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SECTION I 

EXECUTIVE SUMMARY 

The Wyoming No. 2 Canal, locally known as the Riverton Valley 

Canal, di s tri butes water to the Riverton Valley Irrigation 

District . The District is comprised of 8700 acres that lie in 

and around Riverton, Wyoming. The Canal diverts water from the 

Wind River and Extends some 19 miles prior to discharging bac k 

into the Wind River. 

Study of the system in 1991 focused on two aspects: 

1. Identification of leaky sections and quantification of 

losses. 

2. Inventory and evaluation of structures on the system. 

SEEPAGE ANALYSIS 

The inflow-outflow method of flow gauging was used as a means of 

verifying suspected l e aking reaches. The suspected areas were 

previously selected based on testimony and opi nio ns of the 

District p e rsonnel, g e ological evaluation and vi s ual appearances. 

The gauged reaches are listed in Table 1 . 

Data from Table 1 was reviewed in effort to select sections of 

the Canal for longterm monitoring. Factors that were considered 

include : 

1. Amount of gain or loss. 

2 . Length of reach and loc ation of reach along Canal . 

3. Number of intervening turnouts and return flow pipe s. 

4. Extent of damaged cropland lying down-gradient. 
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TABLE 1 

REACH LENGTH 
REACH Q (CFS) Q ( + ) GAIN Q ( - ) LOSS (MI.) 

Diversion to State Engineers 149 14. 4 9 1.0 
Gauge I 

State Engineers Gauge to 60 1.83 1.05 
Walden Check 119 5.09 1.05 

Walden Check to Golf Course 120 7.70 i 
1.35 

Bridge 120 9 . 0 1.35 

Golf Course Bridge to 53 5 . 05 .66 
Ri verview Bridge 112 9.51 .66 

Arch Pipe Outlet to .7 Mi . 30 .52 .95 
Below Webbwood Road 50 .53 .95 

52 2.75 .95 

. 3 Mi. Above Gravel Pit to 32 .50 I .65 

.5 mi . Below Gravel Pit 48 .40 .65 
49 1.0 .65 

' 

. 3 Mi . Above Wood's Lateral 32 1.66 .38 
to Wood's Lateral 33 1.27 . 38 

47 0.50 .38 
49 1.93 .38 

Bryant Road to . 7 Mi . Above 16 1.01 .60 
Last Site 29 2.96 .60 

. 7 Mi. Above Last Site to 15 .89 .62 
Last Site 26 .82 .62 
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Reaches that were selected for longterm monitoring are 

illustrated in Tables 2, 3 and 4 along with the results. 

STRUCTURE REVIEW 

As a result of recent projects, most major structures on the 

Canal are in excellent condition. Concrete lining downstream 

from Riverview Bridge has suffered some cracking, and sealing of 

those cracks should be completed. Only three structures are 

noted as needing repair or replacement: 

1. The Check Structure at Sta. 64+00±. 

2. The Wasteway and Check prior to Haymaker Siphon, Sta. 

578+00±. 

3. The Concrete-Lined Drop at about Sta. 1040+00, about 

one-half mile prior to the end of the Canal. 

The most important to ongoing operations is the Haymaker 

Wasteway. However, all three structures should be replaced 

within the next five years. 

No flowmeasuring type turnouts exist on the system. 

ENVIRONMENTAL ISSUES 

A reconnaissance level review was conducted relative to potential 

impacts to wetlands, wildlife and threatened and endangered 

species. Three T&E species including bald eagles, peregrine 

falcons and black-footed ferrets were identified as potentially 

being in the project area. The presence or absence of these 

species along with potential impacts will need to be addressed. 
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TABLE 2 

SfATE ENGINEERS GAUGE - WALDEN CHECK REACH 
(ACRE-FEET) 

MONITORING 
I, 1, 

TOTAL 
SITE I JULY 29-31 ' AUGUST 1-14 AUGUSf 15-31 SEPTEMBER 1-14 SEPTEMBER 15-21 JULY 29 - SEPTEMBER 21 

' State Engineers 753.3 3347.3 4068.9 3141.8 1181.6 12493 
Gauge 

[nflows 10.4 48.6 59.0 I 48.6 24.3 191 

Eva po- .14 .63 .73 .55 .23 2 
Transpiration 

I 

Subtotal Net 12682 
Discharge 763.6 3395.J 4127.20 3189.8 1205.70 

Walden Check 811.8 3776.0 4533.0 3568.9 1431.3 14121 
(Gauged) 

NET 
I 

Loss (-) +48.2 +380.7 +405.8 +379.0 +225.6 +1439 
Gain (+) ' 

Dh·ersion records are included in the Appendix 
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TABLE 3 

GOLF COURSE - RIVERVIEW BRIDGE REACH 
(ACRE-FEET) 

MONITORING i TOTAL 
SITE JULY 29-31 AUGUST 1-14 AUGUST 15-31 SEPTEMBER 1-14 SEPTEMBER 15-21 JULY 29 - SEPTEMBER 21 

Golf Course 824.1 3821.1 4602.3 3740.5 1617.1 14605 
(Gauged) 

Eva po- .09 .40 .45 .35 .15 1 
Transpiration 

Subtotal Net 14604 
Discharge 824.0 3820.70 4601.80 3740.20 1617.0 

Riverview Bridge i 725.3 3317.0 3910.7 3256.4 1309.2 12519 
(Gauged) 

NET 
Loss (-) 

I 
-98.7 -503.7 -691.l -483.7 -307.8 -2085 

Gain(+) i 
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TABLE 4 

0.3 MILES ABOVE WOODS IATERAL - WOODS IATERAL REACH 
(ACRE-FEET) 

MONITORING ' TOTAL 
SITE JULY 29-31 I AUGUST 1-14 AUGUST 15-31 SEPTEMBER 1-14 SEPTEMBER 15-21 JULY 29 - SEPTEMBER 21 

I 

0.3 Miles Above 504.l 2226.6 2442.8 2048.2 820.4 8042 
Woods Lateral 

Evapo- .05 .22 .26 .20 .08 1 
Transpiration 

Subtotal Net 
Discharge SO·tO 2226.40 2442.50 2048.0 820.3 8041 

Woods Lateral 507.3 2278.0 2471.4 2068.2 823.1 8148 
I 

I 
I 

(Gauged) 

' 
NET 

Loss (-) +3.2 +51.6 +28.8 +20.2 +2.8 +107 

Gain(+) 
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WATER VALUATION 

Based upon cropping patterns, crops produced, typical yields and 

prices and crop irrigation requirements, it is estimated that 

water to produce those crops has a net worth of about 

$8.80/ac.ft., after adjustment for all costs. This value can be 

used as a guide to the Districts when evaluating water conserving 

investments. 

CONCLUSIONS AND RECOMMENDATIONS 

The seepage study concluded that the most significant water 

losses through the irrigation season were occurring through the 

Golf Course area. Results of the longterm monitoring are 

depicted in Table 3. The financial analysis and estimates 

indicate it would be worthwhile to line the Canal through this 

leaky section. 

Based on instantaneous measurements made later in the year, it 

appears water losses from Sta. 580+00 to 597+00 may also be 

significant. Other conclusions are: 

1. Return flows from upslope lands recharge the Canal in 

the vicinity of Woods Lateral. 

2. Distribution of water within the system would benefit 

from having turnouts capable of measuring flow. 

At a meeting with the District on November 7, 1991, the 

conclusions were reviewed. The District responded with valuable 

input and also prioritized suggested improvements. As a result 

of District input as well as the foregoing conclusions, the 

following recommendations are made: 
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A. Phase II of this study should include continued water 

loss monitoring at the following locations: 

1. Golf Course - Sta. 167+00± to Sta. 225.00±. The 

reach is extended because geological inspec tion 

and soils mapping indicates the Canal is passing 

through an alluvial terrace exhibiting high 

permeabilities. Lining this reach with membrane 

liner is estimated to cost approximately 

$226,000.00. 

2. Monitor suspected losses from Sta. 248+00 to 

284+00. This area is on the west edge of Riverton 

and extends from the end of the concrete lining to 

the inlet of the arch pipe. Even though this 

reach was not monitored in 1991, District 

personnel suspect appreciable water loss in this 

area. 

3. Set up and monitor losses from Sta. 580+00 to 

597+00 . Down-gradient field damage is visible and 

the District would like to correct the situation 

if cost justifiable. 

B. Complete conceptual design work relative to lining the 

Canal in those reaches described in Section A, if 

continued monitoring further documents losses of 

justifiable magnitude. 

C. Develop designs for metered turnouts so that the 

District can replace old turnouts with metered ones in 

the future. 
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LOCATION 

SECTION II 

INTRODUCTION 

The Wyoming Canal No. 2, locally known as Riverton Valley Canal, 

serves t he Riverton Valley Irrigation District in Fremont County, 

Wyoming (Ref. Fig. 1, Vicinity Map). District lands lie in and 

around the City of Riverton. The canal diverts from the Wind 

River 5 miles west of Riverton, and extends 20 miles before 

discharging back into its source upstream of Boys en Reservoir . 

The Canal is north and west of the Wind River, and all irrigated 

lands (approximately 8700 acres) are downslope between the two. 

PURPOSE 

This study is part of an overall Wind River Basin Study that is 

being c ompleted by cooperating federal and state agencies in 

concert with the local irrigation d i stricts and the Arapaho and 

Shoshone Tribes on the Wind River Indian Reservation. All 

entities are jointly working towa rds an acceptable resolution of 

water u s e within the Wind River System. 

This study's objective is to identify rehabilitative needs to 

improve efficiency of the Riverton Valley Irrigation District 

facilit ies . This study is limited in scope to the main canal 

portion of the overall system. 

AUTHORITY 

This study is being completed by Nelson Engineering, Inc., of 

Jackson, Wyoming under a contract to the Wyoming Water 

Development Commission dated and approved on April 9, 1991. The 

study is a Reconnaiss anc e Level I e ffort to ge nerally identi fy 

proble m areas (if existent) and to determine wa ys to rectify 

them. 
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LOCATION 

SECTION III 

SETTING 

The Wind River Basin is a northwest to southeast trending valley, 

bordered on the west by the Wind River Mountains and on the east 

by the Absaroka and Owl Creek Mountains, located in West-Central 

Wyoming. 

CLIMATE 

Elevation across the project varies from 5030 at the Diversion to 

about 4880 at the Canal's discharge back into the Wind River. 

Average annual temperature is 43.5° F. with a wide range of 

extremes. Temperatures of -45° F. and as hot as 104 F. have been 

measured at Riverton, with an annual average degree days of 8200. 

The area is semiarid with average precipitation of 8-9 inches. 

The bulk of the precipitation is in the form of showers and 

thunderstorms occurring spring through fall. The average growing 

season (temperatures >28° F) is 142 days. 1 

GEOLOGY 

The Wind River Formation is at the surface or is mantled by 

colluvial-alluvial deposits throughout the project area. These 

colluvium-alluvium soils are not shown on the Geology Map No. 1, 

in the Appendix, where they are less than a few feet in thickness 

or where the areas are too small to constitute a mappable unit at 

the scale used. 

1Soil Survey of Riverton Area Wyoming, USDA-SCS, 1974 

-11-



The bedrock is a relatively flat lying continental shale 

containing interbedded lenticular sandstone, siltstone and 

claystone beds. Most of the formation is soft and erosive except 

for the cemented channel sandstone and siltstone deposits. These 

units resist erosion and form outcrops in ledges and ridges . The 

formation is about 1,200 feet thick in the Riverton area. 

TERRACE DEPOSITS 

Of three terrace levels occurring in the project area, two levels 

occur below the Riverton Canal . 

The lowest one of the two is 15-20 feet above river level. It is 

underlain by 10-15 feet of sand-gravel and is capped by 1-2 feet 

of fine textured soil. The next terrace level is 50-100 feet 

above river level. It is underlain with 2-20 feet of sand-gravel 

and is capped by alluvial-colluvial soil and fan deposits with a 

thickness of 1-25 feet. These terrace levels are dissected and 

thus discontinuous in aerial extent. 

The third terrace is located between the Leclair and Wyoming 

Canal No. 2 Canals and occurs as isolated remnants. The largest 

of these is located just west of Riverton and north of Highway 

26. This terrace level is 150-200 feet above river level. It is 

underlain by 3-6 feet of sand-gravel and capped with 2 feet or 

more of fine-textured soil. 
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COLLUVIUM-ALLUVIUM SOIL 

Colluvium and alluvium soils consist of material derived from the 

weathering of rocks. Colluvium is formed in arid areas and is 

deposited by gravity while alluvium is transported and deposited 

by flowing water. The colluvial deposits are located along the 

terrace scarps and slopes at the base of the terraces. The 

alluvial deposits occur along the valley floors, on the terrace 

levels and as fans extending onto these levels. The colluvium 

soils are generally unsorted and contain much of the mineral 

composition of the parent material. The alluvium soil has been 

washed and sorted to a degree by running water. 

In general, the colluvial soils exhibit moderate to severe crop 

production limitations under irrigation farming because of soil 

mineralization and lack of internal drainage. This results in 

high salinity and waterlogging in certain areas. The alluvial 

soils, however, have been sorted, are underlain by sand-gravel, 

have better internal drainage and react favorably to leaching of 

salts when irrigated. This, of course, is not the case in high 

water table or tight clay soil areas. Please refer to the 

attached Hydrogeology Map No. 2, in the Appendix, for additional 

soil and drainage information. 

GROUNDWATER 

Bedrock Aauifers 

The sandstone lenses in the Wind River Formation carry limited 

quantities of groundwater under artesian pressure. The recharge 

of these lenticular beds is from stream and other surf ace water 

flows in the outcrop areas which are generally off project. The 

groundwater is usually of suitable quality for domestic purposes. 
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The yields are generally limited to 200 gpm or less within an 

economically favorable drill depth. Artesian flow from these 

sandstones may aggravate the wet soils condition in certain 

isolated areas of the project. 

Water Table Aauifers - A natural shallow water table is 

maintained at river level in the valley floor alluvial deposits. 

The water quality is generally similar to that of the river, but 

it may be degraded when recharged by local irrigation return 

water. Yields to wells are dependent on the thickness and 

texture of the materials penetrated below river level. 

Irrigation water recharge is the source of the unconfined water 

table in the highly weathered upper part and the shallow 

sandstone lenses in the Wind River Formation above river level. 

The quantity of water available from this source to wells is 

small and the quality generally is fair for domestic use. 

Mapping of soil characteristics relevant to water table is shown 

on Hydrogeology Map No. 3 in the Appendix. 

VEGETATION 

Although vegetative communities within the project area have not 

been specifically identified, the Riverton Valley Canal transects 

shrub-grasslands, a variety of agricultural fields (both 

cultivated and uncultivated), various wetlands, willow 

communities, cottonwood riverbottorn forests, and urban and 

suburban environs (e.g., lawns). 
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Particularly obvious along portions of the Wyoming No . 2 Canal 

are large individual specimens of plains (Populus sargentii) and 

narrowleaf {Populus angustifolia) cottonwoods and clumps of large 

cottonwoods sometimes intermixed with Russian olives (Elaeagnus 

angustifolia) and other woody tree and shrub species. These 

microhabitats have developed in response to moisture regimes 

associated with the irrigation canal as evidenced by the absence 

of these trees away from the canal. The actual location of these 

trees and shrubs in relation to the canal varies; they can be 

found growing along the banks of the canal, on the downslopes of 

the filled access-maintenance road, or, some distance away from 

the canal in areas of obvious and substantial seepage. 

Rehabilitation efforts designed to reduce the loss of water from 

the irrigation canal will undoubtedly affect the woody and 

wetland vegetation which has established and grown along this 

canal. 

Wildlife - A variety of wildlife species can be found within 

the project area and many rely, to some degree, on the water 

flowing seasonally through the Canal or the vegetation associated 

with the canal. Vegetative characteristics along the canal, 

particularly those associated with trees and shrubs, provide 

abundant natural cover to various game and nongame wildlife 

species. Birds are a primary benefactor and user of these 

features. Nesting or resting habitat is provided in the tree 

canopies and tree boles, shrub layers, ground cover, and along 

the canal banks. Finch (1986) found the number of breeding birds 

highest in low-elevation sites dominated by plains cottonwoods 

and that more bird species prefer breeding in habitat dominated 

by large tree/shrub size, canopy height, and number of vegetative 

layers. 
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Riparian vegetation found along the canal also produce insects, 

seeds, and fruits and provide birds with abundant foraging 

opportunities. Finch (1989) found that species richness is 

highest in habitats dominated by cottonwoods and that the 

majority of avian feeders were found at ground level in the 

understory of cottonwood communities. 

The mature shrub and tree cover and complex plant species 

composition found along the canal and in its associated wetlands 

have relatively high avifauna diversity although densities are 

probably depressed due to the limited availability of these 

features. Riparian areas are preferred nesting sites for one 

quarter of the bird species breeding in Wyoming. Wetlands forming 

continuous strips along streams and rivers or simply isolated 

patches in basins, around ponds, and along irrigation ditches 

create a high edge-to-area ratio. 

Threatened and Endangered Soecies - Three species of 

wildlife have been identified by the U.S. Fish and Wildlife 

Service as being potentially present in the project area 
I 

(Appendix). These species include bald eagles, peregrine 

falcons, and black-footed ferrets. The presence or absence of 

these species in the project area and potential impacts to these 

species by the project will need to be addressed. 

TOPOGRAPHY 

The project area is typified by colluvial and alluvial terraces 

intersected by washes and/or ephemeral streams . Irrigated lands 

occur at elevation of about 5200 down to 4800, and lie on slopes 

one-half percent to three or four percent. Nearly all lands 

below the canal have been cultivated, except in areas of thin 

soils, intersecting washes or reservation lands. There are areas 

under the Wyoming No. 2 Canal that exhibit minimal slopes 

necessary for good drainage of fine-grained soils. 
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OVERVIEW 

SECTION IV 

SEEPAGE STUDY 

In order to isolate any areas of significant water loss, the 

inflow-outflow method of flow gauging was utilized. When 

apparent losing reaches (significant) could be identified by this 

method, then those areas became candidates for longterm 

monitoring which quantifies losses for a season; the degree of 

loss thereby factoring into the amount of proposed improvements. 

METHODOLOGY 

An initial survey of the Wyoming No. 2 Canal was conducted to 

identify canal reaches with water loss (canal seepage) areas 

significant enough to warrant attention. The potential seepage 

areas were determined using several factors, including, 1) 

extensive discussion with the canal manager and ditchriders to 

draw on their personal knowledge of canal areas with water loss; 

2) examination and analysis of soils and formations in the area 

by a geologist to identify potential seepage areas; and, 3) 

independent inspection of soils, topography, vegetation extent 

and sub-irrigated canal bank areas as indicators of potential 

water loss . 

These factors, along with geographical and accessibility 

considerations, were used to identify canal reaches which were 

candidates for preliminary flow gauging. 

Local Knowledae - The canal manager toured the system and 

identified areas of suspected problems (refer to the project map 

number). Those areas he identified are: 
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1. Sta. O+OO to 118+80 - Elevated canal 50' above and 100' 
away from the river. Possible seepage back to the Wind 
River. 

2. Sta. 184+80 to 224+40 - Soil Conservation Service has 
installed monitoring wells in this area. This area 
borders the Golf Course and is a suspected seepage 
zone. 

3. Sta. 414+50 to 549+00 - Soil Conservation Service has 
installed monitoring wells in this area. Possible 
seepage from upgradient Leclair Canal. 

4. Sta. 581+00 to 596+50 - This section of canal, 
immediately downstream of the Haymaker Siphon to the 
canal's intersection with U.S. Highway 26, was 
identified in late July as a possible seepage area. 

5. Sta. 681+00 to 744+50 - This section of canal begins at 
the pipe drop at the intersection of U.S. Highway 26 
and Bryant Road. This is a boggy area showing signs of 
seepage and waterlogging. Refer to Hydrogeology Map 
No. 2, in the Appendix, for geological interpretation 
of this area 

6. Needed improvements were noted for Jennings and Shriner 
Laterals. These improvements were not evaluated since 
they were not part of the main canal. 

Geoloaic Inspection - The geologic inspection was in part to 

identify canal reaches of possible high water loss. It was noted 

during the field inspection that some of the obvious wet areas 

immediately below the canal were the result of either shallow or 

tight soils or both, and may not be directly related to high 

water losses from the canal. Conversely, some of the dry areas 

have rapid permeabilities with high canal losses which do not 

surface until encountering bedrock or tight soil barriers some 

distance below the canal. However, canal and ditch seepage 

combined with irrigation percolation losses has resulted in 

waterlogged and alkaline-saline problem areas located throughout 

the project area. 
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The information from this phase of the work provides supportive 

data to further document the existence and locations of seepage 

areas. 

Indeoendent Inspection - During this review, all factors 

were considered in selection of reaches to be gauged, including 

information collected from the District staff and geologist . 

Suitable sites for gauging were a consideration as were the 

number of intervening turn-outs. In the final analysis, nine 

reaches were selected for initial flow gauging; they are listed 

in Table 1 shown on the Project Site Map No's. 1 and 2. 

INITIAL FLOW GAUGING 

From a combination of geologic and independent inspection and 

local knowledge, sites were selected for initial flow gauging. 

Each reach, which varied in length from .3 miles to 1.0 miles, 

had beginning and ending flow gauging sites selected to optimize 

flow gauging accuracy; i.e., sites were selected with uniform 

channel characteristics and long straight sections where 

possible. Horizontal and vertical control was established along 

the canal by a survey crew to establish water surface elevations 

on a common basis at all gauging sites. 

One additional reach was gauged in late July, at the request of 

the canal manager, in an area where seepage was strongly 

suspected. This reach (Sta. 580+00 to 597+00) begins at the 

Haymaker Siphon outlet and ends at the canal's intersection with 

U.S. Highway 26. A loss of 1.2 cfs was detected in the .3-mile 

long reach with the canal carrying approximately 80 cfs. This 

reach should be considered for monitoring next season. 
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All flow gauging was accomplished with a Price Current meter or 

Price Pygmy meter, using recognized methods for determination of 

section discharge. This method involves splitting the canal 

gauging site cross-section into a minimum of 10 sections, 

obtaining an average section velocity by meaning the measured 

velocities at two-tenths and eight-tenths depth below the water 

surface, and multiplying the mean velocity by the cross-sectional 

area to obtain a discharge quantity for each section. The sum of 

the section discharges are then calculated to obtain a total 

discharge for the canal at the gauging site. Initial gauging was 

accomplished in April and May, when no turnouts were diverting 

flow, evapo-transpiration was insignificant due to cool 

temperatures and dormant status of phreatophytes and canal flows 

could be maintained at a constant rate. 

REACH MONITORING 

Reaches were selected for longterm monitoring after reviewing the 

following criteria: 

1. Measured loss between gauge sites (Table 1). 

2. Reach length and location along canal. 

3. Number of return pipes and turnouts which required 
monitoring. 

4. Extent of downgradient crop land which is damaged. 

5. Geological and soil conditions. 
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TABLE 1 

REACH LENGTH 
REACH Q ( CFS ) Q (+) GAIN Q ( - ) LOSS ( MI . ) 

Diversion to State Engineers 149 14.49 1.0 
Gauge 

State Engineers Gauge to 60 
I 

1.83 1.05 
Walden Check 119 5.09 1.05 

-

Walden Check to Golf Course 120 7.70 1.35 
Bridge 120 9.0 1 . 35 

-

Golf Course Bridge to 53 5.05 .66 
Riverview Bridge 112 9.51 . 66 

Arch Pipe Outlet to . 7 Mi. 30 .52 .95 
Below Webbwood Road 50 . 53 .95 

52 2.75 .95 

.3 Mi. Above Grav el Pit to 32 .50 .65 
• 5 mi . Below Gravel Pit 48 .40 .65 

I 
49 1.0 .65 

. 3 Mi . Above Wood's Lateral 32 1.66 . 38 
to Wood's Lateral 33 I 1.27 .38 

47 0.50 .38 
49 1.93 .38 

Bryant Road to .7 Mi. Above 16 
I 

1.01 . 60 
Last Site 29 2.96 .60 

.7 Mi . Above Last Site to 15 .89 .62 
Last Site 

, 
26 .82 . 62 
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After analyzing the criteria, three reaches on the Canal were 

selected to be monitored from mid-July through September. Reach 

monitoring required an accounting of all inflows and outflows in 

the monitored section of canal. The reaches selected were 1) 

State Engineers Gauge - Walden Check, Sta. 64+00± - 119+00±; 2) 

Golf Course Bridge - Riverview Bridge, Sta. 190+00± - 225+00±; 

and, 3) 0.3 miles above Woods Lateral - Woods Lateral, Sta. 

492+50 - 504+00±. The first two reaches lie in lower terrace 

and/or alluvium deposits. Soils are characterized by Cross

section B on Maps 3 and 5 in the Appendix. The soils (Qt) in the 

first reach apparently are well-drained but shallow as the Canal 

flow ''gained" when upgradient lands were under irrigation. The 

Golf Course reach is well-drained also, since initial gauging as 

well as longterm monitoring showed significant loss. The 

deposits are probably thicker and better drained than the first 

reach, thereby precluding upslope percolation from entering the 

Canal. The third reach above Woods lateral initially showed 

losses but longterm monitoring reflected slight ''gain". The area 

is characterized by Section C on the maps in the Appendix. 

Upslope lands are mapped as upper terrace deposits, more coarse

grained soils that are moderate to well-drained. The Leclair 

Canal is about 1/2 to 3/4 mile upslope and all intervening lands 

are under irrigation. The soils are four to twelve feet thick, 

so some deep percolation must be resurfacing into the Wyoming No. 

2 Canal. 

Each reach had a Stevens Type A-71 chart recorder installed at 

each end of the monitored section. Chart recorders were 

installed on top of stilling wells on the canal bank. Cross 
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sections of the canal at the recorder locations were again flow 

gauged to calibrate the recorders and generate a rating curve. 

Reaches with operating turnouts and laterals had Parshall and 

long-throated flumes installed to monitor outflows in the reach. 

Outflows which exceeded the capacity of the flumes, or were not 

conducive to flume installation, were monitored with alternate 

methods. Charts from the recorders were removed approximately 

every three weeks. Ditchriders recorded staff-gauge readings 

from flumes installed in active turnouts daily. Daily discharge 

quantities were calculated by relating the chart recorder's daily 

average elevation data to the associated rating curve. Outflow 

quantities were calculated by relating daily staff gauge readings 

with the associated depth-dependent flume equations. A daily 

summation of inflows vs outflows for each reach was then 

calculated. 

In addition to monitoring the aforementioned reaches, the 

existi ng monitoring wells installed by the Soil Conservation 

Service, at various locations along the Riverton Valley Canal, 

were checked for water depth periodically. Monitoring wells 

upstream of Riverview Bridge, at Webbwood Road , the Jennings farm 

and off of Paintbrush Road, all showed groundwater elevation 

change s similar to elevation changes in the water surf ace of the 

canal. No specific evaluation regarding seepage, or the 

direction thereof, has been completed. 

From the summation of inflow vs outflow data for each monitored 

reach, evidence of canal water loss (seepage) can be obtained and 

correlated to canal flow. Adjustment was made for evapo

transpiration using local climatological data in connection with 

the Jensen-Haise Method. 
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TABLE 2 

STATE ENGINEERS GAUGE - WALDEN CHECK REACH 
(ACRE-FEET) 

MONITORING TOTAL 
I SITE JULY 29-31 AUGUST 1-14 AUGUST 15-31 SEPTEMBER 1-14 SEPTEMBER 15-21 JULY 29 - SEPTEMBER 21 

I 

State Engineers 753.3 3347.3 4068.9 3141.8 1181.6 12493 
Gauge 

Inflows 10 4 48 .6 59.0 48.6 24.3 191 

Eva po- .14 .63 .73 I .55 .23 2 
Transpiration 

Subtotal Net 12682 
Discharge 763.6 3395.3 4127.20 3189.8 1205.70 

I 

Walden Check 811.8 3776.0 4533.0 I 3568.9 1431.3 14121 
(Gauged) 

NET 
L-Oss (-) +48.2 +380.7 +405.8 +379.0 +225.6 +1439 
Gain (+) 

DiYersion records are included in the Appendix 
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TABLE 3 

GOLF COURSE - RIVERVIEW BRIDGE REACH 
(ACRE- FEE1) 

MONITORING TOTAL 
SITE JULY 29-31 AUGUST 1-14 AUGUST 15-31 SEPTEMBER 1-14 SEPTEMBER 15-21 JULY 29 - SEPTEMBER 21 

Golf Course 824.1 3821.1 4602.3 3740.5 1617.1 14605 
(Gauged) 

Eva po- .09 .40 .45 .35 .15 1 
Transpiration I 

I 

Subtotal Net I 14604 
Discharge 824.0 3820.70 4601.80 3740.20 1617.0 

Riverview Bridge 725.3 3317.0 3910.7 3256.4 1309.2 12519 
(Gauged) 

I ' 
NET 

L-Oss (-) -98.7 -503.7 -691.l -483.7 -307.8 -2085 
Gain (+) 
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TABLE 4 

0.3 MILES ABOVE WOODS LATERAL - WOODS LATERAL REACH 
(ACRE-FEE1) 

MONITORING TOTAL 
SITE JULY 29-31 AUGUST 1-14 AUGUST 15-31 SEPTEMBER 1-14 SEPTEMBER 15-21 JULY 29 - SEPTEMBER 21 

0.3 Miles Above 504.1 2226.6 2442.8 2048.2 820.4 8042 
Woods Lateral 

Eva po- .05 .22 .26 .20 .08 1 
Transpiration I 

Subtotal Net I 
I 

Discharge 504.0 2226.40 2442.50 2048.0 820.3 8041 
.. .. 

Woods Lateral 507.3 2278.0 2471.4 2068.2 823.1 8148 
(Gauged) 

NET i 

Loss(-) +3.2 +51.6 +28.8 +20.2 +2.8 +107 
Gain (+) 

1: 
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STRUCTURAL INVENTORY 

SECTION V 

SYSTEM EVALUATION 

An onsite assessment of the Wyoming No. 2 Canal was conducted to 

obtain an inventory of canal structures and their condition. 

Each structure; turnout, check, wasteway, etc., was examined for 

deterioration as well as operational efficiency. 

Most major structures on the Wyoming No. 2 Canal are in excellent 

condition, having been replaced recently (approximately 6 years 

ago). Replaced structures include five check-wasteways, two 

spillways and a sandtrap. In addition, approximately 1.75 miles 

of canal has been lined with concrete and 3.0 miles of canal 

replaced with pipe. 

Older major structures, which are still in good condition (10 or 

more years of service life remaining), include the diversion 

headgate structure and the Haymaker Siphon. Structures, which 

appear to be in fair-poor condition (5 or less years of service 

life remaining), include the check structure immediately upstream 

of the State Engineer's gauge, the wasteway at the inlet to the 

Haymaker Siphon and the drop chute at the Canal outfall. 

Because of the extensive improvements made to the Canal within 

the last 10 years, only the three structures which are listed as 

in "Fair-Poor" condition are legitimate candidates for repair or 

replacement in the immediate future. Of these three structures, 

the canal outfall drop chute is the most 
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deteriorated structure. The concrete lined canal area upstream 

of the arch pipe (Sta. 225+00 to 248+00) also has considerable 

freeze-thaw crack damage. These cracks are approximately 1" wide 

and l" deep. All damaged concrete (cracked areas) should be 

cleaned and repaired with an elastomeric sealant to help prevent 

further damage. 

Operations - The Wyoming No. 2 Canal has about 19 miles of 

main canal which serves approximately 8,700 acres of farm land. 

Water for the canal is diverted from mid-April through September 

with peak water demand occurring in early July. Diverted flows 

range from 40 cfs in April to 185 cfs in early July. 

Representative diversion records are contained in the Appendix. 

The canal has approximately 90 turnouts which are, generally, 

controlled by adjustable slide gates. Typical turnout headgate 

sizes range between 12 inches and 24 inches. Turnouts are not 

metered but are adjusted based upon crop-demand as requested by 

the irrigator. 

Excess water is typically spilled at the arch pipe inlet wasteway 

and the Haymaker Siphon wasteway. Flood flows are handled by the 

recently built spillways and wasteways. Canal water surface is 

maintained by the recently built check structures. Individual 

turnout flows, as previously mentioned, are not metered and, 

therefore, not monitored with any degree of accuracy. 

Based on initial gauging results for the 1991 season, average 

conveyance losses are about 2.4 cfs/mile, however, based on 

longterm monitoring of reaches (specifically Wood's lateral 

Reach), it is evident that certain reaches of the canal enjoy 
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recharge from upgradient irrigation. Upgradient irrigation 

recharge mitigates the conveyance losses experienced by the 

syste m. 

WATER VALUATION 

In order to assess the economic desirability of rehabilitation 

practices, the value of conserved water must be estimated. For 

this study, the estimated value of water is based on its use for 

irrigation in the area. 

To estimate a representative value of irrigation water for the 

area, the following information was obtained: 

1. crop yields 
2. crop prices 
3. crop production costs 
4 . cropping patterns 
5. gross irrigation requirements 

The crop yields used are five-year (1986-90) average yields for 

Fremont County. Data on yields were obtained from "Wyoming 

Agricultural Statistics 1991". In addition to the five-year 

county average yields, average yields were increased by 10%, 

except for alfalfa and grass hay which were increased 30%, to 

represent yields which are being obtained by above average 

producers in the area. The yields used in the analysis are shown 

in Table 5. 
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TABLE 5 
YIELDS 

Crop Unit Countv Averaqe Above Average 

dry beans cwt 18.90 20.80 
alfalfa tons 3.34 4.30 
corn grain bu 94.80 104.30 
corn silage tons 18.10 19.90 
malt barley cwt 35.20 38.70 
sugar beets tons 19.30 21.20 
grass hay tons 1. 58 2.05 

All crop prices used in the analysis, except for malt b a rley, are 

based on ten-year (1981-90) average prices from "Wyoming 

Agricultural Statistics 1991". Since malt barley prices are not 

reported in ''Wyoming Agricultural Statistics 1991", the average 

contract price for the area producers over the five-year period, 

1986 to 1990, was used. In addition to the average prices, all 

nominal prices over the same time period (1981-90) were adjusted 

for inflation to 19~0 price levels and averaged, resulting in an 

estimate of average real prices. These average real prices were 

also increased by 5% to represent an optimistic set of prices. 

These three sets of crop prices are summarized in Table 6. 

TABLE 6 
CROP PRICES 

(1981-90) (1981-90) 
Crop Unit Ave. Nominal Real Ave . 5% Increase 

dry beans cwt 18.72 20.53 21. 56 
alfalfa tons 67.67 74.37 78.09 
corn grain bu 2.48 2.73 2.87 
corn silage tons 20.30 2 2 .31 23.43 
malt barley* cwt 6.75 7.00 7.35 
sugar beets tons 38.63 42.54 44.67 
grass hay tons 66.45 72.89 76.53 

*Five-year average contrac t price for area producers u s ed for 
malt barley. 
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Crop production costs were taken from crop budgets published by 

the Agricultural Economics Department, University of Wyoming. 

Since most production costs were taken from bulletin 619R, "Co sts 

of Producing Crops: Riverton Area, Fremont County, Wyoming 1982-

83", the production costs were indexed to 1990 levels using the 

Prices Paid By Farmers Index for agricultural inputs as reported 

in "Agricultural Prices: 1990 Summary". The indexed production 

cost estimates do not include a cost for land or water . 

Therefore, the estimated value of water obtained using these 

costs would represent a return to both land and water. While 

this over estimates the value of water, these costs were used to 

estimate the maximum returns available for payments if there we re 

no land charges (payments ). A land charge is then added to these 

costs to provide a more accurate measure of the value of water in 

the area. An estimated land charge of $45 per acre is used, 

based on a land value of $900 per acre at 5%. The production 

costs used in this analysis are shown in Table 7. 

TABLE 7 
PRODUCTION COSTS 

dry beans 
alfalfa 
corn grain 
corn silage 
malt barley 
sugar beets 
grass hay 

Production Costs 

346.15 
207.62 
301.55 
366.49 
269.87 
653.26 
92.47 

The cropping pattern, shown in Table 8, as used in this analysis, 

was obtained from the Soil Conservation Service's Initial On-Farm 

Report for Wind River Basin Water Supply Study. 
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TABLE 8 
CROPPING PATTERN 

dry beans 
alfalfa 
corn grain 
corn silage 
malt barley 
sugar beets 
grass hay 

Percent 

5.0 
46.3 
1. 8 
7.0 

26.3 
5.0 
8.8 

The gross irrigation requirement of 3.83 acre feet, for the area, 

was also taken from the Soil conservation Service's report. 

Using the above information, a range of estimates of the value of 

water per acre foot were computed for the project area. Based on 

the above data, estimates of the value of water for production 

situations with no land charges ranged from $1.30 to $24.90 per 

acre foot. The estimated range in returns per acre foot of water 

including a land charge is -$10.45 to $13.17. 

The higher yield should be readily attainable by area producers. 

Therefore, a scenario using higher yields was estimated. The 

weighted returns for average nominal prices, average real prices 

and the high price scenario are reported in Table 9. 
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TABLE 9 

WEIGHTED RETURNS 

Crop Unit Yield Avg. Nominal Prices Avg. Real Prices High Prices 

Beans cwt 18.90 2.16 4.04 5.11 

Alfalfa tons 4.30 38.60 51. 94 59.34 
" 

Corn grain bu 104.30 -0.94 -0.37 -0.05 

Corn silage tons 19.90 2.47 5.11 6.58 I 

Malt barley 
I 
cwt 38.70 -2.27 0.27 3.83 

Sugar beets tons 21. 20 8.53 12.68 14.94 

Grass hay tons 2.06 3.86 5.01 5.67 

Total Weighted Returns 52.40 78.68 95.43 

Land Charge 45.00 45.00 45.00 

Total Returns to Water 7.40 33.68 50.43 

Weighted Return Per Acre Foot 1.93 8.80 13.17 
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Based on this scenario, the value of water used for irrigation in 

the project area, depending on prices, likely ranges from $1.93 

to $13.17 per acre foot. Given these data and current production 

practices, the more realistic estimate of the value of water per 

acre foot is represented by the combination of above average 

yields, average real prices and production costs that include a 

land charge. Given these assumptions, the estimated 

representative value of water for the project area is $8.80 per 

acre foot. 
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SECTION VI 

CONCLUSIONS AND RECOMMENDATIONS 

Study of the Wyoming No. 2 Canal in 1991 has resulted in the 

forming of the following conclusions: 

1. Significant loss of water occurs through the Golf 

Course area, specifically from Sta. 190+00 to Sta. 

225+00 at Riverview Bridge. 

2. Inflows to the Canal, either surface and/or 

underground, occur in the vicinity of and up-canal from 

Woods Lateral. 

3. Significant water losses may be occurring from Sta. 

580+00 to 597+00 (Haymaker Siphon to Highway 26). 

4. Areas of saturated ground along Bryant Road would be 

very difficult to correct and would require drainage 

work. 

5. Prorata distribution of water within the system would 

be improved if flowmeasuring was available at the 

turnouts. 

On November 7, 1991, the study was reviewed and the conclusions 

presented to the directors of the RVID. The directors expressed 

interest in continuing additional study in 1992 and pursuing 

conceptual design for certain improvements. As a result of 

District input, the following recommendations are made: 

A. Continue the seepage study with monitoring of the 

following reaches: 

1. Sta. 167+00 to 225+00 - West edge of Golf Course 

to Riverview Bridge. 

2. Set up flow monitoring - Sta. 248+00 to 284+00. 

3. Set up flow monitoring from Sta. 580+00 to 597+00. 

4 . Develop conceptual designs for lining those 

reaches. 
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B. When turnouts are replaced, use constant head orifice 

type, flumes or some other metered type of 

appurtenance. 

DISCUSSION 

Canal lining or piping to control seepage in the Golf Course -

Riverview Bridge reach will eliminate an approximate 14% loss in 

water volume (Ref. Table 3). Options for lining include: 1) slip 

form concrete lining; and 2) synthetic membrane lining. 

A typical section £or slip form concrete lining is shown in 

Figure 2. The section would require a two and one-half inch 

thick layer of concrete in a shaped ditch. Hydraulic analysis 

based on maximum gauged flow indicates a section requiring an 

eight-foot base width with 1.5:1.0 sideslopes and a dept h of five 

feet of concrete lining is relatively easy to install and 

competitively priced, but is susceptible to cracking and 

uplifting, especially in high groundwater areas which are present 

in the Golf Course - Riverview Bridge reach . 

The typical section for a synthetic membrane liner is shown in 

Figure 3. The section would consist of a shaped canal ditch, 

synthetic membrane liner and 12 inches of select c ompacted 

earthfill over the liner. A membrane liner requires careful 

installation but is competitively priced. Membrane liners 

eliminate the freeze-thaw cracking and groundwater uplift 

problems associated with concrete liners but can be punctured 

and, thus, must have the earthfill cover carefully maintained. 
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The typical section for piping is shown in Figure 3. Piping 

would consist of 9-foot diameter or larger reinforced concrete 

pipe (RCP) with a minimum of 2-foot select pipe trench bedding 

material around the pipe. A large diameter pipe would be 

required in the Golf Course - Riverview Bridge reach to minimize 

frictional losses in this flat-slope reach which has limited 

available head. Piping is relatively maintenance free, but would 

be expensive when compared to the other options for this reach. 

A comparison of cost for the above option is shown in the 

Appendix. 

Installation of flow monitoring devices at turnouts along the 

canal would significantly enhance the effective management of 

canal resources. Options for flow monitoring of individual 

turnouts include: 1) installation of flumes; and, 2) replacement 

of existing turnouts with constant head orifice turnouts (CHO 

Gates). 

The typical flume monitoring device for individual turnouts would 

require installation of a flume in the channel or ditch 

downstream of the existing turnout gate. Common flume size and 

types are six and nine-inch Parshall or long-throated. For 

larger flows, such as laterals, broad-crested or V-notch weirs 

may be installed in a similar manner. Flumes are inexpensive and 

easily installed provided there is an open ditch downstream of 

the turnout gate (See Fig. 2). Installation of flumes can be 

considerably more difficult if the turnout is piped directly to 

the field. In this case, the pipe must be split to accommodate 

installation of the flume. The flume as a method of flow 

monitoring is advantageous because existing turnout gates may be 

utilized and the installation costs are low. 
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Constant head orifice (CHO) gates replace existing turnout gates 

and monitor flow directly by maintaining a constant water depth 

or "Head" between the two gates in the structure (See Fig. 4). 

CHO gates are relatively expensive but require little maintenance 

and have a long service life. CHO gates are the preferred 

monitoring device of most ditchriders because they are easily 

''set" to a specific flow. One other advantage is that they are 

set right in the bank and are accessible to the ditchrider. 
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SECTION VII 

FINANCIAL DISCUSSION 

From the Water Valuation discussion presented previously, a value 

of $8.80 per acre-foot was placed on irrigation water for the 

Wyoming No. 2 Canal. Eliminating seepage losses in the Golf 

Course to Riverview Bridge Reach would save approximately 6000 

acre-feet of water per year. This equates to an annual amount of 

$52,800.00 that the District could justify investing in water 

conserving measures. That amount would repay the debt on 

$825,000.00 at 4% for 25 years. The expense is only justified if 

the conserved water can be put to productive use on the District. 

Assuming the Irrigation District would favor canal improvements 

directed at conserving water, a principal amount of 825,000.00 

could be retired at 4% over 25 years. 

COST ESTIMATES 

Estimated construction costs for the specific improvements 

outlined in the previous chapter are presented in this section. 

1. Elimination of seepage in the Golf Course to Riverview 
Bridge Reach, Sta. 190+00 to 224+00 (3400 LF) 

A. Synthetic Membrane (PVC) Liner 

Estimated Construction Cost 
Unlisted Items @10% 
Contingencies @25% 

Total Field Cost 
Indirect Costs @30% 

Total Project Cost 
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$ 75,500 
7,500 

18,900 

101,900 
30,600 

$132,500 



B. Concrete Lined Canal Section 

Estimated Construction Cost 
Unlisted Items @10% 
Contingencies @25% 

Total Field Cost 
Indirect Costs @30% 

Total Project Cost 

C. Round or Arch Concrete Pipe 

Estimated Construction Cost 
Unlisted Items @10% 
Contingencies @25% 

Total Field Costs 
Indirect Costs @30% 

Total Project Cost 

$173,000 
17,300 
43,200 

233,500 
70,000 

$303,500 

$902,500 
90,250 

225,600 

1,218,350 
365,500 

$1,584,000 

2. Installation of flow measuring devices at tur nouts 

A. Permanently-installed Parshall or Long
throated Flumes 

Cost Per Turnout (Lump Sum) 

B. Constant Head Orifice 
(CHO) Gates 

Cost Per Turnout (Lump Sum) 

$1,000 

$4,500 

The foregoing estimates are not intended as final figures. Once 

conceptual design of the improvements is completed (Pha se II), 

more representative estimates will be provided. 
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APPENDIX 



ENVIRONMENTAL CONCERNS 



Environmental Concerns 

A variety of environmental concerns have been identified with the proposed 
LeClair and Wyoming No. 2 Irriga Lion Canal Rehabilitation Project. These 
concerns, listed below, will need lo be specifically addressed in the Phase II -
Environmental Analysis portion of the project. 

Threat~ned nod EnclnnC"crcd Species -- Three species of wildlife have 
been identified by the U.S. Fish and Wildlife Service as being potentially 
present in the project area (see Appendix 1 ). These species include bald 
eagles, peregrine falcons, and black-fooled ferrets. The presence or absence of 
these species in the project area and potential impacts to these species by the 
project will need to be addressed. 

• Ilulcl Engle (I!aliaeetus luecoceplwlus) -- Migrant 

Bald eagles are protected by several pieces of legis]a ti on including the 
Bald Eagle Protection Act, the Migratory Bird Treaty Act, and the 
Endangered Species Act of 1973. The bald eagle is Federally listed as an 
endangered species in Wyoming and all of the conterminous United States 
with the exception of Washington, Oregon, Michigan, Minnesota, and 
Wisconsin where it is listed as th re a lened (Harmata 1989). 

Bald eagles are generally associated with aquatic environments (Harmata 
1889) where they hunt and sea vengc food. Dald eagles generally use large, 
old growth trees close lo rivers and tributaries as feeding, nesting, and 
roosting sites, allhough roosting trees can sometimes be found well 
removed from watercourses and waterbodics (Stalmaster 1987). During 
the winter, bald eagles congregate at specific sites and Brown and 
Amadon (1968) and Snow (1973) believe that open water is the most 
important feature of their winter habitat. Reliable food supplies associated 
with these open waterbodies are exploited by bald eagles during this 
energy-demanding time. In the west, bald eagles sometimes use open 
upland areas and arid valleys du1·ing the winter where they scavenge on 
the carcasses of deceased Jives lock, wild ungulates, and other animals 
when available (Murphy 1975; Woffinden and Murphy 1975; Stalmaster 
1987). Eagles are known lo use a wide variety of foods including fishes 
(suckers, trout, whitefish, chubs, and carp), birds (waterfowl, some game 
birds and passerines), and mammals (elk, deer, antelope, moose, livestock 



carrion, and ground squirrels, hares, and beaver) (Gerrard and Bortolotti 
1988). Use of particular migration routes by eagles is strongly influenced 
by the availability of food, cover, roost si les, wind patterns, and lack of 
disturbance. 

Migrant bald eagles from the northern Slates and Canada can be found 
wintering in all of the western and Great Plains States and throughout 
the Mississippi River drainage (Spencer 1976). Autumn migrations 
commonly occur from September through December and spring migrations 
during March and April. 

Portions of the project area may represent or be in proximity to real or 
potential bald eagle habitat. The portions of the project area removed from 
the Wind River may represent pcrivhcral ba ld eagle habitat for migrant 
birds in that winter range for wild ungulntes and winter livestock 
operations provide an unknown nmount of potential upland winter 
foraging opportunities to eagles. The sections of the Wind River located 
adjacent and nearby the upper reaches of the LeClair and Wyoming No. 2 
Canals remain ice-free during at least part of the winter and thereby may 
provide some foraging opportunities for cngles on both fish and waterfowl. 
Large woody vegetation located along the canals and more densely along 
the Wind River may provide individual eagles with resting, perching, and 
roosting opportunities. 

• Peregrine Falcon (Falco peregri11us) -- Migrant 

Peregrine falcons generally inhabit open country near rivers, marshes, 
waterbodies, and coasts. Historically, peregrines in the Rocky Mountain 
region nested in a variety of habitnls, including rocky cliffs and 
outcroppings, and steep river gorges and canyons (Cade 1982). Peregrine 
eyries are typically found on dominnnt cliffs with heights in excess of 200 
feet although some birds occasionnlly nest on man-made structures such 
as buildings, bridges, and hacking towers (Langelier 1989). Their diet 
primarily consists of small birds such as swallows and shorebirds, but also 
include larger-sized birds such as pigeons and ducks (Cade et al. 1988). 

The peregrine falcon is one of the most cosmopolitan of all bird species and 
breeds on all conLinents except Antarctic. During the 1950's and 1960's, 
peregrine populations in North America declined so dramatically that 
they approached extinction. Pesticides, particularly chlorinated 
hydrocarbons, have been implicaled as the cause (Hickey 1969). As a 
result, the U.S. Fish and Wildlife Service listed the peregrine falcon as 
endangered in 1969. 

Peregrine falcon habitat can be found in the region surrounding H.iverton. 
The Bighorn River below the Wedding of the Waters (confluence of the 
Wind River and Red Creek at the mouth of the Wind River Canyon) and 
the Wind River within the Wind River Canyon provide habitat to an 
unknown number of migrant pereg1·inc falcons (D. Oakleaf, pers. comm. 
1990). Peregrine use of these features occurs primarily during the winter, 



allhough the majority of peregrines in this region winter in the Cancun 
region of Mexico (B. Oakleaf, pers. comm. 1990). 

I 

The project area and lhe areas immediately around it may provide 
migrant peregrines with some peripheral foraging habitat. No known 
eyries occur within or near the project area nor do potential nesting sites. 

' • Black-footed Ferret (Muslela nigripes) -· Potential resident in all active 
prairie dog (Cynomys) colonies. 

The black-footed ferret is considen~d by many to be the rarest and most 
endangered mammal in North America (Cahalane 1954, Clark 1976, 
Hillman and Clark 1980). It was one of the first species of American 
wildlife acknowledged as being in danger of world wide extinction. It has 
been Federally listed as "endangered" by the Endangered Species 
Preservation Act of 1966, the Endangered Species Conservation Act of 
1969, and the Endangered Species Act of 1973, as amended. 

Historically, the black-footed ferret ranged over a twelve state and two 
Canadian province nrea, wherever the four species of North American 
prairie dogs (Cynomys spp.) occurred. The close association of black-footed 
ferrets and this rodent is well documented (Hillman and Clark 1980). 
Prairie dogs provide ferrets both food, in the form of prey (Clark et al., 
1985; Campbell et al., 1987), and sheller, in the form of their excavated 
burrow systems (Henderson et al., 19G9). In doing so, all active prairie dog 
colonies can be viewed as potential ferret habitat. 

Presently, only one population of ferrets is known to exist. That 
population is currently residing in a captive environment at several 
breeding facilities, having been 1-emoved from the wild near Meeteetse, 
Park County, Wyoming following epizoolics which decimated its habitat 
(white-tailed prairie dogs/Cynomys leucurus) and ils numbers (Weinberg, 
1986). The few animals alive and in captivity (i.e., about 320) represent 
the only known black-footed ferrets in the world and the core of a founder 
population from which attempts will be made to recover this endangered 
species through captive breeding and reintroduction into the wild. 
Extensive and intensive efTorts to locate additional populations in 
Wyoming and throughout their former range h ave been conducted by 
numerous groups and agencies but without success. Efforts to reintroduce 
black-footed ferrets into the wild are currently ongoing in the Shirley 
Basin area of Wyoming. 

Anderson et al. ( 1986) reported GO specimens collected in Wyoming 
between 1851 and 1984, but no specimens were reported from Fremont 
County. Twenty-four of the ferret specimens described by Anderson et al. 
(1986) came from the Meeteetse area in Park County. Research conducted 
on the Meeteetse ferret population showed as many as 129 individual 
animals residing in this area dudng one year (Forrest et al. 1988). 



Sightings of black-footed ferrets throughout their historic range (Jobman 
and Anderson 1981, 1985, 1986, 1987, 1988, 1989) and in Wyoming (WGF 
1987, 1988, 1989, 1990, 1991) showed a total .of 24 black-footed ferret 
sightings have been reported for Fremont County, Wyoming between 1970 
and present. All of these sightings have been classified as unconfirmed but 
"probable" or "possible" sightings by the USFWS and Wyoming Game and 
Fish Department. ~ 

All active prairie dog colonies represent potential black-footed ferret 
habitat. White-tailed prairie dog colonies are well distributed in Fremont 
County although colonies in the vicinity of the project area appear limited. 

Wetlancle - Wetland ecological processes provide a variety of global, 
regional, and local maintenance-free services from which society benefits at 
no cost (Mitsch and Gosselink 1986). Disruption of wetland ecological 
integrity, however, curtails many of these services (I{usler 1990). Benefits of 
these wetlands include: 

Atmospheric, climntologicul, nnd meteorological stabilization. 
Wetland surfaces have an effect on local and regional climatological and 
meteorological phenomena by moderating air temperatures, contributing 
water vapor to the atmosphere, and producing gases from nutrient 
decomposition and cycling processes (Mitsch and Gosse link 1986). 

Groundwater recharge or discharge. Some wetlands are of value in 
recharging or discharging aquifers (Weller 1981). Water may move into 
the water table both by infil tra ti on from the surface through an 
unsaturated zone and by seepage from streams, lakes, or confining basins 
(Heirnburg 1984). 

Flood control. Wetlands arc of value in providing natural channels for 
flood waters and in attenuating flood peaks by temporarily slowing and 
stoiing water (Novitzki 1979, Loucks 1990). 

Erosion control. Wetland vegetation on river banks and Jake shores 
helps to prevent shoreline erosion and protect neighboring uplands. Low 
gradient shorelines and vegetative cover dissipate and absorb wave and 
current energy. Rooted vegetation is especially important in binding and 
stabilizing soils (Loucks 1990). 

Water purification values. A combination of low gradient and emergent 
vegetation in wetlands reduces both water depth and velocity, and creates 
good depositional environments. Water burdened with suspended 
sediments, toxins, pollutants, and pathogens is cleansed as it flows 
through wetlands (Sather and Smith 1984). Wetland sediments serve as a 
primary and secondary sink for pollutants which are adsorbed in organic 
and inorganic sediments. Upon deposition, pollutants move into detritus
based food webs. are assimilated by plants, exported by scouring flood 
waters, or remain permanently in sediments (Mitsch and Gossclink 1986). 



1NTE11VIEW FORM 

NAME: Bab Onkleof TITLE: Stole NoncamP. Biolocist 

ADDRESS:Wyo. Gome nod Fish Dent. Londcr WY 

DATE:9L28/90 PHONE: :rn7-332-26aB 

SPECIES DISCUSSED: Dold f::ocles <DE) Pcrrcrine F'olcoos (Pfc'). Dlocb:-footed Ferrets <BFF) 

Species Occurrence: 

BE--no nests in the general area; nearest in Dnsin urea (unoccupied); next nearest in the Dubois 
area. Winter use occurs around Thermopolis; up to 12 birds in that nrea; about 30 birds from 
Wedding of the Waters downstream to Lovell area. 

PF--recently a pair esU:lblished a territory in Owl Creek 1'.fountnin Range, more than a 20 mi radius 
away, well outside of project area. Some migrnnt birds use Dighorn drainage during winter (maybe 
in Wind River Canyon) and others migrate along the river and perhaps through Wind River Canyon. 
Winter range primarily in the Cancun area of Mexico. 

BFF--prairie dog colonies should be cleared for ferret presence. 

Anticipated Impacts of Proposed Action: This information not requested. 

Pertinent Literature and/or Other Known Experts: 

None mentioned 

Work Conducted/Future Study Nccd11/T\litigation: 

BFF--Conducl clearance surveys on sites with proiric dogs. 

Other Comments: 

This conversation was regarding a different project occurring in the Thermopolis area. Information 
provided in 1.his conversation is also applicable lo this project 



INTERVIEW FORM 

NAME: Tom Ryder 

ADDRESS:WvQ. name nod Fjsh Dent Lnndcr WY 

DATE: 10/22/90 

TITLE: District Wildlife BioloctisL 

j 

PHONE: 307-332-2988 

SPECIES DISCUSSED: Geoer.ol wildlife snccics both come nod nonrromP, 

Species Occurrence: Few big cnme concerns; n few mule deer are present. Nongame species are 
probably abundant. 

Anticipated Impacts of Proposed Action: 

Impacts to wildlife should be minimal. Game onimols are not expected to be affected. Trees found 
along the canals contribute gTeatly lo habitat diversity in the project area. Nongome species may be 
negatively affected if woody vegetation is harmed or destroyed. Wetlands and riparian areas found 
along the canals are strongly or entirely inf1ucnced by waler seepage from canals.Wetlands are 
important to wildlife and loss of wellonds from rehabilitation activities will have some negative 
impacts on nongame species. 

Pertinent Literature nnd/or Other Known Experts: 

Nongome Species·- Bob Oakleaf, Sharon Riller (WGF} 

Black-footed Ferrets-· Bob Luce (WGF) 

Wetland Invenwries -· Dill Rudd (WGF) in Snrnlogn conducled wetland inventories associated with 
the Riverton Volley and moybc the LcCloir Cnnols. 

Work Conducted/Future Study Needs/Mitigation: 

Vegetation: Efforts should be tnken to protect large trees ond other woody vegetation from physical 
injury nnd death due to xerificntion. 

Mitigation: Will mitigation be a port of the project, in terms of lost wetlonds and loss of woody 
vegetation, or other problems if identified. 

Other Comments: 

Tom Ryder mode a site visit to the project urea with Tom Campbell (Biota, Inc.) and Ed Gooley (U.S. 
Army Corps of Engineers). 



INTERVIEW FORM 

NAME: Ed r.oolcv 

ADDRESS: IT.S. Army C!oms of Eocinccrs £ 0 Dox 809, Ilivcrton. WY 62501 
;J 

DATE: 8/3MU PHONE: 307-856·5263 

TOPIC DISCUSSED: Wetlands nlDnc the Lcf:lnir nod Wyomioi;r No. 2 Cnnals 

Species Occurrence: 

NIA 

Anticipntcd Impacts of Proposed Action: 

A number ofwellnnds resulting from conn} seepage will be negatively affected by rehabilitation 
efforts. Some naturally occurring wetlands along the canals will not be affected. 

Pertinent Literature and/or Other l{nown Experts: 

None 

Worlc Conducted/Future Study Nceds/l\1itigution: 

None 

Other Comments: 

Ed toured lhe project area with Tom Campbell (Diota, Inc.) nod Tom Ryder (WGF). 

The lack of federal involvement removes the requirement for Corps consultation and involvement. If 
wetlands are not lo be filled then no 404 Permits will be required and rehabilitation efforts can 
proceed, even though wetlands may be negatively affected by reducing or removing their water 
sources (e.g., seepage from can a Is). 
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UNITED STATES 
DEPARTMENT OF 1 THE INTERIOR 

FISH AND WILDLIFE SERVICE 
Fish and W1ldl1f~ Enhancement 
2617 East Ltncolnway, Suite A 

! 
I 

Cheyenne, ~yarning 82001 
I 

IN lHLY uol• Y01 

fWf/6J411/~.06 COE 
Rehab l1tatlon LeCl~fr & 
\.Jyo111I 1 N2 Canals 

I 
( 

i 
Thoma~ M. Campbell III 
Pres!qent 
61ota ·~csearch and CoAsultlng, Inc. 
2075 N. Rendezvous Drive 
Wllsorl, Wyoming 83014 

' ( 
' 

Dear ~r. Campbell: 
I 

I 
Scpte~ber 23, 1991 

This ~csponds to your letter dated Augu st 27, 1991 received by this office on 
Augus~ 30, 1991, regarding the proposed rehabilitation of the Leclair and 
Wyom1rlg No. 2 Canals 1n Fremont County, Wyoming. 

In acclrdance with Section 7Cc) of the En~angered Species Act of 1973. ~s 
amendc~ CESA), we have determined that t h~ foll orl1 ng listed and proposed 
threatpned or endangered (T/£) species mar be present tn the project area, 

. 
' Bald cfigle Cl:i~Uac.eim )eucoceobalu~> 
• 

Peregr~ine falcon Cfa..il..o 12..e.r...egdnus.> 
; 

• J?rooo1 ed . ....sp.e.c.le.i 
' ; 

None. i 
t 

E xpe~ t gd Oco.tl".r..a.n(e 

Potent1al res1dent in prairie dog 
<CynQ!nY~ sp.) coloii1es, 

Hf grant. 

Hfgranl. 

Sect loh 7(c) of ESA requires that Federal'cgenc1es proposing major 
constrLct1on actions, complete a biological assessment to determine the 
effect~. of the proposed actions on listed .and proposed species. If a 
b1olog1cal assessment fs not required <I.~ .• all other action~>. your agency 
fs r esl>onslble for review of proposed activities to determ1ne'.whether lis t ed 
specie~ w111 be affected. We would oppr~c1ate the opportunity to review your 
dete rnf natlon document. · 

l 
I 

i : 
I : 
L :· ...... ~:-r ··~~ 



for t~ose actions where a bfolog1cal assessment f s necessary 1t should be 
compl~ted w1th1n 180 days of 1n1tlatton, but con be extended.by mutual · 
agrecn~nt between your agency and the fish and Wfldlffe Service (Serv1ce). If 
the as}essment is not 1nlt1ated within 90 . days, the 1tst of T/E species should 
be ve~fled wfth the Service prior to 1nft1atfon of the assessment. The 
biological assessment may be undertaken a$ pdrt of your agency's compliance of 
Secttoti 102 of the N~tfonal Environmental Pol fey Act {NEPA), and 1ncorporated 
into tpe NEPA documents. We recorrrr.end that b1olo9ical assessments 1nclude: 

' 1. a description of the project: 
2. the current status, habitat use, and behavior of T/£ species in the 

project area; 
3. discussion of the methods used to determine the Information In f tem 2; 
4. direct and fndfrect impacts of the project to TIE species: 
5. cumulative impacts from federal, state, or private projects 1n the 

area: 
6. coordlnatioh measures that will reduce/eliminate adverse Impacts to 

T/E species; 
7. the expected status of T/E species fn the future (short and long term) 

during and after project completion; 
8. determination of w1s likely to adversely affectw/"ls not likely to 

adversely affect~ for ltsted species; 
9. citation of literature and personal contacts used 1n assessment, 

If it is determined that any agency program or project "ls likely to adversely 
affect1 any listed species, formal consultation should be Initiated with us . 
If It (s concluded that the project ·1s not likely to adversely affect" 
llsted'.spec\es, we should be asked to revlpw the assessment and concur wlth 
the determ1nat1on of no adverse effect. 

A Fede~al agency may designate a non-Feder~l representative to conduct 
1nform~1 consultation or prepare b1olog1cal assessments. llowever, the 
ultima tl respons1b1Jlty tor Section 7 compl lance remains w1th the Federal 
agency, and written notice should be provided to the Service upon such a 
des1gn~t1on. We recorrmend thdt federal a0enc1es provide their non-Federal 
repres~1 tat1ves wf th proper guidance and o~ers1ght during preparation of 
biologi~al assessments and evaluation of potential fmpacts to listed species. 

Section 7(d) of ESA requires that the Federal agency and perm!~ or license 
applicant shall not make any irreversible or 1rretrlevable corrm1tment of 
resour<cs wh1ch would preclude the formula~1on of reasonable and prudent 
altern~t\ves untf 1 consultation on 11sted ~pec!es ls completed. 

With re9ards to impacts to wetlands from the project, we suggest that you 
design 'he project to m1n1m1ze or el1minat~ 1mpacts to woody vegetation and 
wetlands. We strongly suggest that the project be designed to assure that 
ex1st1rig wetlands are not dewatered. 

I ! 



'° L=.. ' ~· - ""' .;,_, -·· j .... ' ' ......, I • ... - .. ---- I 

If you~have any questions, contoct me or Stephen Torbit of my staff at the 
letterl'ead address or FTS 328-2374/(307) 772-2374, 

cc: 
Ass1sti' nt Regional Director, fWE, Denver, .co (60120) 
Field uperv1sor, MT/WY, FWE, Helena, MT CFWE-61130) 
Direct r, WGFO, Cheyenne, WY 
Nongam~ Coord1nator, WGFO, Lander, WY 

SCT/mc~ CREHBRVRC.SPL) 
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Riverton Canal Inventory 91-017-1 Page 1 of 9 

Mile Post 

0.00 

0.05 

0.15 

0.16 

0.62 

0.71 

0.71 

0.71 

1. 12 

1. 18 

1. 20 

1. 21 

1. 22 

1. 50 

2.25 

2.25 

Feature Comment 

Diversion Good Condition 

CP 91-017-15 Survey Point 

9" Dia. and Inflow - Trickle 
12" Dia. steel pipe 

Guaging Station Site #16 

Bridge Free span 12' - Non-Restrictive 

Overchute Spillway New 

18" Dia. P.V.C. 

New Sandtrap 

T.O. #? (12") 

Sandtrap 

Bridge 

Check Structure 

State Engineers Gage 

18" Dia. CHP 

Check Structure 

12" Dia. P.V.C. 

Inflow Pipe - Dry 

New 

New 

Farm type 14' Clear span 
Non-Restrictive 

Fair Condition 

Inf low Pipe 200 GPH 

Walden Chk (New) 

Inf low Pipe - Dry 
(Below guaging site) 
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Mile Post 
-----------

2.50 

2.88 

2.88 

3.10 

3 . 10 

3.17 

3 . 35 

3.60 

3.61 

3.70 

3.72 

3 . 91 

4.05 

4.05 

4.20 

4.25 

4 . 26 

Feature 
------------------
Bridge 

12 It Dia. CHP 

Bridge 

CP 91-017-23 

1 5 " Dia. CMP 

Bridge 

Bridge 

Golf Course Bridge 

CP 91-017-24 

Bridge 

Spillway 

18" Dia. CHP 

T.O. #2 ( 12") 

Check Structure 

T.O. #? { 12 .. ) 

Guage Site 

Bridge 

Comment 

Clear Span 25' - Non-Restrictive 

Inf low Pipe 100 GPH 

R.R. Beds - Clear Span 40' 

Survey Point 

Inf low Pipe - Trickle 

Edge of Golf Course - Free Span 15' 
Non-Restrictive 

Free Span 20' - Non-Restrictive 

Gt1aging Site 

Survey Point 

Free Span 18' - Non-Restrictive 

New 

Inflow Pipe - Dry {CP 91-017-25) 

Good Condition - O.K. to measure 

New 

Good Condition - Hard to measure 
Goes into Manhole 

Locked Gate 

Riverview Dr. - Beginning Lined 
Section - CP 91-017-26 
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Mile Post 

4.43 

4.52 

4.70 

4.70 

4.80 

5.21 

5.38 

5.50 

6.10 

6 . 88 

Feature 

T.O. #? {12") 

T.O. #? (12") 

T.O. #? (12") 
T.O. #? (12") 
T.O. #? (12") 

End of Lined Section 

T.O. #7 (12") 

T . O. #? 

Begin Lined Section 

New 

New 

New 
New 
New 

Comment 

Fair Condition - O.K. to measure 

Good Condition - O. K. to measure 

Waistway & Trash New 
Rack 
Beginning of Pipe Section 

X w/Main Street 

X w/Sunset 
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Mile Post 

6.88 

6.88 

6.98 

7 . 08 

7.13 

7.13 

7.18 

7.28 

7.29 

7.32 

7.35 

7.35 

7.43 

7.51 

7.54 

7.81 

7.86 

7.92 

7.94 

Feature Comment 

Arch Pipe Outlet At Sunset Dr. 

T.O. #15 (24 11
) Good condition 

Inlet pipe 18" 
12" Dia. crossover pipe 

Inf low Channel Dry 

12" CHP Inflow Pipe - 50 GPH inflow? 

Locked Gate Turn - Around 

Locked Gate Resume 

12" CHP Inflow Pipe - 40 GPM ? 

T.O. #18 (12 11
) New 

T.O. #? (12") New 

County Rd. X w/Webbwood Rd 
End of Lined Section 

T.O. #19 ( 12") 

30" Dia. 
Underchute 

T.O. #20 ( 12" ) 

12" Dia. CHP 

1 2 II Dia. CMP 

T.O. #22 ( 12 II) 

Bridge 

Check Structure 
& T.O. #6 ( 12 II) 

12" Dia. CHP 
12" Dia. CHP 

Good condition 

Good condition 

Fair condition 

Inflow Pipe - 25 GPH 

Inf low Pipe - Dry 

Good condition 

Clear Span 15' - Non-Restrictive 

CP 91-017-34 
New Structure - (Farbizus Chk?) 

Inf low Pipe - Dry 
Inf low Pipe - 50 GPH 
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Hile Post 

7.98 

8.04 

8.13 

8. 18 

8.30 

8.31 

8.44 

8.44 

8.46 

8.46 

8.53 

8.53 

8.68 

8.73 

8.91 

9.03 

9.08 

Feature 

9" Dia. 
Crossover Pipe 

T.O. #24 

12 .. Dia. CMP 

12 .. Dia. CHP 

Spillway 

36" Dia. CMP 
Underchute 

T.0.#26 ( 12 .. ) 

X-Sec. w/County 

T.0.#27 ( 12 .. ) 

1 2 .. Dia. CUP 

Check Structure 

T. 0. #? 

12" Dia. CMP 

T .0. #? 
T.O. #29 

Underchute 

Rd 

Comment 

Gas Line 

Good condition - Goes into 
6'Hanhole - Hard to measure 

Inf low Pipe - 50 GPM 

Inflow Pipe - Dry 

New Structure - Dry 

New 

Good Condition - O.K. to measure 

Prison Farm Draw 

Good Condition - Goes into Manhole 

Inf low Pipe - Dry 

New 

New - O.K. to measure 

Inflow Pipe - 10 GPH 

Fair Condition - O.K. to measure 
Fair Condition - O.K. to measure 

From Pond 

Opposite Gravel Pit Hill 

Bridge Farm type 12' Clear span 
Non-Restrictive 



Riverton Canal Inventory 

Mile Post 

9.13 

9.33 

9.34 

9.41 

9.43 

9 . 45 

9.49 

9 . 53 

9.55 

9.55 

9.61 

Feature 

T.O. #30 

CP 91-017-36 

T . 0.#31 (12") 

T . O. #? 

9" Dia. PVC 

9" Dia. PVC 

Bridge 

Spillway 

T.O. #35 
T.O. #36 
T . 0. #? 

CP 91-017-37 

T.O. #37 

91-017-1 Page 6 of 9 

Comment 

Fair Condition - O.K. to measure 

Guaging Site #2 
for Gravel Pit Draw 

Fair Condition - Hard to measure 
Goes into Box 

Good Condition - Hard to measure 
Goes into Box 

Inf low Pipe - Dry 

Inflow Pipe - Dry 

Farm type 15' Clear span 
Non-Restrictive 

New 

New 
New > 
New 

All three go into 
pumphouse - hard to 
measure 

Survey Point 

Good Condition - Goes into Manhole 

9.71 Check Structure New 

9.83 

9.88 

9.95 

10.13 

T.O. #38 
T.O. #39 

12" Dia. CHP 

Bridge 

T.O. #40 

Good Condition - Goes into Manhole 
Good Condition - Goes into Manhole 

Inf low Pipe - Dry 

Farm type 15' Clear span 
Non-Restrictive 

Abandoned 
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Mile Post 

10.38 

10.38 

10.38 

10.43 

10.63 

10.64 

10.74 

10.78 

10.81 

10.93 

10.95 

11.00 

11.10 

11.30 

12.85 

12.85 

12.80 

Feature 

T.0.#41 

CP 91-017-38 

Bridge 

T.O. #42 
T.O. #43 

Bridge 

T.O. #41 

T.O. #61 

T.O. #45 

T.O. #46 

Trash Rack 

Waistway & Siphon 

Outlet Siphon 

X w/Burma Rd 

X w/Shoshoni Rd 
Beginning of 
Piped Section 

Outlet of Pipe 

18" Dia. CHP 

18" Dia. PVC 

Comment 

Good Condition - O.K. to measure 

Guaging Site - Wood's Lateral 

Farm type 15' Clear span 
Non-Restrictive 

Fair Condition 
Fair Condition 

County Rd Clear Span 10' 
Some Restriction 

Good Condition 

Fair Condition 

Good Condition 

Good Condition 

Good Condition - New 

Haymaker 
Wsty check is Fair- Poor Condition 
Siphon is Good. 

Haymaker 

Lateral with 
5 Headgates across road 

Bryant Rd 

Inf low Pipe - Dry 

Inf low Pipe - Dry 
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Mile Post Feature 

12.90 Guage Site 

13.29 Bridge 

13.33 T.O. #58 ( 12 .. } 

13.38 T.O. #59 ( 1 2 " ) 

13.44 T.O. #60 ( 1 2 " ) 

13.69 T.O. #62 ( 12 .. ) 

13.80 12 .. Dia. CHP 

13.90 T.O. #63 ( 12 .. ) 

14.00 T.O. #64 ( 12 .. ) 

14.12 Guage Site 

12.21 T.O. #80 ( 12") 

14.76 T.O. #? { 1 2 " ) 
T.O. #67 ( 12 .. ) 

14.91 Waistway & Siphon 

15.00 T.O. #69 ( 12 .. ) 
Lined Section 

15.15 T.O. #71 ( 12 .. ) 

15.41 T.O. #72 ( 12 .. ) 

15.80 T.O. #73 ( 12" ) 

Comment 

CP 91-017-45 

Free Span 12' - Restrictive 
Paint Brush Dr. 

Good Condition - Hard to measure 
Goes into Jctn Box 

Good Condition - O.K. to measure 

Good Condition - O.K. to measure 

Good Condition - O.K. to measure 

Inf low Pipe - Trickle 

Fair Condition - O.K. to measure 

Good Condition - O.K. to measure 

CP 91-017-48 

Good Condition - Goes into Jctn Box 

Good Condition - O.K. to measure 
Good Condition - O.K. to measure 

New (CP 91-047-49) 

Good Condition 
Siphon Outlet 

Good Condition 

Good Condition 

Good Condition 
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Mile Post 

16.24 

16.24 

16.40 

Feature 

Bridge 

T.O. #76 (12") 
T.O. #77 (12 " ) 

End of Lined Section 

Comment 

County Rd Clear Span 6' 

Good Condition 
Good Condition 

Page 9 of 9 



DIVERSION RECORDS 



''. 

WATER YEAR -~--C\_,_C\_).__ __ ACRE FEET PER ACRE ----
DIVERS I ON OR FLOW RECORDS _\\--"---"-"'~ _,_\ L.JI e ...... ~ \'....:.._\_._()=· -1.:l--':=;..._\J~f\.._\ \.;...:::e:::;..L\_,.__C..;::..._;~_;_:,..;rV=...:...5\...i....\___-=------ DITCH 

PRIORITY ~DIVISION. ___ DISTRICT __ _ \._. PERMit NO. '\ ~OQ 

SOURCE: \U l u ~ SS,\. v "2..\" TY PE OF HEAS. DEVICE -~l_!.----1o.;\->.;:S _____ _ 

MOt/111 

' 

>-- ~v0~ \ Mf\'-- :::s lJ "--' -9 ~lJ\L...._ ~uc....u<..\ Seo?T 
< 

·~).s. ~t 
·....:i 

p 
GAGE C.F.S. GAGE GAGE C. F.S. i GAGE c .. s. GAGE C.F.S. G!IGE :.F.S. GAGE c 

l \ .<\1.. 11.\."'t N.~~ In~.'\ ..S .on \5~ ci.~1 \\'1.1.-. :::> r .. n ' \ :'\,, 
2 ~ \nD \~.\ .;),) Q \ .:4<'.t :\.1c;. . ' LJO ;). . "\~ ' 1 ICl.q :) . :"' 1- ' \\(').,·.'I 

_l :i.l.jl\ , \rfl,.~ .;) 5S H~ 3 .0lo Ho\ ,:) . -<;Ct \ ~f') .. ~ ::> ."\~ I \0. . ti 
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9 ~.f)~ 'lq,s Q._11 ~ \('""~ ... \ .. ~.~-{') )~5 :) l,a(l );:'.)..\ J.Lon I 4. \ 

10 ;:.:) • \ ":::>. qr..1 ,1.1 ..J 4LJ lc"fl. :::. _;:, , ~~ ' 14...<" :.:) la(') I 'd~ ,.'.\"~D \\~ i 

11 ' \ C\~ l\.'t .;:) .s' \.\~ .q, 3 :Jr:; ~~o ~ 1,., n 
' :lo\ ~. "'~ I f\"'\.'1 

12 \,\e~ . 51..t,'3 ~ ~("\ \ \' _2. ~ :<; 11-n :)1,,n i~\ ~"":\.n q 'l I 

Ll_ ' \ .\.o<.\ ~1.'l :J '.)·~ Kit .:4. -3.~-4., \ '1:. ~ ... ;).GO r:u a ~'.Z q~ -
14 \ .'\£, \,':.) ,~ I Q L\ :\ \Q).q ~ ":::) ' 11-~ ~ sc:<. \ \C\,4 ~. ;),<?., ~S.lo - _..0-. '----"--- -
15 \ .~(') l.t\ ~ 141.t \Ira.~ 2. ?-.C ~s:_ ~ c:::~ 11 ~_).4 c).~v I q4,~ 
16 L tn\,, . .SS .Li> :;, .t.\ l ~ 05·'.3 -. ~ IS t1 ~ .:;~ \ \ Co\ . 11 ct. \ j "6).3 ~-~ -17 l lrn <:~ ~ l\\ A \C"A q • ..:'.,-=> r2 1c1. 0 ~ -S1 h~~ d. .\ Q .~~ -18 V-~5 q~ .s ~ lj~ \ r ·ic. t... ~:;. ~o \<7.() ~ 5~ 11 Cj,tl ~.10 q~ 

19 \.sn '-1 l ,., \ .?..'! · ~l.\ .Q.. ~ l eS \ ~" 
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27 \.lnC\ ~'1.11 \.~3 :J 5 .ti .::.l ~/-l ~f).4. ~Ll.S. ' \ ::i-=>.., ~.~id ~;i~.~ ~.c5 '1"'.s 
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31 .::) ~ \ /1 ".:\t\. d. ::;-1 $"1 \\'\ .Ir. ~ lc0 · ' ~\ f 
SECOND 7oL -z_ 7.. "Z-'4 . s )Slot:. I ~ It\.~ )7~9 '289 2 ' FOOT --1c;zc,.s 

I 

DAYS 
I 

HEAN -
ACRE-
FEET ---
C ... __ ·iENTS: ~~ 0 V \ ~ \ 0 A.J f\ \ 



~ATER YEAR 1990 OIVlSIOH Ill OlSTRICl J 

OIVERSIOH OR flO'J RECORDS RIVERTOH VALLEY CAUAL TOTAL ACRE FEET 39610.0 

PERHIT 110. 7300 PRIORITY 
SOURCE BIC ~IHO RIVER TOTAL ACRES 8400.0 

TYPE Of HEAS. DEVICE A·J5 

OAY 

APRIL 

CAGE C.f . S 

HAY 

CACE C.f.S 

HOM Tll 

J U!IE JULY 

CACE C.f.S Cl.GE C. f. S 

ACRE FEET /ACRE 4 .7 

AUGUST SEPT SEASmlAl 

CAGE C .f .S GAGE C.F.S GAGE c.r .s 

-l- ~I>- --'.I.- s na - -1/.J_ ~ nn n z 5 Ii&. , . .. _it._..~AJ.--1_1..,.2..,1..___, ____ ._ _ _ 

-l-•---1--- ....J....5a---S1- -5..JU_ .-1£.L. ..5.an_ -1lL .i...SL _lli.._ 'i M -11L. -·--· 
........3- _l,._51 50 ..i...92-. __II.I_ ....L91 1'8 ~ l \1 ..l.,.il_ _J.12.._

1 

'---1·--

--"-- l ~n q " n•;': 1u ~ 90 gs 'i H n o 'i . 'i'i 111 _ 1 _ _ -i_ 

--5.- I c:a Cl A n7 ILl s 78 (; !J'i .; <... ,, .,, ...i...5lfc 119 

__,:'-~1------1----1-... l_'i..,Z.___1-.....>S.u.O_ ~6o.--JlUIQ'--l-...Ll.J.JZ4.._ A 00 , Al II;: ""' , , ( -~ ... ....,..1.l_ +-1 _1,ul 7_.' '-·l----1-_.__ 

--1-..,,1. ~--1·--- -~~~c:c:,_.__.•""'-n-1-~6~2a0i-. 1---~•.u,~C:- _6LL..1.0uZ_ 1_...1.la6Zi;__. 1-<.._,<...._1 -+-~'~'£_1_~.....,.J.~f.-+-.J.J12..,._l_ 1 ____ 1 __ _ 

~-~----1'·---1-4-.-0-1--1 
71 -4....2Q__-1~ _t,.._,1 .... 1._, _ _..1..,_60,.__ 1_.<._...,,..~" -1-•...,1 

.. ..._" _ ...5.....6!~_._~1~2·2_ ---11--

--9-1---1--- -+..09- --U- -4-..20- ---115-. ..i>....J!l_ 11\S ; ~ ~~~ _'jl..JJ611J.O_;..-lu?:.ilc__ ---.!l---

-Hl·-1,,.....•~.~:~J-' ,,,_--4~~~+-~·~.~c-1---..,..,.ft•_ ~~~ l--~~·---l~ -"L-~~AlC--+-~'~nJ._l_.~::~..._*~!~:u~:~.--c:-J.~''--~'--''~'~'__;1~--~-~ 
4-t- 4. 21 -J~- ~ " • 00- -6..,21...- -l.112- - """-'u..._ _ _ ..... •n...,.oc..-- i -'"". ~-'"--•!--,...~"---l-c;.._.~...._o....;..._.1.112;..:.0:-.l----1---
-l;!.- -+..-20-·1-_.,,JHl>-1

1 

-S..S2- --U5- -5.JlZ- -1.S.Z- " n 1 zz c; "" I 01 _5...jL_I J 15 

-+3- ~3--.;J- : ·~ ,, • ";!.._~6.l-- _£ nn "' c; ,_, •H c; c;.1 
r,~

11
~l~·1----1~ 

.,...- ::: - - -4~.__ -U~· ·-&.-!' • ' "'--- s QQ I 1c;4 
1
_.5._t..L.1--1.ll_t.-'(-.;1.!l'-.L__._..l, ,~110"--•----L--

--+S- · .::: ~: : :: " S- 6.10 -llL...- 60

1

.t ~ S62 123 t1 > 1117 

-l+- J n n ( n I IS 6 ll -11.!2_ h. ~ I !f,11_ c; "' tn -~ ..... ...,,_,]6_;..--..;10.,,.n..__.J----l---

_1.J_ t. 2J Jl 'i 'it. --1.lfL . ..S.-22-. _ill _ _t,....11_ -1lilL ..L.6L 1U a.-:..S'-".J"'-5-1-_.:..::IO:..:.l_ . ---•·-·-
-lLL. /. n '' "' c;c; ''L s n1 112 ,, o JM o; M 121 ""'s ...... ~=2--i___,_1"-'07 __ 1 ____ _ 

10 I n " ~ sc; 117 c; /\(. I C..L 6 13 166 5.n 131 ..:s ........ '-.... t._,__,_o~n-.1----1---
,n t . .,., H 'i 'ill 119 S. 61 lHI 6. ll 168 5 . 74 112 5.:57 I 103 t- - - .._-._ 

22 1 n "" c; 7A-fr P L ~L 12l S.64 124 -'5-'.-'-0-'-6-;,_....;;6;...;0_ ---•---

....21- ' ,.., n 5 M 126 ffi o. o~ 15.L 5.75 OJ s.2s I 94 

2.L I ', " c; JO I U 5 71 'i S II 1 19 5 • SO 1 Jl t-=-5..:... 0::..::6:.-.;.-..;0;;.:0;...._ l--- cl- - -

·u I .,, n 5 00 1 ll s 56 I IL s A' 17l 5.SS 117 ' ... s ..... ._oo;:.._ .... --7..;;.6_ .._ __ ..._ _ _ 

....25.__...t._l.2_ 3' '\R7 Hl S.6011-12..L 557 11S S.60 121 i,.99 75 

_26_ L n ., ' 5 9~ B 9 5 . 90 HS 5 . S l 115 1..;5~·..:.59.:....--+-..;1;.;2~0~1_:..1, ;...;· 9..;.9_ l-....:7_:5_i----l---
-1L l 2l ,, 5.99 151, 5.87 1tl 5.l,9 112 5.59 120 ' 4.99 75 

-2.tL 4 71 H 6 oo 1c;~ .., 11n "·' ~ ~} 115 5.SQ li:'O 5 . 01 77 

22._ L 'O 11 I. 01 1~A S.llS HI 5 . SS 117 5.61 122 5.00 76 
---1---1--~+----l-----l---'o t, 'l Jl 6 07 162 5.01 llfl 5.72 lll 5.64 121, 4 . 62 53 

.31 5.99 1 154 S.72 lll -5.-6-5-.1_1_2_5_ 11- --.;;,----•---4- -

SECOND 

FOOT 

DAYS 

HEAii 

ACRE· 

FEET 

MAXll-IUH 

HIMIHUH 

COHHENTS 

689. 0 JlS3.6 4561.6 

32.8 108.2 152.1 

1370.0 6650.0 9050 . 0 

:n .o 162.0 17'1.0 

31.0 44.0 117 . 8 

'HEASUREHENl HADE 011 THIS OAY 

4612 . 8 ]786.0 3067. 6 20070.6 

HILi! 122.1 102.J 

9150 . 0 7510.0 6000.0 39010.o 

193.0 \33.0 125 .6 191.0 

112. 2 113.0 53.2 31.0 

Prcporcd by Bobby A. lnne 



~ . 

.. 

VATER YEAR 1909 OIVISIOll Ill DISTRICJ J 

DIVERSION OR FLO'.l RECORDS 
PERHIT 110. 

SOURCE BIG VlllO RIVER 

TYPE Of HEAS. DEVICE 

. 

APRIL 
DAY CAGE C.F. GAGE 

1 S 6S 

-1. s 65 

J 5.54 - 4 5.0 ' --
5 4.55 25 5. 76 

~ 4.55 49 5 . 72 

--1. 4.55 49 5 .64 

~ 4 5'i GQ r; RI 

9 L 'i '\ ~Q 5.51 
---1!! L 'i'i L9 c; 71 

11 4 'i'i 4Q '> 1\0 

-11 I, . 'i'i 49 5 91 

__JJ 4 S'i 49 'i ,.,,, 

14 t 4 71l 61 5. 75 
1'i ' .81 6(, 5 n . 
16 l, . 82 65 

c 5.63 

17 l,. 94 71 5.0 
16 5.06 85 5 . 40 

191 
5. 14 61 5. 16 

20 5.26 67 5.41 

21 f 5. 17 80 5. 42 

22 
. 

5. 12 77 5.45 

23 4. 73 SJ 5.47 , 

24 4.7( St. 5 .4 7 

25 5. 2~ 13~ 5. 4 7 

26 5.4l 10~ 5.39 

27 5 ,I,( 103 5.36 

""'Ta 5.41 103 5.20 

29 5. 7C 122 S.27 

J l !>.6 1H 5.70 
----n S. 46 . 

SE COHO 
FOOT 

DAYS 1836.C 

. 
HEAN 70.l· 

ACRE· 

fEET 3640.0 

>IAXIHUH 122 .0 

HllllHUH 25.0 

RIVERTON VAlLEY 
PRIORI TY 

A-35 RECORDER 

HAY JUNE 

c. f. GAGE c. f . . 

na s. 10 ! 60 
119 '\ 16 ~ 

110 5 .OS · 76 

101 5. 04 75 

126 I 5 .04 75 
12S 5.01 74 

ns 4 ,05 6'9' 

114 I ~ 02 1' 
11 0 L££ --11 
177 ~ 22 A!l 
n r. t. nn I "° 
14] 4 .81 60 

HO ".67 M 

Ill ' t. . 81 60 

110 CB6 6] 

123 5 .04 74 

111 5. 18 8] 

IOJ 5 . 15 81 
87 5. 14 79 

105 5. 1 s 00 
10(, S.27 07 

107 5.45 102 

109 5.56 110 ' 
109 5.55 109 

109 5.SJ 107 

102 7 5.65 117 

99 5 .60 1 11 2 

91 5.60 111 

9o s. 513 10<; 

In 5.60 111 

lU/ 

I 

3569.( 2526.0 

115. 1 84.2 

7080. ( 5010.0 

\43.l l 17 .0 

87 .l 60.0 

COHHE>ITS •HEASUREHEHT HADE 011 lltlS DAY 

TOTAL ACRE FEET 36080.0 

TOTAL ACRES 8415.0 

HON1H ACRE fEET /ACRE 
i 

4.3 

JULT AUGusr SEPT SEASOllAL 

GAGE c. f. ~ CAGE c. f. ~ GAG~ c.r.s GAGE C.f. 
, 

5.59 109 5.90 142 s. 51 105 
' 5. 56 106 5.90 142 S . 55 108 

6.62 111 5.6S 1.16 S.Sl 105 ' 
5.76 122 5.90 142 5.62 114 

I 

S,l)J 126 5.91 10 5 . 66 116 

5.91 ns 5 .93 144 5.62 117 
~· 6.00 1l9 5 .9S ' 145 5.64 115 

~,96 IF ~ 5,9~ 145 s. 72 117 

~.£~ 138 5 67 09 S.61 111 

~.21l ' H~ ~.~~ ]Q~ 
5 "" 

90 

6 0] H7 s ,]7 99 s1 22 62 

6.06 152 5 .40 102 5 . 16 78 

6 . 17 IM 5. Jt. 9J )\' 5. lB 80 

6. 19 166 5.J7 98 4. 78 SS I 

6. 12 160 5.36 97 4. 76 54 

6.11 160 5.36 93 I, .74 53 

6.02 152 5, 40 99 4. 72 51 

6.02 1SJ 5 .47 105 4.69 50 
( · s. 9.1 144 I 5. 4 2 101 4. 65 47 -

S. 62 135 5 .so 107 4 . 66 46 

s.oa 140 S.5 1 107 4. 67 ' 48 

6.21 174 5. 5, 107 l, .65 47 
' 

6.24 175 5. 4 7 104 I,. 63 46 

5.26 91 5. 50 106 4.84 59 

5. 27 90 5.50 106 4.70 56 

6. 26 177 5 . 51 107 .c. .66 4(1 

6.34 ' lllS ~3z lo7 ~.63 46 

6.~6 11!7 5. 50 l!lS I, . 61 .. C> 

6.H 163 5 .49 ' 104 I. . 63 ~ 46 

~.n 116 ~ .)l lUI r..01 .. , 
C>. U:> 1)~ ) ... 1 lU.S I 

4534.0 3542 . 0 2183.0 16190.( 

146.J 114.3 72.B 

8990.0 7030.0 4330.0 36080.C 

167.0 g5.o 117.0 107 ,l 

.. 

90.0 93.0 45.0 25 .l 

Prepared by SIEYEll K. CROUE 



COST ESTIHl\TES 



ESTIMATED INSTALLATION COST (3400 FOOT SECTION) 

SEEPAGE CONTROL. GOLF COURSE TO RIVERVIEW BRIDGE 
(STA. 190+00 to 224+00) 

ITEM 

Reshape Canal 
20 Mi. PVC 

Liner 
Place Liner 
Place Cover 
Soil 

Total Estimated 

Excavatio n 
Compacted 

Embankment 
Slip Form Con

crete Lining 

Svnthetic Hembrane {PVC) Liner 

UNIT OF UNIT COST APPROXIMATE 
MEASURE ($/UNIT} QUANTITY 

LF 6.00 3,400 

SF 0.25 142,800 
SF 0.05 142,800 

LF 3.60 3,400 

Construction Cost 

Slio Form Concrete Canal Lining 

UNIT OF 
MEASURE 

CY 

CY 

CY 

UNIT COST 
_Ll/UNIT) 

3.00 

2.50 

150.00 

1\PPROXIMATE 
QUI\NTITY 

1,000 

2,000 

1,100 

Total Estimated Construction Cost 

Reinforced Concrete Pi.e.s_ 

Excava t ion 
Backfill 
Compacted 

Bac kfill 
77"xl22" Arch 

Pipe 

UNIT OF 
MEASURE 

CY 
CY 

CY 

LF 

UNIT COST 
($/UNIT} 

4.50 
3.50 

5.00 

250.00 

Total Estimated Construction Cost 

1\PPROXIMl\TE 
QUANTITY 

4,000 
7,000 

2,000 

3,400 

$ 

$ 

ESTIMATED 
COST 

20,400 

35,700 
7,200 

12,200 

75,500 

ESTIMl\TED 
COST 

$ 3,000 

5,000 

165,000 

$ 173,000 

ESTIMATED 
COST 

$ 18, 000 
24,500 

10,000 

850,000 

$ 902,500 


