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SCOPE 

The Moorcroft Water Supply Study was undertaken to identify additional sources of water, 
analyze the need for water system rehabilitation, and recommend water system operational 
improvements for the Town of Moorcroft. 

The study was completed by inventorying and testing the existing water supply wells, analyzing 
the present water storage capabilities, inventorying and analyzing the water distribution system and the 
present operation of the system as a whole. Enclosed is the results of our findings. 
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INTRODUCTION 

The Town of Moorcroft lies in the northeastern corner of Wyoming near the transition area of 
the Powder River Basin to the Black Hills. Moorcroft sits on the intersection of Interstate 90, U.S. 
Highway 16, and U.S. Highway 14. Large numbers of tourists annually traverse through the Town of 
Moorcroft due to its location between the Black Hills and Yellowstone National Park. The nearby 
Devils Tower National Monument creates an additional traffic flow pattern passing through Town 
during the annual tourist season. 

The local economy of Moorcroft depends primarily on the limited agriculture in the area and 
is heavily dependent on the oil industry and the coal mines located in adjacent Campbell County. The 
Town of Moorcroft has became a bedroom community with a large share of residents commuting to 
jobs in the energy related fields. 

The Town of Moorcroft has experienced problems with their water system for many years. 
These problems have been compounded by the lack of improvements or upgrading of the system over 
the past ten to fifteen years. The Town's water is locally supplied by several Lance-Foxhills water 
well's located within the legal boundaries of the Town. The Town is supplemented ("supported") by 
the addition of water supplied from the Gillette Madison Pipeline which is located approximately three 
miles west of Moorcroft. 

The Town of Moorcroft has experienced a dramatic decline in population from the 1980 to the 
1990 census. The decline is in part due to the decrease in activity related to the energy industry, but 
is a much greater decline than . other neighboring communities have incurred. 

The purpose and scope of this study is to review and inventory the present water supply and 
water distribution system operated by the Town of Moorcroft. The desired goal of this report is to 
identify shortcomings in the present equipment and operation with the ability to increase the available 
water supply. Additional studies include assessment of the Moorcroft area for potential alternative 
water sources. 

1 



1.0 WATER SYSTEM INVENTORY 

1.1 WELLFIELD EVALUATIONS 

1.1. 0 Introduction 

The Moorcroft wellfield was evaluated as a part of the Town's water supply system. The 
objective of the evaluation was to determine whether the components of the wellfield are operating 
effectively and efficiently and whether the well field is capable of meeting the future water needs of the 
Moorcroft residents. The evaluation was conducted through review of information gathered from 
inspection of the Town's files and the records of the Wyoming State Engineer, and through testing four 
of the wells. A brief summary of this information is presented in Table 1-1. 

The wellfield presently consists of six wells drilled between 1947 and 1978 to depths ranging 
from 385 feet to 769 feet. All six wells produce groundwater from the Lance Formation. Only the 
deepest well penetrates through the Lance Formation and into the underlying Fox Hills Aquifer; it 
draws water from both units. The wells yield between about 25 and 150 gallons per minute (gpm), 
although the groundwater appropriations for the wells are between only 20 and 90 gpm. On the whole, 
the wells function, but some produce undesirable quantities of sand, gas or both. 

The quality of groundwater produced from the wells is considered marginal for a municipal 
supply. The total dissolved solids (TDS) content of the water ranges from 785 to 1450 parts per million 
(ppm) and averages 1130 ppm. The TDS standard recommended by the U. S. Environmental Protection 
Agency is 500 ppm, with the caveat that water with up to 1000 ppm TDS is acceptable if no better 
quality water is available. Most of the wells also exceed the recommended standards for one or more 
other constituents. A composite water analysis is enclosed in Appendix A. 

1.1.1 Well No.1 

1.1.1.1 History 

A historical summary of data for Well No.1 is presented in Table 1-2. Well No. 1 was 
reportedly drilled in 1947, based on information in the Town's files. The typical design life for a water 
well is about 40 years, but depending on the quality of the groundwater, the useful life of the well can 
be shortened or lengthened substantially. Apparently, the quality of the groundwater produced from 
Well No.1 has not adversely affected the well, as the well is 44 years old and still in production. 

Very little is known about the construction of Well No.1. A completion report filed in 1964 
by Willis B. "Jack" Comer listed the well's location, a total depth of 500 feet, and a casing size of 10 
inches at the surface and seven inches in the "lower" part. Inspection of the well for this project 
revealed eight inch casing at the surface. Water from Well No.1 is pumped to the Town's 220,000 
gallon storage tank, water flows enter the water distribution system at the tank: with any excess entering 
the tank: for storage. 
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Table 1.1. Data Summary for Town of Moorcroft Municipal Wells. 

Well Well Well Well Well Well 
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 

Permit No. U.W. 990 991 992 993 33968 43549 
42845 

Completion Date 1947 1952 1960? 1961? 1976 1979 

Appropriation (gpm) 25 20 20 30 55 90 

Actual Minimum 
Capacity (gpm) 35 30 30 17 >40 80 

Total Depth (ft )a 500 400 385 485 485 769 
(391) (378) 

Casing Size Top 8 8 8 7 5 8 to 
428' 
(inches) Lower 7 6 428'-

768' 

Perforated Zones 
(ft) unknown 290-300 318-328 374-390 374-390 290-296 

320-330 356-366 452-464 452-464 302-312 
330-390 
600-710 

Main Water Bearing 
Zone (ft) unknown 276-300 306-332 370-395 310-470 600-690 

308-336 348-366 445-463 

Water Quality -
Total Dissolved 
Solids (ppm) 1050 1060 1260 1410 1044 785b 

-1220 -1450 -1150 

Well Specific Capacity 
(gpm per ft of 
drawdown) 0.27 0.52 unknown unknown 0.23 0.23 

-0.33 -0.24 -0.29 
Aquifer Transmissivity 

(gpd/ft) 300 470 unknown unknown 170 160 

• Reported values are listed; measured values are shown in parenthesis. 
b Value affected by recharge of water from Gillette Madison pipeline - see text. 
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1.1.1.2 Pump Performance 

Town records indicate that the pump was replaced twice in 1983 and again in 1987. The 
frequent pump replacement may indicate well-related pump problems. The pump is operating near its 
design performance curve. The well reportedly is capable of producing 35 gpm, although a 1990 
measurement registered only 20 gpm. The permitted appropriation for Well No.1 is 25 gpm. 

1.1.1.3 Well Testing 

Well No.1 was tested on August 12, 1991 when a step-drawdown test and a constant-discharge 
test were conducted using the well's existing pumping equipment. Discharge rates were controlled with 
a gate valve on the discharge piping at the wellhead, and an orifice weir was used to monitor the 
pumping rates. During the tests, Well No. 2 was used as an observation well. Water level 
measurements were taken in both wells throughout the pumping periods and while the water levels 
recovered after the pump was turned off, using airlines attached to the pumping equipment in both 
wells. 

The step test involved pumping Well No.1 at 10 gpm initially and increasing the rate in 5-gpm 
increments after each 35-minute step. The final pumping rate of 30 gpm was maintained for 20 
minutes. The test results are summarized in Table 1-2. The specific capacity of the well increased 
very slightly as the pumping rate was stepped up, from 0.27 gpm per foot of drawdown at pumping 
rates of 10 and 15 gpm to 0.33 gpm per foot of drawdown when the well was pumped at 30 gpm. 

During the constant-discharge test, Well No.1 was pumped at a rate of 25 gpm for 6-112 hours; 
Well No.2 was used as an observation well at a distance of 75 feet from Well No.1. Generally, 
aquifer tests with data from an observation well allow more accurate determination of aquifer properties 
than tests with data from only the well being pumped. This is because the pumped-well data can be 
affected by head losses caused by well inefficiency and slight variations in the pumping rate, whereas 
the observation well is not as sensitive to these factors. The observation well data also allow calculation 
of the aquifer's storage coefficient, a measure of the volume of water released from or taken into 
storage per unit surface area of aquifer per unit change in head or water level. Confined (artesian) 
aquifers exhibit very small storage coefficients, in the range of lOS to 10-\ and unconfined (water table) 
aquifers generally have a much larger storage coefficient, about 0.1 to 0.3. Translated into practical 
terms, the storage coefficient means that large drawdowns in an artesian aquifer will provide less water 
than even small drawdowns in a water table aquifer. The aquifer tapped by Well No.1 is a leaky, 
confined aquifer with a transmissivity of 300 to 470 gallons per day per foot (gpd/ft) and a storage 
coefficient of 0.0001. 

1.1.1.4 Water Quality 

Records were located for one abbreviated analysis of the water from Well No.1 in 1962. Field 
measurements of several parameters were also made during the pumping tests for this project. The data 
are summarized in Table 1-2. An indication of the tendency of the water to corrode or to deposit 
encrusting materials on the materials it is exposed to, such as the well casing or water pipes is given 
by the Ryznar Stability Index, which is calculated from the TDS, pH and alkalinity of the water. A 
Ryznar Stability Index above 7.0 indicates corrosive water; a value below 7.0 indicates that the water 
tends to encrust. The value of 7.7 for the water from Well No.1 indicates that the water is slightly 
corrosive. 
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Table 1-2. Town of Moorcroft Well No.1 Historical Summary 

Well Name: Town of Moorcroft No. 1 
Location: SW1I4, SE1I4, Section 31, T. 50 N., R. 67 W. 
State Engineer Permit No.: U. W. 990 

Driller: Unknown 
Date Drilled: 1947 (State Engineer's records state "prior to April 22, 1964") 

Depth: 500 ft 

Construction: Information from files of Town, State Engineer, and Weston Engineering 
Hole Diameter: 10" at top, 7" at bottom 
Casing Schedule: Steel, 8" LD. at surface, 7" LD. lower casing 
Screen: Unknown 
Filter Pack: Unknown 
Bottom Cap: Unknown 

Main Water Bearing Zones: Sandstones below 200'. Notes indicate soft sand at 422'-447' 

Initial Well Yield: Unknown 

Water Right Summary: 
Adjudicated: Yes 
Date of Appropriation: April 1, 1963 
Amount of Appropriation: 25 gpm 
Proof No: U.W.2043 

Static Water Levels: 
Initially: 150' below land surface 
1110/83: 241' 
8/12/91: 233' 

Pumping Equipment: Flint & Walling Submersible Model 013516 set on 2" galvanized pipe at 408 ft; 
5 h. p., 230 volt, 3-phase motor; airline set at 408 ft 

Pump Installation Date: 11/30/87 
Pump Capacity: Unknown 
Total Dynamic Head: Unknown 
On-line Pumping Rate: Unknown 
Power Supply: 230 volt, 3 phase 

Comments: Water pumped from well via 2" line approximately 30 ft to 220,000 gallon storage tank, 
flows enter the distribution system with excess entering tank for storage. Pump replaced in 1983 and 
1987. 
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Table 1-2. Town of Moorcroft Well No.1 Historical Summary (cont.) 

Summary of Well Testing: 
Step test and constant discharge tests conducted on 8/12/91 by Weston Engineering, Upton, WY 
for this study: 

Step Test Summary: 

Time Rate (gpm) Drawdown (ft) Specific Capacity (gpm/ft) 
35 min. 10 37 0.27 
35 min. 15 55 0.27 
35 min. 20 70 0.29 
35 min. 25 82 0.30 
20 min. 30 90 0.33 

6.5-hour Constant Discharge Test Summary: 

Rate: 25 gpm 
Pumping Water Level: 314 ft 
Drawdown: 81 ft 
Calculated Transmissivity: 300 gpd/ft 
Storage Coefficient: 0.026 
Observation Well: Well No.2, at distance of 75 ft 
Observation Well Drawdown: 65 feet after 330 minutes 
Transmissivity from Observation Well: 470 gpd/ft 
Storage Coefficient from Observation Well: 0.00011 

Summary of Water Quality Testing: 
8/12/91: 

Specific Conductance: 2060 micromhos/cm 
pH: 7.8 Standard Units 
Temperature: 120 C 
Total Dissolved Solids: 1050 ppm 

6/20/62: 
Total Dissolved Solids: 1222 ppm 
Sulfate: 275 ppm 
Iron: 0 ppm 
Hardness: 80 ppm 
Alkalinity: 595 ppm 
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1.1.2 Well No.2 

1.1.2.1 History 

The history of Well No.2 is summarized in Table 1-3. Well No.2 was drilled in 1952, based 
on the Town's records. Like Well No.1, very little is known about this well's construction. A 
completion report for Well No.2 was filed by Jack Comer in 1964, listing the well's location, total 
depth of 400 feet, a hole size of 10 inches, and a casing size of eight inches. Subsequent soundings 
in 1979 and 1983 indicated a total depth of 391 feet. It was not determined whether the lower nine feet 
of the well had filled with sediment or the total depth was stated incorrectly originally. In June 1990, 
Well No.2 was geophysically logged to identify the depths of potentially productive sandstones. At 
that time, the logged depth was 380 feet, which suggests that additional sediment had accumulated in 
the well. A brief test was made of the well's production (but not pumping water levels), and then the 
casing was perforated opposite two sandstone zones. No post-perforation tests were run, so the effect 
of the perforations has not been assessed. Water from Well No.2 is pumped to the Town's 220,000 
gallon, where it enters the distribution system any excess flows to the storage tank. 

1.1.2.2 Pump Performance 

A pump was installed after the well was completed, but no records were kept of any tests which 
may have been conducted. Sparse records indicate that the well was worked on in 1979 and 1983 by 
pump contractors, and the well was equipped with a new pump in 1991. The performance of the pump 
relative to its design curve was 'not determined. The groundwater appropriation permitted by the State 
Engineer for Well No.2 is 20 gpm, but the well is reportedly capable of producing 40 gpm. Well No. 
2 is currently shut down due to production of large amounts of gas. 

1.1.2.3 Well Testing 

For this study, Well No.2 was used as an observation well during the testing of Well No. 1. 
Well No.2 was test pumped to determine production rates just prior to when the casing was perforated 
in 1990, but water level responses to the pumping were not measured. The data from Well No.2 
collected while Well No.1 was being pumped lead to the conclusion that Wells No.1 and No.2 tap 
a leaky, confined aquifer. The Well No.2 data indicate a transmissivity of 470 gpd/ft and a storage 
coefficient of 0.0001. 

1.1.2.4 Water Quality 

The quality of the groundwater from Well No.2 is known only from an analysis made in 1962, 
which is summarized in Table 1-3. The TDS reported from that analysis is 1060 ppm, which is slightly 
above the alternate secondary drinking water standard of 1000 ppm. 
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Table 1-3. Town of Moorcroft Well No.2 Historical Summary 

Well Name: Town of Moorcroft No.2 
Location: SE1I4, SE1I4, Section 31, T. 50 N., R. 67 W. 
State Engineer Permit No.: U.W.991 
Driller: U nlmown 
Date Drilled: 1952 (State Engineer's records state "prior to May 1, 1964") 

Depth: 400 ft reported on completion form 
391 ft measured in 1979 and 1983 
380 ft measured on 6/21190 

Construction: Information from files of Town, State Engineer, and Weston Engineering 
Hole Diameter: 10" 
Casing Schedule: Steel, 8" LD. 
Perforations: 5 @ 290'-300'; 5@ 320'-330' 
Filter Pack: Unknown 
Bottom Cap: Unknown 

Main Water Bearing Zones: 276'-300' and 320'-336' 

Initial Well Yield: Unknown 

Water Right Summary: 
Adjudicated: Yes 
Date of Appropriation: April 1, 1963 
Amount of Appropriation: 20 gpm 
Proof No: U.W.2044 

Static Water Levels: 
Initially: 
1116/79: 
1983: 
8/12/91: 

150' below land surface 
250' 
250' 
223' 

Pumping Equipment: Submersible Model 4F27B50 set on 2" galvanized pipe at 420 
ft; 5 h.p., 230 volt, 3-phase motor; airline set at 408 ft 

Pump Installation Date: 1/12/91 
Pump Capacity: Unknown 
Total Dynamic Head: Unknown 
On-line Pumping Rate: 19.8 gpm 
Power Supply: 230 volt, 3 phase 

Comments: Water is pumped from well via 2" line to 220,000 gallon storage tank, flows enter the 
distribution system with the excess entering the tank for storage. Geophysical logs were 
run by Goodwell on 6/21190. Casing was perforated by Goodwell on 6/29/90. 
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Table 1-3. Town of Moorcroft Well No.2 Historical Summary (cont.) 

Summary of Well Testing: 
This well was used as an observation well during the 8/12/91 tests of Town of Moorcroft Well 
No.1 conducted by Weston Engineering, Upton, WY for this study: 

Length of Test: 6.5-hour 
Rate: 25 gpm (Well No.1 was pumped) 
Distance from Pumped Well: 75 ft 
Drawdown: 65 feet after 330 minutes 
Transmissivity: 470 gpd/ft 
Storage Coefficient: 0.00011 

6/22/90: Tested to determine discharge prior to re-perforating casing. Discharge rates were 
32 gpm, 24 gpm and, against 29 psi (69 feet of water in tank), 19 gpm. 

1983: 76' drawdown at 40 gpm after 1-1/2 hours 
Specific Capacity: 0.52 gpm per foot of drawdown 

Summary of Water Quality Testing: 

6/20/62: 
Total Dissolved Solids: 1060 ppm 
Sulfate: 240 ppm 
Iron: 0 ppm 
Hardness: 20 ppm 
Alkalinity: 587 ppm 
Fluoride: 1 ppm 
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1.1.3 Well No.3 

1.1.3.1 History 

The history of Well No.3 is summarized in Table 1-4. Well No.3 was drilled "prior to May 
15, 1964" according to the statement of completion filed by Jack Comer in 1964. The land on which 
the well is located was deeded to the Town of Moorcroft by Crook County School District in November 
1960; this transaction may indicate an approximate construction date for Well No.3. The well had a 
total depth of 385 feet when drilled. Depths of 378 and 382 feet were reported in 1980 and 1990, 
respectively, indicating little sediment accumulation in the well. Conflicting reports of casing size were 
provided. The completion statement lists a "well diameter" of 10 inches at the top and seven inches 
at the bottom. A 1990 geophysical log (discussed below) lists the casing size as 9-5/8 inches down to 
307 feet and unknown from 307 to 383 feet. The geophysical logs were run to identify the depths of 
potentially productive sandstones. Two sandstone zones were identified between 306 feet and 366 feet, 
and the casing was perforated opposite each of these zones. No pre- or post-perforating well tests were 
conducted, so it was not determined whether the perforations increased the well's production rate or 
efficiency. 

1.1.3.2 Pump Performance 

A pump was installed in the well after it was completed, but no records were kept of any testing 
which may have been conducted. Town records indicate that work, apparently pump-related, was done 
on Well No.3 in 1980 and 1983. Well No.3 is currently shut down because of the well pumping off 
after approximately 4-hours of continuous pumping at rate of approximately 20 gpm. 

1.1.3.3 Well Testing 

No tests are known to have been conducted on Well No.3. No testing was performed on Well 
No.3 due to the lack of any water cover over the pump, approximately eight feet, which was not felt 
adequate to perform any meaningful analysis. 

1.1.3.4 Water Quality 

A 1962 analysis of the groundwater from Well No.3 is summarized on Table 1-4. The TDS 
value of 1260 ppm is slightly above the average for the aquifer serving the Moorcroft well field, and 
exceeds the alternate secondary standard for TDS in drinking water. 
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Table 1-4. Town of Moorcroft Well No.3 Historical Summary 

Well Name: Town of Moorcroft No.3 
Location: NW1I4, NE1I4, Section 6, T. 50 N., R. 67 W. 
State Engineer Permit No.: U.W.992 
Driller: Unknown 
Date Drilled: Unknown (State Engineer's records state "prior to May 15, 1964"). Possibly 1963 (see 
Comments below) 

Depth: 385 ft reported on completion form 
378.3 ft on 119/80 
382 ft on 7/3/90 

Construction: Information from files of Town, State Engineer, and Weston Engineering 
Hole Diameter: 10" 
Casing Schedule: Steel, 8" LD. 
Perforations: 5 @ 318'-328'; 5 @ 356'-366' 
Filter Pack: Unknown 
Bottom Cap: Unknown 

Main Water Bearing Zones: 306'-332' and 348'-366' 

Initial Well Yield: Unknown 

Water Right Summary: 
Adjudicated: Yes 
Date of Appropriation: April 1, 1963 
Amount of Appropriation: 20 gpm 
Proof No: U.W. 2045 

Static Water Levels: 
Initially: 175 ft below land surface 

8/11191: 362 ft below land surface 

Pumping Equipment: Completion statement lists Fairbanks-Morse submersible pump with 5 h.p. 
electric motor. Pump set on 2" galvanized pipe at 378.3 ft on 119/80. Pump changed on 6/3/83. 
Present pump Goulds 18E50, 5 hp set at 370 feet, pump installed 7/3/90. 
Pump Installation Date: 7/3/90 
Pump Capacity: 20 gpm 
Total Dynamic Head: Unknown 
On-line Pumping Rate: Well pumps off after approximately 4 hours 
Power Supply: 230 volt, 3 phase 

Comments: Water is pumped from well via 2" line approximately 50 ft to distribution system. 
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Comments: Water is pumped from well via 2" line approximately 50 ft to distribution system. 
Warranty deed issued by Crook County School District to Town on 11121160 for 
20'x20' tract for well construction. Well may have been constructed near that date. 
Geophysical logs were run by Goodwell on 7/3/90. Casing was perforated by 
Goodwell. 
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Table 1-4. Town of Moorcroft Well No.3 Historical Summary (cont.) 

Summary of Well Testing: None reported 

Summary of Water Quality Testing: 

6/20/62: 
Total Dissolved Solids: 1260 ppm 
Sulfate: 340 ppm 
Iron: 0 ppm 
Hardness: 26 ppm 
Alkalinity: 540 ppm 
Fluoride: 0.1 ppm 

1.1.4 Well No.4 

1.1.4.1 History 

The history of Well No.4 is summarized in Table 1-5. According to a well completion 
statement filed in 1964 by Jack Comer, this well was drilled "prior to June 4, 1964." An indication 
of a possible construction date is provided by records of an easement granted for the well by Ancil 
Sisson in March 1963. Well No.4 was geophysically logged in July 1976, presumably to identify 
potentially productive sandstone zones. The log indicates that perforations were made in the casing 
opposite two such zones between 374 and 464 feet. 

1.1.4.2 Pump Performance 

The pump in Well No.4 has been worked on or replaced five times in the past 14 years, which 
may indicate well-related causes for the pump problems. The make, type, size and depth of the 
presently-installed pump are unknown, and the pump is not functioning properly or there is a hole in 
the production tubing. 

1.1.4.3 Well Testing 

Well No.4 was test pumped for this study on August 11, 1991. A pump malfunction of 
undetermined origin caused the pumping rate to decrease throughout the test. The test was terminated 
after only 52 minutes. Analysis of the test data showed that the drawdown data throughout the test 
were affected by casing storage, so the results cannot be interpreted reliably. 

1.1.4.4 Water Quality 

The TDS in water pumped from Well No.4 during the August 1991 testing was 1450 ppm. 
This is in the upper end of the range for TDS values for water from the Town wells and is high for a 
potable water supply. 
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Table 1-5. Town of Moorcroft Well No.4 Historical Summary 

Well Name: Town of Moorcroft No.4 
Location: SE1I4, SW1I4, Section 31, T. 50 N., R. 67 W. 
State Engineer Permit No.: U.W.993 
Driller: Unknown 
Date Drilled: Unknown (State Engineer's records state "prior to June 4, 1964"). Possibly 1963 (see 

Comments below) 

Depth: 485 ft 

Construction: Information from files of Town, State Engineer, and Weston Engineering 
Hole Diameter: Unknown . 
Casing Schedule: Steel, 7" I.D. 
Perforations: 16 @ 374'-390'; 12 @ 452'-464' 
Filter Pack: Unknown 
Bottom Cap: Unknown 

Main Water Bearing Zones: "Sandstones below 135 ft" listed on completion statement; geophysical log 
shows sandstones at 370'-395' and 445'-463'. 

Initial Well Yield: Unknown 

Water Right Summary: 
Adjudicated: Yes 
Date of Appropriation: April 1, 1963 
Amount of Appropriation: 30 gpm 
Proof No: U.W. 2046 

Static Water Levels: 
Initially: 90' below land surface 
1116/79: 250' 
1983: 250' 
8/12/91: 53.25' 

Pumping Equipment:Submersible Model SB31-22 set at unknown depth; 7-1/2 h.p., 230 
volt, 3-phase motor 

Pump Installation Date: 3/10/89 
Pump Capacity: Unknown 
Total Dynamic Head: Unknown 
On-line Pumping Rate: 28 gpm 
Power Supply: 230 volt, 3 phase 
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Comments: Water is pumped from well via 2" line 40 ft to municipal distribution line. Pump 
replaced in 1977, 1982(?), 1983(?), 1985, and 1989. Easement 10 ft in any direction 
from well granted by Ancil Sisson on 3/21/63. 
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Table 1-5. Town of Moorcroft Well No.4 Historical Summary (cont.) 

Summary of Well Testing: 
This well was tested on 8/11191 by Weston Engineering, Upton, WY for this study. Pump 
malfunction caused discharge rate to decrease steadily during the test. 

Length of Test: 52 minutes 
Rate: 15 gpm maximum; decreased to 10 gpm in first minute, then decreased steadily through 
remainder of test. 
Calculated Transmissivity: Calculation not possible because data was affected by casing storage 
throughout the test. 

Summary of Water Quality Testing: 

8/10/91: 
Total Dissolved Solids:. 1450 ppm 
Specific Conductance: . 2900 micromhos/cm 
pH: 7.8 Standard Units 
Iron: 2.5 ppm 
Hardness: 153 ppm (9 grains per gallon) 

1127/82: 
Coliform: Negative 
pH: 7.5 Standard Units 

3/21163: 
Total Dissolved Solids: 1410 ppm 
Sulfate: 480 ppm 
Iron: 0 ppm 
Hardness: 50 ppm 
Alkalinity: 528 ppm 
Fluoride: 0.1 ppm 

1.1.5 Well No.5 

1.1.5.1 History 

Well No.5 was drilled in August 1976 on land leased from the First Baptist Church. This is 
one of the two newest wells serving Moorcroft. The history of Well No.5 is better known than that 
of the older wells; it is summarized in Table 1-6. Well No.5 has a permitted appropriation of 55 gpm, 
and reportedly "pumps dry" at 60 gpm. This well has produced sand when pumped at rates as low as 
15 gpm, but especially when pumped at rates above about 30 gpm. The sand is probably entering the 
casing through the perforations, which, as in Wells Nos. 2 and 3, were produced by a casing 
perforating tool. The size of openings produced by the perforating tool is relatively uncontrolled, and 
sand production is a frequent problem in wells perforated in this way. During the testing conducted 
for this project, sand was produced at flows of 15 and 25 gpm during the one-hour step test, but cleared 
up after only 15 minutes of pumping at 20 gpm for the constant-discharge test. The source of the sand 
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and the critical flows above which sand is produced have not been positively identified. 

1.1.5.2 Pump Performance 

The pump in Well No.5 is operating below its design curve. No problems have been noted 
with the pump itself. Sand production, the most common destroyer of pumps, has been observed in 
Well No.5. 

1.1.5.3 Well Testing 

For this project, a step-drawdown test and a constant-discharge test were conducted on Well 
No.5. The step test indicated a specific capacity of 0.23 to 0.24 gpm per foot of drawdown at 
pumping rates of 15 and 25 gpm. An earlier test, conducted after the well was completed in 1976, 
showed the well to have a specific capacity of 0.32 gpmlft at a pumping rate of 60 gpm. The contrast 
between the 1976 and 1991 specific capacities indicates that the well efficiency is decreasing. 
Normally, the specific capacity of a well decreases as the pumping rate is increased, but not over time. 
A decrease over time generally indicates deterioration of the well. Steps should be taken to rehabilitate 
the well when a 10 to 15 percent decrease is observed. 

1.1.5.4 Water Quality 

A relatively complete set of analyses was run on the water from Well No.5 in February 1977. The 
analyses showed a moderately high TDS (1150 ppm) and an iron content slightly above the 
recommended limit. 

Table 1-6. Town of Moorcroft Well No.5 Historical Summary 

Well Name: Town of Moorcroft No.5 
Location: SE1I4, SWI/4, Section 31, T. 50 N., R. 67 W. 
State Engineer Permit No.: U.W. 33968 and U.W. 42845 
Driller: Great West Pump, Inc., Upton, WY 
Date Drilled: August 1976 

Depth: 485 ft 

Construction: Information from files of Town, State Engineer, and Weston Engineering 
Hole Diameter: 7-7/8" 
Casing Schedule: Steel, 5-112" O.D. 
Perforations: 16 @ 374'-390'; 12 @ 452'-464' 
Filter Pack: Installed, details unknown 
Bottom Cap: Unknown 

Main Water Bearing Zones: 310'-470' 

Initial Well Yield: Tested at 60 gpm 
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Water Right Summary: 
(Original appropriation and enlargement) 

Adjudicated: Yes 

Dates of Appropriation: June 8, 1976 (original) and March 10, 1978 (enlargement) 
Amounts of Appropriation: 30 gpm (original); 25 gpm (enlargement); total appropriation for 
well is 55 gpm 
Proof No.: U.W. 2047 (original) and U.W. 2048 (enlargement) 

Static Water Levels: 
Initially: 64' below land surface 
6/6/83: 166' 
8/12/91: 230' 

Pumping Equipment: Flint & Walling Submersible Model 50DF16 (?) set on 2" 
galvanized pipe at 364 ft; 7-1/2 h.p. electric motor; airline set at 348 ft 
Pump Installation Date: 6/6/83 (?) 
Pump Capacity: Unknown 
Total Dynamic Head: Unknown 
On-line Pumping Rate: 55 gpm 
Power Supply: 230 volt, 3 phase 

Comments: Water pumped from well via 3" line approximately 42 ft to municipal distribution line. 
Pump thought to have been replaced in 1983 and possibly 1980. Water reportedly contains gas bubbles. 
Testing in 1983 indicated well pumps 5 ppm to 20 ppm sand (1/4 to 1 ounce sand per 500 gallons); 
1991 testing for this project confirmed sand pumping. Land around well leased from First Baptist 
Church. 
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Table 1-6. Town of Moorcroft Well No.5 Historical Summary (cont.) 

Summary of Well Testing: 
8/8/91 tests conducted by Weston Engineering, Upton, WY for this study: 

Step Test Summary: 

Time Rate (gpm) Drawdown (ft) 
30 min. 15 65 

106 

Specific Capacity (gpm/ft) 
0.23 

30 min. 25 

5-hour Constant Discharge Test Summary: 

Rate: 20 gpm 
Pumping Water Level: 319 ft 
Drawdown: 121 ft after 300 minutes 
Calculated Transmissivity: 170 gpd/ft 

Test Conducted upon completion of well (August 1976): 

Rate: 60 gpm 
Drawdown: 189 ft after 1-1/4 hours 
Specific Capacity: 0.32 gpm/ft 

Summary of Water Quality Testing: 
8/12/91: 

Specific Conductance: 2090 micromhos/cm 
pH: 7.7 Standard Units 
Temperature: 12° C 
Total Dissolved Solids: 1044 ppm 
Iron: < 0.5 ppm 
Hardness: 86 ppm (5 grains per gallon) 

2/7/77: 

Parameter Concentration Parameter 
llm.m} 

C,lcium 4.7 Arsenic 
Magnesium 2.0 Barium 
Sodium 420 Boron 
Potassium 3.0 Cadmium 
Carbonate 24 Chromium 
Bicarbonate 740 Copper 
Sulfate 310 Iron 
Chloride 9.1 Lead 
Nitrate 2.7 Manganese 
Fluoride 0.4 Mercury 
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0.24 

Concentration 
llm.m} 
< 0.05 
< 0.5 

3.7 
< 0.001 
< 0.01 
< 0.01 

0.44 
0.01 
0.05 

< 0.001 



TABLE 1-6 (CONT'D) 
Silica 6.0 Nickel < 0.1 
Specific Selenium < 0.001 

Conductance 1730 Silver < 0.05 
Zinc 0.06 

Hardness 
(as CaC03) 20 

Alkalinity 390 
Total Dissolved 

Solids 1150 

1.1.6 Well No.6 

1.1.6.1 History 

The history of Well No.6 is summarized in Table 1-7. Well no. 6 is thought to have been 
drilled in August 1978, based on the a geophysical log of the upper 428 feet of the well which is dated 
August 8, 1978. A second geophysical log, for the lower part of the well (350 to 768 feet), was run 
in October 1978. When this is considered with the reduction in casing size from 8-5/8 inches to 6-5/8 
inches at 428 feet, it appears that Well No.6 may have been drilled in August 1978 and then deepened 
in October 1978 in an effort to increase the well's production. The February 1979 date on the 
statement of completion may reflect the installation of a permanent pump or connection to the 
distribution system. In any case, Well No.6 is the newest of Moorcroft's municipal wells, and it is 
also the deepest and most productive. 

1.1.6.2 Pump Performance 

The submersible pump is Well No.6 is operating near its design performance curve. No 
problems are known to exist with the pump itself. Well No.6 produced a small amount of sand during 
the August 1991 test pumping. In addition, gas bubbles have been noted in the water from the well, 
particularly when the well is pumped at rates near its maximum production. The gas could be air 
entrained in the well water by water cascading down from casing perforations above the pumping water 
level, air entrained in the pumped water by cavitation when the pumping water level is too close to the 
pump intake, or it could be a gas such as carbon dioxide which is released from solution in the water 
when the pressure in the aquifer is reduced by pumping at the well. Given the locations of the 
perforated intervals relative to pumping water levels, air entrainment by cascading water from exposed 
perforations is a possibility. However, during the 1991 testing, gas bubbles were observed in the water 
when the pumping water level was still 210 feet above the pump. Air entrainment is not likely with 
the pump submerged that depth, and it is virtually impossible for cavitation to occur with 210 feet of 
pump submergence. The release of a gas from solution is a plausible explanation, particularly when 
groundwater from the Fox Hills aquifer, which is tapped by the lower part of Well No.6, is known 
to release carbon dioxide in pumping wells in other areas. 
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1.1.6.3 Well Testing 

A 4-112 hour step-drawdown test and a 20-3/4 hour constant discharge test were run on Well 
No.6 on August 6 and 7, 1991 for this investigation. During the step test, the well was pumped at six 
rates from 20 to 120 gpm, in increments of 20 gpm. The drawdown at the end of the steps ranged from 
74 to 484 feet, 

yielding specific capacities from 0.23 to 0.29 gpm per foot of drawdown. No appreciable change in 
specific capacity was noted over the range of pumping rates tested. 

A step test run in 1978 or 1979 at rates of 100 and 125 gpm gave specific capacities of 0.33 
and 0.39 gpm per foot of drawdown. Comparison of these values to those from the 1991 tests indicates 
a 28 percent decrease in the specific capacity at 100 gpm between 1979 and 1991. 

Well No.6 was pumped at 80 gpm during the constant discharge test. Water levels in the well 
were measured during the pumping period and for five hours of recovery after the pump was shut 
down. Analysis of the test data by the Theis method gives an aquifer transmissivity of 160 gpd/ft and 
a storage coefficient of 0.026. The data indicate that Well No.6 taps a leaky, confined aquifer. 

1.1.6.4 Water Quality 

The TDS content of the water from Well No.6, at 785 ppm, is the lowest of any of the Town's 
wells. However, the low TDS content is an anomaly created by a leaking check valve on the well. 
The leaking valve allowed water supplied by the Gillette Madison well field pipeline to leak continuously 
into Well No.6, providing recharge to the Lance and Fox Hills aquifers. The better-quality Madison 
water would have lowered the TDS content of the groundwater pumped from Well No.6 by diluting 
the higher-TDS water normally produced by the Lance and Fox Hills aquifers. The proportion of water 
from each source could be determined if a more thorough analysis of groundwater were available. 
Because the continuous recharge of Madison water to Well No.6 has been stopped, the quality of the 
groundwater produced from the well should decline gradually until it approaches the quality of the 
groundwater produced from the other wells in the well field. An iron content of 3 ppm was reported 
from an analysis from 1978, which is higher than the secondary drinking water standard. 

Table 1-7. Town of Moorcroft Well No.6 Historical Summary 

Well Name: Town of Moorcroft No.6 
Location: NE1I4, SEI/4, Section 36, T. 50 N., R. 68 W. 
State Engineer Permit No.: D.W.43549 

Driller: Williams Drilling 
Date Drilled: February 21, 1979 (based on completion statement); 

August 18, 1978 based on geophysical logs 

Depth: 769 ft 
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TABLE 1-7 (CONT'D) 
Construction: Information from files of Town, State Engineer, and Weston Engineering 

Hole Diameter: Completion statement indicates 7-7/8" 
Casing Schedule: Steel, 8" LD. 0-428'; 6" LD. 428'-768' 
Perforations: 6 @ 290'-296'; 10 @ 302'-312'; 60 @ 330'-390'; 

slots @ 600'-710' 

Filter Pack: Pea gravel, depth not specified 
Bottom Cap: Unknown 

Main Water Bearing Zones: 600'-690' 

Initial Well Yield: Tested at 150 gpm in 1987 

Water Right Summary: 
Adjudicated: Yes 
Date of Appropriation: May 23, 1978 
Amount of Appropriation: 90 gpm 
Proof No: U.W. 2049 

Static Water Levels: 
Initially: 89' below land surface 
10/13/82: 99' 
8/6/91: 106' 

Pumping Equipment: Berkeley Submersible Model 6AH18-30 set on 3" galvanized pipe at 663 ft; 
30 h.p., 480 volt, 3-phase motor; airline set at 639 ft 

Pump Installation Date: Unknown 
Pump Capacity: Unknown 
Total Dynamic Head: Unknown 
On-line Pumping Rate: 87 gpm 
Power Supply: 460 volt, 3 phase 

Comments: Water is pumped from well via 3" line approximately 300 ft to distribution line. 
Geophysical logs run in August and October 1978. Well was jetted to clean perforations in 1987. 

Summary of Well Testing: 
Step test and constant discharge tests conducted by Weston Engineering, Upton, WY on 8/6-
7/91 for this study: 
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TABLE 1-7 (CONT'D) 
Step Test Summary: 

Time Rate (gpm) Drawdown (ft) 
60 min. 20 
50 min. 40 
45 min. 60 
40 min. 80 
40 min. 100 
35 min. 120 - 110 

Specific Capacity (gpmlft) 
~ 027 
145 0.28 
213 0.28 
278 0.29 
358 0.28 
484 0.25 - 0.23 

20.75-hour Constant Discharge Test Summary: 
Rate: 80 gpm 
Pumping Water Level: 584 ft 
Drawdown: 425 ft 
Calculated Transmissivity: 160 gpd/ft 

1978 or 1979 Step Drawdown Test: 

Time Rate (gpm) Drawdown (ft) Specific Capacity (gpm/ft) 
1 hr. 100 256 0.39 
4 hrs. 125 375 0.33 

Summary of Water Quality Testing: 
8/6/91: 

Specific Conductance: 1567 micromhos/cm 
pH: 7.7 Standard Units 
Temperature: 14.5° C 
Total Dissolved Solids: 785 ppm 

10/28/78: 
Iron: 3.0 ppm 
Hardness: 137 ppm 
Carbon Dioxide: 257 ppm 
Temperature: 15.5° C 

1.1.7 Safe Yield 

Estimates of the safe yield were developed to appraise the viability of long-term use of the 
Moorcroft well field as the primary source of municipal drinking water. The term "safe yield" is 
somewhat ambiguous, having been redefined numerous times since it was first used in 1920. Lohman 
(1972, P. 62) defmes it as "the amount of ground water one can withdraw without getting into trouble," 
and lists several meanings for "trouble." In the case of the Moorcroft well field, "trouble" will be 
defined as the development of so much drawdown in the aquifer that water levels decline to depths 
below the pump settings in one or more of the Town's wells, or one or more wells are dewatered. 
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One can make predictions, by various methods, of the pumping rate at which water levels in 
the wells are drawn down to the lowest possible pump settings. Using the above definition, this 
pumping rate is the "safe yield." It will be different for each well, depending on the well construction 
and the aquifer characteristics at the well locations, and the method used to estimate the "safe yield." 

One method of estimating "safe yield" uses the specific capacity and the maximum available 
drawdown for each well. The maximum available drawdown is assumed to be the difference between 
the present static water level and the 

lowest possible pump setting. The specific capacity (in gpm per foot of drawdown) is multiplied by 
the available drawdown to arrive at a theoretical maximum production from the well. This method 
assumes that the specific capacity remains constant as the pumping rate increases, which is not usually 
the case. It also assumes that pumping from other nearby wells will not interfere with the well under 
consideration, and that no general water-level decline is occurring in the area. If the specific capacity 
decreases at higher pumping rates, as is common, or if a general water level decline occurs, the specific 
capacity method will overestimate the amount of water that can be safely withdrawn from the well. 
This method of estimating the "safe Yield" therefore provides an optimistic figure bases on somewhat 
idealized conditions. 

A second method of estimating "safe yield" is to use know production characteristics of the 
wells to estimate the maximum rate at which each well can be pumped. This is the preferred method 
in this case, given the objective of the safe yield prediction and the amount of information available for 
the wellfield. The numbers are keyed to the actual well conditions, and therefore provide a realistic 
figure rather than an idealized estimate. 

The estimates of the "safe yield" for the Moorcroft well field are summarized in Table 1-8. 
Pertinent conditions affecting the estimates are footnoted in the table. The estimates based on the 
operating characteristics of the wells are much smaller than the estimates based on the specific 
capacities. The contrast between the results produced by the two methods arises in part from the fact 
that the specific capacity calculations assume idealized circumstances and ignore the interference 
between wells. Non-ideal conditions and well interference will produce the critical drawdowns at 
pumping rates smaller than the calculated "safe yields." 

In summary, while the aquifer itself may be capable of providing an ample supply of 
groundwater to Moorcroft, the same cannot be said of the existing well field. Various physical problems 
such as age, well interference, sand pumping, and gas production affect the existing wells to the extent 
that the "safe yield" of the well field may not be sufficient to meet the needs of the Town. 
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Table 1-8. Safe Yield Estimates for the Moorcroft Wellfield. 

Well Maximum Available S a f e Y i e I d 
Number Drawdown Calculated from: 

1 

2 

3 

4 

5 

6 

a 

b 

c 

d 

c 

Operating Specific 
Characteristics Capacity 

a 260 35 78 

b 160 40 83 

c 6 <20 2 

d 260 10 < 130 

c 250 25 58 

660 120 178 

TOTAL 250 529 

Operating characteristics value based on present pump setting. 
Production diminished by interference from Well No.1; values based on operation of Well No. 
2 when No. 1 is not in use. 
Water level in Well No.3 is only slightly above pump. 
Operating characteristics estimate affected by malfunctioning pumping equipment. 
Operating characteristics value based on present production. 
Operating characteristics value based on pumping rates during recent testing. 

1.1.8 Groundwater Quality 

From a drinking water perspective, the quality of the groundwater supplied to the Moorcroft 
residents by the municipal well field is marginally acceptable. Field analyses were conducted on 
groundwater from the wells that were test pumped for this study, and a few similar analyses have been 
done in the past. The data are summarized in Table 1-9. Based on the analyses, the groundwater from 
the Moorcroft wells frequently exceeds the U.S. Environmental Protection Agency Secondary Drinking 
Water Standards (recommended but not enforceable limits) for iron, sulfate and TDS. The 
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recommended limits are based on aesthetics rather than health concerns, and are set for compounds 
which can impart undesirable qualities, such as colors, odors or tastes, to the water. 

The groundwater from five of the six Moorcroft wells contains between 1044 and 1450 ppm 
TDS, and the average of the six wells is 1130 ppm TDS. The Secondary Standard for TDS is 500 
ppm, or 1000 ppm if water of better quality is not available. Water from all but Well No.6 exceeds 
the 1000 ppm alternate standard. The iron standard is based on the tendency·for iron to stain plumbing 
fixtures and, in high concentrations, to discolor the water. Sulfate and TDS can give the water an 
objectionable taste, and large amounts of sulfate can act as a laxative for people unaccustomed to it. 

1.2 WATER STORAGE 

The Town of Moorcroft is currently served by a single 220,000 gallon, 82-foot storage reservoir 
(standpipe) constructed in 1967. The stand pipe was originally used in conjunction with a 80,000 gallon 
ground level concrete tank:. The concrete tank has been abandoned due to numerous leaks and age. 
The usable storage in the stand pipe is estimated between 180,000 and 200,000 gallons. The usable 
portion of the tank is reduced due to the location of the overflow piping. The usable quantity need also 
be reduced to approximately 100,000 gallons. Any time the water level drops below 35-feet in the 
standpipe the houses located near the storage tank and the houses located on Park Street are supplied 
with only a trickle of water and sometimes with no water at all. 

According to Wyoming Department of Environmental Quality guidelines for construction of 
public water supply systems, water systems serving from 50,000 to 500,000 gallons on the design 
average daily demand shall provide clearwell and system storage capacity equal to the average daily 
demand plus fire storage, based on recommendations established by the State Fire Marshall or local fire 
agency. Using the DEQ standard of 125 gpcd for the consumption and assuming a reasonable 270,000 
gallons of storage for fire flows, the provided storage for Moorcroft should be a minimum of 370,000 
gallons based on the 1990 census of 768 residents. (Fire flows and storage requirements will be 
discussed later in this report.) 

1.3 DISTRIBUTION SYSTEM 

The water distribution system is composed of 8-inch transite pipeline leaving the standpipe and 
running the north and east sides of town. The transite piping is branched off with 6-inch and 4-inch 
cast iron pipe. All lines are looped with the exception of a 6-inch cast iron pipe running the length 
of Sisson Street, Lomac Street, the west end of Goshen Street, and the south end of Powder River 
Avenue. 
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Table 1-9. Summary of Water Quality Data for the Moorcroft Wellfield. 
EPA Well Well Well Well Well Well Well 

Standard No.1 No.2 No.3 No.4 No.5 No.6 1.2.5 

EP A Primary Parameters 
Pesticides I 

Herbicides Various N A 
Volatile 

Organics Various N A 
Trihalo-

methanes 
Arsenic 
Barium 
Cadmium 
Chromium 
Fluoride 
Lead 
Mercury 
Nitrate (as 

Nitrogen) 
Selenium 
Silver 
Turbidity, NTU 
Uranium 
Radium-226, 

pCi/L 
Radium-228, 

pCi/L 
Gross Alpha 
Gross Beta 
Fecal 

Coliform 

Various 
0.5 
1.0 
0.01 
0.05 
4.0 
0.05 
0.002 

10.0 
0.01 
0.05 

1 
NS 

3.0 

5.0 
15.0 
50.0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 

NS NA 
EP A Secondary Parameters 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 

NA NA 

NA NA 

NA NA 
<0.05 NA 
<0.5 NA 
<0.001 NA 
<0.01 NA 
0.4 NA 
0.01 NA 

<0.001 NA 

2.7 NA 
<0.001 NA 
<0.05 NA 
NA NA 
NA NA 

NA NA 

NA NA 
NA NA 
NA NA 

NA 

NA 

NA 
<0.005 
<0.5 
<0.002 
<0.02 

0.29 
<0.005 
<0.001 

<0.01 
<0.005 
<0.01 
0.25 
NA 

NA 

NA 
<1.0 
NA 

NA Negative NA NA Neg. 

Color, units 15 NA NA NA NA NA NA < 1 
Corrosivity 
(Ryznar Index) NS 7.7 NA NA 7.8 NA NA NA 

Temperature, °C NS 12 NA NA NA 12 15 NA 
pH, std. units 6.5 

-8.5 7.8 NA NA 7.5 7.7 7.7 8.5 

Total Dissolved 
Solids 500 1050 

Conductivity , 
umbos/em 

Acidity 
Alkalinity 

or 1000 -1222 

NS 
NS 
NS 

2060 
NA 
595 

-7.8 -8.0 

1060 1260 1410 1044 785 

NA 
NA 

587 

NA 
NA 

540 

-1450 -1150 

2900 2090 
NA NA 
528 390 
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1567 
NA 
NA 

1190 

NA 
NA 
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Table 1-9 (cont.). Summary of Water Quality Data for the Moorcroft Wellfield. 

EPA Well Well Well Well Well Well Well 
Standard No.1 No.2 No.3 No.4 No.5 No.6 1.2.5 

Hardness, as 
CaC03 NS 80 20 26 50-153 20-86 137 NA 

Calcium NS NA NA NA NA 4.7-12 NA 32 
Magnesium NS NA NA NA NA 2.0 NA NA 
Sodium 250 NA NA NA NA 246-420 NA 155 
Potassium NS NA NA NA NA 3.0 NA NA 
Carbonate NS NA NA NA NA 24 NA NA 
Bicarbonate NS NA NA NA NA 740 NA NA 
Sulfate 250 NA NA NA NA 192-310 NA 372 
Chloride 250 NA NA NA NA 91 NA 3.2 
Boron NS NA NA NA NA 3.7 NA NA 
Copper 1.0 NA NA NA NA <0.01 NA <0.01 
Iron 0.3 0 0 0 0-2.5 0.17-0.44 3.0 <0.05 
Manganese 0.05 NA NA NA NA 0.05 NA <0.02 
Silica NS NA NA NA NA 6.0 5.0 NA 
Zinc 5.0 NA NA NA NA 0.06 NA 0.02 
Odor NS NA NA NA NA NA NA NA 
Surfactants NS NA NA NA NA NA NA NA 

Notes: Units are parts per million unless noted otherwise. 
NS indicates no standard has been established. 
N A indicates that the parameter was not analyzed. 

The Gillette Madison Pipeline feeds the Town of Moorcroft via a 10-inch pipeline from the 
junction of Wyoming State Highway 51 and the D-Road approximately three miles west of town. The 
Madison pipeline is tapped with a 6-inch cast iron pipe which travels under U.S. Highway 14-16 and 
connects with the 6-inch cast iron main at the junction of Hwy 14-16 and Lomac Street. 

The Texas Trails Subdivision is the newest residential addition and is constructed on the east 
side of Moorcroft. The subdivision is provided water via an 8-inch PVC pipeline tapped into a 6-inch 
cast iron line on the south end of Little Hom Avenue. The 8-inch line runs east to old Hwy 16 where 
a pump station boosts the water pressure for service and distribution in the subdivision. The booster 
station was originally designed for a maximum flow of 795 gpm at 65 psi. 

Residential homes located near the water tank and on Park Street experience numerous occasions 
of low water pressure and times of no water. The low water pressure can be partially attributed to 
these residences being at the Town's highest elevations, the other relating factor is the small pipe sizes 
of the water mains and branch lines servicing the areas. 
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The age of the existing water pipes (most in excess of 30 years) compounds the water flow 
problem. The" encrusting" characteristics of the water supply (calcium carbonate base) precipitates in 
the water lines "choking" the flow as age adds to the buildup problem. A sample of the "encrustation" 
was sent to the laboratory for analysis after one resident was complaining' of "rocks" plugging her water 
filtration equipment and her water appliances. The lab analysis is provided in Appendix B. The results 
indicate a calcium carbonate (or limestone) precipitant that had broken loose and was caught in this 
particular resident's filtration equipment. Release of encrustation particles is caused by surges and flow 
fluctuations incurred in the water mains during alternating periods of high and low water usage and 
from the violent effects of entrapped air and! or gas brought into the water pipelines by the wells 
pumping directly into the distribution system. The water wells pumping directly into the water mains 
can additionally cause flow restriction in the distribution system by depositing sand or sediment in the 
water pipes in any low spots or points of low water velocity. 

A brief hydraulic analysis of the distribution system and inspection of the flow tests performed 
on a portion of the fire hydrants located throughout the town, indicate there are areas in the distribution 
system that are not served with adequate fire protection. The areas of town located at the higher 
elevations such as Park Street obviously are not properly protected, definitely at times where their 
pressure is extremely low or at the times when they have no water at all. The old 4-inch and 6-inch 
cast iron lines are most likely the culprits due to their small size and restricted flow areas resultant from 
mineral buildups and sediment depositions. 

The supplemental water flow received from the Gillette Madison water line enters the system 
on the opposite side of Town from the storage reservoir. The addition of this water flow tends to aid 
in balancing the water flow pattern throughout the distribution system. The water entering from the 
West side aids in supporting the water pressure at the higher elevations of Town and prevents the 
"runby" of water past the houses on the hills en route to lower elevations in periods of high usage. 
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1.4 GILLETTE MADISON PIPELINE 

The Gillette Madison Pipeline transports water collected from several Madison water wells 
drilled approximately IS-miles north-northeast of Moorcroft. The water is chlorinated at the well field 
and pumped from the well field to the City of Gillette for domestic and industrial uses. The Forty
fourth Legislature of the State of Wyoming, 1978, enrolled Act No. 30 establishing legislation 
authorizing the Gillette Madison Project, required that in addition to the City of Gillette, project 
facilities were to include provisions for the Town of Moorcroft, Rozet School, and other industrial, 
domestic and stock water requirements that could be effectively be served by the water project. 

The project was designed on the basis that the Town of Moorcroft would place a 600 gpm 
demand on the Gillette Madison Water Project by 1990 to meet their maximum day demand. Our 
investigations have not led to the discovery of a formal contract limiting the amount of water that 
Moorcroft could purchase. It has been the understanding of the parties involved that 800 gpm was to 
be the limit and the current system is to be equipped with a flow control orifice limiting the flow to the 
Town of Moorcroft to 500 gpm. The present City of Gillette price structure sets the minimum monthly 
charge of $50.15 for the first three thousand gallons with all remaining water charged at their industrial 
rate of $1.60 per thousand gallons. Comparison of total monthly water bills issued to Moorcroft 
residents and total monthly water bills issued the Town of Moorcroft is presented in Figure 1.4. 
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FIGURE 1.4 
Comparison of Water Revenues to Gillette Water Purchases 

Date Revenues Purchases 

1988 January $ 3672.00 $ 50.15 
February 3928.00 50.15 
March 3374.00 50.15 
April 3576.00 50.15 
May 4704.00 2579.75 
June 4786.00 7186.15 
July 7824.00 5682.15 
August 9580.00 4083.75· 
September 11,766.00 1333.35 
October 7270.00 83.75 
November 9478.00 86.95 
December 3502.00 50.15 

1989 January 3756.00 50.15 
February 3728.00 50.15 
March 4074.00 50.15 
April 3182.00 50.15 
May 2790.00 627.75 
June 3788.00 3294.95 
July 7261.80 7134.95 
August 7889.80 6792.55 
September 8840.00 3120.55 
October 7614.00 621.35 
November 7808.00 147.75 
December 3612.00 90.15 

1990 January 3520.00 187.75 
February 3628.00 178.15 
March 3240.00 136.55 
April 3276.00 264.55 
May 3610.00 3222.95 
June 3536.40 9891.75 
July 5175.00 5021.35 
August 9392.00 4811.75 
September 8742.00 2816.55 
October 8594.20 611.75 
November 7808.00 432.55 
December 3612.00 160.55 

1991 January 3292.00 569.60 
February 3436.00 392.55 
March 3018.00 160.55 
April 3040.00 374.95 
May 4804.00 1354.15 
June 3548.00 4472.55 
July 4672.00 9802.15 
August 8637.80 9856.05 
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The main complaints of water received from the Gillette Madison· line has been with the 
"reported" high chlorine content and the high cost of the water. The total and free chlorine content of 
the Gillette line was monitored from July 20, 1991 through September 15, 1~1. The tabulated results 
of our findings are enclosed as Table 1.4-1. The water samples were taken at Blakeman Propane and 
the Moorcroft Christian School located at the west edge of Moorcroft. . Both places have a direct tap 
off the Gillette Madison water line feeding the Moorcroft system. Enclosed in Appendix C is the City 
of Gillette's tabulation of chlorine residuals from the calendar year 1990 for readings taken at the 
Madison Pumping Station and water quality analysis for water produced from the cavern wells, M -2 
and M-4, and water quality from wells producing from karst and zones of secondary permeability, M-l 
and M-6. Comparison of water quality from the Gillette Madison wells and the composite sample from 
the Moorcroft Lance/Foxhills wells is presented in Table 1.4-2. 

Date 

7/20/91 
7/22/91 
7/24/91 
7/26/91 
7/27/91 
7/30/91 
8/1/91 
8/4/91 
8/6/91 
8/8/91 
8/12/91 
8/14/91 
8/16/91 
8/19/91 
8/22/91 
8/24/91 
8/27/91 
8/30/91 
9/2/91 
9/5/91 
9/7/91 
9/9/91 
9/12/91 
9/15/91 

TABLE 1.4-1 

MADISON CHLORINE CONTENT 

Free Chlorine 
(ppm) 

.77 

.72 

.68 

.65 

.69 

.73 

.71 

.69 

.64 

.71 

.72 

.75 

.65 

.69 

.73 

.70 

.68 

.70 

.75 

.67 

.68 

.70 

.69 

.71 

Total Chlorine 
(ppm) 
2.0 
1.98 
1.84 
1.78 
1.80 
1.89 
1.85 
1.72 
1.65 
1.76 
1.85 
1.95 
1.50 
1.71 
1.91 
1.82 
1.69 
1.90 
2.1 
1.69 
1.70 
1.91 
1.90 
1.97 

*Chlorine content measured with Hach Colorimeter, samples taken at Blakeman Propane and Moorcroft 
Christian Academy located on the west side of Moorcroft. 
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Table 1.4-2 Water Quality Comparison for the Moorcroft and Gillette Madison Wellfields. 

EPA Moorcroft Gillette Gillette 
Standard Composite M-1.M-5 M-2.M-4 

EP A Prima~ Parameters 
Pesticidesl 

Herbicides Various NA NA NA 
Volatile 

Organics Various NA NA NA 
Trihalo-

methanes Various NA 3.2 NA 
Arsenic 0.5 <0.005 <0.005 <0.005 
Barium 1.0 <0.5 <0.5 <0.5 
Cadmium 0.01 <0.002 <0.002 <0.002 
Chromium 0.05 <0.02 <0.02 <0.02 
Fluoride 4.0 0.29 1.27 0.60 
Lead 0.05 <0.005 <0.005 <0.005 
Mercury 0.002 <0.001 <0.001 <0.001 
Nitrate (as 

Nitrogen) 10.0 <0.01 0.44 .28 
Selenium 0.01 <0.005 0.011 <0.005 
Silver 0.05 <0.01 <0.01 <0.01 
Turbidity, NTU 1-5 .25 .25 3.4 
Uranium NS NA NA NA 
Radium-226, 

pCi/L 3.0 NA NA NA 
Radium-228, 

pCi/L 5.0 NA NA NA 
Gross Alpha 15.0 < 1.0 NA NA 
Gross Beta 50.0 NA NA NA 
Fecal 

Coliform NS Negative NA NA 
EPA Secondary Parameters 
Color, units 15 <1 <1 <1 
Corrosivity 
(Ryznar Index) NS NA NA NA 

Temperature, °C NS NA NA NA 
pH, std. units 6.5 

- 8.5 8.5 7.9 NA 

Total Dissolved 
Solids 500 1190 670 600 

or 1000 
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Table 1.4-2 (cont.). Comparison of Water Quality Data for the Moorcroft and Gillette Madison 
Wellfields. 

EPA Moorcroft 
Standard Composite 

Conductivity , 
umhos/cm NS NA 

Acidity NS NA 
Alkalinity NS 585 
Hardness, as 

CaC03 NS NA 
Calcium NS 32 
Magnesium NS NA 
Sodium 250 155 
Potassium NS NA 
Carbonate NS NA 
Bicarbonate NS NA 
Sulfate 250 372 
Chloride 250 3.2 
Boron NS NA 
Copper 1.0 <0.01 
Iron 0.3 <0.05 
Manganese 0.05 <0.02 
Silica NS NA 
Zinc 5.0 0.02 
Odor NS NA 
Surfactants NS NA 

Notes: Units are parts per million unless noted otherwise. 
NS indicates no standard has been established. 
NA indicates that the parameter was not analyzed. 

Gillette Gillette 
M-l,M-5 M-2,M-4 

NA NA 
NA NA 
203 228 

NA NA 
331 346 
NA NA 
8.0 4.7 
NA NA 
NA NA 
NA NA 
314 268 
7.6 1.6 
NA NA 
<0.01 0.01 
0.05 0.26 
<0.02 <0.02 
NA NA 
<0.01 <0.01 
NA NA 
NA NA 

Our fmdings indicate a chlorine content level only slightly higher than ranges found in 
communities that chlorinate as standard practice. The Wyoming DEQ recommends maintaining a 
minimum of.2 ppm chlorine residual or free chlorine to provide for disinfection in the event of a small 
leak or contamination entering the distribution system. Normal operating procedures maintain a free 
chlorine content of between .1 ppm and .5 ppm. There has not been a maximum free chlorine 
concentration recommended. The chlorine levels present in the Gillette Madison water averaged .67 
ppm free chorine and 1.7 ppm total chlorine. The monitoring cited does not preclude that there have 
not been times of higher chlorine concentrations. 
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1.5 WATER REQUIREMENTS 

According to the 1990 Census the Town of Moorcroft had 768 residents. This figure is a 
substantial drop from the 1158 residents counted in the 1980 Census. These figures calculate to a 
population decline of approximately 34 % . The decline can be primarily attributed to the reduction of 
activity in the local energy related fields. The reduction is large compared to other communities in the 
area which showed declines of 15-20%. The variance indicates that there are additional items causing 
the decline over and beyond the reduced activity in the energy field. Comparison of the student 
enrollment in the Moorcroft public school to the decline in the Town's population presents an interesting 
comparison as can be seen in Table 1.5-1. 

YEAR 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

TABLE 1.5-1 
MOORCROFT SCHOOL ENROLLMENT 

GRADE K-12 

ENROLLMENT MOORCROFT 
POPULATION 

472 1158 
483 
468 
523 
489 
482 
481 
460 
459 
457 
479 768 
464 

The student enrollments indicate a stable population. There has been comment that the people 
moving out of the Town of Moorcroft are just moving to nearby subdivisions. This has neither been 
confirmed or disproved and is not with in the scope of this report. 

Population predictions at best are rough estimates based on what the predictor feels will happen 
in the area. The 1978 "Impact Analysis-Town of Moorcroft, Wyoming, 1978 to 1985" (Stuart-Nichols 
Report) indicated the population in 1985 would be 2175, other studies predicted population of around 
2500 by 1990. As can be seen the decline has proven to be excessive compared to earlier projection 
of population growth trends in the area. The Wyoming Department of Fiscal Control (DAFC) is 
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predicting an approximate annual population growth in Crook County of 2-1/2 %. Water requirements 
will be estimated based on this percentage of increase. Based on the 2-1/2 % growth rate the Town of 
Moorcroft would experience a growth to 983 residents by the year 2000. 

The Stuart-Nichols Report indicates a 1978 water consumption of 180 gpcd, from which a 
maximum day consumption was estimated at 360 gpcd. Based on the metered water sales of the Town 
of Moorcroft for the past few years a current average water consumption of 116 gpcd with an estimated 
maximum day of 250 gpcd is being realized. 

*N ote these averages are based on metered water sales and do not reflect 
losses in the distribution system or unmetered sales. 

Based on the average day consumption of other communities in the area, the average usage is 
low, which can primarily be attributed to the high cost of water in the Town of Moorcroft. Table 1.5-2 
represents comparison of water rates charged in other communities in the area of similar size. For 
purposes of estimating the flow requir~ments for the Town of Moorcroft we are selecting a 160 gpcd 
average daily water consumption with an estimated maximum daily average of 400 gpcd. These figures 
are in line with the consumption rates of neighboring communities of similar size and will take in to 
effect minimal losses in the distribution system and water produced that is not metered or sold. 

Hulett (flat rate) 

Moorcroft 

Newcastle 

Sundance 

Upton 

Wright 

TABLE 1.5-2 
WATER RATE COMPARISON 
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Residential 
Residential 
outside limits 
Commercial 

0-1500 gallon 
over 

0-2000 gallon 
over 

outside limits 
0-2000 
over 

0-2000 gallon 
over 

meter charge 
water rate 

standard residential 
0-9000 gallon 
over 

$7. 001 month 

$10.50/month 
$10.00/month 

$2.00-minimum 
$2.00/1000 gal 

$3.55-minimum 
$ .8911000 gal 

$5.50-minimum 
$1.22/1000 gal 

$5.50-minimum 
$1. 7511000 gal 

$3.00-minimum 
$1. 001 1000 gal 

$12.00-minimum 
$1.10/1000 gal 



TABLE 1.5-2 (CONT'D) 
COMPARISON OF SIMILAR MONTHLY WATER USAGES IN AREA COMMUNITIES 

(PER FIRST 10,000 GALLONS) 

Moorcroft 
Sundance 
Hulett 
Wright 
Upton 
Newcastle 

Moorcroft 
Sundance 
Hulett 
Wright 
Upton 
Newcastle 

(SECOND 10,000 GALLONS) 

$20.00 
$17.50 
$ 0.00 
$11.10 
$10.00 
$ 8.90 

$19.00 
$19.50 
$ 7.00 
$13.10 
$13.00 
$10.67 

(Total) 
$38.00 
$37.00 
$ 7.00 
$24.20 
$23.00 
$19.57 

The Moorcroft water system currently serves 286 residential water taps, 12 businesses, an 
elementary school, high school and a Christian school. The twelve businesses consist of grocery stores, 
cafes, restaurants, liquor establishments and motels. There is not any heavy industry or business in 
town that requires large quantities of water. The motels, swimming pool, and watering of the activity 
fields at the High School represent the main water usages in addition to the residential consumption. 

The water usage in the Town of Moorcroft would be greater if the price of water was lower. 
Most residents do minimal if any irrigation of their lawns or gardens which contributes to the low water 
consumption. The aesthetic's of minimal or no irrigation is evident while driving through the residential 
areas and near the Town's parks and recreation facilities. 

Water is sold to non-resident individuals hauling water for domestic use and on occasion the 
Town will sell water for use on construction projects or for use in the various activities in the nearby 
oilfields. These uses do not contribute greatly to the overall consumption and are not in verifiable 
quantities. This study will not use these sales to increase the required amounts of water needed for the 
operation of the Town of Moorcroft. 

The establishment of required fire flows and requisite storage for fire flows is far from an exact 
science. Wyoming DEQ standards for construction of public water systems indicate that they should 
be based on recommendations from the Wyoming State Fire Marshall or the local fire control agency. 
No recommended fire flow rates or storage requirements would be recommended by the State Fire 
Marshall's office. They suggested using standards set by the National Fire Prevention Association, The 
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National Board of Fire UndelWriters, or ISO which is an organization which helps insurance companies 
rate systems in regards to their fire protection abilities. Calculations based on the formulas provided 
by these agencies results in a required fire flow varying from 750 gpm to 3000 gpm. Review of the 
fire fighting capabilities of the Moorcroft Fire Department and the present obtainable flows at various 
points in the distribution system we have selected 1500 gpm for the required fire flow. The duration 
of an anticipated fire dictates the required storage for adequate protection. It is assumed that three 
hours of pumping at the maximum flow would be more than adequate storage. Water storage for fire 
protection based on these assumptions would require 270,000 gallons of water. 

Water requirements based on the current population of 768 would require a daily average of 
123,000 gallons with a maximum daily average of 307,200 gallons. Water requirements for the year 
2000 population of 983 would require a daily average of 157,000 gallons and a maximum daily average 
of 393,000. These flows would translate into a current maximum day average of 213 gpm and an 
estimated 273 gpm maximum day average by the year 2000. 

Water storage requirements based on the required fire flows and the daily average water 
consumption would require a storage system capable of holding a minimum of 400,000 gallons at the 
present time and a minimum of 427,000 gallons by the year 2000. 

1.6 WATER SYSTEM OPERATION 

The present water supply for the Town of Moorcroft is provided by six Lance-Foxhills water 
wells located in the Town, and supplemental water provided by a 6-inch tap off the Gillette Madison 
water line. The water wells all pump directly into the distribution system with any excess water going 
to the standpipe for storage. The Gillette Madison water enters the system on the west side of 
Moorcroft at the junction of U.S. Highway 16 and Lomac Street. The Gillette Madison water entering 
the Moorcroft system is controlled by a CIa -Valve pressure controlling valve. The Town's water wells 
are basically manually controlled, all wells require a physical visual inspection to know if they are 
operating correctly. 

Well No.1 is located on the southwest side of the storage reservoir, but pumps directly to the 
distribution system with only the excess going to storage. Well No.1 is metered as it enters the system 
and the meter is operating correctly. The water quality could be improved if the well pumped directly 
to the top of the storage tank and was allowed to splash aerate before entering the distribution system. 

Well No.2 is located on the northeast side of the storage reservoir, but pumps directly to the 
distribution system with only the excess going to storage. Well No.2 is metered as it enters the system 
and the meter is operating correctly. Well No.2 is currently shut down due to the large amounts of 
gas and entrained air in the water. The large amounts of air are primarily due to operating in a pump 
off condition due to Well No.1 being located in the close proximity and being deeper in depth. Well 
No.1 while pumping causes a cone of depression extending through Well No.2. This drawdown 
causes Well No.2 to pump off when trying to operate both wells simultaneously. 

Well No.3 is located along Belle Fourche Ave between Johnson and Sheridan Streets. Well 
No.3 pumps directly into the water main that runs down Belle Fourche Ave. Well No.3 is currently 
shut down because of the low static water level and the well pumps off within a few hours when 
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pumped continuously. Well No.3 is located in a concrete vault and presents a possible point of 
contamination in the event water should run in the vault and down the well. To meet current 
construction guidelines the well, if operational should be brought above ground level. 

Well No.4 is located in the Sisson Tract along Crook Street. Well No.4 pumps directly into 
the water main that runs down Crook Street. Well No.4 is currently shut down. It was discovered 
during the well testing portion of this project that the well was not pumping any water into the system. 
There is apparently a hole in the drop pipe or the pump is "bad". The water quality of Well No.4 is 
the poorest of any wells in the system. The TDS values are the highest and there is a high amount of 
iron present. The water was red at the beginning of the pump test and had not cleared in nearly an 
hour of pumping. The well was drilled by a private party in the early 1960's and ownership transferred 
to the Town of Moorcroft several years later. The well construction and age are probably contributing 
the poor water quality by allowing poorer quality water to enter from above the main producing zone. 
Well No.4 is located in a vault and is a possible source of contamination should floods or runoff bring 
water into the vault and possibly down the well. The water meter is not working at well No.4. If the 
meter had been operational the operations staff could have been aware that the pump was running, but 
not pumping any water into the system. 

Well No.5 is located on Green River Ave near the Baptist Church. This well is one of the 
newest and has been operating with only minimal problems. The well pumps directly into the water 
main running down Green River Ave. There is not a water meter between the well and the system. 
There is no way to know if the well is pumping water without picking the pump up out of the pitless 
adapter. The well has incurred some problems with sand and from the results of the pump tests may 
have the lower perforations covered and restricting the flow entering the well. 

Well No.6 is located near the baseball park on the west side of Town. This well is the newest 
and most productive well. The well pumps directly into the distribution system via a 6-inch line 
connecting to the water main at the west end of Lomac Street. Well No.6 has been used only for 
watering the baseball park for the past several years. Well No.6 was eliminated from use for domestic 
use after numerous complaints about the water quality. Reviewing the original water analysis and the 
results from the well testing data from this study, the main complaints were probably due to the large 
amounts of gas entrained in the water. At the start of our testing program it was discovered that water 
from the Gillette Madison line was running into the well due to a malfunctioning check valve. A check 
valve was installed below the pitless adapter spool and should alleviate this problem. There is however 
no reason the valve at the west end of Lomac Street could not be shut to prevent this possibility of 
happening again. There are two vaults located adjacent to the pitless adapter. The vaults contain valves 
and meters for connection to the distribution system and connection to the irrigation system for the 
park. The vaults are in a poor state of repair, the meters don't work, only some of the valves open and 
close and the vaults leak allowing water to enter the vaults covering the piping and the electrical 
equipment located in the vaults. The vaults need to be removed and the piping brought to the surface 
and installed in a small building. 

Review of the Town's files on the water supply wells indicate numerous service calls due to 
frozen pipes and electrical control problems. These types of problems contribute to premature pump 
failure and costly well service bills. Many of these types of problems could be prevented by 
maintenance and operation changes insuring adequate heat to prevent freeze ups and periodic electrical 
inspections to assess potential electrical failures. The selection of replacement well pumps has been 
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performed with no regard for the well productivity and the total dynamic head requirements. Well 
pump need to be sized according to well production capabilities and the head requirements necessary 
to place the water into the storage reservoir at the predetermined water level. Records need to be kept 
of the pumps installed, well conditions, static water levels, pumping water levels and pumping rates. 
If conditions change during the pumps lifetime, appropriate changes should be made in any replacement 
units installed. Time should be taken to modify the well appropriation any time a pump larger than the 
appropriation is installed, this will keep the Town within their legal water right entitlement and prevent 
any possible legal conflicts in future years. 

Operation of the distribution system appears to have been adequate for the day to day water 
service to residents, however no program has been installed to upgrade the deteriorating water mains 
with larger more efficient piping. N or has any program been installed to put the well field into a 
collection system where the wells would be pumped to the storage tank and aerated to improve the 
quality and aesthetic values of the water before being distributed to the Town's residents. Installation 
of a collection system would also alleviate problems in the distribution system relative to pumping the 
wells directly into the water mains. 

A new complete map should be prepared of the water distribution system showing all water 
lines, sizes and materials, valves, fire hydrants, taps and any other information that is pertinent to the 
operation, maintenance and improvement of the water system. 

The Texas Trail Subdivision is supplied water through use of a variable speed booster pump 
station. The pump station increases the pressure available in the residential area on the east side of 
Moorcroft. The use of a booster pump in the water distribution system raises the DEQ Operator 
requirements from a Level I to a Level II. The Town of Moorcroft should ensure their operator is 
properly qualified and licensed at the proper level to prevent possible fines or penalties for non
compliance. 

The Moorcroft water system is operated on a metered sales basis. The meters are read monthly 
by the homeowners who tum the readings in for billing purposes. The meters are read either semi
annually or annually by employees of the Town of Moorcroft to ensure the water users are being billed 
correctly. The method is similar to the billing method which is employed by Tri-County Electric for 
their residential and rural customer billing. 

The Town of Moorcroft currently does not have or use any chlorination facilities for disinfection 
or any type of water treatment for the improvement of the water quality prior to distribution of the 
water to the Town's residents. 

WATER SYSTEM IMPROVEMENTS AND WATER SUPPLY ALTERNATIVES 

1.7 Conclusions and Recommendations 

1.7.1 Conclusions 

The Moorcroft well field consists of six wells with depths between 385 and 768 feet. All but 
two of the wells are 30 or more years old. Although most of the wells still function acceptably, one 
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or more negative factors such as age, tool-cut perforations, sand or gas production, and marginal water 
quality affect each of the wells. However, all of the wells are capable of producing more than their 
permitted appropriations. 

Well No.1. This well is 44 years old and apparently still functions without significant problems. The 
minor shortcomings are its age, which already exceeds the average life of a water well, and the fact 
that little is known about its construction. Well No. 1 has the advantage of pumping water to the 
Town's 220,000 gallon storage tank and should be piped to enter the storage tank first, rather than 
directly into the distribution system. Well No.1 reportedly has a capacity of at least 30 gpm, but has 
a permitted appropriation of only 25 gpm. 

Well No.2. Well No.2 is 39 years old and also appears to be functioning without problems. This 
well, like No.1, is near the end of the average life expectancy of a water well. Well No.2 has a 
reported specific capacity greater than all but one of the Town's wells, and may be capable of 
producing about twice its permitted appropriation of 20 gpm, if pumping while Well No. 1 is shut 
down. Well No.2 should incorporate piping changes that run the pumped water through the storage 
tank before entering the distribution system. 

Well No.3. This well is approximately 30 years old, and reportedly runs dry after about 18 hours of 
continuous pumping. No other problems were discovered during this investigation. Well No.3 is the 
shallowest well in the Moorcroft wellfield, and offers the least flexibility in pump setting depth and 
available drawdown. The pump is now set near the bottom of the well. 

Well No.4. Well No.4 is also approximately 30 years old. Water pumped from the well has on 
several occasions been reported to have a "rusty" appearance. The pumping equipment presently in the 
well is not functioning properly. The frequent replacement of pumps in Well No.4 leads to the 
conclusion that the pump problems may be related to the well, although no specific cause has been 
identified for the pump failures. Sketchy records indicate that Well No.4 has a greater specific 
capacity than most wells in the Moorcroft wellfield. 

Well No. S. This well is only 15 years old, and has the second largest capacity and permitted 
appropriation of the Town's wells. Sand production has been a continuing problem, as the water 
contains between 5 and 20 ppm sand. (Excessive pump wear and the accumulation of sediment in the 
casing are associated with a sand content above 2 ppm.) The five-inch casing precludes the possibility 
of placing screen and filter pack material in the well to alleviate the sand problem. 

Well No.6. Well No.6, drilled 12 years ago, is the newest, deepest, and most productive well in the 
Moorcroft wellfield. It operates satisfactorily except for production of bubbles of an unidentified gas 
in the water. The gas may be carbon dioxide released from the groundwater because of pumping
related pressure changes, or air entrained in the well water by cascading water or pump cavitation. 
This well also reportedly produces a small amount of sand. 

AQuifer Evaluation. Five of the six municipal wells produce groundwater exclusively from water
bearing sandstones in the Lance Formation. The deepest well, No.6, also taps the Fox Hills Aquifer. 
Both aquifers are leaky, confined aquifers composed of fine-grained sandstones interbedded with shales 
and siltstones. In the Lance Formation, the shale and siltstone are more common than the sandstones, 
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whereas in the underlying Fox Hills aquifer sandstone comprises about two-thirds of the thickness of 
the aquifer. The transmissivity varies with the thickness of sandstone present, and in the Moorcroft 
wells ranges from 160 to 470 gpd/ft. The small storage coefficient (0.0001 to 0.026) is typical of a 
confined to semi-confined aquifer. 

Safe Yield. The safe yield of the Lance formation and the Fox Hills aquifer presently tapped by the 
existing Moorcroft well field may not be sufficient to meet the long term needs of the Town. 

1.7.2 Recommendations 

The present configuration of the Moorcroft wellfield, although less than optimal, is marginally 
capable of providing the Town with an adequate quantity of groundwater for the short term. Wells No. 
1 and No.2 are near the end of the life expectancy for water wells, and may require replacement in 
the near future. Well No.3 is not capable of sustaining production continuously for more than 18 
hours. Deepening the well to allow a lower pump setting might increase the well's production and 
dependability. Well No.4 can be inferred to have an unidentified problem which contributes to the 
frequent failure of pumps in the well. ·the pumping equipment presently installed in the well requires 
replacement or repair. Wells No.3 and No.4, both 30 years old, may be experiencing deterioration 
with age, and may require replacement in the coming years. The composition of the gas produced by 
Well No.5 should be determined. Well No.6 is apparently functioning satisfactorily and, since the 
leaking check valve was repaired, does not require additional work. 

The quality of the water produced by the wellfield is marginal for use for a municipal supply, 
and is a significant concern. Additional or replacement wells should be drilled, possibly into the Lance 
Formation or the Fox Hills Aquifer within or near Moorcroft to provide groundwater in sufficient 
quantities to meet the needs of the Moorcroft residents. The quality of the water from the Lance 
formation or the Fox Hills aquifer would be comparable to that of the water presently pumped from 
Wells No.1 through No.5. The feasibility of tapping another aquifer with better quality water should 
be investigated. 

1.7.2 WATER STORAGE 

Review of the water storage facilities present at the Town of Moorcroft presents the need for 
construction of a larger storage reservoir. The increase in storage is necessary for the protection of the 
Town's residents in case of fire, particularly in the event the Gillette Madison water line was 
temporarily out of commission for repairs. The minimal amount of water pumped by the wells in the 
Moorcroft community is not adequate to offset the meager storage available. The increased storage 
would also provide for a more flexible operation plan available for the use of the Town's water supply 
system. 

The storage project should include construction of a 500,000 gallon storage tank located at an 
elevation sufficient to supply the entire Town's distribution system with adequate pressure and flow 
rates. Erection of the storage facility would alleviate the need for the pump station necessary for 
boosting the water pressure in the Texas Trails Subdivision. Associated improvements should include 
a collection system for any water supply wells and a program should be developed for replacement of 
the old water mains in the distribution system. 
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2.0 GROUNDWATER SUPPLY ALTERNATIVES 

2.1 Introduction 

Additional investigation was conducted to evaluate groundwater supply alternatives for the Town 
of Moorcroft. The purpose of the evaluation was to identify alternatives to enhance the municipal 
supply in terms of water quantity, quality, or both. The water-producing zones tapped by the Town's 
wells in the Lance Formation and Fox Hills Aquifer provide groundwater in sufficient quantity to meet 
the Town's needs, but the quality of the water is only marginally acceptable. The water now in use 
exceeds even the alternate Secondary Drinking Water Standard for total dissolved solids. The following 
sections of the report describe the geology of the Moorcroft area, the occurrence and use of 
groundwater, groundwater development potential, and alternatives for supplying groundwater to the 
residents of Moorcroft. 

2.2 Moorcroft Area Geology 

2.2.1 Regional Structural Setting 

Moorcroft is located at the eastern margin of the Powder River Basin, a structural depression 
filled with up to 17,000 feet of sedimentary rocks ranging in age from Cambrian to Recent. The 
Powder River Basin is bounded on the east by the Black Hills Uplift, and on the south and west by the 
Laramie and Bighorn Uplifts, respectively. It is open to the north. The structurally deepest part of the 
basin is near its west side, and sedimentary rocks dip steeply into the basin off the Bighorn Uplift. 
Nearer Moorcroft, rocks on the eastern side of the basin dip into the basin at a much shallower angle 
off the Black Hills Uplift. 

A distinct line of folding and faulting defines the eastern edge of the Powder River Basin and 
separates it from the Black Hills Uplift to the east. This structure, which extends south and southeast 
through western Crook County and southeast through Upton and Newcastle in Weston County, is known 
as the Black Hills Monocline. Its location and that of the Powder River Basin and Black Hills Uplift 
relative to Moorcroft are shown on Figure 2-1. West of the monocline and beneath Moorcroft, the 
geologic strata dip into the basin at dips between one and two degrees. East of the monocline, the 
strata are nearly flat, with dips averaging less than one-half degree to the west or southwest. Across 
the monocline, however, the strata dip west into the basin at dips between eight and 12 degrees, 
creating approximately 6,000 feet of structural relief across the monocline, (Robinson, Mapel and 
Bergendahl, 1964). 

2.2.2 Stratigraphy 

Beneath the Town of Moorcroft lie approximately 9,000 feet of sedimentary rocks ranging in 
age from Cambrian through Late Cretaceous. The formations, or groups of formations, are shown 
diagrammatically in the geologic cross section on Figure 2-2, and their outcrop patterns are shown on 
Figure 2-3. Within about 12 miles of Moorcroft, rocks between the Paleocene-age Fort Union and 
Jurassic-age Morrison Formations are exposed at the surface. 

The coal-bearing Fort Union Formation crops out in the central part of the Powder River Basin, 
starting about three miles west of Moorcroft. The Fort Union Formation consists of sandstone, 
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siltstone, claystone and shale, with numerous thick coal beds. Sandstone aquifers in the formation are 
tapped for municipal and industrial water supplies by some of the towns and many of the surface coal 
mines in the Powder River Basin. Wells completed in the Fort Union sandstone and coal aquifers yield 
from a few to several hundred gallons per minute (gpm), with the yield depending in part on the 
thickness of the formation penetrated by the well. 

Moorcroft is built on the outcrop of the Upper Cretaceous Lance Formation (see Figures 2-2 
and 2-3). The Lance Formation consists of approximately 1,600 feet of fine-grained sandstone 
interbedded with sandy shale and claystone (Hodson and others, 1973); the lower approximately 600 
to 700 feet of the formation are present beneath the Town. As mentioned earlier, all of Moorcroft's 
municipal wells obtain groundwater from sandstones in the Lance Formation. The lower part of the 
Lance Formation grades downward into the underlying Fox Hills Sandstone. 

The Fox Hills Sandstone crops out in a narrow band which trends roughly north-south about 
two to three miles east of Moorcroft. The location of the outcrop is shown on Figure 2-3. The 
formation dips to the west, as shown on Figure 2-2, and is present below Moorcroft at depths of 600 
to 700 feet. The Fox Hills Sandstorie is approximately 220 to 280 feet thick in the vicinity of 
Moorcroft. Based on examination of geophysical logs of oil wells near town, the upper and lower parts 
of the formation are composed predominantly of sandstones. The 30 to 130 feet thick upper zone, 
tapped by one of Moorcroft's municipal wells, contains interbedded sandstone and shale similar to the 
overlying Lance Formation, with the aggregate thickness of sandstone about five times that of shale. 
The middle part of the formation is between 50. and 130 feet thick and contains significantly more shale 
than either the upper or the lower parts. The lower 50 to 110 feet of the Fox Hills consist mostly of 
a thick sandstone, with only minor shaley zones. The Fox Hills Sandstone is a significant regional 
aquifer throughout much of the Powder River Basin in Wyoming and Montana. 

A sequence of Upper Cretaceous marine shales nearly 4,000 feet thick, which includes the 
Pierre, Niobrara, Carlile and Mowry Shales, is exposed to the east of the Fox Hills outcrop (Figure 2-
2). Except for minor, local sandstone beds which produce small amounts of poor-quality groundwater, 
these rocks do not yield groundwater to wells. 

Lower Cretaceous and Jurassic formations crop out east of the Upper Cretaceous shales. They 
include sandstone and siltstone units, such as the Newcastle (Muddy) Sandstone, the Fall River 
(Dakota) and Lakota Formations, and parts of the Morrison and Sundance Formations, within the more 
predominant marine shales. The Newcastle Sandstone is a prominent oil-producing unit, and oil is also 
produced locally from the Dakota, Lakota and Morrison Formations. Other than the Dakota and Lakota 
Formations, none of the sandstones or siltstones commonly yield more than 10 to 20 gpm to wells or 
springs in the eastern Powder River Basin. 

Not exposed at the surface in the Moorcroft area but present in the subsurface are rocks of more 
varied lithologies, with ages from Triassic through Cambrian. These include the Triassic Spearfish and 
Goose Egg Formations, the Permian Opec he Shale and Minnekahta Limestone, the Pennsylvanian
Permian Minnelusa Formation, Mississippian Madison Limestone, Ordovician Whitewood and Winnipeg 
Formations, and the Cambrian-Ordovician Deadwood Formation. The upper Minnelusa is tapped for 
oil by numerous wells in the Moorcroft vicinity. Groundwater-bearing carbonate rocks (limestone and 
dolomite) and sandstones are more common in these formations, most notably in the Madison Limestone 
and the Deadwood Formation. The intervening units are primarily shales. 

44 



The carbonate rocks of the Madison Limestone comprise the most prolific and really extensive 
aquifer in northern Wyoming and much of the Northern Great Plains. Also of hydrologic significance 
are rocks of the Deadwood Formation, a Cambrian and Lower Ordovician unit approximately 600 feet 
thick, consisting of coarse-grained sandstone interbedded with dolomitic limestone and shale (Downey, 
1984). The Deadwood Formation was deposited along the shore of a sea that moved from west to east 
across the weathered surface of the Precambrian metamorphic basement rocks during Cambrian and 
early Ordovician time. It is laterally equivalent to the Flathead Sandstone of central and western 
Wyoming. 

2.3 Groundwater Occurrence and Use 

2.3.1 Introduction 

Groundwater in the Moorcroft area occurs in rocks which comprise three major, regionally 
extensive aquifer systems and minor aquifers which are only locally productive. The major aquifer 
systems are highlighted on Figure 2-2, and include the Lance-Fox Hills Aquifer, the Dakota-Lakota 
Aquifer, the Madison Aquifer, and the Deadwood Aquifer (sometimes referred to as the Cambrian
Ordovician Aquifer). 

These major aquifers are separated by relatively thick sequences of shale which form regional 
aquitards that restrict the vertical flow of groundwater between aquifers. Within these shale sequences 
are sandstone or siltstone aquifers of occasional local importance but of minor regional importance. 
Examples of the locally important aquifers include the Newcastle (Muddy) Sandstone, parts of the 
Morrison, Sundance and Spearfish Formations, and the upper and lower parts of the Minnelusa 
Formation. Generally, these units are important suppliers of groundwater near their outcrops. 

2.3.2 Lance-Fox Hills Aquifer 

The sandstones within the Lance Formation and the Fox Hills Sandstone comprise the Lance
Fox Hills Aquifer. This aquifer is of immediate concern to the Town of Moorcroft because it provides 
the Town's municipal groundwater supply. Sandstone beds within the Lance Formation yield a few to 
several hundred gpm of groundwater to wells mainly in the formation's outcrop area. The Moorcroft 
wells tap sandstones in the lower half of the formation; these wells yield from approximately 20 to 150 
gpm. Groundwater from the Lance Formation generally contains between 500 and 1,500 parts per 
million (ppm) total dissolved solids. 

The Fox Hills Sandstone yields up to 200 gpm to wells in the eastern part of the Powder River 
Basin (Hodson and others, 1973). As shown on Figure 2-2, it is present at depths between 600 and 700 
feet beneath Moorcroft. The upper part is tapped by the Town;s most productive well, Well No.6, 
which produces up to 150 gpm from sandstones in the Fox Hills and Lance Formations. Groundwater 
in the Fox Hills Sandstone commonly contains less than 1,000 ppm total dissolved solids near its 
outcrop area. 

Recharge to the Lance-Fox Hills Aquifer is provided by infiltration of precipitation that falls 
on the outcrops. Regionally, groundwater flow is structurally controlled and follows the dip of the 
formation toward the central part of the Powder River Basin. Locally, however, topographic control 
affects flow in the outcrop areas. 
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2.3.3 Dakota-Lakota Aquifer 

The Dakota-Lakota Aquifer is a 100 to 300 feet thick aquifer most important near its outcrop 
area, where water quality is good because of nearby recharge and the water's short residence time in 
the aquifer. It is separated from the Lance-Fox Hills Aquifer by several thousand feet of shale, and 
from the Madison Aquifer by an intervening sequence which also contains a substantial thickness of 
shale. Because of its depth in the vicinity of Moorcroft (see Figure 2-2), its production rates which are 
unproven but probably lower than other accessible aquifers, the Dakota-Lakota Aquifer has reduced 
potential as a target for groundwater development by the Town of Moorcroft. In addition, several oil 
fields in the Moorcroft area produce from the Dakota and Lakota Formations, notably the Keyhole Field 
approximately three miles southeast of Pinehaven. 

2.3.4 Madison Aquifer 

The Madison Aquifer includes approximately 700 feet of dolomitic limestone and dolomite 
which comprise the most are ally extensive aquifer in the region. Most of the Madison carbonates are 
dense and have low porosity and permeability. Only occasionally do the coarsely crystalline dolomites 
in the Madison exhibit high intergranular porosity. The importance of the Madison Aquifer is due 
largely to the presence of well-developed zones of secondary porosity and permeability. These were 
formed by solution activity in the upper part of the Madison when it was exposed to weathering and 
groundwater solution in Late Mississippian time. Karst and other secondary solution features, which 
include enlarged joints, solution cavities, caves, sinkholes and collapse breccias, are randomly 
distributed in the Madison Limestone throughout the area CWoodward-Clyde Consultants, 1981). The 
solution features at the top of the Madison Limestone were filled with sand and residual weathering 
products reworked by a sea that transgressed across the area in Late Mississippian time (Downey, 
1984). The basal part of the overlying Minnelusa formation, called the Bell Sand, fills the irregularities 
in the karstic surface on the top of the Madison Limestone, and locally can reach thicknesses up to 200 
feet. Where present in a significant thickness, the Bell Sand form the uppermost part of the Madison 
Aquifer. 

Recharge to the Madison Aquifer occurs by infiltration of precipitation in its outcrop areas in 
the Black Hills Uplift and other uplifts, and by infiltration of streamflow losses where streams cross 
its outcrop. Potentiometric data compiled and interpreted by the U.S. Geological Survey (Swenson and 
others, 1976; Miller and Strausz, 1980; Downey, 1984) indicate that the flow of groundwater through 
the Madison Aquifer in the vicinity of Moorcroft is to the west, toward the structurally deeper part of 
the Powder River Basin. 

The quality of groundwater in the Madison Aquifer ranges from very fresh near its recharge 
areas to brackish in the deep parts of the structural basins in which it is present. Near the margins of 
the Black Hills Uplift where the Madison Aquifer is present at depths less than 3,000 feet, its 
groundwater commonly has a total dissolved solids content under 500 ppm. As can be seen on Figure 
2-2, the depth to the Madison Aquifer beneath Moorcroft is nearly 9,000 feet. 

Wells in two locations near Moorcroft produce groundwater from the Madison Aquifer. The 
Gillette-Madison well field is located approximately 12 miles north-northeast of Moorcroft (see Figure 
2-1), and the Town of Pinehaven's Keyhole No.1 well is located approximately eight miles northeast 
of Moorcroft. The Pinehaven well lies along the geologic cross section shown on Figure 2-2, and 
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of Moorcroft. The Pinehaven well lies along the geologic cross section shown on Figure 2-2, and 
lithologic and geophysical logs of that well were used in preparation of the cross section. 

Eight wells were drilled into the Madison Aquifer at the Gillette-Madison well field in 1979 and 
1980 (Anderson and Kelly, 1982). The wells encountered the Madison Aquifer at depths of 2,325 to 
2,400 feet. The wells penetrated from the upper 155 feet to the entire 650 feet of the Madison, and 
yielded between 500 and 750 gpm when originally drilled. The groundwater from these wells contains 
between 700 and 800 ppm total dissolved solids. Anderson and Kelly characterize the Madison Aquifer 
as a highly confined, artesian aquifer system at the Gillette-Madison wellfield, with an extensive but 
only occasionally penetrated cavity system. Wells within the cavity system respond to pumping with 
very little drawdown, but pumping the non-cavity wells produces large drawdowns in the pumped wells 
and in the non-pumping, non-cavity wells. Groundwater from the Gillette-Madison wellfield is 
transported to Gillette via a pipeline which passes within three miles of Moorcroft. The Town of 
Moorcroft purchases water from the Gillette pipeline and conveys it to the Moorcroft distribution system 
through a pipeline along Highway 14-16 to the west side of town. 

The Pinehaven well was drilled "in 1977 to a depth of 4,110 feet. The statement of completion 
indicates that the well was completed only to a depth of 3,650 feet, with an open hole completion below 
the 2,700 feet of casing. The main water bearing zone is listed as between 2,420 and 3,300 feet, 
which, according to our interpretation of the well's geophysical log, is in the Bell Sandstone and 
Madison Limestone. The bottom 150 feet of the well, from 3,500 to 3,650 feet, is in the Deadwood 
F ormation. The borehole penetrated virtually the entire thickness of Deadwood Formation and must 
have stopped within feet of the Precambrian basement rock. The disposition of the interval in the 
Deadwood Formation between 3,650 and 4,110 feet is unknown. The Pinehaven well was test pumped 
at 150 gpm after it was drilled, and had a specific capacity of 7.5 gpm per foot of drawdown. The 
pump size that will fit into the 6-5/8 inch casing may limit the rate at which groundwater can be 
pumped from the well. No chemical analysis of the water was located. 

2.3.5 Deadwood Aquifer 

The Deadwood Aquifer is separated from the Madison Aquifer by approximately 100 to 200 
feet of dolomite, siltstone and shale of the Whitewood and Winnipeg Formations. Because of the depth 
to the Deadwood and the productivity of the overlying and shallower Madison Aquifer, the Deadwood 
Aquifer is not often tapped as a source of groundwater. Except for the information from the Pinehaven 
well, most of the small amount of information available for the Deadwood Aquifer is from tests 
performed during oil and gas exploration. 
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2.4 Groundwater Development Alternatives 

2.4.1 Introduction 

Several groundwater development alternatives have been developed based on the information 
summarized in the preceding sections. The alternatives are summarized in Table 2-1, and include: 

* Drill additional or replacement wells into the Lance-Fox Hills Aquifer, 
* Drill one or more wells into the Dakota-Lakota Aquifer northeast of Moorcroft, 
* Drill one well into the Madison Aquifer northeast of Moorcroft 
* Drill one or more wells into the Deadwood Aquifer northeast of Moorcroft. 

2.4.2 Drill Additional or Replacement Wells into the Lance-Fox 
Hills Aquifer 

The Lance-Fox Hills Aquifer is capable of providing the quantity of water needed by the Town 
of Moorcroft. The quality of the water that would be supplied, however, would likely be only 
marginally acceptable for municipal use. The Town's existing municipal wells in the Lance Formation 
sandstones provide yields between 20 and 55 gpm, and the water has an average total dissolved solids 
content of approximately 1130 ppm, compared to the alternate Secondary Drinking Water Standard of 
1000 ppm. The one municipal well that is completed in the upper part of the Fox Hills Sandstone (and 
the Lance Formation) yields up to 150 gpm, more than twice the yield of the Lance Formation wells. 
It is not known whether the greater yield is due to the greater drawdown available in this deeper well 
or to a greater productivity of the sandstones in the Fox Hills Aquifer. The similar specific capacities 
of the various wells suggests that the former explanation may be true. 

Alternatives for additional development of the Lance-Fox Hills Aquifer include drilling deeper 
wells in town and! or moving east or northeast and closer to the outcrop where recharge occurs and 
water quality may be better than that in town. Wells in town could penetrate the entire Fox Hills 
Sandstone, including the thicker sandstones in the lower part of the formation, if drilled to depths of 
850 to 1,000 feet. The deeper wells would allow for more drawdown and would be capable of 
producing more water than the existing wells, even if the new wells had specific capacities similar to 
the existing wells. With the greater yield, fewer wells would be necessary. 

New wells drilled east or northeast of town could take advantage of the shallower drilling depths 
required to penetrate the entire section of Fox Hills Sandstone. Closer to its outcrop and recharge area, 
the aquifer might have better water quality than in town. More detailed investigation could provide an 
indication of the quality of groundwater available between the recharge area and town. This alternative 
would require that a pipeline be constructed to convey the water into town to the existing distribution 
system. 
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Groundwater Source 

Lance-Fox Hills Aquifer 

Dakota-Lakota Aquifer 

Madison Aquifer 

Deadwood Aquifer 

TABLE 2-1 
Summary of Groundwater Development Alternatives 

Development Location 

In Moorcroft. 

Within or close to Fox Hills 
outcrop, one to three miles east 
or northeast of Moorcroft. 

Eight milts northeast of 
Moorcroft. 

Six to nine miles northeast or 
east of Moorcroft. 

Within or near Gillette-Madison 
wellfield 12 miles north
northeast of Moorcroft. 

Six to nine miles northeast 

or east of Moorcroft. 

Description of 
Alternative 

Drill additional or replacement 

wells through entire section of 
Fox Hills Sandstone 

Drill new wells through entire 
section of Fox Hills Sandstone. 

Drill one or more wells through 
the Dakota and Lakota Formations. 

Drill one well into Madison 
Aquifer at depth less than 
3,000 feet. 

Drill one well into Madison 
Aquifer at depth less than 3,000 
feet and convey water to Moorcroft 
through Gillette pipeline. 

Drill one or more wells through 

Deadwood Formation. 

Advantages 

No pipeline needed; relatively 
shallow depth (800 - 1,000 feet); 
known productivity. 

Shallow depth (200 - 500 feet); 
known productivity; possible 
better water quality. 

Relatively shallow depth 
0,000 feet). 

High well yield; good water 
quality; proven source. 

High well yield; good water 
quality; proven source; very 
short pipeline necessary. 

Unappropriated source. 

Disadvantages 

Marginal water quality. 

Up to three miles of pipeline 
required. 

Eight miles of pipeline required; 
unknown aquifer yield and 
water quality. 

Six to nine miles of pipeline 
required; greater drilling depth 
than upper aquifers. 

Requires use of Gillette pipeline 
and development within or 
near Gillette-Madison wellfield. 

Six to nine miles of pipeline 

required; greater drilling depth; 
unknown aquifer yeild and 
water quality. 



2.4.3 Drill Wells into the Dakota-Lakota Aquifer Northeast of 
Moorcroft 

The Dakota-Lakota Aquifer is present at a depth of about 5,500 feet beneath Moorcroft, but 
rises to within 1,000 feet of the surface approximately eight miles east and northeast of town. One or 
more wells could be drilled into this aquifer where it is present at a relatively shallow depth. Wells 
tapping the Dakota-Lakota Aquifer reportedly yield up to 150 gpm (Hodson and others, 1973), but these 
yields are documented only in areas more than 25 miles from Moorcroft. This aquifer was penetrated 
by the Pinehaven well at a depth of approximately 280 feet, but was not tested. Pursuing the Dakota
Lakota Aquifer as a potential municipal supply source would require development of an investigation 
program, as no data are known to exist for it in the vicinity of Moorcroft. 

2.4.4 Drill One Well into the Madison Aquifer Northeast of 
Moorcroft 

The Madison Aquifer is known to contain good-quality groundwater where the aquifer is present 
at depths less than approximately 3,000 feet. As shown on Figure 2-4, this condition is met within 
about six miles northeast or nine miles east of Moorcroft. A new well could be drilled anywhere in 
this area. The secondary permeability of the aquifer might be slightly enhanced along the crest of the 
Oil Butte-Pine Ridge anticline, which trends approximately north-south from west of the Gillette
Madison well field through the Pinehaven area (see Figure 2-4). Drilling depths also would be 
shallowest along the anticlinal crest. This alternative would require a pipeline to convey the water from 
the new well into town. Selection of a well location would have to be made within the institutional 
constraints set by property and right-of-way acquisition, as well as those set by the geologic 
environment. 

Another alternative involving a Madison Aquifer well would require construction of only a 
minimal length of pipeline. A new Madison Aquifer well could be drilled within or near the Gillette
Madison wellfield, or along the Gillette pipeline route where the Madison is at a sufficiently shallow 
depth. The Town of Moorcroft would construct a short pipeline from its new well to the Gillette 
pipeline, and would use the Gillette pipeline to convey the water to Moorcroft. This alternative would 
require negotiating an agreement with the City of Gillette that would allow use of part of the capacity 
of the Gillette pipeline by the Town of Moorcroft. 

2.4.5 Drill One or More Wells into the Deadwood Aquifer Northeast 
of Moorcroft 

The Deadwood Aquifer is present at a depth of about 3,500 feet in the Pinehaven well. The 
quality of water in the aquifer is not known, but it is known that the Pinehaven well apparently obtains 
part of its water from the Deadwood. Although this unit is deep and only slightly below the highly 
productive Madison Aquifer, the potential exists for development of the Deadwood Aquifer. Drilling 
depths for penetrating the complete section of the Deadwood Aquifer would be about 1,000 feet greater 
than for the Madison Aquifer, and potential yields are unknown. Potential development areas for the 
Deadwood Aquifer are the same as those for the Madison Aquifer. 
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2.5 Groundwater Alternative Summary 

Groundwater is available in significant quantities from several aquifers in and near the Town of 
Moorcroft. Groundwater supplies could be developed from the Lance-Fox Hills Aquifer, the Dakota
Lakota Aquifer, the Madison Aquifer or the Deadwood Aquifer for municipal use by the town. At 
present, the potential quantity and quality of groundwater available are known only for the Lance-Fox 
Hills and Madison Aquifers. Neither the Dakota-Lakota nor the Deadwood Aquifers have sufficient 
data available to determine whether the groundwater resources in these aquifers would be of quantity 
or quality suitable for municipal use. 
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3.0 PROJECT SUMMARY 

The Town of Moorcroft is located in Crook County in the northeastern corner of Wyoming. 
The Town has experienced a dramatic decline in population from 1158 residents in 1980 to 768 
residents according to the 1990 census. The decline can be primarily attributed to the decline in activity 
in the energy field, but is percentage wise a lot greater than the decline in neighboring communities. 

The Town is currently provided water from several Lance-Foxhills wells located in the Town 
and supplemental water is provided from a 6-inch tap from the Gillette Madison Pipeline. 

The water quality from the Lance-Foxhills wells is marginal for a public water system with TDS 
values ranging from 1000-1430 ppm. The wells have also been noted to produce sand and large 
volumes of gas. The wells pump directly to the distribution system which can cause detrimental 
problems from the sand and gas. Several of the wells have been shut down due to production of gas 
and low water yields. Currently only Well No.1 and Well No.5 are pumping in to the water system. 
Total water available from the two wells at the present time is approximately 55 gpm or 79,200 gpd. 
Maximum available water if all wells were pumping into the system would be approximately 180 gpm 
or 267,800 gpd. (daily totals would be tempered by lack of storage) 

The main reported problem with water served from the Gillette pipeline has been with the 
"high" chlorine content. Monitoring of the chlorine content for a two month period and review of 
Gillette's chlorine records indicate that the chlorine level is minimally greater than the chlorine content 
in water systems that chlorinate on a regular basis. 

Geological review of the records of the wells drilled in Moorcroft indicate that all but No.6 
penetrate only the Lance formation. Well No.6 penetrates the Lance and the top of the Foxhills 
formation. Based on this information additional wells drilled in the area penetrating the entire aquifer 
could provide the additional water required by the Town. Completion of wells in the Foxhills formation 
would provide water of approximately the same quality now produced, TDS values in the 1000-1300 
ppm range. 

Additional water supply could be developed by moving northeast or east of Moorcroft and 
drilling a Madison well for the Town of Moorcroft. This alternative would require construction of six 
to eight miles of pipeline, dependent upon the well site selection. Construction of a Madison water 
supply would provide the needed quantity of water and the quality would be superior to that of the 
Foxhills formation. 

An alternative Madison water well could be drilled near the Gillette Madison Pipeline, if a 
negotiated agreement could be reached to transport the water from the well site to the Moorcroft water 
tap via the Gillette pipeline. This alternative would eliminate the need for constructing a lengthy 
pipeline to deliver the water to the Town. 

Construction of a well collection system would allow use of all the present wells with the 
exception of Well No.3. The collection system would provide for an even mix of Gillette Madison 
water and water from all the wells. A small variation of the collection system could be constructed at 
Well No.6. The project would entail construction of a 50,000 gallon tank and approximately 600 feet 
of water line from the Gillette pipeline. The tank would serve as an aeration chamber for water 
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pumped from Well No.6 and as a mixing chamber for water received from the Gillette Madison 
Pipeline. The water would then be pumped from the tank into the distribution system through the 
present water line connecting Well No.6 to the water system. 

The Town of Moor croft currently is served by a single 220,000 gallon storage tank. The usable 
storage is reduced to approximately 100,000 gallons because of the overflow piping and the need to 
maintain approximately 35-feet of water in the tank to provide pressure to houses located near the tank 
and on Park Street. The storage currently provided is inadequate for the average daily consumption 
or for proper fire protection. The Town should engage in a construction project to build a minimum 
500,000 gallon storage tank located in an area east or north of town at an elevation high enough to 
provide for proper water pressure at all points in town. Proper location and construction of a water 
storage reservoir would alleviate the need for the booster pump station near the Texas Trails 
Subdivision. The increased storage would also aid in the flexibility of operation of the Town's water 
wells. 

The Moorcroft water distributi~n system is composed primarily of 4-inch and 6-inch cast iron 
mains, branching off 8-inch transite pipe that forms an L around the north and east sides of town. The 
lines are old, most all in excess of 30 years. Hydraulic analysis of water flows through the system 
indicate that additional restrictions are present in the pipes. Restrictions are probably the results of 
encrustation or mineral buildup in the lines from the calcium carbonate base of the water supply. Most 
of the north half of Town is not adequately protected with water for fire flow. Areas near the water 
tank and on Park Street experience numerous occasions of low water pressure and are sometimes 
without any water. A program of replacing sections of water mains should be implemented based on 
a more complete analysis identifying the worst sections. The program should proceed over several 
years rather than trying to replace all lines at one given time. 

Change in the operation of the Moorcroft water system could provide for minimal additional 
water supply, but could greatly improve the reliability of the well operation. Operators need to be 
trained in basic electrical fundamentals, how to check fuses, etc. This training should also include 
looking for signs of trouble, vibration, noises, small drips or leaks. These can all be "tattle-tale" signs 
of impending problems. The most important change in operation needs to be a proper and complete 
record keeping system. The records need to indicate water levels, pumping rates, pumps, installation 
dates, problems, water line sizes, valve locations, etc. Information of this type is invaluable in 
assessing the operation and in repairing the water system in future years. 

The Moorcroft system has not been upgraded for many years. There are several alternatives 
available to increase the water supply and/or improve the available water quality. The selection of 
preferred alternatives is complicated by the financial and political realities that relate to the Town of 
Moorcroft, The City of Gillette and the State of Wyoming. It is our recommendation that the 
Moorcroft Water Supply Project be extended to a Level II Study that would present an in depth 
economic analysis of the following alternatives: 1) siting and construction of a 500,000 gallon water 
storage reservoir and appurtenances, 2) siting and construction of a Lance/Foxhills water supply well, 
3) siting and construction of a Madison water supply well, 4) shifting to reliance on the Gillette 
Madison Pipeline and associated piping and collection system of existing water wells. The study should 
present analysis of initial investment and long term operation and maintenance costs. Additionally the 
study should present all advantages and disadvantages associated with each system. F or budget 
purposes an estimated cost for the above study is included as Figure 3-1. 
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Moorcroft Budget Estimates 
Moorcroft Water Supply Study 
Level II 

FIGURE 3-1 

Phase I In Depth Analysis of Alternatives 

Task 1 Scoping Meeting $1,800.00 

Task 2 Economic Analysis of Alternatives $9,500.00 
a) Storage reservoir and pipelines 
b) Lance/F oxhills water well 
c) Madison water well 
d) Reliance on Gillette Madison Water Line 
* To include investment and long term O&M costs 

Task 3 Report and results presentation 

Phase II Water Supply Program 

Task 1 Surveying 
a) Storage Reservoir and Piping 
b) Lance/Foxhills Well Site 
c) Madison Well Site 

Task 2 Permitting 
Task 3 Well Design, specifications, bidding 

a) Lance/Foxhills Well 
b) Madison Well 

Task 4 Well Drilling Subcontract 
a) Lance/Foxhills Well 
b) Madison Well 

Task 5 Engineering and geologic services 
during drilling and testing 

a) Lance/Foxhills Well 
b) Madison Well 

Task 6 Water Quality Analysis 
Task 7 Drilling and Testing Report 
Task 8 Results Presentation 

S3 

$5,300.00 

$3,000.00 
$1,500.00 
$1,500.00 
$1,000.00 

$3,000.00 
$3,000.00 

$75,000.00 
$340,000.00 

$26,500.00 
$43,000.00 
$ 2,000.00 
$ 2,500.00 
$ 2,500.00 



FIGURE 3-1 (CONT'D) 
Phase III Conceptual Design 

Task 1 Storage Reservoir and Connection Pipe 
Task 2 Transmission line, well controls, etc 
Task 3 Cost Estimates 
Task 4 Economic Analysis/Ability to Pay 
Task 5 Permitting 
Task 6 Results Presentations 
Task 7 Final Report 
Task 8 Executive Summary 
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$ 2,000.00 
$·2,000.00 
$ 1,800.00 
$ 1,600.00 
$ 1,000.00 
$ 5,500.00 
$ 5,500.00 
$ 1,500.00 
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ENERBY 
LABORATORIES ENERGY LABORATORIES, INC. 

1105WESTFIRSTSTREET • GILLETTE,WY82716 • PHONE(307)686·7175 

TO: Weston Engineering 
ADDRESS: P.O. Box 260 

Upton, WY 82730 

LABORATORY REPORT 

SCALE ANALYSIS 

City of Moorcroft 
Scale from Water 

Submitted 8-21-91 

Appearance: Buff-colored, chalky solid 

Preliminary Treatment: Pulverized 

GENERAL ANALYTICAL TESTS: 

Carbonate 
Chloride 
Sulfide 
Sulfate 
Total Sulfur 
Loss on Ignition 

PARTIAL ELEMENTAL ANALYSIS: 

QUALITATIVE RESULT 

much 
none 
none 
none 

LAB NO.: G91-31628 
DATE: 8-29-91 

QUANTITATIVE RESULT 
(% by weight) 

0.0 
2 

The sample was digested in hydrofluoric, hydrochloric and nitric acids and the 
resultant solution was analyzed by plasma emission spectroscopy. 

Element 

Aluminum 
Arsenic 
Boron 
Barium 
Beryllium 
Calcium 
Cadmium 
Chromium 
Cobalt 
Copper 

, by weight 

<0.05 
<0.05 

<0.05 
<0.05 
38 
<0.05 
<0.05 
<0.05 
<0.05 

Element 

Gold 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorus 
Potassium 

, by weight 

<0.05 
0.1 

<0.05 
0.8 

<0.05 
<0.05 
<0.05 
<0.05 
<0.05 
<1 

Element 

Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Tin 
Titanium 
Tungsten 
Vanadium 
Zinc 

, by weight 

<0.05 
1.2 

<0.05 
<1 
0.9 

<1 
<0.05 
<0.05 
<0.05 
<0.05 

REMARKS: This material is mostly calcium carbonate, the same chemical as 
limestone. 

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE 
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Inter·mountain Laboratories, Inc. 

WESTON ENGINEERING 
pH: 

Temp: 
FIELD DATA: 

Sample Site: MOORCROFT 6 
Cond: 

Lab No: 22874 
08/07/91 

Tot Alk: 
Date Sampled: Depth-before: 
Comments: Depth-after: 

Pump Rate: 
Lab pH, s. u. • • . . • • • . • . • • • • • • • • • • • • • . • • • • • • 8 • 3 
Lab Conductivity, umhos/cm @ 25C.......... 1477 
Total Dissolved Solids (105), mg/l........ 936 
Total Dissolved Solids (180), mg/l........ 916 
Total Dissolved Solids (calc), mg/l....... 896 
Boron, mg /1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 • 18 
Fluoride, mg/l............................ 0.81 
~onia Nit:og~n as N, mg/l •••••••.••••••• 
N~trate + Nltrlte as N ..•••••••.•••.••... ~ 
Sodium Adsorption Ratio ..•.•.••••••••.•••• 
Total Alkalinity as CaC03, mg/l ••••••.•.•• 
Total Acidity as CaC03, mg/l •.•••••.•.••.• 
Total Hardness as CaC03, mg/l •••••••••.••• 

Bicarbonate as HC03 ••••••••••• 
Carbonate as C03 •••••••••••••• 
Hydroxide as OH ••••••••..•••.• 
Chloride ••••.••••••••••.•••••• 
Sulfate ....................... . 

Calcium ••••••••••••••••••••••. 
Magnesium ••••••••••••••••••••• 
Potassium ••••••••••••••••••••• 
Sodium •••••••••••••••••••••••• 

mg/l 
455 

o 
o 
7 

347 

45 
15 

3 
260 

Major Cations •••••••••••••••••••••••••••• 
Ma j or Anions ••••••••••••••••••••••••••••. 
Cation/Anion Difference .••••••••••••••••• 

Trace Metals (dissolved concentrations), mg/l 

<0.01 
8.57 

373 
<1 

174 

meg/l 
7.45 
0.00 
0.00 
0.20 
7.22 

2.23 
1.24 
0.07 

11.29 

14.83 
14.87 
0.13 % 

Aluminum •••••••••••••• 
Arsen1c ••••.•••••••••• 
Barium •••••••••••••••• 
Cadmium ••••••••••••••• 
Chromium •••••••••••••• 
Copper •••••••••••••••• 
Iron •••••••••••••••••• 

<0.10 
<0.005 

<0.5 
<0.002 

<0.02 
<0.01 

0.15 

Lead •••••••••••••••••• 
Manganese ••••••••••••• 
Mercury ••••••••••••••• 
Molybdenum •••••••••••• 
Nickel •••••••••••••••• 
Selenium •••••••••••.•• 
Zinc ................. . 

1714 Phillips Circle 

Gillette. Wyoming 82716 

s.u. 
C 
um/cm 
ppm 
ft 
ft 
gpm 

<0.02 
<0.02 

<0.001 
<0.02 
<0.01 

<0.005 
0.10 



Inter;tTIountoln Lobolotorles, Inc. 

August 14, 1991 

WESTON ENGINEERING 
P.O. BOX 260 
UPTON, WY 82730 

Sample Identification: 

On August 8, 1991 these samples were received by our labo
ratory for analysis. Tests were conducted in accordance 
with 40 CFR 141," EPA National Interim Primary Drinking 
Water Regulations", as amended. Results were as follows: 

Date Collected: 
Date Received: 
Date Analyzed: 

Lab No: 

22885 

08-08-91 @ 1515 MDT 
08-08-91 @ 1600 MDT 
08-08-91 @ 1640 MDT 

Sample Site: 
Total Coliform Bacteria 

(colonies/100ml) 

MOOR #5 <1 

Results of these Bacteria tests were satisfactory. 

Reviewed L 
Chemist 

1714 Phillips Circle 

Gillette. Wyoming 82716 



Inter·mountaln Laboratories, Inc. 

September 10, 1991 

Weston Engineering 

Sample Identification: 

1633 Terra Avenue 

Sheridan, Wyoming 82801 

On August 8, 1991, this water sample was received by our laboratory 
for analysis. Tests were conducted in accordance with 40 CFR 141, 
"EPA National Primary Drinking Water Regulations", as amended. 
Results are expressed in Milligrams per Liter (mg/L). 

Identification: Moor #5 -- ('tm~r(C"-- 5AN\f le #~ -ri...5; zI.,2 
Lab No: 14797 
Date Collected: 8/8/91 @ 1515 
Date Received: 8/8/91 

PRIMARY STANDARDS 

Aluminum ••••••••••••••••••••••••• 
Antim,?ny ••••••••••••••••••••••••• 
Arsen~c •••••••••••••••••••••••••• 
Barium ••••••••••••••••••••••••••• 
Beryllium •••••••••••••••••••••••• 
Cadmium •••••••••••••••••••••••••• 
Chromium ••••••••••••••••••••••••• 
Fluoride ••••••••••••••••••••••••• 
Lead ••••••••••••••••••••••••••••• 
Mercury •••••••••••••••••••••••••• 
Molybdenum ••••••••••••••••••••••• 
Nickel ••••••••••••••••••••••••••• 
Nitrate Nitrogen ••••••••••••••••• 
Selenium ••••••••••••••••••••••••• 
Silver ••••••••••••••••••••••••••• 
Sodium ••••••••••••••••••••••••••• 
Thallium ••••••••••••••••••••••••• 
"anadium ••••••••••••••••••••••••• 

Turbidity, NTU ••••••••••••••••••• 

* Unregulated. 

Certified: ~.~ 
M alie Cosco 
S niO~Chemist 

RESULTS (mg/L) 

<0.1 
<0.05 

<0.005 
<0.5 

<0.005 
<0.002 

<0.02 
0.29 

<0.005 
<0.001 

<0.02 
<0.01 
<0.01 

<0.005 
<0.01 

155 
<0.2 

<0.05 

0.25 

Maximum 
Contaminant 

Level 
(mg/L) 

* 
* 

0.05 
1.0 

* 
0.01 
0.05 
4.0 

0.05 
0.002 

* 
* 

10.0 
0.01 
0.05 

* 
* 
* 

I-Stu 



Inter·mountaln Laboratories, Inc. 

September 10, 1991 

Client: Weston Engineering 

Sample Identification: 

1633 Terra Avenue 

Sheridan, Wyoming 82801 

On August 8, 1991, this water sample was received by our laboratory 
for analysis. Tests were conducted in accordance with 40 CFR 143, 
"EPA National Secondary Drinking Water Regulations", as amended. 
Results are given below. 

Identification: 
Lab No: 

Moor #5 - ttmf~.!-ilr. 5;1n,)e #/, :tfZ, -#$ 
14797 

Date Collected: 
Date Received: 

8/8/91 @ 1515 
8/8/91 

SECONDARY STANDARDS 

Chloride, mg/L •••••••••••••••••••••• 
Color, c.u ••••••••••••••••••••••••• 
Copper, mg /L •••••••••• ' •••••••••••••• 
Fluoride, mg /L •••••••••••••••••••••• 
Foaming Agents, mg/L as MEAS •••••••• 
Iron, mg/L •••••••••••••••••••••••••• 
Manganese, mg/L ••••••••••••••••••••• 
Odor, T • 0 • N ••••••••••••••••••••••••• 
Sulfate, mg /L ••••••••••••••••••••••• 
Zinc, mg /L •••••••••••••••••••••••••• 

CORROSIVITY 

pH, s. u. • ••••••••••••••••••••••.••• 
Total Alkalinity as CaC03, mg/L •••• 
Total Dissolved Solids (180 C), mg/L 
Calcium as CaC03, mg/L ••••••••••••• 
Temperature, C ••••••••••••••••••••• 

Langelier's Index of Corrosivity 

RESULTS 

3.2 
<1 

<0.01 
0.29 
<0.5 

<0.05 
<0.02 

<1 
372 

0.02 

8.5 
585 

1190 
32 

20.0 * 

0.73 

Maximum 
Contaminant 

Level 

250 
15 

1 
2.0 
0.5 
0.3 

0.05 
3 

250 
5 

6.5 - 8.5 

500 

non-corrosive 

Temperature used in calculation. Actual data not provided. 

Senior Water Chemist 



ENERBY 
LABORATORIES ENERGY LABORATORIES, INC. 

TO: 
ADDRESS: 

p.o. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406) 252-6325 
LABORATORY REPORT FAX (406) 252-6069 • 1-800-873-5227 

Intermountain Laboratory 
1714 Phillips Circle 
Gillette, WY 82716 

LAB NO.: 
DATE: 

WATER VOLATILE SURROGATE RECOVERY 

10 pg/l Surrogate Standard Spike 

------% recovery------
81 S2 S3 

SAMPLE NO. (TOUII (BFB)II (DCE}II 

91-28908 106 97 104 

Trip Blank 111 94 109 

91-28908 
08/21/91 crp 

Sl (TOL) = Toluene-dB 
OC LIMITS, % Recovery 
80-120 

S2 (BFB) = Bromofluorobenzene 
S3 (DCE) = 1,2-Dichloroethane-d4 

80-120 
80-120 

#Column to be used to flag recovery values with an asterisk. 

·Values outside of contract required OC limits. 

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE 



ENERGY LABORATORIES, INC. 
ENERBY 

lABIJRATIJRIES 
P.o. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406) 252-6325 

FAX (406) 252·6069 • 1·800-873-5227 

LABORATORY REPORT 

TO: 
ADDRESS: 

Intermountain Laboratory 
1714 Phillips Circle 
Gillette, WY 82716 

LAB NO.: 
DATE: 

Volatile Organic Constituent 

Benzene 
Bromobenzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Bromomethane 
n-Butylbenzene 
sec-Butyl benzene 
tert-Butyl benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
2-Chlorotoluene 
4-Chlorotoluene 
1,2-Dibromo-3-chloropropane 
Dibromochloromethane 
1 ,2-Dibromoethane 
Dibromomethane 
1,2-Dichlorobenzene 
1 ,3-Dichlorobenzene 
1 ,4-Dichlorobenzene 
Dichlorodifluoromethane 
1 ,1-Dichloroethane 
1 ,2-Dichloroethane 
1 ,1-Dichloroethene 
cis-l ,2-Dichloroethene 
trans-1,2-Dichloroethene 
1,2-Dichloropropane 

WATER ANALYS:$. 

Trip BlanJ< 
Analyzed 08/16/91 

M9.L! Volatile Organic Constituent 

<0.50 l,3-Dichloropropane 
< 1.0 2,2-Dichloropropane 
< 1.0 l,l-Dichloropropene 
< 1.0 cis-l,3-Dichloropropene 
< 1.0 trans-l,3-Dichloropropene 
< 1.0 Ethylbenzene 
< 1.0 Hexachlorobutadiene 
< 1.0 Isopropyl benzene 
< 1.0 p-Isopropyltoluene 
<0.50 Methylene chloride 
<1.0 Naphthalene 
<1.0 n-Propylbenzene 
< 1.0 Styrene 
<1.0 1,1,1,2-Tetrachloroethane 
< 1.0 l,l,2,2-Tetrachloroethane 
< 1.0 Tetrachloroethene 
< 1.0 Toluene 
< 1.0 1 ,2,3-Trichlorobenzene 
< 1.0 1,2,4-Trichlorobenzene 
< 1.0 l,l,l-Trichloroethane 
< 1.0 l,l,2-Trichloroethane 
< 1.0 Trichloroethene 
<0.50 Trichlorofluoromethane 
<1.0 1,2,3-Trichloropropane 
<1.0 l,2,4-Trimethylbenzene 
<0.50 l,3,5-Trimethylbenzene 
<0.50 Vinyl chloride 
< 1.0 Xylenes 
< 1.0 
< 1.0 

Blank 
08/21/91 crp 

ugL! 

<1.0 
< 1.0 
<1.0 
<1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
<1.0 
<1.0 
<1.0 
< 1.0 
<1.0 
< 1.0 
< 1.0 
<0.50 
<1.0 
< 1.0 
<1.0 
<0.50 
< 1.0 
<0.50 
<1.0 
<1.0 
<1.0 
< 1.0 
<0.50 
< 1.0 

REMARKS: Sample was properly preserved and in specified container. Sample was analyzed in accordance with 
EPA method 524.2. 

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE 



ENERGY LABORATORIES, INC. 
ENERBY 

LABORATORIES 
p.o. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS. MT 59107-0916 • PHONE (406) 252-6325 

FAX (406) 252-6069 • 1-800-873-5227 

LABORATORY REPORT 

TO: 
ADDRESS: 

Intermountain Laboratory 
1714 Phillips Circle 
Gillette, WY 82716 

LAB NO.: 
DATE: 

Volatile Organic Constituent 

Benzene 
Bromobenzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Bromomethane 
n-Butylbenzene 
sec-Butyl benzene 
tert-Butylbenzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
2-Chlorotoluene 
4-Chlorotoluene 
1,2-Dibromo-3-chloropropane 
Dibromochloromethane 
1 ,2-Dibromoethane 
Dibromomethane 
1,2-Dichlorobenzene 
1 ,3-Dichlorobenzene 
1 ,4-Dichlorobenzene 
Dichlorodifluoromethane 
1 ,1-Dichloroethane 
1 ,2-Dichloroethane 
1,1-Dichloroethene 
cis-1 ,2-Dichloroethene 
trans-1 ,2-Dichioroethene 
1,2-Dichloropropane 

#22885 
Sampled 08/08/91 @ 3: 15 p.m. 

Analyzed 08/16/91 
Submitted 08/09/91 

ugLl Volatile Organic Constituent 

<0.50 1,3-Dichloropropane 
< 1.0 2,2-Dichloropropane 
< 1.0 1 ,1-Dichloropropene 
< 1.0 cis-1,3-Dichloropropene 
< 1.0 trans-1,3-Dichloropropene 
< 1.0 Ethylbenzene 
< 1.0 Hexachlorobutadiene 
< 1.0 Isopropylbenzene 
< 1.0 p-Isopropyltoluene 
<0.50 Methylene chloride 
< 1.0 Naphthalene 
< 1.0 n-Propylbenzene 
< 1.0 Styrene 
< 1.0 1,1,1,2-Tetrachloroethane 
< 1.0 1,1,2,2-Tetrachloroethane 
< 1.0 Tetrachloroethene 
< 1.0 Toluene 
< 1.0 1,2,3-Trichlorobenzene 
< 1.0 1,2,4-Trichlorobenzene 
<1.0 1,1,1-Trichloroethane 
< 1.0 1,1,2-Trichloroethane 
< 1.0 Trichloroethene 
<0.50 Trichlorofluoromethane 
< 1.0 1,2,3-Trichloropropane 
< 1.0 1,2,4-Trimethylbenzene 
<0.50 1,3,5-Trimethylbenzene 
<0.50 Vinyl chloride 
<1.0 X ylt::I1es 
< 1.0 
< 1.0 

91-28908 
08/21/91 crp 

ll9L! 

< 1.0 
< 1.0 
<1.0 
<1.0 
< 1.0 
< 1.0 
<1.0 
<1.0 
<1.0 
<1.0 
< 1.0 
< 1.0 
< 1.0 
<1.0 
< 1.0 
<0.50 
<1.0 
<1.0 
< 1.0 
<0.50 
<1.0 
<0.50 
< 1.0 
<1.0 
< 1.0 
< 1.0 
<0.50 
<1.0 

REMARKS: Sample was properly preserved and in specified container. Sample was analyzed in accordance with 
EPA method 524.2. 

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE 



LABIIRATIIRIES ENERGY LABORATORIES, INC. 
254 NORTH CENTER • CASPER, WY 82602· PHONE (307) 235-0515 

WATER ANALYSIS REPORT 
INTER-MOUNTAIN LABORATORIES, INC. 

IML Sample I .D. : 

Sample Date: 
Report Date: 
Sample Number: 

RADIOMETRIC pCi/l: 

Gross Alpha 
Gross Alpha Pree,. +1-

Q. A. MANAGER: .If. tJ. k~'j 
Energy Laboratories, Inc. 
Casper, Wyoming 82602 

Moor 115 

08-08-91 
08-26-91 
91-25544 

<1.0 

Det. Limjt 

1.0 

ANALYTICAL SERVICES - WATER, SOIL, PETROLEUM, COAL 



APPENDIX C 



Inter·mountaln Laboratories, Inc; 

January 7, 1991 

City of Gillette 
Water Treatment Plant 
PO Box 3003 
Gillette, WY 82716 
Attn: Frank Fitzler 

Sample Identification: 

1633 Terra "-'!ue 
Sheridan. Wyomln!; 12801 

On December 12, 1990, this water sample was received by our laboratory 
for analysis. Tests were conducted in accordance with 40 CFR 141, 
"EPA National Primary Drinking Water Regulations", as amended. 
Results are expressed in Milligrams per Liter (mg/L). 

Identification: 
Lab No: 
Date Collected: 
Date Received: 

PRIMARY STANDARDS 

Madison Well M-1 
12398/24049 
12/11/90 @ 1155 
12/12/90 

Al uminum ••••.••.•.••••••....•.••• 
Antimony ••••••••••••••••.••..•... 
Arsenic •••••.••••••••••••.•.••••. 
Barium ••.••..••••••••••••••.••••• 
Beryllium ..••••••••••••••.•••..•• 
Cadmi urn .••••.••••.••••••••••.•••• 
Chromi urn •.•..•••••••.•..•.•.•...• 
Cyanide .•.•••••••.••••.••.•.•.••• 
Fluoride ••..••••..••.•..•..••.••. 
Lead ••••••••••••••••••••••••.•••• 
Mercury .•••••••••••••....••.••••• 
Molybdenum ..•.••••••.••••••..•••• 
Nickel ••••••••••••••••••.••••••••. 
Nitrate Nitrogen as N •••••••••••• 
Selenium .•.••••••••••..•••••.•••• 
Silver •.••.•••••••••••••••••••.•. 
Sodi urn •.••••••••••••••••••.•.•••• 
Tha 11 i urn •.••••••••••••••.•••••••• 
Vanadium .••••.••••••.•.•••..•.•.• 

Turbidity, NTU •.•••••.••.•••.•••• 

* Unregulated. 

Certified: ~. ~~ 
N ta lTeCOSco 
Senior Water Chemist 

RESULTS (mg/L) 

<0.1 
<0.05 

<0.005 
<0.5 

<0.05 
<0.002 

<0.02 
<0.005 

1.27 
<0.005 
<0.001 

0.02 
<0.01 
0.44 

0,,011 
(0.01 

8.0 
<0.1 

<0.01 

0.25 

Maximum 
Contaminant 

Level 
(mg/L) 

* 
* 

0.05 
1.0 

* 
0.01 
0.05 

* 
4.0 

0.05 
0.002 

* 
* 

10.0 
0.01 
0.05 

* 
* 
* 

I-Stu 



Intet·mountQin LQbolQtolies, Inc. 

January 7, 1991 

client: City of Gillette 

Sample Identification: 

1633 Terra Avenue 
Sheridan. Wyoming 82801 

On December 12, 1990, this water sample was received by our laboratory 
for analysis. Tests were conducted in accordance with 40 CFR 143, 
"EPA National Secondary Drinking Water Regulations", as amended. 
Results are given below. 

Identification: 
Lab No: 
Date Collected: 
Date Received: 

Madison Well M-1 
12398/24049 
12/11/90 @ 1155 
12/12/90 

SECONDARY STANDARDS 

Chloride, mg/L •••••••••.•.•..•••••.. 
Color, c.u •••••••••••••••.•...••... 
Coppe r, mg /-L .••.•.•••••••••.••.•.... 
Fluoride, mg/L ••••••••••••••••...... 
Foaming Agents, mg/L as MBAS ••••.... 
Iron, mg/L ••••••••••••••••.•••.••.•. 
Manganese, mg/L •.•••••••.•••.••.•.•• 
Odor, T.O.N ..•••••••••.•••••••.•.... 
Sulfate, mg/L .••••••..••••••••....•. 
Zinc, mg/L •.•.••.••••.••••.•••.••... 

CORROSIVITY 

pH, s. u • • •••••••••••••.•.....•••... 
Total Alkalinity as CaC03, mg/L •... 
Total Dissolved Solids (180 C), mg/L 
Calcium as CaC03, mg/L •••••••.•.••• 
Temperature, C ••••••••••••.••••••.. 

Langelier's Index of Corrosivity 

RESULTS 

7.6 
<1 

<0.01 
1.27 
<0.5 
0.05 

<0.02 
<1 

314 
<0.01 

7.9 
203 
670 
331 

20.0 * 

0.81 

Maximum 
Contaminant 

Level 

250 
15 

1 
2.0 
0.5 
0.3 

0.05 
3 

250 
5 

6.5 - 8.5 

500 

non-corrosive 

Temperature used in calculation. Actual data not provided. 

Senior Water Chemist 



ENERGY ENERGY LABORATORIES, INC. 
LABORATORIES 

1105 WEST FIRST STREET • GILLETIE. WY 82716 • PHONE (307) 686·7175 

LABORATORY REPORT 

TO: LAB NO.: G90-33256 
ADDRESS: 

City of Gillette 
P.O. 3003 DATE: 1-2-91 
Gillette, WY 82717-3003 

WATER ANALYSIS 

Well M-1 
Madison Aquifer 
Sampled 12-11-90 

Submitted 12-11-90 

Maximum Trihalomethane Potential 

CONSTITUENT ggll 

Chloroform .•••.•.••.....•..•...••.•.....•.•.........•.........•.. 1.0 

Bromodichloromethane 1.2 

Dibromochloromethane 1.0 

Bromoform........................................................ <1.0 

Total Trihalomethanes ...............•....•....................... 3.2 

REMARKS: 
analysis. 
mg/l. 

Sample was chlorinated in the laboratory and incubated 7 days • 25°C before 
Residual chlorine present after 7 days. Chlorine spike concentration: 1.0 

ANALYTICAL SERVICES - WATER. SOIL. PETROLEUM. COAL 



ENERGY LABORATORIES, INC. ENERGY 
LABORATORIES 

1105 WEST FIRST STREET • GILLETTE. WY 82716 • PHONE (307) 686·7175 

LABORATORY REPORT 

TO: City of Gillette 
P.O. 3003 

LAB NO.: G90-33270 
ADDRESS: DATE: 1-2-91 

Gillette, WY 82717-3003 

WATER ANALYSIS 

Madison Station 
Wells H-1, M-5, M-7 

Sampled 12-13-90 @ 11:30 am After Treatment 
Submitted 12-13-90 

Volatile Organic Constituent illl.Ll Volatile Organic Constituent 

Benzene <0.50 1,3-Dichloropropane 
Bromobenzene <1.0 2,2-Dichloropropane 
Bromochloromethane <1.0 1,1-Dichloropropene 
Bromodichloromethane <1.0 cis-1,3-Dichlorpropene 
Bromoform <1.0 trans-1,3-Dichloropropene 
Bromomethane <1.0 Ethylbenzene 
n-Butylbenzene <1.0 Hexachlorobutadiene 
sec-Butylbenzene <1.0 Isopropylbenzene 
tert-Butylbenzene <1.0 p-Isopropyltoluene 
Carbon tetrachloride <0.50 Methylene chloride 
Chlorobenzene <1.0 Naphthalene 
Chloroethane <1.0 n-Propylbenzene 
Chloroform <1.0 Styrene 
Chloromethane <1.0 1,1,1,2-Tetrachloroethane 
2-Chlorotoluene <1.0 1,1,2,2-Tetrachloroethane 
4-Chlorotoluene <1.0 Tetrachloroethane 
1,2-Dibromo-3-chloropropane <1.0 Toluene 
Dibromochloromethane <1.0 1,2,3-Trichlorobenzene 
1,2-Dibromoethane <1.0 1,2,4-Trichlorobenzene 
Dibromomethane <1.0 1,1,1-Trichloroethane 
1,2-Dichlorobenzene <1.0 1, 1, 2-Trichloroethane 
1,3-Dichlorobenzene <1.0 Trichloroethene 
1,4-Dichlorobenzene <0.50 Trichlorofluoromethane 
Dichlorodifluoromethane <1.0 1,2,3-Trichloropropane 
1,1-Dichloroethane <1.0 1,2,4-Trimethylbenzene 
1,2-Dichloroethane <0.50 1,3,5-Trimethylbenzene 
1,1-Dichloroethene <0.50 Vinyl Chloride 
cis-l,2-Dichloroethene <1.0 m+p-Xylenes 
trans-1,2-Dichloroethene <1.0 o-Xylene 
l,2-Dichloropropane <1.0 

illl.Ll 

<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<0.50 
<1.0 
<1.0 
<1.0 
<0.50 
<1.0 
<0.50 
<1.0 
<1.0 
<1.0 
<1.0 
<0.50 
<1.0 
<1.0 

REMARKS: Sample was properly preserved and in specified container. Sample was analyzed 
accordance with EPA method 524.2. 

ANALYTICAL SERVICES - WATER. SOIL. PETROLEUM. COAL 

in 



LAIDRATDRIES ENERGY LABORATORIES, INC. 
l1~WEST FIRST STREET • GILLETTE wY 82716 • PHONE (307)686-7175 

City of Gillette 
P.o. Box 3003 
Gillette, WY 82717-3003 

VATER VOLATILE SURROGATE RECOVERY 

PROJECT: 

SAMPLE NO. 

G90-33270; Madison Station Wells, H-l, M-5, M-7 

G90-J3271; Well CH 

G90-33272; VRII 

G90-33273; PS '1; S-9; S-12, 5-17, 5-18 

G90-33270 Dup.; Madison Station, Wells M-1; M-5; 
M-7 

Trip Blank 

Sl S2 S3 
(TOL), (BFB)' (DeE)' 

110 100 100 

120 96 110 

84 110 100 

110 97 110 

110 95 110 

80 94 110 

QC LIMITS , RECOVERY 

Sl (TOL) = Toluene-d3 
S2 (BFB) = Bromofluorobenzene 
S3 (DCE) = 1,2-Dichloroethane-d4 

(80-120) 
(80-120) 
(80-120) 

I Column to be used to flag recovery values with an asterisk 

* Values outside of contract required QC limits 

10 ug/l surrogate standard spike 

ANALYTICAL SERVICES - WATER, SOIL. PETROLEUM, COAL 



ENERGY 
LABORATORIES ENERGY LABORATORIES, INC. 

1105 WEST FIRST STREET • GILLETIE. WY 82716 • PHONE (307) 686-7175 

City of Gillette 
P.o. Box 3003 
Gillette, VY 82717-3003 

WATER VOLATILE SURROGATE RECOVERY 

PROJECT: 

SAMPLE NO. 

G90-33256; Well K-1 

G90-33257; FH-3 

G90-33258; S-9 

Sl 
(TOL)# 

110 

120 

110 

S2 
(BFB)' 

99 

100 

100 

S3 
(DCE)' 

97 

94 

100 

QC LIMITS % RECOVERY 

S1 (TOL) = Toluene-d3 
S2 (BFB) = Bromofluorobenzene 
S3 (DCE) = 1,2-Dichloroethane-d4 

(80-120) 
(80-120) 
(80-120) 

• Column to be used to flag recovery values with an asterisk 

* Values outside of contract required QC limits 

10 ug/l surrogate standard spike 

ANALYTICAL SERYICES - WATER. SOIL. PETROLEUM. COAL 



ENl .. uY LABORATORIES, INC. 
LABORATORIES 1105 WEST FIRST STREET • GILLETTE, WY 82716 • PHONE (307) 686-7175 

P.O. BOX 3258 • 254 NO. CENTER ST. • CASPER. WY 82602 • PHONE (3071 235-0515 

LABORATORY REPORT 

Client: INTERMOUNTAIN LABORATORIES 

We 1 1 No: 12028 w ~ L.,.L. JI- /')'1 - p; 
Sample Lab No: 86-5591 
Sample Date: 06-86 
Client No: 000907 
Submi ttal Date: 06-18-86 
Date Received: 06-20-86 
Report Date: 07-30-86 

Radiometric pCi/l MC.L 

Radium 

Rc.dium 

Gross CI. 

Gross a 

13.1+/-5.1 if 

9.3+/-5.6 

CORPORATE HEADQUARTERS: P.O. BOX 30916. BILLINGS. MT 59107 PHONE (406) 252-6325 

ANALYTICAL SERVICES - WATER. SOIL. PETROLEUM. COAL 

/1 



Inte,·mountaln Loborotories, Inc. 

February 9, 1991 

City of Gillette 
Water Treatment Plant 
PO Box 3003 
Gillette, WY 82716 
Attn: Frank Fitzler 

Sample Identification: 

1633 Terr. Avenue 
8herld.n, Wyoming 82801 

RECEIVED 
FEB 12 1991 

DEPT. OF UTILITIES 

On January 22, 1991, this water sample was received by our laboratory 
for analysis. Tests were conducted in accordance with 40 CFR 141, 
"EPA National Primary Drinking Water Regulations", as amended. 
Results are expressed in Milligrams per Liter (mg/L). 

Identification: 
Lab No: 
Date Collected: 
Date Received: 

PRIMARY STANDARDS 

Madison Well M-2 
12528 
1/18/91 @ 1250 
1/22/91 

Al umi num ..•...•••••.••...•.....•• 
Antimony •.••..••.••.••..•.•••..•. 
Arsenic •••.•...•.••.....•.•••.•.• 
Ba r i urn .•.••...•.••....•........•. 
Bery 11 i urn .••......•.....•..•..... 
Cadmium •••••.....••.....•.••..... 
Chromium ..•.......•.............. 
Cyanide •..•••••.•••.•...•..•..... 
Fluoride ••••••••••••••........•.. 
Lead ...•..•.•............•.•....• 
Me rcury ••••.••..••.•.......•..... 
Mo I ybdenum •••••.••.•.•....•...•.. 
Nickel .......................... . 
Nitrate Nitrogen as N .......••... 
Se 1 eni urn ..•••••••••••......••.••• 
Silver .•..••...•••••........••••. 
Sodium •••••..••.••...•.....•..••• 
Tha 11 i urn ..•.•••••.•.•••....•...•. 
Vanadium ........••••............. 

Turbidity, NTU .•.•..•...•...• -.••• 

* Unregulated. 

certified: ~ &cd 
N talie Cosco 
Senior Water Chemist 

RESULTS (mg/L) 

<0.1 
<0.05 

<0.005 
<0.5 

<0.005 
<0.002 

<0.02 
<0.005 

0.60 
<0.005 
<0.001 

<0.02 
<0.01 

0.28 
{0.005 

<0.01 
4.7 

<0.1 
<0.01 

3.4 

Maximum 
Contaminant 

Level 
(mg/L) 

* 
* 

0.05 
1.0 

* 
0.01 
0.05 

* 
4.0 

0.05 
0.002 

* 
* 

10.0 
0.01 
0.05 

* 
* 
* 

I-Stu 



Intel· mountain Laboratories, Inc. 

February 9, 1991 

client: City of Gillette 

Sample Identification: 

1633 Terr. AYenue 

Sheridan, Wyoming 112801 

On January 22, 1991, this water sample was received by our laboratory 
for analysis. Tests were conducted in accordance \vith 40 CFR 143, 
"EPA National Secondary Drinking Water Regulations", as amended. 
Results are given below. 

Identification: 
Lab No: 
Date Collected: 
Date Received: 

Madison Well M-2 
12528 
1/18/91 @ 1.250 
1/22/91 

SECONDARY STANDARDS 

Chloride, mg/L ..................... . 
Color, c.u ..•.................•...• 
Copper, mg/L ........................ . 
Fluoride, mg/L ...••......•.........• 
Foaming Agents, mg/L as MBAS .......• 
I ron, mg 1 L ..••.•••.•..•............. 
Manganese, mg/L •••...••..•..•....... 
Odor, T.O.N •••......•.••.•...•...... 
Sulfate, mg/L ...•.•......•.......... 
Zinc, mg/L .•••.•....•....••.•....••. 

CORROSIVITY 

pH, s. u • • ..••...••.......•.•••••... 
Total Alkalinity as CaC03, mg/L •..• 
Total Dissolved Solids (180 C), mg/L 
Calcium as CaC03, mg/L •.••••...•..• 
Temperature, C ...•.•.•..••.•.....•. 

Langelier's Index of Corrosivity 

RESULTS 

1.6 
<1 

0.01 
0.60 
<0.5 
0.26 

<0.02 
<1 

268 
<0.01 

7.5 
228 
600 
346 

20.0 * 

0.48 

Maximum 
Contaminant 

Level 

250 
15 

1 
2.0 
0.5 
0.3 

0.05 
3 

250 
5 

6.5 - 8.5 

500 

non-~orrosive 

Temperature used in calculation. Actual data not provided. 

N talie Cosco 
enior Water Chemist 



LABORATORIES ENERGY LABORATORIES, INC. 
1105 WEST FIRST STREET • GILLETIE, WY 82716 • PHONE (307) 686-7175 

LABORATORY REPORT 

TO: City of Gillette 
P.o. 3003 

LAB RO.: G91-1614 
ADDRESS: DATE: 1-28-91 

Gillette, VY 82717-3003 

Volatile Organic Constituent 

Benzene 
Bromobenzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Bromomethane 
n-Butylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroetbane 
Cbloroform 
Chloromethane 
2-Chlorotoluene 
4-Chlorotoluene 
1,2-Dibroao-3-chloropropane 
Dibromocblorometbane 
1,2-Dibromoetbane 
Dibromomethane 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
l,4-Dicblorobenzene 
Dichlorodifluoromethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Dichloroethene 
cis-l,2-Dichloroethene 
trans-1,2-Dichloroethene 
1,2-Dicbloropropane 

VATER ANALYSIS 

Madison Pump Station (M2-M6) 
Sampled 1-21-91 t 1310 

Submitted 1-21-91 

!!9:Ll Volatile Organic Constituent 

<0.50 1,3-Dichloropropane 
<1.0 2,2-Dichloropropane 
<1.0 l,l-Dichloropropene 
<1.0* cis-1,3-Dichlorpropene 
<1.0 trans-1,3-Dichloropropene 
<1.0 Ethylbenzene 
<1.0 Hexachlorobutadiene 
<1.0 Isopropylbenzene 
<1.0 p-Isopropyltoluene 
<0.50 Methylene chloride 
<1.0 Naphthalene 
<1.0 n-Propylbenzene 
<1.0* Styrene 
<1.0 l,l,l,2-Tetrachloroethane 
<1.0 l,l,2,2-Tetrachloroethane 
<1.0 Tetrachloroethene 
<1.0 Toluene 
<1.0* 1,2,3-Trichlorobenzene 
<1.0 l,2,4-Trichlorobenzene 
<1.0 l,l,l-Trichloroethane 
<1.0 1,1,2-Trichloroethane 
<1.0 Trichloroethene 
<0.50 Trichlorofluoromethane 
<1.0 1, 2, 3-Trichloropropane 
<1.0 1,2,4-Trimethylbenzene 
<0.50 1,3,5-Trimethylbenzene 
<0.50 Vinyl Chloride 
<1.0 Xylenes 
<1.0 
<1.0 

!!9:Ll 

<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<0.50 
<1.0 
<1.0 
<1.0 
<0.50 
<1.0 
<0.50 
<1.0 
<1.0 
<1.0 
<1.0 
<0.50 
<1.0 

REMARKS: Sample was properly preserved and in s~ecified container. Sample was analyzed 
accordance with EPA method 524.2. 

*Present but below the practical quantitation limit 

ANALYTICAL SERVICES - WATER. SOIL. PETROLEUM, COAL 

in 



/ENERGY/ 
LABORATORIES ENERGY LABORATORIES, INC. 

1105 WEST FIRST STREET • GILLETTE. WY 82716 • PHONE (307) 686·7175 

City ot Gillette 
P.o. Box 3003 
Gillette, VY 82717-3003 

VATER VOLATILE SURROGATE RECOVERY 

PROJECT: 

SAMPLE HO. 

G91-1614i Madison Pump Station (K2-K6) 

Sl (TOL) =. Toluene-d3 
S2 (BFB) = Bromofluorobenzene 
S3 (DCE). 1,2-Dichloroethane-d4 

Sl 
(TOL) , 

96 

S2 S3 
(BFB) I (DCE) I 

98 100 

QC LIMITS , RECOVERY 

(80-120) 
(80-120) 
(80-120) 

I Column to be used to flag recovery values with an asterisk 

* Values outside of contract required QC limits 

10 ug/l surrogate standard spike 

..... v~lrAI SERVICES - WATER. SOIL. PETROLEUM. COAL 



ill -.' 1. !oun~o.ln Lo.OOIQtofles, Inc. 
-- ... -- - ------------..: 

August 23, 1990 

City of Gillette 
Water Treatment Plant 
Attn: Frank Fritzler 
P.O. Box 3003 
Gillette, WY 82717 

Sample Identification: 

On August 20, 1990, this water sample was received by our 
laboratory for analysis. Tests were conducted in accordance with 40 
CFR 136, "Guidelines Establishing Test Procedures for Analysis", as 
amended. Results were as follows: 

Sample collected: 08-20-90 @ 1400 - 1420 MDT 
Sample analyzed: 08-20-90 @ 1600 MDT 

Lab No: 22756 22757 22758 22759 22761 
Identification: W-6 W-5 W-4 W-2 W-1 

MADISON MADISON MADISON MADISON MADISON 

Sulfate, mg/l 316 307 252 253 290 

Laboratory Director 



n ,(·mountaln Labo(atod~s, Inc. 

fviay 26, 1989 

Cjty of Gillette 
Water Treatment Plant 
?O. Bo;{ 3003 
Gi:lette, WY 82716 

2~: Water corrosivit~ 

Sample Identification: 
On April 25, :959 1 this wate~ sample was received by o~~ 

laboratory for analysis. Tests were conducted in accordance w~~~_ 
40 CFR 136, "Guidelines Establishing Test Procedures for Analysis II 
as amended. Results were as follows: 

Identification: 
Date Collected: 
Collected By: 

Lab No: 

Madison Well #M2 
04/24/89 @ 1000 

897943 (G1C07) 

.... ...,.J, - ••••••••••••• 

Calcium Hardness as Cal mg/l................ 343 

~otal Filterable Residue, mg/J ............. . 614 
(Total Dissolved Solids-1SO C) 

pH, S. \l. • • . • • • • • • " . ," • . . . • " .. " . . . ...•.•• " •••• 7.9(. 

Tempera t't:re, C ......•.............• " •••••••• 22.5 
(Ta~e~ 2t tine of sa~pling) 

Lange:ier Saturat~o~ Index ................. . +0.86 

N talie Cosco 
Inter-Mountain Laboratories, :nc. 
1633 Terra Avenue 
Sheridan, WY 82801 
(307) 612-8945 



~AMES MOf-.JTGOMERY, CONSUL NG ENGINEERS. INC. 

555 East Walnut 01'o('t, Pa!;adena, California ~11 01/ (213) 796-9141 (213) 681-4255 

Cable AOdress: Montgomery Pasadena California lelex: 67-5420 

REPORT OF 
W ATER ANALYSIS 

_ City of Gillette 
Lab No. 790278 
Job No. 886.0010 

nandamountofsample: 4 1 liter well water 
------------------~~--------------------------------------------------------------------

lIe ~en: 
----------------------------------

VI: 4/9 • 12/79 

alysis: 4/26/79 

Well , 

'H-3 
H-19 
~-17 

, ..,) 
R4 (In- <?-

Gross Beta 

<2 pCi/l 
27 ± 5 
<2 
6 ± 2 

Sampled by: P . W . 
----~~~--------------------

Sample analyzed by: 
-------------------------------

L.F.E. 

Report No.: 
-------------------------------------

Gross Alpha 

<3 pCi/l 
<10 
<4 
<2 

PlANNING ••• RESqARCH ..• ENVIRONME NlAL ENGINEERING 



MOORCROFT MONTHLY WATER USAGE SUMMARY 
GILLETTE MADISON PIPELINE 
(THOUSAND GALLONS PER MONTH) 

MONTH 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

January 0 426 0 0 0 0 0 0 89 359 
February 0 0 0 0 0 0 0 1 83 217 
March 0 288 85 170 0 0 0 1 57 72 
April 0 86 373 0 0 0 0 0 137 206 
May 439 216 88 312 0 1477 1584 364 1986 818 
June 381 1854 595 224 0 1587 4463 2031 6154 2767 
July 898 2828 3861 5622 774 4620 3523 4431 3110 6089 
August 782 0 951 3855 2650 1366 2524 4217 2979 6132 
September 1899 0 1006 564 889 172 805 1922 1732 
October 856 0 0 0 0 0 24 360 354 
November 0 0 0 0 0 0 26 64 242 
December 772 0 0 0 0 0 0 28 72 

Totals 6027 5698 6959 10747 4313 9222 12949 13419 16995 *(16660) 

*Note: Gillette Madison water turned on to Moorcroft May 24, 1982. 
Subtotal to date. 



MOORCROFT MONTHLY WATER BILLING SUMMARY 
GILLETTE MADISON PIPELINE 
(DOLLARS) 

MONTH 1987 1988 1989 1990 1991 

January 50.15 50.15 50.15 187.75 569.60 
February 50.15 50.15 50.15 178.15 392.55 
March 50.15 50.15 50.15 136.55 160.55 
April 50.15 50.15 50.15 264.55 374.95 
May 2408.55 2579.75 627.75 3222.95 1354.15 
June 2584.55 7186.15 3294.95 9891.75 4472.55 
July 7437.35 5682.15 7134.95 5021.35 9802.15 
August 2230.95 4083.75 6792.55 4811.75 9856.05 
September 324.55 1333.35 3120.55 2816.66 
October 50.15 83.75 621.35 611.75 
November 50.15 86.95 147.75 432.55 
December 50.15 50.15 90.15 160.55 

TOTAL 15337.00 21286.60 22030.60 27736.20 *(26982.55) 

*Subtotal to date 
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