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INTRODUCTION 

EXECUTIVE SUMMARY 

GILLETIE WELL REHABILITATION STUDY 
LEVEL II 

Prior to the 1970's, the City of Gillette relied primarily on hard water wells completed in the 
Wasatch Formation. At one point in time, the City had about 20 wells completed in the 
Wasatch Formation and approximately 10 soft water wells completed in the underlying Fort 
Union Formation. The water from the Wasatch Formation was treated in an electrodialysis 
plant to remove some of the hardness. By the late 1970's, the City had developed more 
water in the Fort Union Formation and was in the process of abandoning the use of the 
Wasatch Formation. As development of the Fort Union Formation occurred both by the 
City of Gillette and the surrounding subdivisions, the water levels in the formation dropped 
and by 1980 the shallow Fort Union Wells (S-1 through S-8) had essentially gone dry and 
were abandoned. 

In the late 1970's, the City had developed additional water in the Lance/Fox Hills 
Formation by re-entering and re-working abandoned oil wells. The Lance Fox Hills 
Formation was a relatively good producing aquifer with yields approaching and/or 
exceeding 500 gallons per minute (gpm), but the water was relatively high in total 
dissolved solids and exceed the U.S. Environmental Protection Agency (EPA) drinking 
water standard that was in place at the time for the concentration of fluoride. Therefore, 
the use of the Lance/Fox Hills Formation water was limited to blending with water from the 
Fort Union Formation. 

In response to the rapid growth during the mid- to late-1970's, trying to increase the water 
supply to keep up with the growing demand was a continuous crisis. Abandoned oil wells, 
which could be readily converted into water wells, were re-entered and re-worked to 
convert them into water wells. Existing water wells were re-perforated in an attempt to 
coax more water out the wells, and in some cases, the wells were ruined and had to be 
abandoned. 

The City realized that the increased water demand could not be met by the wells producing 
from the Fort Union and Lance/Fox Hills aquifers in and around the City. Therefore, based 
on a Madison Formation well drilled in 1978 by Pacific Power and Light Company 
northeast of Moorcroft Wyoming, the City drilled a second well to verify development 
potential of the Madison aquifer (See Figure 1 ). This lead to the development of the 
Gillette Madison Well Field in 1980 and a much needed increase in water supply .. 

The City's current water supply is comprised of 12 wells completed in the Fort Union 
Formation, 2 wells completed in the Lance/Fox Hills Formation, and 8 wells completed in 
the Madison Formation. The Fort Union and Lance Fox Hills wells are all located in the 
City of Gillette and in this report, collectively, they will be referred to as the "in town" wells. 
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Over the past few years, the City has experienced a number of problems with the Fort 
Union wells. Some of the wells have failed, most of the wells have declined in their ability 
to produce water, and many have had problems associated with pump failures. In 
response to these problems, and the added demand on the system from growth and a 
larger service area resulting from the Gillette Regional Master Plan, the City solicited help 
from the Wyoming Water Development Commission to evaluate their existing wells and 
develop a rehabilitation plan for its water supply. 

The purpose of this study was to evaluate each of the wells being used by the City and 
ascertain what rehabilitative efforts should be conducted to either increase the yield from 
the wells, or more efficiently withdraw water from the aquifers. Each available "in town" 
well was tested to determine the aquifer, well and pump performance. The Madison 
Formation wells were tested to determine the performance of the pumps. In many cases, 
the City did not have records of the construction of the well. An "as built" drawing was 
constructed for each of the wells except the Collins Heights and West Ridge No. 2 wells 
where either inadequate information was found or conflicts were found with the information 
that was obtained. A brief evaluation was made of the Madison Pipeline in response to 
a recent leak where the mortar lining was found to be spalled from the interior of the pipe. 
Finally, the overall operation and use of the different aquifers were reviewed. 

FORT UNION FORMATION WELLS 

The City is relying on 12 Fort Union Formation wells to provide its base for blending water 
with the Madison Formation wells (to reduce hardness) and with the Fox Hills wells (to 
keep the fluoride concentrations within acceptable limits). The combined capacity of the 
12 wells, if all were operational, is approximately 1,000 gallons per minute. This seldom 
occurs, historically, two or three of the Fort Union wells are down due to well or pump 
problems. During the summer of 1994, four of the 12 wells were down either due to well 
fai lure (S-11 and Fox Hills No. 1) or for rehabilitation (S-12 and S-19). 

Each of the available Fort Union Formation wells were tested; the four wells mentioned 
above (S-11, Fox Hills No. 1, S-12 and S-19) were not available for testing. The initial 
static water level in most of these wells was approximately 400 feet below ground level 
(bgl). The static water level measured in most of the wells during the course of this study 
were approaching and in many cases exceeded 700 feet bgl. This indicates that a 
significant amount of drawdown has occurred in the vicinity of City's wells. 

The City did not have record drawings on a number of the Fort Union Formation wells. 
During the course of this study, the records were researched and "as built" drawings were 
developed for each of the wells. From the testing, the pump performance was compared 
to pump performance curves published by the manufacturer. In most cases, the pumps 
were found to be operating within the recommended operating range. However, there 
were a few pumps which were operating completely outside of the range and in the low 
efficiency portion of the curve. From the data collected, the wire-to-water efficiency was 
calculated for each of the pumps. The wire-to-water efficiency for the purposes of this 
report was defined as the amount of horsepower delivered by the pump divided by the 
input horsepower as measured at the control panel. The output horsepower was 
calculated from the pumping rate and the total lift. The total lift is composed of the 
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pumping level, the headloss in the pipe as the water is pumped, and the back pressure on 
the pumping system at the surface. The input horsepower was calculated from the 
amperage and voltage feeding the motor at the control panel. The wire-to-water efficiency 
varied in the Fort Union wells from 25 percent to 53 percent. The pumps which had been 
installed over the past few years exhibited the highest wire-to-water efficiency. Table 1 
is a listing of the calculated wire-to-water efficiency of all of the wells tested at the City of 
Gillette. 

Results of this study indicate that one well needs to be rehabilitated and several of the Fort 
Union wells need to be replaced. The Collins Heights No. 2 Well, at 45 gpm, does not 
even have enough capacity to meet the demands of the of the Collins Heights subdivision 
much less contribute water for blending with the other sources. The S-11 and Fox Hills 
No.1 wells have failed and need to be replaced. The S-9, S-10, Fox Hills No. 2 wel Is are 
converted oil wells which have been fairly reliable, but increased yield could be realized 
by replacing them with more efficient screened wells. 

LANCE/FOX HILLS FORMATION WELLS 

The City of Gillette has two Fox Hills Formation wells (Fox Hills No.3 and No.4). The Fox 
Hills No. 1 and No.2 wells were originally drilled into the Lance/Fox Hills Formation, but 
were plugged back and are currently only producing from the Fort Union Formation. The 
water from the Lance/Fox Hills Formations has high concentrations of fluoride which 
exceeds both the U.S. Environmental Protection Agency primary and standards. 
Therefore, this water must be blended with water from other sources to be used in the 
system. While the Lance/Fox Hills Formation is a fairly prolific aquifer with yields of 700 
and 500 gpm from the Fox Hills No. 3 and No. 4 wells, respectively, its use is limited 
because of its quality. 

The wire-to-water efficiency of the pumps in the Lance/Fox Hills wells was only 44 percent 
for the Fox Hills No. 3 well and 41 percent for the Fox Hills No. 4 well. Because of the 
temperature of the water from the wells (greater than 105 °F), and the high horsepower 
required to pump the water from these wells, oil field submersible pumps have to be used 
in these wells. There are no recommended improvements to these wells except for 
enlarging the degas pipelines from the wells to alleviate the high back pressure on the 
pumps. 

MADISON FORMATION WELLS 

The Madison aquifer at the Gillette Madison Well Field is a reliable and major source of 
water for the City of Gillette. However, because of the 40-mile pipeline, and two pumping 
stations required to convey the water to Gillette, the source is somewhat vulnerable. 
Pipeline breaks, power outages, and electrical failures from lightning storms can all cause 
an interruption to this source of supply. 

The Madison Formation wells were only tested, during this study, for the performance of 
the pumps and motors. The aquifer has remained fairly stable since the wells were first 
drilled. Therefore, pump testing to determine changes in the near well aquifer 
characteristics was unnecessary. All of the wells with the exception of the M-5 well are 
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TABLE 1 

WIRE-TO-WATER EFFICIENCY 
PUMPING PUMPING DROP Pt-PE SACK I TOTAL WllRETO GALLONS GALLONS INPUT POWER COST/ 

LEVEL RATE HEAOLOSS aace>e>11ae LIFT OUTPUT AMPERAGE VOLTAGE INPUT WATER PER PER HP PER 1000Gal@ 
WELL (FEET) IGPMI (FEETI . "(j;5jj"-I IFEETI HORSEPOWER HORSEPOWER EFFICIENCY NAMEPLATE HP INPUT HP GPM $.04/kwhr" 

S-9 7371 70 12.72 126 1040.88 16.39 32 466.7 34.63 53% 2.60 2.02 0.495 $ 0.3t 
S-10 737.5 50 1.62 90 947.22 11.96 26.2 473.7 28.78 42% 2.00 1.74 0.576 i$ 0.36 
S-17 891.52 105 10 55 1026.57 27.26 53.33 478 59.12 46% 2.63 1.78 0.563 '$ 0.35 
S-18 814.5 130 11.5 73 994.63 32.64 57.7 486.3 65.07 50% 2.60 I 2.00 0.501 $ 0.32 
S-19 
S-20 931 80 5.29 47 1044.66 21,10 79 459 84.09 25% 1.07 0.95 1.051 $ 0.59 

F.H.2 842 85 20.16 63 1007.69 21.62 61.7 416 59.52 36% 1.12 1.43 0.700 $ 0.42 
F.H.3 1232 705 146 80 1562.8 278.11 571.7 480 636.38 44% 1.81 1.11 0.903 $ 0.52 
F.H. 4 922.5 545 8925 126 1302.81 179.23 392 478 434.53 41% 2.18 1.25 0.797 $ 0.47 
C.H. 2 652 45 36.45 16 725,41 8.24 20.8 489 23.59 35% 3.00 1.91 0.524 s 0.33 
W.R.2 915 69 34.44 48 1060.32 18.47 34 480 37.85 49% 2.30 1.82 0.549 $ 0.34 

M-1 
M-2 508 765 26.4 5.7 1547.567 105.74 386 461 412.66 26% 3.00 1.85 0.539 $ 0.46 
M-3 462.6 900 26.1 5 500.25 113.65 275 475 302.92 38% 4.50 I 2.97 0.337 $ 0.36 
M-4 532.2 850 31.8 5 I 575.55 123.49 402 464 432.56 29% 3.33 1.97 0.509 s 0.44 
M-5 806 680 25 5 I 842.55 144.62 260 458 276.15 52% 3.33 2.46 0.406 $ 0.39 
M-6 643 605 25.1 5 I 679.65 103.79 286 458.2 303.90 34% 2.16 1.99 0.502 s 0.44 
M-7 820 555 22.1 5 853.65 119.59 310 409.5 294.39 41% 2.02 1.89 0.530 s 0.45 
M-8 626.5 535 23.2 5 86325 116.58 330 422 322.95 36% 2.10 1.66 0.604 s 0.49 

SUMGPM 4890 MADISON SUM H.P. 2345.54 

•includes $0.07/1000 gallons for Pump Station No.1 and the Madison Pump Station and $0.12/1000 gallons for Donkey Creek Booster Station for Madison Wells. 

, • VVt:LL-COS I:; VVI I H PUMP MODlt-11.;A I IUN::i 
PUMPING PUMPING DROP PIPE BACK TOTAL 

VOLTAGE! 
WllRETO GALLONS GALLONS INPUT POWER COST/ 

LEVEL RATE HEADLOSS PRES SUP~ LIFT OUTPUT AMPERAGE INPUT WATER PER PER HP PER 1000Gal@ 
WELL (FEET) (GPMl (FEETl (PSI) (FEET) HORSEPOWER HORSEPOWER EFFICIENCY NAMEPLATE HP INPUT HP GPM $.04/kwhr" 

M-1 
M-2 530 1000 26.4 5.7 569.567 143.77 386 461 261.40 55% 5.00 3.83 0.261 s 0.32 
M-3 480 1000 26.1 5 517.65 130.67 275 475 237.58 55% 500 4.21 0.238 $ 0.31 
M-4 550 1000 31.8 5 593.35 149.78 402 464 272.32 55% 5.00 3.67 0.272 $ 0.33 
M-5 806 680 25 5 842.55 144.62 260 458 278.12 52% 3.40 2.44 0.409 s 0.39 
M-6 643 605 25.1 5 679.65 103.79 286 458.2 199.60 52% 3,03 3.03 0.330 $ 0.35 

I 

M-7 820 555 22.1 5 853.65 119.59 310 409.5 229.99 52% 2.78 2.41 0.414 $ 0.40 
M..a 828.5 535 23.2 5 ; 863.25 116.58 330 422 224.19 52% 2.68 2.39 0.419 $ 0.40 

SUMGPM 5375 I SUM H.P. 1703.20 



equipped with oil field submersible pumps. The wire-to-water efficiency varied from 26 to 
41 percent on the oil field submersible pumps, whereas, the wire-to-water efficiency on the 
water well industry pump installed in M-5 was 52 percent. The reason for the lower 
efficiency is a combination of the efficiency of the pump and motor, energy losses 
associated with increasing the voltage prior to going down hole, and added mechanical 
equipment down hole. At the bottom of Table 1, the estimated pump efficiencies if the 
existing oil field equipment were replaced with water well industry pumps. Replacement 
of the oil field submersible pumps with water industry pumps should reduce the power 
costs and increase the volume of water produced. Because of the significantly lower costs 
associated with the water well industry equipment, maintenance costs will also be reduced. 
It is recommended that, as the existing oil field equipment wears out, it be replaced with 
water well industry equipment. 

There are no rehabilitation efforts recommended for the Madison Formation wells. 
However, to keep up with the increasing demand associated with the increasing population 
and the increasing service area as regionalization takes place in the Gillette area, two 
additional wells should be drilled in the Madison Well Field. These wells are permitted 
through the State Engineer's Office, and were part of the recommendations contained in 
the Gillette Area Water Master Plan prepared by HKM Associates. 

MADISON PIPELINE 

The problems experienced with the Madison pipeline since it was constructed were 
reviewed. Many of the problems appeared to be construction related when the pipeline 
was built. A recent failure of the pipeline showed that the mortar lining had spalled and 
created concern that there may be more serious problems. It was not within the scope of 
this project to investigate these problems and develop a solution. It is recommended that 
a thorough review of the cathodic protection on the pipeline be conducted to ascertain 
what can be done to avoid serious problems in the future. 

SYSTEM OPERATIONS 

While the usage of the different aquifers may have been questionable in the past, the City 
is headed in the right direction with respect to management of the aquifers given the 
current configuration of the infrastructure. There are too many wells producing from the 
Fort Union in close proximity to each other (S-9, S-10, Fox Hills No. 1 and Fox Hills No. 
2). However, these were existing oil wells which were re-entered and could be tied into 
the system in a minimum amount of time. Therefore, there was no control with respect to 
their placement. Regardless of whether the City chooses to mix the water from the 
Madison with water from the "in town" wells on 50-50 or 70-30 basis, the City needs 
sufficient "in town" water to meet the basic demands of its population in the event the 
supply from the Madison Well Field is interrupted. Consideration should be given to an 
alternative location for a new Fort Union Well Field where the interference between wells 
can be minimized. 

Because of the water quality of the Lance/Fox Hills Formation additional development of 
this source of water is limited. These wells are, however, critical to the water supply for 
the City of Gillette. If one or both of these wells are out of service, the base line winter 
time demand of the City cannot be met. 
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The Madison aquifer could be used more during the off peak months than it has been in 
the past in order to relieve some of the pressure on the Fort Union Formation. This will 
require changing the blend of water during the winter. The resultant water be will similar 
to the water blend in the summer. 

CONCLUSIONS 

As an outgrowth of the Gillette Area Water Master Plan prepared for the Wyoming Water 
Development Commission, the City is starting to provide water to more and more 
neighboring subdivisions which have historically been served by their own water supplies. 
The increased demand on the City's water supply is, therefore, not unexpected. However, 
with the three sources of groundwater currently developed by the City of Gillette, the City 
has just enough water to meet its present day peak demand. During the summer of 1994, 
several back to back days of 10 mgd demand were realized by the City. The decline in 
water level does not preclude future development of the Fort Union Formation in the 
Gillette area. It does, however, increase the depths of future wells and also increases 
production costs. Therefore, all new wells should fully penetrate the Fort Union Formation. 

The summer of 1994 was drier than usual, but to meet this peak demand, production from 
every available wells was required to produce the 1 O mgd. The wells out of production 
during the summer were S-11, S-12, S-19, and Fox Hills No. 1. Had these wells been in 
production, approximately another 400 gpm or 0.57 mgd would have been available to the 
City. 

Because of the quality of water from the Lance/Fox Hills Formation, the Fort Union 
Formation is the preferred source of water for the "in town" wells. Due to this heavy 
pumping pressure on the Fort Union Formation, and the way development of the aquifer 
evolved by the City and the outlying subdivisions, the static water level in the Fort Union 
Formation has dropped approximately 350 to 400 feet in the City. Through replacement 
and rehabilitation of existing wells, an additional 1 to 1 1/2 mgd can be withdrawn from the 
Fort Union Formation. Based on our testing and evaluation, only the S-20 well has been 
identified for rehabilitation. This well appears to be plugged off and has a bacteria 
problem. Wells identified for replacement are the S-9, S-10, S-11, Fox Hills No. 1, Fox 
Hills No. 2, Collins Heights No. 2 and Westridge No.2. Both the Fox Hills No. 1 and the 
S-11 wells have failed, therefore, contribute no water to Gillette's water supply. These two 
wells need to be replaced. The S-9, S-10, Fox Hills No. 2, Collins Heights No. 2, and the 
West Ridge No. 2 Wells could all realize improved productions by replacing these wells 
with wells that are properly designed and fully penetrate the Fort Union Formation. Out 
of these wells, only the Fox Hills No. 2 Well is known to fully penetrate the Fort Union 
Formation. The transmissivity in the vicinity of the S-9 and S-10 wells is very high, but 
these wells only penetrate the upper Fort Union Formation, and due to their close proximity 
with each other, undoubtedly interfere with each other. Because of the problems 
associated with the attendant chlorination and pumping facilities at the Collins Heights No. 
2 Well, something should be done with this well as soon as possible. If additional water 
is desired by the City from the Fort Union Formation, development should take place some 
distance away from the current Fort Union development to avoid continued drawdown of 
the aquifer. 
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The Lance/Fox Hills Formations offer significant supplies of additional water to the City's 
system, but due to the high fluoride content of the water, it must be blended with other 
water prior to distribution. Although it is relatively high in total dissolved solids, the 
softness of the Lance/Fox Hills Formation water buffers the hardness of the water being 
pumped from the Madison Formation. Unfortunately, if the supply of Madison Formation 
water is interrupted, it takes significant amounts of Fort Union Formation water for blending 
with the water from the Lance/Fox Hills Formation because the coiiceiitiatloii of fluoride 
in water from the Fort Union Formation is barely under the EPA secondary limits of 2 mg/I. 

The combined capacity of the Fort Union and Lance/Fox Hills Formation should exceed 
the base winter-time demand of the City. Historically, the City seldom has production 
available from all of its "in town" wells at one time; a number of wells are typically down 
due to well, pump, control, or electrical problems. In view of this, it is concluded that the 
capacity of the combined Fort Union and Lance/Fox Hills Formation should exceed the 
base winter-time demand by 20 to 30 percent. If the increase is to be met through 
additional development of the Fort Union aquifer, new wells beyond the replacement wells 
will be required. By meeting the base winter-time demand, this will allow for easier 
maintenance and repair of the Madison Pipeline during the winter months. It will also 
assure that, in the event of failure of part of the Madison system such as a pipeline rupture, 
or major electrical failure at the Madison Well Field or Donkey Creek Pump Station, the 
basic water needs of the City can be met. 

As the City grows and additionally starts supplying more water to nearby subdivisions, 
more water will be required. Because one Madison well can produce the equivalent of four 
or five Fort Union Formation wells, the quickest and least expensive means of adding 
significant quantities of water to the City's over all water supply is to drill additional wells 
in the Madison Well Field. There have been no signs of significant drawdown in the 
aquifer, and the cost of producing the water from the Madison Well Field is approximately 
the same as producing water from the "in town" wells. 

If the City desires to maintain a 50-50 blend of hard water from the Madison Formation and 
soft water from the "in town" wells, a significant amount of additional water from the Fort 
Union and Lance/Fox Hills Formation will be required. Although it is relatively easier to 
develop large quantities of water from the Lance/Fox Hills Formation than Fort Union 
Formation, the associated pumping costs are significantly higher and the water quality 
from the Lance/Fox Hills Formation is much lower (high in total dissolved solids and 
fluoride). To develop significant amounts of water from the Fort Union Formation will 
require at least a limited exploration program north or south of Gillette to locate a site for 
a new well field in the Fort Union Formation. Exploring east or west of Gillette is 
unfavorable because the Fort Union Formation generally dips from the east to the west in 
the Gillette area. Therefore, the aquifer will be substantially deeper and the water quality 
will likely be poorer to the west. To the east, the aquifer becomes shallower, and outcrops 
not too far from Gillette. 

If the City decides to change the target blend of the three water sources and increase the 
amount of water being used from the Madison Formation, it may be faced with the issue 
of treating the water for hardness in the future. However, the encrusting or scaling nature 
of the water from the Madison Formation is favorable with respect to meeting the lead and 
copper rules currently mandated by the EPA 
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Because of the recently experienced growth by the City (reportedly 4 percent over the past 
year), the anticipated growth of the City in the next few years, and the increasing service 
area discussed earlier, it was felt that the City will need as much increase in its water 
supply in the next few years as possible. In addition, due to the historical record of some 
of the wells being out of service at any given time due to pump, well, piping, mechanical, 
electrical, or telemetry problems, the City should have excess capacity to compensate for 
non-functionfng wells. The City is currently experiencing a winter-time base demand of 3.0 
to 3.5 mgd. To allow for shutting down the Madison Well Field and Pipeline for 
maintenance and repairs, or in the event of failure of part of the Madison system where no 
water could be supplied from the Madison, the combined capacity of the "in town" wells 
needs to be sufficient to meet this base demand of the service area. 

RECOMMENDATIONS 

The recommendations contained herein are consistent with those recommended by HKM 
Associates in their Phase II, Final Report, Gillette Area Water Master Plan prepared for 
the Wyoming Water Development Commission. In some areas, additional items have 
been added, such as a degas line to a new Collins Heights No. 2 Well, and in other areas, 
the costs estimates for particular items have been refined. 

In developing recommendations for improvements, it was originally requested that the 
improvements be implemented over a five-year period. However, as the study progressed, 
it was requested that the improvements be implemented over a three-year period. 

Figure 6, from the report, shows the location of existing Fort Union and Lance/Fox Hills 
wells along with the location of proposed replacement wells. Also shown on Figure 6 are 
other wells in the Gillette area. Some of these wells are active, and many have been 
abandoned. The State Engineer's Office has not finalized its recommendation for well 
spacing in the Fort Union Formation. The Fox Hills No. 1, Coll ins Heights No.2, S-10 and 
S-11 wells are the only wells which will not offset existing wells. Only the Fox Hills No. 1 
well will be situated more than 1/2 mile from the existing well site, and it is situated as far 
from existing wells as possible to avoid interference. The other three wells should alleviate 
problems associated with interference from existing Fort Union Formation wells. 

The water rights become somewhat interesting to address because transferring of water 
rights from one point to another at this time may create an issue with other water right 
holders in the area. However, in time, as the Water Master Plan is implemented, the water 
rights become less of an issue because many of the existing water rights will be turned 
over to the City as they service more and more of the neighboring subdivisions. 

The following is a well by well recommendation for improvements: 

S-9 

This well has historically been a good producer for the City, the water quality is good, but 
it is only completed in the upper part of the Fort Union Formation. It is estimated that an 
additional 80 gpm can be developed from a fully penetrating well offsetting the existing 
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