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1 Introduction 

In 1989 the Wheatland Irrigation District and 
the Pio~eer Canal-Lake Hattie Irrigation Dis
trict requested that the Wyoming Water Devel
opment Commission (WWOC) conduc~ a w~ter 
planning study for the upper Lara~Ie RIver 
basin. Like much of WyomIng, the basIn su~e~s 
water shortages, particularly of late-season Im
gation water. The planning study was to e~
plore potential water manage~ent opportunI
ties in the upper basin to allevIate such short
ages. 

The WWOC accepted the request and incoIJ>o
rated the planni~g study as a. Level I proJect 
into its 1990 omnIbus water bIll to the legIsla
ture. Passage of W.S. 41-2-123 during the 1990 
legislative session authorized the study and pro
vided for its funding. In February 1991 the 
WWDC contracted with States West Water 
Resources Corporation to conduct the study. 
The study was completed in November 1991. 
This report documents the findings. 

Purpose of the Study 
This study'S objective was a reconnaissance
level evaluation of the hydrology, water use, 
and water management opportunities.in the 
upper Laramie River basin. The evalu~tIon led 
to the identification of project alternatIves and 
management strategies to alleviate basin water 
problems. The analyses also. pro~de .gui~ance 
for appropriate public and pnvate mstitutions. 

The primary goals of the stud~ were the evalu.a
tion of alternatives fQr supplYing late-season Ir
rigation water to the Pioneer Can~l-Lake Ha~
tie Irrigation District and for reducmg rese1:'0~r 
storage losses. A major problem of the basm IS 
the irrigation water shortage during July, Aug
ust, and September. Streamflow. in th~ ~a~in is 
highest in May and June, but rapIdly dimmIshes 
in July (Figure 1). Unfortunately, crop needs 
for water are greatest in July and still high in 
August and September - when streamflows 
are low. Figure 2 shows when grass hay and 
alfalfa crops grown in the basin need water. 
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Figure 1: Monthly streamflow hydrograph of 
the Laramie River. 
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Comparison of Figure 2 with Figure 1 illustrates 
that water demand and water supply are out of 
phase. This disparity normally results in ~n 
excess of water in spring and a shortage In 
summer and fall. Thus, the key aim of this 
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study is to find ways to lessen the impact of this 
out-of-phase supply/demand situation. 

Oth~r .topics of s~udy were the possibility of 
pr~vIdIng reservOIr storage for the City of Lar
anne and an assessment of flooding problems in 
the upper Laramie River basin. The analysis of 
all. potential.alterna~ives required that appro
pnate attentIon be gIven to environmental fac
!ors, with equitable consideration given to the 
~terests and needs of public and private institu
tIons. 

Overview of the Planning 
Process 
The WWDC Program 

The Wyoming Water Development Commis
sion is the state agency responsible for the co
ordinated planning and development of the 
water resources of the state. The WWDC 
assembles and generates the data necessary to 
evaluate project feasibility, makes recommen
dations about project and program develop
ment, and provides development plans. In 
addition, the WWDC presents resultant data 
and recommendations to the Governor and 
Legislature. 

WWDC projects evolve through a set of three 
levels, as shown in Figure 3. Level I projects are 
reconnaissance studies, which can be area- or 
basin-wide development plans, or preliminary 
analyses and comparisons of previously identi
fied development alternatives. A promising al
ternative, based upon the Level I investigation, 
can be promoted to a Level II feasibility 
evaluation. If other agencies have performed 
analyses equivalent to WWDC Level I analyses 
projects may begin at Level II. In general: 
Level I analyses provide a gross evaluation of 
project feasibility with a limited expenditure of 
funds. 

Level II evaluations are conducted in two 
phases. A preliminary feasibility analysis of the 
proposed project occurs during Phase I. If the 
project appears feasible and meets criteria in
cluding water supply, constructibility, and the 
spo~sor's ability to pay, then the project will 
contInue to Phase II. Otherwise, if the project 
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Level I 
Reconnaissance Evaluation 

Level II 
Feasibility Evaluation 

Phase I - Preliminary Analysis 
Phase IT - Conceptual Design 

,r 
Level ill 

Design and Construction 

Phase I - Final Design, Permitting, 
and EIS 

Phase II - Construction 

Figure 3: WWDC program levels. 

appears infeasible, the study can be abandoned 
without continuing to Phase II. 

During Phase II, development of a more de
tailed conceptual design allows an accurate ap
praisal of project cost. A detailed economic 
evaluation, based on the more accurate cost 
estimate, assesses the project sponsor's ability 
to .pay. If the project still appears feasible after 
thIS phase, and if a project sponsor is willing to 
commit financial resources to the project, the 
project will progress to Level III. 

Level III projects also involve two phases. 
During the first phase, final designs for the 
project are generated. Additionally, this first 
phase produces an environmental assessment 
or environmental impact statement, and se
cures permits required to build the project. 
Phase II is the actual construction of the yroj -
ect. Although the WWDC manages Level and 
Level II investigations, the WWDC funds Level 
III projects but generally leaves the manage
ment to the project sponsor. 



Several Level II projects completed in the Lar
amie River basin (upper and lower) have 
targeted problems of specific facilities. Reser
voir rehabilitation Level II studies have been 
performed for Lake Hattie Reservoir, Wheat
land No.1 Reservoir, and Wheatland No.2 
Reservoir. Level II canal rehabilitation studies 
have been performed for both the Wheatland 
Irrigation District and the Pioneer Canal-Lake 
Hattie Irrigation District. However, no Level I 
study has examined the potential of increasing 
or conserving water supplies in the entire basin. 

The Level I Planning Study 

The Upper Laramie River Basin Level I plan
ning study progressed through several steps 
(Figure 4). Although the WWDC's scope of 
services defined objectives of the study, a scop
ing meeting held at the beginning of the project 
allowed public and sponsor input to add or 
modify project alternatives and goals. A review 
committee established at that meeting ensured 
participation in the study by interested parties. 

~ Scoping Meeting I 

+ " " Collect Review Solicit 
Background Previous Public 
Information Plans Input , 

- Alternative Formulation & ..-- Preliminary Evaluation 

Reconnaissance Level Alternative Evaluation 

Recommendations. 

Figure 4: Upper Laramie River basin study 
planning process. 

The initial part of the study undertook several 
tasks simultaneously: 1) collection of back
ground information and data, 2) review of previ
ous planning studies, and 3) the gathering of 
public input. As a Level I study, little original 
source information was collected. Instead, sec
ondary sources of published and unpublished 
information were used. Public input was 
gathered during the scoping meeting and review 
committee meetings. 

Integration of review committee input with pre
vious planning study concepts resulted in 
development of nearly a dozen water project 
alternatives. Preliminary project configurations 
and cost estimates were generated to permit 
comparisons of the alternatives. Those alterna
tives appearing least favorable in the prelimi
nary evaluations were dropped from further re
view. Four alternatives showing promise were 
evaluated in more detail at a reconnaissance 
level, to provide information necessary to de
cide whether any projects warrant elevation to 
Level II. The WWDC and project review 
committee determined the final project 
recommendations. 
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2 Description of the Basin 

The Laramie River is the longest tributary of 
the North Platte River. Originating in the Med
icine Bow Mountains, the river drains an area 
of 4,600 square miles. The Laramie Mountains 
naturally divide the basin into upper and lower 
parts where the river passes through a steep, 
narrow canyon. The subject of this investiga
tion is that part of the basin west of the Laramie 
Mountains, herein called the upper Laramie 
River basin (Figure 5). 

Physical Characteristics 
The upper Laramie River basin, covering 2,300 
square miles, is a region of diverse topography, 
geology, climate, and vegetation. The Laramie 
River has its headwaters in and flows through 
what is also the topographic Laramie Basin. 
The Laramie Mountains to the east, the Medi
cine Bow Mountains to the west, and a central, 
relatively flat basin floor between the two 
mountain ranges define both the river and 
topographic basins. To the south, in Colorado, 
the two mountain ranges merge to form one 
mountain chain. To the north, the basin is open 
into central Wyoming. The crests of the two 
mountain ranges form the west, east, and south 
drainage divides of the river basin. To the 
north, the divide between the Laramie River 
and the Rock Creek drainage basins is an indis
tinct set of low ridges and hills. 

Drainage System 

Headwaters of the Laramie River are in 
Larimer County, Colorado, and about 300 
square miles of the basin lie in Colorado. In 
Colorado, the river flows northerly through a 
broad, flat valley. A few miles north of the state 
line, the river enters a canyon, from which it 
emerges near Woods Landing, Wyoming. 
From Woods Landing, the river traverses the 
Laramie Plains northeasterly until reaching 
Laramie, where it abruptly turns north. Three 
minor tributaries - Sand Creek, Fivemile 
Creek, and Harney Creek - join the river from 

the south (Figure 6) between Woods Landing 
and Laramie. 

About 13 miles northwest of Laramie, the Little 
Laramie River - the only major tributary of 
the Laramie River in the upper basin - has its 
confluence with the river. The Little Laramie 
River originates as the North, Middle, and 
South Forks, which have their headwaters in 
the Medicine Bow Mountains. About five miles 
southeast of Centennial, these tributaries join in 
the Centennial Valley to form the Little Lara
mie River. After leaving the Centennial Valley, 
the Little Laramie flows about 25 miles to the 
northeast to its confluence with the Laramie 
River. In this distance only one significant trib
utary - Mill Creek - joins the Little Laramie 
(Figure 6). 

From its confluence with the Little Laramie, the 
Laramie River meanders northward for about 
40 miles. The river passes through the Wheat
land No.2 Reservoir in this reach. Only a few 
minor tributaries add to the streamflow. About 
three miles north of the reservoir, the river 
turns to the east and flows through a canyon 
dissecting the Laramie Mountains. 

Topography and Physiography 

The upper Laramie River basin (and topo
graphic basin) is characterized by a large, 
central, flat floor with a periphery of mountains. 
The Laramie Mountains form the east edge of 
the basin and rise from the basin floor as a low, 
inclined slope. Where the mountains form the 
east border of the upper Laramie River basin, 
the highest point is only 9,053 feet at Pole 
Mountain. 

Rising abruptly from the west edge of the basin 
floor near Centennial, the Medicine Bow 
Mountains reach an elevation of 12,013 feet at 
Medicine Bow Peak. Sheep Mountain forms a 
10-mile long spur off the main mountain chain. 
The Centennial Valley separates Sheep Moun
tain from the main Medicine Bow chain. 
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Location 

Figure 5: Location map of the upper Laramie River basin. 
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Another peak isolated from the main mountain 
chain is J elm Mountain, which has been cut off 
from the Medicine Bow Mountains by the 
valley of the Laramie River (Figure 5). 

The basin floor is flat in comparison to the sur
rounding mountains. The floor, however, has 
an internal relief caused by several types of 
physiographic features. These features include 
four high terrace surfaces, the valley floors of 
the Laramie and Little Laramie Rivers, and 
many deflation hollows. 

Four planar, terrace surfaces occupy much of 
basin between Laramie and the Medicine Bow 
Mountains. The Laramie airport occupies one 
such surface. The only remaining remnant of 
the highest surface is the top of Table Mountain 
near Filmore. These surfaces gently slope to 
the east, away from the Medicine Bow Moun
tains. 

Cut into this set of terraces are the flat valley 
floors of the basin's two rivers. The valley 
bottom of the Laramie River averages about a 
mile wide along its course. The Little Laramie's 
valley width extends up to three miles wide. 

A most unusual landform - the deflation hol
low - occurs in the upper Laramie River basin. 
Deflation hollows are low spots which the wind 
has literally carved out of the ground. West of 
Laramie, the Big Hollow (which covers an area 
of about 35 square miles) is one of the largest 
deflation hollows in the basin. Nearly all the 
lakes and several the reservoirs in the basin lie 
in deflation hollows, which are internally 
drained and provide no runoff to the Laramie 
River. Because of the multitude of deflation 
hollows, over 600 square miles of the Laramie 
basin does not contribute runoff to the Laramie 
River. 

Climate 
The climate of an area substantially affects how 
people live and what they do outdoors. Obvi
ously, climate strongly influences the agricul
tural industry, mostly due to the amount and 
timing of precipitation and to temperatures 
during the growing season. Crops must be 
selected to fit the temperature regime of an 
area; however, if the precipitation is too little 
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for a given crop, supplemental irrigation water 
can be applied. 

Temperature 

Short, cool summers and long, cold winters 
characterize the general climate of the basin. 
Figure 7 illustrates the variation of mean 
monthly temperature at Laramie. January is 
typically the coldest month of the year; July, the 
warmest. 
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Figure 7: Mean monthly temperature distribu
tion at Laramie. 

Cool to cold temperatures within the basin are 
primarily the result of its high elevation. In 
general, temperatures decrease about 3° F to 
5° F for each 1,000-foot increase in elevation. 
For example, Laramie is about 1,100 feet 
higher in elevation than Cheyenne. Mean 
annual temperature in Laramie is 41 ° F, 
compared with 45° F for Cheyenne. In the high 
mountains surrounding the basin, elevations 
exceed 12,000 feet. Subfreezing temperatures 
can occur there in all months of the year. 

The length of the growing season and the tem
peratures during the season have a major effect 
upon the type of crops that can be grown in a 
region. The cool climate and short growing 
season make grass hay and alfalfa the two pri
mary crops grown in the basin. Usually begin
ning in mid-April and continuing to late Octo
ber, there is about a 190-day growing season 



when mean daily temperatures average 40° F or 
above. 

Precipitation 
Moisture-laden air masses originating over the 
northern Pacific Ocean or over the Gulf of 
Mexico cause most of the precipitation occur
ring in the ba~in. Significa~tly affecti~g the 
amount of mOIsture these aIr masses bnng to 
the Laramie River basin is the remoteness of 
the basin from the distant source areas of the 
moist air. Northward-moving gulf air masses 
may collide with cooler air masses. Thus, gulf 
air masses can lose much of their moisture over 
the Great Plains region of the country. 

Air masses from the Pacific must traverse many 
mountain ranges prior to reaching the basin. 
When forced to climb above a mountain range, 
an air mass loses much of its moisture as rain or 
snow. The many mountain ranges between the 
Pacific Ocean and the Laramie River basin 
drain much of the moisture from these air 
masses before they reach the basin. 

Most of the basin has a low-precipitation, semi
arid climate. Precipitation at Laramie averages 
about 10.7 inches a year, and has ranged from 
about 7 inches to nearly 16 inches during the 
past 45 y'ears (Figure 8) .. Greatest rrecip.itation 
occurs In July, averagIng abou 1.6 Inches 
during the month when plant water reguire
ments are highest. Mean 'precipitation aepths 
fall to less tlian one-half Inch during the mid
winter months (Figure 9). 
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Figure 8: Long-term precipitation variation at 
Laramie. 
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Figure 9: Mean monthly precipitation distribu
tion at Laramie. 

Mean annual precipitation depths at Laramie 
are not representative of the entire basin. 
Precipitation increases dramatically from the 
basin floor to the mountain peaks. As men
tioned above, air masses lose moisture to pre
cipitation when they are forced over mountain 
ranges. Often, the higher the mountain range, 
the more precipitation that is dropped. Figure 
10 illustrates the precipitation variation over 
the basin. 

Much of the basin floor averages less than 14 
inches of moisture annually. However, in the 
Snowy Range on the west side of the basin, 
mean precipitation depths exceed 60 inches 
annually. A substantial part of the precipitation 
in the mountains comes as snowfall to form the 
wintertime snowpack. When the snowpack 
melts, springtime runoff flows into the basin's 
streams and rivers. 

History 

Settlement 

Settlement of the upper Laramie River basin 
began about 130 years ago. After initial explo
rations in the 1800's by trappers and traders, 
the basin's role became that of a thoroughfare 
to be crossed. Both Bridger and Fremont 
traversed the basin on what would later become 
the Overland Trail. The Oregon Trail to the 
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north had been a more popular route to reach 
the Pacific coast, but Indian attacks along that 
trail were on the increase. For that reason, Ben 
Holliday, proprietor of the Overland Stage, 
moved his stage route to the south to follow the 
Overland Trail through the Laramie basin. 

In 1859, Philip Mandel constructed a log cabin 
on the Little Laramie River about 15 miles 
northwest of where Laramie is now located. 
Mandel served as Holliday's stageline agent. 
The station provided a stop where people and 
animals could both rest and receive a meal. 
Mandel used the Little Laramie's grass hay re
sources to sell to travelers following the trail. 
He worried, however, that haying could be a 
hair-losing experience with the Indians in area. 
In his words, "we always kept our rifles handy 
while haying" (Pence, 1968). 

A few scattered ranches developed along the 
trail, with the owners providing services to those 
traveling westward. Because of Indian prob
lems in the area, the U.S. Army established 
Fort Sanders near what was to become Lara
mie. But three major events occurring in the 
1860's shaped the destiny of the basin: 

• Discovery that cattle not only could survive 
but also would thrive on the grasses of the 
northern Great Plains. 

• Congressional passage of the Homestead 
Act of 1862. Increased immigration to the 
U.S. and the close of the Civil War encour
aged many people to move westward to 
acquire their own farms. 

• Routing of the Union Pacific transconti-
nental railroad through the basin in 1868. 

The Union Pacific came to Cheyenne in 1867 
and arrived at the Laramie townsite in May of 
1868. The first train brought flatcars loaded 
with Civil War veterans and immigrants ready 
to settle the area. The railroad not only provid
ed a conduit for westward travel of people and 
supplies but also was the means to transport the 
locally produced cattle to eastern markets. 

By 1869, Laramie was a thriving community 
providing support services for the surrounding 
countryside. Rapid settlement occurred after 
the railroad's arrival. When Wyoming reached 

statehood in 1890, all the best lands were being 
farmed. With the establishment of the Univer
sity of Wyoming in Laramie in 1886, the town's 
future seemed certain and growth expected. 

Population 

The 1870 census showed that Albany County 
had a population of 10,000, of whom 6,400 re
sided in Laramie. The county in 1870 reached 
all the way to the north border of the state, but 
most of its residents lived in the Laramie River 
basin spreading out from the railroad line. In 
its earliest years, Laramie and the county 
maintained growth, but there was a decline in 
population from 1910 to 1920. 

Since 1930, the county population has grown 
steadily, spurred mainly by the growth of 
Laramie. (The boundaries of the upper Lara
mie basin and Albany County are similar; Rock 
River is the county's only substantial 'population 
center not located in the Laramie River basin.) 
Figure 11 shows the increase in population for 
Albany County and Laramie for the period of 
1930 to 1990. The rural population outside 
Laramie has remained essentially static for the 
past 60 years. Farms and ranches have been 
consolidated as equipment efficiency has in
creased, thereby reducing the number of farm 
families. However, the desires of many city 
residents to own ranchettes in the country have 
helped to maintain the rural population, espe
cially near Laramie. 
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Figure 11: Population growth in Laramie and 
Albany County. 
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Laramie has gained an average of 3,200 resi
dents in each of the past six decades. The 
growth of Laramie has been relatively constant 
when compared to the boom and bust cycles 
experienced by many Wyoming communities. 
The University of Wyoming provides a stabiliz
ing influence for the community. Much of the 
past population increase has been the result of 
the university's growth. In 1990, nearly 90 per
cent of the county's 30,797 citizens resided in 
Laramie. 

Figure 11 also illustrates a potential population 
growth scenario for the next 60 years. Growth 
in this projection is based upon a constant pop
ulation increase similar to that experienced 
during the previous 60 years. This scenario 
predicts that in the year 2050, Albany County 
will have a population of 52,000 with nearly 
47,000 residing in Laramie. Many formulae and 
equations are available for predicting popula
tion growth, and one can dispute the growth 
scenario presented here. Events such as the 
discovery of a high-grade diamond deposit in 
the basin or Casper College becoming a four
year-degree granting institution may cause 
growth rates to fluctuate. Still, if the past can 
serve as a crystal ball to foretell the future, 
Laramie will likely continue to grow. The rural 
parts of the county also will gain population, but 
only minimally.-
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3 Water Resources and Utilization 

Hydrology is the science that deals with the 
earth's waters - their occurrence, distribution, 
movement, and properties. A knowledge of 
hydrologic conditions of an area is essential in 
any water resources planning study. Under
standing of hydrologic conditions and aware
ness of water utilization allow appraisal of 
shortages and surpluses occurring in an area. 
Such hydrologic evaluation fosters development 
of proposed methods for better use of the 
area's waters. 

A summary of the hydrologic conditions in the 
upper Laramie River basin is presented in this 
chapter. Although surface water is the primary 
source of water used in the basin, groundwater 
is available and used to a small extent. Both 
surface water and groundwater resources are 
discussed herein. The history of water devel
opment in the basin is also described, to help 
put current water utilization practices into per
spective. 

Surface Water Resources 

Data Sources and Availability 

Surface water resources of the upper Laramie 
River basin were evaluated using both pub
lished reports and actual hydrologic records. 
The Wyoming State Engineer's Office and the 
U.S. Geological Survey have been the two 
primary agencies for collecting hydrologic 
information in the basin. Ten streamflow 
gaging stations in the basin have records of 
substantial length for use in conducting hydro
logic analyses. These stations (listed in Table 1 
with locations shown on Figure 12) provided 
the primary streamflow data used in this inves
tigation. 

Diversion canal flow data, collected by the 
Wyoming State Engineer's Office, are available 
for most canals in the basin. For several diver
sions - including the Pioneer Canal, Bellamy 

Canal, and Wheatland Tunnel - diversion data 
are collected by a continuous flow recorder. 
Most typically though, diversion flow data are 
collected intermittently at the parshall flumes 
located on most canals in the basin. 

The U.S. Geological Survey (USGS) has col
lected water quality data in the basin since the 
1960's. Long-term water quality data has been 
collected at two streamflow gaging stations: 
Laramie River at Two Rivers (#6660500) and 
Little Laramie River at Two Rivers 
(#6661500). Additional data have been col
lected at several other locations by the USGS 
and the University of Wyoming. 

Streamflow Characteristics 

Streamflows in the upper Laramie River basin 
are generated principally through the melting of 
the mountain snowpack. Summertime thunder
storms over the basin floor may cause small 
volumes of runoff, but the plains areas produce 
only a limited portion of the basin's runoff. In 
fact, streamflows in the basin decrease down
stream along the two main streams because the 
plains areas produce little runoff yet are the 
areas of greatest water consumption. Table 2 
gives the mean annual runoff for the basin's ten 
streamflow gaging stations. 

Seasonal Streamflow Variation. Peak stream
flows in the basin occur during the melting of 
the mountain snowpack in the springtime. June 
is typically the month of highest flow. Forty 
percent of the mean annual runoff can occur in 
just this one month. Nearly 75 percent of the 
mean annual runoff occurs in the months of 
May, June, and July. Streamflows in the non
spring months are low, resulting from ground
water baseflow - not surface runoff. Hydro
graphs of mean monthly streamflow for the 
various basin gaging stations are shown in 
Figure 13. 
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Table 1: Streamflow gaging stations in the Upper Laramie Basin. 

Station Period of 
Number Station Name Location (S.,T.,R.) Operation 

6658500 Laramie River near Jelm, WY 15-12-n 1910-1971 

6659500 Laramie River and Pioneer Canal near Woods, WY 36-14-n 1931-Present* 

6659580 Sand Creek at the Colorado-Wyoming state line 24-12-75 1968-Present* 

6660000 Laramie River at Laramie, Wyoming 29-16-73 1933-1972* 

6660500 Laramie River at Two Rivers, Wyoming 5-17-74 1933-1972 

6661000 Little Laramie River near Filmore, Wyoming 4-15-77 1933-Present* 

6661500 Little Laramie River at Two Rivers, Wyoming 6-17-74 1910-1965 

6661585 Laramie River near Bosler, Wyoming 10-18-74 1972-Present* 

6662000 Laramie River near Lookout, Wyoming 27-21-74 1932-Present* 

6663500 Laramie River below Wheatland Reservoir No.2 34-23-73 1952-1963 

* No winter records for some years. 

Table 2: Mean annual run-off at streamflow 
gaging stations in the Upper Laramie River 
basin. 

Mean Annual 
Station Streamflow 
Number Location (Acre-Feet) 

6658500 near Jelm 116,000 
6659500 at Pioneer Canal 136,000 
6660000 at Laramie 90,100 
6660500 near Two Rivers 80,300 
6661585 near Bosler 118,000 
6662000 near Lookout 105,000 
6659580 Sand Creek at the 

state line 8,100 
6661000 Little Laramie at 

Filmore 73,500 
6661500 Little Laramie at 

Two Rivers 33,900 
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Flow Duration. Another way to describe 
streamflow is by the frequency that a given flow 
is equaled or exceeded. For example, for a 
given location, discharge might exceed 100 cfs 
50 percent of the time. Flow in excess of 1,000 
cfs might occur only two percent of the time, 
during the height of springtime runoff. At the 
other extreme, flows less than 10 cfs might 
occur 10 percent of the time. A flow duration 
curve provides a simple means for illustrating 
the frequency of flows of a given magnitude on 
a stream. The flow duration curve may provide 
useful information for instream flow analysis or 
critical water supply studies. Figure 14 shows 
the duration curves for several gaging stations 
on the Laramie and Little Laramie Rivers. 

The relative flatness of the Laramie River dura
tion curves suggests that flow is reasonably 
stable at these locations. For over half the year, 
flows range between about 20 and 80 cfs. Flows 
exceed 100 cfs approximately 20 to 30 percent 
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of the time, primarily during the spring runoff. 
Flows below 10 cfs are rare near Woods Land
ing, but occur a small percentage of the time at 
Laramie and Lookout. 

The flow duration curve of the Little Laramie 
River near Filmore has a shape comparable to 
that of the curve for the Laramie River at 
Woods Landing. This indicates a similarity in 
pattern of runoff between the two sites. At 
these two locations, streamflow is relatively un
affected by man's intervention and is derived 
from similar mountain sources. Therefore, 
there is a similarity in runoff conditions. When 
water passes down the Little Laramie River 
from Filmore to Two Rivers, irrigation or nat
ural streamflow losses deplete much of the flow. 
The Two Rivers duration curve's lower position 
on the graph than the Filmore curve illustrates 
this streamflow depletion. The flow at the Two 
Rivers gage is less than one cfs nearly 20 per
cent of the time, whereas flow at the Filmore 
gage is less than 10 cfs only one percent of the 
time. 

Long-term Streamflow Variability. Streamflow 
varies not only from day to day and month to 
month, but also from year to year. The mean 
annual streamflow values 8resented in Table 2 
are derived by averaging 6 years of streamflow 
data. On a year-to-year basis, annual runoff 
may be much higher or lower than the average. 

Often, dry (low runoff) years tend to follow dry 
years and wet (high runoff) years tend to follow 
wet years, in a phenomenon termed persistence. 

Figure 15 is a hydrogra ph of Laramie basin 
runoff for the period 1911 to 1990. The hydro
graph was derived by summing flow at gages on 
the Laramie River, the Little Laramie River, 
and Sand Creek. Because flow records were 
not available for the entire period at these 
gages, statistical methods estimated flows for 
ungaged periods. 
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Figure 15: Long-term runoff variation in the 
upper Laramie River basin. 
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Mean basin runoff for the 80-year period was 
217,500 acre-feet. Runoff volume ranged from 
a low of 73,000 acre-feet in 1934 to a high of 
450,000 acre-feet in 1917. The jagged line in 
Figure 15 is the five-year moving average of 
runoff volume. Averaging several years of run
off data eliminates the year-to-year variations. 
revealing the runoff trends. The most apparent 
characteristic of the inflow data is that it has a 
somewha t cyclic ~rogression of wet and dry 
periods. The 1930 s, 1950's-1960's, mid 1970's, 
and late 1980's were all periods having less than 
average flow. The longest period of better
than-average runoff in the basin occurred in the 
years prior to 1930. These wet and dry cycles in 
the basin are typical of the long-term trends 
that occurred in other parts of the state. 

Trends and cycles in long-term basin runoff are 
the result of changes of precipitation received 
in the basin. Figure 16 shows .the relationship 
between precipitation and runoff. As expected, 
periods of greater precipitation are also periods 
of greater runoff. Global-scale climate changes, 
such as the northward or southward movement 
of storm tracks from the Pacific, ultimately are 
responsible for changes in basin precipitation 
and runoff. 
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Figure 16: Relationship between precipitation 
and runoff. Precipitation is for Laramie. Run
ofT is 5-year moving average of basin inflow. 

Floods and Flooding 

Flood flows are typically defined by two charac
teristics: magnitude and frequency of occur-
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rence. Flood magnitude is usually specified by 
the peak flow or greatest instantaneous dis
charge occurring during the flood event. The 
greater the peak flow, the more widespread 
flood waters will be, and the greater the poten
tial for flood damage. The frequency with which 
a given peak flow occurs is known as the flow's 
return period or recurrence interval. Floods are 
often described as being 25-year, 50-year, etc., 
to imply the frequency of occurrence. This time 
reference does not mean that there will be only 
one flood of a given magnitude or greater in a 
given period; instead, over many years a flood 
of such magnitude or greater will occur on 
average in that length of time. 

Physical and economic constraints preclude the 
absolute control of flooding. Several means of 
mitigating flood damage are available. Linsley 
and Franzini (1972) presented seven measures 
for reducing flood damages: 

• 
• 
• 

Reduction of peak flows by reservoirs. 

Confinement of flow to the channel by 
levees or flood walls. 

Reduction of peak stage by increased veloc
ities resulting Irom channel improvement. 

• Diversion of flood waters through bypasses 
or floodways. 

• Temporary evacuation of the flood plain. 

• Flood-proofing of specific properties. 

• Flood insurance. 

N at all of these measures can solve problems 
associated with a given circumstance. N ever
theless, an understanding of flood frequency, 
damages, and mitigation costs can lead to 
tenable solutions . 

Causes of Flooding. Floods along the Laramie 
and Little Laramie Rivers are almost always the 
result of melting of the mountain snowpack. 
Occasionally, the snowmelt flood flows will be 
increased by mountain rainfalls which speed the 
rate of melting and the concomitant runoff. 
The annual peak flood flow occurs in May and 
June, with the vast majority of the~ '!vents 
happening in the last week of May or~rst two 
weeks of June. 



Table 3: Historic Ooods. 

Ii Peak Discharge (cfs) II 
-------------Laramie River at:------------- --Little Laramie River at:-- Approximate 

Return Period 
(years) 

Pioneer Two Two 
Date Canal Laramie Rivers Lookout Filmore Rivers 
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Figure 17: Flood frequency for gaging stations 
on the Laramie (a) and Little Laramie (b) 
Rivers. 
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Historic Floods. Gaging stations have moni
tored flood events in the basin for about the 
past 80 years. Table 3 identifies several of the 
larger flood events that have occurred in the 
basin. 

Flood Frequency. Flood frequency calculations 
were made for seven gaging station locations in 
the basin. The Log-Pearson III methodology 
(Water Resources Council, 1977) was utilized 
to estimate peak flow estimates for the 2-year 
through 100-year floods. Figure 17 graphically 
portrays the peak flows for the gaging station 
sites, while Table 4 on the next page lists the 
estimated peak flows. 

Figure 18 (next page) shows the change in 
recurrence Interval flood discharge with loca
tion along the Laramie River. Probably the 
most interesting characteristic is the decrease in 
peak discharge for a given return period in the 
downstream direction. Streamflow diversions 
and natural stream losses are the reasons for 
this downstream decrease in peak discharge. 
Flood peaks originate in the mountains with 
snowmelt, while losses to streamflow occur in 
the plains areas. Peak discharge for return 
period flow frequencies also decreases down
stream on the Little Laramie River. 

Summary. Estimated frequencies for historic 
floods along the Laramie River are presented 
in Table 3. At several locations along the river, 
historic flood flows have exceeded the 1 ~O-year 
flood discharge. However, damages have not 
been excessive during most of the floods. In the 
flood of 1983, over $30 thousand in damages 
were inflicted (Western Water Consultants, 
1986) for what was a 25-year to greater than 
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Table 4: Flood frequency data. 

Peak flood discharge (cfs) for given return period (years) 

Number Location 2-year 5-year lO-year 25-year 50-year lOO-year 

Laramie River 
6658500 near Jelm 1,.350 
6659500 at Pioneer Canal 1,510 
6660000 at Laramie 950 
6660500 near Two Rivers 980 
6662000 near Lookout 1,130 

Little Laramie River 
6661000 at Fi lmore 1,100 
6661500 at Two Rivers 740 
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Figure 18: Variation of flood discharge along 
the Laramie River. 

lOO-year flood, dependent upon location along 
the stream. 

Water Quality 

The quality of water refers to its purity or 
departure therefrom by its carrying dissolved or 
suspended chemical constituents. Although an 
overall physical quality of water may be re
quired for a given purpose, a minimal standard 
of quality is required for many uses. If the 
water quality standard can not be met naturally 
in the available waters, then some form of 
treatment will be necessary. Some treatments 
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2,000 2,460 3,070 3,540 4,020 
2,300 2,820 3,490 3,980 4,470 
1,560 1,930 2,350 2,620 2,860 
1,570 2,030 2,550 2,890 3,210 
1,990 2,520 3,120 3,510 3,850 

1,560 1,850 2,180 2,420 2,650 
1,200 1,410 1,590 1,680 1,750 

may be cost prohibitive. For certain sectors, 
such as agriculture, treatment is unheard-of. If 
the natural water quality is insufficient for an 
economic sector, then that sector will not exist. 

Natural water is never pure since, as a solvent, 
it dissolves many minerals with which it comes 
into contact. Further, flowing water can sus
pend and transport sediment particles. The 
quality of the water can be attributed to the 
environment in which it exists and to man's 
activities. The mineralogic makeup of bedrock 
and soils controls major chemical constituents 
and, to some extent, salinity. Man's use of 
water for irrigation - spreading it over fields 
which causes it to percolate through the soil -
can cause an increase in the mineralogic con
tent of stream waters. In the upper Laramie 
River basin, both natural conditions and man's 
activities likely have an affect upon water qual
ity. 

Limited water quality data prevent an intensive 
analysis of surface water quality conditions in 
the basin. Two streamflow gaging stations 
(Figure 12) - Little Laramie River at Two 
Rivers (#6661500) and Laramie River at Two 
Rivers (#6660500) - were the primary sources 
of water quality data analyzed in this study. 

Major Chemical Constituents. Primary chemi
cal constituents of basin waters are calcium, 
sodium, magnesium, carbonate, sulfate, and 
chloride. Figure 19 shows the range of concen
trations for these chemical constituents at the 
Laramie River and Little Laramie River gages 
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Figure 19: Concentration of major chemical 
constituents on the Laramie (a) and Little 
Laramie (b) Rivers. 

near Two Rivers. In general, concentrations of 
the constituents are higher on the Laramie 
River than on the Little Laramie River. Cal
cium is the predominant cation in both rivers, 
the result of the calcium-magnesium silicate 
and calcium carbonate terrains in which the 
rivers originate. On the Little Laramie River, 
carbonate alkalinity is the primary anionic 
source, but on the Laramie River sulfate is the 
predominant anion. The higher sulfate levels in 
the Laramie River are likely due to some of its 
source streams draining gypsiferous areas. 
Gypsum, which chemically is calcium sulfate, is 
endemic to the red bedrock formations east and 
south of Laramie. 

Dissolved Solids. Total dissolved solids (TDS) 
represents the sum of the concentrations of the 
individual dissolved salts and indicates the 
salinity of water. Individual salts are potentially 
more harmful than total dissolved solids, but 
TDS concentrations can become critical above 
a given level. Drinking water should have TDS 
levels below 500 milligrams per liter (mg/l), but 
concentrations below 1,000 mg/l are acceptable 
if no better water source is available. Cattle 
and sheep can drink water having TDS concen
trations in excess of 10,000 mg/l, if sodium and 
chloride are the major constituents. Crops 
grow best if the TDS level is less than about 
3,000 mg/l. Sodium hazard is also a significant 
factor in crop use of high TDS water. Grass hay 
and alfalfa, the major crops in the basin, are 
fairly salt tolerant. 

On a time-weighted basis, TDS levels at the 
Two Rivers gages average about 300 mg/l on 
the Little Laramie and 600 mgll on the Laramie 
River. However, significant variations in TDS 
level occur with changes in stream discharge, 
season, and location along the river. Typically, 
TDS levels are related to stream discharge 
inversely; as stream discharge increases, TDS 
level decreases. (That is, low salinity snowmelt 
water dilutes the concentration of ionic constit
uents in the stream water.) However, for these 
two stations, TDS vs. stream discharge trends 
are weak. The TDS/discharge relationship is 
more apparent for the Laramie River than it is 
for the Little Laramie River. 

Seasonal changes in TDS levels are more ap
parent for the two gaging stations (Figure 20). 
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Figure 20: Seasonal variation of TDS on the 
Laramie and Little Laramie Rivers. 

For both rivers, TDS levels generally decre~se 
during the winter and increase when spnng 
runoff begins. This springtime TDS increase 
could result from flushing of wintertime salt 
accumulations in area soils. With the advent of 
peak snowmelt runoff in June, TDS levels drop 
for both rivers. 

As streamflows drop during the summ.er 
months on the Laramie River, TDS levels In
crease in an expected manner. Flows. are low; 
mineral-laden return flows tend to Increase 
TDS levels. Groundwater return flows from 
irrigated lands continue bringing higher TDS 
waters to the river for about two to three 
months after irrigation. As these return flows 
diminish during the winter, the river's TDS 
levels stabilize at about 400 mg/l. 

On the Little Laramie River, TDS levels remain 
low through September~ quite un}ike. the .situa
tion on the Laramie RIver. IrngatIon In the 
Little Laramie valley occurs primarily within 
the wide alluvial valley floor. Well-wash~d 
sands and gravels derived from the mountaIns 
to the west form the floor deposits. Salt levels 
in these soils should be relatively low, so that 
applied irrigation waters dissolve few salts. 
What salts are in the soils likely are flushed out 
during the annual spring runoff. This is proba
bly the cause of the decrease in TDS concentra
tion during the summer. 
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Limited information is available to document 
the variation of chemic~ qu~lity along the Little 
Laramie and LaramIe RIvers. A study by 
Davidson and Burman (1981) provides some 
data on doWnstream TDS changes. TDS and 
constituent concentrations are fairly Iowan the 
Laramie River at the state line, but they in
crease downstream. Return flows from irrigat
ed lands and natural runoff from the basin floor 
carry salts to the river, causing the increase in 
IDS. 

Limitations on Use. Chemical quality of the 
basin's waters does not appear to limit intended 
uses. Salt levels are well within the acceptable 
range for crop irrigation. Laramie'~ munici~al 
use of the water is also acceptable, SInce the CIty 
diverts upstream of most of the irrigation ret~m 
flows. However, municipal usage does requIre 
treatment for suspended sediments and bacte
rial elements (not reviewed herein). 

Groundwater Resources 
Groundwater is available almost everywhere in 
the upper Laramie River basin, but it is hidden 
from view below the ground's surta.ce .. Grou~d
water typically originates as preCIpItatIon which 
falls on the land's surface, infiltrates through 
the soil, and percolates down to the water t~bl~. 
Seepage from stream channels and reservOIrS IS 
also another source of supply. During periods 
of flooding, the floodwaters .spr~~ding over the 
floodplain may provide a SIgnIfIcant boost to 
groundwater recharge. So~e groun?w.ate~ re
charge is artificial, occurrIng from.IrngatIo.n, 
leaky distributions systems, or septIC tank dIS
charges. 

Water does not occur underground as open 
rivers and lakes as some think. Rather, water 
occurs in the p~re spaces -. inte!stices - ~~t
ween grains of sand and sIlt, or In t~e caVItIes 
that occur in limestones and dolomItes. Even 
very nonporous rock such as granite may 
contain pockets of usable amounts of water 
where the rock has been highly fractured. Rock 
units that contain sufficient saturated perme
able material to yield significant quantities of 
water are termed aquififrs. Th.is definit~on. is 
imprecise because what IS suffiCIent and Sl~
cant depends upon the inte~ded use. Co~g 
layers which separate aqUIfers are aquztards. 



Aquitards are not impermeable, just much less 
permeable than aquifers. 

Aquifers can be categorized as confined or 
unconfined. An unconfined aquifer is one in 
which the groundwater possesses a free surface 
open to the atmosphere. The upper surface of 
the saturated groundwater zone is the water 
table. Confined aquifers are aquifers bounded 
by two aquitards. Because of the pressure of 
overlying rocks, water in wells drilled into con
fined aquifers will usually rise above the top of 
the aquifer in what is termed an artesian condi
tion. When the well water rises above ground 
level, a flowing artesian well results. 

Occurrence 

Three principal aquifers, three secondary aqui
fers, and several local groundwater systems 
have been defined in the upper Laramie River 
basin (Richter, 1981). Principal aquifers are 
areally extensive and highly productive, are 
reliable groundwater sources, and have an ex
cellent development potential. Principal aqui
fers in the basin are the Tertiary, Cloverly, and 
Casper-Tensleep. Secondary aquifers are 
areally limited, less productive, and have only a 
fair to good development potential. In the 
basin, the Mesaverde, Frontier, and Sundance 
are secondary aquifers. Where an aquifer oc
curs locally, such as in the alluvium along a 
stream channel, it is termed a local ground
water system. 

Principal Aquifers. The primary location of the 
Tertiary aquifer is in the northern part of the 
basin (Figure 21), where the geologic forma
tions comprising the aquifer occur at the sur
face. The aquifer consists of a group of forma
tions of Tertiary Age including the North Park, 
Browns Park, White River, Wind River, Hanna, 
and Medicine Bow formations. The aquifer is a 
complex set of interbedded, lenticular con
glomerates, sandstones, shales, coals, and tuffs 
that were deposited in a fluvial (stream) envi
ronment. For most of its extent, the aquifer is 
situated topographically and stratigraphically 
high, and is unconfined. Recharge to the aqui
fer is by direct infiltration of precipitation 
falling onto Tertiary outcrops and by leakage 
from underlying aquifers. 

The Cloverly aquifer underlies most of the 
central part of the Laramie basin and outcrops 
in only a few locations around the basin's 
periphery (Figure 21). The aquifer incorpo
rates the entire Cloverly Formation, which 
consists of three members: the Lakota, the 
Fusion Shale, and the Dakota. The Fusion 
Shale acts as an aquitard between two perme
able zones, the Lakota and Dakota members. 
Throughout most of the area, the aquifer is 
confined and exhibits artesian conditions. Sev
eral wells drilled into the Cloverly aquifer are 
flowing wells. Some recharge results from 
precipitation infiltration on Cloverly outcrops. 
Leakage from adjacent geologic units causes 
most of the recharge. 

The Casper-Tensleep aquifer incorporates the 
Casper Formation and the Tensleep Sandstone. 
A series of permeable sandstones and imperme
able limestones 600 to 800 feet thick create a 
set of subaquifers within the aquifer. The Cas
per-Tensleep aquifer underlies practically the 
entire basin, but outcrops of the aquifer's for
mations occur mainly along the Laramie Moun
tains (Figure 21). Water in the aquifer is con
fined under artesian conditions throughout the 
area. 

Recharge to the aquifer is due to the infiltration 
of precipitation directly into rock outcrops. 
Lundy (1978) estimated recharge to the 79 
square-mile outcrop near Laramie to be 1.4 
inches per year, or about 10 percent of the 
mean annual precipitation. The Casper-Ten
sleep aquifer is the most productive aquifer in 
the basin; the City of Laramie derives its 
groundwater supply from this aquifer. 

Secondary Aquifers. Secondary aquifers are 
those aquifers that are permeable and saturat
ed, but not so predictable as the principal 
aquifers. The Mesaverde Aquifer - comprised 
of the Mesaverde Formation - is restricted to 
the northwest part of the Laramie basin, where 
it is elevated, discontinuous, and unconfined. A 
series of sandstones, shales, and coals form the 
aquifer. Recharge is by infiltration of precipita
tion on the outcropping units. Springs dis
charge from the aquifer where it is dissected in 
outcrop. 

The Frontier aquifer underlies much of the 
Laramie basin. Outcrops of the Frontier 
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Figure 21: Location map of principal aquifers. 
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Formation that comprise the aquifer have 
limited extent. Units of the 400- to 800-foot
thick aquifer include sandstones interbedded 
with shales. In the southern and central parts of 
the basin, the aquifer is unconfined or semi
confined (where the confining shales are ele
vated and dissected). In the north part of the 
basin, the confining layers are continuous. 
Current development of the aquifer is limited 
because shallower sources of groundwater are 
available. 

The Sundance aquifer is comprised of the 
Sundance Formation. The aqUIfer underlies 
most of the basin and is exposed in outcrops at 
the east and northeast basin periphery. Three 
massive, permeable sandstones separated by 
nearly impermeable shales and calcareous 
sandstones form the aquifer, which ranges from 
25 to 290 feet thick. Recharge to the aquifer is 
primarily from leakage from adjacent units, 
because outcrops of the formation are so small 
in area. 

Local Groundwater Systems. Local ground
water systems may exist as saturated alluvium 
along stream courses or as elevated, discontin
uous aquifers located at a formation outcrop. 
Infiltration of precipitation on the outcrop, or 
stream losses in alluvial aquifers recharge local 
systems. Local groundwater systems support 
stock wells throughout the basin. Production 
from the wells may vary seasonally, increasing 
in the springtime after the aquifer is recharged. 

Unconsolidated alluvium underlies the flood
plains of most of the major streams in the basin. 
This alluvium consists of sheets and lenses of 
clays, sands, gravels, and cobbles ranging up to 
60 feet thick. Because of its excellent perme
ability and saturated thickness, the aquifer has 
much potential for development. The interac
tion between surface water and groundwater 
could mean that interference with surface water 
users may legally restrict development of these 
aquifers. 

Water Quality 

The quality of groundwaters generally is lower 
than that of surface waters, but there are some 
substantial exceptions. Groundwaters usually 
contain much higher TDS and much lower bac
teriologicallevels than surface waters. Ground-

waters also are much more consistent in their 
quality, avoiding the seasonal quality fluctua
tIons of stream waters. 

Groundwaters dissolve and carry salts from the 
rock units through which they migrate. Near 
outcrop areas where recharge occurs, TDS 
levels are usually lower than 500 mg/I. The 
mountain flanks of the Medicine Bow and 
Laramie Mountains are the principal recharge 
areas for the basin. Moving away from the 
mountains, water quality deteriorates and TDS 
levels rise. The primary reason for the TDS 
increase is the greater opportunity (time) for 
water to dissolve salts from the rock matrix as 
the travel distance increases. Figure 22 displays 
the increase in TDS levels in the Casper-Ten
sleep aquifer away from the Laramie Range. 

The list below summarizes the water quality of 
the various basin aquifers: 

• 

• 

• 

• 

• 

Local Aquifers. Because local aquifers are 
recharge a at outcrop and the water travels 
minimal distances in the aquifer, TDS lev
els are often less than 50G mg/I. Alluvial 
aquifers mimic the water qualIty character
istics of the stream water recharging them, 
but have somewhat higher TDS levels due 
to salt pickup and evaporation. 

Tertiary Aquifer. TDS quantities are often 
less than 500 mg/l in the northwest part of 
the basin. Calcium and bicarbonate are the 
major chemical constituents. 

Mesaverde Aquifer. TDS amounts range 
from less than 500 mg/1 near outcrop areas 
at the basin margins to over 1,000 mg/l 
where the aquifer is buried. Mesaverde 
waters are predominantly sodium bicar
bonate and sodium sulfate. 

Frontier Aguifer. TDS increases from less 
than 1,000 mg/l at the basin margins to 
greater than 3,000 mg/1 in the central basin. 
Increases in TDS are associated with in
creasing sulfate and chloride concentra
tions. 

Cloverly Aquifer. Cloverly aquifer waters 
are low TDS « 1,000 mg/l) near outcrop, 
but deteriorate basinward to TDS levels 
over 5,000 mg/l. With the increase in TDS, 
the water switches from a sodium bicar
bonate type to a sodium chloride type. 
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Figure 22: TDS variation in the Casper-Tensleep aquifer. (After Richter, 19M1). 
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• 

• 

Sundance Aquifer. Like the Cloverly 
groundwaters, Sundance waters are charac
teristically sodium bicarbonate near the 
basin margins and change to sodium chlo
ride waters basinward. TDS levels increase 
from about 1,000 mg/) at the basin margins 
to over 3,000 mg/l mId-basin. 

Casper-Tensleep Aquifer. At outcrop, 
TDS levels are generally less than 500 mgJI 
and waters are of a calcium bicarbonate 
type. TpS levels increase away from the 
mountaIns and exceed 3,000 mgJI (Figure 
22). As TDS levels increase basmward, the 
water changes to a sodium sulfate/bicar
bonate type. 

History of Water Develop
ment 

Early Irrigation 

The first irrigation in the Laramie River basin 
started in the lower basin near Ft. Laramie. At 
the fort, vegetables were grown and irrigated in 
the ~arly 1850's. Settlement began in the upper 
basIn along the Overland Trail in the 1860's 
and a few road ranches irrigated natural grasse~ 
fo~ tr.av~lers' live~t<?ck. The first water right 
prIOrIty In the baSIn IS for the Dowlin Ditch an 
1~68 priority tc? irrig~te lands along the Lara~e 
RIver about nIne mIles southwest of Laramie. 
Through the 1870's, about 20 small ditches were 
developed along the Little Laramie River. 

Direct Flow Projects 

The 1880's saw a dramatic increase in the 
acquisition of direct flow rights and irrigation of 
new lands. These years proved to be the most 
dyn.ami~ growth period for irrigation in the 
baSIn (FIgure. 23). By 1~90, n~arly ninety per
cent of the dIrect flow rIghts In the basin had 
been developed. 

T~e first of the big direct flow projects was the 
PIoneer Canal, developed by the Pioneer Canal 
Company. The canal was permitted for 71 cfs 
in .1879~ with an enlargement for 210 cfs ob
taIned In 1884. The canal diverts from the 
Laramie River in sec. 36, T. 14 N., R. 77 W., 
and extends for about four miles to Sodergreen 
Lake (Figure 24). From Sodergreen Lake, the 

canal t~ave~ses another 25 .miles, paralleling the 
LaramIe RIver and averagIng about three miles 
to the north of it. Though the irrigable area 
under the canal is .40,000 acres, only 15,000 
acres were brought Into production. 
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Figure 23: Increase in direct flow diversions in 
the basin. 

T~e bigg~st. irrigation project in the Laramie 
RIver basm IS the Wheatland Irrigation Project. 
Although waters are diverted to the project 
fro~ the upper basin, all irrigated project lands 
are In the lower basin in the vicinity of Wheat
l~nd. Initially, the project was to consist of a 
dIversion and tunnel directing water from the 
Laramie River in sec. 36, T. 22 N., R. 70 W. to 
Bluegrass Creek. The diverted water flows 
down Bluegrass Creek into Sybille Creek 
whence it is diverted to the Wheatland Flat~ 
area. 

Plans for the project were drawn up in the win
ter of 1882-1883. Permits for the initial project 
received 1883 priorities. Although they began 
as a loose partnership, the organizers formed 
the Wyoming Development Company in 1883 
to complete the project. Work commenced in 
1883, with simultaneous construction on the 
Bluegrass Creek Tunnel, the Tunnel Canal, 
Canal No.1, and Canal No.2. Canals No. 1 and 
No.2 were finished in time to divert some water 
from Sybille Creek in the summer of 1883. The 
tunnel was completed in 1886. In the late 
1880's farmers moved from drought-stricken 
areas to the east and settled on the project 
lands under the Desert Land Act or the Carey 
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Act. These farmers purchased irrigation water 
from the development company. 

At about the same time, several smaller direct 
flow projects were also being developed. The 
Boughton Ditch, owned by the Diamond Cattle 
Company, was to deliver water to 7,000 acres 
from a diversion located in sec. 21, T. 18 N., R. 
24 W. (Figure 24). The primary Boughton Ditch 
right had a priority of 1884 that was one month 
senior to the Pioneer Canal 1884 appropriation. 

The James Lake irrigation project was devel
oped by the Laramie Valley Irrigation District. 
The project consists of two distinct compo
nents: lands irrigated from the Oasis Ditch and 
lands irrigated from James Lake. The Oasis 
Ditch was constructed prior to the formation of 
the district (in 1908). The ditch has eight sepa
ra te priori ties, ranging from 1877 to 1908, 
associated with it. The lands irrigated from the 
ditch lie in a one-to-two-mile wide strip 
paralleling the river for about 15 miles and con
taining about 11,000 acres. Headgate for the 
ditch is located in sec. 19, T. 17 N., R. 73 W. 
(Figure 24). 

Most of the other irrigation facilities in the 
basin are the result of individual efforts or small 
cooperative developments. No large projects 
were developed on the Little Laramie River, 
except for the diversion to James Lake. N um
erous canals were built along the valley of the 
Laramie River below the Pioneer Canal head
gate (Figure 24). The largest of these include 
the King Water, Riverside No.1, Riverside No. 
2, Caldwell and Gardiner, and Haley and Hoge 
canals. 

Reservoir Development 

By the early 1890's, it became obvious that the 
Laramie River had insufficient direct flow water 
to satisfy irrigation needs. After settlement of 
most of the lands, shortages commonly de
veloped before the irrigation season ended. In 
1894, the Wyoming Development Company be
gan planning for the construction of Wheatland 
No.1 and No.2. Wheatland No.1 Reservoir is 
an offstream reservoir with water delivered 
from Sybille Creek via Canal No.3. Both Canal 
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No.3 and the No.1 Reservoir were completed 
in 1895, with the chief original function being 
maintenance of a constant flow in the project's 
distribution system. 

Wheatland No.2 Reservoir was built to supply 
late-season irrigation demands by storing excess 
springtime runoff. The reservoir is west of the 
Laramie Mountains several miles upstream of 
the tunnel diversion, about 35 miles southwest 
of the project lands. Lack of funds or unwill
ingness of stockholders of the Wyoming Devel
opment Company caused another group - the 
Wheatland Industrial Company - to undertake 
the project. The reservoir received an 1898 
priority. Work commenced in spring of 1900, 
with completion in August of 1901. Originally 
planned for 120,000 acre-feet, the actual capac
ity was closer to 60,000 acre-feet. 

The James Lake Reservoir, completed in 1910, 
stored water in James Lake, a natural lake con
verted into a 41,000 acre-foot reservoir by con
structing a 30-foot high dam. Water is diverted 
into the reservoir from the Little Laramie 
River, Mill Creek, and Fourmile Creek. Up to 
30,000 acres could be irrigated from the reser
voir, if water supply were not a limitation. 
Releases from the reservoir through the North 
and South Canals irrigate lands between the 
reservoir and the Laramie River. 

The Lake Hattie Project was developed by the 
Laramie Water Company to provide more irri
gation water to lands along the upper Laramie 
River west of Laramie. The Laramie Water 
Company consolidated the interests of several 
groups including the Pioneer Canal Company. 
Lake Hattie Reservoir lies between the Lara
mie and Little Laramie Rivers (Figure 24). The 
lake originally was a natural feature within a 
deflation hollow. 

The original permit for the reservoir was for 
60,000 acre-feet of active storage. However, 
moving the dam to another site increased 
potential active storage to 68,500 acre-feet. 
Permits for storage and enlargement of the 
reservoir were issued in 1908. A 48-foot high, 
6,000-foot long embankment protected with six 
inches of reinforced concrete on the upstream 
face was built to contain waters in the reservoir. 
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Water is diverted to Lake Hattie Reservoir 
from both the Laramie and Little Laramie Riv
ers. From the Laramie River, the Pioneer 
Canal diverts water to Sodergreen Lake. Sup
ply Canal No.1 transfers water thence to Lake 
Hattie. From the Little Laramie River, Supply 
Canal No.2 diverts waters near Filmore. Canal 
No.1 has a 1909 priority while Canal No.2 has 
a 1910 priority. The completion of the project 
prior to the 1912 runoff season was good 
fortune. The year 1912 was the fourth best 
runoff year in the basin in the past 80 years. 
Over 60,000 acre-feet of water were diverted 
into the reservoir in that year. 

The Wyoming Development Company contin
ued its efforts to acq uire more storage in the 
Laramie River basin through the construction 
of Wheatland No.3 Reservoir. The reservoir, 
granted a 1929 priority, lies in a deflation hol
low about four miles northwest of Wheatland 
No.2 Reservoir. A canal from the No.2 Reser
voir delivers water to No.3 Reservoir. A major 
disadvantage of the reservoir is the approxi
mately 25,000 acre-feet of non-recoverable 
dead storage. Reservoir construction was fin
ished in 1942. Its late priority date and low-flow 
conditions prevented water diversion to the 
reservoir for a number of years. 

The latest major reservoir built in the basin was 
the Grayrocks Reservoir constructed in the 
lower basin a few miles upstream from the 
river's mouth. Conceived in the early 1970's to 
supply water to a power plant, the reservoir was 
built to 104,000 acre-feet. The downstream 
location allows the reservoir to collect water 
from the North Laramie River, Chugwater 
Creek, return flows from the Wheatland proj
ect, and some flow from the upper basin. 
Though its late priority (1973) precludes calling 
out upstream users, the project's downstream 
location lets Grayrocks collect remaining 
unused waters in the basin. 

Colorado Diversions and Litiga
tion 

At the same time water development projects 
were occurring in Wyoming, similar projects 
were being developed on the river in Colorado. 
The earliest ditch in Colorado has an 1880 
priority date. Prior to 1915, about 8,500 acres 
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were permitted from t1: l~ Laramie River and its 
tributaries. As of 1920, probably fewer than 
3,000 acres actually were being irrigated. 

In addition to the uses within the basin, several 
transbasin diversion projects divert waters from 
the basin. The Water Supply and Storage 
Company built the Skyline Ditch (1891 priority 
for 400 cfs) from 1891 to 1893 to divert Laramie 
basin waters to Chambers Lake in the upper 
Poudre River valley. An II-mile canal collects 
water from several tributaries and was con
structed with a capacity of about 200 cfs. The 
Deadman Ditch has a 288 cfs right with a 1899 
priority. As part of the Sand Creek ditch sys
tem, Deadman collects waters from a tributary 
of Deadman Creek for transport to Sand 
Creek. After flowing down Sand Creek, the 
water is diverted to the Wilson Ditch for trans
port to Sheep Creek, a tributary of the Cache la 
Poudre River. 

The Greeley-Poudre Irrigation District con
structed the Laramie Poudre Tunnel between 
1910 and 1912. The west portal of the tunnel is 
located in sec. 7, T. 8 N., R. 75 W. at an eleva
tion of 8,570 feet. The 7Y2- by 9Y2-foot tunnel 
has a length of 11,300 feet, and a carrying 
capacity of 800 cfs. Collector canals from both 
sides of the river were built to intercept flow 
from numerous small tributaries. As originally 
contemplated, the tunnel would divert up to 71 
thousand acre-feet per year to the Cache la 
Poudre River basin for irrigation uses. 

The Laramie-Poudre Tunnel construction 
caused the State of Wyoming to bring a lawsuit 
against the State of Colorado to curtail the 
diversion of water from the Laramie River 
basin. Wyoming originally brought the suit in 
1911, but the U.S. Supreme Court did not hand 
down its decree until 1922. That decree im
posed the following limitations to annual diver
sions: 

Skyline Ditch 
Deaanan Ditch 
Laramie-Poudre Tunnel 
Meadow-Land Ditches 

18,000 acre-feet 
2,000 acre-feet 

15,500 acre-feet 
4.250 acre-feet 

Total 39,750 acre-feet. 

Colorado was lax in its enforcement of the 
above diversions. Additional diversions were 
coming online, and there was some confusion 
about the exact amount that could be diverted 



through the Deadman Ditch. Thus, Wyoming 
once again sued Colorado in 1931. The court 
ruled in 1936 that Colorado must enforce the 
limitations and that no more than a total of 
39,750 acre-feet could be diverted annually. 
Use was split in Colorado with half of the 
amount diverted out of the basin and the other 
half used in the basin. In the years of 1937 
through 1939, an average of 69 thousand acre
feet was diverted annually, well in excess of the 
decreed amount. However, by 1940 measuring 
devices were installed on all Colorado ditches, 
and diversions limited to decreed amounts. 

The latest decree regarding Colorado's use of 
Laramie River water was issued in 1957. 
Colorado contended that since 90 percent of 
the diversions in the basin actually returned to 
the river and were available for use in Wyo
ming, its users should be entitled to divert more 
water. Additionally, they felt they had the right 
to divert the entire 39,750 acre-feet out of 
basin. A committee of basin water users and 
both State Engineers met to work out an 
agreement for water use. 

The 1957 decree implemented the arrange
ment. According to the decree, Colorado can 
divert no more than 49,375 acre-feet in a ca
lender year. Of that amount, no more than 
19,875 can be diverted out of basin. Up to 
29,500 acre-feet can be diverted to meadow
lands in the basin, but no more than 1,800 acre
feet of that amount can be diverted after July 
31. Records maintained for the Colorado 
diversions indicate that they have complied with 
the decree. 

Laramie's History of Water Use 

Laramie originated as a railroad town with its 
site chosen for a very good reason: the City 
Springs nearby provided a source of water for 
steam locomotives. Originally, water traveled 
from the springs to town via a ditch, but in 1874, 
the railroad piped the water to town. When 
Laramie River water rights were adjudicated by 
the courts, the City Springs right was given an 
1868 priority for municipal use. The court 
recognized joint use of the supply by the city 
and the railroad. 

The spring's supply was sufficient for a number 
of years, but the city soon started acquiring 

additional supplies to prepare for future 
growth. From the War Department, Laramie 
obtained rights to Soldier Springs, located 
several miles south of town. Laramie then 
purchased the smaller Pope Springs, three 
miles south of the City Springs. The purchases 
were a good investment. In 1915, use of Soldier 
Springs began, and in the mid 1920's, Pope 
Springs began to function as part of the 
community's water supply system. 

As rail traffic increased on the Union Pacific's 
main line, train use of water also increased. By 
the late 1930's, the railroad was usin~ almost all 
of the City Springs' flow. A 1930 s drought 
necessitated restrictions on use of water for 
lawn irrigation. A number of studies had con
cluded that the city's main aquifer could not be 
pumped for greater yield, so authorities finally 
considered the Laramie River as a water sup
ply. 

Laramie purchased part of the Dowlin Ditch 
right, which had an 1868 priority - the most 
senior on the river. The point of diversion for 
10 cfs was moved upstream from the Dowlin 
Ditch to Sodergreen Lake. The city diverted 
water into Sodergreen through the Pioneer 
Canal and shipped it to the city via a 20-inch 
pipeline (constructed in 1947). Because water 
from the three springs required no treatment, 
the city exchanged river water to the railroad 
for use of City Springs water. 

By the early 1950's, diesel engines were replac
ing steam locomotives, so the Union Pacific's 
use of water dropped dramatically. However, 
water use by the CIty had overtaken the springs' 
production. In 1953, a treatment plant was 
built to treat Laramie River water for the 
municipal system. The plant, located in town, 
initially had a capacity of 3 million gallons per 
day, but was expanded to 4 million gallons per 
day by 1962. 

Use by the city continued to increase. In 1964, 
another 4.31 cfs of Dowlin Ditch water rights 
were transferred to municipal use. The city 
constructed a new 24-inch pipeline along with a 
new water treatment plant about 20 miles west 
of town. The old plant in town was abandoned. 
The current system can treat and deliver to 
Laramie nearly 7 million gallons per day from 
the Laramie RIver. 
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As it had done in the past, the City of Laramie 
continued to plan for the future and purchased 
the Monolith Ranch in 1981. Along with the 
purchase of the ranch, the city acquired another 
19.6 cfs of Dowlin Ditch direct flow diversion 
right. At this time, the city has made no at
tempt to convert these rights to direct flow use. 
The city continues its planning process on how 
best to develop and utilize its resources. 

Twentieth Century Developments 

By the turn of century, nearly all of the direct 
flow projects in the basin had been completed 
and the first major reservoir - Wheatland No. 
2 - was under construction. By 1912, Lake 
Hattie Reservoir was completed. Still, the push 
to improve the water supply situation in the 
basin persisted. 

One resolution to problems in the basin is 
through litigation. Users in the basin have 
tended to litigate as much as irrigate. As men
tioned earlier, Wyoming sued Colorado in 1911 
in an attempt to get more water for Wyoming 
users. The case was not finally rectified until 
1957. About the same time, the state was also 
in the process of clearing up the water rights 
situation on the Laramie River. The Board of 
Control made the original adjudication of the 
Laramie River in 1903, but its orders were 
appealed to District Court. 

In 1912, the Court made several changes to the 
Order of Adjudication issued by the Board of 
Control, and established priorities for the early 
rights on the river. The Board of Control con
tinued to adjudicate later rights. The Little 
Laramie River had previously been adjudicated 
in 1892, a fact which caused its own problems. 
There was some question about whether the 
Little Laramie could be regulated to benefit 
a ppropria tors on the Laramie River. The 
Court decided in 1940 that it could be. 

Litigation notwithstanding, attempts to improve 
the water supply conditions in the basin contin
ued. River flows were high during the 1910 to 
1930 period, but then a drought struck, and 
streamflows decreased. The construction of 
Wheatland No.3 Reservoir occurred in the 
1930's, but with its low priority, it failed to re
ceive water for several decades. During devel-
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opment of Wheatland No.3, No.1 and No.2 
Reservoirs also were being upgraded and 
enlarged. No.2 Reservoir storage capacity was 
increased by 14 thousand acre-feet with a dam 
raise that also provided additional freeboard. 

In the late 1950's, plans were once again made 
to improve the Wheatland Reservoir facilities. 
The capacity of No.1 Reservoir was increased 
by about 2,000 acre-feet to a total capacity of 
9,420 acre-feet. Excavation of a channel in the 
bottom of Wheatland No.2 Reservoir reduced 
dead storage. This operation increased total 
reservoir No.2 storage to 98,900 acre-feet. In 
the early 1970's, flows on the Laramie River 
finally were high enough that Wheatland No.3 
Reservoir came into priority so that the Wheat
land Irrigation District could store water in the 
reservoir. 

The history of Lake Hattie Reservoir has not 
been good. In the year of its completion (1912) 
and for several year thereafter, Hattie received 
water. As has been mentioned previously, the 
teens and twenties were some of the highest 
flow years in this century. Then the drought of 
the thirties struck. With a priority junior to 
Wheatland No.2 Reservoir and an upstream 
location, the reservoir was called out of priority. 
The reservoir could not store from 1930 to 
1948. Drought in the '50's and '60's precluded 
storage most years. 

With little water to sell and revenues thus limit
ed, there was little to no maintenance of the 
facility. In 1972, the Wyoming State Engineer 
restricted storage in Hattie to 27,400 acre-feet 
because of the poor condition of the embank
ment. A new owner (the Laramie Rivers Com
pany) became active in rehabilitation of the 
dam. The company acquired state funding to 
assist in the rehabilitation and completed the 
dam restoration in 1983, when the dam once 
again received water. 

Unfortunately for the owners of Hattie, the 
Wheatland Irrigation District had in 1980 filed 
a petition for abandonment of the storage in 
excess of 27,400 acre-feet - that capacity 
which had not been utilized because of the 
State Engineer's order. In 1985, the State 
Supreme Court issued its decision limiting the 
1908 storage priority to the 27,400 acre-feet. 
The Hattie owners refiled with a 1986 priority 



on the storage capacity in the top part of the 
reservoir, but that priority is junior to every
thing else on the river. So Hattie Reservoir 
now has a more limited opportunity to receive 
water than it had in prior years. 

Construction of Grayrocks Reservoir was one 
of the latest water development situations in 
the basin. The reservoir itself is located in the 
lower basin, but part of the project involved 
upper basin water rights. The Boughton Ditch 
which diverts from the Laramie River about 20 
miles upstream from Wheatland No.2 Reser
voir (Figure 24), was purchased to provide an 
additional water supply for the power plant. 
Boughton Ditch lands were abandoned, and a 
procedure developed to transfer the water 
down to the power plant point of diversion. 
Abandonment of the Boughton Ditch eliminat
ed 2,600 acres of land which had been regularly 
irrigated. 

Current Water Use and 
Facilities 
Irrigation is the primary consumptive use of 
water in the upper Laramie River basin. Nearly 
all irrigation utilizes surface waters diverted 
from the basin's streams. A small amount of 
irrigation is done with groundwater. Laramie is 
the biggest municipal water user, with a water 
supply derived from both groundwater and 
surface water sources. A small amount of water 
is used for industrial purposes; however, the 
largest industrial water user in the Laramie 
River basin - the Grayrocks power plant - is 
located in the lower basin. Stock and domestic 
uses of water are small, and typically supplied 
by groundwater wells. 

Irrigation Water Use 

Irrigated Acres. Irrigation is by far the greatest 
water user in the basin. Banner Associates, Inc. 
(1991) used aerial photography taken in 1984 to 
identify 101,411 irrigated acres in the upper 
Laramie River basin. Plate 1 shows these irri
gated lands. Of this total irrigated acreage, 
about 81,000 acres are irrigated from the Lar
amie River or Little Laramie River; the 
remainder are lands located along tributary 
streams. 

Water Rights. As explained earlier in this chap
ter, irrigation began along the Laramie River in 
the 1860's, or over 20 years before Wyoming 
reached statehood. During territorial days, a 
water rights system was established using the 
concept of priority -first in time is first in right. 
Most of the direct flow water rights were per
mitted before the turn of the century (Figure 
23). 

There are over 2,000 cfs of direct flow diversion 
rights in the basin. On the Laramie River bet
ween the Pioneer Canal headgate and the 
confluence with the Little Laramie, there are a 
total of 749 cfs of direct flow rights. Below the 
confluence are another 738 cfs of direct flow 
rights; 692 cfs of the amount is associated with 
one diversion - the Wheatland Tunnel diver
sion. On the Little Laramie River below (and 
including) the Bellamy Ditch, 526 cfs of permit
ted direct flow rights exist. Individual water 
rights and ditches are tabulated in Appendix A. 
The map in Figure 25 shows the ditches having 
a total of more than 30 cfs in direct flow rights. 

Four major reservoirs in the basin have been 
granted water rights to store water for irrigation 
use: Hattie, James Lake, Wheatland No.2, and 
Wheatland No.3. The history of development 
of these reservoirs was related in the previous 
section. Table 5 lists the permitted capacities 
and priorities for the four reservoirs; Figure 24 
shows the reservoir locations. 

Table 5: Major reservoirs in the Upper Lara
mie River basin. 

Permitted 

Reservoir 
Permit Capacity 

(Prioritt) (Acre-Feet) 

Lake Hattie 1372R 28,126 
(5-11-1908) 

7435R 300 
(2-03-1972) 

9250R 40,574 
( 1-05-1986) 

69,000 

James Lake 1279R 41,000 
(3-27-1908) 

Wheatland No. 2 1724R 98,934 
(1-29-1898) 

Wheatland No.3 4878R 100,271 
(5-31-1929) 
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Diversions and Consumptive Use. Wyoming 
water law normally allows the diversion of 1 cfs 
per 70 acres of irrigated land, though 2 cfs per 
70 acres may be diverted during surplus water 
conditions. Of course, there rarely is enough 
water in the river to supply all the diversions. 
When the water supply is insufficient, water 
right priorities restrict diversions for junior 
priority ditches. 

A compilation of diversion data for ditches in 
the basin for the period of 1980 to 1982 utilized 
Wyoming State Board of Control diversion rec
ords. Diversion data were summarized by ditch 
and then by river reach. Excluding the Wheat
land Tunnel diversions, during the 1980-1982 
period about 167,000 acre-feet of streamflow 
was diverted in the upper basin. Diversions 
average from about 2 to 2Y2 acre-feet per irri
gated acre. 

Water diverted from a stream for irrigation may 
1) return to the stream as return flow, 2) be lost 
to the groundwater system through canal and 
field losses, or 3) be consumptively used by the 
irrigated plants. Because of return flows, the 
total volume of diversions along a stream can 
actually exceed the stream's natural flow, since 
the water is being recycled. This recycling of 
return flows is much greater along the Little 
Laramie River than along the Laramie River, 
because of the location of most irrigated lands 
in the valley floor and the system of distributary 
streams which pick up return flows. Along the 
Laramie River, where some lands - particular
ly those along the Pioneer and North Canals -
drain into deflation hollows, a much lower per
centage of the water is returned to the river for 
reuse. 

The basin's principal crop is native grass hay. 
When a full supply of water is available, a con
sumptive irrigation requirement of 17 inches per 
year must be supplied to achieve optimal plant 
growth. Figure 26 shows that plant water 
requirements are greatest during warm summer 
months. Ditch and field losses require that 
much more than 17 inches per acre be diverted 
at the canal headgate. Assuming a 50 percent 
canal and field loss, nearly 3 feet per acre would 
need to be diverted annually per irrigated acre. 
Unfortunately, the basin can supply only 2 to 
2Y2 acre-feet of water per acre. 
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Figure 26: Mean monthly consumptive irriga
tion requirement. 

In the basin above Wheatland No.2 Reservoir, 
an average of 113 thousand acre-feet of water is 
lost annually to manmade aI)d natural consump
tive losses. The monthly distribution of losses 
mimics the monthly distribution of streamflow 
(Figure 27). High loss months are the months 
of greatest diversion for irrigation. May and 
June are not the months of greatest irrigation 
need (Figure 26), but because the water is 
available, it is diverted. 
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Municipal Water Use 

Laramie is the only community in the basin 
utilizing surface water for municipal use, but 
the city uses groundwater for a major part of its 
supply. Like most cities in Wyoming, Laramie 
reaches its consumption peak in the summer
time because of lawn irrigation (Figure 28). 
Under an operation plan employed for the past 
several decades, Laramie uses its groundwater 
year-round, and diverts from the Laramie River 
during the lawn irrigation season. River diver
sions are limited since the river water must be 
treated to meet drinking water standards. 
About 7,000 acre-feet of water are used by the 
City annually, but this amount is constantly 
changing as the population increases. 
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Figure 28: Laramie water use. 

Laramie owns part of the 1868 Dowlin Ditch 
water right, which is the most senior water right 
on the river. Originally an irrigation right, the 
City has had 14.3 cfs of the right transferred to 
II.1uni~ipal us~. The point of diversion for the 
nght IS the PIoneer Canal headgate. The Pio
neer Canal empties into Sodergreen Lake, from 
which a pipeline carries the water to the city's 
treatment plant. Average past usage of surface 
water has amounted to about 2,300 acre-feet 
per year. 

As explained earlier in this chapter, Laramie's 
original water supply was from three springs 
supplied by the Casper-Tensleep aquifer. The 
community derives about 70 percent of its an
nual water supply from groundwater sources 
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(Banner Associates, Inc. 1983). The springs 
have been modified through the years, with 
production increased by drilling well fields in 
the vicinity of the springs. Groundwater is used 
on a year-round basis, though its use is in
creased during the summer months. 

Mean annual per capita water consumption in 
Laramie apparently has been increasing during 
the past several decades, possibly as the result 
of weather trends and changes in lifestyles. 
Average consumption has varied from about 
180 gallons per capita per day to nearly 240 
gallons per capita per day. As Laramie's 
population grows, water consumption by the 
community is expected to increase.-
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4 Water Laws, Policy, and Administration 

Among the important considerations in formu
lating alternatives for water development are 
existing state and federal laws and policies. 
These laws, policies, regulations, and adminis
trative procedures may restrict the satisfaction 
of water development needs. Proposed water 
development projects need regulatory agency 
approval just as much as they need dependable 
water supplies. Before 1970, building new 
water projects was relatively easy. Often, gov
ernmental agencies assisted. Today, a number 
of regulatory agencies are more likely to ham
per the development of a new water project. 

This chapter outlines the various regulations 
affecting water development in the upper Lar
amie River basin. It is not meant to be an 
exhaustive treatise. Rather, the chapter's intent 
is to introduce the reader to the many rules and 
regulations restricting water development. 

State Water Laws, Policy, 
and Administration 

Authority and Administration 

The right to use the waters of the State of Wy
oming is specified in the Wyoming Constitution, 
state statutes, and administrative procedure. 
As the Wyoming State Constitution asserts, the 
water within the boundaries of Wyominp is 
"declared to be the property of the state.' A 
complex set of rules defines how that water may 
be appropriated for use. 

The State Board of Control supervises appropri
ation of the waters of the state. The State En
gineer and the superintendents of the State's 
four water divisions form the Board. Appoint
ed by the Governor, the State Engineer has the 
general supervision of the waters of the state 
and of the officers connected with its distribu
tion. 

At the local level, a water commissioner under 
the direction of the division superintendent 

administers and regulates water rights. The 
water commissioner has the authority to 
"divide, regulate, and control the use of all 
water in the streams of his district." In carrying 
out their duties, water commissioners and their 
assistants have the power to arrest offending 
persons. 

Water Rights 

Wyoming follows the appropriation rights doc
trine in allowing the use of the waters of the 
State. Under the appropriation rights doctrine, 
the beneficial use of water is the basis, the 
measure, and the limit of the water right. It 
follows that the first beneficial appropriation in 
time is prior in right ("first in time is first in 
right"). Wyoming's first state legislature en
acted a comprehensive water code that estab
lished a filing procedure to secure a water right. 
The date on which an applicant files a permit 
with the State Engineer establishes the priority 
of the right. 

An appropriation right is perfected and sus
tained only by actual and continuous beneficial 
use. After an applicant obtains a permit from 
the State Engineer, he establishes his water 
right by applying the water according to the 
terms of the permit. After undertaking benefi
cial use, he then submits a proof of appropria
tion to the Board of Control. A right may face 
involuntary forfeiture if it is not exercised for at 
least five consecutive years when water is avail
able to satisfy the right. Not every state 
imposes one limitation seen in Wyoming water 
law. In Wyoming, the water right attaches to 
the land for which a ppropria ted, and is 
restricted to the purpose for which appropri
ated. 

Any person with a water right in a stream sys
tem may request that the water commissioner 
regulate the stream. Both direct flow and stor
age rights (defined below) are regulated in the 
same manner. Priority governs appropriations 
during periods of decreased streamflow. To 
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satisfy senior appropriations, the headgates are 
closed in reverse order of priority. When there 
is no reasonable likelihood that water would 
reach a downstream senior appropriator, a 
junior upstream appropriator may not be re
quired to close his gates. 

Besides the priority allocation of water, certain 
uses of water - including municipal, stock, and 
domestic - are defined by law as preferred 
uses. Water rights for these uses may be ob
tained: 

• Through the regular permit and adjudica
tion procedures, 

• By acquisition of a right to use water al
ready appropriated for another purpose, 

or 

• Through condemnation of a lower ranking 
use. 

Regardless of how a preferred use appropria
tion is acquired, the right's priority date regu
lates the right to divert water. 

Direct Flow Rights. Permits to appropriate 
water are issued for the direct diversion of the 
natural flow of a stream, for the storage of 
water in a reservoir, or for the withdrawal of 
water from an underground source. A direct 
flow right can generally divert at a rate of one 
cfs per seventy acres of irrigated land. Rights 
permitted before April 1, 1945 can divert an 
additional one cfs per seventy acres when sur
plus water is available. Rights permitted before 
April 1, 1985 are entitled to divert yet another 
additional one cfs per seventy irrigated acres if 
excess water is available. Holders of direct flow 
rights may store said direct flow water so long 
as no other Wyoming appropriator or user is 
injured or affected. 

Reservoir Storage Rights. Reservoir storage 
permits allow the appropriation of stream 
waters for storage in a reservoir for later re
lease. A storage right is measured in acre-feet. 
A reservoir may be filled only in the order of 
priority and only once each water year. Water 
stored in the reservoir at the end of the water 
year is termed carry-over storage and counts 
toward meeting the following year's appropria
tion. To conserve the waters of the state, reser-
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voirs must be filled at times that will not inter
fere, or will provide the least interference, with 
the use of water by direct flow appropriators. 
Each water commissioner has the authority to 
require the filling of a reservoir whenever prac
tical and when water is available. Water al
lowed to flow past the reservoir after receipt of 
a notice to store water is charged against that 
year's reservoir appropriation. 

Groundwater Rights. Groundwater is not 
administered in exactly the same way as surface 
water; still, a permit system is used for admin
istration. The State Engineer issues permits to 
drill water wells. Upon well completion and 
application of the water to beneficial use, proof 
is submitted to the Board of Control for adjudi
cation of the right. The State Engineer has the 
authority to resolve disputes among ground
water users and for interference between sur
face water and groundwater appropriations. 

Court Decrees 
When waters flow across state lines, there can 
be problems of allocation between or among 
states. To resolve these problems, the affected 
states may enter into interstate stream 
compacts that allocate the waters of interstate 
rivers. For the Laramie River, interstate 
stream compacts do not exist. Instead, its 
waters have been allocated through litigation 
and requested court apportionment. 

Wyoming first brought suit against Colorado 
over use of Laramie River waters in 1911, but 
the U.S. Supreme Court did not hand down its 
decree until 1922. For the next 35 years, 
Wyoming and Colorado continued to disagree 
over Laramie River water allocations. Finally, 
a 1957 decree established the arrangement now 
in effect. (A more detailed description of the 
Colorado/Wyoming litigation appears in Chap
ter 3). 

Federal Laws and Policies 

Regulating Statutes 

Many federal laws affect the development of 
water projects. In general, the intent of these 
laws is to limit or mitigate environmental or 



other damages that might result from construc
tion of water or other types of projects. The 
most pertinent of these laws is described below. 

• Endangered Species Act (P.L. 96-159). 
This sta tute protects endangered and 
threatened species. 

• Federal Land Policy and Management Act 
(P .L. 94-579). This act applies to lands 
owned by the Federal Government and 
promotes the protection of lands, fish, and 
wildlife conservation and recreation. 

• Fish and Wildlife Conservation Act (P.L. 
96-366). The act extends protection of fish 
and wildlife to nongame and nonthreatened 
species including their habitat. 

• Fish and Wildlife Coordination Act (P.L. 
89-727). This legislation mandates that 
federal agencies consult with the U.S. Fish 
and Wildlife Service prior to initiating an 
action that may have adverse impacts on 
fish and wildlife resources. The act re
quires that recommendations for conserv
ing fish and wildlife resources be given full 
consideration in the decision making proc
ess. 

• National Environmental Policy Act (P.L. 
94-83). This law established a systematic, 
multi-disciplinary approach to minimize 
damage to the environment and applies to 
all federally permitted, funded, or spon
sored projects. 

• National Forest Management Act (P.L. 94-
588). This statute protects stream banks, 
streams, shorelines, lakes, wetlands and 
other natural bodies of water from degra
dation resulting from activities occurring in 
national forests. 

• National Resources Planning Act (P.L. 93-
378). This act provides direction to the 
U.S. Forest Service for enhancement of fish 
and wildlife resources. 

• Wild and Scenic Rivers Act (P.L. 95-625). 
This law provides protection to designated 
river reaches and their surrounding envi
ronment (Simpson, et aI., 1982). 

Dredge and fill projects must also ~omply with 
executive orders 11988 (Flood PlaIn Manage
ment) and 11990 (Wetland Protection). The 
purpose of these executive orders are t~ mini
mize flood damage and wetland destructIon. 

The 404 Permit Process 

For nearly all water development projects, the 
statutes listed above are implemented through 
the issuance of a Section 404 Dredge and Fill 
permit. The permit, which is issued by the U.S. 
Army Corps of Engineers, is required to dredge 
or place fill material ~n ,a stream bed. ~s ,de
scribed below, receIVIng a 404 permIt IS a 
complex procedure, with input required form 
both federal and state agencies. 

Federal Administration. The 404 program in 
Wyoming is administered by the U.S. Army 
Corps of Engineers. ~he C~rp~ is resp~nsible 
for developing regulatIons, ISSUIng permIts and 
enforcing the provisions of the Clean Water 
Act. The Omaha, Nebraska District Office has 
the authority to ~egulate ~ischarges of dr~~g,ed 
or fill materials In WyomIng waters. ActIVItIes 
which have the potential to cause significant, 
adverse environmental impact require individu
al or general permits which are issued from the 
Omaha office. 

The U.S. Environmental Protection Agency 
(EPA) oversees and monitors the Corps ~f 
Engineers' administration of the 404 permIt 
program. The EPA Region VIII office oversees 
the program in Wyoming and is located in 
Denver, Colorado. EPA provides oversight in 
order to ensure that the physical, chemical and 
biological environment is protected a,nd ,proper 
precautions are taken for all permIts Issued. 
Because of limited staff, the normal EPA 
procedure is to review public notices issued by 
the Corps and to respond only to those applica
tions for activities which may cause significant 
degradation of the environment. EPA can 
initiate the conflict resolution process set down 
in a memorandum of understanding between 
the Corps and EPA if major problems or .con
flicts are present. The EPA prepares enVIron
mental guidelines mandated by Section 404.b.1. 
of the Clean Water Act, which the Corps must 
abide by when issuing 404 permits. 
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The U.S. Fish and Wildlife Service (FWS) also 
plays a significant role in the review of pro
posed 404 permits and enforcement notices. 
The Corps has entered into a Memorandum of 
Agreement with the FWS to ensure that wildlife 
concerns are given full consideration whenever 
404 permits are issued. The FWS is responsible 
for coordination of comments from all the 
agencies within the Department of Interior. 
Recommendations made by the FWS to miti
gate expected fish and wildlife losses must be 
incorporated in the 404 permit when issued by 
the Corps. In the event the Corps does not 
choose to abide by comments provided by the 
FWS, a conflict resolution process is initiated. 

Wyoming Administration. In Wyoming, the 
agency responsible for implementing the state's 
water quality management program is the 
Water Quality Division of the Department of 
Environmental Quality (DEQ). In the dredge 
and fill permit process, DEQ provides the 
applicant with state water quality certification 
required by Section 401 of the Clean Water 
Act. Section 401 of the Clean Water Act states 
that: "Any applicant for a ... permit to construct 
any activity including, but not limited to, the 
construction or operation of facilities, which 
may result in any discharge into the navigable 
waters, shall provide the licensing or permitting 
agency a certification from the state ... that any 
such discharge will comply with the applicable 
(water quality) provisions ... " In the event that a 
state chooses not to provide water quality certi
fication, the EP A regional office will review and 
certify projects. 

The state's 401 certification assures that the 
proposed activity is in compliance with the 
established state water quality standards and 
will not cause a degradation of the water quali
ty. The 401 certification process involves 
evaluation of the project by several state agen
cies - including the Game and Fish Depart
ment, the State Engineer and the Highway 
Department - to provide comments on 401 
certification applications. The DEQ frequently 
provides liaison between permit applicants and 
the other state and federal agencies involved in 
the permit review process. 

Comments provided by the Wyoming Game 
and Fish Department also receive special 
consideration pursuant to the Fish and Wildlife 
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Coordination Act of 1965. Concerned citizens 
or interest groups may comment to the Corps 
during the public interest review period. 

The 404 Process. The Corps follows a standard 
set of procedures to issue a 404 permit. After 
receiving an application, the Corps staff reviews 
the application for completeness according to 
33 CFR Part 325 (Processing of Department of 
the Army Permits). An application is consid
ered complete when all necessary drawings, 
sketches or plans; the location, purpose and 
intended use of the proposed activity; the 
names and addresses of adjacent property 
owners; the location and dimensions of adja
cent structures, and the approvals required by 
other federal, state or local agencies for the 
work are submitted with a signed application. 

In the Omaha district, the 401 certification is 
not considered part of a completed application 
and is applied for concurrently with the 404 
permit. The state also prefers this procedure in 
order to minimize delays in permit issuance. 
According to the Omaha office, the common 
standard used to determine the completeness of 
the application is whether they (the Corps) can 
complete the public notice. When the applica
tion is completed, a number is assigned. If 
there is not enough information, the Corps will 
contact the applicant and advise them of the 
deficiency. The public notice is not prepared 
until all required information is available. 

Once all the necessary information is available 
and a number assigned, the Corps prepares a 
public notice to inform any interested agencies 
or parties of their intent to issue a permit and 
requests comments. Corps personnel review 
comments (including 401 certification letters) 
submitted in response to the public notice for 
objections or any mitigation measures that 
should be incorporated into the permit. If 
determined to be appropriate, mitigation 
measures are included in the permit. If no 
significant comments are received, a draft 
permit is prepared. 

The applicant is given an opportunity to re
spond to the issues raised during the comment 
period. The original commentors may review 
the applicant's response to the issues that were 
raised during the comment period. The issue is 
usually resolved by amending the application, 



mitigating the project, conditioning permit, 
dropping the issue, or denying the permit. 
According to Corps guidelines on increasing 
efficiency, all permits must be issued or denied 
within an average processing time of 60 days. 
This potentially results in more permit denials 
since no time is available for conflict resolution 
or extended discussion. 

The last step is a consolidation of the informa
tion provided by the applicant, with comments 
and conditions provided by reviewers into a 404 
permit. An environmental assessment is pre
pared stating that the project will not have a 
significant adverse impact on the environment. 
It is assumed (by the Corps, DEQ, and EPA) 
that if a project is permitted, it will not have a 
significant impact upon the environment. The 
environmental assessment of a project for 
which an Environmental Impact Statement 
(EIS) has been prepared usually references 
data presented in the EIS if the Corps of 
Engineers agrees with the statements. 

The proposed permit is sent to the applicant for 
his concurrence and signature. The signed 
permit and fee payment is then returned to the 
Corps office. After the permit is returned to 
the Corps district office, it is signed by the dis
trict engineer and issued. The applicant can 
then proceed with the activities stated in the 
permit. 

The Corps of Engineers has received a consid
erable amount of criticism from environmental 
groups and permit applicants relative to the 404 
permit program. A disappointing track record 
including promulgation of inadequate regula
tions, a minimal public information and assist
ance program, the lack of a coherent enforce
ment policy, delays in permit issuance and 
numerous unauthorized activities which remain 
unresolved has led to widespread skepticism of 
the Corps' ability to effectively operate the 
program. 

Summary 
Regulatory agency action undertaken pursuant 
to laws has major negative effects upon water 
project development. At best, project develop
ment has become more time-consuming and 
expensive. In the worst-case situations, project 

construction is prohibited, usually after expendi
ture of immense sums during the project plan
ning and permitting process. Smaller projects 
may escape rigorous examination, but large 
water development projects can expect intense 
scrutiny.-
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5 Water Problems and Alternative Solutions 

Several steps were necessary to conduct the 
Level I investigation: 

• Previous basin planning studies were re
viewed to learn what water problems pre
viously had been identified in the basin, and 
what solutions were proposed. Discussions 
with the review committee identified addi
tional water problems and solutions. 

• The proposed alternative solutions were 
analyzed at a very preliminary level, to 
provide a basis for screening and selection 
of the best alternatives for further evalua
tion. Much of this preliminary evaluation 
used information available from the previ
ous basin planning studies. 

• The plan review committee selected those 
alternatives with the highest potential for 
further evaluation. 

• The four selected alternatives were more 
fully analyzed, with development of recon
naissance-level designs and cost estimates. 

The first three of the above items are the sub
ject of this chapter. The reconnaissance-level 
evaluations of each of the four chosen alterna
tives are discussed in the following chapter. 

Previous Planning Investiga
tions 
Several investigations and studies have ana
lyzed water supply problems in the upper Lar
amie River basin. These studies can be classi
fied into one of three categories: 

• Studies which have analyzed a particular 
water supply problem and are usually of 
more local concern. The Western Water 
Consultants (1986) Level II investigation of 
Lake Hattie Reservoir and the Banner 
(1983) evaluation of the Laramie municipal 
water supply fall into this category. 

• Basin-wide investigations of larger areas, of 
which the Laramie River basin is one com
ponent. Examples of this type of study 
include the Comprehensive Framework 
Study Missouri River Basin (Missouri Basin 
Inter-Agency Committee, 1969) and the 
Wyoming Water Planning Program's (19-
71) Platte River Basin planning study. 

• Planning studies aimed at evaluating basin
wide water problems of the Laramie River 
basin. Though the other two categories of 
studies provided valuable information, 
these basin-wide planning studies proved 
most useful for their water problem as
sessments and proposed solutions. The 
four planning studies that fit this category 
are described below. 

Water Resources of the Upper 
Laramie River Basin (Nelson, 
1926) 

This investigation was the M.S. thesis of Elmer 
K. Nelson. His work probably was the first 
basin-wide evaluation of the water supply and 
water-supply problems of the Laramie River 
basin. At the time of his writing, Nelson had 
about 15 years of streamflow data available for 
analysis. Little could he realize that the flows 
he was analyzing were some of the highest of 
the twentieth century. 

First, Nelson used the available data to summa
rize the water supply of the basin. He esti
mated that inflow to the basin averaged about 
240,000 acre-feet annually. This estimate is 
about 10 percent higher than the long-term 
average has proven to be. 

He then reviewed the current or planned water 
uses in the basin. A major concern of his inves
tigation was the fairness of the Supreme Court 
decree of 1921 giving Colorado fixed amounts 
for both in-basin use and transbasin diversion. 
Nelson felt the decree unfair in that "Colorado 
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rights enjoy the privilege of always being able to 
secure their full appropriation, whereas the 
lower [Wyoming] rights are compelled to store 
water to equalize the flows in order that their 
appropriations may be realized, if this realiza
tion were possible." As is apparent from the 
phrase "if this realization were possible," Nelson 
understood that fulfilling the demands of the 
permitted lands in the basin might not be achiev
able. 

When Nelson was writing his thesis, the basin 
water supply was essentially entirely developed. 
He estimated that full supply to the Wheatland 
Tunnel right and to the Pioneer canal rights 
would take 160,000 acre-feet annually. This 
amount was exclusive of all other rights on the 
river. Unfortunately, the river could not pro
duce this much water, particularly in the right 
places at the appropriate times. Sixty years 
after irrigation had started in the basin, it was 
extremely over-appropriated. 

Realizing that providing a full supply to all 
permitted lands in the basin might be impossi
ble, Nelson examined other alternatives to bet
ter utilize the available resources. He consid
ered that a "pooling of interests" of the older 
rights might be necessary to optimize the avail
able supply. Additionally, Nelson also suggest
ed that modifications might be necessary to the 
system of Wyoming water law so that: 

• 

• 
• 

The most superior uses feasible become 
mandatory, 

Waste be eliminated, and 

Beneficial use be defined in particular in
stances. 

Nelson considered that reservoir storage might 
have the potential to "equalize runoff," but that 
not enough reliable information was available 
to make such an evaluation. He felt that a great 
deal more data collection would be required to 
completely analyze the situation. Finally, Nel
son felt that the State of Wyoming, in conjunc
tion with those water users who would benefit, 
should continue the work he had begun. 
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Study of the Water Resources of 
the Missouri River Basin In 
Wyoming - Laramie River 
(Person and Bellamy, 1937). 

About a decade after Nelson completed his 
thesis work, the State of Wyoming did continue 
what he had begun. Under the auspices of the 
Wyoming State Planning Board, Person and 
Bellamy conducted the first complete planning 
study of the basin. The study contained all the 
major elements of modern basin water plans: 

• General description of the basin, 

• Human occupancy, population, and indus
trial development, 

• Surface water and groundwater data sum
maries, 

• Present water developments, and 

• A plan of development. 

The investigation evaluated several potential 
water development and storage projects. Many 
of these projects had been proposed by other 
organizations; the plan report outlined the 
findings of those groups. Some of these proj
ects are summarized here. 

• 

• 

• 

East Canal. The project would irrigate an 
additional 22,500 acres in Albany County. 
Project components were to include a 
42,000 acre-foot reservoir on the Laramie 
River near Glendevey, Colorado and a 65-
mile long canal. Because of high costs, the 
project was considered impractIcal. 

Stewart Canal. In this project, water would 
be diverted from Douglas Creek to the Lit
tle Laramie River to irrigate an additional 
15,000 acres. A reservoir on the Little 
Laramie River, Bell No.3 with a capaci!)' of 
118,000 acre-feet, was a component of the 
project. This had been a private develop
ment, but work on it was a6andoned. 

Wheatland Project. This project focused 
on&roviding water for irngating another 
14, 00 acres in the Wheatland project area 
by creating more reservoir storage. Op
tions included expanding Wheatland No.2 



• 

Reservoir to 140,000 acre-feet, building a 
50,000 acre-foot Wheatland No.3 Reser
voir, or building either the Dodge Creek or 
Big Springs reservoirs downstream from 
Wheatland No.2 Reservoir. 

Proposed Reservoirs. The report present
ed tbirty-two new reservoirs or reservoir 
enlargement projects. The largest of these 
were the Robertson-McConnell (336,000 
acre-feet) on the Laramie River near the 
state line, Bell No.3 (118,000 acre-feet) on 
the Little Laramie, and the Big SprIngs 
Reservoir (140,000 acre-feet) tIi~t would 
inundate Wheatland No.2 ReservoIr. 

The report's proposed plan of development 
defined three categories of projects. Group I 
projects were those ready for immediate con
struction, which should be undertaken as soon 
as possible. The only project in this category 
was the construction of Wheatland No.3 Res
ervoir. (At the time, this project was con
sidered an enlargement to Wheatland No.2 
Reservoir, since waters were derived from that 
reservoir and transported to the new reserv,oir 
via canal.) The project was under constructlon 
at the time and was completed a few years later. 

Group II projects, though considered desirable 
for immediate construction, were to have con
struction deferred to a later time. The Group II 
classification was reserved for projects that 
1) involved controversial questions, 2) could 
have their immediacy of need determined only 
after additional investigation, 3) were obstruct
ed by legal, administrative, or other difficulties, 
or 4) were to follow in sequ~nce behind G~~up 
I construction. Only one project - the addItIon 
of 13,000 acres of land in the Wheatland Proj
ect area - fell in the Group II category. 

Projects in Group III, although included in the 
plan, lacked a specific priority because of ,in
complete information and inadequate studIes. 
Sixteen reservoirs were identified, the largest 
being a 25,000 acre-foot reservoir on t~e North 
Laramie River. Most of the reserVOlfS were 
sources for supplemental water supply to lands 
already being irrigated. A potential for irriga
tion of 20,000 new acres along the North 
Laramie River was the only project in this 
category that recommended irrigation of new 
lands. 

The key finding of interest to this current inves
tigation probably is not what Person and, Bella
my did recommend, but what they faIled to 
recommend. No new irrigation projects were 
recommended for the upper Laramie River 
basin, though 33,000 acres of new irrigation 
were recommended for the lower basin. Like
wise, except for expansion of the Wheatland 
Project storage facilities, none of the big reser
voir projects in the upper basin were deemed 
feasible. 

Laramie River Water Supply and 
Utilization (Rechard, 1949) 

Following Nelson's work by about 20 years, 
Paul A. Rechard also conducted a water supply 
and planning investigation of the Laramie River 
basin for his M.S. thesis work. Rechard had the 
advantage of an additional 20 years of stream
flow data in making his analyses. Also, the 
drought of the 1930's had occurred with only a 
minimal recovery in the 1940's. This sequence 
enabled Rechard to better assess low flow con
ditions. 

The primary goal of Rechard's work was finding 
means to supplement the water supply of the 
basin. He discussed eight potential methods to 
augment water supply: 

• Drainage of lakes. By draining several 
natural lakes in the basin, 18,660 acre-feet 
per year could be provided to the Laramie 
River and made available to Wheatland 
No.2 Reservoir. Cooper, Long, and Bam
forth were three of the largest lakes pro
posed for drainage. 

• Purchase of transbasin diversion water. An 
additional 19,875 acre-feet could be made 
available to the basin annually by purchas
ing water transported out of basin via the 
Laramie-Poudre Tunnel. 

• Purchase of water used in basin in Colora
do. This alternative requires purchase of 
water rights from L~ramie R~ver ir~igators 
in Colorado for use In WyomIng. SInce the 
water would be purchased to irrigate simi
lar crops in Wyoming, and since entire 
ranches would have to be purchased to 
acquire water rights, Rechard considered 
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that the cost of this water would be exces
sively high. 

• Diversion from Douglas Creek. Diverting 
water from Douglas Creek, a tributary of 
the North Platte River, to the Laramie 
River basin could provide over 24,000 acre
feet annually. However, Rechard recog
nized that the North Platte River was 
already over-appropriated. A replacement 
supply from the Little Snake River would 
be necessary to make this project feasible. 

• Diversion from Rock Creek. This project 
was similar in concept to the Douglas 
Creek project, and would provide 15,000 
acre-feet per year to the Laramie River 
basin. Difficulties with project develop
ment would be the same as with the Doug
las Creek project. Additionally, Rock 
Creek water users were already short of 
water. 

• Improvement of irrigation practices. Lands 
along the Laramie River "are flooded in the 
spring and in most cases water is diverted 
without regard to how much is needed." 
Rechard suggested that an educational 
program could help. However, without a 
means of storing the saved water for late 
summer use, not that much would be 
gained. He suggested the construction of a 
reservoir in J elm Canyon to implement the 
improved practices. 

• Reduction of willow area. The removal of 
3,500 acres of willows along the Laramie 
River, Little Laramie River, and tributary 
streams could save 5,550 acre-feet of water 
annually for beneficial uses. 

• Revision of storage facilities. A significant 
amount of water in the basin is lost due to 
evaporation from the major reservoirs. 
Building reservoirs having lower evapora
tion losses and abandoning the high-loss 
reservoirs would save water. 

Rechard explored this last concept in detail. 
The two reservoirs that Rechard suggested re
placing were Wheatland No.2 and Lake Hattie. 
Rechard estimated that Hattie evaporation 
losses were about 5,800 acre-feet per year while 
Wheatland No. 2 losses were 11,000 acre-feet 
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per year. He based these estimates upon 
drought year data when the reservoirs were 
low; during more normal periods, he expected 
evaporation losses to be higher. 

Two new reservoirs were suggested to replace 
Hattie and Wheatland No.2. Robertson-Mc
Connell reservoir would lie on the Laramie 
River with the reservoir located partially in 
Colorado and partially in Wyoming. Though 
the site had been surveyed for a reservoir of 
336,000 acre-feet, the Laramie River lacked the 
supply for that size of reservoir. Rechard there
fore examined a 100,000 acre-foot capacity res
ervoir. Because of its location high in the basin, 
the reservoir could provide water to all irriga
tors along the Laramie River, including the 
Wheatland Project. 

The Wheatland Reservoir would be down
stream from Wheatland No.2 Reservoir, just 
above the Laramie River Canyon. The reser
voir could have a capacity of 62,600 acre-feet. 
Its low location in the basin meant that it would 
primarily be of use to the Wheatland Project. 

Rechard conducted operation studies of the 
proposed reservoirs. He indicated that con
struction of the new reservoirs and abandon
ment of the old ones could save 15,600 acre
feet of water annually. However, Rechard felt 
that collection of additional data was essential 
for making final conclusions concerning the 
water supply of the Laramie River basin. 

Report on Proposed Methods for 
Augmenting Laramie River Basin 
Water Supplies (Banner Associ
ates, Inc., 1955) 

After the drought of the 1930's, the minor re
covery of streamflows in the 1940's, and anoth
er drought in the 1950's, Laramie River basin 
water users were seeking additional water sup
plies. Governor Simpson called a meeting of 
basin water users to discuss the water problem. 
As a result of that meeting, the state and local 
interests "joined hands in a cooperative investi
gation of the most promising proposals for 
augmenting basin water supplies." The Wyo
ming Natural Resources Board directed the 
consulting firm of J.T. Banner and Associates to 
conduct the investigation. 



The study evaluated five water supply alterna
tives: 

• Douglas Creek to Laramie River diversion, 

• Rock Creek to Laramie River diversion, 

• Medicine Bow River to Rock Creek to 
Laramie River diversion, 

• Reallocation and revision of reservoir stor
age facilities to reduce evaporation losses, 

and 

• Wedemeyer Reservoir to provide water to 
direct flow water users below the Wheat
land Project. Because this project was for 
the lower basin, it is not discussed herein. 

Three of these alternatives previously had been 
suggested in the prior planning studies. The 
Douglas Creek project would divert water from 
Douglas Creek into the Laramie River basin. 
One component of the project would be Rob 
Roy Reservoir on Douglas Creek. Rob Roy 
could provide about 31,000 acre-feet of water 
annually. The cost of water developed by the 
project was estimated at $70 per acre-foot of 
average annual divertible flow. This cost ex
cluded the expense of construction of a Little 
Snake River component, which would replace 
waters diverted from the North Platte River. 
Agricultural users would require some type of 
financial assistance to afford the project. 

The Rock Creek diversion project was planned 
to divert water from Rock Creek about 20 miles 
southwest of the town of Rock River. A 300-cfs 
capacity canal would carry water to the Laramie 
River at a point about six miles north of Bosler. 
Like the Douglas Creek diversion, replacement 
water from the Little Snake River basin would 
have to compensate for water diverted from the 
North Platte River basin. The project would 
yield an average of about 5,100 acre feet annu
ally, but there would be dry years with no flow 
diverted. Because the project could not provide 
a good yield and costs were high, the project 
was not considered economically feasible or jus
tifiable. 

The Banner study also analyzed an extension of 
the Rock Creek diversion project that would 

capture flows from the Medicine Bow River. A 
350 cfs canal would divert water from the Med
icine Bow River to Rock Creek, and the canal 
discussed above would be increased to 650 cfs 
capacity to transport flow to the Laramie River. 
The project would provide an average annual 
yield of about 12,000 acre-feet. Less than 5,000 
acre-feet could be provided in about one-third 
of the years. Because of high project costs and 
the unreliable water supply, the study investiga
tors concluded that the project was not feasible. 

As in Rechard's investigation, the Banner study 
also evaluated the possibility of relocating res
ervoir storage into reservoirs having less evapo
ration. Three alternatives were examined: 

• Relocating the Hattie and Wheatland No.2 
storage to a proposed Robertson-McCon
nell Reservoir, 

• Relocating Hattie and Wheatland No.2 
storage to the proposed Robertson-Mc
Connell and Dodge Creek reservoirs, and 

• Relocating the Wheatland No.2 storage to 
a new Dodge Creek Reservoir. 

Lake Hattie Reservoir's water right has such a 
junior priority that the reservoir receives water 
in few years; thus, Banner Associates concluded 
"that little, if any expenditure to relocate the 
storage capacity" should be made. Therefore, 
they eliminated the alternative of relocating 
Lake Hattie storage from further consideration. 

The Wheatland No.2 storage could be relocat
ed to either of the two sites. If water were 
stored at the Robertson-McConnell site, some 
storage would still be necessary to control Little 
Laramie flows and Laramie River return flows. 
Either the existing Wheatland No.2 or the 
proposed Dodge Creek Reservoir could pro
vide the downstream storage capacity. 

Using Robertson-McConnell in conjunction 
with Wheatland No.2 would offer relatively lit
tle water savings. Also, using Dodge Creek in 
conjunction with Robertson-McConnell would 
save less water than if all Wheatland No.2 stor
age capacity were transferred to the Dodge 
Creek site. These findings caused Banner 
Associates to conclude that relocation of the 
Wheatland No. 2 storage to a proposed Dodge 
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Creek Reservoir was the only proposal meriting 
serious consideration. 

The average annual water savings from the 
proposed storage relocation was estimated at 
6,800 acre-feet per year. The estimated cost to 
provide the additional supply was $70 per acre
foot of average annual water savings. Though 
considered the most economical method for 
augmenting the Laramie River basin water 
supply, the water gain- is relatively small when 
compared to basin water needs. 

Summary of Basin Water 
Problems 
Several major and minor water problems have 
been identified in the basin. The major prob
lems all relate to the shortness of water supply, 
whereas the minor problems have a variety of 
reasons. 

Inadequate Water Supply 

Banner Associates, Inc. (1991) identified 81,000 
acres of irrigated lands along the mainstem 
Laramie and Little Laramie rivers. A search of 
the files of the State Engineer showed about 
126,000 permitted acres along these two reach
es. Therefore, only 65 percent of the permitted 
acres are irrigated. Those irrigated lands do 
not necessarily receive a full supply. 

As explained in Chapter 3, the grass hay that is 
the predominant irrigated crop in the basin 
requires about 17 inches of additional water 
annually. However, a volume of water equiva
lent to more than 17 inches must be diverted at 
the river headga te for the growing crops to use 
that amount of water. Both canal seepage and 
field seepage cause losses. Field losses are 
fairly substantial due to the coarse nature of the 
soils and subsoils in the area and to the flood 
irrigation method which predominates in the 
basin. 

The magnitude of the additional need can be 
illustrated by an example. Assuming that there 
is a 50 percent efficiency in the use of water 
diverted at the headgate (in other words, half 
the diverted water goes toward plant growth 
and half is lost), then about 2.8 acre-feet of 
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water must be diverted during the growing 
season for each acre under irrigation. Providing 
a full supply to the irrigated lands along the 
Laramie and Little Laramie rivers requires an 
average of an additional 40,000 acre-feet 
annually. (Because water is recycled to the 
river through return flows, less water is needed 
than would be if no return flows occurred.) 
Irrigating the permitted but now non-irrigated 
lands would require another 85,000 acre-feet 
annually. Overall, an additional 125,000 acre
feet or more could be necessary annually to 
provide a full supply to all the permitted lands 
along the two mains tern rivers. 

Water Supply at the Wrong Time 

Analysis of diversion records shows that about 
2.1 acre-feet are diverted annually per acre of 
irrigated land in the basin. Unfortunately, the 
diversions do not happen in phase with need. 
Diversions are greatest when runoff peaks in 
Mayan d Ju n e (F i g u r e 13), but i r rig a t ion 
requirements are greatest in June, July, and 
August (Figure 26). Because the water is avail
able, irrigators divert much more than neces
sary during May and June, in the hope that they 
can store enough soil moisture to last until later 
in the summer. As Rechard (1949) noted, "this 
is wasteful of water and a detriment to the 
land." Reservoir storage provides the basic 
means for storing surplus water for use later, 
when need is greater than natural supply. 

Additional Laramie Water Supply 

Laramie's population has grown since settle
ment in 1868. The growth likely will continue. 
With that growth comes an annual demand for 
about an additional acre-foot of water for each 
four citizens the city adds. Historically, Lara
mie has planned ahead in anticipation of its 
future water needs. 

In keeping with its plan-ahead philosophy, the 
community purchased the Monolith Ranch in 
1981 to acquire 19.65 cfs (1868 priority) of 
direct flow irrigation right. Eventually, the city 
will convert the right to municipal use. With its 
municipal direct flow right of 14.31 cfs, Laramie 
now has a total diversion right of about 34 cfs 
from the river. Undoubtedly, not all the 19.65 
cfs water right will be allowed to change to 



municipal use. Still, even with some loss during 
the transfer, Laramie will have a substantial 
early flow right on the river. 

With such a large direct flow right and ground
water sources of supply also available, Laramie 
would appear to have few problems meeting its 
needs well into the future. Such is not quite the 
case. Even though the Laramie direct flow 
rights are the best on the Laramie River, there 
are times when streamflow is less than what the 
rights would allow to be diverted. Streamflow 
at the Pioneer Canal head~ate (where the city 
diverts for municipal use) falls below 30 cfs 
about 10 percent of the time (Figure 14). 
Unfortunately, streamflows typically fall to their 
lowest when demand in Laramie is greatest -
during July and August. 

Additional storage could help Laramie get 
through these low-flow times. No more than 
about 2,000 acre-feet of storage should be 
needed. The storage should be positioned to 
allow release into Laramie's supply system. To 
lessen water demand, a conservation program 
also could be implemented during droughts. 

Other Problems 

Flooding. Historically, flooding has not been a 
major problem in the Laramie River basin. 
Comparison of Laramie River peak flood flows 
with those for streams on the east side of the 
Laramie Range shows that Laramie River flows 
are substantially less. The 100-year flood on the 
Laramie River at Laramie (draining a basin of 
920 square miles) is estimated at about 3,000 
cfs. Crow Creek at Cheyenne drains an area of 
about 340 square miles, but has a 100-year 
flood peak estimated at nearly 7,000 cfs. The 
reason for this difference is that floods in the 
Laramie basin are the result of the melting of 
mountain snowmelt, whereas floods east of the 
Laramie Range are due to thunderstorms. The 
Laramie Range acts as a shield preventing 
severe thunderstorms, which could generate 
severe flooding, from occurring in the upper 
Laramie River basin. 

Still, some damages may result from flooding in 
the basin. Data presented by Western Water 
Consultants (1986) indicate that mean annual 
flood damages along the Laramie River from 

the Pioneer Canal headgate through the City of 
Laramie are about $670,000. Much of this 
damage is attributed to agricultural lands and 
related irrigation facilities, with damages in 
Laramie averaging only $40,000 annually. 
Assuming an equivalent amount of flood dam
ages along the Little Laramie River gives an 
annualized flood damage estimate of about $1.3 
million in the basin. Considering the lack of 
historical flood damages in the basin, this value 
seems high. The Western Water Consultants 
report considers its estimates of damages to 
agricultural operations to be "speculative." A 
more detailed investigation will be necessary to 
more accurately substantiate the magnitude of 
the flooding problem in the basin. 

Recreation and Fisheries. Proper water man
agement and development strategies usually 
can enhance recreation and fisheries. Often, 
recreation and fisheries requirements directly 
conflict with agricultural and municipal needs. 
Fisheries and recreational water uses are nearly 
always non-consumptive, whereas municipal 
and agricultural uses are consumptive. Fisher
ies and recreational requirements benefit from 
full reservoirs and flowing rivers, whereas mu
nicipal and agricultural uses can dry up rivers 
and drain reservoirs. 

Because of the heavy utilization of the basin's 
waters by agriculture, fisheries and recreational 
uses suffer. During the summer, sections of the 
Laramie River are nearly dry below some irri
gation diversions. The two most popular recre
ation reservoirs in the area - Lake Hattie and 
Wheatland No.3 - may fluctuate widely. 
Much of the time, they are in dead storage. 
More water in the streams and reservoirs of the 
basin could significantly enhance recreational 
uses and the basin fishery. 

Categories of Solutions to 
Water Problems 
Development of a list of potential project alter
natives was based upon previous planning 
studies, ideas proposed by the WWDC and by 
the plan review committee, and citizen input. 
These alternatives are categorized by the 
primary means through which a new or in
creased water supply is developed. The discus
sion below describes the five primary means for 
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solving the water problems. Specific alterna
tives implementing these concepts are present
ed in the following section. 

Transbasin Diversion of Water 
into the Basin 

As discussed earlier in this chapter, the basin is 
water-short, requiring an average of 40,000 
acre-feet annually to provide a full water supply 
to those lands under irrigation. One means of 
providing a larger water supply to t~e basin is to 
bring it in from another basin havIng a surplus 
of water. Transbasin diversions move water 
from watersheds with supplies in excess of 
present-~ay needs to wate~-sh<?rt b~sins. Fac~
ties requIred for transbasln dIversIons may In
clude diversion structures, collection systems, 
pipelines, canals, tunnels, and r~-re~ula~ion 
reservoirs. Three types of transbasln dIversIons 
are evaluated herein. 

New diversions requiring the construction of 
new facilities. Two potential new diversion 
schemes were investigated for diverting water 
into the basin from the Douglas Creek or the 
Medicine Bow River and Rock Creek basins. 
Each of these alternatives must include a com
ponent to supply replacement water to the 
North Platte River basin. 

Purchase of water from an existing transbasin 
diversion. The Cheyenne Stage II project is 
constructed and has available water. 

Purchase of water being diverted from the Lar
amie River basin. The Laramie-Poudre tunnel 
diverts nearly 20,000 acre-feet of water annually 
from the Laramie River basin into the Poudre 
River basin in Colorado. 

Reservoir Storage Relocation for 
Evaporation Reduction 

The goal of this c<?ncept is t~ reduce evapo~a
tion losses by storIng water In those reservOIrS 
having the least eva~ora~ion. Achievin~ the 
desired goal may requIre differ~nt reservoIr op
erations from those presently dIctated by water 
rights. Additionally, new reservoirs having ~ow 
evaporation may be necessary to replace hlgh
evaporation reservoirs. 
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Evaporation from reservoir surfaces causes.a 
significant loss of water in the upper LaramIe 
River basin. A 40-year modeling study of the 
basin indicates that a combined total of about 
26 thousand acre-feet is lost annually to evapo
ration from Lake Hattie, Wheatland No.2, and 
Wheatland No.3 reservoirs. Reducing the 
amount of water lost to evaporation therefore 
would retain more water for beneficial uses. 

One method for reducing reservoir evaporation 
is storing more water in those reservoirs having 
the least evaporation, and less water in those 
reservoirs having the most evaporation. In 
other words, water storage would be allocated 
to reservoirs based on evaporation instead of 
water rights. Water could be relocated from 
one reservoir to another existing reservoir. 
Construction of new reservoirs may be neces
sary to save the greatest amount of water. 

Generally, a shallow, spread-out reservoir loses 
more water to evaporation than does a ~arro~, 
deep reservoir. One means of eva}u~tIng this 
shape effect for a group of reservOIrS IS a com
panson of their storage-volume to surface-area 
ratios. The larger the ratio, the less evapora
tion there will be per unit volume of stored 
water. Also, for many reservoirs, storage be
comes most efficient (i.e., least evaporation oc
curs) as the reservoir becomes fuller. Figure 29 
shows the storage-volume to surface-area ratios 
for three current reservoirs and two proposed 
reservoirs at active storage volume of 50,000 
acre-feet. 
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As illustrated, less evaporation would occur 
from storage of water in either of the proposed 
alternative reservoirs. Both Dodge Reservoir 
and Robertson-McConnell Reservoir are deep, 
narrow reservoirs partially located in canyons. 
The other reservoirs are flat, pan-like bodies of 
water (Hattie, Wheatland No.2, and Wheat
land No.3 sit in deflation hollows). Likewise, 
some gains would be made by reallocating stor
age from the Wheatland reservoirs to Lake 
Hattie Reservoir. 

Reservoir Storage of Direct Flow 
Water Rights 

One major problem in the basin is that times of 
high water demand and high runoff are out of 
phase. A way to lessen this problem is to store 
water during the high runoff period and release 
it later in the year during the low runoff, high 
consumption season. Reservoir storage of di
rect flow water rights is a means for implement
ing this strategy. Although projects based upon 
such schemes yield no more water, they do 
allow the distribution of water from times of 
excess (usually spring) to times when shortages 
occur (late summer and fall). Storing excess 
flows for later release requires a reservoir, 
either new or one already built. 

The 42nd session of the Wyoming Legislature 
enacted Section 41-3-305 (Session Laws 1973, 
Chapter 203), which allows the holder or owner 
of a valid direct flow water right to store such 
direct flow, provided that no other Wyoming 
appropriator is injured or affected. The law 
requires that a written request for storage be 
made to the State Engineer and be approved by 
the Board of Control. Several aspects of the 
law and its implementation by the Board are: 

• 

• 

• 

Storage of the direct flow right must be 
accomplished without injuring or affecting 
any oHler Wyoming appropriator. 

The direct flow right to be stored must be a 
valid right which is in use and has been 
used for at least the preceding five years. 

On a stream drainage that is heavily appro
priated, the amount of water allowed for 
storage may be limited to that which histor
ically has been consumptively used. Stor
age of the right must be coincidental with 

the time period that such right has been 
exercised In the past. 

The State Engineer has an established proce
dure for requesting the storage of a direct flow 
right, including the filing of a request form and 
fee with his office. A thorough investigation of 
the proposed storage plan is required by the 
Board of Control, and a public hearing also may 
be necessary. Structural costs to implement 
such a scheme may be low if a reservoir and 
delivery system are already built; still, the 
requester of such a plan may need to expend a 
significant amount of time and effort on data 
collection to prove his case before the Board. 

The storing of direct flow waters rights could 
prove a beneficial strategy to two entities in the 
basin. Diversion of Pioneer Canal direct flow 
water into Lake Hattie could prove worthwhile 
to the Pioneer Canal-Lake Hattie Irrigation 
District. The City of Laramie might benefit by 
transferring some of its Monolith Ranch direct 
flow water right to storage, for use during times 
of low streamflow on the Laramie River. 
Because it currently owns no storage facility, 
Laramie must either build new storage or 
purchase storage in an existing reservoir to 
implement this alternative. 

Efficiency Improvement 

Not all water diverted at the headgate goes to 
the beneficial use of plant growth. Canal losses 
and field losses may actually take a larger share 
of the headgate diversion than what is needed 
to satisfy a crop's consumptive use. Reduction 
of canal and field losses means that a smaller 
diversion may be made at the canal's headgate. 
When releases are being made from a storage 
reservoir, this means that smaller releases may 
be made and that the stored reservoir water will 
last longer. 

Reductions in canal losses typically are made by 
lining natural earth canals. To lower the per
meability of a canal, a concrete or plastic mem
brane liner is usually added. Mixing bentonite 
clay into the canal bottom and sides is another 
technique for reducing seepage. 

Field losses occur during irrigation to deep 
seepage and surface runoff. In sandy to grav
elly soils without an underlying impermeable 
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subsoil layer, a considerable amount of water 
may percolate downward below the root zone 
and become unavailable to plant use. Applying 
sn;ta!l ~mounts of water at each irrigation may 
mInImIze losses. Flood irrigation, which is the 
normal irrigation method in the upper Laramie 
River basin, may ~esult in loss of up to three
fourths of the applIed water. Sprinkle irrigation 
losses to percolation may be as little as five 
percent; however, evaporation losses must be 
considered, particularly in windy climates. 

Other strategies 

This group of non-structural alternatives strives 
to increase or redistribute the available water 
~upply using management changes or less famil
Iar technologies such as precipitation enhance
ment. No in-depth analysis was made of these 
alternatives, but they are identified below. 

P~eci~itation Enhancement. Cloud seeding 
mIght Induce more snowfall over the mountain 
areas from which the basin's water supply is 
derived. Problems with enhancement of the 
mountain snowpack and increased runoff in
clude defining how much more runoff has been 
produced and the allocation of that increased 
ru~off. Creation of ~ conservancy district, in 
WhICh all water users In the basin would pay for 
cloud s.eeding rrojects, is one possibility. The 
potentIal benefIts from a weather modification 
program in the basin should be assessed 
through an experimental research program. 
Involvement of the University of Wyoming 
Water Res~arc~ Center and Department of 
AtmospherIc SCIence should be obtained for 
development of a research program. 

Cutting Willows and Draining Lakes. These 
methods once were utilized to increase water 
sup~ly. At one time, governmental funding was 
avaIlable f~r these activities. Today, shallow 
lakes and wIllow areas usually are classified as 
wetlands and protected by the Federal govern
ment: These ~trategies are ~herefore no longer 
consIdered VIable alternatIves for enhancing 
water supply. 

Watershed Management. Selective cutting of 
forested lands, leaving clearings where snow 
can accumulate, is a potential means for en
hancing runoff. The use of this runoff en-
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hancemen~ methodology is experimental, and 
should be Implemented as such. As with the 
precipitation enhancement alternative, some 
form of conservancy district would be needed to 
implement this program. Cooperation of the 
U.S. Forest Service would be necessary since 
that organiza~ion is the principal land manage
ment agency In areas where the project would 
be conducted. 

Project Alternatives 

Little Snake River Diversion 

Because of limitations set by U.S. Supreme 
Court decree, there is no water available for 
development in the upper North Platte River 
basin. Therefore, for a new transbasin diver
sion alternative which depletes North Platte 
streamflow, an equivalent volume of water must 
be diverted into the North Platte as replace
ment water. The.Cheyenne Stage II project 
already operates In thIS manner by replacing 
Douglas Creek water with Little Snake River 
water: Though this proposed diversion does 
not dIrectly produce water for the Laramie 
River basin, it is a necessary component for any 
of the proposed diversion projects. 

Project Description. The Little Snake River 
Water Management Project, Technical Summary 
Report .(Ston~ .and Webster Engineering Corp., 
1?84) I~entIfted the .most feasible system to 
dIvert LIttle Snake RIver water into the North 
Platte River drainage. The recommended al
ternative included: 

• 

• 

• 

• 

A water collection system located high in 
the Little Snake drainage, 

A pipeline transporting the collected water 
to a reservoir on Fish Creek, 

Transportation of the water into the North 
Platte drainage via a tunnel to the Sage 
Creek basin, and 

Delivery of the water by pipeline to the 
North Platte River. 

The system would produce 45,000 acre-feet of 
firm water yield annually. Components such as 
the tunnel and reservoir must be completed 



before any yield is obtained; thus, the project 
could not easily be staged to produce only a 
portion of the yield. For this analysis, we there
fore assumed that the cost of project water 
would be estimated based on completion of the 
entire project. 

Estimated cost for the Little Snake Transbasin 
Diversion project is $200 million. The annual 
cost to finance the project, based upon an 8-
percent interest rate and 50-year repayment 
period, would be $363 per acre-foot. Assuming 
the project sponsor could receive (from the 
WWDC) a 67 percent grant and 33 percent 
loan with a 4-percent interest rate for 50 years, 
the annual repayment fee per acre-foot of yield 
is $68. 

Project Benefits and Beneficiaries. The system 
yield could provide replacement water for 
either of the two alternatives that divert flow 
from the North Platte River drainage into the 
Laramie River basin. The large yield available 
from the Little Snake project not only makes 
possible both proposed alternatives, but also 
provides excess water available for sale in the 
Platte River basin. 

Constraints on Project Development. The high 
cost for the system is beyond the ability of the 
WWDC to finance at this time. Because it is 
impossible to stage construction of facilities, the 
entire system must be built at one time. There
fore, no cost reduction for a smaller system is 
possible. The collection system would be con
structed on the Medicine Bow National Forest; 
obtaining approval to build the system will be 
difficult. Additionally, because of environmen
tal and endangered species issues, the transba
sin diversion of water out of the Little Snake 
and Colorado River basins will have problems 
in obtaining required permits. 

Conclusions. Large cost is the primary draw
back to this project, which is a required compo
nent for either of the new transbasin diversion 
alternatives discussed below. The $68 per acre
foot of annual yield subsidized water value is 
too high to be paid by agricultural users in the 
Laramie River basin. Since this cost must be 
added to the cost of the Laramie Basin diver
sion component, all of the new construction 
diversion projects are too costly for agricultural 
water use. Two projects are briefly reviewed 

below to illustrate the total delivered water 
costs associated with a major transbasin diver
sion. 

Douglas Creek Diversion 

Douglas Creek is a tributary to the North Platte 
River, with its headwaters located in the Medi
cine Bow Mountains east of Saratoga. Though 
the waters of this drainage have previously been 
developed for the Cheyenne Stage II project, 
some undeveloped water remains and could be 
diverted into the Laramie River basin. 

Project Description. The Cheyenne Stage II 
expansion of the Stage I project developed 
most of the available water in the Douglas 
Creek basin. However, the Lake Creek diver
sion component of the project was not con
structed. The Lake Creek diversion would in
tercept streamflow from eight creeks, including 
Lake Creek, that are tributaries to Douglas 
Creek. Yield of the system is estimated at 
about 3,500 acre-feet per year. 

The collection system would deliver water to 
Lake Owen. From Lake Owen, the flow must 
be conveyed to the Laramie River. Erosion 
problems will likely prevent use of natural 
stream channels to transport the flow to the 
Laramie River. The most logical solution is to 
utilize the Cheyenne Stage I and/or Stage II 
pipelines to deliver water to the Laramie River. 
Such water deliveries will necessitate a new 
valve on the pipeline at the river crossing. 

The cost to construct the Lake Creek diversion 
system is estimated at $10 million. Annual re
payment costs would be $820 thousand, assum
Ing a 50-year loan at an 8-percent interest rate. 
With a 67 percent grant, 33 percent loan, and 
the loan financed at 4 percent for 50 years, the 
yearly cost to the project sponsor would be $154 
thousand. This equates to an annual unit cost 
to the sponsor of $44 per acre-foot. The addi
tional cost of delivery facilities to the Laramie 
River increases the unit cost to approximately 
$46 per acre-foot. Adding the $68 per acre-foot 
cost of Little Snake replacement water yields an 
annual subsidized water cost of $114 per acre
foot. 

Project Benefits and Beneficiaries. About 
3,500 acre-feet could be provided annually at a 
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discharge point near Woods Landing. Any 
diverter along the Laramie River could use the 
water. 

Constraints on Project Development. Diver
sion of flow from streams on national forest 
land is becoming increasingly difficult. Yields 
could be reduced due to instream flow re
quirements and sediment flushing flows. As 
stated above, the transfer of water from the 
North Platte River Basin to the Laramie River 
Basin will require replacement water to be 
delivered to the North Platte. The cost of re
placement water more than doubles the cost of 
Lake Creek diversion system water. 

Conclusions. The cost of water obtained from 
the Douglas Creek diversion system is much 
greater than the value of the water for agricul
tural use. Even with the funding scenario dis
cussed in this report, the cost of this water will 
be nearly 10 times greater than its value for 
irrigation. However, municipal use of this 
water by Laramie could be affordable. Water 
would be delivered to the Laramie River near 
the city's treatment plant for a subsidized rate 
of $0.35 per thousand gallons. The constraints 
of construction on a national forest, coupled 
with the high cost of the Little Snake River 
diversion component, make this a low-feasibility 
alternative. 

Medicine Bow River/Rock Creek 
Diversion 

This project would divert water from both the 
Medicine Bow River and Rock Creek into the 
Laramie River basin. Point of delivery for the 
water is the Laramie River near Bosler. 

Project Description. This alternative diverts 
water from the Medicine Bow River and Rock 
Creek, which are tributary to the North Platte 
River, into the Laramie River. As with the 
other transbasin diversions from the North 
Platte basin, this alternative requires that re
placement water be furnished in exchange for 
the diverted water. Much of the original plan
ning of this alternative was done by J.T. Banner 
and Associates (1955) and is presented in their 
report Proposed MethOds for Augmenting Lara
mze River Basin Water Supplies. 
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Diversion facilities would be located high in the 
drainages of the two streams, with some diver
sions within the Medicine Bow National Forest. 
Water would be diverted from the Medicine 
Bow River into a proposed 8.5 mile canal to 
Rock Creek. Flows would travel down Rock 
Creek and be diverted into an enlargement of 
the existing Canon Ditch. Water would be 
transported in the Canon Ditch for about seven 
miles, and then via a new 22-mile canal segment 
to the Laramie River north of Bosler. 

The Banner study estimated an average project 
yield of about 12,000 acre-feet per year - 5,000 
acre-feet from Rock Creek and 7,000 acre-feet 
from the Medicine Bow River. Their yield 
estimates were based upon development of all 
unappropriated flows in the two streams. 
Today, instream flow requirements make de
velopment of all unappropriated flows unlikely. 
Conveyance losses along the diversion canals 
would be high, further reducing the amount of 
water yielded by the project. For this inves
tigation, an average annual yield of the system 
is estimated at 6,000 acre-feet. In many years, 
no water would be available since the project 
could divert only in times of high flow when all 
senior appropriators have been satisfied. 

Cost to construct the system was estimated by 
upgrading and updating the cost estimates in 
the Banner report. The updated cost estimate 
for the entire system is $7.75 million. With a 67 
percent grant and 33 percent loan at a 4-
percent interest rate and financing for 50 years, 
the annual cost to the owner would be $119 
thousand. (The unsubsidized cost at 8 percent 
interest for 50 years would be $633 thousand 
annually.) The unit cost to the owner, assuming 
the given subsidized conditions, would be $20 
per acre-foot. Adding the cost for the Little 
Snake River diversion system replacement 
water brings the total annual cost, for the 
funding scenario presented, to $89 per acre
foot. 

Project Benefits and Beneficiaries. Nearly 
6,000 acre-feet of water could be delivered 
annually to the Laramie River. The primary 
beneficiary of the imported water would be the 
Wheatland Irrigation District, since the water 
would be delivered to the Laramie River near 
the district's storage and diversion facilities. 



Constraints on Project Development. Project 
constraints are essentially the same as those 
given above for the Douglas Creek diversion -
high cost and difficulty of diverting water from a 
national forest. 

Conclusions. The cost to develop Medicine 
Bow RiverlRock Creek diversion project water 
is about three to four times its value for use by 
the Wheatland Irrigation District. Considering 
the possible constraints to construction of facili
ties on the Medicine Bow National Forest, this 
alternative has a low feasibility. 

Purchase of Excess Cheyenne 
Stage II Water 

This alternative utilizes water developed by the 
Cheyenne Stage II Project that is in excess of 
Cheyenne's needs. Because the Stage II project 
is already developed, the only new construction 
needed IS a valve to deliver water to the Lara
mie River. 

Project Description. An agreement made in 
1986 between the Cheyenne Board of Public 
Utilities (CBPU) and the WWDC allowed the 
marketing and sale of excess Stage II water by 
the WWDC. Agricultural use of the excess 
water has the lowest priority, is available for 
one-year terms, and is made available for pur
chase only after a determination has been made 
that there is a surplus. The determination of 
whether excess water is available is made 
during the first week of June each year. 

Excess waters can be made available from Rob 
Roy Reservoir with Hog Park Reservoir storage 
used to provide exchange water to the North 
Platte River. Water would be released from 
Rob Roy Reservoir to the Laramie River via 
Lake Owen and the Stage I or Stage II pipe
lines; this transfer will require construction of a 
high-pressure valve system where the pipeline 
crosses the Laramie River. Erosion problems 
prohibit transport of water from Lake Owen to 
the Laramie River using natural stream chan
nels. 

Available water is estimated (in the agreement) 
at 6,400 acre-feet annually through the year 
2005, and at 4,000 acre-feet annually from 2006 
through 2011. Since the signing of the agree-

ment, the actual Stage II project yield and 
availability of excess water have come into 
question, and no sales have occurred. 

The estimated cost of the high-pressure valve 
and release system is approximately $400 thou
sand. The purchase pnce of excess water for 
~gricultural use established in the WWDC/ 
CBPU agreement was $7.50 per acre-foot. The 
total cost to deliver water to the Laramie River 
is about $10 per acre-foot based upon an aver
age annual delivery of 4,000 acre-feet. 

Project Benefits and Beneficiaries. Any water 
user along the Laramie River could utilize the 
Stage II excess water. 

Constraints on Project Development. The insti
tutional constraints on the use of excess Stage II 
water are minimal. The water has already been 
permitted and developed and is available. 
However, no firm water is available to agricul
ture because industrial and municipal demands 
take precedence for excess water. The water 
will be available only on an intermittent basis in 
years when there is excess in the system. Even
tually, as Cheyenne's water needs grow, the 
amount of available water will diminish. 

Conclusions. Because this alternative is essen
tially developed, a very low-cost water supply 
could be available almost immediately to the 
Laramie River basin. Unfortunately, the uncer
tain duration and supply of excess Stage II 
water makes this alternative somewhat unat
tractive. At some time in the future, there is the 
possibility that no excess water will be available. 

Purchase of Poudre Tunnel Water 

Annually, about 20,000 acre-feet of water are 
diverted from the Upper Laramie River basin 
to the Poudre River basin in Colorado. This 
alternative calls for purchase of part or all of 
this water for use in the Laramie River basin in 
Wyoming. 

Project Description. No construction is re
quired for this alternative because water would 
be delivered by natural conveyance down the 
Laramie River. As illustrated in the tunnel 
diversion hydrograph (Figure 30), flows occur 
during the summer when most needed, so there 
is no need to store this water in a reservoir. 
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Figure 30: Mean monthly diversion hydrograph 
of the Poudre Tunnel. 

The biggest drawback to this alternative is the 
cost of purchasing the water. Assuming the dis
trict is willing to sell all or part of the water, it 
would most likely sell to the highest bidder. 
Unfortunately, free market water prices along 
the Front Range of Colorado are being estab
lished by cities which purchase agricultural 
water for municipal use. A purchase rrice 
equivalent to, or higher than, an annua unit 
cost of over $200 an acre-foot could be expect
ed. The WWDC is unlikely to assist in the 
purchase, so the sponsor will need to fund the 
entire purchase price. 

Project Benefits and Beneficiaries. Any water 
users along the Laramie River could benefit 
from the additional supply of up to 20,000 acre
feet of summertime flow in the river. 

Constraints on Project Development. The 
biggest constraint to implementing this alterna
tive is the high purchase price of the Poudre 
tunnel water. 

Conclusions. The cost of purchasing Poudre 
tunnel water makes this alternative unaccept
able. 

Dodge Reservoir 

This project reduces evaporation losses in the 
Wheatland Reservoirs No.2 and No.3 by 
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constructing a new, more efficient reservoir 
downstream of the current reservoirs on the 
Laramie River. Because of its location, the 
project would benefit only the Wheatland Irri
gation District. 

Project Description. The dam site for the 
proposed reservoir is on the Laramie River 
downstream of Wheatland No.2 Reservoir at 
the upper end of the Laramie River canyon 
(Figure 31). As evaluated herein, the proposed 
reservoir would have 100,000 acre-feet of active 
storage capacity, which equals the Wheatland 
No.2 capacity it would replace. Banner (1955) 
made an evaluation of this potential dam and 
reservoir site; much of the information from the 
Banner report was used in making this analysis. 

The canyon location of the dam site is narrow, 
requiring a dam with a crest length of only 650 
feet. An 85-foot high dam is necessary to store 
100,000 acre-feet. If a fisheries conservation 
pool equal to 25 percent of storage is imposed 
upon the project, an 8-foot dam raise will be 
required. A roller-compacted concrete (RCC) 
dam was assumed to be the best construction 
method for the site. 

All permitted capacity of Wheatland No.2 
Reservoir would be transferred to the new 
Dodge Reservoir. The new reservoir would 
have about half the surface area of Wheatland 
No.2 for an equivalent amount of storage, 
thereby reducing evaporation losses. Permitted 
storage in Wheatland No.3 would then be 
transferred to Wheatland No. 2, and Wheatland 
No.3 would be abandoned. The reduction in 
evaporation losses resulting from this proposed 
alternative would yield about 6,800 acre-feet 
annually, which would be available for use by 
the Wheatland Irrigation district. Because 
Wheatland No.2 Reservoir would remain to act 
as a sediment trap, no sediment storage pool 
would be allocated in this reservoir. The re
duced sediment inflow should make Dodge 
Reservoir a good fishery. 

The estimated cost for the proposed reservoir 
project is $6 million; enlargement of the facility 
for conservation pool storage will increase the 
cost to $7.2 million. With a 67 percent grant 
and 33 percent loan financed (by the WWDC) 
for 50 years at a 4-percent interest, the yearly 
repayment is $93 thousand. If a conservation 



Project 
Transbasin Diversions Reservoir Storage of Direct Flow Water 
1. Little Snake 9. Pioneer Canal water stored in Lake 
2. Douglas Creek Hattie Reservoir 
3. Medicine Bow River/Rock Creek 
4 . Stage II water purchase Efficiency Improvements 
5. Poudre Tunnel water purchase 10. Pioneer Canaillning 

11. Wheatland Irrigation District 
Reservoir Storage Relocation canal lining 
6. Dodge Reservoir 
7. Robertson-McConnell Reservoir 
8. Wheatland No.2 Res. water 

stored in Lake Hattie Res. 

Figure 31: Location map of project al~matives~ 
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pool is required, annual repayment costs will 
increase to $111 thousand. (If 100 percent of 
the project costs is financed for 50 years at an 
interest rate of 8 percent, annual repayment 
costs are $490 thousand and $589 thousand for 
the two project scenarios.) The unit cost to the 
irrigators of the subsidized water ranges from 
about $14 to $17 per acre-foot. 

Project Benefits and Beneficiaries. The benefi
ciary of the increased water supply will be the 
Wheatland Irrigation District, which would re
ceive an average additional supply of 6,800 
acre-feet annually. Some flood control benefits 
could be derived from the increase in total 
storage capacity. 

Constraints on Project Development. The 
transfer of storage from the existing Wheatland 
Reservoirs should create minimal legal or 
administrative problems because the sites are in 
close proximity to each other. Some irrigated 
lands would be inundated by the project, but 
the direct flow rights for these areas could be 
transferred to the proposed reservoir. The ad
ministration of the water should be no more 
difficult than for the two present reservoirs. 

The most substantial environmental problem 
for the project would be maintenance of fisher
ies, with the requirement to retain the overall 
fisheries values of the two current reservoirs. A 
minimum pool in the new reservoir will likely be 
a mitigation measure imposed on the project. 

Conclusions. The value of the water to the 
Wheatland Irrigation District is estimated at 
$25 per acre-foot. Because the project cost to 
yield an acre-foot of (subsidized) water is less 
than the value of water to the district, this 
project warrants additional study. 

Robertson-McConnell Reservoir 

Like the Dodge Reservoir project, the Robert
son-McConnell Reservoir will save water by 
reducing evaporation. Permitted storage capac
ity from Lake Hattie and Wheatland No.2 res
ervoirs would be transferred to the new reser
voir. 

Project Description. The primary structural 
component of this alternative is a new dam 
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impounding a reservoir on the Laramie River 
near the Wyoming-Colorado state line. The 
Robertson-McConnell Dam would be at the 
upstream end of a canyon in Wyoming and will 
back water into Colorado. Providing 100,000 
acre-feet of storage capacity will require a 135-
foot high dam. The proposed site is probably 
suitable for construction of an RCC dam. 

All the current Lake Hattie Reservoir storage 
capacity would be transferred to the new loca
tion, and Hattie Reservoir abandoned. About 
70,000 acre-feet of Wheatland No.2 permitted 
capacity would be transferred to the new reser
voir. Finally, 50,000 acre-feet of active storage 
capacity would be transferred from Wheatland 
No.3 to Wheatland No.2, and Wheatland No. 
3 Reservoir would be abandoned. Model simu
lation of the proposed conditions shows an 
average annual yield of 6,700 acre-feet resulting 
from evaporation reduction. 

Water from the North Platte drainage could be 
diverted in Colorado into the Robertson-Mc
Connell Reservoir via a possible transbasin di
version system. However, the transbasin diver
sion of water from the North Platte would 
require replacement water from the Little 
Snake drainage. Because of the high cost of the 
diversion and replacement water systems and 
the institutional problems of diverting water in 
Colorado, this potential structural component 
of the alternative was not pursued. 

Estimated cost for the 100,000 acre-foot res
ervoir is $25 million. The annual repayment 
assuming a 67 percent grant and 33 percent 
loan ( 4-percent Interest rate for 50 years) would 
be $388 thousand. With a project y!eld of 6,700 
acre-feet, an annual payment of $58 per acre
foot would be required. 

Benefits and Beneficiaries. The primary bene
fit of the Robertson-McConnell reservoir is the 
reduced evaporation from consolidating storage 
from high-loss reservoirs into a low-loss reser
voir. The saved water would be available to the 
project sponsors. Secondary benefits would 
derive from flood control on the Laramie River. 

Constraints on Project Development. The 
transfer of storage water from Lake Hattie and 
Wheatland Reservoir No.2 to the proposed 
project reservoir could be protested by all users 



between the points of transfer. For this investi
gation, we assumed that no reduction would be 
incurred in the permitted storage capacity 
during the transfer. That situation is unlikely. 
Delivery conveyance losses may also be im
posed, and could be especially high for water 
delivered to the Wheatland Irrigation District. 
Project yield would be reduced from the 6,700 
acre-foot estimate through the imposition of 
these losses. 

The flooding of Colorado lands - some irrigated 
- could encounter opposition from that state. 
Likewise, environmental concerns of wildlife 
habitat reduction will likely be raised. The 
abandonment of Lake Hattie and the Wheat
land Reservoir No.3 with their associated fish
eries may be opposed by the Wyoming Game 
and Fish Department and by environmental 
groups. 

Conclusions. Though the project has some 
positive aspects, high costs and complicating 
administrative and environmental factors make 
this project unattractive. The Dodge Reservoir 
project provides the same amount of water 
more cheaply, and will likely have easier acqui
sition of necessary construction permits. Unfor
tunately, only the Wheatland Irrigation District 
benefits from Dodge Reservoir. The subsidized 
water rate for this project could be attractive to 
the City of Laramie for municipal use. 

Relocation of Wheatland No. 2 
Storage to Lake Hattie Reservoir 

This project reduces eva~oration losses by 
storing water in Lake HattIe Reservoir rather 
than in Wheatland Reservoir No.2. 

Project Description. Storing Wheatland No.2 
Reservoir water in Lake Hattie to reduce 
evaporation losses has been discussed by the 
owners of those facilities. Because evaporative 
losses are about 40 percent less in Hattie, some 
additional water could be yielded by the storage 
transfer. As part of the alternative, Wheatland 
No.3 storage would be transferred to Wheat
land No.2. If the remaining capacity in Wheat
land No.3 (about 9,000 acre-feet active and 
22,000 acre-feet inactive non-flood surcharge 
storage) is abandoned, this alternative could 
yield a total of 5,600 acre-feet annually. 

Improvements and modifications to the Lake 
Hattie water delivery system will be necessary 
to store and release the Wheatland Irrigation 
District water. A report by Western Water 
Consultants (1986) for the WWDC recom
mended improvements for the Pioneer Canal
Lake Hattie system. The improvements to 
Lake Hattie have been made. The major struc
tural component required to store Wheatland 
Irrigation District water in Hattie is enlarge
ment of the South Canal so that it could be used 
as the delivery system to transport water from 
Lake Hattie to the Laramie River. 

The estimated cost to upgrade the system is $2 
million. With a 50 percent grant and 50 percent 
loan and 4-percent interest rate for 50 years, 
the annual cost to the sponsors would be $46 
thousand. (The cost without a partial grant and 
reduced financing would be $163 thousand 
annually.) Assuming no administrative reduc
tions or transport losses of the saved water, the 
subsidized water cost would be about $8 per 
acre-foot per year. 

Project Benefits and Beneficiaries. The project 
would annually save about 5,600 acre-feet of 
water presently lost to evaporation. Project 
beneficiaries are the Wheatland and the Pio
neer Canal-Lake Hattie irrigation districts with 
the sharing of benefits subject to negotiation. 

Constraints on Project Development. The 
transfer of storage from the Wheatland Reser
voirs to Lake Hattie will encounter legal and 
administrative problems. There are many 
intervening users who could protest the trans
fer. The State Engineer and Board of Control 
could impose limitations that would reduce the 
effectiveness of the project. Imposition of 
appreciable conveyance losses could negate 
many of the benefits of the project. The admin
istration of the transfer will be complex and will 
require considerable monitoring. Elimination 
of Wheatland Reservoir No.3 may be protested 
by the Wyoming Game and Fish Department 
and environmental groups. 

Conclusions. The subsidized cost of the water 
yielded by the project is about the same as what 
agricultural users can afford to pay. A more 
detailed evaluation will likely increase the esti
mated cost to produce this water, reduce yield, 
or both. However, even a two- or three-fold 
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increase in the cost of the project water could 
still be affordable to the Wheatland Irrigation 
District. Consequently, this project warrants 
additional study. 

Storage of Pioneer Canal 
Direct Flow Rights in Lake 
Hattie Reservoir 

The late season (post-July) demand for water 
for irrigated lands under the Pioneer Canal ex
ceeds the supply available from the c~nal's 
direct flow rights. Since water can be dehvered 
to the canal from Lake Hattie Reservoir, an 
obvious solution is to store early season water 
for use later in the year. 

Project Description. Water rights for direct 
flow diversion of 227 cfs for irrigation use are 
attached to lands irrigated from the Pioneer 
Canal. During May and June, when runoff 
peaks on the Laramie River, there are times 
when the canal can and does divert the full 
1-cfs-per-70-acre appropriation. Consumptive 
requirements in May and June, however, do not 
demand that rate of diversion. If canal and 
field losses are ignored, the consumptive need 
during May is 17 percent of the 1-.cfs-per-,10-
acre rate. For June, the consumptIve requIre
ment is 37 percent of the legally allowable 
diversion rate. Canal and field losses, of course, 
increase the demand at the canal's headgate. 

Of the water diverted by the Pioneer Canal, 
that which is not consumptively used by plants 
is either returned to the river or lost to evapora
tion or deep ground-water percolation. That 
portion of the water which would ty~icallr be 
diverted and lost from the LaramIe RIver 
system through evapotranspiration, evapor~
tion, or ground-water loss may be storable In 
Lake Hattie. Initial analysis of Pioneer Canal 
diversion data collected during the past 20 years 
shows that a mean annual yield of 2,800 acre
feet could be obtained by storing part of the 
April, May, and June direct flow diversions. 
Much more detailed analyses will be required 
to verify this value. 

Because no structural modifications are re
quired, the cost of implementing this alternative 
will be nominal. Some expenditures, however, 
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will be required to collect the necessary data 
and present the case for the transfer to the 
Board of Control. 

Project Benefits and Beneficiaries. Irrigators 
diverting from the Pioneer Canal will be the 
direct beneficiaries of this alternative. 

Constraints on Project Development. A strong 
case for the change must be presented to the 
Board of Control, for it is likely that down
stream appropriators will protest the action. 
Additional research into the amount of water 
lost to the river will be required. At worst, the 
transfer will not be allowed, and diversion 
practices can continue as they have in the. fast. 
Environmental problems may result I the 
transfer dries up wetlands or some of the small 
lakes in the area. 

Conclusions. Though initial estimates indicate 
that this alternative fails to yield a large amount 
of water, the nearly 3,000 acre-feet of water 
produced is much more valuable as late season 
rather than early season water. Because of the 
low cost to produce this late season water 
supply, this is an alternative that merits further 
investigation. 

Pioneer Canal Lining 

Lining portions of the Pioneer Canal would re
duce seepage losses. The direct benefits of this 
project will accrue to the Pioneer Canal - Lake 
Hattie Irrigation District. 

Project Description. In an investigation by 
Western Water Consultants (1991), four sec
tions of the Pioneer Canal were identified that 
- if lined - could substantially reduce seepage 
losses. The study estimated that the four 
reaches have a total average annual seepage 
loss of about 6,000 acre-feet. The four reaches 
totaled 8.8 miles in length, and several types of 
canal linings were investigated. 

Cost estimates ranged fr~)l~ $5.6 milli0!1.for 
concrete lining to $1.675 mIllion for PVC hnlng. 
Based upon a 50 perc~nt grant and .50 percent 
loan (with a 4-percent Interest rate ~nanced for 
30 years), the annual cost to the project sponsor 
would be $162 thousand for concrete lining and 
$48 thousand for PVC lining. The annual sub-



sidized cost for these alternatives was estimated 
at $27 per acre-foot for a concrete lining and $8 
per acre-foot for a PVC lining. 

Project Benefits and Beneficiaries. An average 
of 6,000 acre-feet could be saved annually 
through canal lining of selected sections of the 
Pioneer Canal. Beneficiaries of the water 
savings would be irrigators in the Pioneer 
Canal-Lake Hattie Irrigation District. 

Constraints on Project Development. The 
lining of existing canals to reduce seepage 
creates few legal or administrative problems. 
Leakage from one section of canal, however, 
currently irrigates some lands; it may not be 
desirable to line that section. Environmental 
problems may arise if canal lining reduces 
wetlands or leakage to the several small lakes 
along the course of the canal. 

Conclusions. The per-acre-foot cost to save 
water using a PVC liner is comparable to the 
value of water used for irrigating crops below 
the Pioneer Canal. Consequently, this project 
concept warrants additional study. 

Wheatland Canal Lining 

Like the Pioneer Canal lining alternative de
scribed above, lining selected reaches of the 
Wheatland Irrigation District's delivery canals 
can reduce canal seepage losses. Irrigators 
within the district would benefit from the in
creased available water supply. 

Project Description. Two studies have indicat
ed that water savings could be realized by lining 
delivery canals in the Wheatland Irrigation 
District. Civil Engineering Professionals, Inc. 
(1990) studied the feasibility of lining Upper 
Canal No.2. The investigation concluded that 
lining 6.1 miles of ditch with concrete could 
save about 3,100 acre-feet of water annually. 
Estimated cost of the canal lining project was 
$3.4 million. Based upon a 50 percent grant 
and a 50 percent loan at a 4-percent interest 
rate for 50 years, the annual cost to the district 
would be $79 thousand. The unit cost of the 
subsidized water would be $25.50 per acre-foot. 

The Soil Conservation Service (1988) published 
a report of their investigations for the district 

identifying other canal segments having high 
seepage rates. These included portions of mid 
Canal No.1, lower Canal No.1, and the Bor
deaux Canal. Seepage losses were not quanti
fied, but the total seepage losses in the identi
fied segments were estimated to exceed 10,000 
acre-feet annually. It was estimated that about 
7,000 acre-feet of the seepage could be sal
vaged. Lining of the canal segments was esti
mated to cost the Wheatland Irrigation District 
the same as lining the Upper Canal, or a unit 
cost of $25.50 per acre-foot. The yearly costs to 
the district will be about $179 thousand. 

Project Benefits and Beneficiaries. The Wheat
land Irrigation District will be beneficiary of the 
increased water supply. 

Constraints on Project Development. The 
lining of existing canals to reduce seepage 
causes minimal legal and administrative prob
lems. However, canal leakage has created wet
lands which may be eliminated by canal lining. 

Conclusions. Because the cost to produce addi
tional water is very nearly equal to its value in 
irrigating crops in the district, this project could 
be considered for further study. 

Alternative Prioritization and 
Selection 
Table 6 summarizes the findings of the prelimi
nary evaluations presented above. These find
ings were utilized by the plan review committee 
in making its decision on which projects should 
receive further reconnaissance-level evaluation. 
For the initial evaluation process, project bene
fits were derived by assigning a per-acre-foot 
value to the water yielded by the project. 
Recent WWDC studies have valued irrigation 
water at $12 per acre-foot for the upper basin 
and at $25 per acre-foot for Wheatland Irriga
tion District lands in the lower basin. 

Basing its selection heavily on economic factors, 
the plan review committee selected the fol
lowing alternatives for further evaluation: 

• Construction of Dodge Reservoir to re
place Wheatland No.2 and No.3 reservoir 
storage. 
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Table 6: Project alternatives with associated yield and water cost. 

Project Type 

Transbasin diversions: 

Reservoir storage 
reallocation for 
evaporation reduction: 

Reservoir storage 
of direct flow rights: 

Efficiency Improvement: 

Project N arne 

Little Snake River2 

Douglas Creek 
Medicine Bow River/Rock Creek 
Purchase of Stage II Water 
Purchase Poudre Tunnel Water 

Dodge Reservoir 
Robertson-McConnell Reservoir 
Wheatland No.2 Reservoir Storage to Hattie Reservoir 

Pioneer Canal Rights Stored in Hattie Reservoir 

Pioneer Canal Lining 
Wheatland Irrigation District Canal Lining 

'Annual sponsor cost per acre-foot, assuming standard WWDC project financing. 

Mean Annual 
Yield 

(Acre-Feet) 

45,000 
3,500 
6,000 
4,000 

20,000 

6,800 
6,700 
5,600 

2,800 

6,000 
7,000 

Mean Annual 
Per Acre-Foot 
Cost (Dollars) 1 

68 
114 
89 
10 

>2003 

17 
58 
8 

8-27 
25 

2cost to provide replacement water to the North Platte basin. This cost is incorporated into the Douglas Creek and 
Medicine Bow River/Rock Creek diversion cost estimates. 

3No WWDC financing is assumed for this cost estimate. 

4There are no costs for new structures for this alternative. However, there may be legal and engineering costs, 
which are not accounted for here. 

• Storage of Pioneer Canal direct flow rights 
in Lake Hattie Reservoir. 

• Relocation of Wheatland Reservoir No.2 
storage to Lake Hattie Reservoir. 

• Purchase of excess Cheyenne Stage II 
water .• 

62 



6 Project Alternatives 

Purchase of Excess Stage II Water 
Water Supply 

Project Facilities 
Cost 

Project Beneficiaries 
FRJrlCiaI Evaluation 

Summary 

Storage of Pioneer Canal Direct Flow Water 
in Lake Hattie Reservoir 

Water Supply 
Project Facldies 

Cost 
Summary 

Dodae Reservoir 
'lntroduction 
Water Supply 
Site Geology 

Project Faciities 
Cost Estimate 

Project Beneficiaries 
FI'18nCiaI Evaluation 

Summary 

Storage of Wheatland No.2 in Lake Hattie Reservoir 
Water Supply 

Facities 
Cost 

Project Beneficiaries 
FI'18nCiaI Evaluation 

Summary 

Laramie Storage Alternatives 
InIrodiJcIion 

Water Supply 
Project Facilities 

Summary 



6 Project Alternatives 

From the alternatives summarized in the previ
ous chapter, the plan review committee select
ed four for further examination. The prelimi
nary project evaluations listed in Chapter 5 
used information from previous planning stud
ies and from new, but cursory, data developed 
during this investigation. The project alterna
tives described in this chapter are based on 
better data and more thorough evaluations. 
For a given project, some conflicts may arise 
between the findings within this chapter and 
those in Chapter 5. These differences arise 
because of the more rigorous evaluations made 
in this chapter. The findings of this chapter 
supersede those of the previous chapter. 

One additional evaluation supplements the four 
selected by the plan review committee. None 
of the four J?lans adequately addresses the City 
of Laramie s requirements, so the municipal 
needs were examined separately. No specific 
project is proposed. Instead, several potential 
supply alternatives are considered, with sugges
tions for further investigation. 

Purchase of Excess Stage II 
Water 
Douglas Creek is a tributary to the North Platte 
River, with headwaters in the Medicine Bow 
Mountains just to the west of the Laramie River 
basin. Since the early 1900's, the concept of 
diverting the waters of Douglas Creek into the 
Laramie River basin, where they could be used 
for irrigation, has been contemplated. Several 
projects obtained water right permits (which 
have expired). Some project construction was 
begun, but high construction costs forced aban
donment. Agricultural projects just could not 
sustain the costs of constructing transbasin 
diversion projects to bring water into the basin. 

Municipalities, in contrast, can afford substan
tial costs to obtain water supplies. Water deliv
ered to a homeowner's tap can cost as much as 
20 to 50 times the cost of water delivered to a 

farmer's headgate. So, a municipal supply sys
tem can generate much more money than can 
an agricultural supply system. That money can 
be used to undertake municipal projects that 
would be financially impossible for irrigation 
projects. 

Such is the case with the transbasin diversion of 
water from the Douglas Creek drainage. In the 
early 1960's, the City of Cheyenne developed 
the Stage I water supply delivery system. The 
system consisted of several components in
cluding Rob Roy Reservoir on Douglas Creek 
and a 40-mile long pipeline to transport water 
from the Medicine Bow Mountains across the 
Laramie basin to the Crow Creek drainage in 
the Laramie Mountains. To replace water di
verted from the North Platte River, a water 
collection system was constructed in the Little 
Snake River basin. A tunnel carries water from 
the Little Snake basin to the Encampment 
River for storage in the Hog Park reservoir. To 
prevent the project from diminishing flows in 
the North Platte River, water releases from 
Hog Park Reservoir coincide with diversions 
from Douglas Creek. 

The Stage I project could provide Cheyenne 
with about 7,000 acre-feet of water annually. 
After several years, the city's population growth 
demanded addition of a Stage II component to 
the system. Essentially, Stage II expanded the 
Stage I facilities. Rob Roy and Hog Park reser
voirs were enlarged, the Little Snake basin 
collection system was expanded, and an addi
tional pipeline was built to convey water to the 
Crow Creek basin. With the Stage II expan
sion, a mean annual yield of 20 thousand acre
feet is expected from the system. 

As with any project of this magnitude, the proj
ect is oversized initially; excess supply will be 
available until Cheyenne's population grows 
substantially. This surplus of water in the early 
years of the project may be a boon to water 
user's in the Laramie River basin. Collection 
facilities are already in place to deliver Douglas 
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Creek water to the Laramie River. These water 
deliveries cannot be considered long-term since 
Cheyenne's demand will eventually grow, but 
water may be available from this source for a 
20- to 30-year period. 

Water Supply 

The State of Wyoming, through the Wyoming 
Water Development Commission (WWDC), 
furnished substantial financial support to the 
Cheyenne Board of Public Utilities (CBPU) for 
the Stage II project. When the WWDC pro
vides water development project support, it ex
pects to be a partner and to receive part of the 
revenues derived from the sale of project 
waters to outside entities. The WWDC estab
lishes rules for water sales and determines per
centages of revenues for the project owner and 
theWWDC. 

In 1986, the CBPU and the WWDC signed an 
agreement establishing the conditions under 
which excess water could be sold (Appendix B). 
The agreement assigns marketing and sale of 
the water to the WWDC. The CBPU devel
oped an operating plan identifying the amount 
of excess water available for sale to be: 

Years 

1987 - 2005 
2006 - 2011 

Quantity 

6,400 acre-feet per year 
4,000 acre-feet per year 

These quantities of water may be committed for 
purchase by the WWDC, if the agreement pro
visions are met. If the WWDC wishes to make 
commitments in excess of these amounts, then 
it must have approval of the CBPU. Recently, 
the CBPU performed an updated operation 
plan that has reduced the expected surpluses. 
The revision predicts an availability of 5,000 
acre-feet of water per year for 1991 through 
1996 and 1,000 acre-feet for 1997 through 2008. 

The CBPU has concerns about entering long
term commitments to supply water, fearing that 
such commitments could deter economic de
velopment in Cheyenne. An industrial water 
user in the North Platte River basin recently 
offered to purchase 3,000 acre-feet of water per 
year for 15 years. CBPU has not accepted this 
offer because of their inability to predict future 
water supplies. Also, until actual system opera-
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tions verify yield estimates, CBPU questions 
how much water the entire system will produce. 

According to the CBPU-WWDC marketing 
plan agreement, agricultural users can buy 
water for one-year terms, but only following the 
determination that there is surplus water avail
able after meeting CBPU's other commitments. 
The CBPU concerns about making long-term 
water sale commitments actually favors agricul
tural users. With less committed water, more 
will be available for "spot" sales. Unless the 
population growth rate of Cheyenne jumps sub
stantially, or a major drought occurs in the 
Medicine Bow Mountains, about 4,000 acre
feet per year apparently could be available for 
some time to come (if the WWDC and CBPU 
are willing to sell the water). 

Obviously, risks inherent in this arrangement 
are intermittent interruptions or permanent 
halting of the water supply to the Laramie 
River. However, the advantages of having 
water available, even on an intermittent basis, 
are many. The logistics of using this water 
supply, further water supply investigations, and 
discussions with the WWDC and CBPU will all 
need to be made for this proposal to be consid
ered further. 

Project Facilities 

Cheyenne's municipal water supply system al
ready diverts and stores Douglas Creek waters; 
therefore, the only remaining facility necessary 
is one to transport water from Lake Owen to 
the Laramie River. Lake Owen Creek drains 
Lake Owen Reservoir, so it physically would be 
possible to make releases to the Laramie River 
through the creek. Such a scheme may be 
impractical because of the environmental prob
lems that it could create. Lake Owen Creek has 
a fairly small channel and is likely to have 
severe erosion problems if it carries increased 
flows. In the past, when the CBPU has acciden
tally spilled excess water down the creek, ero
sion was a complication. Therefore, using the 
creek to transport water to the Laramie River 
was not explored herein. 

One component of the Cheyenne municipal 
water supply system consists of delivery pipe
lines transporting Cheyenne's water supply 



across the Laramie Plains to the Crow Creek 
basin. The two parallel pipelines - the 26-inch 
Stage I pipeline and the 30-inch Stage II pipe
line - originate at Lake Owen and terminate 
at Middle Crow Creek above Crystal Reservoir. 
Both lines cross the Laramie River about three
fourths of a mile upstream from the headgate 
of the Pioneer Canal, which feeds Sodergreen 
Lake and Lake Hattie Reservoir (Figure 32). 
Incorporating a release valve into one of the 
pipelines where they cross the Laramie River 
would allow discharges to be made directly to 
the river, with no apparent environmental or 
other negative consequences. 

Figure 32: Location map of Stage II water 
purchase alternative facilities. 

Adding a release valve to one of the two de
livery pipelines is a substantial undertaking. 
Where the pipelines cross the Laramie River, 
pressures within the lines reach nearly 600 
pounds per square inch. Releasing water at 
such high pressure requires a very specialized 
pressure-reducing valve. One that IS suitable 
for this facility is a Po~et series valve manufac
tured by the Bailey Divtsion of CMB Industries. 

An IS-inch tee should be installed in the 
existing 30-inch line (Figure 33). A 14-inch 
Polyjet valve must be incorporated into the tee 
and a high pressure shut-off valve placed at the 

outlet of the tee. The valve then will discharge 
to an IS-inch pipe, which will in tum discharge 
to the Laramie River. A flow meter installed in 
the discharge pipe will monitor outflow. For 
protection, the valve- should be housed in a con
crete valve chamber. Remote control and te
lemetry will make the facility compatible with 
the rest of the Cheyenne municipal water sup
ply system. 

VALVE VAULT DETAIL 
; 

Figure 33: Stage II purchase alternative valve 
vault detail. 

As proposed, the valve could discharge a range 
of flows up to 32 cfs at the high pressure exist
ing in the pipeline. With this discharge capabil
ity, 1,900 acre-feet could be released monthly to 
the Laramie River. 

Cost 

The total cost of the valve installation is esti
mated at about $400 thousand (Table 7). The 
WWDC potentially could fund part of this ex
pense. Purchase of water from the Cheyenne 
Stage II water supply system will be an addi
tional expense. The marketing agreement bet
ween the WWDC and CBPU calls for agri
cultural water sales at the rate of $7.50 per 
acre-foot per year. Obviously, the water pay
ment will vary annually with the amount of 
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Table 7: Stage II water purchase facility cost estimate. 

Construction Cost Estimate 

Item Unit* Quantity 

Tapped tee LS 
Shut-off valve (18") LS 
Poly jet valve LS 
Instrumentation and power LS 
Valve chamber LS 
Meter and vault LS 
18" Discharge pipe LF 200 

Estimated Construction Cost 

Unit cost 

50 

Total cost 

$ 25,000 
15,000 
95,000 
30,000 
50,000 
15,000 
10,000 

$240,000 

Final Cost Estimate 

Preparation of final designs and specifications 
Permitting and mitigation 
Legal fees 
Acquisition of access and rights-of-way 
Estimated construction cost 
Engineering costs (10% of estimated construction cost) 

Subtotal 
Contingency = 15 % of subtotal 

Construction cost total 

Project cost total 

$240,000 
+ 24,000 
$264,000 
+ 39,600 

$ 30,000 
25,000 
10,000 
10,000 

Rounded total estimated cost 

$303,600 

$378,600 

$400,000 

* LS = lump sum; CV = cubic yard; LF = linear foot 

water purchased. A 4,000 acre-foot purchase 
would cost $30,000. 

Project Beneficiaries 

The most logical user of the water supply 
I'rovided by this alterna tive is the Pioneer 
Canal-Lake Hattie Irrigation District. Because 
the valve would release water to the Laramie 
River just above the Pioneer Canal headgate, 
diversions could readily be made into the canal. 
Water rights regulation problems should be 
few, since the flow meter can monitor discharge 
to the Laramie River. Moreover, there are no 
intervening users between the proposed release 
location and the Pioneer Canal headgate to 
complicate administration. 
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Water purchases possibly could allow direct 
flow diversions in the late summer. In the early 
years of the project, releases may be possible on 
a year-round basis. However, the CBPU may 
sell water only in the springtime, after it has 
determined that its system will fill and possibly 
spill. If water purchases can only be made in 
the spring - a time when additional water is 
not necessary - then the water must be stored 
(in Lake Hattie) for use later in the irrigation 
season. 

Other potential users of this supply include any 
diverter along the Laramie River. Irrigators 
downstream of the Pioneer Canal could pur
chase water from the proposed facility. How
ever, as distance downstream increases, water 



rights administration will become more com
plex. Additionally, the Wyoming State Board of 
Control will assess stream transit losses. Deliv
eries to the Wheatland Irrigation District tunnel 
diversion could suffer losses exceeding 30 per
cent. 

The City of Laramie also could make purchases 
from the proposed facility. Because the city 
diverts through the Pioneer Canal, water deliv
eries would pose no problem. According to the 
WWDC/CBPU water marketing agreement, 
municipalities can purchase Stage II water at 
$125 per acre-foot. Purchase of Stage II water 
could be a short-term measure providing late 
summer supplies until the Monolith Ranch 
water rights are converted to municipal Hse. 

A final area for further exploration is the pur
chase of Stage II water for fisheries en
hancement or recreational use. Releasing addi
tional flow down the Laramie River during low
flow periods could enhance the river's fishery, 
particularly near Laramie where the river 
nearly dries up during the late summer. Water 
not depleted by transit losses then could be 
diverted into Wheatland No.3 Reservoir to 
enhance the fishery of that facility. Likewise, 
diverted water could increase the pool in Lake 
Hattie Reservoir and, accordingly, enhance its 
recreational opportunities. Who would pay for 
such purchases and how they would be imple
mented and regulated are questions needing 
resolution. Currently the WWDC-CBPU mar
keting agreement makes no provision for water 
purchases for fisheries or recreation. Thus, a 
purchase plan and price would have to be nego
tiated. 

Financial Evaluation 

Financing Plan. Assuming the standard 
WWDC financing formula for new water proj
ects, a WWDC grant could subsidize two-thirds 
of the project cost. The WWDC then would 
lend the project sponsor the remaining third of 
the project cost, charging a low interest rate. 
This analysis uses a four percent interest rate 
with repayment period of 20 years to estimate 
financing costs. Under such conditions, an 
annual payment of $9,800 will be required. If 
4,000 acre-feet are available annually for a 20-
year period, repayment for construction would 

amount to $2.45 per acre-foot. Adding the pur
chase price of $/.50 per acre-foot brings the 
total cost per acre-foot to $9.95. 

The financing and cost projection described 
above is certainly a best case scenario. Wheth
er an average of 4,000 acre-feet per year could 
be purchased is questionable, and will take fur
ther analyses and negotiation to resolve. Proj
ect water cost could easily exceed $10 per acre
foot if less water is available, or if water is 
available for less than a 20-year term. Transit 
losses to the point of use also will increase the 
cost of water. 

Project Benefits. The analysis of project bene
fits is based upon the assumptions that: 

• 4,000 acre-feet of water can be purchased 
annually, 

• The water will be utilized for supplemental 
irrigation in the upper Laramie RIver basin, 
and 

• Supplemental irrigation water is valued at 
$12 per acre-foot (Appendix C). 

Table 8 presents the estimated project benefits 
and benefit-cost ratio for this proposed water 
purchase alternative. 

Table 8: Benefit-cost summary for the pur
chase of Stage IT water supplies. 

Benefits 

Annual direct irrigation benefit 
($12 x 4,000 acre-feet) = $ 48,000 

Cost to purchase Stage II water 
($7.50 x 4,000 acre-feet) = - 30,000 

Net project benefits = $ 18,000 

Present value of net benefits 
at 4% discount rate for 20 years = $244,630 

Costs 

Construction ($400,000 x 33.3%) = $133,333 

Benefit-cost ratio = 1.8: 1 
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Summary 

The possibility of using excess Stage II water is 
alluring, for it may be the cheapest way to ob
tain additional water in the upper Laramie 
River basin. Irrigators in the basin have long 
dreamed of diverting Douglas Creek waters in
to the basin, but costs were always too high. 
B~cause the Douglas Creek ~iversio~ already 
eXIsts and the State of WyomIng heavIly subsi
dizes the water costs, no other project could 
deliver water so cheaply. 

There is a down side to the project, though, in 
that water will not be available in the long term, 
~r even every year during the expected project 
hfe. After some unpredictable period, the City 
of Cheyenne may begin to consume all the 
water the Stage II system can produce. Also, if 
an industrial user agrees to buy Stage II water, 
deliveries to the project sponsor could cease. 
Negotiations and further fact finding must be 
pursued to minimize risks. A 20-year project 
life might be acceptable if capital investments 
are small. 

If the project generates sufficient interest for it 
to proceed to Level II, then a more thorough 
investigation should examine the potential to 
deliver water to the Laramie River via Lake 
Owen Creek. Should an inexpensive means be 
found to mitigate erosion problems in Lake 
Owen Creek, then less expense might be in
curred for building permanent project facilities. 
Also, additional participants besides irrigators 
should be sought for the project. Water from 
the project could be readily delivered to the 
City of Laramie. Likewise, the Wyoming Game 
and Fish Department might use water pur
chases to enhance fisheries in the basin. A 
consortium of interests could make the project 
both feasible and desirable. 

Storage of Pioneer Canal 
Direct Flow Water in 
Lake Hattie Reservoir 
As has been identified previously in this report, 
water is most needed in the basin in June, July, 
and August. Streamflows, unfortunately, are 
greatest durin~ May and June. Therefore, bet
ter use of basIn waters for irrigation requires 
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shifting some excess spring runoff volume to 
later in the summer. Such shifting of water 
from o?e time to, another is d~ne by temporari
ly storIng water In a reservoIr and releasing it 
later. Water demand in the basin, based upon 
water rights appropriations, is far greater than 
basin water production. Except in years of very 
high spring runoff, a new reservoir with a pres
ent-day water right would seldom be in priority 
and rarely could store water. 

Realizing the problems of irrigators wanting to 
shift water deliveries from spring to late sum
mer, the Wyoming Legislature enacted legisla
tion that allows the holder of a direct-flow 
water right to store flows for later release. In 
essence, if an irrigator has a senior enough 
water right to have historically made diversions, 
then that irrigator may be entitled to store part 
or all of the diversion that would normally be 
applied to his fields. There are severallimita
tions on the storage of direct flow rights, as 
explained below, but the law offers the oppor
tunity for shifting water from times of excess to 
times of greater need. 

The Pioneer Canal-Lake Hattie Irrigation Dis
trict has both the facilities and the direct flow 
water rights that should allow the district to 
store some of its direct flow right. Lake Hattie 
Reservoir is in place and has more than enough 
capacity to store direct flow water. Water 
diverted at the Pioneer Canal headgate can be 
directed to either the reservoir or irrigated 
lands (Figure 34). No new facilities are neces
sary, so water cost for this plan is comparatively 
cheap. Still, a program of canal lining in the 
district would prove worthwhile if this alterna
tive is employed, because more of the late
season water would make it to the irrigated 
fields. 

Water Supply 

Legal Issues. The 42nd session of the Wyoming 
Legislature enacted Section 41-3-305 (Session 
Laws 1973, Chapter 203), which allows the 
holder or owner of a valid direct-flow water 
right to store such direct flow, provided that no 
other Wyoming appropriator is injured or af
fected. There are several crucial stipulations 
that must be followed for the direct-flow stor
age plan to be accepted: 



Seta 
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Figure 34: Pioneer Canal-Lake Hattie system. 

• Storage of the direct flow right must be 
done without injuring or affectmg any other 
Wyoming a ppropna tor. This is the key 
provision of tlle raw. If storing the direct 
flow water in a reservoir shoulo somehow 
diminish the flow or alter the flow re~e 
for downstream users, the storage plan will 
not be allowed. In fact, when storage is 
proposed on a stream drainage that is 
heavily appropriated both for storage and 
direct flow appropriations (which the Lar
amie River is) then implementing a storage 
plan may prove extremely difficult. 

• On heavily appropriated streams, the 
amount of storage may be limited to the 
amount of water aetermined to have been 
consumed by growing plants and lost by 
transpiration. Storage of the consumptive 
use portion of the rigllt must be coincIdent 
witli the time that such right has been 
exercised in the past. Because the Laramie 
River is so overappropriated, these condi
tions probably will be enforced. 

• Storage will be restricted to the time in 
which water historically has been used for 
irrigation. If there is no history of usage for 
irrigation, say, during April, then storage of 
direct flow water in April will not be al
lowed. The preceding five years constitute 
the historicaf use period for which diversion 
information is analyzed in determining how 
much water may be stored under the pro
posal. 

• Water cannot be stored under a direct flow 
right when such a right is not in priority and 
therefore not entitled to water. Just as if 
the right were diverting directly to irrigate 
lands, when the right is called out of pnori
ty it may not divert to irrigate or to supply 
reservOIr storage. 

• Diverting water under a direct flow right 
and storIng water under the same right 
simultaneously is not permissible. The 
water under the given right is being used 
either for irrigation or for storage, not both. 
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The law requires that a written request for a 
proposed direct flow storage be made to the 
State Engineer and be approved by the Board 
of Control. The State Engineer has established 
a procedure for requesting the storage of a 
direct flow right, including the filing of a request 
form and fee with his office. The Board of 
Control requires a thorough investigation of the 
proposed storage plan, and a public hearing 
may be necessary. 

Availability. The Pioneer Canal has several 
direct flow rights associated with it (Table 9). 
The City of Laramie water right diverts to Sod
ergreen Lake, whence a pipeline carries water 
to the city's water treatment plant. Several of 
the city's rights were associated with other 
ditches, but have had their point of diversion 
moved to the Pioneer Canal headgate. Besides 
having associated direct flow rights, the ditch is 
also the supply canal for the Lake Hattie, Pio
neer (Sodergreen Lake), and Osterman Lake 
reservoirs. 

Table 9: Direct flow water rights diverted 
through the Pioneer Ditch. 

Priority Priority 
Number Date CFS Remarks 

1868 14.31 City of Laramie 
Dowlin Ditch water 

6 04-19-1879 71.43 Pioneer Cana l 
first appropriation 

25 10-01-1884 155.14 P f oneer Cana l 
second appropriation 

53 9-6-1892 3.44 Parker Ditch water 

57 10-19-1895 16.87 Parker Ditch water 

66 08-23-1897 8.93 Last Chance 
Ditch water 

The irrigation district's two direct flow water 
rights are the 1879 right for 71.43 cfs and the 
1884 right for 155.14 cfs. ,The 1879 right is an 
excellent ri~t that is junior only to about 60 cfs 
of other dIrect flow rights on the river. The 
1884 right, on the other hand, is good but typi
cally will be called out in late June to early July 
by the 633 cfs Wheatland Tunnel right, which 
has an 1883 priority. 
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Storage of water diverted under the 1879 right 
probably is not desirable. Generally, when the 
Pioneer Canal becomes dependent upon the 
1879 right, a rotational allocation of water 
commences whereby the upper and lower parts 
of the canal alternate use of the right. Seepage 
losses when canal flows are dependent upon the 
1879 right (flows less than about 70 cfs) are 
about 50 percent (Western Water Consultants, 
1991). Therefore, all the diversion is needed 
just to get half of it to the fields. 

The potential source for storage water is the 
1884 right. Under this right, water might be 
stored during high flows in May and June. As 
shown in Figure 35, the months of May and 
June are the time of greatest diversion, and are 
when the 1884 right usually is in priority. 

~ 
-----I Minimum 

~ 
Mean 

~ 
Maximum 

Apr May Jun Jut Aug Sep 

Month 

Figure 35: Hydrograph of Pioneer Canal diver
sions for 1986 to 1990. 

Monthly diversion data for the period of 1986 
to 1990 were analyzed to estimate potentially 
storable water volumes. This data period is for 
the past five years, as the State Engineer re
quires. Flows in the Laramie River during this 
time were below normal. Using a different 
analysis period could show different results. 
The direct-flow-to-storage analysis used the 
following conditions and assumptions: 

• Historically 14,200 acres have been irrigat
ed in the district (determined using color
infrared aerial photography). 



Table 10: Pioneer Canal water available for storage. 

Ii Amount of water in acre-feet Ii 
----------Diversion---------- ---Cons urn ptive ly used --- -----------S to ra b Ie * -----------

Year May June May 

1986 7,340 8,691 2,172 
1987 7,911 5,613 2,172 
1988 6,109 12,844 2,172 
1989 5,088 4,227 2,172 
1990 8.248 11.270 2.172 
Mean 6,940 8,530 2,172 

* Assuming 50% of consumptive use is stored. 

• 
• 

• 

The crop consumptive irrigation require
ments are those shown in Figure 26. 

The average canal delivery loss is 30fer
cent and tlie field loss is 20 percent 0 the 
flow diverted at the Pioneer Canal head
gate. In other words, 50 percent of the 
water diverted at the Pioneer Canal head
gate is available for consumptive use. 

Storage would occur only in May and June, 
and 50 percent of the historic diversion 
would stIll be used to irrigate crops. 

Table 10 presents the results of the direct-flow
to-storage analyses. Under the assumed condi
tions, an annual average of 2,900 acre-feet of 
water could have been stored under the right. 
Natural losses, of course, will diminish the 
water sent to Hattie. Seepage losses during 
delivery to Lake Hattie could be 30 percent or 
greater, especially in years when Hattie is not in 
priority and not diverting. Evaporation losses 
will also occur in Lake Hattie Reservoir, though 
these will be relatively minor if the water is 
stored no more than a month or two. Releases 
from Hattie will also be subject to canal losses 
prior to delivery to the fields. 

During the five-year historic analysis period, an 
average of 15,500 acre-feet of water was divert
ed each year during May and June to lands 
under the Pioneer Canal. With the proposed 
storage plan, only 7,750 acre-feet would be 
diverted to irrigate fields during these two 
months. An average of 2,900 acre-feet would 

June May June Annual 

4,346 1,086 2,173 3,259 
2,807 1,086 1,403 2,489 
4,486 1,086 2,243 3,329 
2,114 1,086 1,057 2,143 
4.486 1,086 2,243 3.329 
3,648 1,086 1,823 2,909 

be diverted annually to storage in Hattie. This 
water would be released to the district's lands 
later in the summer. During the direct-flow-to
storage transfer, the district would lose the re
maining 4,850 acre-feet of streamflow presently 
diverted. 

The analysis conducted herein to derive the 
estimated storable direct flow volume is ele
mentary. A significant amount of time and 
effort will be necessary to collect data to pre
sent a case for the transfer in front of the Board 
of Control. Additional data and elegant studies 
may show more or less storable water. 

Although the legislature passed the law allow
ing the storage of direct flow water in 1973, 
there has not been a single case where the 
change has occurred. Several attempts have 
been begun. However, when the plans' propo
nents have learned how much of their direct 
flow water they would lose, they have dropped 
their plans. Because the plan proposed herein 
estimates that the district would lose nearly 
5,000 acre-feet of water annually, the district's 
members will likely have second thoughts about 
its implementation. 

Project Facilities 

This water supply alternative has the distinction 
of being very low cost because no new facilities 
are required. Direct flows would be diverted 
into Lake Hattie Reservoir and released to the 
North and South canals. Depending upon dis-
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trict arrangements, water could be distributed 
to lands below the North Canal that seldom 
receive water. 

Though no new facilities ~re req~ired, de
creasing leakage from the vanous project canals 
would be a desirable improvement. A program 
is presently underway to assess those parts of 
the delivery system having the highest leakage 
rates. If delivery system improvements save 
water, this additional water potentially could be 
stored in Lake Hattie for later release. Cur
rently, the district ~a~ f~~ds ~vailable ~r~m ~he 
WWDC and is pnontIzIng Its rehabIhtatIon 
needs. Lining of high-seepage areas w0l!ld 
prove most beneficial to a program of stonng 
direct flow water for later release. 

Cost 

Because no new facilities are necessary to im
plement the project, there is no associated facil
Ity cost. The project could be enhanced by 
lining of high-seepage canal reaches, but those 
costs are not allocated in this transfer of direct 
flow rights storage. There will be costs to con
duct further studies to prove the case of the 
direct-flow-to-storage transfer before the Board 
of Control. 

Summary 

The storage of Pioneer Canal direct flow water 
in Lake Hattie Reservoir is physically possible 
and may be legally possible. No new water will 
be yielded by this transfer. In fact, under the 
proposed plan, the district will forfeit nearly 
5,000 acre-feet of water that it currently diverts. 
Because only 2,900 acre-feet per year may be 
diverted to storage while 4,850 acre-feet histori
cally diverted would be bypassed down t,he 
river, this option probably WIll be unappealIng 
to the district's imgators. 

Should the district decide to attempt the direct 
flow transfer to storage, it should consider the 
following: 

• More data is necessary to adequately prove 
the amount of water consumptively used in 
the district. The work currently under way 
by Western Water Consultants is a good 
start and may need elaboration. 
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• 

• 

Initiating a program of canal lining would 
be highly desirable. This action would help 
in two ways. First, a greater percentage of 
the water diverted at the PIoneer Canal 
headgate would reach fields and go toward 
plant consumptive use. The increased con
sumptive use would allow transfer of a 
greater volume of water to storage. Sec
ond, reduced seepage would allow more of 
the late season water to reach fields. 

The most recent five-year period is used by 
the Board of Control in assessing water use 
of a direct flow right that will converted to 
storage. It is therefore imperative, that the 
district divert their total legal entItlement 
for the five years prior to their applying for 
the direct flow to storage transfer. 

A final point that shoul~ be ~f i~teres~ t~ th,e 
Pioneer Canal-Lake HattIe Imgatlon Dlstnct IS 
how the statute regulating the storage of direct 
flow water is implemented. Only that part of 
the diverted water that historically has been 
consumptively consumed by growing plants may 
be stored. Water not consumptively used by 
plants, but lost to groundwater or evaporation, 
may not be stored. 

In the Pioneer Canal-Lake Hattie Irrigation 
District, canal seepage and field losses de{Jlete 
a significant amount of water that very lIkely 
never reappears as return flow. SOl!1e wa~er 
ends up in deflation hollow lakes - IncludIng 
Bamforth and Soda Lakes - and evaporates. 
Some of the district's irrigated lands lie in a 
groundwater basin separated from the Laramie 
River by a groundwater divide (Western Water 
Consultants, 1991). Water in this basin in ~ll 
probability does not return to the L8:ramle 
River. So, much of the water presently dIverted 
by the district, though not consumptively used, 
does not return to the Laramie River. 

Unfortunately for the district, it may lack the 
legal right to store water lost to groundw~ter ,or 
evaporation. One recourse for, the dIstnct 
might be an attempt to have the dlrect-flow-to
storage statute rewritten. However, even if the 
legislature changes the law to allow the storage 
of all non-return flow water, the responsibility 
will likely be upon the district to prove its case 
in front of the Board of Control. Such a process 
could develop into a very expensive proposi
tion. 



Dodge Reservoir 

Introduction 

The Wheatland No.2 and No.3 reservoirs are 
the main water supply reservoirs for the Wheat
land Irrigation District. Although Wheatland 
No.1 Reservoir provides some storage, the 
small capacity of only 9,400 acre-feet makes it 
function primarily as a re-regulation reservoir. 
The combined active storage of the No.2 and 
No.3 reservoirs is about 170 thousand acre
feet. Inactive or dead storage in the two reser
voirs is nearly 30 thousand acre-feet - about 
25 thousand acre-feet in the No.3 Reservoir 
and 3,400 acre-feet in the No.2 Reservoir. 

The reason for the large amount of inactive 
storage is that these reservoirs lie in deflation 
hollows. Wheatland No.3, which is five miles 
west of the Laramie River, has four small 
unconnected pools that merge into one pool 
when the reservoir fills. Another small pool is 
filled and connected to Wheatland No.3 when 
the reservoir enters its flood surcharge pool. 
Wheatland No.2 Reservoir backs up into a 
deflation hollow east of the river. A channel 
excavated into the hollow in 1956 increases the 
active storage capacity of the reservoir. 

The problems of these reservoirs are two-fold 
in their waste of water. First, the dead pools 
must be filled before the reservoirs can store 
water in their active pools. This is a significant 
problem for the No.3 Reservoir. Because of 
the reservoir's low priority, it fails to receive 
water in many years, unless No.2 Reservoir 
water is transferred to it. During these dry 
periods, water evaporates from the reservoir's 
dead pool, which must then be refilled when the 
reservoir again comes into priority. This ~efill
ing of the dead pool every few years IS an 
unavoidable waste of water resulting from 
reservoir operations. 

A second problem is that deflation hollows 
form broad, shallow reservoirs having large 
surface areas compared to the volumes of water 
stored. Therefore, a large amount of water is 
lost to evaporation every year. Water could be 
saved by replacing the reservoirs with a single 
reservoir that has a smaller surface area for the 
storage volume. 

Previous Studies. The concept of replacing 
Wheatland No.2 Reservoir with another having 
less evaporation has been around for quite 
some time. (Wheatland No.3 first began stor
age in the early 1970's. Therefore, prior studies 
did not consider replacing the reservoir.) A site 
nine miles downstream from the No.2 Reser
voir dam has been identified for replacing the 
current facilities. 

Rechard (1949) indicated that a site down
stream from No.2 Reservoir could diminish 
evaporation losses. When operated in conjunc
tion with a proposed Robertson-McConnell 
Reservoir, the two reservoirs annually would 
save 16 thousand acre-feet which otherwise 
would be lost to evaporation. Banner (1955) 
also identified the reservoir as a means of 
reducing evaporation losses. Assuming that the 
entire storage right of the No.2 Reservoir 
would be transferred, Banner estimated the 
annual water savings to be 6,800 acre-feet. 

Based upon the Banner report, the Wheatland 
Irrigation District contracted with Consolidated 
Engineers of Wyoming (1957) to study the 
feasibility of the proposed reservoir. The analy
sis was necessary to ~ualify for U.S. Bureau of 
Reclamation (BuRec) assistance as part of the 
Small Reclamation Projects Act. This initial 
feasibility study estimated the water gain from 
Dodge Reservoir to be 3,620 acre-feet ann~al1y. 
This increase in yield could meet a relatIvely 
small portion of the Wheatland Irrigation Dis
trict's needs. The investment, therefore, was 
not deemed worthwhile. However, the farmers 
in the district appealed to the Federal goy~r?
ment, which recommended that a full feaSIbIlIty 
study of the project be performed. 

Beginning in 1960, the BuRec evaluated Dodge 
Reservoir (termed Dodge Canyon in its report) 
as a part of an overall investigation of the 
Wheatland Unit. (The Wheatland Uni.t is ,es
sentially the same as the Wheatland Irnga~lon 
District.) The BuRec proposed a reservOIr of 
251,500 acre-foot capacity, which would inun
date Wheatland No.2 Reservoir (BuRec, 
1965). Additional water from the projec~ would 
derive from the storage of flood flows, Import 
of water from Rock Creek, groundwater 
pumping, seepage r~duction from canallin~ng, 
water rights from Inundated lands, and Im
proved methods of water delivery. The reser-
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voir would conserve 6,200 acre-feet of (then) 
unappropriated Laramie River water annually, 
and store water derived from the other sources. 

Proposed Reservoir. A new dam construction 
technology has evolved since the BuRec study 
in the 1960's. Roller-compacted concrete 
(RCC) dam embankments are constructed by 
placing a low-water concrete mixture with stan
dard earthmoving equipment. RCC dam em
bankments require much less fill material than 
do earth embankments. Also, RCC embank .. 
ments may be overtopped without dam failure, 
thereby eliminating the need for emergency 
spillways for these structures. Wi~h no em~r
gency spillway needed and le~s f.II.I materIal 
required, an RCC dam can be sIgnIfIcantly less 
expensive than an earthfill dam. Therefore, 
with the possibility of a substantially less costly 
structure, and with the reservoir's potential to 
save water, a reinvestigation of the site seems 
appropriate. 

The Dodge Reservoir proposed herein is sized 
with an active capacity of 175 thousand acre
feet to replace both Wheatland No.2 and No.3 
Reservoirs. The Dodge damsite is in the 
southwest Y4 of section 26, township 23 north, 
range 73 west, in Albany Count~, Wyo~ing 
(Figure 36). The proposed reservOIr backs Into 
the current Wheatland No.2 Reservoir pool 
area, and would have a 3,400 acre-foot inactive 
pool in that area. Advantages of replacing the 
two current reservoirs with the proposed Dodge 
Reservoir include: 

• Lessened water loss from evaporation. 

• Saving of water by eliminating the 25 
thousand acre-foot No.3 Reservoir inactive 
pool. 

• Simplified operation by having one on
stream reservoir rather than two reservoirs, 
one of which must be fed and drained by 
canal. 

• Decreased maintenance with a single 
reservoir and no supply canal. 

• Simplification of water ri~hts administra
tion by having one reservOIr pool instead of 
two. 
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Water Supply 

Estimating how much water could be saved 
through the construction of Dodge Reservoir 
required development of a water supply model 
for the reservoir and upper Laramie River 
basin. Figure 37 shows a schematic diagram of 
how the model represents the basin and its var
ious water supply and storage facilities, in
cluding the proposed reservoir. The model 
attempts to simulate mathematically the real
world processes occurring in the basin. A com
puterized model of the basin allows analysis of 
numerous scenarios for basin operations. Ap
pendix A provides more details on the model 
used in this investigation. 

First, a baseline simulation was completed to 
show how the basin would have operated 
during the 40-year simulation period (1950-
1989) with current conditions in effect. How 
the basin has actually operated in the past is 
irrelevant. Current conditions - such as Lake 
Hattie Reservoir's loss of much of its 1908 pri
ority, and transfer of the Boughton Ditch right 
to Grayrocks Reservoir - are different from 
the historic situation. The baseline simulation 
therefore depicts current (or baseline) con
ditions for comparison with the various project 
alternatives to assess their effectiveness. 

Next, Dodge Reservoir was inserted into the 
model, while Wheatland No.2 and No.3 Res
ervoirs were removed. The reservoir was sized 
to a capacity of 175 thousand acre-feet. Model 
analyses were conducted both with a 30 thou
sand acre-foot minimum pool and without a 
minimum pool. 

There were several reasons for selecting these 
conditions: 

• Reservoir storage above 175 thousand 
acre-feet will require construction of exten
sive dikes to confine the reservoir pool. At 
175 thousand acre-feet, the dikes are fairly 
minimal. 

• The combined active capacity of the two 
existing reservoirs is about 175 thousand 
acre-feet (but some of this capacity is for 
flood surcharge ). 



Figure 36: Location map of Dodge Dam and Reservoir. 
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Figure 37: Schematic diagram of upper Laramie River basin simulation model. 

• About 30 thousand acre-feet of dead stor
age are in the minimum pools of the two 
current reservoirs. A mInimum pool of 
about this amount likely will be a fishery 
requirement of the new reservoir. 

With the proposed reservoir simulated in the 
model, increased demands were placed upon 
the reservoir by the Wheatland Irrigation Dis
trict. Based upon the 4O-year simulation period 
and assuming a 30 thousand acre-foot minimum 
{!ool criterion, the reservoir could supply the 
Wheatland Irrigation District with an average 
additional 6,900 acre-feet annually. Reservoir 
operations under this criterion would allow the 
Wheatland Irrigation District to draw the reser
voir down to tile 30 thousand acre-foot level. 
Evaporation from the pool will cause it to dr0r. 
sliglitly below the 30 thousand acre-foot leve · 
Figure 38 illustrates the simulated end-of
month reservoir storage for the 4O-year period. 
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Figure 38: End of month storage in Dodge 
Rese"oir for simulated operation with 30,000 
acre-foot mjnjmum pool. 



Without a minimum pool criterion, the pro
posed reservoir could yield 8,800 acre-feet per 
year more than two current reservoirs supply. 
This increase is only 1,900 acre-feet greater 
than the yield of the reservoir having a 30 thou
sand acre-foot minimum pool. The increase 
derives mainly from reduced evaporation, be
cause the reservoir surface evaporates less 
when in the minimum pool zone. 

The magnitude of increased yield resulting from 
replacement of the No.2 and No.3 reservoirs 
with Dodge Reservoir, as determined herein, is 
comparable to that determined in previous 
studies. Unfortunately, the increased yield is 
small. Canal lining in the Wheatland Irrigation 
District could supply a similar volume of.water. 

Site Geology 

The Dodge Reservoir dam site is at the western 
edge of the granitic core of the Laramie Moun
tains, where the Laramie River enters a 
relatively narrow canyon. Access to the damsite 
was not obtained. The primary source of in
formation for this evaluation is a prior geo
technical investigation by the BuRec (1963). 
The previous investigation document briefly 
describes the area and includes a damsite map. 
Also included are a map, cross-sections, and 
drillhole logs for the reservoir area, which lies 
primarily in sedimentary rock terrain to the 
west of the damsite. 

The damsite is located on granitic basement 
rocks, which have been intruded by numerous 
igneous dikes. The rock appears generally 
sound, although some open joints were noted 
upstream of the right abutment. None of the 
identified major joint sets appear to be unfa
vorable for dam construction. Thin patches of 
overburden overlie some of the area, and are 
estimated to be up to 10 feet thick in the 
abutment areas and up to 20 feet thick in the 
stream channel. 

The granitic and andesitic rock types character
izing the damsite foundation are expected to 
have more than adequate strength to support 
an RCC dam. Stripping overburden and loose 
surface materials from most areas of the foun
dation and abutments will be necessary. Some 
grouting is anticipated as part of the foundation 

preparation to seal any open joints. The need 
for other additional site treatment must be 
determined from a detailed inspection of the 
site in conjunction with design studies. 

Project Facilities 

Main Dam. The main dam embankment (Fig
ures 39 and 40) will be constructed of roller
compacted concrete. As explained above, RCC 
is a non-slumping concrete placed by earthfill 
methods. The concrete mixture is brought to 
the dam site in trucks rather than in buckets; 
compaction is by rollers instead of by immer
sion vibrators. The rate of placement is much 
faster than conventional, formed concrete, and 
the cost of placement is therefore much less. 
There has been a steady increase in the number 
of RCC dams being built, because they are cost
competitive with earth dams and may be over
topped with little or no damage. 

As with other concrete dams, RCC gravity dams 
normally must be constructed upon a solid, rock 
foundation. The granitic rock formation at the 
dam site should be an adequate base. Excava
tion of about 25 feet of stream alluvium (sands 
and gravels) will be necessary to reach bedrock. 

Crest elevation of the main embankment is 
planned for 6,970 feet (above mean sea level), 
which is 10 feet above the normal maximum 
pool level (Figure 40). Maximum dam height 
will be about 115 feet. The base width of the 
dam will be about 80 percent of the dam height, 
or 90 feet. The downstream dam slope will be 
0.78 to 1.00; the upstream face will be vertical. 
Minimum top width of the dam is planned at 24 
feet, a size specified primarily to allow room for 
construction equipment operations. 

To limit seepage, the upstream face of the dam 
will be constructed of conventional concrete 
(facing concrete). In addition, a concrete 
bedding mix atop each layer of RCC will limit 
seepage between layers. The stepped down
stream face of the dam also will be constructed 
of conventional concrete. This conventional 
concrete facing will protect the roller-com
pacted concrete from weather deterioration 
and during dam overtopping. The facings on 
both sides of the dam will be anchored at 
intervals to the RCC embankment. 
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Figure 40: Profile view of Dodge Dam and associated dikes. 

An important consideration in the stability of 
RCC dams is the control of uplift forces under 
the dam. Grouting joints (cracks) in the dam's 
rock foundation will partially control uplift 
under the proposed structure. Installation of 
foundation drains will also relieve uplift pres
sures. These foundation drains will termInate 
in a drainage gallery in the dam embankment. 
The drainage gallery will extend from one 
abutment to the other. 

Dikes. Dikes are needed on the west side of the 
reservoir to confine the reservoir pool where it 
would otherwise extend toward Wheatland No. 
3 Reservoir. The proposed location for these 
dikes is along an eXIsting road alignment 
(Figure 36). Nearly 14 thousand feet of the 
road will be raised to an elevation of 6,965 feet. 
The maximum dike height will be about 10 feet. 
Top width of the embankment will be road 
width; this is wider than normally required for 
an embankment of this height. A cutoff trench 
under the dikes will limit seepage (Figure 40). 

Spillways. The principal spillway is designed to 
carry more frequent flood flows. Larger floods, 
such as the probable maximum flood, will flow 
over the dikes to the west. The design criterion 
for the principal spillway was a 100-year flood 
with a peak discharge of 3,900 cfs. 

A lOO-foot wide principal spillway will be incor
porated into the top of th.e dam (Figure 39). 
An ogee spillway crest will control overflow. 
The effiCIent ogee shape maximizes flow 
through the s~illway while minimizing the spill
way's width. The overflow crest will be at an 
elevation of 6,960 feet - normal high water 
level- 10 feet below the top of the dam. Con
structed of conventional concrete, the s~illway 
will carry the lOO-year flood with 5 feet of head, 
and will pass approximately 11 thousand cfs 
before dam overtopping begins. 

A 100-foot wide spillway chute will be con
structed in two-foot vertIcal steps. (The step 
design dissipates energy and reduces velocities 
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in the chute.) Both the steps and chute walls 
will use conventional concrete. The design calls 
for a 100-foot wide hydraulic jump basin at the 
end of the chute for energy dIssipation. At an 
elevation of 6,870 feet, the bottom of the basin 
will have a length of 75 feet. Rock-filled wire 
baskets (gabions) will make up the side walls of 
the basin. The downstream portion of the basin 
will discharge back to the river. 

Peak inflow discharge for the reservoir's proba
ble maximum flood (PMF) is estimated at 125 
thousand cfs. Dikes on the west side of the 
reservoir will be at an elevation of 6,965 feet. 
Positioning the dikes five feet above the princi
pal spillway crest but five feet below the top of 
the main dam embankment allows for their 
overtopping during large flood flows. Flows 
greater than the 100-y~ar flood will pass over 
the dikes and enter Wheatland No.3. The 
PMF will not overtop the main dam embank
ment. 

Outlet Works. The outlet works will be con
structed through the RCC embankment on the 
east side of the river (Figure 39). The outlet 
works are designed to discharge adequate water 
to meet reservoir draining criteria and to dis
charge operational flows under all conditions. 
The system will also control flows during low
flow releases for all reservoir levels. 

The outlet works sizing is based on two criteria. 
The criterion for reservoir draining during an 
emergency (for a dam of the proposed height 
and type) is the capability of lowering the reser
voir level by 75 percent of the dam height in 45 
to 60 days. A second criterion is to make re
quired releases under all operational condi
tIons. The most critical condition is the capacity 
for making flow releases at minimum pool. The 
outlet works will discharge up to 2,000 cfs at 
normal maximum pool elevation. 

A tower intake will allow storage water to be 
released at multiple levels. The structure will 
be attached to the upstream face of the dam. 
Tower openings will be controlled by sluice 
gates mounted on the interior of the intake; 
this will eliminate icing problems during winter 
operation. Trash racks placed over the open
ings will exclude trash from the outlet system. 

The outlet pipe will be a concrete pipe placed 
through the RCC embankment. This pipe will 
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carry flow from the tower intake to the valve 
chamber. The pipe will be encased with con
ventional concrete before being covered with 
roller-compacted concrete and will discharge to 
the spillway stilling basin. The basin will always 
contain water to assist energy dissipation. 

A valve chamber downstream of the dam em
bankment will contain two flow release systems. 
One system will carry large flows and be con
trolled by a butterfly valve. This system will be 
utilized for flows exceeding 50 cfs. A smaller 
system will control flows from 5 cfs to 50 cfs. 

Cost Estimate 

The estimated cost for a Dodge Dam and Res
ervoir, as described above, is $9.725 million. 
Cost estimates for specific facilities and the 
total project are summarized in Table 1I. 

A major expense for the project will be the 
acquisition of lands that the reservoir will cover. 
The reservoir will mainly in unda te private 
lands, although some Bureau of Land Man
agement and State lands will also be flooded. 
Two ranch headquarters and the caretaker res
idence for Wheatland No.2 Reservoir also will 
be inundated. Though the reservoir actually 
will inundate 4,600 acres, considerably more 
land likely will need to be acquired. 

Project Beneficiaries 

The additional water supply developed by this 
project will be used by the Wheatland Irrigation 
District. The water will increase the district's 
average annual water supply by about 10 per
cent. 

Financial Evaluation 

Financing Plan. With the standard WWDC fi
nancing formula for new dam projects (two
thirds grant, 50-year loan, 4-percent interest 
rate), annual payments will be about $151 thou
sand. If the project yields an average 6,900 
acre-feet annually, the cost of developing the 
new water supply will be about $22 per acre
foot. Delivery losses through the district's canal 
system will increase the per-acre-foot cost at 
the point of delivery. 



Table 11: Dodge Reservoir cost estimate. 

Construction Cost Estimate 

Item 

Mobilization 
Foundation excavation 
Grouting 
RCC 
Conventional concrete 
Outlet works 
Spillway 
Stream diversion and 

dewatering 
Access roads 
Dike erJt)ankment 
Recreation facilities 
Stream gages 

LS 
CY 
LF 
CY 
CY 
LS 
LS 

LS 
LS 
CY 
LS 
LS 

Estimated Construction Cost 

Quantity 

35,000 
7,000 

45,000 
5,000 

100,000 

Unit cost 

10 
25 
40 

150 

3 

Total cost 

$ 350,000 
350,000 
175,000 

1,800,000 
750,000 
500,000 
250,000 

250,000 
100,000 
300,000 
100,000 
75,000 

$5,000,000 

Final Cost Estimate 

Preparation of final designs and specifications 
Permitting and mitigation 
Legal fees 
Acquisition of access and rights-of-way 
Estimated construction cost 
Engineering costs (10% of estimated construction cost) 

Subtotal 
Contingency = 15 % of subtotal 

Construction cost total 

Project cost total 

* LS = lump sum; CY = cubic yard; LF = linear foot 

Project Benefits. Direct project benefits are at
tributable to increases in agricultural produc
tivity from the greater water supply. The bene
fits calculations assume the average annual in
crease in water supply to be 6,900 acre-feet. 
Supplemental irrigation water in the Wheatland 
Irrigation District is valued at about $25 per 
acre-foot (Appendix C). Besides the benefits 
stemming from the increased water supply, the 
district will have lower operation and mainte
nance costs for the new facility than it has for 
the current two reservoirs. Although not a 
great reduction, annual operation and mainte
nance savings for the new facility should be 
about $3,000. Table 12 presents direct project 
benefits and the corresponding benefit-cost 
ratio for the Dodge Reservoir. 

$5,000,000 
+ 500,000 

$5,500,000 
+ 825,000 

$ 300,000 
500,000 
100,000 

2,500,000 

$6,325,000 

$9,725,000 

Table 12: Benefit-cost summary for the Dodge 
Reservoir. 

Benefits 
Annual direct irrigation benefit 

($25 x 6,900 acre-feet) = $172,500 
Operation and maintenance savings = +-LQQQ 
Net project benefits = $175,500 

Present value of net benefits 
at 4% discount rate for 50 years 

Costs 
Construction ($9,725,000 x 33.3%) 

Benefit-cost ratio 

= $3,770,100 

= $3,238,400 

= 1.16: 1 
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Supplementing the direct project benefits are 
indirect recreational and environmental bene
fits that may result from maintaining a mini
mum pool in the reservoir. Incorporation of 
recreational facilities will maximize this benefit. 
The Wyoming Game and Fish Department has 
estimated that the existing Wheatland No.3 
Reservoir experiences about 34 thousand fish
erman days annually. The No.2 Reservoir, 
which is not open to the public, shows only 500 
fisherman days of use annually. The Game and 
Fish Department has stated that the low usage 
of No.2 Reservoir is due to its poor fishery
the result of its being quite shallow and having a 
small minimum pool. In contrast, the large No. 
3 Reservoir inactive pool is the main reason 
that reservoir is a good fishery. 

The proposed Dodge Reservoir will have a 
relatively deep reservoir pool. If the reservoir 
keeps a 30,000 acre-foot minimum pool, it may 
develop a fishery better than the combined 
fisheries of Wheatland No.2 and No.3 reser
voirs. Although the No.3 Reservoir has a siza
ble minimum pool, no water is diverted to the 
reservoir during drought cycles. During these 
periods, that reservoir shrinks to several small 
isolated pools. 

Dodge Reservoir may also improve water quali
ty in the Laramie River downstream of its dam. 
In the past, the Laramie River has suffered 
substantial fish kills due to the flushing of silt 
down the river when the Wheatland Tunnel 
diversions end for the season. The more down
stream location of the reservoir and its multi
level outlet works should limit sediment outflow 
from the reservoir. 

Summary 

Several prior studies have investigated the 
possibility of replacing the current Wheatland 
reservoirs with one that would have lower 
evaporation losses. Previously, the volume of 
water yielded has always been shown to be too 
little. The cost, as well, has been too great. So, 
the concept has never become reality. 

A reexamination of the replacement concept, 
using modern analysis techniques and current 
design technologies, indicates that the project 
potentially is feasible. However, this feasibility 
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is borderline. The cost for acquiring the addi
tional water supply is approximately what the 
Wheatland Irrigation District can afford. 
Water projects typically end up costing more 
than originally anticipated, so the cost of acquir
ing the additional water may actually exceed its 
worth. 

Still, the project has many benefits: 

• 

• 

• 

• 

The nearly 7,000 acre-feet of additional 
water devel9ped by the project would in
crease the Wheatland Irrigation District 
supply by about 10 percent. Now, this 
water IS wasted and available to no one. 

If the district undertakes a canal-lining 
program, which could conserve 7,000 to 
10,000 acre-feet annually, that conserved 
water could be stored in the new reservoir 
without its complete loss to evaporation. 

Operation, maintenance, regulation, and 
administration would be much simpler with 
one reservoir rather than two. 

Maintaining a large minimum pool in the 
rest?r:voi~ may improve recreational oppor
tunItIes In the area. 

Along with project benefits, there are draw
backs to the project. Some obstacles may arise 
when its development is attempted. 

• The volume of water yielded by the project 
(7,000 acre-feet annually) is small relative 
to such a major project undertaking. 

• Currently, Wheatland No.3 Reservoir is a 
good fishery and recreational area. Aban
doning it in favor of the new reservoir may 
prove aifficult. 

• These days, construction of any new reser
voir is difficult legally. The project will 
likely end up in litigation from aownstream 
users in Wyoming, or by the State of Ne
braska. 

• Land acguisition may prove difficult since 
much of the proposed reservoir area is 
privately owned. lf acquisition is possible, 
then the cost of purchase may prove pro
hibitive. 



• Environmental impacts - perceived or ac
tual - at the reservoir site or even hun
dreds of miles downstream may require 
mitigation, cause litigationz or inhibit ~on
struction of the proJect. A.t best, project 
costs will increase. Under the worst case, 
construction of the project will be pre
vented. 

Storage of Wheatland No. 2 
Reservoir Water 
in Lake Hattie Reservoir 
The main rationale for abandoning Wheatland 
No.2 and No.3 reservoirs and building Dodge 
Reservoir is the reduction of evaporation. With 
less water lost, more will be available for use by 
the Wheatland Irrigation District. Because the 
water saved from evaporation is not being used 
by anyone, its "development" should pose no 
water rights problems in an extremely overap
propriated drainage basin. 

The problems encountered when attempting to 
build a new reservoir are considerable. If fact, 
in this day of interstate water disputes and high 
environmental awareness, some planned reser
voirs never will be built. Reducing evaporation 
without building a new reservoir may therefo~e 
prove to be a b~tter appr~ach than one requzr
zng new reservoir construction. 

As was shown in Figure 29, Lake Hattie Reser
voir is nearly twice as efficient as Wheatland 
No.2 or No.3 reservoirs for storing 50,000 
acre-feet of water. Historically, Lake Hattie 
has seldom been able to store much water due 
to its late (1908 priority) storage right. With t~e 
recent legal loss of 40 thousa~d acre-feet ~f ~ts 
1908 right and replacement With a 1986 pnonty 
right, Hattie's ability to receive water is much 
reduced. The junior priority re~ervoir ~ool is 
unlikely to store water except In the highest 
flow years. 

Wheatland No.2 or No.3 Reservoir water 
might be stored in Lake Hattie Reservoir's late 
priority pool. Storing more of the basin's wat~r 
in Hattie not only could reduce reservoir 
evaporation, but also may provide additional 
indirect benefits to the basin. The idea of the 
storage relocation is under consideration by 
both the Pioneer Canal-Lake Hattie Irrigation 

District and the Wheatland Irrigation District. 
This section presents an analysis of the poten
tial of the storage relocation concept. 

Water Supply 

Legal Issues. In Wyoming, parcels of stored 
water are accounted for by a reservoir storage 
priority, even thou~h the water may not be 
stored in the permitted reservoir. An ac
counting program is already implemented in 
the upper Laramie River basin to account for 
Wheatland No.2 and No.3 water in such a 
manner. Sometimes, Wheatland No.2 water is 
physically transferred to Wheatland No.3 Res
ervoir. It is still logged as Wheatland No.2 
water -just stored in the No.3 Reservoir. 
Likewise, at times Wheatland No.3 priority 
water is stored in Wheatland No.2, rather than 
being moved to Wheatland No.3. The account
ing system tracks how much water for each 
reservoir priority is stored in each reservoir. 
The accounting system set up to specify reser
voir ownership of water between the two res~r
voirs is fairly straightforward. The reserVOIrS 
are near each other without intervening water 
users. 

Attempting to store Wheatland Reservoir water 
in Lake Hattie Reservoir will be more complex, 
both legally and administratively. A request for 
a "change in the place of storage" must be filed 
with the State Engineer. This filing will not be 
permanent; instead, a temporary year-to-year 
request for a change in storage location would 
be made. For this relocation of storage to be 
allowed by the State Engineer, it must not: 

• Adversely affect the rights of other appro-
priators, 

• Be too difficult to administer, or 

• Be adverse to the public interest. 

The transfer of storage from the Wheatland 
Reservoirs to Lake Hattie will encounter legal 
and administrative problems: 

• There are many intervening users who 
could protest the transfer. Public hearings 
probably will be required. Many water 
users along the Laramie and ~ittle. Lar3:mie 
Rivers downstream of the dIverSIons Into 
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Hattie will argue that the storage transfer 
will injure them. 

• The State Engineer and Board of Control 
could impose limitations that will reduce 
the effectIveness of the project. Imposition 
of appreciable conveyance losses could ne
gate many of the gains of the relocation. A 
30 percent or greater conveyance loss could 
be imposed upon Hattie-released water 
that is transferred down to the Wheatland 
Tunnel. 

• The water rights administration of the stor
age transfer will be complicated and will 
require considerable monitoring. An 
ownership accounting system for water in 
the three reservoirs and for water traveling 
down the river will be necessary. Further 
monitoring of diversions and gages will be 
essential to implement the exchange. Be
cause water rights regulation in the basin is 
already difficult, additional water com
missioners will be needed to execute the 
storage transfer. Additional streamflow 
gages and improvements to current gages 
will be required. 

Availability. The goal of the storage relocation 
is to reduce reservoir evaporation. Although 
the evaporation rate at Hattie Reservoir may 
be somewhat less than at the Wheatland Reser
voirs, the greatest water saving is derived from 
Hattie having less surface area per volume of 
stored water. Figure 41 shows the amount of 
surface area per stored water volume for the 
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84 

three reservoirs. Because all three reservoirs 
are in deflation hollows and have sizable inac
tive storage pools, they have substantial reser
voir surfaces even with no active storage. As 
Figure 41 illustrates, Hattie has the greatest 
surface area of the three reservoirs at dead pool 
storage. 

Compared with the other two reservoirs, Lake 
HattIe sits in a deflation hollow that has rela
tively steep sides. Above the dead pool level, 
the increase in surface area per increase in 
storage volume is less for Hattie than the other 
two reservoirs. Above 13 thousand acre-feet of 
active storage, Hattie has less surface area for a 
given storage volume than the other reservoirs. 
So, less water evaporates if more of the basin's 
water is stored in Hattie than in either Wheat
land No.2 or No.3 reservoirs. 

How much water can be saved by relocating 
Wheatland Reservoir storage to Hattie Reser
voir? Assuming 50 thousand acre-feet of water 
are stored year-round in Hattie rather than 
Wheatland No.2, about 6,100 acre-feet might 
be saved annually. This value probably can be 
considered the uppermost amount of water that 
the storage relocation will be able to conserve. 
Less water likely will be saved because: 

• In much of its histo!)" Wheatland No. 2 has 
had less than 50,000 acre-feet in storage. 
The less water relocated, the less water 
saved. 

• 

• 

• 

Probably no more than about 35 thousand 
acre-feet of Wheatland water should be 
transferred to Hattie, to keep the Hattie 
1908 priority pool available for that reser
voir's owners. A 35 thousand acre-foot 
storage relocation could theoretically in
crease yield a maximum of 4,400 acre-feet 
annually. 

Unless canals are lined, seepage losses will 
be incurred in transporting water to Hattie, 
and in the releases made tram Hattie. 

The State Board of Control is likely to 
impose conveyance losses for moving water 
from Hattie downstream to the Wheatland 
Tunnel diversion. 

Using the previously described simulation 
model of the basin, a simple relocation of water 
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Figure 42: Location map of proposed Pioneer Canal system improvements. 

rights was performed. Up to 35 thousand acre
feet of Wheatland No.2 priority water was 
stored in Hattie durin~ better runoff years. The 
baseline simulation Indicates that the Hattie 
reservoir level normally will be in the inactive 
pool zone. With the proposed ~torage reloc~
tion plan, mean monthly actIve storage In 
Hattie will be about 15 thousand acre-feet. The 
model analysis indicates that the proposed 
relocation plan could yield between 1,100 and 
2,300 additional acre-feet of water annually. 

The model analysis is cursory at best, and does 
not account for all the nuances of basin admin
istration. Plan implementation will be an 
arduous task of attempting to verify facts and 
establish operating rules. Still, the model re
sults and simple numeric analyses indicate that 
water savings of two thousand acre-feet or 

more may be possible in some years. These 
savings, of course, may be reduced by canal 
seepage losses and conveyance losses. 

Facilities 

For the water storage relocation program pro
posed herein to function, some upgrading of 
Hattie Reservoir delivery and release canal 
facilities will be essential. Currently, it is impos
sible to deliver water back to the Laramie River 
from Lake Hattie. Two options exist to return 
water to the river - either the North or the 
South Canal (Figure 42). Either canal will need 
an upgrade. Both canal improvement options 
were examined to ascertain which will be the 
more cost-effective. Also, the two delivery 
canals to Lake Hattie Reservoir need refur-
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bishment. Upgrading of facilities will allow for 
the efficient delivery of water and reduce 
seepage losses. 

Supply Canal Improvements. Western Water 
Consultants (1986) studied possible improve
ments to the Lake Hattie Reservoir supply sys
tem. The recommended improvement for agri
cultural purposes was to increase capacity to 
1,000 cfs in the Pioneer Canal and Supply Canal 
No.1 from the Laramie River to Lake Hattie. 
A second recommendation was canal enlarge
ment of Supply Canal No. 2 to allow delivery of 
up to 500 cfs from the Little Laramie River. 
Proposed renovations for the Pioneer Canal 
were minimal, with stabilization of the canal 
bank at one bend being the only recommended 
work. The improvements to Supply Canal No. 
1 included repairs to the headworks at Soder
green Lake, canal clearing, bank raising, and 
erosion control. 

Supply Canal No.2 needs extensive improve
ments. Western Water Consultants recom
mended a new headworks on the canal where it 
diverts from the Little Laramie River. The 
canal is undersized. Channel clearing and 
cross-section enlargement will be necessary to 
achieve a 500 cfs capacity. Other structures are 
also undersized and must be replaced. The 
lower end of the canal has undergone consider
able erosion, which will have to be addressed. 

South Canal Improvements. The most direct 
and shortest route to deliver water back to the 
Laramie River from Lake Hattie is via the 
South Canal. For this delivery option to work, 
seven miles of the canal must be repaired. The 
canal will require extensive improvement and 
enlargement to deliver 250 cfs from Lake 
Hattie to the Laramie River. The North CanaV 
South Canal bifurcation structure will be re
placed under this option. 

North Canal Improvements. Western Water 
Consultants did not analyze the use of the 
North Canal to deliver water to the Laramie 
River. The study dismissed the idea as too 
expensive. The canal is 19 miles long and has a 
capacity of only 25 cfs near its terminus north of 
Laramie. 

U sing the North Canal to deliver a 250 cfs flow 
to the Laramie River will require the enlarge-
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ment of nearly all 19 miles of canal and all 
crossings. The capacity of the downstream por
tion of the canal is quite small, with extensive 
enlargement needed. In addition, about one 
mile of new canal must be built to deliver flow 
to the Laramie River. This new canal extension 
will be quite steep and will require drop struc
tures or chutes to eliminate erosion. 

Cost 

Western Water Consultants (1986) estimated 
construction costs for supply canal improve
ments at $458,790, of which $340,860 was for 
Supply Canal No.2. These cost estimates have 
been incremented by 30 percent to allow for 
contingencies and engineering, and then in
creased by 11 percent to account for inflation 
occurring between 1986 and 1991. The total 
estimated 1991 cost for the supply system 
improvements is $662 thousand. This cost will 
be in addition to either the South Canal or 
North Canal options. 

In 1986, Western Water Consultants estimated 
construction costs for the South Canal im
provements to be $456,580. As with the supply 
canal improvements, these costs have been 
increased to allow for contingencies, engineer
ing, and inflation. The estimated 1991 cost for 
the South Canal improvements is $659 thou
sand. The construction cost is estimated at 
$3.26 million (1991 dollars) for the North Canal 
improvements. 

The total cost for all system improvements 
sums the estimated cost for the delivery system 
and the release canal. The total with the South 
Canal option is $1.3 million. Using the North 
Canal option, the total is $3.9 million. 

Project Beneficiaries 

The Wheatland Irrigation District is the direct 
beneficiary of the project, receiving the addi
tional water made available through evapora
tion reduction. The Pioneer Canal-Lake Hattie 
Irrigation District presumably will want some 
compensation for the use of its facilities. Some 
project water could be made available to the 
district, but the small quantities yielded make 
this option seem unlikely. The Pioneer-Lake 



Hattie district will benefit from the upgrade of 
its canal facilities. 

Other beneficiaries of the project will be recre
ational users of Hattie Reservoir and the 
Laramie River fishery. Lake Hattie maintains 
an average surface area of 1,750 acres under 
baseline conditions. Mean reservoir surface 
area increases to 2,100 acres with the proposed 
transfer. 

Fisheries benefits to the Laramie River from 
the proposed storage relocation could be sub
stantial. Releasing water from Hattie during 
the summer would enhance the fishery below 
the point of return to the river. Currently, hab
itat improvement of the Laramie River, is lim
ited by the lack of adequate flows during certain 
times of the year. Part of the Wyoming Game 
and Fish Department's Strategic Plan is to 
improve and increase stream fisheries in the 
state. The relocation of storage water could 
assist in this goal. One problem with the 
proposed plan is that the mean storage volume 
in Wheatland No.3 and Wheatland No.2 
reservoirs will be decreased, to the possible 
detriment of their fisheries. 

Financial Evaluation 

Financing Plan. A financing plan based upon 
standard WWDC rehabilitation project condi
tions was assumed for repayment of the loan on 
facilities improvements. A grant would subsi
dize one-half of the project cost. A 30-year 
loan (at a 4-percent interest rate) would finance 
the other half. The annual loan repayment 
would be $38 thousand for the South Canal 
option and $113 thousand for the North Canal 
option. Annual per acre-foot water cost ranges 
from about $17 for the South Canal option 
under the most optimistic yield conditions to 
over $100 for the worst yield scenario for the 
North Canal alternative (Table 13). An addi
tional cost, that of the required studies neces
sary to present the relocation plan before the 
State Board of Control, has not been estimated 
herein. 

Benefits. The direct project benefits attributa
ble to the storage relocation plan, as stated 
earlier, would accrue to the Wheatland Irriga
tion District. Supplemental water in the district 

is worth about $25 an acre-foot (Appendix C). 
Both the North Canal and South Canal options 
were evaluated. Because an exact project yield 
estimate cannot be made, a range of yields was 
examined. As Table 13 shows, the only alterna
tive that has a positive benefit-cost ratio is the 
South Canal improvement option. System yield 
must exceed 1,500 acre-feet per year for the 
South Canal option to have a positive benefit
cost ratio. 

Table 13: Relocation of Wheatland No.2 
Reservoir water to Lake Hattie Reservoir. 

a Benetit-cost summary 

Benefits 

Arnal yield of 1.100 acre-feet 

Annual direct irrigation benefit 
($25 x 1,100 acre-feet) = $ 27,500 

Present value of net benefits 
at 4% discount rate for 30 years 

Arnal yield of 2.300 acre-feet 

Annual direct irrigation benefit 
($25 x 2,300 acre-feet) = 5 57,500 

Present value of net benefits 
a 4% discount rate for 30 years 

Costs 
North Canal ($3,900,000 x 50%) 

or 
South Canal ($1,300,000 x 50%) 

Benefit cost ratios 

= $ 475,530 

= $ 994,290 

= 51,950,000 

= 5 650,000 

Option: 
-------Mean annual yield---------
1,100 acre-feet 2,300 acre-feet 

North Canal 
South Canal 

0.24:1 
0.73:1 

0.51:1 
1,53: 1 

b Water cost summary 

Option: 

North Canal 
South Canal 

Water cost per acre-foot per year 
-------Mean annual yield---------
1,100 acre-feet 2,300 acre-feet 

$103 
$ 35 

$45 

$17 
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Summary 

The storage of Wheatland No.2 Reservoir 
water in Lake Hattie's normally vacant reser
voir pool will provide benefits to the upper 
Laramie River basin. The amount of water that 
can be saved by the proposed storage reloca
tion is small, probably no more than about 
2,000 acre-feet per year preserved through 
evaporation reduction. However, other bene
fits will accrue indirectly due to the project: 

• 

• 

• 

The Pioneer Canal-Lake Hattie Irrigation 
District will have some of its facilities up
graded. This upgrading will reduce main
tenance costs Wltliin the district. 

Lake Hattie will become a better recrea
!io,nal facility by having more water stored 
In It. 

The fishery of the Laramie River will be 
improved because of the summertime re
leases from the reservoir. A greater_gain 
comes from implementing the South Canal 
option, because 15 additional miles of the 
Laramie River will have enhanced late 
summer streamflows. 

There certainly are negative aspects to the 
project: 

• The amount of water yielded by the project 
is small, while project water costs are high. 

• Legal implementation of the proposed 
change in the place of storage may prove 
difficult or even impossible. 

• Gains in the increase in Lake Hattie stor
age are offset by decreases in storage in the 
Wheatland reservoirs. 

Laramie Storage Alterna
tives 

Introduction 

Present Situation. The City of Laramie uses 
both surface water and groundwater to supply 
its citizens and businesses water. The commu
nity derives about 70 percent of its annual water 
supply from groundwater wells and springs in 
the Casper-Tensleep aquifer. The remainder 
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of the water supply comes from the Laramie 
River. Under an operation plan employed for 
the past several decades, Laramie uses its 
groundwater year-round, and diverts from the 
Laramie River during the lawn irrigation season 
(Figure 28, page 36). River diversions are 
limited since the river water must be treated to 
meet drinking water standards. 

Laramie's population has shown a steady 
growth for the past 60 years. Water su~ply re
quirements are rising as the community s popu
lation increases. With its present water supply 
and transmission, distribution, and treatment 
infrastructure, the City can meet its needs only 
for the near-term future (Banner Associates, 
Inc., 1983). 

The City of Laramie has substantial water rights 
- both from surface water and groundwater 
sources - to meet its needs well into the fu
ture. Proper development and optimization of 
these sources will be required for Laramie to 
maximize their use. The community probably is 
close to fully utilizing its groundwater sources. 
However, nothing would preclude acquisition of 
more Casper-Tensleep aquifer water farther 
north or south of town. 

Laramie owns part of the 1868 Dowlin Ditch 
water right, which is the most senior water right 
on the river. Originally an irrigation right, the 
City has had 14.3 cfs of the right transferred to 
municipal use. The point of diversion for the 
municipal-use part of the right is now the 
Pioneer Canal headgate. The Pioneer Canal 
empties into Sodergreen Lake, from which a 
pipeline carries water to the treatment plant. 
In 1981, Laramie purchased the Monolith 
Ranch and another 19.6 cfs of Dowlin Ditch 
direct flow diversion rights. So far, the city has 
made no attempt to convert this right to munic
ipal use. 

Laramie considerably underutilizes its surface 
water rights from the Laramie River. With a 
legal entitlement to 14.3 cfs year-round, the city 
could take over 10,000 acre-feet of water per 
year from the Laramie River source. Instead, 
Laramie has derived an average of about 2,300 
acre-feet per year from the river during the past 
five years. Limiting factors prevent the com
munity from making maximum use of the Lar
amie River supply: 



• 

• 

• 

• 

• 

The city uses the Laramie River supply only 
in the summer, and relies upon its ground
water supply year-round. Use occurs only 
during tlie irrIgation season since the Pio
n~er Canal does not operate during the 
WInter. 

Even though the City may divert its full 
appropriatIon at the Pioneer Canal head
gate, it is charged a 30 percent conveyance 
foss in transporting water to Sodergreen 
Lake. 

The treatment plant can process only 6.8 
million gallons oT water per day (about 10.5 
cfs). 

The transmission pipeline to Laramie at 
present can carry slIghtly more than 6.8 
million gallons per day. 

A small percentage of water is used at the 
treatment plant for backflushing its treat-
ment filtering system. 

Water Master Plan. The population of Lara
mie has shown a consistent growth in the past, 
and is expected to continue growing in the 
future. To plan for the future, the City of Lar
amie hired Banner Associates, Inc. (1983) to 
formulate a water master plan for the commu
nity. Recommended water supply elements of 
the plan included: 

• Expansion of the use of Laramie River 
water both to meet the higher demands 
during the summer and to begin operating 
the system during the winter. An additional 
winter water supply will soon be necessary 
to supplement fhe groundwater source. 
U sing more surface water during the winter 
while decreasing groundwater consumption 
also will give the local aquifer time to 
recover. 

• Construction of a pipeline from the Lara
mie River to the treatment plant. This line 
would replace the present means of diver
sion of water to the plant via the Pioneer 
Canal and Sodergreen Lake. Pipeline 
transport of the diverted flow woulcf termi
nate conveyance losses. 

• Expansion of the treatment plant capacity 
and addition of booster pumps to the 
transmission pipelines to town. 

• Change of 5.2 cfs of the Monolith Ranch 
irrigation water right to preferred munici
pal use through the pipehne. 

Assuming implementation of the above 
changes, up to 19.5 cfs of water will be diverted 
by the City at the Pioneer Canal headgate. The 
new pipeline will transport this diverted water 
to the treatment plant. The one limiting factor 
for the City's water supply, then, wilfbe the 
physical availability of water at the point of 
Cliversion. 

Water Supply 

Laramie River streamflows at the Pioneer 
Canal headgate usually are greater than Lara
mie's water rights. Still, a small percentage of 
the time, flows diminish to unacceptably low 
levels (Figure 14, page 17). As the City be
comes more reliant on the Laramie River 
source, an additional water supply must sup
plement low flows in the Laramie River. Two 
sources are available: water purchased from 
the Cheyenne Stage II system and water avail
able from reservoir storage. 

Stage II Alternative. The Stage II water pur
chase option, described earlier, could supple
ment Laramie's water supply during times of 
low flow. Water would be released from the 
Stage II pipeline located three-fourths of a mile 
upstream from the City's diversion. Other than 
construction of the Stage II pipeline release 
valve, no additional facilities are necessary to 
implement this alternative. 

Ultimately, this alternative fails to provide long
term relief for Laramie. The maximum length 
of time for purchasing water from the Stage II 
pipeline is 20 to 30 years. Laramie's needs will 
extend much farther into the future. So in the 
long term, this option is not viable. Laramie's 
most compelling reason for purchasing Stage II 
water would be in the event of a sudden, 
unexpected increase in demand (such as a new 
water consuming industry moving to the 
community). Stage II water could provide an 
intermediate su{'ply until development of a 
long-term one. SInce this alternative has been 
previously described, it is not discussed further. 

Reservoir Storage Alternative. Banner Associ
ates, Inc. (1983) made a preliminary review of 
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providing additional water supply through res
ervoir storage. Because unappropriated water 
is not available in the basin, implementation of 
this alternative requires conversion of Monolith 
Ranch direct flow rights to storage. Banner 
estimated that conversion of direct flow rights 
could make about 3,000 acre-feet of water 
available annually. They chose to investigate 
reservoir capacities of up to double this volume 
- 6,000 acre-feet. 

This study has not reinvestigated the amount of 
water that can be derived through the direct 
flow to storage conversion. However, as with 
the proposed Pioneer Canal direct flow to Lake 
Hattie storage transfer, conditions imposed 
upon the transfer will be strict. It is imperative 
for the City of Laramie to make maximum 
consumptive use of its Monolith Ranch water 
and to have good records of that use. 

Project Facilities 

Banner Associates, Inc. conducted preliminary 
investigations on several possible reservoir 
storage alternatives. These possibilities are dis
cussed below. 

Fox Creek Reservoir. This site sits at the con
fluence of Fox Creek and Squaw Creek about 
three miles northwest of Woods Landing. A 
6,000 acre-foot reservoir at the site would cost 
$24.3 million (1983 dollars) to construct. Be
cause this site is on National Forest Service 
land, permitting the facility may be difficult. 

Boswell Creek Reservoir. This alternative calls 
for construction of a 6,000 acre-foot reservoir 
on Boswell Creek, seven miles southwest of 
Woods Landing. The estimated 1983 project 
cost for the reservoir was $21.8 million. This 
site is on Forest Service, Bureau of Land Man
agement, and State land. 

Laramie River Sites. Two sites on the Laramie 
River near Woods Landing were evaluated for 
6,000 acre-foot reservoirs. Because the sites 
are on the Laramie River, a spillway designed 
to pass a 40,000 cfs one-half probable maximum 
flood must be incorporated into the structure. 
Costs for the two facilities were estimated (in 
1983) at $28.6 million and $18.4 million. 
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Monolith Ranch Site. A potential reservoir site 
exists on the Monolith Ranch about five miles 
southwest of Laramie. The site could provide 
storage for 2,700 acre-feet of water, which 
would be pumped into it from the Dowlin Ditch 
during the irrigation season. Either a new 
water treatment plant would be built near the 
site, or the water would travel via a new 12.7-
mile pipeline to the present water treatment 
plant. Reservoir construction was estimated at 
$9 million (1983 dollars). A new treatment 
plant would cost $3.2 million; a new pipeline 
would cost $6 million. 

Laramie Reservoir Site. Another potential site 
examined in the Banner study sits two miles 
northeast of Laramie. Water would be pumped 
to the 3,500 acre-foot reservoir from the Lara
mie River. Cost of the reservoir and associated 
treatment plant was estimated in 1983 at $13.6 
million. 

Sodergreen Lake. Sodergreen Lake presently 
has a capacity of about 400 acre-feet, but the 
facility could be enlarged to 1,000 acre-feet or 
possibly more. City purchase of the reservoir 
storage right or enlargement of the reservoir 
are possibilities, but do not yield the volume of 
storage available in the other options. An 
agreement between the City of Laramie and the 
owners of Sodergreen would be required for 
this option. 

Lake Hattie Reservoir. One potential alterna
tive would be to store water in Lake Hattie 
Reservoir. Because Lake Hattie cannot directly 
release to the treatment plant, a pipeline and 
pump station would move water from Hattie to 
Sodergreen Lake. The pipeline also would 
send water (using gravity) to Hattie, thus elimi
nating conveyance losses; there still will be 
evaporation losses. A 30-inch pipeline and 
pump station capable of delivering 20 cfs would 
cost approximately $5.4 million (1991 dollars). 
Annual pumping cost will be about $15 per 
acre-foot. Implementing this option would re
quire an agreement for the city's use of the res
ervoir. 

Summary 

With continued growth, Laramie will need a 
larger water supply to fulfill its needs. Making 



maximum use of its Laramie River water rights 
is indeed a logical approach. At times, howev
er, the river will have too little streamflow to 
satisfy Laramie's legal diversion rights. A 
supplemental supply must therefore be estab
lished. Purchase of Cheyenne Stage II water 
could provide an immediate supply to an un
expected increase in demand. Another supply 
will be required to meet long-term demands. 

That supply could be fulfilled through reservoir 
storage of the City's Monolith Ranch direct 
flow rights. Several small reservoir sites are 
available in the basin. There is also the poten
tial for using existing reservoirs. More detailed 
analysis will be necessary to define the best 
supply alternative.-
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7 Summary and Recommendations 

The Wheatland Irrigation District and the Pio
neer Canal-Lake Hattie Irrigation District in 
1989 requested that the Wyoming Water 
Development Commission conduct a water 
planning study for the upper Laramie River 
basin. Like much of Wyoming, the basin suffers 
water shortages, particularly of late-season irri
gation water. The planning study was to ex
p.lor~ potential water ~anagement opportuni
tIes In the upper baSIn that would alleviate 
these shortages. The WWDC accepted the 
request and incorporated the planning study as 
a Level I project into its 1990 program. 

Summary of Findings 

Description of the Study Area 

The upper Laramie River basin, covering 2,300 
square miles, is a region of diverse topography, 
geology, climate, and vegetation. Headwaters 
of the basin are in Larimer County, Colorado, 
and about 300 square miles of the basin lie in 
Colorado. The basin is surrounded by moun
tain ranges on three sides, and has a relatively 
flat central floor. 

The principal stream draining the basin is the 
Laramie River, which is the longest tributary of 
the North Platte River. The Laramie River in 
the upper basin has only one major tributary -
the Little Laramie River. About 600 square 
miles of the basin contributes no runoff to the 
Laramie River, but is internally drained into 
numerous deflation hollows. 

Short, cool summers and long, cold winters 
characterize the general climate of the basin. 
The cool climate and short growing season 
make grass hay and alfalfa the two main crops 
grown in the basin. These crops need supple
mental irrigation water to be grown, for precipi
tation depths average less than 14 inches annu
ally for most of the floor of the basin. 

Water Resources 

Streamflows in the upper Laramie River basin 
are generated chiefly through the melting of the 
mountain snowpack. Peak streamflows occur 
during the height of the annual snowmelt in 
May and June. Forty percent of the basin's 
annual runoff occurs in just one month - June. 

Streamflow varies not only from day to day and 
month to month but also from year to year. 
Runoff in the upper basin averages 217,500 
acre-feet per year. Annual runoff volume has 
ranged from a low of 73 thousand acre-feet in 
1934 to a high of 450 thousand acre-feet in 
1917. The 1930's, 1950's-1960's, mid 1970's, 
and late 1980's were all periods having less than 
average flow. The longest period of better than 
average flow occurred in the years prior to the 
1930's. 

Floods along the Laramie and Little Laramie 
Rivers are almost always the result of melting of 
the mountain snowpack. Occasionally, the 
snowmelt flood flows will be increased by 
mountain rainfalls which speed the rate of 
meltin~ and concomitant runoff. The greatest 
flood dIscharge recorded on the Laramie River 
is 5,060 cfs, gaged at the Pioneer Canal head
gate on June 10, 1923. On the Little Laramie 
River, 3,450 cfs is the greatest gaged discharge, 
recorded near Filmore on June 10, 1965. 

Chemical quality of the basin's waters does not 
appear to limit intended uses. In general, con
centrations of chemical constituents are higher 
on the Laramie River than on the Little Lara
mie River. Where the two rivers meet, dis
solved solids levels average about 300 mg/1 on 
the Little Laramie and 600 mg/l on the Laramie 
River. Seasonal fluctuations in TDS levels 
occur with variations in streamflow and irriga
tion. Limited data indicate that water quality 
improves in an upstream direction along both 
mainstem rivers. 
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Groundwater is available almost everywhere in 
the upper Laramie River basin, but is hidden 
from VIew below the ground's surface. Three 
principal aquifers, three secondary aquifers, 
and several local groundwater systems have 
been defined in the basin. Principal aquifers 
are the Tertiary, Cloverly, and Casper-Ten
sleep. The Casper-Tensleep aquifer is the most 
productive aquifer in the basin; the City of 
Laramie derives its groundwater surply from 
the aquifer. The quality of the basin s ground
waters generally is lower than the quality of its 
surface waters, though there are exceptions. 
Near aquifer recharge areas along mountain 
flanks, TDS levels usually are lower than 500 
mgll. 

Water Development and 
Utilization 

Settlement of the basin and development of its 
w~ter resources began about 130 years ago, 
wIth the first streamflows diverted to irrigate 
native grasses along the Laramie and Little 
Laramie Rivers. Since that time, the basin's 
surface water resources have been fully appro
priated - to the point where water needs far 
exceed the basin's water productivity. 

The main use of water in the basin is for 
irrigation. Over 101 thousand acres of land in 
the basin are irrigated, with 81 thousand acres 
irrigated with streamflow diverted from the 
Laramie and Little Laramie Rivers. There are 
over 2,000 cfs of irrigation direct flow rights in 
the basin. Three major reservoirs in the basin 
have been granted water rights to store water 
for irrigation use. Hattie, Wheatland No.2, 
and Wheatland No.3 reservoirs have a com
bined storage capacity of nearly a quarter 
million acre-feet. Of the 217,500 acre-feet 
average annual basin inflow, 113,000 acre-feet 
are depleted by irrigation and natural stream
flow depletions. 

Laramie is the only community in the basin 
using surface water for municipal use. How
ever, the city uses groundwater for a major part 
of its supply. The community owns a sub
stantial amount of the earliest water right on 
the Laramie River. Laramie also has three very 
productive well fields drilled into the Casper
Tensleep aquifer. Typically, groundwater wells 
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also supply what little stock and domestic water 
needs exist in the basin. 

Water Resource Problems 
and Solutions 

Water Resource Problems 

The major water resource problem in the basin 
is the shortage of water to meet the needs of all 
permitted water rights. Only 65 percent of the 
water-right-permitted lands in the basin are 
irrigated, and most of these lands do not receive 
a full water supply. Providing a full water sup
ply to the irrigated lands along the Laramie and 
Little Laramie rivers requires an additional 
average of 40,000 acre-feet annually. Irrigating 
the permitted but now non-irrigated lands 
would require another 85,000 acre-feet 
annually. 

Another critical problem is the shortage of late
season irrigation water. Divertible streamtlows 
are greatest when runoff reaches a peak in May 
and June, but irrigation requirements are 
greatest in June, July, and August. Most of the 
annual water supply comes during the spring 
and early summer, whereas the need extends 
until the fall. 

Historically, flooding has not been a major 
problem in the Laramie River basin. Most 
floods in the basin are snowmelt generated, 
whereas some of the most damaging floods in 
Wyoming are thunderstorm generated. The 
mountain ranges surrounding the basin act as 
shields preventing severe thunderstorms from 
occurring in the upper Laramie River basin. 
Still, some damages result from flooding in the 
basin, mainly damages attributable to agri
cultural lands and related irrigation facilities. 
Only more detailed investigation will allow a 
precise quantification of flood damages. 

Streams, reservoirs, and lakes are valuable 
recreational and wildlife resources, providing 
habitat for animals and recreation for people. 
Unfortunately, because of the heavy utilization 
of the basin's waters by agriculture, fisheries 
and recreational uses suffer. During the late 
summer, sections of the Laramie and Little 
Laramie Rivers are nearly dry below some irri-



gation diversions. Levels of the two most pop
ular recreation reservoirs in the area - Lake 
Hattie and Wheatland No.3 - may fluctuate 
widely. Much of the time, they contain little 
water. More water in the streams and reser
voirs of the basin could significantly enhance 
recreational uses and the basin fishery. 

Solutions to Water Resource 
Problems 

The following general categories of solutions 
were examined for their effectiveness at solving 
basin water problems. 

Transbasin Diversion of Water. One means of 
providing a larger water supply to the basin is to 
bring it in from another basin having a surplus 
of water. Transbasin diversions move water 
from watersheds with supplies in excess of 
present-day needs to water-short basins. Diver
sion may be classified into three categories: 

• New diversions requiring the construction 
of new facilities. 

• Purchase of water from an existing 
transbasin diversion. 

unappropriated waters are available for stor
age. However, the Wyoming Legislature has 
enacted legislation that allows the holder or 
owner of a direct flow water right to store such 
direct flow, provided that no other Wyoming 
appropriator is injured. 

Efficiency Improvement. Not all water diverted 
at the headgate goes to the beneficial use of 
plant growth. Canal seepage and field losses 
may actually take a larger share of the headgate 
diversion than needed to satisfy the con
sumptive use. Reductions in canal losses are 
typically made by lining natural earth canals. 
Field losses may be reduced by converting from 
inefficient flood irrigation to sprinkler irri
gation. 

Other strategies. Other non-structural alter
natives are available to increase or redistribute 
the water supply using management changes or 
less familiar technologies. Cloud seeding might 
be used to induce more snowfall over the 
mountain areas from which the basin's water 
supply is derived. Selective cutting of forested 
lands, leaving clearings where snow can accum
ulate, is a potential means for enhancing runoff. 
Both of the runoff enhancement methods are 
experimental. 

• Purchase of water being diverted from the 
Laramie River basin. Project Alternatives 

Reservoir Storage Relocation for Evaporation 
Reduction. Evaporation from reservoir sur
faces causes a significant loss of water in the 
upper Laramie River basin. One method for 
reducing reservoir evaporation is by storing 
more water in those reservoirs having the least 
evaporation, and less water in those reservoirs 
havIng the most evaporation. In other words, 
water storage would be allocated to reservoirs 
based on evaporation instead of water rights. 
Construction of new reservoirs may be neces
sary to save the greatest amount of water. 

Reservoir Storage of Direct Flow Water Rights. 
As mentioned above, one major problem in the 
basin is that the times of high water demand 
and high runoff are out of phase. A way to 
lessen this problem is to store water during the 
high runoff period and release it later in the 
year when it is more needed. Because the 
waters of the basin are so overappropriated, no 

About a dozen project alternatives that would 
solve some of the above-described basin water 
problems were preliminarily reviewed to assess 
their feasibility and costs. From these alter
natives, the plan review committee selected 
four alternatives for further review. Addition
ally, because the City of Laramie's water supply 
goals did not coincide well with any of the four 
alternatives, an independent review of its needs 
was made. 

Purchase of Excess Stage II Water 

The City of Cheyenne has a major transbasin 
diversion facility that transports water from the 
Medicine Bow Mountains across the floor of 
the Laramie basin to the Laramie Mountains, 
whence it is transported to Cheyenne for 
consumption. As with any project of this mag
nitude, the project is initially overbuilt, with 
excess supply available until Cheyenne's popula-
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tion grows substantially. This surplus of water 
in the early years of the project may be 
available for purchase by water users in the 
upper Laramie River basin. 

Through the WWDC, the State of Wyoming 
provided substantial financial support to the 
Cheyenne Board of Public UtilItIes for the 
Stage II project. When the WWDC provides 
water development project support, it expects 
to receive part of any revenues derived from 
the sale of project waters. An agreement was 
signed in 1986 between the Cheyenne Board of 
Public Utilities and the WWDC establishing the 
conditions under which excess water could be 
sold. Four thousand acre-feet may be available 
annually from the Stage II pipeline; however, 
the logistics of utilizing this water supply, fur
ther water supply investigations, and discussions 
with the WWDC and CBPU will all need to be 
made for this proposal to be considered further. 

Because Cheyenne's municipal water supply 
system is already in place for diverting and 
storing Douglas Creek waters, the only facility 
requiring construction is one to deliver water to 
the Laramie River. Incorporating a release 
valve into the Stage II pipeline where it crosses 
the Laramie River would allow discharges to be 
made directly to the river, with no apparent 
environmental or other negative consequences. 
To make discharges to the river, a high
pressure relief valve would need to be installed, 
for pipeline pressures reach 600 pounds per 
square inch at the river crossing. A valve 
capable of releasing 32 cfs or 1,900 acre-feet 
per month is recommended. 

The total cost of the valve installation is 
estimated at about $400 thousand. Assuming 
standard WWDC financing for new water 
projects, an annual payment of $9,800 will be 
required. If 4,000 acre-feet are available 
annually for a 20-year period, the repayment 
costs per acre-foot would amount to $2.45. 
When added to the purchase cost of the Stage 
II water, total per acre-foot water cost is about 
$10. 

The most logical user of the water supply pro
vided by this alternative is the Pioneer Canal
Lake Hattie Irrigation District. Because re
leases would be made to the Laramie River just 
above the Pioneer Canal headgate, diversions 
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could readily be made into the canal. Other 
potential users of this supply include any 
diverter along the Laramie River. The City of 
Laramie also could make purchases from the 
proposed facility. 

The possibility of purchasing excess Stage II 
water is attractive, for the cost of obtaining 
additional water is possibly the cheapest in the 
upper Laramie River basin. There is a down 
side to the project, though, in that water will not 
be available in the long term, or even in every 
year during the expected project life. After 
some unknowable period of years, the City of 
Cheyenne may be consuming all the water the 
Stage II system can produce. However, a short 
project life might be acceptable if investment in 
capital facilities is small. 

Storage of Pioneer Canal Direct 
Flow Water in Lake Hattie 
Reservoir 

In the basin, irrigation water is most necessary 
in June, July, and August. Streamflows, unfortu
nately, are greatest in May and June when need 
is much lower. Therefore, better use of basin 
waters for irrigation requires that some of the 
excess runoff peak be shifted from the spring
time to later in the summer. The Wyoming 
Legislature enacted legislation that allows the 
holder of a direct flow water right to store flows 
for later release. There are a number of 
limitations on the storage of direct flow rights, 
but the law offers the opportunity for shifting 
water from times of excess to times of need. 

No new water supply is developed through the 
storage and release of direct flow water, but 
about 3,000 acre-feet of water would be made 
available annually for use in the late summer. 
The Pioneer Canal-Lake Hattie Irrigation Dis
trict has both the facilities and the direct flow 
water rights that should allow the district to 
store some of its direct flow right. Lake Hattie 
Reservoir is in place and has more than enough 
capacity in which direct flow water could be 
stored. Water diverted at the Pioneer Canal 
headgate can be directed to either the reservoir 
or irrigated lands. No new facilities will be 
required, which will make water cost relatively 
chea~. However, a program of canal lining in 
the dIstrict would prove worthwhile if this alter-



native is employed. Costs will be incurred in 
conducting further studies to prove the direct
flow-to-storage case before the Board of Con
trol. 

As with any change in the use, storage, or trans
fer of water rights, the outcome of this alterna
tive can only be guessed until the Board of 
Control makes its decision. Ultimately, the 
Board could rule that the storage of direct flow 
rights will not be allowed because the Laramie 
River is overappropriated and the change 
would be impractical to administer. The trans
fer of a direct flow right to storage has never 
been completed in Wyoming. So if this plan 
succeeds, it will be the first. 

Dodge Reservoir 

The Wheatland No.2 and No.3 reservoirs are 
the main water supply reservoirs for the Wheat
land Irrigation District. There are two major 
water supply problems associated with the 
reservoirs. First, large inactive storage pools 
must be filled before the reservoirs can store 
water in their active pools. A second problem 
associated with these reservoirs is that their 
storage basins are large and shallow, having 
large surface areas for the volumes of water 
stored. Therefore, a large amount of water is 
lost to evaporation every year. Water could be 
saved by replacing the reservoirs with one 
reservoir that has a smaller surface area for the 
volume of water stored. 

The concept of replacing Wheatland No.2 
Reservoir with another having less evaporation 
has been around for quite some time. A site 
nine miles downstream from the No.2 Reser
voir dam has been identified for replacing the 
present facilities. The proposed Dodge Reser
voir would be sized with a capacity of 175,000 
acre-feet, and would replace both Wheatland 
No. 2 and No. 3 reservoirs. The reservoir will 
back into the present Wheatland No.2 Reser
voir pool area, and would have 3,400 acre-feet 
of inactive storage in that area. 

Estimating how much water could be saved 
through the construction of Dodge Reservoir 
required development of a water supply model 
for the reservoir and upper Laramie River 
basin. A 40-year period (1950 to 1989) was 

used t? analyze various reservoir operation 
scenarIOs. Based upon the 40-year simulation 
period and assuming no minimum pool is 
necessary, the reservoir could yield 8,800 acre
feet per year more than is supplied by the two 
present reservoirs. With a 30,000 acre-foot 
minimum pool, the reservoir could supply an 
annual average of 6,900 acre-feet more than the 
present reservoirs now produce. 

The principal project facility - the main dam 
embankment - will be constructed of roller
compacted concrete. A conventional concrete 
facing will protect the RCC from weather deteri
oration. Maximum dam height will be about 
115 feet. A 1OO-foot wide principal spillway will 
be incorporated into the top of the dam. A 
tower intake will allow storage water to be 
released at multiple levels. Leading from the 
intake will be a concrete outlet pipe placed 
through the RCC embankment. This pipe will 
carry flow from the tower intake to a control 
valve chamber, from which releases will be 
made to the spillway stilling basin. 

Dikes are needed on the west side of the reser
voir to confine the reservoir pool where it 
would otherwise extend toward Wheatland No. 
3 Reservoir. Nearly 14,000 feet of a road will 
be raised to give a maximum dike height of 
about 10 feet. 

The estimated cost for the Dodge Dam and 
Reservoir is $9.725 million. With standard 
WWDC financing for new dam projects (two
thirds grant, 50-year loan, 4-percent interest 
rate), annual payments will be about $151 
thousand. If the project yields an average 6,900 
acre-feet annually, the cost of developing the 
new water supply will be about $22 per acre
foot. Delivery losses through the district's canal 
system will increase the per-acre-foot cost at 
the point of delivery. 

The nearly 7,000 acre-feet of additional water 
developed by the project would increase the 
Wheatland Irrigation District supply by about 
10 percent. Operation, maintenance, regula
tion, and adminIstration would be much simpler 
with one reservoir rather than two. Finally, if a 
large minimum pool is maintained in the reser
voir, recreational opportunities in the area may 
be enhanced. 
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Storage of Wheatland No. 2 
Reservoir Water in Lake Hattie 
Reservoir 

The main rationale for abandoning Wheatland 
No.2 and No.3 reservoirs and building Dodge 
Reservoir is the reduction of evaporation. 
However, the problems encountered when 
attempting to build a new reservoir are consider
able. Reducing evaporation without building a 
new reservoir may therefore prove to be a 
better approach than one requiring new reser
voir construction. There is the possibility that 
Wheatland No.2 or No.3 Reservoir water 
could be stored in Lake Hattie Reservoir. 
Lake Hattie has lower evaporation losses than 
either of the two Wheatland reservoirs (though 
not as low as the proposed Dodge Reservoir). 

Attempting to store Wheatland Reservoir water 
in Lake Hattie Reservoir will be a complex 
matter, both legally and administratively. For 
the change in the place of storage to work, it 
must not adversely affect the rights of other 
appropriators, be too difficult to administer, or 
be adverse to the public interest. The transfer 
of storage from the Wheatland Reservoirs to 
Lake Hattie will most likely encounter many 
problems. There are many intervening users 
who will protest the transfer. The State Board 
of Control will impose appreciable conveyance 
losses that could negate many of the gains of 
the relocation. The water rights administration 
of the storage transfer will be complex and will 
require considerable monitoring. 

Theoretically, the maximum amount of water 
that could be derived from the project is about 
6,100 acre-feet per year. PractIcally, however, 
nothing near this amount could be saved. Using 
a computer simulation model of the basin, a 
simple relocation of water rights was per
formed. With up to 35 thousand acre-feet of 
Wheatland No.2 priority water stored in Hattie 
during better runoff years, between 1,100 and 
2,300 acre-feet of water might be recovered 
annually. These savings, of course, may be 
reduced substantially due to actual or imposed 
conveyance losses not accounted for by the 
model. The model analysis is cursory at best, 
and does not account for all the nuances of 
basin administration. 
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For a water storage relocation program to func
tion, some upgrading of Hattie Reservoir deliv
ery and release canal facilities will be necessary. 
Two options exist to return water to the river -
either the North or the South Canal. Either 
canal will need an upgrade. Also, the two 
delivery canals to Lake Hattie Reservoir need 
refurbishment. 

The total South Canal improvement option is 
estimated to cost $1.3 million (including the 
supply system improvements). Cost for the 
North Canal option is estimated at $3.9 million. 
The annual loan repayment would be $38 
thousand for the South Canal option and $113 
thousand for the North Canal option. Annual 
per acre-foot water cost ranges from about $16 
for the South Canal option under the most 
optimistic yield conditions to over $100 for the 
worst-case North Canal alternative. 

The Wheatland Irrigation District is the direct 
beneficiary of the project, receiving the addi
tional water made available through evapo
ration reduction. The Pioneer Canal-Lake Hat
tie Irrigation District will benefit from the up
grade of its canal facilities. Storage of Wheat
land No.2 Reservoir water in Lake Hattie's 
normally vacant reservoir pool will enhance 
recreation benefits. Summertime releases from 
the reservoir will improve the Laramie River 
fishery. A greater fishery gain will result from 
implementing the South Canal option, because 
15 additional miles of the Laramie River would 
have enhanced late summer streamflows. 

Laramie Storage Alternatives 

Laramie's population has shown steady growth 
for the past 60 years. Water supply require
ments are rising as the community's population 
increases. With its present water supply and 
transmission, distribution, and treatment infra
structure, the City can meet its needs only for 
the near-term future. Laramie has substantial 
water rights allowing it to divert the waters of 
the Laramie River. At times, however, water is 
not physically available for diversion. Two 
sources are available: water purchased from 
the Cheyenne Stage II system and water avail
able from reservoir storage. Ultimately, pur
chase of Stage II water fails to provide long
term relief for Laramie. 



Because unappropriated water is not available 
in the basin, implementation of a reservoir 
storage option requires conversion of Monolith 
Ranch direct flow rights to storage. Conversion 
of direct flow rights could make about 3,000 
acre-feet of water available annually. Presently 
existing reservoirs or new reservoirs could store 
this water. More detailed analysis will be 
necessary to define a best reservoir supply 
alternative. 

Recommendations 
On the basis of the Level I analyses conducted 
for this investigation, several potential water 
development projects appear feasible. To 
adequately address their feasibility, the follow
ing recommendations are made for the poten
tial projects. 

Dodge Reservoir 

Dodge Reservoir has the potential to increase 
the water supply of the Wheatland Irrigation 
District through the reduction of evaporation 
losses. To ensure that the project is feasible, a 
Level II Phase I analysis should be conducted to 
include: 

• A more-detailed water supply investigation. 

• A detailed geotechnical evaluation of the 
dam site. 

• Better project cost estimates using the 
findings of the geotechnical investigation. 

City of Laramie Storage Project 

To better evaluate the cost and feasibility of a 
Laramie reservoir storage alternative, a Level II 
investigation should be initiated. Items to be 
addressed in the Level II investigation should 
include: 

• Future water supply needs. 

• A water supply investigation, including the 
potential for storing Monolith Ranch water 
rights. 

• Preliminary geotechnical analysis of the 
several potential new sites. 

• Cost analysis of the several alternatives. 

Transfer of Direct Flow Rights 
to Storage Reservoirs and 
Changes in Reservoir Storage 
Location 

The change in place of storage of Wheatland 
Reservoir No.2 water to Lake Hattie Reservoir 
and the storage of Pioneer Canal direct flow 
rights in Hattie both appear feasible, and the 
parties interested in these transfers should 
pursue them. The WWDC will probably be 
unable to participate directly in these water 
rights issues, but could provide informational 
support. The WWDC could assist the project 
sponsors through initiating data collection 
programs or through the development of a 
comprehensive basin water model. Develop
ment of such a model may be incorporated into 
one of the above proposed Level II studies.-
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Appendices 
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A Hydrology, Water Rights, and Modeling 

Hydrology 
In order to conduct modeling studies of the basin, extended streamflow records were needed for 
the several basin gaging stations. A 40-year simulation period - 1950 to 1989 - was used to test 
various project alternatives. Because not all gages had record for this entire period, it was 
necessary to synthetically generate some monthly flow values. 

The U.S. Army Corps of Engineers HEC-4 program was utilized for streamflow synthesis. All data 
for all gages in the basin were used as input, with HEC-4 making the determination of the best 
interstation correlations. Based upon those correlations, flows for missing months were generated. 

The streamflow data generated by HEC-4 is an estimation of historical streamflow data. The 
HYDROSS model used in this investigation requires virgin streamflow information for its gaging 
station input. To generate virgin streamt10w data, the following assumptions were made: 

• Gages 6658500 (Laramie River at Jelm) and 6661000 (Little Laramie River near Filmore) 
were assumed to be the unaltered inflow points to the basin. Obviously, this is not true, 
but this assumption works if we assume that upstream uses are not changing during the 40-
year model simulation time period. 

• The flow for a given month at a downstream station was assumed the greater of the flow at 
the downstream station or the flow at the upstream station, for the summer months. 
U sing this assumption, irrigation diversion effects were removed from downstream 
stations. Likewise, a runoff gain between the two stations is reflected at the lower station. 

• Station flows below the confluence of the Laramie and Little Laramie Rivers were derived 
by summing the inflows from the two rivers. 

The estimated virgin streamt10ws for basin gaging stations are presented in tables A-1 through A-7. 
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Table A-I: Estimated virgin streamOow at gage 6658500 - Laramie River near Jelm. 

Monthly Streamflow Volume (Acre-Feet) 
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
1950 3385 2598 1874 1489 1662 1916 4397 17547 36001 9276 4371 4103 
1951 2917 2304 2096 1689 1537 2122 5254 38515 58210 12577 7852 3623 
1952 4072 2511 1862 1997 1886 2709 7955 42817 58423 8911 3494 2003 
1953 2054 1856 1m 1949 1560 2211 3377 11696 21494 4554 6388 1912 
1954 2104 2312 2181 2046 1400 1787 5026 14776 6400 2959 1900 1277 
1955 3306 2284 2035 1465 1320 1602 2953 13180 16155 m7 n59 2076 
1956 2304 2776 2159 2161 1802 2294 5119 39677 34847 1m 6370 1933 
1957 1580 2211 1824 1566 1787 2346 3847 21679 93520 39568 6359 3387 
1958 4026 3054 2461 2241 1802 1937 3504 39092 30382 4637 3617 2255 
1959 2626 2265 18n 1836 1662 1935 3522 20697 44356 6959 5198 3312 
1960 4954 3484 2114 1194 868 1198 7618 22222 34750 8695 6243 3098 
1961 2778 2322 1511 1075 785 1283 2931 25313 49906 7701 4544 7414 
1962 9594 6136 3292 2564 3415 3453 16095 46948 47855 20481 4393 2546 
1963 3296 2163 1892 1227 1453 2209 4159 21675 11nO 3104 6263 3838 
1964 2296 2302 1485 1086 965 1021 3270 25009 26747 11783 7713 35n 
1965 2630 2352 2058 1678 1360 1664 4752 22649 66414 14846 6460 6747 
1966 7555 4496 3929 2540 1787 3689 4496 18866 10552 3219 2923 2037 
1967 2864 2203 1971 1674 1608 3147 3461 18628 46544 21629 3732 3239 
1968 3308 2493 2007 2312 2195 2560 4127 13174 62310 10074 6801 4204 
1969 3665 2n5 2505 2171 1m 2384 7142 35373 27901 7687 4696 3181 
1970 4066 3506 2161 1590 1m 2596 5754 39590 63832 12406 4915 3451 
1971 4349 3334 2197 2144 1745 2897 6735 2n64 83158 13973 5061 3941 
19n 4244 2761 2398 2484 2249 3413 3893 20765 44319 5988 5056 3591 
1973 3n5 3984 2059 1197 1781 2123 4701 29378 56843 20704 5792 3995 
1974 4009 2649 2327 2116 1950 2389 6396 52680 53191 11159 4nO 3522 
1975 3582 2269 2490 2123 2091 3016 4031 13151 48834 19010 6742 3950 
1976 4354 2482 1916 1892 2162 2424 3908 18899 26237 10112 8934 3165 
1977 2597 2276 1695 1259 1178 2107 4287 12598 12702 7369 3400 2219 
1978 2575 2745 1905 1449 1569 2454 4945 29019 64950 12335 4667 2085 
1979 2282 2435 2042 1788 1576 1687 5136 43055 60076 12255 4502 2292 
1980 2461 2767 2140 1825 2014 2588 7901 32531 45161 8250 2778 2163 
1981 1919 2548 2765 2302 1855 3107 3870 11057 14458 7596 2652 2252 
1982 2797 2607 2183 2370 2349 2504 3051 1n71 56219 26238 7001 5254 
1983 5729 2796 2651 1960 1764 1821 4764 18348 93025 71329 8778 3530 
1984 4317 2346 2705 1993 1974 2186 5648 44687 75226 23828 10305 6209 
1985 12590 3909 3675 3776 2381 3009 9945 41636 40451 12221 3981 3158 
1986 6173 3432 2804 2897 2829 2949 10912 40925 87054 19976 4202 4422 
1987 8787 4153 2086 1659 1953 2n3 5602 22414 9833 4854 2405 2058 
1988 1376 1897 1832 1800 1635 2056 n89 20576 53809 7753 2982 2097 
1989 2235 2674 1890 1799 1515 2147 7087 18539 12480 3462 2189 3214 
1990 1871 2183 1776 1577 1128 2302 6181 14604 34317 8513 2668 2764 
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Table A-2: Estimated virgin streamflow at gage 6659500 -Laramie River and Pioneer Canal near 
Woods •• 

Monthly Streamflow Volume (Acre-Feet) 
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
1950 4129 4257 1995 2346 2326 2465 6460 28160 43941 10267 4475 4376 
1951 3179 2671 2651 2225 2052 2651 7134 52556 62566 13059 7559 3427 
1952 4903 2999 2522 2598 2382 3187 11n8 56602 61166 9695 3415 1844 
1953 2074 2534 2467 2709 2225 3227 4675 14344 22405 4550 6218 1711 
1954 2126 2614 2364 1929 1733 2475 7330 17696 6956 3106 1527 1033 
1955 3040 2286 21n 1531 1368 1806 3986 14840 16758 8235 7812 2114 
1956 2263 2562 2536 2320 1987 3094 6434 48343 40514 7933 6168 1947 
1957 2167 2620 2112 1743 2056 2937 4962 34076 122102 44631 n03 3806 
1958 4932 3nO 3348 2840 2392 2651 5230 51857 32108 5155 3857 2743 
1959 3119 2556 2003 1971 1789 2211 5795 29845 46847 7610 5236 3451 
1960 5613 3843 3389 2729 2235 2598 11440 2n88 36930 8826 6015 2911 
1961 2475 1975 1737 1495 1517 2649 4544 33050 55558 8427 4801 7632 
1962 9861 5646 3578 3298 4137 4304 21151 65020 46500 19082 4617 2707 
1963 3631 3042 2568 2132 2399 29n 5888 24878 13906 3689 5525 3671 
1964 2201 2292 2056 1751 1491 1705 5553 30954 27385 11159 7128 3367 
1965 2588 2703 2358 2816 2638 3074 8044 34085 73551 16805 7126 7511 
1966 8199 5184 4758 3512 2427 5222 7154 21094 11317 3582 2856 1735 
1967 3024 2247 2005 1797 2257 3780 4899 20197 47890 20931 3895 3574 
1968 3225 2895 2352 2876 2520 3252 5311 21084 69286 11222 7356 4506 
1969 4264 2941 3086 2405 1921 2469 9703 37481 27453 7860 4546 3235 
1970 4605 4115 3038 2449 2697 3112 6049 53291 69183 14745 5109 3603 
1971 5012 4014 2433 2249 2031 3663 9427 43451 85n1 14784 4994 43n 
19n 4149 2m 2427 2390 2419 4847 5250 23492 481n 5648 5204 4022 
1973 3817 2799 2926 2237 2050 3058 64n 51597 66926 21447 7063 4873 
1974 4084 3013 3071 2n1 2428 3036 9389 57685 49416 9522 4016 3917 
1975 3868 3162 3292 3236 3052 2962 5531 18989 47871 22363 5523 3564 
1976 3879 2623 2470 2554 1983 2640 6345 24618 27669 10020 8522 3520 
19n 2644 3142 1860 1057 1163 3164 6805 18392 14156 4135 3000 1981 
1978 1715 2739 2694 2332 2717 3140 6686 33697 69133 12436 4091 3244 
1979 2595 2238 2056 2311 2423 2481 9167 44433 68598 13701 5438 2862 
1980 3310 3485 2300 2455 2243 3000 8509 48138 61927 8647 2709 1997 
1981 1342 2463 3011 2094 2074 4164 6676 14362 20314 6236 2687 2175 
1982 2105 2384 2614 2653 2757 3063 4121 24930 64663 293n 8417 7354 
1983 4742 4334 2780 2291 1905 2621 5303 31039 145249 62686 11934 4679 
1984 5501 3735 3428 2429 2129 2705 n03 69526 71827 25701 9605 6934 
1985 9755 8029 3224 2983 2414 3176 10976 50971 40056 8667 3060 3173 
1986 7618 3465 2805 2200 1732 3279 16230 56415 102323 21284 5553 5289 
1987 8m 3311 2257 2654 1990 3322 9590 25035 11049 4056 2411 2007 
1988 1345 2302 2180 1542 1599 2579 9195 40024 48085 6134 2651 2035 
1989 2497 3424 2344 2187 1806 3421 9603 14796 11192 3397 2540 2707 
1990 1237 2434 2042 1392 1482 2925 8400 18940 39850 8570 3050 2660 
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Table A-3: Estimated virgin streamflow at gage 6660000 - Laramie River at Laramie. 

Monthly Streamflow Volume (Acre-Feet) 
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
1950 4129 4257 3155 2346 2326 2892 6460 28160 43941 10267 4475 4376 
1951 3179 2671 2922 2225 2539 3318 7134 52556 62566 13059 7559 3427 
1952 4903 2999 2522 2598 2382 3187 11n8 56602 61166 9695 3415 1844 
1953 2074 2534 2467 2709 2225 3330 4675 14344 22405 4550 6218 1711 
1954 2126 2614 2364 2120 2306 2475 7330 17696 6956 3106 1527 1033 
1955 3040 2286 2177 1531 1368 1806 3986 14840 16758 8235 7812 2114 
1956 2263 2562 2536 2415 1987 3659 6434 48343 40514 7933 6168 1947 
1957 2167 2620 2112 1743 2429 4282 4962 34076 122102 44631 7703 3806 
1958 4932 3770 3369 2840 2392 2651 5230 51857 32108 5155 3857 2743 
1959 3119 2556 2003 2009 2060 2703 5795 29845 46847 7610 5236 3451 
1960 5613 4474 3389 2n9 2300 4516 11440 2n88 36930 8826 6015 2911 
1961 2475 2812 2378 1844 1555 2649 4544 33050 55558 8427 4801 7632 
1962 9861 6616 4214 3490 4478 5323 21151 65020 46500 19082 4617 2707 
1963 3631 3042 2568 2132 2399 3869 5888 24878 13906 3689 5525 3671 
1964 2201 2292 2056 1751 1491 1705 5553 30954 27385 11159 7128 3367 
1965 2588 2703 2358 2816 2638 3074 8044 34085 74836 16805 7126 7511 
1966 9110 6093 5168 3800 2731 5222 7154 21094 11317 3582 2856 1735 
1967 3024 2247 2005 1797 2257 3780 4899 20197 47890 20931 3895 3574 
1968 3225 2895 2352 2876 3488 3363 5311 21084 69286 11222 7356 4506 
1969 4264 2941 3086 2528 2237 3185 9703 37481 27453 7860 4546 3235 
1970 4605 4524 3038 2796 2870 3413 6049 53291 69183 14745 5109 3603 
1971 5012 4052 2636 2417 2392 3853 9427 43451 85771 14784 4994 4377 
19n 4149 2921 3174 2390 2419 4847 5250 23492 481n 5648 5204 4022 
1973 3817 2799 2926 2237 2475 4643 9264 51597 66926 21447 7063 4873 
1974 4084 3013 3071 11331 11547 3541 9699 57685 49416 9522 4016 3917 
1975 6311 3162 3292 3236 3052 3203 5531 18989 47871 22363 5523 3564 
1976 4080 2623 2905 2554 1983 2640 6345 24618 27669 10020 8522 3520 
1977 2644 3369 2257 1383 1506 3164 6805 18392 14156 4711 3000 1981 
1978 1715 3910 2694 2332 2717 3654 6686 33697 69133 12436 4091 3244 
1979 2595 3705 3074 2311 2423 2793 9167 44433 68598 13701 5438 2862 
1980 3310 3485 2300 2455 2243 4040 11595 48138 61927 8647 2709 1997 
1981 1342 2523 3011 2094 2260 4164 6676 14362 20314 6236 2687 2175 
1982 2105 3462 2614 2653 2757 3647 4121 24930 64663 29377 8417 7354 
1983 6563 4334 2780 3035 2573 2621 9886 31039 145249 62686 11934 4679 
1984 5501 3735 3428 3383 2453 2705 11417 69526 71827 25701 9605 6934 
1985 25031 8029 32n 2983 2414 3176 10976 50971 40056 10177 3060 3173 
1986 7618 3465 2805 5693 4159 3279 16230 56415 102323 21284 5553 5289 
1987 9293 3311 2257 4352 3633 3784 9590 25035 11049 4056 2411 2007 
1988 1345 2401 2180 1542 1599 3130 9195 40024 48085 8421 2651 2035 
1989 2497 3535 2344 2187 1806 4309 9603 14796 11192 3397 2540 2707 
1990 1237 4190 2866 1392 1482 2925 8400 18940 39850 8570 3050 2660 
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TableA-4: Estimated virgin streamflow at gage 6660500 - Laramie River at Two Rivers. 

Monthly Streamflow Volume (Acre-Feet) 
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
1950 4129 4257 3155 2346 2388 3873 6460 28160 43941 10267 4475 4376 
1951 3179 2759 3056 2225 2539 4615 7134 52556 62566 13059 7559 3427 
1952 4903 3274 2522 2598 2651 3187 11728 56602 61166 9695 3415 1844 
1953 2074 2534 2467 2709 2435 3867 4675 14344 22405 4550 6218 1711 
1954 2126 2614 2364 2120 2832 2878 7330 17696 6956 3106 1527 1033 
1955 3040 2286 21n 1531 1368 1806 3986 14840 16758 8235 7812 2114 
1956 2263 2562 2536 2522 1987 3673 6434 48343 40514 7933 6168 1947 
1957 2167 2620 2112 1743 2602 6156 4962 34076 122102 44631 n03 3806 
1958 4932 3nO 3369 2840 2392 2651 5230 51857 32108 5155 3857 2743 
1959 3119 2556 2003 2009 2060 2703 5795 29845 46847 7610 5236 3451 
1960 5613 4909 3689 2729 2300 4516 11440 27288 36930 8826 6015 2911 
1961 2475 2917 2459 2152 1555 2905 4544 33050 55558 8427 4831 7632 
1962 9861 7862 5157 3490 4671 5603 21151 65020 46500 19082 4617 2707 
1963 3631 3042 2568 2132 2971 3869 5888 24878 13906 3689 5525 3671 
1964 2201 2292 2056 1751 1491 1705 5553 30954 27385 11159 7128 3367 
1965 2588 2703 2358 2816 2638 3074 8044 34085 74836 16805 7126 7511 
1966 9207 6093 6069 4464 2850 5222 7154 21094 11317 3582 2856 1735 
1967 3024 2247 2005 1797 2257 4607 4899 20197 47890 20931 3895 3574 
1968 3225 2931 2394 2876 3488 3659 5311 21084 69286 11222 7356 4506 
1969 4264 2941 3086 2634 2687 3826 9703 37481 27453 7860 4546 3235 
1970 4605 4524 3038 2796 2903 3603 6049 53291 69183 14745 5109 3603 
1971 5012 4879 3445 2578 2407 3853 9427 43451 85n1 14784 4994 43n 
1972 4149 2921 3174 2390 2558 4847 5250 23492 481n 5648 5204 4022 
1973 3817 3995 3775 3830 42n 7947 9264 51~97 66926 21447 7063 4873 
1974 4084 3013 3071 11331 11547 5000 9699 57685 49416 9522 4016 3917 
1975 6311 3n6 3813 3669 3052 3998 5531 18989 47871 22363 5523 3564 
1976 4609 2623 2905 2554 2015 3627 6345 24618 27669 10020 8522 3520 
19n 2644 3369 2257 1383 1506 3359 6805 18392 14156 4711 3000 1981 
1978 1715 3910 2694 2332 2717 3654 6686 33697 69133 14883 4091 3244 
1979 2595 3705 3074 2311 2423 2793 9167 44433 68598 13701 5438 2862 
1980 3310 3485 2300 2455 2243 4040 11595 48138 61927 8647 2709 1997 
1981 1342 3029 3011 2094 2260 4164 6676 14362 20314 6236 2687 2175 
1982 2105 3462 2614 2653 3247 4952 4121 24930 64663 293n 8417 7354 
1983 6563 4334 2780 3035 2573 2621 9886 31039 145249 62686 11934 4679 
1984 5501 3735 3559 3935 2729 3525 11417 69526 71827 25701 9605 6934 
1985 25031 8029 3272 2983 2414 3176 10976 50971 40056 101n 3060 3173 
1986 7618 3465 2805 5693 4159 3279 16230 56415 102323 21284 5553 5289 
1987 9293 3311 2257 4352 3633 3784 9590 25035 11049 4056 2411 2007 
1988 1345 2401 2180 1542 2545 4976 9195 40024 48085 8421 2651 2035 
1989 2497 3535 3625 2787 2441 4309 9603 14796 11192 3397 2540 2707 
1990 1237 4190 2866 1516 1482 2925 8400 18940 39850 8570 3050 2660 
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Table A-S: Estimated virgin streamflow at gage 6661000 - Little Laramie River near Filmore. 

Monthly Streamflow Volume (Acre-Feet) 
Year Oct Nov Dec Jan Feb Mar Apr May J~ Jul Aug Sep 
1950 2427 2235 1344 868 950 1120 2318 8979 41321 11880 3231 2554 
1951 1916 2231 2219 1453 1251 1634 3762 22093 43834 17882 5190 1923 
1952 2578 2039 1557 1346 1138 1612 4754 25495 39356 8933 3092 1451 
1953 1328 1245 1307 1400 1160 1826 2316 4819 35262 8651 4183 1358 
1954 1424 1658 1469 1283 1513 1685 1745 11416 8411 2360 1041 821 
1955 1035 9n 801 553 460 626 1049 4799 11563 2526 1743 791 
1956 9n 1041 916 840 763 932 1622 17680 19112 3701 2070 1005 
1957 1166 1269 932 569 908 1622 2396 6589 46496 26947 6186 2239 
1958 1906 1612 1547 1523 1322 1342 2044 21219 26449 5135 2074 1146 
1959 1009 1025 942 1001 854 999 3419 9550 37826 7699 2999 1344 
1960 22n 2473 1844 1045 1035 1430 3088 10347 21473 5418 1519 971 
1961 1196 1396 1293 1162 898 1069 1m 10958 22857 52n 2378 2247 
1962 3098 2433 1951 1196 2985 1678 5030 20437 27986 9336 2340 1160 
1963 1515 1376 1566 1023 1364 2312 2842 14995 17545 3599 2328 1398 
1964 1150 1164 1055 1011 961 1164 2691 10365 26731 10300 2618 1394 
1965 1342 1271 1338 1620 942 1130 3064 7888 48287 11523 4199 4008 
1966 4391 2939 2298 1449 1320 1975 2493 12837 12509 3159 1426 1094 
1967 1326 1207 1102 890 781 1366 1555 6083 34480 13545 2320 1729 
1968 1699 1840 1144 1217 1360 2735 2334 42n 33730 8788 3155 2066 
1969 1753 1271 1247 1023 801 1174 2096 17057 21415 6351 2007 1110 
1970 2023 1914 1557 1090 1352 1535 3090 14828 48924 16748 4081 2911 
1971 3151 2366 1797 1537 1681 2945 4415 13658 64151 22736 5539 30n 
1912 2401 2110 2173 1399 1381 1525 2655 11924 43326 8150 2639 1840 
1973 1718 1660 1300 1293 1059 2058 2nO 11335 24129 11345 3701 2056 
1974 1818 1342 1301 1211 1116 1989 2653 19231 31961 10403 2588 1455 
1975 2319 1778 1981 1554 1354 1583 2596 n19 33929 21834 5668 1929 
1916 1862 1680 1690 966 901 1414 2503 11121 22166 11041 42n 1848 
19n 1685 1891 1661 1252 906 1695 2600 10361 14114 2665 1233 793 
1978 1181 2235 1792 1642 1258 2049 2554 9475 48610 21219 4780 2118 
1979 1399 2287 1587 13n 1381 1331 5008 18085 48358 15147 4984 2074 
1980 1195 1265 1289 1189 1188 2022 5291 19914 394n 9570 2489 1828 
1981 1225 2020 1919 1463 1288 2315 1959 8421 14154 2751 1362 1271 
1982 1319 2321 1619 1100 1120 1101 2148 9510 40133 26294 6741 3586 
1983 3908 1012 1110 933 769 1301 4792 8747 53549 21018 n81 2nO 
1984 1782 1016 1020 12n 1074 1359 4649 24041 35363 16347 n63 3601 
1985 4950 1411 1795 1128 969 1188 4146 19463 21786 5932 1707 1402 
1986 1665 1564 1222 1013 1184 1182 4341 139n 47045 12539 3449 1961 
1987 2116 566 116 755 1384 2018 3159 13935 6311 2661 1664 1065 
1988 989 1858 1507 1049 888 1285 3461 15147 34383 6684 1886 1406 
1989 1147 2513 1443 1410 1348 1411 2951 11736 13432 3133 1418 1055 
1990 1243 2460 1780 1249 913 2084 2440 7920 26440 7660 1710 1340 
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Table A-6: Estimated virgin streamOow at gage 6661500 - Little Laramie River at Two Rivers. 

Monthly Streamflow Volume (Acre-Feet) 
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
1950 2427 2235 1344 868 950 1120 2318 8979 41321 11880 3231 2554 
1951 1916 2231 2219 1453 1251 2001 3762 22093 43834 17882 5190 1923 
1952 2578 2039 1557 1346 1138 1620 5744 25495 39356 8933 3092 1451 
1953 1328 1245 1307 1400 1160 1826 2316 4819 35262 8651 4183 1358 
1954 1424 1658 1469 1283 1513 1685 1745 11416 8411 2360 1041 821 
1955 1035 977 801 553 460 626 1049 4799 11563 2526 1743 791 
1956 977 1041 916 840 763 932 1622 17680 19112 3701 2070 1005 
1957 1166 1269 932 569 908 1622 2396 6589 46496 26947 6186 2239 
1958 1906 1612 1547 1523 1322 1342 2044 21219 26449 5135 2074 1146 
1959 1009 1025 942 1001 854 999 3419 9550 37826 7699 2999 1344 
1960 2277 2473 1844 1045 1035 1430 3088 10347 21473 5418 1519 971 
1961 1196 1396 1293 1162 898 1069 1m 10958 22857 52n 2378 2247 
1962 3098 2433 1951 1196 2985 1678 5030 20437 27986 9336 2340 1160 
1963 1515 1376 1566 1023 1364 2312 2842 14995 17545 3599 2328 1398 
1964 1150 1164 1055 1011 961 1164 2691 10365 26731 10300 2618 1394 
1965 1342 1271 1338 1620 942 1130 3064 7888 48287 11523 4199 4008 
1966 4391 2939 2298 1449 1320 1975 2493 12837 12509 3159 1426 1094 
1967 1326 1207 1102 890 781 1366 1555 6083 34480 13545 2320 1n9 
1968 1699 1840 1144 1217 1360 2735 2334 42n 33730 8788 3155 2066 
1969 1753 1271 1247 1023 801 1174 2096 17057 21415 6351 2007 1110 
1970 2023 1914 1557 1090 1352 1535 3582 14828 48924 16748 4081 2911 
1971 3151 2366 1797 1537 1681 2945 4415 13658 64157 22736 5539 30n 
19n 2401 2110 2173 1399 1506 1m 2655 11924 43326 8150 2639 1840 
1973 1718 1660 1300 1293 1059 2058 7027 11335 24n9 11345 3701 2056 
1974 1878 1342 1307 1211 1406 1989 2806 19231 31961 10403 2588 1455 
1975 2319 1778 1981 1554 1354 1583 2596 n19 33929 47422 5668 1929 
1976 1862 1680 1690 966 901 1414 2503 11121 22766 11047 42n 1848 
1977 1685 1897 1661 1252 906 1695 2600 10361 14114 2665 1233 793 
1978 1187 2235 1792 1642 1258 2049 2554 9475 48610 21219 4780 2118 
1979 1399 2287 1587 1377 1387 1419 5008 18085 48358 15147 4984 2074 
1980 1195 1265 1289 1189 1188 2022 5297 19914 39477 9570 2489 1828 
1981 1225 2020 1919 1463 1288 2315 1959 8421 14154 2757 1362 1271 
1982 1319 2321 1619 1100 1120 1701 2148 9570 40133 26294 6741 3586 
1983 3908 1199 1110 933 769 1301 4792 8747 53549 73496 n81 2770 
1984 1782 1016 1020 12n 1074 1754 7577 24041 35363 23693 10808 3601 
1985 5465 2309 1795 1128 969 1325 6014 19463 21786 5932 1707 1402 
1986 1665 1564 1222 1636 1751 1285 4347 13977 47045 12539 3449 1961 
1987 2116 566 716 755 1384 2018 3159 13935 6311 2661 1664 1065 
1988 989 1858 1507 1049 888 1285 3467 15147 34383 6684 1886 1406 
1989 1147 2513 1443 1410 1348 1411 2951 11736 13432 3133 1418 1055 
1990 1243 2460 1780 1249 913 2084 2440 7920 26440 7660 1710 1340 
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Table A·7: Estimated virgin streamOow at gage 6662000. Laramie River near Lookout. 

Monthly Streamflow Volume (Acre-Feet) 
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
1950 6556 6492 4499 3214 3338 8516 8778 37139 85262 22147 7706 6930 
1951 5095 4990 5275 3678 3790 6616 10896 74649 106400 30941 12749 5350 
1952 7481 5313 4079 3944 3789 6491 174n 82097 100522 18628 6507 3295 
1953 3402 8867 3774 4109 3595 6608 6991 19163 57667 13201 10401 3069 
1954 3550 4593 3833 3403 4345 9356 9075 29112 15367 5466 2568 1854 
1955 4075 11737 4215 2084 1828 8439 5035 19639 28321 10761 9555 2905 
1956 3240 4538 3452 3451 3844 7546 8056 66023 59626 11634 8238 2952 
1957 3333 5n6 3044 2312 3510 n78 8435 40665 168598 102288 13889 6045 
1958 6838 5382 5108 6173 4536 13617 n74 73076 58557 10290 5931 3889 
1959 4128 8409 2945 3010 3136 10054 9214 39395 84673 15309 8235 4795 
1960 7890 7382 5533 3774 3335 6573 14528 37635 58403 14244 7534 3882 
1961 3671 4313 3752 3314 2453 6355 6321 44008 78415 13699 n09 9879 
1962 12959 10295 7108 4686 7656 n81 26181 85457 74486 28418 6957 3867 
1963 5146 4418 4134 3155 4335 6181 8730 39873 31451 n88 7853 5069 
1964 3351 5298 3111 2762 2452 13023 8244 41319 54116 21459 9746 4761 
1965 3930 7644 3696 4436 3580 7685 12532 41973 123123 28328 11325 11519 
1966 13598 9032 8367 5913 4170 7197 9647 33931 23826 6741 4282 2829 
1967 4350 4756 3107 2687 3038 5973 6454 26280 82370 40948 6215 5303 
1968 4924 4771 3538 4103 4848 6933 7645 25356 103016 20010 10511 65n 
1969 6017 4985 4m 3657 4268 7532 11799 54538 48868 14211 6553 4345 
1970 6628 6438 4595 4048 4255 5679 9631 68119 118107 31493 9190 6514 
1971 8163 n45 5242 4490 4088 7295 13842 57109 149928 37520 10533 7449 
19n 6550 5031 5347 3789 4064 6799 7905 35416 91498 13798 7843 5862 
1973 5535 5655 5075 5123 5336 10005 23682 6Z932 91655 32792 11454 6929 
1974 5962 7031 6001 12542 12953 10901 12511 76916 81377 19925 6604 53n 
1975 8630 5554 5794 5223 4406 5581 8185 26208 81800 69785 11191 5493 
1976 6471 4730 4595 3520 3814 7531 8848 35739 50435 21067 12794 5368 
1977 4329 5266 3918 2635 2412 5054 9405 28753 28270 7376 4233 2774 
1978 2902 6145 4486 3974 3975 5703 9240 431n 117743 36102 8871 5362 
1979 3994 5992 4661 3688 3810 8221 14175 62518 116956 28848 10422 4936 
1980 4505 4750 4331 4091 3607 6823 16892 68052 101404 18217 5198 3825 
1981 2567 5049 5984 4034 3548 6479 8635 22783 34468 8993 4049 3446 
1982 3424 5783 4233 3753 4367 6653 6269 34500 104796 55671 15209 10940 
1983 10471 6789 4419 4208 3871 11561 20943 39786 198798 136182 19616 7449 
1984 n83 8634 6226 5207 3869 7779 38526 93567 107190 49394 26298 10535 
1985 30496 10338 5067 4111 3383 7939 16990 70434 61842 16109 4767 4575 
1986 9283 5218 4577 7329 6662 12821 20577 70392 149368 33823 9002 n50 
1987 11409 9227 4980 5107 5017 7848 12749 38970 17360 6717 4075 30n 
1988 2334 4259 3687 2591 3433 6565 16960 55171 82468 15105 4537 3441 
1989 3644 6048 5068 4197 3789 5867 12554 26532 24624 6530 3958 3762 
1990 2480 6650 4646 2765 2560 5938 10840 26860 66290 16230 4760 4000 
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Water Rights 
The files of the State Engineer and Board of Control were searched to develop listings of the water 
rights on the mainstem Laramie and Little Laramie Rivers. Because the water right information 
was to be utilized in developing the basin model, the priority arrangement of the State Engineer's 
office was not satisfactory. Therefore, water rights were grouped by diversion, and then by model 
reach. Tables A-8 and A-9 list the downstream-ordered water rights on the Laramie River and 
Little Laramie River, respectively. 
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Table A-8: Laramie River water rights, in downstream order. 

Permit 
Ditch Name NU'ft)er Misc. Information Priorit~ !:l!! Cfs AE:!! -i:.!.:! 

-------------------------- Gage 6659500 - Pioneer Canal Diversions 

Pioneer Canal 1P City of Laramie-Oowlin 1868 I,Mun,Mfg,D 14.31 36-14-74 
6P Pioneer Canal 4-19-1879 I 71.43 49,030.00 

25P 2nd Approp. 10-01-1884 I 155.14 49,030.00 
66P From Last Chance 8-23-1897 I,S 8.93 635.00 

8612 Lake Hattie Supply 4-21-1908 Supply 0 tch 
2113E Enl. Pioneer Canal 7-03-1909 Supply 0 tch 
4632E Enl. Pioneer Canal 9-22-1928 Supply 0 tch 

Sodergreen Res. 6P 4-19-1879 I 443 acre feet 28-14-76 
Lake Hattie Res. 1372R Laramie Water Co. 5-11-1908 I 60000 acre feet 26-15-76 
Lake Hattie Res. 1373R Laramie Water Co. 9-18-1908 I 8500 acre feet 
Lake Hattie Canal No. 1 24888 Wyo. Game & Fish 8-01-1975 Fish,Rec 300 acre feet 

--------------------------- Laramie River Reach 1 

Parker 53P 09-06-1892 I 5.47 382.00 36-14-77 
57P 10-19-1895 I,S 16.87 1,180.00 

Last Chance 42P Jones & Norton 5-00-1888 I,S 2.93 205.00 31-14-76 
62P Last Chance 4-06-1896 I 5.73 400.00 
66P Last Chance 8-23-1897 I,S .43 30.00 

South 37P 4-00-1887 .71 50.00 31-14-76 
37P Sodergreen South 4-00-1887 .23 16.00 

Central 31P 4-00-1886 .64 45.00 31-14-76 

O. Sodergreen 21P 4-00-1884 I, S 5.23 366.00 31-14-76 

Island 3aP 5-00-1887 .36 25.00 32-14-76 

Fischer 36P 3-00-1887 I,S 1.73 121.00 29-14-76 
55P 1-01-1895 I 31.70 2,220.00 

Riverside No. 2 19P 1st Approp. 6-01-1883 22.70 1,589.00 32-14-76 
22P 2nd Approp. 5-01-1884 35.41 2,479.00 

"0. G." 35P 9-30-1886 I, S 8.81 617.00 32-14-76 

Sodergreen No. 2 3aP 5-00-1887 .79 55.00 32-14-76 

Sodergreen No. 32P 5-00-1886 4.00 281.00 32-14-76 
3aP Original Hammond North 5-00-1887 1.53 107.00 

Hanmond South 2aP 4-20-1885 .64 45.00 32-14-76 

King Water 9P 3-01-1881 46.20 3,233.00 3-13-76 
33P 5-31-1886 4.37 306.00 

1722E 12-15-1906 4.39 3OS.00 
2304E 3-03-1909 8.27 579.00 
2676E 7-29-1912 .69 48.00 

"0M II 21P 4-00-1884 7.54 528.00 2-13-76 

Riverside No. 13P 3-01-1883 21.44 1,501.00 2-13-76 

Caldwell & Gardiner 15P 4 11 1883 22.19 1,553.00 31-14-75 
30P Fall 1885 13.21 925.00 

Riverside No. 3 7561 12-15-1906 3.64 255.00 29-14-75 

Haley & Hoge 52P 2-02-1892 I,S 28.69 2,OOS.00 28-14-75 
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TableA-8: Laramie River water rights, in downstream order (continued). 
Permit 

Ditch Name Nunber Misc. Information PriorH~ Y!! Cfs A£w S-T-R 

Bush & Hol iday 56P 1-01-1895 7.14 500.00 28-14-75 
4264E Enl. Bush & Holliday 1-09-1922 2.28 160.00 

Cuba 2059 1-20-1899 .21 15.00 21-14-75 

--------------------------- Laramie River Reach 2 

Dowl in 1P (North and South) 1868 32.42 3,374.62 32-15-74 
63P From Cole Bros. 10-22-1896 I,D 3.62 253.00 

Hattie Canal 909 1-11-1895 6.77 474.00 13-15-74 

--------------------------- Gage 6660000 - Laramie River Reach 3 

Bamforth 16P 5-01-1883 I,S,D 4.00 280.00 29-16-73 

Fisher High Water 40P 9-00-1887 1.13 79.00 32-17-73 

Oasis 3P Abbott,Water,Coleman 10-22-1877 I 17.79 1,245.00 11-17-74 
10P Abbott & Coleman 4-30-1881 I,S 3.43 240.00 
14P 4-01-1883 I 1.71 120.00 
18P Bi lderbach 5-31-1883 I 16.00 1,117.00 
34P Original Oasis 9-22-1886 I 19.06 1,337.00 
47P 6-15-1890 I,S 64.57 4,520.00 

1353E Brockway Ext. Oasis 12-31-1903 I 2.65 186.00 
18nE Enl. Oasis 5-06-1908 I 6.n 471.00 

Biddick 10P Abbott appropriation 4-30-1881 1.57 110.00 13-17-74 
66P Biddick appropriation 9-08-1897 I,S 2.00 140.00 

--------------------------- Gage 6660000 - Laramie River Reach 4 
--------------------------- Gage 6661585 - Laramie River Reach 5 

Cooper Lake 23P Oscar Schmale 8-15-1884 I,S,D 7.86 550.00 27-19-74 

Dunn & Gillespie 23P From Cooper Lake 8-15-1884 I 2.00 140 7-19-74 
24P From Boughton 9-01-1884 I .64 44.8 
26P From Boughton 10-05-1884 I .67 47 
45P Orig.Dunn & Gillespie 6-00-1889 I 2.00 140.00 

2565E Enl. 0 & G 8-05-1911 I,D .28 20.00 

Dunn 23P From Cooper Lake 8-15-1884 I .21 15 6-19-74 
24P From Boughton 9-01-1884 I .16 11.2 
26P From Boughton 10-05-1884 I 3.84 269 
39P Original Dunn 6-00-1887 I 3.53 247.00 

1599E Enl. Dunn 9-07-1906 I,S 1.93 135.00 
2566E Second Enl. DlI'Y' 8-05-1911 I,D .40 28.00 

Laramie River & lone Lake 48P S. W. Gillespie Fall 1890 8.86 620.00 10-20-74 

--------------------------- Gage 6662000 - Laramie River Reach 6 

Wheatland Res. No. 2 1n4 Wyo. Deve l opment Co. 1-29-1898 I,D 98934 acre feet 31-22-73 
Wheat l and Res. No. 3 W.I.D. 5-31-1929 I 94700 acre feet 

McGill No. 1 12P 5-00-1882 I,S 10.07 705.00 31-22-73 

Dodge & Southside 1P Dogde appropriation 4-14-1894 I,D 1.71 120.00 33-23-73 
9344 Southside approp. 7-03-1906 I 1.32 93.00 

1605E Enl. Dodge 7-03-1906 I .04 5.00 
2316E Enl. South Side 10-14-1910 I .29 20.40 

--------------.------------ Gage 6663500 - Laramie River Reach 7 - Tunnel Diversions 
Tunnel Ditch, Tunnel 17P Wheatland Irr. Dist. 5-23-1883 I,D,Mun 633.00 58,264.87 36-23-n 
Enl. Wyoming Dev. Co. 1278E Mrs. Daisy Norris 10-29-1904 I .46 34.00 36-23-n 
Enl. Tunnel Ditch 

& Tunnel 6399E Wheatland Irr. Dist. 4-22-1968 58.57 4,099.55 36-23-n 
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Table A-9: Little Laramie River water rights, in downstream order. 

Permit 
Ditch Name NlIIi:)er Misc. Information Prioritx !:!!! Cfs ill!! S-T-R 

Fillmore 1809 2-23-1898 I, S 3.22 226.02 3-15-n 

Bellamy Terr From Loback on N. Fork 3-08-1888 I,S,D 59.00 4120.00 3-15-n 
Terr Original Bellamy filing 11-15-1889 I 13.71 960.00 
953E E. Loback 11-19-1902 I,S 4.14 290.00 
953E E. Loback 11-19-1902 I,S 1.14 80.00 

1856E E. Loback 4-09-1908 I,S,D 3.42 240.00 

Brubeck No. 1 Terr Spring 1878 .21 15.00 2-15-n 

Bruback Nos. 1, 2 & 3 Terr Spring 1880 .57 40.00 2-15-n 
10844 Originally Nile Ditch 8-02-1911 94 66.00 

Brubeck No. 2 Terr 6-00-1882 .85 60.00 2-15-n 
1492E Enl. Brubeck No. 2 7-06-1905 I,S,D 1.92 135.00 

Lake Hattie Supply No. 2 10363 12-05-1910 Supply Ditch 2-15-n 

Mamnoth Terr 6-07-1890 28.57 2000.00 1-16-76 

Symes & Deerlove Terr 5-01-1888 .57 40.00 1-16-n 
184E Enl. Symes & Deerlove 2-21-1896 7.42 520.00 
504E Enl. Symes & Deerlove 2-19 1900 I,S 1.61 113.00 
637E Enl. Symes & Deerlove 3-20-1901 I .46 32.00 

2225E Enl. Symes & Deerlove 5-31-1910 I,S,D 8.40 595.00 

Deerlove No. Terr 4-00-1882 .57 40.00 1-15-n 

Albany Terr From Hatton Ditch 6-01-1879 .56 39.00 30-16-76 
Terr Original Albany filing 4-10-1881 1.82 127.00 
Terr From Reid DHch 4-20-1888 1.14 80.00 

486E From Enl Reid Ditch 12-28-1899 I 4.25 298.00 
3989 From Ajax Ditch 6-02-1902 I .88 62.00 

John W. Webb No. 4 Terr From Albany Ditch 4-10-1.881 I 1.51 106.00 30-16-76 
Terr Original Filing 5-15-1888 I, S 2.28 160.00 

Hecht & Farrell Terr 5-01-1882 I 14.28 1000.00 20-16-76 
Terr 5-00-1887 I 14.28 1000.00 

Beaver Terr Spring 1884 .85 60.00 20-16-76 
Terr 5-20-1891 4.00 2BO.00 

Black Water Terr 3-10- 1887 45.71 3200.00 17-16-76 
Motley Terr Spring 1883 1.14 BO.OO 17-16-76 

Haley & L. Haley Terr 1876 4.57 320.00 9-16-76 
Terr From Home 6-00-1882 I,D 5.71 400.00 
Terr From Grant No. 2 Spring 1887 I .57 40.00 

Grant Terr 6-00-1882 1.14 BO.OO 9-16-76 

Hecht No. Terr Spdng 1887 .57 40.00 9-16-76 

Garden Terr 4-15-1887 .42 30.00 3-16-76 

Snake Terr 6-22-1886 23.65 1656.00 2-16-76 

Sutphin-Abrams Terr Spring 1882 1.43 100.00 2-16-76 

Judson, Sutphin & Co. Terr Ditches 1, 2, 3, & 9 5-05-1875 7.14 500.00 2-16-76 
Terr From Cairo 5-01-1882 .85 60.00 

Judson, Sutphin & Co. Terr Ditches 4, 5, 6, 7, & 8 5-29-1874 7.43 520.00 1-16-76 

Jones No. 2 1401 8-03-1896 .57 40.00 1-16-76 
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Table A-9: Little Laramie River water rights, in downstream order (Continued). 

Permit 
Ditch Name N\.IN)er Misc. Information Priorit:t Use Cfs !£.W S-T-R 

Alexandra Terr 5-01-1882 4.85 340.00 31-17-75 

Swan Terr 5-01-1883 2.85 200.00 31-17-75 

Victoria & Victoria No. 2 Terr 5-01-1881 6.85 480.00 31-17-75 

Triangle, Double Triangle Terr Also Jennie B. & M.B. 1876 I,S,D 11.00 760.00 22,28-17-75 

Harris No. Two Terr From Pierce 6-00-1878 .86 60.00 22-17-75 
Terr From Alsop No. 3 5-00-1882 1.08 75.32 
Terr From Harris 4-00-1883 2.28 159.55 
7065 Original Harris No. 2 1-29-1906 1.90 132.98 

--------------------------- Dry Creek Diversions 

Enl. Reid Lateral Hatton 503E 2-19-1900 1.69 118.00 2-15-n 
638E 3-20-1901 2.83 198.00 

Brubeck Terr Spring 1880 1.11 78.00 1-15-n 

Brubeck No. Terr Spring 1878 .93 65.00 1-15-n 

Reids Island 3091 3-20-1901 .72 51.00 1-15-n 

John McCreary Terr 10-00-1887 18.28 1280.00 36-16-n 

Hatton Terr 6-01-1879 1.42 100.00 2-15-n 
Terr Sl.IIIIIer 1884 .48 33.52 
Terr Sunner 1884 2.11 148.00 

Deerlove No. 2 Terr 4-00-1889 1.14 80.00 36-16-n 

Hatton No. 2 Terr Trans. from Hatton Ditch 6 1 1879 .24 17.00 30-16-76 
Terr Trans. from Albany Ditch 4 10 1881 .27 18.70 

Hatton No. 3 & 4 Terr Trans. from Hatton 0 tch 6 1 1879 .34 24.00 30-16-76 
Terr Trans. from Albany D tch 4 10 1881 .69 48.00 
Terr Trans. from Hatton 0 tch Sunner 1884 .17 12.00 

Dry Creek Terr Spring 1883 .85 60.00 29-16-76 

--------------------------- Sand Creek 0 i vers ions 

Corner Section No. 3 Terr Spring 1888 .56 40.00 3-16-76 

Slough No. 2 Terr Spring 1878 .43 30.00 10-16-76 

Slough No. Terr Spring 1887 2.00 140.00 10-16-76 

Alma Terr 3 o 1890 40.00 6-16-76 

Jack's Terr Spring 1888 .85 60.00 3-16-76 

Fleming Terr 6 o 1879 4.28 300.00 3-16-76 

Abrams No. 2 Terr 5 o 1882 1.14 80.00 2-16-76 

Kinmel Terr 6 15 1881 .85 60.00 10-16-76 

Grow Terr 6 o 1880 .28 20.00 10-16-76 

Abrams Nos. 1 & 3 Terr 4 o 1887 1.71 120.00 2-16-76 

McCall & Bi rd Terr 4 8 1889 7.43 520.00 2-16-76 

Kellogg, Terrell & Bramell 
Nos. 1 & 2 Terr Several canals Sunner 1881 I,D 5.00 350.00 6-16-75 
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Table A·9: Little Laramie River water rights, in downstream order (Continued). 

Permit 
Ditch Name ~ Misc. Information Priorit~ ~ Cfs ~ S-T-R 

Poverty Flat Terr 3 o 1890 12.85 900.00 6-16-75 
Terr From Snake 6 22 1886 1.32 92.08 2-16-76 

Bath No. 1, 2, & 3 Terr 4 15 1877 3.43 240.00 5-16-75 

Park Terr 8 27 1887 I,D 8.57 600.00 5-16-75 
Terr 8 27 1887 I 5.00 350.00 5-16-75 
577E Enl. Park Irr 7 5 1900 I 4.85 340.00 5-16-75 

Hall-Pierce Terr From Hall Brothers 4 o 1880 .29 20.00 22-17-75 
Terr From Pierce 6 o 1878 .88 61.34 13-17-75 

--------------------------- Browns Creek Diversions 

Taylor Terr Sumler 1880 .64 45.00 6-16-75 

Lincoln Terr 4 15 1876 2.28 160.00 5-16-75 

Bismark Terr 4 o 1876 4.28 300.00 5-16-75 

Alsop No. 2 Terr 5 o 1871 I,D 9.40 640.00 33-17-75 

Alsop No. 1 Terr Alsop No. 1 5 o 1881 I,S,D 22.01 1525.50 4-16-75 
(May's, Upper & Terr Spring 1887 1,5,0 8.75 600.00 
Lower Alsop ditches 806E Enl. Alsop No. 4 12 1902 I 1.14 80.00 

Carroll No. 1 Terr 4 12 1882 I 1.71 120.00 25-17-75 
Terr 1886 I .85 60.00 

1124E Enl. Carroll No. 11 2 1903 1,5 2.31 162.00 
1124E Enl. Carroll No. 11 2 1903 I, S 1.11 78.00 

Carroll Pascoe Terr 4 12 1882 I 3.57 250.00 19-17-74 
Terr Carroll & Pascoe 10 15 1887 1,5,0 2.40 160.00 

Pascoe No. Terr 5 o 1881 1,5,0 2.28 160.00 18-17-74 

Higley Terr Spring 1874 3.60 240.00 17-17-74 

Fillmore Terr Spring 1881 1,5,0 3.50 240.00 8-17-74 

----------------.--------.- Sprague Creek Diversions 

Willan Fee Terr 5 10 1878 3.43 240.00 32-17-75 
Terr Spring 1884 1.43 100.00 

F Bar F Terr 5 o 1879 2.28 160.00 28-17-75 

Lee Hughes & Greaswood Terr 1880 1,5,0 6.50 440.00 28-17-75 
Terr From Alsop No.3 Ditch 5 o 1882 I 5.14 360.00 

Hall & Sprague Terr 1875 1,5,0 2.50 160.00 22-17-75 

Scott Terr From Alsop No.3 Ditch 5 o 1882 2.92 204.00 22-17-75 

---------.----------------. Ziegler Creek Diversions 

White Terr From Alsop No. 1 5 1881 2.49 174.50 34-17-75 

Hughes & Clark Terr 5 15 1889 6.85 480.00 34-17-75 

Murphy Terr From Pierce 6 1878 1.12 78.66 35-17-75 
Terr From Hall Brothers 4 1880 4.42 310.00 
Terr Original Murphy 5 1885 6.85 480.00 
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Modeling 
To evaluate proposed water development alternatives, a computer simulation model of water 
supply and uses in the upper Laramie River basin was developed. Because of the reconnaissance 
level of this Level I investigation, the model is certainly not comprehensive; a more detailed level of 
modeling effort should be conducted if the project progresses to Level II. However, the model did 
provide useful information and allowed cursory evaluations of project alternatives. 

The HYDROSS model developed by the U.S. Bureau of Reclamation (Billings, Montana office) 
was utilized for this investigation. The WWDC has copies of the model and its documentation. 
Also, copies of the model input data used in this investigation are available from the WWDC. 

HYDROSS has a great number of options for modeling a basin's water rights and reservoir 
operations. Diversions may be assigned priorities, and both canal and field losses can be assigned. 
The percentage of canal and field loss returning the river may also be assigned. HYDROSS uses a 
monthly time step, so monthly streamflow data are required as input. 

No attempt was made to model each individual water right. Instead, several diversions were 
lumped together in river reaches, bounded by model node points. Figure A-I illustrates a 
schematic representation of the model, with its associated reaches and node points. Within 
reaches, rights were further subdivided and lumped together by priority date. Rights were lumped 
into six priority groupings, separated by five key priority dates. These key priority dates are: 

• 1868 Dowlin Ditch priority 
• 5/23/83 Wheatland Tunnel priority 
• 1/29/98 Wheatland No.2 Reservoir priority 
• 4/21/08 Lake Hattie Laramie River diversion priority 

or 
12/5/10 Lake Hattie Little Laramie diversion priority 

• 5/31/29 Wheatland No.3 Reservoir priority. 

Other than the above setup, the model input data set follows the rules given in the HYDROSS 
users'manual. However, to make the model work better with Wyoming water law, two steps were 
taken. 

• 

• 

The HYDROSS model automatically assigns all reservoirs the most junior water right 
priority date in the system. To overcome this limitation, a reservoir must be modeled as 
an offstream reservoir with a diversion supply canal. The supply canal is then assigned a 
priority date. Lake Hattie and Wheatland No.3 Reservoirs are offstream, so this is no 
problem. Wheatland No.2, which is onstream, was modeled as offstream, but with a fake 
canal sized large enough to handle all inflows. Flows in excess of water rights for the 
reservoir were immediately released to the river. 

The basic premise behind the water rights routines in HYDROSS is that the irrigator will 
divert the lesser of his water right amount or what is actually needed. This is generally not 
the rule in Wyoming, where you expect the irrigator to divert all his water right whether he 
needs it or not. To overcome thIS model limitation and ensure that a full water right 
diversion was being made, the canal loss parameter water increased so that a full 1 cfs per 
70 acres would be diverted, when the right was in priority. 

U sing the available streamflow data, model calibration was done by adjusting the percentage of 
diverted water returning to the river and the return flow delay sequence. Some additional stream 
losses and gains were also added to make station flows calibrate better. Overall, the model 
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calibration is pretty good, though there are a couple of months at some stations that could be 
better. With more time and a more detailed level of analysis, one should be able to do a pretty 
good job of calibrating this (or another) model to the real-world situation. 
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Figure A-I. Schematic diagram of the upper Laramie River basin simulation model. 



B Stage II Water Marketing Agreement 

B-1 



AGREE~~T 

7!iIS ..\GKE::~!E~T. entered bto this 2f1'~ dav or Mjt!?Y ,1986. by 
and ~e[ween the Chevenne 30ard of Public Utilities (hereinaiter relerred to as 
the C3?l') for and en benalf of the City of Chevenne and the :~yor:1ing "'ater 
!)ev"ioo:-:ent CO::-.l:::'5510n (he~<'ln:Jl't<!r :-efer:-ed to as (he t.1.1>C) (or and on behalf 
of [~e 5[~te of ~VOCl~~. 

IJIr.:;:SSE::: THAT: 

I.;;E:?EAS the Fort::-e!.~hth lelJis!ature of the State of WYODlin~ has through 
provisions in Cha.,ter 114,/1986 Session Lav~ of "~omi:1I1, authori=ed the WOC to 
carket e~cess and eifluent _aters of CEPU's Stage II Project; and 

:.1tE!\~S the ~"w1>C and C3?U desire to implement said provisions of Chapter 
114 through this Agreement: 

:;0\1 THEREFORE. in co:)s idention of the mutual prooises herein, the WWDC and 
CBPU ~gree as follows: 

All water in e~cess of the neecls oJ t.h~ ci..L., a£ t:he~e within the 
service area of the city produced by CBPU's Stage II Project {excess Sta~e 
II water} shall be assi~ned to and marketed by the ~~C for as long as the 
excess water is available or until July I, 2036. whichever is earlier. The 
first option to purchase not more than eighty percent (80%) of excess Stale 
II ·..,ater shall be extended to cities', tovns and special districts vithin 
the ~orth Platte basin for the beneiit of their inhabitants at a negotiated 
cost. Sales cont1"3C ts entered into by the t.1roC shall be adaiDf.t'lPed by 
the ::conomic Development and Stabilization Board (EDSB)o. To optimize the 
amount of excess Sta~e II water available for oarketing vithout jeopardiz
ing ·..;ater suc!)l:'as ~ecessary to !!Ieet the ci:'j of Cheyenne's municipal 
needs. the C3?U shall develop a Stage II m2na~e~ent plan acceptable to the 
\.1.'i)C and the state en~i:leer (See Exhibit "A"). The EnSB shall transfer 
thi::y-seven ~nd three tenths percent (37.3:) of the proceeds from the sale 
of the excess Stage II ~ater to the city oi Cheyenne vhich it shall apply 
to the repaYMent of the loan provided by "'.5. 41-2-210(c) until the loan is 
repaid. 

II . STACE II EF~tt:~:rT 

All effluent fre: the CBPU's treateent pl~nt resultir.1 frum ~tage II 
municipal I.:ater (St.u;e II effluent) shall be assigned to and marketed by 
the IoWC until the C~PU and the city of Cheyenne develop the ab1t1pr and 
the need to recycle or use thatIJ"-ter for 1I:unicipal purposell·. Sih con
trllcts entered into by the I~VDC' shall be administered by the .. ~DSB~ The 
EnSB shall provide th1rty-se~e.n and three tenths percent (37 .~p Of t~e 
proceeds of the sale at Stage 'II effluent to the city of Cheye"fe for 1~ 
use. The lJI.'DC ['I:1Y ·..,ithdr01w fJp to si~-t·.JO and +.even tentlls percent 
(62.7:) of the St:1~e II effluent'from s41e ~nd the CBPU oay v1thdrav up to 
thircy-!~"en ~nd t~rce ~en~hs ~c:cant el7.):) of the Stage II effluent fro. 
sale. If either the C3PU or t~e wVDC vi.hdraws a~y portion of its share of 
St~ge II effluent frOID the market its!.share of revenues generaeedj'by ,..1 .. 

ci :he ~e~a:~Ger snaIL be reduced proportionatelv. The sale or vithdr2~ai 
::e~ sale or 5t~2e II eiilcent snail not be accomplished ~ithout consult3-
c::n ~~onq :~e :,~UC. ~he C3PU and the state en~ineer. Because the effluent 
ai:~c[ed here6v is a bv-?roduct of the Sta~e II dams and pipeline projects. 
=~ere are ~o ~<,ser:c~:ons on the city of Chevenne's use ot i~s share of the 
~cv,,~ues ~e~era~<!ri b~ the sale or Sta~e iI effluent. 

The C~?U a~rees to coerate anc ~ana~e its supply systems ior the Sta!e 
II Project !~cludi:l~ its '~ob aoy Reservoir supply system and the HOI Park 
!teser'.'oir su!,pl~ syste!:! 1:1 conior.:it~1 with the att:1ched operatinl plan 
(E::hi!lit "A"). ~:othir.~ in that plan relieves the C3PU of its obliaation to 
assi~n all of i:s excess Sta~e II ~ater to the ~C pursuant to t~~ "te~ 
of Sect!.on I of :~is A~reeoent. The operatin~ plan (Exhibit A) is 
designed to provide the opt!:um amount of excess Sta,e II vater for sale 
vithout ~eoparci:!.~; ~ater su?plies necessary to meet the city oi 
Cheyenne's :unic!?al needs. 

1'1. ~!:\RKE7:::G ?!..\~ 

The !,"'DC asrrees to 1:Iu'ket both exca.. Stalle II vater and Sta1l4iC""'!I 
e£!!~ent in acco;dance vith the attached marketin, plan {exhibit "~). The 
:larketing plan is subject to periodic review at the request of either 
party, but !~ no event less f:equently than once every five (5) years. Any 
amend~en: to the marKetin~ plan resulti~~ iroo a review by the parties must 
be cade in the manner specified in Section VI. The marke~ing plan ,~s 
deoendent upon excess Sta~e II water being avail.1b1e throu~n the CBPt! 5 

op~r3tion of t~e Stage II Project 1n accordance with Exhibit ~A." 

v. COS:~ 0: O?!:?_!.T!O~. :-!..U:'T;:::.l...'.;CE A:m RE?:\TR 

ihis A~ree~ent does not obligate the \·:\,1>C or EnSB to participate in 
any coses ~ssoci:1ted ~ith operating, caintainin~, repa1r1:11. replacing 
cO;;Donenes. etc. associated ·.:ith the Stilge II Project. The ~C or EDS! 
will particioate in the actual cost of a storale account iD Semina. a •• eE
vot: to ~.1Ci!!t3te excess Stage I! ~ater char;ed by the United States 
Bureau of ~eclaaatlon. The amount of this participation will e1ual six
:j-tWO and seven tenths percent (62.7%) of the coat to store the quantity 
of water defined a. excess Stage II: water availabla for sale by the 
Cheyenne St<l~e II Project - Operating Plan (Exhibit "A"). This does not 
include the cost for any part nf th~ storage account used to store vater 
for <lny other pU4?Ose. The CBPU vill bill the ~C or En5B fOL its share 
of the Seminoe storale cosu on an annual basis. The billin& vill be 
acco~oanied by docuoentatlon of the actual stor3~e costs. The billinl vill 
be du'e and payable by the \~1>C or EDSB within thirty (30) days of receipt. 
It is understood that the Seminoe storage costS are payable in advance and 
that t~e ~ft'DC or EnSB ~ill receive its proportionate sh:1re of credit aiven 
by the aureau of Recl~o.1tion for unused Storilge or ~ater spilled. 

This Agreement together ~lth all incorporated exhibits represents the 
entire agreement betveen the parties reg:1rding the subject matter contained 
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~erein. It supersedes all prior and contemDoraneous agreements. 
:'i!presentatiilns ana unde::-standin~s of the parties, No supplemene. codi
::'c3eion or :u:;enci::ent to this Agreelllene shall be binding unless made 1n 
~rit1ng and executed by the parties hereeo. 

VII. C~OICE OF tAW 

T~is Agree!!!ent shall be loverned and interpreeed in accordance wieh 
~~e laws of hyoming. In the event any 0: ehe sections of this Agreement 
are deemed to be unenforceable. that shall not affect the enforceabiliey of 
the reetaining sect!ans. For purposes of this Alreement. any statuteS or 
bws reierrea to i:l this Alreemenc will be used and interpreted as those 
statutes and laws e~ist on the date of this Agreeaent. The date of this 
Agreement will be t~e date it is approved as to for. and execution by the 
Attorney G~neral or ~is representative. 

VI!!.A77ACh~!NTS 

Exhibits "A" and "8" referred to in this Agreement are attached to and 
ir.cluded within this Agreement by reference. 

I:c. CA?T!O~:S OR !iE:AD~:O:::S 

x. 

The captions or headnotes on sections of this Agreement are intended 
for convenlence and reference purposes only and in no way detine. limit. or 
describe the Scope of Intent thereof. or of this Agreement. 

Any notice required or permitted to be siven shall be sent by Cer
tified ~ail-Retur~ R.ceipt Requ •• ted and addr •••• d to the respective 
parties a. follows: 

To the , ... .mC: 

To tne CBPIJ: 

,",yooing I.'ater Development COllllDiss1on 
Herschler ~uilding. Third Floor Ease ~ing 
Cheyenne. Uyominl 82002 

Cheyenne Board of Public Utilit:es 
P. O. Sox 1469 
Cheyenne. ~yoming 8200) 

I:: ::I7::ESS ',:liE,,::'::':, T!c.e ',1.1>C and the C3PU have execueed this Agree!:!en[ ,JS of the 
d,Jte iirst above ~r:::~n, 

.;t:i!sr: :;~'-'/"~ ... u,<:..:::Q.c~ 
~~c~,Je~ ~. :~rce~~ 

AJ::a:llst:-:![Cr 
l·:yo:;ll.~~ (,"ater Developeent CO=::l. 

At"est: ~~--[/(_~-j 
~~r:n Sec:-} I 
S~c:-ee:lr:' 

30.rd of ?~blic ~ti!::ies 

~.ttd~~J 
genn1s ~. C.:)o.-
Assistant Attor~ey G~neral 

i)v: 
jQlDes 1. :;vole 

qha~r=an 
wyom~ng ~;ater Developn:ent COIlll:l. 

~ill:'a~ L. Glanz 
Secretary 
~yomir.g ~ater Developr-ent Cacm. 

'1 0· . \ " '/ ' { A j 'I ' 
By:' I 'J..: J {' rll!!icr;-

Jalll,2's' ,:.ppiegate;; / 'I { 
President 

/ Bdard of Public Utilit:es 

.~ 

, 1986. 

) 4 



EXHIBIT .. ,\" 

Ch~yenne Sta~e II Project -- Operating Plan 

.'.5 ~e!" '..:.S. ':'i-2-210{e). the C!leyenne !loard or Public Ut::'l1:::'!!S h.1s deveo! 
o::Jeci -' S:.l~e :;:: =3:1a~e!!ler.t ;>l.1n which ooti::Ji:es the .lmount of elCcess Stage II 
~ate: a~ailable ~or ~arketin; without jeopardi~ing yater supplies necessary to 
=ee~ :~e ci:y of Cheyenne's e~isting and projected future yater needs. The plan 
~cen[:::es the foll~Ying vater quantities as excess Stage II Vater available for 
sale: 

1987 :~roush 2005 
~OC6 th~ough ~011 

Quantitv 

6.400 acre-feet per year 
4.000 acre-feet per year 

7~ese quantit!es 0: vater aay be committed for purchase by the Vater Developaent 
CO=,:=~$$ion. HOl.:ever. the 1.1.i)C ::Jay not c01lllllit quantities of vater over these 
1i=::':$ ~ithout prior ~ritten consent of the Cheyenne Board of Public Utilities. 

:~e operating plan is based on co~putations in a Lotus spreadsheet na=ed 
C~=:·::::::;::.· .. j(S and ent::':led "Cheyenne Stage II Project Operation Plan." Each 
colU~:1 0: the spreadsheet is elCplained belov: 

Colu:n A: ~ear of operation. 

C~lu~n B: 'he a~ounc of vater supplied to the city by Crov Creek every 
year. 

Coiu:n C: The a::Jount of vater supplied by the city's groundvater veils each 
yea: . 

Colu=n 0: ~he a~ount of water supplied by Stage I each year. 

C~lu:n E: !~e a::Jounc of vater avai13ble for use. exchange or sales from 
Stage II each year. 

Colu=n F: The a~ount of vacer available to the city ~ue to North Platte 
River surplus. (It vas aSSUMed thac a surplus of 10.000 
acre-fe!!t \lill Occur once in ten. years for an average annual 
surplus of 1.000 acre-feet.) 

Colu::Jn C: The 3::Jount of vater arriving in Cheyenne frOM Stage II plus the 
Ilorch Platte surplus as lil!lited by pipeline capacity. (These 
nu=bers have nothing to do vith the aMount of vater available for 
sale from Seoinoe storage.) This column 1s computed by a nested 
~IF tunct~on th3t inserts values 3S folIous: 

Pr:'or 
TO 
19~G 

1~~4 

AND 
3E':"O~D 

Stage 1I plus 
North Platte surplus 

'acre-feet) 

l.!ss than S.OOOIt 
Greater than 0: 
equal to 5.000 

Less than 17.500** 
Greater than or 
equal to 17.800 

.\IoUJ,)..jI./l 

Value Inserted 
into Column C 

(acre-reet) 

Sta~e II plus: 
.'. !'!3tte sur~lus 

5.000 

Stase n plus 
~. Phtte Survlus 

17.800 

·C3~acity of or1~1nal pipeline. in acre-feet per ?ear 
*·Capacity of elCpanded pipeline becinning in 1994, in acre-feet 

per :tear 

Column H: The amount of vater available to Chevenne (vith pipeline capacity 
lioitations) computed by adding rov entries rroo columns B. C. D 
and C. 

ColUMn I: The total aaount of vater available to Chevenne for use or sale 
(no pipeline l!~itations) cOMputed by adding rov entries f~o .. 
coluans !, C, D, E and F. 

Column J: Cheyenne l:unicipal demand vas based on the ":.later Supply Needs 
Assessr.lent" generated by the North Platte t.:ater Develop.ent Joint 
Pavers Board. 

Colu~n K: ~st::':ates of system losses including evaporation. seepage, 
conveyance. and transmission losses. 

Colu=n L: Sur~!ul cont~act sales. The ent~ies beginninc in 1987 vere 
chosen by trial and error to insure there vould be no spills anc! 
at least ~O% of the available storage vould be maintained aiter 
the year 2007. 

ColuQn ~: Tot31s deeands -- Computed by add inc rov entries from colu.ns J. 
le. and L. 

Coluan ~: The amount of vater added to or taken from storage is c~puted by 
subtracting total de ... nds (column 11) from total supply (column 
[). A positive nUMber indic3tes vater is added to storage. A 
ne~at1ve number indicates vater 15 removed frOM stor3le. 

Coluon 0: The amount of scoralte 1n all of the ctt;-'s reser"lolrs. excludins 
Seminoe scor.1lte. Up to 1986. this value 15 equal to che greater 
of 2:!.~6) acre-feet (total stor.1,e volume) and the previous 
year's stora~e plus or minus the nev storage frOM column N. For 
1986 and beyond. this value is equal to the lreater of 68.246 
acre-leet and the previous year's Stor3ge plus or .inus the nev 
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C Benefits Analysis 

Irrigation Water Benefits Analysis 
The Upper Laramie River Basin is composed of approximately 101,400 
irrigated acres about 87 percent experience irrigation water shortages 
on an average annual basis. As Table C-1 illustrates, the primary 
crop irrigated in the upper basin is native hay and pasture , with a 
very small acreage (less than 1%) dedicated to oats and barley. Based 
upon agricultural statistics published by the Wyoming Department of 
Agriculture for the period 1984-1989, the average annual total value 
of crops irrigated within the upper basin is approximately $81.00 per 
acre excluding production costs, which can exceed 60% of total gross 
returns. 

Table C-l: Cropping Pattern of Irrigated Agriculture Upper Laramie River Basin. 

Crop 

Barley 
Oats 
Alfalfa 
Pasture 
other Hay 

Totals 

Acres 

130 
350 

2,898 
36,700 
61,333 

101,411 

, of Total 

0.1 
0.4 
2.9 

36.2 
60.4 

100.0 

Yield (Units per Acre) 

55bu 
55bu 
2 tons/ac. 

n/a 
1.2 tons/ac. 

Very little information exists on the value or economic benefit of 
supplemental irrigation water supplies used for irrigated hay and 
pasture within Wyoming. For this reason a methodology has been de
veloped utilizing previous economic analyses of proposed projects 
within the Laramie and North Platte river basins. Previous studies 
utilized for this investigation were the "Deer Creek - Level III 
Interim and Design Concept Report" Banner Associates, 1984; "Horse 
Creek Level II study" HDR Infrastructure, Inc., 1986; and the "Wheat
land Irrigation Canal Improvements Project Level II study, CEPI,Inc., 
1990. Based upon the economic analyses performed for the above stud
ies, the value for supplemental irrigation water supplies varies in 
the lower Laramie and Platte River Basins from $22 per acre-foot to 
$26 per acre-foot. The most recent study completed for the WWDC by 
CEPI, Inc. indicated that the Wheatland Irrigation District's ability 
to pay for supplemental irrigation water supplies in the Lower Laramie 
river basin was $25 per acre-foot. For the purposes of this investi
gation $25 per acre-foot was used as the lower Laramie River Basin's 
ability to pay for supplemental irrigation water supplies. 

To assess the benefits of supplemental irrigation water supplies for 
the Upper Laramie river basin, a relationship was developed with the 
Lower basin and previous studies. Of the total $25 per acre-foot 
benefit estimate of irrigation water supplies in the lower basin 

C-1 



approximately 63% or $15.75 per acre-foot is attributable to the 
production of alfalfa hay. Because the upper basin is comprised of 
nearly 100% alfalfa and native hay $15.75 per acre-foot was used as 
the baseline irrigation benefit. This figure was then reduced by the 
proportionate reduction in yields in the upper basin compared to the 
lower basin (2.125 ton/ac. vs. 1.60 tons/ac.) by $3.89 per acre-foot. 
This results in a total upper basin irrigation benefit of $11.86 per 
acre-foot. It is important to point out that the ability to pay 
estimates for both the upper and lower Laramie river basins are meant 
to represent a break-even point for the operator. At these estimates 
the operator should be indifferent to the purchase of supplemental 
irrigation water. 

Recreation Benefits Analysis 
In assessing the potential recreation benefits of proposed Laramie 
river basin water project alternatives, discussions were held with 
Mssrs. Tom Annear, Bob Wiley, and Don Miller of the Wyoming Game and 
Fish Department. These gentlemen provided valuable data on fisherman 
days and current value of a fisherman day in the Upper Laramie River 
Basin. The Wyoming Game and Fish Department has estimated the follow
ing total fisherman days for selected Laramie River Basin Reservoirs: 

Facility 

Lake Hattie 

Total Fisherman Days 

Wheatland Reservoir #1 
Wheatland Reservoir #2 
Wheatland Reservoir #3 

20,000 
3,250 

500* 
34,185 

* - Currently Wheatland Reservoir #2 is not open to the Public for 
fishing. The 500 day estimate was arrived by estimating the limited 
private use. 

Based upon recent WGFD studies it is estimated that a current (1991) 
fisherman day is valued at approximately $54.80 per day. Utilizing 
the fisherman day values listed above, the following are the total 
annual values of fishing at the above facilities: 

Lake Hattie (20,000*$54.80) 
Wheatland Reservoir #1 (3,250*$54.80) 
Wheatland Reservoir #2 (500*$54.80) 
Wheatland Reservoir #3 (34,185*$54.80) 

Total 

C-2 

= 
= 
= 
= 

= 

$1,096,000.00 
$ 178,100.00 
$ 27,400.00 
$1,873,338.00 

$3,174,838.00 



Using a discount rate of 4% for a period of 50 years the total present 
value of recreation at the above reservoirs is: 

Lake Hattie 
Wheatland Reservoir #1 
Wheatland Reservoir #2 
Wheatland Reservoir #3 

Total 

= $23,544,500.00 
= $ 3,826,000.00 
= $ 588,600.00 
= $40,243,400.00 

= $68,202,500.00 

C-3 
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