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I. INTRODUCTION

PURPOSE AND SCOPE

This report on the Rocky Run Creek watershed contains the resd]t of
a study conducted by the State Water Commission in cooperation with the
Eddy, Foster and Wells County Water Management Districts. The study's
major objective is to develop plans for improving the capacity of Rocky
Run Creek and its major tributary, Oak Creek Drain. The implementation
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. In addition to the presenfation of the alternatives this
study assigns priorities for implementation so the development can be
pursued in phases. The engineering analysis utilizes the best practical
technology to devise alternatives that will sufficiently meet the needs
of the watershed. The design of the alternatives comply with criteria
established by the State Water Commission. Data used in this report was
obtained by the State Water Commission, 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 pfoject study area is located in Eddy, Foster, and Wells Counties
(See Figure 1). Rocky Run Creek is a tributary of the James River which
is part of the Missouri River Basin. The creek is classified as an
influent stream with 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 fo
area stream flow. Little 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
in the Drift Prairie region with the west edge infringing on the Missouri
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 primarily of glacial till, 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 row crops.
Poor surface drainage hinders farming operations in some areas. Area
communities include New Rockford, Fessenden, Cathay and Bowdon. The
closest major commercial center is Jamestown, located approximately 45
miles south.

Precipitation for crop production is adequate during normal years
although occasionally the region suffers from periods of drought. The

average annual precipitation is 17 inches most of which occurs during
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the growing season with 133 inches falling in the period of April
through September., The average annual snowfall is 34 inches with 115
days of one inch or more snow on the ground. The annual mean temperature

is 39-40°F.



fl. STATEMENT OF PROBLEM

BACKGROUND

Flood problems have been evident for many years within the Rocky
Run Creek watershed. A flood proection project was initiated in 1971
when a study was done td locate possible sites fér floodwater retention
reservoirs. Three possible sites were located, two on the main stem of ‘
Rocky Run Creek and one between Scott's Slough and Kelly Creek. No |
additional work was done on this investigation.

In 1974 the Eddy County Water Management District was organized and
it requested that the State Water Commission look at the flooding
problems on Rocky Run Creek. The State Water Commission suggested that
the Water Management Districts of Eddy, Foster and Wells Counties organize
and pursue this project as a joint venture. In July of 1975 the three
Water Management Districts formed a joint board. The following month
the joint board requested that the State Water Commission conduct a
study of the entire Rocky Run Creek watershed. The State Water 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. On October 8, 1975 an
investigation agreement was signed with Eddy County Water Management
District '"To determine the waterway openings and channel capacities
required for flood damage reduction on lower Rocky Run Creek extending
from the mouth, upstream to the Wells County line." A copy of this
agreement is contained in Appendix A.

Inlthe spring of 1976 a field survey was conducted on this lower

portion of Rocky Run Creek. In August of this same year the



preliminary design for channel improvements on the lower ih.S miles of
the creek was completed. The proposed channel was designed to handle an
8 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 million dollars. On October 13, 1976 a meeting was
held to discuss this proposal. The project cost estimate, the possibilities
of stage construction, funding alternatives, assessments and downstreém
effects were discussed at the meeting. It was determined that the only
way to fund a project of this magnitude would be to approach the legislature
for a special appropriation. |t was further concluded that more study
should be done on the project before it could be presented to the legislature.
The degree of further study was defined at a December 7, 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 profile 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 Water Commission and the Wells County Water Management
District to complete the water surface profile study was signed on
August 19, 1977 (see Appendix B). This report is the result of this
agreement. |
CURRENT CONDITIONS
Potential flood problems exist within the Rocky Run Créek watershed.
In addition to the natural drainage problems that are characteristic of

this area of North Dakota, there are problems that have been brought



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 into 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. Soil 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.



I11. ENGINEERING ANALYSIS

HYDROLOGIC INVEéﬁEATION

The purpose of the hydrologic investigation is to estimate 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 Water Commission
are the TR-20 computer model, the "Crosby method', the multiple regressibn
correlation method and the ''Speath method''. The method selected depends
on its applicability to the study area and the quantity and type of data
available.

The Rocky Run Creek drainage area contains 235 square miles of
drainage area of which 200 square miles are currently classified as
contributing (see Figure 2). There is no historical stream flow data
existing for the watershed. Rocky Run Creek has a length of approximately
50 miles 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 applicable to the watershed.

The TR-20 computer model was derived primarily 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. The '"Crosby"
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and “'Speath' methods were developed for small drainage areas in North
Dakota and are based on existing 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 drainage area if historical stream flow data were not
available for nearby streams. Stream flow data exists at 10 nearby
gaging stations, thus a correlation can be made between the existing
flow data and the anticipated flows in Rocky Run Creek. The process of
deriving this correlation is called a multiple regression analysis. The
following regression equations were derived and contain the variables:
drainage area, channel slope and channel length.

0.0054 L (mi)-0.2668 . D.A(mi.

Q5 = 135.4 /75 (Frmi) 01912 Ly (mi.) 08203 pa (mi2)1-1857 7

2)0.9187_-/—

Q,, = 26.5 /s (ft/mi.)

Using these equations the following flows were calculated for the

10 and 25 year frequency floods at various points within the watershed.

TABLE |

Rocky Run Creek Peak Discharges

Location Discharge (cfs)
Drainage
Area (Mi”) 10 year flood 25 year flood
Confluence with James River 235 1260 2370
Lake Claire 183 1050 2010
Cathay Dam 95 780 1550

\

6 miles west of Cathay © 48 520 1040

_]'l_



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 discharges will approach the ones given in Table

+

I.

The Oak Creek Dam sub-basin is located within the Rocky Run Creek |
drainage area (see Figure 4). The sub-basin contains approximately 54
square miles of drainage area. Approximately 15 square miles in the
western portion of the drainage area is not currently contributing. It
is assumed, in this analysis, that the entire sub-basin is contributing
to aliow for future agricultural drainage.

The regression equations derived for the Rocky Run Creek watershed
are based on nearby gaging stations with 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
""Crosby method'' was derived specifically for small watersheds in North
Dakota. Theretore, the '"Crosby method' was 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 Discharge (cfs)
Drainage 10 year 25 year
Area (mi®) Frequency Frequency
Between Sections 21 & 28-TI148N-R68W Sl2¢, 310 500
Between Sections 19 & 30-T148N-R67W 1Y 390 640
Confluence with Rocky Run Creek 2654 k5o 740

-]12-
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WATER 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 hydraulic structﬁres such
as bridges, culverts, weirs, embankments and dams are considered in the
computations. The water surface profiles computed for this report are
based on actual cross sections obtained by the State Water Commission
survey crew. Care was taken ahd 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 Water Surface Profile 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 utilizes 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 downstream Cross
section, cross sectional data, the distance between cross sections, an
estimate of the roughness coefficients of the channel and overbank areas
and the dischargés for which the water surface profiles are desired.
The computations begin on the most downstream cross section and procede
upstream, calculating the water surface elevation for each cross section,
including road crossings.

For the purpose of this study, Rocky Run Creek has been divided
into four reaches (see Figure 5). Reach 1 extends from the confluence
with the James River to Lake Claire. Reach 2 extends from Lake Claire
to the county line between Wells and Foster Counties. Reach 3 extends

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

; -14-
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between Cathay and the section line between Sections 6 and 11, Township
147 North, Range 69 and 70 West, constitutes Reach 4 Oak Creek Drain,
the main northern tributary of Rocky Run Creek which flows through
Rosefield Slough, is also analfSed in this report.

In order to prioritize.the necessary improvements, each reach was
analyzed for three conditions: The first involves computing the water
surface profile for the existing conditions. The second includes
computing the water surface profiles for each reach after Phase 1 improvements
have been made. Phase 1 improvements refer to minor localized changes
th;t would effect the water surface profile. These improvements would
not have a significant effect on the overall capacity of the stream,
but they will eliminate some localized flooding. The third condition
involves computing the water surface profiles after Phase 2 improvements
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 Water Commission criteria states that all channels and corresponding
structures that provide drainage to agricultural lands must be designed
to handle the 10 and 25 year frequecny floods, respectively. A previous
investigation by the State Water Commission and the succeeding profiles
illustrate that it isneot egonomically feasible to improve the Rocky Run
Creek stream channel to handle a 10 year discharge along the entire
channel because of the large channel cuts required, due to the flatness
of the natural terrain. The Phase 2 improvements presented in this
report provide for the 10 year frequency flood being maintained within

the floodplain. The floodplain includes the channel and the overbank

-16-



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 25 year discharge if the upstream and downstream floodplains
can handle this discharge. |If the crossing is inundated by backup water
caused by the inadequacy of the downstream channel, the crossing will be
designed for a discharge slightly greater than the discharge in the

downstream channel when inundation of the crossing is pending.

REACH |

Reach 1 extends upstream from Rocky Run Creek's 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. Figure 6 shows the location of the channel and the cross
sections that were used in the water surface profile computations. This
reach is a critical area of Rocky Run Creek for it contains numerous
channel obstructions and does not have a uniform gradient. The hydrologic

P
analysis indicated that the 10 and 25 year frequency discharges within
this reach would be approximately 1,100 cfs and 2,200 cfs, respectively.
The capacity of the existing channel is much less than the 10 year
frequency discharge.

The water surface profile model was used to evaluate the existing
conditions. Figure 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 in potholes,

therefore not contributing to stream discharge./ If this did not occur,

many of the Inadequate road crossings would be washed out during high flows.

==
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The profiles in Figure 7 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 profiles between these stations
are uniform, and the water surface elevations do not approach the
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 two stations. From station 220+00 to the end of the reach, the
channel bottom elevations are very irregular. High points in the channel
bottom at stations 226+50 and 246+00 control the flow upstream to station
295+00. Channel crossings at stations 308+00 and 365+00 cause large
increases in the water surface profile. These crossings are inadequate
and back up water for a considerable distance. It is within this latter
half of Reach 1 that the water surface elevations for the 400 cfs discharge
are near the overflow elevations of the floodplain.

These profiles indicate specific areas within the reach that cause
major problems in the ability of the channel to convey high discharges.
Phase 1 improvements would consist of removing channel obstructions, as
well as a general cleanup of the channel. The following specific

improvements would be completed under Phase 1.

TABLE 3
PHASE | IMPROVEMENTS -~ REACH |
Improvment No. Location Improvement
1 STA. 95+00 to STA. 388+00 Clean out excessive
rock & debris in channel.
2. STA. 225+50 to STA. 227+70 Lower channel to

elevation 1523.0.
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Improvement No. Location Improvement i .ﬁ)

STA. 246+00 Remove small earthfill dam. Ug}ﬂﬁ\
¢

3
4 STA. 308+00 Remove earthfill and rock dam.&J ;”+-Iﬂ

Tevyas Crossiy y

(%,

STA. 364+00 Remove farm machinery crossing.
6 STA. 383+00 Remove remaining portions of
washed out dam.
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 ESTIMATE - PHASE | IMPROVEMENTS - REACH |
Improvement Unit Extended
No. | tem Units Quantity Price Price
1 Channel Cleanout LS 1 ea. $ 7,000.00 $ 7,000.00
2 Lower Channel va3 1200 0.90  1,080.00

364 Remove Earthfill
Dams (Stations:

246+00, 308+00) LS 2 ea. 1,500.00  —15686-60- 3000 00
5 * Remove Farm Machinery
Crossing (Station
364+80) LS 1 ea. 1,500.00 1,500.00
6 Remove Washed Out
Dam . LS 1 ea. 1,000.00 1,000.00
Subtotal $13,580.00

Engineering, Construction

Inspection and Contract

Administration (15%+) 2,060.00
Contingencies 1,360.00

Estimated Cost For Phase 1
Improvements $17,000.00
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After updating the input data to reflect the Phase 1 improvements,
another set of profiles was computed. Figure 8 shows the water surface
profiles for 400 to 600 cfs after Phase 1 improvements have been made
and the profile for 40O cfs before these improvements were made. As a
result of the Phase 1 improvements, the capacity of the floodplain has been
increased from 400 to 600 cfs. Flows above 600 cfs will cause water
to flow out of the floodplain.

The profiles shown in Figure 8 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 improvements

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
10 year frequency flood. Several computer runs were made to evaluate
different types of improvements to determine the ones that would have

the most significant effects on the water surface profiles. Table 5

summarizes the proposed Phase 2 improvements. It is assumed in this

portion of the analysis that the Phase | improvements have been made.
TABLE 5
PHASE 2 IMPROVEMENTS -~ REACH 1
Improvement No. Location Improvement
1 STA. 5+00 to
STA 90+00 Erosion protection as required.
2 STA. 91460 Improve road crossing.
3 STA. 158+10 Improve road crossing.
4 STA. 158+60 to
STA 226+50 Lower and reshape existing stream
channel.
5 STA. 243+30 to
STA. 255+00 Lower and reshape existing stream
channel.



1530 — TOP OF ROADWAY
400 CFS (AFTER PHASE | IMPROVEMENTS)
TOP OF DECK 1522.0 TOP OF CULVERT
1520 W o (T
//—/\__,//lmlsl. BOTTOM
1510 —
2 BRIDGES
OPENINGS~- 5'x10'
1500 —|
1490 —
1480 —— 7 B o T T — I T T I ] T T T
5+400 10+00 20400 30+00 40400 50+00 60 +00 70400 80 +00 90+00 100 +00 110 +00 120+00 130+00 140400
1540 —
400 CFS (AFTER | IMPROVEMENTS) —/ 400 CFS (BEFORE PHASE 1 IMPROVEMEN
TOP OF ROADWAY 1529.7 TOP OF DECK 1532.4 TOP OF DECK 15313 = = = g e Vel e e e e e
UNDER DECK 1530.4
TOP OF CULVERTS 1527.0 ﬁUNDER DECK 1527. 4 } o
1530 — [eoo /CFS (AFTER PHASE | IMPROVEMENTS) ' X
——— ‘——‘*__—__________.._..__..______ ————— - — = —
e SR R e e —_———— =
L S
o A CHANNEL BOTTOM
15205 RR BRIDGE/ \
PAVED HIGHWAY 3 / - s
= ' BRIDGE OPENING 7.5'x18'
BOX CULVERTS
3- OPENINGS - 6'x12
il FARM ACCESS ROAD
1—30"‘ CULVERT
I-8.5'x11' CULVERT
1500 —- I e e | == e = = =i I il — T = = s T
210+00 220+00 230+00  240+00 250+00 26(+00 270+00 280+00 290+00 300+00 310400 320+00 330400 340+00 350 +00




TOP OF ROADWAY 1528.0 /eoo CFS (AFTER PHASE | IMPROVEMENTS) = e s
400 CFS (AFTER PHASE | IMPROVEMENTS)
TOP OF DECK 1522.0 TOP OF CULVERT 1526.3
e ._—_,_____’,__’—:’4’5'* L e
e —— 8 ///\
UNDER DECK 1520.6— ,\/( ke
ﬂwn BOTTOM SECTION LINE CROSSING
1-8'x12' CULVERT
— 1510
.
2 BRIDGES
OPENINGS - 5'x10'
—~ 1500
— 1490
L]
— I I I r— T I T T T T m T I T 1480
60 +00 70400 80 +00 90+00 100 +00 110 400 120 +00 130 + 00 140400 150 +00 160 +00 170+00 180+00 190+00 200+00 210+00
— 1540
400 CFS (AFTER | IMPROVEMENTS) 400 CFS (BEFORE PHASE 1 IMPROVEMENTS) Sl LT N
TOP OF DECK 1532.4 e R e s o e e e et e eI
UNDER DECK 1530.4
JUNDER DECK 1527.4 !
N — 1530
- . N
== \///\CH‘ANNEL BOTTOM °
I —
L 152
RR BRIDGE/ \ 0
HIGHWAY 28] FIGURE 8
BRIDGE OPENING 7.5'x18'
REACH |
— 1510
WATER SURFACE PROFILE
AFTER PHASE |
IMPROVEMENTS
1 T == T T e = I | =T T =3 & = il 1500
¢+ 00 270+00 280+00 290+00 300+00 310+00 320+00 330+00 340+00 350 +00 360+00 370+00 380+00 390+00




6 STA. 295+00 Remove localized high in stream
channel.

The steep channel gradient between station 5+00 and 90+00 makes
this portion of Reach 1 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
delineated by an asterisk. Generally, velocities greater than 3.5 feet
per second can cause erosion of the stream channel.

TABLE 6

Velocities and Tractive Forces
(Q=1100 cfs = 10 year frequency flood)

STATION VELOCITY TRACTIVE FORCE
(ft/sec.) (1bs.)
*. 5+00 5.32 0.783
*104+00 8.09 1.809
*13+00 3.77 0.344
15+50 2.77 0.193
21400 2.47 0.154
*30+00 L.97 0.614
L1+00 3.55 0.303
50+00 2.81 0.202
60+00 3.48 0.296
*65+00 8.02 1.769
*67+50 4,28 0.449
*70+00 5.19 0.689
%85+00 3.73 0.398
91+10 1.75 0.085

* denotes an area where erosion may occur

Erosion protection for these areas will be provided by the placement
of rock riprap in specific areas as determined by the field engineer. A
cost estimate for erosion protection will be included in the total
project cost.

The existing road crossing at station 91+60, between Sections 21

and 22, Township 148 North, Range 66 West, consists of two small bridges
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which aré inadequate for flows 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: 1) add two 87''x63"

arch corregated metal pipe (CMP) culverts; and 2) lower the inverts of

the installed culverts to elevation 1514.6 and lower the channel bottom
just downstream of the crossing to conform to the lowered invert elevations.

The area extending from Station 158+10 to station 255+00 is‘a very
critical portion of Rocky Run Creek. Extensive flooding occurs within
this area and water will occasionally overflow into the Kelly Creek
watershed. The first improvement within this area would be made to the
road crossing at station 158+10, between Section 28 and 29, Townshp 148
North, Range 66 West. Three 95''x67'"" 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 existing highway crossing at station 227400 between Section 29
and 30, Township 148 North, Range 66 West would be inundated on a 25
year frequency flood with 0.7 foot of water flowing over the road. This
crossing consists of concrete box culverts that were just recently
installed, therefore, they would not be replaced under this project.

The farm access road located at station 242+70 was thought to be a

control section within this reach. |t has been determined that this
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crossing is inundated by back up water from the downstream channe!
during discharges as low as 400 cfs. Therefore, it would not help to
increase the capacity of the structure. |If 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 1 would consist of lowering
and reshaping the existing channel between stations 243+30 and 255+00
and near station 295+00. The railroad and highway bridges located near
station 290+00 would be very near their capacity during a 25 year
frequency flood. It would be expensive 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 implementation of the above improvements would result in a
significant lowering of the water surface profile throughout most of
this reach. For example, in the later portions of Reach 1 the water
surface elevation for a discharge of 400 cfs would be lowered 5 to 6
feet with the implementation of the Phase 1 and Phase 2 improvements.
Figure 9 shows the water surface profiles for various discharges after
the Phase 1 and Phase 2 improvements have been made. Also shown is the
water surface profile for 400 cfs under existing conditions. The capacity
of the floodplain would increased from 600 cfs to approximately 2200 cfs
with these improvéments. A flow of 2200 cfs represents a 25 year frequency
discharge. |

Table 7 contains a detailed cost estimate for the Phase 2 improvements
and a total cost estimate for the Phase 1 and Phase 2 improvements for

this reach.
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TAB

LE 7

COST ESTIMATE - PHASE 2 IMPROVEMENTS - REACH 1

Improvement
Number 1tem

1 Rock Rip Rap

2 87"'x63'" Arch CMP
Excavation
Reseeding

3 95''x67'" Arch CMP

L Excavation
Reseeding

5 Excavation
Reseeding

6 Excavation

Reseeding

Units

Yds3

L.F.
Yds3
Acres

L o=
Yds3
Acres
Yds3
Acres

Yds

Acres

Unit Extended

Quantity Price Price
1,700 $ 12.00 $ 20,400.00
90 85.00 7,650.00
250 0.95 240.00
0.5 100.00 50.00
135 95.00 12,830.00
49,800 0.95 47,310.00
31 100.00 3,100.00
8,200 0.95 7,790.00
5515 100.00 550.00
250 0.95 240.00
0.5 100.00 50.00

Estimated Construction Cost

Engineering, Construction
Inspection and Contract
Administration

Contingencies

Estimated Cost For
Phase 2 Improvements

TOTAL FOR PHASE 1 AND PHASE 2 IMPROVEMENTS:

Phase 1

Phase 2

$ 17,000.00

125,600.00

$142,600.00
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REACH 2

Reach 2 extends from Lake Claire to the Foster-Wells county line.
Detailed survey data for this reach was obtained by the State Water
Commission survey crew in the fall of 1977. Figure 10 shows the loqations
of the cross sections that were used in the water surface profile
computations. Reach 2 has a more uniform gradient and fewer obstructions
than Reach 1, however, it does have some problem areas that cause
flooding. The hydrologic analysis indicated that the 10 and 25 year
discharges within this reach are approximately 900 cfs and 1700 cfs,
respectfully.

The water surface profiles for the existing conditions are shown in
Figure 11. These profiles were computed assuming that the Phase |
improvements have been made on Reach 1. The profiles are very uniform,
except near some road crossings which cause abrupt increases in the
water surface elevations. From station 388400 to station 465+00 the
water 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 increases.

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 | 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 1 improvements proposed for Reach 2 are

listed in Table 8.

PHASE 1

Improvement No. Location

1 STA. 388+00
to STA. 767+50

2 STA.
3 STA.
b STA.
5 STA.
6 STA.
7 STA.
8 STA.

465+35

529+50

545+80
566+00
587+00
605+80

626+00

TABLE 8
IMPROVEMENTS - REACH 2

Improvements

Remove excessive rock and
debris in channel.

Lower localized high point in
stream channel.

Lower localized high point in
stream channel.

Remove farm machinery crossingT
Remove farm machinery crossing.
Remove rockfill embankment.
Remove rockfill embankment.

Lower localized high point in
stream channel.

The Phase 1 improvements delineated in Table 8 will reduce localized

flooding near the area of the improvements, but they will not have a

significant effect on the water surface profiles for the higher discharges.

Therefore, another set of profiles showing the results of these improvements

would not be significantly different from the profiles shown in Figure 11.

Table 9 contains a detailed cost estimate for the Phase | improvements.
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TABLE 9
IMPROVEMENTS - REACH 2

COST ESTIMATE - PHASE 1

Improvement
Number | tem
1 Channel Cleanout
2,38 8 Remove Channel
High Points
4 Remove Farm
Machinery Crossing
5 Remove Remaining
Portions of Farm
Machinery Crossing
6 &7 Remove Rockfill

Embankment

Unit
Units Quantity Price
Lump Sum 1 ea. $ 7,000.00
Lump Sum 3 ea 1,500.00
Lump Sum 1 ea. 1,500.00
Lump Sum 1 ea. 1,000.00
Lump Sum 2 ea. 1,500.00

Estimated Construction Cost

Engineering, Construction
Inspection & Contract
Administration (15%+)

Contingencies (10%+)

Estimated Cost for

Phase | Improvements

Extended

Price

$ 7,000.00

1,500.00

1,500.00

1,000.00

3,000.00

$ 14,000.00

2,100.00

1,400.00

$ 17,500.00

The Phase 2 improvements would consist exclusively of upgrading road

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

modification will be required. Table 10 describes the specific improvements

that are proposed under Phase 2.
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TABLE 10
PHASE 2 IMPROVEMENTS - REACH 2

Improvement # Location Improvements
1 STA. L465+00 Improve Road Crossing
2 STA. 529+00 Improve Road Crossing
3 STA. 561+30 Improve Road Crossing
h STA. 615+00 Improve Road Crossing
5 STA. 656+00 Improve Road Crossing
6 STA. 694+30 Improve Road Crossing
7 STA. 756+00 Improve Road Crossing
8 STA. 767+90 Improve Road Crossing

The road crossing at station 465+00, between Sections 26 and 27,
Township 148 North, Range 67 West, currently consists of four 6' diameter
CMP culverts. This crossing has a capacity of approximately 1000 cfs.

The addition of two 103'"x71" arch CMP culverts would increase the capacity
of this crossing to 1700 cfs, the 25 year frequency discharge. The next
phase 2 improvement is at station 529+00, a road crossing between Sections
27 and 29, Township 148 North, Range 67 West. The existing bridge with

a 5.5'x10' opening is inadequate. This crossing is effected by backup
water from the downstream channel which reduces the capacity of the
structure. The upgrading of this crossing would require 6 large culverts
in addition 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 5'x10'.

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 11'x7' arch 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 81''x59" arch CMP
culvert.. The next upstream road crossing, located at station 615+00,
consists of one 8.5'x13' arch CMP culvert. The addition of two 95''x67"
arch CMP culverts would increase the capacity of this crossing to a 25
year frequency discharge.

Backup water caused by the downstream channel inundates the crossing
at station 656+00 at a discharge of approximately 1,300 cfs. The existing
structure consists of two 5' diameter CMP culverts. Because of the back
water effect, this crossing would be improved 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 West, has an existing 9.5'x16' arch CMP culvert.

The addition of one 103'"x71" arch CMP culvert would increase the capacity
of this crossing to a 25 year frequency discharge of 1700 c¢fs. The next
upstream road crossing at station 756+00 also has an existing 9.5'x16’
arch CMP culvert under the roadway. The improvements of this crossing
would also consist of the addition of one 103'x71" arch CMP culvert.

The last road crossing in this reach is located at station 767+90 and

has an existing 7.5'x12' arch CMP culvert under the roadway. This
crossing is Inundated by back up water from the downstream channel at a
discharge of approximately 1100 cfs. The addition of two 87''x63" arch

CMP culverts would increase the capacity of this crossing to approximately

j\ 50 cfs.
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The input data to the water surface profi]e computer model was
updated to reflect the above changes. Figure 12 shows the water surface
profiles after the Phase 1 and Phase 2 improvements have been made along
with the profile for 600 cfs under existing conditions. The figure
indicates that the implementation of the Phase 1 and Phase 2 improve-
ments would lower the water surface elevation 1 to 2 feet for a 600 cfs
discharge within this reach. |

Table 10 contains a detailed cost estimate for the proposed Phase 2
improvements and a total cost estimated for the Phase 1 and Phase 2

improvements.
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Improvement No. | tem
1 103'"'x71"
Arch CMP
2 Concrete
Box Culverts
3 8]”)(59”
Arch CMP
L' 95“)(67“
Arch CMP
5 87ux63u
Arch CMP
6 103"'x71"
Arch CMP
7 'Io3l|x7‘lll
Arch SMP
8 87"X63"

| TABLE 11
COST ESTIMATE - PHASE 2 IMPROVEMENTS - REACH 2

Unit

L.F.

Lump
Sum

L.F.

L.F.

L.F.

L.Fl

Quantity Unit Price Extended Price

90 $ 110.00 $ 9,900.00
1 ea. 35,000.00 35,000.00
45 75.00 3,375.00
90 95.00 8,550.00
180 85.00 15,300.00
45 110.00 4,950.00
L5 110.00 4,950.00
90 85.00 7,650.00

Estimated Construction Cost 89,675.00

Engineering, Construction

Inspection & Contract

Administration (15+) 13,450.00

Contingencies (10%+) 8,975.00

Estimated

Cost for

Phase 2 Improvements

ESTIMATED COST FOR PHASE 1 AND PHASE 2 IMPROVEMENTS:

Phase 1 Improvements

Phase 2 Improvements

Total

$ 17,500.00

112,100.00

_38_
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REACH 3

Reach 3 begins at the county line between Wells 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 Water 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 10 and 25 year floods, respectively.

The stream channel is well defined throughout this reach and there
is a wide valley to contain 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.
This 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 stations 770+00 and 827+00. The road crossing at
station 828+00, between Sections 11 and 12, Township 147 North, Range 68
West, causes a very small increase in the water 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 station 998+00.
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 West, does not have adequate capacity 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 1047+35. This

crossing does not create a backwater effect but it is overtopped at
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discharges of 400 cfs and 600 cfs. The road crossing at station 1055+35
causes a sudden 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 1116+10 consists of
only one 3' culvert and is inundated at the 400 cfs discharge.

The preceding discussion of the water surface profiles for this
reach indicates that there are not any improvements that can be classified
as Phase |, 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 within this 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 aren't any channel improvements that
could be made that would have a significant effect on the water surface
profile. Table 12 contains the specific improvements that are proposed

under Phase 2.

TABLE 12
PHASE 2 IMPROVEMENTS - REACH 3
Improvement No. Location Improvement
1 STA 828+00 Improve Road Crossing
2 STA 884+15 Improve Road Crossing
3 STA 937400 Improve Road Crossing
b STA 998+80 Improve Road Crossing
5 STA 1047435 Improve Road Crossing
6 STA 1055+35 Improve Road Crossing
7 STA 1116+10 Improve Road 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 station 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 crossing
has an existing 81''x59" arch CMP culvert and would be improved by the
addition of one more 81''x59" arch CMP culvert.

The crossing at station 884+15 has an existing bridge with an
opening of 7.2'x22', The downstream channel does not backup water over
this structure, so it has to be designed to handle a 25 year frequency
discharge. The addition of two 103''x71" arch CMP culverts would increase
the capacity of this crossing so it will handle the 25 year frequency
discharge of 1600 cfs. The next upstream crossing is located at station
937+00. This crossing is inundated by back up water from the downstream
channel at a discharge just below the 25 year frequency discharge. The
existing crossing which consists of a bridge with an opening of 7.7'x18!'
will be improved by the addition of two 103'"x71" arch CMP culverts.

The crossing at station 998+80 has an existing 95'"x67'" arch CMP
culvert which has inadequate 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 103'"'x71" 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 4' diameter and one 81''x59'" arch CMP culverts
under the existing roadway. This crossing is inundated by backup

water at a discharge of approximately 1300 cfs. Therefore, the crossing
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must be designed to handle a discharge of 1300 cfs. The addition of
three 81''x59'" arch CMP culverts would increase the capacity of this
crossing to 1400 cfs.

Just upstream from the previous crossing, at station 1055+35, is
another Inadequate road crossing. This crossing consists of one 103'x71"
arch CMP under the roadway. The improvement of this crossing would
consist of the addition of two 103'"'x71'" arch CMP culverts. This would
increase the capacity of this crossing to a 25 year frequency discharge.
The crossing at station 1116+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 15 shows the water
surface profiles obtained after the Phase | and Phase 2 improvements
have been made. These profiles are a continuation of the profiles 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 profiles in Figure 15 indicates that the water surface
elevations for 400 cfs under existing conditions 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 13
REACH 3 - COST ESTIMATE - PHASE 2 IMPROVEMENTS

improvement No. | tem Quantity Units Unit Price Extended Price

l 8]")(59”
Arch CMP 55 L.F. $ 75.00 $ 5,125.00

2 103"x71"
Arch CMP i10 L.F. 95.00 10,450.00
3 ]03le7‘lll . .
Arch CMP 110 L.F. 95.00 10,450.00

L 103"'x71"
Arch CMP 165 L.F. 95.00 15,675.00

5 8]“)(59“
Arch CMP 165 L.F. 75.00 12,375.00

6 103''x71"
Arch CMP 165 L.F. 95.00 15,675.00

7 65"'x40"
Arch CMP 330 L.F. 55.00 18,150.00

Estimated Construction Cost $ 86,900.00

Engineering, Construction
Inspection & Contract

Administration 13,000.00
Contingencies 8,700.00
Estimated Cost for
Phase 2 Improvements $108,600.00
REACH &

Reach 4 begins just downstream of Cathay Dam and continues upstream
through Section 7, Township 147 North, Range 69 West, 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 c¢fs and 1300

cfs for the 10 and 25 year frequency floods, respectively.
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The water surface profile computer model was utilized to compute
the water surface profiles for 400 cfs and 600 cfs discharges under the
existing stream conditions. Figure 17 shows the resulting water surface
profiles and a profile of the channel bottom. These profiles were computed
assuming that the Phase 2 improvements were made to Reach 3 to elimiate the
back-water effect onto Reach 4.

The first sudden increase in the water surface profiles for this
reach occurs at station 1153+00. This sudden increase is caused by the
embankment of Cathay Dam. The water surface profiles proceed upstream
in a uniform manner through the railroad and Highway #30 bridges. The
remainder of the reach shows several sudden increases 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 1 improvements
as defined in this report. There is not an excessive amount of rock
and debris 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 upgrading the inadequate road crossings
and lowering a high point in the channel near station 1397+00. Table 14

contains the specific improvements that are proposed under Phase 2.

TABLE 14
PHASE 2 IMPROVEMENTS - REACH 4
Improvement No. Location Improvement
1 1236+80 Improve Road Crossing
2 1240+80 Improve Road Crossing
3 1273+80 Improve Road Crossing
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4 1315+20 Improve Road Crossing
5 1382+60 Improve Road Crossing
6 1397+00 Lower High Point in Channel
7 1448+50 Improve Road Crossing

The first proposed improvement is located at a road crossing at
station 1236+80, betweem Sections 11 and 14, Township 147 North, Range
69 West. This road crossing consists of one 18'x8' arch CMP culvert.
The addition of one 95''x67'' arch CMP culvert would increase the capacity
of this crossing to 1300 cfs, the 25 year frequency discharge. The
crossing at station 1240480 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''x67'" 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 is overtopped at a
discharge of 400 cfs. The crossing consists of two 65''xhk0" arch CMP
culverts. The channel bottom profile indicates that the culvert inverts
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 1315+20.
This crossing consists of one 6' diameter CMP culvert and one .4' 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''x63" arch CMP culverts.
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The crossing at station 1382+60, between Sections 4 and 5, Township
147 North, Range 69 West, has one 5' diameter 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 addition of five 81"x59'" arch CMP culverts. Just
upstream of this crossing at station 1397400 is a high point in the
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+50. This road crossing consists
of one 6' diameter CMP culvert and one 3' diameter CMP culvert and has a
capacity of 400 cfs. The addition of four 95''x67'" arch CMP culverts
would upgrade the capacity of this crossing to 1300 cfs, the 25 year
frequency discharge.

The input data to the water surface profile computer model was
updated to reflect the above improvements. Figure 18 shows the resulting
water surface profiles along with the profile for 400 cfs under existing
conditions. These profiles are a continuation of the Reach 3 profiles shown
in Figure 15. The profiles indicate that the water surface elevation
for a discharge of L00 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 [MPROVEMENTS - REACH 4

Improvement # |tem Units Quantity Unit Price Extended Price

l 95"X67”

Arch CMP L.F. 45 $ 95.00 $ 4,275.00
2 95"67"

Arch CMP L.F. 90 95.00 8,550.00
3 95“X67"

Arch CMP L.F. 180 95.00 17,100.00
"l 87”)‘(63”

Arch CMP  L.F. 180 85.00 15,300.00
5 8]“){59"

Arch CMP L.F. 225 75.00 16,875.00
6 Excavation Yds3 500 1.00 500.00
7 95l|x671|

Arch CMP  L.F. 180 95.00 __17,100.00

Estimated Construction Cost $79,700.00

Engineering, Construction
Inspection & Contract

Administration (15%+) 12,000.00
Contingencies (10%+) 8,000.00
Estimated Project Cost $99,700.00
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OAK CREEK DRAIN

Oak Creek Drain is a major triburary to Rocky Run Creek. It is a
natural drainage channel with a length of approximately 20 miles. The
flow capacity of the channel has been analyzed in two segments. Water
surface profiles were compdted for the channel from its confluence with
Rocky Run Creek through Section 19, Township 148 North, Range 67 West,

a distance of approximately 4 miles. From this point upstream the
channel capacity is very limited 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
will be considered. The succeeding paragraphs will give the details of
the investigations outlined above.

A general location map showing the cross sections used in the water
surface profile computations is shown in Figure 19. The detailed cross
sectional data was obtained by the State Water Commission survey crew in
the fall of 1977. The water surface profile computer model was used to
compute water surface profiles for this segment of Oak Creek Drain. The
confluence of Oak Creek Drain 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
is not a problem near the confluence with 0ak Creek Drain. The hydrologic
analysis indicated that the design discharges for the 10 and 25 year
frequency floods are approximately 400 cfs and 700 cfs, respectively.
The water surface profile computer program was utilized to generate the
profiles for 400 cfs and 700 cfs under existing conditions. Figure 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 16 contains the specific improvements proposed for this segment.

TABLE 16
PROPOSED IMPROVEMENTS - SEGMENT ONE - OAK CREEK DRAIN
Improvement No. Location Improvement
1 Station 25+70 Improve Road Crossing
2 Station 128430 Improve Road Crossing
3 Station 145+60 Improve Road Crossing

- The first sudden increase in the water surface profiles occurs at
station 25+70. This is a farm access road crossing located just downstream
from Rosefield Slough. The crossing consists of one 4' diameter CMP
culvert, four 18" diameter CMP culverts and one 24" diameter CMP culvert.
The roadway is inundated for discharges exceeding 400 cfs. The upgrading
of this crossing would consist of the replacement of the 18'' and 24"
diameter culverts with four 79''x49" arch CMP culverts. The next upstream
road crossing at station 68+50 is on the upstream edge éf 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. Theréfore, it

is not proposed that this crossing be improved.
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The road crossing located at station 128+30 consists of one 6'
diameter CMP culvert. The estimated capacity of this crossing is 300
cfs. The addition of three 87''x63' arch CMP culverts would upgrade the
capacity of this crossing to a 25 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
30" diameter CMP culverts under the existing roadway. The improvement would
consist of the addition of four 79'x49" arch CMP culverts. Upstream
from this crossing the channel slope and the water surface profiles 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 profiles are shown in Figure 21 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 400 cfs discharge within this
segment of Oak Creek Drain.

The second segment of Qak Creek Drain, extending westward from the
county line between Eddy and Wells Counties, has very limited capacity,
which causes frequent flooding of adjacent farmland. This type of
overland flow condition cannot be effectively modeled with 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 West (refer to
Figure 19). Upstream from this section line the existing channel has
the capacity to handle most flood flows.

The capacity of this portion of the channel, which is subject to
frequent flooding, was estimated for each section that the channel goes
through. Table 17 contains the estimated capacities, based on an average

slope and Manning's formula.
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TABLE 17
CHANNEL CAPACITIES -~ OAK CREEK DRAIN

Section No. Channel Capacity
(T148N,R68W) (cfs)

2k 160

23 520

22 70

27 130

28 540

2] 60

23 730

There is a large variation in channel capacities throughout this
segment of Oak Creek Drain as indicated by Table 15. These flows
can be compared with the 10 year frequency discharge of 350 cfs.
The channel in four of the six sections downstream from Section 29 have
a 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 18
ROAD CROSSING CAPACITIES - OAK CREEK DRAIN

Between Sections: Road Crossing
(T148N,R68W) Capacity (cfs)

19 & 24 95

24 & 23 160

22 & 23 50

22; [& 1217 75

27 & 28 15

2] & 28 Lo

21 & 20 50

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
established by State Water Commission criteria. The preceeding analysis
has indicated that the capacity of the channel and road crossings down-

stream from Section 29, Township 148 North, Range 68 West are inadequate.
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To alleviate this problem a diversion channel is proposed to divert
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 ratio of 4:1. The
channel is designed for a 10 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 21 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
channel to backup into the natural channel. The natural channel of Oak
Creek Drain would be handling all 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 25 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 placing 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 50-60 feet

further from the roadway.
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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 project 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 utility lines.

TABLE 19
COST ESTIMATE - OAK CREEK DRAIN

ITEM Units Quantity Unit Price Extended Price
From Water 79"'x49" Arch L.F. 360 $ 70.00 $ 25,200.00
Surface CMP
Profile
Study
87"'x63" Arch L.F. 135 85.00 11,475.00
CMP
Diversion Excavation Yds.3 160,400 0.90 144,360.00
Channel
65''x40" Arch L.F. 450 55.00 24,750.00
CMP
85"'x54'" Arch L.F. 450 80.00 36,000.00
CMP
79''x49"" Arch L.F. 135 70.00 9,450.00
CMP
Seeding Acre 35 100.00 3,500.00
24" Dia. CMP L.F. 30 18.00 540.00
36" Dia. CMP L.F. L5 30.00 1,350.00
Flap Gates Ea. 2 300.00 600.00
Estimated Construction Cost $257,225.00
Engineering, Construction lInspection and Contract Administration
(15i) 38,575.00
Contingencies (10%+) 25,800.00

Estimated Project Cost

- 63.

$321,600.00



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 improvement 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 small percentage
of the total acreage of the watershed and it is probable that the
people who conducted the survey contacted primarily individuals that own
Jand in flood prone areas. For these reasons the analysis was presented
in two parts: 1) A conservative approach that assumes that the flooded
acres 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 reduction that can be expected
if a channel improvement project is implemented. It was assumed by the
Soil Conservation Service in the calculations that an improvement project
will reduce current flood damages by 72%. Table 20 summarizes the
results of the damage~benefit analysis for the individual townships and
the entire watershed. Figure 23 shows the location of the different

townships within the watershed.
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TABLE 20
RESULTS OF DAMAGE-BENEF!IT ANALYSIS

AREA PRESENT WORTH OF DAMAGE REDUCTION (i=7%, n=50 yrs.)
Conservative Liberal Expected
Value Value Value

Entire Watershed $ 1,641,000 $5,471,000 $ 3,400,000
Oshkosh Township 250,000 346,000 290,000
Germantown Township 438,000 590,000 510,000
Cathay Township 159,000 400,000 270,000
Woodward Township 159,000 222,000 190,000
Eddy and Foster Counties | 386,000 1,550,000 940,000
Fairville Township 228,000 952,000 580,000

Table 20 indicates that a large channel improvement project can
be justified. It 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 Oshkosh 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 21

BENEFIT -~ COST CoMPARISONS

Area Damage Reduction

Improvement Costs

1. Rocky Run Creek
(A11 L4 reaches)

2. Oak Creek Drain

Eddy & Foster Co. $ 1,400,000.001/
Cathay Township
Woodward Township

Fairville Township 580,000.001/

1/ 72% of Total Damage

$ 497,400.00

321,000.00

The comparison indicates that a channel improvement project can be

justified on Rocky Run Creek and Oak Creek Drain.

It is not known

what the exact damage reduction percentage would be with the implementation

of the proposed improvements.

However, the damage reduction figures

shown exceed the improvement costs by a considerable margin by assuming

a 72% damage reduction, so it is anticipated that the damage reduction

received by the proposed improvements 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
implementation of this project. This is not intended to be a comprehensive
environmental assessment, however, it will identify subjects that would
be analyzed in detail in an environmental assessment. In the following
paragraphs several environmental catagories are identified and discussed
specifically for the Rocky Rﬁn Creek watershed.

LAND USE
The Rocky Run Creek watershed current]yﬂhas the following land use

breakdown:

Cropland
Small Grains 50%
Row Crops 18%
Fallow 15%
Rangeland 10%
Wetlands L%
Roads ' 2%
Farmsteads 1%
100%

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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AESTHETICS

The existing channel is in poor condition in some locations. In
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 significantly alter the overall
appearance of the watershed. The channel will 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 periods of time. The
implementation of this project would result in an overall improvement of
the general appearance of the watershed.

EFFECTS ON DOWNSTREAM FLOOD FLOWS

Rocky Run Creek discharges into the James River approximately 5
miles southeast of New Rockford. The hydrologic analysis indicated that
the 10 year frequency discharge on Rocky Run Creek at its confluence
with the James River is 1260 cfs. The water surface profiles computed
for the existing conditions combined with observations of area landowners
indicate that the maximum discharge from Rocky Run Creek over the years
has been approximately 600-700 cfs. Under the existing conditions,
discharges above 400cfs result in water flowing out of the floodplain
and into an adjacent watershed or isolated subbasins. [If the proposed
improvements are implemented, the capacity of the channel would be
increased such that the 10 year discharge of 1260 cfs would be contained

in 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 600 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 water proceeds downstream

on the James River.

DOWNSTREAM WATER QUALITY
The implementation of this project will not have a significant
effect on the downstream water quality. 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.

FISH AND WILDLIFE
No field data has been obtained for wildlife populations within 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~ SUMMARY

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 a%d the need for improved agricultural drainage
warrant the need for an adequate outlet that will remove the surface
runoff without hindering agricultural operations.

In 1975, a channelization project was proposed for Rocky Run Creek
with an estimated project cost of 2.7 million 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.

In order to allow for stage construction of the proposed improvements,
they are divided into two phases. Phase 1 improvements areminor localized
changes that would have an effect on the water surface profile. 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 1 and Phase 2 improvements proposed for Rocky Run Creek

and the improvements proposed for Oak Creek Drain.
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TABLE 22

COST SUMMARY

PROJECT ESTIMATED COST
'JS’QSCO.co
ROCKY RUN CREEK (Total) ====s=-cececcccaaa- $ 49740600
Reach 1
Phase | ===-=mremcmr e e e 17,000.00
Phase 2 =====mseccccmmaccccacccax 125,600.00
Total  =e—=ceccccccccccrcacecna- 142,600.00
Reach 2
Phase | ===me=assresccamnmmsnnones 17,500.00
Phase 2 =smsmemsoeasomsuiiswnes 112,100.00
Total =—==ccccmmccmccrme— e 129,600.00
Reach 3
Phase 2 =--===memmce e ae e 108,600.00
Reach 4
_ 1iBhaSler 2 Shmte e RS S s 99,700.00
OAK CREEK DRAIN (Total) =======cccmmmccaaaa- $ 321,600.00

202 100.06
Total For Watershed =-=--=--=----=-mcomcoua-- $

The economic analysis indicated 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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FIGURE 19
CROSS SECTION LOCATION
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Crosby Method
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Influent Stream
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Tractive Force -
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Profile -

GLOSSARY OF TERMS AND ABBREVIATIONS

A channel section or obstruction with Timited capacity
will cause water to build up upstream of the obstruction
and cause flooding.

Cubic feet per second, a flow rate equivalent to
7.5 gallons per second.

A hydrologic prediction model for North Dakota
developed by Orlo A. Crosby of the U.S. Geological
Survey.

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

A stream whose channel is above the normal ground-
water level.

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 10 years. There
Is a 10 percent chance that this 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 10 year period.

A flood with a recurrence interval of 25 years. There
is a b 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 DAKOTA STATE WATER COMMISSION

SWC Project ﬂ__lézi_____

AGREEMENT

For Investlgation Or Survey

THIS AGREEMENT made and entered into by and between the State Water

Commission, hereinafter referred to as the Commission, party of the first part,
and Eddy County Water Management District whose post office address

is ~— New Rockford, North Dakota
Applicant, party of the second part,

hereinafter referred to as the

WHEREAS, Eddy County Water Management District
{Hame of Applicant)
has requested the Commission to investigate, or survey, and study the feasibility
and desirability of the following proposed undertaking (describe proposed under-
taking or project): To determine the waterway openings and channel capacities
required for flood damage reduction on lower Rocky Run Creek extending frem
the mouth, upstream to the Wells County line.

and

WHEREAS, in order to investigate, or survey, and study the undertaking
proposed by Applicant, a deposit of $ 1,500.00 is required, under rules and
regulations prescribed by the State Water Commission, to cover the cost of such
investigation, or survey, and study of the feasibility and desirability of the
proposed undertaking; and

WHEREAS, if the cost of such investigation, or survey, and study does not
equal or exceed the amount 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 carried out, the entire deposit will be applied to the
cost of the undertaking as part of local contribution to its construction;

NOW, THEREFORE, the parties hereto agree as follows:

1. Applicant agrees to deposit with the Commission the sum of $ 1,500.00
to partially cover the cost of an investigation, or survey, and study of the
desirability and feasibility of the proposed undertaking.

2. Applicant agrees to obtain written permission from all affected land-
oviners whereby permission is granted to the Commission and/or contractors engaged
by them, for the purpose of surveying said lands for investigation and subsurface
explorations.

3. If, after investigation, or survey, and study of the proposed undertaking
It is determired that it is not feasible, or that it will be of no public benefit,
or if the Applicant shall notify the Commission of abandonment of the proposed
undertaking, or if the Applicant fails to show an intent to proceed with the
undertaking within 18 months after the date of the deposit, the Applicant shall
be furnished a statement of the expenses incurred in conducting the investigation,
or survey, and study thereof, and any balance of Applicant's deposit remaining
unexpended shall be returned to Applicant.

L. |If, however, the proposed undertaking shall, after investigation, or
survey, and study, be found to be feaslble, and of benefit to the public, the
Applicant shall be notified accordingly.

Dated this Bth day of October , 1975

s 3

i / " 4

o /
[//,/ﬁﬁ,(f% s NORTH DAKOTA STATE WATER COMMISSION
By: Albert Haas, Chairman By:
Eddy County Water Management Distrlct jw”) Cé/é/
(AppTicant) Secretary and Chief Efgineer

Distributlicn
Appiicant (I) =
SWC Project File {1) (go0-ne

(1]
SWC Accountant (1) Buy _North Dakota Products' SWC Form #98
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@ @ SWC Project #1633

August 1977

AGREEMENT
Preliminary Investigation
by the
North Dakota State Water Commission

I. PARTIES
THIS AGREEMENT is between the North Dakota State Water Commission, hereinafter
referred to as the Commission, acting through the State Engineer, Vern Fahy; and
the Board of Commissioners, Wells County Water Managemeét District, acting through

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

1}. INTENT OF AGREEMENT
The Commission and the Boards have concurrent jurisdictlon to alleviate, to
the extent possible, flooding in the state:

61-02-01. WATER CONSERVATION, FLOOD CONTROL, AND ABATEMENT OF STREAM
POLLUTION DECLARED A PUBLIC PURPOSE.) It Is 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 In this state, public or private, navigable or unnavigable, surface
or subsurface, the control of floods, and the regulation and prevention of
water pollution, involve and necessitate the exercise of the sovereign
powers of this state in investigating, constructing, maintaining, regulat-
ing, supervising, and controlling any system of works involving such subject
matter embraces and concerns a single object, and that the state water con-
servation commission in the exercise of its powers, and in the performance
of all its official duties, shall be considered and construed to be perform-
ing a governmental! functlon for the benefit, welfare, and prosperity of all
the people of this state.

61-02~14. POWERS AND DUTIES OF THE COMMISSION.) The commission shall
have the full and complete power, authority, and general jurisdiction:

1. To investigate, plan, regulate, undertake, construct, establish,
maintain, control, operate, and supervise all works, dams, and
projects, public and private, which in its judgment may be nec-
essary or advisable:

* % %

¢c. To control and regulate flood flow in the streams of the state
to minimize the damage of such flood waters;

L

g. To develop, restore and stabllize the waters of the state for
domestic, agricultural and municlpal needs, irrigation, flood
control, recreatlon, and wildlife conservation, by the construc-
tion and malntenance of dams, reservoirs and diversion canals;

h. To promote the maintenance of existing drainage channels in
agricultural lands and ‘to construct any needed channels;

ELIE

J. To finance the construction, establishment, operation, and
malntenance of publlc and private works, dams, and lrrigation
projects, which In lts Judgment may be necessary and advis-
able;
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1. To provide for the drainage of lands injured by or susceptible
of injury from excessive rainfall or from the utilization of
irrigation water, and subject to the limitations prescribed by
law, to ald and co-operate with the United States and any de-
partment, agency, or officer thereof, and with any county,
township, drainage district or irrigation district of this
state, or of other states, In the construction or improvement
of such drains;

Y % &

"2, To define, declare, and establish rules and regulations:

b. For the full and complete supervision, regulation, and control
of the water supplles within the state;

* % X

d. Establish rules and regulations governing and providing for
financing by local participants to the maximum extent deemed
practical and equitable in any water development project in
which the state participates in cooperation with the United
States or with political subdivisions or local entities.

L

5. To exercise all express and implied rights, power and authority,
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 implied incldentally thereto or lawfully connected
therewi th;

61-02-24.1 COOPERATION AND PARTICIPATION OF POLITICAL SUPERVISORS.)
All politlcal subdivisions, Including but not limited to, counties,
townships, cities, villages, park districts, and water management dis~
tricts may separately or jointly with other political subdivisions, the
state or federal departments or agencies, investigate, plan and do all
things necessary for participating in or undertaking underground or sur-
face water surveys, development, construction, reconstruction and main-
tenance of works, dams, and projects for the beqeficia] utilization and
control of water resources. .

61-16-11. POWERS AND DUTIES OF BOARD OF COMMISSI10ONERS.) The board
of commissioners shall have the power:

L N

54 To plan, locate, relocate, construct, reconstruct,
modify, maintalin, repair, and control all dams and
water conservation devices of every nature and water
channels and to control and regulate the same and
all reservolrs, artiflcial lakes, and other water
storage devices within the district;

* & %

6. To malntain and control the water levels and the
flow of water in the bodies of water and streams
involved in water conservation and flood control
projects within Its district, and regulate streams,
channels or watercourses and the flow of water
therein by changing, widening, deepening, straight=
enlng the same or otherwise improving the use and
capaclty thereof;



7. To regulate and control flood waters for the preven-

_ tion of floods, by deepening, widening, straightening
or dyking the channels of any stream or watercourse
within its district, and construct reservolrs or other
means to hold and control such waters;

* ko

11. To have, in addltion to any powers provided in this
chapter, all of the powers conferred by statutes upon
a board of county drain commissioners;

61-21-02. WATERCOURSES, DITCHES, AND DRAINS MAY BE CONSTRUCTED, MAIN-
TAINED, REPAIRED, IMPROVED, OR EXTENDED.) Watercourses, ditches, drains, and
improvements thereto for the drainage of sloughs and other low lands may be
surveyed and investigated and established, constructed, maintained, repaired,
improved, and cleaned out in the several counties of this state under the
provisions of this chapter wherever the same shall be conductive to the public
health, convenience, or welfare. The powers conferred by this chapter and
this section shall extend to and include but shall not be limited to:

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

2, The straightening, clearing, or cleaning out and deepenling
of channels of creeks, streams, and rivers, and the con-
struction, maintenance, remodeling, repairing, and extension
of levees, dikes, and barriers for the purpose of drainage;

3. The location or extension of any drain if such location or
extension is necessary to provide a suitable outlet or reason-
ably drain lands within a practical drainage area of such
drains;

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

5. The establishment and construction of lateral drains with
outlets in drains already constructed. i

Attached to this agreement, and made a part heréof, is a letter dated August
2, 1977, from the Board to the Commission. The lettec, and accompanying discussions,
indicate the Board will act as the lead board for Wells, Eddy and Foster Counties
in this Joint project. Therefore, this agreement will be between only the Commission
and the Board; other supplementary agreements between the Board and the Boards of
Commissioners for Eddy and Foster Counties Water Management Districts will be the
resﬁonsibllity of the Board.

It is the Intent of the Commission that the funds discussed herein will be
uttllzed to develop water surface profiles along Rocky Run Creek and portions of
Its tributaries to determine the effect of existing channel conditions and structures
on selected flows. These water surface profiles will show actual depth of flow In
the channels at these flows, taking Into account all back water due to obstructlion

In the channel, as well as Inadequate bridge or culvert openings.
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{11, PROJECT LOCATION
The Investigation will include Rocky Run Creek and portions of its tributaries

as they occur in Foster, Eddy and Wells Countles.

Iv. COST
The Board shall deposit $500 with the Commission. Upon completion of the
water surface profile invéstigation, the Commission will bill the Board for 50%
of the costs to do the investigation as Incurred by'the Commission (but not to
exFeed $5,000) and will include all fees necessary to conduct the Investigation.
503 (but not to exceed $5,000) will be provided by the Commission. Cost accrual
will begin on August 22, 1977. Payment shall be made by the Board within thirty

days of receipt of the billing statement. '

V. RIGHTS OF ENTRY
The Board agrees to obtain written permission from any affected landowner
for surveys or surface investigations by the Commission which are required for

the preliminary investigations.

VI. INDEMNIFICATION
The Board hereby accepts reponsibility for, and holds the Commission free from,
al] claims and damages to public or'private properties, rights, or persons arising
out of thls investigation. In the event a sult is initiated or judgment entered
against the'Commission, the Board shall indemnify it .for any judgment arrived at

or judgment satlsfied.

BOARD OF COMMISSIONERS NORTH DAKOTA STATE WATER COMMISSION
WELLS COUNTY WATER MANAGEMENT DISTRICT

¥ Le6/) 222am) ﬁz /t/}’-/ev __J-_éﬂla!i%ﬁ—_-__
Lhairman ] Vern Fahy

State Engineer

DATE ¢ DATE

7 |
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Rocky Run Watershed - Economic Data st 4, 1977
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Attached is economic analysis for the Rocky Run Watershed. The analysis
ig based upon interview data gathered by several local individuals.

Yield data information under flooding and flood free conditions were pro-
jected to the approximate midpoint of the project by use of Economic Re-
search Service (ERS) projections. These yield projections are a normal
economic consideration to properly reflect the expected technological
advances that will occur over time.

The prices used on Page 3 for various crops, in some cases, show a wide
deviation from actual present day prices. The Soll Conservation Service
Economist is locked into and compelled to use prices set up by the Water
Resources Council (WRC). These prices reflect a ten year average less
government payments. Usually when one attempts to project into the future
these prices are somewhat more comfortable to present than the current
market price.

As you will notice on the attached Damage-Benefit Analysis sheets, the
acres included in the interview in comparison to the acres in the town-
ship, county or watershed, in some cases, 1s a very small percentage. With
this in mind, we have presented the material under two analysis; 1) a
conservative approach or as listed (unexpanded data) and (2) a more liberal
approach in which we say the uninterviewed acres suffer damage to the same
degree and extent as those interviewed and this approach is listed as (ex-
panded data). It is safe to assume that the people making the interviews
probably contacted those individuals more subject to a problem. The con-
clussion would be that the most accurate economic interpretation is some-
where between these two presentations.

It has been an enjoyable experilence working with you and your agency on
this project. If I can be of further help on this or similar projects,
give me a call.

ot

Bruce 0. Clark
Economist

cc: Richard Axvig, SCS, DC, Fessenden, ND 58438

~va
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. Crop

——

Wheat (Bu.)
(Durum included)

Barley (Bu.)
Oats (Bu.)
Flax (Bu.)
Hay (Tcns)

Sunflowers (Cwt.)

ROCKY RUN WATERSHED
E.R.S. YIELD PROJECT IONS

. LRA (Land Resource Area) 55
SRG (Soi | Resource Group) 120

Yield
1980

33

42
45"
12

|.8

Year
2000

42

53
56

2.4

Pa

B. Clark

Factor

ge |

6/77




Page 3

B. Clark
6/77
ROCKY RUN WATERSHED
* NET COMPOSITE ACRE VALUE
wW/0 PROJECT
' Gross Net 4 Net
Crop Yleld Price 1/ Return Productlon Return * Comp. Comp. :
(Pro]ecfed) Per Acre Costs Z/ Per Acre Acre Return
Wheat 29.5 bu. 4.19 $124 $87 $37 4.4 $15.32
Barley 39.5 2.58 102 ) 67 35 6.9 2.42
Flax 3.6 6.46 62 49 13 5.3 .69
Oats 42.0 1.32 55 36 19 5.1 .97
Hay (all) |.7 tons 37.04 63 30 ' 33 11.9 3.31
Sunflowers 1170 lbs. 10.00 - 117 70 47 4.7 2.21
Fallow _ ’ 24.7
TOTALS 100% $24 .92

1/ Price Base - WRC (Water Resource Council) October 1976.

S

2/ Production costs Include all oﬁéféfioﬁs necessary to produce a harvestable crop, such Items as seed,
fertilizer, herbiclide, crop insurance, fuel, repalr, labor, interest on caplitol, harvest costs, owner-

ship costs, land and management charges.

L ..F



Crop

Wheat
Barliey
Flax

Oats

Hay (all)
Sunflowers

Fallow

1/ Price Base - WRC (Water Resource Councl!) October 1976.

Yield

(Projected)

48.2 bu.
63.6

17.2

60.0

2.0 tons

1248 Ibs.

ROCKY RUN WATERSHED

NET COMPOSITE ACRE VALUE

WITH PROJECT

Gross®
Price 1/ Return
Per Acre
4.19 $202
2.58 164
6.46 1
.32 79
37.04 74
10.00 125
TOTALS

Difference (with project)
(without project)

2/ Refer to footnote #2, page 3.

Production

Costs 2/

$95
74
54
40
33

75

Net
Return

Per Acre

$107
90
57
39
41

50

Comp.
Acre

41.4

6.9

24,7

100%

Page 4
B. Cla
6/77

rk

Net
Comp.

Return

$44.30
6.21
3.02
If99
4.88

2.35

$62.75



Page 5
Rocky Run W/S
DAMAGE - BENEFIT ANALYSIS
Rocky Run W/S

Acres in watershed: . (approx.) 163,000 273 o
Acres in w/s included in interview: (approx.) 39,340 Y, 390 &
Interview acres with a water problem: |/ 8,880 —
Frequency of problem: Interview data showed that a frequency of the waTer

problem varied from a very rare event, to one of an annual event; this computed
to 3,780 acres with an annual problem.

Unexpanded Data:

BenefiT analysis: 3,780 acres (x) 37.83 2/ = 142,997 Damage
| tem Present Damage Damage W/Project Reduction 3/
Crops 142,997 40,039 247 7 102,958 7~
Other Agric. (5%) 7,150 2,002 : 5,148
Sub-total 150, 147 * . 42,041 108,106
Indirect (10%) 15,015 4,204 10,811
Total " 165,162 46,425 118,917 4/
Expanded Data: 43 340 o,
163,000 w/s acres (+) 395340 = 4m 230 - o,
8,860 problem acres (x) #wH 3%= 365432 LZED 43
3,780 acres (+ ) 8, 880 acres = 42%- 457 u/,
ZQ3Wf -36-.432 acres (x) 42% = 155304 i ?:ALH
Benefit ‘Analysis: rﬁ—iﬁ‘r (x) 37.83 2/ = 538783% =" Damage
| tem I<+°1 present Damage 474 ¢ Damage W/Project Reduction 3/
Crops 58,831 ~ iu, 01 ¢ 133471 462507 :
Other Agric. (5%) 285942 3§55 G677 Py
Sub-total 66779 sl 52 lvﬂ/%q +7651+78
Indirect (10%) 605778 50000 s H5048 2 on g
Total 668155; 550 _55;1‘ 1341 q ].8174&5 37?;;""“/“124"8""':—6'1_',3 r,

o
1/ The area described a water problem area has not been fully field observed
as to the exact nature of the problem, but includes such items as flocoding, .
drainage, wetlands, salt or saline and etfc.

2/ Net return per composite acre for with project condition less without project
condition $62.75 (-) $24.92 = $37.83.

3/ Approximately 72% reduction in damages due to structural works.

4/ 118,917 average annual will support approximately the follwoing works of
~  improvement.
Interest Rate © ‘Total Installation Dollars
6 3/8 (amortized for 50 yrs.} {approx.) |,780,000
7 (approx.) |,641,000
8 (approx.) |,452,000
5/ 481,36 average ann. will support approximately the following works of
~  improvement. .
Inferest Rate Total Installation Dollars ~
6 3/8 (amortized for 50 yrs.) (approx.) 4,207,000 5, 93 1&
7 (approx.) 6—645"668‘513.155’
8 (approx.) 558785000 4,87/ L



DAMAGE - BENEFIT ANALYSIS

For Oshkosh Twp.of Rocky Run W/S

Township acres in watershed:
Acres in township included in interview:

Interview acres with a water prcblem: A/
Frequency of problem:

(approx.)
(approx.)

Interview data showed ThaT

from 3 to 4 years out of every 10, a water problem

was experienced; this computed to 576 inferview

acres with an annual problem.

Unexpanded data:
Benefit analysis:

576 acres (x) 37.83 2/

| tem Present Damage Damége W /Project
Crops 21,790 ' 6,101
Other Agric. (5%) 1,090 . 305
"Sub-Total 22,880 6,406
Indirect (10%) 2,288 641
TOTAL 25,168 7,047
Expanded data: :
9,600 Twp w/s acres (+) 6, 800 acres interview = |, 4|
1,714 problem acres (x) |.41 = 2,417
1,714 acres (+) 576 ® 33
2,4I7 acres (x) 33 = 798
Benefit analysis: 798 acres (x) 37.83 2/ =30,188
| tem Presont Damaae Damage VW/Project
Crops 30,188 8,453
Other Agric. (5%) 1,509 423
Sub-Total 31,697 8,876
Indirect (10%) 3,170 888
TOTAL - 34,867 9,764
I/ Refer to footnote #1, page 5.

o

2/ Refer to footnote #3, page 5.
3/ Refer to footnote #4, page 5.

Interest Rate
6 3/6 (amortized for 59 years)
7
8

2/ 25,103 average ann. will support approximately the following works of improver

Inferest Rate
g 3/8 (amortlzed for 50 years)
6

Total |

AL
o8

at

Rocky Run W/S

9,600
6,800

1,718V

21,790

Damage
Reduction 3/

15,689
785
16,474
1,647
18,121 5/

acres with anncal

prcbler
Damege
Reduction 3/
2l " 3735
1,086
22821
2,282
25,103 2/

47 18, 12| average ann. will support approximately The tollowing works of improvem

nsfallafion Dol'lars

(approx.)
(approx.)
(approx.)

271,000
250,000
221,000

Yotal Installation Collars
(approx.) 370,000
(approx.) 346,000
(approx.) 307,000

—




Rocky Run VW/S

DNAAGE - BENEFIT ANALYSIS
For Germantown Twp of Rocky Run W/S

Yownship acres in watershed:
Acres in township included in interview:

Intervicw acres with a water prcblem:_l/

Frequency of
frequency of
to
this computed 1o

prob lem:

|,008 interview acres Wi

Unexpanded dz2Ta:

Interview data revieled that the
the water problem varied from an annual problem,

| year out of every 10, this water problem was experianced;
th an annual problem.

(approx.)‘|7,ooo
(approx.)} 6,6407

2,326

38,133

“~BoncliT anaiysis: 1,008 acres (x) 37.83 2/
? ’ : - Damage
1tem Present Damage Damace W/Proiject BEQHSIiSD.E/

- Crops 38,133 10,677 27,456
Other Agric. (5%) {1,907 534 . 1,373
Sub-Total 40,040 1,211 28,829
Indirect (102) 4,004 1,121 .2,883

TOTAL 44,044 12,332 31,712 4/
§§pandcd data: ' -
17,000 Twp w/s acres (+) 6,640 acres interview = 2.56

2,326 problem acres (x) 2.56 e 5,955
2,326 acres (+) 1,008 = 23%
5,955 acres (x) 23 E 1,370 acres with annual

4 _ . prot lem

Benefit analysis: - acres (x) 37.83 2 =

1y 1,370 2/ 51,827 Damage
ftem Piesent Damage Damage W/Project Reduction '3/
Crops 51,827 14,512 ' 37,315
Other Agric. (5%) 2,591 726 1,865 "
Sub-Total 54,418 15,238 39,180
TOTAL - 59,860 16,762 43,098 5/
1/ Refer to footnote #1, page 5.
2/ Refer tfo footnote #3, page 5.
3/ Reter to footnote 24, page 5. _
4/ 31,712 average ann. will support approximately the followlng works of improvem

~ Interest Rate
g 3/6 (omortized for 50 years)
8

2! 43,098 average ann.

Interest Rate

6
7
6

3/8 (amortlzed for 50 years)

Yotal Ins+allation Collars
(approx.) 475,000
(approx.) 438,000
tapprox.) 387,000

will support approximately the following works of improver

Total lnstallation Dollars
(approx,) 039,000
(approx.) 590,000
(opprox.) 526,000




Rocky Run ¥/S

DAMAGE - BENEFIT ANALYSIS
For Cathy Twp of Rocky Run W/$

Townshlp acres in watershed: (approx.) 23, 000‘//
Acres in township included in interview: (approx.) 9, gggw'

Interview acres with a water problem: I/

Frequency of problem: interview dafa Showed that the
frequency of the water problem varied from an occassional
occurance, 1o-on of almost every year; this computed to
367 acres with an annual problem. :

Unexpanded data:

Benclii enalysis: 367 acres (x) 37.83 2/ = 13,884
y ~ : Damage
{tem Present Damage Damace V/Project Recduction 3/
C[Ops 13,884 3,887 9,997
Other Agric. (5%) 694 194 - 500
© Sub-Total 14,578 4,081 10,497
Indirect (103) 1,458 408 ’ 1,050
“TOTAL " 16,036 4,489 11,547 4/
Expanded data: ' '
23 000']wp W/s acres (+) 9,080 acres interview = 2,53
639 problem acres (x} 2.53 _ s  |,617
367 acros (+) 639 . 57% 4
1,617 acres (x) 57% ' x B 922 acres with annual
; _ _ : problen
Benefit analysls: 922°acres (x) 37.83 2/ = 34,879
" - . Dzmage
| tem Present Damaae Damage W/Project ~ Reduction 3/
Crops 34,879 9,766 25,113
Other Agric. (5%) |,744 488 1,256 °
Sub-Total 36,623 10,254 26,369
Indirect (10%) 3,662 1,025 2,637
TOTAL 40,285 1,279 29,006 5/
1/ Refer to footnote #1, page 5.
- 2/ Refer o footnote #3, page 5.
3/ Refer to footnote #4, page 5.
4/ 11,547 average ann. will supporf approximately The followung vorks of nmprcvenenf
Interest Rate Yota! Installation Collars
6 3/6 (omortized for 50 years) (approx.i 175,000
7 Copprox.) 159,000
s (approx.) 141,000

2! 29,006 average ann. wlll support approximately the following works of imProvement'

Interest Rate ; Total Installation Dollars
6 3/8 (amortlzed for 50 years) (approx.) 434,000
1 . i (approx.) 400,000

8 o (approx.) 354,000

A e e



sy Rocky Run W/S

DAMAGE - BENEFIT ANALYSIS
For Woodward Twp of Rocky Run W/S

Townshlp acres in watershed: Capprox.) 11,000
Acros in township inciuded in interview:. . (approx.) 8,000:f
Interview acres with a water prcblem: ll ' |.33?
Frequency of problem: Interview data showed that the
frequency of the water problem varied from |.year in 2
to | year in 20, this compufed to 367 acres with an
annual problem ;
Unexpanded data: ' .
~Benolil analysis: 367 acres (x) 37.85 2/ = 13,884
, _ : . Damage
i tem Present Damage Damage W/Project Reduction 3/
Crops 13,884 3,887 9,997
Other Agric. (52) 694 - 194 500
Sub-Total 14,578 4,081 10,497
Indirect (103) - 1,458 408 1,050 :
o . . ]
TOTAL 16,036 4,489 11,547 4/
Expanded data: -
=1,000 Twp w/s acres () 8,000 acres interview 1,375

|,332 problem acres (x) .37 & 1,825
367 acres () 1,332 = 28%
1,825 acres (x) 287 ‘ = 511 acres with ennual
: problem
Bencfit analysis: 511 acres (x) 37.83 2/ = |9,33|
: - Damage
| tem Piresent Damzge Damage W/Project Reduction 3/
Crops 19,331 5,413 13,918
Other Agric. (5%) 967 271 696
Sub-Total 20,298 5,684 14,614
Indirect (10%) 2,030 568 |,462
TOTAL 22,328 6,252 16,076 3/
1/ Refer to footnote £1, page 5. o
2/ Refer to footnote £3, page 5.

3/ Refer to footfnote #4, page 5. N
ﬂ/ 11,547 average ann. wlll supporf approximately The following works of imprcvemenf-
lnfergsf Rate Tota! Installation Dollars
6 3/8 (amortized for 50 years) (approx.) 175,000
2 (approx.) 159,000
8 (approx.) 141,000

5/ 6,076 average ann. will

Interest Rate
g 3/8 (amortlzed for S0 years)
8

Tofql Instatlation Dollars

support aspproximately the following works of improvement

(approx.?
(approx.)
(approx.?

241,000
222,000
196,000



DAMAGE - BENEFIT ANALYSIS " Rocky Run /S

For Eddy & Foster Counties of Rocky Run W/S

Eddy County acres in w/s: (approx.) 36,500
Foster County acres in w/s: (approx.) 2,500
Acres included in interview: : ' 9,650
Interview acres with a water problem: |/ / . }22&,9 .
Frequency of problem: Interview datfa shewed that the ?requency of the

water problem varied from an annual problem, to one year in three; this
computed to 890 acres with an annual problem.

’

Benefit Analysis: 890 acres (x) 37.83 2/ = 33,669 Damage

| tem Present Damage Damage W/Project Reduction 3/

Crops 33,669 9,427 24,242

Other Agric. (5%) 1,684 472 1,212

Sub-total 35,353 . 9,899 25,454

Indirect (10%) 3,535 990 2,545
Total 38, 888 10,889 27,999 4/

Expanded Data:

39,000 County w/s acres (+) 9,650 = 4.04
2,265 problem acres (x) 4.04 = 9,151
890 acres (+) 2,265 = 39%

9,151 acres (x) 39%

Benefit analysis: 3,569 acres x 37.83 2/ = 135,015 Damage
ltem Present Damage +  Damage W/Project Reduction 3/
Crops 135,015 37,804 97,211

"Other Agric. (5% 6,75! 1,890 4,861
Sub-total 141,766 39,694 102,072
Indirect (10%) 14,177 3,970 10,207

Total 155,943 43,664 ' 112,279 =

1/ Refer to footnote #!, page 5.

2/ Refer to footnote #3, page 5.

3/ Refer to footnote #4, page 5.

4/

27,999 average annual will support approximately the following works
of improvement. .

Interest Rate Total Installation Dollars

6 3/8 (amorized for (approx.) 419,000

7 50 years) (approx.) 386,000

8 (approx.) 342,000
112,279 average ann. will support approximately the following works of im--
provement.

Interest Rate Total Installation Dol lars

6 3/8 (amortized for (approx.) | ,681,000

7 50 years) (approx.) 1,550,000

8 (approx.) 1,371,000

3,569 acres with annual problem.



Rocky Run V/S

DAMAGE - BENEFIT AMALYSIS
For Falrville Twp of Rocky Run W/S

TYownshlp acres in watershed: (approx.) 23,000
Acres in township included in interviews (approx.) 5,490

v
Interview acres with a water preblem: 1/ 1,2757

Frequency of problem: Interview data showed that the frequency

of the water problem varied frem an occasional event;to other areas

that experienced water problems 7 years out of every 8, Thls

computed to 525 acres with an annual prob lem. A . .

Unexpanded data:

~ BenefiT analysis: 525 acres (x) 37.83 2/ = 19,860
- _ . Damage
{ tem Present Damage Damage W/Project Reduction 3/
Crops 19,860 5,561 14,299
Other Agric. (5%) 993 278 715
Sub-Total _ 20,853 5,839 15,014 ‘
Indirect (10%) 2,085 584 1,501 )
TOTAL 22,938 6,423 16,515 e
. . Expandcd data: N
23,000 Twp w/s acres (#) 5,490 acres interview = 4.19
1,275 problem acres (x) 4,19 B 45,342
525 acres (+) 1,275 .. = 41%
" 5,342 acres (x) 41% = 2,190 acres with annual
. ) : problem
H < S H K= =
Benefit analysis: 2,190-acres (x) 37.83 2/ 82,848  Dumage
Item Piesent Damage Damage W/Project . Reduction "3/
Crops 82,848 23,197 59,651
Other Agric. (5%) 4,142 1,160 2,982
Sub-Total 86,990 24,357 62,633
Indirect (10%) 8,699 ' 2,436 6,263
TOTAL - : 95,689 26,793 68,806 2/

1/ Refer to footnote #1, page S. - S
"2/ Refer ta footnote #3, page 5. 8
3/ Reier to footnote f4, page 5. :
4/ 16,515 average ann. wlll support approximately 1he following works of lmprovemenf
Inferest Rate - Total Installation Do!lars

.6 3/8 (amortized for 50 years) (approx.) 247,000

1 (approx.) 228,000

6 : (approx.) 202,000

2/ 68,986 average ann. wlll support approximately the following works of improvement

Inter 41;Ra#e Yotal Installation Dollars
6 3/8 (amorflzed for 50 years) (approx.) 1,033,000
g . (approx.) 952,000

(opprox.) 842,000
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