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Executive Summary 

 
Pine Bluffs Lance/Fox Hills Well Level II Study 

 
I. Introduction 
 
On June 3, 2004, Dahlgren Consulting, Inc. entered into a contract with the Wyoming 
Water Development Commission (WWDC) to provide professional services for the 
Pine Bluffs Lance Fox Hills Well Level II project.  The purposes of this project were 
to complete a well drilled into the Cretaceous aged Lance and Fox Hills formations, 
evaluate the aquifer characteristics and water quality of these formations, analyze the 
production capabilities of the well, and determine the feasibility of using these 
formations as a water source for the Town of Pine Bluffs.  The well location is shown 
on Figure ES-1.   
 
This report presents the findings of the Level II project.  This study included 
construction, testing and evaluation of a well drilled into the Cretaceous Lance and 
Fox Hills formations at Pine Bluffs, Wyoming.  This Level II study analyzed the 
aquifer characteristics and water quality of these formations, evaluated the yield and 
estimated the long-term production rate for the well, reviewed the permits required to 
use the well, prepared construction cost estimates for the work necessary to connect 
the well to the Town of Pine Bluff’s municipal water system, and evaluated operation 
and maintenance costs associated with use of the well.   
 
An 8” diameter cased well was drilled, completed and developed from February 22 
through March 7, 2005.  Figure ES-2 shows the details of the completed well.  There 
are two screened intervals in the well, one at 690 to 750’ below ground surface (BGS) 
and the other at 1680 to 1740’ BGS.  The well was completed in this manner so that 
the aquifer characteristics and water quality of the Fox Hills Sandstone and a lower 
sandier section in the Pierre Formation could be tested and sampled.   
 
A step test and a constant rate pumping test were conducted during March 2005.  
Both of the screened intervals in the well were “open” and capable of producing 
water during the March pump tests.  Two samples of the water were collected during 
the constant rate test and submitted to a laboratory for analyses.  A “packer pump 
test” was conducted on May 4 and 5, 2005 to evaluate the production and water 
quality of the lower screened interval in the well.  During this test, an inflatable 
packer was installed between the perforated zones in the well and a pump was 
installed below the packer, so that the aquifer characteristics and water quality in the 
lower screened part of the well could be evaluated.  After evaluation of the results of 
the packer test and in response to Wyoming State Department of Environmental 
Quality and State Engineer’s Office concerns, the lower portion of the well was filled 
with cement grout on August 30, 2005.   
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II. Geology and Hydrogeology 
 
Nearly all of the wells in the Pine Bluffs area are completed in Tertiary aged Ogallala 
or White River Formations.  Some of the wells may get some water from Quaternary 
age sand and gravel deposits in the area.  From the late 1950’s through the early 
1970’s the amount of wells drilled in the Pine Bluffs area and the use of groundwater 
dramatically increased.  Because of the increased pumping of groundwater, water 
level declines and interference between pumping wells were observed.  A 
Groundwater Control Area was established in Laramie County in 1971.  The purposes 
of the Lance/Fox Hills well were to test the water availability and water quality of the 
Cretaceous aged Lance and Fox Hills formations, which are deeper than the Tertiary 
wells.  We believe that development of groundwater from the Cretaceous formations 
will not significantly impact the shallower wells.   
 
The Fox Hills Formation is gray to white to yellowish-brown friable sandstone 
interbedded with dark sandy shale.  The formation ranges from approximately 40’ to 
over 250’ thick in Laramie County.  The Lance formation overlies the Fox Hills 
formation.  The Lance formation is composed of interbedded tan and gray sandstone, 
siltstone, gray shale, black carbonaceous shale and thin coal beds.  The Lance 
formation may be as much as 1500’ thick in the western part of Laramie County.  
However, there was a significant period of erosion prior to deposition of the overlying 
White River and the formation is only about 200 to 250’ thick in the eastern part of 
the County.   
 
Although currently there is not much use of the Lance and Fox Hills aquifers in 
eastern Laramie County, there formations are extensively used in the Denver area.   
 
III. Well Production and Yield 
 
A five-rate step pump test and a constant rate pump test were run on the Lance - Fox 
Hills well to evaluate the production characteristics of the well.  A step test allows 
one to predict the operational performance of a well, to determine an optimal rate for 
the long-term constant rate pumping test and to predict the yield of the production 
well and pump.  The optimal constant rate is one that induces the maximum possible 
draw down without the pumping water level dropping into the screened interval and 
yet maintains adequate submergence of the pump.  In the case of the Lance – Fox 
Hills test well; the pumping level in the well should not be allowed to drop below a 
depth of approximately 660’.  
 
During the step test, the pumping rates were increased sequentially from an initial 74 
gallons per minute (gpm), to 125 gpm, 174 gpm, 224 gpm, and ending at 274 gpm.  
Each step was maintained until draw down had clearly stabilized and a constant rate 
of draw down was established.  The steps lasted 80 to 132 minutes, though draw 
down had typically stabilized by 30 minutes into a step.  Plots of the test data are 
presented on Figure ES-3.   
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A constant rate pumping test, lasting 4,240 minutes (70 hours – 40 minutes), was 
conducted from March 23rd through March 26th, 2005.  The target flow during the 
constant rate test was 240 gpm.  The maximum draw down in the well was 413.5 feet, 
equating to a depth of 672.5 feet below ground surface.  Recovery of the water level 
was monitored for approximately 11,700 minutes (8.1 days), during which the water 
level recovered 96% of the maximum draw down.  Pumping and recovery data are 
presented on Figure ES-4. 
 
Values for transmissivity and the storage coefficient of the aquifer were estimated 
using analytical methods for confined aquifers.  Transmissivity is estimated at 921.7 
gpd/ft (123.2 ft2/day) for the pumping data and 600 gpd/ft (80.2 ft2/day) for the 
recovery data.  The coefficient of storage is estimated to be 1.74x10-3.   
 
IV. Water Quality 
 
Two samples of water were collected during the constant rate test pumping of the 
Lance – Fox Hills (LFH) Level II well.  The water quality data is summarized in 
Table ES-1 below.  In general, the water of the LFH aquifer is of good quality and it 
is suitable for use in the Town of Pine Bluff’s system.  However, three constituents 
that are present in the water warrant additional comment.  These constituents are 
sodium, TDS, and pH.  There is no drinking water limit set for sodium and the 
standards set for TDS and pH are secondary standards which means that “they are 
non-enforceable guidelines for contaminants that may cause cosmetic or aesthetic 
effects.”  Water from the Lance/Fox Hills well is slightly supersaturated with respect 
to dolomite and quartz/chalcedony, and is at equilibrium with respect to calcite.  If 
this water is produced it might form very small amounts of silica scale given 
sufficient time. 
 
Although, there is no standard set for sodium, it is on the US Environmental 
Protection Agency (USEPA) Drinking Water Contaminant Candidate List.  Currently, 
the USEPA is reviewing the standards for sodium and may, in fact, issue less 
stringent guidelines.  Assuming that a person drinks 8 – eight ounces glasses of water 
per day (or approximately two liters) from the Lance/Fox Hills well, than the water 
will add approximately 360 mg of sodium to the diet.  Most American adults 
consume about 4,000 to 6,000 mg of sodium per day, so the amount of sodium in the 
water is only a small percentage of the typical daily consumption.  However, people 
on sodium restricted diets may need to drink other water, such as bottled water.   
 
Although the sodium levels in the LFH water does not appear to be a major concern 
for drinking water purposes, the levels of sodium in the water may cause problems 
when the water is used for irrigation or landscape watering.  Sodium has far reaching 
effects on soils.  When water with high sodium concentration is applied to soil, it can 
change the physical characteristics of the soil and even damage plants.  Of particular 
concern is the ratio of sodium to calcium and magnesium in the water.  The Sodium 
Absorption Ratio (SAR), which measures the ratio of sodium to magnesium and 
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calcium, is an index of the relative concentrations of sodium in water.  The Wyoming 
DEQ has established the upper limit of the SAR for water used for agricultural 
purposes at 8.  The SAR of the Lance/Fox Hills water is 27.   
 
As shown in Table ES-1, the quality of the water from the upper and lower screened 
intervals in the well are approximately the same.  The only constituent with 
significantly different concentrations was iron (0.12 mg/liter at the end of pumping 
from both zones and 0.94 mg/liter in the lower zone).  Considering the relatively low 
flow rate during the packer test pumping of the lower zone, some of the iron in the 
water may be from the well casing.   
 

Table ES-1 Water Quality Data for 
The Level II Lance – Fox Hills Well (mg/liter) 

 
Constituent US EPA 

Drinking 
Water 

Standard 

Lance Fox 
Hills 

Midway(1) 

Lance Fox 
Hills 

Final(1) 

Lance 
Fox Hills 

Lower 
Zone(2) 

Calcium N/a 3 2 5 
Magnesium N/a ND ND 1 
Sodium N/a*+ 170 180 140 
Copper 1.3 N/a ND ND 
Lead 0.015 N/a ND 0.001 
Potassium N/a N/a 2 3 
Chloride 250+ 8 8 10 
Fluoride 4 N/a 1.2 1.0 
Iron 0.3 0.09 0.12 0.94 
Sulfate 250+ 5 5 25 
Nitrate 10 N/a ND ND 
TDS 500+ 443 423 379 
pH 6.5 – 8.5++ 8.8 8.4 9.21 
Uranium 0.03 ND ND 0.0003 
Radium 228 5 pC/liter ND ND ND 

 
 

(1)  These samples taken during constant rate test with both zones open.  (2) This sample 
taken from the lower zone during the packer test.  N/a means that the constituent was not 
sampled or the concentration was not reported.  ND means that the constituent was not 
detected.  *+There is no standard or limit established for sodium.  +These are US EPA 
Secondary Standards.  ++The upper limit for pH established by the Wyoming DEQ for 
drinking water is 9.0.   

 
V. Conceptual Designs and Cost Estimates 
 
Tying the new Lance Fox Hills Well into the existing Town of Pine Bluffs water 
system will be fairly straightforward.  The relative ease that the well could be 
connected to the Town’s water system was one of the primary reasons that the Level 
II well was located at this site.  This work will include: 
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 Construction of the pump house and control piping.  This work includes gate 

valves, check valves, an air relief valve, water meter, hose bib to sample the 
water, and a method of pumping the water from the well to waste (blow off 
hydrant).   

 Installation of the pump and controls, including telemetry equipment.  This work 
will also include installation of well water level monitors.   

 Construction of a 6” water line to connect the well to the existing water main. 
 Providing power for the pump and pump house building. 
 
A cost estimate has been prepared for the work required to tie the new Lance Fox 
Hills well into the Town of Pine Bluff’s water system.  This work would be done as 
part of a Wyoming Water Development Commission (WWDC) Level III project.  
This cost estimate is shown on Table ES-2 on the following page.   
 
There are several options available for the Town of Pine Bluffs to finance the Level 
III project and to purchase the well.  The options reviewed in this study included 
funding from the Wyoming Water Development Commission, State Land and 
Investment Board (SLIB) and the State Drinking Water Revolving Fund.  The Town 
could also pay their share of the costs of the project directly, either using funds such 
as County 6% sales tax funds or water utility funds.   
 
Based on our review of the funding options available, it appears that a WWDC grant-
loan and a SRF program loan are the mostly favorable sources of funds for the 
project.  A breakdown of the two funding options is shown in Table ES-3.  The 
figures shown in the following table assume that the WWDC will provide a 50% 
grant for the Level III project.  The total project costs for the Level III project is 
approximately $363,500, therefore the amount of the loan will be $181,750.  The 
WWDC loan was assumed to be for 30 years at 6%.  The SRF loan was assumed to 
be 20 years at 2.5%, plus the ½ percent loan origination fee.   
 

Table ES-3 
Pine Bluffs Lance Fox Hills Well 

Funding Options 
 

WWDC loan 
6% for 30 years 

Annual payment 
$ 13,204 

SRF loan 
2.5% for 20 years 

Annual payment 
$ 11,660 

SRF loan origination fee 
(0.5% of $181,750) $ 908.75 

 
Currently, there are 546 water taps in Pine Bluffs.  For all of our analyses, we 
assumed that there are 540 water customers in Pine Bluffs.  Assuming that the Town 
can obtain a 50% WWDC grant and either the WWDC loan or the SRF loan, the 
Town will need to increase water rates by approximately $2.00 per month per 



Table ES-2
Pine Bluffs Lance Fox Hills Well and Pump House

Cost Estimate

ENGINEER'S ESTIMATE
Bid Item Description Unit Quantity Unit Price Amount

1 Mobilization LS 1 10,000.00            10,000.00            
2 Imported fill LS 1 5,000.00              5,000.00              
3 Building piping LS 1 17,500.00            17,500.00            
4 6" PVC piping LF 200 40.00                   8,000.00              
5 Blow off Hydrant EA 1 2,500.00              2,500.00              
6 Clean out and develop well HR 8 200.00                 1,600.00              
7 Pump test well HR 24 125.00                 3,000.00              
8 60 HP pump, column, cable LS 1 35,250.00            35,250.00            
9 VFD Control for the pump LS 1 25,000.00            25,000.00            

10 Pump House Building LS 1 25,000.00            25,000.00            
11 Chain link fence LS 1 6,000.00              6,000.00              
12 Power to building LS 1 5,000.00              5,000.00              
13 Electrical, controls LS 1 32,500.00            32,500.00            
14 Telemetry equipment LS 1 15,000.00            15,000.00            
15 Site Reclamation and Seeding ACRE 1 2,500.00              2,500.00              

Construction Sub-Total 193,850.00         

1.  Well House and Pump 
Construction Sub-Total 193,850.00$        
2.  Construction Phase Engineering 
Costs (10% of 1) 19,385.00$          

3.  Sub-Total of 1 + 2 213,235.00$        
4.  Contingency (15% of 3) 31,985.25$          

5.  Construction Cost Sub-Total 245,220.25$        

6.  Design Phase Engineering          
(10% of 5) 24,522.03$          
7.  Permitting and Mitigation 30,000.00$          
8.  Legal Fees 2,500.00$            
9.  Acquisition of Access and ROW $0.00

Sub-Total Level III costs for the 
Pump house and Water line 302,242.28$        

Town's Share of Costs for the 
Lance/Fox Hills Well 61,150.00$          

Level III Project Total Costs 363,392.28$   

Executive Summary - 6



Executive Summary-7 

customer to re-pay the loan.  Specifically, the monthly loan repayment charge per tap 
for the WWDC loan is $2.04 and it would be $1.80 per month per customer for the 
SRF loan. 
 
In addition to the cost to repay the loan on the project, the Town will also need to pay 
for the operation and maintenance costs for the well.  The following table V-5 shows 
the total annual costs for the new Lance/Fox Hills well.   
 

Table ES-4 
Total Estimated Annual Cost for the Lance Fox Hills Well 

 

Loan Payment (assume SRF loan) $11,660 
Increased Power Costs $2,450 

Equipment Replacement Fund $3,500 
Total Annual Costs $ 17,610 

 
The monthly water bill for the 540 water customers in Pine Bluffs will need to be 
increased by approximately $2.75 to pay for the cost of the new Lance Fox Hills well.   
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Figure ES.1 General vicinity map showing the location of the Level II 
Lance Fox Hills Well.  The well is located in the SW ¼ SW ¼ of Section 10, 
T14N, R60W.  This figure is not to scale. 

 
 

Well Site 
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FIGURE ES-3
Step Test Data 

Town of Pine Bluffs, Wyoming
Water Supply Well Installation
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FIGURE ES-4
Constant Rate Pumping and Recovery Data

Town of Pine Bluffs, Wyoming
Water Supply Well Installation

Drawdown during 
Pumping Q=240 

Pump off at 
4240 mins

Recovery Data


