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EXECUTIVE SUMMARY 
 
In accordance with the 2015 Session of the 63rd Legislature of the State of Wyoming, 
Enrolled Act No. 56, the University of Wyoming (UW) was authorized to apply for 
Wyoming Water Development Commission (WWDC) funds to develop groundwater for 
irrigating the Red Jacoby Golf Course.  In June 2016, Wyoming Groundwater, LLC was 
awarded a contract with the WWDC to provide professional services for the UW 
Irrigation Water Supply Level II Study (study). 
 
Study Objective 
 
The objective of the study was to provide a high-yield well completed in the Casper 
Aquifer that could be used to irrigate the golf course.  The golf course is currently 
irrigated with treated City of Laramie (City) municipal water.  UW representatives have 
concluded that a well capable of producing 1,400 gallons per minute (gpm) would be 
ideal to meet peak demands without storage accommodations (e.g., pond storage and 
repumping) or irrigation schedule modifications. 
 
Study Area 
 
Figure ES-1 shows the study area, which encompasses the UW golf course and UW-
owned property immediately east of the golf course (herein referred to as the “off-course 
property”), and vicinity geology.  The golf course and off-course property are separated 
by the northeast-southwest trending “Forelle Ridge”.  Being UW-owned property, the 
golf course and off-course property are areas that eliminate groundwater development 
issues associated with access and easements; these areas also have favorable 
hydrogeologic features. 
 
Hydrogeology 
 
The Casper Aquifer (Casper) is the only groundwater resource in the vicinity of the golf 
course with acceptable water quality and the potential ability to, with a single well, 
provide a long-term sustainable production rate that satisfies peak irrigation demands of 
the golf course.  Thus, the Casper is the target aquifer for this study. 
 
“High yields” occur in the Casper Formation where a well penetrates an open and well-
connected fracture system (i.e., fracture permeability) and can vary from 200 to 2,000 
gpm depending on the fracture system(s) penetrated.  “Low yields”, on the order of 100 
gpm or less, occur where the well penetrates unfractured sandstone and/or poorly-
connected, isolated fractures. 
 
The strongest direct evidence of the presence of fracture permeability in the study area 
(i.e., primarily on the off-course property) is the pump test at existing well 41T3 (see 
Figure ES-1) and the hydraulic connection between the City’s municipal Turner 
Wellfield and 41T3 documented in a previous study.  More speculative “evidence” of 
fracture permeability is the projection of structures mapped in Casper outcrop areas, 

UW Irrigation Water Supply Level II Study 
Executive Summary 

1



including the Jackrabbit Fault/Anticline and the Spur Fault, and the unmapped larger 
scale synclinal feature indicated by the change in strike of the Forelle Ridge. 
 
Geophysical surveys were performed by the Wyoming Center of Environmental 
Hydrology and Geophysics in the summer of 2016 along the west side of the Forelle 
Ridge and on the off-course property.  Data collection involved seismic refraction 
surveys to investigate stratigraphy and structure, and direct-current resistivity surveys and 
transient electro-magnetic soundings to identify potentially water-related features in the 
Casper Aquifer.  Figure ES-2 summarizes the results from the geophysical investigation.  
Six sites were identified in the western portion of the off-course property with high and 
moderate relative potential for fracture permeability in the Casper Aquifer.  Areas 
bounded by white lines are ranked high, red and blue lines are ranked moderate.  The 
blue areas are considered less favorable due to the depth of drilling on the west side of 
the Forelle Ridge. 
 
In summary, multiple lines of evidence - geologic structures, pump test at 41T3, 
hydraulic response of 41T3 to Turner Wellfield pumping, and geophysical surveys - 
indicated the off-course property, particularly in its northern portion, has the greatest 
opportunity to encounter a well-developed fracture system capable of producing a high-
yield well. 
 
Cost Estimates and Exploration Program Development 
 
Preliminary conceptual designs and cost estimates provided an approximate cost to 
develop irrigation supply infrastructure (not including the cost of well construction) from 
various locations.  For example, it was estimated to cost $150,000 more to bring water to 
the golf course from a site near well 41T3 than from a site on the east side of the Forelle 
Ridge.  
 
Well construction bids were received from four contractors.  Based on the lowest bid 
prices and the project budget, four drilling program scenarios were developed for 
consideration by WWDO and UW representatives. 
 
Scenario #1 – Base Case.  One slim hole followed by a production well at area #1.  The 
point of the initial slim hole is to assess groundwater conditions, eliminating the potential 
of wasting the much larger expense of a production well at an unfavorable location.  
Unfavorable results from a slim hole would reduce Scenario #1 to a variation of Scenario 
#2.  Production wells constructed under this scenario for 600, 1,000, and 1,400 gpm 
capability were all projected to exceed the available funds.  
 
Scenario #2 – Exploration Program.  Convert the Level II study to an assessment of 
groundwater development potential in the study area, providing a confident foundation 
for production-well drilling in a subsequent project.  This scenario would consist of a 
series of carefully targeted slim holes and limited aquifer testing, would remain within 
the project budget, but would not result in construction of a full-scale production well 
under the present project.  
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Scenario #3 – A “Risky” Production Well.  This scenario has no slim-hole exploration: 
simply choose the best site near the golf course based on current knowledge (i.e., area 
#1) and complete a production well.  This scenario assumes the risk of failure, but 
provides the possibility of a 1,400 gpm production well within the project budget. 
 
Scenario #4 – A “Less Risky” Production Well.  The 41T3 well site meets favorable 
hydrogeology criteria based on available knowledge and offers a less expensive test to 
guide production-well design.  This scenario consists of an initial pump test (400 gpm, 24 
hour) of the 41T3 well followed by completion of the highest capacity production well 
(offset from 41T3) that the pump test indicates can be supported.  This scenario can be 
accommodated within the project budget, but this site represents the most expensive 
alternative in terms of the subsequent infrastructure necessary to bring a production well 
into the golf course system.   
 
On November 4, 2016, after consideration of the four scenarios prepared by the 
consultants, the WWDO directed the consultants to proceed with the construction of one 
(1) large diameter (12") test/production well at the area #1 site (i.e., Scenario #3).  The 
decision to construct only one large diameter test/production well was due to the project 
budget constraints and to achieve the ultimate objective of constructing an irrigation well 
with the highest possible yield during this project. 
 
Test Well Installation, Testing, and Disposition 
 
Drilling activities began on November 29 and were completed on December 31, 2016.  
Figure ES-3 shows well (JRA-1) construction and formation contacts. 
 
JRA-1 was drilled to a total depth of 756 feet.  Casing was set to a depth of 252 feet, 
through the uppermost member of the Casper Formation, to provide maximum available 
drawdown and due to poor-production characteristics in that member at this location.   
 
On January 1, 2017, the well was developed by air-lifting.  Maximum measured 
production was 140 gpm, during airlift from 640 feet, but this discharge rate declined to 
100 gpm after 30 minutes of production.  After 1.2 hours of air-lift at a depth of 756 feet, 
the “sustained” discharge was approximately 78 gpm.   
 
Based on this initial performance, 4 hours of sustained airlift production at 60 gpm were 
conducted the next day and recovery measurements were collected to assess aquifer 
productivity.  Figure ES-4 is a plot of the recovery data with a type curve for an idealized 
aquifer with a transmissivity of 600 gpd/ft.  This transmissivity value is consistent with 
other Casper Formation wells in the area that previous investigators equate with Casper 
Aquifer transmissivity absent fracture permeability and/or enhancement. 
 
At the end of the airlift test, a water sample was collected for laboratory analysis.  Water 
quality at JRA-1 is excellent and typical of groundwater quality in the Casper Aquifer in 
the Laramie area.  
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Based on the results of the 60 gpm airlift testing, the well was judged to be clearly 
incapable of useful production for the proposed irrigation of the golf course.  Further 
airlift or pump testing to “fine tune” the evaluation of aquifer parameters was deemed 
unnecessary to fulfill project objectives, although detailed pump testing at an appropriate 
rate in the future could be helpful in the evaluation of hydraulic characteristics in the 
surrounding aquifer. 
 
The original permit for JRA-1 (U.W. 165501) has been cancelled and UW, as sole 
applicant, has submitted a new permit application to the State Engineer’s Office 
designating the well for monitoring purposes.  UW anticipates future use of the well for 
long-term aquifer monitoring and as an educational/research tool for the Departments of 
Geology/Geophysics and Engineering.  Per all WWDC Level II well construction 
projects, the WWDC is the current owner of the well.  The WWDC and UW are expected 
to execute a Memorandum of Understanding that transfers well ownership and 
responsibility to UW.  
 
Hydrogeologic Evaluation of the Off-Course Property 
 
Additional aquifer performance data from the off-course property were provided by 
detailed monitoring of water levels at JRA-1 and 41T3 during a pumping period at the 
City of Laramie Turner Wellfield.  These data are shown on Figure ES-5.  Monitoring 
demonstrates a relatively rapid response throughout the Casper Aquifer in the off-course 
property.  Combined with the testing results from JRA-1 and 41T3 themselves, a 
situation of fracture-zone connection between the areas of the Turner Wellfield and 41T3, 
with JRA-1 in a peripheral location, is suggested. 
 
This is consistent with the interpretation of surface geophysical surveys across the off-
course property, i.e., an approximately north-south fracture system providing opportunity 
for enhanced groundwater flow in that orientation. 
 
The consultants remain of the opinion that the off-course property offers strong potential 
for a high-yield well if properly sited and constructed. 
 
Recommendations for Further Study 
 
Although this study did not result in completion of a high-yield well to serve the Red 
Jacoby Golf Course, it has provided an additional data point to define the complex 
hydrogeology of the Casper Aquifer in this area.  The experience of JRA-1 highlights the 
importance of a systematic aquifer-evaluation program, including slim-hole drilling to 
verify local permeability conditions.  Based on the convergence of potentially 
permeability-enhancing structural elements, very limited pump test data from 41T3, the 
hydraulic response of 41T3 and JRA-1 to Turner Wellfield pumping, and geophysical 
indications of stratigraphic disruptions, it is our professional opinion that high-yield wells 
are possible on the off-course property, and that future efforts are best directed to the 
eastern portion of that property. 
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In the future, if UW wants to pursue irrigation of the golf course using alternative 
sources, the following provides a brief description of approaches for UW to consider. 
 
Casper Aquifer – Off-Course Property 
 
Based on information and analysis provided in this report, we continue to believe that 
high-yield wells are possible on the off-course property.  Success will require adequate 
funding for an exploration program similar to Scenario #2 described above.  After a slim 
hole exploration program identifies a location(s) with potentially adequate aquifer 
permeability, a large-diameter production well(s) can be designed and installed 
commensurate with production estimates derived from slim hole data. 
 
If UW can afford the infrastructure needed to convey water to the golf course from the 
east end of the off-course property, a more direct alternative is to verify 
permeability/production characteristics based on a pump test of 41T3 or using slim holes 
in the immediate vicinity of 41T3, followed by a large diameter production well 
commensurate with production estimates.  
 
Casper Aquifer – Turner Wellfield – Turner No. 2  
 
As described in the 2015 Laramie Water Master Plan, the average annual production 
from the Turner Wellfield is less than the natural discharge of City Springs, 
demonstrating the potential for more aggressive pumping at that location.  The Turner 
No. 2 well has a production capacity in excess of 1,400 gpm and is located approximately 
2,500 feet due south of the golf course distribution system tie-in point.  The concept of 
dedicating production from Turner No. 2 to golf course irrigation during the summer 
months through a “raw” water pipeline would require substantial technical analysis and 
discussion between the City and UW, but is presented here as a “brainstorming” option 
with a potential to benefit both the City and UW.   
 
Chugwater and Forelle Aquifers  
 
Groundwater from the lower portion of the Chugwater Formation (Chugwater) is the 
source of groundwater for two UW campus irrigation wells located approximately 0.7 
and 1.1 miles west of the golf course.  These wells produce on the order of 100 gpm and 
at higher pump rates the well(s) produce red silt. 
 
The lower portion of the Chugwater lies directly beneath the golf course with the Forelle 
Limestone and Satanka Shale beneath the Chugwater in succession.  At the golf course, 
the Chugwater receives recharge from the irrigation of the course (i.e., municipal water) 
and the detention of stormwater from residential subdivisions north and northeast of the 
course.  Conceptually, the Chugwater may have a “mound” of groundwater beneath the 
course that could be used for irrigation.  The actual quantity and quality of groundwater 
available from the Chugwater and perhaps the underlying Forelle/Satanka are not known, 
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but might usefully contribute to a reduction in the demand for municipal water for golf 
course irrigation. 
 
Research and Educational Opportunities at Off-Course Property  
 
The off-course property offers unique opportunities for applied research of the Casper 
Aquifer.  Characterization of a mountain-range front dual-permeability aquifer is a 
“leading edge” research topic that can benefit the research and educational objectives of 
the University of Wyoming and water management objectives of the State of Wyoming.  
The Department of Geology and Geophysics is currently conducting fractured-aquifer 
related research studies in the Vedauwoo (Blair-Wallis) area and on the crest of the 
Laramie Range.   
 
 The surface and downhole geophysical surveys on the off-course property and at JRA-1 
and 41T3 can be viewed as initial steps toward using this property as a “field lab” for 
aquifer studies.  Data from state-of-the-art geophysical methods/equipment can be 
coupled with conventional data collection (i.e., drilling and aquifer testing) to verify and 
calibrate remote methods.  It is highly likely that any future research-based test well 
drilling on the off-course property will simultaneously further the objective of finding a 
high-yield well to irrigate the golf course.   
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Figure ES-2 - Study Area Geophysics and Drilling Area Ranking

Summary of summer 2016 geophysical data results for the UW Golf Course study.

Green lines represent zones of interpreted Casper saturation from RES and EM data.
Black lines represent interpreted fracture/fault zones fromthe seismic refraction data.

The colored enclosed areas represent the best geophysical target areas for the drilling program that are
closest to the existing infrastructure of the golf course.  The color priority is as follows: White - High,
Red - Moderate,Blue - Moderate but on the west side of Forelle Ridge.
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Figure ES-3 - JRA-1 As-Built
U.W. 165501; T16N, R73W, Sec. 35, NWNE
Construction Dates: Nov. 29 - Dec. 31, 2016

Ground Elevation: 7341.47 ft AMSL
TOC Elevation: 7343.25 ft AMSL

Alpha Member

Beta Member

Gamma Member

Delta Member

Epsilon Member

Satanka Shale
C

a
sp

e
r 

F
o
rm

a
tio

n

7 7/8” borehole

SWL = 53.98 ft bgs (1/9/17)

12” steel production

casing (+1.8 - 312’)

0 ft

200 ft

300 ft

400 ft

100 ft

600 ft

700 ft

500 ft

800 ft

Depth

15” borehole

16” steel surface casing (0 - 34 ft)

Cement seal

Neat cement

- 756.5 ft

- 312 ft

252 ft

312 ft

403 ft

479 ft

663 ft



0

50

100

150

200

250

0 100 200 300 400 500 600

D
ra

w
d

o
w

n
 (f

t)
Minutes from start of airlift

Figure ES-4 - JRA-1 Recovery Test; 1/2/17

type curve measured water-level recovery

T = 603 gpd/ft
S = 2 * 10-4

Air-lift at Q = 60 gpm



-0.5

0

0.5

1

1.5

2

2.50

500

1,000

1,500

2,000

2,500

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000

JR
A

-1 an
d

 41T
3 D

raw
d

o
w

n
 (ft)

T
u

rn
er

 W
el

ls
 P

u
m

p
in

g
 R

at
e 

(g
p

m
)

Minutes since start of pumping at Turner No. 2 on 5/26/17 at 04:45

Figure ES-5 - Turner Well Production and Monitor Well Water Levels

Turner No. 2 Turner No. 1 JRA-1 41T3


	Fig ES-2 Study Area Geophysics and Drilling Area Ranking.pdf
	Page 1

	Fig ES-3 JRA-1 Well Completion Diagram.pdf
	Page 1


