66

Concrete Bdg. 761

R. R. Bridge
Concrete CuI.

Bridge
CMP Culvert

Concrete Bdg.
Concrete Cu1.

Wooden Bdg.

Concrete Bdg.

Concrete Bdg.

CMP Culverts

Wood Bridge

Bridge

Concrete Bdg.

Bridge

R. R. Bridge

Bridge

Concrete Bdg.

Bridge

CMP Culverts

Ramsey

Ramsey

Ramsey

Ransey

Co. Line

Benson

Benson

Benson

Benson

Benson

Benson

Benson

Benson

Co. Line

Co. Line

Co. Line

Co. Line

271

471

581

5gl

106 |

381

521

381

1449. 0

r44s.7

1449. 5

1448. 0

1444.6

1444.r

1446.s

1440.7

r44s .6

1436.6

1436. 0

1430. 0

1428.3

1445 . 5

1449.6

1444.6

L444.0

1446.6
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A six inch water surface 1eve1 increase also occurred across structure
number eleven, the S8-foot long south itighway 281 bridge. structure
number sixteen is a 58-foot long bridge that increased urater levels
about eight inches. This eight inch increase does not cause any sub-

stantial flooding on private land. The area above the bridge is
neandered at approximately elevation 1435.0 msl or five feet above the
1979 water level.

In addition to roadway structures, there aïe several channel re-
strictions along Lower Mauvais Coulee. Major channel restrictions exist
between the north Highway 281 bridge (structure seven), and the con-
fruence with Little coulee. Several small trees are in the channel
along this stretch of the coulee. In addition there ate some 1ow flow
channel crossings. This areats most significant restrictions are
located in the south half of section s5, Township 155 North, Range 67

West. The two mile long reach of channel above Pelican Lake is partially
choked with ta1l cattails and grasses. This channel is not able to pass

a 1979-type flow. The greatest channel btockage occurs between pelican
Lake and Oswalds Bay, south of Highway 19. rn this area the vegetation
is six to eight feet tall and almost completely blocks the f1ow. During
high flows, the water 1evel rises in this marsh until the water flows
around the outer portions of the taIl vegetation. This reach like1y in-
creases water levels from three to five feet during al1 flows.

IV. ATTERNATIVES

Since there are several problem areas along Lower Mauvais Coulee,
a phased project is suggested. The phase one plan would include projects
that would provide the greatest benefits. Phase two wouLd provide addi-
tional flood relief but would involve several projects and considerable

- 13-



cost. water surface profiles for phase one are shown on figures s and

6. Those for phase two are shown on figures 7 and g

PHASE ONE

The first proj ect considered under phase one is the replacement of
the culverts along the Normania School Road, stïucture number eight.
These culverts should be replaced by a bridge. The bridge would have a

30 foot channel botton with 2:1 side slopes. Its length would be about

66 feet and its net flovÌ area wouldbe 427 square feet. The low chord
of the bridge should be at elevation 1446.0 ms1. This would mean the
road would have to be raised about a foot to natch the new bridge deck.

The length of roadway affected would be about four hundred feet. This
project would cost $r49,000. Appendix c shows the cost breakdown for
this and the other proj ects.

A 1ocal proposal for Mauvais Coulee improvement is to install one

of the ten foot diameter culverts from Channel trArt Railroad Crossing in
the Normania School Road. T?re total area of the seven culverts is about

185 square feet. The ten foot culvert would add a¡rother 75 square feet
for a total of 260 square feet.

The ten foot cul-vert addition would be less than recommended above.

However,it would nake the Nornania Crossing approximately equivalent to
the 26 and 27 foot structures number six and nine. These bridges are

recommended for replacement or removal r.rnder the phase 2 plan. There-

fore, the decision to install the ten foot culvert depends upon how much

inprovement is desirable or economically possible. The ten foot culvert
addition is adequate for a Phase one improvement leve1. The culvert is

-r4-
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not adequate for the Phase two plan and replacement with a bridge would

become a high priority project.
If the ten foot culvert is installed, the bottom of the culvert

should be placed at 1434 msI, approximately two feet below the existing
channel bottom. This will enable the culvert to flow full during a

large flood event. The existing top of roadway is at 1445 msl and

installing the pipe at 1434 msl would leave about one foot of cover
without raising the top of the roadway. This project would cost about

$12,500.

About three miles of Lower Mauvais coulee need to be snagged and

cleared. This area is located between structure number seven and the

confluence with Little Coulee. The project would include the removal of
all trees below the high water mark in the coulee, the cutting oï burn-

ing of cattails and tal1 grasses in several areas, and a smal 1 amor.rnt of
earthwork to remove low flow crossings and other obstructions. The

remains of a small dam just below the confluence of Little Coulee should

have additional material removed. rt is estimated that this project
will cost $12,000.

At present the 4.5 mile channel below Pelican Lake severely retards
the flow of water. This area is overgrown with vegetation six to eight
feet tall. A pilot path through this dense growth should be developed

to increase flows. This path would be about 75 feet wide. Developing

this path would require that the vegetation be dredged out oï cut.
Dredging would be a costly operation that would probably be uneconomical,

Cue to the fact that it would have to be done in accordance with Section

404. The dredged material would have to be rernoved frorn the area and

deposited elsewhere. Because the area is a rarge slough, it would be

very difficult to get the necessary equipment into the area where the
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pilot path would be dredged. Possibly the best solution would be to cut
the vegetation after the water freezes and before the area gets snowed

in. This cutting and clearing project would cost about $12,s00.

PHASE TIVO

The phase two plan involves some rather expensive structural
nodifications arong Lower Mauvais Coulee. All these projects need

not be inplemented at one ti¡ne. rnstead they could be constructed
over a nurnber of years. The following paragraphs outline a plan for
naking various improvements after the inplernentation of the phase one

projects. These projects will be discussed in the order of their
importance. Many of then are located by referring to structure nur-
bers. Figure 2 shows the project area a¡rd identifies the various
structure locations.

Structure number six is located between Sections 12 and 15, Town-

ship 155 North, Range 67 west. This 26 foot bridge was overtopped in
1979. ff a new bridge is constrructed on the Normania School Road, the
increased flow would cause substantial problerns affecting the safety of
this bridge. The bridge would have a 50 foot wide bottom wirh 2:1 side
slopes. The width across the top of the channel would be about 66

feet resulting in a net opening of 427 square feet. The elevation of
the 1ow chord of the bridge should be 1446.5 msl. This will require
that the roadway be raised about four feet at the bridge. The road

raising will affect about 500 feet of roadway. Estimated cost of this
project is abour $I55,000.

It nay be possible that the crossing at structure nunber six could
be abandoned. rf abandonment is acceptable to the county, the bridge
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could be completely removed. Any fill material used for the bridge
approaches should be removed to eliminate restriction in the channel.

This project would cost about $10,000.

Structure number nine should be replaced or, if acceptable to the

county, removed completely. Located between sections 26 and 35, Town-

ship 155 North, Range 67 West, this 27 foot tong bridge has adequate

height, but its narrow span will cause a water surface leve1 increase of
approximately six inches during a 1979 equivalent flood. The new bridge
should have an opening of at least 400 square feet and a minimum low

chord elevation of 1445 msl. The roadway will have to be raised about

3.4 feet at the bridge so it will match the new bridge deck elevation.
Constructing the new bridge along with the necessary road raising and

other miscellaneous items would cost about $151,000. Conplete removal

of the bridge without replacement would cost $10,000.

If a pitot path is developed below Pelican Lake, a larger bridge

should be constructed where the existing structure number fourteen is
located. This 38 foot bridge is located below Pelican Lake bethreen

Sections 2I and 22, Township 154 North, Range 66 West. A new structure
is needed here to allow increased flow to go from Pelican Lake through

the phase one pilot path in the dense vegetation. The bridge should

have a 45 foot channel bottom with 2:1 side slopes and a top width

of about 82 feet. The net opening under the structure should be 550

square feet and the 1ow chord elevation should be 1437 ms1. The bridge

deck elevation would have to be around 1440.5 msl. Also, approximately

3,000 feet of would be raised to 1438 msl. At the bridge the road would

rise to match the bridge deck and then go back to elevation 1438 msl.

The cost of this project is estimated to be about $22I,000.

-2r-



It may be possible to abandon the crossing and have the bridge
completely removed, at a cost of about $10,000.

To control releases from Lake Irvin , a control stlucture should be

constructed across its outlet. This structure would be a weir 75 feet
wide and will cost about $51,000.

Water levels at the Lake Irvine Outlet road, structure number one,

urere at elevation 1447 ns1 ín 1979. Therefore the road should be raised
to elevation 1448. This roadway raising will involve 5,s00 feet of
road. Raising the road will channel all discharges from Lake Irvine
into the existing dikes, resulting in controrled releases from Lake

frvine. Allowing the road to be oveïtopped does not increase the flovr
from the Lake, as all of the flow must still pass through the downstrearn

bridges. The existing structure number one woul-d also have to be

replaced if this road is raised. rts replacement should have a flow
area of 400 square feet and a 1ow chord elevation of 1447 msl. The road

profile will have to be raised a couple feet above 1448 at the bridge to
natch with the new deck elevation. This project will cost about $2S0,000.

If acceptable to the county, this road could be abandoned and the exist- !

ing structures removed. The control weir would be constructed along the
roadway centerline. To restrict discharges fron the Lake to only the
outlet weit, the o1d road would have to be raised to 1448 msl and used

as a dike. This woutd cost about $114,000.

The dikes located between Lake rrvine a¡rd Highway 2 should be

raj-sed to elevation 1448 msl. Natural channel capacity in this area is
inadequate to handle natural f1ows. The existing dikes are adequate in
certain areas but need improvements. These dikes wilr not function
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properry unless the road below Lake Irvine is raised and a contTol

structure constructed to di-rect water into the dikes. Gated culverts
need to be installed through the dikes to al1ohr the land outside of the

dike to be drained into the coulee. These dikes along with a Lake

Irving control structure would keep approximately 1,000 acres of farm-

land betow the lake relatively free from flooding. The cost of this
project would be around $182,000.

structure nurnber two is the old Highway 2 bridge. This 76-foot
long bridge is adequately wide but is too low. Both the bridge and the

o1d highway were inundated in 1979. This structure should be replaced

or, if acceptable to the county, removed conptetery. The new bridge
would be about the same length, but its 1ow chord elevation would be

raised to elevati-on 1447. Therefore, the road would have to be raised
about 2.6 feet at the bridge. The length of roadway affected would

be about 800 feet. Replacement of this bridge would cost an estimated

$182,000. Conpletely removing the bridge would cost about 8L2,000.

The 47-foot long bridge located between Sections 2 and I1, Township

154 North, Range 67 llest is structure number ten. This bridge is a

little narrow and lorr' to pass a flood equal to the one in 1979, when

effects of upstream improvements suggested in this report are considered.

Therefore, this bridge should be replaced with a wider and higher one.

This new bridge should have an opening of 550 square feet with a width
of 82 feet. To natch the new bridge deck the road wilr have to be

raised about 2.5 feet. This will involve about 500 feet of roadway and

cost an estinated $182,000. However, replacement of this bridge is not
considered a high priority project.
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Between structure number el-even (south Ilighway 281 bridge) and

Pelican Lake, the channel should be enlarged to decrease the arnount of
backwater. This enlargement would not increase the flow fron Lake

frvine, but would lower the water levels along this reach of Lower

Mauvais Coulee. The channelization would include a channel with a

bottom width of 40 feet and having 3:1 side slopes. Estimated costs of
this project are about $50,000.

Structure nurnber seventeen is located on a county road, referred to
as the Minnewaukan Road, heading east out of the city of Minnewaukan.

The crossing presently has thirteen sma11 dianeter culverts through the

road. Their capacity is extremely inadequate to pass a large flow
without a buildup of water behind them. The road would be overtopped by

a 25 year flood. This road vias cut in 1979 to increase flow into Devils

Lake. It is suggested that a bridge wj-th a 550 square foot opening be

constructed to replace the culverts. The roadway would probably have to
be raised two or three feet so the bridge is able to pass high flows.

This project is estinated to cost about $180,000. It is recommended

that this proj ect be given a low priority because the roadway top is at
elevation 1428 msl, seven feet below the meander level of 1455 rns1.

Although the crossing as it exists increases the water Ievel, it does

not result in the flooding of any deeded land. The sewage lagoons for
the City of Minnewaukan will not be impacted since the top of the dikes

are at elevation 1436.5 ¡nsI and the bottons of the lagoons are at about

elevation 1431 msl.

The Highway 19 bridge, structure number 15, should be raised or

replaced. In 1979 the structural steel for this bridge was r¡nder water.
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The low chord should be at elevation 1435 msl. To raise the bridge
would require that the area around the old footings be excavated so they

could be enlarged. Numerous piling would have to be driven to provide a

base for the jacks that would raise the bridge. AIso, the steel bearns

would have to be jackharunered out of their bearing spot in the existing
abutment and the rebar cleaned. After raising the deck, the abutment

wall would have to be enlarged and the deck would have to be reset into
the abutnent. This work may be difficult to do due to the conditions in
the field and the smal1 amor¡rt of room r.mder the bridge in which to
drive the temporary piles. In cases like this, the Highway Department

usually prefers to replace the whole bridge. This would allow a safer
bridge to be instalred. whether the bridge is raised or replaced, the
roadway will have to be raised about 2.5 feet at the bridge. This would

affect 1,800 feet of highway. To raise the bridge and do the necessary

roadwork would cost $208r000; to replace the bridge and do the necessary

coadwork would cost about $32S,000.

V. DISCUSSION OF IMPACTS

The irnpacts of the phase one and phase two alternatives are shown

in tables 4 and 5. These alternatives do not significantly reduce the

flood peaks of the Chain Lakes area. The combined inflows into all of
the lakes are far above the capacity of Lower Mauvais Coulee. As a

result, the initial flood waters will increase the lake levels and cause

a certain amount of flooding.
With Channel rrA't fully operational and with the implenentation of

certain channel improvements, lake leve1s can experience significant
decreases a few weeks after the main peak occurs. For example, on May

8, 1979, Lake Alice peaked at L447.1 msl. On June 2, 1979, the lake

leve1 h/as stilL at 1446.3 msl. If Channel "4" would have been fully
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t
3
4

5

6

Peak Di.seharge f,ron take lrvine
Peak Elevation of Lake Alice
Level of Lake Al.ice 30 days afte,r peak
Peak Elevation of Pelican Lake

Doeded ,Acres in the Chain Lakes Area
Flooded at the Peak

Deeded A,cres -in the Chain Lakes Area
Flooded 30 days after the Peak

Deeded Acres Floodod Around and BeLow
Pelican Lake

TABTE 4

IMPACTS OF A ].OO YEA[{, FTOOD

1 Historical
L,030 efs

1447,1 ms1
144ó.3 msi
1436.6 nsL

15r400 acres

10r400 acres

l",500 ac?es

1979 Flood Flow With
Phase I Proi.ects Phase 2 Projeets

1,200 cfs
1.446,8 lnsl
'!,445.5 nsL
1435.5 msl

12,1.00 acres

8,000 åeres

850 acres

J-,350 cfs
L446"6, hsl
1445.0 ns1
L455.5 ns1

10,800 acres

5,800 acrÊs

850 aeres

It\)o\
I
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L. Peak Discharge f¡om Lake lrvine
2. Peak ELevation of Lake Alice3, Level of Lake ALice 50 days after Peak4. Peak Elevation of Pelican Lake

TABLE 5

IMPACTS OF A 25 YEAR FLOOD

Existins Conditions

650 cfs
1"445.4 ns1
L446.6 msl.
1436 . 0 ursL

7 1740 acres

5r 500 acres

L,000 acres

25 Year
Phase I Projects

750 cfs
1445. L nsl
1444.1 ms1
L434.5 ns1

6,800. acres

3,800 acres

500 acres

Flood With
Phase 2 Proie.qts

850 cfs

1444
144s
L434

5,600 acres

2rZQ\ acres

50CI acres

5

6

7

Deeded Acres in the Chain Lakes A:rea
Flooded at the Peak

Deeded Acres in the Chain Lakes Area
Flooded 50 Days Af,ter the Peak

Deeded Acres Flooded Around and Below
Pelican Lake



operational, and if the phase one projects had been constructed, Lake

Alíce could have been rowered to r44s.5 msl by June 2, rg7g. with the

inplementation of the phase two projects, the lake could have been

lowered another six inches by June 2, 1979.

channelttAt', along with the phase one and phase two projects, will
show greater reductions for flood flows less than those that occurred in
1979. For exampre, the phase one and phase two projects together would

result in a 60eo reduction in the acres of private land flooded by a 25

year event. During a 100 year flood the phase one and phase two im-

provements would result in a 45% reduction in the acres flooded. These

acres are those that are stil1 flooded thirty days after the main peak.

This increased reduction in acres flooded during the 25 year flood
compared to the 1979 historical flood is due to the ability of Channel
I'Arr and Lower lvfauvai-s Coulee to pass a larger petcentage of the total
volume of water nrnning off during the 25 year flood.

VI. Suì,fNfARY

Flooding is a major problen in the Devils Lake Basin. rn 1979

nearly 15,000 aclres of private land were intrndated between Dry Lake and

Devils Lake. Virtually aII the structures located on Lower Mauvais

Coulee are rlnable to pass a flood equivalent to the one in 1979 without
causing some backwater. The Nonnania School Road, structure nurnber

eight, is the greatest restriction between Lake Irvine and Pelican Lake.

rn 1979 it backed up 1.8 feet of water. Highwater stages aror:nd and

below Pelican Lake are caused mostly by the dense vegetation in oswaldrs

Bay.
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To help reduce the arnount of flooding, a two-phased project is
proposed. Phase one includes projects that would provide the greatest
benefit. Phase two would provide additional flood relief, however, it
involves numerous projects having considerable costs. Table 6 is a 1ist
of the phase one and phase two projects and their costs. The projects
are listed in their order of irnportance and should be constructed in
this order. channel 'tA" significantly reduced the nunber of acres

flooded in 1979. With fu1l operation of the channel, additional flood
reduction will occur regardless of the changes made to Lower Mauvais

Coulee. It is not possible to elininate flooding on all deed.ed 1and.

Even with replacement of all structures along the Coulee and significant
channel nodifications, certain private lands would be flooded, d,ue to
the low rneandered elevations that ex1st.

It is recommended that several channel and structural improvements

be nade along Lower Mauvais Coulee. These projects should be developed

in the two phases as described in this report. They should be con-

structed in accordance with the priority guidelines discussed in this
report and summarized in table 6. It is also reconrnended that the local
officials consult with the State l{ater Commission staff before under-
taking any of the recommended projects. Additional information can be

obtained at this time on a site specific basis.
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TABLE 6

PRELIMINARY COST SUMI'IARY

ITEM

PHASE ONE IMPROVEI"IENTS:

Replace Culverts with Bridge
on Normania School Road

14. Install 10r diameter Culvert from ChannelI'Arr at Normania School Road Crossing

2. Snag and Clear 3 niles of Coulee

3. Develop Pilot Path below Pelican Lake

PTTASE TWO IÙÍPROVET{ENTS:

1. Phase ûne Improvements

2 Replace Structure #6
Removal Only of Structure
Replace Structure #9
Removal Only of Structure
Replace Structure #14
Removal 0n1y of Structure

COST

$ 149, 000

12,500

12, 000

12,3OO

$173,500

155,000
10,000

3

4

151,000
1 0, 000

5.
54.
58.

75t Lake Irvine Control Structure
Replace Structure #1 and Raise Road
Remove Structure #1, Install Control
Structure and Raise Road as a Dike

Replace 01d Hwy. 2 Bridge
Removal 0n1y of Structure

22I,000
1 0, 000

51,000
230,000

114,000

182,000

182,000
12, 000

182,000

50,000

6. Raising Dikes Between Lake Irvine & Hwy. 2

7

8. Replace Structure #10 (Low Priority)
9. Widen Channel Between Crossing #11 & Pelican Lake

10. Remove Culverts, Install Bridge on Minnewaukan
Road (Low Priority)

-30-
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PRELIMIN.A,RY COST SU¡/&ÍA.RY (Cont' d)

ITEM

11. R"aise Highway 19 and the Bridge (Low Priority)
Raise Highway 19 and Replace tn-e Bridge

(Low Priority)
tr2, Remove the Trail Bridge in Sec. 10-159-ó6

SOME PROBABLE PROJECT COMBTNATIONS:

1. Phase One Costs

2. Phase Two Costs Without Phase One And
Assume Replacing Bridges and DoingAll the Projects

cgsr

208, 000

325,000

6,500

$173,300

$1,917,500

$2, 090, 900

$t ,425,900

$1 
" 
401, 8oo

$734,800

3. Phase Two Costs With Phase One And
Assume Replacing Bridges and DoingAll rhe Projeers

4. Phase Two Costs With Phase One And
Assr¡ne Renoving the Unimportant
Bridges

5. Phase Two Costs With Fhase One And
A.ssume Replacing the Bridges And
¡iot Doing the Lsw Friority Projects

6. Phase Two Costs lt¡ith Phase ûne A¡¡d
Assume Removing the tl:rimportant
Bridges and Not Doing the Low
Priority Projects
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APPENDIX A

PRELItrI]NARY INVESTIGATION AGREEMENT



APPENDIX B

CFIANNEL t'Art OPERr\TING PLAN



À(;P.iiÐi.lI]¡¡T
(h¿ru:el À C!:erati_r.:,J pl.-rr

I - P;\F.I_IES

Tilrs ¡'Gir'if:'Fìi¡ is b-:i--rçeen *.he lbr+-h D,-kcla statc l.;¿ier Ccxnrissic;r,
ae-"-j-:rE tiro'-lgÌr tji= ì.b::tl'r Dr-:c',:¡. si--.ìte lìi:;inc+::, i,,,:::-:. idyi .tj-ic ?:xî.s?1,
county l{ater ì'iaulaEa:e-'rl Di strictr acti-n3 tÌrrou-;h its cìlrjrr,"rn, p.cb-._rt
GarsÌ<e; ¿rrd the Caval_ier Cor:nty t,iater LirnaEa*_nt District, actj::g ttrrough
its chain-na:l, Russ Schroecl-_r-

ÏI. IÌITNJT fu\D PL]?POSE

In L977, the State Ergineer, the Ra.nsei, Colr.-rty t.,,,ater l.lanagerent
DisF-rict' a-nd 'i--he ca'¡alier coLnt¡' l'iater r,Þ-r-raga;crr,; Lìj-s-,rict ::;iter¿-J. j_¡ric
a¡ agreejÌìerlt en-iitled "cost participation B-y the liorth Þ:kota state
water corr¡rússion for the construction of c:.sure|,A,, i_rr Rarnsey cor:ntyr -
Pursuant to the 1977 agreern^srt, the state l.Iater con.ission granted.
$600'000 to the Ran'sey a'd' cavarier- k-ater Þi.anagan:*rt Dis',-ricts as par1ial
fr::rding for the Cna¡rnel "A" project, rvhich \v?.s subseqìJentJ_y co:rstructeC
b1z the Rarsey a¡'J ca'¡aLier lilater t"faragerc-- nt' Districts. section Vfr of
the 1977 agrea-rent, as arcenced, provides as for-I0v¡s= '

The Eoards sha1I op-:
managerT,EJl+_ pJ_an approvecl1. The Ecard shal1to the State E^rg

shaJ_l be suhrLit
year and shalL
years,- najntenan

^ during ths_ forthcoÌìrJrg ],ear.2' The operatlo5r of u-ny f,-iu or contror structure rrustbe approved by ti-re stãte Ð-rgìle-_r.
Lhe pr:rpose of this agreement is to estabrish -iJre na.nagarant pleur

req'.:ired by the rg77 agreernent. Ð<esution of 'lús agres-!ìent by the
state friçri¡s3¡ r.riII consti.bute approvar of the r.nagæ€nt pran for
operation anc mai¡terence as estabrished. herein. Tæ Ramsey cor:nty
Itrater rr'bnagoænt Dis-.rict slnll oprerate as1 rraj¡rtain the Ct lrrnel ,,A,,

prcject in accordance witÌr th_is agreerreni-



I]!.I. PI,AI OE OPBÀTIG\

Ttre Chan¡rql "4" project slnll be operated jrr tlre follo;.;i-ng n'anner:

1. A po-r'anent contror structure wirr be buirt i¡r tÌ-re natr:ral
outlet to Dry Lake. L'nis location is at or near the nortlr-,.reSL

corrler of Dry l;tlic. llne elevation of the si:ructure sÌ-¡,a}r be

1449.5 msl. The structure shalr be designe<l sc Èh.rt tiere
r';iri b¿ '¿:lc.rn-*i-cire{ ov'er F-\;,i c.:ec Lhe s::iii',.;r-,. el-_ tú:;
e_l_ev;tticn-

2.- ccnsidor.rtio¡r srurt i:a gi.,ze:r tc...¿r::dl inc]_u.l.;:g ¡t Lc,¡ :Iz.¡.¿L

dr¡.'"cio,,vr i-¡r this control_ stz-;cti_¡r¡:- r:r r.o evenl slurl_ th¿
d¿-¿r'.¡lg,,n ele:';¿¡ig¡r be lq,,er tÌ.n:-, 1.i45 nsl- Tt.: àlscl^a:ge
c'rpacitl' oi' this clr.l'',o-cloç:'r s'r'=rli be Cesig:isJ ia acco;:.Þice v.,ith
chan-::el hydr-auJ_ic s cìc¿vns tre.:i¡r..

3- Gp':a'uion of the contror st-ructure j:r Èe c?u-n:ral ,,À,, project
(south en:l oí Dry ra-t-.e) wi-rl- i¡cruce c'¿:ai..i.:,..¡n to e1e..¡a:j-on

1445 nrsl, sta_r--ui¡g October I of each ),eer.
4. the gates on the cran:rer ,'À" conrror sil:uct:re shall ¡'.*,ar_.,

open or¡er the rvi_;rter rontls.
5- $r -Ppri-j- r, or es-rl-ier if necessaÐ¡, an our--icol.r 1.,,i'rr be pr=pa=ec

by tlre state Þrgineer for n::-roff for the ccni_ng spring- rf ,

the runoff l,.itl be belcn¡ ncr¡nal and i+il_r not cause frcodirq,
the chan¡el lrAtl gates sha1l be croserJ. tc sr_:ore r.,a,ter i:l oqr
r,ake- rf the r.:r,off r,rill be large encugh to cause fioo,ainE,
the gates slre-rr re¡nai¡r open ttrrough -ulre spring ::unoff.

6 - After the runoff starts to recede and the rev,el of Dry raJ.,e

drops to erevaiion 1447.5 rsr, the cr¡annel ,'A" gates rçiIl be
closec ancl shair remain crosed. r:ntil october t of that year.
If heaq¿ rajnfall ch:ri¡g the sr¡mner nrcn-Jrs prJses a üreat of
substantial flccdi-lrg in the area the gates inay be op-;:ed, at
tåe direcr-ion of the S.tate trgineer.

7 - rf ttre cl''n¡rn^er "A" gates are closed becaus= of a sprirg outrqck
fOf 1O¡ n¡ncfÍ. ancl if thc']arzol nf |t-,a r=ìza -.i^<- -.t^^--^



1447 - 5 ms], the gates may then be opened to drary the l-e-'¿el of
Dry la.k'e Lo L447.5 msl. fne gates shall tiren rernein closecì

until Cctober 1.

ÎIne Ra-,irsey Cor.:¡rty I'iater l'lanagen=nt Distribt shall b: res¡iorsil¡'le
for ph;rsicar oper:ation of the channer "A'' projec'u, and the pn;neaent

con:rol structure in thg'nalura-l outl-=t of DAa. IËi<e- llns operar-io:r oÍ
the Cira:rne1 ''Arr gates anrd any otlrer ou'tlet gates to Dr1' T-ake shall be

approvyJ by the State Engfureer in all- i¡st=nces.

IV. I¡IODIFIG-iTIO}I OF I\.íA¡{AGÐ.I${T PI.êÉ\ FOR OPERAIIO\ & IçiINTE¡ìAÈ\G

dran'ges to any provisions of th-is agreernent shall rot. be effecti-,..e
iur-'l-*:ss s¡-ich clu.nges a:e:i,¡de i-.tr i.:z-i:cj:r;, si,;i::u bi¿ th--: ¡>rrties, ¿rj
at-tachtd hereto- ;\r7 r;¿¡i.¿iio:r f:cr,: -.i-e oi>ira:icn .l::.1 ruiilter..¿:r:ce oi
the Gr-.tnnol ".-r" pr-oj=ct as sel Fcrtrr :-.ii Lri:-¡ alra*---r=ìt sh¿li r=::¡i¡.3
s*p¡-:r¿ìLe r..'ritt¡:n a.rp:ov-al of che St ri:c Ili<¡ir:cer.

\¡- PI,J.|CU.S ¡-Cfl:¡,trìlÎ
The 1977 agrea-r.r=-nt ertiilecl ',Cost par-.icipaiion er the Àiorth

Dal':ota State I'iater Corrnrission for the Ccnstniction of Cira.¡n=I ,,Fi,, i,l
Ramsey CounL1r", and ane¡Éi=n:s therebor slnll rsr..aj¡r i.,' ful_l force anC
eEfect, eurd shal-l- i-¡r no'..rel¡ b3 a-ltg]raj. by this agreene-rt-.

D^\TE: NOIRÏT] DÆ(CrIÀ STAÏE T'ATEJì CG,i\trSSIOi¡
By:

/-':a( -f. J /, /Í !..,,_'; i¿i '' , :--,..,

DATE

;¡ r,/ern
St¡.ie hgineer and Secretartrr

BOARD OF COÌI,[SSIù\*ìS
RATYSEÍ COiiN-tr/ BATæ, ll4,r\iÀGnfÐlT DISTRT-CI,Ë!:

Iìcbert
Chairnan

BOARD OF C.ù"ÞIISSIO\ERS
CÀ!?\LIER coUNnT E,L\ER I.,jL\qGÊ,Eüf DiSTRTCTBy:

DÀTE:



APPENDIX C

PRELI}IINARY COST BREAKDOITINS

PHASE ONE:

1. Replace Structure #8, Normania School Road.

Mobilization @ $5,000/L.Sun
Removal of Culverts @ $1,500/L.Sum ?Concrete Bridge 1980 ft. of deck @ $50/ft.-
2000 C.Y. of Borrow C $2/C.Y.
250 tons of gravel @ $S/tonTraffic Control @ $4,000/L.Surn
1 Acre of Seeding @ $150/acre

SUBTOTAL
+30% Engr. I Cont.

Mobilization @ $600/L. Sun
Crane 5 crane days @ $al}/day
Excavation 750 C.Y. @ $6/C.Y.
Foundation FiIl 56 C.Y. @ $10/C.Y.Backfill 600 C.Y. @ $0.7s/C.Y.
Moving the Culvert @ $600/L.Sum
Relay 5rx7' culvert 60 ft. @ $15/ft.;

SUBTOTAL
1s0% ¡ngr. Ê Cont

TOTAL COST

2. Snag and Clear Three Miles of Coulee.

Snag and Clear 3 trfiles @ $3,000/mile
150% Engr. and Cont.

TOTAL COST

3. Develop Pilot Path Below Pelican Lake

41 acres of Clearing G $230facre
l30ra Engr. and Cont.

a
b
c
d
e
f
oõ

$ 5,000
1,500

99, 000
4, 000
r,250
4, 000

150
114,900
54,100

600
2,050
4,500

560
450
600
900

9, 660
2,840

$ 12, soo

TOTAL COST $ 14s 000

14. Install 10? Diameter Culvert from Channel ilAil at Structure #8

$a
b
c
d
e
f
g

d

b
$ g, ooo

3, 000

a
b

$ 12,000

$ 9,450
2,970

TOTAL COST $12 300



PFIASE TWO:

1. Phase One Improvements
TOTAL COST

2. Replace Structure #6

Mobilization @ $5,000/L.Sum
Remove 01d Bridge @ $3,000/L.Sum
Concrete Bridge 1980 ft.2 of deck @ $50/ft.
3,100 C.Y. of Borrow e fi2/C.Y.
370 tons of gravel @ $S/tonTraffic Control @ $4,000/L.SumI Acre of Seeding @ $150/acre

SUBTOTAL
1sO% tngr. & Cont.

TOTAL COST

3. Replace Structure #9

Mobilization @ $5,000/L.Sun
Remove 01d Bridge @ $3,000/L.Sun
Concrete Bridge 1980 ft2 of deck e $50/ft2
2000 C.Y. of Borrow @ $2/C.Y.
274 tons of gravel G $S/tonTraffic Control @ $4,000/L.SunI Acre of Seeding @ $150/acre

SUBTOTAL
130% Engr. & Cont.

TOTAL COST

4. Replace Structure #14

Mobilization @ $5,000/L. Sun
Remove 01d Bridge @ $3,000/L.Sum
Concrete Bridge 2,460 1t2 of deck G $50/ft2
15,000 C.Y. of Borrow @ $1.50/ C.Y.
2,300 tons of gravel @ $S/tonTraffic Control @ $4,000/L.Sum
7 Acres of Seeding @ $150/acre

SUBTOTAL
130ø" Engr. & Cont.

a
b
c
d
e
f
d5

2

$ 1 73, 300

$ 5, 000
3,000

99, 000
6,200
1, 850
4, 000

1s0
$ I 19, 200

35, 800

$ 155 , 000

a
b
c
d
e
f
oÞ

$ 5, 000
3,000

99, o0o
4,000
I,370
4, 000

150

a
b
c
d
e
f
o

116,520
34,480

$151, 000

$ 5, ooo
3, 000

123,000
22,500
r1,500
4, ooo
1, 050

$Fõ;õ'so-
50,950

TOTAL COST s221,000



5. 75 Foot Lake Irving Outlet Control Structure
Mobilization @ $3,000/L.Sum6I C.Y. of Concrete G $360/C.V.
7,930 lbs. of steel @ $0.60/Ib.
385 L. F. Sheet Pile @ S2S/L.F.

SUBTOTAL
1so% tngr. & Cont.

TOTAL COST

54. Replace Structure #1 and Raise Road

Mobilization @ $5,000/L.Sum
Remove 01d Bridge & Box^Culvert G $4,S00/L.SumConcrete Bridge 1980 ft2 of deck C $SO/et228,000 C.Y. of Borrow @ $1.50/C.y.
3,950 tons of gravel @ $S/tonTraffic Control @ $5,000/L.Sum
12 Acres of Seeding @ $150/acre

SUBTOTAL
130% Engr. & Cont.

TOTÅL COST

Mobilizatíon @ $5,000
Remove 01d Bridge G Box Culvert @ $4,500/L.Sum28,000 C.Y. of Borrow @ $1.50/C.Y.
12 Acres of Seeding @ $150/Acre
61 C.Y. of Concrete @ $360/C.Y.
7,930 lbs. of sreel e $0.60/Ib.
385 L. F. Sheet Pile @ 625/L.F .

SUBTOTAL
130% Engr. & Cont.

TOTAL COST

6. Raise the Dikes Betleen Lake lrving and Highway 2

a
b
c
d

$ 5,000
2I,960
4,758
9,625

39,343
11,657

$s1 000

$114,000

$ 3,000
115,500

3,750
20, 800

140,053
4r,947

a
b

d

f
oè

$ 5,000
4, 500

99, 000
42,000
19,750
5, 000
1,800

siTzõEõ
52, 950

$2 30 . 000

$ s, ooo
4,500

42,000
l, 800

2L,960
4,758
9,625

$-T.716ß
26,357

58. Remove Structure #1, Install Control Weir and Raise Road as a Dike

a
b
c
d
e
f
oè

a
b
c
d

MobiLization @ $5,000/L.Sum
77,000 C.Y. of Borrow @ $1.S0/C.y.
25 Acres of Seeding @ $1.50/C.Y.
Gated Pipes - 8 @ 92,600/Ea.

SUBTOTAL
t30e; Engr.

TOTAL COST

& Cont.

$ 182 000



7. Replace the 01d Highway 2 Bridge, Structu're #2

Mobilization @ $5,000/L.Sum
Removal of 01d Bridge @ $4,000/L.Sum
Concrete Bridge 2280 ft. of deck O gSO/ft2
3300 C.Y. of Borrow @ $1.50/C.y.
378 tons of H.B.P. @ $l2lton
624 tons of gravel @ $S/ton
133 Ga1. of R.C. for SeaI Coat
27 tons of Blotrer Marerial @ $S/tonTraffic Control @ $4,000/L.Sum
1 Acre of Seeding @ $150/acre

SUBTOTAL
130% Engr. & Cont.

TOTAL COST

8. Replace Structure #I0 (Low Priority)
Mobilization @ $5, 000/L. Sutrl
Remove 01d Brige 0 $3,0Q0/L.Sum
Concrete Brid.ge 246ó- rti-'oi- ã".t e gso/tt2
2150 C.Y. of Borrow @ $1.50/C.Y.
380 tons of gravel @ $S/tonTraffic Control @ $4,000/L.Sun
1 Acre of Seeding @ $150/acre

SUBTOTAL
t50% Engr. Ê Cont.

TOTAL COST

9. Widen the Channel Between Crossing #11 and Pelican Lake

Mobilizarion @ $2, 500/L.Stun
27,220 C.Y. of Excavation @ $1.20/C.y.
Seeding 21 acres @ $150/acre

SUBTOTAL
+30% Engr. & Cont.

TOTAL COST

a
b
c
d
e
f
tò
h
ij

$ 5,000
4,000

114,000
4,950
4,536
3,r20

r33
r35

4, o0o
150

140,024
4r,976

$ 182 000

$ 5,000
3, 000

I 23, 000
3,225
1,900
4,000

150
I40,275

4r,725

$ 182 000

$ 2,500
32,664
3,150

38,514
1 1, 686

$ 50,000

a
b
c
d
e
f
t

a
b
c



10. Replace Structure #17 on lrlinnewaukan Road

Mobilization @ $5,000/L.Sum
Removal of Culverts @ $3,0Ç0/L.Sum )Concrete Bridge - 2,460 ft" of deck @ $50/fr'2,500 C.Y. of Borrow @ $1.50/C.Y.
300 ton of gravel @ $S/tonTraffic Control @ $4,000/L.SumI Acre of Seeding C $IsO/acre

SUBTOTAL
130% Engr. G Cont.

TOTAL COST

11. Raise Flighway 19 and Raise Structure #15

Mobilization @ $5,000/L.Sun
Freeing Beams and Cleaning Off Rebar Tieing

Beam Archor to the Abutment @ $2,000/L.SurnPiling 37s L.F. @ $18/1.F.
Jacking costs G $3,600/L.SunStructural Excavation 273 C.Y. C $6/C.Y.
concrere 44 C.Y. @ $400/C.Y.Steel s720 Ib. G $0.65/Ib.
11,000 C.Y. of Borrow @ $1.50/C.Y.
H.B.P. 3660 tons @ fiL2/ton
240 tons Asphalt @ $12Olton
550 Gal. Tack Coat @ $1/Ga1.
550 Gal. Seal Coat @ $f/Ga1.
104 tons of Blotter Sand @ $S/ton
5,800 tons of gravel @ $S/tonTraffic Control @ $6,000/L.Sum
4 Acres of Seeding @ $150/Acre

SUBTOTAL
130% Engr. Ç Cont.

Mobilization @ $9, OOO/l,.Sum
Removal of 01d Bridge 6 $1,000/L.Sun
Concrere Bridge - 2460 ft2 a $sO/ft2
11,000 C.Y. of Borrow @ $1.50/C.Y.
3,660 tons H.B.P. @ $12/ton
240 tons of Asphalt Cement @ $120/ton
550 Ga1. Tack Coat @ $1/Ga1.
550 Gal. Seal Coat @ $l/cal
104 tons of Blotter Sand @ $S/ton
3800 tons of gravel C $S/tonTraffic Control @ $6,000/L.Sum
4 Acres of Seeding @ $150/acre

SUBTOTAL
130% Engr. & Cont.

a
b

d
e
f
oÞ

$ 5, 000
3,000

I23,000
3,750
I ,500
4, 000

150
140, 400
41, 600

$182,000

$ 8, ooo

2,000
6,750
3,600
1, 638

L7 ,600
3,718

16,500
43,920
28,800

s50
550

520
19,000
6, 000

600
I59,745
48,255

$208 000

$ 8,000
3,000

r23,000
16,500
43,g2O
28, 900

550
550
s20

19,000
6, 000

600
250,440
74,560

a
b

d
e
f
a
h
ij
k
1
m
n
o
p

TOTAL COST

114 Raise Highway 19 and Replace Structure #15

a
b

d
e
f
o
h
i
j
k
I

TOTAL COST $525, 000



12. Remove Trail Bridge in Section 10-153-66

a
b

Mobilization @ $3,000/L.Sum
Remove Old Bridge C $2,000/L.Sum

SUBTOTAL
130% Engr. & Cont.

TOTAL COST

$ s, ooo
2,000

$ 5, 000
1,500

$6 s00



1
2
3

APPENDIX D

1979 FLOOD DATA

Lake Irving Discharge Hydrograph
Channel "Ail Discharge Hydrograph
luliscellaneous Lake Levels
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l1t1
DEVILS LAKE LEVELS

( gy H i ghway Depa r tmen t Un I ess Noted)

Da te

4 Apr 79
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30 Apr
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1447. I (near
(F/w) peak)

r\47.02
(r/w)

1446.7
(rzw)

l42 t .0 I 404

I 404

t\2?.2 t\zt.07

l\22.33
t\22.\5

1424.62 t\zz.6z tt+zz.to

1t+25 25

\4
t\22.93
1t+22.91

1\24.04
I,Ji ndy

t\24.92
, t\2\.92

I 425.08

t\25.\
1425.63
t\25.75

1422.21
1422.25

t\22.68
t\22.79

l\22.9
t\23-r
11+4.2

l\zt+J3
I 425.0
t\25.24

r425

l0 Hay 1425.75 l423.oB 1422.\

ll May l\26.02 1\23.17 1422.5

:-" 14 May

15 May

16 May

l/ May

18 May

2l May

2\ t4ay

2) l4ay

3l l{ay

tt+26.5 t\25.3 1423.83

* Hwy J'l Cut 7:30 pm, 13 Hay 79
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Da te

I June
8 June
I 0 June

I 2 June
'13 June

l8 June
2l June

22 June
25 June

?J June

28 Juné

3 Jul
6 ¡ul
12 Jul
20 Jul

27 Jul
3 Aug

l0 Aug

ll Aug

2J Aug

7 sep
l0 Nov

Hain
Lake

1426.\2
lt+26.67

1426.71

r 426. 88
(uses)
I I+26.93
(uses¡
t\26.77
1427.o
1426.97
t\26.96
1\26.71

1426.5
1426.54

1426.31
1425.75

Hiss ion
8ay

1426.25
t\26.5

t\26.5

1\26.65
1\26.75
1426.75
t\26.7
lt+26.55

1426 38
t\26-41

1426.31
Frozen

r\26.1
1426.3

t426.\7

Eas E

Bay

1426.33
I 426. 88

1426.67
1426.63
1426-41

1426.29
1\26.39

Frozen

East DevÌ I s
Lake

t 410. 85

r4r I .34
(swc)

t4t\.22

r4t7.r5

1421.98
t\24.4
I425.91

1426.\0?
1425-75

Dry
Lake

t 449. o
(w¡lo)

l4t+8.6
(wmo)

I 448. I
(swc)

1\\6.6

1446.+3

Lake
Alice

t\46.25

r 445. 5(r tw)

t4\5.2
(F/u/)

I 44S. o(rtu)

I 44¡. I(r tu)

t\42.3
r44r.8
(r¡w)

1441.6
(F/'./)

l\26.38 1426-cj tt+25.84

1426.4 I \26.13 1426.03

1426.38 1426.3 1426.2

Readinqs By

Slr/C - State Water Commission
!/MD - Ramsey County Water Management District
USGS - U.S. Geological Survey or by Slr/C at designated Gage.
F/W - U.S. Fish s t/¡ ldl ife Service

Note: Dry Lake Readings by Water Hanagement District were lower than
readings taken by llater Commission around I a 4 Hay.
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APPENDIX E

LAKE CAPACITY DATA

Devils Lake Capacity Curve
Dry Lake Capacity Curve
Capacities of Lakes Mike, Chain,

A1ice, and Irving
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ELevation Mikes Lake

CAP'ACITY (A,cre-Feet)

Chaig Lake La.ke ALice

1,400 3,800

1,700 5,050

21625 9,900

4,1-00 13,500

8,250 19,500

15,000 28,000

22,000 54,000

take Ïrvine Total

L44r.6

L442,A

1443, 0

L444,0

144s.0

1446.0

L447.A

700

900

r,240

2,400

5,600

5,800

9,000

9,800

10,500

t 4,600

19, 000,

25, 500

37,000

46, 000

1.4, 700

I"8,150

27,30A

39,000

56,950

93,900

L1L,000


