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I. INTRODUCTlON

This report on the flooding problems of the East Branch of Sheìl
creek near Parshall contains the results of a study conducted by the
State l'/ater Commission in cooperation with the Mountraî I County l/ater
Management Board. F¡gure I shows the general location of the study
area- The studyrs major objective was to anaryze the flow of the creek
during flood conditions. From this analysis, ìocations affecting the
free flow of the water were identified. Recommendatïons as to what
could be done to improve the flood flo\^, v{ere presented along with an

estimated cost for their implementation.

The engineering analysis of the East Branch of Shell Creek included
a hydrologic study. Peak discharges for various locations were cal-
culated- ì'/ater surface elevations at various controì sections and

crossings were calculated. Th!s was done for both the existing and

improved conditions at the crossîngs. From this information, water
surface profiles were drawn for the exÌsting and improved conditions.
These show the improvement that can be realized from various alter-
natives that reduce water levels behînd the crossings.
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I I . DESCR I PTI ON OF STUDY AREA

The portion of the East Branch of Shell Creek investigated by the
State Water Commission consists of approximatelV 2.5 miìes of river
channel - start¡ng at the crossing located between Sectìons 25 and 26,
Township 1J2 North, Range !0 West, the study area extends eastward to a

point where the channel crosses the line common to the northtvest and

southwest quarters of section 30, Township 152 North, Range g9 west (see

Figure 2)- This segment of the creek is part of the main channel.which
starts approximately 6.5 miles northwest of pìaza and outlets into Lake
Sakakawea.

The East Branch of Shell Creek flows through a well defined valley.
This valley was formed by runoff of glacial meltwaters. These melt-
waters were of much larger quantîties than the flows which can be expected
from precÎpitation. Therefore, the channel occupies only a smal I portion
of the valley. Through Parshall this valley widens out and has a much

flatter flood plain than what exists a few mîles up or downstream.

0n the average the channel slopes at a rate of about 6.3 feet per
mile. However, in the wider flood plain area just east of the Highway 37

crossing there are some reìatively flat areas. One thousand feet down-

stream from the highway crossing is small low head dam. This dam has a
height of about six feet with a three foot high concrete weir spillway.
The channel depth averages about five feet, however, in the flat area
above the dam the channel averages only about 2,5 feet deep. Capacity
for an average cross section arong the creek is about 550 cfs. ln the
area havîng the shallow channel the capacity is only 200 cfs.

-3-
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Steve Hoetzer and C.P. Neìson of the State ìr,ater Commission met

with the Mountrail County llater llanagement Board and about 20 landov¡ners

on February 17,1976. At that time c.p. Neìson suggested that a general
idea of the creek problem area might be attained by usîng raiìroad pìan
and prof i le. This information was obtained in llarch, 1976 and was dray¡n

up using scaled distances along the creek bed for statìoning.
From this information, C.P. Nelson made some recommendations on the

scoPe of the proposed investigation. He mentioned that the dam and pump

station at the refuge road be given a low priority since it could not
hold back a large enough proportion of the flood vraters to reduce the
flow. The upstream improvements were aìso recommended to be given a

lesser priority. Because of the many raiìroad crossings, no flood
retention dam could be built on the maÌn channel. Possibìe relief due to
construction of detention reservoirs on branch coulees could be investi-
gated. However, c.P" Nelson mentioned that without u.s. Geological
Survey toPographic maps this would be d¡ff¡cult and costly. These dams

would probably not reduce the cost of needed downstream Ìmprovements

enough to justify them. lt was recommended that the first phase of the
East Branch of Shelì Creek investigation consist of a survey from Lake

Sakakawea to the junction of the lateral coulees south and northwest of
Parshal l.

0n June 10, 1976, an investigation agreement between the State
Water Commission and the Mountrail County Water Management Board was

signed. The investigation was to survey the creek from Lake Sakakawea

to a point two miles east of Parshalì. Also included was a feasibility
study for the correction of inadequate crossings, channel capacities,
and existing channel changes. lmprovements were to provide adequate

-þ-



flood control for east Parshall and adjacent farmìand. They were also
to provide pasture drainage both upstream anddownstream from parshal l.

A meeting was held at Parshall in December of .|978 to determine the
areas in which the study of the East Branch of Sheìì Creek should be

directed. The flooding problem was attr¡buted to:
l. lnadequate capacity of the bridges on Highway 37.

2. lnadequate capacity of the parshall Dam spillway.
3. Questionable cêpacity of the culverts through the east-westroad just east of parshall and east of Highway 37.
\. Runoff through the town from north of parshall.

5. Creek meanders.

6. Creek obstructions and sî I tation.
The city wished to retain the dam unless it was absolutely necessary

that it be removed.

ln the spring of 1979, Parshall experienced severe flooding on its
east and south sides. Dan Asplund of the State Vater Commisslon went up

to inspect the area. lt appeared that if the structures around parshall
allowed the runoff waters to get downstream faster, the flooding would

be less severe. He mentioned that some flooding has always occurred on

the east and south sides of the city. Therefore, it was suggested that
the project be designed to lessen the severìty rather than alleviate.all
flooding- lt was noted that the land to the west of parshall is of less
value than that land immediately around the city. Allowïng the water to
reach the area west of Parshall faster would probably cause more flood-
ing to the west but would reduce the flood's seve-rity around parshall.

-7-



Ta'king this into account, it was decided to study the effects of channel

improvernent to allow flood waters to påss throuEh parshall fâster.
The highway bridge across the East Branch of Shell, Creek was washed

or.rt by the 1979 f lood. lt was replaced with a 65 foor ìong reinforced
concret,e bridge having a trap-ezoîdal flow area and a 30 foot bottom

width- The south bridge was replaced with cuìverts. Excess flow from
this south tributary r¡ow flows north along the highway dÌteh to the new

br î dge.

-8-



IV- ENGINEERING ANALYSIS

Existing Conditions
The East Branch of Shel I Creek is a smal I stream that f lorrs through

a glacial meìtwater fìoodplain. Above and beìow the City of parshall a

few miìes, the creek is fairly well contained in the central portion of
this weìl defÌned valley. However, as the creek comes into the parshall
area from the east, the valley widens. ln this area there exists a wide
and very flat floodplain. This condition exists from about 1,5 mi ìes
straight east of Parshall to about 2.5 miles straîght west of the cîty.
l'lost of the fìooding problems, as far as damage potential is concerned,
are in the area along the east and south sides of Parshaì1. This is due

to the existence of developed areas in the fringe of this floodplain-
Flooding upstream and downstream affect mostly pastureland.

0n the east side of parshail there are houses on the edge of the
floodplaÎn. ln 1979 f loodwaters threatened them. South of the railroad
there is a house and numerous grain bins. These grain bins were flooded
il 1979. l'Jater also backed up along the railroad rracks and flooded a

vacant lot and a grain elevator.
Figure 3 shows the limits of the study area. 0n this map the road-

way crossings and locations of varÎous cross sections used in the analysis
are identified- seven crossings are în the 2.5 nile study area. Two of
these are railroad crossings, Roadway crossing number one is down-

stream from the study area and is not shown on the map. The railroad
crossings along the entire length of the creek are all tîmber trestles,
except for some in the upper reaches of the creek. These are generally

-9-
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large enough to have ìittle or no effect on the floodwaters. The same

is not true for the roadway crossings. Most of these are corrugated
metal pipe culverts. These are inadequate and can handle no more than a

three or four year event. crossings number two and six used to be

t imber br idges but were rep I aced wi th cul verts. Cu ì verts are adequate
in the creek's upper reaches. Hovlever, from a point about six miles
straight east of Parshall and extending downstream to Lake Sakakavrea,

the draînage area is large enough to require bridges on all crossings.
As a result, these crossings are frequently overtopped. Table I lists
what exists in the roadway crossings found in the study area.

Most of the culverts are still in good condition. Some of the
culverts at crossings number two and four have bent inlets and outlets.
However, this is not too serious. The culverts at crossing number three
are deformed and have been squashed in the middle. crossÌngs two,
three, and four have debris in the culvert or debris built up a few feet
away from the outlet. This is no doubt a result of the lgTg flood.
Many of the culverts have been praced in the crossings haphazardly.
Some slope the wrong bray. These al ì tend to reduce the expected efficîency
of the crossings, especially at lower flows. At higher flows these
culverts will back up water, develop pressure flow and eventualìy over-
top the roadway.

Table 2 is a list of the roadway crossings in the study area and

their estimated capacities.

-l l-



TABLE I

I nventory of the Exist ì ng Roaduvar¡ Cross ings
C ross i ng

e of Crossi

6r Corr. Metal
B' Corr. MetaI
8¡ Corr, Metal

6' Corr. Metal
6t Corr. Metal(r torr. Metal

()t Corr, Metal Fipe
7'Corr. Metal Pipe
/t Corr" l,letal Pipe

65' Bridge viîth 301 bortom wîdth
Trapezoîdal Area = ll25 S. f .

¡t Culverts sloping the wrong way

ln Elevation Out Elevatir
2 P

P
P

P
P
P

3

4

I

I

l

I

I

I

pe
pe
Pe

pe
pe
pe

I908.7
l 906.9
1906.7

r9ûB.6
r 906.9
t906.7

1912.0,'.rgil.¡
19¡ I .l$

| 9l 3.8's
l9r 2.0
lgl3.0",

1 920,0

1920.0
1 920. I
1921 .6*
1922.t

5

6

lgr r.7
I9lr.r
¡9r 1 .7

t9r3.2
19t2.7
1912.5

I 920.0

t920.0
r 920. g
lgzt.o
19?2.t

Á,¡

5.5
5.5
5.5

Corr. Metal PÍpe
'x7.5' Corr. Metal Eliptïcal Fipetx7.5r Corr. Metal Eliptical pipetx7.5r Corr. Metal Eliptical pïpe

-12-



Cross i nq Number

TABLE 2

Crossing Capacities

Capac i ty Head

ft.
ft.
ft.
ft.
fr.

2.2
3.5
2.0
6.7
2.3

2
3
4
5
6

I 200
900
300

2200
900

cfs
cfs
cfs
cfs
cfs

The Highway 37 bridge was an old concrete bridge with an eleven
foot by twenty foot opening. This washed out in 1979 and was replaced
by a 65 foot bridge having a 30 foot bottom width and a free flow area
of 425 sguare feet. The channel bottom of the old bridge was 5.5 feet
deeper than that of the existing brìdge. vlhen the new bridge was con-

structed, its deck elevation was higher and the old sag was filled in.
A new sag in the highway prof ile, sì ightly higher, v,ras put in south of
the bridge.

As is true with most small streams in North Dakota, the channel of
the East Branch of Shell Creek has the capacity to handle only about a

two or three year event. 0n the average, the channel in the study area

is about five to six feet deep having a capacity of about 550 cfs.
There is a small dam located west of the Highway 37 crossing. The area

above this dam and to the east of Parshall is in a wide flat floodplain,
as mentioned before. Here the channel is onlV 2.5 feet deep and has a

caPacity of only about 200 cfs. ln this area the channel gradient has

many flêt sPots causing the channel to fill with stagnant water. There-
fore, the bottom of this floodplain experiences flooding ìn all but the
driest years.

-13-



lf flows increase above those ìisted in Table 2, the channeì down-

stream from a crossing backs up rvater either from natural channel capacity
I imi ts or caPaci ty I imi ts of a downstream cross i ng. As these ta i ìwaters
rise, the available head at the crossing decreases.. This causes the
flow through the culverts to ìessen causing the water to back up behind

the crossing and eventually overtop the road. The pool of water formed

behind the crossing may increase the tailwater at the next upstream

crossing if it is close enough. Then the same cycìe of events happens

at this crossing. Therefore, when there are many crossings next to each

other, as în the study area, they tend to reduce the capacity of each

other.

Many of the roadways are overtopped by the ten year flood. This is
due not only to the limited channel and crossing capacities but also by

the small elevation difference betv¡een some of the roads and theîr
ditches or the surrounding land. ln some cases the road is flooded by

backwater from a downstream constriction,
The new city waste water treatment lagoon, bui lt in 1919, \^ras con_

structed ín an oxbow of the East Branch of Shell Creek. Thîs new lagoon

is located west of the existÌng cells between crossîngs number two and

three. To accommodate flows from the creek, a very small diversion
d¡tch was built to divert them around the new lagoon. Thîs ditch is
approximately l0 feet wide at the bottom, and five feet deep and has a

capacity of 400 cfs. The side slopes are very steep. The north side of
the channel is the toe slope for a portion of the south dike of the new

lagoon. Even though it is riprapped, the inadequacy of the diversion
d¡tch threatens to erode this dike during flows over about 400 cfs.

-ì4-



This is about a two or three year event. The limited capacity of this
channeì will back up water even during lower fìows. This diversion
channeì has a caPacity only sl¡ghtly smaìler than the rest of the creek
in the area' however, its ìocation between the road and the lagoon dikes
causes a constrictîon. trlhereas in other places along the creek the
water can spread out, here ¡t is more confined,

HYDROLOG I C I NVESTI GATI ON

The TR-20 computer program developed by the U.S. Soil Conservation
Service was used to determine peak discharges and corresponding flow
volumes for various frequency storms. The program formulates a math-

ematical model of the watershed based on the foìlowing input data: the
rainfal T distribution, type of soi ì, soi r moisture condÌtions, land use,
time of concentration, hydraul ic characteristics of the channels and the
size of the drainage area. An analysis of the drainage basin above the
study areê was made considering both rainfall and snowmelt. Rainfall is
given as the number of inches of runoff that would occur over a tO day

period.

The drainage basin above the study area has ì40 square miles that
contribute runoff to the East Branch of Shell creek. Above the study
area there are 20 miles of river channel. ln this distance there is an

elevation difference of 133 feet. Land use in the draÌnage area was

estimated and broken down as follows:
Smal I Gra ins
Fa I low
Range I and
Roads E Municipal
Fa rms tead s

60.0"/"
30.0%

6.2%
3.62
0.27o]ìmE

- l5-



The TR-20 comPuter model generated hydrographs for both rainfaìl
and snowmelt evenLs with recurrance intervals of 10, 25 and l0o years.
These hydrographs were generated at three locations in the study area.

Each roadway crossing was studied to determine how it would handle
the fìows from the 10, 25 and lO0 year floods. To do this, peak fìows
were taken from the generated hydrographs and used to estimate taÌìwater
and backwater eìevations at each crossing. Table 3 shows the peak flow
at each roadway crossing for various frequency floods. The greater of
the rainfall or snowmelt event was chosen at this peak flow.

WATER SURFACE PROFILE ANALYSIS

ln order to evaluate the existÌng conditions of the East Branch of
Shell Creek, as well as the conditions after making certa¡n improvements,
water surface elevations at various cross sections and crossings were
calculated. These are shown on Figure 4. This process started by

choosing a cross section just downstream from crossing number two, the
first one on the downstream end of the study area. Since there are no

crossÎngs a short distance downstream from here to back up flows, calcu-
lating the water level needed to pass various flows through the cross
section resulted in a tailwater elevation for crossing number two.
Using pipe flow equations, the amount of flo!^J through the culverts was

calculated.
Flow through the pipes varies with the difference in elevation

betr'reen the water levels on the upstream and downstream sïdes of the
crossing. lf the upstream level is at the top of the road and the pipes
are unable to pass the expected flow, the water will back up more and

-t6-



TABI.E 3

Peak Flows

Peak FlowC¡'oss i nq Number

Pa¡:shal I Dam

2

3

I+

l0
25
0CI

l0
25
00

I

I

5

l0 yr,
25 yr.

100 yr.
l0 yr.
25 yr.

100 yr.
l0 yr.
25 vr.

100 yr.

yr.
yr.
yr'.

l0 yr.
25, yr.

100 yr.

1942 cfs
2726 efs
429a cfs

I $tr2 cf s
2726 cfs
42gz cfs

1938 cf
272A cf
426A cf
ì935 cfs
2715 cfs
4234 crs

1935 cfs
2715 cts
4234 cfs

l48o cfs
2093 cfs
3220 cfs

Causinq Event

snowmel t
snou¡r¡el t
rainfal I

snou¡mel t
snu¡omel t
¡:ai nfal I

snowmel t
snowmel t
rainfal I

snowmelt
snowmel t
ra¡nlal I

snowmel t
snowmel t
rainfal I

snowmel t
snor¡rneI t
snown¡el t

s
5
s

yr.
yr.
YF.

6
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run over the road. Then the flow at the crossîng is a combÌnation of
pipe flol. through the culverts and weir flow over the road. From this
the backrvater eìevation built up behind the crossing was calculated.

Another cross section was chosen just downstream of the next up-

stream road cross i ng, number three. Aga i n the \.Jater ì evel needed to
Pass various flows through the cross section \¡ras calculated. This water
surface elevation was compared to the backwater elevation buiìt up

behind the downstream crossing, number two. The higher of these was

used as the tailwater elevation for crossing number three. when the
backwater eìevation is higher than the water surface elevatîon needed to
pass the flow through the cross section, the pool formed by the down-

stream crossing controls the taìlwater elevation for the upstream

crossÎng. The backwater elevat¡on at crossing number three was caìcu-
lated. Then the same process was fol ìowed for the remaîning upstream

crossîngs Ìn the study area.

From this serîes of calculations the tai lwater and backwater ele-
vations were found for all the roadway crossings in the study area,
These were plotted 'on a drawing of the streambed prof i le (see Figure 4).
This drawing shows how high the water will back up behind the various
crossings and how much water, if any, will flow over the road.

To find the water level needed to pass the various flows at the
cross sections, Mannings equatìon was used. The equation is usually
seen in the following form:

.,_1.496 2/3 t/2
V = Velocity
n = Roughness coefficient
R = Hydraulic radius
S = Slope
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Hultiplying the velocity by the area of water in the cross section r^¡ill
give the flow rate. The hydraul ic radius is the cross sectional area of
water divided by. the wetted perimeter. To take into account the irregu-
lari ties and other condi tions that restrict flow, the roughness coefficient
i s used

Fìolv through pipes happens in one of three ways. uhen the water
surface is below the top of the pipe there is open channel flow. This
is estimated by usîng Mannings equation. Two things can happen when the
water surface is above the top of the p¡pe. The fìow may be controlled
either by the pipe itself or by the opening at the êntrance, orifice
control- FIow through the pipe is figured for both conditions and the
smaìlest value is used. These reJationships for pipe flow are as follows:

For pipe control:

Q=A' 64.4 . hr Q = Flow
A = Area
K_= Entrance Coeff ìcient
Le= Headless through pîpe
n = Roughness coefficient
R = Hydraulic radius
L = Pipe length

K-+f +29 .n2. t-eh

For orifÌce control:
Q = f, rff. 64 -4.h c = orifice coefficient

h = head on orîfice
Looking at the water surface profiles for the existing conditions

along the East Branch of Shell Creek shows that all the crossings in the
study area, except the hïghway brîdge at crossing number five, are
overtoPped by the ten year flood. Table 2 shows the crossing capacities.
As mentioned before, higher flows will result in water backÌng up caus-
ing the available head of the crossings to be reduced. This, of course,
reduces the flow through the culverts. The water surface profiles
clearly show how the crossings are causing ttiis back up.
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Crossing number four is flooded by the backwater pool behind cross-
ing number three. Most of the fìow must overtop the crossing with the
road acting as a submerged weir. This weir action provides at Ieast a

I ittle head to enable some flow through the culverts.
The Parshaìl Dam seems to back up little water during flows above

the l0 year flood. H¡gh fìows wiil bypass the dam. There is onìy a

half foot difference between the crest of the spillway and the land to
the south of the dam. ThÌs means that the spillway will handle a flow
of about 60 cfs before the water wi I I flow around the south end of the
dam. Figure l0 is a cross sectional view of the dam. lt shows how the
flows will easily bypass the dam by flowing around the south end and

then flow generally westward until they enter the creek channel again
just upstream from crossing number four (see FiSure 3).

crossing number five, the Highway 37 bridge, by far causes the
largest back up of water. Being as this water affects the east side of
Parshal l, this is an important crossing. Backwater from it inundates
crossing number six. Therefore, as with crossîng number four, the
culverts can handìe very little flow. The water must flow over the road

at crossing number 6 with the roadway acting as a submerged weir. The

water backed up behind crossing number sÌx causes the flooding problems

on Parshallrs east sîde. lt can be reduced the most by reducing the
backwater elevation behind crossing number five. The increase Ìn water
surface elevation across number six is smaì1.
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V. ALTERNATI VES

This section wilì discuss different ideas on things that can be

done to help reduce the effects of fìooding in the study area. The

merits of each alternative will be looked at. Some of the alternatives
concern'changes throughout the entire study area v¡hile others deal with
specïfic problem areas. They are presented with the idea that they each

achieve certain results. No one alternative wi ì l al ìeviate the totaì
problem- The summary will discuss what the engineering staff of the
State I'Jater Commission bel ieves to be the most feasible aìternative or
grouP of alternatives. Alternatives discussed are the addition of new

cuìverts, the construction of bridges, removing Parshal I Dam, diverting
the south tributary, dikes, removal of structures, and floodplain manage-

ment.

CULVERTS

As mentioned earl ier, the corrugated metal pipe crossings are

inadequate. They were analyzed to determine how they affect various
flows. The ten year fìood was used as the desîgn flow. From this the
size and number of pipes required to pass the design flow without over-
topping the road was calculated. Table 4 lists the recommended improve-

ments to be installed at each crossîng for this alternative. lt is
estimated that this alternative will cost about 5224,000. A breakdown

of these costs Îs listed in Table 5. The effects of the new crossings
on various flows was also estimated. F¡gure 5 shows the water surface
profi le after instal I ìng these nebr culverts. Table 6 I ists the tai lwater
and backwater elevations for both the existing and improved conditîons.
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TABLE ¡I

Culvert Al ternative Froposed lmprovements

qloss I NG

2

3

Ir

IMPROUÊHENTS

5

6

Remove Exï st i ng S't C. M. p.
Relay the two existing 8t C.M.p.
Add 4-8! C.¡,1.p.
Widen approaches to the crossing

Remove the two exîsting 6' C.l{.p.
Rernove the existing 5.5t C.M.p.
Add 8*6r c.H-P.
lrlîden approaches to the crossing
Straighten jog down from the outlet,
Relay the tv¿o existing 7' C.M.p.
Relay the existing 6¡ C.M.p,
Add 2-6 ' C.l,l. p .

Leave the existing brTdg,e as ît is.
ExistinE 6r t.H.P. to remain
The two 5.5¡ x 7.5' H"E.C.H,p.to remain.
Reïay the ty¡o 5,5' x 7.5' H.E.C.M.p.
s I op i ng the hrrong vråy.

Add 5 - 5.5' x 7.5' H.E.c.¡,t.p.

C.M.P Corrugated Metal Pipe
H.E.e ;M.P. - Horiizontal El iptïcal eorr:ugated Metal pipe
The pipe should be rnade of aluminized steel,
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TAtsLË 5

Cost Estimate
Culvert Al ternative

UN¡T QUANTITYI TEM

Remove 6r C.M.p
Remove 5.5'x 7.5t H.E.C.M.P.
Relay 6rC.M.P.
Relay /rC.H.P,
Relay I' C.il.P.
Relay 5.5t x 7.5t Fl.E.C,M.p.
6t Dia. t,t"t.p. (nluminized steel)
I'dîa. C,M.p. (Alum¡nized Steel)
5.5' x 7,5' H.E.c.¡,1.P.
Excavat îon
Seed i ng

SUBTOTAL

Engineering
eont,ract Admi ni strat ion
Cont i ngenci es

L. F.
L.F,
EA.

Ea.
Ea.
Ea.
L. F.
L. F.
L. F.
c. Y.
Acre

¡5CI

65

50
100

100

130

500
2û0

325
29,000

TOTAL COST FøOOO

UN ¡T
COST

7

7
45

4B

50
48

il4
134

122
100

200

COST

I,o5o
455

2,25t
4, Boo

5,000
6,240

57, ooo
26,800
39,65o
29,000

200

$ I 72, 445
l7, 185

t7, lg5
17, 1 85
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LOCATI ON

TABLE 6

V/ater Surface Elevations for Culvert Al ternative

l0 Year Fìood

TA I LI,/ATER BACKU/ATER

Cross ing #2
Cross inS ll3
Cross ing #4
Parshaì I Dam
Cross ins #5
Cross ing #6

Cross ing í12
Crossíng #3
Cross ing #4
Parshal I Dam
Cross ing #5
Cross ing #6

Cross i ng
C ross i ng
Crossing
Parshal I
Cross i ng
Cross i ng

Existin
l9 ì4.5
1917 .o
1919 -5

1922.O
1928.3

ì 914.
1917.
r9r9.

Existin
r9r7.0
r9r9.5
tgzo.6
1921 .7
1928.3
1929.4

1917.3
r9r9.8
I92l . 0
1922.1
1929.4
| 930.0

t9t7.8
lg2o.2
1921 .5
t922.8
t930.2
1930.7

lm roved

r9 r 6.0
r9t8.8
1920.5
lgzt.7
1928.3
t929.0

r9r6.5
1919.5
r 920.8
l9zz.t
1929.4
1929-B

1917.4
I 920.0
1921.4
1922.8
1930.2
I 930.6

9
3I

lm roved

l9 r 4.5
r9ì6.5
1919.3

1922.0
1928 -3

25 Year Flood

l9 r 4.9
1917 .2
1919.7

1922.6
1929.4

100 Year Flood

r9r5.5
l9ì8.3
1920.2

1923.5
1930.2

#z
#3
#4
Dam

1922.6
1929.\

r9r5.5
t9r8.3
1920.2.

1923.5
1930.2

#5
#6
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Crossings two and three can handle the design flovr with the addition
of four, eight foot dîameter corrugated metal pipe (c.¡1.p.) at crossÌng
two and replacing the existing pipe at crossing three with eight, six
foot dîameter c.M.P. Due to the bad condition of the pipe in crossing
three, they should all be replaced. At design flow the water leveì
behind the crossing wíll be sl ightly below the top of the lov,,est spot in
the road near the crossing. The amount of pipe in each case wilì re-
quire a crossing wîdth of about seventy-two feet. Therefore, the channel

wîll have to be widened at the crossing and tapered to fit w¡th the
existing channel. There îs a jog ìn the channel on the outlet side of
crossing three. This should be straightened. Also the eight foot pipe
at crossing two should be relayed to slope properly, and the six foot
pipe removed.

A new wastewater treatment lagoon was built between crossings two

and three. The southwest corner was built over an oxbow in the channel

of the East Branch of shell creek. A ditch with a bottom width of
aPProximately ten feet and 2 to I (horizontal to vertical) side slopes
was buîlt to divert flows along the south side of the lagoon. The

caPacity of this channel is slightly less than the rest of the creek in
the area. To improve this situation, the ditch should be widened to a

thirty foot bottom wÎdth. This widening would be on the south side of
the existing ditch since the north side is the dike for the lagoon. The

new south side should slope at a rate of lrto I (horizontal to vertical).
ApproximatelY 29,000 cubic yards of material will be excavated. The new

ditch would have a depth of about five feet.
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since crossing number four is inundated by the backwater from

crossing three, âny pipes instalìed here will have'¡ery l¡ttle effect on

the backwater eìevation. To keep the road from being overtopped, it
wouìd have to be raised and eight, six foot cuìveris instaììed. This
would increase the backwater behind the crossing Þince water would no

ìonger be flowing over the road- The intersection of this road and the

main east-west road to the north is lower than the road at the crossing.
This area floods already due to the backwater from crossing number three
and should be raised. lf the road over crossing four is raised, the
backwaters will be hìgher and the east-west road wiìl have to be raised
h i gher.

Since the road over crossing number four only provides access to a

small landing field, it wouìd not be worthwhile to do all the necessary

roadway raising and install the necessary pîpes. Therefore, it is
recommended that two, six foot diameter c.M.p. be instal led. Thîs was

determined on the basis of room avaÌlable in the channel at the cross-
ing. Because the tailwater floods the crossing during high flows most

of the water will flow over the road. However, the two additionaì six
foot pipes will pass more flow before the water backs up and alìow the
backwater to draÌn away faster after the taîlwater recedes.

Under this alternatîve crossing number five vrill remain the same.

This causes a high tailwater at crossìng number six that just starts to
flood the road there during the design flow. Again it would take a

grade raise on the road and added culverts to keep the road passable

during the desÎgn flow. The area behind this crossing is already having

flood problems and raising the road would increase them. lt would take
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an unreasonable number of culverts to keep the water ìeveì behind the
crossing the same with the grade raise as without it when the water
flows over the road. lt is recommended that the roadway elevation
remain unchanged and that the existing six foot C.M.P. remain. Also the

two !.!r x 7-5' horizontal el ipticaì corrugated metaì pipe (H.r.c.H.p.)
that are sloped the wrong way should be relayed. The two that slope
correctly can remain. Five additional 5.5' x 1.5, pipe should be

installed- (fnis was calculated assuming changes done at crossíng five
whîch will be discussed later.) Even though these new pipe would not
greatly reduce the backwater elevation, they wilt drain the backwaters

away faster when the taiìwater starts to recede.

BRI DGES

The drainage area above the study area is about 140 square miìes.
This is large enough to require bridges on ail the crossings. The

alternate proposes that bridges be built on crossings two, three, and

six. They are desîgned to handle a twenty-five year flood. Figure 6

shows the water surface profiles that can be expected with the added

bridges. These bridges will reduce the water levels needed to pass the
twenty-five year flood. A comparison of the tailwater and backwater

elevations for the existing and improved conditïons îs shown in TableT.
crossing number two requires a bridge having a flow area of 6ì2

square feet. The proposal calls for a trapezoidal flow area with a

bottom br¡dth of 50 feet, 2 to 1 side slopes and a depth of nine feet from

the bottom of the beams to channel bottom. This results in a bridge with
a length of 86 feet. The roadway width will be 30 feer.
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TABLE 7

Water Surface Elevations for Bridge Alternatîve

l0 Year Flood

TA I LWATERExisting lmproved
BACK\,JATER

Exi st i nq I mproved
LOCAT 1 ON

CrossinS #2
Cross ing ll3
C ross i ng
Parshal I
C ross i ng
Crossing

Crossing #2
Crossing #3
Cross ing #4
Parshal I Dam
Crossing #5
Cross ing #6

Cross ing #2
Crossing #3
Crossing
Parshal I
Cross i ng
C ross i ng

#4
Dam
#5
#6

r9r4.5
r9r7.0
r9r9.5

1922.0
1928.3

r914.9
1917.3
I 9l 9.8

1922.6
1929.4

r9r5.5
I 918. 3
1920.2

r 9r 4.9
1917.2
1919.7

1922.6
1929.t+

1915.5
l9r8.3
1920.2

r9r7.0
r9t9.5
1920.6
1921.7
1928.3
1929.\

t917.3
r9t9.B
t92t.0
1922. t
1929.4
I 930.0

r 9r 7.8
1920.2
1921.5
tg22.B
1930.2
1930.7

r 9r 4.5
I 9l 6.5
1920.5
tg21 .7
1928.3
1928.3

1915.2
1917.3
r 920. B
1922.1
1929.t+
1929.\

r 9t 6.6
19 t9.4
r92r -4
1922.8
1930.2
1930.7

r914.5
r9r 6.5
r9r9.3

1922.O
1928.3

2j Year Flood

100 Year Flood

#4
Dam
#5
#6

1923.5
1930.2

1923.5
1930.2
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The installation of tlo additìonal six foot diameter C.M.p. made of
alumînized steel is proposed for crossing number four. This causes a

greater jump in the water surface profile across this crossing than the
others. Tailwaters from the downstream channel fìood the road over cross-
ing four from a short distance north of the crossing to the Ìntersection
with the east-west road north of the crossîng (see Fígure l), These

tailwaters also flood the east-west road for a distance. Any improvements

to the crossing will not prevent the roads from being flooded. ln order
to keep the roads dry, they will have to be raised about z.s to 3 feet
at the intersection. This will put the road above the estimated twenty-
five year flood level.

Since the road over crossing number three must be raised to accom-

modate the proposed bridge, the east-west road should be raised from this
bridge to about 600 feet east of the intersection.

Building a bridge at crossing four, similar to the one at crossing
three, would reduce the backwater elevations about a foot. This would

reduce the required road'/,,ay grade rise needed to keep the roads above the
2J year flood by about a foot. However, only pastureland is flooded by

these backwaters and they do not greatly affect the backwater elevations
behind the Parshall Dam needed for flow over it. This is because the
tailwater below the dam is controlled by channeì characteristics and will
remain the same- The road over crossing number four goes to a small air-
port. water flowing over this road for a time would not cause any great
inconvenience. Therefore, money spent on a bridge here is not warranted.

Crossing number five is to remain the same. Again one can see that
the existing bridge here causes the largest jump in the water surface
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profiìe. This causes the taiìwaters at crossîng number s¡x to be high
enough to fìood the road. Existing water surface profi le increases are
smal I across here due to the fact that most of the flow goes over the
road.

This alternate Ìncludes a bridge at crossing six. A florv area of
459 square feet is required. rt is proposed that the shape of the flow
area be trapezoidal wTth 2 to I side slopes, l0 foot bottom and a !.4
foot clearance between the channel bottom and the beams. This results
Tn a bridge 66 feet long. The roadway width w¡ll be 30 feet. To get the
beams above the 1929.4 backwater elevatîon the bridge deck wîìl have to
be raised to about elevation 1933.0. lt is proposed to raise the road to
the bridge deck elevation of 1933.0 from Highway 37 east to just past the
bridge. To al low higher f lows to cross the roacl with a minimal increase in
backwater elevation, a flat section about 150 feet long at eìevation l92g.s
should be constructed. For the water surface calculations, two percent

slopes were assumed for the transitîon to the low overfìow area.
At elevation 1929.4 the backwater is almost flowing through the

overflow section. The water surface profiles were calculated assuming

the overflow area of this elevation. However, if the roadway in this
section was raised 0.5 feet to 1930.0 the road would be more passable

during the twenty-five year flood. This vrould raise only the 100-year

backwater elevation, resulting in a level closer to elevation .|931.0.

ln addition to the added bridges at crossings two, three, and six,
and the two added six foot diameter culverts at crossing four, there
are two existing culverts at crossing four that should be relayed to
slope the right direction. Also, the channel diverting the East Branch
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of Shel I Creek around the new u¡aster,vater treatment lagoons should be

widened to a 30 foot bottom width, as discussed Ìn the culvert alternate.
The jog in the channel alignment just downstream from crossing three is
to be straightened out. Since the bridges are designed to handle the

twenty-five year flow without being overtopped, the east-west road be-

tween crossÎng three and six is proposed to be raised above the tvrenty-
five year water levels. A bridge at crossing four, as mentioned before,
is not proposed but if it is put in it would lower the backwater eleva-
tions for the twenty-five year event by about a foot. lf a bridge is
built, the road over crossing four shouìd be raised also. ThÌs would

extend from the hill immediately to the south of the crossing to where

it intersects the east-west road. lf thîs is done, a low spot should be

maintained to minimize the increase in the lOO-year water levels due to
raising the road. Only the land between crossing four and the dam would

receive a slight benefît.
The cost for the alternate as proposed is $565,000. Tabìe B shows

a breakdown of these costs. lf it is decided to construct a bridge on

crossing four, it would increase the cost by $175,000.

LO\,JER CROSS I NG F IVE

Crossing number five causes the greatest increase in water surface
elevations. This crossing used to have a smalì ll' x 20' bridge which

washed out in 1979. The bottom of this old bridge was 5.5 feet lower

than that of the existing bridge. This lower bottom elevation, together
with the smallness of the bridge opening, allov¡ed pressure flow to
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TABLE 8
Cost Estïmate - Bridge Alternate

Un.i t, Ouanti tvI lem
Cross'tng #2, Br.idge
Crossing #3, Bridge
Crsss i ng #6, Br: idge
6' Dia. C.l,t.P. (nlurnïnized Steel)
Excavat I on
Borrow
Gravel
Hot Bit. Pavement
85-toO Asphalt Cer¡ent
Fog Coat
Seed i ng

Unït
oggt

L.S. I t29,000.00
L.S. I 133,500.t0
L.S. I gg,0o0.o0
L.F. t00 114.00
c.Y. 28,000 t.oo
c.Y. 6,00CI l.5O
Ton I,450 4.OO
Ton Vl5 15.00
Ton \3 120.00
Gal. 530 l.oo
Acre 2.2 200.00
Subtota I
Engineerîng
Contract Admln istrat ion
Contingencies

T.OTAL COST

Cost

$ I 29,000
t 33,500
99,000
I I ,4oo
28,000
9,000
5, Boo

10,725
5, 160

53a
,*40

$432,555
44, I 45
44,145
44, I 45

$565,000
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develop. The existing brÌdge was designed for open channel fìow which
depends on stream gradient to provide energy for flow. This bridge is
65 feet ìong and has a trapezoidal flow area with a bottom width of 30

feet (see Figure 7).
lf the bottom of the channel below the bridge is lowered by turo

feet (see Figure /) , the backr¡rater elevations can be reduced as shown in
Table !.

TABLE 9
Backwater Elevation at Lowered Crossing Five

Frequency Flow Backwater Elevatîons
Existînq Lowered Cross inq

l0 yr.
25 yr.
100 yr.

I 935 cfs
2715 cfs
\234 cts

1928.1
1929.4
1930.2

1927.3
l92g.o
I 930.0

ThÎs channel lowering wìll start just below crossing number six. The

channel gradient wiìI be changed so the section below crossing fìve is trno

feet lower than existing. This new gradient will be continued until ¡t
daylights into the reservoir. The channel will have a l0 foot bottom width
4 to t (horizontal to vertical) side slopes. This alternarive wiìl cost
$ I 2, ooo.

The amount of water ìever reduction achieved during the l0 year
flood wilI enable the road over crossing six to remain above water.
This will allow head to build up so flow through the culverts can be

increased. Adding five 5.5' x 7.5' H,E.C.M.p. culverts will pass the l0
year flow with the backwater at the elevation of the low spot in the
road. Figure 8 shows the water surface pr.of ile if crossing f îve is
low.ered and the f ive culverts are instal led. Table l0 compares the
tailwater and backwater elevations of the existing and improved conditions.
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Figure ! shows the water surface profile if crossing five is lowered

and a bridge, as described in the bridge alternate, ìs constructed. A

comparison of existing and improved conditions is given in Table lì.
Adding the bridge wilì allow the road to be above vrater during a twenty-
five year event. The roadway from the highway east to just past the new

bridge should be raised to eìevation 1933. To allow higher flows ro
pass the crossing wíthout greatly increasing the ì00 year backwater

elevation, an orrerflow section 150 feet long at elevation 1929.5 should
be constructed. ln the anaìysis, two percent grades were assumed to
transition the road profile into and out of this overflow section. This
section was assumed to be at elevation 1929.5 which is just above the
twenty-five year backwater elevation of 1929.4. To assure that the road

be above water for this flood, the overflow section should be constructed
at elevation 1930.0. Thîs will raise the lO0 year backwater closer to
elevation 193.|.0.

PARSHALL DAH

It has been mentioned at past meetings with the engineering staff
of the State V/ater Commîssion that removing the small dam located about

one thousand feet west of the hîghway would reduce flood levels. There

is only about 0.5 feet of difference between the crest of the spillway
weir and the existing ground a few hundred feet to the south (see

Figure l0). Flows will easily go around the south side of the dam.

Table l2 shows the backwater elevations needed behînd the existing dam

to pass various flows and the estîmated elevations if the dam were

removed.
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TABLE I O

Water Surface Elevations for Lowered
cross ing ll5 and cu lverts at cross ing #6

l0 Year Flood

TA ¡ L'$JATER BACKWATERExistin I I mproved Existîn s

LOCAT I ON

Parshal I Dam
Cross ing #5
Crossing #6

Parshal I Dam
Crossins #5
Crossing #6

Parshal I
Cross i ng
C ross i ng

LOCATI ON

Parshaì I Dam
Cross ínS #5
Crossins #6

Parshal I Dam
Crossing #5
Crossing /f6

Parshal I Dam
CrossinS #5
Crossing #6

tg22.O
1927.3

25 Year Flood

t922.6
1929.0

100 Year Flood

1922.o
t928.3

1921.7
1928.3
tgzg.\

I mproved

1921.7
1927.3
1928.3

Dam
#5
/í6

1922.6
1929.4

1922. I
1929-O
1929.6

1923.5
1930.2

19.22.0
1928.3

1922.6
1929.4

1923.5
I 930. 0

tg22.B
I 930 .0
| 930.4

tgzt.7
1927.3
1927.5

1922.1
1929.O
1929.0

lg22-8
| 930. 0
t930.7

1922.0
1927.3

25 Year Flood

1922.6
l92g.o

100 Year Flood

1923.5
I 930. 0

1922.1
1929.\
I 930. 0

tg22.B
1930.2
1930.7

BACKWATERExìstins I

1921.7
1928.3
1929.4

t922.1
1929.4
I 930.0

t922.8
1930.2
1930.7

TABLE I I
\,later Surface E levat ions for Lowered

Crossing #5 and Bridge ar Crossing #6

l0 Year Fìood

TAlLI^JATERExisting lmproved roved

3.5
0.2

t92
193
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TABLE ì 2

Backwater Elevations at Parshall Dam

With the Dam Wi thout the DamFreq uency

l0 yr.
25 yr.
100 yr.

1921.7
1922. I
tg22.B

1921 .3
tgzt.5
tg2t.9

water backed up from the dam does not seem to cause any major
flooding problems. lt floods the low areas of the golf course and an

old ball park facilÌty. The backwater eìevations do not greatìy affect
the flow through crossïng five. Because of the constricted flow con-
dition, the free flowing water surface elevation at the bridge outlet is
hîgher than the backwater elevations. Therefore, there is no urgent
need to remove the dam. lts removal will only reduce water levels
around the reservoir.

SOUTH TRI BUTARY DI VERS I ON

It is possible to dîvert the tributary coming Ínto the reservoir
behind the Parshall Dam from the south. This stream will be referred to
as the south trîbutary. The location of this alternate is shown on

Figure ll. To divert this south tributary, a dam wilì have to be

buÎlt. along with a channel to carry the dîverted flows. The channel

would have a trapezoîdal section with 3 to I (horizontal to vertical)
side slopes and a '15 foot bottom width. lt wi I I be lSoo feet long and

have an average cut of l0 feet. The maximum cut would be 26 feet at
the Highway l/ crossing. A I0t x 8' (span-rise) reinforced concrete box
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culvert 142 feet long is needed to take the flows under the highway.

From here the f lotv rvil I fol low the diversion channeì and outfal ì into a

coulee. This coulee crosses the road to the ai rport. At this crossing,
two six foot diameter corrugated metal pipe culverts are needed to pass

the l0 year diverted flow. F¡gure l2 shows a profiìe of the channeì and

the proposed dam. Tabe l3 ìists the expected flows in the south tributary
that are to be diverted and the existing flows in the coulee that will
receive these fìows. These come from a drainage area of lB square

miles.

South Tributary Flows

TABLE ì 3

Diverted e Existing Flows

Exi sti ng Flows i n Receiving Couìee

ïi
0
5
00

= 4Bo cfs
= 650 cfs
= I 030 cfs i+3

= 45 cfs
= /0 cfs

I 70 cfs0

The ten year peak flows through crossing number five, the Parshall
Dam and crossing number four will be reduced from about 1935 cfs to 1500

cfs. This wouìd lower the backwater elevation at crossing five from

1928.3 to 1927.3 whÎch wouìd reduce the tailwater at crossing sîx. l.Jith

this reduction, the road over crossing six wouìd not be flooded by these

tailwaters and installing eîther fìve 5.5' x 7.5, horizontal eliptÌcal
corrugated metal pîpe or a bridge, as proposed in the bridge alternate,
would keep the road dry. Backwater elevatîons would be l9zg.3 with the
added culverts, 1927.5 with a brîdge, and l9ZB.9 r¡rith the exisring
crossing. The lowest roadway elevation near the crossing is 1928.3.

Without the diversion, the backwater elevat¡on behind crossing six is 1929.\.
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For a twenty-five year flood, fìows at the same crossings would be

reduced fron 2715 cfs to 2100 cfs. The tailvrater elevation at crossing
six would be lowered from 1929.4 to 1928.6. Backwater elevations would
be ìowered 0.6 feet to eìevation 1929.2 with the added culverts. They

wouìd be ìowered 0.4 feet to elevation lg2g.0 with a bridge instaììed
and lowered 0.2 feet to eìevation l9z9.B with the existing crossîng.
The backwater elevation behind crossing six is 1930.0 without the diversion.

The 100 year flood flows between crossing five and four would be

reduced fron 4234 cfs to J22O cfs. This will lower the backwater ele-
vation at crossing five from 1930.2 to l9z9.l. Due to this, the back-
hrater with the added culverts would be lowered 0.2 feet to elevation
t930.4. lf this diversion is done along wÌth the bridge alternate, the
backwater would be lowered 0.4 feet to elevation 1930.3. For the exist-
ing conditions, the backwater wouìd be lowered o.l feet to elevation
1930.6.

There would be small reductîons in water surface elevations at the
dam. However, the levels reached without the diversion under existing
conditions do not seem to cause much problems around the reservcfÌr-
Most of any flooding occurs on nearby areas of the golf course and an

old ball park facility. The rest of any flooded area is undeveloped.
l'later may get close to some buildings along the east-\^rest road to the
north. Because of the constricted flow condÌtÌons at crossing number

five, a reduction in the reservoirrs surface elevation will not greatly
affect flow through there. This is because the expected tailwater at
crossing five, with and without this diversion, wouìd be lower than the
elevation of the free flowing water surface at the outlet of the bridge.
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Diverted fìows from the south tributary wouìd reunite with the East

Branch of Sheìl Creek just beìow crossing number four. Because of thís,
the tailwater at crossing four wiìl not be changed. The roads în the
area will stÎlì flood due to the taîìwater at crossing four. Therefore
it is expected that there wììì be onìy a slight change in the fìow
characteristics at thÎs crossing. The water levels wi I I be near those
calculated for the exîsting conditions, the culvert alternate and the
br idge al ternate.

Material excavated during the construction of the diversion channel

can be used to construct the dam. This amounts to 30,000 cubic yards.
The proposed dam wiìl have a 12 foot top width with 4 to I (horizontal
to vertical) side slopes. F¡gure l3 shows a typical cross section of
both the diversion channel and the dam. For design of the box culvert
it was assumed that 12 feet of water wouìd back up in order to pass the
100 year fìow through ît. Aìlowing five feet of freeboard gave a top
elevation of 1955.0. To use alì 30,000 cubic yards of materÌaì from the
channel the side sìope would have to be about 6.5 to I (horizontal to
vert ica I ) . Th i s wou'ld have a 233 foot base width. The proposed top
elevation of 1960.0, as shown on Figure l3 rvith lr to I (horizontal to
vertical) side slopes would use the 30,000 cubic yards of material and

have a base width of 188 feet. lt would also provide more protection
from overtopping.

This alternate requires daming up a stream, excavating a faîrly
deep channel and releasing into a coulee ten times the.existing flows ¡t
now experiences, During the 100 year flood, 12 feet of water wÌll be

backed up behind the highway l/ crossing. This will fìood a z4o0 foor
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ìength of the triburary covering 35 acres. Figure ll shows the area

flooded by the 100 year event. Easements will have to be attained for
the 35 acres beìow elevation 1950.0 that will be flooded. The cost of
this alternate is about $ì80r000 not including the cost of any easements

or land acquisition for the dam and the channel.

I ncreased flows wi ì I cause erosion problems along the receiving
coulee r¡¿hich the Mountrai ì County l/ater Management Board may be held
responsible for. This could result in the expenditure of more money for
erosion control.. Due to the increabed flows in the coulee, easements

will have to be attained for the areas flooded durÌng high flows.
Therefore, thîs aìternate is not recommended, due to its cost and the
damaging effects it will have on the receiving coulee.

DIKES

Most of the damage due to flooding of the East Branch of shell
creek occurs along the east side of parshail. The 1979 flood was near
the levels estimated for the 100 year flood. Therefore areas flooded at
that time give a good indication of the areas expected to flood during a

100 year event' This alternate proposes that dikes be constructed to
protect against flooding.

Figure ìì is a map of the study area. North of the railroad tracks
are tþro barns and a house that had v,,ater get close to them i n 1979. 0n

the north side of the road over crossing six, at its intersection wîth
highway J/, is a complex of graín bins inctuding a few larger buîldings
and quansets. This area was flooded in lg7g. south of this road are
two houses surrounded by some smaller buildings. The houses were above
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the 1979 water ìevels. North of the grain bîn complex is a small farmstead.
Two ìow ìying grain bins near the railroad tracks vrere flooded and water
Ìvas up to the side of his smalì barn. The eìevator just west of the
highrvay was surrounded by water backing up into a drainage ditch leading
into the East Branch of Sheì I Creek from the city.

The barns and the house north of the tracks are on the edge of the
100 year floodpìain. They are probably high enough to escape damage

from the 100 year flood. Any probrem they may have should be easiìy
taken care of by sandbagging or piling up dirt to make a temporary dike.
The same is trúe of the two houses south of the grain bin complex- Some

of the small sheds around these houses may flood. lf needed, they can

be protected with sandbags or a temporary dike. Temporary dikes would
aìso protect the eìevator. standby pumps may be needed to pump water
that may seep into the elevatorrs scale pits or the basements of any

affected houses.

A dike should be constructed along and followîng the ridge delin-
eating the creek's fìoodplain extending south from the railroad tracks
to the road over crossing number six. To protect against a l0o year
f lood, the rop of rhe dike should be at elevatîon 193t.5. This a.l ìows

0.8 foot of freeboard over the water surface elevation of 1930.7 which
is the estimated backwater elevation for the existing crossing six.
Looking at the water surface profiles at this crossing, it appears that
any improvements implemented wilì ìower the ten and twenty-five year
flood levels. The 100 year flood ìevels range from 1930.4 to l93o.l
depending on the improvement made. Therefore, it appears that evèn with
improvements to crossing six, and in one case crossing five also, dikes
may be needed in some areas to protect them from the l0o year flood.
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Figure ll sho!^,s the ìocation of the proposed dikes. They vrill have

a ten foot top width and 2 to ì (horizontal to vertical) side slopes.
There wilì be l4oo feet of dike south of the tracks. s¡nce the top of
the ri.dge above the f loodplain is near elevation 1930, the dike wi I I be

about two feet above the existing high ground. At the grain bîn loca-
tÎon, the dike height wilì be about four feet. There is little room for
the dÎke on top of the ridge. Therefore the ìandside edge of the dike
top will be located at the.edge of the ridge. From here the dike will
extend out into the low area below the ridge. The two grain bins on the
si.de of the ditch just south of the tracks wi I I have to be moved.

The dike construction will require about 9,700 cubic yards of
material that will have to be hauled in. This material will have to be

well compacted. P¡pes with fìap gates will be installed at various
places to allow drainage from the area inside the dikes. The cost of
this alternate will be about $27,000,

STRUCTURE RE}{OVAL

Rather than diking areas that flood, in some cases it may be more

advantageous to remove or relocate any structures that frequently are
damaged by flooding. Thís would apply to the low lying grain bins and

small sheds surrounding the small farmstead just south of the railroad
tracks- lt would also apply to the graìn bin complex just south of this
farmstead where Highway 37 intersects the road over crossing six.

The problem învolved w¡th this alternate is finding higher ground

nearby to relocate to. There should be room to move the two grain bins
located just south of the tracks in the d¡tch side slopes. lt appears
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that there is lïttìe or no adjacent high ground available to relocate
all the buiìdings and grain bins in the grain bin complex to. ln this
case either a new location will have to be found, the structures couìd
be permanently removed, or they could remain and be allowed to fìood
during high flows.

To move the bins and buildings located in the grain bin complex

along with the two low lying bins of the farmstead north of it will cost
about $33,000. This cost assumes that there is an adjacent or nearby
location to relocate the structures. If they have to be moved over a

half mile the costs would be significantly higher.

FLOOD PLAIN MANAGEMENT

The city and county can minimize future flood losses by planning
for the protection, wise use and orderly development of the flood plain
area' The overaìl plans of the community for industrial, commercial and

residential areas, for streets, utilities, parks and schools must be

coordinated wîth the need to temporarîly store (if possible) and convey
f I oodwa te rs .

A plannîng procedure such as this is a vitaì part of the comprehen-

sive flood plain management program, Effective flood plain management

Învolves the full range of public polìcy and action needed for the wÌse
use and devel'opment of the flood plain. lt încludes a range of measures

from coìlectÎon and dissemination of flood control information to acqui-
sïtion of flood plain lands, construct¡on of control structures, and

enactment of ordinances and statutes regarding flood plain land use and

deve I opment .
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A sound local flood plain management program is comprised of numerous

elements. Some of these are: structural flood control v¡orks to protect
existing deveìopment; regulations to guide new development; flood insur-
ance to Protect existing and new buildings and individual protection
measures, such as fìood proofing.

Flood plain regulatîons are designed to permit real îstic use of
flood plain areas without material ly increasing the flood damage potential.
Among the various elements used to accomplish this are zoning grdinances,
subdivisîon regulat¡on, bui lding codes and sanitary and uti I ity regulations.
For a guide' seerrA Perspective on Flood Plain Reguìations for Flood
Plain Management,'r corps of EngÌneers Manual Ep l16|'-2-3-\, I June 1976.

under the National Flood lnsurance Act of l96g (p.t_. 90-44g), the
Federal Emergency Management Agency. (FEMA), Dîvision of Federal lnsurance
and Mitigation (fln), is authorized to carry out a National Flood lnsurance
Program (¡lrlp), which makes flood insurance coverage available to all
wal led and roofed structures used for residential, business, rel igious
and agricultural purposes, buildings occupÌed by nonprofit organîzations,
and those owned by state or locaì governments or their agencies. Coverage

is also available for the contents. The city of Parshall is participating
În FlMts Emergency Program. ln those communities part¡cipating in the
FlMrs program' owners and occupìers of all buildings and mobiìe homes

in the entire community are eligible to obtain fìood insurance coverage;
and ¡t is recommended that buildings and mobil homes within or adjacent
to the delineated flood hazard areas carry flood insurance on the structure
and contents.
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Further inquiries about the fìood insurance program shouìd be

directed to the North Dakota State l,/ater Commission, the off icial state
coordinating agency for fìood insurance.

Land use and other reguìatory controls, including zoning, sub-

division regulation and building codes, play an important role in flood
plain manâgement. However, in order for these measures to be effective,
it is important that the community take action to implement other programs

and measures to supplement these controls. A few possible measures are:
(l) open space land acquîsition programs, (2) urban renewal programs,
(3) preferentiaì tax assessment, (4) fìood proofing of existing strL¡ctures
and (5) pubìic policy governing the construction of utilities and public
facilities such as bridges and streets in a manner to control development

in flood prone areas.

The North Dakota State Water Cornmission, upon request, wîll providê
assistance in flood proofing technîques, the implementation of a flood
warning system, and establ ishment of a local flood data collection
Prog ram,

Encroachment of flood plains, including fí I I ing, reduces the flood
carrying capacity and increases flood heights, thus Ìncreasing flood
hazards in areas beyond the encroachment itself. One aspect of flood.
plain management involves balancing the economic gaÌn from flood plain
development against the resulting increase in flood hazard, For purposes

of the National Flood lnsurance Program, the concept of the floodway is
used as a tool to assist local communitÌes in this aspect of flood plain
management. Under this concept the area of the 100 year flood is dîvîded
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into a floodrvay and a floodway fringe (see Figure l4). The floodway is
the channel of the stream, pìus adjacent flood plain areas, that must be

kept free of encroachment in order that the 100 year fìood be carried
without substantial increases in flood heights. Criteria adopted by the
Division of Federal Insurance and Mitigation I imit such increases ín
flood heights to ì.0 foot, provided that hazardous veìocities are not
p rod uced .

The area between the floodway and the boundary of the 100 year
flood is termed the floodway fringe. The floodway fringe thus encompasses

the portion of the flood plain that courd be completely obstructed
without increasing the water-surface elevation of the .l00 year flood
more than 1.0 foot at any point. Typical relationships between the
floodway and fìoodlvay fringe and their significance to flood plain
development are shown in Figure 14.

The basic purpose of flood plain regulations is to regulate develop-
ment on the flood plain consistent with naturets needs for the conveyance

of flood flows and the communityrs land use and development objectives,
in order to reduce future flood losses.
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V I . SUMMARY

This report has presented an analysis of the existìng condÌtions
along the East Branch of Shell Creek. From this study the water surface
elevations at the roadway crossings vrere estimated. These vJere plotted
on a profile of the existing channel bottom to come up with a water
surface profiìe for the existing conditions. The existing water surface
profile shows that all of the crossings, except Highway l/, are over-
topped by a ten year flood. ln fact the flood waters tend to easily
spread out onto the adjacent land. This is due to the smalì channel

that exists and the v¡ide fìat floodplain the water can spillout onto.
The main flooding problem in the study area occurs on the east side

of the City of Parshaì1. This problem area is generally ìocated between

the creek and Highway 37. Looking at the existing r^rater surface prof ile
shows that the highway bridge causes a large backup of water. This
causes the tailwater at crossÌng number six to be so high that the
roadway is starting to flood during ten year event. Because of this,
the capacity of these culverts is greatly reduced and most of the flow
must go over the roadway. These backwaters cause the flooding problem.

Since the water surface profiles show onìy a small jump across crossing
six, the major constriction to flow is caused by crossing five, the
h i ghway br i.dge.

since most of the crossings flood during the ten year flood, the
various alternates also looked at possible improvements at these locatíons
attempting to lower the water surface elevation and keep the roads above

brater during a flood. Again the water surface elevations at the crossings
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were estimated and plotted to get a water surface profile
ments made by each al ternate. The aì ternatives that vrere

as fol lows:

for the improve-

looked at were

ì. Add cuìverts to the existinq crossing plus some channeì work.

2 lnstaì I brîdges at crossings number two, three and six- To
keep the roads passabìe during the 25 year fìood would involveraising some of the roadways, There would also be some channel
improvements between crossings two and three. rf the boardfelt it necessary, a bridge could be instaìled at crossingfour along with some grade raising to keep that road from
flooding.

Lower crossing five, the highway brîdge, to lower the tail-water at crossing six which will aìlow added culverts to
handle the estimated ten year flows. This wourd incrude
deepening the channel along a new grade line between the
reservoi r and cross ing six.
Diverting the south tributary coming into the reservoi r behindParshaìl Dam through the goìf course. This wourd ressen thefìows through the highway bridge which would also rower thetailtvater at crossing six enabling it to pass the ten year
flows with added culverts.

5. Diking the affected properties.
6- Removal of structures commonly subjected to flooding.
The cost of the cuìvert alternate would be about $224,000.

constructing bridges at crossing two, three and six along with some

other incidental items would cost $565,000. A bridge at crossing four
would cost an additional $l75,ooo. Lowering crossing five will cost

$ì2,000. lt would cost about $180,000, not including easements, to
divert flows from the south tributary. Diking the affected areas

between Highway 37 and the East Branch of Shell Creek will cost about

$z7,ooo while removing the structures subject to flooding will cost
about $33,000. This would increase if they had to be relocated a dis-
tance of more than about a half mile or so.

3

\
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Construction of dikes around the areas subject to floodîng wouìd be

the most feasible alternate as far as flood protection Ts concerned. ln
areas where only a few small structures are commonly flooded it wouìd be

better to relocate them to higher ground or remove them completely. lt
is recommended that the dike alternative be constructed. Along with
this, the City of Parshal I should implement the fìoodplain management

prÎnciples discussed earl ier. The ci ty has adopted ordinances fol ìowing
the guideìines set forth in section l9lO.3(b) of the Natlonal Flood ln-
surance Program. These ordinances should be enforced. This, however,

does' not solve the problem of water flowing over the roadways and making

them impassable. 1f it is desired to improve the various crossings to
allow eÎther a ten or twenty-five year flood to pass without flooding
the road, then either the culvert or bridge alternate should be chosen,
respectively. crossing five should also be lowered if one of these
alternates is implemented. tt wi ìl have the greatest initial effect on

the water levels behind crossing six even though additional culverts or
a bridge is needed to protect the crossing completely from a ten or
twenty-five year flood respectively. The diversion of the south trib-
utary does not seem to be a feasible alternate due to its cost and the
erosÌon damage that may occur.
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