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Ie Introduction 

A. General 

This report presents the findings of a Level I reconriaissance investigation of potential 
aquifer storage and retrieval (ASR) technology applicable to the Lodgepole Creek 
drainage in eastern Laramie County, Wyoming. This study evaluated the feasibility 
of providing supplemental water sources for groundwater users in that part of eastern 
Laramie County within the Lodgepole Creek drainage. The study evaluated the 
amount of groundwater used within the Lodgepole Creek basin, if water sources were 
available for recharge, if the lands or aquifers within the drainage are suitable for 
recharge applications and technologies, and developed reconnaissance level cost 
estimates for several potential water supply and transmission systems. 

B. Background 

Eastern Laramie County is one of the most intensively farmed areas in the State of 
Wyoming. The Laramie County Conservation District reported that there were 
179,430 acres harvested in 1991 in Laramie County and that 78,330 acres were 
irrigated in that year. The total value of agricultural production in Laramie County in 
2000 was approximately $99,000,000 (USDA Ag Statistics). 

Eastern Laramie County is unique among irrigated areas in Wyoming since it depends 
on groundwater almost exclusively as the water source. Currently, it is estimated that 
there is approximately 38,000 acres irrigated with groundwater in the County. Of that 
amount, approximately 19,250 acres are located within the Lodgepole Creek Basin. 
Estimates of the amount of groundwater used for irrigation in the Lodgepole Creek 
Basin range from 23,000 acre-feet (AF) to 45,000 AF (refer to Section ill). Figure I
I shows the Lodgepole Creek basin with the areas irrigated using groundwater 
highlighted. 

As a result of concern about declining water levels and possible interference between 
wells, a Groundwater Control Area was established in Laramie County in 1971. The 
Laramie County Control Area currently covers approximately the eastern two-thirds 
of the County (Townships 12 through 18 North and Ranges 60 through parts of 67 
West). A control area is defined by Wyoming Statues as "any under groundwater 
district or sub-district that has been designated by the Board of Control." A control 
area serves the function of a ground water management district with an elected 
Advisory Board comprised of five individuals who own land within the area. The 
board serves in an advisory capacity to the State Engineer when any new applications 
for groundwater development are submitted. Stock watering, domestic, and 
miscellaneous uses where the amount of water to be used does not exceed 25 gallons 
per minute are exempt from the Control Area requirements. 
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Since the Laramie County Control Area was formed, water level declines seemed to 
have slowed and in some cases water levels have even risen as indicated in United 
States Geological Survey (USGS) and Wyoming State Engineer's Office (Wy SE~) 
monitoring wells. Figure 1-2 shows the locations of several of the monitoring wells in 
Laramie County and shows the water level changes in the wells. 

Water levels in the monitoring wells and in several production wells seemed to have 
declined sharply during 2000. Many water users reported that they were forced to 
shut their wells off early in the season due to declining levels and in some of the most 
extreme cases they were unable to use their wells at all. Although there was normal 
winter and spring moisture in 2001, several water users again reported problems with 
their wells. 

C. Study Organization 

The Lodgepole Aquifer Storage and Retrieval (ASR) Study progressed through 
several steps, generally following the Scope of Services prepared by the WWDC for 
this study. 

Phase I of the Project included Project Meetings, Needs Analysis and Demand 
Projections, Investigation and Evaluation of Supply Sources, and Development and 
Evaluation of alternative water and transmission system. Phase II of the project 
evaluated the hydrological, hydrogeological, and institutional feasibility of storing 
water in the Lodgepole Creek drainage aquifers for retrieval at a later date. Phase III 
included Cost Estimates and Economic Evaluations, Permitting Issues, Funding 
Options, and preparation of this report. 

The initial part of the Lodgepole (ASR) Study undertook two major tasks 
simultaneously: 

• Evaluate the water needs and estimate future demands. 
• Develop and evaluate potential water supply sources. 

Since this was a Level I Reconnaissance study, the Scope of Work prepared by the 
WWDC did not include extensive fieldwork, test wells, pump tests, pumping 
measurements, or other activities to gather original data. Instead, numerous sources 
of published and unpublished data were consulted and reviewed. Field trips to the 
project area to meet with water users including irrigators, the Town of Pine Bluffs, 
and Town of Burns personnel were conducted. A meeting with personnel from High 
Plains Energy to gather data concerning irrigation electrical use was held. 
Periodically the water level in the Elmer Glantz Monitoring Well in Section 5, T13N, 
R60W was measured. 
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II. Description of the Project Area 

A. Location and Extellt of the Project Area 

The area studied for this report is that part of the Lodgepole Creek drainage basin 
west of the Wyoming-Nebraska State line. Refer to Figure 1-1. The upper end of the 
basin is in eastern Albany County in the Laramie Mountains. The basin broadens 
eastward across Laramie County to a width of approximately 25 miles wide between 
Egbert and the Pine Bluffs airport. East of this location the basin rapidly narrows to a 
width of approximately 4 miles at the State line, as Lodgepole Creek flows between 
the Pine Bluffs Escarpment and low hills north of the creek valley. The basin is 
approximately 65 miles long and comprises about 1,050 square miles, of which 
approximately 10 square miles is in Colorado. 

The towns of Pine Bluffs, Bums, and Hillsdale are located within the basin. The City 
of Cheyenne is south of the basin; however, many of its northern and eastern rural 
subdivisions are located within the basin. 

B. Geography 

All but the extreme western end of the Lodgepole Creek drainage basin lies within the 
High Plains section of the Great Plains physiographic province. The altitude of the 
area ranges from about 5,000 feet at Pine Bluffs to over 8500 feet near the Summit on 
I -80 in the Laramie Mountains. 

Approximately three miles west of Highway 211, in TI6N, R70W; Lodgepole Creek 
leaves the mountainous area and enters a broad lowland between the Islay escarpment 
and the Laramie Mountains. After joining with the South Fork, Lodgepole Creek 
enters a steep-sided, flat-bottomed valley that ranges from approximately one-half to 
one mile wide.· The creek flows generally east at an average gradient of about 29 feet 
per mile. Near Egbert, the creek leaves its valley and enters another lowland plain, 
the Pine Bluffs lowland that is bounded on the east by the Pine Bluffs escarpment. 
Near the east side of the lowland plain, Lodgepole Creek is joined first by Muddy 
Creek and then by Spring Creek and enters another valley where it crosses the State 
line into Nebraska. 

C. General Stream Characteristics 

The primary sources of surface flow in Lodgepole Creek are snowmelt runoff coming 
primarily from the Laramie Range near the headwaters of the creek, from rainfall 
runoff following precipitation events, and from groundwater recharge. The flow in 
Lodgepole Creek does not consistently decrease downstream, like most desert area 
streams, nor does the flow consistently increase downstream like streams in humid 
regions. The flow in the creek increases and decreases in various reaches and in three 
areas the flow is normally dry. Meinzer first described the characteristics of the creek 
in 1917. He measured the flow in Lodgepole Creek in September 1915 near where 
Highway 211 now crosses the creek at 7 112 cubic feet per second (cfs). From this 
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point to the diversion dam for the Pole Creek Reservoir located in Section 36, Tl6N, 
R67W, the flow appeared to decrease slightly. For a short distance below the 
diversion dam the channel was dry, but within two miles the stream had received flow 
from groundwater and the flow was approximately 1 cfs. In Section 8, T15N, R65W, 
i.e. approximately three miles below Highway 85, the stream disappeared and the 
channel was dry for a distance of nearly 10 miles. The stream reappeared near 
Section 26, T 15N, R64W and had a flow of approximately 2 efs to an area north of 
Egbert near where County Road 154 now crosses the creek. From Egbert, to its 
junction with Muddy Creek, the creek remained dry. Inflow from Muddy and Spring 
Creeks, plus contributions from groundwater gave Lodgepole Creek a flow of 
approximately 6 efs at a point six miles east of the State line. Although the flow in 
Lodgepole Creek was not measured during this study, it was observed several times 
during this study and its characteristics were similar to those reported by Meinzer. 

Chivington Draw and Antelope Draw drain approximately the north one-third of the 
Lodgepole Basin. Both streams begin in the High Plains upland between 1-25 and 
Highway 85. Antelope Draw joins with Chivington Draw in Section 4, T15N, R61W. 
From that point the draw runs southeast to a point where it discharges onto the Pine 
Bluffs lowland. There is not much of a defined channel for Chivington Draw south 
and east of Section 30, TI5N, R60W, i.e. between the railroad and County Road 161. 
These streams flow only after heavy precipitation events and almost all of the runoff 
seeps into the ground. 

Spring Creek is a small stream located in Townships 14 & 15 North and Ranges 61 
through 63 West. As its name implies, it is fed by springs and is perennial in its 
upper reaches. As the creek crosses the lowland, water seeps into the ground and no 
flow normally reaches the Wisroth Reservoir (Section 7, TI5N, R60W). 

Muddy Creek drains the area south of Lodgepole Creek and it joins Lodgepole Creek 
just west of Pine Bluffs. Near the area where the creek crosses 1-80 (Section 28, 
T 14N, R62W) water ponds at the surface although there is no discemable flow except 
following precipitation events. Similar stream characteristics were observed where 
County Road 154 crosses the creek (Sec 36, TI4N, R62W). As the stream flows east, 
more of its flow seeps into the ground. East of County Road 161 the channel is not 
visible and the area of the channel is farmed. 

An extremely heavy thunderstorm occurred in the Muddy Creek area on July 7, 2001. 
Area residents reported rainfall amounts of up to 5.5", with the most rainfall centered 
in the Muddy Creek basin area south and slightly west of Egbert. This event 
undoubtedly contributed to the amount of water and flow seen in Muddy Creek 
during this study. It should be noted that only a little runoff reached the paved 
County Road 161. The rest of the flow seeped into the ground. 
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D. Stream flow Analyses 

There are few previous hydrologic evaluations of the Lodgepole Creek drainage. 
Recharge to the aquifer is directly linked to precipitation and stream flow (refer to 
Chapter IV - Groundwater System) and evaluation of available stream flow and 
precipitation records provides information useful to understanding the overall 
hydrologic and groundwater system. Figure II-I shows the project area and the 
locations of local precipitation and streamflow gaging stations in the region and 
which were examined for use in this study. The following table summarizes stream 
flow data and precipitation stations in the area and the period of operation for each. 

Table II-I 
Precipitation and Streamflow Gaging Stations 

Station ID# Type Period of 
Operation 

South Fork Lodgepole Creek nr. Hecla, 6-7615 Streamflow 1933-38 
WY 
Lodgepole Creek nr. Federal, WY 6-7610 Streamflow 1933-39 
Lodgepole Creek nr. Bushnell, Neb. 6-7625 Streamflow 1933 - current 
Middle Crow Creek nr. Hecla, WY 6-7545 Streamflow 1933-70 
South Crow Creek nr. Hecla, WY 6-7550 Streamflow 1933-69 

Pine Bluffs Climate 1948-2000 
Horse Creek Climate 1948-2000 
Cheyenne WSFP AP 481675 Climate 1915-current 

One of the primary areas of interest or design point during this study was the 
diversion for the Pole Creek Reservoir, which is located on Lodgepole Creek just 
downstream of 1-25 in Section 36, Tl6N, R67W. Above this point the flow in the 
creek is normally perennial. Below this point, the flow rapidly decreases, and the 
stream dries up. The Pole Creek Reservoir is also a possible source of water for the 
ASR project. The following paragraphs summarize the estimates of the flow in 
Lodgepole Creek at this location. 

The EIS for the Peacemaker Missile Project (Dept. of Air Force, 1984) estimated 
basin yields within the region by using precipitation records from 1976 to 1982. The 
analysis related the average annual precipitation with mean basin elevation for three 
precipitation gages in the region. Average runoff rates, which represent the amount 
of streamflow as a percent of total precipitation within the basin, were derived for 
Middle and South Crow Creek streamflow gages. Stream flow amounted to 6.9 
percent of the precipitation in South Crow Creek and 10.8 percent for Middle Crow 
Creek. The data for the Lodgepole Creek stream gage near Bushnell indicates that 
runoff accounts for approximately 0.6 % of precipitation above the gage. By 
developing a relationship between the runoff vs. precipitation data at the three stream 
gages and adjusting the data for mean basin elevation, a runoff rate of 2.5% of 
precipitation can be derived for the upper Lodgepole Creek basin. Applying this 
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percentage, the long-term average annual yield for Lodgepole Creek at the Pole Creek 
Reservoir diversion would be about 5,400 acre-feet per year. 

Another estimate of the yield for the upper Lodgepole Creek was made based on a 
regional analysis of yields from nearby streamflow gaging stations. Unfortunately, 
there are very few long-term streamflow data in the area. Two of the longest periods 
of record are for Middle Crow Creek near Hecla, and South Crow Creek near Hecla. 
In the 1991 Cheyenne Water Supply Master Plan Report - Level I (B&V, 1991) the 
streamflow data for these gages was extended to produce a 1933- 1992 period of 
record based on correlation analyses with nearby streamflow, precipitation and snow 
pack data. 

Figure 11-2 illustrates the relationship between the mean basin yield (acre-feet per 
square mile) and the mean basin elevation for these two gages as well as the historical 
data for the Lodgepole Creek gage near Bushnell. An equation was developed fitting 
the two long-term data points for South and Middle Crow Creek, along with the long
term average annual runoff for Lodgepole Creek near Bushnell. The resulting 
equation is: 

Avg. Annual Yield (AF/sq. mi) = 3.97 x 10-7 (MBE/1,OOO)" 9.29 

Solving this equation for Lodgepole Creek at the Pole Creek Reservoir diversion 
results in an average annual yield of23.63 AF/sq. mi-yr, or 6,180 AF/yr. 

Additionally, several gages in the area have data for a concurrent period of 1934 to 
1935. Figure II-2 also shows the short term (1933-38) data for the Middle Fork and 
South Fork Crow Creek and the other gages in the region. As can be seen, the long
term average annual runoff volume for the Middle and South Crow Creeks are higher 
than the short term (1933-38) values. 

This approach to estimating stream flows by developing regional relationships based 
on basin characteristics is patterned after Lowham's approach to analyzing 
streamflows throughout the State of Wyoming (Lowham, 1988). Lowham, however, 
analyzed the state into much larger geographical regions, and developed relationships 
for determining mean annual flow. The upper Lodgepole Creek Basin lies mostly in 
the Plains Region. As a check to the estimates described previously, Lowham' s 
Plains Regional Equation was used to estimate the flow in the Lodgepole Creek Basin 
at the Pole Creek Reservoir diversion. This results in an average annual yield 
estimate of 5,320 acre-feet/year. 

Table II-2 
Summary of Stream flow Estimates 

At the Pole Creek Reservoir Diversion Dam 

Method Average Annual Yield AF /yr 
Runoff as percent of Precipitation 5400 

Mean Basin Yield from Stream gage data 6,180 
Lowham Plains Region Relationsh!p_ 5,320 
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Figure 11-2 Regional Runoff Relationship for Lodgepole Basin 
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Groundwater pumping has reduced the flow in Lodgepole Creek. Crist (1972) 
reported that data at the Bushnell, Nebraska stream gauge on Lodgepole Creek 
indicated a "decrease in base flow since approximately 1961." A decrease in 
precipitation was ruled out as the cause of the decreased flow in the creek, because 
precipitation was slightly higher than normal during Crist's analysis. A similar 
analysis of the Bushnell Gage data for the period of 1931 to 1992 was conducted 
during this study and a graph showing the cumulative stream flow at the Bushnell 
Gage is shown as Figure I1-3. This data indicates a decrease in winter stream flow at 
the Bushnell gage of approximately 3800 acre-feet since about 1969, i.e. flow prior to 
1969 averaged about 8585 AF, while the flow after 1969 averaged about 4782 AF. 
Cumulative precipitation is also shown on this graph. Annual precipitation has 
remained fairly constant during the period of record, therefore a decrease in 
precipitation is ruled out as the cause of decreased flow in the stream. 

Figure 11-4 is a second graph showing the average winter streamflow at the Bushnell 
Gage and it also illustrates the drop in stream flow. Starting in about 1961, there is a 
noticeable drop in average stream flow from approximately 12 cfs to around 5 cfs by 
1974. The high runoff in 1983 and 1984 is clearly shown on the graph. 

E. Surface Water Rights 

U sing information from the Wyoming State Engineer's Office and Board of Control, 
the amount of surface water used for irrigation in the Lodgepole Creek Basin was 
reviewed. The following tables summarize the adjudicated surface water rights in the 
basin. The basin was divided into upper and lower portions, with the dividing line 
between the' areas at the diversion dam for the Pole Creek Reservoir, i.e. Section 36, 
TI6N, R67W. Above this point there is generally perennial flow in the stream, below 
this point the stream becomes ephemeral or intermittent. The adjudicated rights for 
the Pole Creek Reservoir are included in the upper portion of the basin. 

Table ll-3 
Summary of Adjudicated Surface Water Rights 

for the Entire Lodgepole Basin 

Direct Diversions 190 cfs 
Storage 2735 Acre-feet 

Irrigated Acres 13,236 - Direct flow rights 
1,324 - Storage rights 
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Table 11-4 
Adjudicated Surface Rights 

in the Lodgepole Creek Basin 
Above the Pole Creek Reservoir Diversion Dam 

Section 36, TI6N, R67W 

Stream Diversion Amounts (cfs) Irrigated Acres 

Lodgepole Creek 54.3 3806 
Main Stem 

One Mile Reservoir 2,247.16 791 acres to be irrigated 
System acre-feet from storage in the dam 

South Fork 
Lodgepole Creek 

North Fork 
Lodgepole Creek 

Other Storage 
USFS Stock & Domestic 

Diversions 

TOTALS 

35.5 

9.15 

102 acre-feet 

0.48 

Direct Diversion 99.43 cfs 
plus 2349.16 AF storage 

Table 11-5 
Adjudicated Surface Rights 

in the Lodgepole Creek Basin 

2490 

642 

6938 acres pll:l~ 
791 acres in storage 

Below the Pole Creek Reservoir Diversion Dam 
Section 36, T16N, R67W 

Stream Diversion Amount (cfs) Irrigated Acres 

Lodgepole Creek 74.13 5160 
Main Stem 

Thomas Reservoir 40 acre-feet 533 acres from 
System Storage 

Other Storage 53 acre-feet 
Muddy Creek 14.71 1028 
Other Storage 140 acre-feet 

Chivington Draw 67 acre-feet 
Other Storage 
Spring Creek 1.56 110 
Other Storage 84.5 acre-feet 

TOTALS Direct Diversion 90.4 cfs 6298 acres plus 
Plus 385 AF storage 533 acres in storage 
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Figure 11-3 
Cummulative Streamflow at the Bushnell Gage 
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F. Climate 

The climate of the Lodgepole Creek basin is semiarid. The climate is characterized 
by a wide range of temperature, relatively light precipitation, and a high rate of 
evaporation. The tables below presents average climate data for Archer and Pine 
Bluffs that was obtained from the NRCS National Water and Climate Center. 

Month 

January 
February 

March 
April 
May 
June 
July 

August 
September 

October 
November 
December 
Average 

Table II-6 
Average Climate Data 

for Archer and Pine Bluffs 

Archer Pine Bluffs 
Precipitation Temperature Precipitation Temperature 

(in) (Degrees F) (in) (Degrees F) 

0.38 26.1 0.39 26.8 
0.44 29.1 0.30 30.7 
1.12 33.5 1.13 34.8 
1.50 42.4 1.58 44.2 
2.58 51.9 2.55 54.3 
2.51 61.5 3.03 64.0 
2.12 68.8 2.68 71.4 
1.67 66.9 2.09 69.3 
1.49 57.8 1.29 58.8 
0.89 47.6 0.84 47.4 
0.57 35.0 0.53 35.1 
0.41 27.3 0.37 27.2 
15.66 45.7 16.76 47.0 

At Archer, two years in ten will have less than 12.29 inches and greater than 18.65 
inches of precipitation. At Pine Bluffs, two years in ten will have less than 11.24 
inches and greater than 19.65 inches of precipitation. At Archer, there is an average 
of 117 frost free days and 143 days where the minimum temperature exceeds 28° F. 
At Pine Bluffs, there is an average of 128 frost free days and 151 days where the 
minimum temperature exceeds 28°F. In Pine Bluffs, approximately 80% of the 
precipitation falls during the growing season between April and September. 

The average annual pan evaporation at the study area is approximately 65". The 
average annual evaporation off of lakes and reservoirs is approximately 45". 

During this study the records of annual precipitation from stations near the project 
area were evaluated to determine the average annual precipitation for the Lodgepole 
Basin above the Wyoming - Nebraska State Line. Much of the groundwater supply 
is derived from precipitation infiltration and it is important that the average basin 
precipitation is known. Based on these analyses, it is estimated that the average 
annual precipitation over the basin is approximately 15.5 inches. Figure II-5 shows 
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the shows the annual precipitation over the basin for the years 1948 though 2001. 
Figure II-6 shows the average monthly precipitation for the same period. The 
methodology used to estimate the annual precipitation over the basin is presented in 
Appendix B of this report. 

G. Geology 

Introduction 

This section of the Lodgepole Creek groundwater study will discuss the geologic 
history and depositional environment of southeastern Wyoming during Late 
Cretaceous through present time (see the geologic time scale Table 11-7). This 
corresponds to an interval spanning approximately 80 million years. The principal 
water bearing formations in southeastern Wyoming were formed and deposited 
during this period of time. A summary of geologic events will be presented in 
chronological order and will attempt to explain the anomalous style of deformation 
and sedimentation that occurred in Wyoming during this time. The vast amount of 
sedimentary rock exposed in the study area provides significant evidence in the form 
of lithologic source, fossil discovery, and radiometric age dating which help constrain 
timing of the adjacent uplifts. Plate 1 at the end of this section of the report shows 
outcrop locations where the rocks described in this report can be viewed. 

Orogenic Timing 

The term orogeny refers to a mountain building episode. Most Wyoming mountains 
(including the Laramie Range) began gaining surface expression during the Laramide 
orogeny. This orogeny began near 80-75 Million years ago (Ma) (Dickinson et at, 
1988) and ended by 51 Ma (Lillegraven, 1993). The term "Laramide" relates to a 
very specific style, timing, and location of uplift in the Rocky Mountains. It has been 
proposed that the mountain building characteristic of this interval occurred in 
response to plate tectonic interactions on North America's western margin causing 
overall east-west shortening of the continent (Engebretson et aI., 1984). 

This compressional stress was manifested by faults that separated large blocks of 
mountains (with Precambrian crystalline rock exposed in their cores) between deep, 
broad basins of much younger sedimentary rock. Faults associated with this orogeny 
around Wyoming hav~ been demonstrated to have as much as 45,000 feet of offset 
between rock layers exposed on the tops of mountains and the same rock layer 
imaged at depth with seismic technology in the adjoining basin (Steidtmann and 
Middleton, 1991). However, that large amount of uplift occurred slowly over 
approximately 20 million years causing the mountains to be eroded quickly as they 
were uplifted. The total relief from mountaintop to basin floor at that time may have 
been just slightly more than today. Mountains that stood high at this time were 
commonly eroded into flat-topped shapes, creating a high-elevation peneplain. Very 
few places on earth have these high level erosion surfaces that afford such 
magnificent views. 
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Annual Precipitation Over the Lodgepole Creek Basin 

25 

.-
~ 
Q) 

..= 15 CJ 

= .---= 0 . -~ 
~ 
~ .-
~ .- 10 CJ 
Q) 
a.. 
~ 

Average Annual 
r-,;:-

r;--: 

Pr7 ~ 15.5" ~ f 
I, 

I 
. 

IT'> I ••• · .. 

~ -----;; ----J 
, 

........ 
r-

~:j -
-- .. - '{ 

---- --- - --- -- - - - - - - --- -- .. ---- -------- --- -- -
l- i i:\ " liz I;: L ; .... 

. 

.. } ~ ; 
7 IF I) .... ,. 

0 '2' I' 
i,::: 

rJ: 
ii I··.·' : 

",:' ! 
';t ;i~ I:, ...... 

t," 
, ....... 

" 
' . 

I" , 

r;1 
; .", I,' '.' 

•..... ' ~ 

:, 7 i. 
.,' 

f··· 
.' 

I 

; >f :,' 
" 'r : 

- ;j; : t I ".t: .~ 
: .. ' .. 

.. ' 

, .. ,'.' 

J I'; ... 

..•..... 

,i! i', 

I: 
.. 

..... ' .:,'. 
'.,'., '."".' ,f: :." ,i .... ; , 

. 
.' 

" I:::; 
; i'i: I;: ' .... ". 
,; 1';< : 

': I···· 

t;f ':. •• 
I···· .,.;" n I>' 

" 

. 

- H" I.":·,. 
1;'" ,.:. ! ..•• ' •.•• , 

, 
..• : •.•. 

I;,:: 

ii I~ 
I'· , , 

I.··".' 

'. 

, 

~'?; f::J k I:: I ;; I 
1\. I,; 1;> I' .. 1(, 

'S ::'..'!:' f ~:;; : 
, 

;, 

" 
ii' 

I" 

;"('f .:,. "",' I 

i.' '.,,, iii .~L I~; .... , .,. j' 
I" 

r~ 
" .. 

": "> I;:: ~I i;!j 
'........';,'\,; 1,,/ ;.', 

I' l':t lKi .,;, ;L. ::, ':;:: I' : 
, 

, 

I' . I 

20 

5 

o 
1948 1953 1958 1963 1968 1973 1978 1983 1988 1993 1998 

Calendar Year 

I ~ Annual nn _______ Average I 

Figure II-5 



Average Monthly Precipitation for Years 1948 - 2001. 
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Most of the uplift and erosion associated with the Laramide orogeny took place while 
the basin elevations remained near sea level. The Eocene age (which followed the 
Laramide orogeny) climate in Wyoming consisted of a warm, tropical environment. 
Palms, fig trees, cypress and magnolias grew, and flamingos and crocodiles can be 
found preserved in rocks of equivalent age in the Green River Basin near Rock 
Springs (Mears et aI., 1986). Basin deposits from this interval are chiefly composed 
of clasts derived from the adjacent mountains. However, the Denver Basin does not 
contain rocks from the Paleocene or Eocene possibly indicating that the Laramie 
Range had enough surface expression to redirect eastward flowing streams away from 
the this area of study (Blackstone, 1975). 

Broad, regional uplift began in the Early Oligocene and continued through Miocene. 
The entire region was uplifted about one mile, which closely approximates the basin 
floor elevations of today. The basins were filled upon uplift with some material from 
the highlands, but a very large percentage of the fill was in the form of volcanic ash. 
Since there are no known Oligocene magmatic centers dated from Wyoming, it is 
theorized that the source for this ash came from volcanoes in the Great Basin region 
of Utah and Nevada. In some places around Wyoming, these ash deposits are several 
hundred feet thick and were probably deposited over tens to thousands of square 
miles representing an almost unfathomable amount of volcanic activity (Knight, 
1990). This basin fill produced a landscape in which the basins were so filled with 
sediment that only the highest peaks were sticking out. 

The basin filling ended in approximately the Late Miocene or Pliocene and the 
relatively high, low-relief landscape was excavated quickly by numerous streams 
flowing generally eastward. This produced a distinct package of poorly sorted 
cobbles and ·gravels in units of this age in the Denver Basin. Subsequent excavation 
has removed a large thickness of these deposits. 

Near the end of the Pliocene, more than 2 Ma, the region was again differentially 
uplifted and the present cycle of erosion began. It was during this period that 
Wyoming attained is relatively high elevation. The most significant events that 
occurred during Pleistocene were wide spread glaciation and the erosion that 
accompanied this event. Large amounts of relatively unconsolidated Pleistocene 
terrace deposits consisting of beds of coarse sand and gravel, with some scattered 
lenses of silt and clay were placed in the project area. These deposits were are most 
extensive in the area between Carpenter and Pine Bluffs, including a lot of the area 
west of the present coarse of Muddy Creek. These materials were deposited in 
channels cut into the underlying Ogallala or White River Formations. The thickest of 
these deposits do not necessarily underlie the present stream valleys. 

To the south of the Colorado-Wyoming Stateline, is the Colorado Piedmont, which is 
an erosion surface several hundred feet lower than the Lodgepole Creek valley. 
Erosion has progressed northward from the lower surface into Wyoming and has 
captured the flow of streams that originally flowed to the east. The most significant 
steam that was captured is Crow Creek, which used to flow east and into Lodgepole 
Creek. 
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Lithologic Unit Description 

The descriptions of the rock units presented in this report is essentially a summary of 
the descriptions made by Lowry and Crist (1967) supplemented with additional 
comments from Snoke et al. (1993) and field checks of the reported relationships. 
See Table II-7, which shows the stratigraphy of the Denver Basin in relation to 
magmatism and deformation for the state. The descriptions will be presented from 
oldest to youngest beginning with the Late Cretaceous Pierre Shale and ending with 
the Quaternary deposits. Figure II -15 is a map that shows the locations where some 
of the rock units described in this report outcrop or are exposed at the surface. 

Pierre Shale 

This formation has a reported thickness of more than 5,000 ft. and is chiefly 
composed of interbedded shale, sandy shale, and lenticular sandstone. It is a slope 
former and is normally covered by pediment and alluvial terrace deposits. It is best 
exposed in stream valleys north of Crow Creek. This unit becomes more sandy 
upwards and grades into the Fox Hills Sandstone representing a change in source 
during the Late Cretaceous from marine shales to a more continental-type deposits as 
the Laramide orogeny began to occur. 

F ox Hills Sandstone 

The gray to yellowish-brown friable sandstone beds of the Fox Hills Sandstone are 
often interbedded with dark sandy shale and have a reported thickness of 
approximately 250 ft. This formation is also Late Cretaceous in age. It outcrops at 
Location 1 on the attached map (Figure II-IS). Fig. II-7 shows a picture of the 
roadside outcrop at that location. 

White River Formation 

The Oligocene"White River Formation has been studied extensively in nearby areas, 
elevated to group status, and subdivided into separate formations. Locally, in eastern 
Laramie County, the White River Formation is known as the Brule. It has not been so 
subdivided for the purposes of this study. Lowry and Crist (1967) describe this unit 
as massive brittle siltstone containing a few beds of sandstone, conglomerate and 
volcanic ash. The base of the unit may be red and green shale and many paleo-valley 
or coarse channel deposits are seen as well. The rocks of this formation commonly 
form extensive, slightly sloping exposures, and rest with marked unconformity over 
older rocks of Late Cretaceous origin. The unconformity represents a hiatus in 
deposition throughout the Paleocene and Eocene spanning about 20 million years 
during which the Laramide orogeny occurred. The depositional environment of this 
unit has been characterized as chiefly fluvial and probably existed as a complex 
network of eastward flowing streams (Seeland, 1985). These streams distributed 
approximately 300 feet of the White River Formation over southeastern Wyoming 
and up to 850 feet in northwestern Nebraska (Denson and Bergendahl, 1961). 
Figures TI-8 & TI-9 are photos of outcrops of the White River Formation. 
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Arikaree Formation 

The name Arikaree was first used by Darton (1899) to describe an outcrop of gray 
sand characterized by layers of dark concretions exposed in northwestern Nebraska. 
Figure II-I0 shows these elongate, cylindrical concretions in an exposure of the 
Arikaree Formation north of Egbert, Wyoming (see Figure II-I5). This unit is 
predominantly massive, very fine to fine-grained sandstone, though local beds of 
siltstone or volcanic ash and a basal conglomerate associated with an erosional 
unconformity has been reported as well. It seems to be discontinuous across the 
Denver Basin and is absent where the Ogallala Formation rests directly on White 
River Formation. 

Ogallala Formation 

This formation is Miocene and probably early Pliocene in age. It consists of sand and 
gravel lenses deposited by eastward flowing streams as well as silt, clay, and thin 
limestone beds deposited in ephemeral lakes. Many angular to sub angular clasts in 
the Ogallala are composed of quartz, quartzite, gneiss, feldspar, and schist derived 
from the adjacent Laramie Range to the west. Many solution cavities are observed in 
this formation ranging in size from inches to several feet in diameter. The Ogallala 
has been reported by Lowry and Crist (1967) to be 330 feet thick on the west side of 
Laramie County, but thins to less than 150 feet on the Wyoming/Nebraska border. 
Some beds of Ogallala are cemented by calcium carbonate and are quite resistant cliff 
formers. Generally, this unit outcrops as swaley hills and valleys. Figures II-II & II-
12 show outcrop examples of the Ogallala. 

Quaternary Deposits 

The unconsolidated deposits of Quaternary age consist mainly of gravel and sand but 
also contain scattered lenses of silt and clay. Quaternary deposits in the project area 
have been mapped as three terrace deposits (the two oldest being Pleistocene age) and 
alluvium. Most of the unconsolidated deposits of Quaternary age are very permeable 
and, where a sufficient thickness is saturated, yield large quantities of water wells. 
Where the jointed and fissured strata of the Brule formation, i.e. the "pipes" are 
directly overlain by permeable saturated unconsolidated deposits; wells drilled into 
these formations tend to have higher yields. Figures 11-13 & 11-14 show outcrops of 
the Quaternary deposits that directly overlay the White River Formation. 

Summary 

In summary, the mountains and basins in Wyoming were formed over a long period 
of time with the major faulting occurring in the Paleocene and Eocene. The 
Paleocene and Eocene time interval corresponds to a large hiatus in the stratigraphic 
record of the Denver Basin suggesting the area was subjected to erosional forces and 
a period of non-deposition during the Laramide orogeny. Regional uplift at the onset 
of the Oligocene triggered minor erosion of the highlands and corresponds with 
deposition of large volumes of volcanic ash in the basins. The source of this ash was 
west of Wyoming. Once the basins were full of sediment and uplifted to higher 
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elevations, fluvial stream systems that were active through the Miocene and Pliocene 
excavated the basin fill resulting in coarse poorly sorted sediments of this age. 
Further uplift and increased erosion, in part due to regional climate change and 
glaciation again caused deposition in the Pine Bluffs area where the streams were 
unable to continue to carry away the large volumes of material that were being eroded 
off the higher areas to the west. 

Table 11-7 
Chart depicting time vs. sedimentation, magmatism, and deformation covering notable aspects 
of the geologic history of Wyoming. Only selected stratigraphic units covered in this paper 
are shown in the sedimentation column. This diagram is adapted after Snoke et aI. (1993). 
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Figure II-7: Fox Hills Formation north of Horse Creek on Hwy 211 Laramie County, Wyoming. View is to the 
east, 14-inch hammer for scale (location 1- Figure 11-15). 

Figure II-8: Sharp contact of Ogallala Formation overlying White River Formation northwest of Pine Bluffs, 
Wyoming. Black line designates erosional contact between the units. View is to southeast (location 5- Figure Il-
15). 
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Figure II-9: Ogallala Formation overlying White River Formation at rest area south of Pine Bluffs. Black line· 
designates unconformity between the units. View is to east (location 6- Figure II-IS). 

Figure IT-IO: Arikaree Formation north of Egbert, Wyoming. Note the elongated, cylindrical shape of well
cemented sandstone concretions, shaped by high-energy deposition. View is to the east, I4-inch hammer for scale 
(location 2- Figure IT-IS). 
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View to East (Location 4 - Figure II-I5) View to North (Location 7- Figure II-I5) 

Figure II-II: Photos show solution cavities and varied clast lithology and size in the Ogallala Formation northwest of Pine 
Bluffs (left photo) and south of Cheyenne (right photo). 14-inch hammer shown for scale in both photos. 

Figure II-12: Ogallala Formation overlying scoured surface of White River Formation northwest of Pine Bluffs, 
Wyoming documenting a paleochannel. View is to southeast (location 3- Figure II-I5). 
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Figure II-13. Quaternary gravels overlying White River Fonnation exposed in gravel pit west of Pine 
Bluffs. Gravel pit is located on channel of Lodgepole Creek. 

Figure II-14. Close-up of White River Fonnation shown in Fig. II-13. Note well-developed fractures 
and joints. Also the arrow points to a "pipe" that is exposed. 
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III. Water Needs and Future Demand Projections 

A. General 

This section of the report summarizes the current irrigation use, municipal use, 
number of private domestic wells, and other miscellaneous uses of groundwater 
within the Lodgepole Creek basin. Irrigation requirements for the "typical" crops in 
the area are presented. Normal year, dry year, and wet year irrigation requirements 
are summarized. Future demands are also estimated. 

In 1972, Crist estimated that approximately 21,790 AF of groundwater was pumped 
in the Egbert-Pine Bluffs area during April through October 1971. Of this amount, 
21,490 AF was for irrigation, which represents nearly 99% of the water used in this 
period. During the same period, Crist estimated that 7090 AF of water was pumped 
for irrigation in the Carpenter area. 1990 States West estimated that approximately 
8150 acres were irrigated annually using groundwater in the Carpenter area and that 
approximately 9,800 AF of groundwater was pumped annually in this area. In 1980, 
Crist estimated that an average of 43,800 AF of groundwater was pumped in Laramie 
County per year between 1971 through 1977. There is no breakdown given for the 
use of this water, but undoubtedly irrigation is the primary use of the water. 

B. Current Irrigation Demands 

Recent data from the Laramie County Conservation District (LCCD) was used to 
estimate the. amount of irrigation using groundwater in Laramie County. Using the 
2000 Cropland Field Use GIS data obtained from the LCCD, we estimate that there is 
approximately 38,000 acres irrigated with groundwater in the county. Of this amount 
approximately 19,250 acres are irrigated with groundwater in the Lodgepole Basin, 
approximately 8000 acres are located in the Carpenter area, and approximately 
11,000 acres are located north of the Lodgepole Basin. Irrigation in the Lodgepole 
Basin represents approximately 50% of the total amount of irrigation, i.e. 19,250 
acres out of the 38,000 acres total. 

Using the same GIS data from the LCCD, we estimate that approximately 11,340 
acres are irrigated within the Lodgepole Basin where the Quaternary deposits or 
White River formation is exposed at the surface, i.e. the Egbert-Pine Bluffs area. 
This area represents approximately 30% of the total amount of irrigation in the 
County. Refer to Figure III-I, which shows this area. This area is approximately the 
same as the area studied by Crist in 1972. 

Several estimates of the amount of groundwater used for irrigation in the Lodgepole 
Basin were made during this study. The first method was to estimate the amount and 
types of crops' grown in the area and then to estimate the amount of irrigation water 
that needed to be applied to each crop. Using the data about the number of acres 
irrigated, the types of crops grown in the area, the amount of irrigation each crop 
needed, and then making assumptions concerning the efficiency of the irrigation, an 
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estimate of the amount of water pumped for irrigation could be made. This work is 
summarized below. 

Data concerning the amount of irrigated acres for various crops grown in Laramie 
County was obtained from the Agricultural Statistics Office for the period of 1993 
through 2000. The table below presents the average number of irrigated acres grown 
in the County during the period for each type of crops. 

Table III-l Average Acres of Irrigated Crops Grown 
In Laramie County 1993 through 2000 

Crop Average Number of Acres 
Irrigated 1993 ... 2000 

Winter Wheat 5288 
Spring Wheat 550 

Barley 475 
Oats 338 

Dry Beans 3138 
Sugar Beets 1851 

Com 8538 
Alfalfa Hay 21125 
Pasture Hay 17875 

TOT AL Acres Irrigated 59,200 

Percent 

8.9 
0.9 
0.8 
0.6 
5.3 
3.1 
14.4 
35.7 
30.2 

We applied· the same ratios of crop types to the 19,250 acres irrigated in the 
Lodgepole Basin and to the 11,340 acres in the Egbert-Pine Bluffs area and 
developed the following estimates of "typical" crop patterns in the study area. 

Table 11-2 Typical Crop Patterns in the Lodgepole Basin 
And the .Egbert-Pine Bluffs Area 

Crop Typical Number of Acres Typical Number of Acres 
Grown in LP Basin Grown in the Egbert-Pine 

Bluffs Area 

Winter Wheat 1713 1010 
Spring Wheat 173 100 

Barley 154 90 
Oats 116 70 

Dry Beans 1020 600 
Sugar Beets 597 352 

Com 2772 1633 
Alfalfa Hay 6891 4060 
Pasture Hay 5814 3425 

TOTAL Acres Irrigated 19,250 11,340 
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The next step in this process was to determine the irrigation requirements for the 
typical crops grown in the area. Data from Pochop 1992; Trelease, 1970; and the 
LCCD Irrigation Manual were consulted to develop the irrigation requirements, 
which resulted in the following estimates of consumptive or net irrigation 
requirements. 

Table III-3 Estimates of Consumptive Irrigation Requirements 

Crop CIR-Pochop CIR - Trelease LCCD Irr. Manual 
Inches Inches Inches 

Com 18.2 16.4 16.4 
Beans 12.6 1l.0 11.3 
Oats 12.1 1l.5 9.7 

Barley 12.1 11.5 9.7 
Spring Wheat 12.1 11.5 9.7 

Beets 19.9 15.4 19.2 
Alfalfa 26.2 2l.9 20.0 

Pasture Grass 24.4 19.9 17.8 
Winter Wheat 13.4 1l.5 9.7 

The next step was to estimate the efficiency of the irrigation water application. The 
irrigation efficiency is the ratio of the amount of water pumped verses the amount of 
water used by the crop. High-impact, high-pressure sprinklers deliver approximately 
65% efficiency; medium pressure systems deliver approximately 75% efficiency; and 
low energy precision application (LEPA) systems can approach 95-98% efficiency. 
A well-managed flood irrigation system can deliver approximately 50% efficiency. 
For this study, an average efficiency of 70% for all systems in the region was used. 

The final step to estimate the amount of groundwater pumped for irrigation was to 
multiply the number of acres grown for each crop by the irrigation requirement and 
divide by the efficiency. Using the data presented above the following estimates of 
irrigation water pump age were developed. 

Table TIl -4 Estimates of Annual Irrigation Water Pumpage 

Source of Irrigation Entire Lodgepole Basin Egbert - Pine Bluffs Area 
Requirements Irrigation Pumping Irrigation Pumping 

Estimate AF /yr Estimate AF /yr 

Pochop 50,698 29,866 
Trelease 42,533 25,056 

LCCDManual 39,361 23,187 

Review of the data presented above shows that the average irrigation application rate 
ranges from 2.6 feet/acre/yr to 2.0 feet/acre/yr. Pochop also provides estimates of 
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maximum and minimum irrigation requirements for various crops based on climate 
data. The ratio of maximum irrigation requirements to average irrigation 
requirements for the typical crops grown in the study area is 1.36 and the ratio of 
minimum requirements to average requirements is 0.67. Applying these same ratios 
to the irrigation estimates presented above, produce maximum irrigation requirement 
estimates that range from 3.6 feet/acre/yr to 2.7 feet/acre/yr and minimum 
requirements that range from 1.7 feet/acre/yr to 1.34 feet/acre/yr. 

In the early 1980s, the USGS made several studies into the amount of irrigation 
pump age that was occurring in the High Plains. These reports were consulted as a 
check on the estimates of irrigation water pumpage. One of the most pertinent USGS 
reports was by Avery, 1983 where the actual irrigation application rates for 40 fields 
in Laramie County, Wyoming and Kimball County, Nebraska were measured during 
1980. For the fields using wells, the average application rate of water was 15.2 
inches, i.e. 1.27 feet/acre/year. For center-pivot sprinkler systems, the application 
rate was 12.6 inches or 1.05 feet/acre/year. Crist, in his 1980 model study, used a 
mean application rate 1.2 feet/acre/year based on consumptive irrigation 
requirements. Crist does not indicate what assumptions about irrigation efficiencies 
were used in this study. 

Obviously, the average irrigation values determined by the USGS are considerably 
less than the estimates obtained from the consumptive irrigation requirements. We 
believe that the most likely reason for the different irrigation application estimates is 
that the crops are not being provided with their total consumptive use requirements. 
In other words, the crops are being somewhat drought stressed because irrigation 
water is not· always available or that water is purposely not applied. In fact, Pochop 
states "estimates for the fall assume that water application continues after the last 
cutting ... in some locations andlor years water is not available late in the season or 
irrigation is simply discontinued, therefore water use will be less than for irrigated 
conditions. " 

It should be emphasized that the typical crop patterns for Laramie County were 
extrapolated into the Lodgepole Basin and that nearly two-thirds of the crops irrigated 
are alfalfa and pasture grass. These crops are tolerant to water stress and have a 
relatively low economic value. Therefore, stressing them by irrigating less than their 
consumptive needs could be a common practice in the area. Also, alfalfa and pasture 
grass have deep root systems which allows them to reach water deeper in the soils. 
Therefore, significant amounts of water could be obtained by the plants prior to the 
irrigation season or after the last irrigation water is applied. 

In order to provide another check/estimate of irrigation water use, electricity use data 
was obtained from High West Energy, which is the rural electric utility for the project 
area. High West was able to provide information concerning the amount of electricity 
used for irrigation for the period 1986 through 2000. Data concerning irrigation 
pumping plants including pumping water depth, pumping rates, and total pressures or 
head on the pump were obtained from a 1989 University of Wyoming Irrigation 
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Sprinkler Efficiency Report and from recent LCCD measurements. From this data, a 
range of gallons of water pumped for irrigation per kilowatt-hour of electricity used 
was developed. This data is presented in the following tables. 

Average 
Median 

25% 
75% 

Table III-5 Typical Pumping Plant Data 
from UW 1989 Sprinkler Efficiency Report 

Pumping Total Head GPM WaterHP 
Plant in the Pumped 

Efficiency System 

0.58 240 770 47 
0.61 275 760 53 
0.52 114 620 18 
0.66 353 860 77 

Input 
Kilowatts 

64 
66 
25 
87 

Using the UW data, an average of approximately 725 gallons were pumped per 
kilowatt-hour of electricity used. 

Average 
Median 

25% 
75% 

Table III-6 Typical Pumping Data 
from LCCD pump tests 

GPM WaterHP Input 
Pumped Kilowatts * 

622 26 33 
602 19 24 
411 13 16 
837 33 41 

* Assummg pumpmg plant efficIency of 60% 

The LCCD information shows that· an average of approximately 1150 gallons were 
pumped per kilowatt-hour of electricity used. 

The Table III-7 presents irrigation pumping estimates using the High West irrigation 
electricity use data and the UW and LCCD estimates for the amount of water pumped 
per kilowatt-hour of electricity used. The data indicates that on average between 
1986 and 2000 irrigation water pumpage ranged between approximately 36,790 and 
60, 450 acre-feet per year in Laramie County. The average of these estimates is 
48,600 AF. Since approximately 50% of the irrigated acres are within the Lodgepole 
Basin, then approximately 24,300 AF of water per year was pumped for irrigation in 
the same period. This relates to an application rate of 1.26 feet/acre/year. 

The amount of electricity used for irrigation, County wide ranged from a high of 
26,536,500 kilowatt-hours in 2000 to a low of 13,237,000 kilowatt-hours in 1987. 
Assuming 50% of the water is used in the Lodgepole Basin, the amount of water 
pumped for irrigation ranged from a high of 37, 650 AF to a low of 18, 780 AF in the 
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Table 111-7 
Irrigation Pumping Estimates 

Using High West 
Irrigation Power Records 

Lodgepole 
Year KWH used gal/kwH gallons pumped AF pumped Use 

2000 26,536,505 700 1.858E+10 56,980 28,490 
1150 3.052E+10 93,610 46,805 
925 2.455E+10 75,295 37,648 

1999 16,393,070 700 1.148E+10 35,200 17,600 
1150 1.885E+10 57,828 28,914 38,000 acres irrigated with GW 
925 1.516E+10 46,514 23,257 using LCCD and County Data 

1998 18,615,726 700 1.303E+10 39,972 19,986 Crow Creek Drainage 7800 acres 
1150 2.141E+10 65,669 32,834 Albin Area 11 ,000 acres 
925 1.722E+10 52,821 26,410 Lodgepole Drainage 19,250 acres 

1997 16,301,214 700 1.141E+10 35,003 17,501 so Lodgepole using 50% of 
1150 1.875E+1O 57,504 28,752 GW used on Average 
925 1.508E+10 46,253 23,127 

1996 16,639,997 700 1.165E+1O 35,730 17,865 
1150 1.914E+10 58,699 29,350 
925 1.539E+10 47,215 23,607 

1995 15,313,982 700 1.072E+10 32,883 16,441 
1150 1.761E+10 54,022 27,011 
925 1.417E+10 43,452 21,726 

1994 22,093,649 700 1.547E+10 47,440 23,720 
1150 2.541E+10 77,938 38,969 
925 2.044E+10 62,689 31,345 

1993 15,896,103 700 1.113E+10 34,133 17,066 
1150 1.828E+10 56,075 28,038 
925 1.470E+10 45,104 22,552 

1992 17,968,735 700 1.258E+10 38,583 19,292 
1150 2.066E+10 63,387 31,693 
925 1.662E+10 50,985 25,492 

1991 16,559,888 700 1.159E+1O 35,558 17,779 
1150 1.904E+10 58,417 29,208 
925 1.532E+1O 46,987 23,494 

1990 13,664,005 700 9.565E+09 29,340 14,670 
1150 1.571E+10 48,201 24,101 
925 1.264E+10 38,771 19,385 

1989 17,282,729 700 1.210E+10 37,110 18,555 
1150 1.988E+10 60,967 30,483 
925 1.599E+10 49,038 24,519 

1988 15,116,873 700 1.058E+1O 32,460 16,230 
1150 1.738E+10 53,326 26,663 
925 1.398E+10 42,893 21,446 

1987 13,236,993 700 9.266E+09 28,423 14,211 
1150 1.522E+10 46,695 23,347 
925 1.224E+10 37,559 18,779 

1986 15,355,292 700 1.075E+10 32,971 16,486 
1150 1.766E+10 54,167 27,084 
925 1.420E+10 43,569 21,785 

Average Use 1986-2000 
17,131,651 700 1.199E+10 36,786 18,393 

1150 1.970E+10 60,434 30,217 
925 1.585E+10 48,610 24,305 
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Lodgepole Basin, which relates to an application rate between 1.96 feet/acre/year and 
0.97 feet/acre/year. 

Caution should be used when evaluating the estimates of irrigation water pumped 
based on electricity use, because one kilowatt-hour will not always pump the same 
amount of water from the same well or through the same sprinkler system. As 
groundwater levels rise or fall, the amount of power required to pump water through a 
system changes. Probably more important than the actual water table fluctuations is 
the changes to the specific capacity and efficiencies of the wells that are caused by 
the water level fluctuations. For example, as the water table drops there are less 
"pipes" to feed water to the well and the pumping level in the well may drop more 
than what would be indicated by the overall drop in the water table measured outside 
the well. 

The following table summarizes the irrigation information presented in the previous 
section. 

Table Ill-8 Summary of Irrigation Estimates 

Irrigation Total Water Total Amount of 
Method Application Rate Applied Lodgepole Water Applied 

Feetlacre/yr Basin AF/yr Egbert-P.B. AF/yr 
Avg. Pochop 2.6 50,698 29,500 
Avg. Trelease 2.2 42,533 24,950 
Avg. LCCD 
Irr. Manual 2.0 39,361 22,680 

Max Crop Use 3.6 68,772 40,824 
Min Crop Use 1.3 25,025 14,750 

USGS 1.2 23,100 13,610 
Avg. Electrical Use 1.3 24,300 14,740 
Max Electrical Use 2.0 38,500 22,680 
Min. Electrical Use 0.97 18,875 11,115 

Reviewing only the average irrigation use, the median estimate of average annual 
irrigation use is the value determined using the LCCD Irrigation Manual and is 
approximately 39,360 AF per year for the entire basin and is 22,680 AF for the 
Egbert Pine Bluffs area. These values seems high to the author of this report and we 
believe that the average irrigation use is probably closer to 25,000 AF for the entire 
basin and 14,750 AF for the Egbert-Pine Bluffs area. This judgment is based on two 
primary factors. 

1. The crops that require the most irrigation are alfalfa and pasture grass. We 
question if all the consumptive irrigation requirements are really being applied 
to these crops in the study area. 

2. The Agricultural Statistics Service data for all of Laramie County indicates 
that approximately 65% of all acres grown in the county are alfalfa or pasture 
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hay. We used these same figures to estimate the "typical" crop breakdown in 
the Lodgepole Basin and in the Egbert-Pine Bluffs area. While these figures 
may be valid for all irrigated crops in the Lodgepole Basin, we question if 
groundwater is really being pumped to irrigate as much pasture grass as the 
numbers indicate. 

If water was available, the amount of groundwater used for irrigation could increase 
to approximately 45,000 AF in the entire Lodgepole Basin and 27,000 AF in the 
Egbert-Pine Bluffs area. One irony of this area is that this much groundwater may be 
only available during or immediately following a wet year. The electrical use data 
indicates that the minimum irrigation use could be about 19,000 AF in the entire 
basin and about 11,000 AF for the Egbert-Pine Bluffs area. Because of the limited 
water supply and since the area is in the Control Area, we do not anticipate any 
increase in irrigation water use. 

C. Other uses of Groundwater in the Lodgepole Basin 

In addition to irrigation use, groundwater is used for municipal, domestic, and some 
industrial use. In order to estimate the amount of municipal use data from the Towns 
of Pine Bluffs and the Town of Bums was reviewed. 

For the period 1996 through 2000, the Town of Pine Bluffs used approximately 
131,500,000 gallons or 405 AF per year. Average water use in Pine Bluffs is 418 
gallons/day/person. A recently completed report by Lidstone and Associates, 2001, 
estimates that the Town will use approximately 635 AF in the year 2030. This is a 
growth rate of approximately 1.5% per year. 

During 2000, the Town of Bums used approximately 36,845,000 gallons or 113 AF. 
Average water use is 355 gallons/day/person. During the 1990s, the population of the 
Town grew by approximately 12.2% or slightly more than 1% per year. Assuming 
that the average per capita use remains the same and that growth continues at 1 % per 
year, the total water used in the Town of Bums will increase to approximately 150 
AF/year by 2030. 

Crist estimated that approximately 300 AF of water was used for municipal and 
industrial use in the Egbert-Pine Bluffs area in 1971. Assuming that the growth rate 
in Pine Bluffs has remained fairly consistent at around 1.5% per year during the last 
30 years, water use in Pine Bluffs was about 256 AF in 1971. Therefore, industrial 
use in 1971 was about 50 AF/year. We estimate that industrial use is currently 
approximately 100 AF/year. Assuming a growth rate of 1.5% per year, we estimate 
that industrial use could reach approximately 150 AF/year in 2030. It should be 
noted that any large yielding wells that were proposed for industrial use would be 
subject to the Control Area restrictions. 

According to the draft Laramie County Comprehensive Plan (Community Matters, 
2001), Laramie County's population increased from 73,142 to 81,607 between 1990 
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and 2000, which is 11.6 percent. This growth rate translates to just over 1 % per year. 
While the population of the county grew by 11.6% in the 1990s, the population of 
residents in the unincorporated areas of the county increased by almost 25% or nearly 
2.25% per year. The population in the unincorporated areas grew from 21,706 in 
1990 to 27,038 in 2000. Assuming that each residence has on average 3.1 people, 
which is the average based on 1990 census information, than the number of rural 
residences grew from approximately 7000 in 1990 to approximately 8725 in 2000. 

During the last half of the 1990s, approximately 7400 acres were subdivided in all of 
Laramie County, which created 1,337 new residential lots. From 1994 through 2000, 
725 zoning permits or building certificates were issued for the East Area of Laramie 
County, which includes the area east of Ridge Road and north of 1-80. The Laramie 
County East Area is almost entirely within the Lodgepole Creek basin. This is an 
average of approximately 104 new residences per year in the area. 

The Wyoming State Engineer's Office has estimated that each rural residence pumps 
approximately one acre-foot per year of groundwater. In 1993, States West estimated 
that each residence pumped approximately 0.73 AF (238,000 gallons) of water per 
year. Not all of the water that is pumped is necessarily lost to the system, since a 
portion of the water is recharged via the septic systems and infiltration from 
landscape and lawn irrigation. 

Assuming growth rates of 0.5%, 1 %, and 2.5% per year, the population and number 
of residences in the unincorporated areas of Laramie County would grow as shown in 
the following table. 

Table III-9 Unincorporated Areas in Laramie County 
Population Growth Projections 

Growth Rate 2000 population 2020 population 2030 population 

0.5%/year 27,038 29,875 31,400 
# of residences * 8725 9640 10,130 

l%/year 27,038 33,000 36,445 
# of residences * 8725 10,645 11,760 

2.5%/year 27,038 44,300 56,715 
# of residences * 8725 14,290 18,300 

* Assume 3.1 people per resIdence from 1990 census data 

Based on these projections, the amount of groundwater withdrawn in Laramie County 
for domestic use by rural residences would increase as shown in Table 111-10. 
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Estimate of 

Table III-I0 Estimates of Groundwater 
Withdrawn for Domestic Use in Laramie County 

2000 Growth Rate 2020 2030 
average Pumping Rates Percent per Pumping Rates Pumping Rates 

pumpage per AF year AF AF 
residence 

1 AFIYR 8725 0.5 9640 10,135 
0.73 AFIYR 6370 0.5 7040 7400 

1 AF/YR 8725 1.0 10,645 11,760 
0.73 AFIYR 6370 1.0 7770 8585 

1 AFIYR 8725 2.5 14,290 18,300 
0.73 AFIYR 6370 2.5 10,430 13,360 

Review of the well inventory in the State Engineer's Office and the rural address 
requests in the Laramie County Planning Office indicates that from 1990 to 2000 
between 50% and 75% of the rural residences being constructed in the county are 
within the Lodgepole Creek Basin. Recent development has occurred in the area in 
north and east Cheyenne, most of which is in the Lodgepole Basin and additional 
development in this area is likely to occur. 

Assuming that 67% of new rural residences in Laramie County will be built in the 
Lodgepole Basin, then estimates of the amount of additional groundwater with drawn 
in the Lodgepole Basin for domestic use by 2030 range from approximately 4960 
AF/yr to 12,260 AF/year. Note that these estimates of future domestic groundwater 
use are highly dependent upon the assumptions regarding the growth rate in the 
County and the location of the new rural subdivisions. 

D. Summary of Current Water.Use and Future Demand Estimates 

The estimates of current and projected water use for the entire Lodgepole Basin are 
summarized below: 

Type of Use 2000 Demand AF 2030 Demand AF 

Average Irrigation 25,000 25,000 
Municipal 530 785 (1) 

Industrial 100 150 
Domestic 4365 (:l) 7880 (3) 

TOTAL 30,500 35,000 

1. Assumes growth rate of 1.5% growth for Pine Bluffs and I % for Bums. 
2. 50% of existing residences are within the LP Basin. Ave. use is I AFIyr. 
3. Assumes increase in rural residences is Io/olyr and 67% are within the 

Lodgepole Basin. 
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IV. Groundwater System 

A. General 

This section of the report provides a brief overview of the groundwater system in the 
Lodgepole Basin and more specifically in the Egbert-Pine Bluffs area. More detailed 
information can be obtained from a variety of sources including the several USGS 
reports cited in the Reference Section of this report. 

The principal water bearing formations in eastern Laramie County are the Quaternary 
deposits, the Ogallala Formation of Miocene - Pliocene age, the Arikaree Formation 
of Miocene age, and the White River Formation of Oligocene Age. The Lance 
Formation and the Fox Hills Sandstone, which are Cretaceous in age, are possible 
secondary sources of water for some uses. 

The Wyoming State Engineer's Office designates the Ogallala, Arikaree, and White 
River Formations as the Tertiary Aquifer in Laramie County. The USGS and US 
Bureau of Reclamation also call the Tertiary aquifer the High Plains aquifer in 
studies. The Lance and Fox Hills are included in this report because the formations 
have been used as sources of water in some areas in and near Cheyenne. These 
deeper aquifers have been utilized where adequate water was not obtained from the 
Tertiary Aquifer or the Quaternary deposits. 

The highest permeability in all of the post-Cretaceous formations, except the White 
River is found in the coarser grained beds of sand and gravel. When saturated, these 
beds have the ability to transmit and yield significant quantities of water to wells. In 
the White River Formation, the greatest permeability is in areas where secondary 
permeability has developed due to fracturing, piping, or solution activity. Locally, 
these features are known as "pipes." The secondary permeability appears to occur 
only in some areas where the Ogallala and Arikaree Formations have been eroded 
away and Quaternary material has been deposited on the White River Formation 
(Crist, 1980). 

B. Groundwater Occurrence and Potentiometric Surface 

Below the water table, all the pore spaces in the rocks that underlie the Lodgepole 
Basin are filled with water, forming what is know as the zone of saturation. Rocks 
older than the White River Formation are fully saturated in all areas except where 
they are exposed near the east flank of the Laramie Mountains. In the Islay and Pine 
Bluffs lowlands, where the White River is exposed, only its lower part is saturated. 
In other areas it is fully saturated. Except near its outcrop along the margins of the 
Pine Bluffs lowland and along the Horse Creek valley, the Arikaree is probably 
saturated. In the upland areas away from principal stream valleys, only the lower part 
of the Ogallala is saturated. Where the Ogallala is buried beneath saturated 
unconsolidated deposits, it is fully saturated (Bjorklund, 1953). Crist and Borchert 
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(1972) mapped the depth of saturated thickness of material overlying the White River 
in the Pine Bluffs area. 

The hydraulic interconnection between the geologic formations is assumed to be 
sufficient to permit one continuous water-level (potentiometric) surface to be drawn 
throughout the study area (Crist and Borchert, 1972). Regionally, water-table 
conditions or un-confined, not artesian or confined conditions exist. Groundwater 
movement is downgradient in the direction of the water level slope. The general 
direction of movement is perpendicular to the contours drawn on the water level 
surface. In Laramie County the direction of movement is generally west to east. 
Refer to potentiometric surfaces presented in Lowry and Crist 1967, Crist and 
Borchert 1972, and Crist 1980. 

C. Recharge and Discharge 

Recharge is the addition of water to the groundwater reservoir. Recharge can occur 
as underflow (water that moves through the subsurface), direct infiltration of 
precipitation and seepage from streams. Discharge is the removal of water from the 
groundwater system. In a natural system discharge occurs as underflow, stream flow, 
and as evaporation/transpiration when the groundwater table is close to the surface. 
Pumpage of water from wells is a man-made discharge imposed on the system. 
Normally, the quantity of recharge to the groundwater system is balanced by the 
discharge of the system, plus or minus the change in storage in the system. The 
change in storage is reflected by the fluctuations of the water table. 

The following table presents the recharge estimates for the area of Laramie County 
that was modeled by Crist, (1981). Crist studied an area of2320 sq. mi. 

Table IV -1 Recharge Estimates for Laramie County 
From Crist 1981 (acre-feet/year) 

Precipitation 102,700 
Underflow 1,400 
Streamflow 3,200 

Total 107,300 

In 1946, the USGS estimated that recharge from precipitation in the Cheyenne area 
averaged 0.83 inches per year or about 5.5% of the average annual precipitation 
(Lowry 1967) This assumption that 5.5% of precipitation recharges the aquifer has 
been used in subsequent USGS studies, including Rapp (1953), Lowry (1967), and 
Crist (1980). 

The Lodgepole drainage basin covers approximately 1045 sq. mi., which includes 
approximately 10 sq. mi. in Colorado. Using 15.5" as the average precipitation over 
the Lodgepole Basin and assuming that 5.5% of precipitation results in recharge to 
the groundwater system, then approximately 47,500 AF/yr are recharged to the 
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Lodgepole groundwater basin from precipitation. Underflow into the system is 
insignificant, because the Precambrian rocks west of the Islay Escarpment probably 
don't transmit much water to the Tertiary aquifer. The annual flow in Lodgepole 
Creek at the Pole Creek Reservoir Diversion was estimated in Chapter II of this report 
as approximately 5500 AF/year. Since all of the water in Lodgepole Creek normally 
seeps into the ground, we have assumed that all of the water flowing at the diversion 
dam recharges the groundwater system. Adding the precipitation recharge (47,500 
AF/yr) to the recharge from Lodgepole Creek seepage (approximately 5500 AF/yr) 
results in a total recharge to the Lodgepole Basin of approximately 53,000 AF/yr. 
This value compares well to Crist's estimate of 107,300 AF/yr of recharge for the 
2,320 sq. mi. area that he modeled in 1980. 

Lowry & Crist (1967) estimated the following water budget in Laramie County. 
Recharge equaled 108,400 acre-feet per year and yearly discharge by pumpage 
equaled 28,000 acre-feet.' They state "the balance of the recharge leaves the county 
by other means - an estimated 20 percent by streamflow, 20 percent by underflow, 
and 60 percent by evapotranspiration." 

Discharge from the Lodgepole system includes pumpage, evapotranspiration (ET) 
losses, and underflow. Since there is no flow in Lodgepole Creek at the State line, 
discharge from stream flow is assumed to be zero. Based on our estimates presented 
previously, pumpage is estimated to be 30,500 AF/year on average. ET losses are 
difficult to estimate. Natural ET losses occur where Lodgepole, Muddy, and Spring 
Creeks are flowing streams or where the water table is near the surface. In addition, 
approximately 800 AF per year of evaporation could occur from the surface of the 
Pole Creek Reservoir. 

Rapp, Morgan, & Morgan (1953) estimate that the average flow in the winter months 
at the Bushnell gage equals the "streamflow at the Stateline plus four-fifths of the 
underflow at the Stateline." Rapp (1953) indicates that the average annual surface 
and subsurface discharge in the .Lodgepole valley between 1941 and 1949 was 
approximately 9800 AF. Using recent data' from the Bushnell gage, the average 
annual stream flow is approximately 4.5 cfs. Using the relationships developed by 
Rapp, the total discharge at the Stateline is 5.6 cfs or approximately 4100 AF/yr. All 
of the discharge at the Stateline is underflow. 

The reduction in the underflow in Lodgepole valley between Rapp's 1953 estimate 
(9800 AF/yr) and our estimate (4100 AF/yr) is approximately 5700 AF/yr. This value 
relates reasonably closely to our earlier estimate that the winter flow at the Bushnell 
gage was reduced by 3800 AF /yr between 1969 and 1991. The 3800 AF /yr should be 
added to the reduction in flow that Crist observed prior to 1971. It should be noted 
that irrigation development between the Stateline and the Bushnell gage has further 
reduced the flow at the gage, therefore not all of the reduction in flow observed at the 
gage is necessarily due to reduction in underflow at the State line. 
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Bjorklund (1959) states that in 1953 "the underflow through the unconsolidated 
deposits of Quaternary age at the Stateline was 7.S cfs and another S cfs was 
estimated to be flowing through the Ogallala Formation." Using these values, the 
underflow east into Nebraska was estimated to be 9100 AF/yr. Using the updated 
data concerning the flow at the Bushnell gage and assuming the same underflow 
through the Ogallala; the underflow beneath the Stateline into Nebraska at the present 
time is estimated to be approximately 7750 AF/yr. In addition to the underflow into 
Nebraska across the Stateline, considerable amounts of water flow out of the 
Lodgepole Basin toward the northeast and into the Horse Creek drainage. 

In summary, recharge to the Lodgepole Creek Basin is estimated to be 53,000 AF per 
year. Total groundwater pumpage is estimated to be 30,SOO AF/yr and underflow 
into Nebraska is estimated to be 7750 AF/yr; therefore, total discharge from these 
sources is approximately 38,250 AF/yr. The apparent approximately 14,750 AF/yr 
surplus of water probably flows from the Lodgepole Basin and into the Horse Creek 
drainage, is consumptively used by surface irrigation, and/or is consumed by 
evapotranspiration. 

To check this water budget, data from the Laramie County monitoring wells were 
reviewed. The water levels in some of the wells are going up, some are going down 
and some are staying just about the same. Water level changes between 1980 and 
1999 for the six closest monitoring wells to the Lodgepole study area are summarized 
in the following table. Five of the monitoring wells are in Wyoming: the Elmer 
Glantz well in Section 5, T13N, R60W; the CC Gross well in Section 5, T14N, 
R60W; the Laramie County #2 Well in Section 18, T14N, R61W, the Laramie 
County #3 Well in Section 15, TI4N, R63W; and the Laramie County #4 Well in 
Section 20, T15N, R62W. One monitoring well is located in Nebraska approximately 
~ mile east of the Stateline in Section 11, TI4N, R59W. 

Table IV-2 Water level Changes in 
Nearby Monitoring Wells 

Well NameIWel1 Number Water Level Changes 1980-1999 

Elmer Glantz 13 -060-05ccbO 1 + 2.63' 
C.C. Gross 14-060-0S-bcbO 1 - I.S' 

Laramie County #2 14-061-18dddOl - 1.5' 
Laramie County #3 14-063-15aaaOl - 4.65 ' 
Laramie County #4 I5-062-20aaaO I +0.5' 
Nebraska Mon. Well 14-059-11ddOl -4.25' 

Graphs that show the change in the water levels for these wells compared to the 
change from average annual precipitation over the Lodgepole Basin are shown in 
Figures IV -1 through IV -6 at the end of this section of the report. Precipitation from 
1980 - 1999 averaged 16.6"/year which is about one inch higher than the long-term 
average precipitation amount of IS.5". 
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Another check on the groundwater budget for the Lodgepole Basin was done by 
reviewing data from time periods where water levels were known to rise and periods 
where water levels are known to decrease. From 1982 through 1985, precipitation 
over the basin averaged 19.1 inches per year. This is an increase of approximately 
3.6"/yr over the average value of 15.5 "/yr. Assuming that groundwater recharge is 
5.5% of precipitation, than direct recharge from precipitation was approximately 0.2" 
per year above average (3.6" x 5.5%) from 1982 to 1985 or 11,110 AF/yr over the 
entire 1050 sq. mi. Lodgepole Basin and 2100 AF/yr over the 200 sq. mi. in the 
"Egbert-Pine Bluffs area" where the White River Formation is exposed and/or where 
the Quaternary materials lay directly over the White River. 

Conversely, precipitation averaged 12.39"/yr over the basin for the period 1975 
through 1978, which is a deficit of approximately 3.1" /yr. Using the assumption that 
5.5% of precipitation results in recharge to the aquifer, than 0.17" per year less of 
recharge occurred during the period. This relates to 9520 AF/yr over the entire basin 
or 1820 AF/yr over the Egbert-Pine Bluffs area. These values give us a high and low 
range between which the groundwater system is in balance. The changes in water 
levels in the C.C. Gross, Egbert, and Elmer Glantz monitoring wells are shown in the 
following table. 

Table IV -3 Water levels changes in Monitoring Wells 
Low Precipitation Periods 1975 - 1978 & 
High Precipitation Periods 1982 - 1985 

Well Water level change Water level change 
1975 - 1978 1982 - 1985 

Elmer Glantz - 8.75' + 19.2' 
CC GrOSS - 2.2' + 2.0' 

Average precipitation may not play· as much of a role in groundwater recharge as has 
been assumed. Rather extreme events or a year with large runoff may be the key to 
recharge. This idea was fIrst pointed out by Rapp et al (1953), "Intense rains or 
repeated rains are effective in recharging the Brule formation. Scattered light rains, 
although they may produce above-normal monthly precipitation are less effective in 
recharging the groundwater reservoir." To review this idea, a series of graphs 
comparing water levels in the six monitoring wells listed previously verses winter 
(October through March) flow at the stream gage on Lodgepole Creek at Bushnell, 
Nebraska were prepared. These graphs are presented as Figures IV-7 through IV-12. 
Water levels in the Elmer Glanz, C.C. Gross, Laramie County #2, and the Nebraska 
monitoring wells responded quickly to the high stream flows between 1983 & 1985. 
The response of the water level in the Laramie County #4 well seems to lag the high 
stream flow by approximately 4 years. Very minor response to the stream flow is 
observed in the Laramie County #3 well. 
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Local conditions, such as increased pumping, the ability of the aquifers to receive 
recharge, to transmit water to the wells, and interference from nearby wells may 
impact the ability of a particular well or group of wells to deliver the required yields. 
This condition is illustrated by the hydrographs from two of the Town of Pine Bluffs 
wells. Water levels measured by town personnel in Well No. I and Well No.6 are 
shown in Figures IV-I3 & IV-14 at the end of this section of the report. Both wells 
are currently used for the Town's water supply. The water levels are measured in the 
wells after each well has been turned off for at least 24 hours. The water levels in the 
wells are lower in 2000 than they were in 1983. Since about 1995 the rate of decline 
seems to have slowed. The period of the hydrographs for these two wells is from the 
end of 1983 through the end of 2000. Some of the water level declines seen in the 
Pine Bluffs wells could be due to the decline in water levels seen following the high 
runoff in Lodgepole Creek between 1983 and 1985. 

Hydrographs for the Elmer Glanz and C.C. Gross wells are shown as Figures IV-15 & 
IV -16. These wells have the longest period record of the monitoring wells near the 
project area. The water levels in the wells consistently dropped until about 1976. 
The water levels in the wells rose significantly between 1980 and 1985. Water levels 
again dropped consistently until about 1990. Since 1990, water levels in the Elmer 
Glanz well have fluctuated in an approximate 5' range between elevation 5065 and 
5070. Water levels in the C.C. Gross well have dropped slowly between 1990 and 
2000 from elevation 5046 and 5043.5. Review of hydrographs from other monitoring 
wells Laramie County show the same general trends (Mason, 2000). 

Fluctuations of the water levels in the monitoring wells are responses to a dynamic 
relationship . between discharge and recharge. In years with less than normal 
precipitation, there is likely less than normal runoff and pumpage from the aquifer 
probably increases. 
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Water Levels in the Elmer Glanz Well 
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Water Levels in the C.C. Gross Well 
Well No. 14-060-05bcb 
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v. Water Supply Alternatives and Cost Estimates 

A. General 

Information developed during this study shows that the annual flow at the Bushnell 
gage on Lodgepole Creek has decreased by approximately 3800 AF since about 1969. 
Also, a decrease in recharge of approximately 1800 AF per year in the Egbert-Pine 
Bluffs portion of the basin during the four year period between 1975 and 1978 due in 
part because of lower than normal precipitation caused drops in the water levels in the 
monitoring wells. This data provided a basis for initial estimates of the amount of 
water that should be imported into the basin for supplemental recharge to the aquifer, 
i. e. aquifer storage and retrieval. 

Conceptual level water supply systems that could provide between approximately 
3500 AF to 5000 AF per year were developed and evaluated during this study. The 
criteria used to develop the water supply alternatives are listed below: 

1. The water systems needed to deliver 3500 to 5000 AF per year. 
2. This water should be delivered in approximately 200 days, which is the period 

from May 1 st to October 31 st. This delivery schedule would avoid the coldest 
months with potential problems with freezing of the pipeline and other water 
conveyance structures and would assure that there was no frost in the ground, 
which would limit the recharge from any spreading basins or other surface 
infiltration facilities. 

3. Any water imported into the basin or developed needed to be conveyed to 
near a point where it could be recharged directly into the White River 
Formation or into Quaternary materials directly overlying the White River 
F ormation. This assumption or criteria meant that water needed to be 
delivered into the Egbert-Pine Bluffs area. We believe that there would be 
excessive losses of water if it were delivered into an alluvial stream channel or 
into the Ogallala Formation' higher in the western part of the basin. Also if the 
water were delivered outside of the Egbert-Pine Bluffs area control, 
management and timing of the water delivery would be so difficult that it 
would be impossible to identify specific beneficiaries of the aquifer recharge. 

More detailed information concerning regarding the cost estimates can be found in 
the appendix to this report. In addition, more information and discussion concerning 
aquifer storage and retrieval issues are presented in Chapter VI of this report. 

B. Import Water Supply Alternatives 

Using the criteria mentioned in the previous section of the report, six water supply 
alternatives were developed that could provide approximately 3500 to 5000 AF/year 
of water to the Egbert-Pine Bluffs area. The locations of the water supply sources 
and possible pipelines that would convey the water to the Egbert-Pine Bluffs area are 
shown in Figure V-I. The alternatives are described below and conceptual level 
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capital cost estimates for developing these alternatives are presented. These cost 
estimates include initial capital costs, equipment replacement costs, pumping or 
power costs, and operation and maintenance costs. The basis for each initial capital 
and replacement equipment cost estimate is shown in the spreadsheets included in the 
appendix to this report. The repayment cost per acre-foot of water per year for 
developing these systems plus an estimate of the annual pumping costs and O&M 
cost are presented at the end of this section of the report. Two annual repayment 
schedules are shown. Both repayment schedules assume a 50-50 WWDC Grant -
Loan Mix, but one assumes 7.25% interest on the loan for 30 years and the other 
assumes a 6.0% interest rate. 

Chivington and Durham Well Field 

Two potential well fields were evaluated in this study. The Chivington field is 
located in T16-17N, R65W and the Durham Field is located in T15-16N, R64W. The 
Chivington field is located near a particularly thick sequence of saturated Ogallala
Arikaree formations north of Highway 85, identified by Lowry & Crist (1967, Plate 
2). Records from the Wyoming State Engineers Office show wells in this area with 
large yields from these aquifers. The Durham field is located northeast of Durham, in 
T15-16N, R64W where there -may be particularly permeable sediments in the 
Ogallala and Arikaree Formations. 

Although the both well fields are located in the Laramie County Control Area, it may 
still be possible to develop well fields in this region to supply recharge water to the 
Lodgepole Creek ASR program if the water can be developed without injury to 
existing wells. We are not assessing the injury issue in this study, but have conducted 
an analysis of the physical adequacy of the Ogallala-Arikaree aquifer in the area to 
supply the needed water to the recharge project. Both potential well fields were 
initially located based upon the presence of State lands to locate a well field and due 
to their proximity to the better producing zones in the aquifer. 

For purposes of this feasibility analysis each field was simulated using a Theis well 
field simulation model. Each field was composed of 7 wells, with each well yielding 
500 gpm on a sustained basis. The annual yield of each field is approximately 5650 
AF. These well field configurations were chosen to be representative of a potential 
field in each region, not as the final recommendation for a field design. Actual field 
designs should be based upon testing of the aquifer conditions in each area, and upon 
an evaluation of existing wells to minimize interference. 

The Theis model requires input of aquifer characteristics, including aquifer hydraulic 
conductivity, saturated thickness, and storage coefficient. The model was run in the 
unconfined mode. The assumptions used in the model are as follows: 
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Table V-I Aquifer Characteristics Used in Well Field Modeling 

Chivington Field Durham Field 

Saturated Thickness 400 ft. 325 ft. 

Hydraulic Conductivity 37.5 gpd/sqft 46.15 gpdlsqft 

Transmissivity 15,000 gpdlft 15,000 gpdlft 

Specific Yield 0.20 0.20 

No detailed well tests were found from which to determine hydraulic conductivity 
and transmissivity for this analysis. Lowry and Crist (1967) suggest that 50% of the 
wells in the region will have a specific capacity of at least 0.016 gpm/ft of saturated 
aquifer thickness. Using this value, wells in the Chivington Field should have a 
specific capacity of around 6.4 gpmlft of drawdown, and wells in the Durham field 
should have a specific capacity of around 5.2 gpmlft of drawdown. Actual pumping 
tests of wells in these areas identify considerably greater specific capacities in many 
areas. Statements of Completion for wells near the proposed Chivington field show 
wells with specific capacities ranging from 11 to 24 gpm/ft of drawdown. The 
Statements of Completion for wells near the Durham field have specific capacities of 
10 to 22 gpmlft of drawdown. 

The specific capacity of wells can be used to estimate the transmissivity of the 
aquifer. Generally, transmissivity expressed in terms of gpdlft is found to be 1500 to 
2000 times the specific capacity. Utilizing the Lowry and Crist values of specific 
capacity, the transmissivity of the aquifer in the Chivington Field should range from 
9600 to 12,800 gpd/ft. Using the Lowry and Crist values for specific capacity, the 
transmissivity of the aquifer at the Durham field should range from 7800 to 10,400 
gpd/ft. The Lowry and Crist conversion suggest that 50% of the wells should have 
specific capacities at or above those noted, so we would anticipate a significant 
number of wells with higher values than projected by this process. 

Using the higher specific capacities noted on State records, the transmissivity of the 
aquifer at the Chivington field could be as high as 48,000 gpd/ft and the 
transmissivity of the aquifer at the Durham field could be as high as 32,000 gpd/ft. 
For purposes of our analysis we have modeled both well fields using a fairly low 
estimate of transmissivity of 15,000 gpdlft. 

Figures V -2 and V -3 depict the drawdown which may be anticipated from pumping 
the wells in the Chivington and Durham field at a sustained rate of 3500 gpm (500 
gpm per well x 7 wells) for 10 years. In both cases, the maximum drawdown at the 
site of the pumping wells is around 25% of the saturated thickness after 10 years of 
pumping. This analysis does not factor in interference effects from existing wells, but 
only demonstrates the added drawdown that the system would see if the new well 
fields were installed. In order to minimize interference effects and injury to existing 
wells, well sites may need to be altered, the number of wells may need modified, well 
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spacing may need adjusted, and well productions may need to be individually 
assigned. However, the modeling suggests that operation of an Ogallala-Arikaree 
well field at either the Chivington or Durham location may be feasible. 

Although the results of the simulation indicate the proposed well fields may be 
feasible, these analysis do not address the longer-term impacts on recharge to the 
White River, which could result from withdrawing significant quantities of water 
from the Ogallala-Arikaree aquifer northwest of the White River subcrop. Flow in 
the Ogallala-Arikaree is generally north eastward from the proposed well field sites 
and withdrawal of water from the well fields may not impact wells in the Egbert-Pine 
Bluffs area, however, some additional analysis of this consideration is warranted. 

In order to convey water from the Chivington well field, an IS" pipeline from the 
well field to the location of a potential recharge site needs to be constructed. F or this 
conceptual level study, we assumed that the pipeline would end in T 16N, R62W near 
the Quaternary Terrace materials exposed in the draw. The Chivington well field and 
pipelirie is closest to water users near the north end of the Egbert-Pine Bluffs area and 
the initial phase of this project would provide water to this area. The total project 
cost for this alternative is $9,880,000. Assuming that the yield of the system is 3500 
AF/yr, this works out to a cost of $117/AF/yr for the 7.25% loan and $102.50 per 
AF /yr for the 6% loan. 

In order to convey water from the Durham well field an 18" pipeline from the well 
field to a location near the Thomas Reservoirs northeast of Bums is needed. This 
pipeline would provide water to users along the main stem of Lodgepole Creek and 
could also provide water to the Town of Burns, if needed. The total proj ect cost for 
this alternative is $7,193,350. Assuming that the yield of the system is 3500 AF/yr, 
this works out to a cost of $S5/AF/yr for the 7.25% loan and $75/AF/yr for the 6% 
loan. 

Dry Creek Wastewater Treatment Plant 

The Dry Creek Wastewater Treatment plant (WWTP) is also a source of water for 
recharge. The City of Cheyenne imports water from west of the Laramie Mountains 
and brings this water into the Crow Creek drainage. The Wyoming Supreme Court 
has ruled "an importer of water ... has the right to reuse, successfully use, and make 
disposition of imported waters" (Thayer v. City of Rawlins, 1979). The Wyoming 
Water Development Commission also has an interest in the portion of the effluent at 
the Dry WWTP that is imported using the City's Stage II system. Wyoming Statute 
W.S. 41-2-210 states that "All etlluent from the City of Cheyenne's sewage treatment 
plant resulting from Stage II water ... shall be assigned to and marketed by the 
WWDC until the City of Cheyenne develops the ability to recycle or reuse that water 
for municipal purposes" (SWWRC 1999). Currently (the average between 1991-
1997), the City is discharging approximately 3200 AF/yr of etlluent from the 
treatment plans that is imported water and the amount of imported water discharged 
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at the treatment plants is expected to grow as the population of Cheyenne grows 
(SWWRC, 1999). 

In order to convey water from the Dry Creek WWTP a pipeline would need to be 
constructed to a location near the Gilland Reservoir on Muddy Creek. This pipeline 
could serve water users along Muddy Creek and a short extension of the pipeline 
could be constructed under I -SO to provide water to users along the main stem of 
Lodgepole Creek also. The total project cost for this alternative with the Muddy 
Creek to Egbert pipeline is $8,365,300. Assuming that the yield of the system is 3500 
AF/yr, this works out to a cost of $99.00/AF/yr for the 7.25% loan and $S7.13/AF/yr 
for the 6% loan. In addition to the pipeline costs, the water users may also have to 
buy the water from the City of Cheyenne or the WWDC. A recent study (SWWRC 
1999) has indicated that the value of this water to the City of Cheyenne is about 
$ 140/AF. Perhaps a more favorable rate could be negotiated through the WWDC. 

Pole Creek Reservoir System 

The Pole Creek Reservoir is an off-channel reservoir located in Section 36, TI6N, 
R66W, with its source of supply from Lodgepole Creek. It is privately owned and 
has adjudicated water rights for approximately 2250 AF. In addition, there are 
adjudicated water rights for land to be irrigated out of the reservoir. If the water users 
wanted to buy and rehabilitate the reservoir, the cost for the reservoir could be as high 
as $2500/acre-foot. No attempts to meet with the current owners of the reservoir to 
discuss their interest in selling the reservoir were made during this study; however, 
the $25001 AF figure is the approximate planning cost estimate used for a similar 
storage reservoir in Colorado. Assuming the available capacity of the reservoir was 
approximately 2000 acre-feet, than the capital costs to buy and rehabilitate the 
reservoir would be approximately $5,000,000. 

Earlier this report presented an estimate that the natural flow in Lodgepole Creek at 1-
25 (i.e. the Pole Creek Reservoir) was approximately 5000 AF/yr. This figure will be 
reduced by the amount of consumptive surface water irrigation that occurs in the 
drainage above the interstate. However, there is still water available at the Pole Creek 
Reservoir to provide approximately the adjudicated water right. 

The water still has to be conveyed from the reservoir to a point where the water could 
be used for recharge. By simply opening the outlet gate on the reservoir or by not 
using the supply ditch to the reservoir and allowing water to run down Lodgepole 
Creek some benefit to the groundwater system would occur. However, 
evapotransporation losses will occur and there is the possibility that some water users 
with adjudicated water rights may see the water in the creek and begin to use it. 
Therefore, we have assumed that a pipeline system is necessary. For this conceptual 
level study, we developed two pipelines from the Pole Creek Reservoir one that 
connects to the Durham well field pipeline and one that connects to the Chivington 
Well field pipeline. Assuming that the cost to buy and rehabilitate the reservoir is 
about $5,000,000 and that a total of about 15 miles of pipeline would be required, the 
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initial capital costs for the Pole Creek Reservoir system is $10,866,000. Assuming 
that the yield of the system is 2000 AF Iyr, this works out to a cost of $2241 AF Iyr for 
the 7.2S% loan and $2001 AF Iyr for the 6% loan. 

Cheyenne Stage IT Water 

This alternative evaluated the option of providing water, at least on a temporary basis, 
to the recharge project using the un-used portion of the City of Cheyenne's Stage II 
project. The City and the WWDC have entered into agreements (dated 1986, 1992, & 
2001) that allow the WWDC to market the part of the City's un-used ( excess) Stage II 
water. The terms of the agreement renegotiated in 2001 states that the amount of 
excess water available is SOOO AF through 2004; 4000 AF through 2006; 3000 AF 
through 2008; 2000 AF through 2011; and 1000 AF to 2015. Conditions on the sale 
of the water state that the water shall be sold to agricultural users at $7. SOl AF; 
however, the term of the water sale will not be for more than one year and that the 
amount of water available will not be known until the first week of June each year. 
Other stipulations in the agreement state that the WWDC is offered the first option for 
not more than 80% of the excess water to offer to Cities, Towns, and special districts 
in the North Platte Basin. 

Excess Stage IT seems to be a fairly un-reliable water source for the recharge project. 
However, we provided a cost estimate to convey the water from the Round Top 
Water Treatment plant, which is the closest location to the recharge that the City of 
Cheyenne could currently convey un-treated excess Stage II water. The cost of a 
pipeline from Roundtop to a location near Egbert is approximately $10,865,000. 
Assuming that the yield of the system is 3000 AF/yr, which according to the revised 
WWDClBoPU agreement will only be available until 2008, this works out to a cost of 
$lS0/AF/yr for the 7.2S% loan and $ 130/AF/yr for the 6% loan. 

The alternative of developing water from Fish Creek in the Little Snake River 
drainage west of the continental divide, i.e. Cheyenne Stage III, was also briefly 
reviewed. A 1986 report by Stone and Webster estimated the cost of a collector 
system, dam, and transmission system for this project at $200,000,000 for an annual 
yield of about 39,000 AF. This water source was judged too be too costly to use 
solely for ASR purposes. 

Development of the Paleozoic Aquifer 

The final option that we reviewed was the potential of developing a water source 
from the Paleozoic aquifer or Casper formation near the east flank of the Laramie 
Mountains in the South half of TI6N, R70W and the North half of TlSN, R70W. 
This location is one of the sites identified as "having more favorable hydrogeologic 
characteristics" in the 1992 WWC Report Groundwater Development Potential for 
the Paleozoic Aquifer ... Southeastern Wyoming. 
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In 1993 SSWWRC developed cost estimates for a Paleozoic well field and pipeline at 
approximately $12,500,000 for a 5000 AF/yr supply. These costs were to convey 
water to the rural suburbs in the "North Cheyenne Area." Without inflation, the loan 
repayment costs for the well and pipeline will be about $1001 AF Iyear. These costs 
need to be added to the additional costs to bring the water to the recharge area, which 
is approximately the same as the Roundtop Pipeline. The total project costs is about 
$2501 AF/year. If the City of Cheyenne were to participate in this project and would 
allow use some of the raw water pipelines that currently supply the Roundtop water 
treatment plant the costs of this alternative would be reduced by the cost of the 
pipelines from the well field to Roundtop. 

C. Summary of Project Costs with Pumping, Operation and Maintenance 

The following table presents total annual loan repayment costs (including initial 
capital costs and equipment replacement costs), pumping costs, and operation and 
maintenance costs for the water supply options or alternatives developed during this 
study_ Detailed information concerning the development of these costs is presented 
in Appendix A. 

Table V-2 
Summary of Cost Estimates for Water Supply Alternatives 

Water Supply Annual Loan Pumping Costs Operation & Total Annual 
Alternative Payment 

Annual Costs 
Maintenance Costs per 

Annual Costs per Acre-foot 
Costs (4) Acre-foot (5) 

per Acre-foot 
(1) 

Chivington $ 102.50 $ 42.00 $ 17.20 $161.70 
Well Field 

Durham Well . $ 74.66 $ 33.20 $ 17.20 $125.06 
Field 

Dry Creek $ 227.00 (2) $ 16.60 $ 17.20 $260.80 
WWTP 

Pole Creek $ 197.50 0 $ 17.20 $214.70 
Reservoir 
Cheyenne $ 139.00 $ 10.90 $ 17.20 $167.10 
Stage II 

Casper Aquifer $ 250.00 $ 40.00 (3) $ 17.20 $ 307.20 

1. Annual loan repayment costs with 50/50 Grant loan and 6% loan for 30 years. All 
costs figured on a yield of 3500 AF/yr. 

2. Costs include $140/AF/yr cost to buy effluent from the BoPU. 
3. Costs assume $30.00/AF/yr pumping cost from the well field plus cost from 

Roundtop. 
4. Operation and maintenance costs assume $60,000Iyear for operator, including salary 

and mileage. $60,000/3500 = $17.20. 
5. Total costs include loan repayment costs, pumping costs, O&M costs. 
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D. Area Wide Costs or Water District Costs 

The cost estimates presented previously considered costs on a per acre-foot basis and 
these costs per acre-foot are higher than the water users indicated that they were 
willing to pay (per discussions at the 9112/01 progress meeting). However, if it can 
be shown that the import of the water could provide benefit to all of the "Egbert-Pine 
Bluffs" area or at least to parts of it, than these costs could be shared over the entire 
area or over perhaps over some sub districts, such as the Muddy Creek District, or the 
Egbert-Lodgepole District, even the Chivington District. Under this scenario it may 
be possible to make an ASR project economical. 

To evaluate this alternative the costs of the Chivington, Durham, and Pole Creek 
Reservoir options were reviewed. The total annual costs per acre-foot for these 
alternatives are approximately $162, $125, and $215 respectively. Assuming that the 
Chivington and Durham well fields each yielded 3500 AF/yr and that the Pole Creek 
Reservoir yielded 2000 AF/yr than the total annual cost of these alternatives would be 
approximately $ 1,435,000 for a project that would yield approximately 9000 acre
feet per year. Dividing the $ 1,435,000 annual costs by the approximately 11,350 
acres that are currently irrigated in the Egbert-Pine Bluffs area results in an annual 
cost of approximately $126/year for each acre of irrigation. We believe that these 
costs are still too high. 

However, if only the Durham field and its estimated yield of approximately 3500 
acre-feet per year was able to provide significant benefits to the entire area, than the 
cost could be spread out over the entire area. This results in an annual payment of 
approximately $38.50 per acre of irrigation ($125 x 3500 AF divided by 11,350 
acres). 

E. Hydropower Potential 

Reviewing the conceptual level designs and hydraulic analyses of the pipelines 
required to convey water for the various water supply options, it was noticed that a 
number of the pipelines have excess head (energy) at the end of the pipeline. This 
pressure could be utilized in generating hydropower. Detailed analyses of the 
hydropower potential and economics of hydropower generation is beyond the scope 
of this project; however, the hydropower potential should be recognized and any 
future studies into providing supplemental water supplies to this area should include 
evaluation of the hydropower potential. The cost of pumping will be reduced by any 
hydropower generated at the end of pipelines. Appendix A contains figures showing 
the hydraulic grade line and profiles for the pipelines. These figures indicate how 
much head is available at the end of each pipeline. 
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VI. Aquifer Storage and Recharge Considerations 

A. Aquifer Characteristics of the White River Formation 

The White River Formation consists generally of brittle, tan to pink siltstones. In 
some locations, lenses of reworked gravels and! or volcanic ash are also apparent. 
The primary permeability of the White River is very low. The siltstone matrix does 
not readily transmit water. However, in some locations, there is significant secondary 
permeability developed in the White River Formation, which does allow the 
formation to transmit significant quantities of water. Secondary permeability is 
derived from fracturing, jointing, dissolution, and other post-depositional mechanisms 
operating on the rock. 

Well-developed fracture systems occur both perpendicular and parallel to bedding 
planes in some locations. This fracturing is widely noted in the literature and is 
observable in outcrops of the White River at a variety of locations in the Egbert-Pine 
Bluffs area. Correlations between lineaments observable on Landsat images of the 
area, local fracturing in the White River, and water production capacities of wells in 
the White River, have been attempted by the USGS (Cooley, 1978). These 
correlations were attempted to allow better mapping of the primary producing zones 
in the White River; however, no clear or direct correlation has been observed. 

In addition to fracturing, the White River exhibits other secondary permeability 
featur~s that contribute to its ability to sustain high capacity wells. In the areas of 
higher permeability, the White River contains "pipes" or hollow tubes in the rock 
matrix, which transmit water. The exact nature through which these pipes are formed 
remains in some dispute. It is generally thought that these pipes are formed through a 
solution process in somewhat the same manner as solution cavities and channels form 
in limestone in karst regions. The White River contains calcareous materials that 
could be susceptible to solution and could lead to the development of the pipes over 
long periods of time. Small-scale karst-like features are observable in the White 
River at locations where it outcrops in the Pine Bluffs area (refer to location 4, Figure 
II-IS). Others believe the pipes could be related to selective erosion of the fine silty 
sediments in the fractured zones of the aquifer. In either case, the "piping" can 
contribute significantly to the permeability of the formation and the production of a 
well penetrating the White River formation. 

Recharge waters introduced through an aquifer storage and retrieval (ASR) program 
must reach zones of high secondary permeability in the White River in order for the 
process to function successfully. 

B. Natural Recharge Mechanisms of the White River Aquifer 

Field reconnaissance, discussions with well owners, and review of well records at the 
State Engineers Office indicates that some of the better producing irrigation wells in 
the study area occur in the lower topographic areas and in the flood plains associated 
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with Lodgepole Creek, Muddy Creek, Spring Creek, and to some degree, Chivington 
Draw. The reason for this may be twofold. The channels of Lodgepole Creek and its 
tributaries are incised into the White River formation. As water recharges the terrace 
and flood plain gravels, some of it is channeled by underground flow into the incised 
channels of the primary creeks. The White River formation in the vicinity of these 
channels may have access to more recharge than the upland areas due to the 
accumulation of both surface and ground water flows directed toward and down the 
channels. Secondly, there may be preferential permeability in the White River along 
the main stream channels. Greater fracturing may also occur along these drainages 
and could be responsible, in part, for the location of the drainages. 

Although the White River will be recharged by precipitation throughout its area of 
outcrop and subcrop, the alluvial gravel deposits in the flood plain playa significant 
part in effectively recharging the aquifer. In 1972, USGS studies showed there to be 
up to 50 feet of saturated terrace deposits and alluvial gravels in Lodgepole and 
Muddy Creeks near and just west of Pine Bluffs. It's unclear whether this degree of 
saturation remains in these sediments today. Whether permanently saturated, or only 
intermittently saturated by seasonal runoff and storm events, these alluvial sediments 
provide a recharge reservoir feeding water to the underlying White River Formation. 
Because the White River is not uniformly permeable, it can only be effectively 
recharged from its surface where there is sufficient vertical permeability through 
fractures or pipes to allow the water to penetrate downward into the main body of the 
aquifer. The alluvial gravels provide a reservoir and a transport system, holding 
water on the top of the White River and moving it down gradient along the surface of 
the White River until areas of sufficient permeability are reached to allow the water to 
penetrate into the aquifer. 

C. Assessment of ASR Technologies for Recharging the White River Aquifer 

Points of Recharge 

The water sources for a potential ASR program all lie west of the surface exposure of 
the contact between the Ogallala-Arikaree and the underlying White River 
Formations. (Figure llI-I). The primary creeks in the area, including Lodgepole 
Creek, are intermittent andlor ephemeral over the eastern edge of the OgaUala
Arikaree outcrop and overlying most of the White River outcrop/subcrop. As 
previously discussed, Lodgepole Creek is intermittent in that reach generally east of 
Pole Creek Reservoir. East of this point there is insufficient perennial flow in the 
creeks to "carry" the introduced recharge water eastward without experiencing very 
large losses. If water were introduced into Lodgepole Creek and it's tributaries at 
Pole Creek Reservoir, or in the vicinity of the Durham or Chivington Well fields, 
much of the introduced water would be lost to seepage back into the Ogallala, 
intercepted by active surface rights, or lost to evapotranspiration and consumed by 
phreatophytes along the creeks before the water could reach the points at which it 
could be effectively recharged into the White River Aquifer. 
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If recharge water were plentiful and inexpensive, enough water may be able to be 
placed directly into the creeks near the water sources and some of the water may 
effectively recharge the White River Aquifer to the east. However, recharge water 
for this program does not appear plentiful, and the system cannot afford significant 
losses in transit to points of recharge. Hence, for successful aquifer recharge, we 
believe that it will be important to transport the water for the ASR program eastward 
by pipeline. Additional pilot studies and investigations into conveyance losses in the 
streams will be important to verify this assumption and quantify the water losses. 

The recharge water must be moved to at least the point along the major streams where 
the White River directly subcrops beneath the alluvium. The ends or terminus of the 
Chivington, Durham, and Muddy Creek pipelines identified in Chapter V are located 
where the White River subcrops beneath the alluvium. These points will be the initial 
locations of any facilities constructed for an ASR project. Recharge at these points 
will allow water to enter the alluvial reservoir overlying the White River and 
ultimately recharge the White River Aquifer itself. Recharge of the aquifer in the 
vicinity of the terminus of the pipelines will be considered as the "first stage" of an 
effective recharge project. Recharge at these "Stage 1" locations will allow 
maximum access to the recharged water by users in Wyoming, minimum losses 
through the aquifer toward Nebraska and are some of the shortest pipeline routes. 

The ends of the primary pipelines and the Stage 1 recharge points are located near 
where the potentiometric surface map shown by Crist (1980, Plate 3) indicates that 
Chivington Draw, Lodgepole Creek, and Muddy Creek change from losing streams to 
gaining streams. In a losing stream water moves from the stream into the 
groundwater aquifer. A gaining stream receives water from the aquifer. Although 
detailed mapping of the current potentiometric surface was not done during this 
study, data from the Laramie County monitoring wells was reviewed and the general 
configuration of the water table is similar to that shown by Crist in 1980. 

It is important to the ASR project that the relationship between stream flow and the 
groundwater table is understood. Additional potentiometric surface mapping should 
be done during any future studies of ASR in eastern Laramie County. If water is 
introduced to the stream channel at a location where the stream is gaining, water may 
not move freely from the alluvium in the stream channel into the aquifer. In such a 
case, Stage I recharge facilities may not provide much benefit to water users outside 
the immediate vicinity of the stream alluvium and/or the water may move quickly 
down the stream channel via underflow or surface flow into Nebraska. It is possible 
that seasonal fluctuations or drawdown of the aquifer due to pumping may change the 
groundwater gradient, so that water will move from the stream channel into the 
aquifer. 

Although the White River can be recharged from the Stage 1 locations described 
above and recharge in these locations will benefit down-gradient water users, the 
recharge will still be occurring at locations somewhat remote from some of the key 
areas where aquifer recharge is most needed. To more efficiently recharge the aquifer 
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in critical areas, some extension of the pipeline and utilization of more localized 
recharge facilities will improve the effectiveness of the system. To accomplish this, 
the Muddy Creek pipeline would need to be extended eastward toward the areas of 
heavy pumping located southwest of Pine Bluffs. The Durham pipeline would need 
to be extended down Lodgepole Creek to Egbert and eastward toward the areas of 
higher irrigation demand west of Pine Bluffs. The Chivington pipeline would be 
extended down Chivington Draw to feed the areas of demand north of Pine Bluffs. 
Each of these pipeline extensions would serve as a distributor line, dropping recharge 
water off in various areas for utilization in localized recharge facilities. This will be 
described as "Stage 2" of the recharge program. Detailed designs for Stage 2 of the 
project have not been developed in this study and would require considerable field 
investigation and local coordination to implement. It is presented here in a more or 
less generic discussion to describe how the Stage 1 project may be extended to 
improve its effectiveness. 

Stage 1 Recharge Facilities 

The availability of the alluvium overlying the White River Aquifer to store and 
transmit recharge water provides a great deal of flexibility in considering different 
kinds of ASR recharge structures. Where strictly municipal water supplies are being 
considered, covered or closed recharge facilities and/or direct aquifer injection 
facilities are often considered. While such facilities would work here, the cost of 
installing such facilities is generally not recoverable when the ultimate use of the 
water is for irrigation. Instead, at least for Stage 1 of the program, spreading basins 
or alternate forms of surface infiltration facilities are the most appropriate to consider. 

Low Relief Dams 

The least expensive "recharge" technique to utilize at the pipeline terminus would be 
simple release .of the water into the channel of the creek and by spreading the water 
over the alluvium in the creek downstream by means of low relief dams. The 
upstream areas above the low relief dams would be cleaned and shaped to enhance 
infiltration into the alluvium, but no major facility construction would be undertaken. 
The number, size, and location of such dams would need to be confirmed with field 
study and test borings at each selected site. The advantage of such structures is their 
ease of construction, comparatively low maintenance, and their relatively low cost to 
construct. The disadvantage with such facilities is their lower recharge efficiencies. 
Water in such facilities will be lost to evaporation, and non-beneficial 
evapotranspiration downstream of the pipeline tenninus. Additionally, such facilities 
may not function effectively in the winter. 

Low relief dams, if they lie on-channel, can also retain and enhance recharge of 
naturally flowing waters in the creek. This is a general benefit to aquifer users. 
However, this may initiate conflicts with surface water diversion rights downstream 
of the recharge facilities if water historically passed to head gates is now being 
intercepted and recharged. 
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Engineered Spreading Basins 

Engineered spreading basins located over the valley alluvium downstream of the 
pipeline terminus may be the most cost efficient means of recharging significant 
quantities of water into the alluvium, and ultimately the underlying White River 
Aquifer. These spreading basins would be located "off-channel" or the current creek 
would be re-directed around the basins to prevent sediment in the stream from 
contaminating and reducing the efficiency of the basin. The basins would be larger 
than those forming behind the low relief dams described above. Like the low relief 
dams, the size and location of these facilities will depend upon local field conditions. 
The physical characteristics of the aquifer are more important to understand in the 
design of such facilities than in the design of simple low relief dams. Both the 
vertical and horizontal permeability of the alluvial aquifer material need to be 
understood as well as the lateral extent of the alluvium at the selected sites. It is also 
important to know the natural depth to water, the seasonal variability of the water 
table, and the depth interval available for recharge. The facility should be designed to 
maximize the amount of water infiltrated into the aquifer without raising the water 
table in the areas surrounding the facility enough to cause significant 
evapotranspiration losses or the development of down-gradient springs. The 
spreading basins must be deep enough to prevent complete freezing in the winter and 
development of rooted aquatic plant growth in the summer. The bottom of the 
facilities should contain gravel or sand filter media to help prevent clogging of the 
aquifer and to facilitate cleaning and maintenance of the structure. 

Spreading basins were utilized in a number of the projects incorporated into the High 
Plains States Groundwater Demonstration Program funded by the U. S. Bureau of 
Reclamation. This program supported groundwater recharge pilot projects at 14 
different sites in the western United States. Although spreading basins require 
moderate maintenance, and can in some instances create contamination concerns with 
agricultural chemicals, they are frequently utilized to enhance recharge for irrigation 
projects. The technology for design and construction of such basins is relatively well 
developed and such facilities can work efficiently in the appropriate environments. 

Stage 2 Recharge Facilities 

Stage 2 of the ASR program allows recharge water to be moved through extensions of 
the main pipelines to smaller more localized recharge facilities. The pipelines would 
act as manifolds, with water being taken off of the main line and distributed to 
individual users or groups of users for recharge. The beneficiaries of the recharge 
water would be better defined, and the water could be better controlled, than through 
regional recharge facilities as described in Stage 1. Users or "subscribers" to the 
project could use water directly from the pipeline during the irrigation season to 
supplement groundwater supplies, and could recharge the aquifer in the immediate 
vicinity of their wells to enhance water levels during the remainder of the year. 
Although the recharged water cannot fully be controlled, utilization of a distribution 
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system such as this will make more water available to specified users and still prevent 
significant losses to Nebraska. Recharge of water delivered through the distribution 
line could be recharged through "recharge pits" or by direct well injection. 

Recharge Pits 

Recharge pits are simply smaller versions of the spreading basins discussed above. 
They are engineered facilities, often placed in the comers of fields with irrigation 
circles or on other non-cropped lands in the immediate vicinity of the wells to be 
recharged. Recharge pits will not work everywhere in the lower Lodgepole basin. 
They must be placed in areas where there is enough alluvium overlying the White 
River Aquifer to allow the alluvium to receive the water and transport it to the 
underlying White River. These locations will generally lie in the alluvial valley floor 
of the lower Lodgepole Creek, Chivington Draw, and Muddy Creek drainages and/or 
in pale valleys. 

Direct Well Recharge 

A second, and more direct means of recharging the White River Aquifer from 
deliveries made by the distributor pipelines is direct injection into White River wells. 
Since this procedure does not rely upon the alluvial aquifer as an intermediate storage 
medium, this procedure will be more widely applicable and should work wherever 
high yielding White River wells are found. Although separate, specially designed 
recharge wells are often utilized to directly recharge aquifers, such wells may not be 
necessary in the case of the White River Aquifer. The unique secondary permeability 
characteristics of the White River, i.e. the fractures and solution cavities in the 
formation and the high resulting transmissivities, should allow recharge waters to be 
directly introduced into production wells without significant risk of aquifer plugging. 
The water delivered by pipeline should be relatively high quality, and contain little 
silt or sediment to contribute to clogging. A water quality compatibility assessment 
should be conducted to assure that. the injected water does not result in precipitation 
of materials in the aquifer or deposition of minerals on well screens and casings. The 
introduced water should be placed into the well through a dedicated injection pipeline 
equipped with a down-hole flow control valve. The pipe should extend below the 
water surface to minimize aeration of the injected water and help control bio-fouling. 
Depending upon the water source, some disinfection and/or minimal pre-treatment of 
the water could be necessary for direct inj ection. Regulations governing direct 
injection of the water are discussed in the next section. 

D. Regulatory Issues 

Both the Wyoming State Engineers Office and the Wyoming Department of 
Environmental Quality (WDEQ) and the will have regulatory responsibilities 
associated with the proposed Lodgepole ASR program. Additionally, Federal 
permitting may be required if facilities are proposed in wetland areas requiring U.S. 
Army Corp of Engineers 404 permitting and/or endangered species consultation. 
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Wyoming State Engineers Office 

The Wyoming State Engineer's Office (SEO) will be involved in permitting of both 
the water supply wells from the Durham and Chivington well fields and permitting of 
recharge facilities. Permitting of the well fields will require an assessment of the 
impacts of the field on other water users since the field is located in a Groundwater 
Control Area. If approved for construction, individual well permits will be required 
for each well. The SEO should also be consulted concerning the need to modify the 
permits of any wells to be used as direct points of injection and to assure that the 
proposed well modifications comply with well construction standards. 

The SE~ will also be responsible for permitting of low relief dams, surface spreading 
basins, and transmission facilities or pipelines. The low relief dams, spreading basins 
and pipelines will require surface water permits. Finally, the State Engineer and the 
Wyoming Board of Control should be consulted regarding water administration 
aspects of the proposed recharge plan. 

Wyoming Department of Environmental Quality 

The Wyoming Department of Environmental Quality will have authority over water 
quality and injection issues associated with the recharge program. Coordination with 
WDEQ will be important throughout project planning. Because engineered recharge 
facilities are anticipated, the proposed recharge facilities may require acquisition of 
underground injection control permits. Various regulatory aspects of the recharge 
project fall within Chapters 8 and 16 of the Wyoming Department of Environmental 
Quality Regulations. Because the quality of the water derived from the Durham and 
Chivington well fields is expected to meet Class 1 standards for underground water as 
described in Chapter 8 of WDEQ regulations, recharge of water from these sources 
should be allowed to follow the "Permit by Rule" procedure outlined in the 
regulations. The quality of waters. derived from treated sewage e:tl1uent sources will 
need to be evaluated prior to finalizing permitting. Recharge of treated effluent from 
sewage plants will require a minimum of tertiary treatment in the plant and will 
require an individual permit under Chapter 16. Such a permit requires a 30-day 
public notice period and the entire process normally takes around 60 days, if there are 
no significant public comments. If a public hearing is required as a result of public 
comments, the process usually takes an additional 60 days 

Federal Permits 

The US Army Corps of Engineers will be the lead agency for Federal permitting 
efforts. 404 permits will be required prior to placing any fill material in Lodgepole 
Creek or its tributaries. Any 404 permits required will trigger Section 7 consultations 
with the US Fish and Wildlife Service concerning threatened and endangered species. 
Ute's ladies-tresses, Colorado butterfly plants, and Preble's meadow jumping mouse 
are threatened and endangered species that may be directly impacted by construction 
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of recharge facilities. In addition, raptor nests, migratory birds, and impacts of the 
project on federally listed species and their habitats occurring downstream on the 
Platte River will also need to be evaluated. 
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VII. Summary, Conclusions and Recommendations 

A. Summary 

This report presents the findings of a Wyoming Water Development funded Level 1 
Study into the potential and feasibility of aquifer storage and retrieval technologies in the 
Lodgepole Creek Basin in eastern Laramie County, Wyoming. Currently (2000 data), 
approximately 38,000 acres are irrigated with groundwater in Laramie County, 
approximately 19,250 acres are irrigated in the Lodgepole Creek basin with groundwater, 
and approximately 11,340 acres are currently irrigated with groundwater in the "Egbert
Pine Bluffs" area. 

The Lodgepole Creek basin covers approximately 1 050 square miles. Estimates of 
natural stream flow for the portion of the basin above (west of) 1-25 range from 
approximately 5300 to 6400 acre-feet per year. The average annual precipitation over the 
basin is approximately 15.5 inches. Groundwater pumping has reduced the winter time 
flow or base flow in Lodgepole Creek at the Bushnell gage. The winter time flow in the 
creek at this location was approximately 3800 acre-feet per year less in 1991 compared to 
1969. Winter flows at the gage has not been measured since 1991. 

There are 190 cfs of adjudicated surface water diversions from Lodgepole Creek, which 
could irrigate approximately 13,235 acres. In addition, there are adjudicated rights for 
storage of2735 acre-feet. 

Current (2000). groundwater pump age in the Lodgepole Creek Basin is estimated to 
average approximately 30,500 acre-feet per year. Groundwater pump age is projected to 
grow to 35,000 AF/year by 2030. The estimate of current and projected groundwater use 
is summarized in the following table. 

Table VII-I Summary of Current and Projected 
Groundwater Uses 

Type of Use 2000 Demand AF 2030 Demand AF 

Average Irrigation 25,000 25,000 
Municipal 530 785 (1) 

Industrial 100 150 
Domestic 4365 (:l) 7880 (3) 

TOTAL 30,500 35,000 

1. Assumes growth rate of 1.5% growth for Pine Bluffs and 1% for Bums. 
2. 50% of existing residences are within the LP Basin. Ave. use is 1 AF/yr. 
3. Assumes increase in rural residences is lo/olyr and 67% are within the 

Lodgepole Basin. 
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Recharge to the groundwater aquifer beneath the Lodgepole Creek basin is estimated to 
average 53,000 acre-feet per year. Water level changes for the period 1980 through 1999 
in monitoring wells located near the project area are summarized in the following table. 

Table VII-2 Water level Changes in 
Nearby Monitoring Wells 

Well NametvVellNumber Water Level Changes 1980-1999 

Elmer Glantz 13-060-05ccbO 1 + 2.63' 
C.C. Gross 14-060-05-bcbO 1 - 1.5' 

Laramie County #2 14-061-I8dddOl - 1.5' 
Laramie County #3 14-063-15aaa01 - 4.65 ' 
Laramie County #4 15-062-20aaaOI +0.5' 
Nebraska Mon. Well 14-059-11ddOl -4.25' 

Hydrographs (water levels) for the Elmer Glanz Well and the C.C. Gross Well, which are 
the two monitoring wells with the longest period of record are shown in Figures IV -15 & 
IV-16. Figure IV-I5 shows that the water level in the Elmer Glanz well has declined 
approximately 10' since 1970 and Figure IV-16 shows that the water level in the C.C. 
Gross well has declined approximately 8.5' since 1958. 

The water levels measured by town personnel from 1983 to 2000 in two of the Town of 
Pine Bluffs wells, Well #1 and Well #6, are shown in Figures IV-13 & IV-14, 
respectively. Water levels have declined approximately 20' in Well #1 and 17' in Well 
#6 between 1983 and 2000. 

In 2000, high irrigation pump age appears to have caused significant lowering of the water 
table. Data from High West Energy indicates that approximately 26,537,000 kilowatt
hours of electricity were used for irrigation pump age during 2000. This compares to an 
average of 17,132,000 kilowatt-hours. that were used annually for irrigation pumpage 
between 1986 and 2000. 

Conceptual level designs and cost estimates for six options or alternatives that could 
provide approximately 3500 to 5000 acre-feet per year of additional water to the 
Lodgepole Basin were developed. The locations of the proposed water sources and 
pipelines are shown in Figure V-I. Total project capital costs and annual loan repayment 
costs for each water system alternative are presented in the following table. 
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Table VII-3 Summary of Total Project Capital Costs and 
Annual Loan Repayment Costs 

Water Supply Alternative Total Project Cost (1) Annual Loan Payment 
(Annual delivery in AF) Cost per AF Iyr (2) 

Chivington Well Field & $9,880,000 $102.50 
Pipeline (3500 AF/yr) 
Durham Well Field & $7,193,350 $74.66 
Pipeline (3500 AF/yr) 
Dry Creek WWTP to $8,365,300 $227.00 (3) 

Muddy Creek pipeline 
(3500 AF/yr) 

Pole Creek Reservoir & $10,866,000 $197.50 
Pipelines (2000 AF/yr) 

Cheyenne Stage II Water $10,865,000 $139.00 
(3000 AF/yr until 2008) 

Casper Aquifer $20,730,000 $250.00 
(3500 AF/yr) 

1. Total Project Costs include initial capital costs and present worth costs of any equipment that is 
judged to need replacement within 30 years. 

2. Annual Loan repayment includes 50150 grant-loan mix and 6% loan for 30 years. 
3. Costs include $l40/AF/yr cost to buy effluent from the BoPU. 

The follow table presents conceptual level estimates of total annual costs for the various 
supply options, including annual loan repayment costs, pumping costs, and operation and 
maintenance costs. 

Table VII-4 
Summary of Cost Estimates for Water Supply Alternatives 

Water Supply Annual Loan Pumping Costs Operation & Total Annual 
Alternative Payment Maintenance Costs per 

Annual Costs Annual Costs Costs (4) Acre-foot (5) 

per Acre-foot per Acre-foot 
(1) 

Chivington $ 102.50 $ 42.00 $ 17.20 $161.70 
Well Field 

Durham Well $ 74.66 $ 33.20 $ 17.20 $125.06 
Field 

Dry Creek $ 227.00 (2) $ 16.60 $ 17.20 $260.80 
WWTP 

Pole Creek $ 197.50 0 $ 17.20 $214.70 
Reservoir 
Cheyenne $ 139.00 $ 10.90 $ 17.20 $167.10 
Stage II 

Casper Aquifer $ 250.00 $ 40.00 (3) $ 17.20 $ 307.20 
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1. Annual loan repayment costs with 50/50 Grant loan and 6% loan for 30 years. 
2. Costs include $140/AF/yr cost to buy effluent from the BoPU. 
3. Costs assume $30.00/AF/yr pwnping cost from the well field plus cost from Roundtop. 
4. Operation and maintenance costs assume $60,OOO/year for operator, including salary and mileage. 

$60,00013500 = $17.20. 
5. Total costs include loan repayment costs, pumping costs, O&M costs. 

There is potential to generate hydropower using the excess energy or head available at the 
end of some of the pipelines. Detailed evaluation of the hydropower potential and 
economics of power generation are beyond the scope of this project. However, any 
future studies into ASR or other supplemental water supplies should include review of 
the hydropower issues. 

The groundwater system in the Lodgepole Basin is recharged naturally through direct 
precipitation and through seepage from streams. If additional water can be economically 
brought into the Egbert-Pine Bluffs area, then some of this water will recharge the 
aquifer. Once the water is delivered to the area, relatively simple and in-expensive 
recharge facilities (Stage 1) can be constructed. In Stage 2 of an ASR project, additional 
pipelines and recharge facilities could be constructed. Stage 2 recharge facilities would 
recharge the aquifer at locations closer to wells. Stage 2 facilities should be more 
efficient recharge facilities but also will be more expensive. The effectiveness of the 
recharge program and overall water losses will need to be verified during future studies 
of the ASR project. 

The ASR project will require permits from the Wyoming State Engineer's Office and 
Wyoming Department of Environmental Quality. One of the biggest SE~ permitting 
issues to be addressed are the well permits required for the proposed Chivington and 
Durham well fields. These wells would be located in the Laramie County Control area 
and, at a minimum, detailed evaluations of the impacts of the proposed wells on existing 
water users will be required. Public hearings and presentations before the Laramie 
County Advisory Board will be required. Surface water permits, including permits for 
the spreading basins, pipelines, and diversions from any surface water source, such as the 
Pole Creek Reservoir and/or the Dry Creek Wastewater Treatment plant will be required. 
Wyoming DEQ permits for underground injection will be required. In addition, the DEQ 
will require that the recharge project does not impact the quality of the water in the 
aquifer or the use of the aquifer. Finally, modifications to Cheyenne BoPU water rights 
and water use agreements will be necessary 

404 permits from the US Army Corps of Engineers will likely be required for any 
spreading basins or recharge pits located in the channels of streams and/or near wetlands. 
The 404 permit will trigger Section 7 consultation with the US Fish and Wildlife Service 
concerning threatened and endangered species at the immediate project area and impacts 
caused by the project on habitat further downstream on the Platte River. 
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B. Conclusions 

An aquifer storage and retrieval project in the Lodgepole Creek basin would be 
technically feasible if the following conditions are met: 

1. Sufficient and economical water sources for storage must be available. 
2. The geology and groundwater conditions must be favorable to get the water from 

the surface into the aquifer. 
3. The quality of the water to be placed into the aquifer must be compatible with the 

existing groundwater and with existing uses of the groundwater. 

Unfortunately, in the Lodgepole Creek basin not all of these conditions are met. Sources 
of water for recharge are not readily available and the costs of developing water sources 
and transmitting the water to the recharge sites are higher than the groundwater users 
have indicated that they are willing to pay. The Quaternary materials and alluvium 
appear to provide a medium for recharge into the White River Formation, which is the 
principal aquifer in the project area. However, care must be taken when locating the 
recharge sites to assure that the imported water will recharge the aquifer. If the recharge 
sites are located where Lodgepole Creek, Muddy Creek and! or Chivington Draw are 
gaining streams, than the recharge water may not readily move from the alluvium in the 
stream channels near the recharge sites into the surrounding aquifer. If the sources of the 
recharge water are the Chivington and Durham well fields, it is likely that the quality of 
the water will be compatible with the water in the aquifer. However, if the source of 
water is from the Dry Creek Wastewater Treatment plant, than some treatment either at 
the plant or at the recharge site is likely to be required. 

In addition to the technical issues, permitting and water administration issues must be 
addressed for the ASR project to be successful. The permitting issues are summarized in 
the previous section. We believe that the technical issues associated with permitting an 
ASR project can be addressed; however, the limitations and mitigation efforts required by 
the permits undoubtedly will add to the costs of the project and may reduce the amount of 
water available for recharge. 

Water administration for an ASR project will chart new ground. Regulation of 
groundwater appropriations (wells) does not currently occur in eastern Laramie County. 
In order to effectively administer any of the water that is supplied to the aquifer through 
the ASR project, groundwater administration will be necessary. Additional monitoring 
wells, stream flow gages, water meters on wells, and other water measuring devices 
likely will be necessary. Also, a groundwater commissioner may be required. Water 
administration costs have not been included in the cost estimates presented previously. It 
is unclear if these costs would be borne by the State Engineer's Office, the WWDC 
through a grant, or by the water users. 

Finally, a water district or irrigation district must be formed before the ASR project can 
be implemented. Identification of potential beneficiaries and quantification of the 
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benefits of the project must be identified before any recharge facilities, water supplies, or 
transmission pipelines are constructed. 

It appears that an ASR project is not economically feasible at this time, primarily due to 
the costs of the water supply and transmission systems. Technically, the project appears 
to be feasible; however, additional studies of the following issues are required: 

• Data is needed concerning the efficiency of the recharge system, i.e. How much 
of the water that is supplied to the recharge sites actually reaches the aquifer? 

• Data concerning the response of the aquifer to the recharge is necessary. Does the 
aquifer respond quickly to the recharge, so that the water is available to wells 
quickly (i.e. during the same irrigation season)? Also, how fast does any recharge 
water move out of the aquifer and downgradient into Nebraska. 

• A water quality assessment should be made to assure that the recharge water does 
not result in degradation of the aquifer or precipitation of minerals that clog the 
openings in wells or in the formation. 

c. Recommendations 

If the WWDC and water users decide to pursue an aquifer storage and retrieval project, 
than the project should be undertaken in stages or phases. The initial phase of the project 
would be a data collection phase, which could include collection of data on stream flows, 
water quality and additional groundwater monitoring,. A pilot study type ASR project 
could also be implemented. This work could be done during a Level II WWDC project. 

If the data collection phase indicates that the project is feasible, then construction of 
recharge facilities could be undertaken in two general stages. Stage 1 would include 
construction of low relief dams or engineering spreading basins as described in Chapter 
VI of this report. Stage 2 recharge facilities would include construction of additional 
transmission and distribution pipelines and localized recharge facilities. Recharge pits 
and direct well injection sites are examples of the facilities that could be constructed in 
Stage 2. 

Since an ASR project does not appear to be economically feasible, at this time, efforts 
should be made to improve irrigation efficiencies and implement other water 
conservation measures. Also, additional groundwater monitoring and monitoring of 
irrigation pumpage could help to predict significant aquifer overdrafts or withdrawals, 
similar to those that appeared to occur in 2000. 

Water levels in the Town of Pine Bluffs wells seem to be declining. It appears that a 
project that specifically studied the Pine Bluffs wells and water supply needs is 
warranted. 
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Lodgepole Creek ASR Project 
Water Supply Options 

Cost Estimates 
Chivington Well Field #1 

Preparation of Final Designs & Specifications 
Permitting & Mitigation 
Legal Fees 
Acquisition of Access & Rights of Way 

Water Supply System Costs 

Well Construction 
Powerline Costs 
Power Services 

Pipeline Costs 

Pipeline Construction Costs 

7 wells @ $100,000 ea 
6 miles@$19,000/mi 
7 services @ $1500 ea 

26mi 18" pipe @ $45/LF = 

Construction Cost Subtotal #1 

Engineering Costs @ 10% of #1 
Construction Cost Subtotal #2 

15% Contingency 

Construction Costs 
Total Capital Costs 

Assume Replace all wells after 30 years 
Present Value of $700,000 at 6% for 30 years 

Total Project Costs as Present Value 

Annual Payment 
Assume 50%-50% Grant - Loan Mix 
7.25% Interest for 30 years 

Sponsor Share 
Annual Payment 7.25% 
Assume Yield is 3500 AF/yr 
Loan Repayment Cost per AF 

$4,939,872 
($408,130) 

$116.61 

700,000 
114,000 

10,500 
$824,500 

6,177,600 

$7,002,100 

$700,210 
$7,702,310 

$1,155,347 

Annual Payment 
Assume 50%-50% Grant - Loan Mix 
6% Interest for 30 years 

Sponsor Share 
Annual Payment 
Assume Yield is 3500 AF/yr 
Loan Repayment cost per AF 

$700,210 
$100,000 

$50,000 
$50,000 

$8,857,657 
$9,757,867 

-$121,877 

$9,879,744 

$4,939,872 
($358,876) 

$102.54 



Lodgepole Creek ASR Project 
Water Supply Options 

Cost Estimates 
Durham Well Field - #1 

Preparation of Final Designs & Specifications 
Permitting & Mitigation 
Legal Fees 
Acquisition of Access & Rights of Way 

Water Supply System Costs 

Well Construction 
Powerline Costs 
Power Services 

Pipeline Costs 

Pipeline Construction Costs 

7 wells @ $100,000 ea 
3 miles @ $19,000/mi 
7 services @ $1500 ea 

18 mi 18" pipe @ $45/LF = 

Construction Cost Subtotal #1 

Engineering Costs @ 10% of #1 
Construction Cost Subtotal if2 

15% Contingency 

Construction Costs 
Total Capital Costs 

Assume Replacement of all Wells after 30 years 
Present Value of $700,000 at 6% for 30 years 

700,000 
57,000 
10,500 

$767,500 

4,276,800 

$5,044,300 

$504,430 
$5,548,730 

$832,310 

Total Project Costs as Present Value 

Annual Payment 
Assume 50%-50% Grant - Loan Mix 
7.25% Interest for 30 years 

Sponsor Share 
Annual Payment 
Assume Yield is 3500 AF/yr 
Cost per AF 

$3,596,673 
($297,156) 

($84.90) 

Annual Payment 
Assume 50%-50% Grant - Loan Mix 
6% Interest for 30 years 

Sponsor Share 
Annual Payment 
Assume Yield is 3500 AF/yr 
Cost per AF 

$504,430 
$100,000 

$50,000 
$36,000 

$6,381,040 
$7,071,470 

-$121,877 

$7,193,347 

$3,596,673 
($261,294) 

($74.66) 



Preparation of Final Designs & Specifications 
Permitting & Mitigation 
Legal Fees 
Acquisition of Access & Rights of Way 

Pipeline Costs 

Dry CreeklMuddy Creek 
Pipeline 
Muddy Creek/Egbert Pipeline 
1-80 Crossing 
Pumping Station Cost 

22mi 
3mi 

Lodgepole Creek ASR Project 
Water Supply Options 

Cost Estimates 
Dry Creek WWTP 

18" pipe @ $45/LF = 
12" pipe @ $35/LF = 

Construction Cost Subtotal #1 

Engineering Costs @ 10% of #1 
Construction Cost Subtotal #2 

15% Contingency 

Construction Costs 

Total Capital Costs 

Assume Replace Pumping Station Once in 30 years 
Present Value of Pumping Station at 6% in 30 years 

Total Project Costs as Present Value 

Annual Payment 
Assume 50%-50% Grant - Loan Mix 
7.25% Interest for 30 years 

Sponsor Share 
Annual Payment 
Assume Yield is 3500 AF/yr 
Cost per AF for Pipeline 

Water Supply System Costs 

Acquire 3500 AF from BoPU Imported Effluent 
Cost $140/AF/yr 

Total Cost for pipeline plus water 

$4,197,646 
($346,808) 

($99.09) 

$240 per AF/yr 

5,227,200 
554,400 

$200,000 
~ 

$6,017,600 

$601,760 
$6,619,360 

$992,904 

Annual Payment 

$601,760 
$50,000 
$75,000 
$50,000 

$7,612,264 

$8,389,024 

$6,268 

$8,396,292 

Assume 50%-50% Grant - Loan Mix 
6% Interest for 30 years 

Sponsor Share 
Annual Payment 
Assume Yield is 3500 AFlyr 
Cost per AF for Pipeline 

$227 per AF/yr 

$4,197,646 
($304,954) 

($87.13) 



Lodgepole Creek ASR Project 
Water Supply Options 

Cost Estimates 
Pole Creek Reservoir wI Pipelines 

Preparation of Final Designs & Specifications 
Permitting & Mitigation 
Legal Fees 
Acquisition of Access & Rights of Way 

Water Supply System Costs 

Acquire & Rehab 2000 AF Reservoir 

Pipeline Costs 

North Pipeline 
South Pipeline 

Cost at $25001 AF 

6mi 
9.5mi 

12" pipe @ $35/LF = 
12" pipe @ $35/LF = 

Construction Cost Subtotal #1 

Engineering Costs @ 10% of #1 
Construction Cost Subtotal #2 

15% Contingency 

Construction Costs 

Total Project Costs 

5,000,000 

1,108,800 
1,755,600 

$7,864,400 

$786,440 
$8,650,840 

$1,297,626 

Annual Payment Annual Payment 

$786,440 
$50,000 
$50,000 
$31,000 

$9,948,466 

$10,865,906 

Assume 50%-50% Grant - Loan Mix 
7.25% Interest for 30 years 

Assume 50%-50% Grant - Loan Mix 
6% Interest for 30 years 

Sponsor Share 
Annual Payment 
Assume Yield is 2000 AF/yr 
Cost per AF 

$5,432,953 
($448,869) 

($224.43) 

Sponsor Share 
Annual Payment 
Assume Yield is 2000 AF/yr 
Cost per AF 

$5,432,953 
($394,698) 

($197.35) 



Lodgepole Creek ASR Project 
Water Supply Options 

Cost Estimates 
Round Top Pipeline and 

Casper Well Field and P.L. 

Preparation of Final Designs & Specifications 
Permitting & Mitigation 
Legal Fees 
Acquisition of Access & Rights of Way 

Pipeline Costs 

Round Top to Egbert 
Pipeline 
1-25 Crossing 
Pumping Station Cost 

32mi 18" pipe @ $45ILF = 

Construction Cost Subtotal #1 

Engineering Costs @ 10% of #1 
Construction Cost Subtotal #2 

15% Contingency 

Construction Costs 
Total Capital Costs 

Assume Replace Pumping Station once in 30 years 
Present Value of $32,000 at 6% for 30 years 

Total Project Costs as Present Value 

7,603,200 
$200,000 
$32.000 

$7,835,200 

$783,520 
$8,618,720 

$1,292,808 

Annual Payment Annual Payment 
Assume 50%-50% Grant - Loan Mix 
7.25% Interest for 30 years 

Sponsor Share 
Annual Payment 
Assume Yield is 3000 AF/yr 
Cost per AF for Pipeline 

Water Supply System Costs 

Acquire 3000 AF of Stage II water from BoPU 
Cost $7.50/AF/yr 

Total Repayment Cost for pipeline plus Stage 
II water 

Construct Casper Well Field 

$5,432,310 
($448,815) 

($149.61) 

Assume 50%-50% Grant - Loan Mix 
6% Interest for 30 years 

Sponsor Share 
Annual Payment 
Assume Yield is 3000 AF/yr 
Cost per AF for Pipeline 

5000 AF to 2004 
4000 AF to 2006 
3000 AF to 2008 

2000 AF to 2011 
1000AF to 2015 

$157 per AF/yr 

Previous Cost Estimates Range from $12,500,000 for 5000 AFIyr ($2500/AF) 
to $20,000,000 for 6700 AF ($3000/AF) 

ASsume Costs for Wells & Pipeline to Round Top is $2750/AF x 3500 AF = 
Sponsor Share is 50% = 
Annual Payment 
Cost per AF for 3500 AF 

Total Cost for Water with 6% loan is 
Roundtop pipeline plus Casper Pipeline 

$9,625,000 
$4,812,500 
($397,607) 
($113.60) 

$265 per AF/yr 

$783,520 
$50,000 
$50,000 
$64,000 

$9,911,528 
$10,859,048 

-$5,572 

$10,864,620 

$5,432,310 
($394,651) 

($131.55) 

$139 per AF/yr 



Appendix A: Lodgepole Aquifer Storage and Retrieval 
Pipeline and Pumping Costs 

Objective: 

Estimate costs for delivering 3000-5000 AF of water annually to recharge the Lodgepole 
aquifer from water sources identified for this purpose including Chivington and Durham 
Well Fields, Dry Creek Wastewater Treatment Plant, Pole Creek Reservoir and Round Top 
Lake. 

Methodology 

1. Use identified possible water sources for recharge and develop options to deliver water 
from these sources to the aquifer. 

2. From topographic maps, plot the ground profile for each option under consideration. 
3. Determine discharge flow rates for the pipelines. Assume that the pipelines will be 

operated for 200 days per year to deliver a total flow volume of 3500 AF. Assume, 
that pump operation time is 22 hours per day. 

4. For the above discharges, select pipe sizes to deliver water, holding velocities between 
4 to 7 feet/second. 

5. For each option selected, determine friction and minor headlosses along each pipe. 
Use the Darcy-Weisbach equation to estimate friction headlosses. 

6. Determine the required pumping head for each option. Initial estimates for pumping 
heads are the static head (difference in elevation between first and last points in the 
line) in addition to the head losses along pipeline. Using this pumping head, 
plot/estimate -pressure head and energy grade line along each pipe. If pressure head 
along the pipe drops below zero (negative pressure), increase pumping head to 
eliminate any negative pressure along every pipeline. Negative pressure is avoided for 
two reasons: first to avoid the possibility of cavitation and second to eliminate the need 
for priming of pipelines to restart water flowing. As the delivery of water might not 
work continuously, they could empty and thus priming would be needed to start water 
flow, such priming will not be practical in large pipes that cover long distances. 
Therefore, increasing pumping head eliminates negative pressures. 

7. With given discharge rate and pumping heads estimate the required sizes of pumps, 
their water and brake horsepower. Estimate motor capacities needed to operate these 
pumps and the annual energy consumption. 

8. Estimate capital costs of pumping plants and annual costs. 
9. For each pipeline the capital cost includes: pipe material and installation; excavation 

for pipes; sand bedding fill; and back filling. 
10. Reduce capital costs to annual costs; add the running costs to determine the cost for 

each option. Divide that cost by volume of water delivered in each option to estimate 
annual cost per AF of water. 
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Results: 

Water Sources and Options: 

1. Round Top Water Treatment Plant: Round Top Water Treatment Plant to County 
Road (CtRd) 215 then follow CtRd 215 east to Thomas Reservoir on Lodgepole Creek. 
This pipeline (Round Top Extension and Durham Piplines) is 32 miles long; see Figure 
V-I, Proposed Water Sources and Pipeline in main report. 

2. Dry Creek Wastewater Treatment Plant (WWTP): From Dry Creek WWTP to Muddy 
Creek utilizing a Muddy Creek pipeline for a distance of 22 miles. If wanted, an 
extension of 3 miles to Lodgepole Creek at Egbert could be added. 

3. Chivington well field: From Chivington well field south to CtRd 222 then east to 
Chivington Draw Creek with a total length of 26 miles (Chivington Well Field and 
Draw pipelines). 

4. Chivington well field: Chivington well field following CtRd 135 south to CtRd 222 
east to Rd 149 south to Thomas Reservoir on Lodgepole Creek. Length of this pipeline 
(Chivingtom Well Field, Durham Well Field, and Durham) will be 29 miles. 

5. Durham well field: From Durham well field to the south to CtRd 215 and then east 
along CtRd 215 to Thomas Reservoir on Lodgepole Creek. Length of this pipeline 
(Durham Well Field and Durham Pipeline) is 18 miles. 

6. Pole Creek Reservoir: Two extensions: 
a.) 6N Pole Creek North Pipeline to Chivington Field pipeline. Length of this 
extension is 6 miles. 
b.) 6S Pole Creek South Pipeline to Durham Pipeline. Length of this extension is 9.S 
miles. 

T bl 1 S f f a e . ummaryo opllons . 
Elevations Length Diameter 

Option Starting Ending Difference 

(ft) (ft) (ft) (miles) (inches) 
Round Top WTP to Thomas 6332 5413 -919 32 18 
Reservoir (3,500 AF) 
Dry Creek- Muddy Creek 5906 5381 -624 22 18 
(3,500AF) 
Extension to Egbert 5282 4 12 
Chivington Well Field to 5906 5413 -493 26 18 
Chivington Draw (3,500 AF) 
Chivington Well Field to 5906 5413 -493 29 18 
Thomas Reservoir{3,500 AF) 
Durham Well Field to Thomas 5770 5413 -357 14 18 
Reservoir (3,500 AF) 
Pole Creek N. Pipeline 6020 5906 -114 6 12 
(I,OOOAF) 
Pole Creek S Pipeline(I,OOOAF) 5774 -246 9.5 12 
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Pumping Heads 

Table 2 shows a summary for pumping heads required for the different options under 
consideration. Table 2 shows that all options require pumping except option 6 (Extension 
of Pole Creek to north and south pipelines). Although in all options, there will be drops in 
elevation but these drops in elevation are not sufficient to convey water without pumping 
at the start of the pipeline to overcome the initial elevation rises in the terrain. 

Table 2: Pumping heads required for the different options 
(Using 18-inch pipe except for two 12-inchpJpe used with the Pole Creek extensions) 

Option Elevations Length Friction Required 
No. Option Name Difference losses pumping 

ft miles Ft ft Ft 
1 Round Top WTP to -919 32 167,900 610.0 113 

Thomas Reservoir 
2 Dry Creek- Muddy -624 26 26137,85 681.6 172 

Creek to Egbert 2 

3 Chivington Well Field -493 26 137,852 678.8 271 

to Chivington Draw 
4 Chivington Well Field -493 29 153,120 757.1 460 

to Thomas Reservoir 
5 Durham Well Field to -357 14 73,920 469.9 360 

Thomas Reservoir 
6N Pole Creek N. Pipeline -114 6 31,680 97.1 0 
65 Pole Creek S Pipeline -246 10 50,160 153.7 0 

To determine the size of motors needed to operate these pumps, water horsepower was 
determined and then divided by pump efficiency to get brake horsepower for each option. 
Wire to water efficiency of 67% was assumed for all options Table 3, shows a summary 
for motors required to operate the pumps for the different options under consideration. It 
shows that motor sizes range from 90 KW to 330 KW. 

Energy consumption was estimated by multiplying the motor sizes by the number of hours 
of operation per year for each option. Energy cost was assumed at $0.06 per KWh. Costs 
of pumping stations were estimated according to numbers quoted from Goble Sampson 
Associates Inc. for Fairbanks Morse Pumps. 
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T bl 3 M a e : d otor power an pumping costs or e I erent options 
Option Discharge Water Brake Motor Cost of Annual Pumping 
No. Horse Horse Power Pumping Energy Cost 

Power Power Station Consumption 
GPM (wHP) (bHP) KW $ KWh KWh/AF $/AF 

1 3,703 106 158 124 32,000 545,000 182 10.90 
2 4,320 188 280 220 36,000 968,000 276 16.60 
3 4,320 421 630 471 2,073,600 592 35.60 
4 4,320 500 750 560 2,453,000 700 42.00 
5 4,320 395 585 440 1,936,000 547 33.20 

6N 1,234 0 0 a 0 a 0 0 
6S 1,234 0 0 0 0 0 0 0 

Note: 
1. Cost of pumping stations for the well fields are including in the cost of well 

development. 
2. Pumping power required for well fields includes work to lift water to surface. 

Capital costs for the project: 

Capital cost for each option includes the cost of the pipe in installed, pumping stations, and 
well field development as shown in the paragraphs and tables below: 

1. Capital costs for pipelines included pipe material, pipe placement in trench, excavation, 
and backfill as described below: 

a. Pipe material and installation: 
Table 4 shows a summary of unit costs for pipe material, labor and equipment. Increasing 
pipe sizes requires increasing their thickness and thus costs of pipe and costs of labor 
associated increase ·significantly. For diameters 12" and 18", thickness ofY4 " is sufficient. 
However, moving to a diameter of 24" requires larger thickness ( 3/8") which significantly 
increases the weight of pipe and thus material and labor cost. For a pipe 18" in diameter, 
total cost was estimated at $33.5 per LF(thickness 1f4 "), but for a 24" (thickness 3/8"), the 
cost went up to $133 per LF. 

T bl 4 S a e : f' . taIl' d . ummary 0 pipe Ins atlon an pIpe costs: 
Diameter Material Labor Eq. Total W/O Total with 

& Thickness O&P O&P 
(inches) $/LF $/LF $/LF $/LF $/LF 

12"(1/4" t) 10.85 7.85 5.20 23.90 30.00 
18"(1/4" t) 16.65 8.75 5.80 31.20 38.50 
12"(5/16"t) 14.05 7.85 5.20 27.10 33.50 
1811(5/16"t) 24.50 26.00 17.20 67.70 86.00 
24"(3/8" t) 33.00 42.50 28.50 104.00 133.00 
30"(3/8" t) 43.50 50.50 33.50 127.50 162.00 
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b. Cost of excavations: 

Width of trench was assumed to be equal to the diameter of pipe plus a clearance of one 
foot from each side for each option. The minimum cover over the pipes was assumed at 4 
feet. Another 6 inches of sand bedding are needed under the pipe. Side slopes were 
assumed to be vertical. 

c. Cost of sand bedding and backfill: 

Sand bedding of 6 inches is used after compaction below pipes. Pipes are placed over the 
sand bedding then 12 inches of sand are added as pipe cover. Sand is compacted. Then 
the trench is filled using common earth as backfill over the sand cover until filled the 
initial elevations of the surrounding ground surface are reached. 

These costs are tabularized in Table 5 without contractor's overhead and profit (O&P) and 
with contractor's O&P. 

T bl 5 S f . r t r Ii t a e . ummary 0 pipe Ine cos s per Inear 00. . 
Dia. Cost without O&P Cost with O&P 

Pipe Excav Sand Backfill Total Pipe Excav Sand Backfill Total 
mat.& bedding mat.& bedding 
inst. inst. 

(inch) SILF SILF $ILF $ILF $ILF $ILF $ILF $ILF $ILF $ILF 
12 23.90 1.19 2.85 0.20 28.14 30.00 1.52 3.82 0.26 35.60 
18 31.20 1.51 3.71 0.23 36.66 38.50 1.94 4.97 0.30 45.71 
24 104.00 1.87 4.62 0.27 110.75 133.00 2.40 6.18 0.35 141.93 
30 127.50 2.26 5.57 0.30 135.63 162.00 2.91 7.45 0.39 172.75 

d. Cost of crossing Interstate 1-25 was assumed at $100,000 per crossing when needed. 

2. Cost of preparation of final design and specifications, cost of permitting and mitigation, 
legal fees and cost of acquisition of access and rights of way. These costs are shown in the 
main report and the appendix with project cost spreadsheet for the 6 options under 
consideration. 

3. Cost of pumping stations where provided by experienced individuals: 

Goble Sampson Associates Inc. provided estimated costs for their Fairbanks Morse Pumps. 
Well field development and pumps were obtained from well drillers with experience in the 
area. Pumping stations and the wells including pumps are assumed to be replaced once in 
30 years. Replacement costs were converted to present worth values using 6% interest 
rates. The initial capital costs are shown in Table 3. 
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4. Cost of water supply system: 

For Chivington and Durham well fields, 7 wells were assumed to be needed to utilize the 
existing aquifer. Cost of each well was assumed at $100,000. Power line costs and power 
services were also estimated and shown in appendix for the different options. For Pole 
Creek option, a capital cost of $5,000,000 was assumed to acquire and rehabilitate the 
2,000 AF reservoir. 

5. An engineering cost of 10% of the subtotal was assumed for each option. In addition to 
that, 15% contingency cost was assumed. 

The summary of the total capital costs for the different options is presented in the main 
report and the appendix on cost estimates for each option. 

Total annual costs per acre foot (AF) of water supplied: 

The capital cost is converted to annual costs using a 6% interest rate and assuming project 
life for the length of the 30-year loan. The annual cost is divided by the volume of water 
delivered each year, to estimate the annual cost per acre-foot. Operation and maintenance 
for the system was assumed at $60,000 per year and this cost is added to each option's 
total. Total annual cost was estimated by adding annual payments of capital cost, 
operation and maintenance and energy costs. These total costs are shown in the main 
report. The operation and energy costs are shown in Table 6. 

T bl 6 S a e : f ummary 0 annua energy an d f opera Ion cost per AFt; h ort e optIons 
Option Option Annual Annual Subtotal of 

No. Name Energy cost Operation annual cost 
cost 

($/AF) ($/AF) (S/AF) 
1 Round Top WTP to Thomas 10.90 17.20 28.10 

Reservoir 
2 Dry Creek- Muddy Creek to 16.60 17.20 33.80 

Egbert 
3 Chivington Well Field to 35.60 17.20 52.80 

Chivington Draw 
4 Chivington Well Field to 42.00 17.20 59.20 

Thomas Reservoir 
5 Durham Well Field to 33.20 17.20 50.40 

Thomas Reservoir 
6N Pole Creek N. Pipeline 0.00 17.20 17.20 
68 Pole Creek 8. Pipeline 0.00 17.20 17.20 

Considering the environmental and socio-economic values of this type of project, there 
might be a possibility of obtaining a 50% grant to 50% loan. This will reduce the annual 
payments by 50% for each option. 
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Hydropower Potential 

From the analysis of pumping requirements and friction losses for all options it was 
noticed that a number of them have excess head to dissipate at the end of the pipeline. 
This head could be used to generate hydropower. Refer to the attached Appendix A 
figures to see how much head is available at the end of the Durham well field pipeline to 
Lodgepole Creek and at the end of the Dry Creek WWTP to Muddy Creek. In both 
options the drops in elevation are sufficient to generate some hydropower after the initial 
pumping at the start of the pipeline to overcome the initial elevation rises in the terrain. 

The hydropower options were not studied at this time. 

References: 

Topographic maps for the area 
Mays, Larry (editor), 1999. Hydraulic Design Handbook. McGraw Hill. 
Morris, H. and Wiggert, 1. Applied Hydraulics in Engineering. John Wiley & Sons. 
RSMeans: Heavy Construction Cost Data, 15th edition. 2001. 
Quoted pump suppliers 
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Appendix B 
Discussion of Precipitation Analyses 

Lodgepole ASR 
WWDC Level I Study 



The precipitation evaluations were conducted in the following manner. The daily 
precipitation records at the Horse Creek 2 NW, Pine Bluffs, and Tennyson National 
Weather Service Weather Stations were filled/extended based on available data at all 
fourteen of the precipitation records that are available in or near the study area. All 
missing data in the period spanning January 1, 1948 to July 22, 2001 were filled. 

Filling/extension of the daily precipitation data was performed using the method of 
ratio of monthly means. In this method, the missing data at station Y ("filled 
station") in month m is filled using the data from station X ("filling station") using 
the equation y = bmx; where x is the data at the station X; y is the estimate for the 

missing data at station Y; bm = Ym /xm; and xm and Ym are the monthly means of x 

and y, respectively, during the common period of record of stations X and Y in 

month m A minimum common period of record of 150 days in month m (about five 
years of month m) was required between stations X and Y for the use of this method. 
A maximum allowable separation distance of 50 miles between stations X and Y was 
also specified for the use of this method. 

The missing data was first filled/extended using the data from the climatic station 
nearest to the climatic station being filled. Any remaining missing data was 
filled/extended using the data from the next-nearest climatic station, and so forth until 
all stations have been considered. The filling/extension of precipitation records is 
summarized in the following table. 

Summary ofFillinglExtension of Precipitation Records. 

Station Filled or Pine Tennyson Horse Horse 
Extended Bluffs Creek 2 Creek 2 

NW NW 
Filling Begin 12/1/1988 111/1982 1/1/1948 11111979 
Period Date 

End Date 7/22/2001 7/22/2001 12/31/1954 7122/2001 
Number of Days filled 4,617 7,143 2,557 8,239 
Number of days still 0 0 8,239 0 
missing 
Station used in filling Pine Albin Hecla & Hecla & 

Bluffs 5W Hecla IE Hecla IE 
Jan 0.958 0.820 1.251 1.251 
Feb 0.827 0.866 1.193 1.193 
Mar 1.003 0.854 0.935 0.935 

Ratios of Apr 1.005 0.883 0.975 0.975 
Monthly May 1.014 0.869 0.947 0.947 
Means Jun 1.028 0.929 1.017 1.017 

Jul 1.053 1.034 0.879 0.879 
Aug 1.087 1.001 0.910 0.910 
Sep 1.018 1.060 l.144 1.144 



Oct 0.942 0.942 0.893 0.893 
Nov 0.938 0.805 1.066 1.066 
Dec 0.923 0.768 1.231 1.231 

After completing the filling/extension of the daily precipitation records, the data was 
analyzed to estimate the areal distribution of precipitation. This analysis indicated 
that precipitation does not show a strong correlation with station elevation. 
Therefore, it was determined that areal precipitation over the Lodgepole Creek Basin 
may be estimated using spatial interpolation among the available station records. 
This was done in the following way. 

First, a rectangular grid of 600 x 275 = 165,000 points was developed to cover the 
basin at 200-meter by 200-meter scale. The rectangular grid was intersected with the 
Lodgepole Creek Basin boundaries to determine the portion of the grid that is inside 
the watershed. The daily precipitation at each point on the watershed grid was then 
estimated using inverse distance squared interpolation (Maidment, 1993) among the 
eleven stations located in or near the basin. These stations are listed in the following 
table. 

Stations Used in the Estimation of Mean Areal Precipitation. 

Station Name Mean Annual Precip. UTM Coordinates (meters) 
(inches/year) Northing Easting 

Albin 18.084 4585773.6 575209.3 
Archer I 15.750 4555467.7 529368.7 

Carpenter 14.405 4544511.0 554624.8 
CheyenneAP 14.705 4555424.3 515103.9 

Hecla 15.500 4555424.3 485006.8 
HorseCreek2NW 15.277 4588738.8 480788.8 

LaGrange 15.998 4609029.6 569135.7 
Phillips 15.043 4609029.6 543313.8 

PineBluffs 15.311 4559155.9 578001.7 
PineBluffs5W 15.078 4557977.1 571302.7 

Tennyson 16.609 4577797.0 551866.3 

The spatial interpolation was performed on a daily basis. Subsequently, the daily 
mean areal precipitation was aggregated to monthly, seasonal, and annual time scales. 
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