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January 12, 1983 

Wyoming Water Development Commission 
4th Floor, Barrett Building 
Cheyenne, Wyoming 82002 

Attention Mr. Michael Reese, Administrator 

Gentlemen: 

A Professional Corporation I Engineers Architects Planners 

609 East Madison 
Suite 1 
Riverton, Wyoming 82501 
3078566505 

Submitted herein, for your consideration, is the report representing the 
completion of the Pre-Feasibility Phase of the Upper Green River 
Drainage Area Level II Feasibility Study of seven potential reservoir 
sites. 

The report endeavors to outline for you the procedures by which the ARIX 
project team gathered and evaluated the critical data pertaining to the 
feasibility of developing additional water storage reservoirs in the 
Upper Green. By establishing criteria and quantifying the impact of 
each site's characteristics on its feasibility potential, the team has 
arrived at conclusions and recommendations. 

These recommendations are presented herein to facilitate your decision 
as to the direction of the Feasibility Phase with regards to which sites 
will be selected for further study. It is not the intent of the Project 
Team to make this decision for you, but rather to present the findings 
of this first level of investigation and solicit your guidance for 
further efforts. 

We look forward to presenting this information to you in formal session. 
If you have any questions in the interim, please feel free to contact 
me. 

Respectfully, 

ARIX, A Professional Corporation 
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I. EXECUTIVE SUMMARY AND RECOMMENDATIONS 

The objective of the Pre-Feasibility Phase of the Level II Feasibility 

Study of the seven potential reservoir sites within the Upper Green River 

Drainaqe Area was to identify the major advantaoes and disadvantaQes for 

each site. These sites are shown on the location map at Exhibit A. 

Major components of this identification process were the studies con

ducted by Leonard Rice Consulting Water Enqineers and the law firm of 

Kirkland and Ellis to determine the availability of water to these sites, 

both physically and legally. To complete the picture for each site, ARIX 

then utilized a preliminary geotechnical reconnaissance study of the 

sites by Earth Sciences Associates to develop the physical characteris

tics of each impoundment structure and then assign respective costs to 

determine the overall cost of each water project. 

Environmental constraints for each site were solicited from the affected 

agencies and organizations and were included in the evaluations. These 

constraints were not weighted on an equal basis as the other considera

tions since the level of environmental review in the Pre-Feasibility 

phase did not substantiate the development of a "critical flaw" that 

would necessarily eliminate a project site. Comprehensive environmental 

studies will be completed by the affected agencies during the Feasibility 

Phase studies of those sites selected for further study. 

The criteria for evaluating the project sites has been condensed for 

review purposes and is presented in Table 1 (Evaluation Criteria Matrix). 
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Recommendations 

The ARIX project team recognizes that the decision for causing a project 

site to continue on to the-Feasibility Phase rests with the Wyoming Water 

Development Commission and the Big Piney Conservation District. We have 

therefore, endeavored to identify the major advantages and disadvantages 

of each proposed site and quantify those into a final cost per acre foot 

of water developed. It is on the basis of this final line of analysis 

that the following three project sites are recommended for your consider-

ation. 

Estimated Development 
Site No. Descr~ption Cost Per Acre-Foot 

) 

2 Sand Hill $270 

5 Snider Basin $452 

6 South Cottonwood $548 

The above ranking must be qualified by recognizing that the quantity of 

water available at the respective sites is a major factor in deriving the 

final cost per acre-ft. It must also be recognized that these storable 

flows can be significantly affected by the institution of a basin-wide 

water management program. Table I-Ion Page 1-8 of the Leonard Rice 

Consulting Water Engineers report at Appendix A shows how the storable 

flows could be positively increased through such a management plan. 

Additionally, the ARIX project team feels that an alternative site on 

North Piney Creek warrants further study if the commission would desire 

to expand the scope of the Feasibility Study. The North Piney Creek site 
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III. INTRODUCTION , 

Working under contract to the Wyoming Water Development Commission, ARIX, 

A Professional Corporation, has accomplished the firs~ phase of the study 

to determine the feasibility of developing potential reservoir sites in 

the Upper Green River Drainage Area. The ARIX project team consists of 

four subcontractors in addition to ARIX. These are: Leonard Rice 

Consulting Water Engineers (LRCWE) - Hydrology and Water Rights; Earth 

Sciences Associates (ESA) - Geotechnical Consultants; Browne, Bortz and 

Coddington, (BBC) - Economics; and Kirkland and Ellis, (K & E) - Legal 

Counsel. 

The Pre-Feasibility Phase services were intended to identify the avail-

ability of water, both physically and legally and to identify other major 

considerations for each of the seven sites that would either enhance or 

detract from the viability of each site's potential for development. 

Although it was not called for in the contract for services, the ARIX 

project team has expended considerable efforts to evaluate early in the 

project, reconnaissance level geotechnical and engineering considera-

tions. These added evaluation processes enabled the team to accomplish a 

closer examination of the aspects of each site and thus produce recommen-

dations based on broader considerations. 
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IV. POTENTIAL PROJECT SITES 

The potential sites evaluated in this Pre-Feasibility Study are shown on 

the location map included herein at Exhibit A. These sites and their 

locations are as follows: 

1. Sixty Seven Reservoir 
2. Sand Hill 
3. McNinch Wash 
4. Fi sh Creek 
5. Snider Basin 
6. South Cottonwood 
7. LaBarge Meadows 
8. North Piney Creek 

Locat \on 

E 1/2 8 & 17-30-112 
E 1/2 1 & 36-30-113 
E 1/2 10-30-113 
SE 1/4 26-30-115 
SW 1/4 11-29-115 
W 1/2 12-32-115 
W 1/2 16-29-116 
NE 1/4 25-31-115 

While on a field tour of the sites on September 10, 1982, the project 

team endeavored to examine each site physically as well as try to 

identify other sites that could possibly serve as alternatives if the 

seven pre-selected sites become untenable. Several such sites were 

identified and later eliminated due to further preliminary evaluation. 

One location did remain as a possible alternative site and this is 

located on North Piney Creek. This site exhibited favorable 

characteristics and so the team included it in enough of the evaluation 

processes to be able to determine its relative feasibility with regards 

to the other seven sites. 
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V. WATER RIGHTS AND HYDROLOGIC ANALYSIS 

This portion of the study was accomplished by Leonard Rice Consulting 

Water Engineers (LRCWE) and is included with this report at Appendix A. 

The resulting determinations from that report are reflected in the 

achievable storage volumes of each site and are tabulated on the Evalua

tion Criteria Matrix at Table I. 

As detailed in the LRCWE report, an essential element to the development 

of any of the project sites in the Upper Green River Drainage Area is the 

responsible management of water rights by every user. At critical points 

in the year, this management scheme for the conservation of resources 

could guarant~e availability at times when those resources have 

historically not been available. 

VI. GEOTECHNICAL ANALYSIS 

Earth Science Associates, Geotechnical Consultants performed the 

reconnaissance level study of the geotechnical characteristics of each 

site. The results of this study are included herein at Appendix B. 

These evaluations were instrumental in providing a basis for the 

engineering analysis by-ARIX. The impact of the geotechnical constraints 

are reflected in the preliminary design considerations for the respective 

dam embankments and seepage control measures. Additionally, the degree 

of complexity of each project site's construction requirements was 

dictated by the results of ESA's preliminary analysis. 
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VII. ENGINEERING ANALYSIS , 

7.1 INTRODUCTION 

It is the intent of this portion of the pre-feasibility study to establish 

an engineering basis for narrowing down the number of sites so that study 

resources may be concentrated on the more promising alternatives. 

7.1.1 Depth of Investigation 

At this stage, the study is, and has been, based on reconnaissance level 

information. The study has produced relative rankings of the potential 

sites without detailed analysis of each construction component and without 

considering silt storage and permanent pool requirements. 

7.1.2 Basis for Evaluation 

Evaluation of the sites has considered the following: 

o total storable water available at the site 

o geological considerations including: 

1. foundation conditions 

2. material availability 

3. seepage potential 

o reconnaissance level cost estimates considering the following 

construction components: 

1. 
2. 
3. 
4. 
5. 

foundation preparation 
seepage control 
embankment 
spillway 
riprap and slope protection 
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6. outlet works 
7. conveyance works 
8. access roads 
9. road relocation 
10. misc. items (including 

mobilization) 



Table 2, titled "Reconnaissance Level Cost Estimates for Upper Green River 

Sites," provides a comparison of the reconnaissance level cost for each of 

10 construction cost components and an estimate of the relative construc

tion cost per A.F. of stored water at each site studied. 

Table 1 titled "Evaluation Criteria Matrix," provides a summary comparison 

of important features of the alternatives and a overall recommendation for 

each site. 

When the storage capacities have been adjusted (as will be done in the 

Feasibility Phase), to provide for silt storage and permanent pool require

ments the total prQject costs can be expected to increase. It is not 

anticipated that any significant changes in relative ranking will occur from 

changes in storage capacities. 

7.1.3 Sources of Information 

o For this reconnaissance level study, all rough construction quantity 

estimates have been based on Standard U.S.G.S. 1:24000 topographic 

mapping. 

o A field tour of all the sites under study was conducted September 10, 

1982. Additional visits to selected sites have been made by the 

Geotechnical Subcontractor to provide additional information. 

The information gained from the field tour has been very useful in 

the analysis of the alternates and the preparation of reconnaissance 

level cost estimates. 
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TABLE 2 
RECONNAISSANCE LEVEL COST ESTIMATES FOR UPPER GREEN RIVER RESERVOIR SITES 

Sixty- Sand McNinch Fish Snider South La Barge North 
Seven Hill Wash Creek Basin Cottonwood Meadows Piney 

1 . Foundation 229,200 177,200 236,400 88,250 88,550 228,290 160,900 337,850 
Preparation 

2. Seepage Control 412,000 289',~400 307,000 1~3 !t260 18,700 49,300 142,800 25,500 

3. Embankment (in 514,300 612,000 705,600 
place) 

297,460 335,000 754,000 750,000 882,300 

4. Spillway Con- 65,500 226,700 81,300 112~750 179,650 259,780 133,650 875,150 
struction 

5. Riprap and Slope 994,200 511,300 733,800 107,260 194,780 553,600 620,200 395,000 
Protection 

6. Outlet Works 72,600 124,160 86,800 127,820 146,820 169,120 154,350 237,000 

7. Conveyance Works 52,500 210,000 422,400 65,000 

8. Access Road 50,000 50,000 150,000 25,000 30,000 

9. Road Relocation 400,000 45,000 300,000 180,000 270,000 215,000 

10. Misc. Items 50,000 65,000 75,000 75,000 60,000 90,000 100,000 128,200 

SUBTOTAL 2,440,300 2,615,760 2,743,300 1 ,036,800 1,348,500 2,284,090 2,331,000 3,126,000 

+20% TOTAL EST. CONST. 2,928,400 3,168,900 3,291,960 1,244,160 1 ,618,200 2,740,900 2,798,280 3,751,200 
COSTS 

+20% TOTAL EST. PROJ. 3,514,000 3,802,700 3,950,000 1,493,000 1,941,800 3,289,000 3,358,000 4,501 ,440 
COST 

STORAGE CAPACITY A. F. 5,600 14,100 5,600 1 ,400 4,300 6,000 4,800 5,600 

EST. COST PER STORAGE $ 628 $ 270 $ 705 $ 1 ,066 $ 452 $ 548 $ 700 $ 804 
A. F. 



o Geotechnical information has been gathered by the Geotechnical 

Subcontractors, Earth Sciences Associates, and a summary of their 

reconnaissance level findings is located in Appendix B. 

o Hydrology and water rights information has been gatnered and 

developed by Leonard Rice Consulting Water Engineers and a summary of 

their work to date is located in Appendix A. 

7.2 SITE DISCUSSIONS 

Using the available U.S.G.S mapping, depth-storage capacity curves and 

depth-embankment volume curves have been developed, and a reservoir water 

surface outline map prepared for each site. These exhibits are located with 

in the text discu~sing them and provide the basis for quantities used in 

preparing the relative cost estimates. 

In order to further refine the cost estimates, larger scale mapping will be 

required and the amount of storage to be provided must be more defined. In 

the preparation of these estimates, factors have been included to provide 

for miscellaneous undefined construction items and for contingencies and 

engineering. 

The tour of the sites provided a great amount of input to the evaluation 

process and observations will be noted in the following discussions of 

probable engineering consideration at each site. 
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At the present time, only the Sand Hill Reservoir site is noticeably 

impacted by the presence of existing oil field installations, however 

several of the other sites could be similarly impacted before reservoir 

construction is commenced. 
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7.2.1 SIXTY SEVEN RESERVOIR 

This the only existing reservoir of the sites under study. The 

facility consists of a dam structure across Sixty Seven Draw at the 

southeast end of the re~ervoir and a variable height dike along a 

saddle located on the northeast perimeter of the reservoir. 

Some seepage was observed below the main dam, and the portion of the 

dike visited did not appear to be up to current dam standards. It is 

therefore anticipated that a complete analysis of the existing 

embankments will be required to determine if it can be incorporated 

into an enlarged dam or if it needs to be partially or completely 

reconstruct~d. If complete reconstruction of the embankments, or if 

considerable reconstruction of the existing inlet conveyance works is 

required, the costs shown for the site could increase 20 to 40%. 

The location of this site on private land could provide some public 

access problems. 

Engineering considerations relative to this site are anticipated to 

include: 

o Foundation preparation - Little clearing of reservoir site is 

needed. Stripping of the top 3 1 of the foundation will be required. 

Provide a key trench with 10 1 bottom, 1:1 side slopes to a depth 

equal to one third the height of the dam. Some of this material 

should be wasted, some may be suitable for incorporation in 

selected parts of the dam structure. 
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o Seepage control - Place a clay blanket 31 thick along the upstream 

slope of dam and for 30QI upstream from the toe of the dam along 

both the main dam and saddle dike. 

o Embankment - Anticipate a soft foundation and provide 3:1 side slopes 

up to 30 1 dam height and 3.5:1 above 30 1 dam height. (Provide at 

least 51 freeboard for all off-channel reservoirs and 71 for all 

on-channel sites.) 

o Spillway - This is an off channel reservoir so the spillway may be 

sized for the local drainage area and consist of a relative small 

service spillway with a larger emergency spillway. 

o Riprap and slope protection - For estimation purposes use 31 thick 

stone riprap with 12" of bedding and filter material. It is 

anticipated that'the riprap will come from off site with perhaps 

long haul costs. 

o Outlet works - Probably relative easy excavation, sized to provide 

irrigation releases for the existing and enlarged reservoir. 

Possibly will require only a simple slide gate and lift 

mechanism. 

o Conveyance works - Probably will require some enlargement of 

existing works consisting of ditches, canals, diversion structures 

and drainage crossings. 

o Access road - The existing road system consists of private ranch 

roads which use the crest of the existing dam. If improved access 

from the public road system is required the cost would increase. 

o Road relocation - No public road relocation has been considered. 

o Miscellaneous - This includes contractor mobilization costs. 
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The results of the reconnaissance level estimate of cost indicate a 

relative cost per acre foot for 5600 acre foot of enlarged storage to 

be $628, if extensive removal and reconstruction of the existing 

structure is not required. 
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7.2.2 SAND HILL RESERVOIR SITE 

This location appears to be~ a relatively good storage site. However, 

there are several existing petroleum pipe lines and a paved highway 

traversing the reservoi~ area, and several operating oil wells in the 

basin. The costs of relocating the oil field related improvements 

have not been included in this estimate. 

Engineering considerations relative to this site are anticipated to 

include: 

o Foundation preparation - Little clearing of the reservoir basin is 

needed. Strip off the top 3' of the foundation. Excavate a key 

trench with 10' bottom, 1:1 side slopes to a depth equal to one 

third the· height of the dam. Some of this material should be 

wasted, some may be suitable for incorporation in selected areas of 

the dam structure. 

o Seepage control - Place a clay blanket 3' thick along the upstream 

slope of the dam and for 600' upstream from the toe of the dam. 

Provide a toe drain system at the downstream toe of the dam. 

The Geotechnical Consultant does not anticipate the excessively 

large seepage losse~ previously estimated at this location. (See 

Appendix B) 

o Spillway Construction - This is an off channel reservoir and the 

spillway will be required to provide protection only against runoff 

occuring over the local drainage area, and from the diversion 

inflow. The area appears to be highly erodible. 
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o Riprap and slope protect/ion - The location and orientation of the 

dam, as for both the Sixty Seven and McNinch sites, is such as to 

provide maximum exposure to high down slope winds. Three feet of 

stone riprap on a 1 foot bedding and filter layer has been 

estimated. 

o Outlet works This reservoir is of larger volume and the embank

ment is higher so the outlet works will require larger capacity and 

heavier construction. 

o Conveyance works - Diversion works are required in both the South and 

Middle Piney Creeks. The conveyance system may be able to utilize 

expanded existing ditch works. The system anticipated at this time 

will probably require up to 2-1/2 times the capacity of the 

McNinch location. 

o Access road - It is anticipated that the dam would be located adjacent 

to the relocated public highway and access requirements would be 

minimal. 

o Road relocation - a considerable section of existing paved highway 

will require relocation, with construction of new drainage struc

tures and road surfacing required. 

o Misc. Items - Contractor mobilization costs are estimated to be 

moderate at this location. Relocation costs of oil field improve

ments have not been evaluated at this time. 
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The relative cost of $270 ~er acre foot of storage at this site is 

based on a storage capacity of 14,100 acre foot and reflects the 

economy of scale generally true of all locations. That cost does not 

include costs required to accommodate the existing oil and gas 

facilities. 
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7.2.3 McNINCH WASH RESERVOIR 

This site appeared to have good storage potential but requires an 

extensive conveyance works from North Piney Creek, which increases 

the costs at this site. 

There is at the present time, oil field activity near the reservoir 

and this may be a factor when more complete information is obtained. 

The location of this site on private land may provide accessibility 

problems. 

Engineering considerations relative to this site are anticipated to 

include: 

o Foundation preparation - Little clearing of reservoir site is 

needed. Strip the top 31 of the foundation. Excavate core trench 

with 10 1 bottom, 1:1 side slopes to a depth equal to one third the 

height of the dam. Some of this material should be wasted, some 

may, if found suitable, be incorporated in selected parts of the 

dam structure. 

o Seepage control - Place a clay blanket 31 thick along the upstream 

slope of dam and for 300 1 upstream from the toe of the dam. 

o Embankment - The dam height of 58 1 on the anticipated soft founda

tion would probably require 3.5:1 slopes. 

o Spillway - This is an off channel reservoir so the spillway may be 

sized for the local drainage area and consist of a relative small 

service spillway and a larger emergency spillway. 
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o Riprap and slope protection -For estimation purposes use 31 thick 

stone riprap with 12" of bedding and fi lter materi al. It is 

anticipated that the riprap will come from off site with perhaps a 

long haul costs. 

o Outlet works - Probably relatively easy excavation but the required 

structure height in the anticipated soft foundations will require 

careful design and construction. The outlet works should be sized 

to provide for required irrigation releases. 

o Conveyance works - A completely new diversion and conveyance works, 

about 8 miles long with stream crossings, is required to fill this 

reservoir site. The estimated cost for this component alone 

represents $108 of the estimated cost per acre foot of storage. 

The ditches or canals should be easy excavation with some potential 

for seepage but probably will not require lining. 

o Access road - A completely new access road from the existing 

McNinch Reservoirs will be needed, and some upgrading of the 

existing ranch roads may also be required at additional costs. 

o Road relocation - some relocation of ranch roads has been ~stimated. 

o Misc. Items - This includes contractor mobilization costs. 

The relative cost of $705 per acre foot of storage at this site is 

based on a 5600 A.F. of storage capacity. 
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7.2.4 FISH CREEK RESERVOIR SITE 

This site appears to be a good on-channel storage location except for 

the limited tributary drainage area. 

Engineering considerations relative to this site are anticipated to 

include: 

o Foundation preparation - In addition to 31 stripping require

ments, a core trench averaging 10' in depth and a single line of 

grout holes, 10 feet on centers 50 1 deep has been estimated. 

o Seepage control - A toe drain system is estimat~d. 

o Embankment - To be constructed of earth or earth-rock with a clay 

core if suitable material is found on-site. A homogenous structure 

with 3:1 slopes has been estimated. 

o Spillway construction - A side channel spillway excavated into rock 

is probable and the cost at this site may be relatively low. 

o Riprap and slope protection - The dam face is somewhat protected by 

the narrow site. Rock and bedding sources are estimated to be 

available on-site. 

o Outlet works - This on channel location requires sizing relative to 

stream flows rather than for irrigation releases. The facilities 

will require heavy duty construction throughout. 

o Conveyance works - A diversion structure on Indian Creek and 

diversion ditch into Fish Creek has been estimated. 

o Access road - The existing 4 wheel drive road into the area will 

require considerable upgrading and extension to the site - a north 

side location is desirable to increase the accessible season. 

-19-



Z 
0 

o 
EMBANKMENT VOLUME xl05 C.y. 

2 

La.: 

3 

8280~10~0~--------------+------~4---------~--------~------~~----~ o 

8260 

75 

% 
t-
Q. 
UJ 

8265 TOP 0 

o 
V 

!;t 8240 
0 

> 
UJ 
..J 
L1J 

50 

8220 

8200~----------------+-----------------~----------------~----~ 

818oo------------------10~O-0----------------2~OO-O----------------~~OO----~ 

STORAGE CAPAC ITY - ACRE FT. 

FISH CREEK 
RESERVIOR SITE 

DEPTH - STORAGE CAPACITY 
AND EMBANKMENT 
VOLUME CURVES 

~'t;URF 4A 



o Road relocation - None required at this site. 

o Misc. Items - Contractor mobilization cost to this site are probably 

second only to the LaBarge site. No other items are estimated at 

this time. 

The relative cost of $1066 per acre foot is based on a storage 

capacity of 1400 acre feet and reflects the small amount of water 

available for storage. 

If the storable amount were increased by water management practices 

the unit cost would be decreased. 
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7.2.5 SNIDER BASIN 

This reservoir study area is impacted by the Lander Cutoff of the 

Oregon Trail and the presence of the marked emigrant grave sites 

upstream from the strea~ junction with Porcupine Creek. A dam 

located upstream from the graves is not, by any engineering criteria, 

as desirable as an alternative site located downstream below the 

junction of South Piney Creek with Porcupine Creek and Coal Creek. 

There the geology is much more favorable (reported to be the best of 

alternates) and the available water supply potential much greater. 

This site would be even more favorable as water management practices 

are put into effect and the required size of the reservoir increased. 

Movement of graves and erection of suitable markers could enhance the 

memorial to the pioneers and probably be much more consistent to the 

spirit they demonstrated. The lower location is an apparently good 

storage site and in a location that would provide considerable 

potential for water management practices, high enough on the stream 

to be effective and low enough to allow control of a considerable 

volume. 

Engineering considerations relative to the site include: 

o Foundation preparation - Stripping 31 over the entire foundation 

and an average 10 1 depth core trench has been estimated. A grout 

curtain was not estimated. 

o Seepage control - a limited toe drain system has been estimated. 
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o Embankment - A homogeneous dam of earth or earthrock, with 3:1 

slopes, has been used. If clays are available a zoned structure 

should be considered. 

o Spillway construction - The Geotechnical consultant reports a good 

side channel spillway site around the right abutment. This is an 

on channel reservoir with considerable flood flow potential. 

o Riprap and slope protection - This reservoir will be somewhat more 

protected from the winds than the plains storage units. Riprap and 

bedding sources appear on-site. 

o Outlet works - The same comments apply as for Fish Creek, except 

that Snider Basin flows will be somewhat larger. 

o Conveyance works - None required at the lower site. 

o Access road - The relocated public road will be adjacent to the 

d~. 

o Road relocation - A considerable amount of public road relocation 

will be required. 

o Misc. Items - Contractor mobilization costs have been estimated. 

An estimate of costs for moving and memorializing the emigrant 

grave sites has not been included, however this cost need not be 

great. 

The relative cost of $452 per acre foot is based on a storage 

capacity of 4300 acre feet. This site has the potential to store 

considerably more water, at costs competitive with the Sand Hill Site. 
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7.2.6 SOUTH COTTONWOOD RESERVOIR SITE 

The Geotechnical Evaluation of this site warns of possible seepage 

problems and spillway concerns, and rates it below Snider Basin and 

Fish Creek and perhaps better than LaBarge and North Piney. A dam 

location below the confluence with Bare Creek is the studied site. 

Engineering considerations relative to this site include: 

o Foundation Preparation - The foundation is to be stripped 3 1 deep and 

a cutoff trench averaging 20 1 feet in depth has been estimated to 

offset anticipated seepage. 

o Seepage control - In addition to the cutoff trench provided in 

foundation preparation a relatively large toe drain system has been 

estimated. 

o Embankment - Some instability in the left abutment is suspected at 

this stage but no cost has been assigned to corrective measures. A 

homogeneous dam with 3:1 side slopes is anticipated. 

o Spillway construction - Spillway conditions have been assessed as 

poor and a side channel spillway with extensive lining is 

suggested. 

o Riprap and slope protection - The requirements are similar to Snider 

Basin with riprap stone, and the material suitable for bedding 

available on the project. 

o Outlet works - To be sized for on-channel discharge requirements. 

The high dam, together with potential foundation difficulties, 

requires careful design. 

o Conveyance works - None required at this location. 
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o Access road - The relocated public road will be adjacent to the 

dam. 

o Road relocation - Road relocation is required but less than most 

other sites. 

o Miscellaneous Items - Contractor mobilization costs at this 

location have been considered. 

The relative cost of $548 per acre foot is based on a 6000 acre foot 

of storage capacity. 
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7.2.7 l.aBARGE MEADOWS RESERVOIR SITE 

This is, at first impression, a very attractive site, however the 

Geotechnical Evaluation lists a number of concerns requiring much 

more detailed investigations to resolve than the other sites. The 

evaluation cautions that both design and construction costs could be 

much higher than can be logically estimated from the information 

presently available. 

Engineering considerations provided for at this location include: 

o Foundation preparation - Stripping 3 1 deep over entire foundation, 

and undercutting left abutment an average of 10Iand providing a 

grout curtain under the left abutment. Provide 10 1 average 

depth of core trench under entire dam. 

o Seepage control - Provide 3 1 clay blanket on dam face and 300 1 

upstream together with a toe drainage system. 

o Embankment - A homogeneous structure using 3:1 slopes. 

o Spillway construction - Locate a lined spillway over glacial 

deposits around the right abutment, sized to. provide for on channel 

flows. 

o Riprap and slope protection - Riprap bedding may be located on-site 

but riprap may not be available and may present a problem of 

availability at this location, due in part to environmental con

cerns. 
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o Outlet works - Locate on right side away from the area to be over 

excavated. -Provide for construction through glacial and unconsoli

dated material. Size adequately to pass on channel stream flow 

demands. 

o Conveyance works - None required at this location. 

o Access road - The dam is adjacent to the public road. 

o Road relocation - A considerable amount of road relocation is 

required. 

o Miscellaneous Items - Contractor mobilization costs at this site 

are anticipated to be the second greatest of all the alternates. 

The relative cost of $700 per acre foot is based on a 4800 acre foot 

storage capacity. The geotechnical evaluation warns of unknown 

conditions and the potential for unanticipated costs. 
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7.2.8 NORTH PINEY CREEK RESERVOIR SITE 

This reservoir site appeared to be a logical alternative to the Sixty 

Seven Reservoir enlargement or the McNinch Reservoir site. 

High costs estimated for spillway and outlet works construction 

due to the on-channel locations at the North Piney Creek study site 

combined with greater road relocation cost have shown the North 

Piney site to be not competitive at the 5600 A.F. storage capacity. 

The Geotechnical evaluation at the site studied raises a great many 

doubts. It then summarizes by saying that construction would be 

relatively costly and that construction costs estimates based on the 

limited information used must be considered very weak, with the 

potential for unpleasant suprises during design and construction very 

high. 

If, under a comprehensive water management program, greater storage 

capacities are desirable at a higher location, other sites along 

North Piney Creek should be studied. 

Engineering considerations anticipated at this site include: 

o Foundation preparation - possible high costs of regrading of the 

landslide slopes upstream from the dam have not been estimated. 

Removal of 31 strippings over the foundation and a 10 1 average 
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cutoff trench, except for 20' average depths in the left abutment, 

has been ~stimated. A grout curtain of single row, 10' D.C., 50' 

deep holes have been considered. 

o Seepage control - In addition to the core and grouting program 

covered under foundation preparation, a toe drain system is 

provided. 

o Embankment - A zoned fill of on-site material using 4:1 slopes has 

been estimated. 

o Spillway construction - This is an on channel location, requiring 

sizing for flood flows. A side channel spillway around the right 

abutment will require deep excavation. 

o Riprap and slope protection - Suitable material should be generated 

on site. 

o Outlet works - Must be located away from the slide debris, and will 

require heavy duty construction sized for on-stream flows. 

o Conveyance works - None required. 

o Access Road - Minor access road construction is anticipated. 

o Road relocation - Considerable road relocation is anticipated and 

new bridges may be required. 

o Miscellaneous Items - Contractor mobilization costs at this site 

are estimated to be the highest of all sites. 

Estimated relative costs of $804 per acre foot is based on a 5600 

acre foot storage capacity. 
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I SUMMARY AND CONCLUSIONS 

This report describes the hydrology and water rights 

investigation made to assist in determination of the pre

feasibility of seven reservoir sites in the Upper Green River 

Basin.. The results of the study are estimates of monthly 

storable flow at each site for an average runoff year and a 

10-year period of record (1972-1981). Results are presented 

under two assumptions of water rights administration. These 

estimates will be combined with other aspects of the sites, 

such as embankment quantities and geotechnical information, 

to eliminate several reservoir sites from the study before 

proceeding with the full Level II Feasibility Study. 

The Wyoming Water Development Commission and the Big Piney 

Conservation District have identified seven reservoir sites 

on tributaries of the Green River for a Level II Feasibility 

Study. The purpose of the reservoirs would be to supply late 

season supplemental irrigation supply to ranches in the Big 

Piney area. Other uses of the water may be identified during 

the study. Four of the reservoir sites are on Forest Service 

land high in the basins. The other three sites, Sand Hill, 

Sixty-Seven and McNinch Wash Reservoirs, are offstream 

reservoirs located low in the basin near Big Piney. 

Leonard Rice Consulting Water Engineers. Inc. 
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The storable flows were computed using the Wyoming Integrated 

River System Operation Study (WIRSOS) program which combines 

the basin hydrology and water rights to simulate 

administration of a river system. As part of this study, a 

hydrology analysis was made to determine the physical supply 

at the project sites. All U. S. Geological Survey streamflow 

records in the vicinity were compiled and extended by 

correlation analyses. This information was used to generate 

runoff at the necessary ungauged locations. All existing 

water rights on the study streams were tabulated and input to 

program WIRSOS. Assumptions for operation of program WIRSOS 

were made based on the best available information about local 

irrigation practice. Storable flow for the proposed 

reservoirs was computed to be all water available after 

senior water right users had been satisfied. Consideration 

was given to demands on the mainstem Green River, both for 

existing conditions and potential future demands. 

During the course of this study, several water rights issues 

have surfaced which could have a significant bearing on the 

results of the storable flow study. These included 

administration of surplus water rights for pre-1945 permit 

holders, forfeiture of unused rights and the status of 

minimum instream flows in Wyoming. These matters were 

addressed by Ray Petros at Kirkland and Ellis, and his 

opinions are included as Appendix B to this report. 

Leonard Rice Consulting Water Engineers. Inc. 
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In summary, the conclusions are: 

1. Surplus water rights are valid rights to which new 

projects would be subjected and need to be considered 

under a strict administration assumption. 

2. Forfeiture of unused water rights is provided for in the 

Wyoming statutes, but is not practical from an 

administrative standpoint. 

3. Minimum instream flows are not presently recognized as a 

beneficial use in Wyoming, but will likely be 

incorporated into all Wyoming Water Development projects 

as mandated by legislative directive. Quantification 

will likely be based on site-specific conditions and 

negotiations between various project beneficiaries and 

interested parties. 

The results of the study are summarized in Tables 1-1 and 

1-2. Table 1-1 shows the storable flow at each reservoir site 

for an average runoff year and water years 1973 and 1977. 

Water year 1973 represents a year for which annual runoff 

would be equaled or exceeded approximately 8 of every 10 

years. This is a generally accepted cri terion for design of 

irrigation supply systems. Water year 1977 is generally the 

driest year of record in the basin and storable flows in this 

Leonard Rice Consulting Water Engineers, Inc. 



1-4 

year are presented to illustrate the effects of a severe 

drought year. Table 1-2 shows the estimated acreage in each 

basin which could benefit from supplemental supply in an 

average year. Acreages are given considering both total 

adjudicated area and actual irrigated area. The three off

stream reservoirs could benefit users on all three Piney 

streams through exchange. Areas irrigated from any of the 

Piney streams, in the vicinty of Big Piney, could be served 

from each of these three sites without extensive new 

conveyance systems. 

It is apparent that water management practices in the basins 

could significantly improve reservoir yields over those 

realized under strict water rights administration. At such 

time as specific project users are identified, options for 

increasing yield through management of runoff on a subbasin 

basis may be explored. After narrowing the list of sites for 

further study, detailed operation studies will be undertaken 

to help identify project users and opportunities for 

exchanges. 

Instream flow requirements have not been factored in at any 

of the sites. It is likely that stipulations for each project 

would include a guarantee of some minimum level of flow below 

a reservoir which could limit storage at a site. This effect 

would be most noticeable during winter months when natural 

Leonard Rice Consulting Water Engineers. Inc. 
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flows are low. Reduction of winter storage could 

significantly effect yields at these sites. It is also 

possible that guaranteed release rates could be a project 

benefit. Instream flow criteria are not yet well-defined in 

Wyoming and the magnitude of such requirements is unknown at 

this time. Instream flow requirements would probably have 

greater impacts on the four sites located on Forest Service 

land than the three offstream sites. 

It is apparently not likely that Wyoming's Colorado River 

Compact allotment will be depleted in the foreseeable future 

by projects with permits senior to the proposed reservoirs. 

The State of Wyoming retains some flexibility in approval and 

continuance of permit applications and an application for new 

permits in the basin could provide impetus to the State to 

reassess pending applications. At any rate, there appears to 

be a limited risk that projects with pending permits senior 

to the study projects could deplete Wyoming's Compact share. 

On the other hand, the study projects could be a more 

practical alternative for utilization of a portion of 

Wyoming's Compact share. 

The physically and legally available water supply at each 

site appears to 

relatively low 

be limited. 

winter flows 

Leonard Rice Consulting Water Engineers, Inc. 
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combined with the fact that the streams are generally over

appropriated. Approximately 80 percent of the runoff occurs 

during the irrigation season when the new reservoirs would 

likely be "called out" in most years. The general practice is 

to flood fields in the spring with excess runoff water. If 

this practice could be modified, substantial flows could be 

made available for storage during May and early June. It is 

recommended that further study of a basin-wide coordinated 

management scheme be undertaken for the site(s) selected for 

the next phase. 

leonard Rice Consulting Water Engineers. Inc. 



Reservoir Site 

Sixty-Seven 

Sand Hill b 

McNinch 

Fish Creekc 

Snider Basin 

South Cottonwood 

La Barge Creek 

Table 1-1 

STORABLE FLOWS 

(All values in Acre-feet) 

Strict Water Rightsa 

Administration 

Average 
Year 

5,200 

14,100 

5,200 

1,600 

4,300 

6,000 

4,800 

SO% Chance 
Yield 
(1973) 

3,400 

13,400 

3,400 

1,200 

3,300 

4,500 

4,200 

Dry 
Year 

(1977) 

800 

10,300 

800 

1,000 

2,700 

3,200 

2,100 

a Basin Water Management 
BO% Chance Dry 

Average Yield Year 
Year (1973) (1977) 

6,000 

23,000 

6,000 

5,500 

13,200 

9,400 

7,900 

3,400 

14,700 

3,400 

3,700 

6,000 

5,500 

6,600 

1,300 

10,100 

1,300 

1,900 

3,900 

3,200 

2,100 

NOTE: Water years used; annual totals do not match tables in Chapter V which are for 
calendar years. 

a No minimum streamflow considered. 

b Includes yield from both Middle and South Piney Creeks. 
c Includes additional runoff captured from Indian Creek; 

estimated to be 200 acre-feet/year. 
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I 

'-.J 



Basin 

Cottonwood Creek 

North Piney Creek 

South and Middle Piney Creeks 

La Barge Creek 

Table 1-2 

POTENTIAL AREAS SERVED BY PROJECTS 

Total 
Adjudicated and 
Permitted Area 

(acres 

33,300 

25,900 

28,600 

16,200 

Presently 
Irrigated Area 

(acres) 

22,500 

18,600 

19,100 

7,900 

Area with 
Based on Full

a 

Adjudicated and 
Permitted Area 

(acres) 

20,400 

15,700 

15,000 

4,200 

Shortage 
Based on b 
Presently 

Irrigated Area 
(acres) 

9,600 

8,400 

5,500 

0 

a Area with shortage is assumed to be all rights "called out" during August of average year - based on 
run from Program WIRSOS. 

b 
Adjudicated and p~rmitted shortage less land not presently irrigated. 

617WWD01 
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I 
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II INTRODUCTION 

Authorization and Scope 

Leonard Rice Consulting Water Engineers, Inc. (LRCWE) was 

authorized to make a water rights and hydrology evaluation 

for determination of storable water at seven reservoir sites 

in the Upper Green River Basin in Wyoming. The study is being 

made for ARIX in conjunction with the Level II Feasibility 

Study for storage development in the Upper Green River Basin. 

This report describes Phase I of this study, termed the 

prefeasibility study, which is being conducted to reduce the 

number of sites which will be studied in the full Level II 

Feasibility Phase (Phase II). 

The scope of work for Phase I includes two primary work 

items, as described below: 

1. Water Rights Analysis - All significant water rights on 

the study streams will be tabulated and schematic 

diagrams will be prepared showing the location of these 

rights. Wyoming's obligation, under the Colorado River 

Compact, will be reviewed and availability of water for 

future projects assessed. Major water rights issues 

which could impact the projects will be identified. 

leonard Rice Consulting Water Engineers. Inc. 
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Hydrologic Analysis of Sites Available streamflow 

gauge records will be compiled and used to derive runoff 

estimates for the project sites on a monthly basis. 

Virgin flow estimates will be developed which will be 

combined with water rights information as input to the 

Wyoming Integrated River Systems Operation Study 

(WIRSOS) computer model for determination of the 

available water supply. The results of this analysis 

will be firm yield estimates at each site to be used in 

assessing the prefeasibility of each site. 

General Basin and Project Description 

The seven proposed reservoir sites are located on western 

tributaries to the Green River near Big Piney in the Upper 

Green River Basin, Water Division No.4. The purpose of the 

project is to provide supplemental late season irrigation 

supply to ranchers in the area. Under current conditions, 

irrigators often experience late season shortages due to the 

subsidence of runoff in July and August. 

The Green River Basin is located in southwestern Wyoming and 

incorporates an area of approximately 17,000 square miles. 

The basin ranges in elevation from 6,050 feet near the state 

line to 13,785 feet on the Continental Divide. The Green 

leonard Rice Consulting Water Engineers. Inc. 
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River drains the Wind River and Gros Ventre 

Wyoming Range and Uinta Mountains, and the 

Mountains and flows south into Utah. 

Ranges, the 

Sierra Madre 

Two reservoirs, Flaming Gorge and Fontenelle Reservoirs, 

provide storage on the mainstem Green. Flaming Gorge is a 

Colorado River Storage Project Reservoir with an active 

capacity of 3,515,700 acre-feet, located in both Utah and 

Wyoming, and completed in 1962. Fontenelle Reservoir, located 

south of La Barge, 

190,250 acre-feet 

Wyoming, has a total active capacity of 

and was completed in 1968 by the U.S. 

Bureau of Reclamation. The Green River is 

Colorado River Compact which limits the 

Wyoming is entitled to make from the river. 

included in the 

depletions which 

The project sites are located on streams which drain the 

Wyoming Range on the west side of the Basin in Sublette 

County (see Figure II-i). Upstream from the study streams, on 

the Green River, the New Fork River enters the Green from the 

east. The average annual discharge from the New Fork is 

517,000 acre-feet. Above the New Fork, Horse Creek and Beaver 

Creek enter the Green from the west. AU. S.G. S. streamflow 

gauge is located at Warren Bridge near Daniel, above the 

confluence with Beaver Creek. Average annual flow at this 

gauge is 368,000 acre-feet. 

Leonard Rice Consulting Water Engineers. Inc. 
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Streams on which potential projects are located include 

Cottonwood Creek, North, Middle and South Piney Creeks, and 

La Barge Creek. These streams all enter the Green River in 

the vicinity of Big Piney above Fontenelle Reservoir. Average 

annual precipitation in the study area ranges from 9 inches 

at Big Piney to 50 inches or more in the Wyoming Range. 

There is currently limited reservoir storage on the study 

streams. Offstream storage on North Piney Creek includes 

Sixty-Seven and McNinch Nos. 1 and 2 Reservoirs which have a 

combined capacity of approximately 6,700 acre-feet. Middle 

Piney Reservoir is located in the upper reaches of Middle 

Piney Creek and has a capacity of approximately 4,200 acre

feet. The project reservoir sites are located on Figure 11-1 

and summarized below: 

1. Sixty-Seven Reservoir - This is a proposed enlargement 

of the existing reservoir located just off North Piney 

Creek. Water would most likely be conveyed to the 

reservoir through enlargement of the existing Hughes 

Ditch. 

2. Sand Hill - This is an offstream reservoir which would 

receive its supply from both South and Middle Piney 

Creeks. 

Leonard Rice Consulting Water Engineers. Inc. 
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Wash - This is an offstream 

its supply from North Piney 

diversion scheme would be 

enlargement of the Dewey Ditch. 

site which would 

Creek. The most 

an extension and 

4. Fish Creek - Fish Creek is a tributary of South Piney 

Creek. The site is located approximately 9 miles above 

the confluence with South Piney Creek. Additional runoff 

could be captured by constructing a diversion ditch to 

intercept Indian Creek, a tributary of Middle Piney 

Creek. 

5. 

6. 

Snider Basin This site is 

Creek. For this study, it was 

would be below Coal Creek. 

located on South Piney 

assumed that the site 

South Cottonwood This 

Cottonwood Creek 16 miles 

North Cottonwood Creek. 

site is located on South 

above the confluence with 

7. La Barge Creek - The site is located near the headwaters 

of La Barge Creek. 

It is anticipated that these reservoirs could 

store runoff during the non-irrigation and 

seasons for late season supplemental supply. 

Leonard Rice Consulting Water Engineers. Inc. 
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Approximately 66,800 acres on the study streams are presently 

irrigated for at least part of the season. All irrigated area 

is used for growing hay and pasture in support of local 

livestock production. Hay consists primarily of native 

pasture grass with approximately 12 percent being alfalfa. 

The irrigated area is located primarily within the stream 

valleys, with relatively short diversion schemes. 

Study Objectives and Assumptions 

The purpose of the Phase I Prefeasibility Study is to 

eliminate several sites before completion of a full Level II 

Feasibility Study. LRCWE has taken the task to determine the 

amount of water at each of the seven sites which is 

physically and legally available for storage. This 

information will assist in determination of prefeasibility of 

each site. The results of this study are presented as tables 

of storable flow by month for the 10-year study period, as 

well as an average year. The study period includes the driest 

year of record (1977) and a year that approximates a l-year 

out of 5 dry year (1973). This is a commonly used criterion 

for reservoir design and means that this volume would have an 

80 percent chance of being exceeded in any year. To arrive at 

storable flow results, various assumptions were required 

which are described below: 

~ Leonard Rice Consulting Water Engineers. Inc. 
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1. All adjudicated and permitted water rights on each 

stream were included in the analysis. Non-use of certain 

rights was not considered. Storable flows under two 

basic assumptions were determined; a) strict administra

tion of water rights on which all rights were given 

their full diversion amount during the season, and 

allowance was also made for double diversion rights 

during surplus flow in June; b) improved watershed 

management in which diversions are called for to match 

the actual distribution of consumptive use over the 

season. The effect of this assumption is to decrease 

diversion requirements during the early part of the 

irrigation season. 

2. For operation of Program W1RSOS, several parameters, 

such as irrigation efficiency and return flow patterns, 

had to be estimated without the benefit of adequate 

data. Assumptions made for the operation of W1RSOS are 

identified in Chapter V. 

3. The new reservoirs studied for this project were assumed 

to have current 1983 appropriation dates which would 

place them behind all existing water rights, as well as 

pending water rights which could eventually be perfected. 

leonard Rice Consulting Water Engineers. Inc. 
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4. All reservoirs were considered independently. It was 

assumed that not more than one reservoir would be 

constructed on each stream. 

5. The storable flow at each site is assumed to be all 

water available after all existing water rights on the 

stream are satisfied. The reported volumes are not 

limited in wet years by reservoir capacity. It was also 

assumed that all available flow could be conveyed to the 

offstream reservoirs. This assumption may not be valid 

in wet years, but should not be critical in less than 

average years. 

6. Instream flow requirements at reservoir sites and 

diversion points were not considered for this phase. The 

reported storable flows include all available water 

without passing minimum winter flows. All sites are 

being evaluated under the same assumptions so that a 

relative comparison of the sites should be possible. 

During Phase II, a detailed analysis of instream flow 

requirements will be made and applied to each site 

selected for further study. This could serve to reduce 

the flow available for storage at each site. 

7 • Program WIRSOS allocates water to all water right 

holders in order of priority until all available supply 

Leonard Rice Consulting Water Engineers, Inc. 
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is used up. Each run produces information on which 

rights are "called out" and do not receive their supply. 

It has been assumed that this "callout list" provides 

information on the amount of irrigated area which would 

benefi t from a supply of supplemental water from the 

reservoir. 

8. It is assumed that there is water available for 

depletion in Wyoming under the Colorado River Compact 

with a 1983 water right. A review of pending water right 

applications indicates that enough projects have been 

filed on to deplete Wyoming's share of their Compact 

entitlement if all were to be perfected. However, for 

all practical purposes, there are no foreseeable plans 

to develop some of these projects, which would leave 

Compact water available for other projects. Part of the 

determination of availability of Compact water is 

dependent on State policy for handling pending permits. 

The Compact situation in the Green River Basin is 

detailed in Chapter III and Appendix A. 

9 • It was 

McNinch 

assumed that the water supply availability for 

Wash and Sixty-Seven Reservoir would be the 

same, since both would divert from lower North Piney 

Creek. 

Leonard Rice Consulting Water Engineers. Inc. 
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10. The Snider Basin site would have runoff from Coal Creek 

and Porcupine Creek available for storage. 
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including ARIX, the staff of the Wyoming Water Development 

Commission, the State Engineer, Wyoming Game and Fish, the 
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ing a site visit. The Commission staff provided maps of 

irrigated area in the basin and assistance in obtaining 
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Office provided a list of all water rights to be studied. Two 

meetings were held with the State Engineer to review water 

rights administration in Division 4 and obtain information on 

the Compact situation in the Green River Basin. The local 

hydrographer, Chuck MacIlvaine, provided assistance with the 

water rights on the project streams and the schematic 

diagrams. In addition, the annual diversion summaries for the 

project streams, compiled by Mr. MacIlvaine, were provided. 

The Wyoming Department of Game and Fish provided assistance 

in assessing instream flow needs and environmental impacts of 

the project sites. 

Leonard Rice Consulting Water Engineers. Inc. 
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information from previous studies of these sites. Kirkland 
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rights and other legal issues which might arise. For the 

Phase I study, they provided legal opinion on several water 
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~ Leonard Rice Consulting Water Engineers. Inc. 



LEGEND 

• Reservoir SHes: 

A Sixty-Seven Reservoir 

B Sand Hill 

C Me Nlneh Wash 

D Fish Creek 

E Snider Baain 

F s out h Cottonwood 

G La Barge 

______ Basin Boundary 

•••••••• Sub-basin Boundary 

C' . 

PROJECT 
LOCATION MAP 

UPPER GREEN R IV E R 

STORAGE PROJECT 

FIGURE II - 1 

leooard Rice Coosulli09 Wale' Enqineers. lnc. 

DEC 1982 617WWD01 

1': --, 



111-1 

III WATER RIGHTS 

The project reservoirs would be adjudicated with junior 1983 

dates which would place them behind all other adjudicated and 

permitted water rights in the Green River Basin for storing 

water. Any water rights investigation must, therefore , give 

some consideration to all existing and pending rights in the 

basin. As a practical consideration, since the Green River 

Basin currently has surplus water, attention should be 

focused more heavily on the water rights situation on the 

tributary streams for which the projects are proposed. 

Historically, calls for water have never been placed up the 

project streams from the Green River, not even in the dry 

year of 1977. This is partly due to the fact that the many 

senior rights on these tributaries generally deplete the 

runoff during times when calls for irrigation water could 

come up the Green. Also, the existing rights on the streams 

are senior to the two large reservoirs on the Green, Flaming 

Gorge and Fontenelle Reservoirs. These conditions would not 

apply to the new projects. For this study, general 

consideration was given to potential future demands on the 

mainstem Green River, while a detailed water rights analysis 

was reserved for the project streams. 

Leonard Rice Consulting Water Engineers. Inc. 
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Water Rights in Local Project Basins 

The local 

Middle and 

project 

South 

streams include Cottonwood 

Piney Creeks and La Barge 

Creek, 

Creek. 

North, 

These 

streams are located in District 10 of Division 4 except for 

La Barge Creek which is located in District 5. Adjudicated 

water rights on these streams date back to 1879. The ratio of 

water rights to runoff is generally very high with late 

season shortages often occuring. The water rights are 

primarily direct flow for irrigation and are adjudicated at 

the ratio of 1 cfs to 70 acres. All adjudicated land is not 

currently being irrigated, most likely due to the late season 

shortages. Numerous filings for temporary rights for drilling 

operations exist, but were not considered for this study. 

Table III-l summarizes the direct flow water rights on each 

stream. This table shows the adjudicated and permitted 

acreage as well as the area estimated to be actually 

irrigated. This information is based on information provided 

by the Wyoming Water Development Commission based on mapping 

completed by the Wyoming Water Planning Program prior to 

1969. For all basins the overall ratio of irrigated area to 

adjudicated area is approximately 65 percent. Water rights 

information was taken from the Wyoming State Engineer's 

tabulation obtained in August, 1982 from their computer data 

base. While it is conceded that this information may not be 

~ Leonard Rice Consulting Water Engineers. Inc. 



III-3 

completely accurate and up to date, it is the best available 

information. Adjudicated water rights in Division 4 are also 

tabulated in the "Red Book", a tabulation by the Wyoming 

State Board of Control dated 1968, with supplements in 1969 

and 1972. The two sources of information were frequently 

cross-checked for consistency. 

There are several reservoir rights on these streams as well. 

Middle Piney Reservoir is located high in the Middle Piney 

Creek Basin and has a priority date of 1911 and a capacity of 

4,200 acre-feet. This reservoir serves users on Yankee and 

Reardon Ditches, located on South Piney Creek. The water is 

transported from Middle to South Piney in AA Ditch. Sixty

Seven and McNinch Reservoirs are offstream reservoirs, 

located approximately 6 miles northwest of Big Piney and take 

their supply from North piney Creek, as well as 

return flows which drain into the reservoirs. 

irrigation 

The total 

decreed capacity is approximately 6,650 acre-feet. 

Sixty-Seven Reservoir has priority dates ranging from 

1904-1941. The McNinch Reservoirs have priority dates ranging 

from 1941 to 1956. A third McNinch Reservoir is permitted for 

405 acre-feet with a 1975 priority date, but is not yet in 

place. There is no storage adjudicated on La Barge Creek and 

only 19 acre-feet for Soda Lake on Cottonwood Creek. 

Leonard Rice Consulting Water Engineers. Inc. 
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A review of the available diversion records for Districts 5 

and 10 was made. Annual reports and diversion summaries, 

compiled by Chuck MacIlvaine, the Hydrographer-Commissioner, 

are available for Districts 5, 6, 7, 10 and 11 for the years 

1974 through 1981. Prior to 1974, no formal records had been 

maintained by the State Engineer's Office. The diversion 

records for Districts 5 and 10 consist of spot discharge 

measurements for various ditches, reports of dates when 

di tches were regulated and overall summaries of the runoff 

condi tions for each year. Daily diversion records are not 

available. 

The records indicate that diversions for irrigation generally 

start from the beginning to middle of May each year, 

depending on weather conditions and the start of the runoff 

season. Diversions continue as long as the runoff lasts, 

generally receeding by the end of July. It has been reported 

that some diversions continue on into October, primarily for 

maintenance of stock. Under normal runoff conditions, water 

is generally available for surplus irrigation diversions 

during the latter part of May and part of the month of June. 

Ditch regulation generally starts in July. In dry years, such 

as 1977 and 1981, ditch regulation may start at the beginning 

of the diversion season. Ditch regulation appears to be more 

prevalent on the Piney Creeks than on La Barge and Cottonwood 

Creeks. 

Leonard Rice Consulting Water Engineers. Inc. 
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The water rights on the project streams are tabulated on 

schematic diagrams which are scaled representations of the 

streams showing the approximate diversion locations of the 

water rights. Figure 111-1 is an index sheet of the nine 

schematic diagrams prepared for this study. Figures 111-2 

through lOa are reduced copies of the diagrams which show 

water rights including the permit number, amount and priority 

date. Figures III-8a and III-9a show Green River water rights 

from Warren Bridge to Fontenelle Reservoir. Figures III-2b 

through 9b show the location of return flows from the major 

diversions. A return flow diagram for Dry Piney Creek has not 

been prepared since all rights are small. Return flow 

locations were assigned based on inspection of the irrigated 

parcels on U. S.G. S. quad maps and discussion with the water 

commissioner. The data as presented on these diagrams were 

incorporated into program WIRSOS. Muddy Creek and Dry Piney 

Creek were subsequently deleted from the WIRSOS data base 

since the water rights on these streams are small and would 

not effect the analysis. 

Water Rights on Mainstem Green River 

The detailed water rights study included a tabulation of 

mainstem Green River rights for the 90-mile reach from Warren 

Bridge to Fontenelle Reservoir. On this reach, adjudicated 

and permitted direct flow rights total approximately 780 cfs, 

~ Leonard Rice Consulting Water Engineers. Inc. 
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not including the Seedskadee project rights. Approximately 70 

percent of these rights are located above the confluence with 

Cottonwood Creek. For the current level of development on the 

Green, the project streams would not be effected by demands 

on the Green. 

Fontenelle Reservoir is located 5 miles below the confluence 

with La Barge Creek on the Green. It is adjudicated for 

approximately 190,800 acre-feet with a priority date of 1967. 

There is an application pending for adjudication of an 

additional 154,600 acre-feet of inactive storage which was 

not originally adjudicated. This reservoir was constructed by 

the u.s. Bureau of Reclamation in conjunction with the 

Seedskadee Project, for power, municipal and industrial 

supply, recreation, wildlife and, originally, irrigation. The 

project holds a permit for 1,140 cfs direct flow for 

irrigation of 79,800 acres with a priority date of 1955. This 

right has not been used and an application has been made to 

convert it to municipal and industrial use. 

A change of use for a pending application on the Green and 

Cottonwood Creek has been sought and approved by the State 

Engineer. Final approval of the requested change is pending a 

decision by the State Supreme Courts. The change was sought 

by the Green River Development Company for 9,116 acres of 

land originally applied for on the Green River Supply Canal 

~ Leonard Rice Consulting Water Engineers. Inc. 
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and the Cottonwood Canal which had never been brought under 

irrigation. They sought to change the point of use to a 

location near Green River at the Jim Bridger Power Plant and 

the type of use to stearn power plant cooling purposes. It was 

contended that a change in Federal regulations concerning 

desert land entries had made irrigation impractical and the 

change should be allowed on this basis. The State Engineer 

agreed, but limited the change to 2,003 acres. The order 

allowed transfer of the potential consumptive use, less 25 

percent conveyance charge and limited the transfer to the 

months of May to July. 

Pending water right applications in the Green River Drainage 

were reviewed for potential impact to the project reservoirs. 

At such time as pending permits with priority dates senior to 

the project reservoirs would be adjudicated, impacts on the 

projects could be twofold. 1) Requests for strict 

administration of water rights could extend up the 

tributaries from the mainstem Green as a result of the 

development of large downstream projects or rebound calls 

could extend up the tributaries as a result of new depletions 

in the basin above the tributaries with appropriation dates 

senior to the projects; and 2) eventually, Wyoming's share of 

the Colorado River Compact water could be depleted through 

utilization of pending water rights resulting in curtailment 

of the use of very junior rights in the basin. The Compact 

~ Leonard Rice Consulting Water Engineers. Inc. 
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situation in the Green River Basin will be discussed in the 

following section. The pending applications which could 

significantly effect the project reservoirs are summarized 

below: 

1. Fontenelle Reservoir and the Seedskadee Project - It is 

presently unknown whether the direct flow right for 

1,140 cfs will be allowed to be perfected as municipal 

and industrial supply. The application to permit the 

154,600 acre-feet of storage could increase demand on 

the river at such time as industrial uses are developed 

in the vicinity of Green River. 

2. Applications for increased direct flow rights for 

industrial use in the vicinity of Green River total 

approximately 280 cfs with priority dates ranging from 

1963 to 1980. These rights are likely to be utilized at 

some time in the future. The only significant tributary 

to enter the Green between Fontenelle Reservoir and 

Green River is the Big Sandy. Therefore, these demands 

would be met primarily from available flows at 

Fontenelle Reservoir. 

3. Major reservoirs applied for on the Green River include 

Kendall, New Fork Narrows, Lower Green and Plains 

Leonard Rice Consulting Water Engineers. Inc. 
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Reservoirs. In conjunction with these projects is a 

proposed diversion of Green River water to the North 

Platte system. Utilization of any of these projects 

could significantly effect available supplies in the 

entire basin. How the project streams would be 

administered with one of these projects in place is not 

presently known. None of these projects appea~ likely to 

be constructed in the foreseeable future. 

For this study, 

Seedskadee rights 

the effects of implementing both the 

and industrial direct flow rights near 

Green River were considered, as discussed in Chapter V. 

Colorado River Compact 

The significance of the Colorado River Compact on future 

water use in the Green River Basin in Wyoming is summarized 

in Appendix A to this report. The first section is a brief 

history of the establishment of the Compact and related 

documents. This is followed by a "Discussion of the Colorado 

River Si tuation as It Pertains to Wyoming's Compacted \\Tater 

Use" prepared by Mr. Lou Allen of the Wyoming State 

Engineer's Office in July, 1981. This represents the most 

current assessment of the Compact situation in Wyoming. 

leonard Rice Consulting Water Engineers. Inc. 
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For the purposes of this study, it was assumed that due to 

the small size of the project reservoirs and the uncertainty 

of the timing of future depletions in the basin, water would 

be available for depletion under the Compact by the study 

projects. 

Federal Reserved Rights 

There are presently no applications or proceedings to 

adjudicate Federal Reserved Rights in Division 4. Such rights 

could eventually be claimed for Forest Services lands in the 

upper reaches of the project streams, but no quantification 

of such claims can be made at this time. 

Salinity Reduction Program 

Proposals are currently being evaluated for programs to 

reduce the salinity of the Green River in Wyoming as part of 

the overall Colorado River Salinity Program. Plans in Wyoming 

are concentrated on programs on the Big Sandy River. The only 

impact to the project reservoirs could result through 

increased depletions of the Compact allotment. At this time, 

it is not known how such depletions would be administered in 

Wyoming, but it is unlikely that other uses would be 

curtailed to continue depletions solely for salinity programs. 

Leonard Rice Consulting Water Engineers. Inc. 
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The impacts of the Upper Green River Storage Project on the 

overall salinity load in the Green River have not been 

evaluated as part of LRCWE's study. 

Summary of Legal Issues for New-Reservoirs 

Several issues were identified during this study for which 

additional legal input was obtained. 

The following describes the issues and how they relate to the 

project reservoirs. 

1. Imposition of minimum instream flows at new reservoir 

sites - Storable flow at the proposed reservoirs could 

be significantly affected by the imposition of instream 

flow requirements below the sites. This is especially 

critical since most of the storage would occur during 

the low streamflow periods of the non-irrigation season. 

2. Administration of surplus irrigation water rights 

Strict administration of these rights could limit 

storable flow during the high runoff months of May and 

June. 

3 • Forfeiture of unused water rights - Due to the amount of 

adjudicated land which is not irrigated, there is the 

leonard Rice Consulting Water Engineers. Inc. 
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potential that some adjudicated rights are not being 

used. However, as long as they are on the books they 

retain their priority and the potential for future use. 

One alternative for increasing the dependability of the 

project reservoir yield would be to have inactive rights 

cancelled or under-utilized rights reduced. 

Legal opinions on these three issues are summarized in three 

memoranda included as Appendix B to this report. 

The conclusions, as they relate to this study are: 

1. Instream flows of some magnitude will likely be required 

for the Water Development projects. For the Phase I 

study, they have not been considered at any sites. 

Quantification of such requirements will be undertaken 

for sites selected for Phase II study. 

2. Administration of surplus irrigation rights has been 

included in this study. Assumptions will be described in 

Chapter v. 

3. It was concluded that forfeiture of unused water rights 

is not practical to assume. All adjudicated water rights 

were considered as potentially active for this study. 

~ leonard Rice Consulting Water Engineers. Inc. 



Table 111-1 

PERMITTED AND IRRIGATED ACREAGE FOR PROJECT STREAMS 

Ratio of 
Irrigated 
to Total 

Presently a Adjudicated 
Stream Adjudicated Permitted Total Irrigated & Permitted 

Cottonwood Creek 30,660 2,660 33,320 22,500 .68 

North Piney Creek 23,720 2,180 25,900 18,600 .72 

South and Middle Piney Creeks 26,600 1,980 28,580 19,100 .67 

La Barge Creek 14,770 1,400 16,170 7,900 .49 
H 
H 
H 

Total 95,750 8,220 103,970 68,100 .65 I 
t---I. 
W 

NOTE: Water rights in Wyoming are adjudicated at the ratio of 1 cfs to 70 acres for irrigation. 

a Based on irrigated area mapping completed by Wyoming Water Planning Program. 
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Figure 111-8b Upper Green River Return Flows 
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IV PHYSICAL SUPPLY 

Summary of Existing Runoff Records 

The Green River Basin above Fontenelle Reservoir has 

substantial streamflow runoff records available covering the 

past fifty years. Gauge records are available for some 

periods of record at approximately 38 stations within the 

basin above Fontenelle Reservoir. Gauges utilized for this 

study included those located on the west side of the basin in 

the proximity of the study streams and the mainstem of the 

Green River above Fontenelle Reservoir, and are described in 

Table IV-1. Information shown on this table includes gauge 

elevation, drainage area, the period of record for each gauge 

and average annual discharge measured at the gauge for the 

period of record. Gauge locations are shown on Figure IV-1. 

Two gauges were used as index gauges for this study, to which 

runoff at other sites was adjusted to obtain long-term 

average runoff. The Green River at Warren Bridge gauge has a 

period of record dating back to 1932 and is still active. The 

other site is the Green River near La Barge gauge located 

above Fontenelle Reservoir. The period of record for this 

gauge is 1964-present. Prior to this, the gauge was located 

downstream at a secion which was subsequently flooded by the 

Fontenelle Reservoir pool. This gauge record extended back to 

1946. The two sites are close enough together that the record 

is considered continuous for 1946 to the present at the La 

Barge gauge. Records at this site have been generated back to 

1930 from a correlation derived by the Wyoming Water Planning 

Program wi th the Green River at Green River gauge (U. S. G. S. 

gauge 334)[Ref. 1J. This provides a continuous period of 

record of 52 years above Fontenelle Reservoir. 

~ leonard Rice Consulting Water Engineers. Inc. 
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Runoff records exist for varying durations for the streams on 

which the proposed reservoirs would be located. Cottonwood 

Creek has had three gauges with a total of 23 years of 

record. Gauge No. 8 provides the longest period of record and 

was used for correlation analysis in this study. There were 

approximately 16,000 acres of irrigated area above the gauge 

which requires a significant adjustment to the gauge flows to 

provide an estimate of virgin flow. 

There has been one gauge on North Piney Creek with 41 

consecutive years of record. This gauge was discontinued in 

1973. Irrigated area above the gauge totaled approximately 

700 acres. This gauge provides a reliable estimate of long

term average runoff on North Piney Creek and the adjustment 

to obtain virgin flow is relatively minor. 

Middle Piney Creek has had three gauges, of which No. 13 

provides 15 years of consecutive record. Runoff at this gauge 

was assumed to be virgin flow since diversions above the 

gauge for irrigation were insignificant. Flow at the gauge 

was affected by storage in Middle Piney Reservoir. There have 

been no gauges on Fish Creek and only one gauge on South 

Piney Creek with four years of record. Estimates of runoff on 

South Piney Creek were primarily based on records from the 

other basins. The State of Wyoming placed a gauge on South 

Piney Creek in 1981. 

On La Barge Creek, there are 31 years of continuous record at 

the proposed reservoir site at La Barge Meadows. This gauge 

provides an excellent record of the runoff at the site. The 

gauge was discontinued in 1981. Two other gauge sites were 

located near the mouth of La Barge Creek, with the most 

recent having a continuous record from 1941-1949. 

~ leonard Rice Consulting Water Engineers, Inc. 
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In addition to the above gauges, other gauges in the vicinity 

provided information used to develop unit runoff curves for 

use at the reservoir sites. These included Horse Creek at 

Sherman Ranger Station (No. 

and Fontenelle Creek near 

4) which provides virgin flow, 

Herschler Ranch (No. 24) which 

required only a minor adjustment to obtain virgin flow and is 

still an active gauge. 

Due to the amount of gauge data available on the west side of 

the Green, gauges east of the Green River in the New Fork 

Basin were not used for this study. A brief search also 

revealed that no significant gauge records are available west 

of the Wyoming range in the Snake River Basin. 

Table IV-2 shows the range in annual runoff at the North 

Piney, La Barge and Green River gauges. The driest years of 

record in the basin were 1977 and 1934. The driest year in 

the North Piney record was 1934 with a runoff of 42 percent 

of average. The driest year in the period of record at the 

Warren Bridge gauge, which included 1934, was 1977 with a 

runoff of 55 percent of average. Figure IV-2 shows the 

10-year running average of annual runoff for the Green River 

at Warren Bridge. 

The distribution of runoff on the project streams is 

represented by Figures IV-3 to IV-6, which show the average 

and dry year monthly runoff for the North Piney and La Barge 

Creek gauge stations. These indicate that approximately 50 

percent of the runoff occurs in May and June, with June being 

generally the peak runoff month. The runoff dramatically 

drops off in the months of July-September, illustrating the 

cause of irrigation shortages during those months. Dry years 

are generally typified by much smaller peak runoffs, with the 

base flows slightly less than average. 

Leonard Rice Consulting Water Engineers. Inc. 
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Extension of Gauge Records 

From the gauges identified above, several were used to extend 

the gauged records for the study streams. Correlation 

analyses were made for streams in the study basins to obtain 

records for a coincident period of record on all streams. 

Gauge records were first adjusted to virgin flow by adding 

average annual consumptive use for irrigated area above the 

gauges. No other adjustments were made. Correlations were 

tested for annual runoff at a gauge with several parameters 

which included annual runoff at adjacent gauges, annual 

precipitation at nearby climatological stations and April 1 

snowpack data. The snowpack and climatological stations 

considered are shown on Figure IV-i. The best correlation at 

each gauge was used to extend the record. 

Consumptive· Use Average annual potential consumptive use 

was calculated for three climatological stations within the 

study area; Big Piney, La Barge and Merna. Crop distribution 

for the area was determined and long-term average data were 

used to compute crop irrigation requirements using the 

Jensen-Raise method. Solar radiation data were taken from the 

Climatic Atlas of the U.S. (Reference 2) for Lander, Wyoming. 

Lander is located 74 miles east of the study area. 

Irrigation water requirements were computed for pasture grass 

and alfalfa at each site. Table IV-3 shows the irrigation 

requirement at each station for both crops, as well as the 

growing season as determined by temperature data and the 

effective precipitation. Potential consumptive use ranges 

from approximately 1.5 feet at Merna to 2.5 feet at La Barge. 

Figure IV-7 shows the distribution of consumptive use and 

runoff in the study area. This figure illustrates the cause 

of late season shortages without reservoir storage to 

supplement runoff. 

ct> Leonard Rice Consulting Water Engineers. Inc. 
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Crop distribution was taken from SCS data [Reference 3]. Crop 

distribution and irrigated area for the study streams are 

shown in Table IV-4. An average basin distribution of 10 

percent alfalfa and 90 percent pasture grass was used to 

establish a weighted average consumptive use. The crop

weighted irrigation requirement at each station is also shown 

in Table IV-3. 

Table IV-5 shows the results of the correlation analysis for 

gauges in the study basin. This table includes the station or 

gauge which provides the best correlation for annual runoff, 

the correlation coefficient (r2 ), the derived equation, and 

the number of years of record used to derive the relation

ship. Correlations were also made for Beaver Creek near 

Daniel and Horse Creek near Daniel since gauge records at 

these stations needed to be extended for input to Program 

WIRSOS. 

The derived correlation coefficients are acceptable for this 

level of study and range from 0.7 for the La Barge Creek 

gauge to 0.97 for the correlation between North and South 

Piney Creeks. The North Piney gauge was extended using the 

Triple Peak snowpack data. South and Middle Piney and 

Cottonwood Creeks were then correlated to the North Piney 

gauge. These gauges could not be correlated with the Triple 

Peak snowpack since they did not have overlapping records. No 

extension of the La Barge Meadows gauge record was necessary 

for this study. 

Study Period 

A ten-year study period :vas selected for determination of 

storable flow at the project reservoir sites. The ten years 

Leonard Rice Consulting Water Engineers. Inc. 
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chosen were 1972-1981, which are the most recent years 

available. In addition, a long-term average runoff year was 

generated for each gauge site. The study period included both 

extremely wet and dry years in the basin, with 1977 being, 

generally, the driest year of record in the basin. Table IV-6 

shows virgin flow at each of the study gauges for this 

period, as well as the computed long-term average annual 

runoff. The average year was computed by adjusting the 

average of the period of record by the ratio of the 52-year 

average for the Green River at La Barge gauge (gauge No. 22) 

to the average at gauge No. 22 for the period of record 

considered. 

Table IV-6 also shows the 1972-81 average as a percent of 

long-term average for each gauge. Also included in this table 

are the Green River gauge Nos. 2 and 22 for comparative 

purposes. 

Runoff at Project Sites 

To estimate runoff at ungauged sites, unit runoff curves were 

developed for each year of the study period and for long-term 

average annual runoff using gauged data. Unit runoff in 

acre-feet/mile 2 was plotted against tributary area for each 

of seven study gauges. A relationship of runoff to tributary 

area was then derived for each year and used to predict the 

runoff at ungauged sites. Runoff at gauge No.4, Horse Creek 

at Sherman Ranger Station, was consistently above the curve 

derived from the other gauges and was, therefore, omitted in 

the final determination of the unit runoff curves. Figure 

IV-8 shows the unit runoff curve derived for the long-term 

average annual runoff. The gauges used to derive the 

relationship had tributary areas ranging from 6.3 mile 2 for 

La Barge Meadows to 202 mile 2 for Cottonwood Creek. As noted 

Leonard Rice Consulting Water Engineers. Inc. 
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in Table IV-6, some runoff values for the South Piney Creek 

gauge (No. 16) were taken from the unit runoff curves rather 

than the correlation equation. Since the correlation equation 

for South Piney Creek was derived from only four years of 

data., it was not considered to provide a reliable estimate 

over the complete range of annual runoffs. 

Annual runoff at three of the four on-stream reservoir sites 

was determined using the unit runoff curves. The runoff at La 

Barge Meadows was already established with the gauge data. 

The same unit runoff values were used at each of the three 

other sites; Fish Creek, Snider Basin and South Cottonwood 

Creek. The gauge sites used to determine unit runoff curves 

were all located on the mainstem of the tributaries below the 

branching of the tributaries. Unit runoff· for the reservoir 

sites was determined considering all tributary area in a 

basin above the elevation of the reservoir site. This 

required consideration of all branches to the mainstem, not 

just the branch on which the reservoir site was located. 

Since the three sites are situated similarly in the basins at 

approximately the same elevations, unit runoffs corresponding 

to a tributary area of 50 square miles were used for each 

site. The unit runoff at each site was multiplied by the 

tributary area to obtain total annual runoff at each site. 

Table IV-7 shows the tributary area, the average annual unit 

runoff and total runoff for each site. The average annual 

runoff at each site ranges from 7,400 acre-feet at Fish Creek 

to 23,900 acre-feet at Snider Basin. Annual runoff was 

apportioned to monthly values using distributions from gauge 

records on each stream. The North Piney runoff distribution 

was applied to South Piney Creek and its tributaries due to 

the small amount of data available for South Piney Creek. The 

distribution on Middle Piney Creek was adjusted somewhat from 

Leonard Rice Consulting Water Engineers. Inc. 
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gauge records to account for storage effects in Middle Piney 

Reservoir. The distribution for La Barge Creek was applied to 

inflows below the La Barge Meadows gauge. 

Runoff at additional locations was needed for program WIRSOS. 

These values were computed in the same manner as for project 

sites and the locations are noted in Chapter V under the 

WIRSOS Data Base. 

Leonard Rice Consulting Water Engineers. Inc. 
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U.S.G.S. STREAMFLOW DATA AVAILABLE IN PROJECT VICINITY 

Average 
U.S.G.S. LRCWE Drainage Annual Period of record 

Gauge Gauge Elevation Area Discharge (Water Y~ar) 
Number Number Station (ft) S9. Mi. Acre-ft/yr 1910 1920 1930 1940 1950 1960 1970 1980 

I I I I I I [ I 
1880 1 Green River near Kendall 7,700 271 - • I I I I I I I 

I I I I I I I I 
1885 2 Green River at Warren Bridge 7,468 468 368,000 I I I 

I I I 
1890 3 Beaver Creek near Daniel 7,440 141 24,180 I I I 

I I I 
1895 4 Horse Creek at Sherman Ranger Station 7,771 43 49,480 I I I 

I I I 
1900 5 Horse Creek near Daniel 7,350 124 46,120 I I I 

I I I 
1905 6 Horse Creek at Daniel 7,185 173 83,140 I I I 

I I I 
1910 7 Green River near Daniel 7,040 932 503,200 I 

I I 
1915 8 Cottonwood Creek near Daniel 7,220 202 50,460 I I 

I I I 
1920 9 Cottonwood Creek near Big Piney 7,070 227 55,390 I I- I 

I I I 
1925 10 Cottonwood Creek near mouth 7,000 238 13,430 I I -I I I 
2055 12 North Piney Creek near Mason 7,520 a 58 41,370 I -I I 
2060 13 Middle Piney Creek below So. Fork 7,980 34 20,420 I 

I I 
2065 14 Middle Piney Creek above Springman Cr. 7,700 42 I _I 

I I 
2070 15 Middle Piney Creek near Big Piney 7,500 a 46 17,940 I - - I 

I I 
2075 16 South Piney Creek near Big Piney 7,234 117 29,050 I I 

I I 
2077 17 Dry Piney Creek near Big Piney 7,150 67 2,720 I I 

I I 
2080 18 LaBarge Creek near LaBarge Meadows 8,410 a 6 10,290 I -I I 
2085 19 LaBarge Creek near Viola 6,890 172 65,610 I - I 

I I 
2090 20 LaBarge Creek near LaBarge 6,593 193 40,540 I I 

I I 
2094 21 Green River near LaBarge 6,520 a3,910 1,185,000 I I 

I I 
2095 22 Green River near Fontenelle 6,490 3,970 1,140,000 I I 

I I 
2100 23 Fontenelle Creek near Fontenelle 7,260 a 58 17,750 I I-

I I 
2105 24 Fontenelle Creek near Herschler Ranch 6,950 152 52,670 I I 

I I 
2110 25 Fontenelle Creek near Fontenelle 6,580 224 48,000 I 

I 
2112 26 Green River below Fontenelle Reservoir 6,378 4,280 1,237,000 I 

I 
2050 27 New Fork River near Big Piney 6,800 1,230 523,100 I 

a Approximately <),) leonard Rice ConsuHing Water EIlQineers.Inc. 617WWDOl 



Table IV-2 

SUMMARY OF LONG-TERM GAUGING STATIONS
a 

Average Annual Runoff (AF) 

Wet Year 

Dry Year 

Year 
Amount (AF) 
Percent of Average 

Year 
Amount (AF) 
Percent of Average 

Green River 
at Warren 

Bridge 
Gauge 2 

367,600 

1971 
499,500 

136/0 

1977 
203,300 

55/0 

a See Table IV-1 for period of record. 
b 

Gauge 22 and 21 are considered equivalent. 

b Green River 
at 

La Barge 
Gauge 22, 21 

1,114,000 

1972 
1,853,000 

166/0 

1934 
395,700c 

36/0 

La Barge 
Meadow 

Gauge 18 

10,200 

1971 
15,100 
148/0 

1977 
4,200 
41/0 

North Piney 
Creek 

Gauge 12 

41,500 

1951 
75,300 
181/0 

1934 
17,400 

42/0 

c From correlation with Green River at Green River gauge by Wyoming Water Planning Program. 

617WWDOl 
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Table IV-3 

AVERAGE ANNUAL POTENTIAL IRRIGATION CONSUMPTIVE USE
a 

Pasture Grass Alfalfa 
Irrigation 

Climatological Elevation Growing 
b Effective Consumptive Effective 

Precipitation Use Precipitation 
Station Ft.M.S.L. Season (in) (in) (in) 

Merna 7,700 5/14-9/28 5 18 5 

Big Piney 6,820 4/29-9/29 4 25 4 

La Barge 6,830 4/22-10/9 4 30 4 

a 
Computed using Jensen-Haise formula. 

Irrigation 
Consumptive 

Use 
( in) 

18 

26 

32 

Crop-c 

Weighted 
Irrigation 
Consumptive 

Use 
(in) 

18 

25 

30 

b Computed by using an average daily temperature of 400 F. for plant growth to start and an average daily 
o temperature of 43 F. for plant growth to stop. 

c 
9 % Pas t u r e 
1 % A 1 fa 1 fa 

617WWDOl 
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Table IV-4 

IRRIGATED AREA ON PROJECT STREAMS 

Irrigated Area a 10 Improved Hay b 

Basin Acres (Alfalfa) 

Cottonwood Creek 22,500 10 

North Piney Creek 18,600 8 

Middle and South 19,100 19 
Piney Creeks 

La Barge Creek 7,900 13 

Area weighted distribution = 12% Improved Hay 

a Based on irrigated area mapping completed by Wyoming Water 
Planning Program. 

b From SCS Type IV Study; (Reference 3) 

617WWD01 

Leonard Rice Consulting Water Engineers. Inc. 



Table IV-5 

RESULTS OF CORRELATION ANALYSIS 

Extended Gauge or Station Correlation Years 
Gauge For Correlation Coeff~cient Equation for Predicting Overlapping 

(Y) (X) r Annual Runoff Record 

(4) Horse Creek at Rowdy Peak Snowpack .84 Y (1881)X + 8778 14 
Sherman Ranger Station 

-5 
(8) Cottonwood Creek (12) North Piney near .95 Y 23,217.84e(2.491X10 )X 16 

near Daniel Mason 

(12) North Piney Triple Peak Snowpack .83 Y (1512.33)X + 2508 16 
near Mason 

( 13) Middle Piney below (12) North Piney near .94 Y .08718 X 1.1544 15 
H 

South Fork Mason <:: 
I 
~ 

(16) South Piney near (12) North Piney near .97 Y (1.7418)X + -16,779 4 w 
Big Piney Mason 

( 19) La Barge near Viola (21-22) Green River above .70 Y (.0776)X + -13,402 9 
Fontenelle Reservoir 

(number) indicates reference number of stream gauge. 

617WWDOl 
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Gauge 
Number Stream 

2 Green River at 
Warren Bridge a 

4 Horse Creek 
b 

8 Cottonwood Creek 
b 

12 North Piney Creekb 

13 Middle Piney Creek 

16 South Piney Creekb 

18 La Barge C ka,b ree 

19 La Barge Creek 
b 

21 Green River near 
La Barge a 

a Actual gauge record shown 
b Virgin flow 

1972 1973 
af af 

486,600 326,600 

79,300a 41,900a 

101,100 50,600 

59,100 31,200 

b 
28,100 13,500 

74,900c 37,600 

14,200 8,100 

130,400 70,400 

1,853,000 1,080,000 

C From unit runoff curves; correlation equation not used 

leonard Rice ConsuHing Water Engineers. Inc. 

-

Table IV-6 

ANNUAL RUNOFF AT STUDY GAUGES FOR STUDY PERIOD 

72-81 
72-81 Long-Term % of 

1974 1975 1976 1977 1978 1979 1980 1981 Average Average Long-Term 
af af af af af af af af af af Average 

439,200 376,300 391,700 203,300 398,700 281,600 339,000 257,000 347,000 367,600 94 

68,400a 53,900 64,100 24,200 64,500 50,900 50,200 30 :,800 52,800 49,000 108 

83 ,10O 67,800 90,300 34,200 112,300 62,900 75,400 40,500 71,800 71,100 101 

51,200 43,000 54,500 15,500 63,300 40,000 47,300 22,300 42,800 42,000 102 

23,800 19,500 25,600 6,000 30,400 17,900 21,700 9 t 100 19,600 19,300 102 

58,500c 51,500c 64,400c 19,500c 77,200c 46,800c 65,600 22: 100 51,800 49,200 105 

11,800 11,500 11,200 4,200 12,900 8,600 10,200 7,200 10,000 9,900 101 

91,500 87,600 92,700 24,100 98,000 56,000 80,400 40:,100 77,100 75,800 102 

1,351,000 1,302,000 1,367,000 483,800 1 ,436,000 894,000 1,209,000 689 "OOO 1,166,500 1,114,000 105 

617WWDOl 
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Table IV-7 

RUNOFF AT ON-STREAM RESERVOIR SITES 

Average Year Dry Year 
Reservoir Tributary Approximate Unit Total Unit Total 

Site Area Elevation Runof~ Runoff Runof; Runoff 
(sq.mi.) (ft) (af/rni ) (af) (af/mi .... ) (af) 

Fish Creek 12.0 7,900 620 7,400 235 2,800 

Snider 38.6 8,100 620 23,900 235 9,100 
Basin 

South 32.9 8,200 620 20,400 235 7,700 
Cottonwood 

La Barge 6.5 8,500 9,900
a 4,200

a 

Meadow 

a Actual Gauge 18 data. 

617WWDOl 

~ Leonard Rice Consulting Water Engineers. Inc. 
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FIGURE IV-2 
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FIGURE IV-7 
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V STORABLE FLOW 

This chapter presents the analysis and results utilizing all 

the information previously developed in the Water Rights and 

Hydrology chapters. The water supply analysis determined the 

amount of water available to meet the existing demands and 

supply project reservoirs in the Upper Green River Basin. The 

results of the analysis are estimates of monthly storable 

flow for each site. 

Program WIRSOS 

An integrated analysis for this study was completed with the 

use of the Wyoming Integrated River System Operation Study 

Model (WIRSOS) which was developed by Leonard Rice Consulting 

Water Engineers, Inc. as part of our engineering 

responsibilities for the Big Horn River Adjudication. 

Although the primary application of the model has been to 

evaluate the impact of Federal claims on state-awarded water 

rights, it can also be applied to the analysis of various 

water development alternatives such as those presented for 

this study, to determine the physical and legal availability 

of water under various streamflow conditions. Essentially, 

the program uses a step-by-step procedure to describe the 

leonard Rice Consulting Water Engineers. Inc. 
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operation of the stream basin in terms of water supply 

(virgin flows), depletions (diversions less returns) and 

return flows by state-awarded water rights under the Wyoming 

prior appropriation system. The existing WIRSOS program has 

proven very sucessful, as applied to the entire Water 

Division 3, and has been accepted by the Special Master for 

the Big Horn River Adjudication as providing an accurate 

representation of historic operations. The program has been 

designed for maximum flexibility of operations and can be 

adapted to specific varying water rights operations, 

administration or other peculiarities within individual water 

basins, districts or divisions throughout Wyoming. 

With the use of the WIRSOS model the existing watershed 

operations can be simulated and then analyzed with respect to 

potential future diversions or storage projects that are 

needed to fulfill the existing shortages within the project 

drainages. Numerous alternative solutions can be identified 

and analyzed with the use of the computer simulation and 

refined as additional administrative and historic practices 

are investigated and adopted. 

The previous success 

due in part to the 

conditions and is 

and strengths of the WIRSOS program is 

fact that it represents "real world" 

not intended to be a theoretical 

~ Leonard Rice Consulting Water Engineers, Inc. 
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optimization model. To establish actual operations when 

considering complicated water rights procedures can only be 

accomplished by working closely with and by having the 

cooperation of people who actually operate the system and 

work within its bounds. To assist with the understanding of 

the various procedures and criteria that were established and 

utilized within the computer operation, the reader is 

referred to Figures V-l and V-2 which describe the basic 

data, engineering analysis, assumptions and criteria utilized 

in the modeling effort. These flowcharts, in addition to the 

subsequent discussions, will help consolidate the various 

water resource engineering factors used in this water 

resource investigation. 

Water Demand Schedules - Water demand schedules within the 

study drainages are primarily based on the permitted or 

certificated amounts of water for each water right under 

analysis. These include water right uses for industrial, 

domestic, direct flow irrigation and storage waters. Specific 

demand schedules for each of these uses were developed based 

on various factors. These include the use of actual diversion 

records collected and maintained by the Wyoming State 

Engineer's Office, the review of the previously derived 

irrigation consumptive use determinations which are 

representative of the demands required by the crop, a review 

of the streamflow information to determine the pattern of 

leonard Rice Consulting Water Engineers. Inc. 
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water availability and interviews with local water officials. 

All of these considerations, in addition to our understanding 

of the various surface water rules and regulations 

promulgated by the State Engineer's Office for the diversion 

and storage of surface waters within the State of Wyoming, 

were used. 

The specific diversion schedules developed for domestic and 

industrial use water rights were for year round diversions at 

their full permitted or certificated amounts. Since these 

demands typically represent year-round water usage it is 

reasonable to assume this diversion pattern for these rights. 

For irrigation diversions, two separate diversion schedules 

were developed with the use of the operation model. Each of 

these diversion schedules are based on the available sources 

of information discussed above. The first schedule is 

reflective of the historic diversion demands placed upon the 

stream system by irrigators throughout the watershed. Based 

primarily on the diversion records collected by the Water 

Commissioner and interviews with him, specific schedule of 

diversions throughout the full irrigation season of May 

through September was developed. Although we are aware that 

many irrigators do not divert throughout this full season due 

to the lack of water supply, the diversion records indicate 

Leonard Rice Consulting Water Engineers, Inc. 
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that some irrigation diversions have been made throughout 

this season. The diversion schedule indicates increased 

diversions during the early part of the season which are 

associated with snowmelt runoff in the months of May and 

June. Runoff in subsequent months reflects a dramatic 

decrease in streamflows creating a water shortage situation 

throughout the watershed. 

A second irrigation diversion schedule was developed to 

represent demands under a basin management scenario. This 

schedule is based not only on diversion records but also 

considers the irrigation consumptive use distribution. The 

effect was to reduce demands during the high runoff months of 

May and June, resulting in a seasonal increase in efficiency. 

The reduced demands during the high runoff season allow more 
<1'''-

water to be placed into storage in the project reservoirs. 

The only incentive for a user to reduce early season 

diversions would be if late season storage is provided to 

alleviate shortages. It is assumed that users of the project 

reservoirs would cooperate in some manner to make more water 

available for storage where possible. Storable flows have 

been developed for both demand assumptions. 

Storage demand schedules were also established for existing 

reservoirs on the project streams. These reservoirs are 

~ Leonard Rice Consulting Water Engineers. Inc. 
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operated for primary and supplemental irrigation water 

supply. The offstream reservoirs, Sixty-Seven and McNinch No. 

1 and 2, were assumed to fill early in the runoff season when 

excess water may be available and not required for direct 

flow irrigators. 

estimated and 

Evaporation and conveyance 

accounted for. Demands from 

losses were 

Sixty-Seven 

Reservoir were distributed over the irrigation season based 

on consumptive use distribution. Demands from the McNinch and 

Middle Piney Reservoirs were assumed to be for late season 

supply after the runoff peak had passed. Once the water is 

released from the reservoir, it is applied to the irrigated 

lands, partially consumed, and returned to the creek. 

Other Water Resource Data for Model Purposes - In addition to 

the water demand schedules other factors were estimated and 

used in the computer simulation of the water rights 

operations. For the water rights information the permitted 

priority dates were used for modeling purposes. Based on the 

discussion in the Administration section of this study, it 

was determined that the model should operate on a strict 

prior appropriation basis as provided by the rules and 

regulations of the State Engineer's Office. 

Additionally, a 

developed. For 

amount of water 

series of water use efficiencies were 

this 

that 

study, the efficiency represents the 

is depleted from the stream system by 

leonard Rice Consulting Water Engineers. Inc. 
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the diversion and consumption of water. For the domestic 

diversions, we assumed a 10 percent efficiency, (10 percent 

of the water diverted is consumed and 90 percent returns to 

the stream). An efficiency of 100 percent was assumed for 

industrial uses which consist primarily of drilling opera

tions. For direct flow irrigation diversions, two different 

efficiencies were assumed. For the demanc pattern reflecting 

current irrigation practices, a seasonal efficiency of 30 

percent was assumed. This is based on estimates used in 

previous studies (References 4, 5) and reflects the large 

volumes of water diverted during the early runoff season. 

Diversion records were not adequate to verify this 

assumption. For demands with basin water management 

practices, the efficiency was assumed to be 45 percent. This 

reflects the decreased early season diversions and subsequent 

reduction in return flows. 

The last significant item required for the computer 

simulation is the effect of return flows associated with the 

application of irrigation waters. This is an important 

consideration since historic irrigation practices indicate 

significant augmentation to the stream by return flows late 

in the season. Therefore, the timing and location of returns 

are important to the overall operation of water rights 

throughout the drainage basin. 

Leonard Rice Consulting Water Engineers. Inc. 
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Based initially upon research of other computer simulation 

operations developed by the u.s. Bureau of Reclamation, as a 

part of previous responsibilities for the Big Horn River 

Adjudication, detailed ground water investigations were 

undertaken to estimate the delaying effects of return flows 

from irrigation. For this study, all available data on the 

geology of the Green River Basin in the project vicinity was 

evaluated and used to establish water conveyance character

istics to be used in a return flow analysis. The patterns 

developed and used were the result of the analysis of geology 

in the project drainages, the review of irrigated lands, 

diversion records, and of the use of ground water theories 

developed by Glover (Reference 6). With the use of this 

information a monthly distribution of percentages was 

developed to account for water returning to the stream in the 

subsequent months after diversion. These delaying effects 

have a dramatic impact on the late season streamflows 

associated with early season diversions. 

Upon review of the irrigated area map developed by the 

S.C.S., the location(s) of return flows from each individual 

diversion were identified. These locations are shown on 

Figures 1II-2b through 1II-9b. The dashed lines shown on 

these figures identify the point associated with the return 

flows from the diversion of individual water rights along the 

streams. For those water rights where no dashed line is 

~ Leonard Rice Consulting Water Engineers. Inc. 
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identified, the return flows are assumed to return to the 

next downstream accounting point. Each appropriator within 

the drainage is then assigned a delay pattern, an efficiency 

and a location(s) of return flow. This information is 

incorporated into the operation of program WIRSOS. 

Storable Flow at Project Sites 

Program WIRSOS was operated to determine quantities of water 

which would be available for storage at the reservoir sites 

under the assumptions previously noted. For the Phase I 

study, no attempt has been made to identify project users, 

develop operating criteria for the reservoirs or investigate 

exchange options to enhance the firm yield of the reservoirs. 

During Phase II, such analyses will be made for the selected 

sites. 

Estimates were made for the 

long-term average runoff year, 

lO-year study period and a 

as described in Chapter IV. 

Two assumptions of irrigation diversion demand on the project 

streams were considered. Consistent with the assumption of 

neglecting instream flow requirements in this phase, all 

excess water in the stream is reported as storable flow. 

These values would be reduced to the extent flows are 

required to be left in the stream. Each project site is 

considered separately, assuming not more than one project per 

Leonard Rice Consulting Water Engineers. Inc. 
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stream would be constructed. Tables V-1a through V-7a show 

estimated monthly storable flows under strict administration 

of water rights. Tables V-1b through V-7b show the increased 

storable flows which could result from reduced diversions 

during the early runoff season. The results are discussed for 

each site below: 

1. Sixty-Seven Reservoir enlargement/McNinch Wash The 

available supply for each of these sites is assumed to 

be equal. Both would divert from North Piney Creek in 

the vicinity of the existing Hughes Ditch. The water 

available for storage was considered to be that 

remaining after permits for the existing storage 

facilities, as well as the McNinch No. 3 permit, were 

satisfied. 

2. Sand Hill Reservoir - This site would be supplied from 

both South and Middle Piney Creeks. Separate tables are 

included to show the water available from each creek. 

Approximately 70 percent of the supply would come from 

South Piney Creek. 

3. Fish Creek Located on a tributary to South Piney 

Creek, the available physical flow at this site is 

considerably less than at other sites. For this study, 

it was assumed that a portion of Indian Creek could be 

leonard Rice Consulting Water Engineers. Inc. 
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diverted into Fish Creek during the non-irrigation 

season. Based on an average annual runoff of 620 acre

feet/mile 2 and 18 percent of the runoff occurring in 

October through April, approximately 200 acre-feet/year 

additional water could be made available at the Fish 

Creek site. 

Snider Basin The storable flows shown assume that 

flows from Coal Creek and Porcupine Creek would be 

available at the reservoir site. Loss of Coal Creek 

could reduce the storable flows by approximately 20 

percent. Without both Porcupine and Coal Creeks, 

available flows would be 40 to 50 percent of those 

reported. 

5. South Cottonwood Creek - The storable flows are computed 

assuming the site is below Bare Creek. 

6. LaBarge Meadow - The tributary area above this site is 

small, but the runoff is good. The site is located 13 

miles above the upstream irrigation diversions and is 

less affected by existing water rights than the other 

sites. Even under strict administration of water rights 

storage could occur in May and June during most years. 

leonard Rice Consulting Water Engineers. Inc. 
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Evaluation and Conclusions 

The tables of storable flows show that in most years storage 

could take place only during the non-irrigation season of 

October through April. Since only approximately 20 percent of 

the annual runoff occurs during this period, the storable 

flows are necessarily quite low. The storable flows under 

basin management practices illustrate the potential increase 

in yield which could occur with decreased diversion demands 

in May and June. 

Storable flows for the offstream reservoirs were computed as 

all available water, assuming ditch capacity would be 

adequate to handle it. The tables show the peak months for 

which conveyance ditches would have to be sized to obtain 

such yields. Operation of conveyance ditches during the hard 

winter months may not prove to be practical, in which case 

yields would be less than shown. Approximately 30 to 50 

percent of the storable flow is available from December 

through February. 

The storable 

consideration 

flows presented 

for minimum flows 

were 

below 

computed without 

the reservoirs. To 

achieve these levels of storage would require drying up the 

stream during periods when storage occurs. It is likely that 

Leonard Rice Consulting Water Engineers. Inc. 
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some minimum flows will be required, thereby reducing the 

storable flows. The magnitude of such flow requirements have 

not been determined for this phase of the study. During Phase 

II, site-specific data at selected sites will be used to 

determine flow rates which would be necessary to maintain the 

desired stream habitat. Minimum flow requirements may also be 

applied to offstream reservoirs by requiring minimum flows in 

the creeks below diversion points. 

Program WIRSOS was used to model all the project streams and 

the mainstem Green from Warren Bridge to Fontenelle Reser

voir. Inflows to the Green River were added at Warren Bridge, 

Beaver Creek, Horse Creek, the New Fork River and Fontenelle 

Creek. It was verified that under existing development, no 

calls would go up the tributaries from the mainstem Green. A 

second run was made assuming greater use of Fontenelle 

Reservoir, including development of an additional 278 cfs 

direct flow demands for industry at Green River, and full use 

of the Seedskadee direct flow right of 1,140 cfs during the 

months of April through October. This analysis showed that, 

for the study period, these demands could be met while 

allowing the project reservoirs to store. However, an 

analysis was not made for a critical period of years on 

Fontenelle Reservoir. For the study period, carryover storage 

provided supply for the dry years and Fontenelle Reservoir 

was able to fill each year. 

Leonard Rice Consulting Water Engineers. Inc. 
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Estimates of the amount of lands which could benefit from 

supplemental water were made from the model runs. It is 

expected that permit holders which experience late season 

shortages could benefit from supplemental supply from the 

reservoirs. It was assumed that all rights "called out" 

during the month of August in an average year run of the 

computer model would provide a representative estimate of the 

quantity of land experiencing shortages. Table 1-2 in Chapter 

I shows the acreage on each stream system. Middle and South 

Piney Creeks were combined for this analysis since users on 

the lower end of the creeks can usually obtain water from 

either source. The first column shown represents all 

adjudicated and permitted land which could experience 

shortage. The last column is adjusted downward to show the 

shortage based on actual irrigated area. This column 

represents the current irrigated lands which experience late 

season shortages in an average year. The areas range from 

9,600 acres on Cottonwood Creek to zero at La Barge Creek. 

This table provides a rough estimate of the comparative level 

of benefits which could result from each project. It is 

assumed that a project located on a stream system could 

provide benefits to any users on that system through direct 

release or exchange. 

could benefit users 

For example, the Snider Basin Reservoir 

on Fish Creek by allowing Fish Creek 

users to divert out-of-priority in exchange for releases from 

Leonard Rice Consulting Water Engineers. Inc. 
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the reservoir to South Piney Creek users. Utilization of one 

of the three offstream reservoirs would likely involve wide

spread exchanges for maximum benefit. It is assumed that 

either of the three offstream reservoirs could be utilized by 

exchange or direct release on any of North, Middle or South 

Piney Creeks. 

Reservoir evaporation rates have been estimated at the 

project sites. The annual evaporation loss can be approx

imated by the net evaporation, which is total evaporation 

minus precipitation. The net evaporation rates for the 

project sites are estimated to be 2 feet per year for the 

three offstream reservoirs and 1 foot per year for the four 

upper reservoirs. 

This phase of the study has identified the storable flow at 

each of seven reservoir sites so that yields at each site 

could be compared. It was determined that storage at the 

reservoir sites would be primarily affected by the water 

right situation on the local streams and that use on the 

Green River should not significantly affect availability for 

foreseeable demands. Ultimate development of pending permit 

applications on the Green could eventually lead to limita

tions on storage on the tributaries, but the timing or 

feasibility of these large Green River projects cannot 

accurately be predicted at this time. 

~ Leonard Rice Consulting Water Engineers. Inc. 



V-16 

For the project reservoirs, it has been shown that under 

strict administration of water rights, accounting for all 

adjudicated and permitted rights, storage would generally be 

limited to the non-irrigation season. Assuming a coordinated 

management scheme in a subbasin would provide increased 

yields by reducing springtime irrigation diversions and 

placing additional runoff into storage during this 

season. This would be a viable assumption to the extent that 

senior water right holders are made project beneficiaries. 

During the next phase of the study, more detailed operation 

studies will be made for the site (s) selected for further 

study. The hydrology will be refined and reservoir operating 

criteria will be defined. Potential project users will be 

identified and potential exchange schemes will be 

investigated. Account will be taken for evaporation, 

conveyance losses and reservoir sedimentation. The result of 

the Phase II study will be firm yield estimates and 

recommended operating criteria for the selected site(s). 

Leonard Rice Consulting Water Engineers. Inc. 



TABLE V-la 

MONTHLY STORABLE FLOWS IN ACRE-,FEET 

PRO .. JECT • MCNINCH WASH I 67 RESEF~VO I F: • 

STF:ICT ADMINISTRATION ASSUMPTION 

YEAR JAN FEB Mt~R APR MAY JUN JUL AUG SEf' OCT NOlJ DEC TOTAL 

AVE 989. 1086. o. 348. o. o. O. o. O. 22B. 1 ~320 • 1.014. 5185. 

1972 1376. 1496. 3~5B • 2452. o. O. O. O. O. () t 1159. -~ ,:' ") I ,J~ •• 7573. 

1973 728. 776. o. o. o. O. O. o. O. 688. 1810. 1207'. 5209. 

1974 1182. 1279. 121. 1195. o. O. O. O. O. 477(- 1617. :l.O8<!). 6957. 

1975 1062. 1134. 0 .. 694. o. o. o. o. O. 1043. 1955, 1 :!79 • 71~)7. <: 
I 

I-' 
1976 1255. 1376. 217. 1525. 0. 0. 0. o. O. O. =5l~ :., I, 1 ~;O • 4890. -....J 

1977 125. 174. o. o. O. O. O. o. o. 1684. 21,48. 1-'100. 5531. 

1978 1376. 1520. 290. 2432. O. o. O. 0. 0 .. '1 fI '"l .. '. ') .... 1569i- .. ,n i . ., 
.I . • .I',J':" .. 8542 • 

1979 1014. 1086. o. ~389 • o. o. o. o. o t ... 97 I' 1 t:·89 .. til.0. 5785. 

1980 l'Ja6. 1182. 48. 035. o. o. o. O. o. o. 8 ·11 " 552 .. 4544. 

1981 528. 576. () t o. o. o. o. o. 0,. :~ 28. 1.472 .. q'( I:~ 
I ... ~ .. J .. 3769. 

AVE 72-81 973. 1060. it:!:. 952. o. o. o. o. o. '11' 1. ., 1.,., 63 .. <.?56. 5997. 
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YEAR 

AVE 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

AVE 72-81 

TABLE V-lb 

MONTHLY STOf<ABLE FLOWS IN ACHE-FEET 

PROJECT • MCNINCH WASH / 67 HESEHVOIF~ • 

Wf.iER t1ANAGEMENT ASSUMPTION 

J(iN FEB f"lAH ('sPR MAY JUN 

989. 1086. o. 226. O. 1014. 

1376. 1496. 290. 1499. 1520. 8060. 

734. 782. O. O. o. O. 

1158. 1255. 72 .. 1160. O. 4609. 

1038. 1134. O. 657. O. 1641. 

1255. 1376.- 169. 1125. 434. 5864. 

250. 2B:~ .. o. O. o. o. 

1376. 1496. 265. 1548. 1834. 8977. 

965. 1038. 0. 249. O. 72. 

1086. 1~07t 2·4. B90. O. 3017. 

820. 893. O. 17. O. O. 

1007. 1095. 82. 715. 379. 3224. 
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JUL AUG SEF' 

o. O. o. 

O. O. O. 

0 .. 0 .. O. 

0 .. o. 0. 

O. 0. O. 

0. O. O. 

O. o. O. 

O. O. O. 

O. O. o. 

O. O. o. 

O. o. O. 

o. O. o t 

OCT NOt,,' 

129. 152O .. 

0,. 1145. 

;:'02. 17B6. 

488. 1593. 

~:;tJ~) .. 1931 ... 

Vi' 501" 

77tH 2124. 

.,,.t • .:. . .:..0 t 1·~ 96+ 

576. 1689. 

o it 113'1" 

129. lA14:~" 

~=- ,1';' • l1B3. 
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Dec.1982 

flEC TOTAL 

:t 01 '1 • 5978. 

?34. 161.20 .. 

1158 .. ~:5162 .. 

1.05:. 1139),. 

:1.277. a:7~). <: 
I 

j-J 

284. :t. :LOGS. 00 

:L :~76. '181"7 .. 

9[~(7t 1D207. 

111O .. ~j699 • 

B !l5" B203. 

? ·11 .. '1240 .. 

1)-, n ?314. I ~ ' ... ., 



TABLE V-2a 

~10NTHL y STOF~('}BLE FLOWS IN (',CRE~-FEET 

PHDJECT • S I" N £I HILL ..- SOUTH PINEY Cr.:EEI< + 

STF~ I CT .~[lMINISTI;~tJTION f'SSUMF'T I on 

YEAR ,.Jf..IN FE~B i1AI~ riPI~ HAY .. 'UN JUL .iUG SEP ocr 

f\VE 1158. 1.231~ 1110. 2148. o. 0. o .. o. 0. 1 :?8.!';. 

1972 1689. 1810. 1641. 323·4 i 2051. 6202. 4537. o. 338. 1569. 

1973 9B9. 1038. 91'7. 171.3. 0. o. o. 0. o. 190ci .. 

1974 1255. 1376. 12;51. 24Bo. o. 24. 1448. o. 0. 1.931. 

1975 1255. 1327. 1182. 2293. o. o. 72. o. o. 22 '1·1 • 

1976 1472. 1593. 1424. 2775. 121. 2268. 2582. o. o. 13'76" 

1977 820. (i·45 i 7 ·18. 1979. o. O. o. o. o. 23·<llv 

1978 1569. 17:58. 15\.~ 9. 3210. 2051. 6685. ·-1302. o. 386. 1834. 

1979 1110. 11.58. 10~)S" 2075. 0. o. o. o. o. 22·4·1 • 

1980 1472. 1593. 1424. 2823. 2-41. 2606. 2751. 0. o. 1520. 

1981 893. 941. 845. 2220. o. o. o. 0. o. 15 '14 t 

AVE 72-81 1252. 1~5·42. 120:~. 2,,181 t ·446. 1779. 1619. o. 72. 18:;1. • 
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1.762. :1.182. 

1520. 1038. 

19;51 • 127'9. 

1. 90CH 1.303. 

22<14. 1,; :? \-) .-

1. 13 <1 • D69. 

'1'17-' 
,;.. A) ,"",. ., 1 ~:i69. 

:t010. t231. 

:·!.266. 1. ,1 ~)!.:. t 

1.;~55 .. 9·;1 1 " 

1 ;;93 t to:~8t 

:I. O:l.·J t 1226. 

617WWDOI 
Dec ."1g8~ 

TDTAL 

10377. 

25628. 

9773. 

12S'59. 

1.2114. <! 
I 

j--I 

15·::.13. \.0 

1.0739. 

26883. 

1.1390. 

161.>27. 

~.) \) '7.1\ .. 

:t5080. 



e Table V-2b 

MONTHLY STORABLE FLOWS IN ACRE-FEET 
r-cu PROJECT: SAND HILL - SOUTH PINEY CREEK 0 
:::::I 
I» a. WATER MANAGEMENT ASSUMPTION ::::0 
0" 
cu 
C'"";I Total 0 Year Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. :::::I 
en 
c:: 
~ 
:::::I 

<C Ave. 1092 1182 1062 2112 2950 5888 0 0 0 1665 1677 1110 18738 
:E a 
~ 
rTI 1972 1617 1762 1587 3185 7644 15318 2980 0 0 1394 1382 923 37792 :::::I 

<C 
5" 
cu cu 

1973 899 959 863 1659 953 1786 1900 1937 1273 12229 ~ 0 0 0 
S 
Fl 

1974 1255 1376 1231 2486 4603 9261 0 0 0 1768 1774 1176 24930 

1975 1158 1249 1122 2220 3427 6811 0 0 0 2124 2154 1418 21683 
<: 
I 

1976 1400 1520 1369 2739 5689 11384 1020 0 0 1201 983 730 28035 N 
0 

1977 712 754 682 1906 1164 0 0 0 0 2353 2431 1575 11577 

1978 1569 1731 1563 3216 7764 15849 3252 0 0 1659 1653 1098 39354 

1979 1008 1074 965 2021 2528 4995 0 0 0 2136 2166 1424 18317 

1980 1412 1538 1382 2775 5846 11728 1189 0 0 1339 1098 814 29121 

1981 796 869 766 2166 2160 0 0 0 0 1526 1575 1020 10878 

Ave. 
72-81 1183 1283 1153 2437 4178 7713 844 0 0 1740 1715 1145 23391 

617WWDOl 



TABLE V-3a 

MONTHLY STOHABLE FLOWS IN ACHEMMFEET 

PROJECT • S(IND HILL - MIDDLE PI t·IEY CF~EEK • 

STf<ICT AD~1 I N I STRAT I ON ASSU~1PT I ON 

YEAR JAN FEB liAR I~F'f~ MAY JLJN JUL AUG BEP OCT NO!) DEC TOTAL 

AVE 3 1l4. 371. 335. 1285. o. o. O. o. o. r.:-o·~· • _, , I • 40'7 ~ -," ( "1 ,:> (.) A'" • 3701. 

1972 480. 525. A1BO. 1900. 1529. o. o. o. O. 1014. H14. 1:;52 + 7294. 

1973 235. 344. 507. 1140. o. O. O. O. O. 5(18. 4()7 .. :380. 3602. 

1974 380. 407. 371. 1566. o. O. o. O. 0., 6 f.~ 1 .. 4~32 .. :598. 4235. 
c:::: 

1975 371. 389. 362. 1276. o. o. o. o. O. 769. 525. 480. 4172~ 
I 

tv 
I--' 

1976 462. 498 .. 452. 1783. 281. O. O. O. O. 60c) • -162. 317. 4860. 

1977 172. 208. 271. 525. o. o. o. o. O. 670. Jl62 .. 452. 2760. 

1978 452. 498 .. 452. 2045. 1728. o. 190. 0. o. 7~O. 516. ,13-1. 7077. 

1979 407. 425. 389. :1.267. o. O. o. o. o. ~:>'\ t 423. -"MC' .:)01'. 3927. 

1980 380. 407. 380. 1475. O. O. O. o. O. 624. 498" :3 4,'1 i' 410B. 

1981 154. 217. 308. 670. O. o. o. O. o. 434 .. " Of\ 
A_ , 'I • 2Bl. 2362. 

AVE 72~-81 349. 392. 397. 1365. 354. o. 19. o. O. 675. 486. 403. 4440. 

: lrd Rice Consulting Water Engineers. Inc. 617WWDOI .. .. 
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YEAR 

AVE 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

AVE 72-81 

TABLE V-3b 

MONTHLY STORABLE FLOWS IN ACRE-FEET 

PROJECT : SAND HILL - MIDDLE PINEY CREEK 

WATER MANAGEMENT ASSUMPTION 

JAN FEB MAR APR MAY JUN 

320. 350. 320. 1267. 851. o. 

452. 495. 452. 1888. 4133. 2739. 

163. 271. 434. 1086. o. o. 

356. 392. 356. 1550. 2323. 1303. 

326. 350. 320. 1249. 1008. 97. 

428. 465. 428. 1762. 2878. 1846. 

103. 151. 217. 477. O. o. 

452. 501. 452. 2045. 4368. 3185. 

326. 344. 320. 1207. 639. O. 

362. 392. 356. 1466. 1478. 676. 

115. 181. 271. 646. o. o. 

308. 354. 361. 1338. 1683. 985. 

~ leonard f~i,:g Consulting Water Engineers. Inc. 

JUL AUG SEP 

o. o. o. 

o. o. o. 

O. o. O. 

o. O. O. 

O. o. O. 

O. o. o. 

o. O. O. 

o. o. O. 

o. o. O. 

O. O. O. 

O. O. O. 

o. O. O. 

OCT NOV 

519. 356. 

820. 688. 

549. 380. 

537. 368. 

688. 471. 

428. 350. 

676. 465. 

561. 380. 

573. 398. 

519. 434. 

434. 302. 

579. 424. 

61]WWPO_l 

Dec.1Q82 

DEC TOTAL 

326. 4309. 

452. 12119. 

362. 3245. 

332. 7517. 

434. 4943. 
<: 

235. 8820. I 
N 
N 

452. 2541. 

338. 12282. 

368. 4175. 

290. 5973. 

284. 2233. 

355. 6387. 



YEAr~ JAN FEB 

AVE 148. 1bl. 

1972 217. 239. 

1973 113. 122. 

1974 174. 191. 

1975 156. 1.74. 

1976 182. 204. 

1977 83. 91 .. 

1978 243. 269;, 

1979 135. 148. 

1980 169. 187. 

1981 117. 130. 

~VE 72-81 159. 175. 

NOTE: An additional 

TABLE V-4a 

MONTHLY STDI~ABLE FLOWS IN (-,CF<E '-FEET 

PROJECT • FISH Cf.:EEI< • 

STRICT ADMINISTRATION ASSUMPTION 

t1AF( (IF'R MAY .JUN JUL AUG SEP OCT NOV 

148. 304. o. o. 0 .. o. o. 217. 226. 

217 .. 447. 1590. 3918. 1711. o. o. 165. 169. 

11.3. 230. o. o. o. o. o. 25b. ,. .. ,~ 
":'0;') It 

174. 356. 0(- 35. 869. o. o. I)-I:!" 
k .:> oJ • 2·13. 

156. 321. 0 .. o. 70. o. o. 27·1 • 2B7. 

182. 378. 113 .. r,'") , '7 
k ... OI • 1134. o. 0 .. 139. 113 .. 

83. 256 .. 0 .. o. 0 .. 0. o. 361 .. 3'74. 

2-'13. 500. 1850. 43·4 oc) • 1("1'.94. o. o. 200. 209. 

135. 278 .. 0 .. 0 .. o. o. O. '") 1::"1 .0_ ,.} ... to 261. 

169. 348. 239. 2602. 1025. 0. o. 195to 1bl. 

117. 365. o. 0. 0. 0. o. 217 .. 226. 

159. 348. 379. 1317. 680. 0. 0. ::'29 \' ') ''Ii ..... ..., ... (-

200 acre-feet/year can be captured from Indian Creek. 

61:z.NtloOl 
Dec.1982 

DEC TOTAL 

1 AlB .. 1351. 

113. 8787. 

174. 1273t 

156. 2433. 

182. 1620. 
<: 

,.) -y 4796. I 
C :1 • I'V 

w 
2--13. 1490. 

13~; .. 998cj. 

1.<'.;9. 1377 .. 

:L 17;, 5213. 

1481' 1321. 

l5:! .. 3829. 



TABLE V-4b 

MONTHl.Y STOr~(.')BLE FLDtiJS IN r1CHE~~FEET 

PROJECT • FISH CREEK • 

WATER MANAGE11ENT AS8Ut1F'T I ON 

YEAR Jf.1N FED Mf.1R APR 11AY JUN JUL AUG SEP OCT t,!DV DEC TOTAL 

AVE 14(3. 161.. 148. 304. 1312. ~\:.~ .;oj 4 1 + 0. o. o. 21'7 \0 ::.: ::!'ti .. l'lB. 5304. 

1972 217. 239. 217. ·147. 1950~ ~3(f1Bt 15$'0. o. o. 165. 16,). 1 " -y 
J. .~ ,;) (. (}(>26. 

1973 113. 122. 113. 230. 812. It,33. o. 0. O. 25b .. ,., I. 1::-
._,,~\J~ 1'? (1 .. 3718. 

1974 174. 191. 17·" • 356. 1.546. 311010 0 .. 0. o. :~:~~~ v ::.~ •. ~ ::; y :~ r.:.: 6 .. 6186. 

1975 156. 174. 11::" L 321. 1399. 2810. o. o. o. ')7.i 2f~ 0;;.' • 1 (:' ") 5760. <: 
.JUt ... , •• y • \oJ ,,;... y I 

rv 
~ 

1976 182. 20·4. 182. 378. 1655. 3323. 1012. o. o t 1 "1 f\ 
, .. ' .. ' I .. 11'.3. ~~3 " '7271. 

1977 B3. 91. 83. 256. 847. o. (). o. o. 3[,,1. 374. :>1 ~5 t 2337. 

1978 243. 269. 243. 500. 2172. 43·44. 1872. o t o. 200. :!O9. 1 ~~5 to 10186. 

1979 135. 1·48 t 135. 279. 1208. 2428. 0. o. o. 252 .. 261. 169. 5013. 

1980 169. 18710 169. 348. 1516. :-S045. 904. 0 .. o. 1~':5~ 161. 'I" 7 ...... " .. 6811. 

1981 117. :L :30. 117. 365. 1399. o. o. O. O. ... 1 . .., 
,;., .... 4 t 226. 1·18. 2;'19. 

AVE 72-81 159. 175. 159. 348. 1450. 2461. 538. O. O. ")')(') 
.:.. .,.".1 .. 

'')~! 1 
4.. \.J ..... ;. :i. 52 + 5(]O3. 

NOTE: An additional 200 acre-feet/year can be captured from Indian Creek. 

~ leonard gice Consulting Water Engineers. Inc. 6l7WWDOl 
.. -

Dec.l982 



TABLE V-Sa 

MONTHLY STOF:ABLE FLO~JS IN ACHE-FEET 

PROJECT • SNIDE!=: BASIN • 
STRICT I~ItMINISTRATION ASSUNF'TION 

YEAR JAN FEB MAR Af'F: MAY JUN ,JLJL AUG SEf' DCT NOV DEC TOTAL 

AVE 472. r-513. 472. 971. o. o. o. o. o. 70E .. ... ':} '") 
I ... A.. • '172. 4329. 

1972 69 .. '. 777. 694. 1443. 2040. 6203. 4.537. O. 347. .:.-:..,.., 
\.1':".' •. ~;55 .. :~!j 1 • 18177. 

1973 ;561. ~~89 " 361. 735. o. o. 0. o. O. 833. B60. 55~5 " &1093. 

1974 5~~!5 .. 611. 555. 1138. O. 28. 14-43. O. o. 749. ?'77. ~500 • 6355. 

1975 500. 5!55. 500. 1027. o. o. 69. o. o. 8B8 .. (716 .. ~5~17 • 5051. 
<: 
I 

1976 597. 6~)2 It 597. 1221. 111. 227c). 2591. o. 0 .. ·1 ·11 , "y •• , ,.:-

:~~ \~. "1 + 9116. N ,,::, / · .... 1 .. , 
Ul 

1977 264. 2t} 1 " 2,-S4. 833. O. O. o. o. 0. 1166" 1. ~O? f· 777. 4801. 

1978 777. 860. 777. 1610. 2054. 6688. 4801. o. 402, L L-:- '") 
""') \ .. ~.-:. .. (d.,6, ., ~5 () t 19718. 

1979 430. 4 -,,., 
I .:.. • .. 1~30 t 088. O. O. o. o. Ot 819~ 0'17 

\j ..... .:.J .. ~>41 .. 4413. 

1980 541. ~397 • Sell. 1124. 236. 2609. 274? .'J • o • 624. ~327 .. 7-":;-,); J to 9<721 t 

1981 375. 416. 375. 11 7~1 • o. 0. o. o. 0 .. ::'08. :l:~~!~ -172 .. 4246. 

AVE 72-81 509. ~)62 .. 509. 1120. 44-'1. 1780. 1618. o. 75. 741" ? .~/} .- 4B'7~ 8589. 

~ , .. .-i"'iafd Rice Consulting Water Engineers. foc, 
617w'W!?Ol 
nt::\rt 1no'l 



TABLE V-5b 

MONTHLY STOfr:ABLE FLOWS IN ACRE--FEET 

PROJECT • SNIDER BASIN • 

WATER MANAGEMENT ASSUMPTION 

YEAR JAN FE[t ~lAF: APR MAY JUN .. JUL AUG SEP OCT ND') D[C TOTAL 

AVE 472. ~513 • 472. 971. " (1':;- l. 
..:. .. ' .J w • 5883. o. o. O. 708 .. 722. :1?::! \" 13168. 

1972 694. 777. 69·4. 1.4 413. 6272.12599. 298:~. o. o. !7.:27 t 5~55 • 361. 26(;'05 t 

1973 361. 389. 361. 735. 9~)7 .. 1776. O. o. o. fJ:-539 BbO\" 5!.55. 6027. 

1974 555. 611. 555. 1138. 4607. 9255. o. O. O. '7'~.9. ?'7?~ ~500 .. 18746. 

1975 500. ~)~55 • 500. 1027. 3·427 .. 6813. o. O. O. BBB. 916. ~}(J7 t 15222. <: 
I 

N 

1976 597. b~.)2 • 597. 1221 .• 5314.10684. 101.3. o. O. ·4 4l'~ to 
"!'''1e: "".' '-'I" 

,., /. d 
.... \.J ... 211.61. 0'1 

1977 264. 291. 264. 833. 1166. o. o. o. O. 1:L ci6. 120~:O " 777. 5967. 

1978 777. 860. 777. 1610. 6993 t 1387.~" :~2t) 1 • Ot o. 652. 666. 430" 29S)03. 

1979 4:~0 • 472" 430. BSS. 2525. 4995. o. o. o. 819. 833lo 5·11 • l:L933. 

1980 541. ~)S'7 • 541. 1124. 4870. 9796. 1193. o. o. 62 .. ' • 1;:' '1-" 
OJ~", y 375" 20:1.89. 

1981 375. 4:1.6. 375. 1179. 2165. O. o. o. 0 .. j"08 + """'''i I "':'.4 .. 47:!r 6411. 

AVE 72-81 509. ~)62 • 509. 1120. 38]0. 6980. 845. o. 0. 71}1. 7·~ A1 • 1187 " 16326. 

le0:1ard Rice Consulting Water Engineers. Inc. _________ ... _ .... ___ ... _ ... ___________ .....-.;;6 ...... 1~7 .... @_..__D ..... O ...... 1 

Dec.1982 



TABLE V-6a 

MONTHLY STORAIcLE FLOWS IN f,eRE-FEET 

PROJECT • SOUTH COTTONWOOD CREEK • 

STRICT ADM I N I STR(\ T I ON ASSUMPTION 

YEAR JAN FEB ~1AR APR 11("Y JUN JUL f1UG SEP 

AVE 397. 443. 600. 2898. O. O. o. o. o. 

1972 591. 655. 895. 4292. 2197. O. O. o. O. 

1973 305. ~i32 • "152. 2197. O. O. o. o. O. 

1974 471. 517. 711. 3406. O. O. o. o. O. 

1975 425. 471. 637. 3083. O. O. o. o. O. 

1976 50S. 55·1. 757. 3646. 7"18. O. O. o. O. 

1977 231. 249. 378. 1172. O. O. o. o. O. 

1978 665. 729. 997. 4791, 3332. O. O. o. O. 

1979 369. .. 106. 554. 2658. O. O • o. o. o. 

1980 462. SOB. 692. 3341. O. O. o. o. O. 

1981 323. 360. 535. 1661. O. O. O. o. O. 

(-\VE 72-81 -\ 35. 478. 661. 3025. 628. O. O. o. O. 

~ L, .• ~':~rd Rice Consulting Waler Engineers. Inc. 

OCT NOV 

c,oo. 618. 

452. ·171 • 

711. 729. 

637. 665. 

7~=j7 • 785. 

"152. 397. 

997. 1025. 

55"1 • 572. 

69:~ • 720. 

646. 554. 

600. 618. 

650. 654. 

6] lWWUo..l 
Dec.1982 

DEC TOTAL 

397. 5954. 

305. 9858. 

471. 5197. 

"125. 6831. 
<: 

SOB. 6664. I 
N 
'-l 

305. 7366. 

665. 4717. 

369. 12009. 

462. 5861. 

43'1 • 6637. 

397. 4495. 

434. 696~5 • 



TABLE V-6b 

t10NTHL Y STOHABLE FLOWS, IN ACRE-FEET 

PRO .. JECT • SOUTH COTTONWOOD CF~EEK • 

WATER MANtlGEMENT ASSUMPTION 

YEAR JAN FEB MAR APF: MAY .. JUN JUL AUG SEf' (lCT NOV DEC TOTfiL 

AVE 397. 4 -4:-S • 60,0. 2898. 3461. o. o. o. o. 600. 616. ~5'r7 • 9415. 

1972 591. 655. 895. '1292. 7126. 3849. o. o. O. 452. 47:1.. 30~) • 18636. 

19.73 305. 332. 452. 2197. '751 • O. O. O. O. 711. "/'29. 471.. 6148. 

1974 4'71 • 517. 711. 3406. 4957. 1117. o. o. 0 .. 637. 665. ~12~5y 12904. 

1975 425. 471. 637. 30B3. 3120. o. o. o. o. 757. -, c> r:-
/"".JII ~:;0a ¥ 9784. <: 

I 
tv 
ex> 

1976 SOB. 5~54 • 757. 36·~ 6. 58~)B • 2178. 0. o. 0" ·<15211 39"7 (, 305. 14695. 

1977 231. 249. 378. 1172. O. O. o. o. O. 997" 102~5~ , l ,::-
C.I O"J .. 4717. 

1978 665. 729. 997. 4791. 7938. 5308. o. o. o. 554. '::-7'" J, ... ~ 
"V /. r' 
,::'\.i., .. 21922. 

1979 369. 406. 5~)4 • 2658. 2455. 0. o. o. O. 692. 720, 462~ 8~~ 1.7. 

1980 4\'S2 .. ~308 • 692t 3341. 3997. o. o. O. o. 6,{J6 .. 55 41 • 4 :3 /1 ~ :1.0634. 

1981 323. 31.,0. 535. 1661. o. O. 0. o. O. 600 !, 
1. ot C) 
,., .1. "I + 3<)7 i 4495. 

AVE 72-81 435. 478'. 661. 3025. 3644. 1245. o. o. Ot ,~/~)O t 6~;; 1 • ,134. 1.1225. 

Leonard Riel? Consulting Waler Engineers. Inc, 
____ '._~? ______________________ ... __ ..... 6_1_7..;..;WW~D..-.O_l 

Dec.1982 



TABLE V-7a 

MONTHLY STORABLE FLOWS IN ACHE--FEET 

PRo.JEeT t LABARGE MEA[lO~J • 

STF:ICT ADMINISTRATION ASBUNF'TION 

YEAR J(.lN FEB N f: !:;~ APR MAY JUN JUL AUG SEP OCT NO'i DEC TOTAL 

AVE 211. 205. 2 '1 ~, t 374. 2329. 217. O. O. 362. 338. 2'78. 241. 4766. 

1972 296. 241. 1. f.} ~'5 • 25=5. 2739. 6033. 1677. 344. 471. 40'1. :344. 308. 13303. 

1973 259. 241. 2,'~ 7. 247. 1846. O. 0 .. O. 332. ,.,"., "\ 
.:.. I ~:> .. ").' .::: 

....,;J.-.I " :~2 3. 3940. 

1974 205. 211. 181. 410. 2540. 4603. 0 .. O. 362. 3~5B .. ~~:26 y 2!:"j<? 9436. 

1975 223. 211. lE7. 187. 790. 2926. 1949. 0. 428. 40<1t ~·~08 ,. '')1::;0 
,-:" ...... 70;'3. ~ 

I 
N 

1976 253. 235. 21:1.. 284. 3023. 3529. 338. O. 410. "% ,f t') 
,.J \.)~ .. ". ~3 I1/L. "'" I;:' {' 

.:. \oj 'T " 9·24S'. \!) 

1977 229. 187. 1 '~):3 • 507. O. O. o. o. O. ",,,':,' :I ? ~'" , lDt. 1 .. ,'"),.:-
..... •• J ' .. 1 v # .r:...J t 

1978 235. 211. 229. 29(). 1406. 6033. 1713. O. 477. .r116 t 3 3c) • 29t,. 1.1644. 

1979 271. 247. 217. 229. 1315. O. O. 0. 0. 3c,t~ ) ,.~ 'j ~t 
.:..1\JfI 

r\'''' r.~ ..,:, .:> .J t 31t.1. v 

1980 211. 247-" 20~) " ~'")t:-
J .... ,J t 2431. 790. o. o t 392. ::5 ·1,1 • :?6~j~ :247. 5657" 

1981 ") '"~ r.:- 217. 205. 591. 0 .. 0. 0. o. o y 
"1' .'.~ (~ '1-'0 2·11 • '1 .. (" .,' 

~":l.J t t.) M/l;._" ,. ..~ i \..1 .. A.. .I. " \,) t 

fiVE 72--81 242. ','")1::" .:. . .:...; .. 207. :352. 1609. 2391. ~;;68 t 34. 287~ 3·,1(;:' to ") (".) !l 1'.- 0" • Y 2~'.) 1. " 6809. 

leor .: ~ice Consulting Water Engineers. Inc. ------------______________________________________ ~6~1~7~~~p~~~1 

Dec.19R2 



TABLE V-7b 

t1DNTHL Y STOF:AItLE FLOWB IN ACHE-··FEET 

PF~OJECT • LAIlAF:GE ~1EADOW .. 

WATER MtiNf.iGEMENT fiSSUl-IPT ION 

YEAR JAN FEB M ~'\r~: APR MAY JUN JUL (-lUG SEF' DCT 1·1~) ~.) DEC TOTflL 

AVE 211. 205. 211. 374. 2329. 3680. o. o. o. :"5:36 .. 2!'B ,. :>11 • 7867. 

1972 296. 241. 193. :!53. 2739. 6033. 1677. o. 471. 404. -:r .... 
,.I·'l·<·; to 308. 12S'59. 

1973 259. 241. 247. 247. 1846. 2697. o. o. O. "-., Q 
.... I 1.1 • :!t.5. '1?"l' .... .... t.J _ 630-4. 

1974 205. 211. 1fJl. 410. 2540. 5406. Ot o. 362. ..." -.,~ 

~)~:i.:J .. 32.!:. ;- :5'19 10238. 
<! 

1975 223. 211. 1.87. 187. 790. ·4350. 670. o. 428. ,10·<,\ • -:,.. 0 :239. 8018. I \,.JU ... , .. 
W 
a 

1976 253. 23~:; • 211. 2B4. 3023. 3915. o. () t 410. "7 .l. " .... 'u.~ .. 3 /: ~1 • 259ir 9297. 

1977 229. 187. .1 (] 3 .. 507. o. o. () t o. O. 2359 1':?3~ 181. 1"725. 

1978 235. 21 l. 229. 290. 1406. 6033. 48~, t 0. 477. 4~, 6 t 3:.3B. 2<76 .. 10""13. 

1979 271. 2" 7. 21? 229. 2504. 144:!. o. o. 0. -y # <:, 
,~ e;. \01 t 2·.?t~ ;. 235. 57(»:! • 

1980 211. 247 .. 20 ~5 ~ 525. 2431. 3505. o. o. 1 ~'=j7 .. 34·1 j, 
'1 J. 1::-
.... \. .• ,J .. :!·47 + B1~59 .. 

1981 235. 217. 205. 591. 2112. O. o. 0 .. 0 .. 3:~B .. ,-,", rl ...:. .. ,:. ... ::.~ <1 :I. t 421? 

AVE 72-81 242. '1') r.-
~..;.. ,; t 207. 352. 1939 .. 33:-SB. 283. o. 2~50 • 319. 294", "1 1::' .. 

" •. ,J .l " '7710. 

<JV h~Ot«. ,iice Consulting Water Engineers. Inc. 617WWDOI -Dec.1982 



BAStC DATA 

RUNorr 
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*Snow Depth/Uater Content 

TOPOGRAPHIC 
~Elevolt i on 
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*~~rricial CCQlogy 
"Soi I Characteristics 
";'t;uiCer Information 
"Slopes 

r 

~ 

FIGURE V-I 

DATA DEVELOPMENT FLOWCII'RT 
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Leonard k.e Consulting Waler Engineers. Inc. 
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FIGURE V-2 

MODEL OPERATION AND RESULTS FLOWCHART 

urOHING INTEGRATED RIVER SYSTEH OPERATION STUDY (YIRSOS) HODEL 

"'IRSOS HODEL OPERATION 

ASSU~IED FUTURE DEvElOP~IENT PROCESS YATER RICHTS 
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~ leonard Rice Consulting Water Engineers. Inc. 

"'I RSOS tlOO[l RESULTS 
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~At All Accounting Points 

PIIYSICAl SUPPLY IN RIVER 
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~Priority 
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THE COLORADO RIVER 

Description 

The Colorado River originates in the mountains of Colorado and flows 

southwesterly for approximately 1,300 miles through Colorado, Utah 

and Arizona, along the Arizona/Nevada and Arizona/California 

boundaries, briefly through Mexico and into the Gulf of California. 

Tributary waters are received from Wyoming, Colorado, Utah, New 

Mexico, Nevada, California and Arizona. With a drainage basin of 

approximately 242,000 square miles, the Colorado River basin 

encompasses practically one-twelfth of the area of the Continental 

United States, excluding Alaska. 

Lee Ferry, in northern Arizona, is the dividing point on the river 

between the upper and lower Colorado River Basins. The Upper Basin 

includes, in addition to the natural drainage basins above Lee 

Ferry, all parts of Arizona, Colorado, New Mexico, Utah and Wyoming 

located outside of the drainage areas of the Colorado River system 

which are now or shall in the future be beneficially served by 

waters diverted from the system above Lee Ferry. These outside areas 

include the east slope areas of Colorado, the Wasatch front areas of 

Utah and important areas in New Mexico and Wyoming. 

The Law of the River 

The law of the Colorado River began with the move for the 

construction of Hoover Dam initiated by the Lower Basin states to 

regulate the flow of the river, control salt, generate power and 

remove the hazard of disastrous floods. The possible construction of a 

dam with a large storage capacity on the lower Colorado caused 

apprehension among the states of the Upper Division (Colorado, New 

leonard Rice Consulting Water Engineers. Inc. 
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Mexico, Utah and Wyoming), that it would permit rapid expansion of 

water use in the Lower Basin which would eventually form the basis 

for claims of appropriated rights that would preclude the availability 

of water for the more slowly developing needs of the Upper Basin. 

California and Arizona, however, were una b Ie to finance the 

necessary projects and it was generally considered a Federal 

responsibility. The states in the Upper Basin, where most of the 

water originated, also had problems of floods and shortages and a 

much slower rate of population growth as compared to that in the 

lower reaches of the river. Southern California, particularly, was 

making an increasing use of the river and was thereby becoming more 

dependent upon its diversions from the river. 

Because of their apprehension relative to the increased uses of water 

by the Lower Basin states, and because Congress had refused a 

request for construction of lower Colorado River projects until the 

seven Colorado River Basin states agreed on a division of waters of 

the river, an interstate compact was necessary. In 1921, Congress 

agreed to compact negotiations for the Colorado River, but required 

that the legislatures of all seven states, and Congress, approve the 

compact. 

Colorado River Compact 

The Colorado River Compact was signed at Santa Fe, New Mexico on 

November 24, 1922. Because the states were unable to agree on a 

seven-state division of water, the Compact did not allocate water to 

individual states but only divided the water between Upper and Lower 

Basin states. All of the states, except Arizona, agreed to the Compact 

and so the requirement that all seven agree had not been met. This 

impass was finally resolved when agreement was reached that six 

states could sign, including California, with a self-limiting 

declaration. The agreement was expressed by Congress in the Boulder 

~ Leonard Rice Consulting Water Engineers. Inc. 
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Canyon Project Act of 1928 which approved the Compact and authorized 

the Secretary of the Interior to construct Hoover , Davis and Imperial 

Dams, but only when the legislatures of six of the basin states, 

including California, ratified the Compact. 

The Compact has been the subject of much disagreement and debate, 

and is often referred to as "the law of the river." 

A treaty with Mexico apportioning waters of the Colorado River to 

Mexico had been anticipated in the Colorado River Compact, but was 

never regarded as a serious threat to the operation of the Colorado 

River Compact. In fact, however, the treaty has proven to be 

troublesome to all states of the Colorado River Basin and there is no 

agreement between the Upper Basin and the Lower Basin concerning 

the "deficiency" in deliveries to Mexico, as defined in the Compact. 

Upper Colorado River Basin Compact 

The use of waters apportioned to the Upper Basin under the Colorado 

River Compact is divided among the Upper Basin states by the Upper 

Colorado River Basin Compact, approved by Congress on April 6, 

1949. This Compact also establishes the obligations of each state of 

the Upper Division with respect to the deliveries of water required to 

be made at Lee Ferry by the Colorado River Compact. It was ratified 

by the legislatures of all five upper Colorado River Basin states 

including Arizona (which in 1944 had at long last ratified the 

Colorado River Compact). 

Colorado River Storage Project 

During the negotiation of the Colorado River Compact in 1922, it was 

recognized that the flow of the Colorado River was highly erratic. 

Since records started in 1896, the virgin flow at Lee Ferry had 

ranged from a high of 24 million acre-feet in 1917 to a low of 5.6 

leonard Rice Consulting Water Engineers. Inc. 
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maf in 1934. Without holdover storage above Lee Ferry there have 

been years in which no water would be available to the Upper Basin 

if a delivery of 75,000,000 acre-feet in every consecutive ten-year 

period were made at Lee Ferry in accordance with the Compact. To 

resolve this problem, and to provide a means for the full development 

of the water resources of the Colorado River system above Lee Ferry, 

the Colorado River Storage Project Act (CRSP) was enacted in 1956. 

The three major provisions of the Act include: 1) construction of the 

Glen Canyon Dam on the Colorado River in Arizona, Flaming Gorge 

Dam on the Green River in Utah, the Navajo Dam in New Mexico on 

the San Juan River, and the Blue Mesa and Morrow Point Dams on the 

Gunnison River in Colorado; 2) construction of participating projects 

in the Upper Basin subject to a finding of feasibility; and 3) 

establishment of the Upper Colorado River Basin fund from apportioned 

power revenues to assist in the repayment of participating projects. 

Arizona vs. California 

In 1930, Arizona had sought unsuccessfully to have both the Boulder 

Canyon Project Act and the Colorado River Compact declared 

unconstitutional as a means of preventing the building of Hoover 

Dam. In 1934, Arizona used National Guard troops to delay 

construction of Parker Dam. Finally, in 1944, Arizona reversed its 

position and ratified the Colorado River Compact. In 1952, Arizona 

initiated suit in the Supreme Court of the United States against 

California and seven public agencies of that State for confirmation of 

title to 2.8 million acre-feet of water from the Colorado River, as 

well as to all the water of the tributaries within Arizona and for 

limitation of use by California to 4.4 maf of water from the Colorado 

River System. The Supreme Court issued a long and complex decision 

in 1963 which is a significant factor in the development of the law of 

the Colorado River, but which has created as many problems as it 

solved. 

Leonard Rice Consulting Water Engineers. Inc. 
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July 31, 1981 
LEA 

DISCUSSION OF THE COLORADO RIVER SITUATION AS IT 
PERTAINS TO WYOMING'S COMPACTED WATER USE. 

The discussion was prepared as asununary of the Colorado River 

regulatory situation and particularly to·· examine Wyoming's allotted 

water use under the Compacts, the Treaty with Mexico, and other constraints. 

Hopefully, it will provide a concise reference to address~many questions 

that continue to arise. The uncertainties involved in arriving at firm 

figures for the beneficial consumptive use of water both present and 

future are noted, as are some of the physical limitations to full use of 

the compact water. 

The Constitution of the State of Wyoming declares the waters of the 

State are the property of the State, and provides for the administration 

of those waters by the State. The Wyoming Statutes provide for the use 

of the State's waters under the appropria.tion doc trine of law whereby 

the earliest appropriator of water for beneficial use has the best right 

to its use. Water appropriation does not convey water ownership, only 

the ownership of a right to the beneficial use of a specified water flow 

rate or of a specified volume of stored water, subject to the laws of the 

State and the physical availability of water to the water right. 

The 1922 Colorado River Compact divided the flow of the river between 

the Upper Basin and the Lower Basin, with the intent to allow 7.5 million 

acre-feet of annual consumptive use 1n each portion. A delivery by the 

Upper Basin of 75 million acre-feet 1n any consecutive ten-year period at 

Lee Ferry, Arizona, is required. Hydrologically., the Upper Basin may not 

be able to consumptively use its allotted 7.5 million acre-feet and still 

deliver the ten-year 75 million acre-feet required, since the long term 

average annual flow at Lee F~rry appears to be less than the 15 million 

acre-feet or more anticipated at the time of the Compact. 

The Upper Colorado River Basin Compact of 1948 apportioned the water 

allocated to the Upper Basin under the 1922 Compact among the States of 
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the Upper Basin. Wyoming is to receive the consumptive use of 14 percent 

of the Upper Basin water, after deducting 50,000 acre-feet apportioned to 

Arizona for its Upper Basin drainage. The apportionment refers to man-made 

~epletions and is restricted to beneficial uses. The Compact also apportions 

the waters of the Little Snake River between Wyoming and Colorado, and the 

waters of Henrys Fork between Wyoming and Utah. 

A Treaty between the United States and Mexico (1944) includes the 

Colorado River. This basically requires the annual delivery of a minimum 

of 1.5 million acre-feet to Mexico. The obligations of the United States 

under this Treaty are protected in the Upper Colorado River Basin Compact 

of 1943. Court decisions and Federal legislation add to the constraints 

of the Colorado River operation. 

The question of how much water Wyoming is entitled to consume from the 

system is not fully answerable at this time. The uncertainties include 

the long-term average annual flow of the river at Lee Ferry, corrected 

for depletions. There are uncertainties and estimations in calculating 

this virgin flow. The average annual flow is apparently less than the 

15 million plus acre-feet anticipated when the 1922 Compact was drafted. 

The 1.5 million acre-feet delivery to Mexico is an obligation of the United 

States, but if there are less than 16.5 million acre-feet of average annual 

flow in the system, there may be a shortage to the Upper Basin Compact 

approtionments. How any shortage will be borne has not been adequately 

defined, beyond the delivery of 75 million acre-feet to the Lower Basin 1n 

any consecutive ten-year period. The unresolved questions of Federal 

reserved rights, Indian reserved rights, and who is to be charged with 

wa~er wasted in order to meet salinity reduction demands further complicate 

the lssue. For water available to future uses, there are uncertainties in 

the estimations of actual depletions, particularly reservoir and stock pond 

evaporation and irrigation consumptive use. 

The Colroado River Storage Project (CRSP) has as one of its purposes 

the provision of storage in above-average flow years to meet the required 

delivery to the Lower Basin of 75 million acre-feet in any consecutive 

IO-year period. The CRSP consists of four units and a total of six reservoirs: 
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Lake Powell, Flaming Gorge, Navajo, Blue Mesa, Morrow Point, and 

Crystal. These reservoirs have a combined storage capacity of nearly 

34 million acre-feet. Power revenues from the CRSP are shared by the 

Upper Basin States to help with the development of the water apportioned 

to the States. CRSP reservoir evaporation is also proportioned among the 

Upper Basin States as a part of the Upper Basin depletions of the Colorado 

River. 

Davis Dam has been constructed as part of the Parker-Davis Project in 

the Lower 3asin for the purpose of storing water to meet the 1.5 million 

acre-feet annual delivery required under the Treaty with Mexico. The 

reservoir, Lake Mohave, has an active capacity of 1,810,000 acre-feet. 

With the storage provided by the CRSP for protection of the 1922 Compact 

delivery to the Lower Basin, and by Lake Mohave for protecting the delivery 

to Mexico required by the 1944 Treaty with Mexico, the Upper Basin States 

should not often be restricted in their Compact water uses. The States 

should, however, consider the long-term average annual virgin flow at Lee 

Ferry in determining their compacted depletions. Depletions based on this 

amount should not be curtailed except in times of severe and prolonged 

droughts. 

Estimates of the total depletion of the system apportioned to Wyoming, 

14 percent of the Upper Basin apPQDtionment, range from 805,000 acre-feet 

to 1,043,000 acre-feet, depending upon the definitions, interpretations, and 

combinations of the above uncertainties. While the larger figure may not 

be realized due to the hydrologic situation, the State believes the amount 

may exceed the lower estimate by a significant amount. 

There are about 445,400 acre-feet per year of surface water now being 

consumed in Wyoming from the Colorado River system. This depletion can 

be broken down as shown in Table I. 

-3-



A-a 

TABLE I 

1981 Green River Basin Depletions_}n ~~yoming"( 

Percent of Percent of 
1981 805,000 

Use 1981 Depletion (Ac-Ft) Depletion Acre-Feet 

Irrigation 254,700 57.2 31.6 

Industrial 70,100 15.7 8.7 

Municipal and Domestic, 
in-basin 4,400 1.0 0.5 

Cheyenne Stage I Diversion 7,200 1.6 0.9 

Livestock and Wildlife 8,500 1.9 1.1 

In-basin Reservoir 
Evaporation 27,500 6.2 3.4 

Wyo. Share of CRSP 
Evaporation 73,000 16.4 9.1 

445,400 100.0 55.3 

*Based on an anlysis by the Wyoming Water Development Commission (wwnC) 

Staff, April 1981. 

The depletions shown in Table I are from all of the Green River drainage -

the Green River and tributaries above Flaming Gorge Reservoir; Blacks Fork 

and its tri~utaries, including Hams Fork; Henrys Fork and its tributaries; 

and the Little Snake River and its. tributaries. 

A summary display of Compact water available to Wyoming and its re

duction by present level uses (1981) and committed uses, with remaining 

water available after each reduction, is given in Table II. Many of the 

entries in this table are,of necessity, estimates. There 1S room for 

disagreement in defining "committed". The "A" section of Table II shows 

between 161,500 and 399,500 acre-feet of depletion remaining to the State 

after present and committed basin-wide depletions are accounted for. The 

"B" section considers only the Little Snake River, with 78,600 acre-feet 

of potential depletion remaining after accounting for present and committed 

-4-
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TABLE II 

Compact Analysis, Green River and Little Snake River Basins* 

All units are acre feet 

Depletions 

A. Available for Wyo. depletion 

1981 Depletions (from Table I) 445,400 

Remaining depletion for Wyo. 

Connnitted uses: 

Exclusive of Little Snake 
River, estimated 
Little Snake River (see 
below), estimated 

Total connnitted depletion 

Remaining depletion for Wyo. 

B. Little Snake River, remaining 
flow depletable by Wyo. 

Committed Little Snake River 
uses: 

Irrigation, permitted, 

100,000 

98,100 

198,100 

undeveloped 20,100 
Stage II, estimate 20,500 
Stage III, estimate 30,000 
New reservoir yield, estimate 27,500 ---:.----
Total Little Snake River 
committed depletion 

Remaining available for Little 
Snake River depletion 

C. Remaining for compact depletion 
from Green River, Blacks Fork, 
and Henrys Fork, assuming 
that the remaining Little 
Snake River compact water 
(78,600 ac-ft) is developed 
from the Little Snake River 

98,100 

Little Snake 
River Water 
Available 

176,700 

78,600 

*Adapted from an analysis by the WWDC Staff, April 1981. 
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Compact Depletion 
Allotted to Wyoming 
Low Est. High Est. 

805,000 1,043,000 

359,600 597,600 

161,500 399,500 

82,900 320,900 
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depletions. The "c" section shows between 82,900 and 320,900 acre-feet 

of potential depletion for the rest of the basin if all of the 78,600 acre

feet of depletion remaining to the Little Snake River was developed from the 

Little Snake River. 

The potential depletion remaining for Wyoming use, 161,500 to 399,500 

acre-feet, can be developed from any of the streams where sufficient un

appropriated water is physically available. The key to how and where it ~s 

to be developed lies in the water rights system for appropriation of water 

for beneficial consumptive use. Apart from a portion of the Green River 

main stem under the provisions of the 1974 Fontenelle Contract, there are 

no restrictions upon where water can be diverted from the streams. "First 

in time is first in righttr for appropriation of water. In reality, con

sidering water availability, most of the remaining uncommitted Compact 

water (Table II,Section C) will probably be developed from the Green River. 

Much of the remaining 78,600 acre-feet of uncommitted Little Snake River 

depletion will likely be developed from that basin. If not, it will be 

lost to Wyoming use and the demand to meet water needs will fallon the 

remaining streams in the Green River Basin. The depletion of water from a 

given stream will obviously reduce the remaining Compact water, and the 

depletion of that amount from the other streams will be foregone. 

Only a limited amount of future water needs can be met in the Basin 

without further storage development. Some storage space in Fontenelle 

Reservoir is still available for purchase. The reservoir has 190,250 

acre-feet of designated active storage, but due to the "as built" rip-rap 

situation, only about 154,000 acre-feet of the active storage can be 

utilized. The bulk of the runoff in the basin coincides with the spring 

snow melt and, except for two or three months, the flows are relatively 

low for the remainder of the year. Unless storage space is available to 

capture water during the high flow period, future industrial and other 

uses requiring a steady supply are precluded. Most of the irrigation 

potential for large users has been developed, and future developments 

would require storage to be effective. 

Stages I, II, and III of the Cheyenne Project incorporate storage, 

although it ~s out of the basin. The Stage III concept has been expanded 
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to include storage in the Little Snake River basin for in-basin uses. 

Proposals for major additional storage in the Green_River Basin have 

not been acceptable to the general public. Fontenelle Reservoir, even if 

all 190,250 acre-feet of active storage space was available, could not 

have much impact on the roughly one million acre-feet annual flow in the 

Green River. The uncaptured Green River runoff can only flow out of the 

State and be lost to Wyoming use, unless storage space can be acquired 1n 

Flaming Gorge Reservoir and the water pumped back to its place of use. 

This approach appears to be uncertain at this time. 
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Estimates of Wyoming's Colorado River Compact water supply!l, 
Green River Basin, Wyoming 

Acre-Feet per Year 

I. State of Wyoming 

Ao Based upon Article III (a) of the Colorado 
River Compact and the Upper Colorado River 
Compact: 

Upper Basin Supply 
Arizona Upper Basin Share 

Wyoming's 14% share (salvage neglected) 

Bo Based upon Ro Jo Tipton's Development of 
Present.l y Unused Water Supp 1 ies of the 
Green River Basin in Wyoming, October, 1972, 
Tipton and Kalmbach (15). Water supply 
estimate and Article III (d) delivery 
requirements of 75,000,000 acre-feet each 
consecutive lO-year period: 

Upper Basin Supply 
Arizona Upper Basin Share 

Wyoming's 14% share (salvage neglected) 

The Mexican Treaty delivery has not been 
calculated. The Upper Basin has not agreed 
with the accounting of Lower Basin use~ losses, 
and tributary water flows and uses o PL 90-537 
(Colorado River Basin Project Act, Section 202, 
1968) declares the Mexican Treaty water 
deliveries to be a national obligationo 

110 U.SoBoRo - Most severe water supply hypothesis 
Ao Based on the assumption that the Upper Basin 

must deliver 750,000 acre-feet per year 
to Mexico under Article III (c) plus the 
delivery required by Article III (d)o 

Upper Basin Supply 
Arizona Upper Basin Share 

Wyoming's 14% Share 
Salvage (reduction in channel losses) 
Relief from Mexican Treaty 

.1/ Source - Wyoming Water Planning Program 

7,500,000 
50,000 

7,450,000 

1,043,000 

6,300,000 
50,000 

6,250,000 

875,000 

5,800,000 
50,000 

5,750,000 

805,000 
31,000 

105,000 
941,000 
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KIRKLAND & ELLIS 

MEMORANDUM 

Dale E. Book, NOV 3 
Leonard Rice Consu 1 t ing \-Ja ter Engineers, Inc. 0 

Raymond L. Petros ~ 
November 29, 1982 

Mil1.imum S treamflows in vJyoming 

Upper Green Rjv\~r Study 

QUESTION: What is the status of instream flow rights under 
Wyoming law? 

* * * * * 

1982 

In Wyoming, there are no express statutes authorizing 
appropriative rights for minimum streamflows, either by state 
agencies or by private parties. There is also no legislation 
which reserves or withdraws a certain percentage of the flows in 
Wyoming rivers for minimum streamflows. See Comment, "Statutory 
Recognition of Instream Flow Pres~rvation~--A-Proposed Solution 
for Wyoming," 17 Land and Water L. Rev. 139 (1982) [copy attached]." 
Several instream flow bills have been introduced in the \vyoming 
Legislature during recent years, but none of them have man.aged to 
gain passage. 

The Wyoming 311preme Court has not addressed the Lssue 
of whether appropr.iations can be made for minimulu s treamflows . 
It has not, for example, decided ·whether a diversion from the 
stream is necessary to an appropriation, or ~lether an appropria
tlon for instream uses is a beneficial use. As you are probably 
awar~, there has been a split amon3 the western ap?cof)ciative 
states over these issues. Se_~, K~.r!~~~l_lY, Commen.t, "Statutory 
Recognition ot Instrcam Flow Preservation," supra. --.. - --

In t his r e!J a r d, I not e t ha t T~. S. 1 9 7 7, § 41- 3 - 101, TN'h i c h 
defin(~s the nature of water rights and beneficial use) docs not 
contain an p.xpli,~it requirement .tor a di\TE=;rsion. Also, as dis
cussed later, W.S. 1977, §41-2-ll2(a), appears to recognize 
ins tream flows as a beneficial us(~ in connection with water 
proj ects developed by th,~ Hyoming Water Development Commission. 
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In any event, I was informed by Mr. Larry Wolfe, Assis
tant Wyoming Attorney General for the State Engineer and the 
Commission, that the per.vasive attitude in WyomLr.18 is that 
specific statutory authorization would be required before the 
State Engineer. would approve a permit for minimu'll stceamflows. 
The State Engineer, however, has sanctioned incidental reservoir 
releases for minillum st-reamflowH pursuant to an agreement between 
the appropriator and the United States Forest Service. 

Absent special statutor.y r~cognition of minimum stream
flows, it is theoretically possible that suc~ ~lows could be 
required by the State Engineer as a condition for obtainirig a 
permit to initiate an appropriation for other purposes. The 
Wyoming Gons titution and the rele'J'ant statute:> pc"rmit the State 
Engineer to deny permits on the basis that th8 proposed appropri
ation would be detrimental to the public interest. Wyo. Const. 
art. 8, §3; and W.S. 1977, §4l-4-S03. I was informed by the 
Mr. Wolfe that no tn.i.nimllm st-reamflows have yet been required by 
the State Engineer, and that no rules or regulations currently 
define the situations in which the State Engineer would do so. 
Mr. Wolfe also stated that, in his opinion, the current State 
Engineer would never require minimum streamflow releases ~vi thout 
an express legislative directive to do so at the permitting 
stage. 

It can also be argued that state agencies, such as the 
Wyoming Game and Fish Commission, have implied powers to initiate 
appropriations for minimum streamflows in order to accomplish 
their statutory mandates. For example, the Game and Fish Commission 
is "directed and empowe"red" to "acquire lands and waters in the 
name of Wyoming" for fish and wildlife purposes. See W.S. 1977, 
§23-1-302(a)(iii). These powers might be interpreted as author
izing the Game and Fish Commission to make minimum streamflow 
appropriations, although the cited section, perhaps signifi-
cantly, does not specifically e.numerate mi!:1imum streamflow appro
priations as a means for acquiri.ng waters for fish and game 
purposes. 

Another source of authority for minimum st'reamflows 
might be the enabling legislation for the Wyoming Water Develop
ment Program by which the Wyoming Water Development Commission is 
authorized to identify and select water development projects. 
W.S. 1977, §4l-2-ll2 (1982 Supp.), states in pertinent part: 

"The program shall encourage development of water 
facilities for irrigation, for reduction of flood 
damage, for abatement of pollution, fo~ ~~~?r~~
~~o_na: ~~ ~e~§.1:.q£~7n~ o~ f~s~ an4. w~1..4!:.fi£~ &l~o_ur£e.2.. 
[at!_l £o~ ~~~~ct ~9n anc! l.mpro~<:.~~!!!:. 2.- PUD ~c 
lands and shall help make available the waters of 
thfs-state for all beneficial uses, including but 
not limited to municipal, domestic, agricultural, 
industrial, instream flows, hydroelectric power 
and recreationaf--pu"rpos-es; reservation and land 
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resources and protection of the health, safety and 
general welfare of the people of the state of 
~.Jyoming." [Emphasis added.] 

Elscwher f;, the same statute requires the Commis!3ion, when devel
oping financing for deve lopment proj ects, to "empha,~ ize roul ti
purpose water projects for rnaxim:.lm benefits and cost allocation" 
and also requires financing plans to reimburse e>e:penditures of 
state funds, (~xcept "as such expenditures may be :'llLJcated to a 
state heneEit, ineludin8 enhancement ot fish and wildlife habitat 
for recreation .... " Consequently, these statutes :nay be inter
preted as imposing a duty l.lpOn the Commission to structure rwlatcr 
development proj ects in order to fos ter minimum 8 tt'(~~mflows for 
fish, wildlife, and recreational purposes. 

The foregoing disc"c.lssion does not take into account the 
role that the federal government may have in requiring minimum 
streamflow ·.releases. As you know, the federal government may 
claim federal reserve water rights for minimum streamflows or 
attempt to appropriate such flows as a matter of federal law. 
Also, the federal government may require the minimum streamflows 
as a condition for federal right-of-way permits for the construc
tion of reservoirs on federal land or as a condition of federal 
financing. 

W:ro~ing statutes do not explicitly authorize appropria
tions for m~n~mum streamflows, and, absent such express legislation, 
is unclear T"mether such appropriations can be lawfully made. 
However, minimum streamflows could, theoretically, be required by 
the State Engineer at the permitting stage if he deems it to be 
in the public interest, and instream flow recognition may be 
statutorily required of any project sponsored by the Wyoming 
Water Development Commission. If federal lands are involved, 
minimum streamflows would likely be protected either as a 
condition for obtaining right-of-way permits, or financing from 
the federal government, or because of federal reserve rights or 
federal appropriative rights in the affected streams. Thus, in 
studying the various reservoir sites for the Upper Green River 
Study, you should probably assume that some type of minimum 
streamflow preservation would be required for the development of 
a new reservoir, especially if the federal government is somehow 
involved. 

cc w/encl. Dean L. Swartz, Arix. 
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DATE: 

RE: 

FILE: 

KIRKLAND & ELLIS 

MEMORANDUM 

Dale E. Book, 
Leonard Rice Consulting Water Engineers, Inc. 

Raymond L. petros~ 
November 29, 1982 

Pre-1945 Surplus '\vater Rights for Irrigation 

Upper Green River Water Study 

~l' 
t.::. CI::-'" 
/ o.!:=:' ";~ j::-D 
-.1 , .f' ' .. , 

'; 'I:." 

QUESTION: How are pre-19 /+5 surplus water rights administered in 
~.J'yoming? Should these rights be considered when deter
mining how much water is available for future appropri
ations on the Upper Green River? 

* * * * * 
Early Wyoming law established a duty of water for 

direct-flow rights for irrigation of 1 c.f.s. for 70 acres. See 
W.S. 1977, §41-4-317. However, when there was water in a stream 
in excess of the total amount of appropriations, the excess could 
be divided proportionately among the appropriators in excess of 
I c.f.s. per 70 acres if it could be beneficially used. See 
W.S. 1977, §4I-4-317. 

During the 1930's and 1940's, senior appropriators 
apparently became concerned that the growing number of appt'o
priator~ would make less and less of this surplus water available 
for their use. See Comment, "Determining Ql.1antity in Irrigation 
Appropriations, 4Land and Water L. Rev. 501 (1969) [copyencl()sed 
for your information]. Consequently, in 1945, the Legislature 
passed an act (the vJyoming Surplus '-later Lavl) providing that 
water flowing in a stream in excess of the total amourtt required 
by appropriators \vith ri8~1ts pr Lor to Harch I, 1945 was surplus 
water and that a right to use this surplus water at a rai:e. of an 
additional I c. f. s. for every 70 acres \vo1.l1d attach to all cii..rect 
flow water rights in being on ~'Iarch 1, 1945. See w. s. 1977, 
§ §4l- lt--318 through 41-4-324. -

All appropriators who qualified to use s'Jrplus ,"vater 
have a priority of March 1, 1945 for the surplus, and they are 
entitled to a priority senior to any water right acquired after 
Harch 1, 1945. In cases where there is surplus water available, 
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but an insufficient quantity to allow each appropriator to get 
the maximum allowable, then each pr~-1945 appropriator is allowed 
the same proportion of the surplus as his rights to the total 
quantity appropriated from the stream by other pre-1945 users. 

The practical effect is that appropriators with priori
ties before l1arch 1, 1945 for direct-flow irrigation can, through 
the Surplus ~~ater Law, get up to 1 c.f.s. per 35 acres--twice as 
much water as originally adjudicated by the state. Post-1945 
appropriators, however, are still subject to the original statu
tory limitation of I c.f.s. for every 70 acres, unless there is 
excess water available for all appropriators. See W.S. 1977, 
§4l-4-3l7. 

The best stateluent of how these pre-1945 surplus rights 
are administered can be found in a Wyoming Attorney General 
Opinion, a copy of which I have enclosed for your review. See 
1964 Op.Wyo.Att'y Gen., No. 29, p. 373 (May 4, 1964). This 
opinion was paraphrased by the Wyoming Supreme Court in Budd v. 
Bis9:.2E., 543 P.2d 368 Ovyo.S.Ct. 1975), as follows: 

The Defendant [the State Engineer and subor
dinate officials] consistently have interpreted 
the Wyomin8 Surplus ~~ater Law to the end that each 
water right with the priority date of March 1, 
1945 or ear1ii~r, is entitled to divert water in 
the volume of two cubic feet per second of time 
for each 70 acres of land before any water is made 
available to the holder of a water right with the 
priority date after March 1, 1945. If there is 
not sufEi.cient water to furnish two cubic feet per 
second to each pre-March 1, 1945 water right, but 
more than enough to furnish one cubic foot per 
second to each of such rights, then the surplus 
water is divided among those rights~on a pro rata 
basis. If there is so little water that each 
pre-l1arch 1, 1945 right cannot receive one cubic 
foot per second, they are regulated on a strict 
priority basis. Should there be sufficient water 
to furnish two cubic feet per second for each 
70 acres of land to the pre-March 1, 1945 water 
rights and to fu rnish one cubic foot per second 
for each 70 acres of land for the post-March 1, 
1945 water rights, and should there be excess 
water b~yond that, it is allowed to the post
March 1,- 1945 appropriator.s up to the extent of 
two cubic feet per second of tLue for each 70 acres. 
This irlterpretation, consistently applied by the 
State Engineer, was supported by an opinion of the 
Wyoming Attorney General dated May 4, 1964 .... 

543 P. 2d at 370. In Bu~q y.~ Bi~~,?2.' a constitutional challenGe 
was made to the surplus water:- statute on various grounds, includ
ing that it abolished the priority system in. awarding the surplus 
water rights, which arc administered on d pro rata basis. The 
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Supreme Court dismissed the lawsuit on the basis that the plain
tiffs did not have standing to make these constitutional chal
lenges on the statute, and it therefore, did not address the 
question of whether the statute is unconstitutional. 

Thus, direct-flow, irrigation rights prior to March 1, 
1945 arc administered in priority up to 1 c.f.s. per 70 acres. 
If there is surplus water available after such use, then the 
water is prorated among the pre-1945 users up to 2 c.f.s. per 
70 acres if they can beneficially use the water. If there is 
still water available, then it is distributed in priority to 
water users with priority dates after Harch 1, 1945, and in the 
case of direct-flow irrigation rights, it is limited to an amount 
equal to 1 c.f.s. per 70 acres. If excess water is still avail
able after satisfying all appropriators on the stream, then such 
excess water can be divided pro rata among the post-1945 irri.ga
tion users up to 2 c.f.s. per 70 acres. Unlike the pre-1945 
surplus rights, however, the post-1945 excess rights can be 
defeated by new appropriations on the stream ~1ich can place a 
demand on the stream for that water. 

It has long been \-lyoming law that a water right is 
~imited to the amount actually beneficially used, even though a 
larger amount of water has been adjudicated or established by 
statute. Se~ Bas~l! E1~~~ri~ Pow~~ COQP_~!..~~iv~~. StC!,te Boar~ of 
Control, 578 P.2d 557 (Wyo. S. Ct. 1978). Consequently, prc-1945 
surplus water right can presumably be forfeited by nonuse just 
like any o~her ~ater right. See 1964 Op.Wyo.Att'yGen. No. 29, 
p. 373 (May 4, 1964); and Bu~q v~ Bi~~2P_, su~~~. 

CONCLUSION 

Pre-1945 suprlus water rights are vested rights which 
you should take into account in your compute-c program for: stream 
forecasts on the Upper Green. I was told by Mr. Larry Wolfe, 
Assistant Wyoming Attorney General representing the State Engineer 
and the Wyoming Water Development Commission, that it is unlikely 
that the State Engineer would eV'et' ~ring a concerted action to 
forfeit these water rights. Consequently, the State must eOrlsider 
them as vested rights which can be used. 

Inclusion of pre-1945 surplus water rights within your 
stream forecasts, however, may result in a fi~dLng that no 
unappropriated water exists in the riVet' for new storage, even 
though in reality there is such water available. I ::-tave mentioned 
this problem to Hr. Wolfe and he stated that a new permit has 
never been denied, to his kn~wledg~, in \.]yoming because tht:re was 
no longer any unappropriated water in the stream. He felt, 
though, that if this should ever become an issue, the State 
Engineer t".,vould cons ide!' streamflows based on both the amount of 
paper water rights and thf; amount oE water that the ap) 1. icant can 
actually show was put to use by irrigators along the stream. 
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It would be my recommendation, therefore, that pre-1945 
surplus water rights be factored into your computer runs of 
stream forecasts, but that also a study be done as to the actual 
amount of water appropriated from the stream, based on actual 
irrigated acreage and the water requirements for such acreage. 
Both of these methods would be useful for determining whether a 
particular project is feasible and also would be useful at the 
permittins stage should the issue arise as to whether there is 
unappropriated water available for a new storage appropriation. 

cc w/encl. Dean L. Swartz, Arix. 
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KIRKLAND & ELLIS 

MEMORANDUM 

Dale E. Book 
Leonard Rice Consulting ~vater Engineers, Inc. 

Raymond L. Petros 

November 29, 1982 

Forfeiture of Wyoming Water Rights 

Upper Green River Study 

How are unused water rights forfeited in tvyoming? 

* -!( * * * 
W.S. 1977, §§41-3-40l and 41-3-402 (copies attached) 

provide that when any appropriator has failed, intentionally or 
unintentionally, to use surface, underground or reseI;voir water 
appropriated by him, whether under an adjudicated or unadjudi
cated right, for a period of five successive years, an action may 
be brought before the state board of control to declare a for
feiture of the unused water right. 

Forfeiture, though, is not automatic after five years 
of nonuse. Forfeiture is only effective when a formal declara-
t ion of forfeitl~re is ob tained from the State Board of Control. 
Stu~g~2.I!. v._ B~9..C?~s_, 73 Hyo. 436, 281 P.2d 675 (1955); and Ho~_~~ 
Creek Conservation Dist. v. Lincoln Land Co., 54 Wyo. 320, 92 
P. 2d-5n-{I939f:- -Ir--the use at -tIle water -[s r(~sllmed after five 
years of nonuse but before an action is instituted to forfeit the 
water rights) the water right cannot be subject to forfeiture. 
St=.£ ~!=ur_ge_t?l! Y..:. B~o_~~.~, suJ>_~~, and liS?~~~ Cr_t?:~~ C2.~~_~~~~~~o_t! D:!:sJ;.. 
v. Lincoln Land Co., sURra. See also W.S. 1977, §41-3-~02(c) and 
(f)-.-ConsequentlY, absent a declaration-of forfeiture, or until 
a forfeiture proceeding has been initiated; the owner of the 
water right still retains title to the water right and is justi
fied in his resumption of the use of the wat~ r. ·.eight. Se~ S~ll:.r:..8.~<?}l 
y:_ Bro~~~, S~_~r:!. 

A forfeiture proceeding i.n..'ly be initiated by a "water 
user who might he affected" by a declaration of forf.'ei.ture. In 
determining which wat~;!r Ilsers might be "affected," the Hyorning 
Supreme Court has held thr1.t an fiction fo·c forfeiture can only be 
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initiated by another user who can clearly show that he will be 
benefited by the forfeiturc--in other words by a junior appro
pri.ator who can show he would otherwise obtain the water. See 
Ho;:.~~ C~ee~ Cl~ __ r~~~~~~~~_~~ Q.~~_~. v .. Li~~Q.~Il !-=-C!~<i Co., ~l~ra. See 
a~so Note, "Forfeiture of ~-/ater Rights in Wyomine", 14 \,Jyo. 
L.J. 51 (1958). 

The state engineer can also initiate forfeiture proceed
ings, but he only rarely docs so because of manpower restrictions 
and the obvious politic::!l fallout. I was informed by Mr. Larry 
Wolfe, Hyoming Assistant Attorney General, that he was aware of 
only three or four occasions t-lhen the state engi!lect' has ever 
initiated fot'feiture proceedings. 

Forfeiture is determined by the 1,Jyoming Board of Control 
after notice to all interested parties and after a hearing. The 
burden of proving the nonuse for five years is on the party 
initiating the forfeiture proceedings. The burden of proving 
that water was not available, which would excuse the nonuse, is 
on the water user. See State Board of Control v. Johnson Ranches, 
Inc., 605 P.2d 367 (Wyo. S~-Ct.-r9g0)-.- -----.-- - -.--- -_. __ ._-

It would appear that prc-1945 surplus water rights are 
subject to forfeiture, just like other water rights. See Budd v. 
Bis~2P._' 543 P.2d 368 (\-/yo. S.Ct. 1975). Se~ al~o 19640p. Wyo.-
Att y Gen, No. 29, p. 373 (May 4, 1964). 

Forfeiture, as set forth in these statutes, should not 
be confused with the doctrine of abandonment, which depends upon 
a showing of an in~~~~ on the part of the water user to abandon 
his water right. In abandonment proceedings, no specific period 
of nonuse is necessary, although lengthly nonuse may be relevant 
for purposes of establishing the intent to abandon. Also, once 
abandoned, a water right cannot be resurrected by a resumption of 
use. Wyoming law is now unclear whether the statutory forfeiture 
procedures preclude traditional actions for abandonment. There 
is no statute expressly authorizing the state engineer to initiate 
abandonment proceedings, other than through forfeiture, or granting 
jurisdiction to the State Board of Control to determine abandon
ment. See Pa;:.~~al ~ v. C0T.!E.~r_, 22 Wyo. 385, 143 P. 302 (1914); 
Note, "Forfeiture of Water Rights in Wyoming," s~ra. 

cc w/encl. Dean R. Swartz, Arix. 
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APPENDIX B 

Report By Earth Sciences Associates 



Preliminary Geotechnical Evaluation 

Upper Green River Project 

A preliminary geotechnical evaluation was made of site conditions for eight 

potential dam sites under consideration in the Upper Green River Project area. 

This evaluation was based on existing reports on specific dam sites, regional 

geologic mapping and brief field inspections during September and October 1982. 

The purpose of this evaluation was to support comparisons of project alterna

tives and to select the best projects for feasibility analyses. This report is 

limited to general field conditions since no attempt was made to differentiate 

rock types or formations in the foundation and reservoir areas or to define 

specific borrow areas or quarry sites. 

In general, three dam sites are situated in rolling plains type terrain and 

five sites are in mountanious terrain at higher elevations. The three plains 

sites are underlain by relatively soft rocks of the Wasatch Formation. This 

indicates that foundations materials will have generally less strength and that 

the potential for development of high foundation pore pressures is generally 

greater. In contrast, the higher elevation sites are underlain by hard, relative

ly strong sedimentary rocks with some exceptions. At the plains sites construc

tion materials appear to be limited primarily to finer grained soils (sands, 

silts and clays) although terrace gravels may be present in adequate quantities. 

Potential sources of rip rap for slope protection were not observed at or near 

the three lower sites. At the higher elevations, glacial deposits and terrace 

gravels will probably provide good sources of shell or homogeneous fill material 

and fair to good rock sources are probably available for rock fill and rip rap. 

Sources of cohesive soils for core zones appear to be generally scarce. 

In general, plains sites will probably require embankments with flatter 

slopes because of the relatively weak foundations and may require carefully 

designed seepage control measures such as blanketing, to control foundation 

pore pressures. Reservoir losses from seepage should not be a major problem 

unless there is a high percentage of soluble minerals that could result in in

ternal erosion. This condition was not observed at any of the three sites, 
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but gypsiferous units were noticed in the vicinity and could be present. Spill

way requirements will be less severe at the plains sites because they are off

stream storage sites. In contrast, the higher elevation embankments can prob

ably be designed with steeper slopes, but larger spillways will be required and 

excavation and stripping will be more expensive involving at least some rock 

excavation. 

The following is a brief description of each of the eight sites evaluated. 

67 Reservoir Site 

This existing dam and reservoir is situated in low rolling terrain, prob

ably underlain by Wasatch clay shales interbedded with sands. There are indi

cations of seepage at and below the downstream toe of the main embankment and 

saddle dike. This suggests that seepage control measures would be required if 

the embankments are raised or modified to control foundation pore pressures and 

possible internal erosion. The existing embankment characteristics as well as 

the foundation need detailed exploration to determine how they can be incorporat

ed in a new embankment. Slope protection will be required against wave action. 

There was no obvious source of rip rap observed in the vicinity of the site and 

the nearest source is unknown. 

McNinch Site 

The foundation at this dam site appears to be primarily soft clay shales 

probably interbedded wi th sands that are nearly flat lying. There is also a 

thin appearing veneer of terrace gravels on the abutment ridges. An embankment 

50 to 60 feet high will require detail exploration and testing to determine foun

dation strengths and permeabilities. Conditions that would indicate significant 

reservoir losses by seepage were not observed during the brief site visit. Fine 
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grained soils appear to be readily available for embankment construction. Free 

draining shell, filters and drain materials may be scarce. However terrace 

gravels may be thick enough along the western rim of the reservoir to provide 

a good source of shell material. Spillway requirements may be minimal but will 

require protection against erosion. Sources of rip rap for slope protection were 

not observed in the vicinity. The reservoir rim appears to have no major stabil

ity problems. 

Sand Hill Site 

Conditions at the Sand Hill site appear to be very similar geologically 

to the 67 Reservoir and McNinch sites. Test holes drilled in 1950 indicate 

sands and soft shales with about 30 feet of unconsolidated alluvium beneath the 

stream channel. A soft friable, sandstone is reported above elevation 7150 feet 

that is + 40 feet thick and reportedly extends around the reservoir rim. The per

meability was estimated to be 1000 gpd/ft
2 

or 49,000 ft/yr. This is an excep

tionally high permeability for the Wasatch Formation and is at least question

able since no permeability tests ,.;rere reported. A permeability almost an order 

of magnitude (1/10) lower might be more reasonable and if so, reservoir losses 

would not be a problem as feared in the existing report. Even if the higher 

permeability exists, reservoir seepage losses (not including initial seepage 

losses and bank storage) are estimated to be less than 5 percent of maximum stor

age. At all of the plains reservoir sites there will be a high initial seepage 

loss during the first filling to saturate soils beneath and arQund the reservoir 

until a relatively stable regional ground water mound is established. 

Snider Basin Site 

At Snider Basin, t,.;ro sites were visited: one upstream from the confluence 

of Porcupine Creek near the Pioneer Graves; and one downstream about 2000 feet 

below the confluence of Coal Creek on South Piney Creek. The upper site has a 
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broad alluvial channel section 800 to 900 feet wide that might require a cutoff 

wall in excess of 50 feet deep to control seepage. The right abutment consists 

of both bedrock and unconsolidated terrace gravels. The long narrow right abut

ment ridge could have a very high seepage potential and may require blanketing 

for control. Spillway conditions may be poor because of terrace gravels cap

ping the right abutment ridge. Another alternative would be through a low 

saddle north of the left abutment to Darby Creek, but this might require a deep 

excavation (~40 feet). 

The lower dam site has a channel section about 200 feet wide and alluvial 

fill probably averages about 10 feet deep. The foundation consists of interbed

ded sandstone siltstone, limestone and claystone dipping about 450 upstream. 

The right abutment is a broad, hogback spur formed by more resistant rocks. 

The left abutment consists of the same rocks with more uniform slopes. A good 

side-channel spillway site exists around the right abutment, across the spur 

ridge. Surficially, this site appears to be the best in the project area from 

a geotechnical standpoint. Limestone units are present but no solution cavities 

were noticed, which will be investigated more closely if this site is selected 

for feasibility analysis. In general seepage conditions appear to be minimial. 

No reservoir rim stability problems were observed. 

The primary problem with the lower Snider Basin Site is a possible scarcity 

of impervious core materials. The terrace gravels in the reservoir area would 

probably be good shell material and probably have enough fines for a homogeneous 

embankment. Rockfill and rip rap sources appear to be readily available. 

Fish Creek Site. 

Generally good foundation conditions prevail at this site below the narrow 

alluvial valley starting from about the middle of the northeast quarter of sec

tion 27. Consolidated, strong sedimentary rocks composed of sandstone, limestone, 

shale and siltstone that dip 350 to 400 upstream compose the foundation. The 
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alluvial channel fill along the creek is generally 200 feet or less wide and 

the alluvium is probably less than 15 to 20 feet deep. A side channel spillway 

around either abutment may require relatively deep rock excavation. Good sources 

of homogeneous fill material appear to be present in the reservoir area. Rockfill 

and rip rap sources appear to be available at or downstream from the dam site. 

Reservoir seepage losses should not be significant and the reservoir rim appears 

to be stable. Overall, the Fish Creek Site is one of the better sites available 

from a geotechnical standpoint. 

South Cottonwood Site 

The foundation rocks beneath the site are complex structurally and are 

mapped as the Twin Creek Limestone. Rocks generally dip upstream at about 400
, 

but are deformed into an overturned anticline. Also, a small thrust fault re

portedly passes beneath the site. In addition there are gravelly terrace de

posits covering most of the broad gently sloping right abutment. The depth of 

these deposits are unknown and could contain a deep buried channel. The terrace 

deposits along with the limestone could result in seepage problems that would 

be difficult and expensive to control. There also appears to be some minor 

unstable slopes above the left abutment. Spillway conditions may be relatively 

poor, requiring lining to protect against erosion. Sources of construction ma

terials appear to be similar to the Fish Creek and Snider Basin sites. Overall 

this site appears poor in comparison to the Snider Basin and Fish Creek sites 

from a geotechnical standpoint. It appears to be generally be.tter than the 

La Barge and North Piney Creek sites although subsurface exploration could prove 

this opinion to be wrong. 

La Barge Meadow Site 

Foundation conditions at this site are relatively complex and several po

tential geotechnical problems would require careful investigation to develop 

adequate design criteria. The left abutment area is formed by a dip slope of 

thinly bedded Aspen Shales that strike parallel to the stream channel and dip 
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toward the stream channel parallel to the abutment slope. High foundation pore 

pressures can potentially develop along bedding planes and seepage control mea

sures will be required. Undercutting of the dip slope during foundation prepar

ation (stripping and excavation of a core trench) can cause severe slope stabil

ity problems. 

The right abutment consists of deep glacial materials. Surficially, they 

appear to have a low permeability as evidenced by perennial ponds on the sur

face of these deposits. However, the glacial deposits may be underlain by high

ly permeable stream channel deposits that could result in reservoir seepage prob

lems. In addition the Madison Limestone may underlie the western part of the 

glacial deposits. 

Structurall~ the immediate- vacinity of the dam and reservoir area is very 

complex. Several major faults including the Absoroka Thrust Fault, intersect in 

this area. This could enhance the severity of foundation strength and seepage 

problems. The best spillway site is across the glacial deposits around the 

right abutment. The spillway would require protection against erosion. 

Sources of construction materials are similar to the previously described 

mountain sites. A possible exception is that rockfill and rip rap sources may 

be more remote. No potential quarry sites were observed in the immediate vicin

ity of the dam site. 

Overall there are many potential geotechnical problems with this site that 

are very difficult to quantify without detailed exploration. Relative to other 

sites and the size of the dam and reservoir, a much more detailed exploration 

and testing program would be required to develop adequate design criteria. It 

is obvious that the risk is very high ln performing a feasibility analysis of 

a project incorporating this site, based on surficial work alone. Both design 

costs and construction costs could be much higher than can be logically esti

mated at this time. 
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North Piney Creek Site 

An attractive reservoir site on North Piney Creek was inspected as an 

additional alternative. A massive landslide (or series of slides) forms the 

left abutment of this site and extends over 2 miles upstream along the left side 

(northeast side) of Apperson Creek. Immediately upstream from the dam site the 

landslide blocked the stream which has since breahced the slide by erosion. The mas

sive nature of this landslide suggests the possibility of a seismically induced 

event along with other mechanisms . .'(This further suggests that seismic design 

cri t'eria should be analysed carefully for all dams planned in the region.) The 

landslide material appears quite clayey with a low permeability. The channel 

and right abutment foundations consist of strong sedimentary rocks that dip up

stream at 25 0 to 300
+ and strike at a small angel to the stream channel. The 

best location for a spillway is around the right abutment. Slopes at this site 

are relatively steep and would require a deep excavation. Good sources of con

struction materials appear to be generally available. 

The landslide does not preclude safe dam construction, but it would be 

relatively costly. In addition to careful stability analyses and foundation 

preparation, the steep side slopes of the canyon upstream consisting of land

slide debris, would have to be extensively regraded to stabilize slopes to pre

vent blockage of the outlet. Also, part of the northeastern reservoir rim would 

probably require stabilization to prevent remobilization of slide material, par

ticularly during reservoir drawdown. As at the La Barge Site, -construction cost 

estimates at this site based on surficial information above,must be considered 

extremely weak. 
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APPENDIX C 

Agency Responses 



United States 
Department of 
Agriculture 

r 

Mr. Dean L. Swartz 
ARIX Corporation 
609 East Madison 
Suite 1 

LRiverton, WY 82501 

Dear Mr. Swartz: 

Forest 
Service 

Bridger-Teton 
National Forest 

A R I X 
DEC 15 1982 

RJVERIQN .. WYOMING 

Box 1888 
Jackson, WY 83001 

Reply to: 1560 
2540 

Date: DE C 14 1982 

In response to your request of November 9, 1982, we are providing the follow
ing comments concerning those potential reservoir sites located on the 
Bridger-Teton National Forest. At the outset I need to make clear that our 
comments are preliminary in nature, primarily addressing the major management 
concerns we are able to identify at this time. Should any of these sites be 
selected for further evaluation we would need more detailed information before 
any decision could be made. 

For ease of reference we have grouped our responses into those applying to all 
sites and others which are more site specific. For all the sites, the Forest 
Service concerns can be subdivided by resource categories as follows: 

Recreation - Visual - Cultural - Historic Resources 

There will be a need for recreation development planning to accom
pany dam construction planning. 

The drawdown effect on the shoreline scenery will need to be evalu
ated. 

A cultural resources survey and evaluation conducted by a qualified 
source will be required. This survey must be cleared by the Forest 
Service Regional Archeologist as well as the Wyoming State Historic 
Preservation Officer. 

Range Resource 

Each proposed reservoir will create access problems for cattle 
trailing to ranges surrounding or upstream of the sites. 

Transportation System 

For all sites other than Fish Creek main access routes onto the 
National Forest would have to be relocated. 

FS-6200-11 b (7/81) 
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Scarcity of material sources for the dam would create long distance 
hauling and traffic problems. 

Wildlife Resources 

There will be a significant loss of prime riparian habitat for many 
species including moose and deer. 

Instream flow needs, downstream of the reservoirs, must be taken 
into account. 

The possible disruption of big game migration routes and loss of key 
habitat will have to be evaluated. 

Watershed Resource 

The geologic stability of shoreline slopes saturated by the reser
voirs needs to be thoroughly evaluated. 

The potential for excess shoreline recession will have to be ana
lyzed. 

The construction impact upon water quality must be considered. 

Oil and Gas Development 

All the sites have the potential of occurring within existing, such 
as the Riley Ridge project, or future oil and gas field develop
ments. Coordinated advance planning of any reservoir site with the 
oil and gas companies as well as the Forest Service is, therefore, 
essential. 

Socio-Economic 

From the standpoint of public safety the type of dam and construc
tion method needs to be evaluated. 

An analysis of the economics in terms of public costs and benefits 
will be required. 

The following comments relate to the individual sites. 

South Cottonwood 

Access to a timber sale area may be blocked. 

Some summer range currently under permit to one rancher will be 
lost. 
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Access to an oil and gas test well operated by True Oil near Soda 
Lake could be blocked. 

The elk migration to the South Horse feedground might be disrupted. 

One segment of the old Indian Trail would be inundated. 

A potential historical site at the mouth of Lander Creek called 
Sjhoberg Cabin #2 could be lost to the reservoir. 

Stability of slope on the north side of the creek immediately above 
dam site is questionable. 

Fish Creek 

A landslide has occurred on the north slope in the vicinity of the 
dam site. This geologic condition may extend upstream from this 
location. 

Access for livestock to summer grazing above reservoir will be 
eliminated. 

There will be some loss of grazing to one permittee rancher. 

Access roads to construction area will be difficult to locate and 
build. 

Snider Basin 

A portion of the Lander Trail and two grave sites associated with 
the trail will be inundated. 

A key access road to that portion of the National Forest will have 
to be relocated through steep and potentially unstable terrain. 

Approximately 70% of the South Piney Cattle Allotment which has five 
ranchers will be eliminated. 

The elk calving area on Porcupine Creek could be adversely affected. 

Access to the Forest Service work center will have to be provided. 

The fillslope stability on both north and south slopes in the vicin
ity of the dam site appears marginal. 
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LaBarge Meadow 

Of all the sites there appears to be more unstable shoreline at this 
location. The entire north slope above the reservoir has been 
previously identified as possessing high potential for landsliding 
due to saturation of the toeslopes. Likewise, there is an existing 
landslide at the west end of the reservoir. In addition, the same 
geologic condition which produced this landslide occurs to the 
southeast on a slope which would make up part of the shoreline. 
Also the moraine which would serve as the foundation and part of the 
southern arm of the dam should be carefully investigated for 
Hpiping" characteristics. 

The LaBarge road would have to be relocated since it connects to the 
Greys River and Smith Fork portions of the National Forest. Finding 
a stable relocation route will be quite difficult. 

The "meadow", which would be inundated by a reservoir, provides 
excellent range forage for livestock and outstanding wildlife ripar
ian habitat. 

Roughly 60% of the permitted grazing of cattle would be lost to the 
reservoir. 

As this site is several miles from the National Forest boundary the 
instream flow needs become important - both Forest Service reserved 
water rights for watershed protection as well as fishery require
ments. 

As presently situated, the meadow area possesses considerable 
natural beauty which it is doubtful the reservoir would equal -
particularly with drawdown. 

A U.S.G.S. gauging station #09208000 would be eliminated. 

Another portion of the Lander Trail will be inundated. 

From the foregoing, we can say at this time that the LaBarge Meadows and 
Snider Basin sites would have the greatest impact upon current uses within the 
Bridger-Teton National Forest. The South Cottonwood sites would be somewhat 
less, and the Fish Creek site the least. We would appreciate the courtesy of 
receiving a copy of your report to the Wyoming Water Development Commission 
when it is available. 

Sincerely, 



RICK KILMER 
PRESIDENT 

P.O. Box 51 
Lusk B2225 

A R , X 
THE STATE OF WYOMING 

ED HERSCHLER 
GOVERNOR 

DEC - 8 1982 

RIVERTON. WYOMJNG 

WYOMING RECREATION COMMISSION 
1920 THOMES 

Dean Swartz, Project Engineer 
Arix Corporation 
609 East Madison, Suite 1 
Riverton, Wyoming 82501 

JAN L. WILSON 
Director 

777-7695 

CHEYENNE, WYOMING 82002 

December 6, 1982 

RE: Upper Green River Drainage Area Feasibility Study 

Dear Mr. Swartz: 

We have reviewed our records for archeological and historic sites which 
may be affected by development of the reservoir areas under study. None 
of the areas has been systematically surveyed for cultural resource sites 
but several sites are known to exist in the Sixty-Seven, Snyder Basin and 
LaBarge Meadow areas. The Green River area is known to have a high poten
tial for archeological sites so there is a high probability that there will be 
some sites in any reservoir area selected for development. We recommend 
that after the preferred location has been selected, a C lass III level (100% 
ground coverage) cultural resource survey be conducted to locate and 
evaluate the significance of any sites in the project area. A survey is 
generally required if there is any Federal involvement (i.e. funding, permits 
or lands) in the project. 

Concerning the proposed Sand Hill Reservoir, it should be recognized that 
the historically significant Lander Cut-off of the Oregon Trail may be ad
versely affected depending on the actual shoreline, construction activities 
and final access routes and recreation areas, if any. Trail remnants will 
need to be examined in the field during the Class III survey for physical 
integrity. I f original ruts remain, proper mitigative measures must be imple
mented to protect the trail. (Note: A k mile buffer zone is recognized by the 
SHPO. 

We can provide you with details on survey methods and a list of qualified 
archeological consultants at your request. If you have any further ques
tions, feel free to contact me at (307) 777-6292. 

L&:r:~b .~ 
Richard Bryan;) 

ol';nij A{C'Of.iS.t 
~~~rt G. Rosenb~ 
Compliance Historian 

CHARLES H. JOHNSON E. LAWSON SCHWOPE ALBERT PILCH DAN MADIA MRS. ROBERT FRISBY FLOYD BARTLING JACK D. OSMOND LARRY BIRLEFFI 
VICE PRESIDENT TREASURER 1800 Morse Lee 1017 V,ctoroa 2007 Newton Avenue P.O. Box 172 P.O. Box 216 829 E. Apache 

821 Alder 900 Foyer Avenue Evanston 82930 Sherodan 82801 Cody 82414 Douglas 82633 Thayne 83127 Cheyenne 82001 
Rawlins 82301 Cheyenne 82001 
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CHEYENNE, WYOMING 82002 

EARL M. THOMAS 
DIRECTOR 

October 14, 1982 OCT 2. 0 1982 

Dale E. Book 
Project Manager 
Leonard Rice Consulting Water Engineers, Inc. 
2695 Alcott st. 
Denver, CO 80211 

Dear Mr. Book: 

In response to your request I am sUbmitting my opinion on fisheries 
mitigation measures desired in the event the reservoirs of the 
Upper Green River Storage project are constructed. These are 
tentative recommendat'ions subject to revision as additional 
information becomes available. 

Although a minimum pool is desirable in any reservoir I am 
unable to provide a recommendation without additional infor
mation. 

Minimum stream flows (releases) based on the information provided 
should be one third of the average annual flow until results 
of more detailed studies concerning habitat availability at 
various flow levels are obtained. Flow recommendations based 
on 1/3 average annual flows are: 

LaBarge Creek 4.7 cfs 
Fish Creek Res 3.4 cfs 
Snyder Basin, Upper 4.4 cfs 
Snyder Basin, Lower 10.9 cfs 

South Cottonwood Res 
South Piney Creek 
Middle Piney Creek 
North Piney Creek 

9.3 cfs 
20.9 cfs 

8.9 cfs 
19.1 cfs 

These recommendations are somewhat higher than minimum flows 
you provided on the preliminary hydrology table. However, the 
flows are significantly lower than flows you indicated for Sept., 
Oct., Nov., and April when fish are migrating and spawning 
(some species continue to spawn thru May) . 

A flush flow of "bank full" for at least 72 hours would also be 
desirable during the month of June in order to keep the channel 
clear of silt and trash. The interpretation of "bank full" is 
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subjective but is not likely to be as great as natural high 
water flows or would they be expected to last as long. Again, 
this is the best recommendation that can be made pending a 
detailed study. For purposes of roughly estimating water 
available for storage I suggest using the average monthly flow 
for June times 72 hours for a flushing flow. 

In our discussion on October 5, 1982 it was mentioned storage 
would require almost total storage of all winter water flows 
to fill the reservoirs by the end of April, therefore I 
recommend the storage period extend through June which could 
provide additional benefits for flood control. 

Impacts expected as a result of reservoir development would be 
negative, even with minimum pool and minimum flow considerations, 
at all sites except possibly Sand Hill, McNinch and 67 Reservoir. 
Failure to provide adaquate minimum flows below diversion points 
on South Piney and North Piney could result in reduced land 
values (the presence of a trout stream commonly increases the sale 
value of property) for landowners in addition to lost public 
values associated with the fisheries. 

The LaBarge Meadows site would flood a complex of stream channels 
and beaver ponds that are popular with many people. There are 
no specific figures available concerning use of the area but 
incidental observations during the summer of 1982 suggest an 
estimate of 500 to 1000 fisherman days/year would not be out of 
line. Creel checks indicate a catch rate of about 2 fish/hr. 
If we accept a conservative fisherman day as 3 hrs. there would 
be a catch of 1000 to 2000 fish of which almost all would be 
wild. To sustain similar catch rates in a reservoir would require 
a fishstocking program,_probably using catchable trout since 
a fluctuating reservoir situation and slow growth rates would 
limit carryover of fish through the winter. A costly type program. 

LaBarge Creek below the meadows and down to the confluence of the 
South Fork has a somewhat more limited, fishery, ie, fewer fish, 
but could be severely damaged by insufficient minimum flows. 
Impacts below that point would still occur but would decrease 
with each tributary entering LaBarge Creek. There is a good 
quality fishery below the South Fork confluence. 

The Fish Creek site also includes the more popular use area for 
fishing on this stream. I do not have sufficient information to 
guess at current use or harvest. It would be safe to say that 
maintenance of a fishery would require the same consideration as 
the LaBarge Creek site. 
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The upper site of the Snyder Basin would need the same 
consideration as the previous two sites, however, use and 
production would be considerably less. 

The lower Snyder Basin site would flood about a mile of the 
more popular reac~ of river for fishing in an area containing 
wild trout. This area does not produce as many fish to the creel 
as does the LaBarge site or the Fish Creek site but it is an 
important nursery area for young fish that eventually contribute 
to a good fishery located downstream. It should be pointed out 
that failure to provide adequate minimum flows would severly 
damage the downstream fishery. 

The South Cottonwood site would displace a nursery area for fish 
and would remove about a mile of moderately good stream fishing. 
A fish stocking program would be needed to maintain catch rates 
due to slow growth of fish that would be entering the reservoir 
from upstream and the loss of fish when the reservoir was drawn 
down. This is probably the least "damaging" of the four on forest 
sites. Minimum flow considerations would be necessary to avoid 
serious damage to downstream fisheries. 

The Sand Hill Reservoir site has no fisheries values at present 
so any minimum pool recorru~,endations, if any, for fisheries will 
require additional information. A minimum pool for other consid
erations is desirable and could enhance the existing situation. 

There is significant potential to improve the existing fishery 
in 67 Reservoir. However, no effort to do so has occurred since 
access is restricted. The adjoining land owner if not the public 
in general would benefit from a minimum pool requirement. 

A adequate minimum flow below the diversion on South Piney, 
Hiddle Piney and North Piney Creeks is recommended. Although 
the fish are owned by the state and should receive consideration 
accordingly. The potential influence of their existance on land 
values is an important consideration. 

Another point for consideration is that Fish Creek, North Piney 
Creek and South Cottonwood Creek are now included in a manage
ment program intended to improve the status of the Colorado 
cutthroat trout. This fish is the only native trout in the 
drainage and is listed a a sensitive species by the BLM and 
as rare with declining populations by the Wyoming Game and Fish. 

I hope these comments will be of value in preparing your report 
Although the recommendations are general in nature any attempt 
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to be more specific would be hazardous considering the time 
element and the information available. If I can be of more 
help please contact me. 

sinc~f~ly!.---f 

4l/. \ 
, ~" 

::C.-c 1" (j£~~~ 
Glen T. Dunning ty 
Area Fisheries Supervisor 
Wyoming Game and Fish Department 
Pinedale, WY 82941 

GTD:vg 

cc: Mike Stone 
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