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EXECUTIVE SUMMARY 

This report, prepared for the Wyoming Water Development Commission 

(WWDC), presents the results of a Level II Feasibility Study of 

rehabilitation of the Highline Ditch. The Highline Ditch Company 

submitted an application for assistance to the WWDC and is the project 

sponsor for the study. Primary objectives of the study were to: (1) 

determine the feasibility of constructing a pipeline to replace critical 

(hi gh-ma i ntenance) porti ons of the upper reach of the di tch in Tongue 

River Canyon and (2) develop Level II (feasibility-level) cost estimates 

for alternate pipe materials, construction methods, water delivery 

schedules or operating methods to reduce water losses and annual 

maintenance expenses and to increase the ditch capacity. 

Water rights for the Highl ine Ditch were researched to determine 

the total diversion right and diversion records were obtained to 

determine historic use of the ditch. The present capacity of the ditch 

was determi ned to be governed by the all owab 1 e depth in the reach 

immediately upstream from a reach where the flows are conveyed in a 

42-inch corrugated metal pipe. At this point the maximum flow is 24 to 

25 cfs, which is only about 60 to 62 percent of the total diversion 

right, including surplus (pre-March 1945) rights, of 40.18 cfs. 

A field reconnaissance of the ditch was conducted during the summer 

of 1987 to identify problem areas. Ditch operators were interviewed to 

discuss historic maintenance issues, and the portions of the study reach 

of the ditch where the cost of maintenance is excessive were located. 

Areas with visible seepage losses and capacity problems were also 

identified. 
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The study reach of the ditch was surveyed to determine elevations 

and dimensions for hydraulic computations and design studies. The 

survey showed that the overall slope of the ditch varies considerably 

over the length of the study reach. The existing pipel ine section of 

the ditch has a slightly adverse slope which reduces the capacity of the 

ditch. 

A canal loss study was conducted to locate the reaches within the 

study section of the ditch where seepage losses are most severe. Losses 

were found to be substantial throughout the study reach, including the 

section that is presently concrete-lined. Losses through the 

concrete-l i ned secti on were greater than losses typi ca lly seen in an 

unlined ditch of the same length and dimensions. 

The subsurface condi ti ons along the 1 i ned secti on of the study 

reach were investigated to determine the cause of cracking and heaving 

of the concrete 1 iner. Boreholes were dri lled and logged at regular 

intervals along the concrete-lined section. Slumping and expansive 

soi 1 s were rul ed out as potenti a 1 causes of the damage. The probable 

cause of the damage was determi ned to be freezi ng and thawi ng of the 

saturated soil beneath the concrete liner. 

Six alternatives for rehabilitation of the entire study reach were 

evaluated. Preliminary designs were prepared and materials costs were 

obtained from local vendors. Installation costs were estimated and the 

total cost of each alternative was determined. Two of the alternatives 

were eliminated on the basis of cost and two were eliminated because 

they failed to meet the objectives of the project. 

The two remaining alternatives were chosen for further study: 

Alternative 1 and Alternative 3. Alternative 1 consists of replacing 
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The two remaining alternatives were chosen for further study: 

Alternative 1 and Alternative 3. Alternative 1 consists of replacing 

the entire study reach of the ditch with a pipeline and has a total cost 

of approximately $242,000. Alternative 3 consists of replacement of 

portions of the study reach of the ditch with a pipeline and lining the 

concrete-lined section with a high density polyethylene liner. 

Alternative 3 also includes slope stabilization and drainage for the 

section that is presently concrete 1 ined and an access road to the 

portion of the study reach that will not be rehabilitated. The total 

cost of Alternative 3 is about $149,300. 

The study section of the ditch was also studied by reach in order 

to establish priorities for a phased plan of rehabilitation. Several 

alternatives were developed for each reach, and costs were estimated for 

each a 1 terna t i ve. A preferred a 1 terna t i ve for each reach was chosen 

based on cost or ability to meet the project objectives. A combination 

of the preferred alternatives for each reach is identical to Alternative 

3 for rehabilitation of the entire study reach. The total costs for the 

preferred alternative for each reach are; Reach 1 - $49,300; Reach 2 -

$0.00; Reach 3 - $33,700; and Reach 4 - $66,300. Reaches are shown on 

Figure 3.1. 

Historical maintenance costs for the entire Highline Ditch were 

obtained from the Highline Ditch Company. The proportion of the total 

cost attributable to the study section was estimated and used to 

estimate annual general maintenance expenses for the study reach. 

Construction costs for replacement and improvement projects undertaken 

over the years were added to general maintenance costs to obtain total 

annual maintenance costs. These costs were adjusted to 1987 dollars and 
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averaged over the period of record to determine the average annual 

mai ntenance cost for the study reach. The average annual mai ntenance 

cost is approximately $10,500. 

The financial feasibility of each of the chosen alternatives was 

determined based on the expected reduction in annual maintenance costs. 

The annual amortization cost of each alternative was estimated assuming 

that the WWDC would provide a grant for 50 percent of the total cost and 

a loan for the remaining 50 percent at 4 percent interest over a 30-year 

peri ad. The rate of return that coul d be expected from investment in 

each rehabilitation alternative was determined and priorities were 

established for rehabilitation on a reach-by-reach phased plan. 

The annual amortization cost of Alternative 1 ;s approximately 

$7,000. The estimated annual reduction in maintenance costs is about 

$9,975. The rate of return on investment for rehabilitation under 

Alternative 1 is about 8.2 percent. 

Total annual amortization cost for Alternative 3 is about $4,320 

and the expected annual reduction in maintenance costs is approximately 

$9,135. The rate of return on investment is about 12.2 percent. 

Annual amortization costs for Reaches 1-4 under the phased plan of 

rehabilitation are $1,425, $0, $973, and $1,920, respectively. Expected 

annual reduction in maintenance costs for Reaches 1-4 are: Reach 1 -

$898, Reach 2 - $0.00, Reach 3 - $3,990, and Reach 4 - $4,200. The rate 

of return on investment is 3.6 percent for Reach 1, not meaningful for 

Reach 2, 23.7 percent for Reach 3, and 12.7 percent for Reach 4. 

Reach 3 would receive the highest priority for rehabilitation under 

the phased plan based on rate of return. Reach 1 has the lowest rate of 

return among reaches requiring work but must be included with Reach 3 
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because the pipeline must be extended upstream into Reach 1 in order to 

obtain enough head to del iver 30 cfs through the existing pipel ine. 

Reach 4 is the second priority for rehabilitation based on rate of 

return on investment. 

Alternatives 1 and 3 were also compared based on the total cost, in 

1987 dollars, over a 40-year period in order to take into account the 

shorter 1 ife of the high density polyethylene 1 iner. Total cost of 

Alternative 1 over a 40-year period is approximately $278,000. 

Alternative 3 has a total cost over the 40-year period of about 

$247,900. 

Both Alternative 1 and Alternative 3 are feasible from an economic 

standpoint. Alternative 3 is recommended because of its lower initial 

capital cost and its lower cost over a 40-year period. 

If a phased rehabilitation plan is chosen, rehabilitation of 

Reaches 1 and 3 should be the first priority. Reach 3 has the greatest 

rate of return on investment and rehabilitation of Reach 1 is necessary 

to obtain the full benefit of rehabilitation of Reach 3. The second 

priority would be rehabilitation of Reach 4. 
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1.0 INTRODUCTION 

HIGHLINE DITCH REHABILITATION PROJECT 

LEVEL II FEASIBILITY STUDY 

1.1 Purpose and Scope of Work 

The Highline Ditch Company submitted an application for assistance 

to the Wyoming Water Development Commission and is the project sponsor 

of a Level II Feasibility Study of rehabilitation of the Highline Ditch. 

The WWDC selected Western Water Consultants, Inc. to conduct the study, 

and the results are presented in this report. 

Maintenance costs for the upper section of the Highline Ditch have 

been excessive due to the location of the ditch in the narrow Tongue 

River canyon where it traverses steep sideslopes and is often damaged by 

rockfalls. The poor condition of sections of the ditch results in the 

loss of a substantial portion of the diverted water to leakage. The 

purpose of this feasibility study is to determine cost-effective 

measures for rehabilitation of the portion of the ditch in the canyon 

and immediately downstream therefrom. Objectives of the study include 

determining the feasibility of constructing a pipeline to replace 

critical portions of the ditch and developing Level II 

(feasibility-level) cost estimates for alternate pipe materials, 

cons truct i on methods, water de 1 i very or opera t i ng methods to reduce 

water losses and annual maintenance expenses. 

The feasibility of increasing the capacity of the ditch is also to 

be studied. The present capacity of the ditch is limited by the 

capacity of the existing corrugated metal pipeline in the upper reach of 

the study section to approximately 25 cubic feet per second (cfs). An 
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increase of capacity to approximately 30 cfs would be beneficial, but an 

increase above this flowrate would exceed the capacity of the lower 

reaches of the ditch. The contract with WWC suggested investigating a 

capacity of 45 cfs. At the public scoping meeting, the sponsors 

recommended the 30 cfs value as the maximum capacity desired. 

1.2 Project Location 

The Hi gh 1 i ne Di tch di verts water from the Tongue Ri ver in Tongue 

River Canyon near Dayton, Wyoming and is the first diversion from the 

river as it reaches the foothills of the Big Horn Mountains. The total 

length of the ditch is approximately ten miles, and it serves irrigators 

along the north side of the Tongue River and in the Amsden, Smith, and 

Columbus Creek Drainages. The location of the ditch is shown on Figure 

1.1 and on the larger scale map included as Appendix F. 

The diversion structure, located in the Tongue River approximately 

0.6 mile upstream from the mouth of the canyon, consists of a boulder 

dam across the river which routes flow to a concrete headwall containing 

two rectangular slide gates. The ditch parallels the river from the 

di vers i on to the mouth of the canyon. A recreati on area access road 

a 1 so para 11 e 1 s the ri ver through the same section of the canyon. The 

ditch lies between this road and the river for approximately the first 

1,735 feet, after which it crosses the road and continues above the 

road. After the box cul vert under the road, the di tch cons i sts of 

approximately 1,760 feet of trapezoidal concrete-lined channel located 

on an earthen pad constructed along the canyon wall above the road. The 

ditch is unlined beyond the end of the concrete-lined channel and 
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cont i nues to para 11 e 1 the ri ver along the hill side north of the road 

until it turns northward into the Amsden Creek drainage. 

The portion of the canal included in this study consists of the 

section from the headgate to the end of the concrete-lined channel just 

below the mouth of the canyon. Figure 1.2 is a schematic of the study 

portion of the ditch showing the locations of various study reaches. 

1.3 Project History 

The Highline Ditch was constructed in the 1890 l s and enlarged twice 

in the early 1900's. Maintenance has always been a problem in the upper 

reaches of the ditch where the canyon ;s narrow. Originally, sections 

of the ditch in the narrowest part of the canyon were flumes constructed 

along the canyon wa 11. The reach of the di tch whi ch is now in pi pe 

beneath the road embankment was constructed in 1953 to replace a section 

of flume. The pad upon which the concrete-lined channel now lies and 

the concrete-lined channel were constructed in 1968 to replace another 

section of flume. In 1984, the headgate was reconstructed just 

downstream of the original location. A waste gate located upstream of 

the pipe inlet was replaced in 1986. 

The reach of the ditch from the headgate to the existing pipe inlet 

has been relatively maintenance free in recent years, although leakage 

is substantial in the reach due to the porous material through which the 

ditch was excavated. The downstream end of this reach lies adjacent to 

the toe of a steep road fill and must be cleaned regularly of material 

which sloughs from the road embankment. 

The reach of the ditch which is presently in pipe has been 

maintenance free in recent years. Some denting of the exposed areas of 
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the pipe has occurred due to boulders falling from the canyon walls, but 

damage has been minor. 

The reach of the ditch from the pipe outlet to the box culvert 

inlet requires regular maintenance to remove materials falling from the 

road. The upper portion of this reach is separated from the road by a 

vertical rock wall constructed by the Civilian Conservation Corps (CCC) 

in the 1930's. The rock wall is deteriorating and portions of the wall 

periodically fall into the ditch and must be removed. In addition, 

traffic on the road tends to push material over the edge into the ditch. 

Leakage from this reach of the channel also is substantial. 

The concrete 1 i ned channel has requi red rna i ntenance often in the 

past few years. The lining has deteriorated and is cracked throughout 

the reach. Grouting of the cracks is required regularly, and 

replacement of sections of the lining is required periodically. A 

spri ng is located on the mounta ins i de above the di tch about 800 feet 

from the lower end of the reach. Water from the spring is partially 

collected in a pipeline which supplies water to a cabin located below 

the lower end of this reach. Overflow from the spring and leaks in the 

pipeline create small ponds above the ditch. Damage to the concrete 

1 ining is most pronounced in areas below the ponds and may be due to 

frost heave in the saturated soils. 

Maintenance costs for the section of the ditch included in this 

study have always been high compared to the remainder of the ditch and 

are increasing because of deterioration of the structures in place. The 

Highline Ditch Company would like to rehabilitate the ditch in order to 

reduce maintenance costs, reduce seepage losses, and increase the 

capacity of the ditch. 
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Presently, the Highline Ditch is owned by four shareholders in the 

Highline Ditch Company. The Padlock Ranch is the majority stockholder 

with 46 of the 56 total shares issued. The other three shareholders are 

on the upper end of the ditch, and the Padlock Ranch is on the lower end 

of the ditch. Water from the ditch is used primarily for irrigation of 

alfalfa. 
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2.0 REVIEW OF EXISTING DATA 

2.1 Water Rights 

The Hi gh 1 i ne Di tch was fi rst permi tted on November 9, 1891 under 

Wyoming Permit No. 167. Certificates of Appropriation were issued to 

nine irrigators for a total of 16.88 cfs. Lands to be irrigated under 

the ditch totaled 1185 acres. 

Two enlargements were also issued Certificates of Appropriation. 

The first, Permit No. 632E, was filed on March 6, 1901 for 1.43 cfs to 

irrigate 100 acres of land. The second, Permit No. 1822E, was filed on 

January 25, 1908 for 1.78 cfs to irrigate 125 acres of land. 

Wa ter ri ghts for the Hi gh 1 i ne Di tch now tota 1 20.09 cfs for the 

irrigation of 1410 acres of land. All three appropriations have 

priority dates earlier than March 2, 1945 and are therefore entitled to 

an additional one cfs per 70 acres when available. The total diversion 

right is therefore 40.18 cfs. 

The Highline Ditch diversion is rarely regulated, according to the 

former Di vi s i on Superi ntendent for Water Di vi s i on Two, Pau 1 Kawa 10k. 

The location of the ditch as the most upstream diversion on the Tongue 

River insures that it is only regulated when shortages are severe, even 

though it is the sixteenth water ri ght in da te of pri ori ty . Thi sis 

because return flows from the diversion help to meet demands of higher 

priority water rights downstream. 

2.2 Diversion Records 

The Hi gh 1 i ne Di tch has been gaged by the U. S. Geo 1 ogi ca 1 Survey 

(USGS) since 1920 in order to compute adjusted flows at the Tongue River 

near Dayton gage which is located downstream of the ditch diversion. 
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The gage on the ditch is located immediately downstream of the box 

culvert at the head of the concrete-lined channel (Figure 1.2). The 

USGS gage is used by the Wyoming Board of Control for regulation of the 

diversion because the ditch upstream of the gage is located within a few 

feet of the river and any ditch losses to seepage return directly to the 

river. 

Diversion records were obtained for this project from the USGS by 

the WWDC. Diversions generally occur from May through September, with 

diversions in some years occurring in April, October, and even November. 

Maximum diversions occur in the months of July and August. Average 

annual diversions total approximately 4,900 acre-feet. 

The maximum diversion over the period of record has been 

approximately 30 cfs, which is the maximum capacity of the existing 

pipeline and can only be obtained by allowing overflow in the upper 

reaches of the ditch. The capacity of the ditch above the pipeline with 

the flow restriction imposed by the pipe is approximately 24 to 25 cfs 

without overflows. The maximum capacity of the ditch below the study 

reach is approximately 30 cfs according to the irrigators on the ditch. 

Moss growing in the ditch during the summer months reduces the capacity 

to about 24 to 25 cfs in the lower reaches of the ditch. This is only 

about 60 to 62 percent of the total Highline Ditch surplus appropriation 

of 40.18 cfs (2 cfs per 70 acres). 

2.3 Maintenance Cost Records 

Maintenance costs for the entire Highline Ditch can be determined 

from the assessments made by the Highline Ditch Company. Records of the 
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assessments per share are kept in the minutes of the ditch company 

meetings. Table 2.1 shows the assessments made from 1946 to 1985. 

The record of maintenance costs is complete for the period of years 

from 1946 through 1978 and for 1985. From 1979 to 1984, no meeti ngs 

were held and no assessments were made, although maintenance was 

requi red. Ma i ntenance duri ng thi s peri od was done by the i ndi vi dua 1 

irrigators, and no records for the entire ditch were kept. Thirty-three 

years of record (1946 through 1978 and 1985) were used to determi ne 

average annual maintenance costs in this study. 

Assessments for ditch maintenance are made based on a schedule of 

1 abor and equi pment hi re costs agreed upon by the sharehol ders. Thi s 

schedule has been updated and the labor and equipment rates increased 

peri odi ca lly over the years ana lyzed in the study. The updated rates 

ha ve not kept up wi th the rate of i nfl at i on over the record peri od , 

however, and appear to be consistently lower than the cost to the 

shareholders of providing labor and equipment for maintenance. As a 

result, the historical maintenance costs do not reflect the true cost of 

maintaining the ditch. 

For some years the assessments for repai r of the di tch do not 

reflect the actual total cost of the repairs due to U.S. So;l 

Conservation Service (SCS) cost sharing payments which are not 

considered in the assessments. Table 2.1 shows the amounts that the SCS 

contri buted toward constructi on of the exi sti ng pi pe 1 i ne and concrete 

lining of the ditch in the canyon. 

The assessments shown in Table 2.1 are the assessments for 

maintenance of the entire ditch. In order to determine the maintenance 

costs for just the study section, it is necessary to estimate the 
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Table 2.1 Historical Maintenance Costs - Highline Ditch, Highline Ditch 
Company Assessments and SCS Cost Sharing 

Assessment Total Cost SCS Cost 
Date Per Share (56 Shares) Share 

Jan., 1946 $10.00 $560.00 
Apr., 1946 $25.00 $1,400.00 
Nov., 1948 $10.00 $560.00 
May, 1949 $10.00 $560.00 
Mar., 1950 $20.00 $1,120.00 
Sep., 1950 $10.00 $560.00 
Dec., 1952 $40.00 $2,240.00 
Apr., 1953 $50.00 $2,800.00 $2,400.00 
Apr., 1955 $40.00 $2,240.00 
Dec., 1955 $50.00 $2,800.00 
Mar., 1957 $25.00 $1,400.00 
Apr., 1958 $20.00 $1,120.00 
Dec., 1958 $20.00 $1,120.00 
Jan., 1960 $20.00 $1,120.00 
Apr., 1960 $20.00 $1,120.00 
Apr., 1961 $20.00 $1,120.00 
Dec., 1961 $20.00 $1,120.00 
Apr., 1963 $1.00 $56.00 
Dec., 1963 $11.00 $616.00 
Mar., 1964 $10.00 $560.00 
Mar., 1965 $30.00 $1,680.00 
Dec., 1966 $20.59 $1,153.04 
Dec., 1967 $55.64 $3,115.84 
Jul., 1968 $142.00 $7,952.00 $12,422.08 
Dec., 1968 $30.00 $1,680.00 
Dec., 1969 $71.00 $3,976.00 
Apr., 1970 $20.00 $1,120.00 
Dec., 1971 $20.00 $1,120.00 
Dec., 1972 $30.00 $1,680.00 

1973 $50.00 $2,800.00 
1974 $50.00 $2,800.00 
1977 $45.00 $2,520.00 
1978 $45.00 $2,520.00 
1985 $110.00 $6,160.00 
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percentage of the tota 1 ma i ntenance cos ts that a re expended on the 

portion of the ditch in and immediately below the canyon. From an 

interview with Steve Vinot, the Padlock Ranch irrigation foreman, it was 

estimated that 90 percent of the normal annual maintenance of the ditch 

occurs in the study section. The remainder of the ditch requires very 

little maintenance compared to the study section. 

Maintenance costs are further analyzed in Chapter 5. 
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3.0 FIELD INVESTIGATION 

3.1 Field Reconnaissance 

During the course of field investigations WWC personnel visited the 

di tch severa 1 times and wa 1 ked the 1 ength of the study section to 

identify problems. The first visit was on April 19, 1987 prior to the 

beginning of the study. Problems observed during this visit are 

discussed herein because it was to be the only visit in the spring, 

before diversions began, when the condition of the ditch below the water 

line could be observed. The second visit was immediately prior to the 

public scoping meeting on July 9th. Problem areas were videotaped 

during the second visit for later review. On August 17th, Steve Vinot 

of the Padlock Ranch walked the study section of the ditch with WWC 

personnel to point out maintenance problems. 

The maintenance problems observed during field reconnaissance are 

discussed below for each reach of the canal. The respective reaches are 

depicted graphically on Figure 3.1. 

3.1.1 Headgate to Existing Pipe Inlet (Sta. 0+00 to 10+46) 

The headgate structure was replaced in 1984 and is in good repair, 

as is the boulder diversion dam. The ditch directly below the headgate 

is unlined for a distance of approximately 400 feet. Most of the 

seepage in this reach occurs in the first 50 to 80 feet and is easily 

observable from the river side of the ditch. The ditch in this section 

is exca va ted through cobbles and sand and meanders to some degree to 

avoid large boulders. The canyon is relatively wide in this reach, and 

the ditch is located 50 to 100 feet from the road. The area between the 

road and the di tch is covered wi th a thi ck growth of brush and trees 
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whi ch prevent materi a 1 s s 1 oughi ng from the canyon wa 11 and the road 

embankment from entering the ditch. 

Approximately the next 250 feet of ditch is unlined on its uphill 

side and bottom but has a concrete retaining wall on the river side of 

the ditch. Seepage appears to be much less in this reach than in the 

first 400 feet and is not obvious when observed from the river. This 

reach also meanders in places to avoid large boulders. 

In the following 150 to 200 feet of the ditch, the canyon narrows 

and the ditch approaches the road. The ditch is partially lined, with a 

retaining wall on the river side. A large tree has grown on the bank of 

the ditch and appears to be about to fall into the ditch. Some seepage 

occurs in this reach as evidenced by large streams of water resembling 

springs at the bottom of the ditch embankment on the river side. A 

waste gate is located at the end of this reach to allow spilling of 

excess diversions back to the river. 

The section of the ditch from about 50 feet above the waste gate to 

the pipe inlet is a constant maintenance problem. The canyon is narrow 

and the ditch is located at the toe of the road embankment. Runoff from 

the road flows down the side of the embankment into the ditch, washing 

the finer material into the ditch. Larger rocks in the embankment, no 

longer held in place by this finer material, then fall into the ditch 

and must be removed. The canyon walls above the road are nearly 

vertical, and large boulders periodically fall from the walls across the 

road into the ditch. Often these boulders must be blasted into smaller 

pieces for removal. 

The location of the road directly above the canal with no guardrail 

creates a dangerous situation. In one instance a car ran off the road 
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and rolled into the ditch, ending upside down. The accident occurred in 

the spring before diversions began, but if a similar incident occurred 

during the summer lives could easily be lost. 

3.1.2 Existing Pipe, Including Inlet and Outlet Structures (Sta. 10+46 
to 13+56) 

The inlet to the existing pipe is located in a rectangular concrete 

channel which extends approximately 75 feet upstream of the pipe inlet. 

A trash rack has been installed in the concrete channel over the 

entrance to the pipe. The pipeline consists of 310 feet of 42-inch 

corrugated metal pipe (CMP) buried under the toe of the road embankment. 

At the downstream end of the pipeline, the CMP runs alongside a vertical 

rock retaining wall constructed by the CCC to hold the road. The 

downstream end of the CMP, whi ch is exposed for a di stance of about 

fi fteen feet from the end of a concrete co 11 a r, has been dented by 

boulders falling from the canyon wall. The CMP and the inlet and outlet 

structures appear to be in good condition and have been maintenance-free 

since their installation. 

3.1.3 Existing Pipe Outlet to the Box Culvert (Sta. 13+56 to 17+39) 

The first 75 feet of the reach of the ditch from the CMP outlet to 

the box culvert inlet is concrete-lined on the bottom and the river side 

and has a rock retaining wall on the uphill side. The retaining wall is 

deteriorating, and small portions of the wall fall into the ditch from 

time to time. The road is located at the top of the retaining wall, and 

traffic on the road pushes road surface material over the retaining wall 

into the ditch. This section of the ditch also catches boulders falling 

from the canyon wall. Regular maintenance of this section of the ditch 
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is required to remove material from the ditch. The placement of the 

road di rectly above the cana 1 wi th no guardra i 1 at the top of the 

retaining wall is also a safety hazard in this section of the canal. 

From about 75 to 175 feet below the end of the CMP, the ditch is 

lined with five-foot diameter corrugated metal halfpipe. The lining has 

been damaged over the years by rocks falling into the ditch. The metal 

is badly dented and most of the seams are sprung. The seams are sealed 

with tar regularly, but the patches generally do not last for more than 

one season. A substantial amount of water is lost to seepage in this 

section. 

The remainder of this reach to the box culvert inlet is concrete-

1 i ned on the bottom and the ri ver side. The road embankment on the 

uphill side of the ditch is very steep, and material often sloughs into 

the ditch. Boulders falling from the canyon wall are also a problem in 

this area. This is a high maintenance section of the ditch. 

3.1.4 Box Culvert (Sta. 17+39 to 17+84) 

The box culvert under the road is in good condition and is 

rna i ntenance free. The concrete cul vert is 6-feet 10-i nches wi de and 

3-feet I-inch high. The length of the culvert is approximately 45 feet. 

3.1.5 Box Culvert to the End of the Concrete Lining (Sta. 17+84 to 
35+42) 

The reach of the ditch from the outlet of the box culvert to the 

end of the study section is a trapezoidal concrete-lined channel with a 

two-foot bottom width, one-to-one side slopes, and three-foot depth. A 

trans it i on section extends from the outlet of the box cu 1 vert to the 

trapezoidal ditch. The USGS gaging station is located in the transition 
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section and consists of a staff gage and a water-level recorder with a 

stilling well. 

From this point, the canyon begins to widen and the ditch follows 

the canyon wa 11 away from the ri ver and above the road. The di tch is 

constructed on an earthen pad built against the toe of the canyon wall. 

The pad is wide enough for the ditch and a maintenance road located next 

to the ditch. The maintenance road has been closed to non-maintenance 

vehicular traffic because the ruts caused by the vehicles collect runoff 

and direct it to low points where it washes away the pad embankment. The 

cut for the pad is very steep in places, and materials slough from the 

canyon wall into the ditch. 

The concrete is cracked extensively in places, and a longitudinal 

crack runs almost the entire length of the concrete lining. The cracks 

are grouted regularly, but the patches usually do not last more than one 

or two years. Sections of the concrete lining are replaced periodically 

when they become too badly damaged to repa i r. Ma i ntenance costs are 

high for this reach of the canal. 

The most severely damaged sections of the lining generally occur in 

places where low spots exist on the uphill side of the pad. Water from 

snowmelt and rainfall runoff collects in these low areas. At the lower 

end of the concrete-lined section, water from a spring on the 

mountainside above the canal also collects above the canal. Water from 

the spring is collected in a spring box which feeds a pipeline to a 

cabin located below the ditch embankment. Not all of the water is 

co 11 ected, however, and the rema i nder runs down the mounta ins i de and 

collects above the ditch. A drain has been placed under the canal at 

this point but does not efficiently drain all of the water. The 
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pipeline from the spring is located parallel to the ditch along the 

mountainside above it. The pipeline has not been adequately maintained, 

and leaks from the pipeline also cause water to collect above the ditch. 

A large hole has been scoured in the unlined canal below the end of 

the concrete-lined section. Maintenance will be required to prevent the 

canal from washing out at this point. 

3.2 Survey 

A preliminary survey of the study section of the Highline Ditch was 

conducted by WWC personnel on July 23, 1987. The purpose of the survey 

was to determine elevations and dimensions for use in hydraulic 

computations and cost estimates. A benchmark was establ ished and the 

locations and elevations of points on the ditch were surveyed. Figure 

3.1 shows a profile of the study reach of the ditch and Figure 3.2 is a 

plan view of the ditch showing the survey point locations. 

The survey showed that the slope of the ditch varies considerably 

over the length of the study reach. The existing pipeline has a 

slightly adverse slope which limits its capacity. The overall slope of 

the study reach is 0.0022 feet per foot or 0.22 percent. 

The length of the study reach is 3,542 feet of which 1,428 feet are 

unlined or partially lined, 355 feet are in pipe or box culvert, and 

1,759 feet are concrete lined. 

Si x cross secti ons were surveyed to determi ne the shape of the 

di tch for hydraul i c computati ons. These cross secti ons are shown on 

Figures 3.3 through 3.8. Locations of the cross sections are shown on 

Figures 3.1 and 3.2. Survey notes are included in Appendix A. 
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3.3 Canal Loss Study 

Measurements of flow at severa 1 poi nts in the study reach of the 

di tch were made us i ng a pygmy current meter. Measurements were made 

during periods of constant diversion rate in order to determine seepage 

losses in different reaches of the canal. Two sets of measurements were 

made during the study. 

The first, on August 4, 1987, determined flow rates throughout the 

entire study reach. Measurements within the reach from the headgate to 

the existing pipe inlet were made 50 feet downstream of the headgate, 80 

feet downstream of the headgate below an obvious leak, and 30 feet 

downstream of the waste gate. In the reach from the pipe outlet to the 

box culvert inlet, measurements were made 30 feet downstream of the pipe 

out 1 et and 35 feet upstream of the box cu 1 vert in 1 et. An add it i ona 1 

measurement was made 115 feet downstream from the end of the 

concrete-lined section of the ditch. The results of the flow 

measurements are shown in Table 3.1. 

As can be seen in Table 3.1, losses are substantial throughout the 

study reach. It was not possible from the first set of measurements to 

determi ne losses in the concrete-l i ned section, however, because the 

last measurement was made at the first suitable section downstream of 

the end of the lining. This section was a considerable distance 

downstream from the terminus of the lining and losses could have 

occurred anywhere between the poi nt of measurement above the 1 i ned 

section and this point of measurement. Therefore, a second set of flow 

measurements were required at points along only the concrete-lined 

section. 
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Table 3.1 Seepage Measurements Made on August 4, 1987 

Change In 
Flowrate Flowrate Percentage 

Location (cfs) (cfs) Loss 

50 feet below headgate 34.61 

80 feet below headgate 30.84 -3.77 10.9 

30 feet below waste gate 28.22 -2.62 7.6 

30 feet below pipe outlet 23.77 -4.45 12.9 

35 feet above box culvert 22.19 -1.58 4.6 

115 feet below end of lining 19.61 -2.58 7.5 

Total -15.00 43.5 

Table 3.2 Seepage Measurements Made on August 14, 1987 

Change In 
Flowrate Flowrate Percentage 

Location (cfs) (cfs) Loss 

20 feet below gaging station 24.18 

525 feet below gaging station 22.69 -1.49 6.2 

750 feet above end of lining 21.15 -1.54 6.4 

At end of lining 20.74 -0.41 1.7 

Total -3.44 14.3 
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The second set of measurements was made on August 14, 1987. These 

measurements are tabulated in Table 3.2. The first measurement was made 

about 20 feet below the diversion gaging station and the result was 

compared with the flow rate obtained from the USGS rating curve for the 

station. The measured flow rate was 24.18 cfs and the flow rate 

obtained from the rating curve was 23.9 cfs, confirming the accuracy of 

the measurement method. Additional measurements were made at points 525 

feet downstream of the gaging station, 750 feet upstream of the terminus 

of the lining, and at the end of the lining. 

The computed seepage losses are tabulated in Tables 3.1 and 3.2. 

The loss in the reach from the headgate to the pipe outlet is 

approximately 31 percent of the water diverted. From the pipe outlet to 

the box culvert inlet, the loss is approximately 5 percent, and in the 

concrete-lined reach the loss is approximately 7 percent. The overall 

seepage loss in the study reach is about 43 percent of the water 

diverted. 

The August 14, 1987 seepage run, conducted only within the concrete 

section, showed that about 14 percent of the water entering this section 

is lost to seepage. The total loss in the concrete-lined section is 

approximately 3.4 cfs. Typical seepage losses in unlined canals range 

from 0.25 to 6 cubic feet per square foot per day (Linsley and Franzini, 

1964) depending on the type of soil through which the canal is 

excavated. For comparison, the upper limit of 6 cu ft/sq ft/day would 

be equivalent to a loss of 1.1 cfs over an unlined canal with the same 

dimensions and length as the concrete-lined section of the High1ine 

Ditch. 
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Using this comparison, it is obvious that a serious leakage problem 

exists in the concrete-lined section. Losses are more than three times 

what would be expected even in an unlined canal in porous soils. 

Therefore, the concrete lining is presently not serving the purpose for 

which it was designed and should be repaired, replaced, or removed. 

3.4 Subsurface Investigation of Concrete-Lined Channel 

Subsurface investigations of the earthen pad on which the concrete 

lined channel was constructed were considered necessary to determine the 

causes of the damage to the concrete. Because the damage extends for 

almost the entire length of the lined section, holes were drilled at 

regular intervals of approximately 400 feet to determine subsurface 

conditions. A Giddings drilling and soil sampling rig with an auger bit 

was used to drill most of the test holes. Where access was difficult 

for the drilling rig, holes were drilled with a hand auger. Holes were 

drilled on both sides of the ditch and at the outer edge of the access 

road when conditions permitted. 

described in Appendix B. 

Locations of the boreholes are 

The holes were logged by a WWC geologist to identify materials 

encountered. Borehole logs are also included in Appendix B. Soil 

samples were taken whenever significantly different materials were 

encountered. The soil samples have been stored and are available for 

further analysis if necessary. 

The first set of boreholes were drilled about 137 feet downstream 

from the outlet of the box cu 1 vert. Th is was the fi rs t po i nt where 

enough room was available on the uphill side of the channel to set up 

the drill rig. Material encountered in the uphill borehole was silty 
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clay loam to a depth of approximately 3.5 feet. 

depth of 3.5 feet prec 1 uded further dri 11 i ng . 

Rock encountered at a 

The borehole on the 

downhill side of the ditch was in clay to a depth of 4.5 feet, where the 

drill hit rock. At this location, no hole was drilled at the outer edge 

of the access road. 

The second set of boreholes was drilled about 540 feet downstream 

from the outlet of the box culvert. On the uphill side of the ditch, 

the borehole was drilled with a hand auger because there was not enough 

room to set up the drill rig. The boreholes on the uphill and downhill 

sides of the ditch were in clay for their entire depth. Total depth 

dri 11 ed in the uphi 11 boreho 1 e before encounteri ng rock was 3.5 feet, 

and the total depth of the downhill hole was 4.5 feet. A third borehole 

was drilled at this location at the outer edge of the access road. The 

third borehole was in clay to a depth of 3 feet and then in sand from 3 

to 6 feet. Drilling was stopped at a depth of 6 feet because the drill 

rig could not be held in place on the slope. Three additional boreholes 

were begun near the center of the access road but each encountered rock 

at a depth of approximately 0.5 feet. 

A third set of boreholes was drilled about 940 feet downstream of 

the box culvert outlet. Holes were drilled on the uphill and downhill 

sides of the ditch. Both boreholes encountered clay over the entire 

depth drilled. The uphill hole was drilled with a hand auger and was 

terminated when rock was encountered at a depth of 3.1 feet. The 

downhi 11 ho 1 e was termi nated at a depth of 4 feet when the dri 11 ri g 

could not continue. 

Two boreholes, one each on the uph ill and downh ill sides of the 

ditch, were also drilled approximately 1,340 feet downstream of the box 
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culvert outlet. The uphill borehole was drilled using a hand auger and 

was completed in sand to a depth of 1.2 feet where rock was encountered. 

The downhill borehole contained sand to a depth of 4 feet where rocks 

made it impossible for the drill rig to continue. 

The next borehole was dri 11 ed about 1,470 feet downs tream of the 

box culvert outlet, on the downhill side of the ditch across from a leak 

in the spring pipel ine. Clay was encountered to a depth of 4.75 feet 

where rock made it impossible to continue. 

The final set of boreholes was located about 20 feet upstream from 

the end of the concrete lining. Three holes were drilled with the drill 

rig, one each on the uphill side of the ditch, the downhill side of the 

ditch, and the outer edge of the access road. The hole on the uph i 11 

side of the ditch encountered silty clay loam to a depth of 3.5 feet 

where sandstone was found. The hole on the downhill side of the ditch 

was dri 11 ed in cl ay to a depth of 3.5 feet and in sandstone from 3.5 

feet to 5 feet where drilling stopped. The borehole on the edge of the 

acces s road cons is ted of clayey sand to a depth of 2.5 feet where 

limestone stopped the auger. 

The results of the drilling indicate that the pad on which the 

ditch was constructed consists of a layer of soil ranging from 2 to 5 

feet in depth over rock. This is consistent with the method of 

construction described by R. H. Lomax, an irrigator on the ditch. Mr. 

Lomax indicated that the pad was constructed using bulldozers to cut 

into the mountainside along the alignment of the ditch. Material 

removed from the mountainside was pushed over the downhill side of the 

cut to wi den the pad. Borrow rna teri a 1 was hau 1 ed into bu i 1 d a soi 1 

layer from which the ditch could be excavated. 
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Slumping should not be a problem given the soil materials and 

geometry of the pad. Therefore, expensive soil analyses which would be 

required for a stability analysis of the pad were not considered to be 

necessary. It was concluded that slumping was not the cause of the 

damage to the concrete lining. 

Most of the soil in the top layer of the pad is clay. The clay 

which was sampled during the drilling does not appear to be expansive, 

and most of the damage to the ditch occurs during the winter. If the 

clay were expansive, the damage would most likely occur during the 

summer when the ditch is filled with water and leakage saturates the 

clay. Because of this, it was concluded that expansive soils are not 

the cause of the damage. 

The damage to the concrete liner appears to be caused by freezing 

and thawing during the winter months. The uphill side of the pad has 

many low spots where runoff from the mountainside and leakage from the 

spri ng and the spri ng pi pe 1 i ne co 11 ects . The uph ill side of the pad 

probably becomes saturated during the winter months when snow melts on 

the south-facing mountainside above the ditch and water collects above 

the ditch. Temperatures vary considerably in the location of the ditch 

due to the southern exposure. The saturated clay soil does not readily 

drain due to the fine-grained structure of the soil and also due to the 

rock layer lying immediately below it. The soil expands and contracts 

as the water freezes and thaws, cracking the concrete. This theory is 

substantiated by the fact that the majority of the damage has occurred 

on the uphi 11 side of the di tch and the damage appears to be most 

extensive in areas where depressions are located in the pad above the 

ditch. 
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4.0 EVALUATION OF ALTERNATIVES 

Alternatives for rehabilitation of the Highline Ditch were 

evaluated in two ways. First, as required by WWC's contract with WWDC, 

six alternatives were examined for rehabilitation of the ditch as a 

whole. Second, the ditch was divided into reaches and recommendations 

made for the most desirable rehabilitation measures for each reach. The 

two following sections discuss the two types of evaluation. Costs for 

all alternatives are presented in Appendix C. 

4.1 Alternative Evaluation 

The first approach to considering alternatives for improvement to 

the Highline Ditch was to consider the entire ditch. According to the 

terms of WWC's contract with WWDC, the following alternatives were to be 

studied: 

1. Replace the canal with a pipeline. 

2. Replace the canal with a combination of pipeline and new 

lining material. 

3. Replace the canal with a combination of pipel ine and new 

lining material; stabilize the slope above the canal at key 

locations. 

4. Abandon the diversion works and upper section of the ditch, 

and pump into the ditch. 

5. Locate a new diversion structure at a downstream site and 

abandon the upper portion of the ditch. 

6. Leave the upper section unlined since the diversion is 

measured at the bridge. 
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The following sections discuss each of the above alternatives. Capital 

expenditure costs given in the following sections include materials, 

installation and a 30 percent contingency. Annual debt costs assume a 

50/50 loan-grant mix with the loan portion amortized at 4 percent for 30 

years. 

4.1.1 Alternative 1 - Replace Canal With Pipeline 

This alternative involved first a hydraulic analysis of various 

sizes and types of pi pe to assess the de 1 i verabi 1 i ty of 30 cfs (the 

maximum capacity of the ditch below the study reach) utilizing the total 

available head. The pipeline would be flowing under pressure for its 

entire length. The types and sizes evaluated are as follows: 

~ Diameter Caeaci tl 

CMP 48" 37 cfs 

CMP 42" 26 cfs 

CMP/paved invert 42" 32 cfs 

CMP/fully paved 36" 33 cfs 

Spiral rib steel 36" 33 cfs 

RCP (reinforced 36" 33 cfs 

concrete pipe) 

Other types of pipe (asbestos-cement, polyvinyl chloride, 

hi gh-dens i ty po lyethyl ene) were also studi ed but rejected for vari ous 

reasons including high cost, poor performance record, or unavailability. 

Pipeline hydraulic computations are outlined in Appendix D. 
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The relocation of the headgate structure to a point farther 

upstream on the Tongue River, in an effort to increase head and 

therefore flow in the pipe, was also investigated. This relocation work 

was subsequently rejected as not cost effective. 

Recommended Configuration 

The recommended configuration if Alternative 1 were to be selected 

is the installation of 48-inch diameter CMP from the headworks to 

station 10+46 (the upstream end of the existing 42-inch CMP) and from 

station 13+56 (the downstream end of the existing 42-inch CMP) to 

station 35+42 (the end of the existing concrete section). All pipes 

wou 1 d be connected and wou 1 d be fl owi ng under pressure. A vault wi th 

trash rack at the pipe inlet and a gabion erosion control structure at 

the outlet would also be provided. 

The capital cost of this alternative would be $242,000, and the 

annual amortization cost would be $7,000. 

4.1.2 Alternative 2 - Replace Canal With a Combination of Pipeline and 
New Lining Material 

This alternative required hydraulic analysis to determine: (1) the 

type and length of pipe to install, (2) which, if any, portions would 

not benefit by replacement with pipe, and (3) a study of the various 

linings available which could be applied to the earthen and/or concrete 

sections. 

From the work performed for Alternative 1, CMP is the most 

cost-effective pipe material for extending the pipe section. Hydraulic 

analysis showed that 42-inch CMP could transmit 30 cfs with the 

4-3 



available head, if new pipe were installed beginning at station 7+65. 

Above station 7+65 there appears to be sufficient canal capacity to 

transmit 30 cfs without overtopping the canal banks; however, access to 

the ditch for maintenance is difficult. The pipeline would be extended 

upstream to sta ti on 5+65 in order to reduce rna i ntenance in the reach 

from station 5+65 to station 7+65. Extending the pipeline upstream to 

station 5+65 would reduce the capacity of the pipeline to 28.3 cfs. A 

maintenance road would be constructed parallel to the ditch from the 

headgate to station 5+65 to allow access for maintenance. The location 

of the access road is shown on the figure in Appendix F. The existing 

pipeline would be retained and new pipe installed between it and the box 

culvert (stations 13+56 to 17+35). The pipeline would be flowing full 

throughout its length. For this lower section, pipeline is preferred 

over new canal 1 ining from a maintenance standpoint; an open channel 

would still be subject to high maintenance costs for cleaning out faTlen 

debris. 

Several types of lining material were investigated for renovating 

the entire concrete section (stations 17+84 to 35+42), including (1) 

complete replacement of the concrete, (2) replacement with pipe, (3) 

resurfacing with shotcrete, (4) replacing the concrete with 

half-culverts, and (5) high-density polyethylene (HOPE) lining. Gabion 

channel protection would be extended a short distance downstream of the 

lining to prevent scour in the unlined channel. 

Because problems have been experienced with heave beneath the 

concrete sections, some form of subsurface drainage or surface sealing 

is recommended to reduce ground-water levels and minimize future 

heaving. This alternative therefore also considers installation of a 
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PVC drain along the concrete section or extending a liner up the slope 

above the canal. Repair of an existing water line was also considered 

because leaking of this line may be contributing to saturation of the 

soi 1 s surroundi ng the di tch. Fi na 11y, a concrete co 11 ecti on box and 

underground drain is deemed necessary to collect water spilled from the 

existing spring box to drain that water away from the canal. 

Recommended Configuration 

For Alternative 2 the recommended design configuration includes: 

new 42-inch CMP from station 5+65 to 10+46, the existing 42-inch pipe to 

station 13+56 and new 42-inch CMP pipe to the inlet of the box culvert 

at 17+35, all pipes connected, HOPE lining of the entire concrete 

section (17+84 to 35+42), installation of liner on the slope above the 

concrete section, and a concrete collection box and underdrain. 

HOPE lining was chosen for the concrete-lined section on the basis 

of cost. The liner will require some maintenance, but the expected life 

of the lining (25 years) is greater than the other types of lining with 

the exception of the half-culvert sections or the CMP. The cost of the 

HOPE 1 i ni ng is only about 29 percent of the cost of the hal f-cul vert 

sections. 

The capital cost for this alternative would be $142,400 with an 

annual amortization cost of $4,120. 

4.1.3 Alternative 3 - Replace Canal With a Combination of Pipeline and 
New Lining Material, Plus Slope Stabilization 

Alternative 3 is the same as Alternative 2 with the addition of 

slope stabilization at key points. In Alternative 2, new pipe is 

recommended for the reaches between s ta t ions 5+65 and 10+46 and from 
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13+56 to 17+35; thus these reaches wi 11 not requi re slope protecti on 

even though sloughing and rockfalls have plagued them in the past. Only 

on the sideslope along the uphill side of the concrete section is slope 

stabilization necessary_ 

Two types of slope stabilization are necessary: one to prevent 

rocks from fall i ng into the cana 1 and the other to protect bare soi 1 

slopes to reduce erosion which may result in sedimentation \'/ithin the 

canal. 

Two methods were evaluated to prevent rockfalls: (1) placement of 

rockfall netting (wire mesh) over the suspect slope, and (2) 

installation of chain-link fencing above the canal to capture rocks 

whi ch do fall. Both methods have been successfully used to contro 1 

problem slopes in highway construction. Of these, the chain-link fence 

is the least expensive, although it would still require periodic 

maintenance (removal of rocks from behind it). 

For protection of bare soil slopes two methods were also 

considered: (1) erosion control matting (to both protect the slope and 

enhance vegetative growth) and (2) the placement of cloth "sediment 

fence" above the canal. Of these, the sediment fence was rejected 

because it is typically a short-term measure (its primary use has been 

for temporary erosion control during construction projects). 

Recommended Configuration 

The recommended components for Alternative 3 include those listed 

for Alternative 2 plus 150 feet of chain-link fencing and 1067 square 

yards of erosion control matting, to be installed at selected locations 

above the concrete section of ditch. 
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The capital cost for Alternative 3 is estimated at $149,300, and 

the annual amortization cost is $4,320. 

4.1.4 Alternative 4 - Pump Into the Ditch 

Alternative 4 does not include any rehabilitation of the ditch 

proper. Rather, it assumes abandonment of the part of the ditch with 

the most severe maintenance and channel loss problems and pumping water 

to the lower reaches of the ditch. Two pumping scenarios were 

evaluated. One assumes pumping to the head of the concrete section, and 

the other assumes pumping to the ditch approximately one mile below the 

end of the concrete section. For both scenarios, a continuous pumping 

rate of 30 cfs for the period May-September was assumed. 

The first scenario requires pumping against 30 feet of static head 

for a distance of 140 feet. Two pump configurations were studied. The 

first considers one pump -producing 30 cfs (13,470 gallons per minute or 

gpm) and the second would have two pumps at 15 cfs (6,735 gpm) each. 

The second configuration was evaluated because it allows greater 

flexibility in the rate pumped without as great a loss of efficiency. 

Hydraulic and power consumption computations revealed a 24-inch diameter 

pipe to be the most economical size for delivering water to the canal. 

Installation of a pumping system also requires the following 

components: pump control panel, pump house building, outlet structure 

and thrust block. The cost of running electrical power to the pumping 

site was not investigated because the annual power costs are high, 

making it unnecessary to further study this alternative. 

Power requirements were computed using the following equation: 

Power Req'd (KW) = 0.7457 yQH 
· 550E 
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Where KW = Kilowatts 
y = 62.4 pounds per cubic foot (water) 
Q = 30 cfs 
H = dynamic pumping head in feet of water 
E = wire-to-water efficiency (assumed = 0.7) 

For the first scenario with a 24-inch transmission line, the total 

dynamic head was computed to be 35 feet and the above equation gives a 

power requirement of 127 Kilowatts (KW). 

Power costs were computed from a rate schedule (Appendix E) 

provided by the Montana-Dakota Utilities Co. This schedule includes a 

demand charge ($5.45 per season per horsepower of connected load) and an 

energy charge (3.084 cents per kwh for consumed energy), with a minimal 

seasonal charge of $14.70 per horsepower of connected load (but not less 

than $147.00). 

Recommended Configuration 

The recommended configuration for the first scenario discussed 

above includes one pump, 140 feet of 24-inch transmission line, 

buildings, controls and miscellaneous appurtenances. 

The capital cost would be $94,300 exclusive of the cost of getting 

electrical power to the site. The annual cost would be $18,050 which 

includes annual power costs of $15,320. 

The second scenario requires pumping against 90 feet of static head 

for a di stance of 400 feet. Thi s scenari 0 di ffers from the fi rst 

primarily in increased pipe costs and power costs due to the longer 

pumping distance and greater head. Pump and motor costs for the one 

pump application were not found to increase. For the two pump 

application, the price per pump did increase. 
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The power requi rement for the second scenari 0 (98 feet dynami c 

head) was computed to be 358 KW. The cost of getting power to the site 

was not i nvesti gated because the power costs alone made thi s scenari 0 

infeasible. 

4.1.5 Alternative 5 - Locate a New Diversion Structure at a Downstream 
Site 

Because of the shallow gradient of the ditch (less than 8 feet in 

3,500 feet) with respect to the gradient of the Tongue River (8 feet in 

about 400 feet), the existing size of diversion structure cannot be 

moved downstream wi thout los; ng the head necessary to provi de water 

to the existing irrigated lands. The possibility of constructing a 

di vers i on structure 30 feet hi gh was also cons i dered. Using 

reconnaissance cost estimating guides, it was determined that the cost 

would be at least $500,000. This alternative was therefore not 

considered feasible and was not studied further. 

4.1.6 Alternative 6 - Leave the Upper Section Unlined 

A 1 ternat i ve 6 has in effect already been eva 1 uated under 

Alternative 2. The difference between Alternatives 6 and 2 is that only 

rehabilitation of the trapezoidal concrete section is considered. This 

alternative does not solve the problem of high maintenance costs in 

upper section of the ditch. Therefore, this alternative is not 

recommended. 

Recommended Configuration 

As discussed under Alternative 2, the recommended method for repair 

of the concrete section includes an HOPE liner from station 17+84 to 
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35+42, and a concrete collection box and underdrain. Slope 

stabilization is also included. 

The capital cost would be $65,600, with an annual amortization cost 

of $1,900. 

4.1.7 Summary 

Table 4.1 lists the 6 alternatives studied including the components 

recommended and costs estimated for each. 

4.2 Reach by Reach Alternative Evaluation 

From the scoping meeting and further discussion with the sponsors 

of the project, the problem of greatest concern is the maintenance of 

the canal and safety to the public. Of secondary concern is the seepage 

loss and thus the reduction in flow in the ditch. If the sponsors 

desire to approach the rehabilitation work in increments, the highest 

priority work should be to rehabilitate the canal upstream from the box 

culvert first. To assist in their decision making, the costs for 

separate reaches are presented below. These reaches may be prioritized, 

allowing the ditch shareholders to determine how the work should 

proceed, and providing a basis for phasing the work over a period of 

years. The selected rehabilitation for each reach is discussed. 

The reaches identified for this approach are: 

Reach 1 - Diversion dam to inlet of existing buried 42-inch CMP 
(stations 0+00 to 10+46) 

Reach 2 - Existing buried 42-inch CMP 
(stations 10+46 to 13+56) 

Reach 3 - Outlet of buried 42-inch CMP to and including box culvert 
(stations 13+56 to 17+84) 
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Table 4.1. Summary of Alternatives Evaluated for Rehabilitation of Entire Highline Ditch 

Total Annual Cost: 
Alternative Recommended Configuration Cost Debt Servlce Power Advantages Disadvantages 

1. Replace entire 48-inch CMP from 0+00 to 10+46 $242,000 $7,000 0 Reduce maintenance High cost. 
ditch with pipeline. and from 13+56 to 35+42. Leave and leakage; slope 

in existing 42-inch CMP. Vault stabilization un-
at inlet, erosion protection at necessary. 
outlet. 

2. Replace canal 42-inch CMP from 5+65 to 10+46 $142,400 $4,120 0 Moderate cost; Slope stabilization 
with combination and from 13+56 to 17+35. HOPE reduce maintenance not provided to 
of pipeline and lining from 17+84 to 35+42. and leakage. limit debris in 
new lining material. PVC underdrain and collector ditch. 

box. Repair existing water line 
along concrete section. Access 
road to upper reach. 

.p. 3 • Replace canal Same as Alternative 2 above, $149,300 $4,320 0 Moderate cost; 
I with combination plus chain-link fencing and reduce maintenance ...... of pi pe 1i ne and erosion control matting above and leakage. ...... 

new lining material; concrete section. 
plus slope 
stabilization. 

4. Pump into the ditch. Four configurations examined; $ 94,300 $2,730 $15,320 Abandon upper part High power cost. 
least expensive includes one of ditch. Low 
pump pumping into upper end capital cost. 
of concrete section, pump 
house, controls, 24-inch DIP, 
required appurtenances. 

5. Locate a new None recommended. Greater than Not 0 Abandoned upper High capital 
diversion structure $500,000 Computed pa rt of ditch. cost. 
at a downstream 
site. 

6. leave upper HOPE lining from 17+84 to $ 65,600 $1,900 0 Moderate cost. Maintenance, leakage 
section unlined. 35+42; PVC underdrain and Reduce maintenance and capacity problems 

collector box; repair and leakage in in upper reaches not 
existing water line; slope lower section. rectified. 
stabil ization. 

Note: Annual cost computed assuming 50 percent loan, 4 percent interest for 30 years. 



Reach 4 - Outlet of box culvert to end of concrete trapezoidal 
section 

(stations 17+84 to 35+42) 

Locations of the reaches are shown on Figure 3.1. 

Capital expenditure costs given in the following sections include 

materials, installation and a 30 percent contingency. As before, annual 

debt costs assume a 50/50 loan-grant mix with the loan amortized at 4 

percent for 30 years. 

4.2.1 Reach 1 

Four a 1 ternati ves for rehabi 1 i tati on of Reach 1 were cons i dered: 

(1) no action; (2) line the entire reach; (3) line only the leaking 

section (station 5+65 to end of reach, station 10+46); and (4) replace 

the lower section with a pipeline. 

No Action 

The no action choice requires no capital outlay. However, doing 

nothing also does not solve problems that plague this reach - lack of 

capacity, leakage, and maintenance problems due to rocks falling into 

the ditch in the lower section. 

Line Entire Reach 

Lining of the entire length of Reach 1 is not necessary because the 

majority of the capacity and leakage problems occur in the lower part of 

this reach, as described in Chapter 3 of this report. 
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Line Only the Problem Section 

The problem section of Reach 1 is the lower part, approximately 

between stations 5+65 and 10+46 where the canal leaks, has 1 imited 

capaci ty, and requi res rna i ntenance to remove rocks fa 11 i ng from the 

slope and road above. Lining or rebuilding this section as an open 

channel may solve the leakage and capacity problem, but would not cure 

the rockfall problem. 

Replace Problem Section with Pipe 

Replacing the lower section of this reach with pipe would solve all 

three problems. 

Recommended Configuration 

The recommended confi gurati on for Reach 1 is the provi s i on of a 

pipe in the lower 481 feet of the reach. Hydraulic analysis showed that 

a 42-inch CMP from 5+65 to 10+46 connected to the existing 42-inch pipe 

woul d transmi t 1 ess than 30 cfs. However, if the 42-i nch pi pe were 

continued to the box culvert such that the existing pipe were under 

pressure, the system could carry 30 cfs. Therefore the design for this 

reach includes a buried 42-inch CMP connected to the existing pipe, all 

flowing full, a gabion headwall structure at the inlet, connection to 

the existing 42-inch CMP, and replacement of the gated wasteway at a 

location above the new CMP inlet. It also includes an access road from 

the headgate to station 5+65. This configuration is based on the 

assumpti on that the pi pe 1 i ne recommended for Reach 3 is a 1 so 

constructed. If the Reach 3 recommendation is not installed, the pipe 

must be 48 inches in diameter to carry the desired 30 cfs. 
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The cost for the 42-inch pipe alternative would be $49,300, with an 

annual cost of $1,425. 

4.2.2 Reach 2 

Three alternatives for rehabilitation of the existing CMP were 

eva 1 uated: (1) 1 i ne the CMP wi th a smoother materi alto increase its 

conveyance characteristics; (2) replace the 42-inch CMP with a larger 

diameter pipe; and (3) no action. The no action alternative was chosen 

because the existing pipe is in good repair and its capacity appears to 

be sufficient. 

4.2.3 Reach 3 

Three alternatives for improvement of Reach 3 were considered: 1) 

no action; 2) repair lining and leave as an open channel; 3) replace the 

open channel with a pipe. 

No Action 

Because Reach 3 requi res mai ntenance to remove rocks and debri s, 

due to both rockfall from the slope and road above and deterioration of 

the canal walls, the no action alternative is not recommended. 

Repair Lining and Leave as an Open Channel 

Repair of the channel would improve the capacity and reduce leakage 

from this section of channel; however, it would do nothing to solve the 

problem of rock accumulation in the channel from the slope and road 

above.. Since this is therefore only a partial solution, it is not 

recommended. Costs were not developed for this alternative. 
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Replace With Pipe 

Replacing the open channel with a pipe would solve all the problems 

stated above, and is the recommended rehabilitation alternative for this 

reach. 

Recommended Configuration 

The design for Reach 3 includes installation of 428 feet of 42-inch 

CMP, connection to the existing 42-inch CMP, and provision for an outlet 

structure at the concrete box culvert. 

The cost would be $33,700, with an annual cost of $970. 

4.2.4 Reach 4 

Four alternatives were evaluated for improvement of Reach 4: (1) 

no action; (2) install underdrains, repair existing water pipe and 

construct a collector box and underdrain for spring box overflow; (3) 

replace the concrete section with a pipe; and (4) provide new lining for 

the concrete, slope stabilization, and sloping and lining the bank above 

the channel in addition to repairing the existing water line and 

installing the collector box and underdrain. 

No Action 

The no action alternative is not felt to be a viable choice because 

of problems experi enced wi th thi s reach ; n the past, namely concrete 

cracking due to heaving, maintenance to remove rocks and debris from the 

canal, and seepage loss. 
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Install Collector Box, Underdrains, Slope Stabilization and Repair Water 
Line 

This alternative is aimed at removing subsurface water which is 

believed to be contributing to heaving and cracking of the concrete and 

at keeping rocks and debris out of the channel. While this may solve 

some of the problems of this reach, it would not reduce leakage from the 

canal (estimated at about 3 cfs). 

Replace With Pipe 

Because of the flat grade in this reach, it would take a pipe of 

diameter 60 inches to carry 30 cfs. This size pipe is acting as a 

covered open channel and rock falls, sediment, and heaving can be 

handl ed ina 1 ess expens i ve manner. A pi pe 1 i ne in the reach is not 

recommended. 

Install New Lining on Concrete, Collector Box and Underdrain, Slope Bank 
and Slope Stabilization 

This alternative would consist of installing a 100-mil HDPE liner 

for the concrete cana 1 plus underdra ins and slope s tabi 1 i za t i on for 

problem areas along and above the reach. The cost for this alternative 

is less expensive than replacement with a 60-inch pipe. In addition, 

lining of Reach 4 can be pursued independently of what is done for Reach 

3; a pipe in Reach 4 is not advised unless it is a part of Alternative 1 

discussed above. 

Recommended Configuration 

The recommended alternative includes purchase and installation of 

33,300 square feet of 100-mil HDPE lining, sloping the bank and 
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extending the liner up the slope above the channel, a collector box and 

underdrain below the existing spring box, and installation of gabion 

channel protection beyond the end of the lined channel. Slope 

stabilization includes 150 feet of chain-link fencing, braced and 

concreted in place, and 1067 square yards of erosion control matting on 

exposed soil slopes. 

The capital cost would be $65,600, and the annual cost would be 

$1,900. 

4.2.5 Summary 

Table 4.2 presents a summary of components and costs for the 

recommended rehabilitation alternative for each reach. Costs for 

alternatives discussed but not recommended are given in Appendix B. 
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Table 4.2. Summary of Recommended Rehabilitation Measures for High1ine Ditch on a Reach by Reach Basis 

Reach Stations Recommended Measures Total Cost Annual Cost Comments 

1 0+00 to 10+46 Do nothing from 0+00 to $49,300 $ 1425 
5+65. 42-inch CMP from 5+65 
to 10+46. Move existing 
wasteway structure upstream. 
Access road from headgate to 
5+65. 

2 10+46 to 13+56 Do nothing. 0 0 More important to 
rehabilitate other 
reaches 

~ 3 13+56 to 17+84 Install 42-inch CMP over $33,700 $ 970 I ...... entire reach • 00 

4 17+84 to 35+42 Install HOPE lining over $66,300 $ 1,920 
old concrete; install 
underdrain and collector 
box; repair water line; 
slope stabilization and 
sloping the bank and 
extending the liner up 
the bank above the channel. 

Total $149,300 $ 4,320 

Note: Annual cost computed assuming 50 percent loan, 4 percent interest for 30 years. 



5.0 ANALYSIS OF MAINTENANCE COSTS 

The historical maintenance costs for the entire Highline Ditch were 

analyzed to determine maintenance costs in present day dollars for the 

entire ditch and also to estimate maintenance costs for the study reach 

of the ditch. This was done in order to provide a basis for determining 

how much cost could be justified for rehabilitation of the ditch. As 

previously discussed, the maintenance costs obtained from the Highline 

Ditch Company were available only in terms of the assessments made per 

share in the ditch company. These costs did not reflect the true cost 

of maintenance because the rates paid by the ditch company for labor and 

equipment hire were lower than the cost of providing these services and 

the assessments do not reflect SCS-provided cost-sharing funds for some 

of the ditch improvements made during the period used in the study. 

Total maintenance costs were estimated for each year of the period of 

the study and then these costs were inflated to 1987 dollars. The 

average annua 1 rna i ntenance cos tin present day doll a rs for the entire 

ditch was then determined. 

5.1 Estimation of Annual Maintenance Cost 

Annual assessments and SCS cost-sharing for the study reach of the 

ditch for the years 1946-1978 and 1985 were obtained from the Highline 

Ditch Company as discussed in Chapter 2 and presented in Table 2.1. The 

costs over the period of 1946 to 1978 are complete. In some years, no 

assessments were made because suffi ci ent funds were co 11 ected in the 

previ ous yea r or in the fa 11 owi ng yea r to cover rna i ntenance expenses. 

Therefore, the total period of record used in this study is 33 years. 
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The rate schedules used to reimburse shareholders for their labor 

and equipment usage in maintaining the ditch were also obtained from the 

company. These rate schedules appeared to be low over the entire study 

period and were adjusted upward to reflect the cost of maintenance if it 

were to be contracted for at competitive rates. 

Average present-day labor rates and equipment rates were obtained 

from the 1987 edition of Means Site Work Cost Data (R.S. Means Company, 

Inc., 1982). These rates appeared to be high for the Sheridan area and 

were adjusted downward using the city cost index from the same reference 

for Billings, Montana, the only city in the immediate area for which a 

cost index was published. The historical cost index from Means was then 

used to determine competitive labor and equipment rates for each year of 

the study. 

It was assumed that all expenses up to $30.00 per share in one year 

were for general maintenance. Any expenses over $30.00 per share were 

assumed to be for construction of structures along the ditch. Expenses 

for general maintenance were assumed to be divided half to unclassified 

labor and half to equipment and labor to operate the equipment. 

Construction costs were assumed to be divided half to equipment and 

labor to operate the equipment and half to materials. SCS cost-sharing 

funds for major construction projects were added to the construction 

costs in order to reflect actual costs. 

Using these assumptions and the labor and equipment rates obtained 

from the ditch company, the number of hours of unclassified labor, 

equipment operator labor, and equipment use were estimated for each year 

of the study. The number of hours of each was then multiplied by the 

appropriate labor or equipment rate for the year, estimated as discussed 
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above. The total of the estimated labor, equipment, and materials costs 

is an acceptab 1 e estimate of the true rna i ntenance cost for the enti re 

Hi gh 1 i ne Di tch. Table 5.1 shows the rna i ntenance cost for the di tch 

adjusted for labor and equipment rates. 

5.2 Average Annual Maintenance Cost of the Study Reach 

The maintenance costs obtained in the previous step were adjusted 

to present day (1987) dollars in order to determine what the average 

annual cost for the entire ditch has been over the 33-year period of the 

study. The historical cost index in Means was used to update yearly 

costs to 1987 dollars. The resulting annual costs as well as the 

average annual maintenance cost in 1987 dollars are shown in Table 5.1. 

The costs shown in Table 5.1 are total annual costs for maintenance 

of the entire ditch. It was necessary to determine the average annual 

maintenance cost for the study reach in order to evaluate various 

rehabilitation options. As discussed in Chapter 2, the irrigation 

foreman of the Padlock Ranch estimated that 90 percent of the general 

maintenance costs of the Highline Ditch are attributable to the study 

reach. 

An estimate of the annual cost of maintenance of the study reach 

was made by assuming that 90 percent of the general maintenance 

expenditures were for work in this reach. All assessments up to $30.00 

per share were assumed to be for general maintenance as previously 

di scussed. These costs, adjusted for 1 abor and equi pment rates, were 

totaled for each year and multiplied by 0.9 to estimate annual general 

maintenance costs for the study reach. 
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Table 5.1 Annual Maintenance Costs - Highline Ditch 

Total Actual Total Cost In 
Year Cost Multiplier 1987 Dollars 

1946 $1,990.24 8.44 $16,797.58 
1948 $632.80 6.44 $4,075.23 
1949 $632.80 6.44 $4,075.23 
1950 $1,957.68 6.24 $12,215.92 
1952 $2,848.19 5.55 $15,807.43 
1953 $6,380.89 5.41 $34,520.63 
1955 $3,728.81 5.14 $19,166.07 
1957 $2,194.73 4.64 $10,183.52 
1958 $3,411.58 4.55 $15,522.70 
1960 $3,552.38 4.35 $15,452.86 
1961 $3,583.02 4.31 $15,442.82 
1963 $1,179.36 4.14 $4,882.55 
1964 $1,010.80 4.03 $4,073.52 
1965 $3,102.57 3.94 $12,224.13 
1966 $2,219.98 3.77 $8,369.31 
1967 $5,513.92 3.63 $20,015.52 
1968 $34,789.92 3.44 $119,677.31 
1969 $7,612.46 3.18 $24,207.62 
1970 $2,736.96 2.98 $8,156.14 
1971 $3,056.46 2.66 $8,130.18 
1972 $4,972.23 2.46 $12,231.69 
1973 $7,741.59 2.27 $17,573.41 
1974 $8,434.42 2.07 $17,459.25 
1977 $9,259.19 1.73 $16,018.40 
1978 $9,958.87 1.60 $15,934.20 
1985 $14,563.35 1.04 $15,145.88 

Total $467,359.11 
Avg. Annual Cost $14,162.40 
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The costs of major construction projects in the study reach were 

added in the year in which they occurred. The three major improvements 

in the study reach were the installation of the CMP in 1953, the 

concrete lining of the lower end of the reach in 1968, and the 

replacement of the headgate in 1984. The cost of installing the CMP was 

approximately $5,000, of which the SCS contributed $2,400. The cost of 

concrete lining the lower section of the study reach was $20,081.87 of 

which the SCS contributed $12,422.08. Costs of replacing the headgate 

were not broken out because no assessment was made in 1984, but it was 

assumed that all of the assessment for 1985 in excess of general 

maintenance ($2,765) was used for replacement of the headgate. 

The total annual costs for the study reach were adjusted to 1987 

dollars as shown in Table 5.2. Total estimated maintenance expenses for 

the study period are approximately $345,700. The estimated average 

annual maintenance expense for the study reach is approximately $10,500. 
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Table 5.2 Average Annual Maintenance Cost for the Study Reach 

General Construction Total Cost In 
Year Maintenance Cost Cost Total Cost Multiplier 1987 Dollars 

1946 $1,535.33 $0.00 $1,535.33 8.44 $12,958.17 
1948 $569.52 $0.00 $569.52 6.44 $3,667.71 
1949 $569.52 $0.00 $569.52 6.44 $3,667.71 
1950 $1,761.91 $0.00 $1,761.91 6.24 $10,994.33 
1952 $1,981.13 $0.00 $1,981.13 5.55 $10,995.24 
1953 $2,031.94 $5,000.00 $7,031.94 5.41 $38,042.79 
1955 $2,139.10 $0.00 $2,139,10 5.14 $10,994.98 
1957 $1,975.25 $0.00 $1.975.25 4.64 $9,165.17 
1958 $2,416.23 $0.00 $2,416.23 4.55 $10,993.85 
1960 $2,524.50 $0.00 $2,524.50 4.35 $10,981.58 
1961 $2,548.02 $0.00 $2,548.02 4.31 $10,981.95 
1963 $1,061.42 $0.00 $1,061.42 4.14 $4,394.30 
1964 $909.72 $0.00 $909.72 4.03 $3,666.17 
1965 $2,792.31 $0.00 $2,792.31 3.94 $11,001.71 
1966 $1,997.98 $0.00 $1,997.98 3.77 $7,532.38 
1967 $3,024.16 $0.00 $3,024.16 3.63 $10,977.71 
1968 $3,195.23 $20,081.87 $23,277.10 3.44 $80,073.24 
1969 $3,458.16 $0.00 $3,458.16 3.18 $10,996.95 
1970 $2,463.26 $0.00 $2,463.26 2.98 $7,340.53 
1971 $2,750.81 $0.00 $2,750.81 2.66 $7,317,17 
1972 $4,475.01 $0.00 $4,475.01 2.46 $11,008.52 
1973 $4,848.88 $0.00 $4,848.88 2.27 $11,006.95 
1974 $5,315.25 $0.00 $5,315.25 2.07 $11,002.56 
1977 $6,365.84 $0.00 $6,365.84 1.73 $11,012.91 
1978 $6,868.83 $0.00 $6,868.83 1.60 $10,990.12 
1985 $10,619.42 $2,765.00 $13,384.42 1.04 $13,919.80 

Total $345,684.48 
Avg. Annual Cost $10,475.29 
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6.0 SELECTION OF PREFERRED ALTERNATIVES 

Three alternatives were to be chosen for further study as specified 

in WWC's contract with WWDC. Alternatives were to be chosen based on 

their cost and ability to meet the objectives of the study including 

reducti on of requi red rna i ntenance, reducti on of seepage losses, and 

increasing the capacity of the ditch. Only two of the six alternatives 

for rehabi 1 i tati ng the enti re study reach appeared to be worthy of 

further consideration. These alternatives are discussed below. 

6.1 Alternatives for Rehabilitation of the Entire Study Reach 

The two alternatives for rehabilitation of the entire study reach 

which appeared to meet the objectives of the study at the lowest cost 

are Alternatives 1 and 3. Alternative 1, which would replace the entire 

study reach of the ditch with a pipeline, is high in cost but would also 

reduce maintenance costs to the greatest degree. Alternative 3 is 

identical to Alternative 2 with the addition of slope stabilizing 

measures. The cost of adding slope stabilization is minimal in 

comparison to the entire cost of the project and would result in an 

additional reduction in maintenance costs. 

Alternative 4 was eliminated from further consideration because of 

the cost of pumping water into the ditch. As discussed in Chapter 4, 

the cost of power for pumping into the ditch is far in excess of the 

annual debt costs for any of the other alternatives. 

Alternative 5, which would include moving the ditch headgate 

downstream in order to reduce the length of the ditch requiring 

maintenance, was eliminated on the basis of very rough cost estimates. 

6-1 



Alternative 6 consists of rehabilitation of the concrete-lined 

sect i on of the study reach wi th no work on the reaches above the road 

crossing. This alternative was studied because the diversion gage is 

located immediately below the road crossing and any losses in the 

reaches above are not charged as diversions by the State Board of 

Control. This alternative was eliminated because it does not address 

the rna i ntenance problems in the reaches above the road cross i ng. The 

losses in these reaches are not as much of a problem as the cost of 

cleaning the ditch and the safety problems caused by the location of the 

ditch below the road into Tongue River Canyon. This section of the 

ditch must be maintained because it must still function effectively to 

deliver water to the gage. 

6.1.1 Alternative 1 

Alternative 1 includes a vault below the existing headgate, 48-inch 

CMP from the headgate to the existing 42-inch CMP and from the end of 

the existing pipe to the end of the ditch, and a gabion outlet 

structure. A sub-alternative to Alternative 1 which would move the 

headgate upstream to increase the available head and allow the use of 

smaller pipe was considered and eliminated. The cost of moving the 

headgate upstream is substantially greater than the amount that could be 

saved by using the smaller pipe. The capacity of the study reach of the 

ditch would be increased to approximately 36.5 cfs under this 

alternative. This is in excess of the capacity of the ditch below the 

study reach, but the next smaller size of CMP (42-inch) would deliver 

on ly about 26 cfs because of the gradual slope in the sect i on of the 

ditch that is presently concrete lined. 
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Alternative 1 would provide the greatest reduction in annual 

maintenance, the greatest reduction in seepage, and the largest increase 

in capacity of all the alternatives considered. The capital cost of 

this alternative is also large. 

6.1.2 Alternative 3 

Alternative 3 includes 42-inch CMP from a point upstream of the 

existing waste gate to the box culvert. An access road would also be 

constructed from the headgate to the upstream end of the CMP. The 

existing waste gate would be removed and a new gate constructed 

upstream. The concrete-lined channel would be repaired and lined with a 

100-mil high density polyethylene (HDPE) liner to reduce seepage. Fill 

would be placed above the channel to create a slope into the channel to 

eliminate the ponding above the ditch. The polyethylene liner would be 

extended up the slope for a distance of approximately 5 feet to prevent 

saturation of the clay soils on the uphill side of the ditch. At the 

outlet of the concrete-lined section, a gabion structure would be 

constructed to prevent further scour in the unlined channel. The 

capacity of the ditch would be increased to approximately 30 cfs. 

A concrete collection box and a drain under the channel would be 

constructed at the location of the spring to collect flow from the 

spring and route it under the channel. The pipeline from the spring to 

the cabin would be replaced to eliminate leaks that have caused problems 

in the past. Replacement of the pipeline has been included in this 

alternative because it is necessary for rehabilitation of the ditch. 

The costs may be the responsibility of the cabin owner, however. 
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The slopes that presently slough into the concrete-l i ned channel 

will be stabilized with erosion control matting. This matting will 

help vegetation to become established on the steep slopes and minimize 

further sloughing. In areas where rockfalls into the ditch are a 

problem, a chain link fence will be constructed along the uphill edge of 

the channel to prevent future rockfalls into the ditch. 

Alternative 3 falls in the middle of the annual cost range for all 

alternatives studied, but it is the lowest cost alternative that would 

address all of the maintenance problems in the study reach of the ditch. 

Alternative 3 would substantially reduce annual maintenance costs, 

substantially reduce seepage from the ditch, and would increase the 

capacity of the ditch by about 20 percent. 

6.2 Alternatives for Each Reach of the Study Section 

Each reach of the study section was studied separately to determine 

the recommended measures to reduce maintenance problems, reduce seepage, 

and increase flow. In each reach, the recommended measures are 

identical to those included in Alternative 3. Separate costs for each 

reach were estimated, however, to allow planning for rehabilitation in 

phases over a period of years. 
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7.0 FINANCIAL FEASIBILITY 

The two alternatives chosen in Section 6 were analyzed to determine 

financial feasibility. The alternatives which would rehabilitate the 

enti re study reach of the di tch were evaluated based on the expected 

reduction in annual maintenance cost for the study reach. Alternative 3 

was evaluated on a reach-by-reach basis to determine the expected 

reduction in maintenance cost for each reach and to rank the reaches in 

terms of priority for rehabilitation. Table 7.1 shows the results of 

the analysis for each alternative. 

The value of the additional water that can be delivered under each 

alternative was not considered in this analysis. Each alternative would 

enable delivery of at least 30 cfs through the study reach. Therefore, 

the rates of return estimated for each alternative are conservative. 

7.1 Feasibility of Alternative 1 

Alternative 1, which would replace the study section of the ditch 

with a pipeline, is expected to reduce the annual maintenance costs by 

approximately 95 percent. The pipeline would be nearly maintenance 

free, but some labor would be required for cleaning the trash rack and 

other minor maintenance. 

Annual maintenance costs for the study reach over the study period 

averaged approximately $10,500. Reduction of these costs by 95 percent 

would result ;n a total annual reduction of approximately $9,975. The 

annual amortization cost of Alternative 1, assuming that the WWDC would 

provide a grant for 50 percent of the total cost and a loan for the 

remaining 50 percent at 4 percent interest for 30-years, would be about 

$7,000. Total annual savings would be $2,975. 
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Table 7.1 Costs of Preferred Alternatives, Highline Ditch Project. 

Annual Rate of Rate of Total Cost 
Total Total Reduction in Return on Return on For 40-Year 

Capital Amortization Maintenance Investment Investment Period 
Alternative Cost Cost Costs (50% WWDC Grant) (No WWDC Grant) (1987 Dollars) --
Alternative 1 $242,000 $7,000 $9,975 8.2 4.1 $278,000 

Alternative 3 $149,300 $4,320 $9,135 12.2 6.1 $247,900 

Alternative 3 
by Reaches 

Reach 1 $49,300 $1425 $898 3.6 1.8 $55,400 

Reach 2 $0 $0 $0 0.0 0.0 $14,000 
""'-l 
I Reach 3 $33,700 $973 $3,990 23.7 11.9 $42,000 N 

Reach 4 $66,300 $1,920 $4,200 12.7 6.3 $138,300 



The annual rate of return on the investment required to replace the 

study section of the ditch with a pipeline would be approximately 8.2 

percent assuming that the WWDC would provide a grant for 50 percent of 

the project costs. Without financial assistance from the WWDC, the 

annual rate of return would be about 4.1 percent. 

The costs discussed above were estimated assuming that the Highline 

Ditch Company would pay for 50 percent of the total cost of the project. 

Other sources of funding may be available, including SCS cost sharing 

and Sheri dan County road rna i ntenance funds. Thi sal ternati ve wou 1 d 

place the ditch in a pipeline in the narrowest section of the canyon 

where the road is presently located on a bench above the di tch. The 

road could be moved down the canyon wall and placed directly above the 

pipeline which would eliminate the steep road embankments that are a 

safety hazard at the present time. The cost of moving the road would 

not be significant if it were done in conjunction with construction of 

the pipeline. Sheridan County may be willing to share in the cost of 

this portion of the pipeline in order to improve the safety of the road. 

7.2 Feasibility of Alternative 3 

Alternative 3 is expected to reduce annual maintenance costs for 

the entire study reach by approximately 87 percent. The first 565 feet 

of the ditch would not be affected by this alternative. This section of 

the ditch is not a high maintenance area, but some maintenance would be 

required. Maintenance costs for the sections of the ditch which would 

be replaced with pipe would be reduced by approximately 95 percent. The 

estimated reduction in maintenance costs for the section that is 

presently concrete 1 i ned is about 80 percent. The HDPE 1 i ner wi 11 

7-3 



require some maintenance to insure that it remains in place and is not 

damaged by rocks or stones carried down the ditch by the current. 

Reduction of the average annual maintenance cost ($10,500) by 87 

percent results in an annual reduction of approximately $9,135. The 

annual amortization cost of Alternative 3, assuming assistance from the 

WWDC at the same level as outlined above, is approximately $4,320. 

Total annual savings are about $4,815. 

The rate of return on the investment requi red to implement the 

rehabilitation measures included in Alternative 3 is approximately 12.2 

percent with a WWDC grant for 50 percent of the project costs. The 

annua 1 rate of return wi thout assi stance from the WWDC is about 6.1 

percent. 

The costs for Alternative 3 also do not include possible cost 

sharing from other sources. Some additional cost would be incurred for 

moving the road in conjunctinn with construction of Alternative 3 due to 

the cost of moving the concrete box culvert. However, the total cost 

would be much less than the cost of pursuing each project separately. 

The cost of repairing the pipeline to the cabin should be the 

responsibility of the cabin owner, also. 

7.3 Comparison of Alternatives for Rehabilitating the Entire Ditch 

The total costs for Alternatives 1 and 3 are somewhat misleading if 

used to compare the alternatives because the design lives of the 

projects are not the same. Alternative 1 has a design life that is 

approximately equal to the expected physical life of the CMP. The 

manufacturer1s estimate of the useful life of the CMP is 40 to 80 years. 

The range of estimated life is based on installed conditions, 40 years 
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for adverse conditions and 80 years for ideal conditions. For 

Alternative 1, a useful 1 ife of 40 years was used in order to be 

conservative. 

The HDPE liner used in Alternative 3 has a design life that is 

shorter than the life of the CMP. The manufacturer's estimate of the 

useful 1 i fe of the HDPE 1 i ner is 25 to 50 years, again based on the 

installed conditions. A useful life of 25 years was used in the 

comparison in order to be conservative. 

The total costs of the two alternatives were compared over a period 

of 40 years. All costs are in 1987 dollars. 

The total cost of Alternative 1 ;s the construction cost of 

$242,000 plus other costs that would be expected over a 40-year period. 

It was assumed that the existing 42-inch CMP would have to be replaced 

sometime ;n the 40-year period because it has already been in place for 

approximately 34 years. The replacement pipe was assumed to be 48-inch 

CMP in order to match the diameter of the installed pipe upstream and 

downstream. The total cost for replacing the existing pipe, in 1987 

dollars, is about $15,000. Annual maintenance for the 40-year period, 

assuming a 95 percent reduction in annual maintenance costs, would be 

approximately $525 for a total, in 1987 dollars, of $21,000. The total 

cost of maintenance for the study reach under Alternative 1 over a 

40-year period is $278,000. 

The total cost for Alternative 3 over a 40-year period is the 

construction cost of $149,300 plus the cost of replacing the HDPE liner 

after 25 years and other expected costs. The cost of replacing the HDPE 

liner, in 1987 dollars, is approximately $30,000. The existing CMP 

would also require replacement sometime in the 40-year period. The 
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replacement CMP was assumed to be 42-inch CMP to match the size of the 

pipe upstream and downstream. The cost of replacing the existing pipe 

is about $14,000 in 1987 dollars. Annual maintenance, assuming an 87 

percent reduction in maintenance costs, would be approximately $1,365 in 

1987 dollars, or $54,600 over the 40-year period. The total cost of 

maintenance for the study reach under Al ternative 3 over a 40-year 

period is about $247,900. 

7.4 Feasibility of Rehabilitating Each Reach of the Study Section 

The third approach chosen for analysis of feasibility is a 

composite alternative consisting of the recommended alternative for each 

reach of the study section of the ditch. This alternative is identical 

to Alternative 3, but is broken down by reach for the feasibility 

analysis in order to prioritize sections for a phased plan of 

rehabilitation. Results of the analysis are shown in Table 7.1. 

7.4.1 Reach 1 (Sta. 0+00 to 10+46) 

Required maintenance of this reach has been low over the period of 

record except for the lower end of the reach (Sta. 5+65 to 10+46) where 

s 1 oughi ng is a problem. For the purpose of thi sana lys is, it was 

assumed that 10 percent ($1,050) of the total annual maintenance 

expenses for the entire study reach occur in this section and that 90 

percent ($945) of the maintenance cost for the reach is incurred in the 

lower end of the reach. Replacement of the lower end of the reach with 

pi pe wi 11 reduce rna i ntenance expenses for the lower end by about 95 

percent or $898. 
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The annual cost of rehabilitating the reach, assuming a 50 percent 

grant from the WWDC and a loan of 50 percent at 4 percent interest for 

30 years, is about $1,425. 

The rate of return on the investment required to rehabilitate the 

reach is 3.6 percent with a WWDC grant for 50 percent of the 

construction cost. A rate of return of 1.8 percent could be expected 

without WWDC assistance. 

7.4.2 Reach 2 (Sta. 10+46 to 13+56) 

Maintenance of the reach has been minimal since the installation of 

the pipe. The pipe is in good condition and should be serviceable for 

many more yea rs. No rehabi 1 i tati on is proposed for thi s reach and 

annual maintenance costs were assumed negligible. It was assumed that 

the pipe would need to be replaced once in the 40 year analysis period. 

7.4.3 Reach 3 (Sta. 13+56 to 17+84) 

Maintenance of this reach has been high due to the location of the 

ditch below the road embankment. For the purpose of the study, it was 

assumed that 40 percent ($4,200) of the total annual maintenance 

expenses for the study reach are incurred in this reach. Replacing this 

reach with pipe would reduce the annual maintenance expenses for the 

reach by about 95 percent or $3,990. 

The annual cost of rehabilitating this reach of the study section, 

assumi ng WWDC ass i stance wi th the terms noted above, is about $973. 

Total annual savings are approximately $3,017. 
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The rate of return on the investment required to rehabilitate this 

sect ion is about 23.7 percent wi th a WWOC grant of 50 percent of the 

cost. Without WWOC assistance, the rate of return would be 

approximately 11.9 percent. 

7.4.4 Reach 4 (Sta. 17+84 to 35+42) 

Maintenance of this reach has been high because of damage to the 

concrete lining. It was assumed that 50 percent ($5,250) of the total 

maintenance for the study reach was required in this section. Lining 

the ditch with HOPE liner and repairing other maintenance problems would 

reduce maintenance costs for the reach by about 80 percent or $4,200 

annually. 

The annual cost of rehabilitating this reach, assuming WWOC 

assistance with the terms noted above, is approximately $1,920. Annual 

savings are about $2,280. 

The rate of return on the investment is approximately 12.7 percent 

assuming a grant from the WWOC for 50 percent of the cost. A rate of 

return of 6.3 percent can be expected without WWOC assistance. 

7.5 Priorities for Rehabilitation on a Reach-by-Reach Basis 

Pri ori ties were es tab 1 i shed for rehabi 1 ita t i on of reaches of the 

ditch in a phased rehabilitation program. Priorities are based on the 

expected rate of return expected from rehabilitation of each reach. 

The first reach of the ditch that should be rehabilitated if a 

phased program is chosen is Reach 3. Rep 1 ac i ng th is section of the 

ditch with pipe will provide the greatest benefit per dollar invested 
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with a rate of return of about 23.7 percent. However, rehabilitation of 

Reach 3 without rehabilitation of Reach 1 would not increase the 

capacity of the ditch. The pipeline must be extended upstream to 

Station 5+65 in order to obtain enough head to allow a flow of 30 cfs 

through the existing pipe. Rehabilitation of Reach 1 would provide a 

rate of return of only about 3.6 percent on the capital investment, but 

is necessary to obtain the full benefit of rehabilitation of Reach 3. 

The second priority should be rehabilitation of the concrete-lined 

channe 1, Reach 4. L i ni ng the di tch and repa i ri ng other rna i ntenance 

problems would provide a rate of return on investment of 12.7 percent. 
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8.0 RECOMMENDATIONS 

A recommended plan was chosen for rehabilitation of the entire 

study reach of the Highline Ditch. A recommendation was also prepared 

for a phased plan for rehabi 1 i tati ng the study secti on of the di tch 

reach-by-reach over a period of years. 

8.1 Recommendation for Rehabilitation of the Entire Study Reach 

Both of the alternatives for rehabilitating the entire study reach 

that were analyzed are feasible from an economic standpoint. 

Alternative 1 has a higher capital cost and a lower rate of return but 

also reduces required maintenance by the greatest degree. Alternative 1 

also eliminates seepage and increases the capacity of the study reach to 

about 37 cfs. Alternative 3 has a lower capital cost and a higher rate 

of return than Alternative 1, but will only reduce maintenance costs by 

about 87 percent. Alternative 3 will also require additional 

expenditures in the future for replacement of the HOPE liner. 

The recommended plan for rehabilitating the entire study reach of 

the Highline Ditch is Alternative 3. This alternative would solve the 

maintenance problems of the ditch at the lowest capital cost. Seepage 

would be reduced considerably but not totally eliminated, and the 

capaci ty of the study reach waul d be increased to 30 cfs. Annual 

maintenance costs for the study reach would be reduced by approximately 

87 percent. 

The HOPE liner, which would be used to line the existing concrete 

channel, may have to be replaced after 25 years if the manufacturer's 

estimate of useful life is optimistic.. The low cost of the liner as 
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compared with CMP, however, makes the cost of Alternative 3 lower than 

that of Alternative 1 even if the liner must be replaced. 

8.2 Recommendation for a Phased Plan of Rehabilitation 

A phased plan could be implemented to rehabilitate the study 

section of the ditch over a period of years. The advantage of a phased 

plan would be reduced capital costs and the ability to maximize the rate 

of return from investments in rehabilitation work. The phased plan is 

identical to Alternative 3 in the work to be done but would be 

implemented by reach. 

The first priority for rehabilitation would be Reach 3 from the end 

of the existing pipe to and including the box culvert under the road. 

Rehabilitation of this section would provide the greatest reduction in 

maintenance costs per dollar invested. The full benefits of 

rehabilitation of Reach 3 cannot be obtained without rehabilitation of 

Reach 1, however. The pipeline must be extended upstream to Station 

5+65 in order to obta in enough head to deli ver 30 cfs through the 

exi sti ng CMP. The rate of return on investment for rehabi 1 i tati on of 

Reach 1 is not as great as the rate of return for Reach 3, but must be 

considered the same priority. 

The second pri ori ty wou 1 d be Reach 4 from the outlet of the box 

cu 1 vert to the end of the concrete 1 in i ng. Rehabi 1 ita t i on of th is 

section would result in a substantial reduction in annual maintenance 

costs per dollar invested as discussed in Chapter 7. 
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APPENDIX A 

Sur-vey Notes 

HIGHLINE DITCH SURVEY NOTES~ 7/23/87 
POINT EASTING NORTHING ELEVATION REMARKS 

****************************************************************** 
1 10000.00 10000.00 4200.00 BM 
2 10000.00 10033.37 4206.71 BM 
3 10047.99 9980.03 4200.09 BM 
4 9970.29 9878.27 4186.39 TOP OF DIVERSION DAM 
5 9970.69 9875.07 4179.43 BOTTOM OF CHUTE BELOW DAM 
6 10404.06 9694.81 4190.83 CROSS-SECTION 1 
7 10398.59 9686.53 4186.61 It 

8 10386.09 9667.62 4185.87 
9 10380.68 9659.43 4185.00 

10 10373.65 9648.79 4176.75 
11 10371.13 9644.97 4176.67 
12 10366.31 9637.68 4180.22 
13 10358.88 9626.44 4173.01 
14 10654.32 9543.59 4194.84 CROSS-SECTIONS 2~v;3 

15 10752.41 9474.30 4190.00 
16 10742.04 9466.01 4178.69 
17 10739.21 9463.78 4175.53 
18 10737.20 9461.90 4179.11 
19 10684.07 9445.37 4169.99 
20 10640.42 9493.57 4170.19 
21 10647.15 9517.79 4179.18 
22 10648.02 9520.93 4176.52 
'")"':!' "';"._' 11039.95 9144.68 4188.53 BM 
24 10863.17 9342.03 4179.50 TOP OF HEADWALL~ PIPE INLET 
25 10862.63 9342.63 4174.72 PIPE INLET INVERT 
26 11063.76 9106.17 4174.76 PIPE OUTLET INVEI~T 

27 11199.99 8949.62 4196.25 CROSS-SECTION 4 
28 11181.80 8937.53 4173.37 It 

29 11177.95 8934.97 4173.42 .. 
30 11173.10 8931.75 4179.51 It 

31 11161.08 8923.76 4173.13 II 

"':!'''? ._',.a;.. 11322.96 8766.34 4173.18 BOX CULVERT OUTLET INVERT 
33 11447. 17 8593.37 4176.30 BM 
34 11458.51 8603.21 4173.00 CHANNEL SPOT ELEVATION 
35 11778.54 8446.03 4174.80 BM 
36 11746.01 8434.78 4169.06 CROSS-SECTION 5 
37 11748.42 8447.87 4174.83 II 

38 11749.24 8459.49 4175.37 II 

39 11751.91 8463.77 4172.89 .. 
40 11751.12 8469.09 4175.58 " 
41 11751.51 8484.13 4185.15 .. 
42 12258.03 8459.13 4175.65 BM 
4"':!' "-' 12414.82 8540.45 4175.30 BM 
44 12414.12 8548.68 4172.73 CHANNEL SPOT ELEVATION 
45 12541.84 8523.28 4152.57 CROSS-SECTION 6 
46 12531.92 8555.57 4174.76 It 

47 12530.70 8565.04 4174.70 II 

48 12530.22 8569.94 4172.55 II 

49 12529.99 8585.80 4184.35 .. 
50 12696.79 8569.99 4172.17 CHANNEL SPOT ELEVATION 
51 12861.88 8566.45 4171.87 CHANNEL SPOT ELEVATION 
52 12965.51 8577.88 4171.57 CHANNEL SPOT ELEVATION 
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Drill 
Hole 

No. 

lL 

lU 

2L 

2La 

2U 

3L 

3U 

4L 

4U 

5L 

5La 

5U 

6L 

APPENDIX B 

Borehole Locations~ Highline Ditch 

Location 
by Ditch 
Station 

19+21 

19+11 

23+21 

23+21 

23+34 

27+21 

27+21 

31+21 

31+21 

35+21 

35+21 

35+31 

32+52 

Description of Location 

Adjacent to downhill side of 

Adjacent to uphill side of 

"":!' 
"-' feet from downhill side of 

13 feet from downhill side of 

Adjacent to uphill side of 

Adjacent to downhill side of 

Adjacent to uphill side of 

Adjacent to downhill side of 

Adjacent to uphill side of 

4 feet from downhill side of 

18 feet from downhill side of 

Adjacent to uphill side of 

Adjacent to downhill side of 

ditch 

ditch 

ditch 

ditch 

ditch 

ditch 

ditch 

ditch 

ditch 

ditch 

ditch 

ditch 

ditch 
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LOC.OR COORDS _____ _ DRI LLER CHUCK CORLEY START FINISH 

GROUNDELEV __________________ __ DATE 7/21 187 7/21 187 

TOTALDEPTH __ 4_.5_' __________ _ RIG GIOOING, AUGER TIME __ _ 

BOREHOLE DIAM. 3" AND 2" BIT (S ) ---- GEOPHYS LOG 
-------- _YES~NO 

DEPTH MATERIAL 

0-3.5' CLAY 

3.5 - 4.5' CLAY 

4.5' 

fLUI D ----
OESCR IPT ION AND COt-1MENTS 

Reddish tan wit h mi no r fi ne 9 rai ned sa nd and S1 lt, da m p, 
1; me~tone and dolomite fragment~ up to 3" diameter at 0.5' 
Clean \rIith ~and and silt at 2.0'" AlA. Very sandy at 2.5', 
Very fi ne - coarse grai ned and silty. 

Bro\rln, sandy, harder than above, moist, scattered limestone 
and dolomite fragments, subangular - subrounded, talus 
Hit rock at 4.5' unable to continue deeper 

TDD 
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LOC.ORCOORDS _________ _ DRILLER CHUCK CORLEY START FINISH 

GROUNDELEV __________ __ DATE 7/21/87 7/21/87 

TOTALDEPTH __ 3._5_' _______ _ RIG GIOOING, AUGER TIME __ _ 

BOREHOLE DIAM._3_" ___ _ BIT (S) ---- GEOPHYS LOG 
-------- _'r'ESLNO 

DEPTH 

0-3.5' 

3.5' 

MATERIAL 

SILTY 
CLAY 
LOAM 

fLUID ----
DESCR IPT ION AND COMMENTS 

BroW'n, damp, little sand, much 1; mestone tal us, slope 
wash up to 2 1/2" diameter ~ a few 1 ron stai ned sandstone 
pebbles (very fine grains, hard) Mostly talus 'w'ith silty 
clay 3.0 - 3.5'. Hard and rocky - backed out auger and 
l03t most of the 36mple 
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LOC.OR COORDS _____ _ DRI LLER CHUCK CORLEY START fiNISH 

GROUND ELEV ______ _ DATE 7/21/87 7/21/87 

TOTALDEPTH ___ 4.~5_' ______ _ RIG GIDDING, AUGER TIME __ _ 

BOREHOLE DIAM.~3;:...." ___ _ BIT (S ) ---- GEOPHYS LOG 
-------- _YES2LNO 

DEPTH MATERIAL 

0-3.5' CLAY 

3.5 - 4.5' CLAY 

4.5' 

fLUI D ----

DESCR IPT ION AND COMMENTS 

Reddish tan, hard, damp, slighlty silty, plastic, occasional 
coan~e grai ned sand (Li mestone and Dolomite) scattered 
pebbles 2.0 - 3.5' more moisture and more sand at 3.0' 

Da r k brow n wit h 11 mesto ne a nd dolo mite f rag me nts, sa nd y, 
soft, damp. Fragments up to 1 t 12" diameter, angular to 
subangular. Limestone (?) rock at 4.0' 
Unable to continue deeper. 

TDD 
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LOG OF BOREHOLE 
BOREHOLE HIGHLINE u2 La 

PAGE_'_ OF_' _ 

LOC.OR COORDS _____ _ DRI LLER CHUCK CORLEY START FI NISH 

GROUNDELEV __________ ___ DATE 7/22/87 7/22/87 

TOTALDEPTH __ 6~.0~' ________ ___ RIG GIOOING, AUGER TIME __ _ 

BOREHOLE DIAM._3;;..... .. ___ ___ BIT (S) ---- GEOPHYS LOG 
-------- _YES~NO 

FLUI D ----

DEPTH MATERIAL DESCR IPT ION AND COMMENTS 

0-1.5' CLAY Pi nkls h b roW'n, silt Y I mi no r sa nd, da m P, scatte red dolo mite 
and 1i mestone fragments, angular up to 1 1/2" diameter 

1 .5 - 3.0' CLAY Dark broW'n, silty with fi ne grai ned sand, many 1i mestone 
and dolomite fragments and occa3ional granite fragments 

~ ~ 3.0 - 6.0' SAND Slightl Y clayey, brown fi ne - coarse grai ned, much li mestone 
and dolomite fragments, someW'hat damp, minor brown clay 
at 5.5' with much limestone and dolomite fragments. AlA 
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6.0' TDD 

Kept falling doW'n hill and couldn't stay in hole. 
Pulled out and tried 3 holes near middle of road; hit 
rocks,.., 0.5' down each hole and couldn't continue deeper. 
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LOC.OR COORDS _____ _ DRI LLER CHUCK CORLEY START FINISH 

GROUND ELEV ______ _ DATE 7/22/87 7/22/87 

TOTALDEPTH __ 2._S_' _____ _ RIG HAND AUGER TIME __ _ 

BOREHOLE DIAM.----.;2;;;;..'_' ___ _ BIT (S ) ---- GEOPHYS LOG 
-------- _YES-x-'NO 

DEPTH MATERIAL 

0- 3.S' CLAY 

Z.5' 

fLUI D ----
DESCR IPT ION AND COMMENTS 

Pinkish bro\y'n, soft, slighlty sticky, damp .. silty, very 
medi um grai ned sand. Sandier \y'ith scattered 1i mestone and 
dolomite fragments at 1.8' angular fragments up to liZ" 
diameter and very fi ne - fi ne grei ns and silt. Rocks at 
2.5' ( 1i mestone ? ) 
Unable to conti nue deeper 
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LOC.ORCOORDS _____ _ DRILLER CHUCK CORLEY START FINISH 

GROUNDELEV ____________ __ DATE 7/21 187 7/21 187 

TOTALDEPTH ___ 4_.0_' ________ _ RIG G tOD (NG I AUGER TIME ____ __ 
BOREHOLE DIAM._3=-'_' ___ _ BIT(S) ---- GEOPHYS LOG 

--------- _YES.lLNO 
FLUI D ----

1: 
-< Z DEPTH MATERIAL 

CLAY 

DESCR IPT ION AND COMMENTS 
wo 
a:: (f) 0 - 1 .5' 
t-o 
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4.0' 

CLAY 

CLAY 

Reddish tan, slightly damp, sandy, silty. Grades to dark red 
3ilty clay at 1.5' 

Red, damp, sandy (very fi ne grai ned) silty 'w'ith many 
11 me5tone end dolomite fregment5 up to 2" diemeter 
angular - subangular small zone of i ron oxide 3ta1 ned 
sandstone pebbles at ,.., 2.5', very damp 

Dark bro'w'n, sandy, soft, damp 'w'ith many limestone and 
dolomite fragments up to 1.5" diameter I angular. Hit 
11 mestone (?) rock at 4.0. Unable to conti nue deeper 

TOO 
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BOREHOLE HIGHLINE #3 U 
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LOC.ORCOORDS _____ _ DRI LLER CHUCK CORLEY START fiNISH 

GROUND ELEV ______ _ o ATE 7/22/87 7/22/87 

TOTALDEPTH __ ~3~.1_' _______ _ RIG HAND AUGER TIME __ _ 

BOREHOLE DIAM._2;:;..,·_· ___ _ BIT (5) ---- GEOPHYS LOG 
-------- _YEs..1LNO 

DEPTH MATERIAL 

0- 1.8 CLAY 

1 .8 - 3.1' CLAY 

3.1' 

FLUID ----
OEseR IPT ION AND COMMENTS 

Damp, tannish red, silty, minor very fine grained sand 
'With scattered angular 1i mestone fragment~ up to 3/4" 
diameter, sticky 

Very sandy, fi ne - coarse grai ned silty I 'Wet, sticky, 6 few 
soft iron oxide stained sandstone pebbles 2.0 - 2.5'. 
A feW' 1 i mesto ne frag me nts at 2.75'. Hit roc ks (1 i mesto ne ?) 
at 3.1', unable to conti nue deeper 
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LOC.ORCOORDS _____ _ DRI LLER CHUCK CORLEY START FINISH 

GROUNDELEV ________________ ___ DATE 7/21 187 7/21 187 

TOTALDEPTH_~4~.O_· ____________ _ RIG GIDDING, AUGER TIME __ _ 

BOREHOLE DIAM._3;;;.... .. ___ _ 8IT(5) ---- GEOPHYS LOG 
-------- _YES-2LNO 

DEPTH MATERIAL 

0-3.0' SAND 

3.0 - 4.0' SAND 

4.0' 

FLUI D ----
OEseR IPT ION AND COMMENTS 

Light brown fine - medium grained, silty, clayey, dry, 
scattered angular 1i nestone fragments 

A/A.I reddish tan with 11 mestone and dolomite fragments 
up to 3/4" diameter, slightl y damp. Hit rock at - 4.0' 
hard dolomite? Unable to conti nue deeper 
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LOC.ORCOORDS _____ _ DRI LLER CHUCK CORLEY 
START FINISH 

GROUNDELEV ____________ __ DATE 7/22/87 7/22/87 
TOTALDEPTH ___ 1_.2_' ________ _ RIG HAND AUGER TIME __ _ 

BIT (S) ---- GEOPHYS LOG 
-------- _YES.1LNO 

fLUID ----

BOREHOLE DIAM._2_'_' ___ _ 

DEPTH MATERIAL DEseR IPT ION AND COMMENTS 

0-1.2' SAND Red, fi ne - coarse gral ned, mi nor red clay ... a few 
limestone fragments up to 1/4" diameter. Minor brown 
clay 8t 1.0'. Hit rocK3 at 1 .2' unable to conti nue deeper 

1.2' TDD 
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LOC.OR COORDS _____ _ DRI LLER CHUCK CORLEY START FINISH 

GROUNDELEV _________ __ o ATE 7/21 187 7 121 187 

TOTALDEPTH ___ '_·S_' _______ _ RIG GtOOING, AUGER TIME ___ _ 

BOREHOLE DIAM._3;;;.,.. .. ___ _ BIT(S) ---- GEOPHYS LOG 
-------- _YES-K-NO 

DEPTH MATERIAL 

0-3.5' CLAY 

3.5 - 5.0' SANDSTONE 

5.0 

FLUID ----
OESCR IPT ION AND COMMENTS 

Reddish tan, silty, minor sand, fe'w' limestone pebbles 
o - 1.0' Hard. More ~8nd and pebble~ of 11 me~tone and 
dolomite at 1.S' up to 1/2" diameter # angular to subrounded. 
Damper and occasional 'w'eathered sandstone pebbles at 2.5' 

Yellow tan, f1 ne - medi urn grai ned, 30ft# weathered, silty .. 
clayey, some iron oxide stain present 

TDD 
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LOC.OR COORDS _____ _ DRILLER CHUCK CORLEY START FINISH 

GROUNDELEV ____________ ___ D ATE 7/22/87 7/22/87 

TOTALDEPTH ___ 2_.5_' _________ _ RIG GtDDING} AUGER TIME __ _ 

BOREHOLE DIAM._3~" ___ _ BIT ( S ) ---- GEOPHYS LOG 
-------- _YES...1LNO 

DEPTH 

0-2.5' 

2.5' 

MATERIAL 

CLAYEY I 
SAND 

FLUID ----
DESCR IPT ION AND COMMENTS 

Light bro'w'n - ten, fi ne - medi urn grai ned, very 3andy and 
silty, some limestone and dolomite fragments 0.5 - 1.5' 
angular up to 1/2" diameter, Les3 sand and some'w'hat 
damp at 2.0', Hit lime3tone (7) at 2.5' unable to continue 
deeper 

TOO 
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BOREHOLE HIGHLINE u5 U 
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LOC. OR COORDS _____ _ DRI LLER CHUCK CORLEY START FINISH 

GROUNDELEV ____________ __ DATE 7/21 /87 7/21/87 

TOTALDEPTH ___ 3_.5_' ________ _ RIG GIDDING, AUGER TIME __ __ 

BOREHOLE DIAM._3~" ___ __ 81 T (S ) ---- GEOPHYS LOG 
-------- _YES-1LNO 

FLUID ----

DEPTH MATER I AL DEseR IPT ION AND COMMENTS 

0-3.0' 51 LTY CLAY 
LOAM 

Tan, minor, very fine grained sand, damp, soft, plastic, 
mobt at 3.0' 

3.0 - 3.5' SANDSTONE 

3.5' 

Fi ne - medi urn grai ned, yello'w' tan~ hard~ clayey, 'w'eathered. 
Unable to conti nue deeper 
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LOC.OR COORDS _____ _ DRI LLER CHUCK CORLEY START FINISH 

GROUNDELEV ____________ __ DATE 7/21 /87 7/21 /87 

TOTALDEPTH __ 4_._75_' ________ _ RIG GIOOING, AUGER TIME ___ _ 

BOREHOLE DIAM._3=-.'_' ___ _ 8IT(S) ---- GEOPHYS LOG 
--------- _YES.1LNO 

DEPTH MATERIAL 

0-3.0' CLAY 

3.0 - 4.75' CLAY 

4.75' 

fLUI D ----
DESCRIPTION AND COMMENTS 

Reddish brown, sandy, ( fi ne gral ned) silty, mi nor 
limestone pebbles 0 - 1.0', hard, damp, somewhat plastic. 
Pi c ked 1 hi n 1a ye rs of soH 'vIeat he red red S1 11sto ne at 
2.0'. Clay A/A at 2.5' somewhat sandy and moist 

Brown, plastic, moderately hard, sandy with a few red 
end yellow eng uler chert pe b bles up to 1 /2" di a mete r. 
Many li mestone and dolomite pebbles at 4.0'. Sandy and 
wet at 4.5'. Hit li mestone (?) or rocKs at 4.5' Unable 
to continue. 
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COST COMPUTATIONS FOR DESIGN ALTERNATIVES FOR HIGHLINE DITCH REHABILITATION 

DESIGN ALTERNATIVE 11: REPLACE DITCH WITH PIPELINE 

ANNUAL COST 
ITEM TOTAL TOTAL (50t LOAN, 
SELECTED ITEM UNIT COSTIUNIT I OF UNITS COST lITEM COST 30-YR, AT 41) 
---------------------------------------------------------------------------------------------------------------------------------
• I HEADGATE STRUCTURE 

1) REINFORCED CONCRETE STILLING VAULT C.Y. 350.00 12 4200.00 
2} TRASH RACK LUlp SUI 700.00 1 700.00 

$4,900.00 

t II PIPELINE INSTALLATION 

1) BACKFILL IN CHANNEL C.Y. 4.38 6000 26280.00 
2) CLEAR AND GRUB ACRE 2875.00 0.24 690.00 
3} BLASTING C.Y. 40.76 40 1630.40 
4) TRENCHING (Incl. backfill, co'paction, etc.>L.F. 12.71 1425 18111. 75 
5) BEDDING L.F. 3.73 3232 12055.36 
6) REMOVE EXISTING C"P Cl~VERT HEADWALLS LUlp SUI 500.00 1 500.00 
7) REMOVE EXISTING TURNOUT SPILLWAY LUlp SUI 500.00 1 500.00 
8) REMOVE EXISTING BOX CULVERT LUlp SUI 800.00 1 800.00 
9) MANHOLES LUlp SUI 1600.00 2 3200.00 

$63,767.51 

III PIPE (STA. 7+65 TO 17+35) 

• A) 481 CMP (0=36.5 cfs) 

1) PIPE L.F 19.05 3232 61569.60 
2} COUPLING BANDS EA. 30.48 162 4937.76 
3) INSTALLATION L.F. 15.00 3232 48480.00 
4} ECCENTRIC TRANSDUCER EA. 615.97 2 1231. 94 

$116,219.30 

B) 421 CMP (0=26.4 cfs) 

1) PIPE L.F. 17.35 3232 56075.20 
2} COUPLING BANDS EA. 27.76 162 4497.12 
3) INSTALLATION L.F. 13.87 3232 44827.84 

$105,400.16 

C) 421 C"P WITH PAVED INVERT (0=31.9 cfs) 

1) PIPE L.F. 43.19 3232 139590.08 
2) COUPLING BANDS EA. 33.00 162 5346.00 
3) INSTALLATION L.F. 13.87 3232 44827.84 

$189,763.92 

Page 1 of 2 09129/87 



COST COMPUTATIONS FOR DESIGN ALTERNATIVES FOR HI6HLINE DITCH REHABILITATION 

ITEM 
SELECTED 

* 

DESIGN ALTERNATIVE 11: REPLACE DITCH WITH PIPELINE 

ITEM 

D) 36- CMP FULLY PAVED (Q=32.9 cfs) 

1) PIPE 
2) COUPLING BANDS 
3) INSTALLATION 
4) ECCENTRIC TRANSDUCER 

E) 36- SPIRAL RIB STEEL PIPE (Q=32.9 cfs) 

1) PIPE 
2) COUPLING BANDS 
3) INSTALLATION 
4) ECCENTRIC TRANSDUCER 

F) 36- REINFORCED CONCRETE PIPE (Q=32.9 cfs) 

1) PIPE 
2) COUPLING BANDS 
3) INSTALLATION 
4) ECCENTRIC TRANSDUCER 

IV OUTLET STRUCTURE 

1) 6ABION HEADNALL 
2} GABION CHANNEL PROTECTION 

Page 2 of 2 

UNIT 
TOTAL 

COSTIUNIT I OF UNITS COST/ITEM 

LF. 56.02 3232 181056.64 
EA. 29.00 162 4698.00 
l.F. 12.71 3232 41078.72 
EA. 552.41 2 1104.82 

LF. 24.18 3232 78149.76 
EA. 24.18 162 3917.16 
LF. 12.71 3232 41078.72 
EA. 552.41 2 1104.82 

LF. 30.00 3232 96960.00 
EA. Included 0.00 
L.F. 23.58 3232 76210.56 
EA. 552.41 2 1104.82 

Lump SUI 700.00 1 700.00 
S.Y. 32.00 17.5 560.00 

ESTIMATED COSTS FOR ALTERNATIVE 1 

MATERIALS AND INSTALLATION: 
30X CONTINGENCY: 

TOTAL ESTIMATED COST FOR ALTERNATIVE 1: 

09129/87 

TOTAL 
COST 

$227,938.18 

$124,250.46 

$174,275.38 

$1,260.00 

$186,146.81 
$55,844.04 

$241,990.85 

ANNUAL COST 
(50% LOAN, 
30-YR, AT 41) 

$6,997.17 



COST CO"PUTATIONS FOR DESIGN ALTERNATIVES FOR HIGHLINE DITCH REHABILITATION 

DESIGN ALTERNATIVE 12: REPLACE THE CANAL WITH A CO"BINATION 
OF PIPELINE AND NEW LINING "ATERIAL. 

ANNUAL COST 
HEtt TOTAL TOTAL (50t LOAN, 
SELECTED ITE" UNIT COST IUNIT I OF UNITS COST/ITE" COST 30-YR,AT U) 
---------------------------------------------------------------- ---------------------------------------------------------------------

I RENOVATE UPPER PORTION OF DITCH (TO STA. 5t65) 

A) ACCESS ROAD 

1) CLEAR AND GRUB ACRE 2875.00 0.3 862.50 
2) BLASTING C.Y. 40.76 40 1630.40 
3) EXCAVATION (BOULDERS) C.Y. 10.15 125 1268.75 
4) FILL C.Y. 4.38 300 1314.00 

$5,075.65 

II PIPELINE (STA 5+65 TO 17+35 incl. existing culvert) 

* A) HEADWALL STRUCTURES 

1) TRASH RACK Lump SUI 700.00 700.00 
2) CONCRETE HEADWALL Lump SUI 2275.00 2275.00 
3) GABION OUTLET STRUCTURE LUlLp SUI 1260.00 1260.00 
4) RE"OVE EXISTING TURNOUT SPILLWAY LUllp SUI 500.00 500.00 
5) CONSTRUCT NEW TURNOUT SPILLWAY Lump SUI 1750.00 1750.00 
6) "ANHOLE LUllp SUI 1600.00 1600.00 

$8,085.00 

* B) PIPELINE INSTALLATION PREPARATION 

I} BACKFILL IN CHANNEL C.Y. 4.38 1370 6000.60 
2) TRENCHING (Incl. backfill, cOlpaction, etc.) L.F. 12.71 900 11439.00 
3) BEDDING L.F. 3.73 900 3357.00 
4) RE"OVE EXISTING C"P CULVERT HEADWAllS LUlp SUI 250.00 2 500.00 

$21,296.60 

III PIPE (STA. 5+65 TO 17+35) 

* A) 42- C"P (Q=29.5 cfs) 

1> PIPE L.F. 17.35 900 15615.00 
2) COUPLING BANDS EA. 27.76 45 1249.20 
3) INSTALLATION LF. 13.87 900 12483.00 

$29,347.20 

Page 1 of 4 10122187 



COST COMPUTATIONS FOR DESIGN ALTERNATIVES FOR HI6HLINE DITCH REHABILITATION 

DESIGN ALTERNATIVE 12: REPLACE THE CANAL WITH A COMBINATION 
OF PIPELINE AND NEW LINING ttATERIAL. 

ANNUAL COST· 
ITEM TOTAL TOTAL (507. LOAN, 
SELECTED ITEM UNIT COSTIUNIT I OF UNITS COST/HEtt COST 30-YR,AT 41) 
---------------------------------------------------------------- ---------------------------------------------------------------------

B) 42- CMP WITH PAVED INVERT (Q=35.9 cfs) 

1) PIPE L.F. 43.19 900 38871.00 
2) COUPLING BANDS EA. 33.00 45 1485.00 
3) INSTALLATION L.F. 13.87 900 12483.00 

f52,839.00 

IV REHABILITATION OF CONCRETE CHANNEL SECTION 

(ALTERNATIVES A THROUGH F:) 

A) REMOVE AND REPLACE CONCRETE CHANNEL 

I} REMOVE EXISTING CHANNEL loF. 13.54 IS00 24372.00 
2) EXCAVATE b- BELOW EXISTING CHANNEL C.Y. 5.bS 350 19S8.00 
3) PLACE 68 SAND AND GRAVEL BEDDING loF. 2.40 1800 4320.00 
4) REPAIR WATER SUPPLY PIPELINE l.F. 3.97 SOO 3176.00 
5) 4' PERFORATED PVC PIPE DRAIN 100 l.F. 1200.00 IS 21bOO.00 
6) BUILD NEW CONCRETE CHANNEL l.F. 25.00 1800 45000.00 
7} COLLECTOR BOX AND DRAIN LUlp SUI 1000 1 1000.00 
8) GABION CHANNEL PROTECTION S.Y. 32 17.5 560.00 

fl02,016.00 

B} HIGH DENSITY POLYETHYLENE CANAL LINING 

1) GROUT CRACKS LUlp SUI 1500 1 1500.00 
2) LINING MATERIAL, INSTALLED S.F. 0.90 33300 29970.00 
3) REPAIR WATER SUPPLY PIPELINE L.F. 3.97 800 3176.00 
4) FILL AND COMPACT ABOVE CHANNEL C.Y. 9.50 1000 9500.00 
5) COLLECTOR BOX AND DRAIN LUlLp SUI 1000 1 1000.00 
b) GABION CHANNEL PROTECTION S.Y. 32 17.5 560.00 

f45,70b.OO 

Page 2 of 4 10122/87 



COST COMPUTATIONS FOR DESI6N ALTERNATIVES FOR HI6HLINE DITCH REHABILITATION 

DESIGN ALTERNATIVE 12: REPLACE THE CANAL WITH A COMBINATION 
OF PIPELINE AND NEW LININ6 MATERIAL. 

ANNUAL COST 
ITEM TOTAL TOTAL (50i. LOAN, 
SELECTED ITEM UNIT COST/UNIT I OF UNITS COST/ITEM COST 30-YR,AT 4'1) 
---------------------------------------------------------------- ---------------------------------------------------------------------

C) REPLACE WITH HALF-CULVERT SECTIONS 

I} 8 FT. DIA. HALF-CULVERT SECTIONS LF. 60.43 1800 108774.00 
2) CONNECTIONS EA. 15.00 82 1230.00 
3) INSTALLATION LF. 21.24 1800 38232.00 
4) BACKFILL AROUND CULVERT C. Y. 6.94 900 6246.00 
5) REPAIR WATER SUPPLY PIPELINE l.F. 3.97 800 3176.00 
6) COLLECTOR BOX AND DRAIN Lump SUI 1000 1 1000.00 
7) 6ABION CHANNEL PROTECTION S.Y. 32 17.5 560.00 

$159,218.00 

D} SHOTCRETE LININ6 

1) SHOTCRETE LINING C. Y. 271. 98 150 40797.00 
2) REPAIR MATER SUPPLY PIPELINE LF. 3.97 800 3176.00 
3) 4U PERFORATED PVC PIPE DRAIN 100 L.F. 1835.00 18 33030.00 
4) COLLECTOR BOX AND DRAIN LUlp SUI 1000 1000.00 
5) GABION CHANNEL PROTECTION SlY' 32 17.5 560.00 

$78,563.00 

E) REPLACE DITCH WITH PIPELINE • 
(.ONLY RECOMMENDED IF ENTIRE DITCH REPLACED WITH PIPE) 

1) BACKFILL AND COMPACTION IN CHANNEL C.Y. 8.28 1250 10350.00 
2) PIPE BEDDING l.F. 3.73 1800 6714.00 
3) 42- CMP PIPE l.F. 17.35 1800 31230.00 
4) COUPLING BANDS EA. 27.76 82 2276.32 
5) INSTALLATION L.F. 13.B7 1800 24966.00 
6) 6ABION OUTLET STRUCTURE LUlp SUI 1260.00 1 1260.00 
7) MANHOLE LUlp SUI 1600.00 1 1600.00 

$78,396.32 

F) INSTALL DRAINAGE REHABILITATION MEASURES ONLY 

1) 4- PERFORATED PVC PIPE DRAIN 100 L.F. 1835.00 18 33030.00 
2) REPAIR MATER SUPPLY PIPELINE LF. 3.97 800 3176.00 
3) COLLECTOR BOX AND DRAIN Lump SUI 1000 1 1000.00 
4) GABION CHANNEL PROTECTION S.Y. 32 17.5 560.00 

$37,766.00 

Page 3 of 4 10122/87 



ITEM 
SELECTED 

COST COMPUTATIONS FOR DESIGN ALTERNATIVES FOR HIGHLINE DITCH REHABILITATION 

DESIGN ALTERNATIVE 12: REPLACE THE CANAL WITH A COMBINATION 
OF PIPELINE AND NEW LINING MATERIAL. 

ITEM UNIT 
TOTAL 

COST/UNIT I OF UNITS COST/ITEM 

ESTIMATED TOTAL COSTS FOR ALTERNATIVE 12 

MATERIALS AND INSTALLATION: 
30 I CONTINGENCY: 

TOTAL ESTIMATED COST FOR ALTERNATIVE 2: 

Page 4 of 4 10122/87 

TOTAL 
COST 

$109,510.45 
$32,953.13 

ANNUAL COST 
(507. LOAN, 
30-YR,AT U) 

$142,363.59 $4,116.44 



ITEM 
SELECTED 

COST COMPUTATIONS FOR DESIGN ALTERNATIVES FOR HI6HLINE DITCH REHABILITATION 

ALTERNATIVE 13: REPLACE THE CANAL WITH A COMBINATION OF PIPELINE AND NEW 
LINING MATERIAL AND PROVIDE SLOPE STABILIZATION MEASURES. 

TOTAL TOTAL 
ITEM UNIT COST/UNIT I OF UNITS COST/ITEM COST 

* I PIPELINE (STA. 5+65 TO 17+35) AND REHABILITATION OF 

* 
* 

CONCRETE CHANNEL SECTION 

TOTAL COST - REFER TO ALTERNATIVE 12 -
(DOES NOT INCLUDE CONTINGENCY) 

II EROSION PROTECTION MEASURES 

1) ROCK FALL NETTIN6 
2) EROSION CONTROL MATTING 
3) CHAIN-LINK FENCING, CEMENTED AND BRACED 

S.F. 
S. Y. 
L.F. 

1.50 
3.50 

10.47 

$109,510.45 

9600 14400.00 
1067 3734.50 $3,734.50 

150 1570.50 $1,570.50 

ESTIMATED TOTAL COSTS FOR ALTERNATIVE 13 

MATERIALS AND INSTALLATION: 
30 X CONTINGENCY: 

$114,815.45 
$34,444.63 

ANNUAL COST 
(507. LOAN, 
30-YR,AT 41.) 

TOTAL ESTIMATED COST FOR ALTERNATIVE 13: $149,260.09 $4,315.86 

Page 1 of 1 10122/87 



HE" 
SELECTED 

* 

• 

COST COMPUTATIONS FOR DESIGN ALTERNATIVES FOR HIGHLINE DITCH REHABILITATION 

DESIGN ALTERNATIVE 14: ABANDON THE DIVERSION AND UPPER SECTION 
OF THE DITCH AND PU~ INTO THE DITCH 

UNIT 
TOTAL 

COSTIUNIT I OF UNITS COST/ITE" 

OPTION #1: PUMP 30 CFS, 140'NITH 30' OF LIFT 

I EQUIPMENT 

A)ONE PUMP U EA. 45000.00 45000.00 

l)CONTROL PANEL AND PUMP INSTALLATION EA. 10000.00 10000.00 
2)PUMP HOUSE BUILDING LUlp SUI 7397.00 7397.00 
3)24- DUCTILE IRON PIPE l.F. 56.00 140 7840.00 
4)TRENCHIN6 AND BACKFILL FOR PIPE L.F. 5.74 140 803.60 
5)OUTLET STRUCTURE AND THRUST BLOCK C.Y. 350.00 1 350.00 
6)6ABION HEADWALL LUlp SUI 1155.00 1 1155.00 

B) FOR TNO PUMPS EA. 22300.00 2 44600.00 

l)CONTROL PANEL AND PUMP INSTALLATION EA. 15000.00 1 15000.00 
2)PUMP HOUSE BUILDING LUlp SUI 11095.50 1 11095.50 
3)PIPE L.F. 56.00 140 7840.00 
4)INSTALLATION OF PIPE l.F. 5.74 140 803.60 
5)OUTLET STRUCTURE AND THRUST BLOCK C.Y. 350.00 1 350.00 
6)GABION HEADWALL Lump SUI 1155.00 1 1155.00 

II POWER COST per year 15322.26 15322.26 

Page 1 of 2 09129/87 

TOTAL 
COST 

t72,545.60 

t80,844.10 

tI5,322.26 

ANNUAL COST 
(SOl LOAN, 
30-YR,AT 4%) 



ITEM 
SELECTED 

COST COMPUTATIONS FOR DESIGN ALTERNATIVES FOR HI6HLINE DITCH REHABILITATION 

DESIGN ALTERNATIVE 14: ABANDON THE DIVERSION AND UPPER SECTION 
OF THE DITCH AND PUMP INTO THE DITCH 

ITEtt UNIT 
TOTAL 

COST/UNIT I OF UNITS COST/ITEM 

OPTION 12: PUMP 30 CFS 400'WITH 90' OF LIFT 

I EQUIPttENT 

A)ONE PUMP n EA. 45000.00 

l)CONTROL PANEL AND puttP INSTALLATION EA. 10000.00 
2)PUMP HOUSE BUILDING LUlp SUI 7397.00 1 
3)PIPE L.F. 56.00 400 
4)INSTAL~ATION OF PIPE L.F. 5.74 400 
5)OUTLET STRUCTURE AND THRUST BLOCK C.Y. 350.00 1 
6)GABION HEADWALL Lump SUI 1155.00 1 

B) FOR TWO PUMPS EA. 27600.00 2 

l)CONTROL PANEL AND PUMP INSTALLATION EA. 15000.00 1 
2}PUMP HOUSE BUILDING LUlLp SUII! 11095.50 1 
3}PIPE L.F. 56.00 400 
4) INSTALLATION OF PIPE L. F. 5.74 400 
5)OUTLET STRUCTURE AND THRUST BLOCK C.Y. 350.00 1 
6)6ABION HEADWALL LUlp SUI 1155.00 1 

II POWER COST per season 43159.93 

ESTIMATED COSTS FOR ALTERNATIVE 14 

MATERIALS AND INSTALLATION: 
30 X CONTINGENCY 

TOTAL EST. EQUIPMENT COST: 

POWER (PER YEAR): 

TOTAL COST (PER YEAR}: 

(*. THE COST FOR EACH OF THESE PUMPS ARE EQUAL DUE TO THE DISCOUNTED 
PRICES OFFERED ON THE PUMP FOR OPTION 12.> 

45000.00 

10000.00 
7397.00 

22400.00 
2296.00 
350.00 

1155.00 

55200.00 

15000.00 
11095.50 
22400.00 
2296.00 
350.00 

1155.00 

43159.93 

Page 2 of 2 09129/87 

TOTAL 
COST 

$88,598.00 

$107,496.50 

$43,159.93 

$72,545.60 
$21,763.68 

ANNUAL COST 
(50t LOAN, 
30-YR,AT 41) 

$94,309.28 $2,726.95 

$15,322.26 

$18,049.21 



COST COttPUTATIONS FOR DESIGN ALTERNATIVES FOR HI6HLINE DITCH REHABILITATION 

ITEtt 
SELECTED 

ALTERNATIVE 15: ESTABLISH A NEN DIVERSION POINT DOWNSTREAtt AND 
ABANDON AN UPPER PORTION OF THE CANAL. 

ITEtt UNIT 

• NO ACTION NAS CONSIDERED FOR THIS ALTERNATIVE.' 
• ALTERNATIVE NOT FEASIBLE * 

Page 1 of 1 

TOTAL TOTAL 
COSTIUNIT I OF UNITS COST/ITE" COST 

09/29/87 

ANNUAL COST 
(50t LOAN, 
30-YR, AT 41) 



ITEtt 
SELECTED 

COST COMPUTATIONS FOR DESIGN ALTERNATIVES FOR HIGHLINE DITCH REHABILITATION 

ALTERNATIVE 16: REHABILITATE THE SECTION OF CANAL BELON THE BOX CULVERT 
SEE DESIGN ALTERNATIVE '2, SECTION IV, PART B 
AND DESIGN ALTERNATIVE 3, SECTION II 

TOTAL TOTAL 
ITEM UNIT COSTIUNIT • OF UNITS COST/ITEM COST 

* REHABILITATION OF CONCRETE CHANNEL SECTION 

ALT. 12, IV B) HIGH DENSITY POLYETHYLENE CANAL LINING 

II EROSION PROTECTION MEASURES 

ALT 13, II 

ESTIMATED TOTAL COST FOR ALTERNATIVE .6 

MATERIALS AND INSTALLATION 
30% CONTINGENCY 

$45,146.00 

$5,305.00 

$50,451.00 
$15,135.30 

(50% LOAN, 
30-YR, AT U) 

TOTAL ESTIMATED COST $65,586.30 $1,896.43 

Page 1 of 1 09/29/87 



COST COMPUTATIONS FOR DESIGN ALTERNATIVES FOR HIGHLINE DITCH REHABILITATION 

DESIGN ALTERNATIVES FOR REACH 11: HEAD6ATE TO EXISTING 42- CMP CULVERT 

ANNUAL COST 
ITEM TOTAL TOTAL (507. LOAN, 
SELECTED ITEM UNIT COST IUNIT I OF UNITS COSTIITEM COST 30-YR, AT U) 
--------------------------------------------------------------------------------------------------------------------------------------

I NO ACTION NO COST ASSOCIATED WITH THIS OPTION 

II LINE ENTIRE REACH 

A) HEADGATE STRUCTURE 

1) REINFORCED CONCRETE VAULT C.Y. 350.00 12 4200.00 
2) TRASH RACK Lump SUI 700.00 700.00 

$4,900.00 

B) PIPELINE INSTALLATION PREPARATION 

1) BACKFILL IN CHANNEL C.Y. 4.38 1950 8541. 00 
2) CLEAR AND GRUB ACRE 2875.00 0.24 690.00 
3) BLASTING C.Y. 40.76 40 1630.40 
4) TRENCHING (Incl. backfill, compaction, etc.) l.F. 12.71 1046 13294.66 
5) BEDDING L.F. 3.73 1046 3901.58 
6) REMOVE EXISTING CNP CULVERT HEADWALLS Lump SUI 500.00 1 500.00 
7) MANHOLE Lump SUI 1600.00 1600.00 

$30,157.64 

C) PIPE 

ALTERNATIVES 1 AND 2: 

1) 4S· CMP (Q=36.5 cfs) L.F 19.05 1046 19926.30 
COUPLING BANDS EA. 30.48 52 1584.96 
INSTALLATION L.F. 15.00 1046 15690.00 
ECCENTRIC TRANSDUCER EA. 615.97 2 1231. 94 

$38,433.20 

2) 42- CMP (0=29.5 cfs) l.F. 17.35 1046 18148.10 
COUPLI NG BANDS EA. 27.76 52 1443.52 
INSTALLATION l.F. 13.87 1046 14508.02 

$34,099.64 

D) OUTLET STRUCTURE 

1) GABION HEADWALL Lump SUI 700.00 1 700.00 
2) GAB ION CHANNEL PROTECTION S.Y. 32.00 17.5 560.00 

$1,260.00 

Page 1 of 7 10122187 



COST COMPUTATIONS FOR DESIGN ALTERNATIVES FOR HIGHLINE DITCH REHABILITATION 

DESIGN ALTERNATIVES FOR REACH 11: HEADGATE TO EXISTING 42 8 CMP CULVERT 

ANNUAL COST 
ITEM TOTAL TOTAL (507. LOAN, 
SELECTED ITEM UNIT COST/UNIT t OF UNITS COST I ITEM COST 3Q-YR, AT 41) 
--------------------------------------------------------------------------------------------------------------------------------------
• II LINE ONLY THE PROBLEM SECTION (STA. 5+65 TO 10+46) 

* A) HEADWALL STRUCTURE 

1) TRASH RACK Lump SUI 700.00 700.00 
2) CONCRETE HEADWALL Lump SUI 2275.00 2275.00 
4) REMOVE EXISTING TURNOUT SPILLWAY Lump SUI 500.00 500.00 
5) CONSTRUCT NEN TURNOUT SPILLWAY Lump SUI 1750.00 1750.00 

$5,225.00 

B) PIPELINE INSTALLATION PREPARATION 

1) BACKFILL IN CHANNEL C.Y. 4.38 650 2847.00 
2) TRENCHING (Incl. backfill, compaction, etc.) L.F. 12.71 500 6355.00 
3) BEDDING L.F. 3.73 500 1865.00 
4) REMOVE EXISTING CMP CULVERT HEADWALL Lump SUI 250.00 1 250.00 

$11,317.00 

C) PIPE 

ALTERNATIVES 1 AND 2: 

1) 48 8 CMP (Q=36.5 cfs) L.F 19.05 500 9525.00 
COUPLING BANDS EA. 30.48 25 762.00 
INSTALLATION L.F. 15.00 500 7500.00 
ECCENTRIC TRANSDUCER EA. 615.97 2 1231.94 

$19,018.94 

2) 42 8 Ct1P (Q=29.5 cfs) L.F. 17.35 500 8675.00 
COUPLING BANDS EA. 27.76 25 694.00 
INSTALLATION L.F. 13.87 500 6935.00 

$16,304.00 

• D) ACCESS ROAD 

1) CLEAR AND GRUB ACRE 2875.00 0.3 862.50 
2) BLASTING C.Y. 40.76 40 1630.40 
3) EXCAVATION (BOULDERS) C.Y. 10.15 125 1268.75 
4) FILL C.Y. 4.38 300 1314.00 

$5,075.65 

Page 2 of 7 10/22/87 



ITEM 
SELECTED 

COST COMPUTATIONS FOR DESIGN ALTERNATIVES FOR HI6HLINE DITCH REHABILITATION 

DESIGN ALTERNATIVES FOR REACH 11: HEAD6ATE TO EXISTING 42- CMP CULVERT 

ITEM UNIT 
TOTAL 

COST/UNIT I OF UNITS COST/ITEM 

ESTIMATED COST FOR REACH 11 

MATERIALS AND INSTALLATION: 
301 CmUIN6ENCY: 

TOTAL: 
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TOTAL 
COST 

$37,921.65 
$11 f 376. 50 

ANNUAL COST 
(50X LOAN, 
30-YR, AT 47.) 

$49,298.15 $1,425.46 



ITEM 
SELECTED 

* 

COST COMPUTATIONS FOR DESIGN ALTERNATIVES FOR HI6HLINE DITCH REHABILITATION 

DESIGN ALTERNATIVES FOR REACH 12: EXISTING 42· CMP CULVERT 

ITEM 

I LINE CMP NITH SMOOTHER MATERIAL 

II REPLACE EXISTING CMP NITH LARGER DIAMETER CMP 

1) EXCAVATION, REMOVAL OF EXISTING, 
AND COMPACTION FOR NEW CULVERT 

2) 48 8 CMP 
3) COUPLING BANDS 
4) INSTALLATION 

I II NO ACT! ON 

UNIT 
TOTAL 

COST/UNIT I OF UNITS COSTIITEM 

L.F. 35.00 310 10850 

L.F. 12.71 310 3940.10 
L.F. 19.05 310 5905.50 
EA. 30.48 15 457.20 
L.F. 15.00 310 4650.00 

NO COST ASSOCIATED WITH THIS OPTION 

ESTIMATED COST FOR REACH 12 

TOTAL ESTIMATED COST 
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TOTAL 
COST 

$10,850.00 

$14,952.80 

$0.00 

$0.00 

(50l LOAN, 
30-YR, AT 41) 

$0.00 



COST COMPUTATIONS FOR DESIGN ALTERNATIVES FOR HIGHLINE DITCH REHABILITATION 

DESIGN ALTERNATIVES FOR REACH 13: 421 EXISTING CULVERT TO BOX CULVERT 

ITEM TOTAL TOTAL (50% LOAN, 
SELECTED ITEM UNIT COST fUNIT I OF UNITS COST/ITEM COST 30-YR, AT 4%) 
--------------------------------------------------------------------------------------------------------------------------------------

I NO ACTION NO COST ASSOCIATED WITH THIS OPTION 
$0.00 

II REPAIR LINING AND LEAVE AS OPEN CHANNEL NO COST ESTIMATE MADE 

• III REPLACE WITH PIPE 

l A) PIPELINE INSTALLATION PREPARATION 

1) BACKFILL IN CHANNEL C.Y. 4.38 720 3153.bO 
2) TRENCHING (Incl. backfill, compaction, etc.) LF. 12.71 400 5084.00 
3) PIPE BEDDING L.F. 3.73 400 1492.00 
4) REMOVE EXISTING CMP CULVERT HEADWAllS Lump SUI 250.00 1 250.00 
5) MANHOLE Lump SUI 1600.00 1600.00 

$11,579.60 

B) PIPE 

ALTERNATIVES 1 AND 2: 

1) 481 CI1P (0=36.5 cfs) LF 19.05 400 7620.00 
COUPLING BANDS EA. 30.48 20 609.60 
INSTALLATION LF. 15.00 400 6000.00 
ECCENTRIC TRANSDUCER EA. 615.97 2 1231.94 

$15,461.54 

* 2) 42' CMP (0=29.5 cfs) l.F. 17.35 400 6940.00 
COUPLING BANDS EA. 27.76 20 555.20 
INSTALLATION LF. 13.B7 400 5548.00 

$13,043.20 

D) OUTLET STRUCTURE 

1) GABION HEADWALL lump SUI 700.00 1 700.00 
2) GABION CHANNEL PROTECTION S.Y. 32.00 17.5 560.00 

$1,260.00 
------------

TOTAL ESTIMATED COST FOR REACH 13 

"ATERIALS AND INSTALLATION: $25,882.80 
30% CONTINGENCY: $7,764.84 

TOTAL: $33,647.64 $972.92 
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ITE" 
SELECTED 

COST COMPUTATIONS FOR DESIGN ALTERNATIVES FOR HI6HLINE DITCH REHABILITATION 

DESIGN ALTERNATIVES FOR REACH 14: BOX CULVERT TO END OF STUDY REACH (STA. 35+42) 

ITE" UNIT 
TOTAL 

COST/UNIT 'OF UNITS COST/ITE" 

I NO ACTION NO COST ASSOCIATED WITH THIS OPTION 

II INSTALL COLLECTOR 80X,UNDERDRAINS, 
SLOPE STABILIZATION AND REPAIR WATER LINE 

I} 4- PERFORATED PVC PIPE DRAIN 100 LF. 1835.00 18 33030.00 
2) REPAIR WATER SUPPLY PIPELINE LF. 3.97 800 3176.00 
3) COLLECTOR BOX AND DRAIN Lump SUI 1000 1 1000.00 
4) EROSION CONTROL "ATTING S.Y. 3.50 1067 3734.50 
5) CHAIN-LINK FENCING, CE"ENTED AND BRACED LF. 10.47 150 1570.50 
6) GABION CHANNEL PROTECTION s.y. 32 17.5 $560.00 

III REPLACE WITH PIPE. 
(.ONLY RECOMMENDED IF REPLACE ENTIRE DITCH WITH PIPE) 

1) TRASH RACK LUlp SUI 700.00 700.00 
2) CONCRETE HEADWALL LUlp SUI 2275.00 2275.00 
3) BACKFILL AND COMPACTION IN CHANNEL C.Y. 8.28 1250 10350.00 
5) PIPE BEDDING LF. 3.73 1800 6714.00 
6) 60- C"P PIPE LF. 59.00 1800 106200.00 
7) COUPLING BANDS EA. 94.40 82 7740.80 
8) PIPE INSTALLATION L.F. 18.40 1800 33120.00 
9) GABION OUTLET STRUCTURE LUlp SUI 1260.00 1 1260.00 

10) MANHOLE lUlp SUI 1600.00 1 1600.00 
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TOTAL 
COST 

$0.00 

$43,071.00 

$169,959.80 

(50l LOAN, 
30-YR, AT 44) 



ITEM 
SELECTED 

* 

* 

COST COMPUTATIONS FOR DESIGN ALTERNATIVES FOR HI6HLINE DITCH REHABILITATION 

DESIGN ALTERNATIVES FOR REACH 14: BOX CULVERT TO END OF STUDY REACH (STAI 3542) 

ITEM 

IV INSTALL NEW LINING ON CONCRETE, COLLECTOR BOX AND 
UNDERDRAINS, AND SLOPE STABILIZATION 

A) HIGH DENSITY POLYETHYLENE CANAL LINING 

1) GROUT CRACKS 
2) LINING MATERIAL, INSTALLED 
3) REPAIR MATER SUPPLY PIPELINE 
4) FILL AND COMPACT ABOVE CHANNEL 
5) COLLECTOR BOX AND DRAIN 
6} GABION CHANNEL PROTECTION 

B} SLOPE STABILIZATION 

1) EROSION CONTROL MATTING 
2) CHAIN-LINK FENCING, CEMENTED AND BRACED 

UNIT 
TOTAL 

COST/UNIT I OF UNITS COST/ITEM 

LUlLp SUI 1500 
SIF. 0.90 33300 
l.F. 3.97 BOO 
C.Y. 9.50 1000 
Lump SUI 1000.00 1 
S.Y. 32 17.5 

S.Y. 3.50 1067 
l.F. 10.47 150 

TOTAL ESTIMATED COST FOR REACH 14 

MATERIALS AND INSTALLATION: 
30% CONTINGENCY: 

TOTAL: 

1500.00 
29970.00 
3176.00 
9500.00 
1000.00 
$560.00 

3734.50 
1570.50 
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TOTAL 
COST 

$45,706.00 

$5,305.00 

$51,011.00 
$15,303.30 

(501 LOAN, 
30-YR, AT U) 

$66,314.30 $1,917.48 



APPENDIX 0 

Hydraulic Computations 

0-1 



APPENDIX D 

Pipeline Hydraulic Calculations 

I. Equations: 

1. Bernoulli equation: 

P V 2 
ZI + _1_ + _1 __ 

y 2g 

P V 2 
Z2 + _2_ + _2_ + hL 

y 2g 

where: 

ZI' Z = 2 Water Surface Elev. 

PI' P = 2 Pressure 

VI' V = 2 Velocity 

9 = Gravitational Acceleration 

hL = Headloss 

2. Darcy - Weisbach equation for friction losses: 

V2 fL 
hL ---

2g D 

V = Mean Velocity 
f = Friction Factor 
L = Length of Pipe 
D = Diameter of Pipe 
9 = Gravitational Acceleration 



II. Assumptions 

1. Simplification of Bernoulli Equation for pipeline 
flow calculations. 

2 2 
PI VI P2 V 2 

Z +--+--=Z +--+--+h 
1 y 2g 2 y 2g L 

Assume: VI = V2 
PI = P2 = 0 (gage) 

Therefore: ZI = Z2 + hL or 

2. 
ZI = Water surface elevation at inlet. 

Assume: ZI = Elev. of pipe invert + diameter of pipe or 51 
for cases where pipeline extends to Headgate. 

Assume: 

3. 
Assume: 

Z2 = Water surface elevation at outlet. 

Z2 = Elev. of pipe invert + diameter of pipe. 

Manning's IIn" for 
new CMP pipe 

Manning's "n" for 
existing CMP culvert 

Manning's "n" for new 
CMP with Paved Invert 

Manning's "n" for new 
smooth pipe 
(i.e. Spiral Rib, 
Concrete, Fully Paved 
CMP, etc.) 

= .025 (f=.075) 

= .030 (f=.109) 

= .020 (f=.048) 

= .012 (f=.OI7) 



III. Sample Calculations: Hydraulic calculations for pipeline extending 
from Headgate to end of Study Reach, using 42" 
CMP and existing 42" CMP culvert. 

E1ev. at Headgate = 4179.43 
Depth of water = 5' 

Zl = 4179.43 + 5' 

= 4184.43 

E1ev. at Outlet = 4171.57' 
Depth of water = Diameter of Pipe 

= 42" 
= 3.5' 

Z2 = 4171.57 + 3.5 

= 4175.07 

hl = Zl - Z2 

= 4184.43 - 4175.07 

hl = 9.36', and 

v2 
f1l1 f2l2 

h = -- (Ke + -- + --) 
l 2g 01 O2 

where: 
Ke = entrance loss coefficient 

= 0.9 

f1 = .075 

l = 3232' 1 

o = 3.5' 
1 

f2 = .109 

l = 310' 2 

o = 3.5' 2 

where subscript 1 refers to new 42" CMP segment of 
pipeline and subscript 2 refers to existing 4211 CMP 
culvert 

v2 (.075)(3232) (.109)(310) 
9.36 = -- (0.9 + + ) 

2g 3.5 3.5 



Solving for V: 
V = 2.75 fps 

iT 02 3.52 

Area of Pipe = = iT 

4 4 

= 9.62 ft2 

Q = V x A 

= (2.75 fps) x (9.62 ft.2) 

= 26.5 cfs 



IV. Pipeline Hydraulic Calculation Results 

Extent of 
Pipeline Pipe Flow 

Headgate to End of Study 48 11 CMP 36.5 cfs 
Reach 4211 CMP with Paved Invert 31.9 cfs 

4211 CMP 26.5 cfs 
36 11 CNP with Paved Invert 22.2 cfs 
42" Smooth Pipe 46.1 cfs 
36" Smooth Pipe 32.9 cfs 
30" Smooth Pipe 22.0 cfs 

Station 7+65 to Box 42" CMP with Paved Invert 30.4 cfs 
Culvert (Station 17+35) 42" CMP 29.5 cfs 

Station 5+65 to Box 
Culvert (Station 17+35) 42" CMP 28.3 cfs 

Headgate to Box Culvert 4211 CMP 33.5 cfs 
(Station 17+35) 

Station 7+65 to End of 48" CMP 33.0 cfs 
Existing CMP Culvert 4211 CMP with Paved Invert 26.8 cfs 

4211 CMP 25.0 cfs 

Existing CMP Culvert to 48" CMP 24.2 cfs 
Box Culvert (Station 4211 CMP 22.2 cfs 
17+35) 

Box Culvert (Station 17+35) 60" CMP 30.0 cfs 
to End of Study Reach 48" CMP 22.0 cfs 

4211 CMP 15.8 cfs 

Note: All computatations consider the effects of the existing 42-inch CMP 
10+46 to 13+56. 
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'~/ MONTANA-DAKOTA 
v UTILITIES CO 

J ,JM~1()Il ?11"f()(J ~ IA:ul rr 

400 Norrn Foorrn Street 
B,smilCk NO 58501 

AVAILABILITY: 

STATE OF WYOMING 
ELECTRIC RATE SCHEDULE 

w.P.s.c. Tariff No. _3 __ 
9th RevisedShMtNo. _1_2 __ 

Cancelling 8 t h Re vis ed Sheet No. 12 

Page 1 0 f 2 

IRRIGATION POWER SERVICE Rate 25 

In all communities served, to irrigation power consumers located 
adjacent to the Company's three-phase lines for power and incidental 
lighting service provided the Company has sufficient available 
capac ity. 

RATE: 
Demand Charge: 

$5.45 per season per horsepower of connected load. 

Energy Charge: 
3.084e per K.,. for all energy consumed. 

MINIMUM SEASONAL CHARGE: 
$14.70 per horsepower of connected load but not less than $147.00. 

METHOD OF BILLING: 
The demand charge will be billed at the rate of $1.09 per horsepower per 
month for the months of May, June, July, August, and September. The 
energy charge will be billed monthly based on consumption. If the total 
seasonal bill through the month of September is less than $14.70 per 
horsepower of connected load one-half of the deficiency will be billed 
in Se pt emb er and the b a1 ance in Oc tob er . 

PAYMENT : 
Bills will be considered past due if not paid by the due date shown on 
the bill. An amount equal to 1% per mont~ will be applied. to any unpaid 
balance existing at the immediate subsequent billing date. 

POWER FACTOR CLAUSE:* 
The Company reserves the right to require the customer to install 
adequate equipment so that at all times it can operate its facilities to 
maintain a power factor bet~en 95% lagging and 95% leading. If the 
customer operates outside this range, the maximum IS-minute integrated 
reactive demand of the customer for the month in reactive kilovolt 
amperes in excess of 33% of the maximum 15-minute integrated kilowatt 
demand for the same month will be billed at $1.75 per Kvar of such 
excess reactive demand. 

*Indicates Change. 

Date Filed: January 23, 1986 Effective Date: _F_e_h_r_u_a_r_y __ l_, _1_9_8_6 _____ _ 

Issued By: _-::C:-._W-:a:-'y:....n_e_F_o_x~~---:-V_i_c_e_P_r_e_s_l._· d_e_n~t _______ _ 
Regulatory Affairs 
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3 
A{)vrSl(Ylf)ll,f{)(J~GItUI &or 
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W.P.S.C. Tariff No. 
9th RevisedShMtNo. 

Cancelling 8 t h Re v is e d Sh .. t No. 
12. 1 
12. 1 
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IRRIGATION POWER SERVICE Rate 25 

DETERMINATION OF CONNECTED LOAD: 
The Company shall determine the connected horsepower by nameplate rating 
of the motors, or at its option by test under conditions of maximum 
operating load. 

SPECIAL TERMS AND CONDITIONS: 
1. Individual motors having a rating in excess of 10 horsepower must be 

three-phase. All wiring and other facilities beyond the point of 
metering shall be owned, operated and maintained by the customer. 

2. Service shall be available only during the irrigation season which 
shall be considered to be the months of May, June, July, August and 
September. The irrigation season as previously defined may be 
extended by not more than 60 days, in which case the demand charges 
and minimum seasonal bills shall be increased proportionately. 

3. The foregoing schedule is subject to Rate 130 and any amendments or 
alterations thereto or additional rules and regulations promulgated 
by the Company under the laws of the state. 

Date Filed: January 23, 1986 Effective Date: February 1, 1986 

C. Wayne Fox - Vice President 
Issued By: --.r--..,.--:---~.....,....,....-....----------------Regulatory Affa1rs 
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