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I. INTRODUCTTON

Study Objectiwes:
In August of 1990, the North Dakota State T{ater Commission

and the Traill County l[ater Resource District entered into an
agreement to investigate the feasibility of a flood control
project on the North Branch of the Elm River in Traill county.
The agreement called for the State Water Commission to conduct a
survey of the area to obtain cross-sectional data, conduct a

hydraulic analysis on the river to determine water surface
elevations for various frequency precipitation events, evaluate
alternatives for flood control, prepare a written report docu-
menting the findings of the investigation, and prepare cost
estimates for viable alternatives. À copy of the agreement is
contained in Àppendix À.

This report contains a description of the geology and
climate of the site, a sunmary of the hydrorogic and hydraulic
analysis performed on the river, a summary of the alternatives
considered in the investigation, and a statement of concl-usions
and recommendations regarding the project.

Basin Location and lÞscription:
The project is located on the North Branch of the EIm River,

which is located in the southern one-half of Trail-I County. The
North Branch of the Elm River originates near the city of
clifford, North Dakota. The river flows in a southeasterly
direction, eventually entering the main branch of the Elm River
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southeast of the city of Kelso, North Dakota. The main branch of
the Elm River also flows in a southeasterly direction, eventual-ly
entering the Red River of the North. The drainage area for the
North Branch of the Elm River is approximately 100 sçluare miles.
Figure I shows the location of the North Branch of the EIm River
within the state of North Dakota and its drainage basin.

Historical Background:
The flooding occurs on the North Branch of the Elm River

near the city of Ke1so, North Dakota. During high flows, the
river breaks out of its channel in a 1ow spot in the SWl/4 of
Section 33, Township 145 North, Range 50 Ìlest. The channel in
this area is generally very shallow, with the bank elevations
higher than the surrounding ground. This prevents the breakout
flows from returning to the channel. Àfter leaving the channel,
the water spreads out towards the north, eventually crossing'the
railroad tracks and Highway 81 near the center of the section.
The water then flows to the northeast corner of Section 33 where
it enters a drain adjacent to the section road. This drain
eventually joins Nelson Legal Drain (Traill County Drain #28) in
Section 36. The recurrence interval of the breakout is approx-
imately every five years. Figure 2 shows the location of the
breakout and the path the water follows.
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II. GEOI¡GY ÀIID CLTUÀIE

The North Branch of the Ern River Basin lies in the Red
River valley lake plain, once occupied by glacial Lake Agassiz.
The soils in the basin consist mainly of silt and cray. These
soils were most rikely deposited in earry post-graciar time,
during the pluvial perÍod, when greatly increased precipitation
resulted in extensive runoff and erosion of areas adjacent to
Lake Àgassi-z and correspondingly rapid deposition of the silts.

The frat topography and nutrient rich soils of the basin
make it ideal for agriculture, which is t'he primary land use in
the area. The primary crops girown include wheat, barrey, sug.ar
beets, sunflowers, and beans.

The area has a subhumid, continental climate that is char-
acterized by cold winters and rrarm suÍìmers. The averaçJe annual
precipitation recorded by the u.S. tüeather Bureau at nearby
Hirrsboro, North Dakota is 20.05 inches. The mean annuar
temperature is +39.0 degrees Fahrenheit.

E



III. ITDROLOGT

À hydrologic analysis of the watershed rras perfofmed using
the HEC-I computer model, developed by the U.S. Àrmy Corps of
Engineers. The model was used to determine the peak flows in the
North Branch of the EIm River for various frequency precipitation
events. HEC-I formulates a mathematical hydrologic model of the
watershed based on the following data: the annount of precipi-
tation, the precipitation distribution, soil type, Iand use, and
the hydraulic characteristics of the channels and drainage areas.
The HEC-I model is designed to cal-culate the surface runoff of
the watershed 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 t'he
subbasin. These components were put into the model to determine
the magnitude and duration of runoff from hydrologic events with
a range of frequencies.

The HEC-I computer model was used to determine the runoff
for the North Branch of the Elm River basin upstream of Section
4. The watershed above this point nas defined using USGS 7.5
minute quadrangle maps of the area. The drainage area used for
this investigation was calculated to be 84 square miles, of which
83 sçluare miles is contributing. The peak flow was determined
for the 10-day snowmelt precipitation event for different recur-
rence intervals. The 10-day snowmelt rras analyzed because the
flooding occurs primarily during spring runoff. Table 1 shows
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the intensity and peak flows for the varÍous events analyzed.
Figures 3 and 4 show the flow hydrographs for the various events
analyzed.

Table 1 - fntensity and Peak Flows for Snowmelt Events

Event Intensity Peak FIow

25-year 10-day sno¡rmelt
lO-year 10-day snowmelt
S-year 10-day snowmelt
2-year 10-day snowmelt

3.43
2 .40
L.70
0.90

]-928
1287

851
3s9
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IV. ETDRÀIILICS

A hydraulic analysis of the North Branch of the Elm River
rvas perfo:rmed using the HEc-2 computer moder, deveroped by the
U.S. Àrmy Corps of Engineers. HEC-2 calculates water surface
profiles for steady, gradually varied flow in natural or man-made

channels for flows due to various precipitation events. The data
needed to perform these computations includes: flow regime,
starting water surface eJ-evation, discharge, loss coefficients,
cross section geometry, and reach lengths. The computational
procedure used by the model is based on the solution of the
one-dimensional enerçIy equation with enerçIy loss due to friction
evaluated trvith Manning's equation. This computation is generally
known as the Standard Step Method.

The analysis performed on the North Branch of the EIm River
started southeast of Ke1so in Section 4, and proceeded upstream
to the Interstate 29 bridge. This allowed for the computation of
water surface elevations at the location of the breakout. The

cross sectional data and bridge geometries hrere obtained from
field survey data. The reach lengths were approximated using
USGS 7.5 minute quadrangle maps of the area. The loss
coefficients rrere approximated using guidelines in the North
Dakota Hydrolog-y Manual and visual data from the area.

The flow rates used to develop the water surface elevations,
as mentioned in the hydrolog-y section, rrere obtained using the
HEC-I computer model. The flow through the breakout Ìras approx-
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imated by developing a rating curve for the two 36-inch diameter
reinforced concrete pipe (RcP) culverts under Highway 81. These
culverts limit the passage of flow through the breakout. Tab1e 2

shows the water surface elevations at the breakout obtained from
the HEC-2 computer model. The computer model developed for the
basin does not take into account the storage of water that takes
place over the area the breakout inundates.

Table 2 - flater Surface Elevations at Breakout

Event

1O-day snowmelt
10-day snowmel-t
10-day snowmelt
10-day snowmelt

(cfs) (cfs) (cfs) (msl)
Total
Flos

1928
J.287
851
359

Channel
Fl ow

1793
116 4
75\
3s9

Breakout
Fl or¡

135
L23
100

Water
Surface

Fll er¡at ì crn

901.9
900.7
899.6
897.8

25-year
10-year
5-year
2-year
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V. AT,IERNATTVES

Several alternatives were considered as part of the pre-
lÍminary investigation: The first alternative is to return the
breakout frows to the channel through the Highway Bl ditch. The
second alternative is to retain the flows in the channel by the
use of a dike along the breakout. The third alternative is to
enlarge the culverts in the drain west of Nelson Legal Drain. The
fourth alternative is to perform a snagging and clearing project
to increase the channel capacity. Several other alternatives
were also considered. The following sections describe these
alternatives in detail.

ÀIternative 1:

The first alternative that vras considered as part of this
investigation is to reroute the breakout flows through the High-
way 81 ditch. This alternative would entail the construction of
a dike along the ditch on the east side of Highway 81. The

breakout flow that passes through the two 36-inch diameter RCP

under the highway wouì-d be contained wi-thin the dike and rerouted
south back into the river. This alternative would require that
further excavation of the ditch be performed. Fig"ure 5 shows
this alternative as proposed.

The Highway 81 ditch slopes upward as you proceed north from
the river to a peak erevation of approximately 898.1 msl. This
high area serves as the drainage divide between the North Branch
of the Erm River and the areas to the north. rt then slopes

-L2-
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down¡vard to a minimum elevatj-on of approximately 894.3 msl, which
is at the outlet of the two 36-inch diameter RCP. To reroute the
breakout, flows through the Highway 81 ditch would require that
the bottom of the ditch be excavated approximately five feet at
the high point. Table 3 shows the water surface elevations in
the North Branch of the Elm River at its junction with the
Highway 81 ditchr âs determined usÍng the HEC-2 computer moder.

Table 3 - Iùater Surface Elevations at llighway 81 Ditch

Ewent

25-year 10-day snowmelt
10-year 10-day snowmel-t
S-year 10-day snowmelt
2-year 10-day snowmelt

Breakout
(cfs) (cfs) (cfs) (mst)

TotaI
Fl os

L928
L287

851
359

Channel
Fl r¡w

1793
116 4

751
3s9

135
123
100

lJater
Surface

El er¡at-i crn

898.0
896.8
89s.6
893.8

These water surface elevations indicate that water from the
North Branch of the EIm River would flow north in the new ditch
during flood peri-ods and potentially cause additional- damage.
Therefore, this alternative is not recommended and a preliminary
cost estimate was not prepared.

A]-ternative 2:
The second alternative that was analyzed is the construction

of a dike along the breakout to retain flows in the channel. The
elevation of the dike woul-d correspond to the level of protection
desired. The installation of a dike would prevent the flows from
breaking out during smaller precipitation events. During larger
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precipitation events, the dikes would be overtopped and the water
would proceed as it did before. Analysis with the HEC-2 computer
model indicates that the smallest, precipitation event, from which
the breakout occurs is the S-year 10-day snowmelt.

The increased downstream flood potential associated with
this arternative makes it questionabl-e. presently, the water
leaves the main channel, passes through the railroad bridge and
the two 36-inch diameter RCP under Highway 81, eventually enter-
ing Nelson Legal Drain, and ultimatety the Red Rj-ver of the
North. This water blpasses the city of Kerso. rf a dike is
constructed to retain the flows in the channel, the potential for
flooding in Ke1so may be increased. The dike woul-d also increase
the potential for additional breakouts to occur farther
downstream. À particular area of concern regarding d.ownstream
flooding is at the center of sect,ion 4, southeast of Kelso. The
elevation of the south bank of the river in this area is rela-
tively low and the potential for breakouts to the southeast
exists. rn fact, breakouts have occurred here in the past.
Ànother area of concern is the southwest corner of Section 34,
where the potential for breakouts to the northeast exists. Due

to the infeasibitity of this alternative, a preliminary cost
estimate was not prepared.
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Àlternative 3:
The third alternative that was analyzed is the enlargement

of the curverts in the drain west of Nerson Legar Drain.
Presently' the breakout flow passes through the railroad bridge
and the two 36-inch diameter Rcp under Highway 81, before pro-
ceeding to the northeast corner of Section 33. It then enters a
drain adjacent to the section road, eventually joining Nelson
Legal Drain in Section 36. There are several roads and field
approaches that cross this drain. Figure 6 shows the culverts
through these crossings as obtained from the Traill county
culvert inventory.

The first crossing is l-ocated in the northeast corner of
section 33 and consists of a' field aþproach with a 24-inch
diameter corrugated metal pipe (cMp) culvert. The next crossing
is a field approach with an l8-inch diameter CMP culvert located
in the center of Section 34. This is followed by a section road
with two 24-inch diameter CMP culverts located in the northeast
corner of Section 34. The crossing in the northeast corner of
Section 35 consists of a section road with two 36-inch diameter
CMP culverts. The crossing in the center of Section 36 consists
of a field approach with two 36-inch diameter CMP culverts. The
crossings farther downstream in Nelson Legal Drain consist of
bridges of various dimensions.

-16-
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Analysis with the HEC-2 computer model and the equat,ions for
pipe flow indicates that the maximum flow that can be passed
through the 24-inch diameter C¡4P in the northeast corner of
Section 33 is 15 cfs. The capacity of this culvert is lÍmited by
tailwater effects from the l8-inch diameter CMP located in the
center of Section 34. The limited flow causes water to back up
Ínto section 33. The proposed solution to this problem is to
replace the 18-inch diameter CMP in the center of Section 34 with
two 24-inch diameter cMp and to add an additionar 24-inch
diameter CMP in the northeast corner of Section 33. This will
increase the flow capacity of the crossing from 15 cfs to 40 cfs.
This wilr decrease the rength of time that the farm rand. in
Section 33 is flooded.

A concern associated with this alternative is that the
increased flow through the drain due to the enlargement of the
culverts wil-I cause additional flooding adjacent to the drain. It
does not appear that enJ-arging these cul-verts wilr cause
additional flooding, since the maximum amount of flow that witl
be added to the drain is onry 25 cfs. À precaution that can be
taken is to instal-l- a slide gate on one or both of the 24-inch
diameter CMP's proposed for the northeast corner of Section 33.
These gates could be closed during periods of high flow. Às the
breakout frows decrease, the gates can be opened, alrowing
greater flows to pass.

-18-



The preliminary cost estimate for this alternatiwe is
$4 r 800. This cost est,i¡tate assumes a local contractor can
perform the project. Table 4 sho¡rs a breakdown of ¡'he pretimi-
nary cost estimate.

Table 4 - Prelimina.r¡r cost Estimate for Àrternative 3

1
90

1
1

1
2
3
4

Mobilization
24-inch Diameter CMp
Labor
Equipment

LS
LF
LS
LS

$ s00.00
t7 .28

1,000. 00
600.00

$ s00
1r555
1r000

600

Subtotal
Contingencies (+/- 10t)Contract Administration (+/- 10t)Engineering (+/- t0*)

$3,655
381
382
382

TotaI (+/- 3or) $4,Boo

The installation of slide gates on the 24-inch diameter Cup

culverts in the northeast corner of Section 33 will represent an
increase of $11100 per sJ-ide gate to the total cost.

Àlternative 4:
The fourth alternative that was analyzed is to perform a

snagging and clearing project on the channel to remove debris
which can cause increased upstream nater surface elevations. The
North Branch of the Elm River is surrounded by a large number of
trees in the vicinity of Kelso. rn some locations, the trees
have fallen into the channel. These trees have collected other
debris which can restrict the ftow in the channel, causing
increased upstream water surface elevations. During spring
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runoff, this problem can be compounded when snoïr becomes caught,
in the debris.

À snagging and clearing project involves the removal of
trees, brush, stumps, and other debris in the channel which can
inhibit flow. This helps convey the water downstream more
rapidly' which decreases the occurrence of floods due to break-
outs.

À snagging and clearing project on the North Branch of the
Elm River will lower the water surface elevation at the breakout.
Table 5 shows the water surface elevations at the breakoutr âs

determined by the HEc-2 computer moder, for existing channel
conditions and improved channel conditions.

Tal¡Ie 5 - Water Surface Elevations at Breakout

25-year 10-day snowmelt
10-year 10-day snowmelt
S-year 10-day snowmelt
2-year 10-day snowmel-t

Itater Surface
Elevation for

Existing
Conditions

(nsl)
897 .8
899.6
900.7
901.9

ÍIater Surface
Elevation for

Inproved
Conditions

(nst)
897.0
899.2
900.1
901.3

The data in Table 5 shows that a snagging and clearing
project wiII lower the water surface elevation at the breakout by
0.8 feet for a 25-year 10-day snowmert. rn determining these
water surface elevations, the channel improvements mentioned
include the removal- of debris along the channel. This does not
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include blockages by this debris.
mine the water surface elevations
channel.

It is not possible to deter-
if the debris is blocking the

It is reconmended that the reach of the North Branch of the
EIm River rocated downstream of the rnterstate 29 bridge be
surveyed for the need for snagging and clearing. one concern
with only looking at a short reach is that the problem could be
moved downstream. Snagging and clearing is also a short-term
solutj-on and j-n all likelihood, the channel will require further
work in the future.

In order to prepare a cost estimate for a snagging and
clearing project, an inventory of obstructions in the channel
needs to be taken. This will require that a separate ag'reement
between the State Tüater Commission and the Traill County Water
Resource District be initiated. The distance to be inventoried
is approximately eighteen river miles, beginning at the Inter-
state 29 bridge west of Kelso and continuing to the junction of
the North Branch of the El-m River and the Main Branch of the EIm

River. The river along this reach has areas that are heavily
wooded. In many of these areas, debris has accumulated r¿hich can
inhibit flow. Figure 7 shows the reach length that wiII need to
be inventoried.
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Àfter the inventory is taken, a cost estimãte to perfornr the
project will be prepared and submitted in a written report. The
cost to perform this inventory is estimated to be $2,300, of
which $11150 will be covered by the State lüater Commission.

Otlrer ÀIternatives:
Ànother alternative that should be considered is the con-

struction of an upstream flood detention dam. This would involve
the construction of a dam to retain water during periods of high
f J-ow, protecting downstream interests. This water woul-d be
released from the dam at a later date when flows are 1ower. The
design of a flood detention dam is beyond the scope of this
investigation.

The enlargement of the Highway 81 bridge was considered as
another alternative. There is some local feeling that the bridge
on Highway 81 is too small and causes water to back up. Ànalysis
with the HEC-2 computer modeL indicates that the increase in the
water surface elevation through the Highway 81 bridge is negli-
gibÌe. Therefore, the enlargement of the bridge would not be
necessary.

The final alternative is taking no action. The breakout
acts as a natural means of flood control for the city of Ke1so
and other downstream interests. I{hen the water leaves the
channel it inundates farm land without dainaging homes. rf the
water is retained in the channel, the potential for flooding in
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Kelso or for downstream breakouts to occur is increased. À
positive result of the flooding of farm land is that it acts as a
mea,ns of flood irrÍgat,íon during certain years. This moisture is
benef,icial- for crops during the growing season.

-24-



VI. SUUUARY

The feasibirity of a flood contror project on the North
Branch of the EIm River in Traill County has been examined. The
flooding occurs when the water leaves the river channel near the
city of Ke1so, North Dakota. The river breaks out of its channel
j-n a low spot in the swL/4 of section 33, Township 145 North,
Range 50 Iùest. After leaving the channel, the water spreads out
to¡vards the north, eventually crossi-ng the railroad tracks and
Highway 81 near the center of the section. The water then
proceeds to the northeast corner of Section 33 where it enters a
drain adjacent to the section road. This drain joins Nelson
Legal Drain in section 36. crossings in the drain cause the
water to back up into section 33: flooding farm land. rhis
flooding occnrs approximately every five years.

Several alternatives were analyzed as potential sol-utions to
the flooding problem. The first al-ternative is to construct a

dike arong the ditch on the east side of Highway 81. The break-
out flows that pass through the two 36-inch diameter RCp under
the highway would be contained within the dike and rerouted. south
back into the river. Honever, this alternative would require
that the ditch be excavated and, as a resul-t, water from the
North Branch of the Elm River could flow north in this channel
during flood periods and cause additional flooding problems.
Therefore, this alternative is not recommended.
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The second alternative that was analyzed includes the con-
struction of a dike along the breakout to retain flows in the
channel. The dike would retain frows in the channel during
smaller precipitation events and wourd be overtopped d.uring
rarger events, allowing the water to proceed as before. By
retaining the frows in the channel, the problem courd possibry be
moved farther downstream. Às a result, the dike could increase
the chance of flooding in Kelso, and could also increase the
occurrence of breakouts farther downstream.

The third alternative that \f,as anaryzed invorves the
enlargement of the culverts in the drain west of Ne1son Legal
Drain. This would include placing an additional 24-inch d.iameter
CMP culvert through the field approach in the northeast corner of
Section 33 and replacing the l8-inch diameter CMp culvert through
the field approach in the center of Section 34 with two 24-inch
diameter CMP culverts. This woul-d increase the flow capacity of
the crossings from 15 cfs to 40 cfs. This wirl_ al_row larger
flows to pass through the drain, decreasing the time that the
farm rand is fl-ooded. rt does not appear that enlarging these
culverts will cause increased flooding to the east. The amount
of flow that will- be added to the drain is only 25 cfs. This,
and the fact that the crossing sizes increase as you progress
east, shourd prevent additional flooding from occurring. À

precaution that can be taken to prevent any additional flooding
that may be encountered by the enlargement of these crossings is
the installation of a slide gate on one or both of the 24-inch
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diameter CMP culverts proposed for the crossing in the northeast
corner of section 33. DurÍng high flows, these gates could be
closed. Às the breakout frows recede, these gates could be
opened to allow increased flows to pass. The cost of this
alternative is estimated to be $4r8OO. The instalÌation of slide
gates will represent an increase of $11100 per gate to the tot,al
cost.

The fourth alternative that was analyzed is to perform a
snagging and clearing project on the channel to remove debris
that can cause increased upstream water surface elevations. This
alternative would require that an inventory of obstructions in
the channel be taken. À cost estimate and report would. be
prepared summarizing the results of this inventory. À problem
associated with this alternative is that snagging and clearing is
a short-term solution and in aI1 liketihood the channel wilt
require further work in the future. The cost to prepare the
snagging and crearing j-nventory is estimated to be $21300, of
which $1r150 would be covered by the State Irlater Commission.

other alternatives that \rere considered as part of this
investigation include the installation of an upstream flood
detention dam (dry dam), enrarging the Highway g1 bridge, and the
alternative of taking no action.
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VII. RECOüITENDÀTIONS

several alternatives were analyzed as part of this inves-
tigation. The invesÈigation culminated in the selection of
Àlternative 3 as the most feasible. The estimated construction
cost for this alternative, including administration, engineering,
and contingencies is $4r800. This alternative invol_ves the
enlargement of the culverts in the drain west of Nelson Legal
Drain. This will allow greater flows to pass through the drain,
reducing the length of time that the fields in Section 33 are
flooded. rf sl-ide gates are instalred on these culverts, the
totar cost wilr increase by 91r100 for each gate installed.
Another alternative that shoul-d be considered is to conduct a

snagging and clearing study along the North Branch of the Elm
River to determine whether debris may be causing increased
upstream water surface elevations. The decision to proceed with
this project is the responsibility of the Traill- County l{ater
Resource Board.
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SIüC Project #f311
Àugust 9, 1990

ÀGgEEITENT
Investigation of aFlood Control project on theNorth Branch of the Elm Riverin Traill County

r. PÀRTIES

IHIS ÀGREEUENT is between the North Dakota State ltater
commission, hereinafter commission, through its secretary, David
sprynczynatyk, hereinafter secretary; and the Traill county water
Resource District, hereinafter District, through its chairman,
Gary L. Peterson.

rI. PRoJECT, LOCÀTION, À¡ùD puRposE

The District has requested the Commission to investigate and
determine the feasibility of a flood control project on the North
Branch of the Elm R.iver in Trail_l county. The purpose of the
investigation is to conduct a preriminary engineering study and
prepare a report giving al_ternatives and cost estimates to
prevent flooding on the North Branch of the El-m River. The
problem area is l-ocated in section 33, Township 145 North, Range
50 l,Iest, near Kelso, North Dakota.

ITT. PRELIüTNÀRY INVESTIGÀTION

The parties agree that further information is necessary
concerning the proposed project. Therefore, the commission sharr
conduct the fotlowing:
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. À survey to obtain cross-sectional data.. À hydraulic analysis to determine waterelevations for various frequency events.. Àn evaluation of alternatives for flood control.. À written report documenting the findingsinvestigation.. À cost estimat,e for viable alternatives.

I
2

3
4

5

surface

of the

rV. DEPOSTT

The District shall deposit a total of S2r000 with the
commission to help defray the costs associated with this
investigation.

V. RTGIITS-OF-ENIRY

The District agrees to obtain written permission from any
affected landowners for field investigations by the Commission,
which are required for the preliminary investigation.

VT. INDEI{NIFICÀTION

The District hereby accepts responsibility for, and hords
the commission, its employees, its agents, and the state Engineer
free from aIl cl-aims and damages to public or private property,
rights, or persons arising out of this agreement. rn the event a

suit is initiated or judgment entered against the Commission, its
emproyees, or agents, the District shall 5-ndemnify it for any
settlement arrived at or judgment satisfied.
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VII. CHÀNGES TO THE ÀGREEÜEIIT

changes to any contractuar provisions herein wirt not be
effective or binding unless such changes are made in writing,
signed by both parties and attached hereto.

NORTII DÀKOTÀ STÀTE ¡IÀTER
couurssroN
By

Secretary

DÀTE:

TRÀTI,L COI]NTT WÀTER RESOI]RCE
DISIR,ICT
By:

Chairman

DÀTE:

L

A r',.., .t I L /,t îo (7.td
WITNESS:

/U,ü ,/ {-^r./, L/ øL
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1.

2.

3.

BTBLIOGRÀPITY

Soil Conservation Service, U.S.D.À., Bismarck,
HydroloEry l{anual for Nort,h Dakota

North Dakota,

U.S-. À¡rny Corps of Engineers, HEC-I Flood HvdrographPackage, September, 198L.

u.s. Àrmy corps of Engineers, HEC-2 wat.er surface profires
September, L982.


