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SURFACE WATER HYDROLOGY 

OF THE 

CRO~ CREEK DRAINAGE BASIN, 

LARAMIE A~1) ALBANY COUNTIES, HYOHIt\G 

INTRODUCTION 

This investigation of the surface water hydrology of the Crow Creek 

drainage basin was made as part of a study by the Wyoming Hater Development 

Commission and the U.S. Bureau of Reclamation to establish the potential 

for artificial groundwater recharge in Laramie County, Wyoming. A principal 

criterion for the establishment of a groundwater recharge demonstration project 

is the availability of a surface water supply ,to serve as the source of 

recharge. This investigntion was performed primarily to assess the availability 

of surface water for a potential recharge project in the lower Crow Creek basin. 

In this evaluation of the surface water hydrology of the Crow Creek drainage 

basin, no new fieldwork or data collection was done. Rather, maximum use was 

made of available data, studies, and technical resources. Discussions with the 

Wyoming State Engineer's Office and the State Board of Control aided in the 

development of an understanding of local hydrologic conditions. 

BACKGROUND 

In 1983, the Wyoming Water Development Commission (~~~C), the Wyoming state 

agency charged with water resources planning and development, was contacted by 

the water users along Crow Creek about the possible involvement of the agency in 

solving water problems on Crow Creek east of Cheyenne. Two problems were 



identified by the Crow Creek water users: 

area and 2) flooding along Crow Creek. 

K070786/F 

1) a declining water table in the 

Discussions among the WlIDC, State 

Engineer's Office, and the Crow Creek water users resulted in the formulation of 

a plan to investigate the potential for inclusion of the Crow Creek project in 

the pending Federal legislation on artificial groundwater recharge. It was 

decided that the ~~C would request legislative authorization, during the 1984 

Session of the Wyoming Legislature, to conduct a Level I Crow Creek study. 

A bill was approved by the Legislature to provide funding for the Crow Creek 

Groundwater Recharge Study "to reduce damage on Crow Creek and to evaluate the 

potential effect of a groundwater recharge program in Laramie County." 

At the time Wyoming was first considering the Crow Creek study, legislation 

was being proposed in Congress to authorize the Secretary of the Interior to 

engage in a special study of the potential for groundwater recharge in the eight 

High Plains states, of which Wyoming is a member. Through the use of a two 

phased approach, the Bureau of Reclamation would identify and construct 

demonstration projects to determine whether various artificial recharge 

technologies might be applied to the diverse geologic and hydrologic conditions 

represented in the High Plains States and other Reclamation Act states. In 

September of 1984 the High Plains States Groundwater Demonstration Program Act 

of 1983 was signed by the President and became Public Law 98-434. 

Throughout the legislative process which created PL 98-434 the W\-.~C 

maintained close contact with the Bureau of Reclamation regarding the bill's 

progress. WWDC submitted a formal application for inclusion of the Crow Creek 

project in the federal program on August 24, 1984. 
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The Rureau recharge program is to be conducted in two phases. During Phase 

I the Bureau of Reclamation is required to develop a plan for selection of 

demonstration sites. This plan is to be prepared by July, 1986, with 

development of the plan to include consultation with other federal agencies and 

the states. Information provided by the states on their projects will be 

incorporated into the plan. Wyoming, in its Level I Crow Creek study, is 

developing background information for the plan. This investigation will provide 

part of that information. 

The High Plains States Groundwater Demonstration Program Act indicates that 

demonstration project sites shall be confined to areas meeting the following 

requirements: 

o 

o 

o 

a declining water table 

an available surface water supply 

a high probability of physical, chemical, and economic feasibility for 

recharge of the groundwater reservoir. 

The plan itself must provide fer: 

o 

o 

o 

o 

o 

o 

o 

o 

the demonstration of the application of recharge technology 

the selection of a water source(s) 

the determination of the necessary physical works 

the operation of the water replacement system 

the formulation of a monitoring program 

the identification of any economic, legal, intergovernmental, and 

environmental issues 

the projection of planning problems associated with the system 

the recommendation of legislative and administrative actions necessary 

to carry out Phase II. 

3 
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During Phase I the Bureau is authorized and dfrected to recommend demonstration 

projects to be designed, constructed, and operated during Phase II. 

PURPOSE OF THIS STUDY 

This investigation was undertaken to provide part of the necessary informa

tion for the WWDC Level I Crow Creek recharge study and the Bureau's recharge 

program plan. Specifically, the availability of a surface water supply to be 

used for recharge was examined. This investigation may be incorporated into the 

Bureau's plan to illustrate the selection of a water source for the project. No 

analyses are made within this study to examine any of the other aspects of 

project feasibility other than the availability of a surface water supply. 

PREVIOUS INVESTIGATIONS 

Several investigations have been conducted of the surface water and 

groundwater resources of the Crow Creek watershed. Four groundwater studies, 

Rapp and others (1953), Babcock and Bjorklund (1956), Lowry and Crist (1967), 

and Crist (1980), are of interest because they discuss the relationship between 

groundwater and surface water in Crow Creek. Surface water studies of the Crow 

Creek watershed have been concerned primarily with the city of Cheyenne's water 

supply. These reports have been prepared by Banner and Associates, Inc. (1957, 

1961, 1981), the Wyoming Water Planning Program (1978), and the Department of 

the Air Force (1983). Flooding analyses have been conducted on Crow Creek by 

HNTB (1973), and Banner and Associates, Inc. (1981). 

4 
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DESCRIPTION OF THE DRAINAGE BASIN 

The Crow Creek drainage basin is located in the extreme southeast corner of 

'~yoming, is about 55 miles long, and is an average of 8.5 miles wide. (See 

Figure 1) This report reviews only the mainstern Crow Creek basin in Wyoming. 

Porter Creek, a tributary of Crow Creek with its confluence in Colorado, is not 

covered by this report. The drainage area of the Crow Creek basin in Wyoming is 

about 450 square miles. Altitudes within the basin range from a low of 5,330 

feet where Crow Creek crosses the Wyoming-Colorado state line, to over 9,050 feet 

in the Sherman Mountains at the western drainage divide. The basin is bounded 

by the Lodgepole Creek basin on the north and the Lonetree Creek basin on the 

south. Crow Creek flows in an easterly to southeasterly direction throughout 

most of its course in Wyoming, but turns south before crossing the state line, 

and flows south-southwest until it flows into the South Platte River. 

PHYSICAL CHARACTERISTICS OF THE DRAINAGE BASIN 

The Crow Creek basin lies within two major physiographic provinces - the 

Southern Rocky Mountains, and the Great Plains. The western fourth of the basin 

lies within the Laramie Range of the Rocky Mountains, with the eastern three 

qu~rters of the basin located in the High Plains. A set of hogback ridges, 

located approximately at the boundary between Ranges 69 and 70 West, marks the 

boundary of these two very different physiographic regions. 

The upper basin, located in the Laramie Range, consists of isolated hills and 

broken country. The Laramie Range in this vicinity is a low mountain range 

where disection by streams has not produced the spectacular mountains often 

associated with the Rockies. Only in the extreme western part of the basin, 

where the rounded granite nobs of the Sherman Mountains protrude above the 

5 
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Figure 1. Location of the Crow Creek drainage basin and recharge study area. The recharge study 
area incorporates all of Townsl1ips 12 North and 13 North, Range 63 West in Wyoming and 
the west half of Townships 12 North and 13 North, Range 62 West in Wyoming. 



surrounding area, do reliefs give the appearance of mountains. A discontinuous 

band of hogback hills forms the eastern edge of the Laramie Range. 

East of the hogback hills, rolling plains characterized by low-relief hills 

and valleys is typical of the High Plains. Little of the area is flat, with the 

exceptions of the area near Carpenter formed of Crow Creek terraces, and the few 

drainage divides that have not succumbed to erosion. Examples of the latter 

include the airport surface in Cheyenne, and the Gangplank west of Cheyenne, used 

by both the railroad and highway to achieve a smooth grade into the mountains. 

Several primary tributaries drain the headwaters of the basin. North Crow 

Creek, Brush Creek, Middle Crow Creek, South Crow Creek, and their tributaries 

flow easterly off the Laramie Range, converging to form Crow Creek near Silver 

Cro,vo. From Silver Crown, Crow Creek flows in a general southeasterly direction 

for about 30 miles before turning nearly due south, and flo~ing six miles to the 

state line. A few, mainly ephemeral, tributaries enter Crow Creek belo~ 

Cheyenne. Above Cheyenne several of the tributaries of Crow Creek are 

perennial, being spring-fed, and above Silver Crown the major tributaries flow 

year-round with occasional late summer periods of no flow. 

GEOLOGY 

Though rocks ranging in age from Precambrian through Recent are present in 

the Crow Creek basin, three principal surficial units can be delineated. The 

western quarter of the basin is underlain by igneous and metamorphic rocks, 

predominantly granite with some gneiss and schist. These rocks are typically 

heterog~neous and weather to form rounded knobs. 

The eastern part of the drainage has primarily Tertiary Age rocks exposed 

at the surface. The Ogallala Formation is the principal formation present at 

the surface with White River Formation outcrops at Federal and near Carpenter. 
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These formations are composed of heterogeneous gravels, sands, and silts which 

were deposited as stream-laid sediments. 

Along the channel of Crow Creek and several of its major tributaries occur 

deposits of Recent alluvial material. Ranging in thickness to over 50 feet, 

these sediments consist of lenticular deposits of cobbles, pebbles, sands, and 

silts. A large terrace, covering about 100 square miles, is present. in the 

vicinity of Carpenter, which lies in the lower portion of the Crow Creek 

drainage basin. 

CLINATE 

The climate of an area is the primary influence upon the hydrologic regime 

of that area. The amount of rain and snow a basin receives, humidity and 

evaporation rates, temperature, and other climatic factors interact to produce 

the runoff of a drainage basin. Other elements of the environment such as 

infiltration rates, land slopes, etc., also affect runoff, but climate is the 

driving force of the system. 

The climate of the Crow Creek drainage is typical of the temperate zone of 

the western United States. Summers are warm to hot and reasonably moist, with 

winters having short spells of sub-zero weather. Large diurnal fluctuations 

occur with daily lows of 40°F below daily highs. Because of its location, 

covering both the mountains and plains, the basin shows a marked variation in 

temperature and precipitation from east to west. 

Average. temperatures in the Crow Creek basin decrease from east to west 

with the increase in elevation. Nean annual temperature near Carpenter 

(elevation 5400 feet) is about 47°F while at Pole Mountain at an elevation of 

8,200 feet, the mean annual temperature is only about 39°F. Seasonal 

temperatures are as expected, with January the coldest month and July the 

hottest. The mean monthly temperatures recorded at Cheyenne are shown 

graphically in Figure 2. 
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Figure 2. Mean monthly temperature distribution in Cheyenne, 
Wyoming. Based upon record from 1899 to 1984. 
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Precipitation, like temperature, increases 'vith elevation in the basin. As 

warm moist air masses are pushed into the Laramie Range from the east they are 

forced to rise. As these air masses rise they cool about 3°F per 1,000 feet, 

and if the dew point is reached, precipitation occurs. Over eighteen inches of 

precipitation is received in an average year in the Sherman Mountains whereas an 

annual average of only 15 inches is received in Cheyenne. 

The long-term and monthly precipitation trends in the Crow Creek basin are 

typified by conditions in Cheyenne, where records have been maintained since 

1899. Annual precipitation has ranged from a low of 5.94 inches in 1964 to a 

high of 23.69 inches in 1942 (See Figure 3). Dry years tend to follow dry years 

and wet years tend to follow wet years, thus leading to multi-year drought 

conditions. The basin receives the majority of its annual precipitation (54 

percent) during late spring and early summer snowstorms and rain shovlers (Figure 

4) . Over two inches of precipitation falls in an average May, v.Thile January 

generally brings less than one-half inch of precipitation. 

SURFACE WATER HYDROLOGY 

Streamflow, as recorded at a gaging station, not only summarizes the 

natural hydrologic conditions in the upstream drainage basin but also incorpo-

rates man's impacts upon the hydrologic system. Man's activities such as 

irrigation, reservoir and stock pond development, and trans-basin importation or 

exportation of water may have a substantial effect upon natural or virgin 

streamflow. Most of the gaging stations utilized in this study are located 

where they reflect man's activities. Probably the most significant impact upon 

the basin is a trans-basin diversion (Stage I of the Cheyenne h'ater Proj ect) 

exporting water from the Medicine Bow Mountains into Middle Crow Creek, which 

has increased gaged flows in the basin since December of 1963. Three major 

reservoirs, with a combined capacity of 10,600 acre-feet, and several thousand 

acres of irrigated land in the basin also have a dramatic impact upon the 
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hydrologic regime. 

The analysis of the surface water hydrology of the Crow Creek basin was 

made using available stream gaging data (Tables 1 and 2). Though the principal 

goal of this study is the determination of the amount of water available for 

recharge in the lower part of the basin, an analysis of hydrologic conditions in 

the upper basin was made for comparison, and because the record in the upper 

basin is more consistent. For this analysis, the Crow Creek basin is divided at 

Cheyenne into the lower and upper basins. 

DATA AVAILABILITY 

Probably the most significant problem in the verification of a surface 

water supply for the groundwater recharge study is the lack of a daily 

streamflow record for Crow Creek near the recharge study area. The U.S. Geolog

ical Survey, the primary federal agency responsible for stream gaging in the 

United States, has maintained gaging stations in the Crow Creek basin, but 

mainly in the upper part. None of these stations have been in operation since 

1969. The State Board of Control has monitored diversions and streamflows on 

Crow Creek on an irregular basis primarily to assure water distribution accord-

ing to Hyoming' s water laws. Though not of· a· daily nature, several gaging 

points in the recharge study area provide valuable information about streamflow 

conditions. 

Four U.S. Geological Survey stream gaging stations have been located in the 

Crow Creek drainage in past years. Three of these stations have been located on 

mountain tributaries - Middle Crow Creek, South Crow Creek, and North Fork Crow 

Creek. One gage was located on the Crow Creek mainstem below Cheyenne. Lo-

cations of these stations are shown in Figure 5. Two of the tributary stations 

have approximately 35-year records, one has about a IS-year record, and the gage 

12 



TABLE 1 
U.S. GEOLOGICAL SURVEY STREAH GAGING STATIONS USED IN TillS STUDY 

Station 
Number 

6753000* 

6753500* 

6754500 

6755000 

6755500 

6756000 

6756500* 

6761000* 

6761500* 

Station Name 

Lonetree Creek near Granite 
Canyon, WY 

Lonetree Creek near Nunn, CO 

Middle Crow Creek near Hecla, 
WY 

South Crow Creek near Hecla, WY 

North Fork Crow Creek near 
Hecla, WY 

Crow Creek near Cheyenne, WY 

Crow Creek near Barnesville, CO 

Lodgepole Creek near Federal, 
WY 

South Fork Lodgepole Creek 
near Federal, WY 

* Located outside of Crow Creek basin 

Location 

Lat 41° 05' 10", long 105° 11' 10" 
In NEl Nwl sec 24, T.IJN., R.70W. 

Lat 40° 46' 00", long 104° 47' 25" 
In NEl sec 8, T.9N., R.66'~. 

Lat 41° 10' 30", long 105° 15' OS" 
In NEl NE! sec 20, T.14N., R.70W. 

Lat 41° 37' 35", long 105° 11' 18" 
In SE! NEI sec 2, T.13N., R.70W. 

Lat 41° 13'40", long 105° 11' SO" 
In SEI swl sec 35, T.15N., R.70W. 

Lat 41° 07' 00", long 104 0 45' 20" 
In SEI sec 3, T.13N., R.66W. 

Lat 40° 29' 35", long 104 0 26' 35" 
In NEI NW! sec 16, T.6N., R.63W. 

Lat 41° 18' 40", long 105° 13' 00" 
In SEI SEI sec 34, T:16N., R.70W. 

Lat 41° 16' 20", long lOsn 13' 00" 
In SEl NEI sec 15, T.15N., R.70W. 

Drain~~e Area Years of Operation 
(m! ) 

24.3 Complete daily records: 1934-1935 
Partial year daily record: 1933, 1936-1938 

199 Complete daily record: 1952-1957 
Partial year daily record: 1951 

25.8 Complete daily record: 1934-1969 
Partial year daily record: 1933, 1970 
Partial year monthly record: 1902-1904 

13.9 Complete daily record: 1934-1935, 1951-1969 
Partial year daily record: 1933, 1936-1950 

27.9 

297 

1324 

25 

16 

Complete daily record: 1934-1935 
Partial year daily record: 1936-1948 

Complete daily record: 1923-1924, 1952-1957 

Complete daily record: 1952-1957 
Partial year daily record: 1951 

Complete daily record: 1934-1935 
Partial year daily record: 1933, 1936-1938 

Complete daily record: 1934-1935 
Partial year daily record: 1933, 1936-1938 



STATION 
REFERENCE 
NUMBER 

1 

2 

3 

4 

5 

~ 

~ 6 

TABLE 2 
BOARD OF CONTROL GAGING POINTS IN THE 

RECHARGE STUDY AREA 

STATION NAME LOCATION 
! - ! - Sec - T - R 

Beaver Dam Ditch Diversion NE-SE-SE Sec. 7 , T13N, R63W 

Crow Creek near Arcola NE-NE-NE Sec. 17, T13N, R63W 

Crow Creek at Price Ranch NW-NW-NW Sec. 23, T13N, R63W 

Crow Creek near Carpenter 'NW-NE-NE Sec. 1, T12N, R63W 

Crow Creek at County Road NW-NE Sec. 13, T12N, R63W 
Bridge 2 miles below Carpenter 

Mackley Ditch Diversion SW-SW-NW Sec. 18, T12N, R62W 

YEARS OF DATA 

? - Present 

1977 - Present 

1977 - Present 

1977 - Present 

1977 - Present 

? - Present 
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Figure 5. Location of U.S. Geological Survey gaging stations in the Crow Creek basin 
and vicinity. 
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near Cheyenne has 8 years of complete record. Five additional stations outside 

the drainage basin 'tvere used in supplemental analyses. 

information is summarized in Table 1. 

USGS gaging station 

The State Hoard of Control has measured flow at six locations within the 

recharge study area, and at about 15 locations on Crow Creek between Cheyenne 

and the study area. Four of the six measuring points in the recharge study area 

were on Crow Creek itself, and were operated to assess stream losses and gains 

on Crow Creek. The other two points measured were diversions into the Beaver 

Dam Ditch and the Baxter Ditch. Locations of these measuring points are 

illustrated in Figure 6 and tabulated in Table 2. Measurements at these 

locations have been made on an irregular basis, with the frequency of 

measurements increasing during the spring runoff and summer irrigation season. 

Generally, streamflow was estimated rather than measured. 

LONG-TERN STREAMFLO\.J VARIATION 

Streamflow in the Crow Creek basin shows a long-term cyclicity, similar to 

other streams in southeastern Wyoming. Low flow years tend to follow low 

flow years, and high flow years tend to follow high flow years - a phenomenon 

termed persistence. In the past, dry periods seem to have occurred every 20 to 

30 years throughout much of Wyoming. The gaged record for Middle Crow Creek, 

the stream in the basin with the longest uninterrupted record, is probably 

representative of virgin streamflow conditions throughout the basin. A moving 

average analysis of the ~iddle Crow Creek record for gaging station #6754500 was 

plotted (Figure 7) and reveals trends similar to those typical in this part of 

the state. Drought periods occurred in the 1930's and 1950's with the 1940's 

having higher than average flows. 

using these results, however. 

No prediction of future flows is possible 

16 



T 13 N 

R63W R62W 

J MILE 

CROW CREEK 
DRAINAGE DIVI DE 

CARPENTER 

N 

Figure 6. Location of Board of Control gaging points on Crow Creek 
in the Recharge Study Area. Stations are identified in 
Table 2. The location of the Recharge Study Area is given 
in Figure 1. 
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Figure 7. Five-year centered moving average of streamflm.J on 
Middle Crow Creek. Note the drought periods in the 
1930's and 1950's. 
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MEAN ANNUAL FLOWS 

The average discharge expected from a drainage basin in a year, mean 

annual flow, wa.s estimated for seven gaging stations (Table 3). Due to the 

varying lengths and quality of records, mean annual flow was calculated using 

statistical, proportioning, or area-ratio methods. The gage on 1-1iddle CroV.' 

Creek was used as the base or independent gage for all calculations, with mean 

annual flows determined for the period of 1934 to 1969. 
? 

Mean annual unit flows range from 33 to 123 acre-feet/mile- in the Crow 

Creek basin. The highest unit flows occur in the upper Middle Crow Creek basin 

due to the greater snowpack in the Sherman Mountains. South Crow Creek, with 

its sparse vegetation, fewer trees, and flatter, more open watershed, provides 

fewer traps for snow accumulation than the steeper, more forested Hiddle Crow 

Creek watershed. This difference in vegetation and topography between the two 

watersheds results in a lower water yield for the South Cro~: basin (Tabler, 

1971), approximately 75 acre-feet/mile
2 

per year on average. Flows in Crow Creek 

at Cheyenne average about 10,000 acre-feet/year, or 33 acre-feet/mile
2 

per 

year. Both lower unit runoff from lower elev2tion contributing areas, and 

upstream consumptive use due to man's activities are responsible for this lower 

streamflow. 

The flows cited above do not account for diversions into the basin from 

Cheyenne's municipal water supply system the Cheyenne Stage I project. 

Approximately 7,500 acre-feet of water are imported into the basin annually, 

with diversions beginning in December 1963. Flows in the upper basin below the 

delivery point are increased by about 7,500 acre-feet annually, but pipeline 

diversions reduce these flows downstream. Return flows from the Cheyenne waste 

water treatment system reflect some of this increased flow, but since much of 

19 



N 
o 

STATION* 

6756500 
6755000 
6755500 
6756000 

2 
3 
4 
5 

TABLE 3 
ESTIMATED MEAN ANNUAL STREAM FLOWS 

MEAN ANNUAL 
DISCHARGE (AC-FT) 

3175 
1040 
2870 
9890 
5020 
4440 
2630 
1610 

MEAN ANNUAL 
UNIT DISCHARGE (AC-FT/MI 2) 

123 
75 

103 
33.3 

*7-digit U.S. Geological Survey station number or recharge study area station identifier. 

USGS stations extended to 1934-1969 period. Recharge study area stations for period of 1978-1982. 
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the imported water is used in lieu of previously pumped groundwater, flows below 

Cheyenne will not be much greater than those prior to construction of the Stage 

I project. As Cheyenne grows, however, and water usage increases, the return 

flows below Cheyenne will increase proportionately. 

ANNUAL FLOW DISTRIBUTION 

Mean monthly flows within the upper Crow Creek basin follow a distribution 

similar to mean monthly precipitation (Figure 8). May is typically the highest 

streamflow month followed by April and June. Heavy precipitation and snowmelt 

during this 3-month period are the primary factors causing runoff. In the basin 

below Cheyenne, return flows, particularly from Cheyenne's municipal waste water 

treatment system, tend to keep flows more constant throughout the year (Figure 

9). 

Flows may vary dramatically from year to year and month to month depending 

upon climatic conditions. An intense rainfall during August, for example could 

cause much of the basinwide runoff for the year. Daily flow variations are 

quite dependent upon recent precipi ta t ion events. Figure 10 illustrates the 

daily flow hydrographs of several gaging stations within the Crow Creek basin. 

FLOW DURATION 

Flow duration analysis allows determination of the probability of 

occurrence of a given flow. The analyses conducted herein used daily flow data 

for the May 1st to September 31st period for all years available at each 

station. Flow duration plots of discharge versus probability of exceedence were 

graphed for each station. 

Flow duration curves for South Crow Creek and Crow Creek near Cheyenne are 
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illustrated in Figure 11. South Crow Creek, located high in the watershed, 

shows little of man's influence. The steep curve in Figure ll-A is indicative 

of the stream rising and falling rather rapidly with little or no baseflow. 

Flow is less than one cfs 58 percent of the time. The duration curve for Crow 

Creek near Cheyenne (Figure II-B), on the other hand, has a very flat gradient 

with streamflows of about 10 cfs 30 per cent of the time. Return flows from the 

city of Cheyenne help maintain a constant year-round base flow immediately below 

Cheyenne, causing the flattened duration curve. Because the data used in 

developing this analysis is 30 years old and was collected before the importa

tion of water into the Crow Creek basin, and because much of the data collection 

occurred during a drought period, the duration curve representing current 

conditions would be expected to lie above the curve presented in Figure llB. 

WATER RIGHTS 

The principal use for Crow Creek water in the lower basin is for irrigation 

of crops located in a narrow band along Crow Creek, with smaller amounts 

utilized for stock watering and domestic consumption. In \-!yoming, surf ace and 

ground waters are property of the State but may be appropriated for "beneficial 

uses." A permit must be obtained from the State Engineer's Office to utilize 

waters in Wyoming. 

One of the key concepts of Wyoming water law is priority, or "first in time 

is first in right." In other words, those who apply for permits first will be 

allowed the first use of water. During spring runoff when flows are high, it is 

likely that all appropriators will receive their full appropriation. As flows 

decrease, those holding junior priority dates will be shut off in reverse order 

of seniority, until sufficient water is available to satisfy the remaining 

appropriators. 
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After water has been beneficially used, the process of proving use to the 

Board of Control, or adj udication, may be undertaken by the appropriator. 

Though not necessary to maintain priority or to continue to beneficially use 

water, adjudication does give evidence of use, and may show the right to be of 

some value. Adjudication is usually undertaken by most appropriators. In 

addition to adjudication by the Board of Control, fifty-six rights on Crow Creek 

had priorities established and were adjudicated by a Decree of the Court. These 

rights were given priority numbers, not priority dates. 

Irrigation water rights are attached to the land, with a statutory 

diversion used to irrigate a specified acreage. The maximum currently allowed 

diversion rate is 1.0 cfs per 70 acres. However, when all pre-Harch, 1945 

rights are satisfied, those rights may divert an additional 1 cfs per 70 acres. 

\--Then the second 1 cfs per 70 acres is satisfied, rights v7ith priorities between 

March 1, 1945 and March 1, 1985 may divert up to 1.0 cfs per 70 acres, in 

priority. When these rights receive their full appropriation, they may also 

divert an additional 1.0 cfs per 70 acres. Rights with priorities of March 1, 

1985 and later may divert only 1.0 cis per 70 acres, 'in priority. 

The exception to the 1 cfs per 70 acres rule occurs with the court 

established rights. Diversion rates from 1 cfs per 5 acres to 1 cfs per 187 

acres were granted to these early rights. 

specified but no diversion rate was given. 

In several instances acreages were 

A tabulation of water rights in the lower Crow Creek basin is presented in 

Table 4. Several rights exist within the recharge study area; however, only 

two of these, the Mackley Ditch and Beaver Darn Ditch, are active. The Baxter 

Ditch has not operated in many years and the Mackley Reservoir washed out at 

least 30 years ago. 
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TABLE I. 

SURFAr.E \~ATEH RIGHTS 
LO~ER CROW CREEK 

(Lifitcd 1n downstream order) 

DITCH/RESERVOIR NANE lIEADGATE LOCATION PERHIT NO. PROOF PRIORITY USE DIVERSION RATE ACRES 

Hammond 4- 13N- 66W 9070 13468 5-22-1909 I.S.D 3.23 225.71 

Hammond No.2 4- 13N- 66W 9070 11~R8 5-22-1909 I.S.D 0.32 22.50 
10516 13491 2-07-1911 I,S.D 0.44 31.00 
2~15E 11/.92 3-10-1911 1,5 0.31 21.30 

Wood 4- 13N- 66W 9070 13/,88 5-22-1909 I.S.D 1. 31 91.90 
9071 13489 5-22-1909 I.S.D 0.1)4 45.00 

Hammond Pipeline 10- 13N- 66W 9071 13/.89 5-22-1909 I.S.D 6.07 425.00 

Morgan and Organ 3- 13N- 66W Priority 41) 220.00 

Jenkins 3- 13N- 66W Priority 32 2.00 10.00 

N W.H.R. Reservoir 2. 11- 13N- 66W 3984R 20268 9-25-1924 1.5 674.29 ac/ft 
(Xl 4402R 20443 10-08-1929 1.5 203.75 ac/ft 

Stewart 2- 13N- 66W Priority 5 I 0.60 42 
4432E 20620 1-22-1925 I 4.02 282.10 

Kingman 2- 13N- 66W Priority 5 I 0.93 65.50 
Priority 19 t 5.06 354.50 

4432E 20621 1-22-1925 I,S.D 1.11 78.10 
4573E 20622 3-06-1928 1.5 2.35 165.40 
4741E 21807 10-25-1929 l.S.D 3.28 229.55 

W.H.R. No. 1 11- 13N- 66W 17186 20619 12-13-1966 1.5 1.40 97.90 

Bolln 4- 13N- 65W 16975 19590 5-23-1925 I 3.28 230.00 
21245 28843 7-21-1953 I.S.D 0.41 28.42 



TABLE 4, continued 

DlTCli/RESERVOIR NAME IIEADGATE LOCATION PERMIT NO. PROOF PRIORITY USE DIVERSION RATE ACRES 

FORg 4- 13N- 65W 21245 2R154 7-21-1953 I,S,I) 3.53 247.44 

W.H.R. Reservoir No. 2 3- 13N- 65W 4032R 20269 12-11-1925 1,5 794.65 ac/ft 
4640R 21818 2-10-1936 1,5,0 82.70 ac/ft 

W.H.R. No. 2 2- 13N- 65W 17170 20618 12-13-1926 1,5 4.27 299.40 

Ullman No. Reservoir 6- 13N- 64W 7286R 29770 6-18-1970 I,S,F,R 88.80 ac/ft 

Ullman No. 6- 13N- 64W Priority 25 5.50 

Ullman No. 2 5- 13N- 64W Priority 25 5.48 

Camps tool Reservoir 4- 13N- 64W 4059R 20270 3-06-1928 1,5,0 65.85 ac/ft 

Miller No. 1 12- 13N- 64W 5928 13483 4-06-1904 I 0.34 24.00 
16f1()E 13486 3-27-1907 I 2.03 142.00 

Miller No. 2 12- 13N- 64W 5928 13483 4-04-1904 t 0.30 21.00 
1685E 13485 3-27-1907 I 0.05 4.00 

N IHller No. 3 12- 13N- 64W 19813 24603 8-17-1943 1,5,0 0.35 24.60 I.D 

Miller No. 4 12- 13N- 64W 19814 24606 8-17-1943 1,5,0 0.32 22.80 

Beaver Dam 7- 13N- 63W Priority 41 10.00 125.00 
5493E 24604 5-21-1949 1,5,0 3.75 262.80 

Baxter No. 2 22- 13N- 63W Priority 43 32.00 750.00 

Mackley Reservoir 18- 12N- 62W 2037R 19383 12-02-1910 1,5 149.28 ac/ft 

Mackley 18- 12N- 62W 8113 13487 11-11-1907 I 0.57 40.00 
2347E 13490 12-08-1910 I 0.82 57.80 
6717E 10-31-1972 1 139.6 
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PROJECT WATER AVAILABILITY 

A number of factors are significant in determination of the availability of 

a water supply for the Crow Creek Recharge Demonstration Project. Among these 

are: 

o 

o 

o 

o 

o 

o 

Project location, 

Method of recharge, specifically relating to the "rate" at which the 

project can utilize water, 

Physical availability of water, 

Legal availability of water, 

Short-term and long-term project goals, and 

The potential for use of newly imported Cheyenne Stage II water. 

Each of these subjects is discussed below. 

The location of the proj ect is significant since it would need to be 

located in close proximity to the diversion point on Crow Creek for economic 

reasons. At present, possible sites as far upstream as the Wyoming Herford 

Ranch reservoirs have been considered, though the most likely location is within 

the Recharge Study Area identified in Figure 1. For purposes of analyses 

conducted herein, ·it is assumed that the project will place a demand on Crow 

Creek somewhere between stations 2 and 5 shown in Figure 6. 

Another factor affecting the amount of water available to the project is 

the physical rate at which water could be utilized, or the volume of water which 

could be stored if rate of use is a limiting parameter. Schemes which utilize 

water at a constant rate will require significant storage. At this time the 

most likely project configuration is the construction of small reservoir(s) on 

Crow Creek, with infiltration through the floor of the reservoir serving as the 

recharge mechanism. Optimization of reservoir size(s) will be dependent upon 

both streamflow characteristics and reservoir infiltration rates. 
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The physical availability of water in the recharge area will be discussed 

more fully in the following section. Legal availability (water rights) should 

pose a minimal limitation within the study area. Location of the project below 

the Beaver Dam Ditch leaves the proj ect upstream from only three permitted 

facilities, two of which are presently not constructed. Only the Mackley Ditch 

will limit the project, but generally by no more than a few hundred acre-feet 

per year. The Baxter Ditch, though permitted, has not been constructed; 

abandonment proceedings should be considered on it and the Mackley Reservoir, 

which washed out many years ago. 

Final considerations must be given to long term goals of the project, and 

to whether or not the project could utilize return flows resulting from 

Cheyenne's water supply expansion (Stage II project), which is currently under 

construction. With the Stage II project operating at maximum capacity, between 

6,500 and 8,000 acre-feet of effluent could be available annually for use in the 

recharge proj ect. Because the Bureau of Reclamation recharge program ends in 

approximately seven years, and since Stage II's ultimate capacity is not 

expected to be reached until after 2015, the impact during the 5-year Bureau 

study period should be minimal, and is not explored herein. However, if Stage 

II effluent is to be used for recharge in Laramie County, a planning program 

which phases development of the recharge project in stages, tied to Cheyenne's 

increased water utilization, should be initiated. 

PHYSICAL AVAILABILITY OF WATER 

The amount of water available in Crow Creek below Cheyenne is a function of 

several physical conditions. The largest inflow to the Crow Creek basin below 

Cheyenne is the effluent from the several sewage treatment facilities in 

Cheyenne. The three major facilities produce approximately 8,000 acre-feet per 

year. Inflow from the upstream basin is estimated at about 4,000 acre-feet per 
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year. Though low flows immediately below Cheyenne are somewhat less severe due 

to a reasonably constant effluent inflow, years of high precipitation may 

produce large runoff volumes. 

through Cheyenne in Crow Creek. 

In 1983, an estimated 50,000 acre-feet flowed 

Between the outfalls of Cheyenne's sewage treatment facilities and the 

recharge study area, a substantial decrease in streamflow occurs. About 1,400 

acres of land are irrigated in this reach with an average consumptive use of 

about 2,100 acre-feet. Losses into the groundv7ater system may be greater, 

resulting from irrigation induced deep percolation and natural channel losses. 

Three existing reservoirs in this stream reach have evaporative losses of about 

500 acre-feet per year. 

Based upon 94 streamflow measurements made between 1978 and 1983, an 

average annual streamflow of 5,000 acre-feet (Table 5) was estimated at the 

upstream end of the groundwater recharge area (measuring point 2). However, 

streamflow here is highly variable. During the 1983 water year (which was 

excluded from calculation of the mean), an estimated 47,000 acre-feet discharged 

at measuring point 2. In 1978 only 1,200 acre-feet of streamflow occurred at 

this location. During low-flow years, months of no flow are common. 

Between measuring points 2 and 5, respectively, at the upstream and 

downstream ends of the groundwater recharge study area, rather large streamflow 

losses occur to the groundwater system. In the high streamflow year of 1977, 

13,000 acre-feet was recharged to the groundwater system in this stream reach. 

During low-flow years the entire flow entering at the upstream end of the study 

area may infiltrate, leaving no flow at the downstream end. A larger percentage 

of water entering the study area makes its way through the reach in high flow 

years (Table 6) since there is probably some upper limit on how rapidly water 

can infiltrate into the stream channel. A gain in streamflow may occur between 
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WATER 
YEAR 

1978 
1979 
1980 
1981 
1982 
1983 

NEAN (1978-1982) 

TABLE 5 
ESTI}~TED ANNUAL STREAMFLOW AT BOARD 

OF CONTROL MEASURING POINTS 
(Acre-Feet) 

LOCATION 
2 3 4 

1233 1656 333 
2543 2953 870 

12315 10746 8280 
3078 2461 983 
5503 3677 2349 

47023 42942 38193 

5019 4437 2632 
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0 
396 

6015 
483 

1044 
34269 
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WATER 
YEAR 

1978 
1979 
1980 
1981 
1982 
1983 

TABLE 6 
PERCENTAGE OF STEAMFLOW REMAINING AT 

CROW CREEK MEASURING POINTS 
AS COMPARED TO MEASURING POINT 2 

LOCATION 
2 3 4 

100 134 27 
100 116 34 
100 87 67 
100 80 32 
100 67 43 
100 91 81 

34 

5 

a 
16 
49 
16 
19 
73 
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points 2 and 3 due to return flows from the Beaver Dam Ditch. These return 

flows are apparent during low-flow years as streamflow gains betvleen the two 

points (Tables 5 and 6). 

PROJECT POTENTIAL 

The limiting factor to developing facilities for groundwater recharge in 

the lower Crow Creek basin is the erratic nature of flow. Compounding the 

problem of erratic flow is the inability to estimate the frequency of available 

flows because of the lack of data. Mean annual streamflow averages an estimated 

5,000 acre-feet per year, but actual streamflows are widely variable. 

The downstream water rights on the Mackley Ditch and the associated natural 

channel losses will generally require 2,000 to 3,000 acre-feet of wa ter per 

year. In up to 50 percent of all years, almost no water could be stored except 

during winter months. At these times, however, natural channel losses generally 

reduce flow to zero above the state line. During snowmelt runoff, or better 

than average years, water could be stored. 

A number of factors, including cost, site avai.lability, and useage rates, 

will need to be evaluated to fully assess proj ect potential. In addition, 

hydrologic simulation is needed to better estimate available flows. In years 

such as 1983, when almost 30,000 acre-feet of storable water flowed dow~ Crow 

Creek, a large volume of water can. be recharged if facilities are available. 

However, economic considerations may be unacceptable for a proj ect of that 

magnitude. A 1,000 acre-foot reservoir could fairly consistently provide water 

for the recharge project, however it would be unable to fill during some years. 

To provide a more reliable supply for the project Cheyenne's Stage II effluent 

water could be utilized. 
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S~~RY AND CONCLUSIONS 

This report has evaluated the available hydrologic information for the Crow 

Creek drainage basin, with a particular emphasis on the availability of water 

for a groundwater recharge proj ect located in the lower basin. A lack of 

adequate streamflow information makes conclusions about water supply somewhat 

speculative. 

At present, nearly all of the naturally occurring flow in the Crow Creek 

basin is utilized during the summer months, and there is usually no discharge in 

Crow Creek at the state line. In heavy snowfall/high precipitation years, 

however, high flows and lack of storage limit water use, with up to 50,000 

acre-feet potentially available in the lower basin. Generally, effluent from 

the City of Cheyenne, which results primarily from imported water, makes up the 

greatest element of streamflow below Cheyenne. With the Cheyenne Stage II 

project nearing completion, an additional 5,000 plus acre-feet could become 

available for recharge annually. Unfortunately, the Stage II wa ter proj ect 

does not provide much additional supply prior to the completion date for the 

Bureau of Reclamation study. 

The location of the recharge project will impact project size because of 

large natural losses to the groundwater system from channel flow in the lower 

basin. In typical years channel losses are about 3,500 acre-feet, with over 

10,000 acre-foot losses in very high flow years. A 1,000 acre-foot reservoir 

could supply project water fairly consistently, however it would not be able to 

store water during some years. 

To better define water availability in the lower basin it is suggested that 

a simulation model of the basin be developed. Such a model should incorporate 

precipitation, snowmelt, and other environmental factors as input. Calibration 
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could be done utilizing point flow data collected since 1977, though 

implementation of several stream gaging stations and a weather station in the 

lower basin would be most useful, and could be utilized during the recharge 

study. While the recharge project is being defined, sized, located, and a 

demand rate determined, the results of the modeling effort could be utilized in 

determining project cost-effectiveness, and an optimal project design. 
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Name of Investigation: Southern Laramie County, Wyoming, Artificial Groundwater 
Recharge Study. 

Location: Southern Laramie County, Wyoming 

Congressmen: Dick Cheney, Malcolm Wallop, Alan Simpson 

Description of Study: 

Groundwater levels in southern Laramie County are steadily declining due to 
the dependency on groundwater for irrigation supplies in this portion of 
the State. The unconfined Ogallalla aquifer is an excellent source of 
irrigation water in this area, however the demand being placed on it 
exceeds the recharge rate. The declining water tables are forcing wells to 
be abandoned or deepened, and are increasing pumping costs. If this trend 
continues irrigated agriculture will be severely curtailed in Laramie County by 
the increased operating expenses. 

Currently there are approximately 55,000 acres of land irrigated with 
groundwater in Laramie County r and groundwater levels in some parts of the 
county are declining by as much as 4 feet per year. Due to these serious 
declines the USGS developed a computer model of the hydrologic system that 
can be used to accurately predict the effect of applied stress to the 
system. This model would be well suited for use in determining the 
potential for artificial recharge in Laramie County, and the USGS has 
indicated their willingness to assist in this program. 

A potential source of artificial recharge water is Crow Creek, which heads 
in the Laramie Range and flows into Colorado near Carpenter, Wyoming. It 
is likely that excess water exists in this stream during spring runoff, and 
possibly during other seasons, depending on the year. WVIDC has prepared a 
hydrology study of Crow Creek ~o better quantify excess flows (attached). 

The City of Cheyenne is located adjacent to Crow Creek approximately 25 
creek miles above the Colorado state line. The city's sewage treatment plant 
discharges into Crow Creek, thereby creating another potential source of 
recharge water. Cheyenne's water supply is derived primarily from the Snowy 
Range, so their effluent is "new" to the Crow Creek drainage, and hasn' t been 
accounted for in the hydrology study of Crow Creek. 

There are several methods that could be em~loyed to introduce recharge 
water into the study area aquifers, the simplest of which would be one or more 
small reservoirs on Crow Creek with the soil in the pool area removed and the 
bedrock surface scarified to facilitate infiltration. Variations on this could 
include canals or laterals from the reservoirs, and ultimately injections wells. 

Crow Creek below Cheyenne is primarily a losing stream. During many years 
the stream is dry at the Colorado state line during late summer, indicating 
that recharge is already occurring by a similar mechanism to what is 
proposed here. Capturing excess spring runoff and effluent will increase 
the supply of recharge water, thereby creating a more efficient recharge system. 



Once a site or sites for small storage reservoirs has been selected, and 
verified as being. sound from an engineering standpoint, a system of existing 
wells could possibly be located for use as part of the monitoring network for 
the demonstration program. If insufficient wells exist for this purpose, 
additional piezometers may need to be installed. 

Access to the demonstration sites is not expected to be a problem, since 
the persons from whom access will be required are also the beneficiaries of 
the project. 

It is expected that the artificial recharge program will be continued upon 
termination of Bureau of Reclamation involvement, either by the State or local 
beneficiaries. 

The Phase I study to be conducted under this artificial recharge program 
would finalize the vehicle for implementing this program. Phase II would 
then involve construction of the facilities proposed in Phase I, and 
operation and monitoring of those facilities. A report will be written at 
the conclusion of each phase. Should the program prove infeasible at any 
time all activities will be terminated, the area reclaimed, and a report 
prepared on the ov~rall project. 

Benefits: 

If this program proves successful, groundwater appropriators in 
County would benefit through lower operation costs and more 
groundwater supplies. In addition, increased return flows should 
the quantity of water available downstream to other appropriators. 

Support: 

Laramie 
abundant 
increase 

State and local support is demonstrated by the 1984 Wyoming Legislature I s 
appropriation and Governor Herschler's approval of $10,000 to be used by 
the Wyoming Water Development Commission in the investigation of the 
potential for artificial recharge in Laramie County. This effort was initiated 
by an application from agricultural users in southern Laramie County. 

Financing: 

The State of Wyoming has demonstrated their interest in the program with an 
initial appropriation of $10,000. 

The WWDC is witling, pending Legislative authorization, to continue to 
support these activities with matching funds and manpower. 

Cost/Benefits: 

No quantification is available at this time. 

Legislative Requirements: 

WWDC has approximately $10,000 appropriated that can be used as matching 
funds. Additional funds will require approval of the Wyoming Legislature. 
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Legal Problems: 

None anticipated. 

Environmental Problems: 

None anticipated. 

Length of Study: 7 years 

Conunence: 1986 
Phase I Report: 1988 

Phase II report: 1993 

Cost of Study: 

Year 

1986-1987 
1988-1993 

Total 

State Contract: 

Amount 

$ 80,000 
1,920,000 

$2,000,000 

Wyoming Water Development Conunission 
Herschler Building, 3 East 
Cheyenne, Wyoming 82002 

307-777-7626 
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