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I. INTRODUCTION

PURPOSE AND SCOPE

This report on the Rocky Run Creek watershed contains the result of
a study conducted by the State tJater Commission in cooperation with the

Eddy, Foster and l'/el ls County uJater Management Distr¡cts. The studyrs

major objective is to develop plans for improving the capacity of Rocky

Run Creek and its major tributary, Oak Creek Drain. The implernentation

of the plans outlined herein would reduce flooding and facilitate
agricultural drainage. Prevalent conditions warrant the need for an

adequate outlet that will remove the surface runoff from the watershed

and allow the adjacent farmland to remain in agricultural production.

Preceding the engineering analysis is a general description of the

watershed and a comprehensive discussion of the problem areas. The

engineering analysis includes a hydrologic investigation, a water surface
profile analysis, and a presentation and discussion of alternatives.
This report also contains an economic analysis, an environmental survey

and a summary. ln addition to the presentation of the alternatives this
study assigns priorities for implementation so the development can be

pursued in phases. The engineering analysis ut¡l ¡zes the best practical
technology to devise alternatives that will sufficiently meet the needs

of the watershed. The design of the alternatives comply with criteria
establ ished by the State l.later Commission. Data used in this report was

obtained by the state l./ater commissíon, the u.s. soil conversation

Service and local individuals. A glossary of terms and the appendixes

are contained at the back of the report.
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DESCRIPTION OF PLANNING AREA

The project study area i s located i n Eddy, Foster, and l.lel I s Count ies
(See Figure l). Rocky Run Creek is a tributary of the James Rîver which

is part of the Missouri River Basin. The creek is classified as an

influent stream w¡th intermittent flows. Approximately 85 percent of
the watershed contributes directly to surface runoff. The remainder of
the drainage area consists of small closed basins, not contributing to
area stream flow. L¡ttle agricultural drainage has occurred in the area

due to the limited capacity of Rocky Run Creek and its tributaries.
The Rocky Run Creek watershed is located on the edge of the Central

Lowland physiographic province. More specifically, the area is located
ln the Drift Prairie region with the west edge infringing on the Missourî

Escarpment. The landforms within the watershed are a result of glacial
deposition which ended about 13,000 years ago. The area is covered by

ground moraine composed prÏmarily of glacial t¡ll, a heterogeneous

mixture of clay, silt, sand and gravel. Also evident are intermittent
strips of glacial outwash, mostly sand and gravel,

The economy of the area is structured around agriculture. Most of
the land is productive farmland producing small grains and roh, crops.

Poor surface drainage hinders farming operat¡ons in some areas. Area

communitÌes include New Rockford, Fessenden, cathay and Bowdon. The

closest major commercîal center is Jamestown, located approximately 45

mi les south.

Precipitation for crop production is adequate during normal years

although occasionally the regíon suffers from periods of drought. The

average annual precipitation is 17 inches most of which occurs during

-2-
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the growing season with 13å inches falllng in the period of April

through September. The average annual snowfall is 34 inches with l15

days of one lnch or more snow on the ground. The annual mean temPerature

ls 39-40oF.

-4-



I I. STATEMENT OF PROBLEM

BACKGROUND

Flood problems have been evident for many years within the Rocky

Run Creek watershed. A f lood proection project r^râs ini tiated În l97l

when a study was done to locate possible sites for floodwater retention

reservoi rs. Three poss ible sites were located, tvuo on the main stem of

Rocky Run Creek and one between Scottrs Slough and Kelly Creek. No

additional work was done on this învestigatlon.

ln 1974 the Eddy County lJater Management Distríct was organized and

¡t requested that the State Water Commissîon look at the flooding

problems on Rocky Run Creek. The State l.later Commission suggested that

the lJater Management D ï str icts of Eddy, Foster and l,Jel I s Count ies organ ize

and pursue th¡s project as a joint venture. ln July of 1975 the three

Vlater Management Districts formed a joint board. The following month

the joint board requested that the State l,later Commissîon conduct a

study of the entire Rocky Run Creek watershed. The State l¡later Commission

recoginzed the large scope of the project and suggested that it be

approached in stages. The joint board agreed and stated that the main

problem is the downstream end of the creek. 0n October 8, 1975 an

investigatîon êgreement vlas signed with Eddy County l,Jater Management

District trTo determine the waterway openîngs and channel capacities

required for flood damage reduction on lower Rocky Run Creek extending

f rom the mouth, upstream to the l,lel ls County I ine." A copy of this
agreement is contained in Appendix A.

ln the spr¡ng of 1976 a field survey was conducted on this lower

port¡on of Rocky Run Creek. ln August of this same year the

-5-



preliminary design for channel improvements on the lower 14.5 m¡les of

the creek was completed. The proposed channel was designed to handle an

I year frequency flood and had a bottom width ranging from 80 to 90

feet. The proposal called for 13 new road crossings and a total estimated

project cost of 2.7 nillion dollars. 0n October 13, 1976 a meet¡ng was

held to discuss this proposal. The project cost estimate, the possibílities
of stage construction, funding alternatives, assessments and downstream

effects were discussed at the meetÌng. lt was determined that the only

þray to fund a project of this magnitude would be to approach the legislature
for a special appropriation. lt was further concluded that more study

should be done on the project before it could be presented to the legîslature.
The degree of further study was defined at a December /, 1976

meeting. This study would consist of computing a water surface profile
on the main channel and the main tributary to the north. This water

surface profíle would define the major flood problem areas. The additional
study would also include an economic analysis which would be completed

by the U.S. Soil Conservation Service in cooperation with area landowners.

The economic analysis was completed in July of 1977. An agreement

between the State l,Jater Commission and the tJel ls County l,Iater Management

District to complete the urater surface profile study bras signed on

August l!, 1977 (see Appendix B). This report is the result of this
ag reement.

CURRENT CONDITIONS

Potential flood problems exist within the Rocky Run Creek watershed.

ln addition to the natural drainage problems that are characteristic of
this area of North Dakota, there are problems that have been brought

-6-



about by alterations of the natural conditions. Artificial drainage

upstream has increased the amount of area that contributes to stream

flow. There are several road crossings that do not have adequate capacity

to handle the discharge.

There are channel restrictions throughout the entire length of
Rocky Run Creek. A serious situation exists in Section 31, Township 148

North, Range 66 West, where channel encroachments back up water until it
overflows înto Kelly Creek. Channel restrictions are caused by inadequate

road crossings, farm access roads across the channel, remains of washed-

out dams and debris in the channel.

Flood waters cause limited property damage, but the crop damages

are excessive. The crop damages were evaluated in the economic analysis

completed by the'U.S. Soîl Conservation Service. An agricultural
drainage project, that would drain some potholes areas southeast of
Fessenden, has been delayed until an adequate outlet can be obtained.

Subsequent sections of this report will enumerate the problem areas

in detail and proposed solutions.

-7-



I I I. ENGINEERING ANALYSIS

HYDRoLocr c t*vtl¡.ot'o*
The purpose of the hydrologic investigation is to estïmate the peak

flow throughout the watershed for various frequency floods resulting

from snowmelt or rainfall. Several methods have been developed for
estimating runoff. Frequently used by the State l'Iater Commission i

are the TR-20 computer model, ther¡Crosby methodr', the multiple regressíon

correlation method and the rrspeath method". The method selected depends

on its applicability to the study area and the quantity and type of data

avaÍlable.
The Rocky Run Creek drainage area contaîns 235 square miles of

drainage area of which 200 square miles are currently classified as

contrïbuting (see Fîgure 2). There is no histqrical stream flow data

existing for the watershed. Rocky Run Creek has a length of approximately

50 mi les and a slope that varies throughout the length of the creek,

with the steeper slopes occuring on the upper and lower reaches (See

Figure 3). There are several nearby streams that have historic flow

data and drainage areas with similar topographic features. The preceding

statements represent characteristics of the watershed that will determine

which method is most appl icable to the watershed.

The TR-20 computer model was derived prïmari ly for watersheds

smaller than 100 square miles and it does not take into account any

channel storage. The Rocky Run Creek drainage area contains 235 square

miles, and the 50 miles of channel would provide some storage. Therefore,

the TR-20 computer model does not apply to this watershed. TherrCrosbyrl

-8-
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andrrspeathrtmethods were developed for small drainage areas in North

Dakota and are based on exist¡ng stream records and soil data. They are

generally used for small watersheds where historical stream flow data

does not exist. These methods would give,acceptable results for the

Rocky Run Creek draínage area ¡f h¡storical stream flow data were not

available for nearby streams. Stream flow data ex¡sts at l0 nearby

gaging stations, thus a correlat¡on can be made between the existing :

flow data and the anticipated flows in Rocky Run Creek. The process of

deriving this correlation is cal led a multiple regression analysis. The

following regression equations were derived and contain the variables:

draînage area, channel slope and channel length.

eto= 26.5fs (rtlmi.)0'0054 L (.¡)-0'2668. D.A(r¡ .2)0'91877

Qrs = 135.4 /-s (ft.mi.)-0'1915 L (m¡.)-0'8203 D.A. (*¡2) t -1857 7
Using these equations the following flows were calculated for the

l0 and 2j year frequency floods at various points within the watershed.

TABLE I

Rocky Run Creek Peak Discharges

.Dîscharge (cfs)Locat i on

Confluence with James River

Lake Clai re

Cathay Dam

6 mi les r¡rest of Cattr"y

l0 year flood 25 vear flood

1260

I o5o

780

520

2370

20t 0

I 550

I 040

-t t-



Due to the existing conditions of the channel, these flows do not

occur on the lower reaches of Rocky Run Creek. Channel obstructions

cause the water to overflow the banks and discharge into potholes, small

closed drainage basins and an adjancent watershed. After obstructions

have been removed and channel improvements made, the overflow will be

reduced and the actual díscharges will approach the ones given in Table
at.

The O_a!_Creek Dam sub-basin is located within the Rocky Run Creek

drainage area (see Fîgure 4). The sub-basin contains approximately !4
square miles of drainage area. Approximately ll square miles in the

western portion of the drainage area is not currently contributíng. lt
is assumed, in this analysis, that the entire sub-basin is contributing

to allow for future agricultural drainage.

The regression equations derived for the Rocky Run Creek watershed

are based on nearby gaging stations wíth drainage areas of comparable

size. Therefore, they are not directly applicable to a smaller sub-

basin such as the Oak Creek Drain Sub-basin. As previously stated, the
rrCrosby method' was derived specifically for small watersheds in North

Dakota. Therer-ore, the rrCrosby methodil vJas used to compute the design

discharges for Oak Creek Drain. Table 2 contains the design discharge

for various points along Oak Creek Drain using this method.

TABLE 2

OAK CREEK DRAIN PEAK DISCHARGES

Location Di scharge (cfs)

Between Sectlons 2l s 28-Tl48N-R68W

Between Sect lons l9 E 30-Tl48N-R67I,J

Confluence with Rocky Run Creek

D ra i nage^
Area (m¡')

krø
4t

26ç'l

l0 year
F requency

310

390

450

2J year
F requency

500

640

7\o

-12-
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T.'ATER SURFACE PROFILE STUDY

The water surface profile is a powerful engineering tool that can

be used to effectively model a stream or reservoir for both natural and

modified conditions. The effects of various hydraul ic structures such

as bridges, culverts, weirs, embankments and dams are considered Ìn the

computatîons. The water surface profiles computed for this report are

based on actual cross sections obtained by the State Water Commission l

survey crew. Care was taken and subsequent checks were made to ensure

that the completed water surface profiles are accurate and reliable.
Due to the excessive number of calculations involved, it is necessary

to utilize a computer model to complete the computations. The model

used in this study is the l^/ater Surface Prof ile Computer Program developed

by the U.S. Bureau of Reclamation. This program has been used effectively
by the Bureau of Reclamation on several streams in North Dakota. The

program uti I izes the energy conservation and energy balance theories as

they relate to subcritical flow in a natural stream. The computer

program input data must include: a rating curve for the most downst¡s¿¡ crosS

section, cross sectîonal data, the distance between cross sections, an

est¡mate of'the roughness coefficients of the channel and overbank areas

and the discha.gå, for. which the water surface profiles are desired.

The computat¡ons begin on the most downstream cross section and procede

upstream, calculatinþ the water surface elevation for each cross section,

lncluding road crossings.

For the purpose of this study, Rocky Run Creek has been dÌvided

into four reaches (see Figure 5). Reach I extends from the confluence

with the James River to Lake Claire. Reach 2 extends from Lake Claire

to the county line between lJells and Foster Counties. Reach 3 extends

from the county line to the city of Cathay. The length of channel

- l4-
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between Cathay and the section line between Sections 6 and ll, Township

147 North, Range 69 and 70 lrJest, constitutes Reach 4.Oak Creek Drain,

the main northern tributary of Rocky Run Creek which flows through

Rosefield Slough, is also analysed in this report.

ln order to príoritíze the necessary improvements, each reach was

analyzed for three conditions: The fÎrst invoìves computing the water

surface profîle for the existing conditions. The second includes :

computîng the water surface profi les for each reach after Phase I improvements

have been made. Phase I improvements refer to minor local ized changes

that would effect the water surface profile. These improvements would

not have a significant effect on the overall caPacity of the stream,

but they wi I I el iminate some local ized flooding. The thi rd condition

involves computing the water surface profiles after Phase 2 Ìmprovements

have been made. Phase 2 improvements involve upgrading certain channel

sections and road crossings such that the overall stream capacity is
increased and general flooding throughout the area is reduced.

State Llater Commission criteria states that all channels and corresponding

structures that provide drainage to agricultural lands must be designed

to handle the l0 and 2$ year frequecny floods, respectively. A previous

investigatîon by the State VJater Commission and the succeeding profiles
illustrate that it isnot egonomically feasible¡6improve the Rocky Run

Creek stream channel to handle a l0 year discharge along the entire
channel because of the large channel cuts requi red, due to the flatness

of the natural terrain. The Phase 2 improvements presented in this
report provide for the l0 year frequency flood being maintained within

the floodplain. The floodplain includes the channel and the overbank

-r6-



areas. Under this system, land adJacent to the channel is temporarily
flooded, but water will not overflow onto farmland where it can not

drain off.
All roadway crossings designated for improvement under Phase 2 are

designed for a 2J year discharge if the upstream and downstream floodplains
can handle this discharge. lf the crossing is inundated by backup water

caused by the inadequacy of the downstream channel, the crossing will be

deslgned for a discharge slightly greater than the discharge in the

downstream channel when inundation of the crossing is pendîng.

REACH I

Reach I extends upstream from Rocky Run Creekts confluence with the

James River to Lake Claire. Detailed field survey data was obtained for
this reach in the spring of 1976 with supplemental data obtained in the

fall of 1977. Fîgure 6 shows the location of the channel and the cross

sectÎons that were used in the water surface profile computat¡ons. This

reach is a critical area of Rocky Run Creek for ìt contains numerous

channel obstructions and does not have a uniform gradient. The hydrologic
analysis indicated that the l0 and 25 year frequency discharges within
this reach would be approximateiy 1,100 cfs and 2,200 cfs, respectively.
The capacity of the existing channel is much less than the l0 year

frequency discharge.

The water surface profile model was used to evaluate the existing
conditions. F¡gure 7 shows a profile of the channel bottom and water

surface profiles for 200 cfs and 400 cfs discharges. A flow of 400 cfs
represents the approximate flow capacity of the floodplain. At higher
discharges, water overflows the banks and is contained în potholes,

therefore not contributing to stream discharge. lf this did not occur,
many of the inadequate road crossings would be washed out during high flows.

-t7 -
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The profiles in Figure / show the irregularity of the channel

bottom and the sudden increases in the water surface profile. The

channel bottom has a steep gradient between stations 5+00 and 90+00.

velocities within this area may cause erosion problems during flows

exceeding 400 cfs. The water surface profi les between these stations
are uniform, and the water surface elevatìons do not approach the j

stream bank elevations. Between stations 90+00 and 220+00 the channel

is considerably flatter, but it does maintain a gradual rise. There are

also no major sudden increases in the water surface profiles between

these thro stations. From station 220+00 to the end of the reach, the

channel bottom elevations are very irregular. High points în the channel

bottom at stations 226+50 and 2l+6+00 control the flow upstream to station
295+OO. Channel crossings at stations 308+OO and 365+00 cause large
increases in the water surface profïle.' These crossings are inadequate

and back up v',ater for a considerable distance. lt is within this latter
half of Reach I that the water surface elevations for the 400 cfs discharge

are near the overflow elevations of the floodplain.
These profiles indícate specific areas within the reach that cause

major problems in the ability of the channel to convey high discharges.
Phase I improvements would consist of removing channel obstructîons, as

well as a general cleanup of the channel. The foilowing specific
improvements would be completed under Phase l.

TABLE 3
PHASE I IMPROVEMENTS . REACH I

lmprovment No. Loca t i on I mp rovemen t
sTA. 95+00 to sTA. 388+OO Clean out excessive

rock a debris in channel.

STA. 225+50 to STA. 227+70 Lower channel
elevation 1523

to
.0.

2
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lmp rovement No.

I mprovement
No.

I

2

3e\

STA.

STA.

STA.

STA.

I tem

Channel Cleanout LS

Lower Channel Yd

Remove Earthfi I I
Dams (stations:
246+00, 308+oo)

' Remove Farm Machinery
Crossing (Station
364+80) Ls

Remove l¡Jashed Out
Dam

3

4

5

6

Locat Ì on

246+oo

308+Oo

364+oo

3gl+00

Remove

Remove

Remove

Remove
washed

I mp rovemen t
small earthfill dam.

earthfi I I and rock dam.

farm machinery cross ing.

remaining portÎons of
out dam.

fa + ¡n
Tet at Crottia,

It is anticipated that these improvements would make a significant
improvement in the water surface profile and reduce localized flooding,

without excessive costs. Table 3 contains a cost estimate for these

improvements.

TABLE 4
COST EST¡MATE . PHASE I IMPROVEMENTS . REACH I

Un i ts Quant i ty
Uni t
Price

Extended
Price

$ 7,000. 00

l,o8o.oo

5

6

3

I ea.

I 200

$ 7,000. 00

0. g0

LS 2 ea.

I ea.

LS I ea.

Subtota I

Eng ineer ing, Construct ion
Inspection and Contract
Admi ni strat ion (157.+)

Contingencies

Estimated Cost For Phase I
I mp rovemen t s

l,5oo.oo +ie8,mÈ5000.oo

1,500.00 I ,5oo.o0

I ,000.00 I ,000. 0o

$ 1 3,580.00

2,060.00

I,360.00
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After updating the input data to reflect the Phase I improvements,

another set of profiles was computed. F¡gure 8 shows the water surface

profi les for 400 to 600 cfs after Phase I improvements have been made

and the profi le for 400 cfs before these improvements were made. As a

result of the Phase I împrovements, the capacity of the floodplain has been

increased from 400 to 600 cfs. Flows above 600 cfs will cause water

to floþr out of the floodplain.
The profiles shown in Fìgure I indicate that the specific problem

areas are less evident, therefore, the solutions will be more complex.

The Phase 2 improvements proposed in this section meet the critieria
stated in the previous section. The general goal of these împrovements

is to increase the capacity of the floodplain such that water overflowing

into small closed basins and the'adjacent watershed would be prevented for a

l0 year frequency flood. Several computer runs were made to evaluate

different types of improvements to determine the ones that would have

the most signif icant effects on the v'/ater surface prof iles. Table 5

summarîzes the proposed Phase 2 improvements, lt is assumed in this
portîon of the analysis that the Phase I improvements have been made.

TABLE 5
PHASE 2 IMPROVEMENTS - REACH I

lmprovement No. Location I mp rovemen t

2

3

4

STA. 5+00 to
sTA g0+00

sTA.9l+60

sTA. 158+t0

STA. 158+60 to
sTA 226+50

243+30 to
255+00

Eroslon protection as required.

lmprove road crossing.

lmprove road crosslng.

Lower and reshape existing stream
channel.

Lower and reshape existing stream
channel.

5 STA.
STA.
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6 STA. 295+00 Remove localized high in stream
channe I .

The steep channel gradient between stat¡e¡ !+00 and 90+00 makes

thís portion of Reach I susceptable to erosion. The erosion potential

can be illustrated by the flow velocities and the tractive forces.

Table 6 shows the flow velocities and tractive forces for various stations

within this area. The general locations where erosion may occur are

delíneated by an asterisk. Generally, velocities greater than 3.5 feet
per second can cause erosion of the stream channel.

velocities "låtf:":.ive Forces(etl0O cfs = l0 year frequency flood)

STAT I ON

:t. 5+00
tf l0+00
,kl3+oo

I 5+50
2l+00

zt30+00
4l+oo
50+00
6o+oo

,k65+00
*67+50
rE70+00
*85+oo
9l+t 0

VELOC I TY
(ftlsec. )

TRACTIVE FORCE
(lbs.)

.398

.085

5I
3
2
2
4
3
2
3I
4
5
3
I

.783

.809
.3t+4
. t93
. 154
.614
.303
.202
.296
.769
.449
.689

0
I
0
0
0
0
0
0
0
I
0
0
0
0

32
09
77
77
t+l
97
55
8l
48
02
28
t9
73
75

¡t denotes an area where erosion may occur

Erosion protection for these areas will be provided by the placement

of rock rîprap in specific areas as determined by the field engineer. A

cost estimate for erosion protection will be ïncluded in the total
project cost.

The existing road crossing at stat¡on 9l+60, between Sections 2l

and 22, Township 148 North, Range 66 l,Jest, consists of two smal I bridges
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which are inadequatè for flotvs exceeding 800 cfs. The bridge openings

are too small and the creek bottom elevation is too high under the

bridges and immediately downstream of the crossing. The Phase 2 improvement

for this crossing would consist of the following: l) add two 87"x63"

arch corregated metal pÌpe (Cmp) culverts; and 2) lower the inverts of

the installed culverts to elevat¡on 1514.6 and 4ower the channel bottom

just downstream of the crossing to conform to the lowered invert. elevatÎons.

The area extending from stat¡on 158+10 to station 255+00 is a very

crítical port¡on of Rocky Run Creek. Extensive flooding occurs within

this area and water will occasionally overflow into the Kelly Creek

watershed. The fìrst improvement within this area would be made to the

road crossing at station 158+lO, between Section 28 and 2!, Townshp 148

North, Range 66 þJest. Three 95"x67'r arch CMP culverts would be added to

this crossing to increase its capacity to the 25 year frequency discharge

of 2200 cfs.
The existing channel between stations 158+10 and 227+00 has a high

channel bottom elevation and controls the flow for a considerable

distance upstream. This portion of the channel would be lowered and

reshaped. The channel would have a bottom width of 60 feet and a slope

of 0.00017.

The exîsting highway crossing at stat¡on 227+00 between Section 2J

and 30, Township 148 North, Range 66 l,Jest would be inundated on a 25

year frequency flood with 0.7 foot of water flowîng over the road. This

crossing consists of concrete box culverts that were just recèntly

lnstalled, therefore, they would not be replaced under this proJect.

The farm access road located at station 2l+2+70 was thought to be a

control section within this reach. lt has been determined that this

-25-



cross¡ng is inundated by back up water from the downstream channel

during díscharges as low as 400 cfs. Therefore, it would not help to
increase the capacity of the structure. lf the road is in poor condition,
it should be graveled to protect it from serious erosion caused by water

flowing over the road.

The other proposed improvements to Reach I would consist of lowering

and reshaping the existing channel between stations 243+30 and 255+00

and near stat¡on 295+00. The railroad and hÌghway bridges located near

statíon 290+00 would be very near their capacity during a 2J year

frequency flood. lt would be expensîve to upgrade these structures and

a small amount of water flowing over them would not endanger their
existence. Therefore, the improvement of these structures is not included

as part of this project.
The implemêntation of the above improvements would result ìn a

significant lowering of the water surface profile throughout most of
this reach. For example, in the later portions of Reach I the water

surface elevation for a discharge of 400 cfs would be lowered 5 to 6

feet with the implementation of the Phase I and Phase 2 improvements.

Figure 9 shows the water surface profiles for various discharges after
the Phase I and Phase 2 improvements have been made. Also shown is the
water surface profi le for 4OO cfs under existing conditions. The capacity
of the floodplain would increased from 600 cfs to approximately 2200 cfs
with these improvements. A flow of 22OO cfs represents a 25 year frequency
d i scha rge.

Table 7 contaíns a detailed cost estimate for the Phase 2 improvements

and a total cost estimate for the Phase I and Phase 2 improvements for
thi s reach.
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lmprovement
Number

TABLE 7

COST ESTIMATE - PHASE 2 IMPROVEMENTS . REACH I

Unit
I tem Unl ts Quant i ty Price

2

a
Rock Rïp Rap Yds' 1,700 $ IZ.OO

87"^rt" Arch cMP L,F. 90 85.OO

Excavation Yds3 250 o.95

Reseed i ng Acres 0.5 100.00

95"x67" Arch CMP L.F. 135 95.00

Excavarion Yds3 49,800 0.95

Reseeding Acres 31 100.00

Excavarion Yds3 8,200 0.95

Reseed i ng Acres 5.5 I 00.00

Excavarion Y¿s3 250 0.95

Reseed i ng Acres 0. 5 I 00.00

Estimated Construction Cost

Engineering, Construction
Inspection and Contract
Administration

Contîngencies

Estimated Cost For
Phase 2 lmprovements

TOTAL FOR PHASE I AND PHASE 2 IMPROVEMENTS:

$ 20,4oo.oo

7,650.00

240.00

50.00

I 2,830.00

47,3lo.oo

3, I oo. oo

7 ,790.00

550. 00

240. 00

50. 00

Extended
Price

$100,210.00

1 5, 370. 00

I 0, 02o. oo

1125,600. oo

3

4

5

6

Phase I

Phase 2

$ t7,ooo.oo

I 25,600. o0

$ I 42,600. OO

-27_



530

<)t

5 C,|^r

i 490

I 4bi

t5 50

r5 4c)

t530

1520

r5l c

4OO CFS AFTER PHASE IA2 IMPROVEMENTS

lIOO CFS AFTER PHASE IA2 IMPROVEMENTS

PHASE I82 IMPROSEMENTS

CHANNEL BOTTOM
SECTION LINE CROSSING
2 BRIDGES
oPEN I NGS s' x to ' (Ex I srtNc)

ADDED3 2-87., x 63,. ARCH CMP

roo +oo lto +oo r 20+oo 130 + oo

oF DECK t53t.3

iloo cF AF ER PHASE IA2 IMPROVEMENTS )

22OO CFS (AFTER PHASE tA2 TMPROVEMENTS)

22OO CFS AFTER
TOP OF DECK 1522.O
UN DER DECK I520.6

7O + )t) BC +oO

TOP OF ROADTYAY

TOP OF CULVERT

r40+oo5+OO tO+On
I

20+ oo

PAVED HIGHWAY
3 BOX CULVERTS
oPENINGS 6'x l2' (eXtSt¡t'¡O)

TOP OF ROADWAY 1529.7

TOP OF CULVERTS 1527.0

4OO CFS AFTER PHASE I A2 (IMPROVEMENTS)

FARM ACCESS ROAD
t-30" c¡up (exlsrtlo)
l-8.5'xil' ARCH CMP (extsTtNG)

tTl

--- I
30+ OO on4C

ì

50+(,,
--__-T-

60 +UO 90+o0

TOP OF DECK
UNDER DECK

t532.4
r530.4

UNDER DEC
t527.4

c

I
230 rO.

I

:'4 O + ùrì -_ q.rJ r _r 2f . rO()

R R BRIDGE
(EXISTIN G )

I
28O +O(ì

I

290+ùD
I

300 +00
---r-

320+oO

HIGHWAY 281
BRIDGE OPEN ING 7.5'x ¿8'(EXtSTtNG)

I
?tO +OO

I
221 + 

'-
27O+O(1 3tO +OO 330 +OO 340+OO 350 +oo



t528. OTOP OF ROAOIYAY

TOP OF CULVERT
oo cFS BEFORE (TMPROVMENTS) r 530

I 520

t5to

r500

r490

r480

t526

2?OO CFS AFTER
TOP OF DECK 1522.0
UN DER DECK I520.6

PHASE IA2 IMPROVEMENTS

CHANNEL BOTTOM
SECTION LINE CROSSING
2 BRIDGES
oPENtNGs 5' x to' (Ex I srlNG)

ADDED: 2-87"¡( 63" ARcH cMP

roo +oo llo +oo I 2O +OO t30 + oo

oF DECK r53t.3

IM PROV EM ENTS )

22OO CFS (AFTER PHASE tA2 TMpROVEMENTS)

HIGHWAY 281
BRTDGE OPENING 7. 5'x ¡8' (EXtSTtNG)

PHASE IA2 IMPROVEMENTS

IENTS

ADDED:

SECTION LINE CROSSING
t- 8'r t2' ARCH C M P (EXlSTtNc)
g-95"x67" ARcH cMP

8C +OO 90+Ot) r40 +oo r50 +oo r80+00 r90+oo

r540

I 530

t520

t5ro

t500

200+00 2 I O+OO160+oo \t70+oo

4OO CFS (BEFORE IMPROVEMENTS)

TOP OF DECK
UNDER DECK

1532.4
r 53 0.4

lt00 c F AF ER PHASE IA2

A2 (IMPROVEMENTS)

S ROAD
:xtsTrNG)
ìCH CMP (extSTtNG)

iì2'-. a(.,)() ?f')+!)(\

UNOER DEC
1527.4

CHANNEL BOTTOM

R R BRIDGE
(ExrsflNG)

I
28rr + Or '

I

2 9O + !]')
I

3OO +0O
--r
340 +OO

ì
3rO + OO

-r
JZO +OO

- -T- -330 +OO

FIGURE 9

REACH I

a
WATER SURFACE PROFI LE

AFTERPHASEIA2
I MPROVEMENTS

350 +OO 360+OO szo loo 380 +OO 390+OO



REACH 2

Reach 2 extends from Lake Claire to the Foster-l'lel ls county I ine.

Detailed survey data for this reach was obtained by the State Water

Commission survey crew in the fall of 1977. Figure l0 shows the locations

of the cross sections that,were used in the water surface profile
computations. Reach 2 has a more uníform gradient and fewer obstructions

than Reach l, however, ít does have some problem areas that cause :

flooding. The hydrologìc analysis indicated that the l0 and 2i year

díscharges within this reach are approximately 900 cfs and 1700 cfs,

respectful ly.
The water surface profiles for the exist¡ng conditions are shown in

Figure ll. These profiles were computed assuming that the Phase I

lmprovements have been made on Reach l. The profiles are very uniform,

except near some road crossings which cause abrupt increases in the

brater surface elevations. From station 388+00 to station 465+00 the

hrater surface profiles show no sudden increases in stage. The depression

in the channel bottom profile between these stations forms Lake Claire.

The abrupt increases in the water surface elevations at stations 465+00

and 529+00 are caused by road crossings. From station 529+00 to station

615+00 the water surface profiles are fairly uniform but there are three

farm machinery crossings that cause some localized flooding. The

remainder of the reach has a uniform water surface profile with the

exception of five road crossings that cause abrupt stage ìncreases.

The road crossings that cause abrupt increases in the water surface

profiles in this reach are major crossings. Therefore, they will be

included as Phase 2 improvements. The Phase I improvements, as earlier
defined, will consist of making minor channel improvements, removing
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channel obstructions and removing debris from the channel within the

reach. The specific Phase I improvements proposed for Reach 2 are

I isted in Table 8.

PHASE I

Loca t ï on

TABLE 8
IMPROVEMENTS - REACH 2

lmprovement No. I mp rovemen t s

STA.388+oo
to STA. 767+50 Remove excessive rock and

debris in channel.

srA.465+352

3 sTA. 529+50

Lower localized high point in
stream channel.

Lower localized high poînt in
stream channel.

Remove farm machînery crossing.

Remove farm machÌnery crossing.

Remove rockfi I I embankment.

Remove rockfil I embankment.

4

5

6

7

8

STA.

STA.

STA.

STA.

STA.

5l¡5+80

566+oo

587+00

5s5+80

626+00 Lower localized high point în
stream channel.

The Phase I improvements delineated in Table 8 will reduce localized
flooding near the area of the improvements, but they will not have a

signif icant effect on the Ìnrater surface prof iles for the higher discharges.
Therefore, another set of profiles showing the results of these ¡mprovements

would not be sÎgnificantly different from the profiles shown in Figure ll.
Table I contains a detailed cost estímate for the Phase I improvements.
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TABLE 9
COST ESTIMATE - PHASE I IMPROVEHENTS - REACH 2

lmprovement
Number

2,3¿8

5

6e7

I tem

Remove Rockfi I I
Embankment

Un i ts Ouant î tv
Unit
Pri ce

Extended
Price

4

Channel Cleanout Lump Sum I ea. $ 7,000.00 $ 7,000.00

Remove Channel
Hî9h Points Lump Sum 3 ea. I ,500.00 I,500.00

Remove Farm
Hachinery Crossing Lump Sum I ea 1,500.00 I,500.00

Remove Remaining
Portions of Farm
Machinery Crossing Lump Sum I ea. 1,000.00 I,000.00

3,000.00

Estimated Construction Cost

Eng ineer ing, Construction
lnspection E Contract
Adminîstration (l¡Z+)

Contingencies (loZ+)

Estimated Cost for
Phase I lmprovements

$ l4,ooo.oo

2, I oo. oo

4oo. oo

$ t7,500.00

The Phase 2 improvements would consist exclusively of upgrading road

crossíngs. The entire reach has a fairly uniform gradient, so no channel

modification will be required. Table l0 describes the specific improvements

that are proposed under Phase 2.

Lump Sum 2 ea. I,500.00
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TABLE IO
PHASE 2 IMPROVEMENTS . REACH 2

lmprovement # Locat i on I mprovements

I STA. 465+00 lmprove Road Crossing

2 STA. 529+00 lmprove Road Crossing

3 STA. 561+39 lmprove Road Crossing

4 STA. 615+00 lmprove Road Crossing

5 STA. 656+OO tmprove Road Crossing

6 STA. 69\+30 tmprove Road Crossing

7 SfR. 756+OO lmprove Road Crossing

8 STA. 767+9O lmprove Road Crossing

The road crossing at station 465+OO, between Sections 26 and ZJ,

Township l48 North, Range 67 West, currently consists of four 6r diameter

cMP culverts. This crossing has a capacity of approximately 1000 cfs.
The addition of two 103'rxTlrrarch CHP culverts would increase the capacity
of thîs crossing to 1700 cfs, the 2j year frequency discharge. The next
phase 2 împrovement îs at station 529+00, a road crossing between Sections
27 and 29, Township 148 North, Range 67 VJest. The existing bridge with
a 5.5rxl0r opening is inadequate. This crossing is effected by backup

v,rater from the downstream channel which reduces the capacity of the
structure. The upgrading of this crossing would require 6 large culverts
in additÎon to the existing bridge. Therefore, it is recommended that
the bridge be replaced by a series of five reinforced concrete box

culverts with openings of 5rxl0'.
The road crossing at station 561+30, between Section 28 and 33,

Township 148 North, Range 67 west, has a bridge with an opening of 6'x8,
and an llrxTrarch cMP culvert. The roadway at this crossing is 8.5'
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above the invert elevations of the bridge and culvert, which helps to

prevent overtopping of the road at high discharges. The Phase 2 improvement

for this crossing would consist of the addition of one 8l"x59r'arch CMP

culvert.. The next upstream road crossing, located at station 615+00,

consísts of one 8.5'xlJ' ar.ch CMP culvert. The addition of two 95r'x67"

arch CMP culverts would increase the capacity of this crossing to a 2!
year frequency discharge. :

Backup water caused by the downstream channel inundates the crossing

at station 656+00 at a discharge of approximately 1r300 cfs. The existing
structure consists of two 5r diameter CMP culverts. Because of the back

water effect, this crossing would be ìmproved to a capacity slightly
larger than 1300 cfs. The addition of four 87"x63" arch CMP culverts
would increase the capacity of this crossing to approximately 1400 cfs.
The road crossing at station 694+30, between Sections 5 and 6, Township

147 North, Range 67 tJest, has an existing 9.5'xl6'arch CMP culvert.
The addition of one lO3r'xTlrrarch CMP culvert would increase the capacity

of this crossing to a 25 year frequency discharge of 1700 cfs. The next

upstream road crossing at stat¡on 756+00 also has an existing 9.5'xl6t
arch CMP culvert under the roadway. The ímprovements of this crossing

would also consist of the addition of one l03"x7l'r arch CMP culvert.
The last road crossing in this reach is located at station 767+90 and

has an existing 7.5txl2] arch CMP culvert under the roadway. This

crossing is inundated by back up water from the downstream channel at a

discharge of approximately I100 cfs. The addition of two 8/t'x6J" arch

CHP culverts would increase the capacity of this crossing to approximately

fiso "r'.
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The lnput data to the water surface profile computer model was

updated to refleet the above changes. F¡gure 12 shows the water surface

profiles after the Phase I and Phase 2 improvements have been made along

wlth the profile for 600 cfs under existlng conditions. The figure
lndicates that the implementation of the Phase I and Phase 2 improve-

ments would lowe¡' the water surface elevation I to 2 feet for a 600 cfs
discharge wíthin this reach.

Table l0 contains a detailed cost estimate for the proposed Phase 2

lmprovements and a total cost estimated fo¡. the Phase I and Phase 2

improvements.



9OO CFS (AFTER IMPROVEMENTS)

60O CFS (AFTER I MPROVE

TOP OF CULVERT I548,0

CHANN EL BOTTOM SECTION LINE CROSSINGl-9.5'xl6' ARCII CMP (EXISTING)
ADDED¡ I-I03,,x7I.. ARCH CMP

SECTION2-5'olA
ADDED:

LINE CROSSING
. CMP EXISTING
4- 87"x63" ARcH cMP

SECTION LINE CROSSING
l-8.5'x t3' ARCH CMP (EXISTtNG)
ADDED' 2-95"x67" ARcH cMP

1545

6OO CFS (BEFORE I MPROVEMENTS)

t540 TOP OF ROADWAY I539 ITOO CFS (AFTER IMPROVEM

TOP OF CULVERT I537.3
TOP OF DECK I536 3\

\
-{

UNDER DECK I535,6
t53 5 90O CFS (AFTER IMPROVEME 60O CFS (AFTERIMPR

CHANNEL BOTTOM

t53 0
SECTION tINE CROSSING
4-6' DtA. cMP -ExtsÏNG
ADDED: 2- l03"x 71" ARCH cMp

LAKE CLAIRE

I 525

ROAD CROSSIN
BRIDGE OPENING I'x22'

rs2 0
370+OO 380+OO 39 O+00 4OO+OO 4 r 0+00 420+ OO 43 O+OO 440 +OO 450+0O 460+OO

TOP OF ROADWAY I555.7
TOP OF CULVERT I554.0

470+OO 480 + OO 49O+OO 500 + OO

r55 5 600 CFS (BEFORE IMPROVEMENTS)

IMPRO VEME NTS)TOP OF ROADWAY I55O.O AFTE R
t?oo CFS

TOP OF ROADWAY I549.5
155 0

TOP OF CULVERT I546.8

t54 5

t540

t53 5
580+ O O 59O+OO 600 + oo 6l o+oo 620+ oo 63 0 +OO 640 r0 0 650+OO 660+OO 670 f00 68 0 +OO 6 9 0+OO 700+oo 7 t.o+o0 720+OO 7



r MPROVEMENTS) a6OO CFS (AFTER IMPROVEÍT4ENTS)

CHANNEL BOTTOM

TOP OF ROADWAY I558.I
TOP OF ROADWAY 1556.4

SECTION LINE CROSSING

SECTION L INE CROSSING
4-6, DIA. CMP -EXISTING
ADDED: 2- IO3.'X 7I" ARCH CMP

SECTION LINE CROSSING
BRIDGE OPENING 5.5'x tO'
ADDED' 4 COÑCRETE BOX
OPE¡¡INGS 5'x tO'

( REMOVED)
CU LVERTS

BRIDGE OPENTNG 6'x B' (ExtSTtNG)
t-7'xn ' AR.CH ^.CMP ( EXtóTtNG)
ADDED; l- gl "x59" ARcH cilp

54O+O0
440 +OO 47 0 +o0 500 + oo

IPROVEM ENTS)

l?oo

5

CFS

00 43 0+OO 48O+OO 490+OO

)AowAY t550.0 IMPROV EM ENTS)
AFTE R

20+oo 530+0
450+0o 460+OO
TOP OF ROADWAY I555.7
TOP OF CULVERT I554.0 TOP OF CULVERT I554.2

/lENTS)

6OO CFS (AFTER I MPROVEMENTS)

TOP OF CULVERT I548,0

CHANN EL BOTTOM

CMP

sEcTtoN LtNE CROSSTNG2-5'DIA. CMP EXISTING
ADDED' 4- 87"x63" ARCH

G

]TI NG)
CMP

\ \ SECTtON LtNE cRosstNG\l-9.5'rt6' ARCH CMp (EXtSTtNG)
ADDED: l-lo3"x7l" ARCH cMp l-lO'x l6' ARCH CMp (EXtSTtNc)

ADDED: l- lo3"x zl" ARcH cMp

SECTION LINE CROSSING

l-7.5'x 12' ARCH cMP (EXtSTlNc)
ADDED: 2-92" x63" ARcH cMp

COUNTY LINE

OP OF ROADTYAY 1543.2

TOP OF ROADWAY I539

TOP OF CULVERT I537.3

6OO CFS (BEFORE IMPROVEMENTS)

ITOO CFS (AFTER IMPROVEM

TOP OF DECK t539.9

UNDER DECK 1539.0

TOP OF CULVERT I54O.8

ioo-- s6o +oo 570+OO 580aOO
155 5

TOP OF CULVERT I553.7

155 0

t54 5

I 540

1535

I 545

t54 0

t535

t530

t525

I 520

FIGURE 12

REACH 2

WATER SURFACE PROFILE
AFTER PHASE I&2
I MPROV EMENTS

o 650+OO 660+oo 670 +OO 68 0 +oo 6 9 0+00 700+00 7l,O+OO 720+oo 730+00 740+oo 750+O0 7 60 +oo 77O+OO



TABLE I I
COST ESTIMATE - PHASE 2 IMPROVEMENTS . REACH 2

lmprovement No. I tem Un it
1 03"x7 1 "
Arch CMP

L. F.

Concrete Lump
Box Culverts Sum

8 l "x59"
Arch CMP L.F

95.tx67)l
Arch CHP L.F

Quantity unit Price Extended Price

go $ llo.oo $ 9,9oo.oo

I ea. 35,000.00 35,000 . 00

\5 75 .00 3,375.00

95.00 8 ,550 . oo

r80

I

90

2

3

4

5

6

7

I

87"x63"
Arch CHP

1 03"x7 1 "
Arch CMP

l03rrx7l il
Arch SMP

L. F.

L. F.

L.F

I 5 ,300 .00

4,950 . oo

4,95o. oo

7 ,650 . oo

89,675.00

l3,450.oo

8,975 . oo

87"x63" L. F.

Eng ineering, Construction
lnspection E Contract
Administration (15+)

ContÍngencies (10%+)
Estimated Cost for
Phase 2 lmprovements

ESTIMATED COST FOR PHASE I AND PHASE 2 IMPROVEMENTS:

Phase I lmprovements

Phase 2 lmprovements

Tota I

45

85. oo

I I 0.00

45 I 10.00

g0 85.00

Estimated Construction Cost

S I 7,5oo. oo

lt2 I 00. 00

$ t2g,6oo.oo

$ il2, loo.oo
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REACH 3

Reach 3 begins at the county I ine betv,/een l.lel ls and Foster Counties

and extends to a point just downstream of Cathay Dam. Figure 13 shows

the location of the channel within this reach and the location of the

cross sections which were used in the water surface profile computations.

The detailed cross section data was obtained by the State \¡Jater Commission

survey crew in the fall of 1977. The Hydrologic analysis indicated that

the design discharges for this reach are approximately 800 cfs and 1600

cfs for I0 and 2i year floods, respectively.
The stream channel is well defined throughout this reach and there

is a wide valley to contâin the higher discharges. This reach does not

have the problem with channel obstructions that were evident on the

first two reaches. Figure 14 shows the profile of the channel bottom

and water surface profiles for various discharges _under existing conditions.

Thís is a continuation of the profiles for existing conditions on Reach

2. The profile of the channel bottom indicates a fairly uniform gradient

with some localized high and low areas. The water surface profiles are

very uniform between statÎons 77O+O0 and 827+OO. The road crossing at

station 828+00, between Sections ll and 12, Township 147 North, Range 68

lJest, causes a very small increase in the rnater surface profiles;
but the road is overtopped at the 400 and 600 cfs discharges. Upstream

from this crossing the profiles are quite uniform up to statÎon 998+OO.

However, within this area of the reach there are two road crossings that
are close to their capacity at the 600 cfs discharge. The road crossing

at station 998+80, between Sections 8 and 9, Township 147 North, Range

68 t/est, does not have adequate capacîty to handle the 400 cfs or the

600 cfs discharges. This crossing creates a backwater effect for 3000

feet upstream. The next road crossing is at station 10\7+35. Thls

crossing does not create a backwater effect but ¡t is overtopped at

-39 -
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discharges of 4OO cfs and 600 cfs. The road crossing at station 1055+35

causes a suddén increase in the water surface elevation for all three

discharges. However, the 600 cfs discharge is the only one that overtops

the road. The backwater effect of this crossing is evident throughout

the rest of the reach. The road crossing at station ll16+10 consists of

only one Jr culvert and is inundated at the 400 cfs discharge.

The preceding discussion of the water surface profiles for this l

reach indicates that there are not any improvements that can be classified
as Phase l, with the exception of a general removal of debris from the

channel. There is not an excessive amount of rock and debris in the

channel with¡n th¡s reach. Therefore, the channel cleanup could be

conducted on a voluntary basis by the adjacent landowners.

The Phase 2 improvements would consist exclusively of improving

inadequate road crossings. There arenrt any channel improvements that

could be made that v.rould have a significant effect on the water surface

profile. Table l2 contains the specifÎc improvements that are proposed

under Phase 2.

lmprovement No.

TABLE 12
PHASE 2 ¡MPROVEMENTS

Loca t i on I mp rovemen t
REACH 3

2

3

4

5

6

7

STA

STA

STA

STA

STA

STA

STA

828+00

884+t 5

937+00

998+80

I 047+35

I 055+35

I ì l6+.10

I mp rove

I mp rove

I mprove

lmprove

I mprove

I mprove

lmprove

Road

Road

Road

Road

Road

Road

Road

Crossing

Crossing

Crossing

Crossîng

Cross i ng

Cross i ng

Crossing
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As previously indicated the improvements proposed for Reach 3

consist exclusively of improving road crossings. The first crossing is

located at stàtion 828+00. This crossing is inundated by backup water

from the downstream channel at discharges exceeding 400 cfs. Therefore,

this crossing would be designed for a discharge of 400 cfs. This crossíng

has an existing 8l"x59" arch CMP culvert and would be improved by the

addition of one more 8l"x59'r arch CMP culvert. l

The crossíng at station 884+15 has an existing brîdge with an

opening of 7.2tx221 . The downstream channel does not backup v,/ater over

this structure, so it has to be designed to handle a 25 year frequency

discharge. The addition of two l03rtx7l'r arch CMP culverts would increase

the capacity of this crossing so it will handle the 2l year frequency

discharge of 1600 cfs. The next upstream crossing is located at station

937+00. This crossing îs inundated by back up water from the downstream

channel at a discharge just below the 2i year frequency discharge. The

existing crossing which consists of a bridge with an opening of 7.7'xì8'
wil I be improved by the addition of two l03r'x7ltr arch CMP culverts.

The crossing at station 998+80 has an existing 95''x67" arch CMP

culvert which has ïnadequate capacity even for low discharges. The

downstream floodplain has adequate capacity to handle the 25 year frequency

discharge, so there is no backup effect on the crossing. The addition
of three .l03'rxTl" arch CMP culverts will make this crossing adequate for
a 25 year frequency discharge. The next upstream crossing, located at

station 1047+35, has two 4tdiameter and one 81"x59" arch CMP culverts
under the existing roadway. This crossing is inundated by backup

v,rater at a discharge of approximately .|300 cfs. Therefore, the crossing
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must be designed to handle a discharge of 1300 cfs. The addÎtion of

three 81"x59" arch CMP culverts would increase the capacity of this

crossing to 1400 cfs.

Just upstream from the prevíous crossing, at stat¡on I055+35' is

another tnadequate road crossing. This crossing consîsts of one l03r'x7lrl

arch CMP under the roadway. The improvement of this crossing would

consist of the addition of two l03"x7lil arch CMP culverts. This would

increase the capacity of this crossing to a 2i year frequency discharge.

The crossing at stat¡on lll6+10 is inundated by backup water from the

downstream channel for flows exceeding 600 cfs. Therefore, the capacity

of this crossing would be increased to 600 cfs. This would involve the

addition of six 65"x40" arch CMP culverts.

The input data to the water surface profile computer Program was

updated to reflect the above improvements. Figure l5 shows the water

surface profiles obtained after the Phase I and Phase 2 improvements

have been made. These profiles are a continuation of the profìles for
Reach 2 after its Phase 2 improvements have been made. The improved

road crossings would have capacities equivalent to the 25 year frequency

discharge, where backup water is not significant. Comparison of the

water surface prof iles in Figure l5 indicates that the v'rater surface

elevations for 400 cfs under existing conditîons would be reduced 2 to 3

feet with the implementation of the Phase 2 improvements. A detailed

cost estimate for the Phase 2 improvements is contained in Table 13"
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TABLE I 3
REACH 3 - COST EST¡HATE - PHASE 2 IMPROVEMENTS

lmprovement No. I tem Quant i ty Units Unit PrÎce Extended Price

8 1 "x59"
Arch CMP 55 L.F. $ Z¡.oo $ 4,125.00

2

3

4

5

6

7

I o3"x7 l "
Arch CMP

l03rrxT lrt
Arch CMP

It0 L. F. 95.00 I o, 45o. oo

I 0, 450.00il0 L. F. 95.00

I 03"x7 1 ''
Arch CMP 165 L. F. 95.00 15,675.00

8lt'x59"
Arch CHP 165 L. F. 75.00 12,375.00

I 03¡rx7l'l
Arch CMP 165 L. F. 95.00 15,675,00

65t t"4g' t

Arch CMP 330 L. F. 55.00

Estimated Construction Cost

18, l50.oo

S 86,9oo.oo

Eng ineeri ng, Construction
lnspection t Contract
Admînístration I 3,000.00

Contingencîes I 00.00

Estimated Cost for
Phase 2 lmprovements $ t 08,600. oo

REACH 4

Reach 4 begins just downstream of Cathay Dam and continues upstream

through Section 7, Township 147 North, Range 69 tJest, the west edge of
Cathay Township. Figure 16 shows the location of the channel and the

location of the cross sections that were used in the water surface

profile computations. The cross sectional data for this reach was

obtained by State Water Commission survey crew in the Fall of 1977. The

design discharges for this reach are approximately 700 cfs and 1300

cfs for the l0 and 25 year frequency floods, respectîvely.
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The water surface profile computer model was utilîzed to compute

the water surface profiles for 4OO cfs and 600 cfs discharges under the

exist¡ng stream conditions. F¡gure l7 shows the resulting water surface

profî les and a profi le of the channel bottom. These profi les were computed

assumîng that the Phase 2 improvements were made to Reach 3 to el imiate the

back-water effect onto Reach 4.

The first sudden ìncrease in the water surface profiles for this :

reach occurs at stat¡on l153+00. This sudden increase is caused by the

embankment of Cathay Dam. The water surface profi les proceed upstream

in a uniform manner through the railroad and Highway #30 brídges. The

remainder of the reach shows several sudden încreases in the water

surface profiles, caused by inadequate road crossings.

Reach 4 does not have any improvements, with the exception of a

general cleanup of the channel, that can be classified as Phase I improvements

as defined in this report. There is not an excessive amount of rock

and debrÌs in the channel within the reach, so the channel cleanup could

be conducted on a voluntary basis by the adjacent landowners. The Phase

2 improvements would consist of upgradîng the inadequate road crossings

and lowering a high point in the channel near station 1397+00. Table l4
contains the specific improvements that are proposed under Phase 2.

PHASE 2 rMPRovErli?it-'lrom u

lmprovement No. Loca t i on I mp rovemen t

2

3

I 236+8o

I 240+80

1273+80

lmprove Road Crossing

!mprove Road Crossing

lmprove Road Crossing
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l3t5+20

1382+60

I 397+00

I 448+50

lmprove Road Crossing

lmprove Road Crossing

Lower High Point in Channel

lmprove Road Crossing

The first proposed improvement is located at a road crossíng at

station 1236+80, betweem Sections ll and 14, Township 147 North, Range

69 lJest. This road crossing consists of one,lB'xSrarch CMP culvert.
The addition of one 95"x67'' arch CMP culvert would increase the capacity

of this crossing to 1300 cfs, the 2j year frequency discharge. The

crossing at station l24O+80 consists of two 9.5'x7'arch CMP culverts.
The roadway at this crossing is lower than the roadway of the preceding

crossing so more flow area would be required for the same discharge.

The addition of two 95"x67t'arch CMP culverts would increase the capacity

of this crossing to the 25 year frequency discharge.

A large increase in the water surface profiles occurs at the farm

access road crossing at station 1273+80. The roadway ¡s overtopped at a

díscharge of 400 cfs. The crossing consists of two 65'rx4Orrarch CMP

culverts. The channel bottom profile indÎcates that the culvert ¡nverts

are approximately two feet higher than they should be. The low roadway

at this crossing would require the addition of four 95"x67" arch CMP

culverts to upgrade this crossing to a capacity of 1300 cfs. A similar
condition exists at the next upstream crossing located at station l3l5+20.

This crossing consists of one 6r diameter CMP culvert and one.4r diameter

CMP culvert. A discharge of 600 cfs represents the maximum capacity of
this crossing. The proposed improvement of this crossing comprises the

addition of four 87'rx63" arch CMP culverts.

4

5

6

7
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The crossing at station 1382+60, between Seá'tions 4 and !, Township

147 North, Range 69 tJest, has one 5rdiameter CMP culvert and two 3¡

diameter CMP culverts under the existing roadway. The roadway is overtopped

at a discharge of 400 cfs because the bottoms of the culverts are only

six feet below the top of the roadway. The improvement of this crossing

would consist of the addîtion of five 81"x59" arch CMP culverts. Just

upstream of this crossing at station 13g7+OO is a high poÌnt in the l

channel that causes a backup of water to the next road crossing at

station 1448+50. The lowering of this high point approximately one foot

would prevent this backup effect. The final Phase 2'improvement for

this reach is located at station 1448+¡0. This road crossing consists

of one 6rdiameter CMP culvert and one 3r diameter CMP culvert and has a

capacity of 4OO cfs. The addition of four 95"x67'r arch CMP culverts

would upgrade the capacity of this crossing to 1300 cfs, the 2J year

frequency discharge.

The input data to the water surface profi le computer model was

updated to reflect the above improvements. Figure t8 shows the resulting

brater surface profiles along with the profile for 400 cfs under existing
conditions. These profiles are a continuation of the Reach 3 profiles shown

ln Figure 15. The profiles indicate that the water surface elevation

for a discharge of 4OO cfs is reduced four feet in the latter portions

of the reach as a result of the Phase 2 improvements. A cost estimate

for these improvements is contained in Table 15.
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TABLE 15

cosT ESTIMATE - PHASE 2 IMPROVEMENTS - NTRCH II

lmp¡.ovement # I tem Un I ts- Quant f ty Unit Pr.ice Extended Price

?

95"x67"
Arch CMP L.F.

95ü67t.
Arch Cl4P L. F.

95"xß7"
Arch CMP L. F.

87t'x63tt
Arch CMP

8l t'x59tt
Arch CMP L.F.

YdsExcavation

l8o

L. F. 180

\5

90

3

225

500

$ 95.00 $ 4,275.00

95.00 8,550.00

95.00 17, loo.o0

85.00 | 5,3oo.oo,

3

4

5

6

7 95'tx67t'
Arsh CHP L.,F.

75.00

1.00

16,875.00

500.00

l2,oo0.oo

I,ooo.oo

r80 95.00 17,l0-0.00

Estimated Construction 0ost $79,700.00

Engi neer i ng, Construction
lnspection g Contract
Admini strat ion (15?.Ð

Contingencles (10%l)

Estlmated Project Gost $99,700.00

-53-



OAK CREEK DRAIN

Oak Creek Drain is a major triburary to Rocky Run Creek. lt is a

natural drainage channel wîth a length of approximately 20 miles. The

flow capacity of the channel has been analyzed Ìn two segments. Water

surface profiles were "orprt.d for the channel from its confluence with
Rocky Run Creek through Section 19, Township I48 North, Range 67 VJest,

a distance of approximately 4 miles. From this point upstream the

channel capacity is very limlted and the overbank areas are very flat
creating a nearly complete overland flow condition . The capacity of
the channel within this segment will be estimated and a diversion channel

wi I I be considered. The succeeding paragraphs wi I I give the detai ls of
ttre investigations outl ined above.

A general location map showing the cross sections used in the water

surface profile computat¡ons is shown in Figure 19. The detailed cross

sectional data was obtained by the State Water Commission survey crew in
the fal I of 1977. The v\,ater surface prof ile computer model was used to
compute water surface profiles for this segment of Oak Creek Draín. The

confluence of Oak Creek Draîn and Rocky Run Creek occurs at station
535+00 on Rocky Run Creek and station 0+00 on Oak Creek Drain. The

Rocky Run Creek profiles indicate that backup water from Rocky Run Creek

ls not a problem near the confluence with Oak Creek Drain. The hydrologic
analysìs indicated that the design discharges for the lO and 25 year

frequency floods are approximately 4oo cfs and 700 cfs, respectively.
The water surface profile computer program was ut¡lized to generate the
profiles for 400 cfs and 700 cfs under existing conditions. F¡gure 20

shows these profiles along with a profile of the channel bottom.
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The water surface profiles indicate that there are problems at the

road crossings. The profiles between the crossings are fairly uniform.

There are a few localized high points, but they do not cause any significant
backup of water. The improvements proposed for this segment of Oak

Creek Drain consist exculsively of improving inadequate road crossings.

Table l6 contains the specific improvements proposed for this segment.

PROPOSED IMPROVEMENTS

lmprovement No.

TABLE 16. SEGMENT ONE - OAK CREEK DRAIN

I mp rovemen t
I Station 25+70 lmprove Road Crossing

2 Station 128+30 lmprove Road Crossing

- 3 Station 1l¡5+60 lmprove Road Crossing

The first sudden increase in the water surface profiles occurs at
stat¡on 25+70. This is a farm access road crossing located just downstream

from Rosefield slough. The crossing consists of one 4r diameter cMP

culvert, four lS'' diameter CMP culverts and one 2\" diameter CMP culvert.
The roadway is inundated for discharges exceeding 400 cfs. The upgradìng

of this crossing would consist of the replacement of the l8'r and 24rl

diameter culverts with four 79t'xl+9t'arch CMP culverts. The next upstream

road crossing at station 68+50 is on the upstream edge of Rosefield
Slough. This crossing has an estimated capacity of 400 cfs. At a

discharge of 500 cfs the roadway is inundated by backup water from

Rosefield Slough. The improvement of this crossing with additional
culverts would not prevent the overtopping of the road. Therefore, ¡t'
is not proposed that this crossing be improved.

Locat i on
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The road crossing located at station ¡28+30 consists of one 6'

diameter CMP culvert. The estimated capacity of this crossing ís 300

cfs. The addition of three 87"x63" arch CMP culverts would upgrade the

capacity of this crossing to a 2l year frequency discharge of 700 cfs.
The final improvement proposed for this segment of Oak Creek Drain is on

the farm access road crossing at station 145+60. This crossing has two

30t' diameter CMP culverts under the existing roadway. The improvement would

consist of the addition of four 79"x1+9t' arch CMP cuìverts. Upstream

from this crossing the channel s'lope and the water surface profîles are

very uniform. The input data to the water surface profile computer

model was updated to reflect the above improvements and another set of
profiles was computed. These profîles are shown in Figure 2l along with
a-profile for 400 cfs under existing conditions. The implementation of
the proposed improvements would result in a lowering of the water surface
profile approximately two feet for a 4OO cfs discharge within this
segment of Oak Creek Drain.

The second segment of Oak Creek Drain, extending westward from the

county I ine between Eddy and l,lells Counties, has very limited capacity,
which causes frequent flooding of adjacent farmland. This type of
overland flow condition cannot be effectively modeled wîth the water

surface profile computer program. Serious flood problems occur along

the channel extending from the county line upstream to the section line
between sections 20 and 21, Township 149 North, Range 68 ì¡Jest (refer to
Figure l9). Upstream from this section I ine the existing channel has

the capacity to handle most flood flows.
The capacity of this portion of the channel, whlch is subject to

frequent flooding, was estimated for each section that the channel goes

through. Table l7 contains the estimated capacities, based on an average

slope and Manningrs formula.
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TABLE 17
CHANNEL CAPACIT¡ES - OAK CREEK DRAIN

Sect ion No.
(rl trgH, R6B\.,)

Channel Capacity
(cfs)

r60
520
70

r30
540

60
730

There is a large variation in channel capacities throughout this
segment of Oak Creek Drain as indicated by Table 15. These fìows

can be compared with the l0 year frequency discharge of 350 cfs.
The channel in four of the sixsectionsdownstream from Section 29 have

á capacity considerably less than 350 cfs.
The road crossings also appear to have inadequate capacities throughout

this segement of the channel. The capacity of the crossings was

estimated and the results are shown in Table 18.

TABLE I8
ROAD CROSSING CAPACITIES - OAK CREEK DRAIN

2\
23
22
27
28
2t
2g

Between Sections:
(rl4g¡1,R68\^,)

Road Cross ing
Capacity (cfs)

95
r60
50
75
l5
40
50

E
ê
E
E
E
E
e
E

l9
2\
22
22
27
2t
2l
20

24
23
23
27
28
28
20
29 25

All of the crossings analyzed are inadequate when compared to the 25

year frequency discharge of 550 cfs, which is the design discharge

establ ished by State t/ater Commission criteria. The preceeding analysis
has indicated that the capacity of the channel and road crossings down-

stream from Section 29, Township l48 North, Range 68 t¡lest are inadeq,,._ite.
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To alleviate this problem a diversion channel is proposed to dïvert

the water in a direct route through this segment of Oak Creek Drain. A

plan and profile of the proposed diversion channel is shown in Figure

22. The diversion channel would have a total length of 22,200 feet and

a slope of 0.0009. The proposed channel has a trapezoidal cross section

with a bottom width of 16 feet and a side slope ratÎo of 4:1. The

channel is designed for a l0 year frequency discharge of 310 cfs at the

point of diversion. The diversion channel would be closed to local

runoff with the exception of a point in Section 2l and a point in Section

22 where it intersects the natural channel. At these intersections
gated culverts would be placed in the natural channel to allow water to
flow into the diversion channel but prevent water from the diversion

áhannel to backup into the natural channel. The natural channel of Oak

Creek Drain would be handling aìl of the local runoff between the intersection
with the diversion channel in Section 22 and the end of the diversion

channel in Section 19.

All road crossings along the diversion channel have been designed

for a 2i year frequency discharge of 500 cfs. The two road crossings

located near the point of diversion would also be improved under this
proposal (see Figure 22). The road crossings consist of six section

line crossings and one farm approach road. Consideration was given to
the placîng of Texas Crossings at the quarter corners to be used for
farm machinery crossings. They were determined to be infeasible because

the diversion channel would have to be moved farther away from the

roadway to allow for the mild side slopes required by these crossings.

The diversion channel would have to be moved approximately !0-60 feet
further from the roadway.

-6t -



Although detailed survey data was not obtained for Oak Creek Drain

upstream from Section 29, field inspections have indicated that some of

the road crossings are underdesigned. The projeet sponsor should consider

an improvement plan for these road crossings.

A cost estimate for the improvements proposed in the water surface

profile study of the first segment of Oak Creek Drain and the diversion

channel is shown in the following table. This cost estimate does not

include right-of-way acquisition or relocation of util ity I ines.

TABLE I9
COST ESTIMATE - OAK CREEK DRAIN

ITEM Units Quantity Unit Price Extended Price

L. F. 360 $ 7O.OO S25,2oo.ooFrom l^later
Surface
Profi le
Study

87ttx63t' Arch
CHP

Diversion
C hanne I

Excavat i on

65"x40" Arch
CMP

85"x54" Arch
CMP

79"x491' Arch
CMP

Seed i ng

24" Dia. CMP

36'r Dia. CMP

Flap Gates

Estimated Construct ion Cost

L. F. 135 85.00 I I ,475.00

79t'x49" Arch
CMP

Yds. 3

L. F.

ì 6o,4oo

4so

0. g0

55.00

I 00.00

t8.00

30. 00

300. 00

I 44, 360. oo

24,750.0o

3,500. 00

540. 00

I ,350: 00

600. 00

$257,225.00

38,575.00

25, 800. 00

L. F.

L. F. 135

80. oo 36,000.00

70. 00 9,450. oo

\so

Acre

L. F.

L. F.

Ea.

35

30

t+s

2

EngineerÎng, Construct¡on lnspection and Contract Administration
(t5+)

Contingencies (loZ+)

Estimated Project Cost

- 6l-
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IV. ECONOMIC ANALYSIS

A damage-benefit analysis was conducted by the U.S. Soil Conservation

service in July, 1977. A copy of this study is contained in Appendix C.

The purpose of the economic analysis is to determine if an improvement

project can be justified by calculating the anticipated flood damage

reduction that would result if a channel Tmprovement project were implemented.

Selected residents of the watershed conducted a survey on the

amount of land that is frequently subject to flooding within each township

of the watershed. The total acres surveyed represent a smal I percentage

of the total acreage of the watershed and ¡t is probable that the

people who conducted the survey contacted primarily individuals that own

land in flood prone areas. For these reasons the analysis was presented

in two parts: l) A conservative approach that assumes that the flooded

âcres within the areas surveyed are the only areas that are flooded for
each township and 2) A more liberal approach in which the surveyed areas

are prorated for the entire watershed. The actual value is most likely
just below the average of the two extreme values. The calculated value

represents the present worth of the damage reductÎon that can be expected

if a channel improvement project is implemented. lt was assumed by the

Soil Conservation Service in the calculations that an improvement project

wi I I reduce current flood damages bV 72"Á. Table 20 summarizes the

results of the damage-benefit analysis for the individual townships and

the entire watershed. F¡gure 23 shows the location of the different
townshîps within the watershed.
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TABLE 20
RESULTS OF DAMAGE-BENEFIT ANALYSIS

Conservat i ve
Value

PRESENT l,JORlH OF DAMAGE REDUCTI0N (i=72, ¡=!Q lrs.)AREA

Entire Watershed

Oshkosh Township

Germantown Township

Cathay Township

Woodward Township

Eddy and Foster Counties

Fairville Township

$ I,64l,ooo
250,000

438, ooo

l 59, ooo

| 59,000

386, o0o

228,00o

Liberal
Value

55,47l,ooo

346, o0o

590,000

4oo, ooo

222,000

I ,550, 000

952,0o0

Expected
Value

$ 3,4oo,oo0

290, 00.0

510,000

27O,0O0

I 90, ooo

g40,0oo

580, ooo

Table 20 indicates that a large channel improvement project can

be justified. ¡t should be noted that these figures represent flood

damage reduction within the entire watershed, not just the land adjacent

to Rocky Run Creek. Must of the flooding occurs in small closed basins,

especially in 0shkosh and Germantown Townships. The cost of draining

these areas must be included in the overall project cost before it can

be compared to the values in Table 20.

A comparison can be made between the anticipated damage reduction

within the townships along Rocky Run Creek and Oak Creek Drain with

the estimated cost of the proposed improvements along these channels.

The results of this comparison are shown in Table 21.
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Stream

TABLE 2I

BENEF¡T - COST CoMPARISONS

Area Damage Reductlon lmprovement Costs

l. Rocky Run Creek(All 4 reaches)
$ t,4oo,ooo.o# $ 497,400.00Eddy a Foster Co.

Cathay Townshìp
l.loodward Townsh ip

2. Oak Creek Draln Falrville Township

JI 72% of Total Damage

58o,ooo. od/ 321,000.00

The comparison indicates that a channel improvement project can be

Justified on Rocky Run Creek and Oak Creek Drain. lt is not known

what the exäct damage reduction percentage would be with the Ímplementation

of the proposed improvements. However, the damage reduction figures
shown exceed the lmprovement costs by a considerable margin by assuming

a 7296 damage reduction, so it is anticipated that the damage reductlon

received by the proposed inprovements would exceed the costs of the

improvements.
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V. ENVIRONMENTAL SURVEY

The following environmental survey will give an overview of the

positive and negative environmental impacts that would result from the

implementat¡on of this project. Thîs is not intended to be a comprehensive

environmental assessment, however, it w¡ll Ídentify subjects that would

be analyzed in detail in an environmental assessment. ln the following
paragraphs several environmental catagories are identified and discussed

specifically for the Rocky Run Creek watershed.

LAND USE

The Rocky Run Creek watershed currentlyn has the fol lowing land use

breakdown:

C rop I and

Smal I Gra ins 502
Row C rops 18'Á

Fal low l5%

Rangel and I 0Z

lJet I ands \Z

Roads 2Z

Farmsteads l%

I 00%

No land will be removed from agricultural production as a result of
this project. The existing debris in the channel will be removed,

including major channel obstructions. Portions of the channel near road

crossings will be covered with rock riprap for erosion protection.
Heavily eroded areas will be repaired and reseeded with native grasses.
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AESTHET I CS

The existing channel is in poor condition in some locations. ln

numerous locations along the channel there are deposits of rock debris.

Ther are several small farm machinery crossings that have been completely

or partially washed out. During periods of high flows, land adjacent to

the channel is inundated for several days, leaving unsightly shallow

bodies of water.
. The proposed project will not signÎficantly alter the overall

appearance of the v\,atershed. The channel wil I be cleared and several

road crossings will be replaced. The excess surface runoff will be

expeditiously removed from the watershed, resulting in fewer acres

flooded and the flooding will be for shorter perìods of time. The

implementation of this project would result in an overall improvement of

the general appearance of the watershed.

EFFECTS 0N D0WNSTREAM FL00D FLOI¡,S

Rocky Run Creek discharges into the James River aPProximately 5

miles southeast of New Rockford. The hydrologic analysis indicated that

the l0 year frequency discharge on Rocky Run Creek at îts confluence

with the James River is 1260 cfs. The v./ater surface prof iles computed

for the existing conditions combined with observations of area landowners

lndicate that the maximum discharge from Rocky Run Creek over the years

has been approximately 6OO-7OO cfs. Under the existing conditions,

discharges above 400cfs resuìt in water flowing out of the floodplain

and into an adjacent watershed or isolated subbasins. lf the proposed

improvements are implemented, the capacity of the channel would be

lncreased such that the l0 year discharge of 1260 cfs would be contained

ln the floodplain. This is an increase of approximately 600 cfs over

existing conditions.
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The U.S. Bureau of Reclamation has computed water surface profiles
for the James River along its entire length. These profiles indicate
that a 6OO cfs increase in the discharge on the James River near the

confluence with Rocky Run Creek would result in a water surface elevation
rise of approximately 2 feet, assuming a base flow of 1000 cfs in the
James river. The effect would diminish as the brater proceeds downstream

on the James River.

DOI,JNSTREAM I.JATER qUALITY

The impìementat¡on of this project will not have a significant
effect on the downstream water qual ity. The agricultural production
practices will not change, therefore, the biological and chemical

characteristics of the water will remain the same. The increased flow
velocities resulting from the increased discharges on the downstream end

of Rocky Run Creek would cause an increase in sediment load if erosion
protection measures are not included as part of the project.

F ISH AND I^' I LDL I FE

No field data has been obtained for wildlife populations wíthin the
watershed. This project will not destroy any fresh water wetlands.

IRREVERSIBLE AND IRRETRIEVABLE COMMITTMENT
OF RESOURCES

All materials, labor and energy used in the construction of this
project would be irretrievable.
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VI SUHMARY

The purpose of this report is to develop plans for improving the

capacity of Rocky Run Creek and its major tributary, Oak Creek Drain.

Continuing flood problems and the need for improved agricultural drainage

v,rarrant the need for an adequate outlet that will remove the surface

runoff without hindering agricultural operations.

ln 1975, a channelization project was proposed for Rocky Run Creek

with an estimated project cost of 2.J nillion dollars. The high cost of
this project initiated the proposal to perform a water surface profile
study to determine what portions of the channel are causing the most

flooding. This report is the result of this proposal.

ln order to allow for stage construction of the proposed improvements,

they are divided into two phases. Phase I improvements areminor local ized

changes that would have an effect on the v'/ater surface prof ile. Phase 2

improvements are major improvements to certain channel sections and road

crossings such that the overall stream capacity is increased and general

flooding throughout the area is reduced. The.improvements proposed for
Oak Creek Drain are not presented in stages.

The following table contains a summary of the estimated project

costs for the Phase I and Phase 2 împrovements proposed for Rocky Run Creek

and the improvements proposed for Oak Creek Drain.
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TABIE 22

COST SUMMARY

PROJ ECT

RocKY RUN cREEK (rotal)
Reach I

Phase I
Phase 2

Tota I

Reach 2

Phase I
Phase 2

Tota I

Reach 3

Phase 2

Reach 4

EST II'IATED COST

17 ,0
125,6

¡ 42,600.00

00. 00
00.00

00.00
00.00

l7 ,5
112,1

I 29 ,600.00

I 08,600.00

Phase2------- - 99,700.00

OAK cREEK DRAIN (rotal) $ ¡z I ,600. 0o

8o¿ t oo.06'Total For l,,larershed ---- -- $ +lg+ooo-0o

The economic analysis ïndicated that a flood problem does exist
and the present worth of the damage reduction exceeds the cost of the

improvements. The environmental survey brought out the fact that an

improvement project would increase the discharges on the James River.
No other adverse environmental effects are anticipated if the proposed

project is implemented.
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Back-up VJater

cfs

Crosby Method

Floodplain

lnfluent Stream

Phys i og raph i c
Provi nce

Spaethe Method

l0 Year Frequency
Flood

25 Year Frequency
Flood

Tractive Force -

Water Surface
Profi le

GLOSSARY OF TERMS AND ABBREVIATIONS

A channel section or obstructíon with limited capacity
will cause water to build up upstream of the obstruction
and cause flooding.
Cubic feet per second, a flow rate equivalent to
/. ! gal.l ons per second.

A hydrologic prediction model for North Dakota
developed by 0rlo A. Crosby of the U.S. Geologícal
Survey.

Relatively level land adjacent to a stream channel
that may be submerged by floodwaters.

A stream whose channel is above the normal
hrater level.

g round-

A natural geographic subdivision.

A hydrologic prediction model for North Dakota
developed by Jerry Spaethe of the U.S. Soil
Conservation Service.

A flood with a recurrence interval of l0 years. Therels a l0 percent chance that thls flood will be equaled
or exceeded in any given year. There is a 65 percent
chance that this flood will be equaled or exceeded in
a given l0 year period.

A flood with a recurrence interval of 25 years. There
is a 4 percent chance that this flood will be equaled
or exceeded in any given year. There is a 64 percent
chance that this flood will be equaled or exceeded in
a given 25 year period.

A force.developed by the pull of water on the wetted
area of the streambed.

A plotting of the water surface elevations along the
length of a channel for a given discharge.
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NORTH OAKOTA STATE U/ATER COHMISSION

SI'IC Project ll 1633

AGREEHENT
For lnvestlgation 0r SurveY

THIS AGREEHENT made and entered in

-L(t

Co
an

mmlssion. hcreinafter reierred to ¿ls th
J -E¿ði'Couniv !,laÈer t'4anagement Distri

to by and between lhe State I'later
e Commission, party of the first part'
ct whose Post office address

s New Rocktord Nort taN UAKO neret na fter referred to as the
App l¡cant, party o f the second part,

WHEREAS, Eddy County Water Management Distrlct
l.lame of Appl icant)

has reguested the Commission to investigête, or survey,.and study the feasibi I ìty
and deiirability of the following propoied undertaking (describe proposed under-
taking or project): To determine the rvaterway openings and channel capacities
required for floocl dantage reduction on lower Rocky Run Creek extending from
the nþuth, uPstream to the lllells County line.

and

t/HEREAS, in orde¡ to investigate, or survey'
proposed by Appìicant, a depo sit of $ l'500.00 is
regulations prescribed by the State Water Commission
investigation, or survey, and study of the feasibi I Ì

proposed undertaki ng; and

IJHEREAS, if the cost of such investÌgation, or survey' and study does not
equal or "".""ú the anrount deposited with the Commission, the excess deposit will
be credited to and returned to the Applicant, or if the undertaking is approved
by the commission, and carrÌed out, the entire deposit wil l be applied to the
cost of the undertakìng as part of local contribution to its construction;

NOll/, THEREF0RE, the parties hereto agree as fol lows:

Í, Applicant agrees to dePosit with the Commission the sum of $

to partially cover the cost of an investigation' or survey, and study o
desÌrability and feasibility of the proposed undertaking.

2, Applicant aqrees to obtain written permìssion from all affected land-
ovJners whereby permission is granted to the Commission and/or contrêctors engaged
by them, for the purpose of surveying said ìands For investigation and subsurface
exploratìons.

3. lf, after investigation, or survey, and study of the proposed underiaking
It is determined that it is not feasible, or that it wìll be of no public benefit,
or ¡f the Applicant shall notify the Commíssion of abandonment of the proposed
undert.aking, oI it the Applicant fails to shos¿ an intent to proceed with the
undertakìng within l8 nonths after the date of the deposit, the Appìicant shall
be furnished a stâteßìent of the expenses incurred in conducting the investigation,
or survey, and study thereof, and any balance of Applicantrs deposit remaining
unexpended sha I I be returned to App I i cant.

l. I f, however, the proposed undertaking shal l, after lnvestlgatlon, or
survey, and study, be found to be feaslble, and of benefit to the public, the

. Appl icant shal I be noti fied accordinqly.

Dated this Btn day of 0c tobe r t9 75

: Al bert Haas , Cha i rman
NORTH DAK0TA STATE ',IATER COHM ISS l0N
By:

Eddy County lJote-r Management Dlstrlct
(Applicont) retary nee r

and study the undertakìng
requ i red , unde r ru I es and

, to cover the cost of such
ty and desirabil¡tY of the

500.00

Distrlbutlon
Appl¡.-'t lT)
SI,JC ProJect Flle (l)
SI.IC Accountant (l)

(zoo-\/7zl
Sì'JC Form 198rrBuy North Dakota Productsrl

e
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@ SVC Project #1613

Augus t 1977

AGREEHENT
Prel lml nary I nvest i gation

bY the
North Dakota Sta te lJater Conml ss ion

I . PARTI ES

THIS AGREEHENT is between the North Dakota State Water Cqnmissíon, hereinafter

referred to as the Commission, acting through the State Engineer, Vern Fahy; and

the Board of Commissioners, Wells County Vater Hanagement Dístrict, acting through

Its chalrman, Norman Rudel, hereinafter referred to as the Board.

I I. INTENT OF AGREEMENT

The CommissÎon and the Boards have concurrent jurisdictlon to alleviate, to

the extent. possible, floodlng Ìn the state:

6I-02_OI. WATER CONSERVATION, FLOOD CONTROL, AND ABATEMENT OF STREAM
POLLUTION DTCLARED A PUBLIC PURPOSE.) lt ls hereby declared that the general
welfare and the protection of the lives, health, property' and the rights of
all the people of this state require that the conservation and control of
waters ln this state, publ ic or prìvate, navigable or unnavigable, surface
or subsurface, the control of floods, and the regulation and prevention of
water pol lution, involve and necessi rate the exercise of the sovereign
powers of this state ln lnvestigating, constr.ucting, maintaÌning, regulat-
lng, supervising, and controlling any system of works involving such subject
matter embraces and concerns a single object, and that the state water con-
servation conrmission in the exercise of its polers, and in the performance
of all its offìcial duties, shall be considered and construed to be perform-
ing a governmental functlon for the benefit, welfare, and prosperlty of all
the people of this state

6l-02-14. P0r,/ERS AND DUTIEs 0F THE coM¡{lS5l0N.) The commission shall
have the ful I and complete power, authorlty, and general jurísdiction:

To lnvestigate, plan, regulate, undertåke, corrstruct, eståbl ¡sh,
malntain, control ! operate, and supervise al I works, dams, and
projects, public and private, which in its judgment may be nec-
essary or advi sable:

?t tr ìt

To control and regulate flood flow ln the streäms of the state
to minimlze the damage of such flood waters;

ß

c

s

h

:t :t rt

To develop, restore and stabllize the waters of the state for
domestlc, agricul tural and municfpal needs, irrigatíon, flood
control, recreatlon, and wi ldl i fe conservation, by the construc-
tion and nralntenance of dams, reservoirs and diverslon canals;
To prornote the nrainterrance of existing drainage channels ln
agricul lural lands and .to construct any needed channels ¡

rt ¡1 ¡l

J, To flnance the construction, establ lshment, operatlon, and
malntcnance oF publlc and prlvate works, dams, and lrrlgationprojccts, whlch ln lts Judgnrent may be necessary and advls-
able¡
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2, To define, declare, and establ lsh rules and regulatlons:

of such dra I ns;
¡t*¡t

b For the ful I and complete suPervision, regulation, and control
of the water suppl les wÌthin the state;

Establ îsh
financing
pract¡cal
whlch the
states or

J¿¿

rules and regulations governìng and providing for
by local participants to the maximum extent deemed
and equitable in any water develoPment project in
state partlcìpates in cooperation with the United
with political subdivlsions or local entities'

Jr lt ¡t

5. To exercise al I express and impl ied rightS, power and authori ty,
that may be necessary' and to do, perform, and carry out all of
the expressed purposes of this chapter and all of the Purposes
reasonably impl ied lncldental ly thereto or lawful ly connected
therewi th;

6I-02-2\.1 COOPERATION AND PARTICIPATION OF POLITICAL SUPERVISORS.)
All polítlcal subdivisions, lncluding but not limited to, counties,
townships, cíties, villages, park districts, and water management dis-
tricts may separately or jointly wlÈh other political subdivisions, the
state or federal departments or agencies, investìgate, plan and do all
things necessary for partlcipating in or undertaking underground or sur-
face water SurveyS, deVelopment, conStrUctiOn, reConStructiOn and main-
tenance of works, dams, and projects for the beneficiaì utilization and
control of water resoLlrces

6l-16-l L P0\.,ERS AND DUTIES 0F BoARD oF CoMMISSIONERS.) The board
of commi ss i oners sha I I have the power:

f¡:t*
5 To plan, locate, relocate, construct, reconstruct'

modify, maintaln, repair, and controì al I dams and
water conservatíon devices of every nature and water
channels and to control and regulate the same and
al I reservolrs, artiflclal lakes, and other water
storage devlces wlthln the distrlct;

rt rt tt

To nralntaln and corìtrol the water levels and the
flow of water ln thc bodies oF waler anrl streams
lnvolvcd in water conservation and flood control
projects r.¡i thin I ts district, and regulate streðms'
channels or watercourses and the flow of water
thereln by changing, widening, deepening, straight-
enlng the same or otherwlse lnrprovlng the use and
capacl ty thereof ¡

6
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To regulate and control tlood waters for the preven-
tion oF floods, by deepenïng, wldening' straightenlng
or dyking the channels of any stream or v,âtercourse
wi thin i ts di strict, and construct reservol rs or other
means to hold and control such waters;

il. To have, in addltion to any Powers provided in this
chapter, aìl of the powers conferred by statutes upon
a board of county draln commissíoners;

6l-21-02. I,ATERc0uRsts, DlrcHEs, AND DRAINS MAY BE c0NSrRUcrED' MAIN-
TAINED, REPAIRED, IHPROVED, OR EXTENDED.) Watercourses, ditches, draîns, and
lmprovements thereto tor the drainage of sloughs and other low lands may be
surveyed and investigated and establ ished, constructed, maintained, repaired,
lmproved, and cleaned out in the several counties of this state under the
provisions of this chapter wherever the same shalì be conductive to the public
health, conveflience, or vreìfare. The powers conferred by this chapter and
thls section shall extend to and include but shall not be limited to:

The deepening and widening of any necessäry improvement
of drains which have been or hereafter may be constructed;

The straightening, clearing, or cleaning out and deepenlng
of channels of creeks, streams, and rivers, and the con-
struction, maÌntenance, remodel ing, repal ring, and extension
of levees, dikes, and barrÌers for the purpose of drainage;

The location or extension of any drain íf such location or
extension ìs necessary to provide a suitable outlet or reason-
ably drain ìands within a practical drainage area of such
drains¡

The establishment, in whole or in part, of a drain and the
completion of the same on the line of an abandoned or invalid
draln; and

The establ ishment and construction of lateral drains with
outlets ln draíns already constructed

Attached to this agreement, ênd made a pêrt hereof, is a letter dated August

2,1977, from the Board to the Commlssion. The letter, and accompanying discussions,

lndicate the Board will act as the lead board for Ìy'ells, Eddy and Foster Counties

ln thls Joint project, Therefore, thîs agreement will be between only the Commisslon

and the Board; other supplementary agreements between the Board and the Eoards of

Commissloners for Eddy and Foster Countles Water l,lanagement Dístricts will be the

responsibll ity of the Board.

It ls the lntent of the Commission that the funds dlscussed herein will be

utlllzed to develop water surface profiles along Rocky Run Creek and portlons of

Its tributaries to determine the effect of exlsting channel condlÈlons and structures

on selected flows. These water surface profl les will show actual depth of flow ln
the channels at these flows, taklng lnto account all back water due to obstructlon

ln the channel, as well as lnadequate bridge or culvert openings.

2

3

4

5
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III. PROJECT LOCATION

The lnvestlgation will include Rocky Run Creek and portions of lts trlbutarles

as they occur in Foster, Eddy and Wells Countles.

lv. cosr

The Board shall deposit S5Oo wlth the Commisslon' Upon completlon of the

water surface profile investigation, the Commissìon wlll blll the Board for 5O?(

of the costs to do the ínvestigation as lncurred by, the Commisslon (but not to

exceed S5,O0O) and will include all fees necessary to conduct the lnvestigation.

508 (but not to exceed 55,OOO) will be provlded by the Commission. Cost accrual

wlll begin on August 2.2,1977. Payment shall be made by the Board wlthln thlrty
days of receipt of the billing statement.

V. RIGHTS OF ENTRY

The Board agrees to obtaln written permission trom any affected landowner

for surveys or surface lnvestigations by the Commission which are reqüired for

the prel iminary investigations.

VI. INDEHNIFICATION

The Board hereby accepts reponsiblllty for, and holds the Contmisslon free from,

al.l claims and damages to public or private propertles, rights, or persons arísing

out of thls investigation. ln the event ê sult is initíated or Judgment entered

against the Commissìon, the Board shall indemnify Ît',for any judgment arrived at

or judgment satlsfied.

EOARD OF COM¡'I ISS IONIRS
WELLS COUNTY I,IATER HANAGEMENT D I STR I CT

NORTH DAKOTA STATE IJATER COI\,IMISSION

ì--r^t4l-
rmân Vern Fahy

S tate Eng I neer 0

DATE
P- n-tz
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UNITED STATES DEPARTMENT OF AGRICULTURE
, SOIL CONSERVATION SERVICÊ

P . Box 1458, Blemarck, ND 58501

SUBJIICT Rocky Run I'latershed - Economlc Data

til

DA
I

'I'E: 
i st 4, L977

TO: ' David A. Sprynczynatyk
State Water Corn¡nLssion
900 East Boulevard
BÍsmarck, ND 58505

lljr '.:.. r i,.
t. .', ' r'..-lr.l r,,r ' ,\t, '

[.r' i'].,t.! i: ir-;t'Y
(;O,ll, ,rl:,;tS?
L¡ ['s Dr:,1'ss
ñ::l:¡trt to Slate Eng
Irle

Attached |s economl-c analysls for the Rocky Run Watershed. The analysis
fg baeed upon íntervlew data gathered by several local Lndivl-duals.

Yfeld data fnformatlon under floodlng and flood free conditions slere Pto-
Jected to the approxLmate mf.dpoínt of the projecÈ by use of Economic Re-
eearch ServÍce (ERS) proJectlons. These yleld proJectl-ons are a normal
economfc consideratlon to properl-y reflect Ëhe expected technologfcal
advancee that will occur over tlme.

The ptiees used on Page 3 for varlous crops, 1n some cases, show a wfde
devlatLon from actual present day prices. The So11 ConservatÍon Service
Economfst 1s locked 1nÈo and compelled to use prices set up by the l^later
Resourees CouncLl (I^IRC). These prlces reflect a ten year average less
government paynents. Usually when one attenpÈs to PToJect into the future
these prfces are some\^rhat more comfortable to Present than the currenE
narket price.
Ae you wl-l1 notl-ce on the atËached Darnage-Benef 1t Analysis sheeËs, the
acrâs lncluded ln the lnLervLew in comparison to the acres ín the to!,rri-
Sh1p, county or rilatershed, Ín some cases, 1s a very sna1l percentage. Wlth
thlô fn mfnd, we have presenËed the materlal under two analysis; (1) a
conservatLve approach or as llsted (unexpanded data) and (2) a more llberal
approach 1n whLch \ile say the unfnËerviewed acres suffer danage to the same
aäiree and extent as those lntervLewed an<i thls approach ls listed as (ex-
paod.a data). It ls safe to assume that the people maklng Ëhe lntervlews
probably contacted those indl.viduals more subject to a problem. The con-
ólussÍon would be that the most accurate economic ÍnterpretatLon ls some-
where betr¡een these Èwo Presentatlons.
It hae been an enJoyable experience workLng wlth you and your agency on
thfs proJect. If I can be of further help on Ehls or sl-m1lar proJects'
give me a call.

Bruce O. Clark
Economist

cc: Richard Axvig, SCS, DC, Fessenden, ND 58438 o
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Page I

B. Clark
6177

t

ROCKI RUN þ.IATERSHED
€.R.S. YI ELD PROJEET IONS

LRA (Land Resource Area) 55
SRG (Soi I Resource Group) |'20

Crop

I'lheaf (Bu. )
(Durum included)

Barley (Bu.)

Oats (Bu, )

F lax (Bu. )

I'lay (Tons)

Sunf lorvers (C,wt. )

Yleid
1980

53

42

45"

12.

1.8

Year
?9Eq

42

53

,6
l5

?.4

Facto,r

1.3

1.3

1.2

1.2

1.3

1.5

I
:
i

;et'"7



Page 3
B. Clark

6/77

Crop

l,lheat

Bar I ey

Flax

0ats

Hay (al I )

Sunf lowers

Fa I lovr

)!
2/

Yleld
(ProJected)

29.5 6u.

39.5

9.6

42.0

1.7 tons

I 170 lbs.

Prlce l/

4. l9

2.58

6.46

1.32

37.O4

t0.00

Net
Return

Per Acre

$37

35

l5

l9

33

47

I
Comp.
Acre

4l .4

6.9

5.3

5.1

u.9
4.7

24.7

Net
Comp.
Return

st5.32

2.42

.69

,97

5.51

2.21

ROCI(Y RUN WATERSHED

. NET COMPOSITE ACRE VALUE
}I/O PROJ ECT

Gross
Return

Per Acre

5124

102

62

55

63

|7

Productlon
Costs U

$87

67

49

36

l0
70

TOTALS 100Í s24.92

Prlce Base - wRC (Wafer Resource Counci l) october 1976.

productlon costs lnclude all op"iãîons necessary to produce a harvestable crop, such ltems as seed,
ferti lizer, herblclde, crop insurance, fuel, repalr, labor, lnferest on capltol, harvest costs, owner-
ship costs, land anrJ management charges

.'

¡4
L*--F



Page 4
B. Clark

6/7V

ROCIfl RUN IÂIATERSHED

NET COI.4POSITE ACRE VALUE
l^lITH PROJ ECT

Gross'
Return

Per Acre

$2Ð2

t6'4

lil
79

74

t25

dp ¡

Crop Yleld
(Pro.iected)

Prlce ll!+ Fr"oducf lon
Costs 2/

Nef
Return

Per Acre

$ 107

90

57

39

4t

50

Net
0omp.
Return

$44.50

6.2t

3,02

l:9e
4.88

2,35

Contp.
Acre

Wheat

Bar ley

F lax

Oats

Hay (al I )

Sunf l owers

Fal low

48.2 bu.

63.6

17.2

60.0

2.0 tons

1248 lbs.

4,lg
2,58

6.46

1.32

37.04

10.00

$e5

74

54

40

33

75

41.4

6.9

5.3

5.1

I 1.9

4.7

24.7

TOTALS

Di fferer.rce (w lfh pr"oJect)
(wlthout project)

Prlce Base - I,IRC (t'tater Resource Oouncl l) October 1976.
Refer to foofnote #2, pag" 5.

f 00f s62.75

saz.:ts
$2'4.92s3M

F
!!
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¡
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3 ,l80 acres
Presenf

(x) 31 .83 U
Damaqe

- | 42,997
Damaqe I'llPro iect

40,039 ?i'*'/o
2,002

42,041
4,204

46,425

fr&.

Damage
Red uct i on

l'02,958
5, l48

l0B,l06
l0,B I I

I 18,9t7 y

Damage
ir.educl- t cn )/

J'! 4úlÉ+'

ã33ïv5n'n r'rrs
DAMAGE - BEI.IEF IT AI'IALYS I S

Rocky Run W/S

Acres in watershed: IaPProx' ) 163,000 ,., 'i
Acres in w,/s i nc tuded in interv iew: (aþþrox. ) té',t o 4cl) j "t0 ?
lnterview acres with a lvater prob I em V 8'880 t-
Fiequency of problem: lnterview data ãhowed that a frequency of lhe wafer
prãËi"r varied from a very rare evenl, to one of an annual event; this computed
io 3,780 acres with an anriua I prob lem'

Unexoanded Data:
Tênél¡t ana lys i s:

Item
CroPs
Other Agric. (5%)
Sub-tota I

lndirect ( l0É)
Tota I

nded Data:
4-:1T '<''l063,000 w s ecres (+)

8, 800 p rob lem acres ( x ) 4;I4 -'1 -w* 4q,82: .1q30'l
4?4- 4

7l

142,997' 1,1150
t5o,147
l5,ol5

|.65,162
4.t 310
39;340

I tem
Crops

Sub-tola I

lndirect ( l0Í)

6 3/B (amortized
7I

481 ,361 average ann. wi I I

i mp rovement.
I nterest Rate

acres (+) 8,880 acres
acres ( x) 421 r#s+
alysis: t5;Jüt (x) 37.83 z/ frws-

r Present Damaqe L' ';'- ;;

5J81.81.2 ,-, ',- :'. i
Damage !'llProiect

i't.a1L-+æArc ::!.'c'¡

t')l tf1/
ltr:2

)

t,'

Other Agr i c. $í) W+2 2') í'; r: c,c ì1 erþg4' æa
*7 *€ï++¡ ?i'c.':5.: 4;'tÉê+-æ+B Ò )?' ffi6ï

ii,'çt

q+e ii' )l¡

Tota I 66WÐ: 5 j: 5c"l ti4,t"'! l€̂ 7"-la6 rV,''::ìQ$ffi
l/ The area described a water problenr area has not been fully field observed

as to lhe exact nature of the problem, but includes such items as flooding,
drainage, wetlands, salt or sal ine and etc.

2/ t{et return per composlte acre for with projecl condition less withoul projecï
condition $62.75 (-) $24.92 = $37.83.

2/ Approximately 72{, reduction in damages due to structural works.
4/ llB,9l7 average annual wi I I support approximaTely the fol lwoing works of

i mprovement.
I nterest Rate Total lnstal lation Dol lais

t,,

5/

for 50 yrs. ) (approx. ) I ,780,000(approx.) 1,641,000
(approx. ) I ,452,000

suoport approximately the fol lorving works of

Total lnstal lalion Dol lars
6
7I

( approx.
(approx. )
(approx. )

LJ¡)q
¿i
/t

2':': E
?:'l ?î

,ò'i ÌtZ):
3/B (arnortized f or 50 Yrs.
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Rocky tÌun l'llS
¡ '- I a

D'\I"IAGE - BENEF IT ANALYS IS

For Oshkosh TwP. of RockY Run fJ/S

Townshlp u..u, in watershed: approx')
Âcrcs in torvnship inctuded in interview: (approx')

I ntcrv i crv acres w i th a watcr prob t er¡z I I
Ffequencl of problem: lnferview data showed that
i;;t- 3 tó 4 years out of every 10, a water problem
was experienced; this cornpuled to 576 interview
acres with an annual Prob lem.
Llncx ánded cieta:

1 ana lys is: 576 acres (x) 37.83 U
Damåqe \'llPro,iecl

9,600
6,800/
tJtq/

21,790

J tem
Crops
Other Agric. l5l)
Sub-'l'ota I

lndirect ( l0Í)
T0Tr\L

nCcd data
,600 TviP w

,714 prob I

,7 14 acres (+ ) 516
,417 acrcs (x) 33

Benef it'analysisz 798
I tem
Crops
Ot\er Agric. (51,
Sub-Tota I

lndirect ( l0É)
TOTÂL .

2l 25,103

Present Damage
2l,790

I,090
22,880
2,288

. 25,'168

acres (x) 37.83 2/
PñesenÌ Darnace

50,lBB
I,509

31,697
3, 170

34¡867

6,l0l
. 505

6,406.
64t

7,047

= l.4l
= 2"1417833
|. 798

= 30, 188

O¿maoe l¡l/Prc iect
8,453

423
8,876

.888
9 1764

Damage
Reduc tio¡ 3/

15,689
785

16 ,47 4
11647

t8, t2t 4l

acres with annuaI
Prcb I er

Oamage
P.educt i on 3/
-u-,lsl -

lr086
22;821

2 r,29?

. 25,103 2!

j/o,uuu
146,000
507,000

:/s acre= (t) 6,Bco acres intervicv¡
em acres (x) l.4lI

I
2

vu
2tg

Refer to footnote fl, page 5.
Rcfcr to footnote il3, page 5.
Ref ei to footnote it4, page 5.
a9,l2l a,rerage ann. rrI ll support approximately the fottowlng works of improvem'

lnfcres{' Rate Total lnslal latîon Do! lars
6 3/6 (amortized (or 5C yearsl approx. ).7 (approx. ) 250,000
0 (aPprox., 221,000

avórage ann. wl tl support opproximately the fol lc'¡ing works of improve;

lnterest Rate Total lnstal lation 0ol lars
ó l/{JGorttzcd for 50
7

(approx. )
(ap¡rrox. )
(approx. )I

yeors )



'Ïr
RockY fìun filS

Damage
Reduc lion 3l

27 ,456
I,37t

28,829
. 21885
5l ,712 4l

acres with annu:l
. Prob lemacres (x) 23

Bencf it analysis: 1,370 acres (x) 37 '83 U

a

DAI,IAGE - BENEFIT I\I'¡ALYSIS

For Germantown TwP of $ockY Run W/S

(opprox.) l7,o0o
ervi.ew: (aPirox'I 6'640r
;;' 

' l; ?,126 '/

Unex andcd dai¡: 38,133
cf I ana )'5 I s: I,OOB acres (x) 37 '83 U

Prese nt Damaoe Damace \'llP ro î ect

ExDA nCed data:
Tvip w

prob I

acres

/s acres (t)
em acres (x)
(t) 1,008

000
326
326
955

7,
2,
2,
,,

! t-em
Crops
ótr,!r Agric. $tpì
Sub-Tota I

tndirect ( ¡0Í)
TOTAL

58,133
1 r907

40,040
4,004

44,O44

6,640 acres
2.56

PËesent

I nterv i ew

10,677
'514' I l' ,2ll' l,l2l

121332

E
It
t

2.56
5 1955

231'l r37o

tcm
Crops
Oth'er As r ì c. ( 5Í )
Sub-Tota I

lndlrect ( l0Í)

5l ,827
e Dama e r'l/?ro ect

4,
726

15,238
.l,524
16 1762

Oamage
Reduct ion 'i/æ-5l,tl)

1,865 '

59, lBo
3,918

4t,098 5/

l rB27
2,591

54,418
5 1442

59i 860TOTALa

v
zt
2t
4l

Refer to footnote #1, Pa.ge 5"
Ref er to footnote f3, Page 5'
flefei to tootnote ,f4, page 5' . , r-,.
3lr7¡2 average ann. rvl ll support approximately the follorvlng works of irnprovemt

lnleresl' RafereT{-(ñortized f or 50 Years)
a?

I

6 J/B (.rtno
7I

Total lnstal la tion Dol I ars
(app rox. ) 415, 00

00
00

(approx.. ) 4 5B ,0
(approx. I 3Bi , 0

ZI 45ro9B average ann. wl ll support approxirnatcly the f otlowing works of irnprover:

I ntcrcr'l Rato Total I ns tal l¡tion Dol lars
( ap¡rox.
( app.rox .
( opprox.

)o¡5,5
4) , UUU
90,000
26,000

rtlzcd for 50 Yeors)
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Rocky Run.Tl./S

DAMAGE - BENEFIT AI'{ALYS¡S

Cathy TwP of RockY Run ÌllS

TownshlP acres in rvotershcd:
l\cres in township includcd in intervi'ew.:
I ntcrvi ev acres w ith a watcr prob tern: ll
Frcquency of problem: lnterview dala shorved tha
frequency of the water problem varied frorn an occ
occrrun"", to'on of almost every year; this compu
567 acres with an annual Problem'

llnnxnanded data:
Ën-Ëlt-r=*içtit, 367 acres (x) 37 '83 U

For

/s ¿cres (t)
em acres (x)

(approx. )
(approx. )

2f ,ooo ..g ,680 /
639/

t the
ass i ona I

ted to

= 13,884

Present Damaqe 0amace t'l,/Pro îectItcm

anded dat
251000 TwP w

659 Prob I

C¡ops
OÎher Agric. $l)
S.trtJ-Tota I

lndirect ( ¡0Í)
TOTÂL

13,884
694

14,578
¡ ,458

16r056

9,OB'O acres i ntervierr
2.53

5,887
.194

4,08I
408

4,489

= 2.53r¡ I,6l.7¡' j1l
E 922

= 34 '879
Damaoe l'l/Pro.îeci

9,766
488

l0,254
1,025

I I ,279

Damage
RcCuc lion 3f

9,997
500

1o,497
1,050

.567 acrcs (t) 639
lr6l7 acres (x) 57';

Benclit anelysls:

l tss
Crops
Othcr irrgr i c. $í,
Sub-Tota I
tndirect ( l0Í)

TOTAL

a?

I

922'acres (x) 37.8i 2/
Piesent Dan¡ne

34,'879
l,744

36;623
.3 1662

40,285

n,547 !!

acres with annual
Prob I era

Oamoge
Reduct io¡ '3/

25,1 l3
a,256

26,369
2,637

29,006 5f

vu
2t!!

Refer to footnote fl, pago 5.
Refer to footnote f3, page 5.
Refer to footnol'c f4, page 5

11,547 average ann. wlll support approxlmately fhe foltovuing vrorks of imprcvenenf

lnferesl' Rate Total lns*al latíon Col l.1is
6 318 ( a;¡¡ort i zed f or 50 ycars) (o¡rprox. i

(approx. )
(opprox. )

2! 29,006 average ann. wt lt supPort aPProximately the f otlor¿ing works of improverne*

lnleresl Rafe Total Inslal latîon 0ol lars
--FlFÌãlortl¡cd f o¡' 50 years) aPProx. 4j4 ,000

7

I i ),Ui..)U
I 59,000
t4l,00o

I (app.rqx. ) 4oo,ooo
(approx. ) ls+,Ooo
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Rocky ßun.lflS

DN.IACE - BENIFIT ANALYSIS

For Woodward TwP of RockY Run W/S

Tovnshlp u.ro, in vatershed: approx')
Acrcs in torrnship inclu.Jed in intervlew:' " 

(opprox')

tntcrvier'¿ acres with a water prob tetnz ll
Frcqucncy of problem: lnterview dala showed fhat the
f reouencv ot tn"-r+ater prob lem varied f rom I 'year in 2

äì-t;¡ in.2o, rhis compured to 167 acres with an

annual Problern.
Une anded data:

acres (x) 37 .Bt 2l I 5, 884cf i't enê ysis:367
Present Demacle Dama W/Pro ecl Reduc-t ion 5l

I 1,000
8,OOO /
11332'/

,ltem
Croos
O.inbr Asric. $ll
SuU-Tota I
làdircct ( ¡ol)

.TOTAL

an dcd data:

I 3,884
694

l4,578
1 r458

I 6,036

8,OOO acres interviev
I .37

acres (x) 37.83 2/
Piesent Damaqe

19'331
967

20,298
2,030

0amage

9,997
500

to:497
1,050

n,547 !!

acres with annual
. Problen

Damago
Reducïion 3l

t3,918
696

14,6 l4
I,462

16,076 5l

3,BB7- 194
4,081

408
,4 1489

0C Tvp w
11532 Prob I

J67 acres

,/s acreg (t)
em acres (x)
(t) 1,,332

1,375
I ,825
28Í5ll

= 19,331

Ðamaqe W/Projecl'
5,413

271
5 1684

568
6,252

E

æ
1 1825 acres (x) 267

Bcncf it analysls: 5ll

Crops
ûther Agr i c. (51l
Sub-Tota I
tndi rect ( l0É)

TOTAL

tem

v
zt
zt
âl

221328

Refer to fcotnote ,f l, Pago 5.
Rofcr 1'o. footnoie #3, page 5o i,

Refcr to fool'ncte i4, Page 5. i;
ll1547 Bverðge ann. rvlll support. approximetely the foltowïng works of l'rnprovernenf

i

lnteresl'Rate Toto I lnstal lation Dcl lars
6 3/.t (amortized f or 50 yearst (approx. ) I.7 (approx. ) t5g,ooo
0 (oPPrcx. l 14 1,000 

i

2! fo,O7o overôgc ann. wl ll support õpproxinafcly thc fol tcrv'ing works of ino;-ove:nent

I n'lerest R¡te Total lnsfat tation Dol lars

-d 
5/s-Tañortlzed f or 50 years) pprox. ì 24 1,000

a

7I
(approx. I 'z'¿z,ooo
(approx. ) 196,000



1
DAMAGE - BEIIEF IT ANALYS I S

For Ecldy & Foster Counties of Rocky Run W/S

Eddy Counly acres in w/s¡ (approx')
Foster County acres i n w/s ¡ (approx' )

Acres included in inlerview:
lnterview acres wíth a water problen'. V ' t'

Frequency of problem: lntervlew data showed that the tfrequency' of
water problem varieci from ân annual problem, to one year in th¡-ee;
computed to 890 acres with an annual problem' ,
BenefitAnalysis: BgOacres (x) 31 .832/ =33,669

Present Damage Damaqe Vl,/ProjectI tem
fops
Other Agric. $l)
Sub-tola I

I ndi rect (104")
Tota I

33,669
1,684

35,353
3,535

38, B88

9,427-
472

9,899
990

I o ,BB9

4.04
9,151

3eí
3,569

l'35,0l'5
Damage Ì'JlProject_

37 ,804
1,890

39,694
3,970

43,664

Rocky Run t¿l,/S

56,500
2,500
9 r650

) zzc,v
the
this

Damage
Reduction 3/

24,242
I ,212

25,454
2,545

27,999

Damage
Reduction 3/

9l ,2l'I
4,86 I

102,072
1o,207 5/

l 12 ,279 -

4/

Expanded Data:
-391000 Co,,nly w/s acres (t) 9,650 =

2 1265 prob lem acres ( x) 4 .04 =
890 acres (+) 2,265 =

9,151 acres (x) 39% =
Benefit analysis: 3,569 acres x 37-ü 4 =

I tem Present Damage
õro-ps 135,015-other Agric . $%) 6 ,751
Sub-total l4l ,766
lndirect ( l0Í) 14,l|77

Tota I 155,943

acres wilh annual problem.

,

!/u
3/
!

Refer to footnote # I , page 5.
Refer to foolnole #3, page 5.
Refer to footnote #4, page 5.
27,ggg average annual wil I supporl appro>lllnately tñe'follolring irciks

.,1of I mp roverne nt .

', 5o vears' [3Blili.
2/ l.12,7.79 average ann. will support approximately the

provement.
I nterest Rate

lnterest Raf'e
--tE-Gmñzed for

3/B (amortized for
50 years)

Total lnstal lation Dol lars
(approx. ) 4 I 9,000

) 186,000) 342,000
f o I low i ng rvorks of im-

Total lnslal lalion Dol lars
6
7I

(approx. )
(app rox. )
(approx. )

I ,68 I ,000
I ,550,00c
I ,37 I ,000

t
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Rocky Run l'llS

DN4A6E - BENEFIT ANALYSIS
For Falrvl I le Twp of Rocky Run W/S

Townshlp acres in wafershed:
Acres in torvnship includcà in intcrvi'ew:
I ntervierv acres w i th a water prob I ernz ll

(approx. I
(approx. )

23.,000 /
5,49On
I,275'/

Frequency of problem: lnterview data showed that thc frequency
of the water prcblern varied frcm an occasional event;to other areas
that experienced water problems 7 years out of every B, this
compu'led to 525 acres with an annual prob lem.
Unexpanded data:
@is: 525 acres (¡) 37,8i U = 19,860

Present Darn¿ge Damage W/Pro-iecl,l f.em
Crops
Olher Agr ic , Odn,
Sut¡-Tot'a I
lndirect ( l0l)

T0T/rL
ExoanCed data::=L-:--
231000 Tvp ',t/s acres (+l 5,490

1,275 problen acres (x) 4.19
52, ecres (r) 1,275' 5,342 acres (x) alÍ

acres intervicw = 4.19n '51342tr 4l%
- tÉ 2'1190

l9,860
993

20,853
2,O85

2?,938

5,561
.278

5,839
584

6,42t

Damage
Reduc I ion _V

14 1299
7t5

15,0 l4
1,50 1

t6,5 t 5 lL

Benef i t ana lys i s z 2,lr90 'acres (x) 37 .83 2/ 82,848
Piesent Damace Damage '¡tlProj ectI tem

Grops
Other Âgr i c. (5í)
Sub-Tota I
lndirect ( l0É)

TOTÄL .

0

,l.97
, 160
,357
,436

26,193

( approx, ),

acres wÍlh annual
prob l em

Damage
Reducf io¡'3/

59,65l.
2,982

62,633
6 1263

68,896 2!

82,848
4,142

86,990
8,699

9T1689

23
I

24
2

vu
2t
4l

Refer to.footnote #1, pago 5.
Refer 1'o footnote #3, page 5.
Reíei- to footnote /4, page 5.
16,515 avcr..]ge ann. rvlll support approximately 't'hc fottowing works of improvemeirf

I nl'erest Rate Total lns*al latîcn Dc! lars--õ-5fd-iãmortizecJ f or 50 years ) (approx. ) 241 ,0A0(approx. ) 22B,OOO
(opprox. , 202,000

a?

!/ o'a,seo average enn. wlll support approxinately the following works of improvsrnsr¡+.

I nteres't Rate
-- 6 3/B (anrortlzed for 50

7I
Total lnçtallatio n [ìol l¡rs

0years )
(approx. ) 952,000
(opprox. ) 942,000
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