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EXECUTIVE SUMMARY 

LANDER PALEOZOIC AQUIFER WELL SITING STUDY 

INTRODUCTION 

The City of Lander is located in west-central Wyoming in the foothills of the eastern slope of the Wind 

River Mountains at an elevation of approximately 5,350 feet above sea level. The City is situated in the 

valley of the Middle Popo Agie River in western Fremont County, of which it is the county seat. 

"The Lander service area currently has 2,706 taps and includes those areas within the corporate City limits 

and nearly 50 taps outside the corporate limits. Although Lander has historically obtained drinking water 

from the Middle Popo Agie River, an extended drought cycle has diminished flows in the river in recent 

years. In addition, the U.S. Environmental Protection Agency (EPA) has determined that the City's 

infiltration gallery, which supplies up to 2 million gallons per day (MGD) to the City, is under the direct 

influence of surface water and must be abandoned or the water must be treated (Nelson, 1999). The City 

has decided to discontinue use of the Infiltration gallery, effective November 2003 (Personal 

Communication, Mickey Simmons, March 22, 2002). Because the City of Lander is concerned about 

obtaining sufficient quantities of surface water to meet drinking water demands in the future, they have 

decided to investigate the potential of supplementing their surface water supply with groundwater 

sources. 

At the request of WWDC, the study area for the well siting study includes over 400 square miles. The 

study area is depicted on Figure 1. The well siting study was comprised of a search of existing geologic 

and hydrogeologic literature sources, compilation and analysis of water well and oil and gas well 

completion logs, and a review of high altitude infrared photographs. Several proposed well sites were 

then developed and ranked against a set of well siting criteria that includes: water quality, infrastucture 

considerations, land ownership and access issues, future water system expansion, potential interference 

issues, and wellhead protection concerns. The study includes development of a conceptual well design 

and cost estimate. The scope of this study also included a general analysis of the potential for 

developing a regional water supply in the Lander area. 

GEOLOGIC AND HYDROGEOLOGIC SETTING 

Structural Setting 

The City of Lander is located at the western edge of the Wind River Basin. The basin was formed by 

large scale thrusting and faulting, accompanied by uplift of the Wind River Mountains on the west, the 

Washakie, Owl Creek and southern Bighorn Mountains on the north, the Casper arch on the east, and the 

Granite Mountains on the south. Along the east flank of the Wind River Range in the Lander area, 

Paleozoic and Mesozoic strata form a prominent linear outcrop with uniform basinward dips of 12 to 15 

degrees. The continuity in the uniform dip of these strata is interrupted by a series of sharply folded, 

northwest-trending anticlines that extend along the western edge of the basin for approximately 90 miles. 
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Stratigraphy 

There are over 7,000 feet of sedimentary rocks in the western part of the Wind River Basin near Lander. 

The focus of this study is the Paleozoic Era rocks because of large yields obtained from some Paleozoic 

wells throughout the state of Wyoming. However, based on: (1) WESTON's success with siting and 
drilling wells completed in the JurassicfTriassic Nugget Sandstone in Utah, (2) reported yields from wells 

completed in the Nugget Sandstone near Rawlins, and (3) review of the lithology of the Nugget 

Sandstone in the Lander area, the scope of the investigation was expanded to include the Nugget 

Sandstone. 

Madison Limestone. The Madison Limestone ranges in thickness from 400 to 650 feet in the study 

area. The unit is comprised of bluish gray, massive, crystalline limestone and dolomitic limestone, thin to 

massive and irregularly bedded gray, tan, and yellow-tan dolomite and limestone with thin beds of red 
shale and siltstone. 

Tensleep Sandstone. The Tensleep Sandstone is a buff, tan, cream-colored, and white fine-grained, 
massive to cross-bedded sandstone with common thin, irregular chert beds. It ranges in thickness from 

500 to 600 feet in the study area. 

Nugget Sandstone. The Nugget Sandstone is a massive sandstone unit that consists of an upper unit 
composed of fine to medium-grained sandstone with calcite and silica cement and large-scale cross 

beds. The basal unit consists of calcareous siltstone, mudstone, thin limestone beds and thin to massive, 

very fine-grained sandstone. Based on information provided on local driller's logs, the Nugget Sandstone 

is approximately 300 feet thick in the study area. 

Hydrostratigraphy 

Two major investigations have been conducted to assess the groundwater resources in the Wind River 

Basin: Whitcomb and Lowry (1968) and Richter (1981). Both of these studies involved compiling and 

analyzing data from driller's logs for existing water wells, springs, and some oil well tests. Because little 

groundwater development has occurred in the Paleozoic rocks due to the considerable depth of the units 

below the land surface, very little aquifer data exist for the rocks older than Cretaceous age in the study 

area. In general, most of the rocks that comprise the Paleozoic aquifers exhibit relatively small interstitial 

(primary) permeabilities. However, the Paleozoic aquifers offer the potential to yield quantities of water 

greater than 500 gallons per minute (gpm) if a well is completed in an area where secondary permeability 
due to fractures caused by folding and faulting of the rocks is encountered. 

Madison Aquifer. The Madison Aquifer consists of the saturated and permeable parts of the Madison 

Limestone and the Bighorn Dolomite. The porosity of the Madison Aquifer results from: (1) solution 

enlarged voids and fractures, (2) intercrystalline porosity in the limestones and dolomites, and (3) 

fracturing. In general, most cavern development is in the upper third of the unit. Where fractured and 

Weston Engineering, Inc. ES - 2 November 2002 
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cavernous zones are saturated in the Madison Limestone, they will yield large quantities of water to wells 

penetrating them. 

Tensleep Aquifer. The Tensleep Aquifer consists of the saturated permeable parts of the Tensleep 

Sandstone and the Amsden Formation. The Tensleep Sandstone is highly productive throughout the 

Wind River Basin and the most productive part of the unit is the uppermost 200 feet (Richter, 1981). In 

general, porosities and intergranular permeabilities in the sandstone are relatively large. Faults, 
fractures, and joints associated with deformation provide laterally and vertically integrated zones of large 

permeability. Permeabilities in highly fractured parts of aquifer, such as along the Wind River Mountains, 

can be as much as several orders of magnitude larger than permeabilities in relatively undeformed 
central-basin areas (Richter, 1981). Tensleep Aquifer well yields throughout the Wind River Basin 

typically range up to several thousand gpm (Richter, 1981). 

Nugget Aquifer. Although little is known about the Nugget Aquifer in the Wind River Basin, according to 

Whitcomb and Lowry (1968), outcrops suggest that the formation would yield at least moderate quantities 

of water where it is saturated due to relatively large intergranular permeabilities and perhaps large 

amounts if the rock is fractured. According to Richter (1981), hydraulic conductivity values for the Nugget 
Aquifer in the Wind River Basin range from 1 to 20· gpd/ff and transmissivity values are in the range of 

2.5 x 102 gpd/ft. 

Water Quality 

Madison Aquifer. In general, the quality of water in the Madison Aquifer is good, with TDS values less 

than 500 mg/L in wells close to the outcrop. However, water in the Madison Aquifer is generally hard and 
may require treatment or blending to reduce hardness. 

Tensleep Aquifer. Low TDS concentrations are usually from samples in wells located near the outcrop 

at the basin margin. The water in the basin margin wells, typical of wells in the study area, is usually 

moderately hard (less than 180mg/l). The reason for the relatively good water quality in the Tensleep 

Aquifer is that the aquifer near the basin margin is close the recharge area and flow is enhanced along 
fractures and faults. 

Nugget Aquifer. The unit is generally not considered a source of low TDS water, although little data are 

available to substantiate this claim. Water quality in samples collected from the Rawlins Nugget wells 

(JMM, 1986) indicate that the water is sodium bicarbonate type with some sulfates. The TDS 

concentrations ranged from 596 to 698 in samples from the three wells and the sodium concentrations 

were in the range of 250 mg/L, which is significantly higher than the EPA-recommended concentration of 
100 mg/L. 

WELL SITING CRITERIA AND PROPOSED LOCATIONS 

WESTON begins each well siting study by identifying potential target aquifers and developing a 

conceptual model of the selected aquifer system. The next step in well siting is to select a variety of 

Weston Engineering, Inc. ES-3 November 2002 
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preliminary sites and then to assess each preliminary site with respect to a variety of criteria, including 
geologic and hydrogeologic setting, water quality, infrastructure considerations, land ownership and 

access issues, future water system expansion, potential interference issues, wellhead protection 

concerns, and site-specific considerations. The most important criteria in siting any well is the 

hydrogeologic setting. Whereas most wells are sited out of convenience and close proximity to existing 

infrastructure, WESTON has learned that maximizing the potential of the well to produce significant 

quantities of high quality water is the most important criteria. 

Proposed Well Sites 

Based on water quantity and quality, the Tensleep Sandstone and the Madison Limestone have been 

identified as the most feasible targets for an exploration well within the study area. Because of the 

greater depths necessary to penetrate the Madison Limestone and the anticipated productivity of the 

Tensleep Sandstone, the Tensleep Sandstone will be the target for an exploration well drilled as part of 

this project. In addition, the Nugget Sandstone has been added as a secondary target at one of the 

proposed locations because of its potential to produce significant quantities of water. Because the 

Paleozoic aquifers and the Nugget Sandstone generally have low primary permeabilities, an exploration 
well drilled into these water bearing units must intercept secondary permeability development by geologic 

structural deformation to yield the quantities of water desired. 

To identify sites where the Paleozoic aquifers may have been affected by structural deformation, 

WESTON conducted an extensive review of high altitude, infrared aerial photographs of the study area. 
Observation of the photographs revealed areas where small displacements at the surface may have 

caused development of secondary permeability in the Paleozoic rocks due to fracturing and faulting. The 

eight potential well sites identified for this study are shown on Figure 1. Seven of the sites are based on 

structural deformation within the Paleozoic or overlying Mesozoic rocks within the study area and one site 

is based on proximity to existing infrastructure. Geologic cross sections were constructed through each 

site to facilitate estimating drilling depths. It was assumed that a well drilled into the Tensleep Sandstone 

will need to penetrate the entire thickness of the formation at any of the proposed sites. It was assumed 

that a well completed in the Madison Limestone will need to penetrate a minimum of 200 feet of that 

formation. Each of the well sites and the well siting criteria are discussed and compared in the report. 
Table1 provides a summary of well siting data and criteria for comparison. 

Site Ranking 

From the standpoint of production and water quality, preliminary sites A, B, D, F, G, and H should be 

strongly considered. Because of the high cost of pipeline development, Sites A, B, and C are attractive 

alternatives; however, wells at these three sites have the highest potential for interference with existing 

wells. From the standpoint of meeting future water system expansion needs, sites A and B are the best 
choices. 

Weston Engineering, Inc. ES - 4 November 2002 



PRELIMINARY LOCATION 

WELL SITE 

A T33N, R101W, 

Sec. 12, 

NWNW 

B T33N, R100W, 

Sec. 21, 

SENW 

C T33N, R100W, 

Sec. 26, 

SESE 

D T32N, R100W, 

Sec. 35, 

NE NE 

E T32N, R99W, 

Sec. 27, 

NESE 

F T31N, R99W, 

Sec. 4, 

SWNE 

G T31N, R99W, 

Sec. 8, 

SE NE 

H T31N, R99W, 

Sec. 27, 

SWNE 

TABLE 1 

LANDER PALEOZOIC WELL SITING STUDY 

PRELIMINARY WELL SITE COMPARISON WITH CRITERIA 

DEPTH OF LAND PIPELINE TOTAL POTENTIAL FOR 

WELL AND OWNERSHIP OF ROUTINGI ESTIMATED INTERFERENCE 

APPROXIMATE WELL SITE LENGTH COST*** 

COST* AND 

COSTS** 

1,300 feet Cook, Richard 40,000 feet $2,210,000 High 

$227,500 and Perry $2,000,000 

(Trustees) 

1,400 feet Keeline, Curtis 18,000 feet $1,145,000 High 

$245,000 and Patricia $900,000 

2,725 feet Jackson, Robert 5,000 feet $726,875 High 

$476,875 and Frances $250,000 

(Trustees) 

1,000 feet Bureau of Land 73,000 feet $3,825,000 Moderate 

$175,000 Management $3,650,000 

2,500 feet Saal, Robert 56,000 feet $3237,500 Low 

$437,500 and Sharon $2,800,000 

1,700 feet McMahon, 63,000 feet $3,447,500 Moderate 

$297,500 Charles and $3,150,000 

Mary Ann 

900 feet Nature 70,000 feet $3,657,500 Low 

$157,500 Conservancy $3,500,000 

1,400 feet Bureau of Land 88,000 feet $4,645,000 Low 

$245,000 Management $4,400,000 

Estimated cost for drilling, constructing, and testing the well based on $175 per foot. 

ANTICIPATED FUTURE 

WATER EXPANSION 

QUALITY OF WATER 

SYSTEM 

Good Good 

Good Good 

Good Poor 

Good Moderate/ 

Good 

Moderate Moderate/ 

Good 

Moderate Moderate/ 

Good 

Good Moderate/ 

Good 

Good Moderate/ 

Good 

** Average cost per foot of pipeline to connect to the existing infrastructure is $50.00/ft. Excludes costs for pumping equipment, controls, telemetry, well building, etc. 
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Final site ranking was determined as a result of discussions held between WESTON, WWDC and the City 

of Lander representatives during the Results Presentation Meeting held in Lander on October 22, 2002 

and a subsequent City Council meeting that was held on October 29,2002. As stated in Resolution 729, 

dated October 29, 2002, the Lander City Council decided to pursue funding for exploration wells at Sites 

A and B, with Site A named as the preferred site if WWDC will fund only one well. The City Council also 

decided to include the option of requesting a contingency for drilling and completing the well in the 

Madison Aquifer, if necessary. 

EXPLORATION WELL DESIGN AND COSTS 

The Lander Paleozoic Exploration Well was designed specifically for selected Well Site A and the target 

aquifers, the Tensleep Sandstone and the Madison Limestone. It is estimated that the top of the 

Tensleep Sandstone will be encountered at a depth of approximately 800 feet below grade and the base 

of Tensleep will be encountered at approximately 1,300 feet below grade at Site A. The base of the 

Madison Limestone will be encountered at a depth of approximately 1,900 feet below grade at Site A. 

Based on the data from existing wells in the area, a well completed in the Tensleep or Madison aquifers 

will flow at the ground surface. 

Figure 2 is a preliminary design of the Lander Paleozoic Exploration Well, assuming the well is completed 

in the Tensleep Sandstone. The exploration well was designed to be completed with casing and cement 

grout across the formations overlying the Tensleep Sandstone in order to minimize intrusion of poor 

quality groundwater, as well as to prevent corrosion of the steel casing. The well was also designed with 

an open borehole within the Tensleep Sandstone. Figure 3 is an optional preliminary design of the 

Lander Paleozoic Exploration Well, assuming the well is completed in the Madison Limestone. This 

design will be used in the event that significant quantities of water are not available in the Tensleep 

Aquifer at Well Site A. 

Tables 2 and 3 provide engineer's estimates of the subcontractor costs for drilling, constructing, and 

testing the Lander Paleozoic Exploration Well in the Tensleep and Madison aquifers at Site A, 

respectively. Table 4 provides a summary of the estimated costs for completing the Level II Water Supply 

Project associated with drilling and installing the exploration well. 

REGIONALIZATION ISSUES 

To make efficient use of financial and infrastructure resources and to provide a safe source of drinking 

water to Wyoming communities, regionalization of public water supply systems is being investigated 

across the State. In the Lander area the only nearby incorporated community is the Town of Hudson, 

which is located approximately 10 miles east-northeast on Wyoming Highway 789. In addition, 

approximately 27 subdivisions lie within five miles of the Lander City limits and water service area. 

Extending water service to Hudson would require approximately 53,000 feet of pipeline and extending 

water service to many of the outlying subdivisions would require significant investment in transmission 

lines and distribution systems. 

Weston Engineering, Inc. ES-6 November 2002 
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TABLE 2 

ENGINEER'S ESTIMATE FOR DRILLING 
LANDER TENSLEEP EXPLORATION WELL AT SITE A 

Unit Total 
Item Description Quantity Unit Price Amount 

Mobilization and Demobilization L.S. $25,000 $25,000 

2 Drill for, Furnish, Install, and Cement 14-lnch 50 L.F. $175 $8,750 
Surface Casing 

3 Drill 12 1/4-inch Diameter Hole 750 L.F. $85 $63,750 

4 Open Hole Geophysical Logging L.S. $4,000 $4,000 

5 Furnish and Install 9 5/8-inch O.D. Steel Casing 801 L.F. $25 $20,025 

6 Furnish and Install Cement Seal L.S. $20,000 $20,000 

7 Furnish and Install 9 5/8-lnch Gate Valve L.S. $4,000 $4,000 

8 Drill 8 3/4-inch Diameter Hole 500 L.F. $75 $37,500 

9 Cased Hole Geophysical Logging L.S. $4,000 $4,000 

10 Standby Time 8 Hours $225 $1,800 

11 Well Development and Rig Time 12 Hours $325 $3,900 

12 Air Development 12 Hours $400 $4,800 

13 Furnish, Install, and Remove Flow Testing L.S. $5,000 $5,000 
Equipment 

14 OPTION: Furnish, ·Install, and Remove Pump L.S. $25,000 $25,000 
Testing Equipment 

15 OPTION: Conduct Pump Test 176 Hours $150 $26,400 

TOTAL, Without Options $202,525 

TOTAL, With Options 14 and 15 $253,925 

Weston Engineering, Inc. ES -7 November 2002 



TABLE 3 

ENGINEER'S ESTIMATE FOR DRILLING 
LANDER MADISON EXPLORATION WELL AT SITE A 

Unit Total 
Item Description Quantity Unit Price Amount 

Mobilization and Demobilization L.S. $25,000 $25,000 

2 Drill for, Furnish, Install, and Cement 14-lnch 50 L.F. $175 $8,750 
Surface Casing 

3 Drill 12 1/4-inch Diameter Hole 1,530 L.F. $85 $130,050 

4 Open Hole Geophysical Logging L.S. $4,000 $4,000 

5 Furnish and Install 9 5/8-inch O.D. Steel Casing 1,581 L.F. $25 $39,525 

6 Furnish and Install Cement Seal L.S. $20,000 $20,000 

7 Furnish and Install 9 5/8-lnch Gate Varve L.S. $4,000 $4,000 

8 Drill 8 314-inch Diameter Hole 300 L.F. $75 $22,500 

9 Cased Hole Geophysical Logging L.S. $4,000 $4,000 

10 Standby Time 8 Hours $225 $1,800 

11 Well Development and Rig Time 12 Hours $325 $3,900 

12 Air Development 12 Hours $400 $4,800 

13 Furnish, Install, and Remove Flow Testing L.S. $5,000 $5,000 
Equipment 

14 OPTION: Furnish, Install, and Remove Pump L.S. $25,000 $25,000 
Testing Equipment 

15 OPTION: Conduct Pump Test 176 Hours $150 $26,400 

TOTAL, Without Options $273,325 

TOTAL, With Options 14 and 15 $324,725 

Weston Engineering, Inc. ES-8 November 2002 
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TABLE 4 

LANDER LEVEL II WATER SUPPLY PROJECT 

COST ESTIMATE SUMMARY 

PHASE I. WELL CONSTRUCTION 

Task 1. 

Task 2. 

Task 3. 

Task 4. 

Task 5. 

Task 6. 

Scoping Meeting and Project Meetings (4) 

Permits, Access, Testing Program Development 

Bidding Specifications, Bidding Process 

Consultant Services during Well Construction and 

Aquifer Testing 

Water Quality, Water Treatment, Reclamation 

Well Construction Contracts (Madison Well Option) 

Phase I Subtotal 

Executive Summary 

$7,450 

$3,000 

$6,250 

$55,000 

$6,500 

$324,725 

$402,925 

PHASE II. CONCEPTUAL DESIGN, COST ESTIMATES, COMPLIANCE, REPORTS 

Task 1. Conceptual Design and Cost Estimates $20,000 

Task 2. Geotechnical Analysis $5,000 

Task 3. System Operating Plan $3,500 

Task 4. Economic Analysis/Project Financing, and $7,500 
Identification of Permits 

Task 5. Environmental Report $3,500 
Task 6. Project Reports $15,000 

Phase II Subtotal $54,500 

PROJECT TOTAL COST $457,425 

Conversations with Lander representatives regarding the issue of regionalization indicated that there is 

concern that until sufficient quantities of water are developed to meet the needs of Lander residents, 

regionalization cannot be pursued if Lander is to be the hub of the water supply. Lander residents have 

been under a voluntary water consumption restriction for the past three years and will probably not 

support an effort to participate in a regional water system until supply issues have been resolved. 

Weston Engineering, Inc. ES - 9 November 2002 
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Aquifer Reservoir Capability Estimates 

Prior to development of a regional groundwater resource, an estimate of production sustainability should 
be made. To provide a first-order approximation of the potential long-term production capacity of the 

Tensleep Aquifer,WESTON estimated the annual recharge to the aquifer at 24,500 gpm. A conservative 

estimate of the annual withdrawal from wells completed in the Paleozoic aquifers of 4,200 gpm, 

represents only 17 percent of the estimated available recharge to the aquifer. Thus a considerable 

volume of water is available for withdrawal from the Tensleep Aquifer by a new well and the resource 

could easily sustain production of over 1,000 gpm from a new municipal well. Because this estimate does 
not contain data with sufficient refinement to use for planning purposes, a long-term monitoring program 

should be developed and implemented for determining the actual impacts of groundwater withdrawals, if 

regionalization is pursued. 

CONCLUSIONS AND RECOMMENDATIONS 

A review of geologic and hydrogeologic data and well completion reports filed with the State Engineer's 

Office indicates that the Tensleep Aquifer is the best target for an exploration well in the Lander Level II 

study area. Eight preliminary well sites were identified within the study area based on several criteria. 

Several of the preliminary well sites located south of the City would require considerable investment in 

transmission pipeline to transport water from the sites to Lander's water system infrastructure. Three 
sites located to the north and west of Lander require less pipeline than those well sites to the south, but 

have a greater potential for interference with existing Tensleep wells. 

Upon review of the Draft Level II Paleozoic Aquifer Well Siting Study submitted to the City of Lander and 

WWDC on October 1, 2002, the City of Lander passed Resolution 729 and requested that the WWDC 

fund two wells at locations A and B. Site A was chosen as the preferred site if the WWDC will fund only 

one well. 

The predicted depth of a well completed in the Tensleep Aquifer at Site A is approximately 1,300 feet. In 

the event that sufficient water cannot be produced from the Tensleep Sandstone, an option for a 

completion in the Madison Aquifer has been prepared. The predicted depth of a well completed in the 

Madison Aquifer would be approximately 1,900 feet below grade. These depths are reasonable and 

should be relatively easy to drill. Because the site is owned by a private landowner, an access 

agreement will have to be obtained before anyon-site work can begin. In addition, access agreements 

for the several miles of pipeline that will be necessary to connect a well at Site A to the existing 

infrastructure will have to be obtained. 

Upon completion of a successful Paleozoic water supply well for the City of Lander, WESTON 

recommends that an ongoing monitoring program of nearby Paleozoic wells be developed. This program 

should be designed to measure water levels or shut-in pressures in nearby wells to determine whether 

there are any adverse impacts from production of water from the proposed Lander Paleozoic Exploration 
Well over time. 

Weston Engineering, Inc. ES - 10 November 2002 
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