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INTRODUCTION

BackFround

The bank line of Spring Creek within the City of Zap has recently exper-

ienced severe erosion. High flow during spring runoff is the primary cause of

the erosion in this reach of Spring Creek. The loss of bank naterial is endan-

gering a sevyer l-ine and several homes in the city. One house has already been

lost.

In June, 7987, the Mercer County V'later Resource District requested the

North Dakota State liater Comnission to investigate the problem with the intent
to enter into a cost-sharing agreement on the project. In July, an investiga-

tion agreenent was signed. After the original agreement was signed, a second

erosion site was brought to the attention of the ltlater Commission. This second

site includes a ser,'¡er l-ine located at Section 4+39 (see project drawing). An

amenrlment dated JuIy 28, 7987, vras signed to incorporate this second site into

the project. The entire site was surveyed in August.

In October, a request for assistance under the authority of Section 14 of
the Flood Control Act of 7946, concerning the area of the sewer 1ine, was made

to the Corps of Engineers. Ttre Corps is currently waiting for funds to be made

available for this study. If the study determines that the project is feasible,

the Corps nay participate in construction of the protection.
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Study Ob-iectives:

Ttre overall objective is to determine a feasible and effective erosion

control nethod for the ba¡rk line in the City of Zap. Ittis report presents

severaf alternatives to control the bank erosion, and a cost estimate for each

alternative.

Studv Area:

The project is located in the City of Zap, Section

Range 89 l,lest, in Mercer County. The project is along

Creek, extending approxinately 4OO feet downstream

Bridge. Spring Creek makes a sharp bend to the west

south of the Third Avenue Bridge. A nap of the project

1.

14, Township 144 North,

the left bank of Spring

from the Third Avenue

approxinately 150 feet
area is shown in Figure

Flows in Spring Creek are very low during most of the year. For a short

time during the spring runoff, the creek experiences high flows which cause the

erosion. The water's force is causing severe erosion along the left (south)

bank, arìd the fornation of a sandbar along the right bank. Ttre najori-ty of the

erosion is occurring between Sections 2+O2 and 2+6t (see project drawi-ngs).

The bank is approximately 20 feet high in this reach and, due to the erosion,

nearly vertical.

A sewer line crosses Spring Creek at approxinately Section 4*39. Ttre sewer

line was buil-t in 1949, since that time the creek bed has eroded so that the

sewer line is now in danger of being washed away. Based on the information

avail-able, it is inpossible to deterrnine the exact amount of earth covering the

pipe, but it is estinated to be less than 1 foot.
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BAI,IK PROTECTION UEITIODS

Âlterrratives:
The alternatives considered in this study consist of sloping the lower ba¡rk

a¡¡d protecting it with rock riprap. Ttre riprap would consist of broken field
stone. The upper barrk wouLd be cut bacl< to a stable slope and grass seeded to

hold the soil. Ttre division between the upper and lower banl< is approxinately

18 feet above the botto¡¡ of the channel, at 1838 feet ns1, approxinately the

elevation of a 2O-year flood. The sloping of the bank will result in the loss

of land along the bank in some areas and would also result in the loss of some

trees along the bank line.

Tt¡e three alternatives each protect different lengths of stream banh.

Alternative #1 protects the area from the Third Avenue Bridge to Section 3+77.

This includes the most severe erosion but does not protect the sewer line.
Alternative #2 protects the bank between Sections 1*65 an¿ 2+61. This area is
where the nost severe erosion is occurring. Alternative #3 protects the entire
reach frorq the bridge to Section 4+lt, incLuding the sewer 1ine. Any one of the

alternatives described should substantially reduce or elininate bank erosion.

The sandbar that extends approxinabely 2J feet on each side of Section 2+29

will be removed in aII the alternatives discussed. The sandbar contains approx-

iroately 28 cubic yards of material.

-4-



A1 ri #1 - Protection S at Thirrd Avenue

Ttris alternative consists of placing a continuous revetment or layer of

rock riprap, along the ba¡k 1ine. The revetnent would begin at the Ttrird Avenue

Bridge and extend downstream a distance of 277 feet to cross-section 3*77,

Figure 2. The stone would be ptaced at an approxinate rate of 4 tons per linear
foot with a top width of I feet. The ba¡rk area above the rock would be

back-sloped at 3:1 (3 Horizontal to 1 Vertical), arrd the riprap would be placed

on a 1.5:1 sloped surface. A typical section of the protected bank is shown in
Figure l. The riprap would extend down at least 1! feet to elevation 1819 nsl,
or beIow. A cost estinate is given bel-ow for Alternative #1:

Cost Estiuate - A]-ternative #1

Item Ouantitv Unit Unit Cost Cost

Mobilization
Rock Riprap
Fi11
Excavate
Clearing & Grubbing
Seeding

697
57

L.
c.
C.

Ac
Ac

00
oo
00
5o
25

L472
0
0

S
Y
Y
Y

28
3
4

500
700

$
$ 3,ooo
19,348

T7L
5,888

250
L75

$28,832
S 8,650
$37 ,482

Subtotal
3OT" Contingencies & Engineering
Total

-5-



Al,tem,utwe #'l
Rtprupped B unk Ahgnrnent

Top Elevation 1BJ8 nsl

]rd Avenue

O Lifr Starion

4+09

489

1*65

ffi

Top Elevation tB30 mst

2+61

, 3+ 14

Top Elevation lgJg nsl

2+2)

{Jf.f¡Èf

N

\*59

Propane Tank

3*77
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No Scale
Figure 2

t
Flow

Sewer Line
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Atter-raatwe # I
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Excavated Materi-a1
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A-l-ternative #2 - Section 1+65 to Section 2+61:

Alternative #2 is a segment of Alternative #7 that protects a shorter

reach. The typical section of Alternative #2 is the same as the section shown

for Alternative #1, Figure J. Alternative #2 would provide protection for the

area between Section 1+65 and Section 2+67, a distance of !6 feet (Figure 4).

Ttris area is now experiencing the najority of the erosion in the project area.

By protecting this reach, the current severe erosion problem would be solved.

However, Alternative #2 may increase erosion upstream or dov¡nstream of the

protection.

A windrow refusal, a row of buried rock running perpendicular to the bank

line to prevent the water fron eroding behind the bank protection, will be

placed at Section 1+65. The refusal will extend back from the bank line approx-

inately l0 feet (Figure 5). The windrow refusal prevents erosion from occurring

behind the revetnent but will not prevent erosion upstream of the protection. A

cost estimate for Alternative #2 is as follows:

Cost Estimate - Alternative #2

Item Quantitv Unit Unit Cost Cost

Mobil-ization
Rock Riprap
Fil_t
Excavate
Seeding
Clearing & Grubbing

343
222
882

Subtotal
30% Contingencies & Engineering
Total

3
2

00
00
00
00
00

28
3
4

700
500

$
L.S
c.Y
c.Y
c.Y
Ac.
Ac.

$ 3,000
9,604

666
3,528

150
140

$17, oBB
s 5,].26
$22,21-4

-B-



Altervuatute #Z
Rtprapped B unlc Altgrwn ent

lrd Avenue

#
Top Elevation lBlB msl

Windrow RefusalLift Stati-on

4+0!

I+65

Top Elevation 18JB nsI

2+29

*tç*J(

SPRING CBEEK BÆ{K STABTI.TZ\TTON

City of Zeir
SlrlC Projecb #I2)I

No Scale
Figure 4

z+6t
{
N

d

4*59 a

J+ll

3* 14
Propane Tank

4*39

I
FIow

Sewer'' Line
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Al,ternutwe #Z
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Profile
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Alternative #3 - Protect Sewer Li-ne:

This alternative extends the protection províded by Alternative #7 to
include the sewer line where it crosses the creek. Alternative #3 continues

Alternative #7 fron Section 3*77 to Section 4+0!. Ttre riprap top elevation

slopes down fron an elevation of 1838 msl, at Section 3+14 to 7827 ms], at

Section 4+09, Figure 6.

Frorn Section 4+09 to Section 4+59, the riprap will extend across the bottom

of the creek and up the right bank to an elevation of IB2J nsl- (Figure l). The

riprap across the creek botton r¿ill be 2 feet thick with the top of the rock at

1818 ns1. The riprap on the right bank will have a cro!{n width of 3 feet and be

placed on a 1.!:1 sloped surface. The ba¡k area above the riprap will be l-eft

undisturbed. A windrow refusal (Figure 8) witl be placed in the right bank at

Section 4+09, the refusal will extend approximately 10 feet back fron the revet-

ment. There wil-l also be a block extending approxinately 2 feet down into the

creek bed at Section 4*09. Both the refusal and the bl-ock will prevent erosion

behind the protection.

-11-



Altemuatwe #S
Rtprapped B un k Åltgnment

Top Elevation 1B3B nsl

lrd Avenue

O Lift station

Sewer Line

Top Elevation t8Z7 mst

1*65
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2+29
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Roacl {
N
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Propane Tank 3+14
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SPRING CREK BANK STABILIZATIOIT
City of Zap

S!ùC Project #t297
No Sca1e
Figure 6

Flow
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3*77
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Alternutiue #S
, Typical Section
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Al,tern utiue #S
lfLndrow Refinal"

Profile
Existing HiSh Bankl
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If Alternative #3 is the prefemed alternative, the exact location of the

sewer line nust be deternined. If the sewer line does not have sufficient cover

to protect it from the rock it will have to be lowered. Before excavation to
lower the sewer line begins a de-sedimentation structure, a snal-l dan made of
rock to slow the water and allow the disturbed soil to settfe out, must be built
downstrenm of the site. Ttre structure can be nade of rock which, after renoving

the structure, could be used for the revetment.

TLe sewer trench can be excavated while the water is flowing, however, it
is recommended that the work be done in August or Septernber when the fl-ow is at
it lowest. The pipe under the creek should have ball joints to allow the
pipeline to conforn to the shape of the trench and a11ow for settling. T'he area

of the pipe trench below the water level should be backfilled with a course

sand.

Alternative #3 was designed as a single unit, but Alternative #l- could be

built, and the portion of Alternative #3 downstrerrn fron Section 3*77 added

later. A cost estirnate for Alternative #3, constructed froro the Third Avenue

bridge through Section 4+59 (160 feet), is as follows:

-L5-



Item

Mobil-ization
Rock Riprap
Fi11
Excavate
Seeding
Clearing & Grubbing

Iten
Excavate
Pipe

Bal]. Joint
Straight Joint
Connectors

FiIl
De-sedinentation Structure

Riprap
Removal

Cost Estimate - Alternative #J
Bank Protection

937.oo
176.00

7772.OO
0.40
0.70

Subtotal
3O/" Contfngencies & Engineering
Total

Quantitv Unit Urrit Cost Cost

L.
c.
c.
c.
Ac
Ac

S
Y
Y
Y

00
00
00
00
00

28
3
4

700
500

$
$ 3,ooo
26,236

528
7,088

2BO
350

$37,482
$11,245
$48,727

4,400
810
200

|,]-20
225
180

Sewer Li¡re Relocation

Chrantitv Unit Unit Cost Cost

160 c.Y. $ 4.OO $ 640

Feet
Feet
Ea.
c.Y.

55.
13.

100.
7.

4t
4t

Subtotal
30% Qontfngencies & Engineering
Total - Sewer Line Relocation

Total - Alternative 3

80
60

2
160

00
50
00
00

00
00

c.Y.
c.Y.

5
4

958,575
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Possible Participation by Other Agencies:

The Corps of Engineers will be conducting a study under Section 14 of the

Flood Control Act of 1946 of the sewer line area. If the study determines that
the protection woufd have benefits greater than the costs the Corps may assist
in the construction.

The locaf sponsor has nade a request to the National Guard to participate
in the construction of the project. If the National Guard does the construction
the sponsors would be responsible only for the fuel and nateríals used. The

cost of the fuel nay be eligible for State cost sharing. No cost estimates were

calculated considering National Guard assistance due to the difficulty of
estirnating the ¡mount of fuel that would be used.

Regulatory Requ-irenents :

Approval nust be obtained from the Corps of Engineers before any fil-t can

be placed in the waterway. Also, to neet flood plain management requirenents it
nust be shown that the proposed construction will not have any effect on the 100

year water surface elevation.

-I7-



SI]MMARY

Conclusions:

Ttre ba¡ks of Spring Creek in the City of Zap are eroding and are in need of
immediate protection. A sewer l-ine crossing approxirnatefv 450 feet downstream

of Third Avenue is also in danger of being danaged.

Alternative #I provides protection for the entire reach that is not being

studied by the Corps of Engineers. Alternative #2 protects only the area which

is currently oçeriencing severe erosion. Although Alternative #2 will provide

adequate protection for the endangered area, it nay increase erosion in other
locations. Alternative #3 provides protection for the greatest area, and

protects both the bank and the sewer line. However, construction of Alternative
#3 should not begin r¡ntil the Corps of Engineers has completed its study. Since

Al-ternative #3 includes a1I of Alternative #7, Alternative #1 could be

constructed soon and the remaining portion of Alternative #3 installed after the
Corps has completed its study. A table summarizing the alternatives is given

below:

Alternative Protected th Cost
2JJ feer $34,020
100 feet $22,214
360 feer 5|,8,575
(includes selrer line)

The costs given in the above tabÌe should be substarrtially reduced if the

National Guard does the consLruction. The Guard nay not have the ability to
lower the sewer line or fracture the rock. If they are not able to do these two

1
2
3

-18-



parts of the project these itens wil-I have to be contracted naking it even more

difficult to deternine a cost estimate for Guard participation at this tine.

The alternative described in this report should reduce or elininate bank

erosion in the project area. However, no form of bank protection can provide

guaranteed protection from the erosive forces possib'le during high flows.

Reconmendations:

Due to the linited amount of bank protected by Alternative #1 and #2 and

the fact that neither alternative protects the sewer line, it is recommended

that Alternative #3 be inplemented. It is also recommended that due to the

possibility of funding under Section 14 and the Corps expertise in bank

protection the Corps of Engineers report on Section 14 assistance be reviewed.

before any final decision is nade. In the interin, it is suggested that the

National Guard be contacted to deternine what work if any, they could do. Ttre

decisíon to proceed with the project must be nade by the Mercer County Water

Resource Board.
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