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I. INTRODUCTION

In August of 'l 981 , t he North Dakota St.ale lrlaler Commj ssion entered into an

agreement wjth t.he Towner Count,y lrlat.er Resource Board. This agreemenL, shown

in Appendix A, requested thaL a hydrologic analysjs be made of the coul-ee

nort.heasL of Egeland. Figure 1 shows the general- locatjon of t.he sLudy area.

OniginaJ-J-y, the agreement requesled that an investigatjon be conducled t.o
deLermine the downstream effecLs of increasing t.he capacily of t.he crossing
locafed between Sectj-ons 10 and 11, Townshi-p 160 Norfh, Range 65 l,üest (See

Plafe 1 ). ALl channel and crossing capaciLies were lo be determined for t.he

st'udy area. A report sunmarjzing the adequacy of the crossjngs and recom-

mending improvement.s was to be presented. However, in November of 1981, Twin

Hill- Township replaced several- of the cuLverLs within Lhe study area. The

hydroJ-ogic analysis, necessary t.o det.ermj ne the size of t.he cuLverts that woul-d

adequalely handJ-e the flow, had noL been complet.ed.

For this reason, it was necessary bo modify the int.ent of lhe oniginal
agreement. The study was changed to an analysis of the replaced cuLverts. IL
was not possible to analyze the adequacy of the original cul-verLs. This reporl
contajns the resuLts of the modified hydrologic sludy. The capacity and

adequaey of the new crossings were determined based on Lhe esLimated runoff
from various frequency st,orms. Maps, showing the land area inundaled behind

each crossing, are included for varjous frequency storms. If the erossing was

noL adequale, the culvert. sj ze requj red Lo allevlate Lhe problem is presented.

DESCRÏPTION OF AREA

A drainage area of 20.4 square miles was analyzed. The coulee is an

intermitt.enL stream which is a tributary of Lhe Mauvaj.s Coulee. Approximately
17.6 river miles of fhe coulee were within Lhe sludy area. On the average, the

channel slopes are aL a rate of 6.3 feet per miIe.



As shown in FÍgure 1, the study area is trooated in bhe easL-eenLral por-

tjon of Towner County, in,norLh-cent,ra1 l{orth Dakota. The study sLarts in t.he

upper portlon of the drainage area in, Section 20, Township 16't North, Range 64

tfest, and exLends downslream bo the south boun-dary of Secùion 5, Township 159

North, Range 65 West. (See Plate 1)

This area is located in Lhe Central l"owland Provinee (Fenneman, 1938,

p. 559) and the Drift. Pnairie as designated by Simpson (1929, p.4). Soil
composed of loam Lo clay loam g1acj.al till predominates in Lhis area. The

top,ography consists of many low irregular shaped hjlLs and poorly dralned

depressíone.

-2-



SASKATCHEWAN

\- + nlrLr
MANIIOEA

I 7',^I
I

t
l,-

l

ô

fU MT ì

'Þ
C\
l"
(f)
(')

o

Twin
H¡II. ; lownship i---- --l

I

I

I

L
I
I

l
I

I

I
r-I

-T

-T-I

-.'l , r
¡-li

I
¡

._l

II

I

r ou
<r,-\

f-
_l

I

!

I

Ij t--
t2
7'
rn

Nt)CENT LOWL
\

û.
\o,

<f

z

F

z

o,

=l

I

I
t

z

rfì

(t

c)

f
/

|':'-:-
4u

--J? ¡t-

I I
I

It--
I

I

i

I

I

ATE

Il_

j
I

I

I

RUoSÈ
-_{__I

I

-I
I

i.

I

I

i

I

I

I

I

I

I

"ol^
l'4 ¿,

I
I

I
ti

I
I

I

-{

v

f)
f
Yz

¡

I
I

L

L.!;ì
I

/'uldeÕ

r*t_I
I

)

*oo
ê

I

OAF
-t

TA

L____
J

LA E PL AII'I
I
I t\- t---, /

Lr ItLG!4-qr^ t. t, ___J

I _l_
k.ì

I

t. ->- .- l"'

lit

FigUTE I- LOCATION OF TWIN HILL I'OWNSHIP STUDY AND PHYSIOGRAPHIC PROVINCES OF THE AREÄ

ì

)



IÏ. HISTORICAL BACKGROUND

In Sepfember of 1980, the Towner Count.y I'iater Resource Board received a

complaint from Harold CampbelI. He claimed thaL the roadway between Sections

10 and I1 in Township 160 Nort.h, Range 65 [,lest. acLed as a dam during high

fl-ows. Approximalely 30 acres of l-and is inundafed during periods of heavy

rainfall. L'later spills over into the undrained low areas that are souLh and

east of lhe crossing. Flooding has occurred in this area in 1975,1979, and

1980.

After conferring wilh Lhe State !'later Commission, a 36 inch CMP was

instal-led alongside the existing 48 inch CMP at lhis sjte. David Barrett and

his mother, Mildred Barrett, became concerned over this jnsLallaLion. They own

Iand jmmedialely downst,ream in Section 10 and 15 of Township '160 North,

Range 65 West. They r^rere concerned thab the capacit.y of the two 36 inch C.M.P.

between SecLions 10 and 15 was not as great as the capacity upst.ream. During

high flow condiLions, waten could back up into a slough area on thejr property.

Because no outlet is availabl-e for fhjs slough area, valuabLe farml-and coul-d be

flooded. In order to determine the adequacy of Lhese cnossjngs, lhe Towner

Count.y Ïlater Resource Board requested the State Waler Commission to perform a

hydrologic analysis of the area.

Twin HiIl Townshlp instaLl-ed a culvert aL the Barretl crossing, as well as

several other crossings along the couLee, during November of 1981. A

hydrologj-e analysjs of the study area had not been compleLed at that Lime.



TTI. ENGINEERTNG ANALYSTS

STUDY PROCEDURE

The hydrology of the sludy area was analyzed using the TR-20 program

developed by the U.S. Soil ConservaLion Service. It was used to det.ermine the.
peak elevations, peak inflow, and peak dj-scharges of various frequency storms.
The program formulates a mathematical, hydrologic mode.l- of the walershed. This
is based on the following data: the amount of rainfall, rainfall- distribution,
soil t.ype, land use, and the hydraulic characteristjcs of the sLream channels

and drainage area.

The study area consisted of 20.4 square miles. ft was divided into five
sub-basins in order to obtajn more accurate results from the TR-20 program.

Thi s program r^Ias run aSsuming thaf no structunes hrere presenL on Lhe channel-.

Therefore, t.he resul-ts obtained wjll be for a channel wiLh no obsLrucLions

along ils path.

Cross secLions were taken at several- poinls along the coulee. A roughness

coefficienl (n) was determined accordjng t.o lhe surface roughness and type of
vegetative growth present al each cross section. The s1ope, n-val-ue, and Lhe

dimensions of the channel were input jnto an open channel program uliJ-izing
Manning's formula. Channel capaciLies at 1/2 fooL intervals were deLenmined

for each cross secLion.

The land area is comprised of glacial ti11 wiLh numenous depressions and

hjlls. Several of these depressions do nol contribute t,o the inflow of fhe

couLee. Unless extensive drainage pnactices have been incorporated, some

portions of Lhe waLershed have ponding occurring over as much as 30Í of the

area. A reduction in the effective runoff was made in order Lo accounl for
this storage capacity. A general land use description of the area is as

follows:

-5-



Row Crops 45f

Fal1ow 25%

Smal] Grain 20%

Paslure 5%

Farmst.eads and Roads 5%

An invenLory was Laken of each crossjng in the study area (See Table 1).

The numbers encircled on Plate 1 show the location of these crossings. The

size and invert elevations of Lhe culverts were obtaÍned. Roadway elevations

were also taken at Lhese points.

All the sub-basins, from lhe TR-20 analysis, were furt.her divided according

lo the area contribufing Lo each crossing. Fl-ows from each area v{ere estimated

by using t.he data from the TR-20 computer model-. Conditions aL each cnossing

were then analyzed by flood nouting Lhe coulee flow through the study area.

This analysis was done for various frequency events.

Starfing from the upstream end of the drainage area, inflow recej.ved aL

the first crossing consists solely of runoff from its contributing area. This

inflow was flood routed through the crossing. Inflow received at the next

crossjng consjsts of the runoff from its conLribut.ing area, plus the discharge

from flood routing the upstream crossj-ng. Thjs inflovr $ras then flood roufed

through the erossing. Confinujng downst.ream, this process r¡ras repealed for
each crossing.

fnfl-ow condilions at each crossing are dependent on Lhe capacity of the

upslream crossing. Quadrangle maps with a five-foot, contour interval- were used

to determine fhe area inundated by back water from each crossing. If was

assumed Lhat the Lexas crossjngs would noL significantly back up waLer.

-6-



Crossi ng
Number

Legal
Descrj pt ion

S-T-R Descri pLion

TABLE 1

CULVERT INVENTORY

Pi pe
Lengt h

(FT)

ïnvent
EIevat ion

(MSL)

Road
El-evation

(MSL)

2

3 1 ,2-160-65

4 2, I 1-',1 60-65

10,1 t-160-65

10,11-160-65

7 10,15- 1 60-65

8 1 5,22-160-65

9 21,22-160-65

l0 21,28-160-65

20,29-161-64

31,1-161 ,160-64,65

14,15-160-65

15 ,22- 1 60-65

32 ,33-1 60-65

32,5-1 60, 1 59-65

18'rcMP

36 CMP

36
ll
tl

30n cMP
Texas Crossing

24" CMP

48'r cMP
36?r CMp

48n cMP
36r cMP

48,' cMP
36r' cMP

48" cMP
36'' CMP

48n cMP
36" CMP
24" CMP

36" CMP

36il CMP
24rr cMP

48" cMP
3grr CMp
3gn CMp

Texas Crossing

' x 6r RCP

' x 6' RCP

20
20

156
156

30

40
40

22

48

1578.4
1578.3

1593.0 1597.0

1582.7

1577 .7

1570.7

CMP

1573
1575

I
2

7.0
7.3

36"
24n

CMP
CMP

5

6

1557 .7

1556.U
1555.1

1 563 .0

1561 .746
48

\2
41

1 549.4
I 548.5

1552.4

1524.2

1554.6

1548.3

1548.2

1541 . 3

1558.0

1550.3

1531.9

24
42

35
38

38

1542.8
1 543.8

1542.4
1543.3

2
tr

.9

6
0

1 544
1546

6.1
6.0
6.9

1518.3
15r8.1

3.7
3.7

34
34
36

1535
1536
1536

'13 28 ,33- 160-65

40
28

50
50
34

152
152
152

11

12

14

15 53
53

5r x 5.3f RCP 3016 5-159-65

n

1516.0

1525 .4



SÎUDY RESULTS

Resul-t.s from the TR-20 comput.en program show that floods occurring wjth a

frequency of 10,25,50, and 100 years were slightty larger when caused by

rajnfall than by spring runoff. Results of the program provided an jnflow

hydrograph for each of the five sub-basins.

Peak water elevations and the amount of wat,er backed up behind each

crossing were determj,ned for various frequency events. As shown in Table 2, no

roadways are overtopped during a 10 year event. Table 3 shows Lhat crossings

4, 1'1, and 13 will be overtopped during the Z5-year event. Several roadways

wjl-l- be overLopped by the 50 and '100 year events (See Tables 4 and 5).
It js questj-onabl e whet.her the water woul-d reach Lhe el-evation calcuLat.ed

for crosslng 13. Its upst.ream area has no set dralnage patt,ern. The runoff
couLd spread out over a J-arge area, slowing ibs arrival at the crossing. Also,

several roadways must be crossed. Thj s would reduce t he peak flow and delay

iLs arrÍval to the crossing. Due to lhese condiLions, Lhe roadway probably

wouldnrt be overtopped until the 50 year event occurred. The peak water

elevatj.on for Lhe 10 and 25 year events may be about 0.5 foot. less Lhan the

calculated val-ues.

!'iater surface el-evations were caLculated for both sides of the erossings.

The difference in these elevations represents the depth of wat.er backed up by

the structure.(See TabLes 2 through 5). A water surface profile was not

developed for the enLire length of the channel. An insufficient number of
cross sections were obt.ained to accuraLely evaluate the flat Land area

bordering the coulee. Also, Lhe purpose of the study was to eval-uate Lhe

adequacy of Lhe crossings.

Tables 2 through 5 al-so show t.he number of acres j.nundat.ed during fhe 10,

25,50, and'100 year events. As shown jn P1ates 2 t,hrough 9, a fairly large

-8-



Crosslng
Number

Legal
Descri ption

S;T-R

TABLE 2
FLO D NOUTTNO RESUI,TS

10 TEAN EVEI{T

Head tlater
ELe¡¡aLlon

(msL )

1 595.3

1 580.6

1 57CI. 4

1559.3

',t552.2

1546.7

15116. 0

1538.6

1557.3

r 548. 2

1 530. 3

1521.3

1521 .1

Storage
(äcre-feet, )

Roadway
Elevat.ion

(msl )

A,rea
Inundated
(acres)

Tailwater
Elevafion

(nrsl)

0hange In
ELevat.i.on

( rt,. )

2.A

0.4

1.4

2.6

2.0

0.7

1.9

1,7

3.o

2.2

1.9

4.2

2.5

I\o
I

I

?

4

6

7

I
9

10

t1

12

13

15

16

2þ ,29-161-64

31,1-161,160-64,65

2,11-16A,65

lo, I 1-160-65

:10,15-160-65

15,22-160-65

21,22-160-65

21,28-160-65

14,15-160-65

15,22-160-65

28, 33- 1 60-65

32, 5- 160- 159-,65

5-159-65

1597.0

1582.7

ß7a.7
1561 .7

1554.6

1 548. 3

1 548. 2

1541.3

r 558.0

1550.3

1531,9

1525.4

4

22

T

13

25

39

2

?8

38

35

139

116

15

5

74

2t

32

75

48

2

69

1A2

98

28lt

160

45

1593.3

1 580.2.

1 569.0

1556.7

ß5A.2

1546.0

1544.1

1536.9

1554.3

1 546.0

1528. tr

1521 .1

1518.6



Crossing
Number

Legal
Descni ption

S-T-R

2A,29,161-64

31 , l- !61 , 160-6lt ,65

2,1 1-16A-65

10,1 1-160-65

10,15-'t60-65

15,22-16CI-65

21,22-160-65

21,28-160-65

14,15-160-65

15,22-160-65

28 ,33- 1 60-65

32,5-',t60 ,159-65

5-159-65

TABLE 3
FLOOD ROUTING RESULTS

25 YEAR EIIENT

llead ülater
Elevati on

(ms1)

159'6.6

1581 .6

1 570.9*

1560.0

1553.2

1548.1

1546.7

1 539. 5

1558.2*

1 549 .3

153e- t*
1522.V

1521 . I

Storage
(acre-feet. )

Roadway
Elevation

(rnsl )

1 597.0

1582.7

15VA.7

1561.7

1 554 ,6

1548.3

1548.2

1541 . 3

r 558.0

1550.3

l53t.g
1525.4

Area
lnundaLed
(aeres)

Tailwater
Ëlevation

(ms] )

1 593. 3

1 580.5

1569. 3

1557.0

1550.5

1546.7

1544 "2

1537.3

r555- 1

1546.2

1528.9

1521 . I
1518.9

Change trn
Elevation(ft. )

3.3

1.1

1.6

3.0

2"7

1.4

2.,5

2.2

3.r
3.1

3,2

0.9

2.9

I
()
I

1

2

lt

6

T

I
I

10

11

12

r3

15

16

6

32

15

15

32
'67

3

36

52

46

19V

19'l

17

I
104

3T

38

9¡5

92

3

86

139

126

380

121

56

* Hoadway overtopped



Crosslng
Nunber

Legal
Descri ptÍon

S-T-R

2A ,29-161-61{

31,1-'t61,160-64,65

2, 11-1.60-65

10,1 1-160-65

10,15-160-65

15,22-160-65,

21,22-160-65

2't.,28-160-65

r4,15-160-65:

15,22-160-65

28,33-160-65

32,5-160, 159-65

5-159-65

TABLE II
.FLOOD ROUTXNG NESULTS

50 YEAR EVENT

lJead !úaten
ElevaLion

(ms1)

1597 .1*

1581 . 9

1570.9n

1 560. 3

1 553 .5

1548.7*

15t17.8

1 540.4

1 558. 3*

1 550. 6*

153e.6*

1523.5

1'522.3

Storage
(acne-feet )

Roadway
Elevation

(msl )

1597.0

1582.7

1570.7

1561.7

15i54.6

151t8. 3

1548.2

154r.3

1 558.0

1 550. 3

1531.9

1525.4

Area
trnundaLed
(aeres)

Tailwaber
E1evati on

(msr )

1593.9

1580.6

1569.6

1557.A

1550-5

1547.8

1 544.7

1537.6

I 555.4

1546.7

1529.5

1522.3

1519 .1

Change In
ElevaLion(fr. )

3.2

1.3

1.3

3.3

3.0

0.9

3.1

2.8

2.9

3.9

3.1

1.2

3.2

I

I

1

2

4

6

T

I
9

10

't1

12

13

15

16

T

34

15

23

34

79

4

43

54

59

213

243

t8

10

117

42

ltg

100

't t7

5

104

146

159

433

468

66

*Roadway overtopped



Crossing
Number

Legal
DescrÍpfion

S-T-R

2A,29-161-64

31 , 1-161,160-64,65

2 ,11-160-65

10,1 1-160-65

10,15-160-65

15,22-16i0-65

21,22,16CI-65

21,28-160-65

14, r5-160-65

15,22-160-65

28,33-1 60-65

32,5-160, 159-65

5-159- 5

TABLE: 5
FLOCID ROUTING RESULTS

1OO YEAR EVEI{T

l.Iead I'laLer
Elevat.ion

(msl )

159V.2*

1 582. 8n

157 1 .2*

1 560.8

1553.9

15ltg .0*

15¡t8.3*

15¡{1.1

I 558. 6*

155t' t*
1 533. 0*

1524.3

1522,9

Storage
(acne-feet)

Roadway
Elevation

(msl )

1 59?.0

1582.7

15TA.T

1561 .V

1 554. 6

1548.3

15rr8. 2

15q1.3

1 558 .0

1 550. 3

153r.9

1525.4

Area
InundaLed
(acres)

Tallwat,er
Elevafion

(msl. )

1 594 .8

1 580.9

1 569.8

1557 .1

1550.7

1548.3

1 544.8

1 537.8

1556.1

1547.2

1530.1

1523.0

1519.2

Ohange fn
Elevation(fr. )

2.t+

1.9

1.4

3.7

3.2

0.7

3.5

3.3

2.5

3.9

2.9

1.3

3.7

I
fu
I

1

2

l+

6

7

I
9

10

11

12

13

15

16

7

43

20

36

37

85

4

llg

58

6¡l

226

290

20

11

143

54

102

108

134

6

119

155

175

4't7

692

VT

* Roadway overtopped



area is inundaLed by some crossings. Thjs is due lo the flat topography of the

land upstream from these crossings. The duraLion of flooding would be shorL,

as this water wouÌd soon be discharged through t.he crossing.

It is difflicult to determine the elevation at which waLer wiJ-l- spi1l over

jnLo a low area. This region consisLs of a rolfing topography and slighL
changes in elevations ane not evidenL on a contour map. However, it. is evidenl

thaf a few undrained areas wouLd be flooded during fhe less frequent, events.

ït is not feasible to design the crossings to pnevenL this from occurring.
A crossingrs capacity js dependenl on Lhe dimensions of fhe culverts as

well as their invert el-evaLion. A great.er head of water will produce a larger
discharge lhrough the cuLvert. Therefore, bot.h the cul-verlrs dimensions and

invert. elevaLjon are required before the capacify of a crossi-ng can be

delermined. UnfortunaLely, before revisÍons brere made to Lhe crossings, this
data was obtained only for crossing 7. Table 6 compares the conditions before

and affer revjsions were made flor this crossing.) Data collecLed for Lhe

remaining crossings show lhe elevatjons aft,er installation of the additional
culverLs only. Therefore, no evaluation can be made on how the erossing

improvemenLs affecLed flows in the coulee.
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TABLÊ 6
COM?ARISOJ{ OF ORTGTNAL AND Ð(ISTINO CONDITI'ONS

cnossil{G 7

Cr¡lverls

2-36tr cMP aç.1J

Headwaùer Area
Elevati on Inr¡ndaüed(mel) (acres)

1552.tt

1553.7

1554.0

't551+.5

1552.2

1553.2

1553.5

1553.9

Beturn,
Pe,ri,od
ïeans

SLorage
re-feet)
81

102

110

122

'75

95

100

108

Taitrlrat.er
Elevation

(msl)

155ø.2

1550.4

1 550. 5

1 550.6

1550.2

1 550.5

1 550.6

1 550. ?

ehange fn
El evatf onfft-)

2.2
??.

3.5

3.9

2.0

2.7

3.0

3.2

26

35

37

41

?5

3z

34

37

10

I
F
l

Original
Condi.tions

Exisfing
Condi tíon,s

1-48$ CMP
1-36r! CMP

50

't00

1CI

25

50

1CIo

t



IV. SUMMARY AND CONCLUSIONS

The jntent. of thjs report was to discuss the adequacy of the exisbing

cul-verts wj t hin the st,udy area and to determine the area j-nundafed behind each

crossing. A hydrologic analysjs was performed for Lhe 20.4 square mile area

northeasL of Egeland. For several frequency evenls, fhe coul-ee fl-ow was flood

rouled through each crossing. CondjLjons aL each crossjng r^Jere obtained from

these results.
The major concern was the amount of land inundaLed by water backed up

behjnd the crossings. If the waler l-evel became high enough, jl could spill
over into depressions having no oufleLs. This was the reason for concern at

crossjng 7. Tables 2 Lhrough 5 show the peak water elevations and amount of
area jnundaled for the 10, 25,50, and 100 year events at each crossing. As

shown on Plat,es 2 through 9, the existing culverts cause a fairly large area t,o

be inundated behind some crossings, due to the flal topography. However, this
flooding would only occur for a short period of time. The crossings have an

adequat.e capacity, which ensures t.hab fhis excess wat,er would quickly be

discharged downstream. A1so, no farm buildings woul-d be located below the high

water Level-s. Therefore, it is apparenL that few flooding problems would be

caused by wat.er backing up behind Lhe crossings. Although some depressions

wj11 be flooded during rare occurrence storms, iL i,s not feasj-ble to design for
these conditions.

Secondary roads of the Lype found jn the sfudy area are generally designed

for a ten year evenL. !'¡jfhin Lhis sLudy area, no road will be overt,opped

during the ten year event.. Only three of the roadways wjll be overtopped

during Lhe 25 year event.

-15-



As shown in Table 6, if is evidenL t.hat replaclng a 36 ineh Cl"lP with a 48

ineh CMP should improve the conditions al erossing 7, The redueLion jn

headi+aler elevation wjll decrease bhe tikeljhood of wat.er spiLl.ing info
undrained depressÍons, Beeause r,evisjons Ì,rere made on the remaining erossings

before invert. el-evations could be obt,ained for t.he o1d culverLs, i¿ js diffl-
eult. to detenmine whelher condiLÍons were lmproved by thesre revjslons. How-

ever, the same üype of results should be expeeted ab these crossjngs as at

erossi ng 7.

The jncreased djscharge rale at cnossjng 7, due to revisions in pipe size,
ean adequately be handled by the downstream crossÍ.ngs. A1ühough some flooding

wiLl occur at all crossings durlng t.he 50 and 100 year events, if is the

conelusion of this süudy bhaf the exj.st.ing culvert.s ean adequately handle fhe

nornal expeeted f1ow. Therefore no furt.her nodifieabjons are requi-red.

-16-
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APPENDIX A

Preliminany Investigation Agreement.



SWC Project # 17\5
August 4, 1981

T

Prel ininarY Inves tigation
by the

North Dakota State lr/ater Cornrnission

I. PARTIES

IIIIS AGREEMENT is between the North Dakota state lrlater corrunission,

hereinafter ¡eferred to as the Conrnission, acting through the State Engineer'

vel'non Fahy; and the Towner county water Resource Board, hereinafter refer¡ed

to as the Boatd, acting through its Chaifinan, Warren Ande¡son'

II. PROJECT, LOCATTON AND PURPOSE

The Board has requested the Conmission to investigate the downstfea¡û

effects of increasing the caPacity of the crossing located between Sections

10 and 11, Township 160 North, Range 65 West, northeast of the City of

Egeland. In conjunction with this request, the connission, with the

agreenent of the Board, will study the unnaned coulee, deteflnine its channel

capacity, deternine the crossing capacities, and define aleas that will flood

during various frequency flows. The study will start at the upper end of

the drainage area in the Slfá Section 5, Township 161 North, Range 64 West,

and end at the south boundary of Section 5, Township 159 North, Range 65

West, which is about a nile east of the City of Egeland'

III. . PRELIMINARY INVESTIGATION

Because there is concern about crossing capacities in the study area

and the backwater flooding due to inadequate,crossings and because the

corunission is jnterested in attempting to define floodways along streams

and drainage ways, the Parties agree that further information is needed.

Iherefore, the Co¡n¡nission shall conduct a preliminary investigation con-

sisting of the following:

1. Obtain field data for a hydrologic analysis of the study

area and a water surface profile study.

2. obtain an inventory of crossings in the study area anð

deternine their caPacities.

3. Conplete a hydrologic analysis of the alea to deterrnine

expected flows to evaluate channel and crossing capacities'

4. Deterrnine the water surface profiles along the study area

to show the effects of crossings and show areas subject

to flooding.

AGREEMEN



5. lrepare a map shol¡lng the ereas subjecc co floodfng durÍng var-
J.ous frequency sÈorma.

6. Present a reporE discussing the adequacy of Èhe crosslngs ând

how they could be lmproved. The report -r¿ill also present the

flndings of the hydrologfc analysfs, erosslng lnventory and water

surface proflle study. CosÈ estimates lrill be nade of any sug-

gested l-mprovements.

IV. DEPOSIT - RETT'ND

The Board sha1l deposit a total of $500.00 wlth Ëhe Con¡rission to part-

tally pay for the cost of the crossíng lnventory and the investfgatlon of

the effects of lncreaslng the capacity of rhe crossing between SecElons 10

and 11, Township 160 North, Range 65 West. Upon recçfpE of a requesË fron

Ehe Board to terxÈíûate proceeding further \{lth the prellninary investigatlo[
o¡ upon a breach of thls agreement by any of the parties, the Con¡o-ission

sha1l provide the Board with a statemert of all expenses incurred ln the

lnvestlgatlon and shal1 refund to Ehe Board any unexpended funde.

V. RIGHTS OF ENTRY

The Board agrees to obtain writEen permission from any affected land-

owner for surveys by the Conml-sslon which are required for the preliminary

investigatÍons.
VI. INDEMNIFICATION

The Board accepts responsibtlity for, and holds the CommJssion free

from all clalns and darages to public or private properties, rights, or

personE arísing ouE of thls lnvestlgatl-on but linited to claims and damages

to publlc or prlvate properËies, righÈs, or persons located on or within

other areas Èo be surveyed pursuant to this agreement. In the event a sult
is lnitiated a judgnenË enÈered agalnst the Co¡omfsslon' Ëhe Board shall
lndemntfy Lt for any judgment arrived at or judgroent satisfled.

VII. CIT^ANGES TO AGRNEMENT

Changes to any conÈrâcÈual provLsl-ons herel-n will not be effectlve or

blndtng unless such changes are made fn wrltlng' slgned by Ëhe ParÈles and

attached hereto.

aø^>\'/<-
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DATE

WITNESS

DATE


