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INTRODUCTION

This Fioal Techmcal Report will provide the Wyoming Water Development Commission (WWDC) and
the Town of Burlington, Wyoming with the results of alternatives studied. It provides information
previously provided dated August, 1996 plus additional Phase 11 considerations resulting from public
meetings.
Phase I was a study of existing conditions of the Burlington municipal water system primarily related to
wellhead protection and system improvements.

Phw II consisted of conceptual design, cost estimates, economics and environmental studies related to
a i t e d v c s selected by WWDC and the Town of Burlington.

SCOPE OF SERVICES
A contract for engineering services was entered into on June 5, 1996 between MSE-HKM, Inc. and the

Wyoming Water Development Commission W D C ) to provide technical or professional services to
complete a water supply study for the Town of Burlington and to provide feasibility level designs and cost
"imMes for well improvements, appurtenant piping, and controls. This Level II Study is a two phase
study of water source and storage and transmission systems summarized by the following outline:

-

PHASE I ANALYSIS OF ALTERNATIVES
Task 1.
Scoping Meeting
Determination of Water Supplies, Water Supply Needs, Population
Task 2.
Senrice Area, Service Area Delineation and Future Water Demand
Task 3.
Analysis of Existing Infrastructure, Evaluation of Existing Supply
Storage, Treatment and Distribution facilities
Task 4.
Determination of Water Supply Options
Task 5.
RcPoM

-

PHASE I1 CONGEPTUAL DESIGN
Task 1.
Task 2.
Task 3.

Task 4.

Conceptual Design and Cost Estimates
Economic Analysis
Environmental Studies/Construction Pennits
Rcport and Exmuive Summary

The study team for the Burlington Water Supply, Level I1 Project consists of the Prime Consultant, MSEBICM, Inc and Subconsultants Weston Engineering. Laramie, Wyoming and Steedlq and Associates of
Burlington, Wyoming.

PROJECT LOCATION
The Town of Burlington is located in the Big Horn Basin three miles north of the Greybull River on State
Highway 30 midway between Greybull and Cody, Wyoming on U.S.Highway 14/16/20. Burlington is
in Big Horn County with its county seat at Basin, Wyoming.

The town is within the lower reaches of lands irrigated by the Greybull Valley Irrigation District on
terraces of the Emblem Bench geographic area. Shallow alluvial groundwater is currently being utilized
for municipal water supply for this rural town of about 200 residents. The town is experiencing growth
which appears to be primarily related to the wave of people moving to small towns that offer the quality
of life that is apparent at Burlington, Wyoming.

F EXISTING S Y S W

On June 11, 1996 a scoping Meeting was held in Burlington, Wyoming at which time town records and
information was obtained. Iaformation available from the WWDC, Environmental Protection Agency
(EPA), Wyoming State Engineer's Office (WSEO) and the Wyomi~gDepartment of E n v i r o d
Quality (WDEQ) had been compiled prior to the June 11. 1996 meeting.
The Town of Burlington installed a new water supply and distribution system in 1986 and 1987. Prior
to this date private wells and sewage septic systems were owned by each homeowner. When it became
apparent that the septic systems were contaminating the shallow individual alluvial web, the Town
anbarked on building a municipal systems. The Farmers Home Administration (FmHA) provided
cooperative Wing for two new wells (Burlington No. 1 and 2), piping distniution system, storage
reservoir and all appurtenances and controls and a sewage collection and wastewater lagoon located to
the east (down-gradient) from the Town. The two wells were located in alluvium which was influenced
heavily by d a c e water irrigation canals and the wells went dry when irrigation water was discontinued
in the winter of 1988. Two new wells (Burlington No. 3 and 4) were completed in 1988 southwest of
Burlington in what appears to be a very competent alluvial water supply.
Records and information evaluated during this study indudes the following information along with water
quality data identified in the Historic Database in the Summary of Water Supply Quality section of this
report.

-

1994 Estimates of Population for Wyoming Counties and Incorporated Places U.S. Bureau of
the Census.
Decennial Population of Wyoming Counties since 1900-U.S. Bureau of the Census.
Annual Population Estimates and Forecasts for Wyoming Counties-U.S. Bureau of the Census.
Water Well and Transmission Line Construction Plans for Burlington, Wyoming (7 sheets),
August 1988, Forsgren Associates, P. A.
Domestic Water Well and Transmission Line Contract Documents and Specifications, August
1988, Forsgren Associates, P.A.
Geohydrologic Investigation of A New Well for the Town of Burlington, Wyoming, August
1988, John McLellen, Forsgren Associates, P.A.
Domestic Test Well and Production Well Project for the Town of Burlington, July 1988,
Forsgren Associates, P. A.
Culinary Water Well and Transmission Line Preliminary Engineering Report, Burlington,
Wyoming, June 1988. Forsgren Associates, P.A.
Operation and Maintenance Manual for the Town of Burlington, Wyoming, 1988, MorrisonMaierle, Inc.
Construction Plans for Water System Improvements for Burlington, Wyoming-Construction
Drawings, (28 sheets), July 1988, Project N. 203460341, Morrison-Maierle, Inc.
Water System Improvements for Town of Burlington, Wyoming-Project Manual, July 1987,
Morrison-Maierle, Inc.

Design Report for Town of Burlington, Wyoming Municipal Water Systm, July 10, 1987,
Morrison-Maierle, Inc.
Report On Well Construction And Testing of Burlington Wells 1 and 2, November 1986,
Morrison-Maierle, Inc.
Application For A Mineral Royalties Grant For Construction of A Central Water System For
Town of Burlington, Wyoming, April 1985, P.O.Box 38, Burlington, Wyoming.
Water and Sewer Feasibility Study for Town of Burlington, Wyoming, April 1985, MorrisonMaierle, Inc.

SfBtT.

The Town of Burlington, Wyoming has a full-time Public Works Director and a part-time City
Clerk. The fire department is voluntary. The Public Works Director is responsible for Mter and
wastewater systems operations and mabmmce, street improvements, p u b and rnimpl COW.
The
City Clerk works typically one-half day per week doing booklaping, utility records, acc4unting and
general record keeping. Other employees are hired on an "as-needed" basis and contractors arc anployed
to complete certain projects. The Public Works Director is a certified water system operator.

m m c n t . The Town of Burlington is equipped to operate the existing water system. They own a
backhoe, dump truck and motorgrader and have tools needed for operating the water system. The Town
owns a tapping device for completing water service taps.

m.The Town of Burlington has adopted a budget per Ordinance %-2 for the period bcghmiq May

1, 1996 ond ending April 30, 1997. The budget estimates revenues at 5108,475 with a balanced expense
budget. The estimated water revenue is $24,000 from meter sales. The water expcnca arc $4200 for
salaries, $4,000 for capital projects, $8,537 for debt repayment and $11,263 for water expense bringing
the total to $24,000. Capital projects paid by the 196 sales tax including the water system, total $14,000.
This is in addition to the above budget.

m

G WATF,R SYSTEM

The existing municipal water system for the Town of Burlington, Wyoming consists of hvo alluvial wells,
a sodium hypochlorination disinfection system at the well house, 7012-fe* of &inch water main to the
town, 1,140-fm of 2- and 3-inch mains, 14,660-fen of &inch distribution system throughout the town,
2,700-feet of &inch distribution mains around the Burlington School property and 5,190-feet of &inch
main north from town to a 150,000gallon storage tank on the Emblem Bench. Fire hydrants arc installed
throughout the town and a telemetry system was installed to regulate on/off pumping cycles based on
storage reservoir levels. The telemetry system is currently out of service. This existing system is shown
on Figure 1.
Nluvial Wells. Two alluvial wells with submersible pumps provide water on demand generally on an
alternating basis. The wells are closely spaced and although the aquifer yields sufficient quantity to allow
the wells to pump simultaneously, operating them together is not efficient due to the capacity of the 4inch water main from the wells to town. A more detailed analysis of the wells is presented in the
"Evaluation of Existing Wells" found in a later section of this report.
Well House and Disinfection. The well house contains a piping manifold from the two wells located
outside of the well house. The manifold combines water fiom each well into one mainline. Corrosion
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is occurring on the exterior of the steel pipe manifold. General clean-up and painting is needed in the
well house.
A sodium hypochlorinate disinfection system is housed in the well house. This system includes a tank
which contains liquid hypochlorinate solution and an injector pump which is matched to the pump
discharge. The chlorine injector pump requires manual adjustment and is based on chlorine residual
measured with a HACH field kit at the Town Hall. At times during this study the chlorine odor in the
well house was objectionable. An exhaust fan is manually operated.
The well house contains a telemetry system that is supposed to turn pumps on or off based on a water
level altitude signal from the storage tank north of town. This system is not functioning. Additional
discussions can be found in the "Evaluation of Existing Wells" in a later section.
Water Mains. The existing water mains in the Burlington system are primarily A W A C900 PVC
mains. The distribution system in the Town service area is a well-looped system of Cinch mains except
for the block around the school which is &inch in size. There is one block of dinch ductile iron pipe

(DIP)installed near the store. DIP material was used due to contaminated soils from a previous
underground storage tank lealring in the vicinity. The ductile iron pipe was reportedly wrapped in 8-mil
polyethylene encasement for corrosive soils and oil resistant gaskets were used in joints. From the north
end of town, an 8-inch PVC main extends to the tank. From the south end of town, a 4-inch PVC main
extends to the wells. All of the existing mains are reportedly in good condition. This condition is aided
by the fact that these mains were installed recently (1988) and that the soil at Burlington is reportedly
more of a sandy soil which help reduce corrosion on underground metal pipe or fittings. The system
appears to have a generally acceptable layout of isolation valves and fire hydrants.

The existing mains should serve as a good core system for future extensions, as the distribution system
slowly grows inside the city limits and along the &inch main toward the tank. Future lines must be
properly sized and looped in order to provide the necessary domestic and fire flows.
Storage Tar&. The existing storage tank is located on the Emblem Bench approximately 1.25 miles north
of town. This is an above-ground bolted steel tank manufactured by Pabody Teetank and installed on
1988. The tank is 30-feet high with a capacity of 150,000 gallons. The outside of the tank appeared to
be in good condition. The inside of the tank was inspected on November 22, 1996. An ice layer
develops in the tank in the winter and although it does not cause serious problems, it does force the center
pole to one side. Problems with the overflow freezing have not occurred in the past.
One concern relating to the location and size of the tank is stagnant water during the summer and low
chlorine residuals. Due to its location on the far end of the system away from the wells, if the wells are
operating they first go to meet demand in the system. Water is only pumped to the tank when the
demand is less than the pump capacity. Water is not supplied from the tank except at times when the
wells are not operating or when peak demands exceed the well production. This can create lower than
desirable turnover in the tank which can lead to lower than desirable chlorine residuals. Chlorine samples
taken on July 19, 1996 showed a chlorine residual near the base of the tank of 0.18 mg/l, which was the
lowest point of five samples taken throughout the system.
The size of the tank appears to be adequate for a design fire flow of 750-gpm for 2 hours, 90,000 gallons
would need to be in gravity storage to meet this fire requirement. This would leave 60,000 gallons
additional storage for cycling through the day to meet peak hour demands, and for storage when the
pumps are not operating. This quantity exceeds one average day. As the system expands, and the town

wishes to increase the fire flow for the school and commercial areas, then the tank capacity will not be
sufficient.
On November 22, 19% the 150,000 gallon storage tank was drained and inspected by MSE-HKM, Inc.,
corrosion specialist William Spickelmire of Rustnot Corrosion Control Services, Inc., Boise, Idaho and
City employee Larry Stanger. The outside of the tank appeared to be in good condition as did the roof.
A small leak was noted (before draining) on the northwest edge of the tank. On the inside it was
determined that a %-inch diameter corrosion hole in the bottom and 4-inches in from the wall was
providing the leakage. A fiberglass patch was placed in the hole to stop the leak.

The interior tank walls and ceiling were observed and the epoxy coating appeared to be in good condition
with only minor rust stains visible. The wall and ceiling panel bolt heads were coated and rust was w t
visible. Wall bolt heads are in slotted channels.
The floor was constructed from pie-shaped steel panels with the nut end of the bolt on the inside. The
bottom of the tank supposedly rests on a bed of sand saturated with diesel fuel. The tank is supported
by a concrete ring foundation under the walls. The bottom panel nuts and bolts are rusting and rust spots
were observed on the bottom panels where coating damage exists. Recoating of the tank bottom and spot
coating on sides is recommended when weather conditions are favorable.
The center support column is not attached at the bottom to allow it to move up and down slightly as the
tank shape changes with loading and temperature. Corrosion is occurring on the column. The area of
the floor which supports the column base needs to be cleaned off, inspected and recoated. The movement
of the column does not appear to be damaging the floor.
Based on the Novcrnber 22, 1996 inspection it is recommended that the tank interior should be spot
coated with a potable water tank epoxy with a complete coating of the bottom. It is recommended that
a magnesium anode be installed to provide additional corrosion protection.
mows and Pressurq. With a tank overflow elevation of 4564.5-feet, the static pressure in the distribution
system varies from 52 to 66 psi. This is a very good static pressure. Since the area within the town
limits and the potential service area north and possibly south of town is relatively flat, the system will
be able to serve the current and future service from this one pressure zone.
Results of an hydraulic analysis of the existing system are shown on Figure 1. This shows that due to
the relatively small size of this system and the looping, peak hour domestic requirements are met with
little drop in pressure. Pressure drops only becomes a concern during a fire flow situation. A fire flow
of approximately 850 gpm is available at the school while keeping residual pressures above 20 psi. The
only location with restrictions due to existing pipe size is the area along the Cinch line south of town.
This 4-inch line goes to the wells and is currently adequate for providing water supply from the wells to
the distribution system. If the area south of town is ever to be served with fire flows, this line will need
to be upgraded. Also, if increased production is desired from Well No. 3 and 4 or if additional wells
are placed south of town to provide service for the growing community, the Cinch line will be too small.
A 6 or 8-inch line would then be needed to meet these additional flow requirements.
The current design fire flow is 750 gpm. This flow is low for the school and commercial areas. If the
goal is to increase the fire flow for these areas to the recommended 1,500 gpm, then the main from the
gravity storage tank to the service area will also need to be increased. The design fire flows for the
school and commercial areas must be finalized prior to completion of planning for system expansion.

As future mains are sized and located to serve growth areas, hydraulic analyses need to be performed to
verify that design flows and pressures will be met. The design flow is the peak hour flow plus fire flow.
The minimum pressure requirements are 35 psi at all locations in the service area under a peak hour

demand condition and 20 psi at all points in the distribution system under a peak hour plus fire flow
condition.
RRENT WATER USER UTILITY RATES
Table 1 show the current water rates for Burlington. All accounts are metered. Meter pits are generally
used with remote readouts. There are no hook-up few on this water system. A 1% sales tax and $4,000
from the cumnt budget are used for capital projects. The estimated revenue these rates will bring in this
fiscal year is $24,000, which matches the budget for system expenses.
TABLE 1
BURLINGTON WATER SUPPLY PROJECT-LEVELII
TOWN OF BURLINGTON WATER RATES
1996

WATER QUALITY
The water quality from the existing alluvial wells complies with current Safe Drinking Water Act
requirements. Water quality data is presented and discussed further in the section titled Summary of
Water Supply Quality. A more detailed water quality analysis discussion will be presented in the Final
Report when the laboratory results from the June 1996 sampling of the wells is available.

PULATION AND SERVICE AREA
POPULATION

The 1995 estimated population for Burlington was 209 according to the Wyoming Department of
Administration and Information (WYDAI). According to the estimated populations by the U.S.Bureau
of the Census and as provided by the WYDAI, the Town of Burlington grew 22.3% between 1990 and
1994 while Big Horn County grew 3%. The estimated rate of growth for the Town of Burlington for
the next 10 years according to WYDAI is approximately 0.6%. WYDAI only uses county growth when
projecting growth for individual towns. Based on the estimated growth of Burlington for the 1990 to
1994 time period, this rate appears low. There also appears to be growth occurring in Burlington as

evidenced by several new houses under construction. It is our recommendation that the estimated
population growth rate for Burlington be increased to 1.5 % . This rate results in a 19% population of
212 and a 20-year design population of 285. These populations are contained in Table 2.
Based on the number of current hook-ups, this population results in an average of 2.4 people per
residential connection.
SERVICE AREA
The city limits of Burlington extends one-half mile in four directions from the intersection of Lane 38
(Popular Avenue) and Main Street (Hwy. 30). The area is a square one-mile by one-mile or 640 acres
as shown on Figure 1.
The recommended service area includes the W a c r e s within the city limits plus an area north to the base
of Emblem Bench containing an area of about 166 acres as shown on Figure 1.
The service area should not extend south of the city limit at this time due to the small size of the Cinch
main from the wells to town. This area could be considered for service in the future if a larger water
main is installed or if a dedicated water line from the wells to the storage tank is constructed.
This proposed service area could contain 600 people or more and remain at lower density than the current
Town of Burlington.
CURRENT GMD l?UWRE WATER D E W

WATER USAGE
Limited information was available on past water usage. During 1995 the average usage was 39,000
gallons per day (gpd). The peak daily usage over the maximum month in the last two years was 108,000
gpd. During 1994 a significant leak existed for several weeks which skewed average water usage. Based
on past water usage, the design flows shown in Tabk 2 were developed.
The Town of Burlington is served by irrigation laterals and a system of buried imgation pipe throughout
town. The pressure on the piped system is 18 psi at the lower part of town. Residents typically utilize
this system with booster pumps to irrigate their yards. While this should reduce the supply requirements
of the municipal water system, records indicate usage still increase significantly during the summer
months. Therefore, a considerable amount of irrigation must still be occurring. Irrigation of the two city
parks is off the potable water system. Switching these parks to the separate irrigation system would
reduce the peak day requirements during the summer months.
DESIGN CRITERIA
Based on current population, current water usage, population growth estimates, and fire flow
requirements the design criteria for future water system improvements are as presented in Table 2.

TABLE 2
BURLINGTON WATER SUPPLY PROJECT-LEVEL I1
DESIGN CRITERIA

EVALUAT][ON OF EXISTING WELLS
JNTRODUCTION
Burlington Well Nos. 3 and 4 comprise the entire water supply source for the Town of Burlington.
Information regarding the history and present condition of Town of Burlington Well Nos. 3 and 4 is
presented below. This section summarizes the well history and associated historic well testing data, as
well and aquifer test data and miscellaneous chemical and microbiological testing results collected during
this study. The locations of the wells and other infrastructure discussed below are shown on Figure 2.
Well permits are appended to this report (Appendix "Aw).
Residents of the Town of Burlington historically obtained their water from individual wells completed
in the alluvium. Due to bacterial contamination problems, believed to be caused by the close spacing of
septic tanks and water wells and the high permeability of the alluvium, the Town initiated work on a
municipal water system in the summer of 1985. Town officials drilled six test holes to determine the
maximum thickness of the alluvial material in the vicinity of the town center. Two wells, Well Nos. 1
and 2, were drilled on the west edge of town in 1986 and the distribution system was completed in late
1987. A telemetry system was installed to automatically control pumping of the wells, based on the water
level in the 150,000 gallon storage tank located on Emblem Bench. In the spring of 1988, Well Nos.
1 and 2 became dewatered. Local dewatering of the aquifer may be related to the irrigation canals, which
serve as the main source of recharge and carry water only in the spring through fall.
When it was determined that Well Nos. 1 and 2 were not capable of meeting the demands of the town,
an exploration program was undertaken to locate a site for two new wells. The site chosen for the new
wells, approximately 1.5 miles southwest of the center of town, was selected due to its location on the
lower alluvial bench, providing a greater likelihood of year-round recharge from the Greybull River
which is located approximately two miles to the south. A test well and the two new production wells,
Burlington Well Nos. 3 and 4 were drilled in 1988. The drilling program found that the depth to bedrock
increased from approximately 34 feet at the western well to 34.5 feet at the center well and to 36 feet at
the eastern well. More information regarding the drilling and construction of Well Nos. 1, 2, 3, and 4
is provided in McLellan (1988), Forsgren (1988a), and Morrison-Maierle (1986), copies of which were
examined as part of this study and which are on file at the Burlington Town Hall .
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The two wells which are referred to as "Burlington Well Nos. 3 and 4" are permitted by the State
Engineer's Office as Well Nos. 3 and 2, respectively. The apparent confusion in the well numbering and
permitting may be due to the fact that the casing, screen, and pumping equipment were salvaged from
Well Nos. 1 and 2 for use in Well Nos. 3 and 4.
TON WELL NO. 3 (UW79233)
Well History. Information regarding Burlington Well No. 3 was derived primarily from the "Statement
of Completion" on fde at the State Engineer's Office and from McLellan (1988). The well was drilled
for the Town in August 1988 and completed with pumping equipment November 9, 1988. Figure 3 and
Table 3 provide the reported details of well construction. Twelve feet of 12-inch surface wing was
installed and cemented in place prior to drilling the lower part of the well. An air rotary rig equipped
with a 6 518-inch tri-cone bit was used to drill to the total well depth of 48 f-; the Willwood Formation
was encountered at 34.5 feet. Eight-inch casing with a drive shoe on the bottom end was driven into the
borehole along with the bit to prevent caving of the borehole. Ten feet of 7-inch well screen and ten feet
of tail pipe were inserted through the &inch casing, with the screen set from 25 to 35 fett and the bottom
joint of blank casing set at 35 to 45 feet. The upper length of casing was then pulled part way out of the
borehole, leaving the screen seated in a packer and fully exposed to the formation.

Although review of McLellan (1988) and the Statement of Completion leave some doubt as to whether
the surface casing was left in place, discussion with local resident Mr. Dick Steedley, who was present
at the time of construction, indicate that the surface casing was permanent and cemented in place,
providing a proper surface seal (D. Steedley,personal communication, 1996).

TABLE 3

SuMMARY OF AVAILABLE WELL INFORMATION
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using an air rotary rig with a 6 518-inch roller cone rock bit and
alternately drilling and then driving the 8ainch casing. Twelve feet of
12-inch steel surface casing was installed and sealed with concrete. In
addition, the Statement of Completion indicates that a cement seal
was ernplaced from the ground surface to the top of the screen;
however, if the casing was driven into the borehole behind the drill it
is unclear how cement or grout could have been emplaced in the
annular space.
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CONSTRUCTION DETAILS
PITLESS ADAPTOR
ITH
CONCRETE SEAL

BOREHOLE DIAMETER = 6 5/&
3-INCH DIAMETER STEEL PUMP
&INCH DIAMETER, ASTM A-53
STEEL CASING, GAGE 0.250
*.+*.+*.+-.+-.+*.**.+*.+*.+*.+*.+-.

K PACKER AND DRIVE SHOE
NATURALLY DEVELOPED
RLTER PACK
I-INCH DIA. V-SLOT WELL
SCREENS WITH 100 SLOT SIZE
7-INCH DIAMETER, ASTNl Am53
STEEL CASING, GAGE 0.250
7.5 HP SUBMERSIBLE PUMP AND
MOTOR, INTAKE AT 36.9 FEET
WELDED WELL CAP
TOTAL DEPTH s 48 FEET
NOT TO SCALE

BURLINGTON WATER SUPPLY PROJECT

WELL NO. 3 AS-BUILT DIAGRAM
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Well and Pumping Equipment Assessment. The well integrity assessment for this study was limited
to a review of well completion and servicing files. No physical assessments of well integrity, such as
well videotaping or cement bond logging, were completed. Because both wells were installed in the same
year and town personnel indicate the wells were designed to be operated in an alternating approach to
extend the life of the wells, the integrity assessment was limited to one of the wells. Assessment of Well
No. 3 served as a benchmark for the integrity of both wells. Discussions with the Town personnel
indicate the well(s) have not been serviced since installation in 1988. Historic well testing data used to
determine changes in well performance were limited to the original pump test data and the data collected
during the course of this study.

The pumping equipment installed in Well No. 3 in November 1988 was salvaged from either Well No.
1 or 2 and remains in use. It consists of a 7.5 hp Grundfos submersible pump (Grundfos Model No.
27-4) equipped with a 7.5 hp Franklin Electric submersible motor (Franklin Electric No. 2366016010).
An overhead REA Electric line installed to the well house powers the pumping equipment. As shown
on Figure 4, this pump is designed to perform most efficiently when the production rate is 125 to 150
gallons per minute (gprn) against approximately 140 to 160 feet of total dynamic head. The pump is
currently punoped against 160 to 170 feet of total dynamic head, but was observed to deliver only 79 gprn
against 160.5 feet of total dynamic head, rather than the 112 gprn predicted for a new pump against the

same pressure. The pumping equipment was originally selected for use in Well No. 1 or 2; the greater
total dynamic head at Well No. 3 is slightly above the range in which the pump would operate most
efficiently. When new pumping equipment is required, the Town may wish to consider selecting a
different pump model in order to potentially lower operating costs, which are typically minimized when
pumping equipment is operating in the peak of its efficiency range. The shut-off pressure of 85 psi
observed during the June 1996 site visit indicates the pump is currently performing at 94% of its initial
capacity, which is specified to be 90 psi by the manufacturer. The difference in operating efficiency may
be due to the gradual wear on the pump components with time. Based on this analysis, the pump in Well
No. 3 performs well for an 8-year old pump, and may remain operational for another three to five years.
Field inspection of the pump in Burlington Well No. 3 found that the bearings and check valve an in
good condition. Pump impellers typically remain in good condition as long as the bearings are not
damaged, and therefore were not inspected. The bottom of the pump intake was found at 36.5 feet below
the top of the casing.
The pump motor was also inspected. The motor windings, t h w t bearing, and top radial bearing were
all in good condition. The motor cooling tube was corroded away, with the center of the tube missing
entirely. However, this condition was not considered to be a problem because of the limited amount of
drawdown caused by the current pumping rate, coupled with the pumping rate of approximately 80 gpm.
The pump column found in the well consisted of 3-inch nominal diameter steel and was observed to
contain three holes in the joint of pipe immediately above the pump. In addition, the threads on the
second joint of pipe were badly corroded. Due to the damage, the pump column was replaced with new
3-inch nominal diameter steel pump column when the pumping equipment was reinstalled in the well; the
pump intake is now set at 36.9 feet. The 3-inch NBT pickup sub in the Monitor pitless adapter unit was
not replaced. The well was chlorinated with five pounds of chlorine tablets following reinstallation of
the pumping equipment.
h m Control
~
Settinas. Following completion of the pump inspection, the permanent pumping equipment
in Well No. 3 was set with the pump intake at 36.9 feet below the top of the wing. The upper BW low
level probe was set at 28.7 feet. The lower BW low level probe was set at 32.2 feet.

Pum~ingTests. The Statement of Completion and McLellan (1988) indicate that a pumping test was
performed following construction of the Burlington Well No. 3 in August 1988. The results of this test
are compared below to the results of the pumping tests completed during this study.
Pumping tests were conducted at Burlington Well No. 3 as part of this study in order to compare the
present day specific capacity of the well to that determined when the well was originally constructed and
to determine aquifer characteristics need for wellhead protection area delineation. A step test was
performed at the well to evaluate well efficiency and to determine pumping rate sustainable for the
duration of the test. Due to the project schedule, it was not possible to test the well in the late winter
or early spring when static water levels are typically lowest and no recharge is available from irrigation.
Data ftom the pumping tests are tabulated in Appendix "B".
Step-Drawdown Testing. Steptesting of Burlington Well No. 3 was performed on June 20, 1996. A
static water level of 7.92 feet from the top of the casing was measured at Well No. 3 before initiating
the test. Care was taken to discharge the water as far from the wellhead as possible in order to avoid
recharging the aquifer with the pumped water; discharge was channeled through a 300-foot long finch
diameter hose and released into the irrigation ditch which runs along the east side of the fenced area.
Water was flowing through this ditch and the adjacent ditch prior to and during the test.

The permanent pumping equipment was removed from the well and replaced with a Hitachi 7.5 hp,
&inch submersible pump with the intake set at 21 feet below the top of the casing. Water level changes
were monitored throughout the test with an electronic depth sounder and a 50 psi pressure transducer
connected to a data logger. The pressure transducer was set in the well 20 feet below the top of the
casing. Stepped-up pumping rates were controlled through the use of a gate valve. Discharge rates were
monitored using an Aquamastermdigital flow meter, which was calibrated immediately before the test.
Pumping rates were held constant for a minimum of 30 minutes for each step. Discharge rates were 45,
80, 170, and 280 gallons per minute (gpm). The rates of 45, 80, and 170 gpm were selected to replicate
the test performed in 1988.
Water levels in the test well located 17.1 feet west of Well No. 3 were also monitored throughout the
pumping tests using an electronic depth sounder and a 100 psi pressure transducer c o ~ e c t e dto a data
logger. The pressure transducer was placed in the well at a depth of 20 feet below the top of the casing.
The initial static water level measured in this well was 6.9 feet below the top of casing.
Figure 5 summarizes the results of the step test, emphasizing the similarity of specific capacities (gallons
per minute of production divided by feet of drawdown) for each flow rate. A log-log plot of drawdown
versus discharge for the stepped rates shows little deviation from linearity, even at the highest discharge
rate - an indication that water entry into the well is efficient and that the well itself presents only a minor
impediment to water entry at discharge rates below 280 gpm. An ideal, 100% efficient well will plot as
a straight line with a slope of one on log-log paper (see Kelly and others, 1980). Because drawdown is
not measurably exaggerated by inefficient entry of water into Burlington No. 3, the measured drawdown
appears to be an accurate reflection of drawdown within the aquifer.
Temperature, conductivity, and pH were monitored throughout each of the steps. Temperature remained
constant at approximately 53'F throughout the pumping period. After approximately 15 minutes of
pumping, the specific conductance stabilized at 650 to 730 micromhos/cm; the pH of the pumped water
remained in the range of 6.6 to 7.3 pH units.
Long-Term Pumping Test. Because the Town of Burlington does not have a redundant water supply and
stunmer water usage is often nearly equal to the rate at which water is pumped into the system, the time
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available for well and aquifer testing was limited. Due to these time constraints, the final step of the step
test was continued as a rough constant discharge test.
The long-term test discharge rate was limited by the characteristics of the pumping and discharge
equipment rather than by the well or aquifer parameters; a rate of 280 gpm was selected to be the
maximum sustainable rate. The discharge rate control and monitoring equipment, discharge piping, and
water level monitoring systems were identical to those used during the step test.
Drawdown was monitored at both the pumped well and the observation well located 17.1 feet to the west.
Because the spurious data collected at the pumped well due to turbulence from pumping obscured the
drawdown data, the observation well data were for determination of the transmissivity. Figure 6
illustrates the data collected at the observation well during the initial and the late-time portions of the
steptest/long-term test of Burlington Well No. 3. Due to the limitations inherent in the testing procedure,
modifications of data analysis techniques were necessary. Drawdown data from the observation well were
plotted using the semi-logarithmic method developed by Cooper and Jacob (1946). The total drawdown
after 550 minutes was 4.6 feet. As shown on Figure 6, a transmissivity of 106,000 gallons per day per
foot (gpdlft) was calculated from the trend in the late time data.
Recovery Data. Additional information regarding aquifer characteristicswere obtained from the recovery

data. After pumping ended, the water level in the aquifer recovered rapidly, with the depth to water
returning to within one foot of the pre-pumping level within six minutes. However, an additional four
and a half hours of recovery were necessary for the water level to recover the final 20 percent. The data
collected at Well No. 3 and at the observation well during the recovery period are plotted on Figures 7
and 8, respectively. The data are plotted with a horizontal axis of the ratio of time since the pumping
began (T) to the time since the pumping ended (T'). This ratio is dimensionless and equal to one after
a t e time; late time data appear on the left hand side of the plot. Analysis of both sets of data using
the method of Cooper and Jacob (1946) and using the time-weighted average pumping rate of 249 gpm,
indicates an apparent transmissivity of 77,000 gpd/ft; this value was calculated for both the pumped well
and the nearby observation well.

In addition, the method of Driscoll (1981) was used to determine a storage coefficient of 0.00065
(dimensionless) based on the recovery data from the observation well (see Figure 9). A storage
coefficient of this magnitude indicates semi-confined aquifer conditions in the vicinity of the well. This
indication of semi-confined conditions is not surprising, given the fact that the static water level in the
well does not correspond to the elevation of the water in the unlined irrigation ditches adjacent to the well
site.

Data Verification. Given the limitations associated with analysis of the step test data collected in order
to resume pumping into the Burlington water distribution system, the aquifer parameters determined from
the test data were verified using the methods of Theis (1935) and Cooper and Jacob (1946). Changes
in water levels versus time curves of the collected water level data shown on Figure 10 were generated
for each test followed by superposition of an ideal hydraulic response curve using the method of Theis
(1935) for estimation of aquifer parameters. As shown on Figure 10, the hydrologic response of the
shallow aquifer to pumping is close to that predicted for an ideal aquifer. Deviations of the actual
hydraulic response from the simulated response representing an ideal aquifer are probably a function of
controlling the discharge rate during the pump test, slight drift in the pressure transducers which were
rated for higher pressures than needed for the prevailing hydrogeologic conditions, or the inhomogeneity
of the shallow aquifer. The calculated transmissivity and storage coefficient summarized on Figure 10
using this type of analysis corresponds well to previously reported values. This analysis suggests that
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the transmissivity of 77,000gpd/ft calculated from the recovery data more accurately describes aquifer
conditions than the 106,000gpd/ft calculated from the drawdown data collected at the observation well.
CompPrisoo to Historical Data. Prior to this study, only one pump test had been conducted at
Burlington Well No. 3. This test was performed in August 1988 following construction of the well. The
static water level at that time was reported to be 9.08feet below ground level. A step test was conducted
by holding the discharge rate constant at rates of 45 and 80 gpm for a minimum of 30 minutes. The
constant discharge test was initiated with a pumping rate of 170 gpm; however, after 6.83 hours, the
pumping rate was reduced to 162 gpm due to the operating limitations of the test pump. During the 1988
test, the depth to water was monitored only at the nearby test well, which was also used as an observation
well during this study. The specific capacity values calculated from the data range from 118 to 95
gallons per minute per foot of drawdown (gpm/ft), with the lower value calculated for the higher pumping
rate. This trend indicates inefficient water entry into the well at increased pumping rates, suggesting
incomplete well development following well installation.

Comparing the specific capacities indicated by the 1988 step test data with those calculated from the 1996
testing suggests an apparent decrease in the specific capacity during the 8-year life of the well, as listed
in Table 4.
TABLE 4

COMPARISON OF STEP TEST DATA FROM AUGUST 1988
TO STEP TEST DATA FROM JUNE 1996

b m Rate ($P)

45

80
170
280
Measured 30 minutes Into each step
-

June 1996 Test
August 1988 Test
Spe&c Capacity (gpm per foot of drawdown)*

118
95

-

63
56
59
60

In comparison to the 1988 results, the tests performed as part of this study indicate a static water level
of 7.9 feet below the top of wing, or approximately 6.4 feet below ground level. It is difficult to
compare the static water level measurements from the two sets of tests, since the site was likely regraded
when the concrete pad was poured during well completion in 1989.
The 1996 specific capacity values are approximately 2 1 % to 47 % less than the specific capacity calculated
from the original pumping test. The consistency of the 1996 data suggest efficient entry of water into
the well, while the decrease in specific capacity from the values reported from the 1988 testing suggests
that water no longer enters the well as efficiently as it did when first constructed. The apparent decrease
in specific capacity may indicate encrustation, sediment plugging or biofouling of the well screen. The
encrustation of the pump column with rust-colored scale and the detection of iron bacteria in the
microscopic particulate analysis samples, discussed in later sections of this report, provide additional
evidence that some plugging of the well screens may be occurring.
The transmissivity value of 77,000 gpd/ft is slightly higher than the value of 46,300gpd/ft reported by
McLellan (1988). The storage coefficient of 0.00065 (dimensionless) calculated during this study
corresponds closely to the 0.0005 assumed by McLellan (1988).

Summary of Well and Aquifer Testing. Table 5 lists the aquifer characteristics calculated for the
Burlington Well No. 3. Only one of the two town wells was tested because of the proximity of the wells
to one another and the indications from the lithologic logs that the aquifer lithology changes very little
across the 34.5 feet separating them. Aquifer performance testing determined that the aquifer developed
by Wells Nos. 3 and 4 is semi-confned, with an apparent effective traasmissivity of approximately
77,000 gpd/ft. Data collected at the observation well located 17.1 feet from Burlington Well No. 3
allowed calculation of a dimensionless storage coefficient, which was determined to be approximately
0.00065; this value falls within the range typically observed in semi-confined aquifers. Comparison of
the step test results to the data collected during the 1988 well test indicates the specific capacity of the
well has decreased since it was fmt tested.

-

URLINGTON WELL NO. 4 (UW77827 WELL NO. 2 IN STATE ENGINEER'S RECORDS)
Well Historv. Information regarding Burlington Well No. 4 was derived primarily from the "Statement
of Complaion" on file at the State Engineer's Office and from examination of the report prepared by
McLellan (1988). Because the same drilling contractor drilled both wells, with Well No. 4 drilled soon
after Well No. 3, and the wells were reportedly completed with the same diameter casing and screen, it
is assumed in this report that Well No. 4 was constructed in the same manner as Well No. 3.

TABLE 5
SUMMARY OF PUMPING TEST ANALYSES
TOWN OF BURLINGTON WELL NO. 3

TEST

WELL

(F'eet from

hamping Well)

OF
ANALYSIS

COEFFICIENT SIVITY
(dimension-less) (gpdlft)

1996
Pumping
(drawdown)

Well No. 3
(Pumped
well)

0.33 ft

Cooper &
Jacob

-

1996
pumping
(drawdown)

Observation
Well

17.1

Cooper &
Jacob

--

1996
PU~P~W
(recovery)

Well No. 3
(pumped
well)

0.33 ft

Cooper &
Jacob

--

1996
pumping
(recovery)

Observation
Well

17.1 ft

Cooper &
Jacob

0.00065

77,000

1988

Observation
Well

17.1 fi

unknown

0.0005*

46,300

The well was drilled for the Town in August 1988 and completed with pumping equipment April 21,
d
6 provide the reported details of well construction. The well was constructed
1989. Figure 11 a ~ Table
using casing and screen salvaged from either Well No. 1 or 2. Twelve feet of 12-inch surface casing was
installed and cemented in place. The well was then drilled to a total depth of 48 feet using an air rotary
rig equipped with a 6 5/8-inch tri-cone bit, penetrating alluvium to a depth of 36 feet and the Willwood
Formation from 36 to 48 feet. Eight-inch casing with a drive shoe on the bottom end was driven into
the borehole along with the bit to prevent caving of the borehole. The Finch well screen and tail pipe
were inserted through the &inch casing, with the screen placed at 25 to 35 feet and the tail pipe at 35
to 45 feet. The upper length of blank casing was then partially withdrawn from the well, leaving the
screen seated in a packer and fully exposed to the formation.
Although review of McLellan (1988) and the Statement of Completion leave some doubt as to whether
the surface casing was left in place, discussion with local resident Dick Steedley, who was present at the
t h e of construction, indicate that the surface casing was permanent and cemented in place, providing a
proper surface seal (D. Steedley, personal communication, 1996).
Well and Plrmoiqp Eauiment Assessment. Dismantling Well No. 4 was beyond the scope of work
for this project. However, the manner of construction and operation of Well Nos. 3 and 4 are nearly
identical and the two wells derive water from the same aquifer, suggesting that the observations made
regarding Well No. 3 may parallel the conditions that exist in Well No. 4. As stated above, the pump
column in Well No. 3 was badly corroded and was replaced during the assessment. In addition, the
pump centralizer (a non-essential part) and the pump motor cooling tube were corroded beyond repair.

The salvaged pumping equipment installed in the well in April 1989 remains in use. It consists of a 7.5
hp Grundfos submersible pump (Grundfos Model No. 27-4) equipped with a 7.5 hp Franklin Electric
submersible motor (Franklin Electric No. 2366016010). An overhead REA Electric line installed to the
well house powers the pumping equipment.
TABLE 6

SUMMARY OF AVAILABLE WELL INFORMATION
BURLINGTON WELL NO. 4
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McLellan (1988) reports the "production well" was drilled using an air
rotary rig with a 6 518-inch roller cone rock bit and alternately drilling
and then driving the 8-inch casing. Twelve feet of 12-inch steel
surface casing was installed and sealed with concrete. In addition,
the Statement of Completion indicates that a cement seal was
emplaced from the ground surface to the top of the screen; however,
if the casing was driven into the borehole behind the drill it is unclear
how cement or grout could have been emplaced in the annular
space.
Discrepancies exist between the Statement of Completion and the
information provided in the construction report for Well Nos. 1 and 2
(Morrison-Maierle, 1986), from which the casing, screen, and
pumping equipment were salvaged. The information listed above is
from the Statement of Completion. Morrison-Maierle (1986) indicates
casing consists of 8 518-inch 0.0. steel; screen consists of Johnson
8-inch nominal diameter telescoping size stainless steel with 150 slot
in the upper 5 feet and 250 slot in the lower five feet of the screened
interval (one of the two wells had 80-slot screen rather than 250 slot
screen as the bottom one foot of the screened section); tail pipe is 6
518 or 7-inch steel.
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CONSTRUCTION DETAILS
PITLESS ADAPTOR

STEEL SURFACE CASING WITH
CONCRETE SEAL

BOREHOLE DIAMETER = 6 518-

&INCH O.D., ASTM A-53 STEEL
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K PACKER AND DRIVE SHOE
NATURAL DEVELOPED
FILTER PACK
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7.5 HP SUBMERSIBLE PUMP AND
MOTOR SET AT 42 FEET
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WELDED WELL CAP
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TOTAL DEPTH rc 48 FEET
NOT TO SCALE

BURLINGTON WATER SUPPLY PROJECT

WELL NO. 4 ASBUILT DIAGRAM

FtOllRE 11

Inspection of the pump and the pump motor in Well No. 3 indicated that the bearings, check valve, motor
windings, thrust bearing, and top radial bearing were all in good condition in that pump. Because the
pump in Well No. 4 is the same age and model number and is subjected to the same pattern of use and
water chemistry, it is likely to be in similar condition to the Well No. 3 pump.
Although the pump from Well No. 4 was not removed from the well for inspection, its pumping rate and
associated backpressure as well as its shut-off pressure were recorded for comparison to the pump
specifications provided by the manufacturer. As shown in Figure 4, the pump is designed to perform
most efficiently when the production rate is 125 to 150 gallons per minute (gprn) against approximately
140 to 160 feet of total dynamic head. The pump is currently pumped against 160 to 170 feet of total
dynamc head, but only delivers 81 gprn against 169 feet of total dynamic head, rather than the 1 12 gprn
predicted for a new pump against the same pressure. Even when new, the pump did not operate at the
peak of the efficiency range; when new pumping equipment is required at some time in the future, the
Town may wish to consider choosing a different pump model in order to minimize operating costs.
The shut-off pressure of 84 psi observed during the June 1996 site visit indicates that the pump is
currently performing at 93% of its initial capacity, which is specified to be 90 psi by the manufacturer.
The decreased operating efficiency may be due to the gradual wear on the pump components with time.
Based on this analysis, the pump in Well No. 4 performs well for an &year old pump, and may remain
operational for another three to five years.

F WELL OPERATIONS AND WELL HOUSE E0UIPME:NT
Based on discussions with Larry Stanger, the Burlington water system operator, the wells are pumped
alternately; i.e., Well No. 3 is pumped until the storage tank is full. When the water level in the tanks
necessitates that more water be pumped from the wells, Well No. 4 is then pumped. Because Mr.
Stanger alternates between the two wells, both pumps have pumped for approximately the same number
of hours and gallons. On June 22, 1996 the totalizing time meter attached to the Well No. 3 controls
indicated 10,219hours of pumping, while the meter connected to the Well No. 4 controls was stuck at
10,000hours. During the summer, the wells are typically pumped almost continuously, while winter
pumping is necessary only one day out of three, due to the lower water demand. The system operator
must check the water level in the storage tanks manually in order to determine when the pumps should
be turned on and off.
The water is chlorinated at the well house by injecting a hypochlorite solution into the discharged water.
Larry Stanger measures the chlorine residual at a tap in the Town Hall regularly to determine if the
injection rate is adequate. Because the well house is visited daily, there is little chance that the
hypochlorite reservoir will be inadvertently emptied. One disadvantage of this system is that when both
wells are pumped simultaneously during periods of high demand, the hypochlorite injection rate must be
adjusted.
In order to assess the maximum rate at which water can be placed into the distribution system, both wells
were pumped simultaneously for a short period. Pumping both wells resulted in a total discharge rate
of 113 gpm with a back pressure of 74 psi. Immediately following this test, Well No. 4 was shut off and
discharge from Well No. 3 was observed to be 79 gpm against 65 psi. These observations indicate that
pumping both wells simultaneously results in a discharge rate of only 43 percent above the rate realized
when only one well is pumped, primarily due to the increased back pressure caused by friction losses in
the 4-inch diameter transmission line which reportedly runs from the well house to the fire station on the
south end of town. Because of the limited increase in discharge rate when both wells are pumped,

coupled with the need to adjust the chlorination system and the increased expense of running both wells,
the current system of pumping only one well at a time is the most efficient way to operate the system.
The well pumping equipment is powered by an overhead three-phase electrical line owned by REA, based
in Basin, Wyoming. Assessment of the pump motor wiring indicates the following:
Well No. 3: Line 1: 22 amps
Line 2: 21 amps
Line 3: 21 amps
Well No. 4: Line 1: 22 amps
Line 2: 20 amps
Line 3: 21 amps
The electrical line runs from a pole across the road to a pole located at the northwest comer of the well
house, crossing aimst directly over Well No. 3. Because the electrical line is insulated, it is possible
and legal to service Well No. 3 with the line in place. However, ease of servicing would be increased
if the line were run above ground to a new pole located adjacent to the fence on the east side of the
access driveway and then placed underground from the fence to the well house.
The well house is equipped with a propane heater, which will soon be replaced with a natural gas heating
system. Mr. Stanger reports that there have been no problems with equipment freezing in the well h o w .
Although a skim of ice sometimes develops on the water in the storage tank, there have been no
operational problems associated with winter weather.

COMMENDATIONS
Based on the June 1996 site visit conducted as part of this study, the following upgrades could be made
to the existing equipment to make it more responsive to the needs of the Town:
a

Replace or repair totalizing time meter for Well No. 4 pumping equipment;

a

Note on the electrical plans for the system that the well control circuit breaker
is rated at 45 amps rather than 35 amps;

a

Install a power switch for the ventilation fan on the exterior of the pump house
- this upgrade would be particularly important if the chlorination system were
ever modified to utilize chlorine gas rather than the hypochlorite solution now
used;

a

Ground the electrical system to the discharge piping; and

a

Replace the overhead power line with a line in a different location or have it
buried to facilitate well servicing.

ASSFSSMZNI' OF TELEMETRY EOUIPMENT
The telemetry controls system are located in a manhole on the east side of the water storage tank and in
the well house, with the radio controls installed on the ladder attached to the side of the water storage
tank. A radio transmitter provides the means of communication between the storage tank components

and the well house components of the system. Inspection of the controls at the water tank indicated the
following:
a

The manhole is clean, affording adequate protection of the equipment;

a

Pressure controls: Allen Bradley No. 836-C3 (total of four);
Transmitter: Maxon No. DT-0520, Serial No. 81201380
transmitting at 453.6875 HZ.

- a UHF transmitter

Inspection of the controls located in the well house indicated the following:
Telemetry system includes a series of 4.5 amp batteries supplying a total of 12
volts;
a

One of the batteries in the series is broken;

-

The surge protector (lightening arrestor) has been disabled ideally the telemetry
system would be equipped with two surge protectors; and
a

Testing of the controls indicated communication with the controls located at the
storage tanks, suggesting that part of the system is operational the problem
with the system may be that the pressure sensing devices are not properly
functioning or not properly adjusted.

-

Discussions with Mr. Stanger indicated that the telemetry used to control Well Nos. 1 and 2 was modified
for use with Well Nos. 3 and 4. Originally the controls had been hardwired rather than operating via
radio communication. Since retrofitting the telemetry system for radio communication with Well Nos.
3 and 4, the system has functioned for a total of one to two months. A contractor from Riverton has
reportedly visited the site several times to service the equipment; however, it has not worked for the past
five years. As stated above, the assessment of the system conducted as part of this study indicated the
readjustment of the pressure sensing devices which indicate the water level in the tank may result in
proper functioning of the system.

$WMMARY OF WATER SUPPLY OUALITY
HISTORIC DATABASE

The Town of Burlington has performed several water quality tests during the 1990s. Records on file at
the Burlington Town Hall and the U.S. Environmental Protection Agency (EPA) Region MI1 office in
Denver include
monthly bacteriological testing of the chlorinated water;
a

analysis for inorganic contaminants(319192 and 411/96);

a

analysis for nitrate (319192, 11121/94, and 411/96);

a

analysis for pesticides (3127196);

a

analysis for radionuclides (12118/95);

a

analysis for volatile organic compounds (3127195);

a

EPA Sanitary Surveys (7119/89 and 6111/92);

a

DEQ Inspection of waterlwastewater plants and systems (6120191);
EPA Assessment of Ground Water Under the Direct Influence of Surface Water
(6111192);

a

EPA Vulnerability Index for Volatile Organic Chemicals in Public Water
Supplies (6/ 11192); and
analysis for copper and lead at ten taps (5127194).

The EPA also maintains a list of violations; a violation occurs when a water system fails to monitor for
a particular set of constituents during the time frame required by the EPA or when the concentration of
a regulated constituent exceeds the EPA Maximum Contaminant Level (MCL). EPA records indicate six
violations for time of monitoring and one monthly sample in violation of the coliform bacteria MCL in
1992. While two of the 46 bacteria monitoring samples analyzed since January 1994 have tested positive
for total coliform bacteria, repeat testing has always indicated safe conditions.
Overall the quality of water from Burlington's wells is good. No metals, inorganic chemical, volatile or
semi-volatile chemical, or radionuclide concentrations approach MCLs. Nitrates have been detected in
the water at concentrations ranging from 1.81 to 5.95 milligrams per liter (mg/L; variously reported as
"NO3 + NO2, as Nwand as "NO,, as N"). This range of nitrate concentrations is below the MCL of 10
mg/L; however, the water system should monitor nitrate carefully to determine if the concentration is
increasing through time or if there are seasonal variations. The two samples collected in 1996 had higher
levels than earlier samples (5.95 mglL in April sample and 5.36lmglL in June sample). It is
recommended that quarterly samples be collected for nitrates for two years to establish better baseline
data and to help determine if the concentration is increasing or if these are seasonal fluctuations.
Total dissolved solids (TDS)constituted 568 parts per million (ppm) of the water sample collected August
8, 1988 from the test well located 17 feet west of Well No. 3 (McLellan, 1988). The June 24, 1996
sample contained a TDs concentration of 499 mg/L. Although these TDS concentrations equal or exceed
the EPA-recommended limit of 500 ppm, it is not a concern from the standpoint of human health; the
EPA guideline is based on aesthetic considerations. It is not uncommon for Wyoming communities to
use water with TDS between 500 and 1,000 ppm. Table 7 summarizes the available water quality data
of the tests and the U.S. Environmental Protection Agency's water quality standards.
The EPA's two most recent Sanitary Surveys of the Town's water system conclude that while the
system's two wells are well constructed, their shallow depths make them potentially vulnerable to
contamination. The wells were given an internal agency scoring of 25 points. Scores above 40 points
indicate potential for the surveyed well to be under the direct influence of surface water and indicate that
more investigation is required. While the score of 25 points indicates that it is unlikely, in the view of
the EPA, that the wells are under the direct influence of surface water, the EPA commented that
vulnerability is increased by flood irrigation and application of agricultural chemicals to the surrounding
farmland. The EPA also assessed the vulnerability of the Burlington water system to volatile organic
compounds (VOC), giving the system a score of 31 points; systems which score below 50 points are

TABLE 7
BURLINGTON WATER SUPPLY PROJECT
SUMMARY OF HISTORICAL WATER QUALITY DATA
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considered to have low vulnerability. As a system considered to be fairly non-vulnerable, Burlington is
not subject to the increased frequency of VOC monitoring required for high vulnerability systems.
As a matter of information, EPA Primary Drinking Water Standards pertain to a list of contaminants
identified as potentially hazardous to human life if ingested in adequate amounts. The amounts of these
contaminants considered safe for human consumption are identified as MCLs and are established by the
EPA. Compliance with EPA drinking water standards for public water supplies is mandatory under state
and federal law. Secondary Drinking Water Standards pertain to contaminant levels that, if above
recommended concentrations, may cause water to be aesthetically unpleasant, distasteful, or odorous.
Secondary standards are provided by the EPA strictly as recommended levels. No enforcement of the
secondary standards is made by the EPA or the Wyoming Department of Environmental Quality.
WATER OUALITY DATA FROM THIS STUDY
Because the Burlington municipal wells tap the alluvium associated with the ancestral Greybull River,
samples of water from Well No. 4 were collected on June 23 and 24, 1995 and submitted to CH
Diagnostic and Consulting Service in Loveland, Colorado for a microscopic particulate analysis.
Additional microbiological analyses were performed by Montgomery Watson Laboratories in Pasadena,
California. Analyses for a comprehensive suite of inorganic and organic constituents and radionuclides
were performed by Energy Laboratories in Casper, Wyoming, while DataChem Laboratories in
Cincinnati, Ohio performed asbestos and dioxin analyses. The reported data are summarized on Table
8; the laboratory data sheets and chain-of-custody forms are appended to this report (see Appendix C).
The quality of the water produced by Well No. 4 is good. No regulated or unregulated organic
compounds, including herbicides and pesticides, were detected. The microbiological analyses conducted
by CH Diagnostic indicated that presence of iron bacteria; however, the analysis performed by
Montgomery Watson Laboratories did not detect iron bacteria. The analysis for coliform bacteria and
the heterotrophic plate count results were positive. The only inorganic EPA "primary parameters"
detected in the Well No. 4 samples were fluoride, uranium, and nitrate. The reported concentrations of
fluoride and uranium were approximately one-fifth to one-tenth of the EPA maximum contaminant levels
(MCLs);concentrations lower than the MCLs are not considered to be a health concern. Nitrate was
detected at a concentration of 5.36 milligrams per liter (mg/L), which is lower than the MCL of 10
mg/L. The major ion analysis indicated the Well No. 4 water samples were chemically dominated by
calcium, magnesium, and bicarbonate. The total dissolved solids concentration of 499 mg/L falls slightly
below the EPA's recommended maximum concentration of 500 mg/L.
Microscopic Particulate Analysis. Microscopic particulate analyses (MPA) are conducted by passing
approximately 500 gallons of water through a filter. Inspection of the filter reveals what types of debris,
ranging from silt to pollen to insect parts, are present in the filtered water. The types of material
observed on the filter provide evidence indicating whether the water source is likely to be under the direct
influence of surface water. The sample submitted from Well No. 4 was given a score of 31 points by
the laboratory, which indicates "high risk" of direct surface water influence according to the EPA
Consensus Method for Determining Groundwaters Under the Direct Influence of Sulface Water Using
Microscopic Particulate Analysis (see laboratory report in Appendix C). Among the materials detected
in the MPA sample were iron bacteria, amorphous debris, algae, diatoms, rotifers, nematodes, pine
pollen, ciliates, and other material. The sample was also analyzed by the laboratory for giardia and
cryptosporidium; neither of these organisms was detected. Although CH Diagnostic reports the presence
of iron bacteria in the MPA sample, Montgomery Watson Laboratories found no iron bacteria in a water
sample analyzed specifically for the presence of that organism. The reason for discrepancy between the

TABLE 8
WATER SAMPLES COMPARISON WITH
EPA DRINKING WATER STANDARDS
BURLIiiGTON WELL NO. 4

PARAMETERS
(mg/l except as noted)
Primary EPA Parameters
Asbestos
Regulated Organic Chemicals
Microbiological
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cyanide
Fluoride
Lead
Mercury
Nickel
Nitrate (as N)
Nitrite (as N)
Selenium
Thallium
Turbidity, NTU
Uranium
Radium 226, pCi/l
Radium 228, pCi/l
Radon 222, pCi/l
Gross alpha, pCi/l
Gross beta, pCi/l
Secondary EPA Parameters
Temperature (OF)
pH (units)
Total Dissolved Solids
Conductivity (micromhos/cm @ 25"C)
Acidity
Alkalinity
Bicarbonate
Boron
Calcium
Carbonate
Chloride
Copper
Hardness
Iron
Magnesium
Manganese
Potassium
Silica
Sodium
Sulfate

EPA MAXIMUM
CONTAMINANT LEVEL (MCL)

FINAL SAMPLE
6/24/96

7 MFL*
Various
Various

ND
ND

0.006
0.50
1

0.004
0.005
0.10
0.20
4
0.05
0.002
0.1
10
0.10
0.05
0.002
5

om**
3
5
300**
15
50

1
NS
0.30
NS
0.05
NS
NS
250
Deferred

* MFL = Million fibers per liter longer than 10 microns; **

= Proposed
"Deferred = According to EPA, deferred status due to low health nsk"
NS = No Standard; NA = Not Analyzed; ND = Not Detected
coli/Fe/Het: positive for coliform and iron bacteria and heterotrophic plate count
Laboratory Data Sheets are appended to the report (see Appendix C)

two sets of results is unknown. Iron bacteria can cause operational problems for a well over time, due
to their potential to clog well screen; however, they are not considered to be a health hazard.

Coliform Bacteria Analyses. On June 24, 1996 three water samples were collected from the discharge
piping tap in the well house while Well No. 4 was being pumped. The chlorination equipment was
turned off prior to collection of the samples and water was allowed to run through the discharge pipe for
approximately five minutes to flush the system. Analysis of these samples by Energy Laboratories, Inc.
in Casper indicated the presence of coliform bacteria in all three samples, with fecal coliform detected
in two of the samples.
In order to verify these results, two additional sets of water samples were collected from the same
sampling point, with three samples collected while Well No. 3 was pumped and a second set of three
samples collected while Well No. 4 was pumped. The chlorination system was turned off and the system
flushed prior to collection of these samples. Laboratory results for the samples from Well No. 3
indicated that two of the samples tested positive for total coliform, but all three tested negative for fecal
coliform. The laboratory results for the second set of Well No. 4 samples indicated a positive result for
total coliform in one of the samples and no coliform in the other two samples; no fecal coliform was
detected.
The lack of fecal coliform in the second two sets of water samples suggests that the first set of samples
may have been compromised during sampling, shipment, or analysis. The Town of Burlington may wish
to continue monitoring the unchlorinated water to determine if the town wells should be disinfected. The
laboratory attached instructionsfor well disinfection to the analytical results; these instruction are included
in Appendix C. It is important to note that these samples consisted of unchlorinated well water and
therefore are not representative of the chlorinated water distributed to system customers.
Based on discussions with the biologist at the Wyoming Department of Agriculture Analytical Laboratory
in Laramie, coliform bacteria are present in the intestinal tract of warm-blooded animals and may remain
viable in soil which has been in contact with manure or human waste. Although fecal and other coliform
bacteria do not represent a health hazard, analysis for fecal coliform is used as an inexpensive way of
determining if a water source may be in contact with wastes which could contain other, potentially
harmful microorganisms, such as viruses. A set of water samples collected on June 23 and 24, 1996 was
submitted to Montgomery Watson Laboratories and CH Diagnostics for analysis of viruses, giardia,
cryptosporidium, iron bacteria, and legionella. With the exception of tests for iron bacteria and the
heterotrophic plate count, all assays were negative.

Heterotrophic Plate Count. The heterotrophic plate count (HPC) detects a variety of coliform,
coliform-related, and non-coliform bacteria, the majority of which are not health hazards. Six colonies
of bacteria were detected in the analyzed sample. According to a representative of Montgomery Watson
Laboratories, this value is relatively low for drinking water; the California Health Department requires
that no more than 500 colonies be present in finished water. An early draft of EPA's proposed
Groundwater Disinfection Rule, also suggests HPCs be maintained under the 500 colonies per milliliter
level.
Legionella. Legionella is a bacteria that is ubiquitous on the ground surface and in surface water. It is
also commonly present in shallow ground water. A sample collected on June 24, 1996 was analyzed for
legionella by BioVir Laboratories, Inc. in California. They reported finding < 3.92~104species per liter
using the Fluorescence Assay method. This is the detection limit for this method, therefore they did not
actually see any bacteria, but they could have been present. There is no current EPA standard for
legionella, however legionella is tentatively scheduled to be regulated under the proposed Groundwater

Disinfection Rule (GDR), which is scheduled to be finalized in August, 1999. The tentative method of
regulating legionella is by requiring disinfection and a certain contact time. While legionella is more
resistant to chlorine than coliform bacteria, the chlorination method and contact that will be provided by
the proposed water system improvements times should meet future requirements of this potential
pathogen. This will not be known for sure until the GDR is finalized and a limit is established.
Water Levels and Water Tem~erature
During the period from July 9, 1996 through October 8, 1996 the WWDC installed a Hermit
Groundwater Monitor in Well No. 3. The monitor continuously measured water level and temperature
and produced a print-out of data in one-half day or 12-hour increments. Data from the monitor is
provided in Appendix F.
Water level and temperature data indicates that the alluvial water used by Burlington from Well No. 3
and 4 is influenced by the increased use of irrigation water. As surface temperatures increase and soil
temperatures increase, the well water temperature likewise increases. There is a slight lag between the
surface temperature and the groundwater temperatures which explains why the peak temperature occurs
in October. (See a plot of the Hermit data on Figure 12.)
The water level and temperature data provides evidence as to the vulnerability of the Burlington water
supply from surface contamination sources.

FUTURE SAMPLING REOUfREMENTS
National Primary Drinking Water Regulations require all municipal drinking water supplies to be tested
regularly for a large set of potential contaminants. The initial round of testing must include all substances
regulated by the EPA, however, subsequent tests may be more limited in scope. Testing is based on
three year cycles. Frequency of testing depends on both the size of the water system service area and
on the nature of the contaminant. The first cycle of testing lasted from January 1993 to December 1995.
Records on file at the EPA Region VIII office in Denver indicate that Burlington completed the initial
round of testing in 1995 and 1996.
The Burlington Water System may qualify for monitoring waivers for future rounds of testing. EPA
waivers allow systems to modify their testing programs; repeated testing for some substances may be
eliminated or performed infrequently if initial tests show concentrations below MCLs. In addition to
receiving waivers, a water system can save money by "compositing" its samples with samples from other
small water systems. According to recent correspondence from the EPA to public water systems (PWS),
PWS serving fewer than 3,300 people may combine samples with up to four other small PWSs.
Individual samples from each PWS must be sent to the laboratory, where the samples are composited.
Although this process saves money, the PWS must consider the disadvantages that are associated with
it. If the cornposited sample exceeds an MCL,each water system must re-submit an individual sample,
resulting in additional expense for the system. In addition, the possibility that a water quality problem
will be masked due to dilution by the other four samples is risk that must be considered by the PWS
before deciding to combine samples with other PWSs.

NOT TO SCALE

NOTE: DATA FROM HERMIT
GROUNDWATER MONITOR
INSTALLED BY WWDC ON

JULY 9, 1996.

EVALUATION OF WATER SUPPLY ALTERNATIVES
HYDROGEOLOGY OF THE BURLINGTON AREA
REGIONAL GEOLOGY
As shown on Figure 13, the Town of Burlington and the Burlington wells are located in the central part
of the Bighom Basin, approximately two to three miles north of the Greybull River. Within the Bighom
Basin, Upper Cretaceous and Tertiary sedimentary rocks are exposed at the ground surface, except where
covered by Quaternary colluvial and alluvial basin-fill sediments. On a regional scale, the geology and
hydrogeology of the Bighorn Basin have been characterized by the Wyoming Geological Survey (1937),
Lowry and others (1976), Pierce (1978), and Libra and others (1981). Descriptions of the local
hydrogeology are limited to the well reports submitted to the Town following the completion of the two
wells currently in use (McLellan, 1988).
LOCAL GEOLOGY

In the vicinity of Burlington, the Tertiary Willwood Formation crops out at the ground surface where not
covered by alluvium. Based on outcrops located on the northeast edge of the town, the formation dips
at approximately zero to five degrees to the south. Published geologic maps indicate that there are no
faults exposed at the ground surface within six miles of Burlington.
A generalized north-south geologic cross section was constructed across the Burlington area to better
define the local subsurface geology (see Figure 14). The line of cross section was drawn through
Burlington Well Nos. 3 and 4; Well Nos. 1 and 2 were projected onto the line. The cross section was
constructed to (1) identify and characterize the lithology, thickness, and continuity of geologic units in
the Burlington Well field and (2) to illustrate the potential depths and thickness of sandstones of the
Willwood Formation. Although locations of the six test holes drilled during the exploration program
conducted prior to drilling Well Nos. 1 and 2 were not recorded, the depth to bedrock reportedly ranged
from 22 to 40 feet. Based on this information, and the variation in the depth to bedrock between Well
Nos. 3 and 4 and the adjacent test hole, the cross section was drawn to provide a general overview of
the Quaternary channel depodits believed to have been deposited by the ancestral Greybull River. The
geophysical log of an oil exploration well located close to the line of cross section was used to better
define the water-bearing sandstones within the Willwood Formation in the vicinity of Burlington.

HYDROSTRATIGRAPHY
Two major bedrock aquifer systems have been identified within the Bighorn Basin: the Paleozoic and
Upper Cretaceous-Tertiary aquifer systems. Other secondary, hydrologically isolated water-bearing units
also are present throughout the Basin. Due to the presence of water in the shallow alluvium beneath the
Town, neither of Burlington's wells develop water from bedrock aquifers. As shown on the geologic map
in Figure 13, Quaternary deposits are present along the Greybull River valley. Away from the river, the
Tertiary Willwood Formation crops out at the ground surface. Descriptions of the alluvial sediments and
the Willwood Formation are given below.
Ouaternarv Sediments. Quaternary sediments cover all of the project area with the exception of two thin
strips, one at the base of Emblem Bench and the other forming an arc to the west of Burlington.
Robinove and Langford (1963) identify three types of Quaternary sediments between the Greybull River
and northern edge of Emblem Bench:
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Alluvium. Predominantly gravel in the Greybull River valley. The thickness of the alluvium is typically
approximately 30 feet, with 34.5 to 36 feet being reported at Burlington Well Nos. 3 and 4, which
develop water from these deposits. Moderate to large yields of water possible from wells drilled in these
sediments, as illustrated by the yields of Well Nos. 3 and 4 and local irrigation wells which are locally
said to produce as much as 1,000 gpm.
Grevbull Terrace De~osits.Located 10 to 40 feet above the present Greybull River level, these deposits
consist of unconsolidated gravel, sand and silt. They are capable of yielding moderate to large quantities
of water. The Greybull Terrace deposits are reportedly 15 to 47 feet thick. Burlington Well Nos. 1 and
2, abandoned soon after they were completed, were drilled in these deposits; the associated test well
drilling program found that these sediments range in thickness from 22.5 to 40 feet in the vicinity of
Burlington. Although large quantities of high quality water are reportedly produced from Greybull
Terrace deposits, the fluctuations in water levels in Well Nos. 1 and 2, located just west of the town,
indicates that the volume of recharge to these sediments may not be sufftcient in that area to meet the
water demand.
Sunshine Terrace Dewsits. Located 110 to 225 feet above the present level of the Greybull River,
including Emblem Bench, these deposits consist of unconsolidated gravel, sand and silt which are
predominantly rounded fragments of volcanic rocks derived from the Absaroka Range. Moderate to large
yields have reportedly been obtained from wells on Emblem Bench, with recharge received from canals,
laterals, ephemeral streams, irrigated land, and precipitation. Along Emblem Bench the thickness of these
deposits reportedly ranges from 10 to 53 feet; specific capacities reportedly range from 25 to 55 gpmlft.
The existing water storage tanks are located on Emblem Bench; however, few irrigation wells are located
in the vicinity of the tanks.
Alluvium. Predominantly gravel in the Greybull River valley. The thickness of the alluvium is typically
approximately 30 feet, with 34.5 to 36 feet being reported at Burlington Well Nos. 3 and 4, which
develop water from these deposits. Moderate to large yields of water possible from wells drilled in these
sediments, as illustrated by the yields of Well Nos. 3 and 4 and local irrigation wells which are locally
said to produce as much as 1,000 gpm.
revbull Terrace De~osits.Located 10 to 40 feet above the present Greybull River level, these deposits
consist of unconsolidated gravel, sand and silt. They are capable of yielding moderate to large quantities
of water. The Greybull Terrace deposits are reportedly 15 to 47 feet thick. Burlington Well Nos. 1 and
2, abandoned soon after they were completed, were drilled in these deposits; the associated test well
drilling program found that these sediments range in thickness from 22.5 to 40 feet in the vicinity of
Burlington. Although large quantities of high quality water are reportedly produced from Greybull
Terrace deposits, the fluctuations in water levels in Well Nos. 1 and 2, located just west of the town,
indicates that the volume of recharge to these sediments may not be sufficient in that area to meet the
water demand.
Sunshine Terrace Deoosi~. Located 110 to 225 feet above the present level of the Greybull River,
including Emblem Bench, these deposits consist of unconsolidated gravel, sand and silt which are
predominantly rounded fragments of volcanic rocks derived from the Absaroka Range. Moderate to large
yields have reportedly been obtained from wells on Emblem Bench, with recharge received from canals,
laterals, ephemeral streams, irrigated land, and precipitation. Along Emblem Bench the thickness of these
deposits reportedly ranges from 10 to 53 feet; specific capacities reportedly range from 25 to 55 gpmlft.
The existing water storage tanks are located on Emblem Bench; however, few irrigation wells are located
in the vicinity of the tanks.

Willwood Formation. The Willwood Formation in the Burlington area is composed of variegated
mudstone, sandstone, and locally abundant conglomerate, with a total thickness ranging from 1,320 near
Meeteetse, Wyoming to 2,300 feet near Basin, Wyoming located 24 miles southeast of Burlington. The
formation has a series of similar, repeating sequences, typically with a basal channel sandstone and
laterally extending sheet sandstones. The channel sandstones are generally 5 to 50 feet in lateral extent
and one to two feet thick, but can reach thicknesses as great as 345 feet. The sandstones grade upward
into siltstones and claystones (Libra and others, 1981). The Willwood was deposited as stream channels,
giving rise to discontinuous aquifers. This suggests that predicting the thicknesses and depths of
sandstone beds by extrapolating data from nearby oil test holes to proposed water well drilling sites may
require additional studies through limited test hole drilling.
Information regarding water quality and quantity from the Willwood Formation was obtained from
Robinove and Langford (1963), Libra and others (1981), and from records regarding a domestic well
located approximately three miles east of Burlington. The Willwood Formation is reportedly capable of
yielding small quantities of poor to good quality water throughout the Bighorn Basin. Water in the
Willwood is generally under confined conditions.
Yields of wells surveyed by Robinove and Langford (1963) ranged from three to six gpm. The domestic
well located three miles east of town is 155 feet deep and had a static water level of 77.25 feet on June
22, 1996 (Steedley Well No. 1 SEO Permit No. P40518W); this static water level corresponds closely
to the level of 70 feet reported to the State Engineer's Office in 1977. The well reportedly yields seven
to ten gpm. A 114 foot deep, 10-inch diameter Willwood well in Section 16, Township 52 North, Range
96 West ("William Edwards Well" SEO Permit No. unknown) reportedly penetrated 28 feet of
sandstone and was pumped tested at 120 gpm with 63 feet of drawdown, which corresponds to a specific
capacity of 1.9 gpm per foot of drawdown. The mean specific capacity for the Willwood Formation in
the Bighorn Basin is approximately 0.4 gprn/ft (Libra and others, 1981). While the low reported yields
may seem to preclude use of the Willwood as a municipal supply, the majority of the wells included in
the survey were drilled for domestic use, with relatively small casing diameters and shallow well depths;
a well drilled for municipal use would have a larger diameter and be deeper, resulting more available
drawdown and presumably a greater thickness of water-bearing material open to the well. Based on the
character of the geophysical logs from the oil test hole located approximately two miles southwest of
Burlington, a 5MTfoot deep well may penetrate approximately 50 feet of sandstone; 950-foot deep well
may penetrate approximately 100 to 150 feet of sandstone.

-

-

The quality of water from Willwood wells is variable. One well in Section 26, Township 52 North,
Range 96 West is included in Robinove and Langford's (1963) survey of water quality. A water sample
from this well reportedly had a total dissolved solids (TDS) concentration of 621 parts per million (ppm)
which is comparable to the water derived from Burlington Well Nos. 3 and 4. A laboratory report from
Steedley No. 1, located approximately three miles east of Burlington, indicates TDS of 1,680 ppm for
a sample collected April 21, 1993. Water from this well is passed through a reverse osmosis system
before being used for culinary purposes. The laboratory data for this water sample are summarized in
Table 9 and a copy of the laboratory report is appended to this report (Appendix "D"). The owner of
the "William Edwards Well" was also contacted during this study with the intention of collecting a water
sample for chemical analysis; however, the owner reported that the well had been abandoned for many
years. Other Willwood wells located further from the Town of Burlington in the Greybull River-Dry
Creek area also reportedly have high TDS concentrations, with a maximum of 1,880 ppm at Section 15,
Township 51 North, Range 95 West.

TABLE 9

CHEMICAL CONTENT OF WILLWOOD WELL
STEEDLEY WELL NO. 1 THREE MILES EAST OF BURLINGTON, WYOMING

-

CONSTITUENT

CONCENTRATION
( W L , except as noted)*

Potassium

5

Sodium

540

Calcium

30

Magnesium

8

Sulfate

813

Chloride

148

Carbonate

0

Bicarbonate

27 1

Nitrate

4 .O

Iron

<0.03

Total Dissolved Solids (at 180'C)

1680

Total Hardness (as CaC03)

108

Specific Conductance ~mhos/cmat 25 C)
pH (standard pH units)

2740
7.7

*units of mg/L and ppm are quivalent for waters within the range of TDS concentrations
discussed in this report; date of sample collection: 4/21/93; laboratory report contained
in Appendix "Dm.

WATER SUPPLY ALTERNATIVES
A review of the pertinent literature, records maintained by the State Engineer's Office, contacts with local
residents, and WESTON's previous experience with similar hydrogeologic settings indicate there are three
options which may meet the water supply needs of the Town of Burlington. While the existing wells
supply water in sufficient quantity to meet the water demand from the water system customers, the
continued ability of those wells to meet water quality standards is questionable. For this reason a
two-phased approach consisting of a wellhead protection plan and construction of or identification of a
site for a new well, is necessary to ensure that town residents continue to have access to a reliable water
supply

-

PHASE I WELLHEAD PROTECTION PLAN
Given that continued use of the existing wells is judged to be feasible, the first phase of ensuring that the
water supply needs of Burlington residents continue to be met is protection of the water quality from
Burlington Well Nos. 3 and 4. The most effective method of providing this protection is through a local
wellhead protection plan. National and state programs, as discussed below, provide the framework and
guidance for developing a local wellhead protection plan.

The 1986 amendments to the Safe Drinking Water Act (SDWA) established the Wellhead Protection
(WHP) program. This legislation established a nation-wide program to encourage states to develop
systematic and comprehensive programs within their jurisdictions to protect PWSs from contamination.
The principal objective of this program is to prevent the contamination of groundwater resources that
supply public drinking water. Wellhead protection is not restricted to the immediate area of the point
of withdrawal; it includes the recharge area of the aquifer(s) that provide water to the well, wellfield,
spring, or turnel. The delineation of a Wellhead Protection Area (WHPA) is a major element in the
development of a WHP program.
In 1995 the Wyoming Department of Environmental Quality, in conjunction with the EPA, began drafting
a state WHP program. The State of Wyoming adaptation of the WHP program require that WHP plans
for Wyoming water systems be composed of five elements:
a

An introduction to the state-wide WHP program including a description of roles
of state and federal agencies, local government entities, the public, commercial
interests, and public water suppliers, with respect to the specific WHP plan.

a

A WHP Delineation Report summarizing the technical approach to delineate
1 8 W y , l-year, and S-year protection areas.

a

A prioritized inventory of potential contamination sources developed for each
delineated zone or management area surrounding a well, wellfield, spring or
tunnel.
An implementation and management plan for existing and future potential
contaminant sources for each well, including financial assurance requirements.

a

A contingency plan addressing water supply emergencies, rationing, remediation
or treatment, and new source development if a water supply becomes degraded.

Additionally, new wells should be sited with due consideration of the foregoing WHP elements, to
minimize the potential for contamination of the water supply. As part of this project, a WHP plan has
been developed for the Town of Burlington; the local WHP plan can be found in Appendix "E".

PHASE H - NEW WELL,
The second element phase of ensuring a continued safe water supply is to construct a third well in a
location which will not be susceptible to the same sources of pollution that potentially threaten Well Nos.
3 and 4. This goal may be achieved either by drilling a well which will develop water from a different
aquifer, or by drilling a well hydraulically up-gradient from potential contamination sources which could
impact the existing wells. With a hydrologically separate backup water supply, Burlington could continue
to meet the water demand of residents even if the protection provided by the local wellhead protection
plan did not prevent the quality of water in the existing wells from being degraded.
Three potential new sources of water have been identified:
A new shallow well in the Sunshine Terrace Deposits on Emblem Bench,
adjacent to the existing water tanks;

A Willwood Formation well on Emblem Bench, adjacent to the existing water

tank; and
A new alluvial well located west of the existing wells.

These alternatives are discussed in more detail in the following sections. The locations of the potential
well sites are shown on Figure 15. Well designs for the three options are contained on Figures 16 and
17.

Emblem Bench Well
Hydrogeologic Considerations. Because of the variable thicknesses reported for the Sunshine Terrace
deposits which comprise Emblem Bench, it is recommended that a test hole drilling program be
undertaken prior to the drilling of a production well, if this option is selected by the Town. The lack of
irrigation wells in the immediate vicinity of the tanks may be an indication these sediments do not yield
large quantities of water. Test well drilling should be coordinated with the period of seasonally low static
water levels, in order to determine if the well is likely to be dewatered in the late winter or early spring.
Ideally, the well should be pump tested in the early spring and the static water level and water
temperature should be monitored for twelve months.
Other Considerations. The Emblem Bench site is close to the existing water storage tank. Some of the
main sources of recharge to this aquifer are infiltration of water from canals, laterals, and irrigated lands.
Due to the nature of the water recharging the aquifer, a wellhead protection plan should be initiated prior
to or concurrent with the drilling program to insure that agrichemicals and other potential sources of
contamination do not jeopardize the water supply. Based on analysis of color-infixed aerial photographs,
the majority of the land within one mile of the water tanks is cultivated.

Risk. The risk of missing the hydrogeologic target at the Emblem Bench site is considered low. The
well will be located directly on the Sunshine Terrace sediments. The only outstanding hydrogeologic
questions are the thickness of saturated material that would be penetrated and the annual fluctuation of
the water table in the area. Installation of a small diameter test well may prove to be an economical
means of determining if the site would be suitable for a municipal water well. Monitoring of the static
water level and temperature in the test well throughout one calendar year would provide an indication of
whether a production well at the site may become dewatered when the nearby fields are not being
imgated and whether the groundwater resource is potentially under the direct influence of surface water.
The risk posed by potential sources of contamination may be managed through the management controls
developed in the wellhead protection plan for the existing wells or by locating the well west of the water
tanks on lands which are neither irrigated nor cultivated.
Proposed Well Design. Figure 16 shows the proposed design for an alluvial well drilled in the Sunshine
Terrace deposits at the Emblem Bench site. The proposed design is essentially the same as that of Well
Nos. 3 and 4 and includes approximately ten feet of V-slot well screen set from the top of the Willwood
Formation to ten feet above the Willwood Formation. Ten feet of blank casing would be placed below
the well screen to sene as a sediment trap. While the well design and associated cost estimate assume
the casing will be driven into the borehole, rotary drilling with mud and subsequent installation of the
casing and screen is also an option.
Cost Estimate. The cost of constructing and completing with a pump and controls the proposed well is
estimated to be approximately $45,000. The cost estimate includes engineering and design costs and
estimated legal and permitting fees.
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Emblem Bench Willwood Formation Well
Hydrogeologic Considerations. The Emblem Bench area was selected to provide a maximum potential
thickness of Willwood Formation within the project area. The discontinuous sandstone beds within the
Willwood preclude confident prediction of the depths and thickness of the potential water bearing units.
However, geophysical logs from oil wells in the vicinity suggest that as much as 95 feet of sandstone may
be present in the top 800 to 900 feet of Willwood beneath the site. Domestic wells in the area reported
yield on the order of three to ten gpm, with yields rarely exceeding 100 gpm; however, a deeper, larger
diameter well designed for municipal use may result in a greater yield. The average specific capacity of
0.4 gpm/ft reported for Bighorn Basin Willwood wells suggests that a well with 400 feet of available
drawdown may be capable of meeting the water demand of the town. Geochemical data for water from
wells with total depths of less than 160 feet indicates that the quality of water from this formation is
highly variable. Moreover, the quality of the water from the deeper units cannot be predicted fiom the
available data.
Other Considerations. The low permeability of the shales and siltstone interbedded with the Willwood
sandstones may provide a measure of protection against potential sources of contamination which may
be present at the land surface. The total depth of a Willwood well would be much greater than that of
an alluvial well; therefore, this option initially appears to have the highest cost. However, siting the well
adjacent to the water storage tank will minimize the transmission system cost. Mixing of water from a
Willwood well with water from the existing wells is one way in which fuhre problems such as high
nitrate concentrations in the alluvial water could be alleviated. Mixing would also reduce the
concentration of TDS and other constituents found in the Willwood Formation.

Risk. Although the precise thickness and depth of the sandstone beds in the Willwood formation cannot
be predicted, the risk of missing the water-bearing units altogether is considered low. The primary risks
are that the sandstones will prove to be relatively impermeable, resulting in a limited maximum
production rate and that the quality of water in the aquifer not well known and may be unacceptable to
serve as drinking water.
Proposed Well Design. The well design recommended for a Willwood Formation well at this location
is depicted in Figure 17. The design is based on review of the geophysical log fiom the oil test hole
located approximately two miles southwest of Burlington. This information indicates the majority of
potential water-bearing sandstones are located at depths greater than 400 feet in the test hole; for this
reason the proposed design is for a well approximately 950 feet deep which may penetrate approximately
100 to 150 feet of sandstone. The telescoping well design was proposed to minimize construction costs
while providing a large diameter pump chamber sufficient in length to provide a large available
drawdown. Well screen would be placed only across those intervals identified as potentially
water-bearing based on the drill cuttings and the geophysical logs in order to minimize turbidity and
pumping of sand.
Cost Estimate. The cost of drilling a test hole in the Willwood Formation and a reaming it to a large
diameter to serve as a production well, as well as constructing, testing, and completing the well with a
pump and controls is estimated to be approximately $100,000. The cost estimate does not include
engineering and design costs or estimated legal and permitting fees.
Alluvial Well West of Existina Wells.
Hydrogeologic Considerations. A new well located to the west of the existing wells and west of the
identified potential sources of contamination would develop water from the same aquifer as the existing
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wells; the expected yield and quality of water from a well at this site is similar to that obtained from Well
Nos. 3 and 4. Locating the well hydraulically up-gradient from the existing wells would provide a
measure of protection to the water system as a whole. For example, a pesticide spill occurring east of
the new well but west of Well Nos. 3 and 4 might effect only Well Nos. 3 and 4, leaving the new well
as a usable water supply for the Town.
Other Considerations. An alluvial well drilled at a site west of the existing wells would have the greatest
transmission system cost of the three options considered herein. The wellhead protection concerns
associated with agriculture would still apply to this site. However, there would be a lower potential of
contamination from septic tanks and from the application of agricultural chemicals, since the majority of
the land west of Road 7 apparently is used as pasture.
Risk. The risk of missing the hydrogeologic target at this site is considered low, because the alluvium
underlies the entire area south of the contact with the Greybull Terrace deposits. As with the previous
well drilling efforts in the Burlington area, a test hole drilling program designed to determine the site with
the maximum alluvial thickness should be conducted to site the well in the location with the maximum
saturated thickness. In addition, care should be taken to site the well within the alluvium, or lower
terrace, rather than the Greybull Terrace deposits, since Well Nos. 1 and 2, believed to be located in the
Greybull Terrace deposits, were abandoned due to large fluctuations in seasonal static water levels.
Proposed Well Design. The well design proposed for an alluvial well at this site is identical to that
proposed for the shallow Emblem Bench well and is shown in Figure 16.
Cost Estimate. The estimated cost of drilling, testing, and completing the proposed well with a pump
and controls is $45,000. The cost estimate does not include engineering and design costs or estimated
legal and permitting fees.

WATER DISTRIBUTION ALrERNATWES
SYSTEM IMPROVEMENTS

-

Water M u . The existing water system at Burlington, Wyoming is eight years old and is in good
condition, however, improvements should be made to increase system eficiency and reliability. The
improvements can be completed now or they can be staged over several years to spread the cost. Well
field improvements discussed in the previous section of this report are directly related to wellhead
protection and the service life of wells and pumping equipment. This section will identify distribution
and storage improvements that are related to the wells, but are part of the distribution system.
With the growth that is currently occurring it is recommended that the Town of Burlington reconsider
fire protection conditions. The system constructed in 1988 was considered to be a rural system primarily
for drinking water and secondary for fire protection. Undersizing exists with various components of the
distribution system. Full fire protection in commercial areas is not currently in compliance with Table
A-III-A-1 of Appendix ID-4 of the 1994 Uniform Fire Code. It is recommended that a minimum fire
flow of 1,500 gpm be provided to commercial areas (750 gpm to residential areas), while maintaining
a residual system pressure of 20 psi. Current fire protection is provided from storage with very little
contribution from the wells. There is presently 750 gpm available in Burlington for a period of 2 hours
which would use 90,000 gallons. Assuming a maximum pump production of 113 gpm minus average
day flow of 28 gpm, refilling the tank would take about 18 hours with the existing pumps. Full fire
protection would not be available during this 18 hour period. Increasing pump capacity from the existing
wells or adding a third well is desirable to reduce the time it takes to fill the tank after a fire. New

pumps with combined capacity of 200 gprn would reduce the time required to fill 90,000gal. of storage
is 9 hours. Fire flows can only be increased to 1,500 gprn by constructing additional water main capacity
from the tank to town.
It is recommended that future main extensions be DR18 AWWA C900 PVC pipe. This pipe should serve
well with the pressures on this system and it is resistant to corrosion. All new mains in residential areas
should be looped 6-inch lines. Any deadend lines that are required need to be &inch. Hydrants are
needed not only for fire protection, but for flushing mains. Deadend extensions should be minimized,
with a master plan to loop them at some point in the future. Where fire flows in excess of 750 gprn are
required, 10 or 12-inch mains will be needed depending on the particular location and the results of a
hydraulic analysis to size the mains.
There is some concern relating to the size of the 4-inch line from the well to town as well as the size of
the 8-inch line from the tank to town (size of the line from the tank relates to ability to carry fire flow).
There is also concern about maintaining chlorine residuals. An ideal system would include a dedicated
line from the wells to the tank. This would require all water to flow through the tank prior to going to
the service area. This design would utilize the tank for chlorine contact time, help maintain consistent
chlorine residuals throughout the system, and help promote turnover in the tank. Finalizing the
recommendation concerning the construction of additional water main to the tank andlor additional water
mains increased in size from the wells to town or from the tank to town, will depend on the final decision
relating to water supply. Whether a new well is drilled into the Willwood Formation near the tank which
will supply the town from the north, or the existing well field is continued to be utilized or possibly even
expanded south of town, will affect the recommendations relating to these issues.
Water Treatment. It is recommended that the chlorination system for this water supply be switched from
sodium hypochlorite to chlorine gas. There are four primary reasons for this. These are:
Chlorine gas is a more dependable feed system and requires less operation and maintenance than
does a hypochlorite system.
Hypochlorite solutions deteriorate, especially during warm weather. This reduces the effective
amount of chlorine in the solution. Chlorine gas does not have this problem.
On a per pound basis, chlorine in the gas form is much less expensive than in the hypochlorite
form.
With a vacuum feed system and with the cylinders housed outside of the well house, there should
be virtually no corrosion in the well house. This is a significant current problem which should
be eliminated. Corrosion inside the well house will become even more important when the
telemetry system which turns the well pumps on and off based on the water level in the tanks,
is replaced. Chlorine vapors from the hypochlorite solution tank can readily corrode electrical
components.
Water Storage. It is recommended that the existing 150,000 gallon tank should be repaired by recoating
the floor and spot coating areas on the tank walls. Additional storage is not needed for several years.
ALTERNATE NO. 1A
Alternate No. 1A consists of installing a new eight inch water transmission line from the existing Well
No. 3 and 4 directly to the storage tank, install new pumps in Well No. 3 and 4, constructing a Willwood

Formation well near the storage tank blending the two water sources and installing telemetry and a gas
chlorination system before entering the storage tank. The four inch water main would be disconnected
from the wells and a flushing hydrant installed. The existing four inch water main would become a
service line for an area south of town.
Alternate No. 1A is shown on Figure 18.
The construction cost for Alternate No. 1A is estimated at $581,650. This includes a Willwood Well and
pump and does not including right-of-way, and engineering.
LTERNATE NO. 1B
Alternate No. 1B consists of installing a new eight inch water transmission line from the existing Well
No. 3 and 4, constructing an alluvial well approximately two miles west of the storage tank, installing
a six inch water transmission line from the new well to the storage tank, blending the two water sources
and installing telemetry and a gas chlorination system before entering the storage tank. The four inch
water main would be disconnected from the wells and a flushing hydrant installed. The existing four inch
water main would become a service line for an area south of town.
Alternate No. 1B is shown on Figure 19.
The construction cost for Alternate No. 1B is estimated at $802,600. This includes one alluvial well and
pump and does not including right-of-way, and engineering.
ALTERNATE NO. 1C
Alternate No. 1C consists of installing a new eight inch water transmission line from the existing Well
No. 3 and 4 directly to the storage tank, installing new pumps in Well No. 3 and 4, constructing an
alluvial well approximately one and one-half miles west of the existing Well No. 3 and 4, installing a six
inch water transmission line from the new well to Well No. 3 and 4, blending the two water sources and
delivering water to the storage tank and installing telemetry and a gas chlorination system before entering
the storage tank. The existing four inch water main would be discomected from the wells and a flushing
hydrant installed. The existing four inch water main would become a service line for an area south of
town.
Alternate No. 1C is shown on Figure 20.
The construction cost for Alternate No. 1C is estimated at $768,200. This includes one alluvial well and
pump and does not including right-of-way, and engineering.
ALTERNATE NO. 2
Alternate No. 2 consists of installing a six inch water main adjacent to the existing four inch main south
of town. The four inch main would become a water service line to serve the area south of town with a
flushing hydrant installed at the west end of the four inch water line. This alternative includes installing
new pumps in Well No. 3 and 4 and increasing combined flow to 150 gpm, installing an eight inch water
main adjacent to the existing eight inch main between the school and the storage tank, drilling a Willwood
Fonnation well near the storage tank, installing a six inch connector piping from the Willwood Well to
the storage tank and installing a gas chlorination system and telemetry at Well No. 3 and 4 and at the
storage tank.
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Alternate No. 2 is shown on Figure 21.
The construction cost for Alternate No. 2 is estimated at $566,650. This includes a Willwood Well and
pump and does not including right-of-way and engineering.
ALTERNATE NO. 3
Alternate No. 3 was developed as a result of two public meetings held in Burlington on August 21, 1996
and September 17, 1996 after completion of Phase I. The alternative includes installation of 15,500 feet
of 8-inch transmission pipeline from Well No. 3 and 4 directly to the storage tank in Emblem bench.
A cross tie to the existing &inch main at the north edge of town is included. Since the goal is to provide
a direct connection between the wells and the tank via the 8-inch pipeline, a dual 6-inch main is needed
along 2,600 feet of the west edge of town. Under this alternative, new pumps with higher capacity would
be installed in Well No. 3 and 4 for a total flow of 200 gpm. Gas chlorination would be installed at Well
No. 3 and 4. The existing storage tank will be repaired and recoated on the interior. An alluvial well
(non-potable) would be constructed in one of the town parks. Alternative No. 3 also includes wellhead
protection provisions, telemetry improvements and monitoring wells.
Alternative No. 3 is shown on Figure 22.
The construction cost for Alternative No. 3 is estimated at $557,700.00. This does not include right-ofway and engineering or property purchase.

SECONDARY CITY PARK WATERING
The Town of Burlington currently irrigates its two town parks and the Town Hall lawn with municipal
water. Some intermittent lawn watering occurs on residential lots but for the most part, homeowners use
an existing secondary irrigation systan that distributes canal water throughout the town. The secondary
system is a low pressure system (10-15 psi). Take-outs to individual lots are by gravity flood irrigation
and by booster pumps and sprinklers.
The small town park on Center and Brown Streets is operated by the Public Works Director. The park
is about onequarter block or 0.92 acres (40,000 ffi. Irrigation is from the municipal system and consists
of six zones operating on timers from about 6:00 P.M. to 6:00 A.M. Estimated water consumption per
month is shown on Table 10.

The large town park on Main and Elm Streets is operated by an individual who contracts with the town.

The park is about one-half block or 4.13 acres (180,000 ft3. Irrigation is from the municipal system and
consists of six zones operating on timers throughout various times of the day. For purposes of this
estimate, it has been assumed that the system is operated from 6:00 P.M. to 6:00 A.M. Estimated water
consumption per month is shown on Table 10.
The Town Hall lawn on Main and Popular Avenue is operated by the town staff. The lawn area is
estimated at 50-feet by 150-feet or 0.17 acre (7,405 ft2). Irrigation is from the municipal system and it
is recommended that irrigation remain from the municipal system.

EMBLEM BENCH SITE
(LOCATED OUTSIDE OF
CULTIVATED AREAS AND
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TABLE 1Q
BURLINGTON WATER SUPPLY STUDY-LEVEL I1
ESTIMATED WATER CONSUMPTION FOR TWO TOWN PARKS AND TOWN HALL LAWN
Burlington, Wyoming

Town Hall Lawn

A secondary surface watering system for both town parks currently exists adjacent to the parks. As an
alternative, alluvial irrigation wells could be constructed at each park. It is recommended that the Town
discontinue watering parks from the municipal system and begin watering from the secondary water
system and irrigate primarily during night time hours. To accomplish this a positive discomection from
the drinking water system would be necessary. The advantages of using a secondary system for park
imgation are:
•
•
•

Reserves high quality well water primarily for drinking water.
Reserves distribution system capacity for drinking water and fire protection.
Reduces the treatment costs.

The disadvantages of using a secondary system for park imgation are:
•
•

Potential for someone to drink nonpotable water.
The cost to install a sedimentltrash screening system, booster pump, pipe connection and
electrical hook-up or as an alternative two alluvial wells could be drilled.

There are two alternatives for a secondary watering system for the city parks.
1.

Connect to an existing surface water irrigation system and install screening, booster pumps, pipe
connections, electrical hook-up and disconnect from the municipal system.

2.

Drill an alluvial well at one park and install a pump, pipe connections, electrical hook-up and
disconnect ffom the municipal system. Reactivate an existing well at the other park.

The Town of Burlington prefers the shallow alluvial well alternative with a well at each park. This would
eliminate the need for screening surface water.

Water supply from alluvial wells should be available during summer months but it can be expected that
the water will have nitrate levels higher than that measured in Well No. 3 and 4. The irrigation wells
will not be designated as municipal wells and water will probably not be potable.
The construction costs for one alluvial well equipped with pump and connection to the park irrigation
system is estimated at $5,400.00. This cost does not include engineering or contingency.

CONSTRUCTION COST OF COMPONENTS
Preliminary cost in this section will relate to construction costs for comparative purposes. Right-of-way,
legal, permitting, and engineering costs depend upon the alternative and components selected. Total cost
will also vary depending on the phasing of projects.
The following preliminary construction costs shown in Table 11 are identified for specific components.
TABLE 11
BURLINGTON WATER SUPPLY PROJECT-LEVEL I1
CONSTRUCTION COSTS OF ALTERNATrYES

Telemetry System

st of Well 3 and 4
of Well 3 and 4
e Alluvial Well to tank

-

-

15,500 ft. 8" pipeline Wells to tank (cross to 8")
2 pumps Well No. 3 and 4
Storage reservoir recoating
Gas Chlorine System
2 Park Irrigation Wells
4 Monitoring Wells/Sample Pump
Total Construction Estimate Alt. 3

-

Construction costs shown in Table 11 do not include contingency, WHPP Improvements, engineering, acquisition,

RECOMMENDED PLAN

The "Interim PhaK I Report" was presented to the Town of Burlington at two public meetings held in
the Town Hall on August 21, 1996 and September 17, 1996. The town requested funding from the
WWDC in a letter dated October 6, 19%. Subsequent to those activities a pre-application to the Rural
Utility Service was prepared and a WWDC Public Hearing was held at the Town Hall at 1:00 P.M. on
December 11, 1996. The following Recommended Plan was presented to the town at that hearing.
Wellhead Im~rovements
Recommendations include implementation of a well head protection plan (WIIPP)developed during this
Level I1 Study. The features of the WHPP that are recommended for Level I11 are:
1.

2.
3.
4.

Purchase approximately five acres of land adjacent to the existing wells and enclose with a 6-foot
chain link fence and a wire security overhang.
Construct four monitor wells in the recharge area. (Locations shown on Figure 23)
Prepare final conservation easements for wellhead protection area.
Prepare signs to be posted in the WHP area and assist the town with public education.

During the Level III implementation it is recommended that an ordinance be prepared to describe the
allowed uses and operations within the 5 acre town property surrounding the wells. All potential
contaminants that currently exist need to be removed and restrictions should be put on activities which
could cause future contamination. For example, the existing septic system should be removed or at least
it should be pumped out, contaminated soil should be removed and automobiles and debris should be
removed from the yard and shop building. Restrictions should be placed on the storage of fuel, oil,
pesticides, herbicides and other polluting type materials. Mechanical repair activities should be
prohibited. The building and yard could be used for storage of non-polluting materials such as lumber,
steel, parts, valves, fittings, pipe or other similar materials. Future town councils and employees need
to be aware by ordimme that the wellhead property was purchased for wellhead protection.

Proposed improvements include the installation of new pumps and pump column in existing alluvial Wells
No. 3 and 4. Pump capacities will be increased to a combined capacity of 200 gpm as compared to 113
gpm from the two existing pumps. The normal operation would be to run one pump at 100 gpm and
alternate the use. Water levels in the storage tank would be the controlling mechanism.
Some other improvements recommended at the well house include interior painting and repair of the
existing telemetry system. (It is unknown at this point whether the existing telemetry system can be
repaired, but it is assumed that it is repairable.) An hour meter in the well h o w will be used to
determine which punp should operate and tank water levels via telemetry will determine the pump on/off
sequence. The existing well manifold facilities are shown on Figure 24. The exact configuration and
direction of underground piping leaving the manifold house is unknown and will need io be exposed
during construction.

Gas Chlorine Svstem
A gas chlorine system is recommended to be installed at the manifold house to replace the existing

system. A new chlorine house will be constructed outside of the existing manifold house. Required
safety equipment and ventilation will be included. A floor plan and schematic diagram is shown in Figure
24.
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Chlorine gas will be injected into the existing pipeline reducer on the pressure side of the check valve
as shown on Figure 24. This point is close to the existing spigot and will not allow accurate sampling
of chlorine at that point. It is recommended that a sampling station be installed on the pipeline outside
of the manifold house at a location as shown on Figure 24.
Transmission Pi~eline
The primary goal for the Burlington water system improvements is to construct a transmission pipeline
from the existing Well No. 3 and 4 directly to the 150,000 gallon storage tank. The proposed &inch
transmission pipeline is 15,500 feet in length including an &inch cross connection to the existing &inch
main located along the north city limit line. Water chlorinated at the wellhead would be pumped directly
to storage and then returned to town via the existing 8-inch water main located along Highway No. 30.
By having a direct link from the wells to storage, ample chlorine contact time is provided and there will
be continuous water turn over in the tank. Previous icing problems in the tank during winter months
should be eliminated. In the future, when a Willwood Formation well is constructed it could be located
at the existing wellhead or at the storage reservoir. The storage tank will also serve as a blending
chamber for mixing water supplies.
As a secondary benefit, the proposed 8-inch transmission water line will also give Burlington full fire
protection providing 1,500 gpm in town for about 2 hours if both well pumps are operating or about 1.7
hours if both pumps are out of service. A closed valve would have to be opened to allow full fire flow
from the tank via both &inch transmission pipelines. (Normally the valve would be closed to prevent
water from short circuiting directly fiom the wells to the town distribution system.) To provide looping
on the west edge of Burlington, it is recommended that a &inch water main be installed for 2,600 feet
parallel and in the same trench as the proposed &inch transmission main. An additional 850-feet of 6inch water main is also recommended north of the Burlington school. A schematic drawing of the
pipeline details is shown on Figures 23 and 25.

Storage Tank h n ~ r o v e m e n ~
Recommended improvements at the existing 150,000 gallon storage tank include additions to yard piping
and interior coating of the tank. Details are shown on Figure 26.
The new 8-inch transmission line from Well No. 3 and 4 will be installed to discharge into the tank on
the side opposite from the existing 8-inch iniet/outlet and drain. By locating the new &inch inlet on the
opposite side of the tank outlet, short circuiting to the outlet can be prevented. The new inlet will be
extended approximately 4-feet above the tank floor to allow for better mixing turbulence in the tank.
Yard piping will be designed and valved so that water can be directed to bypass the tank. A drain will
be installed on the new &inch water line so that it can be isolated and drained without disrupting the flow
of water from the tank to town (see Figure 26).
The storage tank interior will be sandblasted on the interior bottom and the bottom 3-feet of the shell or
walls and will be recoated with an epoxy finish acceptable by AWWA standards for potable tank coating.
Some cleaning and spot coating will also be completed in a few locations in the upper portions of the tank
and on the entire center post of the tank.
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ECONOMICICOST ANALYSIS
The cost in the section titled "Construction Cost of Components" provided for comparison of alternatives
considered. This section provided detailed construction cost opinions of the Recommended Plan capital
improvements and associated engineering, legal, permitting, acquisition and right-of-way, and
contingencies.

The Recommended Plan provides for maximum benefits for the Town of Burlington. With appropriate
funding arrangements, the plan will be affordable. The Town Council has endorsed the Recommended
Plan.
Cost of Recommended Plan

The Construction cost estimates are provided in Table 12 and a summary including engineering,
permitting, legal, acquisition of access and right-of-way, and contingency is provided in Table 13.

W Curb Stop & BOX

20

EA

$

120

$ 2,400

8" Plug

1

EA

$

150

$

150

6" Ptug

4

EA

$

125

$

500

5 Ib. Anode System

14

EA

$

70

$

980

17 Ib. Anode System

2

EA

$

150

$

300

Post Mounted Test Station

16

EA

$

170

$ 2,720

AirNacuum Valve (w/o Manhole)

1

EA

$2,000

$ 2,000

Water Quality Sampling Station

2

EA

$ 800

$ 1,600

3,500

CY

$

15

$52,500

Marker Posts

30

EA

$

6

$

180

Guard Posts

4

EA

120

$

480

Gravel Restoration (1600 L.F.)

300

TN

Underground Utility Crossings

10

EA

Irrigation Canal Crossings

6

EA

I

-

Type I Bedding Material Imported

$

$

9

$ 2,700

$

150

$ 1,500

$

so0

$ 3,000

Pipeline Total Cost
(Does not include engineering, contingency, permitting, legal, access, right-of-way, etc.)
2.

$481,100

NEW PUMPS WELL NO. 3 AND 4

Model 5CLC Goulds 4,S t a ~ eP6mp

2

LS

$3,800

$ 7,600

Provide underground electrical sewice
(both pumps)

1

LS

$ 1,500

$ 1,500

New Pump Column

2

LS

$ 200

$400

RepaulPaint Existing Well House

1

LS

$ 1,500

$ 1,sOO

,

New Cable

2

LS

,

Repair Telemetry (tank pumps)

1

LS

$2,000

Installation

2

LS

$

,

-

$

So
500

New Pumps Well No. 3 & 4 Cost
(Does not indude engineering, contingency, permitting, legal, access, right-of-way, etc.)
3.

$

100

$ 2,000

$l,OOO,
$14,100

STORAGE RESERVOIR INTERIOR COATING

Sherman Williams Epoxy MC-56, E39B62W
Miscellaneous

3,706

SF

$ 4.00

1

LS

$

176

Storage Reservoir Interior Coatlnq Total Cost
(Does not include engineering, contngency, permitting, legal, access, right-of-way, etc.)

$ 14,824
$

176

$ 15,000
I

4.

GAS CHLORINATION SYSTEM

Bonds & Insurance

1

LS

$ 200

$ 200.

Housing

1

LS

$ 7,500

$ 7,500

2-Cylinders, Regulators, Controls

1

LS

$ 3,500

$ 3,500

1

LS

$ 1,200 .

$ 1,200

1

LS

$

Booster Pump

7001

$

700

h

Misc. Fittings, Tubing, etc.

1

LS

$ 1,200

$ 1,200

Electrical

1

LS

$ 2,000

$2,000

Gas Chlorination Station Total
(Does not include engineering, contingency, permitting, legal, access, right-of-way, etc.)

ark Well Construction Cost

(Does not include engineering, contingency, permitting, legal, access, right-of-way, etc.)

Wellhead Protection Cost

$16,300

,

TABLE 13
BURLINGTON WATER SUPPLY PROJECT

Cost of Project Components:

-

Pipeline: 8" 15,500'; 6" -. 3,650'

2

$481,100

- 100 gpm Pumps

$ 14,100
I

Storage Resenroir Recoating

$ 15,OOO
J

Gas Chlorination System w M d I House lmprwements

$ 16,300

Park Irrigation Welts

$ 5,400

WHPA Monitor Wells (4) w/sample pump

$25,800

I

nomics of Recommended Plaq
The Recommended Plan can only be implemented if a favorable funding mechanism can be assembled
and the town can afford repayment of capital improvements and operation and maintenance cost. These
costs are typically funded locally from utility rates.
Funding recommended for the capital improvements for the Recommended Plan are outline in Table 14.

. .

Wvoming Water Devt'Iooment Cornmiss~oq. Funding from W D C has been requested in the form of
grant assistance at approximately 44.0 percent (96) of the total project cost. The amount of grant funding
requested by the town is 44.0%x$817,300.00=$360,000.00. Refer to Table 14.

Rural Utilitv Service. Funding from the RUS has been requested in the form of a Federal grant of
approximately 48.9% of the total project costs or $400,000.00 and a Federal loan for approximately
6.12 % of the total project cost or $50,000.00.Refer to Table 14.

Town of Burlington Reserve. Funding for park irrigation wells construction and a portion of engineering
services will be funded from the Town of Burlington water reserve account for approximately 0.89% of
the total project cost or $7,300.00.Refer to Table 14.
Utility Rates. An increase in utility base rate of $3.00per month per equivalent tap is proposed for the
Town of Burlington to repay the RUS loan. The annual payment and cost per equivalent tap is shown
in Table 14. A revised Water Rate Schedule for the Town of Burlington is shown in Table 15.
TABLE 14
BURLINGTON WATER SUPPLY PR(XIECTS
RECOMMENDED PLAN
FUNDING OPTION

,000.00 &9 5lh% for 30 yrs. from RUS: Annual Payment

Burlington H.S. Base Rate Increase &9 $72 per Month:

TABLE 15
BURLINGTON WATER SUPPLY PROJECT-LEVEL n
TOWN OF BURLINGTON WATER RATES
PROPOSED FOR 1997

TYPE OF RATE

meration and Maintenance Costs
Operation and maintenance (O&M) of the Town of Burlington water system is provided by a full-time
employee who provides O&M for all town departments. The employee is a Certified Public Water
Supply Operator. The town has a backhoe and other equipment suitable for performing all water system
O&M, including water line repairs, tap installations, chlorine operations, storage tank repairs, and pump
and wellhead maintenance. The budget for the O&M is offset by revenue from monthly water rates.
Some expenses are accounted for as direct water system expenses and others are paid out of Town
General Funds.
Revenue. In a previous report section titled, "Currentand Fume Water Demand " the water usage and
revenue was estimated for design purposes. The Average Daily Water Demand is identified as 180 gpdc
with 2.4 people per household or tap. Metered users in calendar year 1994 and 1995 showed that
Average Day Demand in winter months is about 85 gpdc and in summer months it increases to about 145
gpdc. Therefore, the design demand is assumed to be conservatively high. For projecting revenues from
water rates a Average Day Demand equal to 100 gpdc was used. Based on the proposed rate increase
as shown on Table 15, the average monthly water bill is estimated by the following equation:
(Avg.

Day x 2.4 people x 30 days - 2,000gal) $2.50 + $18 = $31.00/tap/month
1,Oo

Revenue/year = $31.00 x residential taps x 12 mo. x 1 school x $422.00/Mo.x 12 Mo. = $35,568.00

Other revenue is generated from interest from the Reserve Account.
Expenses. Expenses included in the water system budget includes salaries, chlorine cost, postage and
water quality analysis costs, schools, training, dues subscriptions, and utilities. Water system expenses
which are included in the Town's General Administrative Account includes vehicle costs, employee
benefits, communication, etc. Expenditures for materials such as valves, fittings, meters, vehicle
purchases, parts, etc. are identified in the Capital Outlay budget. The Town does have a Contingency
Reserve which included $26,827-85 in December 1996.
An operating budget in the Rural Utility Service Form 442-7 format is provided in Table 16.

TABLE 16
BURLINGTON WATER SUPPLY PROJECT-LEVEL I1

OPERATING BUDGET
(The following Operating Budget is formatted
to the Rural Utility Service Form 442-7)
Name:

Town of Burlington

Address: P.O. Box 38

Applicants FY:

May 1 to April 30

County: Big Horn

Statelzip: Wyoming 82411
SCHEDULE 1

y

Water revenue is calculated as follows:
Waterlyear
r:
(Avg. Dayx2.4 peoplex30days-2,000 gal) 50 + $18
=
(100~2.4~30-2,000)2 50 + $18 = $31.00ltaplm0.
Revenue

Y

2'

-

b

$31.00 x 82 Resid. Taps x 12 mo.

b

+ $422.00/Mo. x 12 Mo.=

Assume 3 new taps during FY 1998-99.
Special Supplies includes:
Chlorine

Postage

Tests
-

1997-98

$400

$200

$ 200

1998-99

$300

$200

$3,910

In 1998-99 Samples will be taken from five wells at a frequency of four times per year.

$35,568lyr.

TABLE 17
BURLINGTON WATER SUPPLY PROJECT-LEVEL I1
PROJECTED CASH FLOW
(The following Projected Cash Flow is formatted
to the Rural Utility Service Form 442-7)

SCHEDULE 2

A.

Line 15 from Schedule 1 Income (Loss)

B.

Cash Provided From:

1997-98

1998-99

$23,008

$ 17,510

1.

Proceeds from RUS loadgrant

$45O,OOO

-0-

2.

Proceeds from WWDC grant

$360,000

-0-

3.

Proceeds from Town Reserve
(Park Well)

$ 7,300

-0-

$840,308

$ 17,510

$817,300

-0-

C.

Total A and B

D.

Less: Cash Expended for:
1.

Capital Construction

2.

Principal Payment (RUS Loan)

3.

Principal Payment (WyFLB)

$ 2,314

$ 2,510

4.

Principal Payment to Reserve

$ 4,000

$ 4,000

5.

Total D 1 through D4

$819,614

$ 7.247

-0-

$

737

E.

Beginning Cash Balances

$23,896

$44,590

F.

Endin4 Cash Balance (total C minus DS
plus

$44,590

$54,853

$ 8,534

$11,833

Item F Cash Balance Comoosed of:
Debt Payment Account

REFERENCES

Cooper, H. H. and C. E. Jacob, 1946, A generalized graphical method for evaluating formation constants
and summarizexi well field history: American Geophysical Union Transactions, vol. 27, pp. 526534.
Driscoll, F. G., 1986, Groundwater and Wells: Johnson Division, St. Paul, 2& edition.
Foagren Associates, p. a., 1988, Culinary Water Well and Transmission Line: Preliminary Engineering
Report: Consultant's report prepared for the Town of Burlington, Wyoming.
Forsgren Associates, p. a., 1988, Domestic Test Well ahd Production Well Project for Town of
Burlington: Consultant's project specifications and bidding documents prepared for the Town of
Burlington, Wyoming.
Geological Survey of Wyoming, 1937, Geologic Map of Bighorn County, Wyoming, 1 plate.

-

Hasfurther, V., Foster, D., Edgar, T., and Terrence, C., 1992, Wellhead Protection Information and
Guidelines for Wyoming Municipalities: Final Report issued by the University of Wyoming Department
of Civil Engineering in cooperation with the Wyoming Department of Environmental Quality, Water
Quality Division.
Kelly, J. E., K. E. Anderson and W. L. Bumham, 1980, The cheat sheet-A new tool for the field
evaluation of wells by step testing: Journal of Groundwater, vol. 18, pp. 294-298.
Libra, R. D., Dorrmus, D., and Goodwin, C., 1981, Occurrence and Characteristics of Ground Water
in the Bighorn Basin, Wyoming: Water Resources Research Institute, University of Wyoming, vol. I-A.
Lowry, M. E., Lowham, H. W., and Lines, G. C., 1976, Water Resources of the Bighorn Basin,
Northwestern Wyoming: U.S. Geological Survey, Hydrologic Investigations Atlas HA-512, 2 plates.
McLellan, J., 1988, Geohydrologic Investigation of a New Well for the Town of Burlington, Wyoming:
consultant's report submitted to Forsgren Associates.
Morrison-Maierle, Inc., 1986, Report on Well Construction and Testing of Burlington Wells 1 and 2:
Consultant's nport prepared for the Town of Burlington, Wyoming.

Pierce, W. G., 1978, Geologic Map of the Cody 1' x 2' Quadrangle, Wyoming, U.S. Geological
S w e y,Miscellaneow Field Study MF-963.
Robinove, C. J. and Langford, R. H., 1963, Geology and Ground-Water Resources of the Greybull River
U.S. Geological Survey, Water Supply Paper 1596.

- Dry Creek Area, Wyoming:

Rohrcr, W. L., 1964, Geology of the Sheep Mountain Quadrangle, Wyoming: U. S. Geological Survey
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STATE OF WYOMING

nrs .r.-*

OFFICE OF THE STATE E.\;GI,YEER
BARRETl' BCILDISC
CHEYESSE. W'YO3ll.W 82002

FILISC FKE S(J1WL'LE
03 HEVERSE SIDE

APPLICITlON FOR PERMIT TO APPROPRI.4TE CROC'30 WATER

1

33

FOR O ~ I ~ $ , . f
PERMITNO. U.W.

3

PI'..ITER DIVISION SO.

?r.\.\lE . U D NUMBER OF WELL
1.

4.

l

SOTE:

.ALL ITESlS Mt.'STBE COMPLETED
BEFORE ;\PPLIUTIOS IS ACCEPT.4BLE.

Use to which the water will be applied: Dometic [ I
Stock &twin# (
Industrial
1 Miscellaneous [ 1 (Dtrcnbe completely and occurateiy)
us&
rPblll of BUzl f nQtan

zip:-

brodd;~'%'?wL~

Munieip.! [xA

for

k t i o r r of the .well: (NOTE: Quarter-quarter (40-acre subdivision) >IUST be
Aown. EXAMPLE: SEXSWY* of Sec. 12. Tuwnship 1I 3urth. Ranged U'ot.)
8 f a ~ a r n u n t SE
~ .
V*
Y, of See. 31aZ
T.-~..R.96W.of
the 6th P.M. (or W.R.11.). Wyoming. If located
in a platted subdivision. duo provide Lot
of the
Block
Subdivisiun (w Add'n) of

icA

,A,

.

b Mark the well location on the section ~ r i dto the right. LOCATION SHOU'N IN
ITE!!lS MUST~CREE
WITH GRID. If the proposed wall ia for irrigation w. sketch
uad llrb.3 dl irription ditch- and canals, rtmm. reservoirs and ocher wdb. Indicate
the paint of use M h d s to be i r r i e t d from other sources.

45

feet.

8, MAXIMUM quantity of water to be developed and beneficially
d o n s per minute. SOTE. If for domestic or stock use.
ud:
this application will be processed for a maximum of 25 gallons per minute.
SPRINGS: Only rprinp flowin8 25 $Ions per minute or lma. where the proposed
uro b domestic or stockwuering, Iril be corrsldrred as ground water appropriations.
After approval of this application, aome tTpe of artrfrci.1 diversion must be con.
rtnrcted to qualify for a water right.

S
Seala: 2'

Above dl.don.

=

1 mil*

repmmta one full
Loah wall acturauiy ia

9. If uw is not irrigotion. mark the point(s1 or arcr(s) of use in the tabulation below.
mdi sqraprurntiag 40 r
10. If for inigrtioa urn:
a. Describe M.4XlMUM rcreqe to be irrigated in each 40 acre subdivision in the tabulation below.
b. [ J Land will be irrignted from this well only.
c. [ I tnsl is itriptad from ntiuing water ri&t(s) with water from this weil to be additional supply. Describe existing wucr
Rght (s) under REMARKS.

--

-

11. If for irrigation use. describe method of irrigation. i.e. center pivot sprinkler. flood. ac.

Pcmii No.

U,W.

79233

I

Phone: 7 6 7 - 3 5 a

Same & address of y n t to receive corrcqmndarrca and notices Oi.d< q t ~ . Pdv . P - 0. BOX 98 -

7. &inured depth of the wall u

I

not (014 thu iorm. use t y p r t t w
or prrnt nntlv with birck ink.

DO

P .O. BOX 38. Burl inaton. WY

fa@

5.

I

T O W of
~ Burl i noton. Wvomi no

d ;rpplicmt(r)

2 .+&rms of ;rppliant(s)
3.

---I

DiSTRlCT 4:

Tcmporarv Filing .Yo. L.D.

SEE REVERSE SIDE
Book So.

34

Town o f B u r l i n s t o n
(Thegrant~ngof a permit does not constitute the grantins of naht of way. If any easement or r ~ ~ofh wav
t ISnecessarv in connc.
tion with this applicltlon. i t should be understood that tho responsibility is theapplicant's. .4 copy of theagreement shouLdacconlp a y this applicuron. if the land is privatdv owned and the owner is not a co-appl~cant.)

12. The w e l l i s to be cor~struc~ed
on landr owned by

13. ?he water is to k urad on l.ndr owned by

A

(If lrndownr ir not the applicant. a COPV of the yrecmant rci.tinito usage of approprt&d water on t&md should be submrttr
to this o f h . If the Ldownar is included u a co-applicant on the applicat~on,this procedure need not be Collowd.)

Under pendticr olparlury. 1d e c k # that I haveexamined this appliat~onand to thebet of rnv knowledgeand belief it is true. coi
m t and complete.

. 19-

February 1
re of Applrunt or M o r i z a d Agent

Dale

89

THE LEGALLY REQUIRED FILING FEE ;HU!5T ACCOMPASY THIS APPLICATION

DOMESTIC .QND/OR STOCK WLTERINC USES

310.00

(Domestic use is defined u a singlefamily dwdlin8 and the waterinl) of lawns and
grdens not exceeding one (1) acre)

IRRIGATION. MUNIC1P.U. INDUSTRIAL MISCUL1NEOE:'S

t25.00

MONITOR (For water leva measurements or chemical quality sampling)
IF WELL W I U SERVE MULTIPLE USES. SUBMIT OSLY OSE (THE HIGHER) FILlFC

SO FEE

FEE.

THIS SECTION IS NOT TO BE FILLED IN BY APPLICANT

THE STATE OF WYOMING

)

1-

STATE ENcmEJJI's0 m C E )

on hte-

day of

F

m

y

.A. D

Pwmit No. U.W

THIS 1s TO CERTIFY tbu f have e m m i a d the for

e subject to the followinp

limitations and CORditioOl;

This application is yywoved subject to the condition that the proposed use dull not interfere with any existing rights to ground
water from the m e muma of supply and is subject to raylation and comlrtton with surface water rights. if the pround d surface
-era ue interconnected. The w of water hereunder is subject to the further provisions of Chapter 169, Session L w s of Wyoming.
1957, wad my s a h q u e n t amendmenu thereto.
C t ~ t i q . o Cprrnrit
a
does not guarantee the w t to have the water level or artesian pressure in the well maintained at any specific
Ths re# rkoold br corutructsdto a depth adequate to allow for the maximum development and beneficial use of ground water in
tho sourer of supply.

If the well is a flowing artesian well, it shall be so constructad and equipped
- .. that the flow mav beshut off whennot in use. without

%R"%~VOWA%
~ ~~~F~ L
Y
Smcfal a t c e n t i o n is called t o ~ a r as -vc
r
w t o t h e -tion
source

~ SEE
T IATTACHED
O NSTATUS
S .SHE=.

o n e (1) of t h e s e ~ r i o n and
s co-s
of ground uafer & s u r m water

~ppuakt&happlicuioa my be conridsrrd u autbonntion to proceed with construction of the pmpord d l .
Consvuction ol well wili begin within one (1) vau from date of approvd. A Statement of Completion wili be filed within thirty
el coartructioa, includirq pump inrullat~on

(30) days of m@tierr

of the beneficial use of water for the purposes specified in Item 3of this application

Tbe usouat of appropriation shall be limited to the quantity to which permittee is entitled as determined at time of proof o i
rppliutioa of w& w hdiCi.l u
Witness my Mt

b

.

.

~

4

4

,

A.D.
. 19dP.

STATE OF WYOMING
OFF#= OF THE STATE ENGINEER

IF WELL IS TO BE
ABANDONED. SEE STATEMENT OF COMPLfflON A N D DESCRIPTION OF WELL
ITEM 15, PAGE 4
Uo no4 fold ah& f a n .

#h% bU; 1 4

PERMIT NO.U.W.

79233
Town

1. NAMEOF OWNER

NAME OF WELL

B u r l i n g c o n W e l l NO. 2

Burlington, MY

Miscellaneous 0
-

4. LoCATlON OF WELL. xf/r-SW'/r

r

.

,

-

-

-

---

-

R.-L,w
of the 6th P.M. (or W.R.M.).

of ~ o c t i o r d u T,.&N.,

NE Cor. Tract 47 TS2N. R96W

Wyoming, being specificall
o

82411

Zip Code

Municipal qt Industrial 0

Stock Watering 0 Irrigation 0

3. USE OF WATER: Domastic Q

Iygcrritw

of B u r l i n g t o n , Wyoming

P - 0 Box 31

2 AOORESS

Use

nrsll) wi4h Mack i&.

p&i

$
;:

-ft.

comer of S e c t i o n . , T

hwn the

. N., R . . . W.

(SUik8 out word* not md.dL

5. rYPE OF CONSTRUCTION: Orilled F

Dug 0 Driven 0 Jetted 0

Air R a w v

flma

Other

6. CONSTRUCTlON: Total Depth of W d i A
8,

C111ng Schedule N a w U

8"
7"

diameter from

f

9 6

. Depth to Static Water Lwei

t

f t.

Usod 0

A,
t t to.&

diameter from-.

ft. to&

dlametar from .

M ~ ~ ~ ~ ~ ~ A53
I A S STt M
e e 1 Gage

ft.

,ft. to-

ft.

Matertal

ft.

Material

tt

"

Gage.-.

"

Gage

b. Perforations Typ. of &rtoratw used

Size of perforations

Inches by

,

,

perforations from

I

3

T\

%,

',
.::\.
\

a.

feat.

..b

I:-

'. i

feat

ft. to

. . ;;;'::

\.I.'

c!*/

ft. to

-

.- .,A
G'.
,.. .
,' i' &<'
-. ..,''

inches.

Number of perforations and depths whwa p.rfor8t.d:
perforattons from

,
, ;\

a

,.->
*

,

.2

.;.I

"i%
!?
4
.d
,.;

5

slot size

d. Was well gravel packed?

c Was surf-

Yes 0

casing ueod? Yas 0

7. NAME6AODRESSOFDRlLLER S

set from
NOD

feet to

-'

- .

-\

. .." , .. !--.
c. Was weil amon installed? YesX3
No 0
-.-.slot r u e L
set
.
from 2
6feet to 3
5feet
Diametec
7"
Dlametec

250
.250

feet.

Slze of gravel

No dt

Was It camantad In place? Yes

N n r i l l ~ ~ Box
o -4 4 5 -

a

No O

L U l * WY 82431

8. OATE OF COMPLETlON OF WELL (ineluding pump ilutrltation)
9. PUMP INFORMATION: ~ a n u f a c t u r e r . ~ a m ~~~~SubmerSibl-,
f ~ ~ ~ ,
Source of power n . F t p r . + r . l r . H
Amount of Water Being Pump.d.-

Perm! N a U.W.

79233

O

~

~

~

O

M Depth
I
of
. Pump
~
.Setting

Gallons Per Minute. (For springs or flowing wells,

42 '
see item 11.)

Book ~ o . . a Q ~ a g eNO.

34

0

10. PUMP TEST: Was a pump test made? Yes

No @

If so, by whom

Address

-

Y ield:

g8IJmin. with

toot drawdown after

hours.

Y lei&

gallmin. with

foot drawdown a f t e r . , hours.

11. FLOWING WELL (Owner is rerpotrriblr fw control of flowing well).

I t well yidds arterion flow, yield Is
,-.
m a flow Ir conttollod by: valve

a

Ooea wdl leak wound caring7 Yoa

grllmin. Surface pressure is

IbJsq. inch, or

-

feat of water.

plug O

cap 0

O

-

No 0

12 LOO OF WELL: total depth d r i l ~ .
a
8
feat.

7"

feet. Olamatu of well

Depth of compkted we.l-

inches.

toot.

~ e p t hto t~rrrtwater bearing tonnation

teat to Bottom 72feet.

Oepth to princip.1 water kuing tormrtlon. Top&
,
Ground Elw8tion, If known .44d-,

r-

Prom
fwt

4
10

0

4
in

AQMARKS
(Cmontittg, Shutoff,
Packing, etc.)

Matodd

To
Fwt

Typo, Twtwr. Cdor

Ie

I8

15

88

88

It

88

8t

9n

88

I8

I8

88

88

32

I8

(8

81

88

88

I8

#t

88

88

88

IS

8s

19

?n

Indicate Pertc
Qung LM~.

cemented casinn

Topsoil (randy)
dlluvial nraval-nrev

?O

Indicate W a t u

8anng formation

arI8

88

1

-1

I
I

I
OUAUPI OF WATER INFORMATION:, ,
W u 8 chamiml mrly.it mado? Yea 0
No
If 8.0, pleare include 8 copy of the rrtrlydr with thl8 form.
It not, do yau coruider the water 8 s Ooa8g
Acceptable 0

a

Poor 0

Unusable 0

-

13. TABULATION

a. If for irrigation, the land proposed to be irrigated should be described in the following tabulation. Describe in the
"Remarks" section, under Item 14, the means of conveying the water to the lands and the method of irrigation.
(Give irrigable acreage in each legal subdivision. If proposed use is for additional supply for lands with a right from
another source, indicate in the tabulation the priority or permit number, the source of supply and the name of the ditch
or other well.)
b. If not used for irrigation, show the area and point(s) of use and location of well in the tabulation below. Also describe
the method of conveyance in the "Remarks" section under Item 14.

Tc *fb
S Q

Range

sec.

NE1h

.
NE1h

NW% SW'Ir

NW1h
SE%

NE%

NW'h

SWY.

SW 'h
SEN

NE'A

NW1/r SW'/r

SEIA
SE1/r

NE1/r NW'h

SW'h

TOTALS
SE'/r

-

TOTAL NUMBER OF ACRES TO BE IRRIGATED
Original Supply

acres

Additional Supply

acres

14. PLAT

a If the well is to be used for irrigation, industrial, miscellaneous or municipal use, show the location of the well on the
plat below. For such uses, a plat certified by a licensed engineer or land surveyor is required to be submitted at the time
the Proof of Appropriation and Beneficial Use of Ground Water is submitted.
b. For other uses, accurately show the well location, point of use or uses and describe method of conveyance of water to
points of use on plat and in "Remarks" section below. Make certain location on plat agrees with written description.
c. A separate map may be submitted i f the information required cannot be shown on this plat.

Scale: 2"

= 1 Mile

15. If WELL IS TO BE ABANDONED, complete Items 1 through 8. Item 12 (Log of Well) and state reason for abandonmen.
details of the plugging below.

-

It is the responsibility of the owner to properly plug or f i l l in the well in order to prevent contamination of ground water ar
to covar or cap the well at ground level.

UnUu pmalttea of perjury, Ideclare that Ihave examined this form and to the best of my knowledge a d belief it is
con.ct and cmpleta.

,rgLQP
Signature of Ownu or A w e d Ag&t

Date

/

13. TABUUnON
a. If for inigation, the land proposed to be irrigated should be described in the following tabulation. Oescribe in the
"Remarks" section, under Item 14, the means of conveying the water to the lands and the method of irrigation.

(Glwinigabio acrmge in arch legal subdivision. If proposed use is for additional supply for lands with a right from
another source, indicate in the tabulation the priority or permit number, the source of supply and the name of the ditch
or other wdl.)
b. Ifnot used for irrigation, show the area and point(sf of use and locatlon of well in the tabulation below. Also describe
tha method of conveyancr in the "Remarks" section under Item 14.

NE%
MI/. NWsh

NW%

m'h (

3tW

NLSA NWY*

SWrk

sE'h

SWX
$&I/.

NW%

SW*/I

SEsh

N E * ~NWV,

I m~

$as*

,

TOTALS

I
-.
I

1

I
TOTAL NUMBER OF ACRES TO BE IRRIGATED
Original Supply

acres

Additional Supply

acres

14. P U T
r Ifthe m U I8 M be u a d for irrigation, industrirl, rnirceiluroous or municipal use, show the location of the well on the

plat below. For such uses, a plat certified by a licensedengineer or land surveyor Is required to be submitted at the time
the Prwf of Appropriation and B.ndlcI81 Us@of Ground Water la submitted.
b. For other uses, accur8tdy show t M wdl location, point of use or uses and descrlb. method of conveyance of water to
point8 of use on plat urd in "fbnukr" section below. Make certain locatlon on plat agrees with written description.
c. A separate map may be submitted If the information required cannot be shown on this plat.

R.

W.

R . . L W .
Scalc 2'

REMARKS:

t

1 Mile

'

42s"

5:""
"
6/,~/94

t'OU%l L

u'. .i

STATE OF WYOMIPiG

H r t . 5-:U

I

/kf@

OFFICE OF TlIE S A T E ESGINEEH
tIKWSC1II.ER 114 ;II.I)lNC;
C i r a u e n n E . WI'OIIING WZWY

FILING t'EE Ktll-;Dl.'LE
O N Ht;Vk;l{5E S1OE

AYYUCITION
FOR OlTICE USE 0Nj.Y
/
NO. U.W.

,

IPERMIT

FOR PERMIT TO AYPItOIBI~IA'.I.L:GItOUtiU WATER

8 ;< 'j'

I

I

Tetnprarv Filialg No. U.W.

KOTE: Du not [old this form. Use tvpewriter
..
or prtat nwtlv wit11 bhuk ink.
..II.I.I . I - ~ ~ >>1us19
IS
IW: CUJII~LKI-ED
IIE I.'( )It E tIIDtDLICt\TI0N IS ACCEI'TtIllLE.

I

I

t

IYAhlE AND NUYUCR OF
1.

W E U Burlington

Name of applicant(s) T o m of B u r l i n g t o n * WyQmf

~ilone:.=.

2 Address of applicant(s) B ~ l i n a o *n W m i n ~
3.

zip:a24L1

N m e & address of agent to receive correspondence and noticar

FORWREN ASSoCmTES*

P.A.

907 north P o p l a r , S u i t e 195, Cersgar, Wyoming 82601
4

UX to which the water will be applied: Domc?rtic*[ 1
Stock Woteritrg [ 1
11 ustrial ( I
Mircrltanaous (
corn etely and accurately)
Vroduct i o n w e n for the d o w ! t D ~ ' k r l i & t o n

5.

lmcrwion of the well: (NOTE: Qwterguarter (JO-.cre subdivision) JlUST be
shown. ESAblPLE: SEYINWVI of See. 12. Townshin 14 North. Hor1ge68West.)
B i g Horn
S W y4 of SW. 3 ! ~
County. -SWSL y4 **
T . . ~ ~ N . , R . & w . o ~ thr6th P.M. (or W.R.h.1.). Wyonling. If locatd
Block
of the
i ~ at platted subdivision, 8Iso provide Lot
Subdivision (or Add'n) of

Irrigation [

1

Municipal [X

p u rct+cr r r e d v-lr-89

7.

Mark the well locution on the section grid to the right. LOCATION SHOWN IN
TTF31S MUSTACHE WITH GRID. If the p r o p o d well is for irrigation we. sketch
artti label all irrigation ditches and cands.stream, reservoirs and other wells. Indicate
d r puint of & or bnrb to be irrigated from ather sources.

Estimated h t h d the wall ir

L2

feet.

.

8. MAXIMUM quantity of water to be developed and beneficially
d-.oar
per minute. NOTE: If for domatic or stock use,
this application rill bo proceased for a muimum of 2S ~ d l o n sper minute.
SPRINGS: Only springs flowing 25 gallons per minute or less. where the proposed
uw is domartic or rtockwatering, will be considered u ground water appropriations.
After approval of thir application. some type of artificial diversion must be cons t r u ~ t d10 qualify for a water right.
9.

k;

*

.

6.

1

NE%----

I

31

!

1

II I
E

s& ...1.. .-&y.
Ix
i

II---.[

-.---I

1

I

S
Scda: 2'

=

1 mile

Above d i a m rmpments one hril
wction. Locab well areurrtely in
small squatr rrpreswtiry 10 ac.

I t use is not irrigation. mark
int s) o .war( of rso i r ~tile tabulation below.
(k&"at\ac hea 'pYatf
10. If for imption use:
J. Describe M14SIS1UMacreage to be irrigated in each 40 acre subdivision in the tabulation below.
b. [ 1 L i d will be imptsd from this wdl only.
c. [ ) W is irrigated from existing water right(s) with water from this well to be additional supply. Describe existing water
right (s) under REj1AHKS.

I I. If for i r r i ~ t i o nUM. d d b . method sl i r t i ~ t i o n i.o.
, canter pivot sprinkler. fld,etc.

7 /d.t:-+

-

e-• p

Permit No. U.W.

J'

SEE REVERSE SIDE

559
Book N o . P a g e No.

26

cf ?L?:;''T.12. The well is to be constructetl on land, obr~eclby
(The granting of a permit does not constitute tile granting o l right of w a y . If any easemelit or right of .*.a? is necessary In connrc
i t zhould be t i ~ ~ ~ l e . rthat
~ t ~the
o drespon~~bility
1 3 theappiicant'a. .i copy oltlie JSrerrrient should accol;
tion w i t t i t i i s a~~piicatioc~,
pwy thir qlplication, if the land is privr~elyowned und the owner is not a co-applica~~t.)

Town c f Burlinbgton
(If landowner is not the applicant. a copy of the apement relating to usageof appropriated water on the land should besubmittr
to thir office. If the Imclowner is included u a co-applicant on the application, this procedure need not be followed.)

13. The water ia to be ured on lands ownml by

- --

-

I have emmined thir application and to the best ofmy knowled6emd belidit 1strue, cor

Siy t l r r e of Applicant or Authorized Agent

, 19

Date

THE LEGALLY REQUIRED FILING FEE MUST ACCOMP.4NY THIS APPLICATION
S 10.00
DOMESTIC AND/OR STOCK WATERING US=
(Domestic use is defined u a ringlsfunil~dwdlin6 and the watering of lawns and
Iprdm, not e x d i n g one (1) acre)
IRRfCATION, MUNICIPAL, INDUSTRIAL, MISCEUANEOUS
$25.00
NO FEE
MONITOR (For water level meuurements or chamid qwlity sampling)
IF WELL WILL SERVE MULTIPLE USES. SUBMIT ONLY ONE (THEHIGHER) FILING FEE.
THIS SECI'ION IS NOT TO BE FILtED IN BY A P P L I W T
THESTATEOF WYOMING )
)a.
This instrument was received and filed for record
2:OOY l r l A . a .n
' c l o c d .

the.

18th

day of

August

,A. D.

1 9 8 8,at
Permit No.

U.W

- 1 . t8 L !

THIS IS TO CERTIFY that I have examined the foregoing application anddo kreby grant the u m e subject to the following
limitations and conditions:
This a e p l i i i a n ia approved subject to the condition that the p r o p o d use sbdi not interfere with my existing rights to ground
tmter from the umcr rourcr of supply d ia subject to regulation d correlation with surface water rights, if the ground and surfact
watm are interconnected. The use of water hereunder is subject to the further provisions of Chapter 169, Sauion trws of Wyoming.

1957, and m y subsequent amendments thereto.
Granting of a permit does not guarantee the right to have the water level or artesian pressure in the well maintained at any specific
level. The well should be constructed to a depth adequate to allow for the maximum development and beneficial use of ground water ic
the source of supply.

If the well ia r flowing u t t r k n wdl, it shall be so constructed and equipped that the flow may be shut off when not in use, without
lou of water into surface formations or at the surfrce.

FOR ADDITIONAL CONDXTIONS AND LIMITATIONS SE-

Approvd of this application may be considered u authorization to proceed with construction of the proposed welf.
Construction of well will begin within one (1) year from date of approval. A Statement of Completion will be fild within thirty
(30) days of completion of construction, including pump instrllation.
of the beneficid um of water for the purposes specified in Item 4 of this application
The m o u n t of appropriation shall be limited to the qurntity to which permittee is entitled u determined at time of proof of
application of watdr to beneficial
Witness my hand t h 1 i d L a y

O

* A.D. 1 9 8 6 .

PERMIT NO. U.V.

77827

T.F. NO. U.W. 20-8-97
PERMIT STATUS

Priority Date

August 18, 1988

I

Approval Date August 29, 1988

ADDITIONAZ, COttDITIONS AND LXTATIONS:

1. A amter a c c e p t a b l e t o t h e S t a t e Errgfneer is required t o a c c u r a t e l y measure t h e t o t a l
q u a n t i t y of water produced from t h i s w a l l .
2. An annual r e p o r t shall be rubmftted t o t h e S t a t e Engineer no l a t e r than February 1 5
of u c h p a t s u t i r t g t h e toe81 amount of water produced from t h i s well each month
during t h e previous January 1 t o December 31, twelve (12) month period.

The r e p o r t s h a l l i d e n t i f y t h e w e l l by uame, l o c a t i o n , permit number and s i r a l l
i d e a ~ i f yt h e t y p e of meter used f o r t h e musuremitnt.

3.

4 . The report a h a l l c o a t a i n a t l e a s t two (2) semi-annual measurements of t h e pumping
water l e v e l ia t h e w e l l as m u s u r d a f t e r a minimum of twenty-four (24) consecutive
burr of pumping. The d o t a s t h e mrasurwcrats ware obtained and period of time t h e w e l l
was pumped p r i o r to obtaiaiag the.measurements must b e s p e c i f i e d .

5. The r e p o r t s h a l l c o n t a i n a t l e a s t two (2) semi-annual measurements of t h e * s t a t i c
water l e v e l in t h e w e l l as measured tveaty-four ( 2 4 ) c o w a c u t i v e hours h f t e r pumping
h s ceased. The d a t e s t h e measuraaenrs were obtained and t h e period of time t h e w e l l
urs "shut-inH p r i o r t o o b t a i n i n g t h e measurements must be s p e c i f i e d .

6 . The S t a t e Engineer may, upon w r i t t e n r e q u e s t , waive a l l o r any p o r t i o n of t h e s e
c o n d i t i o n s and l i m i t a t i o n s .

March 23, 1989

- Notice of Commencement on August 9, 1988 received.

March 23, 1989 -.Statement of Completion on November 9, 1988 received.

March 23, 1989

- Proof of Beneficial use on January

6 , 1989 received.

STATE OF WYOMING
OFFICE OF THE STATE ENGINKEN

IF WELL IS TO BE
ABANDONED. SEE STATEMENT OF COMPLETION AND UESCHIPTION OF WELL
~ ( C R O FUN
ITEM IS, PAGE 4
PUTT:I J ~I re^ II &
/I-miat

?78zP?NAME

PERMIT NO. U.W.

OF WELL Burlington We11 13

*OWN OF BURLINmN

1. NAME OF OWNER

z AOOAESS

P . O . BOX P.O. 3 1

Burlinnton, WY

(3tMuoul wordr

f

t

W., of the 6th P.M. (or W.R.M.).

u 5 u C J . O ~rr-+

93

(Ikuing Md Dlslrmy

$4

.

96

Miscellaneous 0

74.6'of thp NE Cor. Tract 47. TSZN, R96W

Wyominp. k i n g s p . c i f i c a ~ ~ ~5S6 O 5 9 ' W
ft. South a

R.

*of ~ r t i o n . w ,T+.N.

4. LOCATION OF WELL &*h,&.%

82411

t i p code

3. USE OF WATER: Oomestic 0 Stock Watering 0 lrtlgation 0 Municipal 3 Industrial 0

or

I )R

neatlr nirb M a t i t n l

corner of S e c t i o n - T%-.N.,

from the

R

.

W

.

nor md.dl.

Ro W v

5. M P E OF CONSTRUCTION: Orliled

45

6. CONSTRUCTION: Total Depth of Wdl

a. C u i n g Sctrrdu~e NOW&

Driven 0 Jetted U

Dug 0
d Rl'Jl

#YP.

tt. Depth to Static Water Level

ft.

Used 0

9''

dlmeter from

.A,
ft. t o . 2 5 . ft.

M ~ ~ ~ ~ ~A-~53~ SAtee1
S T Gage
M

7"

diameter from

35ft.

to&

Matorial

diameter from

.

t

'8

,ft.

ft.
o

Gage

"

Mat~dal

. ft.

Gage

.250
-

-

2TA

b. Perforations Type of perfwtor mod
Size of podorations

"

250

inches by

inches.

Number of perfomtionr and depths where perforated:

SW
I

perforations from

ft. to

feet.

perforations from

ft. to

feet:

w d l SCrrcM Installed? Ye8

Diameter:

NO0

;

slot size:

& Was well gravel packed?

Was surface casing used?

set from

Yes 0

NOXI

feet to

Drl.llfnn. P.0,

AEUUCZX
~ o
m

p

e

d

8

i

m

11/9/88

m

w

Type
(

~

.

No. U.W

Submersible

7~ e5p t ,of
h Pump setting

42 '

LGallons
j
Per Minute. (For springs or flowing wells, see item 11.)

77i327
Pwmit

No O

Box 445, Lovell. WY 82431

9. PUMP INFORMATION: ~ a n u f a c t u r e i C r u n f a s - , ?

u

fast.

Was It cemented in place? ~ e s l b

8. DATE OF COMPLETION OF WELL (Including pump installation)

Amount of Water Being ~

-

, - t

Slze of gravel

No CX

Yes 0

7. NAME~AOORESSOFORILLER

~ a u c ot
e porn

.-.1y
--.

1
set.
from A,
feet to 3
5feet.

slot sit.:

7"

Diameter:

r

dt

Book N
,-o
..

559

#-I..

Page No.

@-

*-:

10. PUMP TEST. Was a pump test made? YesX;

No Z

Address u

If so,by whom
YIald: .-_8g

Yield:

162

.

.

0 9

gdlmin. with
gallmh. with

-RnukxT.nvP

14

foot drawdown after

t\IYA

11

hours.

3
.
4
foot
,
drrwdown after 5
1hours.
,

11. FLOWING WELL (OWMI 18 rwponsiblo tor control of flowing well).

It well yldds artasirn flow, yield i

Tho flow I8 controlled by: v.lw 0

s

cap CJ

Oou wdl lW wound w i n g ? Yea 0
12

, grllmin. Surface pressure i

s IbJsq. inch, or

-

plug 0

No 0

LOO OF WELL: Totd dopth drllhd b
S.
foot.
Depth of completed w
,-e
ll

toot. Diameter of well

Depth to flmt watu a u f n g forrnatlon
.-.

7"

inches.

fwt.

Depth to prlnclpd watu boarlng formation. fop 25
toot
,
to Bottom1
\
5
foot.

around elevation, ~i
known
- ,

Typo, Toxture, Color

I

I

.

QUAUlY OF WATER INFORMATION:
ehunlul . n r l . ?
Y U ~ NO 0
If so, please Inelude r copy of the malyds with this form
Acceptable 0
It not, do you wmldw UN water U: Good 0

wu

Poor 0

Unusable Q

feet of water.

13. TABULATION
a. If for irrigation, the land proposed to bo irrigated should be described in tho following tabulation. Describe in the
"R.marks" section, under Item 14, the means of conveying the water to the lands and the method of irrigation.
(Give irrigable acreage in each legal subdivision. I f proposed use is for additional supply for lands with a right from
another source, indicate in the tabulation the priority or permit number, the source of supply and the name of the ditch
or 0 t h well.)
~
b. If not used for irrigation, show the area and polnt(s) of us0 and location of well in the tabulation below. Also describe

the method of conveyance in the "Remarks" section under item 14.
1

.ZMo.

NE'h
- ,

NgU

1

NW'h

WU $W1,G

I SIY*

NLU

WU

SE (/r

SW '/a

NC'i

SWU Y U

NWY.

SWU

SLII

NLU

NW'h

TOTALS

I SWYa I S I U

---

I

1
--

1
I

I

1

1

1

TOTAL NUM8ER OF ACRES TO BE IRRIGATED
Original Supply
Additional Supply '

acres
acres

14. PLAT

It tho well is to be wed for irrigation, industtial, miscellan.ous or municipal use, show the location of the well on the
plat below. For such uses, a plat certified by a Ilcenaedengineer or land surveyor is required to be submittedat the time
the Proof of Appropriation and BenefIciaIUse of Ground Water Is submitted.
b. For other use%accumtely show the well location, point of use or uses and describe method of conveyance of water to
points of use on plot and in "Remarks" section below. Make certain locatlon on plat agrees with written description.
o. A separate map may be submitted i f the information required cannot be shown on this plat.
8.

A,

1

1

96

R.

W.

I

;

I

W.
Scale: 2'

f

I

-- 1 --- --- --- --- - .-I
i II
I
I
I
.---- - - - -- - - - - - --31-6: ----

I

I

'

1

1

a

I

I

I

- --

I

I

I

l

l

I
----

I

I
I

1

I

I

I

I

I

I

I-

--- ---

I
I

I

1

I

I

-x

I

- - - -I
I

I
1

I

I
'

-

I

-. -r ---

1

;

--- I --- - -- - -.-1
I
:
- - - -I - - -I - - -1 - - - - - - - - - - I- - ----- T,

--.L

'

I

I

8

I

t

I

I

I

I

I

---

I

I

I

*
REMARKS:

I

I

'

I

---lI --.1 --- --1

!

;

I

(

!

I----.

I

I

I

1

t

I

1

I

1

---

N.

=

1 Mile

15. IF WELL IS T O B E ABANOONEO, complete Items 1 tnrough 8, Item 12 (Log of Well) and state reason for abandonment anu

details of the plugging below.
It is the responsibility of the owner to properly plug or fill in the well in order to prevent contamination ot ground water at?to cover or cap the well at ground level.

of perjury. Ideclare that Ihave 8~8mintMthis form and to the best of my knowledge and bdief it is tru~
Under POnJtie~

correct am comgleto.

,d

Signature of Owner or Autnorized Agent

Date of Receipt

MAR 2 3 @89

61

oat. OI RMOY

Date of Approval

/I

r;t 1 8

Oate

19-

.~Q_EB

3

1 9 , B f

BURUNGTON WATFiR SUPPLY PROJGCT

Budbgton W d l No. 3 (West Wdl)
Modifid Stop Orrwdomr T h t md R.cov.ry

Ehpsd
nnw,min

Date:
Tested By:
Supervised By:

Juns20-21,1998
Weston Engineering, Inc., Upton, Wyoming
Frank Coy, Kathy Mwphy, Wslton w n w r i n g , Inc.

Pumping Equipment:

Pump sa at 21 footon 3inch 0.0. pump column
Dischargevalve contrds discharge ntr,
Discharge than- through 34- 300 foot long
hose to ifrigasion ditch

Monitoring Equipment:

DiMorge:

One e l m c depth sounder
H m i t 10008 comec!ed to 50 psi tratnsducsr set at 20.0 feet (TOC) in WdI No. 3
and to a 100 psi tmsdwer set at 20.0 feet in the observation well
45, &O, 170,280 gpm

Radial Distance:

17.1 feett to obsefv8tiond l : 34.5 feet to Well No. 4

Comments:

Initial Depth to Water, Pumped WJI = 7.92 feet (TOC)
Initial Depth to Water, Obwation Well = 6.73 feet (TOC)
Initial Depth to Water, Well No. 4 7.00 feet (TOC)
Well No. 3 (West Well) = pumped well
Conductivity reported in units of pmhodcrn

Dnwdown
at pumpad
wJl, ft

-

Dmwdown
at obsow.
w,fi
0
0.03
0
0.03
0.44
0.53
0.6
0.8
0.38
0.41
0.5
0.72
0.63
0.41
0.34
0.38
0.47
0.47
0.41
0.38
0.31
0.31
0.31
0.31
0.28
0.25
0.28
0.25
0.28
0.38
0.53
0.63

W n g t u n WeAl No. 3 (West Well)

Commonts

@
ap
lse
!d
llmo,min

&opl:45gpm
Adjwtingflow

Dmwdown
at pumped
well,ft

Drawdown
atobmw.
wall, ft
0.63
0.6
0.57
0.57
0.53
0.53
0.5
0.5
0.5
0.5
0.5
0.53
0.53
0.53
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.53
0.53
0.53
0.53
0.53
0.53
0.53
0.53
0.53
0.53
0.53

-

DTW obs 7'0"

Wried Step Test Data

Commonto

Adjusting flow
pH = 5.4, Cond-550
T = 53°F; water is orange

Row ok; DTW Well No. 3
= 8'6'

Well No. 4: DTW=7'Sa

pH = 6.1, Cond = 620
T = 54°F; water b dear
DTW obs = 7' 275'

DTW Well No. 3 = 86'

Appendix

- Page 1

Dnwdown

a.p..d

at pump.8

nmo,min

wdl, It

Drawdawn

Dnwdown
8t0b80~.
mll,tt

C 0 m ~ b

QW
Tho. min

--

-

Well No. 4: DTW-7'4.79
Fiowok
pH 6.4, Cond 680
T 54OF; water is dear w/
minor imny sediment
Wdl No. 4: 0TW-7'5.25'
Obs Wd: OW-7'3.25'
pH = 6.6, Cond = 650
water is dear w/ bubbles
Obs Well: OTW=7'3.5'
STEP TO 80 GPM
%wok
wal NO. 4: 0 ~ ~ ~ r 8 . 2 5 ~
pH 6.8, Cond = 670
T=S0F; dear, some bubbles
WdI No. 3: OW-9'0'
Wet1 No. 4: OW-7'9.75'
Water in irrigation ditch up 1'
pH 6.9, Corrd = 670
T 54OF
Obs Well: QTW-7'7
Wdl No. 3: DW-8'10.5'
Wdl No. 4: DTW-7'8'
Q 68 gpm; adj. flow
flow ok
Wdl No. 3: DTW-9'4'
STEP TO 170 GPM
Wdl No. 3: DTW-10'3.29
Obs Well: DTW-8'10'
pH 7.1, Cond = 680
T 55'F
Well No. 3: Dm-10'5'
Wdl No. 4: OTW-8'8'
W d No. 3: OTW-1ff5.625'
Obs Well: DTW-8'11.125'
pH 7.2, Cond 700
TaWF
Obs Well: DTWa8'11.2S'
WdI No. 3: OTW-10'B
Well No. 4: DTW-6'8.S'

--

60
62

0.86
1.4

1.04
1.2

-- -

92
94

222
4.7

2.28
3.51

STEP TO 280 GPM
Wdl No. 3: DTW-12'3.5'
Well: OW-105.5'
pH-7.1,C0nd=680
T S°F
Irrigation ditch up Z
Wdl No. 3: OW-127.75'
pH-7.1, Cond-680; T a ° F
Wdl No. 4: DTW=lO'O'
Wdl No. 3: OW-12'8.25'

-

WeJI No. 3: DTW-129'
pH-7.5, Cond-720; T-53OF

200
210
220

5.31
4.62
4.39

4.15
4.12
4.12

Burllngton Well No. 3 (West Well)

W d No. 3: OW-1210.25'

Madifled Step Twt Data

at obsow.
HI. n

Comments

pH-7.6, Cond-720; T53OF
Flow ok
wdl No. 3: OW-1 2'1 0.5'
Well No. 4: DTW-103'
Obs WdI: DTW-10'11.825'

Wdl No. 3: OW-12'10.75'
pH+7.Z Cand-7m T&"F
Wetl No. 3: DTW=1210.625'
Obs Well: OW-1 1'0.125"
Wdl No. 3: DTW=12'1O.S'

Wd) No. 3: DTW-130'
pH-7.3, Cond-700; T a ° F
Wdl No. 4: OW-10'5'
Obs Well: OW-1 1'1.875'

Well No. 3: OTW13'0.5'
pH-7.6, Cond-700; T - W F
Wdl No. 4: OW-10'5.825'
Wdl No. 3: OW-13'0.75'
END PUMPING

BURUNCITON WATER SUPPLY PROJECT
mudington Well Na. 3 (West Wdl)
W f 1 . d Skp QrawdormT't and Rocovwy

Elapsed
Time, min

-

Date:
Tested By:
Supervised By:

June 20 21,1996

Pumping Equipment:

Pump set at 21 feet on 3-inch O.D. pump column
Discharge valve controls discharge n t e
Discharge channdled through Sinch 300 foot long
hose to imgation ditch

Monitoring Equipment:

Discharge:

One ellbdric depth sounder
Hermit 10008 connected to 50 psi transducer set at 20.0 feet (T'OC) in Well No. 3
and to a 100 psi tmsducer set at 20.0 feet in the observation well
45,80,170,280 gpm

Radial Distance:

17.1 feet to observationwell; 34.5 feet to Well No. 4

Comments:

initial Depth to Water, Pumped WJI = 7.92 feet (TOC)
initial Oepth to Water, Observation Well = 6.73 feet (TOC)
Initial Depth to Water, Well No. 4 = 7.00 feet (TOC)
Well No. 3 (West Well) was the pumped well

Onwdown
a!pummd
mll,ft

Weston Engineerbrg, Inc., Upton, Wyoming
Frank Coy, Kathy Murphy, Weston Engineering, Inc.

Owdown
dobm.
well, tt

Bwlngton Well No. 3 (West Well)

Comments

Uapad
Tlme, min

Rerxwery Data

Drawdown
at pumped
wil, ft

Dnwdown
atob..rv.
well, ft

Comments

Appendix

-

Page 3

mapsod
lime, min

14
16
18
20

22
24
26
28
30
32
34
36
38
40
42
44
46
48

SO
52
54
56

58
60
62
64

66
68
70
72
74
76
78
80
82
84
86
88
90

92
94
96
98
100
110
120
130
140
150
160
170
180
190
200
210
220

230
240

Drawdown
at pumped
wll, ft

Drawdown
rtobsow.
Wl, ft

0.79
0.76
0.73
0.71
0.70
0.67
0.67
0.63
0.62
0.W
0.60
0.60
0.59
0.57
0.57
0.52
0.54
0.54
0.52
0.52
0.52
0.51
0.51
0.49
0.49
0.47
0.46
0.46
0.46
0.44
0.44
0.43
0.43
0.43
0.41
0.43
0.41
0.41
0.39
0.39
0.38
0.38
0.38
0.36
0.35
0.31
0.30
0.28
0.27
0.23
0.22
0.20
0.20
0.19
0.15
0.15
0.14
0.1 1

0.76
0.69
0.06
0.66
0.66
0.63
0.60
0.60
0.57
0.57
0.s
0.53
0.53
0.50
0.50
0.47
0.47
0.47
0.47
0.47
0.44
0.47
0.44
0.44
0.44
0.41
0.41
0.41
0.38
0.41
0.38
0.38
0.38
0.38
0.34
0.34
0.34
0.34
0.34
0.34
0.31
0.31
0.34
0.34
0.28
0.28
0.25
0.22
0.22
0.19
0.15
0.15
0.12
0.12
0.09
0.09
0.06
0.06

BuHngfun Well No. 3 (West Well)

Commmk

Bapsod
Tlmo, min

250
260

no

280

Omwdown
at pumped
well, ft

Dnwdown
at obsarv.
nnll,ft

0.12
0.11
0.09
0.07

0.06
0.03
0.03
0.0

Commmts

End recovery data collection

MONTGOMERY WATSON LABORATORIES

Laboratory
Report

f56 EW W 8 l M stme4

#27675

Weston Groundwater and Engineering
Richard Allen, Kathleen Rittle
121 Grand Ave., Suite 210
Laramie , WY
82070
Prepared

Analyzed

QC Batcht

Wthod

WELL #4 ( 9 6 0 6 2 5 0 0 2 )
06/25/96

kulyte

Sampled on

MDL

Dilution

NA

0.0000

1

#/ma

0.16

1

6

cm/rl

1.0

1

ND
NA
NA

nmx

0.010

t

MPNX

0.010

1

MPNX

0.010

1

Result

Units

06/24/96

06/27/96

(la,

1 C ~ 8 t o aWicrobiological T.8t

07/l2/96

( YL/SX924O

06/27/96

(

1 Iroa Bacteria D w r a t i o a
1 Xatarotrophic Plat. Count

I(L/SX9215B

Samples Received
25-jun-1996 10:57:16

8m*Co8mlrPf
e0.16

Maumnalian Virus Assay
(WL/SHSS~O
(

ML/Sb¶9510

( ~/SMSSlO

IBGM

1 BGM Lower 95) Confidence limit

BGM Upper 9S% Confidence limit

Page

BioVir Laboratories, inc.
685 Stone Road

Benicia, CA 945 10

(707)747-5906

1-800.61AROIA

FAX (707)747-175 1

REPORT OF SAMPLE EVALUATION
REPORT NO.:

8960439A

PAGE NO.:

1 of 1

CLIENT ADDRESS:

Montgomery Laboratories
PO Box 7009
Pasadena, CA 9 1 109

CLIENT NO.:

MONO01

SAMPLE INFORMATION:
Name of Sampler:

NA

Samph Date:

06124196

Sample Source:

NA

Sample Time:

NA

Sample Location:

Well #4

lab ID#:

960825002

Sample Volume:

250 mL

PO No.:

Sub-854

ASSAY RESULTS:
1.

Legionella species Fluorescence Assay: < 3.92 x 1O4
(SM 18th; 9260 J Modified-OFA)

SAMPLE EVALUATION PERFORMANCE CRITERIA: The precise rates of recovery of organisms from environmental samples cannot be
detenntned. 8ioVir Laboratories has analyzed your sample(s1 i n accordance with the method described with each analyte above,
however, due to inherent limitattons of these methods organisms may avoid detection. For additional infonnaaon regarding the
limitattons of the method(s1 referred to above please call us at 1-800-GIAROIA.
COMPANY IS NOT AN INSURER: BioVir Laboratories is not an insurer or guarantor of the quality andlor purity of water, wastewater,
biosolid or other material from which the sample was taken. BioVir o f t e n no express or implied warranties whatsoever concerning the
qusliry or purity of any water. wastewater, biosolid or other material which is ultimately consumed, distnbuted, appiied or otherw~se
disposed.

b -27~917
ANALYSIS DATE

MONTGOMERY WATSON LABORATORIES

ss€ast WmfIMU Shnl
P8sad.oc Wifmir OtlM
ElES68~hx:MES886321;
1~566LA8S(1100~5227)

Laboratory Report

for

Weston Groundwater and Engineering
121 Grand Ave., Suite 210
Laramie , WY

82070

Attention: Richard Allen, Kathleen Rittle
Fax: (307) 745-6408

HDS

Hillary Strayer

MONTGOMERY WATSON LABORATORIES
s
5fast Wdnrt SEnl
k+rdmu, c.1-@
allot

m

~

~

~

~

Report

Comments
n

~

~

a

t

r

:

#27675

18UOS86UllS11 oOOS685Ltl)

Group Corneats

Virus: Sample analyzed for Total Culturable Viruses by
proposed ICR method (8/95) using quanta1 assay on Buffalo
Green Monkey Kidney cell cultures.
(960625002)

CUSTOMXI
Legionella: see attached BioVir Laboratories, Inc. report.
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ENERGY LABORATORIES, INC.
C . O . 8 0 X 32S8
C A S P E R . W Y 82602
P H O N E (307) 2 3 5 - 0 5 1S
2393 S A L T C R E E K H I G H W A Y
C A S P E R . W Y Q2601
P A X ( 3 0 7 ) 234-1639

.-

,WATER ANALYSIS REPORT
j Sample 1.0.:
,! Laboratory i.D. #:
#i
Sample Date:

- MSE-MKM

1

Non-Metals . ,
Total UissoIved Solids7TbS) @ 180%
.

... .

*'

'

Turbidity

I

r Cyanrde (CN)

I

'CoEor

Engineering

mg/L
:.:/lmho/Cm

'

-

N N

I

. mg/L
coior units

I

<
c

0.50 1
0.005 1
1 .O I

0.50
1.O
t .O
1.o

t

I
I

Radium 228 (Ra"")
Hadium Precision 2
Gcossr Alpha

m9/L
PCfi

I

<

w TUCU

NC Balance

US NC Balance

.

0.0003
0.2

I

1

I/L

f

<

1.O

1.0

f

pCi/L

I

<

1-0

1.d

0
Gmss tbta
1
< .
3.Beta Precision 2
Quality Assurance Uata

0.003s l'
0.2 1

I

1

1

I

meq
meq

I

mq/L
dec. YO

i,

i

YO

I

I

1.0

.

t .O

,

Targ.et Range
8,
8.44 1

0.351
1
0.99 I

COMPLETE E N V I R O N M E N T A L ANALYTICAL SERVICES

- +5
0.80 - 1.201
-5

[DRINKING WATER ANALYSIS REPORT
Roport Data:
Lab 1.0. #:

08- 14-96

96-35708

- EPA Yl3H00 S02.2 - USE-HKM Enginwring

$amplo 10:
Samph Orto:
Sampl. Tim*:

Wd#4
06-24-96
t 0:35

Data Roceivd:
Oat* Ana1yr.d:
Analyst:

Pago 2 01 6
06-25-96
06 27 -96
SEC

-

/

I

Lab 1.0. #:

MSE- HKM Engineering

Sample I.D.:

96-35708

Sample Date:
Report Date:

SOWA
_PHASE

REGULATED
CONSTITUENTS:
PCBs (aroclors):

LAB
10'

CAS N.0.

'

I

LAB
MDL2

Well #4
06-24 -98
08- 14-96

€PA
MCL2

EPA
MEMOD

0.50

I

RESULTS

505.
505 1
- 505
505
505
505 I
505505
505
531.1

I1
I Aroclor-1016 -- -12674-11-2
ELI-C
1
0.50i
11
1n
0
n
P
p
~
1 Aroclor 1221
! EU-C
11141-16-5
II
I Arocior 1232
0.50 !
It
f Arodor 1242
53469-21-9
1 EU-C
0.50 1
I1
( Aroclor 1248
1 12672-29-6 ( ELI-C
0.50 I
;If
( Aroclor 1254
li1097-59-1
i EU-C 1
0.50 1
I1
( Aroclor 1260
1 ELI-C
11096-t32-5
0.50 (
If
.
1 lochl lor
: 15972-60-8
/ EU-C
0.10)
2.0
II
1 Aldicarb
116-06-3
1 ELI-RC
0.50 1
3.0
: 11
. 1 AIdicarb sulfone
t646-88-4
f EU-RC
0.60
2.0 1
II
531.1 Not Detected
1
.11 .
. ...1 Atrazine
11912-24-9
I ELI-8
0.015 1
3.0 1
525.1 Not Detected
V
( Benzo (a) -pyrene
1 50-32-8
( ELI-B
0.074 1
0.21
525.1 NotDebhcted
-11
1 Carbafuran
1 1563-66-2
) ELI-RC 1
0.90 1
40.0 [
53t .
I
1 Not Oetacted
II
1 Chlordane
57-74 -9
I ELI-C
0.20 1
2.0 1
505 1 Not Detected
iC
I
12.4-0
1 EU-0
,84075-7
0.017)
70.0 1
5 $5.1 1 Not Detected
fv
1 Dalapon
75-99-0
I E!J-8
0.246 1
200 1
5 15.1 ( Not Detected
,if . .
'. PDEP'
. .
. 1.96-12-0
I Elf-C
0.008 1
0.20 1
4504- Not Detected
V
1 Oieldrin
0.101
160-57-1
I ELI-C
505 Not Detected
. itwseb
0.01 2
7.0
. S f 5,) . Not Oebected
1 Oiquat
1 85-00-7
EHL
0.40 (
20.0
549 ] Not Debacted
1 Di(2-ethylhexyQadipate . ! 103-23- 4
1 EU-B
4OQb
525. t j Not Detected
0.10 (
(Di(2-ethylhexy1)phthalats
I Ell-8
117-81-7
0.50 1
6.0 I
525.1 Not Detected
1 ED8
106-93-4
I ELI-C
0.01 1
0.05 1
504 Not Detected
V
1 Endothall
145-73-3
1 ELI-3
1.81
100 1
548 Not Detected
ill
IEndrin
: 72-20-8
1 ELI-C
0.01 1
2.0 1
505 1 Not Detected
V
1 Glyphosate
1 EU-RC
1071-83-6
547 ( Not Detected
6.0 1
700

--

I

-

-

-

,

Not Detected
Not Detected
Not Detected
Not OeBected
Not Detected
Not Detected
Not De-ted
Not Detected
Not Detected
Not Detected

,

1

-

'

,

,

---

'

iU

11

iV
V .
:If.
-!I.

.

.

. ; ,

,

,

.Ii

!

76-44-8
1024-57-3
IH @ x e t c b I % h z e n e 1 116-74 1
( Hexachlorocyctopentadiene1 77-47-4
:[Wane
f. 5 8 - 8 9 4
1 Methoxychlor
1 73-43-5
f Oxamyf {vydate)
23135-22-0
87-86-5
1 Pentachlorophenol
.1918-02-01
[Pichloram
1 Simazine
122-34-9
i 800t -35-2
1 Toxaphene
93-72-1

-1

-

,

( Heptachlor
Heptachlor epoxide

-

1
1

EU-C
ELI-C

.

f EU-C

1
1
1

ELI-C
EU-C
ELI-C5f ELI-RC

1
1

ELI-B
j ELI-0

I

ELI-C

1 EU-C

'

.

0.01 I
0.01 1
0.01
0.02 1
0.01 1
0.05 {
1.O /
0.0031
0.01 4 6
0.001 1
1.01
0.005 1

0.40
0.20 1
f.0 I
50.0 1

Q.2U 1
40.0 !
200 1
1.0 1
SOU 1
4.0 1
3.0 1
50.0 1

505 1
505 1
5051
505
505.
505
53,. 1
515.1
515.1
5051
505 1
515.1 1
.

Not Detected
Not Detected
Not Deteded
Not Detected
Not Detected
Not Detected
Not Detected
Not Detected
Not Detected
Not Detected
Not Detected
Not Detected

,

II
I ELI-B
)
1
,
.

Sao Pootootas on Page 6
PIN 3S708m.*.wk3

WATER ANALYSIS REPORT
'

;

Client:
Laboratory I.D. #:
Report Date:

MAJOR IONS:
Calcium
[.Magnesium
Sodium
/ Potassium
Carbonate
Bicarbonate
Sulfate
i:Chloride
Nitrite
pitrate
Fluoride
;silica .
... . .

- QUALllY ASSURANCE

MSE-HUM Engineering
96-35708
08- 14-96

Dup
#I%

Method
EPA- 200.7
EPA-200.7
€PA-200.7
- - EPA-200.7'
I EPA-310.1
I EPA-310.1
1 EPA-375.4
fStd.35OOCf-B
I EPA-354.1
1 €PA-353.2
I EPA-340.2
LIEPA-200.7
'

-_
-

,.,

NON-METALS:
TDS@ 180C
!~ond~~tiv'ity
Cyanide
hlkalinity
pH

-

(

I
I
I

I

7

-

,

/
.

108
104
100
98
100
100
100

100
100

t

Dup

1 '' -.

100

EPA-160.1
EPA- 120.1
EPA-335.3
EPA-310.1
EPA-150.1

100. .I'

-.

b

.. .

1
1.

-

98

1

1

:- 1

.

.

#I%

--

1 86
1 93

.-

1

100
100
100
100

- TRACEMEXALS: 1
Antimony
I EPA-204.2 ( 100
.. . . .
..:
..,I.
€PA-200.9
I 100 . Barium
I EPA-200.7
100 1
'~erylliurn
1 €PA-200.9
100
Boron
EPA-200.7
100
Cadmium
j EPA-200.7
100 1
Chromium
100
EPA- 200.7
: EPA- 200.7
100
Copper
Iron
EPA-200.7
100
:Lead
1 .EPA-200.9 1 100 I
Manganese
100 1
EPA-243.1
100 1 - .
IMWCW~
. i PA-245.1
EPA- 200.7
Nickei
100
tOO
.,
;
~
e
l
e
n
i
u
m
j
Wtium
( EPA-200.9
100 1 jam
EPA-200.7
100 I

--

'

:

4

-

-

-,

-

Date
Analyst Analyzed
08-05-96
TS
.08-05-96
TS
07-31-96
TS
'Ts 08-05-96
06-28-96
MM
: 06-28-96
.
I . MM
06-28-96
RK
RK .06-28-96
06-26-96
MM
i.07-02-96
: R K
MM
06-27-96

Spk

..

.

100
,

#2%

1
'

F

,

Page 4 of 6

94
104
,104
102

.-

-

-

-

-

108

-

92
100

I

-.

-

I

-

o

-

-

.-

I
I

1
1
,

86
103
105
109

i

1
1

99
94
98

:

-.

--

-

:

-

.:

.

80 I
9 6 1

o

1

d

MM
MM
ELI-B
MM
MM
,

CP
: CP
TS
CP
TS
CP
TS
TS
TS
'CP
TS
MM
TS
,

-

100

'

;M-M-Q~
1
r

..

-

93

103

f~

C

I06

SO6
106

,

-

96

:

,

-

-

98
94

'

~

i

CP
CP
TS

06-27-96
. , 106-28-96
06-27-96
. ' . 06-28-96
06-28-96
07-08-96
: 07- 24-96
07-31-96

107-18-96
07-31-96
'07-15-96,
07-31-96
07-31 -96
07-31-96
. i07-10-96
07-31-96
'i08-13-96
07-31-96
; 07-25-96
07-09-96
07-31-96
:

,

,

Dupiicate
Precision
Method
Laboratory #:
Gross Alpha:

. .. . .

I

Laboratory #:
Uranium:

(RPD)

900.0
.

900.0
908.1

I

g6-35j0g
100
100

1

75

100

:

I

Method
Blank

Recovery
percent)

Date
Analyzed

(pCI/L)*

Analvst

. .. . . . . .. . . . .. . . . . . . . . . . . .

. . . . . . . . . . . . . ..

Laboratory #:
Gross Beta:

LCS

Spike
Recovery
percent)

.':

1
I

:

:'.LCS :

100

GRAB-^^

'

99

100

111

100

I
.. ..

1

<1 .O

,

07-08-96

1

DB

GRA&~~
-4.0
1 07-08-96 1
'

1

I

..................

4.0003

1

07-19-96

1

t

DB

I

DP

Laboratory #:
Radium 226:
Labratory #:
Radium 228:

....................................................................................
....................~..................-...............
...............................................................................
.............................................................................................
............................................
..................................
...........

22.8-p47-49i:i:'<
322%. r47-49
$@,i~5j.i$i$$@@i~j~~Ii_i~~$~!
;:;i:::::;;';;;:;::::::..:;ij:;:;:;;:;j>jiif:;:~ji;::;;~::;;::;%-3
...................................
5675:...............
............
......... 96-3567 I. .,.,. .:::::;:;:;
.........
. ..... . :
.................................................................... .. . .
.. . . .. ...... .
. . . .
. . .
..........
[ 904.0
100
1
96
132
<1 .O
1 08-01-96 1
DB

*Uranium is reported in mg/L.

APPROVED BY*
Imh qc35708

:::.'.':'

""'

'

1

-

-

WATER ANALYSIS REPORT QUAtlTY ASSURANCE
Client:
MSE-HKM Engineering
Lab I.D. #:
96-35708
Report Date:
08-14-96

Page6 of 6

'

502.2

-

- VOtATlLEi ORGANIC -OG

Surrogate Compound
c mloro-2-fluorobenzene,
E
PI!
Ruorobenzene
4-Bromofluorobenzene,

% Rec.

101.3
101.6

Plb

(PCB's)- ANALYZED AT ELI-C

PA KiEIVOU 515.1

-

87-113

-

/ Additional QAIQC data is available on file at ELI-Biilinos
Additional QA/QC data is available on file at ELI-Billibgs
tPf3TrmES
Additional QA/QC data is available on file at ELI-Rapid City
OD 547 - GLFI-iOSAJE
Additional QA/QC data is available on file at ELI-Rapid City
548 -.
Additional QA/QC data is available on file at ELI-Billings
METFIUD 549 DnUAT

-

Additional QA/QC data is available on file at EHL-South Bend
FOOTNOTES AND ABBREVIATION DESCRIPTIONS
1 ELI-B = Energy Laboratories, Inc. Billings, MT
ELI-C = Energy Laboratories, Inc. Casper, W Y
ELI -RC =. Energy Laboratories. Inc. Rapid City, SD
EHL Environmental Health Laboratories South Bend, IN
2 MDL = Method Detection Limit
MCL = Maximum contaminant level

-

-

Report Approved by:
PIM 35708mse.wk3

4

-

-

XkL+

SEC

06-27-96

Date

Acce~t.

- )-IERSIFITJES

-

-

ANALFZE"0 ATI3.l C
Accept.
Date
Range %
Analyst
Analyzed

Date
Lab ID
ELI-B
Lab ID
ELI-RC
Lab ID
ELI-B
Lab ID
ELI-RC
Lab ID
ELI-B

Lab ID
EHL

07-26-96
Date
Analyzed
07-26 -96
Date
Analyzed
07-1 1-96
Date
Analyzed
07-05 -96
Date
Analyzed
07-15-96
Date
Analyzed
07-05 -96

I
I
1

ENERGY LABORATORIES, INC.
P.O. B O X 3258
C A S P E R , WY 82602
P H O N E ( 3 0 7 ) 2 3 5 - 0 5 15
2393 S A L T C R E E K H I G H W A Y
CASPER, W Y 8 2 6 0 1
F A X ( 3 0 7 ) 2 3 4 - 1 639

EPA METHOD 8020
ANALYTICAL RESULTS
Client:

MSE-HKM Engineers

Date Sampled:

06/24/96

Project:

NIA

Date Received:

06/25/96

Matr'k:

Water

Date Reported:

07/01/96

Laboratory

Sample

Benzene

Toluene

Ethylbenzene

Xylene(s)

ID

ID

IJg/L

PQ/L

lJg/L

lJg/L

Burlington Town Hall
Trip Blank

< 0.50

< 0.50
0.52

<: 0.50

< 1.OO

< 0.50

1.88

Toluene
Recovery, %
99%

Ethylbenzene
Recovery, %
101O h

Xylene(s)
Recovery, %
97%

Benzene

Toluene

Ethylbenzene

Xylene(s)

IJgIL
< 0.50

IJq/L
< 0.50

* 0.50

IJgiL

ClgIL
< 1.00

-

C96 35707
C96 35707 TB

-

Laboratory
10
C96 35707 S
C96 35707 SO

-

Sample
ID
35707 Spike
35707 Spike Dup
RSD %

Method Blank Analysis:
Laboratory
Sample
ID
ID
+
MIM626
Method Blmk
ConUnuing Callbrationand Second Source Checks
Laboratory
ID
cc BTEX CK ST0
Ic BTEX CK ST0
Acceptance range, % :

Sumaate
Laboratory
ID
CS6 35707
C96 35707 TB
C96 35707 S
C96 35707 SO

-

-

-

Report Approved By:

< 0.50

Benzene
Recovery, %
96%
93Oh
3.0%

EthylBenzene
Recovery, %
99%
10 3 O h
85-115%

Toluene
Recovery, %
10O0h
97%
85-115%

benzene
Recovery, %
97%
97%
65-115 %

Xylene(s)
Recovery, %
99%
96%
85 115 %

-

Surrogate R w o v ~ ~ ~
Sample
10
Burlington Town Hall
Trip Blank
35707 Spike
35707 Spike Dup

mnuoro=
WWM

92
97
96
94

Acmpbncr
mnge. %

80-120%
80-120%
80-120%
80-120%
%

Date
Analyzed
06/26/96

be/26t96

ow2W96
06128196
06/26/96

dl?.
Reviewed:

R q m t File: 96-35707XLS

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICES

UK:

ENERGY LABORATORIES, INC.
P.O. BOX 3 2 5 8
CASPER. W Y 8 2 6 0 2
PHONE ( 3 0 7 ) 2 3 5 - 0 5 15
2 3 9 3 S A L T CREEK H I G H W A Y
CASPER. W Y 8 2 6 0 1
F A X ( 3 0 7 ) 234-1 6 3 9

TPH USING EPA 418.1
ANALYTICAL RESULTS

Client:

MSE HKM Engineers

Project:
Matrix:

N/A
Water

Date Sampled:
Time Sampled:
Date Received:
Date Reported:

06/24/96

NST
06/25/96
07/01/96

ANALYTE CONCENTRA77ON
Laboratory
ID

C96-35707

Sample ID
Volume, mL
Buriingtcn Town Hall
960

Date, Tin
Analyze

Absorbance

Dilution
Factor

Resutt, mgll

0.009

1

< 1.0

06/28/9610:35

%

Date, TimAnalyrec

Quality Assurance Re
lnstmrnent Calibraffon:
Concentration, mgL in Freon
Absorbance:
Correlation Coefficient:
Slope:
Intercept:

Analyst:
QCS Ssmole Analvsis (spike):

ELI
Sample Number
QCS0628
Method Blank:
S a m ~ l eID

Sample 10
QCS

Volume. mL

Absorbance Response
0.12
1.69

Expected
Response
2.00

84%

Acceptance
Range,
- %
75 125 %

Absorbance

Dilution Factor

Result, mgA.

-

06/28/9609:3r
Date, T i
Analyzed

ted limit of detection

Analyst:
Reviewed:

C O M P L E T E ENVIRONMENTAL ANALYTICAL SERVICES

w

-

sec

-

ENERGY LABORATORIES, INC.
P . O . B O X 3258
C A S P E R . W Y 82602
P H O N E ( 3 0 7 ) 233-051 5
2393 S A L T C R E E K H I G H W A Y
C A S P E R . W Y 82601
F A X ( 3 0 7 ) 234-1639
*

I tABORATQRY ANALYSIS REPORT - MSE-MKM

Eng.

Matrix:
Water.
Report Date: 07-02.-96

Sample I.D.
Well 4 #I
.,Well4#2
Well 4 #3

Lab C.D. #

96 - 35715

i

M-35716
96
3571 7

i

Detection Limit:
Units:

,

-

.

. . . ., .

.

.

Sample
Date
06-24-96
06-24-96

.!

06-24-96
..

Total Coiifotm : Fecal Coliform
Bacteria*
Bacteria*
positive
positive
positive
negative
positive
I
positive
4 ' 1 . : 1
colonies/m l
colonies/mI

- -

*See enclosure

Report Approved by:

A? 0.

PIM 35715mkm.wk3

COMPLETE ENVIRONMENTAL ANALYTICAL

SERVICES

WYOMING DEPARTMENT OF HEALTH & SOCIAL SERVICES
DIVISION OF m T H AND MEDICAL SERVICES
ENVIROiJMENTAL HEALTH PROGRAM

SHOCK CWLORINATION OF W

n AND WATER SYSTEMS

Bacterial contamination of well water can come from many sources. The most common include surface water
entry, poor well consuuction, repair work on pump or casing (with no follow-up chlorination) and leaky well
casing.
Shock chlorination of the well may eliminate the bacterial contamination, but if contamination continues to
occur (as in rusted or leaking casing), well rehabilitationmay be necessary.

To determine the mount of C ~ I O Mneeded
~
to shock chforhue your well, you first aeed to determineethe
approximate volume of water contained in your well.

Determine the amount of water in your well by multiplying the depth of your well times the amount of water in
one foot of casing according to the diameter of your well (Table 1). Next refer to Table 2 to determine the
amount of chlorine compound required to shock chlorinate your well. Laundry bleach is usually in liquid form
while the chlorinated lime and high-text hypochlorate are in powder or tablet form.

I

56 02.

I

12 02.

I

100

1

112 02.

I

24 02.

I

150

I

168 02.

I

36 oz.

I

4 oz.

8 OZ.
12 02.

Each additional

These quantities of chlorine in the designated amounrs of water should yield a chlorination strength of
approximately 400 pans per million.

!! CAUTION !!

Do not use water for drinking or cooking while chlorine level is exceptionally strong.
All concentrated chlorine solutions arc corrosive and care should be taken to avoid splashing them onto skin or
into eyes. Skin areas or eyes contacted by the disinfection solution should be flushed immediately with clean
water.
Never mix chlorine solutions with compounds containing acids or ammonia to improve their cleansing ability
because toxic gases will form.

During the shock chlorination process it is neccssq to thoroughly wet down the inside of the well casing and
drop pipe. This can be accomplished by one of the three methods mcruioncd below:
1.

If liquid bleach is used. mix the recommended amount (Table 2) to at least 10 gallons of water and
pour down inside the casing wetting down everything inside the casing.

2.

If powdered or tablet chlorine is used. dissolve the recommended amount (Table 2) in a small
quantity of water then add the clear solution to a larger quantity of water (at least 20 gallons) and
pour this solution into the casing making sure to wet down everything inside the casing.

3.

If a hose will extend from a nearby hydrant or faucet to the well casing, pour the recommended
mounts of chlorine (Table 2) into the casing and wash down the inside of the casing with the
hose. Make sure the chlorine solution in the well is coming through the hose during the wash
down procedure. Pumping will help to mix the chlorine solution with the standing water in the
well.

Once the chlorine is thoroughly mixed with the water in the we11 casing it should be allowed to stand for about
6-12 hours. At the end of the 6-12 hours, all faucets should be allowed to run until a strong odor of chlorine is
observed at each faucet then nun off all faucets and allow the water to stand in the pipes for one hour.
At the end of the one-hour period the entire system should be flushed to waste und no odor of chlorine is

observed in the water.
DO NOT flush the chlorinated water from the system into the septic system. Also, avoid draining heavily
chlorinated water to lawns and keep water from puddling. Do not chlorinate carbon or charcoal filters as this
will deplete their capacity.
Hot water heaters should be drained afker a we11 is treated with cfilorine.
Re-sampling of the well after treatment should not be rushed. A treated well should not be tested any sooner
than three days after shock chlorination, assuming that aU of the chlorine has been pumped out

ABANDONMENT OF WELL
Wells that are unsealed, contaminated beyond reclamation or abandoned for any reason should be properly
plugged. Proper well plugging prevents contamination from reaching the aquifer and also prevents the well
from becoming a public health hazard. Proper well plugging procedures can be obtained by contacting the
Wyoming State Engineers Ofice, HenchIer Building, 4th Roor East, Cheyenne, WY 82002. Phone (307)
777-7354.

-

ENERGY LABORATORIES, INC.
P.O. EIOX 3258
C A S P E R . W Y 82602
PHONE ( 3 0 7 ) 238-051 5
2393 S A L T CREEK H I G H W A Y
CASPBR, WY 8 2 6 0 1
FAX (307) 2 3 4 - 1 6 3 9

r

LABORATORY ANALYStS REPORT

- town af Burlington

Matrix:
Water
Report Date: 07-1 1-96
J

Sample
Total Coliforrn ! Fecal Coliform
Bacteria
Bacteria
Samp1eI.D.
.
DateI
:Lab 1 ; ~ .# .
#1
negative
96 36121
07-01 -96
positive*
#2
.
.
.
.
[
:
.
O
~
L
.
O
~
:
Q
~
1
neg.ative;hrrbid*,
t
: g6-.36122++..
positive*
I
negative
#3
nsd
96 - 36123
. . ...... -.::.
. ....I
1 .
.
.
.
.".
1
.
.
.
.
.
.
[Detection Urnit:.. . . . : . . . ;.
... .
.
.
.
..
colonies/ml
1 colonies/mI
Units:

-

.

,

*Recommend disinfection
Report Approved b y o & ; / ~
PIM 3612lbur.wk3

/

$@&#

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICES

,

,

'

ENERGY LABORATORIES, INC.
P . Q . B O X 32S8
CASPhR, WY 8 2 B 0 2
PHONE (307) 23s-OS1S
2393 SALT C R E S K H I G H W A Y
CASPER. W Y 82601
PAX ( 3 0 7 ) 234-1639

I

Sampfe
Total Coliform Fecal Coliform
Sampfe I.D. .:
Dete/Tlrne
Bacteria
Bacteria
Well
#4
positive
negative
96 41372
07-15-96 @ 13:55
i 96- 41373,:..,,
' , . .Wejt#4
: '07-15-96@14:00
1 negatile f
.
negative
well #4
96
41374
07-15-96
@
14:05
1
I
... . .
Detection,Limit: - .
.. . ,
.. . . .
.
.
. . f. . :.:
. 1 . .
I
t
Units:
1 colonies/ml ( colonies/ml

iLabt.D.#

-

.

,

,

Report Approved by:
PIM 41372bct.wk3

,

'

&

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICES

,

,

., ,

,

-

ANALYSIS FOR WATERBORNE PARTICULATES
CHDiagnostic and Consulting Service, Inc.
214 SE 19th Street, Loveland, CO 80537
Telephone (970) 667-9789
Carrie M. Hancock, President
Customer 950739
Weston Engineering
PO Box 6037
Laramie, WY 82070

[

Invoice 965249

pziq

Laboratory Information

Sample Information: Burlington Municipal System Well #4, Source: Drilled well, 40' deep & 40' from flowing irrigation ditch,
dechlorinated; 53"C, pH 7.6
Date/Start: 6/23/96; 2249 Hrs
Sampler: Kathleen Rittle
DatdStop: 6/24/96; 0954 Hrs
Gallons: 528

Filter Color: White

Centrifupate: 0.002 &lOO

gals

Amorphous Debris: Silt, clay & detritus, 1-50 pM diameter
Other Algae:
2,400/100 gals, few species; predominantly Chlorophytes, some Euglenophytes, including Euglena &
Phacus
Diatoms:
820/100 gals, few species; predominantly Pennales, including Synedra & others
Plant Debris:
None Detected (ND)
Gicudia:

ND

Coccidia:
Rotiters:
Nematodes:
Pollen:
Ameba:
Ciliates:
Colorless Flagellates:
Crustaceans:
Insects1Larvae:
Other:

ND
1/100 gals
1W100 gals, larvae
31100 gals, Pine

--

- --

ND
8/100,gals
ND
ND

ND
1/100 gals, Arthropod pieces; 1/100 gals, Gastrotrichs; Iron bacteria; Fungal spores

Floated Pellet: ~0.002U l O O gals
Presumptive Count:
Confirmed Count:*
Presumptive (#/I00 L):
Confirmed (#/I00 L):*
Detection Limit (#I100 L):**

Amount Examined: 70.4 gals
0
0
none detected
none detected
<0.4

0
0
none detected
none detected
<0.4

*Conftmd count is a subset of the pmumptive count.
**Method outlined in &ba&gmz rquins detection limit to be reported for negative results only.
'This sample was d y z e d for partidates following the Environmental Protection Agency Consensus Method for Deannining Groundwatcrs Under the Direct Influence
of Surface Water Using Microscopic PYricula~eAnalysis (MPA).
=Thissample was also analyzed for Giardia and/or Cryptosporidiumby the method outlined in: "Monitoring Requirements for Public Drinking Waur Supplies:
59:28 (10 February, 1994) p. 6331-6444. All limitations stated in the methods apply.
Propod Rule"

-

Comments: Score; 31 High Risk per EPA Consensus Method referenced above.
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MONTGOMERY WATSON LABORATORIES
S S Ea d Wainut Saul
huh- California 911Ul
811 m m %E 818=&12*
1 w0%8UIS41 mS85tZn

Laboratory Report

for

Weston Engineering
121 Grand A v e . , Suite 210

Attention: Richard Allen, Todd Jarvis

MONTGOMERY WATSON M S .
SlJBMlTTED ON

AUG 1 d- 1996

HDS

Q

BS East Wahut $(re04

1

-

121 Grand Ava., Suite 210

Sanple ID WBW I4

Project

Sampled 24-4un-199q Raceived 25-lun-1996 Reported 13-auq-1996

Laramie

, WY

82070

-

A W : Richard Allen, Todd Jarvie

M a m m a l i a i V i r u s Asaay

parameter
80n

Waston Bnginaering

cur^^ CItikrda al0I
8l0568648&hr81855)632IC
t roo SM u e s (1 8oo wc mi)

Sample 4 968625002
Sample Type JIater

I

Laboratory Report

MONTQOMERY WATSON LABORATORIES

buer

95% Confidence

limit

(ICR 5 / 9 6
Units

Reeult

MPN/lOOliter

NA

Conc.

tRec

Dilution

Det.Limit
0.01

Report I ; 27675

2

Prepared

By

Analyzed

By

26-jun-1996

sma

Report 27675 Comment Page

Group Validatfon Comments

Virus: Sample analyzed for Total Culturable Viruses by
proposed ICR method ( 8 / 9 5 ) using quanta1 assay on Buffalo
Green Monkey Kidney cell cultures.
Sample# 9 6 0 6 2 5 0 0 2
Source: WELL #4
Data Entry Comments

Legionella: see attached BioVir Laboratories, Inc. report.

(CUSTOMMI)

eE2

BioVir Laboratories, hc.
-

-

Benicia; CA 94510

685 Stone Road

(707)747-5906

1-8000IAROIA

FAX (707)747-1 75 1

REPORT OF SAMPLE EVALUATION
REPORT NO.:

B960439A

PAGE NO.:

1 of 1

CLIENT ADDRESS:

Montgomery Laboratories
PO Box 7009
Pasadena, CA 91 109

CLIENT NO.:

MONO01

SAMPLE INFORMATION:
Name of Sampler:

NA

Sample Date:

06/24/96

Sample Source:

NA

Sample Time:

NA

Sample Location:

Wdl #4

Lab ID#:

960625002

Sample Volume:

250 mL

PO No.:

Sub-654

ASSAY RESULTS:

1.

Legionella species Fluorescence Assay: < 3.92 x 10"
(SM 18th; 9260 J Modified-DFA)

SAMPLE EVALUATION PERFORMANCE CRITERIA: The precise rates of reco;ery of organisms from environmental samples cannot be
determined. BioVir Laboratories has analyzed your sample(s) in accordance with the method described with each analyte above,
however, due to inherent limitations of thdss methods organisms may avoid detection. For additional information regarding the
limitations of the method(s) referred to above please call us at 1-800-GIAROIA.
COMPANY IS NOT AN INSURER: BioVir Laboratories is not an insurer or guarantor of the quality and/or purity of water, wastewater,
biosolid or other material from which the sample was taken. B i o V i ~offers no express or implied warranties whatsoever concerning the
quality or purity of any water, wastewater, biosolid or other material which is ultimately consumed, distributed, applied or otherwise
disposed.

b -27,949
ANALYSIS DATE

Benicia, CA 945 10

685 Stone Road

(707) 747-5906

1-800-GIAROIA

FAX (707)747-1 75 1

REPORT OF SAMPLE EVALUATION
REPORT NO.:

896043914

PAGE NO.:

1 of 1

CLIENT ADDRESS:

Montgomery Laboratcries
PO Box 7009
Pasadena, CA 91 'I0 9

CLIENT NO.:

MONO01

SAMPLE INFORMATION:
Name of Sampler:

NA

Sample Date:

06/24/96

Sample Source:

NA

Sample Time:

NA

Sample Location:

Well # 4

Lab ID#:

960625002

Sample Volume:

2 5 0 mL

PO No.:

Sub-654

ASSAY RESULTS:
1.

Legioneila species Fluorescence Assay: < 3.92 x 1O4
(SM 18th; 9 2 6 0 J Modified-OFA)

SAMPLE EVALUATION PERFORMANCE CRITERIA: The precise rates o t recovery of organisms from environmental samples cannot be
determined. BioVir Laboratories has analyzed your samplets) in accordance with the method described with each analyte above,
however, due to inherent limitations of these methods organisms may avoid detection. For additional information regarding the
limitations of the method(s1 referred to above please cail us at 1-800-GIAROIA.
COMPANY IS NOT AN INSURER: BioVir Laboratories is not an insurfr or guarantor of the quality andlor purity of water, wastewater,
biosoiid or other material from which the sample was taken. BioVir bffers no express or implied warranties whatsoever concerning the
quality or purity of any water, wastewater, biosolid or other material which is ultimately consumed, distributed, applied or otherwise
disposed.

b -27#96
ANALYSIS OAT€

SI1BMITl'ED TO:

Kathy Rittle
Weston Engineering
P.O. Box 6037
Laramie, WY 82070
R G m C E aATA:

Client Sample Nos. :
P.O. Number:
Sample Location:
Sample Type:
Method Reference:
DCL Set ID No.:
DCL Sample ID Nos.:
Sampling Date & Time:
Date & Time Received:
Filter Date & Time:
Preparation Date:

Well #4
Not Available
Burlington WSP, Well #4
Drinking Water
Asbestos in Potable Water by TEM
EPA 600/4-83-043
96-T-4020
96-2299s
06/24/96 & 10:30 Mountain Daylight Time
06/25/46 & 18:48 Eastern Daylight Time
06/26/96 & 08:30 Eastern Daylight Time
07/01/96
Analysis Date:
07/11/96

The samples i n d i c a t e d on t h e f o l l o w i n g d a t a s h e e t ( s ) were a n a l y z e d by
T r a n s m i s s i o n E l e c t r o n Microscopy (TEM) f o r a s b e s t o s u s i n g t h e method EPA
600/4-83-043.
Each sample w a s u l t r a s o n i c a l l y t r e a t e d i n i t s o r i g i n a l
c o n t a i n e r f o r 15 m i n u t e s t o suspend t h e s o l i d s .
An a l i q u o t o f t h i s
s u s p e n s i o n w a s added t o 100 mL o f d e - i o n i z e d w a t e r and f i l t e r e d o n t o a
0 . 1 ~
pore s i z e polycarbonate f i l t e r .
P o r t i o n s o f t h i s f i l t e r were c o a t e d
A n a l y s i s w a s performed
w i t h c a r b o n and mounted on g r i d s f o r TEM a n a l y s i s .
o n a P h i l i p s CM-12 TEM w i t h energy d i s p e r s i v e X-ray a n a l y s i s (EDXA)
capabilities.
R e s u l t s a p p l y o n l y t o p o r t i o n s o f samples a n a l y z e d and a r e t a b u l a t e d
R e p r e s e n t a t i v e EDXA s p e c t r a and s e l e c t e d
on t h e f o l l o w i n g d a t a s h e e t ( s )
area e l e c t r o n d i f f r a c t i o n (SAED) measurements of a s b e s t o s t y p e s d e t e c t e d
( i f a n y ) are i n c l u d e d and are r e f e r e n c e d t o t h e s t r u c t u r e i d e n t i f i c a t i o n
numbers l i s t e d on t h e count s h e e t s . The l i m i t o f d e t e c t i o n (LOD) f o r t h i s
method h a s been determined t o b e one a s b e s t o s f i b e r i n t h e t o t a l number o f
grid o p e n i n g s a n a l y z e d . The number o f ' o p e n i n g s a n a l y z e d is dependent on t h e
sample volume f i l t e r e d ( 4 minimum).

.

,M&B&.&-

Kenan Getin
Analyst
SALT LAKE ClTY OFFICE

960 WEST LaVOY DRIVE
SALT LAKE CITY, UTAH 84123-2547

801 266-7700. FAX 801 268-9992

Anna Marie Ristich
Section Manager
ClNCINNATl OFFICE
4388 GLENDALE-MILFORO ROAD
CINCiNNATI. OHIO 45242-3706
51 3 733-5336. FAX 513 733-5347

BALTIMORE OFFICE

10 JULIET LANE. SUITE =2?3
BALTIMOAE. MARYLAkC i12:6-1220
4: 0 529-3675 FAX 5 13 '33-3347

LEADING ANALYTICAL CHEMIST8Y INTO THE 21ST CENTURU '

RICHLANO OFFICE
313 WELLSIAN WAY

RICHWNO. WASHINGTON 99352-4116
509 943-5858 FAX 509 943-5654

DataChern Laboratories TEM Drinking Water Analytical R e p o r t
DCL Sample Set ID: 96-T-4020
Client: Weston Engineering
Sample Location: Burlington WSP, Well # 4
ANRLYSIS RATA

SAMPLING aATA
Filter Type:
Filter Size:
Collection Area:

PC, 0.1 pm
47 mm
1075 mm2

Magnification:
Calibration Constant:
EDXA Resolution:
Accelerating Voltage:
Camera Constant:

Client ID:
DCL ID:
Volume (L):
No. Grid Openings Analyzed:
Average Grid Opening Area:
LOD: MFL:
Asbestos Fibems 1 1 0 microns
Chrysotile:
Grunerite:
Cro.:idolite :
.Actinolite-Tremolite:
Anthophyllite:
I

Well #4
96-22995
0.025
21
0.0106
0.19

0
0
0
0
0

1

Count:
Asbestos concentration: MF'L:
ND = None Detected
&OD = Limit of Detection

MFL

-

0
<LOD

M i l l i o n s of Fibers per L i t e r

6

,

I

Kenan Getin
Analyst

gt9

i

43~47/->

Anna Marie Ristich
Section Manager

CORE LABORATORIES

CASE NARRATIVE
96 1073
One drinking water sample was received on June 26. 1996 and identitied as 961073-1. All QC and field
samples were prepared, extracted and analyzed according to USEPA Method 1613, Revision B, October,
1994. A method blank (MB),lab control spike (LCS) and lab control spike duplicate (LCSD) were also
prepared and analyzed. The QC samples were designated as BATCH 02-JUL-96 and submitted with the
field samples to the instrument for analysis on July 08, 1996.
All field and QC samples were spiked with 2000 pg of labeled ''~~~-2378-tetrachlorodibenzo-~-dio.uin
(TCDD) internal standard prior to e?nraction. In addition, the lab control spike (LCS) and lab control
spike duplicate (LCSD) samples were spiked with 200 pg of native 2378-TCDD in separate one liter
aliquots of deionized water. The final concentration for the LCS was 164.40 pgR and 178.02 pg/L for the
LCSD. This resulted in a percent accuracy for native 2378-TCDD of 82.20% in the LCS and 89.01% in
the LCSD.

All field and QC samples were subjected to neutral silica column chromatography cleanup prior to
analysis on VG Autospec #I. The calibration solution used for daily instrument verification was CS-3,
containing 100 pg/ul ''c12-123 4-TCDD, ' 3 ~ 1 2 - 2 3 7 8 -and
~ ~10
~~
pglul
, native 2378-TCDD.
A summarized data report (Forms 1 and 2), which follows this narrative, lists the amount of native 2378TCDD measured, estimated maximum possible concentration (EMPC), estimated detection limit (EDL),
and percent recovery of the labeled internal standard ( 1 3 ~ l r 2 3 7 8 - ~ The
~ ~ sample
~ ) . receipt and
condition information may be found on the chain of-custody. Reported concentrations which have a "J"
flag extension are less than the Lower Method Caiibration Limit (LMCL) and should be considered as
estimated values. Levels below the LMCL are an extrapolation of the calibration curve with no
documentation of linearity or accuracy.

Hopefully, this brief narrative will answer any questions which may arise during the review of the data
package. If you have any questions however, please contact your project manager.
Analyst: MGF
July 09,1996 f

FORM 1
PCDD/PCDF ANALYSIS DATA SHEET
Sample and Blank Results

Lab Name:

CORE LABS

Contract :

961073

Matrix :

DW

Episode:

N/A

Client ID: 96-22995

SAS NO.:

N/A

Lab ID:

26-JUN-96

Initial Calib. Date:25-JUN-96

Extraction Date:OZ-JWL-96

Shift: 1

Analysis Date:

Time:

08-JUL-96

Extract Volume (uL):

20

Injection Volume (uL):

2

Dilution Factor: N/A

Instrument ID: VG Autospec

22:01

CONCENTRATION
FOUND

GC

1/1

Column ID: DB-5

Sample Data Filename:

SAM0708A071

Blank Data Filename:

SAMO708AO41

Cal. Ver. Data Filename:

SAMO708AOll

Concentration Units (pg/L or pg/g dry weight):

Total TCDD

0.96 (g/L) L

Sample Wt/Vol:

Sample Receipt Date :

961073-1

EMPC

pg/L

EDL

%Solids:
ION ABUND
RATIO

ND

ND = Non-Detect
N/A = Not Applicable
J = Estimated value below the Lower Method Calibration Limit (LMCL).

N/A

.

FORM 1
PCDD/PCDF ANALYSIS DATA SHEET
Sample and Blank Results
Lab Name:
Contract:

CORE LABS
BATCH 02-JUL-96

Matrix :

Episode:

N/A

Client ID: N/A

SAS NO. :

N/A

Lab ID:

Sample Wt/Vol:

DW

Sample Receipt Date:

Extraction Date :02-JUL-96

Shift: 1

Analysis Date:

Time:

Extract Volume (uL):

20

Injection Volume (uL):

2

Dilution Factor: N/A

Instrument ID: VG Autospec

2378-TCDD

CONCENTRATION
FOUND

#I

GC Column ID: DB-5

20:12

Sample Data Filename :

SAM0708A041

Blank Data Filename:

SAMO708AO41

Cal. Ver. Data Filename:

SAMO708AO11

Concentration Units (pg/L or pg/g dry weight):
ANALY TE

1 (g/L) L

Initial Calib. Date:25-JUN-96

N/A

08-JCTL-96

MB-070296

EMPC

pg/L
EDL

ION ABUND
RATIO

2.33

Total TCDD

ND = Non-Detect
N/A = Not Applicable
J = Estimated value below the Lower Method Calibration Limit (LMCL)

.

FORM 1
PCDD/PCDF A N A ~ Y S I SDATA SHEET
Sample and Blank Results
Lab Name:

Contract:

CORE LABS
BATCH 02-JUL-96

Matrix :

Episode:

N/A

Client ID: N/A

SASNO.:

N/A

Lab ID:

DW

Sample ~ t / ~ o l :

Sample Receipt Date:

N/A

Initial Calib

Extraction Date:02-JUL-96

Shift.: 1

Analysis Date:

Time:

09-JUL-96

Extract Volume (uL):

20

Injection Volume (uL):

2

Dilution Factor: N/A

Total TCDD
XD = Non-Detect
X/A = Not Applicable

1 (g/L)

04:42

L

. Date :25-JUM-96

Instrument ID: VG Autospec

#1

GC Column ID: DB-5

Sample Data Filename:

SAM0708A181

Blank Data Filename :

SAM0708A041

Cal. Ver. Data Filename:

SAM0708A011

Concentration Units ( p g / ~
or pg/g dry weight):
CONCENTRATION
FOUND

LCS-070296

EMPC

pg/~

EDL

%Solids:
ION ABUND
RATIO

164.40

J = Estimated value below the Lower Method Calibration Limit (LMCL).

N/A

FORM 1
PCDD/PCDF ANALYSfS DATA SHEET
Sample and Blank Results
L a b Name:

Contract:

CORE LABS
BATCH 02-JUL-96

Matrix :

Episode:

N/A

Client ID: N/A

SAS NO. :

N/A

Lab ID:

Sample ~t/Vol:

DW

Sample Receipt Data:

N/A
Shift: 1

Analysis Date:

Time:

Extract Volume (uL):

20

Injection Volume (uL):

2

Dilution Factor: N/A

Instrument ID: VG Autospec

CONCENTRATION
FOUND

#I

GC Column ID: DB-5

05:18

Sample Data Filename :

SAM0708A191

Blank Data Filename :

SAMO708AO41

Cal. Ver. Data Filename:

SAMO708AO11

Concentration Units (pg/L or pg/g dry weight):

Total TCDD

1 (g/L) L

Initial Calib. Date:25-JUN-96

Extraction Date:02-3UL-96
09-JUL-96

LCSD-030296

pg/L

%Solids:
ION A B m

EMPC

EDL

RATIO

178.02

ND = Non-Detect
N/A = Not Applicable
J = Estimated value below the Lower Method Calibration L h i t (tMCL).

N/A

FORM 2
PCDD/BCDF LABELED COMPOUND AND
CLEANUP STANDARD RECOVERIES

Lab Name :

CORE L A B S

Contract :

BATCH 02-JUL-96

Matrix :

Episode:

N/A

Client ID: N/A

SAS NO. :

N/A

Lab ID:

Sample Wt/Vol :

DW

Sample Receipt Date:

Zxtraction Date:02-JUL-96

Shift: 1

Analysis Date:

Time:

Extract Volume ( u L ) :

20

Injection Volume (uL):

2

Dilution Factor: N/A

Instrument ID: VG Autospec

13C-2378-TCDD
CLEANUP STANDARD
37Cl.4-2378-TCDD

SPIKE
CONCENTRATION
(pg)

#l

GC Column ID: DB-5

20:12

Sample Data Filename:

SAM0708A041

Blank Data Filename:

SAMO708AO41

Cal. Ver. Data Filename:

SAM0708AOll

Concentration Units (pg/L or pg/g dry weight) :

LABELED COMPOUND

1 (g/L)

Initial Calib. Date:25-JUN-96

N/A

08-JUL-96

MB-070296

pg/L

CONCENTRATION
FOUND
(pg)

%Solids:

PERCENT
EGCOVERY

N/A

FORM 2
PCDD/PCDF LABELED COMPOUND AND
CLEANUP STANDARD RECOVERXES
Lab Name:

CORE LABS

Contract :

961073

Matrix :

DW

Sample Receipt Date:

Episode:

N/A

Client ID: 96-2299s

SAS NO. :

N/A

Lab ID:

Sample Wt/Vol :
26-JUN-96

0.96 ( g / L )

L

Initial Calib. Date:25-JUN-96

Extraction Date:02-JUL-96

Shift: 1

Analysis Data:

The:

08-JUL-96

961073-1

Instrument ID: VG Autospec

#1

GC Column ID: DB-5

22:01

Extract Volume (uL):

20

Sample Data Filename:

SAM0708A071

Injection Volume (uL):

2

Blank Data Filename:

SAMO708AO41

Cal. Ver. Data Filename:

SAMO708AO11

Dilution Factor: N/A

Concentration Units (pg/L or pg/g dry weight):

LABELED COMPOUND

13C-2378-TCDD
CLEANUP STANDARD
37C14-2378-TCDD

SPIKE
CONCENTRATION
(pg)

pg/L

CONCENTRATION
FOUND
(PQ)

%Solids:

PERCENT
RECOVERY

N/A

FORM 2
PCDD/PCDF LABELED COMPOUND AND
CLEANUP STANDARD RECOVERIES

Lab Name:

CORE LABS

Contract :

BATCH 02-JUL-96

Matrix :

Episode:

N/A

Client ID: N/A

SAS No. :

N/A

Lab ID:

Initial Calib. Date:2S-JUN-96

N/A

Extraction Date:02-JUL-96

Shift: I

Analysis Date:

Time:

09-JUL-96

Extract Volume (uL):

20

Injection Volume (uL):

2

Instrument ID: VG Autospec

Blank Data Filename:

Cal, Ver. Data Filename:

Concentration Units (pg/L or pg/g dry weight):

13C-2378-TCDD
CLEANUP STANDARD
37C14-2378-TCDD

SPIKE
CONCENTRATION
(pg)
2000

#l

GC Column ID: 08-5

04:42

Sample Data Filename :

Dilution Factor: N/A

LABELED COMPOUND

1 (g/L) L

Sample Wt/~ol:

DW

Sample Receipt Date:

LCS-070296

pg/L

CONCENTRATION
FOUND
(pg)

SAM0708A181
.

SAM0708A041
SAMO708AO11
%Solids:

PERCENT
RECOVERY

N/A

FORM 2
PCDD/PCDF LABELED COMPOUND AND
CLSTANDARD RECOVERIES

Lab Name:

CORE LABS

Contract :

BATCH 02-JUL-96

Matrix :

Episode:

N/A

Client ID: N/A

SAS No.:

N/A

Lab ID:

DW

Sample Receipt Data:

Sample Wt/vol:

Extraction Date:02-JUL-96

Shift: I

Analysis Date:

Time:

09-JUL-96
20

Injection Volume (uL):

2

Dilution Factor: N/A

Instrument ID: VG Autospec

OS:18

GC

CONCENTRATION

SAM0708A191

Blank Data Filename:

SMO708AO41

pg/~

CONCENTRATION
FOUND

(PQ)
LABELED COMPOUND

CLEANUP STANDARD
37C14-2378-TCDD

Column ID: DB-5

Cal. Ver. Data Filename:

S? IfCE:

2000

#l

Sample Data Filename:

Concentration Units (pg/L or pg/g d t y weight):

13C-2378-TCDD

3. (g/L)

Initial Calib. Date:25-JUN-96

N/A

Extract Volume (uL):

LCSD-070296

1685.87

SAMO708AO13,
%Solids:

PERCENT
RECOVERY

N/A

CORE LABORATORIES
DRMKMG WATER TURBIDITY
SAMPLE T R A C W G RECORD
~STRUMEM'ID:HACH 2100 TURBIDMETER

P W Y CALIBRATION DATE (AMCO AEPA-I): MAY 6,1996
SECONDARY CALIBRATIONDATE (GELEX):

ANALYSIS DATE:

fol*76

$-/: 94

u{-

BATCH: 0 2 ~ ~ QL

ANALYST/OPERATOR:

CORULMS
S M L E ID
METHOD

TURBIDITY

CLIENTID

NIA

wm
0,d#

4430

04,

Lu~PZDF

0.11

BLANK
Sllclcb-l

,

sc r 07%4

I

~WOB-I96 -Zt%

s~roq-1

,

-2

23'00

TIME:

A W ~ O F

1

FILT'MTION
REQUIRED

DATE
FILTERED

DAlWIDfE
FILTERE,XTR

NIA

NIA

N/A

JC3

0.14

=+?i
3
I aL

3.1

#2-54

ud

4h0

&389pp

I {-2-fc
SL/oy4 ~ d . 9 , ~ b fi'
4d&-I

q~-ysa-O/

i

% / o # z - ~ q~&-Uj7-Pt

,

9 4 / d $ ~ - f 9 L d ( . , - ~ ~ 0.08
%Jd*-4

qd&-mdq

1

8,

*I

d.ot

. 9~1au5
S&-~sb-og

1

m

"'9

,

l~zLy/'30

d,//

I

nP
•

9414 $ 2 4 q ~ ~ ~ - y a - d L

I
I

L

r

9410 St- 6
mpiicate)
. . . r r U I U L m Y

-.-.---

I

b

I
I
MAa1o+
. . ..- "..
.
*.

~

A

I
I

.

-

.

.

-

.

-

'

'

-

-

L

--

CORE LABORATORIES
SAMPLE TWChZ'r'G RECORD

High Resolution 2,3,7,S-TCDD Only
BalulcrrrD

IS.3 13 LCS
2378 Native 3 13 P
ICALS13 CSI-CSS

,
,

lo f , l ,
r*. sunrieklo /m I 653 ?L
PW

EU.
//36 ~
.
m
f
d$*/24

2375 RS.3 13 ISS

2375

LdS13-93-1

DBS W'i DcDRa htix &(I 930907WDRT
Sum. Std 1613 CSS 63
CG #%

h ~ n d i e ~ s e

Ma&

/w

CHAIN OF CUSTODY RECORD

CHEM
PROJECT NAMENUMBER:
SAMPLE TEAM MEMBERS:

&~d&.z!~/fl
&'PNIG H7-

tAB DESTINATION:

n/d

CARRlERlWAYDlLL NO.:

I

1

LAB SAMPLE

FIELD SAMPLE

SAMPLE

DATE AND TIME

SAMPLE

CONTAINER

CONOlTtON ON RECEIPT

NUMBER

NUMBER

LOCATION A!W DESCRIPTION

COLLECTED

TYPE

TYPE

(NAME AND DATE)

2,495

.-.,

5 .6 4
r3

&/2q

J

Thl0'75-1

/d;,70 / ~ k & ! ?

-

-

--

-

---

I

SPECIAL INSTRUCTIONS:

I

7
,

7, 9

POSSIBLE SAMPLE HAZARDS:
SIGNATURES:
(NAME, COMPANY, DATE b TIME)
1. RELINQUISHED BY (DATE, TIME):

SHED BY (DATE, TIME):

RECEIVED BY (DATE, TIME):
2. RELINQUISt-IEDBY (DATE, TIME):

EWE0 BY (DATE, TIME):
,SHED BY (DATE, TIME):

RECEIVED BY (DATE, TIME):

ElVED BY (DATE, TIME):

%&

. T A C6/r6/96

09

2.

COC Seal on Shipping Container?
--

-

-

1x1

I

I

I f Yes, Intact on Shipping Container?

X

3. COC Seal on Sample Containers?
Z

If Yes, Intact on Sample Containers?
4.

Samples Chilled?

A'

•

Temperature of Cooler:

H

5.

Samples Received Intact [Good

6.

Conect Containers Used?

hk

*.

7.

Adequate Sample Volume Provided?

X

*

Samplw Preserved Correctiy?

flA

*

p H Acceptable for All Samples?

NA

*

Samples Received W i n Holding T i ?

Y\.

.-

!I

I

L

8.
r

9.

10. COC Rccord and Sample L a b e agree?

( A d d H o d Comments:

I )(., 1

+

W
f

I

CHAIN OF CUSTODY RECORD

CHEM
L I ( L o a A I a a 1 8 1

PROJECT NAMENUMBER:
SAMPLE TEAM MEMBERS:

t
i

CAB OESTINATION:
CARRERMIAVBILL NO.:
E

LAB SAMf3-E
NUMBER

FIELOSAMPLE
NUMBER

DATE AND TIME

SAMM
LOCATIONAYE) DESCRIPTION

SAMPLE

CONTAINER

CONOtTDJ ON RECEIPT

l
y
m
JU

r

1

!

r

I
1

n

I

I

i

t

1
I

I
SPECIAL NSTRUCTIONS:

1

b&

POSSIBLE SAMPLE W O S :
SIGNATURES:

(NAME, COMPANY, OATE 11 TIME)
1. RELINQUISHED BY (OATE, TIME):

RECEIVED BY (DATE, TIME):

2. RELINQUISHEDBY (DATE, TIME):
RECEIVED BY (OATE, TIME):

C

RECEIVE0 BY (DATE, TIME):
NQUlSHEO8Y (OATE, TIME):

RECEIVEDBY (DATE. TIME):.

57 4

4/u/%09*'

CHAIN OF CUSTODY RECORD
USE I COLUMN PER BOTTLE

PROJECTIJOB l

PROJECT NAME

NO.
OF
CONTAINERS

LA M E

TIN

(j

8

STATION LOCATION

3

REMARKS

"
r

8

I

I

RELUJOUISt-1EDBY.

DATE

I TIME

FECEIVED BY:
(SpnW)

*

REUNQWSHED BY:

Covrter

6q?b~pfl
(usS.)ridEp+-

REL~NQUSHE~
BV:
(Sgnatm)

DAIE

I ME

-

RECEIVED EW:
(Sgnature)

(s@;\t~)

I OAIEI ME

AECENEDBY:
(Swlure)

DATE I ME

RECENEO BY:
(S~lwe)

FE!.~~.~~sHED
BY:
(Stpatu~s)

I

FEL~UISHED
BY.
(sonalm)

MAILIIVG ADDRESS:
P.O. BOX 6037
LARAMIE, W Y 82070

. .

- - - - - - -

GROUNDWATER

ENGINEERING

SHIPPING ADDRESS:
121 GRAND A VE. SUITE 210
L4 RAMIE, W Y 82070

r ( e e fi:k/

L

3.0
M S G tlKW
P - O b 1 3 ~7010

5hQr;(+knt

Wya. W o )

ANALYTICAL REQUEST FORM

DATA

-

RUSH status RWU~BS~WIADDITIONAL

CHEM

RESULTS REQUIRED 8Y
OAT€

1x8 0 R A T O R I E S

2.
3.

Daet-

CONTACT OATACHEM LABS PRIOR TO SENDING SAMPLES.

Purchase Order No.

I

dzd

b*(

.

Company Name df+ha&n@$Macl-,
Address
0. 6 U . X 6037

?*

4.

.

5.

Y v m I 4..
,

Telephone

~

(m)

FaxTelephone(

74r

-

S

a 7 ) 7L(r-6 L/o

Billing Address (if different from above)

Number

Time Collected

- wm

Date of Shipment
Chain of Custody No.

-

1-(

TW'

W a Tw

L

Date of Collection

3-0.&?? 70(0

US^ O&

Sample Colloctla,

Sampling Site
Industrial Process

R

lf

Quote No.
DCL Project Manager

.

Penon to contact

CHARGE

ANALYSES REQUESTED Urre Me(had Nrrmbcr 1lCnown

I

!

!

I *

I

I

a

I

'Specify Sol# rorknt tube, 6.g. Cham& Filter type I r n m s o h d h ~
Bu#c Sampk; Bkod;Wine T i e Soil; Watrcr Other

6.

C REQUIREMENTS
MUST BE COMPLETED FOR
ENVIRONMENTAL SAMPLES -see
General Services Terns and
Conditions: QC samples billed
at regular sample rate

d m 0 0QC SAMPLES

a

OTHER (as specified below)

(Lab QC accodhg to publidred methods)

PROJECT P U N QC SAMPLES

a

(LabQC accocding to provided QA/QC Plan)
No QC SAMPLES REQUESTED
(May not conform to Agency requirements)

Comments

Possible Contam-

J
andlor Chemical Hazards

960 West LeVoy Drive / Salt Lake City, VT 84123
1388 GhmdabMiltord Road / Clncinnrti, OH 45242

800-356-9135 or 801- 266-7700 / FAX:801-268-9992
800-a-1493 or 513-733-5336 / FAX: 513-733-5347

-

OATACHEM tABORATOAlES A SORENSON COMPANY

DISTRIBUTION:

-

WHITE LABORATORY COPY

-

CANARY CUSTOMER COPY

.ASBESTOS TY WATER SAMPLE SLXMISSION REPORT
Laboratory ID Xo.:

DataChem Laboratories

W k z r Synem ID 3-0.:

COUGT~:
Name of ~ y s t k :

[Ti

Sunpic Type:

0- Disrfoudon E= E n ~ ~ i oS-t S p e d )

+

C13QU &.

Sample Locarion:
Locarion / Source Code:1 - 1

t6_uL
@(t & ( ~ .

Collected By:

~ ? I T X C\ - ~ ~ o n - ~ a r n

Type of System: +-[nylti

[

Water Sourcc(s):

MailRe~ultsTo:
street ~ d d r t s ~ :
City, State and Zip:

?honeFax XOS,:
Contact Pemn:

1~

Ground [

I

h c e

I-l~rivatc

1Rxrcked

4

E - ~ - ~ ~ ; ~

ues&

\a\

<;t, aco
BftQ7t\

J*c.
,oY.~.#w C34

-7-74r- 6 t i x

/

6qoR

1

AllowabIe Limits

Results

Kame

W L > I 0 Micror)
Chrysotile
Amphibole
Total bbestos

1-1

R e m p l e Requested

Smnple Umafis/actogt

[-I

Date Analysis Begun:
Time Analysis Begun:
Date Analysis Completed:
Time Analysis Completed:

Laboratory Set ID No.:
Laboratory Sample No.:
Certified By:

96 -7- 4020
96

-

2299~-C

.fhtn/2/3yf&y
-

f/s
6
-

Note: See sampling and mailing imtncrions on other sidc of this sample data sheet

- .- ci!zNT IS ?5s?514(5;2E=*;?

- .-

m e -

C3MF!-qNG ,:.
IP~,=VZ,'..'G..T~ON
-I
A.zCVz 1 z ; SCUzLE I
C W ~ t?
: c:.
of $71 s s m p / ~ ~L'SZ
. 2
, = a i u 4fs
~ ampiate aN
;r;&maff=n ,z+y ~ Z L ; ?.~j+c$br:
p
i.
Fletss
lqiciy if a yjp~qfiar is ;c: zvzikkie.
1 ,y=

1.

*.:=

2

szmpl=s ncs: b e w c l i s c & in ~ C Y P skq:
, ~ k ;e:!
f y .L's k==,i=t=ry. 6eish Z!uns
sz.r;tis
~ r ; ; c v s3 e ia pack kr;:
ae smple shi==ing m i , ~ e c =.a piae it in Lfe h ~ z cofv e n i ~ . * . tS,M?
NOT ==SSE?VtJ WIT:' r 7 0 E Y ICE =ACi< 3(JZ!NC- SZIFMEfl WILL NOT SE T=,S=.

3.

=fie sar;iltie (Saz=ie Type 3 ) st t 2; sene= :
with ~ a ~ ~ c ; ~ s ;ipe
~ ~ s,'.al
a r ; :
as=s-mer;:
?i?a rtl uncei =sn&ccs *,ec. ts5est=s cr.s.tlhz'icn is m c S K k i y 2 ct-:
e l e r u z 7 i e s ( S a t l e T-ve 3 it,m eat? cc.:j :=ir. .
Sysrerrrs with nc as=as~s-z=r;,ec:;i=c
the d s r . 5 ~ i ' o nsysierz tesr a e tstEd,-r.
of ~3mrrr.
if any.

4.

B t f ~ oS k n g smples, let the s l d rei=c ;u.: frzz %e ha for s b ~ u t5 to 10 rzifi~i~s
(u*? !WE :
tompenpare stzbiiio,~).If afftcsSlear,&iners ut csaC acqznd 3 s cln'siners by hsnc 5 e k Ei!i.--,
~
aspcximm,p!:, ?na inc? cf h e tcc lenv;';.; 2.:
$en. r T e z c i of the swqpiied1 R=r e f i z i n e s ".
s p e . thsn
the a-ner
s a ~ l y Do
. & 5mr 3 e fau-~tbefee auecfin; 3 e stn?ier.

5.

?!ace as sanples in t'la skipping = h ~ i n s rw%, 3 c i a ,=a& b kwa ma samples c l d d u i i n ~s$isr;.t
Strl the a n p l e t e d s;.kiiion r9sar: in :'la ? W c :as snd p 1 t r it in
shipsipping wrbaintr.
.e4
!
*
l ~=fimf
AS Tr.zT..;.l ,z.

L

1

Syst=.:s

rn

h HOUR iiOULNG TIME ON T

-. -at

i E SAMPES.

If the samp!es a= nut rtcsivec dU5n43 hc~nc itfr arnpflng me, you wZ! imve to msa v i e .
6. A f k r ae samples a= a m L t < regulations rq-ire %F t3a It5omcry r;ai the results a: all cnpi@nct
samples to the Divkicn of EmimmenM ?e&k A c p y wX be sent tc 3 e dies and this a c y s,L;z!l:
retzined by the d e n t far st Iezst ten (10)years.

.

lt the fcr:n should Da returned to the d e n t riitlted Sample Umatishlary.' this meens that tnc;%
sample vAI have to be =[lecSd. The C O M M X 3 sden on the fmn: ~f the f o n win give 3 e hascr;.

Dmub'on: A sample a
f
f e."

h ; s n the c

Point A sample cj[le=:
a
.

- -Specat
----

an

m b ~ sys:trn
~ n at t IccaScn sewed by =bestascement pice.
poi-:, b, ae &iCz~iion sys'rzn cfter apalicztion of t m a 3 e c 3

cseci.
A sample that is

for s?ecal pqcses m< is not rcquirec! fs: campfiance ncnita6cg.

..

i;

BIBROT ~ X ~ O ~ ~ T O RIWC.
IES,
254 N t d &nh?rSuccr
C w , WY 62601

P.O. #

PLEASE PRW OR TYPEALL

CWUN OF CUSTODY MCORD

fer 307-234-1639

INFOfWA'TIONEXCEPT slONATURfS

voka 307-221-0515

Project Name /Address

htiy9h
wse

1

ConfactName & Phone

Sampler's signatwe

$&

Ri the
fnvdce lo*

Msr- snn

$I$.~U;~J

'Po
s
* ?L7010
s
8 E nnN: ~R~~ v,,~E.so & C " " J a n \

n~l~

MTE

I8!

WuT0h) 63(ri-=,fiir
0,& 6037

R

LmrrMllC, WY

a sp.dd
inrbucfktn8, etc.

&I070

SAL(tLB LD,

L

X

k
@\c ' L

Zj/?b

l

I

F7 - ---

.

>

i

\'

I

I

I
i

1.

RwIshed-)

-w
2.

R e h q u k h d (signeture)

./,"
hG
Date

W

Received by: (signaum)

3.

ReSnquished (signature)

Dae

r#ne

Received by (signature):

R d e d by: (signeturn)

4.

l?dnQuished (signature)

W e

r i

Received tor labordory by

0Ffr

Sp.4d.l
Inatrudlma, do.

corr#n*

Received by (signature):

I

2.

R-d

-lure)

CHAIN OF CUSTODY RECORD
PROJECTIJOB I

PROJECT NAME

REMARKS

WESTON
GROUNDWATER

ENGINEERING

P.O. BOX 6037
LARAMIE, W Y 82070
(307)745-61 18
(307)745.6408 FAX

SHIPPING ADDRESS:
121 GRANOAVE. SUrrE210
LA RAMIE, W Y 82070

,,,,,,,

CHAIN OF CUSTODY RECORD

USE I COLUMN PER BOllLE

PROJECT NAME

PROJECTIJOB W

%&q+m
SAMPLERS: (Signature)

%m
ZA

WE

yt3 .-

Wfh

T W

$

8

2

STATKIN LOCATION
REMARKS

a

zz:49

I

l=;ikf

-

Wi \ $ ~ b r , t & I ~ , ; ~ \ a k d ,

&ch\ 0,

MAILING ADDRESS:
P.O. BOX 6037
LARAMIE, W Y 82070

GROUNDWATER

ENGINEERING

8

4

I-/

f/i,,;s0l(p

Fed Ex I

@

Coder I

MONTGOMERY LABORATORIES

CHAIN OF CUSTODY RECORD

PRINT NAME
.
Em- It(. tG+t-\e--

RECINOUISHEO BY:

AECJMQUISHEO BY:

0

MONTGOMERY LABORATORIES
OTHER:

SIGNATURE

RECEIVED By:

DESTINATION:

n

Fx

-M~PILX<

COMPANYKITLE

\tr;n E mI n c c ,

( ( ~ ~ p o r ? ( d \

I

TIME

OAT€

~rr,
I

\I/

RECEIVED BY:
RELWUISHED BY:

1

RECEIVED BY *LAB\:

C-0-C NO.

I
I
ORIGINAL COPY: SEND WITH SAMPLE

1

I.
I'

YELLOW COPY: RETAINEO BY SAMPLER

I

PINK: OFFICE COPY

PAGE

1

I

I

( OF

1

SUPROY hABORhTORIES, IIC.

fa^

2S4Nanh C m r ~ S r r u ~

C w ,WY 82601

V&C

PLEASE PRINT OR TVPE AlL
INFORMATION EXCEPT SIGNATURES

CHAIN OF CUSTODY RECORD

307-334-1639
307-235-0515

I

P.01 #

Project Name /Address

a9

T u a l ~ k = d

Sampler's signature

Coratad Name 8 P h n e

k3qQ\Hk,
I

m7-E

-

337-7wlnvolce to:

4?

-

&Km
p.0. &SX 7010

MSE

2i

58

u

VJa&€n3,y)~cri~,
lwc.

3.u &nc 6033
Uvouvlk
L%

cornm.rrts, sp.cla/
/nr~ucCI01)8,.to

-

1.

Rdqdshed (sm~crmJ

Date

Time

Receked by: (slgndum)

3.

Relnqdshed (sigmture)

W e

Tbne

Received by (signature):

2.

Rdhquished (s&witum)

Date

h e

Receked by: (signature)

4.

ReSnqulshed (signetwe)

Oate

Tlme

Received lor laboratory by
(sigmture):

-

I

- - - - -

us-

I

-

Inter-fllountoin Laboratories, Inc.

Client:
Project ID:
Sample 10:
Laboratory ID:
Sample Matrix:
Condition:

MSE-HKM, Inc.
Town of Buriington
#Town
I
Hall
0196-02433
Water
Coolllntact

Date Reported:
Date Sampled:
Time Sampled:
Date Received:

07130196
07119/96
1110
07119196

Total Residual Chlorine
Free Chlorine

"Standard Methods For The Examination Of Water And Waste Water, 17th ed., 1989.

Reviewed by

&

Inter-mountain Lcrborcltories, Inc.

Client:
Project ID:
Sample ID:
Laboratory ID:
Sample Matrix:
Condition:

MSE-HKM, Inc.
Town of Burfington
#2 Well House
0196-02434
Water
CooI/lntact

Date Reported:
Date Sampled:
Time Sampled:
Date Received:

Total Residual Chlorine
Free Chlorine

Reference:

"Standard Methods For The Examination Of Water And Waste Water", 17th ed., 1989.

2%

Reviewed by

Inter-mountain Laboratories, Inc.

Client:
Project ID:
Sample ID:
Laboratory ID:
Sample Matrix:
Condition:

MSE-HKM, Inc.
Town of Burfington
##3P. Davidson House
0196-02435
Water
Cool/lntact

Date Reported:
Date Sampled:
Time Sampled:
Date Received:

Total Residual Chlorine
Free Chlorine

Reference:

"Standard Methods For The Examination Of Water And Waste Water", 17th ed., 1989.

&

Reviewed by

Inter*mountain Laboratories, Inc.

Client:
Project ID:
Sample ID:
Laboratory ID:
Sample Matrix:
Condition:

MSE-HKM, Inc.
Town of Buriington
#4 G. Johnson
0196-02436
Water
CooUlntact

Date Reported:
Date Sampled:
Time Sampled:
Date Received:

07/30/96
07119/96
1220
07119/96

Total Residual Chlorine
Free Chlorine

"Standard Methods For The Examination Of Water And Waste Water, 17th ed., 1989.

&

Reviewed by

/ E i Y /
UBURAfORIES

ENERGY LABORATORIES, INC.
1105 WEST FIRST STREET

GILLETTE. WY 82716

LABORATORY

TO :
ADDRESS:

D i c k S t e a d l ey
P . Q . Box 98
Burlington, WY

PHONE 13071686-7175

REPORT
LAB NO.: G93-12495
DATE :
4-28-93

82411
WATER ANALYSTS

Wzter Well
Submi t t e d 4-21-93

CONSTITUENT

........................................
...........................................
..........................................
........................................
.........................................
.........................................
........................................
......................................
..........................................
Iron .............................................
Total Dissolved Sol i d s @ 180°C ...................
Total Hardness as CaC03 ..........................
S p e c i f i c Conductance @ 25OC ......................
Potassium
Sodium
Calcium
blagnesium
Sulfate
Chloride
Carbonate
Bicarbonate
Nitrate

REMARKS: lloderately hard watrr . M i nel-a1 1y n o t recommended f o r domes t i c
use and drinking. The t o t a l sol i d s exceeds the maximum recommended f o r
d r i n k i n g water. The sul f a t e exceeds the maxi mum recommended f o r pub1ic
water suppl ies .

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE

LAD lo.: 693-12196
DATE COLtf CTfD: 1-21-93
PAGE 1 Of f
1WALISIS Of RESULTS AN0 CLASSlFlCAlIOW OF YATER
Enclostd are the r e s u l t s o f your r a t e r analysis. Y h i l t t h i s i s n o t a coaplete analysis, the t e s t parameters p r o r i d e
. s u f f i c i e n t basic i n f o r l a t i o n about the r a t e r q u a l i t y . B a c t e r i o l o g i c a l l y your r a t e r i s c l e s s i f i e d as e i t h e r safe o r unsafe
based on the analysis o f t o t a l coliform. Chemically your r a t e r has been c l a s s i f i e d as s u i t a b l e o r unsuitable f o r j t u ~ a n
gonsurotion, Jivestock r a t e r and l a r n and garden i r r i a a t i o n , bared on the r e s u l t s o f the t o t a l dissolved solids, s u l f a t e s
n i t r a t e and s p e c i f i c conductance determinations.

a

it i s important t o remember t h a t t h i s analysis s e r i e s does
d e t e r l i n t a l l possible contalinates, r h i c h could e f f e c t thc
r a t e r q u a l i t y f o r the purposes stated above. Furthermore, one needs t o understand t h a t 8s the mineral content increases,
E
L OF RISKJ assumed by the owner o r user, increases f o r i t s intended purpose.
the q u a l i t y decreases and the U

Bacterially t h i s rater is:
Cherically t h i s rater is:
for
1. Huaan consumption
2. Livestock water
3. Larn and garden i r r i g a t i o n

- Safe

- unsafe

x l o t lcsted

Suitable
Urrsui tab1 e
.-------....-.---....----....
.------( 1
( 1
1 )

34

( 1
1 )

IIPLAWlTIOR OF TEST RESULTS FOR H V l A l COISUIPTIO~
T o t a l Oissolved Solid$

S u i t a b l e - 1500 p a r t s per l i l l i o n or less- the €PA has resomaended t h a t dogestic p u b l i c r a t e r supplies s h o u l d n o t
c o n t a i n l o r e than SO0 p a r t s per m i l l i o n . Refer t o the section on tolerances.
X l J n s r i table-greater t h a ~1500 p a r t s per r i 1 l i o n

S u i t a b l a - 750 p a r t s per m i l l i o n o r less- the EPh recofimends 250 p a r t s per r i l l i o n o r l e s s f o r p u b l i c r a t e r supolfes.
Refer t o the section on tolerances.
-

$~nsuitable
over 150 p a r t s per n i l l i o n . I t should be noted t h i t h i g h l e v e l s o f s u l f a t e s appear t o have no
p h y s i o l o g i c a l a c t i o n other than a l a x a t i v e effect towards ner users. l u c h o f the ground r a t e r i n Yyoming i s h i g h i n
s a l f a t e r and has been used f o r years w i t h no adverse effects.

-

$Suitable
10 p a r t s per # i l l i o n or less- The raximtm l e v e l allowed i n p u b l i c r a t e r r a g g l i o by the EIA i s 10 p a r t s p e r
l i l l i o n . This standard i s based on the e f f e c t s of n i t r a t e o a ' i n f a n t s rhose formula i s lade from the r a t e r . Adalts can
f a n e r a l l y t o l e r a t e aach higher levels. Refer t o the section on tolerances.

- Unsuitable - Over 10 p a r t s per r i l l i o n .
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-

B a c t e r i o l o ~ r T o t a l Cali formSafe

- 0 per 100 11 I F o r 015 per 100 11 IPW

Safe - 1 per 100 m i I F o r 115 per 100 81 IPI - i f no other o r the next analysis i s n o t greater than Q per
015 p e r 100 11 !PI. Resaaplt i a one aonth

100 a1 o r

Confluent growth - Due t o the excessive aaount o f bacteria orcsent, r h i c h l a y e f f e c t q u a l i t y (odor or taste),
n o t deternine the number o f c o l i f o r r s .

r e could

Unsafe - greater than 1 per 100 11 I F o r greater than 115 per 100 11 IPI. I f your r a t e r was i a r k e d Unsafe o r Confluent
g r o r t h , t h e source o f the contanination should be e l i minated. The case o f onf fluent growth, r e recolaend a resaaple p r i o r
t o s a n i t a t i o n o f - the w e l l t o eliminate possible contanination of the sarplc by the container. I f t h i s saaple contains
c o n f l u e n t g r o r t h o r i s unsafe, sani t i r e according t o the
enclosed i n s t r u c t i o n s ,

b r d n e s z - C a l c i u ~and Ragnesium enpressed as Ca l c i un Carbonate
These analytes do n o t u s u a l l y e f f e c t the q u a l i t y o f d r i l l i n g r a t e r adversely: hoverer, h i g h l e v e l s of hardness l a y have
d e t r i s e n t a l e f f e c t s on p l u i b i n g i a t e r i a l s , f i x t u r e s and aopliances such as h o t r a t e r tanks.

- 19 p a r t s per a i l l i o n - S o f t
- l e d i u i hard
- 150 - 219 p a r t s per m i l l i o n - Hard
- 300 p a r t s per illi ion and over - Extregely hard
0

z
1
0149 p a r t s per # i l l i o n

Treatment s y s t e l s f o r softening r a t e r are cormercially available, b u t i t should be noted t h a t this. process
replaces calcium and aagntsium r i t h an equivalent amount o f sodium.
j o d i u 8 - ( f o r your i n f o r a u t i o n l
The EPA recoisends a iaximua s o d i u i l e v e l o f 20 p a r t s per r i l l i o n f o r people on l o r sodiu8 d i e t s o r do have high blood
pressure o r h e a r t trouble. I t has been reported t h a t good q u a l i t y d r i n k i n g r a t e r may contain up t o 115 p a r t s per m i l l i o a
sod f or.
j r o l a n a t i o n o f t e s t r e s u l t s f o r l i v t s t o c k ask

I t i s g e n e r a l l y agreed t h a t l i v e s t o c k can t o l e r a t e a higher concentration of ~ i n e r a l si n t h e i r d r i n k i n g r a t e r than hulans
can. I t has a l s o been denonstrated t h a t c e r t a i n species o f l i v e s t o c k can t o l e r a t e up t o 12,000 p a r t s per m i l l i o n Total
Dissolved Solids: however, t h i s i s n o t a good s i t u a t i o n and i t takes a long t i r e t o increase an a n i i a l ' s tolerance t o r a t e r
of h i g h s a l i n i t y . Sudden changes from good q u a l i t y l i v e s t o c k r a t e r t o poor, h i g h s a l i n i t y l i v e s t o c k r a t e r may prove f a t a l
t o the r n i a a l s .
Good q u a l i t y l i v e s t o c k r a t e r should l e e t the f o l l o r i n g c r i t e r i a :
Total dissolved Solids
Hardness
Sulfates
n i t r a t e s as R
Sodium

- *I000p a r t s per m i l l i o n o r l e s s

-- 1000
p a r t s per m i l l i o n o r l e s s
SO0 p a r t s per m i l l i o o o r l e s s

--

10partsper~illionorless
SO0 p a r t s per r i l l i o n o r l e s s

LAB YO.: G93-12195
DATE COLLECTZD: 1-21-93
PAGE 3 Of 3

For the purpose o f c l a s s i f i c a t i o n the staterents checked belor apply t o your r a t e r analysis:

Scllfateo

La1 Dissolved S o l i d $

1( S u i t a b l e - 5000 p a r t s per r i l l i o n o r l e s s
Unsuitable - 5000 p a r t s per r i l l i o n

,&Suitable - 1000 p a r t s per # i l l i o n o r less

- Uaruitable - over

1000 p a r t s per r i l l i o n

f o r your i n f o r a a t i o n , i t h i s been suggested t h a t the a t r i a r a aaount of s o d i u i l i v e s t o c k can t o l e r a t e i s 2000
parts per r i l l i o n
b l r n a t i o n of t e s t r e s u I t r f e r larn aad tarden i r r i a u

..

c t f t c t o nductanca

-

-

- r i c r o rhos per cr.

-

Sodiur Absorotion Rat i o

- Suitable - SAR l e s s than 10
Unsuitable - SAR greater than 10

S u i t a b l e under l o s t conditions less than 1500
x ~ n s u i t a b l e under l o s t conditions greater than 1500

-

- (SARL

-

For t h e purport o f c l a s s i f y i n g r a t e r f o r huran consuiption, r e r i l l a l l o r ORE o f the three analytes ( t o t a l dissolved solids,
s u l f a t e s , o r n i t r a t e s ) t o exceed the above stated l i r i t s according t o the following:
Total dissolved s o l i d s
Sulfates
iit r a t e s

- up t o 1650 p a r t s per r i l l i o n

- up t o
- up t o

790 p a r t s per r i l l i o n
12 p a r t s per r i l l i o n

( I ) U.S. Environrental P r o t e c t i o n Agtncy r e p u l a t i o n r e l a t e d t o the jdft Orinkina Vater Act
( 2 ) b t e r Ouali tr Cri ttria, Publication 1-3, C a l i f o r n i a State l a t e r Resources Control Board, 7-70
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INTRODUCTION
The purpose of this appendix is to provide the Town of Burlington with a guidance document and
introduction to implementing their local Wellhead Protection plan.

OVERVIEW OF BURLINGTON WELLFIELD AND WATER SYSTEM
As indicated in the Burlington Water Supply Project report, the residents of Burlingon have historically

relied on shallow domestic wells for their water supply. However, the close spacing of septic systems
and domestic wells led to coliform bacteria problems in many of the domestic wells, prompting the Town
to drill two municipal alluvial wells on the north side of town in 1986. These wells are refemd to as
Burlington Well Nos. 1 and 2. Recharge to the wells was believed to be provided by a nearby irrigation
ditch. While the wells were capable of producing approximately 100 gpm during the irrigation season,
the ten- to twelve- foot drop in the static water level which occurred during the winter months made the
wells inoperable during part of the year. Consequently, these wells were replaced in 1988 with two new
wells located south of Burlington within approximately two miles of the Greybull River, and are
approximately 35 feet apart.

The new wells are referred to as Burlington Well Nos. 3 and 4, which provide 100 percent of
Burlington's drinking water supply. The perennial flow in the nearby Greybull River provides recharge
to the aquifer, reducing the seasonal fluctuations of the water levels in these wells. Well Nos. 3 and 4
were drilled to total depths of 45 and 48 feet, respectively and encountered the shales of the Willwood
Formation at depth of 34.5 and 36 feet, respectively. The static water levels in the wells ranged from
seven to eight feet bdow the top of the w i n g in Well Nos. 3 and 4, respectively, on June 20, 1996.
As described in the Burlington Water Supply Project report, controls for the two wells are located in the

adjacent well house. Following chlorination using a hypochlorite solution at the well house, the water
is pumped through the transmission system to the 150,000 gallon storage tank on Emblem Bench,
approximately one mile north of the service area.

OVERVDEW OF WELLHEAD PROTECTION PROGRAM
In 1986, Amendments to the Safe Drinking Water Act (SDWA) established the Wellhead Protection
program. Under these Amendments, each state is called upon to develop a program that would protect
ground water which supplies wells, wellfields, springs, and tunnels that provide drinking water to the
general public. Specifically, the law states that a Wellhead Protection Area (WHPA) refers to "the
surface and subsurface area surrounding a water well and wellfield supplying a public water system (PWS
See glossary), through which contaminants are reasonably likely to move toward and reach such well
or wellfield." The basic elements of the program arc also specified in the law. Although the ultimate
responsibility for ensuring that ground water is adequately protected lies with local government, WHP
requires participation by all levels of government to ensure its success.

-

The principal objective of this program is to prevent the contamination of groundwater resources that
supply public drinking water. Wellhead protection is not restricted to the immediate area of the point
of withdrawal; it includes the recharge area of the aquifer(s) that provide water to the well, wellfield,
spring, or tunnel. The delineation of a Wellhead Protection Area (WHPA) is a major element in the
development of a WHP program.

In Wyoming, the development and administration of the WHP program has been assumed by the
Depamnent of Environmental Quality, Water Quality Division (DEQ-WQD). The basic premise behind
the state program is that it is voluntary and non-regulatory. There are 242 public water systems in
Wyoming that derive drinking water from groundwater sources, most of which will be targeted for
participation. Although the program does not apply to private wells, these users are encouraged to use
the wellhead protection approaches to ensure a safe drinking water source.
The success of a voluntary program requires broad public knowledge and support, therefore, the
DEQ-WQD initiated an extensive outreach effort soliciting this support. This educational effort utilized
public meetings throughout the state, questionnaires, and other mailings. The ultimate development of
the state program came from the appointment of a 20-member, multi-disciplinary advisory committee to
assist with identification of goals, guidelines and other pertinent factors. This group met monthly for
approximately one year to develop the guidance document for the Wyoming Wellhead Protection.
As stated above, participation in the Wyoming Wellhead Protection program is voluntary. Public water

systems m y choose not to participate. However, incentives (i.e., monitoring waivers, etc.) are not
available without an approved, local WHP plan. Requirements of Euture regulations such as the
groundwater disinfection rule may also be waived or minimized for a PWS with an approved WHP plan.

The Wyoming Wellhead Protection program is briefly outlined in the following sections. According to
the Wyoming Wellhead Protection Program Guidance Document, local WHP plans will be composed of
five elements as summarized below:
a

An introduction to the local WHP plan including a general description of the water system, the
need for a local WHP plan, roles of local government entities, the public, commercial interests,
and public water suppliers, with respect to the local WHP plan;

a

A W P A Delineation Report summarizing the technical approach to delineate various protection
areas;

a

A prioritized inventory of potential contamination sources developed for each delineated zone or
management area surrounding a well, welllield, spring or tunnel;

a

An implementation and management plan for existing and future potential contaminant sources
for each well, wellfield, spring or tunnel, including financial assurance requirements; and

a

A contingency plan addressing water supply emergencies, rationing, remediation or treatment,
and new source development once a water supply has been degraded.

Additionally, new wells should be sited with due consideration of the foregoing WHP elements, to
minimize the potential for contamination of the water supply.
NEED FOR A LOCAL WHP PLAN

Local WHP plans are important because a large portion of public water supplies depend on groundwater.
In Wyoming, 242 public water systems utilize groundwater resources for drinking water. Over 75 % of
Wyoming residents rely on groundwater (from 90,000 wells) for all or part of their drinking water
supplies. The value of an uncontaminated groundwater supply cannot be overestimated. The enormous
cost of aquifer remediation and developing alternative water supplies are two reasons why the protection
of all groundwater resources developed by a PWS should be a high priority. Aquifer remediation efforts

described in the technical literature and news media over the last two decades have shown how difficult,
if not impossible, it is to remediate a contaminated water supply.
Potential scenarios of contaminant introduction are common to most PWSs, and include accidental spills,
septic systems, surface water runoff, agricultural, mining and industrial operations, and hture land use.
The implementation of a WHP plan allows a PWS the opportunity to develop a management strategy that
ensures groundwater resources will remain a viable drinking water source.

WHP Plans are important to the Town of Burlington because Burlington's water supply depends on
groundwater. Groundwater derived from the Town's existing wells provides 100 percent of the total
source capacity for Burlington. At present, the quality of water derived from the Town's wells is good.
However, the area that comprises the recharge area to the Town's existing wells is developed. Based on
the hydrogeologic setting, Burlington's water supply has a pollution vulnerability ranking of 1 on a scale
of 1 to 12, indicating a high susceptibility for potential contamination (see Hasfunher and others, 1992).
Preliminary identification of potential contaminant sources to the Town's water supplies include surface
water runoff from nearby automobile and heavy equipment storage, domestic septic tanks, and
agrichemicals.
STATE, LOCAL, AM) PUBLIC WATER SYSTEM ROLES

The Wyoming Department of Environmental Quality-Water Quality Division (DEQ-WQD) is the lead
state agency for the Wyoming WHP program. The Wyoming WHP program is intended to be flexible
and to provide guidance for local plan development. The Wyoming WHP program coordinates technical
and financial assistance, education, training, and demonstration projects to effectively and efficiently
protect PWSs. The major role of the DEQ-WQD in WHP is to assist local development of the best
protection possible for an individual PWS by providing guidance documents and model ordinances, and
by working with local governments to develop and implement appropriate management strategies to meet
the Wyoming WHP criteria.
Effective WHP activities involve coordination of federal, state, and local efforts and funding sources.
Federal funding that may be used in WHP is available through various programs. State and federal WHP
program infomtion is distributed to interested local entities through the DEQ-WQD.
Infomation or financial support m y be available from many sources. The type of infornution and
support will vary with the organization. Some planning agencies and associations may have h d s
available for WHP. Other agencies may be able to provide technical assistance on the hydrogeology,
water quality, specific contaminant sources, health effects, best management practices or other
information pertinent to WHP development.

Because the Town of Burlington has elected to implement a local WHP plan, DEQ-WQDwill require
a formal plan which must include all WHP components specified above, including delineation methods,
rationale for choosing an individual method, anticipated schedule of milestones, inventories of
contaminant sources. and a contingency plan. The DEQ-WQD will ensure the local WHP plans are
consistent with the Wyoming program criteria and, if necessary, will recommend additional changes to
the plan based on site specific information.

LOCAL WELLHEAD PROTECTION ("WHP) MANAGEMENT COMMITTEES
To ensure public participation in the development of the Town of Burlington's WHP plan, the formation
of local WHP management conmiittee is strongly encouraged. The Burlington WHP management

committee should represent the various interests of the community united under the common goal of
protecting drinking water supplies. The most effective way for the WHP management committee to
accomplish this objective is to implement the WHP plan for the Town's wellfield. Public water system
personnel, the Mayor, Council members, and Town Engineer, Bighorn County health department
persomel ,community residents, industrial, agriculnual,commercial and industrial representatives should
comprise the WHP management committee. Because generation and implementation of the Burlington
WHP plan can be completed under a 'deit-yourself" process, the use of technical and legal cowultants
is optional and on an as-needed basis.
One suggested approach for development of the Burlington Wellhead Protection plan is to:
Form a WHP Management Committee and, through public meetings or hearings, ensure that
interested citizens, affected parties and governing bodies are made aware of and become educated
and involved in development of the WHP plan;
Formally recognize the goals of Wellhead Protection and the Wellhead Protection Management
Committee through passage of a resolution;
Coordinate with other nearby PWSs, the Wyoming Association of Rural Water Systems, and
DEQ-WQD in the development of a complete, comprehensive, and technically sound WHP plan
according to the guidelines, criteria and minimum requirements set forth in Wyoming's Wellhead
Protection Program Guidance Document;
Implement managemen&strategies to protect the WHPA; and
Submit the completed WHP plan to DEQ-WQDfor approval.
Idealized WHP Management Committee Membership and Responsibilities

WHP planniug is not static, but rather is a dynamic process requiring a multidisciplinary team focused
on protecting the groundwater resources as their principal objective. With the experience team members
acquire during the planning process, they will be valuable resources in working with both existing and
new potential contamination sources, continuing public education programs, and following through to
ensure that management approaches are effectively implemented. Several entities have been identified
as potential members of the WHP management committee responsible for implementing the individual
WHP plan for the PWS.

Town Cound. The Burlington Town Council will be responsible for establishing WHP plan objectives,
and enacting ordinances, if any, to achieve these objectives. The Town Council shall adopt the WHP
plan for the PWS and will periodically review and ammd the plan. The Town Council will be
responsible for development of detailed regulations to implement the ordinances, surveillance of activities
within the recharge area of the groundwater source, and enforcement of ordinances related to groundwater
resource protection.
The Town Council will establish and sponsor a WHP management committee for the purpose of assessing
the need for protection of the groundwater source, evaluating the effectiveness of monitoring and
protection measures, and recommending to the Town Council approaches to providing adequate
protection. The WHP management committee will be appointed by the Town Council from local
governmental agencies, the public water supplier, citizens of the community, aad other individuals. In
the development of objectives, approaches and ordinances, the Town Council will actively solicit public

involvement to assure not only effective protection of water sources, but also to assure that the need to
protect is appropriately balanced with other considerations and to achieve balance with the needs of health
and prosperity for the community. Advise from technical and legal consultants may also be solicited by
the Town Council relative to the development of WHP objectives, approaches, and implementation
strategies. Implementing regulations will be developed by the Town Council and will be targeted at
achieving the objectives of the Wyoming WHP program. The Town Council will assure these control
measures are consistent with County, State and Federal policies.
Public Water System Operator. The Burlington PWS operator is probably the best facilitator and
coordinator for the WHP plan. The operator should conduct surveillance activities, recommend
programs, enforce ordinances and protective measures, implement emergency response measures, and
establish coordination channels with the County, State and Federal agencies. Because the PWS operator
typically serves as the pivotal point for implementation of any local WHP plan, it should serve as the
WHP management committee leader. Consultants may be of assistance by providing technical or legal
expertise to the operator in developing elements of the Burlington WHP plan, or assess the feasibility of
WHP approaches.
Commercial and Industrial Interest Representatives. Because the area within and surrounding a
community is privately held for commercial and agricultural purposes, and contains portions of the
WHPAs, representatives of the affected private landowners should serve on the WHP management
committee. These representatives will assist in controlling potential sources of contamination generated
as a by-product of their operations, as well as assist in educating the public about the importance of
protecting the groundwater resource developed by the Town of Burlington.
Residential Interest Representatives. Citizens of the community, water customers, and homeowners
have a vested interest in protecting their public water supply. Therefore, the residential representatives
must participate in facilitating the Burlington WHP plan.

Regulatory and Emergency Response Advisors. Becawe the Burlington WHP plan is dynamic as new
knowledge is gained by virtue of implementing other plans across Wyoming, there are a number of
regulatory and technical resources which may be accessed to responsibly keep abreast of changes in the
Wyoming WHP program. Because the Wyoming WHP program is managed by the DEQ-WQD, staff
members can be consulted for recommendations to remain in compliance with changes to the state
program objectives. Because of the reliance on groundwater resources for municipal water supplies, the
Bighorn County Planning Department may also serve as regulatory advisors.

Emergency response transcends geopolitical boundaries, and requires cooperation between neighboring
PWSs, as well as local and state agencies. DEQ-WQD and the Town of Burlington serve as the principal
points of contact for contingency planning and should be authorized to assist in implementing emergency
response programs.
Public participation. The main characteristic of a successful WHP plan is public participation.
Organizing a WHP management committee from local water customers and parties potentially affected
by the Burlington WHP plan implementation is the best approach to involve the general public. The
Burlington WHP management committee should then seek to involve the community at even greater
levels. The success of the Burlington WHP program will depend on the level of support from water
customers. The best way to gain public support for the Burlington WHP plan is through the use of
various implementation and management strategies discussed more fully in later sections of this WHP
plan; some approaches are summarized below:

a

Contaminant Source/Activity Restrictions or Prohibitions;
Site Plan Reviews;
Design and Operating Standards;

Land Use Ordinances;
a

Hazardous Water Collection;

Land Use Agreements;
Memoranda of understanding; and
a

Public education programs (news releases, brochures, etc.).

Once the Town of Burlington has established a Wellhead Protection Management Committee, a listing
g
resolutions, and descriptions of effom to include public
of the committee members, m ~ i n schedules,
participation should be appended in the Town's Wellhead Protection plan when it is submitted to
DEQ-WQD.
ADDITIONAL RESOURCES

Wyoming's Wellhead Protection Program Guidance Document attempts to address the specific needs of
local governments and public water system operators in developing local WHP plans. However, there
is a wealth of additional published idormation md technical resources available penaining to all q t s
of federal wellhead protection program.

The following guidance documents are available for use by individuals, communities, and public water
suppliers. For background or basic information regarding the federal wellhead protection program, the
general guidance documents may be consulted. If more specific or technical information is required, the
technical assistance documents may be utilized.
General Guidance Documen@
a

'Wellhead Protection: A Guide For Small Communities," (EPA 625/R-93/002);
'Protecting Local Ground-Water Supplies Through Wellhead Protection," (EPA 570/09/91-007);

a

'Why Do Wellhead Protection?" (EPA 570/9-91-014);

a

'Wellhead Protection Programs: Tools for Local Governments," (EPA 44016-89-002);

a

'The Power To Protect: Three Stories ~ d o uGround
t
Water," (EPA Videotape);
'Citizen's Guide To Ground-Water Protection," (EPA 44016-90-004);

a

'Local Financing For Wellhead R o t d o n , " (EPA 440/6-89-001).

Technical Assistance WHP Documents
a

"Guidelines For Delineation Of Wellhead Protection Areas, * (EPA 440/5-93-00 1);

a

"Guide To Ground-Water Supply Contingency Planning For Local And State Governments,"
(EPA 44016-90-003);

a

"Delineation Of Wellhead Protection Areas In Fractured Rocks, * (EPA 57019-91-009);

a

'Guide For Conducting Contaminant Source Inventories For Public Drinking Water Supplies,"
(EPA 57019-9 1-033);

a

"Wellhead Protection Strategies For Confined-Aquifer Settings, " (EPA 570/9-9 1-008);

a

"Characterization Of Aquifers And Aquifer Systems And Wellhead Delineations In Wyoming,
" (Draft EPA Document);

a

'Managing Ground Water Contamination Sources In Wellhead Protection Areas: A Priority
Setting Approach, " (EPA 570/9-9 1-023);

a

'A Review of Sources of Ground-Water Contamination from Light Industry," (EPA
440/6-90-005) ;

a

'Protection of Public Water Supplies from Ground-Water Contamination," (EPA 6294-85/016);

a

"Wellhead Protection: Information and Guidelines for Wyoming Municipalities," Department of
Civil Engineering, University of Wyoming;

a

A Wellhead Protection Workbook is available from the Wyoming Department of Environmental
Quality, Water Quality Division.

List of Contacts:

-

a

Wyoming Department of Environmental Quality, Water Quality Division (307) 777-778 1;*

a

EPA Region VIII WHP Coordinator (303) 294-1 162;*

-

-

Groundwater Protection Document Request Hotline 1-800-426-479 1;

a

Wyoming Association of Rural Water Systems - (307) 436-8636.'

*

These agencies can also assist in public education programs on an as-requested basis.

a

National Technical Information Service Hotline (703) 487-4650;

DELINEATION OF WELLHEAD PROTECTION AREAS

The first task of the Burlington WHP Management Committee is to identify and map the area that
supplies water to their wellfield. Once this area is determined, potential sources of contamination are
then inventoried and managed to prevent pollution of the groundwater. The mapping process is called
delineation of the wellhead protection area.
The SDWA Amendments Section 1428 (e) of 1986 identify a wellhead protection area as "the surface and
subsurface area surrounding a well or wellfield, supplying a public water system, through which
concaminants are reasonably likely to move toward and reach such water well or wellfield." The size and
shape of the area depends on the characteristics of the developed aquifer system. Wellhead protection
in Wyoming addresses aquifers tapped by wells, infiltration galleries, radial collection wells, springs, and
tunnels that serve public drinking water supplies. The goal is to protect all or a major portion of the
aquifer which contributes water to a well, wellfield, spring or tunnel.
SUMMARY OF GEOLOGIC DATA
As summarized in the Burlington Water Supply Project report, the Town of Burlington and the Burlington

wells are located in the central part of the Bighorn Basin, approximately three miles north of the Greybull
River. The Bighom Basin is bounded on the east by the Bighorn Mountains, on the south by the Owl
Creek and Bridger Mountains, and on the northeast by the Beartooth Mountains; the western edge of the
Basin is covered by the Absaroka Mountains. Within the Bighom Basin, Upper Cretaceous and Tertiary
sedimentary rocks are exposed at the ground surface, except where covered by Quaternary colluvial and
alluvial basin-fill sediments.
On a regional scale, the geology and hydrogeology of the Bighorn Basin has been characterized by the
Wyoming Geological Survey (1937), Robinove and Langford (1%3), Lowry and others (1976), Pierce
(1978), and Libra and others (1981). Descriptions of the local hydrogeology are limited to the well
reports submitted to the Town following the completion of the two wells currently in use (McLellan,
1988; Forsgren, 1988) and some information about the area contained in Robinove and Langford (1963)
and Libra and others (1981).

Based on published geologic maps, the lithologic logs from the Town water wells, and local oil test hole
data, the alluvium in the Burlington area is underlain by the Willwood Formation. Information regarding
the hydrogeologic properties of the Willwood and data from Willwood wells in the Bighom Basin were
obtained from the Wyoming Water Research Center and from Robinove and Langford (1963).
A generalized north-south geologic cross section constructed through Burlington Well Nos. 3 and 4
reveals sands and gravels form thin mantles on the claystones and sandstones of the Willwood Formation
(see Burlington Water Supply Project report). The abandoned municipal wells and an oil test hole were
also projected onto the line of cross section to provide additional data.

SOURCE AQUIFER SUMMARY
As shown on the geologic map contained in the Burlington Water Supply Project report, the aquifer that
serves as the water source for the Town of Burlington consists of Quaternary sediments deposited along
the Greybull River valley. The Quaternary sediments are not laterally continuous in all directions; they

are approximately four miles wide in the vicinity of Burlington, but extends across the Bighorn Basin
along the river valley. Robinove and Langford (1963) subdivide the Quaternary deposits into three units:
the Sunshine Terrace deposits, found on Emblem Bench; the Greybull terrace deposits, which underlie
the Town of Burlington; and the alluvium, present in the Greybull River valley. The degree of hydraulic
communication between these units has not been described in the literature or determined from pumping
test on the Town's wells. The alluvial aquifer is recharged by the Greybull River, which flows
perennially. Water levels in the aquifer m y also be impacted by irrigation, flow of water through nearby
irrigation ditches, and pumping of nearby imgation wells. Datl regarding seasonal fluctuations in the
water levels in the wells is not available.
Well Data

The well driller's logs aad the Statements of Completion filed at the State Engineer's Office are appended
to this WHP plan. Construction details an also summarized in the Burlington Water Supply Project
report. Based on the results of the pumping tests, discussed above, both Well No. 3 and Well No. 4 can
be pumped at the adjudicated rate of 85 gpm without dewatering the pump during the irrigation season.
Additional testing would be necessary to determine well performance during the winter and early spring,
because the percentage of recharge derived from the irrigation ditches and surface application of water
compared to that derived from the Greybull River remains unknown.
Pump Data

Data regarding the pumping equipment as well as pumping curves comparing current pump performance
to the performance predicted by the manufacturer for new equipment are included in the Burlington Water
Supply Project report.
A w e r Testing

Hydraulic parameters for the aquifer were determined using the data and calculations presented in the
McLellan (1988) report submitted to the Town following completion of the wells and from the pumping
tests completed during June, 1996 as part of the Burlington Water Supply Project report. With the
exception of the storage characteristics of the aquifer, Table 1 summarizes the aquifer parameters
determined from these two sets of tests. Based on the pumping test data collected during this study, the
alluvial aquifer is semi-confimed in the immediate vicinity of Burlington Well Nos. 3 and 4, with a storage
coefficient of 0.00065 (McLellan assumed a value of 0.0005). All of the hydrologic data plots and
verification models from this study can be found in the Burlington Water Supply Project report.

TABLE 1
AQUIFER PARAMETERS DETEWIIh'ED FROM PREVIOUS REPORTS AND
TESTING COMPLETED DURING THE BURLINGTON WATER SUPPLY PROJECT

Trrru-

Source of
Data

Location and
Date of Tests

Saturated
Thickness
(feet)

missisity
(gaYday/ft)

Hydraulic
Conductivity
(Wday)*

Static Water
Level
(ft below
ground Icvei)

Hydraulic
Gradient
(fm

(McLcllan,
1988)

Well No. 3
Aug . '88

26

46,300

238

9.08

0.009, East

This study

Well No. 3
June '96

28.5

77,000

361

6.5

.0053, SE

*CaIculated based on transmissivity and saturated thickness.

Saturated Thickness, Transdssivity, and Hydraulic Conductivity

The lithologic log from the Statements of Completion indicates that the alluvium is approximately 35 feet
thick at the well site. The static water level in the Burlington wells was determined to be approximately
seven to eight feet below ground level on June 20, 1996. The approximate saturated thickness was
therefore approximately 28.5 feet on this date. Due to the lack of data regarding seasonal water level
fluctuations, an average saturated thickness was not estimated. The imgation season lasts from mid-May
through September; therefore, the June value may provide a good estimate of the saturated thickness in
the irrigation season. Incidentally, the irrigation season coincides with the period of greatest demand on
the water system, and therefore with the time that the wells are pumped for the longest continuous
periods.
Previous studies of Well Nos. 3 and 4 and of abandoned Well Nos. 1 and 2 indicates variable
transmissivities in the alluvial aquifer. A transmissivity of 46,300 gpd/fi was calculated for Well Nos.
3 and 4 by McLellan (1988). Pumping tests of Well Nos. 1 and 2 indicated an early-time transmissivity
of 64,000 to 75,000 gpdft and a late-time transmissivity of 23,000 to 26,000 gpd/ft (see MorrisonMaierle, 1986).
Given a saturated thickness of 28.5 feet, coupled with a transmissivity of 77,000 gpd/ft (10,293 */day),
from the recently-completed Burlington Water Supply Project report yields a hydraulic conductivity of
361 ftlday. This hydraulic conductivity is consistent the range predicted by Freeze and Cherry (1979)
for clean sand and gravel.

Effective Porosity
Freeze and Cherry (1979) indicate that typical porosities in unconsolidated sand and gravel deposits range
from 25 to 50%. The low end of this range, 25%, was used in the delineation process in order to
conservatively model the WHPAs .

Hydraulic Gradients and Groundwater Flow Directions

Based on the potentiometric surface data derived from nearby wells and depicted on Figure E-1,a
hydraulic gradient of 0.0053, with an orientation of 21 degrees south of east was determined for the
Burlington wellfield. This gradient was used to model the WHPAs discussed below.
WHPA BOUNDARY CRITERIA THRESHOLDS

EPA suggests that several zones might be used by public water systems to meet the State of Wyoming's
goals of protecting recharge areas and groundwater from contaminants which may have an adverse effm
on the health of users. These zones might be established using different delineation methods. Examples
of these zones are an accident prevention zone which might be designated to protect the immediate area
around a wellhead. An attenuation zone might provide time to bring the contaminant concentrations down
to an acceptable level before they reach a well or wellfield. A larger attenuation zone or remedial action
zone might be designed to protect an aquifer tapped by a well or wellfield from an unexpected
contaminant release. An understanding of these methods and their related requirements for data and
resources are essential in establishing a local WHP plan.
State of Wyoming Adopted Delineation Procedures

The adopted criteria for the delineation of local WHPAs in Wyoming are based on the type of aquifer
from which a particular well or wellfield produces groundwater. In general, the recommended criteria
include fixed radius, coupled with the groundwater time of travel and flow system boundaries determined
from hydrogeologic mapping or analytical methods. Dependent upon the type of aquifer, either Time
of Travel (TOT) and/or flow system boundaries are the primary criteria for delineation of a p e c u l a r
WHPA. The adopted delineation criteria are based on the use of three W A S .

-

Zone 1 Accident Revention Zone. Zone 1 is a highly protected area around the wellhead. Zone 1
is constitutes the acadent prevention zone. The purpose of this zone is to protect the annulus of the
well from the direct introduction of contaminants into the well and its immediate area from spills, surface
runoff, or leakage from storage facilities or containers. Potential contaminant sources in Zone 1 should
be strictly monitored, controlled or excluded to insure that contaminants are not accidentally or
intentionally introduced into the aquifer at, or near, the wellhead.

The boundary of Zone 1 is set at an "arbitraryn fixed radius of 50 feet or 100 feet from the well or
spring, and is dependent on factors such as the depth of the well, the type and depth of the surface and
annular seal, and the type, number and proximity of potential contaminant sources.
For wells supplied by unconfined, semi-confined or confined aquifers:
.

A 50' radius Zone 1 will be allowed for wells which are:

completed [single aquifer completion in a confined aquifer, and;
are constructed according to DEQ-WQDrules and regulations (see Chapters XI and X11).
completed [single aquifer completion] in an unconfined or semi-confined aquifer with diffuse
flow, and:

f
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are constructed according to DEQ-WQDrules and regulations {Chapters X1 and X11):
meet or exceed the minimum setback (isolation) distances established in DEQ-WQD rules and
regulations Chapter X11;
have low or moderate susceptibility as determined from the "Susceptibility Assessment Fom"
(see Attachment 4)).
A 100' radius Zone 1 will be assigned to those wells which do not meet the criteria (described
in 1 (a-b) above) for a 50' radius Zone 1.

-

Zone 2 Attenuation Zone. The proposed criteria for Zone 2 called the attenuation zone are based
on a time of travel (TOT) of 180 days or a minimum of a 400-foot radius (whichever is greater) for wells
with porous or diffuse flow characteristics. Zone 2 is established to protect the well from pathogenic
microorganisms from a source located close to the well and to protect the well from the direct
introduction of contaminants into the aquifer from nearby spills, surface runoff, or leakage from storage
facilities or containers. The selection of a 180-day TOT will provide some emergency response time to
begin active cleanup and/or implementation of contingency plans should a contaminant be introduced into
the aquifer near the wellhead. In the event that the 180-day TOT has a boundary less than 400 feet from
the wellhead, a 400-foot radius should be established to serve as the boundary for Zone 2.
The above-listed criteria for Zone 2 provide a minimum distance for the attenuation zone. The Wyoming
communities who have already developed, or are in the process of developing their WHP Plan have used
a TOT of up to one year for establishing the boundary for Zone 2. While a larger protection zone is
more conservative and provides a larger measure for wellhead protection, delineation of longer TOT for
a given well must be tempered with the impact of a larger protection area and required land use
management, including permanent easements or land purchases.

-

Zone 3 Remedial Action Zone. Zone 3 is defined as the remedial action zone which uses a 5-year
TOT with appropriate flow boundaries for the porous aquifers. Zone 3 is designed to protect the
wellhead from chemical contaminants that may migrate to the wellhead within a S-year time period for
porous aquifers or within the zone of contribution for conduit flow aquifers, Utilizing these criteria will
provide a protection area for a broad range of threats posed by various chemical or other contaminants
from various sources. Zone 3 is the area in which protection is provided to a major portion of the
recharge area or contribution area for each well. The 5-year TOT criteria will provide adequate detection
and response time should a contaminant be released into the aquifer or developing a new source in case
of a contamination incident.
The above-listed criteria for Zone 3 provide a minimum distance for the remedial action zone. The
Wyoming communities who have already developed, or are in the process of developing their WHP Plan
have used a TOT of up to 10 years for establishing the boundary for Zone 3. While a larger protection
zone is more conservative and provides a larger measure for wellhead protection, delineation of longer
TOT for a given well must be tempered with results that are unrealistic in terms of predictability.
Likewise, a larger protection area will be requir'd for land use management, including permanent
easements or land purchases.

DELXNEATION OF PROTECTION AREAS
Method Used to m e a t e Protection Areas

The EPA has recognized a wide variety of techniques to determine WHPAs ranging from very simple
non-analytical methods to complex numerical transport models (see EPA, 1993, Guidelines for
Delineation of Wellhead Protection Areas, EPA-440/5-93-00 1). According to Hasfurther and others
(1992), selection of these methods is based on user expertise, available resources, existing and field
collected data, and the desired degree of confidence in meeting protection goals.
The delineation method(s) chosen in establishing a wellhead protection program will determine the type
and quantity of data rquired for delineation.
The techniques which EPA has identified for delineation of WHPAs are:

Arbitrary Fixed Radius;
Calculated Fixed Radius;
Simplified Variable Shapes;
Analytical Methods;
Hydrogeologic Mapping; and
•

Several Numerical Flow~ransportModels

These methods are listed generally in order of increasing complexity and not all of these methods may
be applicable in every case. The fixed radius (arbitrary and fixed), hydrogeologic mapping and analytical
methods are the delineation methods recommended for use in the Wyoming \KHP program. The
Wyoming Wellhead Protection Program Guidance Document suggests that analytical or numetical models
must be used instead of the Calculated Fixed Radius to delineate WHPAs where aquifer/pump tests are
pertormed for new wells constructed with state or federal agency funding or during rehabilitation of
existing wells or water distribution systems perfonned with state or federal agency fbnding.

Delineation of Burlington Wellhead Protection Areas (WHPAs)
Given the aquifer parameters determined from the pumping test of Well No. 3 during the course of the
Burlington Water Supply Project, the W A S for Burlington Well Nos. 3 and 4 were delineated using
a numerical model. Numerical models allow intricate subsurface conditions and hydrologic features to
be represented with a fair degree of accuracy.
WHPA, version 2.2, developed by Blandford ud Xyakorn (1993) is a semi-analytical groundwater flow
model that consists of four computationnl modules designed to delineate WHPAs. This model was
developed for the EPA Office of Groundwater Protection to assist PWSs in delineation of WHPAs.
WHPA is thought to be an appropriate technique for many situations where the contaminant of interest
is conservative. A recentlydeveloped wellhead protection model entitled Wellhead Analytic Element
Model (WhAEM) was considered for the WHPA delineation for Burlington but was not utilized because
the guidance documentation was not fully developed by the EPA at this time.

Four modules comprise the WHPA model: (1) RESSQC, (2) the Multiple Well Capture Zone module
(MWCAP), (3) the General Particle Tracking module (GPTRAC),and (4) the Monte Carlo module
(Montec). Three of the modules calculate capture zones for twodimensional, steady state groundwater
flow. The fourth module, called Monte Carlo, performs an uncertainty analysis of the delineated capture
zone.
Thm Time of Travel (TOT) zones were modeled for the Burlington wellfield based on 180 days, 1 year,
and 5 years using the RESSQC module of the WHPA Model . The RESSQC module was selected
because the model (1) delineates time-related capture zones for pumping wells; (2) allows multiple
pumping wells to be simulated; (3) allows unconfined aquifers to be modeled; and (4) accounts for the
effects of well interference.
Burlington Wells Nos. 3 and 4 were treated as one well in the WHPA model because of their close
proximity. Because an irrigation well was found approximately 1,000 feet north of Burlington Well Nos.
3 and 4 which also produces water from alluvial gravel deposits, use of this well was also simulated to
determine the effects on the WHPAs if the wells were pumping simultaneously.
The WHPA model was run following the assumption that the aquifer is relatively homogeneous over the
extent of the study area. Input parameters included (1) a horizontal hydraulic gradient of 0.0053, with
an orientation of 21 degrees south of east, (2) an effective porosity of 25 %, and (3) for transmissivities
of 5,147 Plday and 10,160 ft21day. as a first order approximation of a sensitivity analysis. Pumping
rates were 85 gpm for the municipal well since both wells are pumped alternately and the adjudicated
right of 900 gpm for the imgation well.
Exclusive of the irrigation well located approximately 1,000 feet to the north of the Town's wellfield,
the WHPA model did not simulate the impacts of other production wells in the area. Domestic wells to
the west of Burlington Well Nos. 3 and 4 have low production rates. Observed recovery time of one of
the domestic wells was under five minutes for normal use and suggests a limited radius of influence.
Imgation wells to the east of Burlington Well Nos. 3 and 4 were modeled for a time of five years and
found to not affect the zone of contribution of the municipal wells. Likewise, irrigation wells to the south
do not affect the municipal wells zone of contribution.

-

The Greybull River flows two miles south of Burlington Well Nos. 3 and 4. Potentiometric data show
that the aquifer discharges into the river in the summer and is approximately at the same level as the river
in the winter. The river was not included in the model because of the apparent lack of direct influence

on the wells.
Sensitivity Analysis

Sensitivity of the predicted WHPAs to the input parameters can be summarized on a qualitative basis as
follows:
Input Parameter

Effect of 1ncr&ing Value

Effect of Decreasing Value

Hydraulic Conductivity
of Aquifer

Elongates Protection Area

Shortens Protection Area

Decrease Protection Area

Increase Protection Area

Saturated Thickness
of Aquifer

Verticai Hydraulic Conductivity Decrease Protection Area
of Confining Zone

Increase Protection Area

Thickness of Confining Zone

Decrease Protection Area

Increase Protection Area

Effective Porosity

Decrease Protection Area

Increase Protection Area

Hydraulic Gradient

Increase Protection Area

Decrease Protection Area

The input parameter with the largest uncertainty is the transmissivity. Runp tests indicate that as the cone
of depression propagates away from the pumped well, the transmissivity decreases, suggesting boundary
conditions. The difference in transmissivity causes a noticeable change in the shape of the capture zones,
as can be seen on Figure E-2. Because the locations of the suspected boundaries are unknown. plots of
the individual WHPAs utilizing the high and low transmissivities are incorporated into the combined
WHPAs for Burlington's wellfield.
The pumping pattem of the imgation well 1,000 feet to the north of the municipal wells is unknown.
Typically, irrigation wells are pumped seasonally. However, Wyoming water law allows an irrigator to
use the entire adjudicated water right without regard for the time of year. As illustrated in Figure E-2,
if the irrigation well is pumped at 900 gpm, then the WHPA of the municipal well becomes curved to
the south. By combining the WHPAs of (1) pumping only the municipal well, and (2) of pumping the
municipal and the irrigation well concurrently at the adjudicated water right, a comprehensive protection
zone can conservatively account for any possible pumping pattern of the irrigation well.
As indicated in the preceding discussions, the magnitude of many of the input parameters were estimated

from site specific-data and regional studies. Use of different values could result in a different size and
shape of the predicted WHPAs. Although other values could be used which would result in somewhat
different sizes and shapes of the predicted WHPAs, it is believed that the values used and WHPAs
predicted represent reasonable approximations of the actual WHPAs.

Description of Protection Areas
The pump test data for the Burlington wellfield indicates (1) the wells tap a semi-confined aquifer with
diffuse flow, (2) the wells were constructed according to DEQ-WQD Rules and Regulations which meet
or exceed minimum setback distances, and (3) the aquifer has low to moderate apparent susceptibility as
determined from the "Susceptibility Assessment Form" provided in Attachment A, the Burlington wells
qualify for a 50-foot fixed radius for Zone 1.
The 180day, 1-year and S-year TOT prediction areas are shown on Figure E-3. The generalized
dimensions of the predicted protection areas can be summarized as follows:

Protection
Area

Total Length
(Distance Parallel
to Direction of
Groundwater
Flow)

Distance
Upgradient
from
Wellfield

Distance
Downgradient
from Wellfield

Total Width
(Distance
Perpendicular to
Direction of
Groundwater Flow)

180-Day
TOT

900 feet
(about 0.17 mile)

850 feet
(about 0.16 mile)

50 feet
(about 0.0 mile)

950 feet
(about 0.18 mile)

l-year TOT
(Optional)

1,400 feet
(about 0.27 mile)

1,300 feet
100 feet
(about 0.24 mile) (about 0.01 mile)

1,250 feet
(about 0.24 mile)

5-year TOT

6,300 feet
(about 1.2 miles)

6,075 feet
(about 1.2 miles)

2,700 feet
(about 0.5 miles)

ote: All distances are approximate

225 feet
(about 0.04 mile)

IDElVTWICATXON OF EXISTING AM)
POTENTIAL CONTAMINANT SOURCES
STUDY AREA DESCRIPTION
The study area is located entirely in Bighorn County, and is limited to areas south and west of the Town
of Burlington. An inventory of potential sourcts of groundwater contamination was conducted for the
180-day, l-year TOT, 5-year TOT wellhead protection areas (WHPAs) shown on Figure E-3and for the
50-foot radius around each well, which is not shown on Figure E-3. Potential sources were identified
for the study area that could be described alternatively as:
a

An elliptical strip of land approximately 2,700 feet wide and 6,525 fett long oriented North 70'
West from the wells, with 6,300 feet of the area located on the northwest side and 225 feet on
the southeast side of the wells; or

In Township 52 North, Range 96 West, parts of the south half of Section 31 and part of Section
36; in Township 52 North, Range 97 West, the northeast quarter of Section 35 and a very small
part of the northwest quarter of Section 35.
The list of potential contaminant sources is considered to be "Final*, as it was completed after the
Delineation Report was completed.

SOURCE INVENTORY METHODS
Potential sources of groundwater contamination were inventoried through initial screening, identification,
and mapping. Specific methods used to identify potential sources of groundwater contamination included:
1.

Identification of land use types in the vicinity of Burlington through a review oE
a

High altitude, color idtared photographs (high altitude Mared photographs, 1981, roll
12997-81, archived at the University of Wyoming Department of Geology and
Geophysics; scale: approximately 156,000).

Identification and assessment of the potential contaminant source types present in the WHPAs
through a review of various State of Wyoming and EPA databases including:
Wyoming registered underground storage tank (UST) list, dated March 1996;
a

Wyoming leaking UST (LUST) list, dated March 1996;

a

Wyoming registered aboveground storage tank (AST) list, dated March 1996;

a

U.S. Environmental Protection Agency (EPA) Resoum Conservation and Recovery
Information System (RECRIS) list;

a

EPA National Priorities List site list;

a

EPA Comprehensive Environmental Response, Compensation, and Liability Information
System (CERCLIS) list;

3.

a

EPA Emergency Response Notification System (ERNS) list;

a

EPA Nonpoint Source Discharge Elimination System (NPDES) list; and

a

EPA Radiation Site list.

Identification and assessment of potential s o m e types present in the study area through contacts
with and interviews of various knowledgeable persons including, but not limited to:
Mr. Steve Bohl (Simplot fertilizer company on north end of Burlington);

4.

5.

a

Mr. Dick Steedley, resident of Burlington; and

a

Other local raid-

and f m r s .

Review of various other agency reports, files, maps, and databases including:
a

Wyoming Oil and Gas Commission petroleum information data base; and

a

Wyoming State Engineer's Office database of permitted wells

Site reconnaissance and windshield survey to identify and confirm the locations of potential
sources.

SOURCE INVENTORY

Source types located in the study area are identified and briefly discussed in this section; pertinent
infoxmation is also summarized on the attached "Source Identification Forms". Review of the sources
listed in number (4) above, indicated that none of these types of facilities are located within the WHPA.
Mr. Steedley reported that the Town sewage treatment plant is located southeast of Burlington, down
gradient from the wells. The Town does not currently have a landfill; however, historically residents
used a site approximately two miles wt of the town center. Although four USTs, including one LUST
are located in the vicinity of Burlington, none of these facilities are within the WHPA. One chemical
spill listed on the EPA Emergency Response Notification System (ERNS) database occurred in the
vicinity of Burlington; however, it was located southeast of the town, down gradient from the wells.
Other types of potential contaminant sources identified included the following:
a

Abandoned cars;

a

Agricultural land use;

a

Construction staging area;
Irrigation and domestic wells;

a

Septic tanks; and

a

Small aboveground fuel storage tanks.

Abandoned Cars

The site immediately adjacent to the fenced well area on the south and west sides contains several
abandoned cars. These vehicles are potential sources of hydrocarbons, cooling fluids, heavy metals, and
various other contaminants. At least one of the vehicles is within less than 100 feet of the wells. This
site is also used as a staging area for the cable company which is currently installing cable in the area,
as discussed below.
Agricultural Land Use

The majority of the land within the WHP areas is used for agricultural purposes. Crops grown in the
area include beans, corn, beats, barley, alfalfa, wheat, oats, and hay. Discussion with Mr. Steve Bohl
of Simplot indicated that corn, and beats require the heaviest fertilizer inputs; Shplot uses these
substances in accordance with the best management practices described on the labels by the
manufacturers, as do the farmers who apply the chemicals themselves. Most of the agricultural chemicals
are applied using a small sprayer truck; however, alfalfa and beans are often sprayed aerially with
insecticides. Most of the fertilizer and pesticide inputs occur in the spring, with some additional
applications in the summer. The lands cultivated in the project area are irrigated using a combination
of flood irrigation with water from the irrigation ditches and laterals which cross the area, and with
sprinkler systems connected to the irrigation wells. Land use is plotted on Figure E 4 ; high altitude,
color infrared photographs were used to survey the lands in the vicinity of Burlington to detennine if they
are used for agriculture or if they are uncultivated. The windshield and ground survey, conducted June
21, 1996 provided verification and clarification of the observations made using the photographs.
Although most farmers reportedly follow label instructions when applying fertilizers and other agricultural
chemicals to their lands, the potential for a spill is always a concern. For example, in 1987, a spill of
parathion southeast of Burlington was reported to the EPA Emergency Response Notification System
(ERNS). Fortunately, the spill occurred east of the wellfield, far fiom the zones of contribution to the
wells.
The irrigation ditches crossing the WHPAs could act as conduits for contaminants. However, the
difference in water level elevations in Burlington Well Nos. 3 and 4 and in the ditches adjacent to the
wells, coupled with the semi-confined aquifer conditions calculated from the aquifer test data collected
as part of the Burlington Water Supply Project study, suggests that there is little hydraulic communication
between the wells and the nearby ditches.
In addition to growing crops, some of the land is used for cattle pasture. The majority of the land along
Lane 39 west of Road 7 was observed to be pasture during the June 1996 site visit. According to Mr.
Bohl, very lirtle fertilizer and other chemicals are used in this area. The feedlot near the comer of Lane
39 and Road 7 is adjacent to the WHPAs; however, the buildings appear to be outside of the WHPAs.
The feedlot typically contains approximately 1,200 to 1,500 head of cattle in the winter, with fewer
housed at the lot during other times of the year.
Construction Staging Area

The property up gradient from the well site is currently being used as a construction staging area by a
cable installation company which rents the lot. The lot is used for storage of cable reels. In addition,
numerous vehicles are stored at the site and there is a Quonset hut which appears to be used as a shop
or storage area. There are also severai above ground fuel tanks at the site, located approximately
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1,000 feet from the wells. It is unknown if sanitary facilities exist at the site or if vehicle maintenance
is performed at this facility. It is generally believed by Burlington residents that the company will be

finished with their work in the fall of 1996 and will then leave the site. However, the landowner's future
plans for the site are not known.
Imgation and Domestic Wells

Irrigation wells within the WHPAs are identified as a potential conraminant source because of their ability
to serve as a conduit between the ground surface and the water in the aquifer. The majority of the
irrigation wells in the Burlington area were observed to be uncapped and open to the air. Because they
are uncapped, potential contaminznts could more easily enter in the case of an accidental release of
material or intentional tampering.
Domestic wells and abandoned wells may also serve as conduits for potential pollutants to enter the
aquifer if they are improperly constructed or abandoned.

The SEO permitted water well file was searched for the permitted wells located within the WHPAs. The
listing of all wells in the vicinity of the Town of Burlington area is provided in Appendix A of the Water
Supply Project report. The wells located the WHPAs are plotted on Figure E-4.
Septic Systems

The homes located within the WHPAs are not connected to sanitary sewer system, but rely on septic
tanks. The Town of Burlington is the only nearby municipality which is s e n d by a sanitary sewer
system; connection to this system is limited to residents within and immediately adjacent to the town.
The waste water treatment plant is located southeast of Burlington, approximately one mile down gradient
from Burlington Well Nos. 3 and 4.
According to local resident Mr. Dick Steedley, a trailer located on the property adjacent to the west side
of the Burlington Well Nos. 3 and 4 site temporarily discharged sewage to an improperly constructed pit
for approximately 1.5 years. When DEQ was notified in the fall of 1995, they reportedly required that
this discharge system be dismantled.
Small Aboveground Fuel Storage Tanks (ASTs)
Although there are no registered ASTs in the WHPA, many local residents have small ASTs which are
used for refbeling farm equipment. These tanks are not required to be registered with the DEQ, but,
nonetheless serve as potential contaminant sources. The locations of several of these tanks were identified
during the field survey and mapped on Figure E-4;however, it is likely that additional tanks which are
not visible from the road are located within the WHPA.
ASSESSMENT AND PRIORITIZED INVENTORY OF POTENTIAL SOURCES

Following the identification of potential contamination sources, the sources are typically prioritized
according to their potential to contaminate groundwater. Due to the limited number of potential sources
identified in the Burlington WHPA and the limited data available for ranking the sources, prioritization
was based on proximity of sources within the WHPAs to the wells. The potential sources located closest
to the wells were ranked as the highest priority potential sources.

1

Type of Potentid Some
Abandoned Cars

2

Construction Staging Area

100 feet

3

Agricultural Land Use

100 feet

4

Irrigation and Domestic Wells

1,000 feet

5

Septic Tanks

1,000 feet

6

Aboveground Storage Tanksr

2,500 feet

Approximate Distance from Wells
< 100 feet

The completed "Susceptibility Assessment Formn is attached to this report.
UPDATING, REFINING, AND EXPANSION OF THE SOURCE INVENTORY

The inventory of potential contaminant sources will be updated every three years as well as whenever
additional information regarding potential sources becomes available or new sources are identified.
Windshield surveys and discussions with residents will be used to update the inventory. Each time a
change is made to the inventory, a copy will be submitted to the DEQ.

MANAGEMENT PROGRAM
The 5-year protection area shown on Figure E-3 covers an area that is about 6,525 feet long and 2,700
feet wide. Regular monitoring of the Burlington Wellfield for a wide range of constituents has only
resulted in the detection of no VOCs, semi-volatile organic compounds (SVOCs), pesticides, herbicides,
or dioxin; concentrations of nitrate approaching 6 mg/L (as N) have been reported. Due to limited data,
it is not clear if concentrations of nitrate have increased with time.
Given that land use patterns are well established, options related to land use agreements and the like are
somewhat limited. There are, however, steps that can be taken to reduce the risk of future contamination
and to better monitor and play a role in the management of existing and potential future sources of
groundwater contamination. These proposed actions arc presented in this section along with a proposed
implementation schedule, discussion of Town f m c i a l resources, and record keeping.
MANAGElMENT OF EXISTING SOURCES
A total of six potential sources of groundwater contamination have been identified in the 5-year TOT

area. The following sections summarize recommended management techniques for these types of
potential contaminant sourcts .

MANAGEMENT TEClCINIQUES
As each of the potential contaminant sources is unique, a variery of management techniques will be

needed. The techniques recommended for each potential source are dbnwed below.
Abandoned Cars

The Town of Burlington has three options regarding the management of this potential contaminant source:
a

Memorandum of Agreement or Understanding with property owner, resulting in owner removing
the vehicles and m o v i n g any associated contaminated soils;

a

Memorandum of Agreement or Understanding with property owner, allowing the Town to
remove the vehicles and any associated contamimed soils; or

a

Purchase of property by the Town, with subsequent removal of the vehicles and any associated
contaminated soils.

Testing of the soils beneath the vehicles is recommended to determine if lead, zinc, oil and grease, or
other contaminants associated with abandoned vehicles are present in concentrations which may pose a
risk to the shallow aquifer. None of these approaches will be effective without the cooperation and
consent of the landowner. The Town should investigate the legal implications of entering into a
memorandum of agreement in which it agrees to remove soils or other co~xaminatedmaterials, as well
as liability associated with purchase of the property.

The Town of Burlington should a* to lssure that once the cable installation company vacates the site
adjacent to thc wells, future land use is compatible with protection of water quality. The Town could

do this by either purchasing the property or entering into a Memorandum of Agreement with the
landowner. Alternatively, the County Commission could be asked to pass an ordinance prohibiting
specified activities within the area immediately up gradient of the well field.
Agricultural Land

UK

Agricultural land w affects a larger area than any of the other potential sourca. With the exception of
accidental chemical or fuel spills, the most likely way in which this potential source may impact the water
quality is through non-point source pollution. Non-point source pollution is defined by DEQ Nonpoint
Source Management Plan as "diffwe sources of water pollution that originate from any indefinable
sources and normally include a g r i c u l ~ a and
i urban m f f , runoff h m construction activities, etc. In
practical terms, nonpoint sources do w t discharge at a specific, single location (such as a pipe).
Nonpoint source pollutants are genenlly canied over or through the soil and ground cover via storm flow
processes.. ." . In an effort to limit nonpoinc source pollution of groundwater and surhce water, DEQ has
researched and recommended a variety of Best Management Practices (BMPs) for cropland,
pasturelhayland, and animal waste (see Wyoming Nonpoint Source Management Plan: Cropland,
PastureIHayland and Animal Waste Best Management Practices; DEQ, 1993).

DEQ recognizes that many agricultural activities not only do not cause nonpoint source pollution, but may
be beneficial in reducing the potential for such pollution. They recommend a variety of actions to solve,

reduce, or prevent nonpoint source water quality impairment, including methods of reducing nutrient
(nitrate) pollution, pesticide pollution, salt pollution, pathogen pollution, and heavy metal pollution. The
guidance document referenced above and local technical experts from the National Resources
Conservation Service (formerly the U.S.Soii Conservation Service), the county extension office, or other
resources should be consulted for BMPs to be used a each specific situation.

The Town of Burlington should ensure that farmers are educated about the proper actions to take when
a spill of agricultural chemicals or fuel occurs in or near the WHPA. The Town should provide the
phone numbers of the agencies who should be notified in the case of a spill. They should also educate
landowners about the importance of immediate cleanup and containment of any spills.
The Town of Burlington does not have the authority to dictate how local landowners manage their land.
However, it can assist farmers in obtaining the technical assistance they may require. In addition the
Town may decide to enter im Memoranda of Agreement or Understanding with individual landowners
to insure that they are following BMPs. Alternatively, the Town could petition the Bighorn County
Commission to enact a Land Use Management ordinance to control the types of activities permitted within
the WHP areas.
Education of usen of the lands adjacent to the ditches and laterals which cross the WHP areas may be
useful in limiting the potential for introduction of contaminants via this waterways. The Town could
r d n d people not to dump oil, wastes, or chemicals in or near these ditches through advertisements in
the newspaper or radio, fliers, or a school poster contest. As the degree of hydraulic communication
between the wells and the adjacent ditches appears .to be limited, additional management techniques may
not be warranted at this time.

In addition, it may be useful to monitor water quality at the feedlot which is adjacent to the WHPAs.
While the delineation model indicated that this facility is located outside of the 5-year TOT area, a
proactive approach to aquifer protection may be warranted. The feedlot owner has considered installing
monitor wells in the past, and therefore is likely to be cooperative with efforts to install a monitor system
at town expense. Regular monitoring of nitrates and the static water levels in the wells will be useful in

determining whether the facility is likely to act as a potential contaminant source. During or following
implementation of the groundwater monitoring, the Town could enter into a Memorandum of Agreement
or Understanding with the owner to implement BMP to protect the quality of the water in the shallow
aquifer.
Irrigation and Domedic Wells
Through Memoranda of Agreement or Understanding, education, or County ordinances, the Town should
work to insure that all domestic and irrigation wells constructed in the future are capped to prevent
accidental introduction of contaminants to the aquifer via the wells. The one existing permitted irrigation
well in the vicinity of Burlington Well Nos. 3 and 4 is located outside of the WHPA, despite its
proximity to the wells. In addition, they should use similar techniques to educate the owners of the
existing wells in the area about proper well maintenance.
Septic Tanks

Education, Memoranda of Agreement or Understanding, and/or County ordinances may be used to insure
that septic ta&s in the WHP areas are properly constructed and maintained. If necessary, the Town may
consider extending sanitary sewer service to homes in the WHP areas.
Aboveground Storage Tanks

Owners of small aboveground he1 tanks are not required to register their tanks; however, they are
rquired to report any spills of more than 25 gallons to the DEQ (Water Quality Regulations Chapter 4,
Section 4, Paragraph a. ii. A. 11). Owners of aboveground tanks within the WHP areas should be educated
regarding the importance of immediately cleaning up any spills, even if they are less than 25 gallons, and
performing preventative maintenance to avoid leaks and spills.
IMPLEMENTATION SCHEDULE

The implementation of the land management strategies and controls outlined in the previous sections of
the Burlington Well Head Protection Plan will be influenced primarily by the limited nature of the Town's
resources. Development of educational materials and drafting of Memoranda of Agreement or
Understanding are expected to take several months due the limited amount of personnel time available.
Because of the Town's limited financial resources, it may not be possible to simultaneously implement
ail of the item requiring input of capital, such as the land purchase, instailation of a groundwater
monitoring system, and legal agreements. Although budget limitations may necessitate extending
implementation across a longer period of time, the schedule shown in the following table represents the
Town's goals regarding implementation of WHP management strategies.

Existing Potential Contarninant Sources

Summer 1997

Future Potential Contamination Sources

Private septic tanks and wells

RESOURCE EVALUATION
The Town of Burlington has limited f m c i a l and technical resources that can be dedicated to the
implementation of the Burlington WHP Plan; however, they recognize the importance of protecting the
aquifer and maintaining a safe water supply. Technical resources include persons with expertise in
management of the water system. Outside technical consultants, including firms who have designed,
overseen construction of, and tested the water system could also be called upon if necessary for the

successful implementation of this WHP Plan. The Town of Burlington will allocate these technical
resources on an as-needed, as-appropriate basis to assure the implementation of this WHP Plan.

RECORDKEEPING
The Buriington WHP Plan will be updated on an as-needed, as-appropriate basis to document changes
in the protection areas which significantly affect the potential for groundwater conramination. Such
changes could include: (1) the identification of new potential sources of groundwater contamination that
were either not identified earlier or are new to the area; (2) changes in management practices at existing
potential sources; (3) the acquisition of new information which significantly affects the assessment of a
potential source of groundwater contamination; (4) relevant changes in land use ordinances, codes,
permits, memoranda of understanding; (5) implementation of public education programs on preventing
groundwater contamination.
As the various management strategies discussed above are implemented, the WHP Management
Committee will document how, where, and when each item is performed. Records containing this
information will be maintained as part of the WHP Plan. Copies of any ordinances, Memoranda of
Agreement or Understanding, permits, land use agreements, and similar source management controls will
also be attached to the WHP Plan. These attachments will be submitted to the DEQ as part of each
updated version of the Burlington WHP Plan, or no less frequently than once every two years.

CONTINGENCY PLAN
INTRODUCTION
A contingency plan to provide potable water to the public during emergencies must be submitted with a
local Wellhead Protection (WHP) Plan to fulfill the requirements set forth in the State of Wyoming
Wellhead Protection Program Guidance Document. Potential emergencies such as well or, wellfield
contamination, water shortages due to droughts, and interruption of water supply are addressed in a
contingency plan.

ORGANIZATION OF PLAN
In formulating this contingency plan, the Burlington water system must address the following: (1) present
water source capacity, water demand, and storage capacity; (2) chain of command and area of
responsibilities during an emergency; (3) short-term emergency responses, including developing
conservation measures and water decontamination measures; and (4) long-term shortages or abandonment
of contaminated supplies, including the development of new groundwater sources.
HOW THE PLAN WAS DEVELOPED
This contingency plan was developed on the basis of the following references:
Guide to Ground-Water Supply Contingency Planning for Local and State
Governments, Technical Assistance Document, EPA 44016-90-003, May 1990.
Wyoming Wellhead Protection Program Guidance Document (Draft Final, April, 19%).

PLAN DISTRIBUTION
Distribution of copies of the Contingency Plan is at the discretion of the Town of Burlington. Copies
should be provided to the Wyoming Department of Environmental Quality, Water Quality Division
(DEQ-WQD), and made accessible to the general public (for example, at the public library).

PROCEDURES FOR REVIEW AND UPDATE
Because contingency planning is a dynamic process, the Town of Burlington will be responsible for
maintaining the WHP, noting the frequency with which the WHP Plan will be routinely updated, and
briefly describing how the plan testing and review process works. Reviews and updates should be
completed every two yean and should be amended to the WHP Plan and submitted to the DEQ-WQD.
If there have been no changes to the WHP Plan, a letter should be prepared indicating that no changes
have occurred and submitted to the DEQ-WQD.

EXISTING CONDITIONS AND BACKGROUND INF'ORMATION
Figure 1 in the "Interim Phase I Technical Report for the Burlington Water Supply Project" shows the
source and storage capacity of the water distribution system operated by the Town of Burlington.
Overviews of each water supply source and the storage system have been summarized in the Burlington
Water Supply Project report.

Table 2 provides a summary of the exisling source capacity for the Burlington water system using data
listed in Burlington Water Supply Project report. Review of Table 2 indicates the total source capacity
presently exceeds the existing demand.

TABLE 2
SUMMARY OF EXISTING SOURCE CAPACITY AND DEMAND
BURLINGTON WATER SUPPLY SYSTEM

EXISTING SOURCE
PRODUCTION

TOTALSOURCE

TOTAL STORAGE

NUMBER OF SUPPLY
AYS IN STORAGE

*
**

Pipeline sizing from wells into storage tank precludes use of Well nos. 3 and 4 at full design
capacity.
Includes park irrigation, residential lots arc irrigated via a surface water system.

EMERGENCY RESPONSE PLAN
Introduction
According to EPA (1990),the Town of Burlington must decide for itself what it will consider a threat
or contingency that needs to be addressed in the contingency plan. Regardless of how Burlington sets
its priorities, it is useful to think of selecting the appropriate contingencies as a screening process. The
WHP management committee first identifies a variety of contingencies and then screens these
contingencies to assess their importance. Table 3 presents a format that was adapted from EPA (1990)
using estimates of local conditions which may be used for evaluating potential threats by assigning
estimates for both probability and severity. Those threats with a high probability are more likely to
occur, while those with high severity will have more of an effect on the water system.
TABLE 3

EXAMPLE OF EMERGENCY PROBABILITY AMD SEVERITY CHART
FOR BURLINGTON WATER SUPPLY SYSTEM
*

TYPE OF
EMERGENCY

PROBABILITY
10-High ?-Low

-

SEVERITY
10-High I-Low

-

I
N-1
Drought

5

5

flood

1

1

Ice 8 Snow Storm

Poor O p s c p ~ a i n t e n a n c ~

Chemical Contamination

REMARKS

Whatever method or format Burlington selects, the screening of a large set of potential contingencies
should yield a smaller set of "primary" contingencies. These threats will then receive the most urgent
attention in the planning process; other threats would either receive less detailed consideration or be
deferred entirely to a later plan review and update process.
Once the WHP management committee has selected an initial or priority set of supply disruption
contingencies, these threats must be s m e d in a way that is useful in designing appropriate response
actions. One of the most effective ways of capturing threats for planning purposes is to write likely water
supply disruption scenarios that summarize situations in brief, narrative form. The best way to illustrate
this technique is by example:

contaminants to groundwater resources in the area.
The key elements of planning scenarios can be seen by this example - a brief description of the event
triggering a supply disruption, perhaps a few facts or other events that complicate matters, and a
summary of the immediate water supply implications.
It is most important to develop scenarios for those disruption threats considered as priorities for planning
purposes. If t h e are numerous priority &mats, however, it may not be necessary to capture all of them
in scenario form. Many emergencies will involve similar response procedures. Within the set of priority
threats planners should develop a variety of scenarios that will require use of different response
equipment, personnel, and procedures (for example, contamination in the wellhead area, well collapse,
line break, or power loss) to allow development of different response approaches.
As more information regarding the Burlington water system is developed with future WHP Plans, the

contingency plan should contain a list of potential threats. This list can be updated, as needed, to help
maintain discussion of prevention and mitigation steps in a current list of priorities for preventive
measures and response needs. The plan should also provide several of the disruption scenarios to help
members of the response team identify appropriate responses.
Lines Of Authority
Table 4 identifies personnel responsible for coordinating activities during an emergency or disaster. The
roles are further described later sections.
Clarification Of The Emergency Or Disaster

The EMERGENCY COORDINATOR will classify the degree of the emergency or disaster based on
the information listed on Table 5. This will prioritize response, expedite activities, and establish action
levels of response.
a

-

LEVEL I NORMAL (ROUTINE): Personnel and equipment presently on duty can handle
system problems. The "Emergency Control Center" not activated or manned.

a

a

-

LEVEL 11 ALERT (MINOREMERGENCY): Personnel and equipment presently on duty
can handle system problems, but may require off duty or additional personnel to be put on alert,
be re-routed to other than their normal working areas, or work additional shifts. The
"Emergency Control Center" may be activated and manned.

-

LEVEL III MAJOR EMERGENCY: Problems beyond the capabilities of the drinlung water
system persomel and equipment, and may require a "Declaration of Emergency" to authorize

shortcut procedures. Requires employees to work additional shifu and may need additional
of penomel and equipment, either by mutuai aid or private contracts. The
"Emergency Control Center" will be activated and manned.

~~
a

-

LEVEL IV DISASTER Problems clearly and immediately beyond the capability of the
drinking water system. Recovery time will exceed one week. costs will be great, large amounts
of assistance of personnel and equipment by mutual aid or private contracts will be required,
extended shifts will be needed for at least one week. A "Declaration of Emergency" will be
required, the "Emergency Control Center" will be activated and manned.

TABLE 4
EMERGENCY NOTIFICATION ROSTER

99 18th Street, Suite 500

TABLE 5

EXAMPLE OF EMERGENCY NOTIFICATION REPORT
This notification report represents a typical form that might be adapted for use in the Burlington water
supply contingency plan and completed and used by water supply system personnel.

PART 1 - FACTS RELATED TO EMERGENCY

Phone No. or Radio frequency
I

Date and Time call received

?

Location of emergency
I

Street and Home/Building number

Other (approximate location, distance from

Nature of the emergency (e.g., broken water
main, chemical spill, lost pressure in home, etc.)

Condition at scene

Access Restrictions (Please list)

Assistance already on the scene (who, what are

-

PART 2 EMERGENCY INVESTlGATlON

Personnel investigating emergency
r

Reported results of investigation (Attach sheets
as necessary)

-

PART 3 EMERGENCY ACTION TAKEN

Immediate action taken

Is immediate action: Permanent or Temporary

Was an emergency crew dispatched: Yes No
me arrived on scene

Note all other actions that will be necessary to
bring the water suppiy system back into

Prior to and during an emergency, the EMERGENCY COORDINATOR will inventory the organization
and make the following assignments:
Appoint responsible personnel for plan development, training, and security;
a

Designate disaster organization staff and teams;
Designate alternates;
e

Prepare alerting list with phone numbers;
Define responsibilities and channels of command;

Make contact with civil defense and military authorities;
To learn local plans;
For possible help in planning;
For information about funding or other support, if any is available; and
To establish liaison channels.
Rehinary Damage Assessment

The ASSESSMENT COORDINATOR will o v m a or conduct the system assessment immediately after
the emergency or disaster occurs. The assessment will address the following items:
Identify and assess damage to separate components of entire system
Sources
Pump stations and supply lines

a

Transmission lines (tanks to distribution system).
Storage tanks

a

Distribution system
Personnel
Power supply

Materials and supplies
Communications
Present emergency plans
Mutual-aid agreements and/or interconnections
Develop characteristics of disaster
Flood or mudslides
Earthquake
Windstorm
o

Explosion

Evaluate effects of disaster on each component of the system
Assess the degree of impact to each system component from disaster to each system component.
Estimate water requirements
Fire fighting
Potable water
Decontamination and sanitary
Estimate capability of system to meet requirements. This point is the "balance point"; if
capability exceeds requirements, there is an estimated margin of safety and it could be expected
that priorities could be relaxed. If requirements exceed capabilities, there is indicated urgency for
@roving or "upgradingwthe system.
Identify critical system components. These components form the basis for immediate restudy for
improving capability.
Prioritize Requirements And Specifg Program

The EMERGENCY COORDINATOR, in association with the ASSESSMENT COORDINATOR, will
evaluate data gathered during the damage assessment task and prioritize the following system components
for repair and replacement:
Establish baselines on waterquality levels
Detmnine needs and priorities
Allocate water under assumed conditions for potable, sanitary decontamination.

a

Prepare guidelines for water allowances, priorities, rationing, and time-phasing of estimated water
requirements.
Establish procedures for emergency treatment, pumping, and distribution of water, and for
stations for service of emergency water.

Implementation

The EMERGENCY COORDINATOR will implement the necessary plan and notify the users of the
system through the PUBLIC RELATIONS COORDWATOR. Information will be released to the
public through news releases (see Table 6) in accordance with the following guidelines:
Only the EMERGENCY COORDINATOR or designated representative will speak with the
media or press.

The EMERGENCY COORDINATOR will set up public meetings to routinely inform the users
of the status of system improvements, progress and details.
TABLE 6
EXAMPLE NEWS RELEASE

SAMPLE INITL4L NEWS RELEASE
(For distribution to previously identified television, radio, and newspaper personnel.)
The following information regarding (1)protecting the Town of Burlingtan's Water Supply, (2) substance has bee
detected in the Judge Drain Tunnel Water Supply, or (3) water shortage problem:

It is vitai that all resident. in the Burlington area observe the following water use restrictions until further notice:
The characteristics and potential public health hazards associated with this contaminant are as follows:
City and water system personnel are taking the following steps to address the problem:

For further information please contact
A press conference is scheduled for
at

at this phone number:

to be held

News updates will be provided as additional information becomes available.
Anached please find a copy of an information sheet which provides details concerning the physical plans, organization
structure, and function of the Burlington water system.
Time:

Date:
Signed:
- -

RATIONING PLAN
The following Rationing Plan has been developed to establish guidelines for implementing a water
rationing plan during times of shortages. This Plan is broad and encompassing, highlighting the different
factors which need to be considered before implementing and enforcing a water rationing plan.

Determination Of Action Level

Based on the following factors, an " d o n level" will be determined to initiate the appropriate level of
rationing. These environmental factors include:
forecasted duration of shortage (short-tern vs. long-term)
reason for shortage (drought, mechanical malfunction, loss of storage capacity)
time of the year which the shortage is forecasted (summer vs. winter)
Water system factors which need to be evaluated include:
current supply

current storage capacity
current number of connections to the system
current demand projections
current system user conservation practices
Water resources available to alleviate short term shortages that will be investigated include:
emergency water supply
emergency generators for power
replacement mechanical equipment (spare parts)
spare pumps and motors in storage for rapid installation within a 48-hour period
Public Education
The users of the water system will be notified immediately of the current or potential water shortage
problem and any rationing or conservation measures to be implemented, through the Basin Rustler, and
local radio station using a press release (see Table 7).

WATER SUPPLY DECONTAMlNAATION PLAN
While several existing potential contamination sources exist in the vicinity of the Burlington water supply
, as presented in previous sections of this WHP Plan), the only perceived effw may be elevated
concentrations of nitrates and bacteria associated with agrichemical and septic tank use. Over the

short-term, nitrate-contaminated water derived from the Burlington wells may be mixed with water
derived from other sources to dilute the elevated concentrations of nitrates. Treatment technology
available for other potential contaminants are listed in Table 8.

POTEIVTIAL STATE GND F'EDERQL FINDING FOR EMERGENCY DRINKING WATER
SUPPLIES
The cost for the purchase and delivery of short-term and long-term water supplies must be determined
on a case-by-case basis. Ultimately, the burden of the cost of clean up following a contamination
incident, including the development of an alternative water source, rests with the party responsible for
the incident. However, there may be no identifiable responsible parry, or none with sufficient financial
resources to carry the burden or meet the immediately incurred costs.

In response to the possibility of such situations, in 1989 the Governor of Wyoming established provisions
which allow the Governor's Contingency Fund to be utilized for containment, cleanup, and disposal of
substances posing an eminent threat to the heath, safety or welfare of humans, wildlife and/or waters of
the state (including groundwater). These funds are available only when immediate action is required or
the responsible party is unknown. The funding must be requested from the Governor by the Director of
the Wyoming Department of Environmental Quality.
Limited federal funding may be available through the Pollution Revolving Fund, administered by the U. S.
Coast Guard, for the reimbursement of state and federal costs related to the containment, removal,
mitigation, and disposal of oil releases. In addition, EPA may provide limited h d s to ensure timely
initiation of containmmt action when use of the Pollution Revolving Fund is not authorized. Requests for
EPA funds must come from the Governor. Additional information is available in the Wyoming Oil and
Hazardous Substances Pollution Contingency Plan (1989) and Section 311 (k) of the Clean Water Act.

TABLE 7

EXAMPLE NEWS RELEASE FOR WATER RATIONING

(For distribution to previously identified

The following information regarding water shortage probkm associated with the Town of Burlington Water
It is vkaI that all ruidentr in the Burlingtun area observe the following watcr use nstrktbus untU iivther notice:
The characteristics lad potential public health hazards asjocirrttd with this contaminant are as follows:
Town and water system personnel are taking the following steps to address the problem:

at this phone

For hrther infonnation please contact

A press conference is scheduled for

News updates will be provided as additional infirmpdon becomes available.
Amchcd please find a copy of an h r t o d o n sheet which provides details concerning the physical p W , organization

structure, and h t i o n of the Burlingmn water system.

TABLE 8
CONTAMINANT SOURCE AM) TREATMENT TECHNOLOGY,
BURLINGTON WATER SUPPLY

TECHNOLOGY

Pesticides/Herbicides

Hydrocarbons

Air Stripping

Microbiological and

Disinfection and Reverse

Nitrates

Osmosis

SOURCE DEVELOPMENT PLAN
New Development

The Town of Burlington is currently assessing their water supply versus demand needs through
development of the Burlington Water Supply Project report as population growth in the area continues.
According to Burlington Water Supply Project report, anticipated new development includes (1) new
alluvial wells located west of the existing wells, and (2) a new Willwood Formation well located near the
existing water storage tanks. The Burlington Water Supply Project report addresses the hydrogeologic
characteristics of each of these potential new sources.
Weiihead Protection Considerations of New Allwial Well. The location of the new well was tempered
with nearby location of potential contaminant sources. Consideration of the delineated WHPAs presented
previously in this WHP plan, the WHPA of this potential well encounters only pasture and a mix of
pasture and cultivated land. If this source alternative is selected, a preliminary evaluation report should
be prepared depicting the WHPA and updating the potential contaminant source inventory for the
delineated WHPA.
Wellhead Protection Considerations of New Willwood Well. While the location of this potential well
was tempered with project ease to tying into the existing system. Nearby surface sources of potential
contamination do not present immediate threats to this deeper aquifer due to the presence of low
permeability interbedded claystones and the proposed well design of cementing the well casing to a depth
of approximately 400 feet. Delineation of a preliminary WHPA for this well is precluded by the lack
of other Willwood wells in the area. If this source alternative is selected, a preliminary evaluation report
should be prepared depicting the WHPA using regional estimates of aquifer parameters and completing
the potential contaminant source inventory for the delineated WHPA with special emphasis on nearby
deep oil, gas, and water wells which may penetrate the same aquifer.
Other Sources

Backup Wells. Beyond individual domestic wells and imgation wells, no alternative groundwater supply
sources apparently exist for the Town of Burlington. One irrigation well which is located close to the
existing wellfield is located approximately 1,000 feet north on private land. This is the same well
examined during the delineated of the WHPAs for the existing wells.

Surface Water Source. The obvious source of surface water for the Town of Burlington is the Greybull
River located three miles south of the Town, and the numerous imgation canals in the area. The
presence of adequate flow was not investigated at this time. If this option is pursued further a more
detailed investigation of water rights and flow availability is recommended.
A treatment plant would likely be located adjacent to the Greybull River either due west or due south of
the Town. A clearwell, pumping station, and pipeline would be required to lift treated water to the
existing storage facilities. Because surface water in the area is derived from mountain runoff which is
typically low in dissolved solids, slightly acidic but seasonally turbid, a sedimentation tank may be
warranted to meet turbidity standards during spring runoff. The chlorination system, currently located
at the Burlington Well Nos. 3 and 4, would require relocation to the treatment plant

One advantage of a package treatment plant is that it can be confiigured to treat most contaminants, and
design and construction costs are reduced compared to custom water treatment plants. General

disadvantages to any proposed surface water approach arc the additional pumping and transmission costs
to deliver the treated water to the storage facilities.
Furthermore, operation of the water system becomes more complex and operational costs increase
accordingly. Greater operational costs can be expected for (1) more stringent water quality monitoring
requirements in compliance with the Safe Drinking Water Act; (2) obtaining an operator with a
DEQ-WQD Level III operators license, with at least a Level 11-certified backup operator, and (3) an
increase in chemical supplies or consumables (possibly lime, coagulants, fiocculants, etc.).
Nearby C o m m d e s . Other potential sources of potable drinking water supplies include either
constructing a pipeline from the Town to the Shoshone Municipal Pipeline system approximately 30 miles
north near Powell, or from the Town of Basin. also approximately 30 miles from Burlington. The
extended length of tie-in pipeline, coupled with the potentially large costs and extended period of
construction time, probably excludes these options from consideration for shon-tern emergencies.

WHP PLAN IMPLEIMENTATION RECOMMEMDATXONS
BURLINGTON, WYOMING
REGULATORY TECNNIQUES
Because of concerns about the rights of private property owners, the majority of the wellhead protection
(WHP) plan implementation strategies recommended henin are nomegulatory techniques. However, due
to the possibility of additional development within the wellhead protection area (WHPA), it is
recommended that construction of any new septic tanks within the WHPA be governed by an additional
county ordinance.
Although septic systans are required to be designed to specific engineering standards, communities
typically do not verify that the subsurface material present at a site serves as an effective Nter for the
wastewater. The Town of Burlington could approach the Big Horn County Commission and request the
passage an ordinance governing future septic system construction in the Burlington WHPA. Such an
ordinance could require that a disinterested party with expertise in soils and engineering visit the
construction site to verify that wastewater percolates through the subsurface material at the proper rate
and that the material serves as an effective filter for contaminants in the wastewater. The cost of
employing this person could be borne by the Town, the County, or the landowner.
NOMREGULATORY TECHNIQUES

While regulatory tools serve a legitimate purpose and are an integral part of some WHP plans, many
communities have recognized the value and flcxibiliry of nonregulatory approaches to WHP. The most
common nonngulPtory WHP techniques are land acquisition and conservation easements, contingency
planning, water-quality monitoring, hazardous waste collection, and public education. Additional
techniques which may prove to be valuable for management of Burlington's WHPA are encouraging
regular septic tank maintenance, encouraging best management practices for the use of pesticides and
fertilizers, and monitoring soil nitrogen content. The Burlington WHP Plan includes discussion of
contingency planning. The other techniques are described below.
LAND ACQUIsrrION AMD EAsmamTS
Land Acquisition

The Town of Burlington has implemented an initial first step toward regulatory control by obtaining an
"Intent to Sell" agreement from the landowner of approximately five acres of land located around the
wellhead. The agmment recommended during this Level I1 Study will require further action during
Level ID or the option will expire on Juiy 1, 1997. An appraisal of the five acre tract includes a shop
building that will also be purchased since it is located on the acquisition area. The acquisition of the
property greatly reduces the risk of wellhead contamination within the most vulnerable part of the
WHPA. The five acre tract needs to be surveyed @ a final deed transferred. Big Horn County should
be contacted during Level III to determine if a subdivision plat must be filed. The tract will be cleanedup and fenced and a site assessment is recommended to determine if contaminated soils currently exist.
Once the town has a clear title to the land they should develop restrictive covenants on the property by
City Ordinance. The restrictive covenants should identify the uses which the Town and its employees
are authorized to make and should also identify the restriction on the property and its buildings. The
ordinance shoutd be written to prohibit activities which have a high threat of causing future contamination

of the area. The existing septic system should be removed, contaminated soil should be removed, and
automobiles and debris should be removed from the yard and shop building. It is recommended that the
town restrict the on-site storage or use of potential contaminants such as fuels, oil, solvents, pesticides,
herbicides, batteries, or other polluting type of materials. Mechanical repairs should be prohibited on
the site. The yard will need to be mowed and n o d coming and going of town vehicles will be
necessary, but excess vehicle usage on the wellhead property should be prohibited. The building and yard
could be used for storage of non-polluting materials such as lumber, steel, parts, valves, fittings, pipe
or other suitable building materials. Treated posts should not be stored on the site. Restricted access
signs should be placed on all four sides of the fenced enclosure.
Easements

In the WHPA it is recommended that the Town of Burlington and it's WHP Committee meet with the
landowners who own property within the boundary of the five year time of travel protection area, as
shown on Figure E-4. Land Use Agreements and Conservation Easements, as provided in Appendix G,
should be negotiated with those landowners wherever possible. This process might take time, but a
continual effort should be started by the town.
All pipeline routes as proposed for construction in Level III will be provided permanent easements and
in some cases construction will include additional construction easements.
WATER QUALITY MONITORING
A water quality monitoring program could be implemented either using existing wells, including the
Burlington municipal wells, the irrigation well located across the road from the municipal wells, and
domestic wells in the area. or using the existing municipal w e b and dedicated monitor wells installed
in sensitive locations within and near the WHPA. The advantages of installing dedicated monitor wells
are (1) the ability to monitor groundwater at the desired locations; and (2) control of access to the monitor
wells resulting in more reliable and data. For these reasons, construction of dedicated monitor wells is
recommended.

General locations, recommended well designs, and costs for installing monitor wells are presented below.
A suggested sampling schedule and the associated costs are also presented. If the Town decides to utilize
existing wells as sampling points, the same schedule should be used.
Monitor Well Locations

The recornmended monitor well locations were be selected to provide warning of the presence of a
contaminant in the aquifer before it reaches the municipal drinking water wells. Figure E-5 shows
recommended locations for four monitor wells. One is located approximately 50 feet west of the fenced
area around the production wells. This well is sited to provide an indication of water quality immediately
upgradient from the production wells. The second Pnd third monitor wells are sited upgradient and
downgradient from the house located approximatelyahalf a mile west of the production wells. The fourth
monitor well is sited near the southeast bow*
of the feedlot.
Monitor Well Design

Due to the boulders and cobbles comprising the shallow aquifer throughout the Burlington area, the
monitor wells arc designed to be installed using a drill rig with capabilities to drive casing while drilling
in a manner similar to the production wells (see Fipun E-6). Using this construction technique, blank

casing is installed as the borehole is advanced; the casing prevents the borehole from caving. Slotted pipe
or well screen is then inserted inside the casing and the casing is withdrawn from the screened interval
of the well.
The recommended well design includes a nine-inch diameter borehole drilled to approximately 35 feet
and completed with five-inch diameter casing and four-inch diameter well screen or well slot pipe. The
casing and screen may be either PVC or steel: costs are given below for each material. The exact depths
of the wells and placement of the screened intervals will be dependent on the depth to bedrock at each
location. The four-inch diameter of the wells will allow the Town to sample using a pump rather than
bailing the wells by hand. The wells will be completed with aboveground locking covers to avoid
tampering and introduction of nuisance water. A 20-foot cement surface seal is specified in order to
comply with State Engineer and Wyoming Department of Environmental Quality requirements and to
protect the integrity of the aquifer.
Monitor Well Costs
As shown on Table 9, the estimated cost of constructing four monitor wells according to the
recommended design is approximately 333,500 ($7,730 per well, plus mobilization costs). This price

includes legal costs, project administration, land purchase or easements, and a 15 percent construction
cost contingency allowance. The estimate also includes purchase of a sampling pump and generator.
Constructing the well with PVC rather than steel casing would save approximately $1,375.
Monitored Analyses

Past samples of water from the Burlington water wells indicate nitrate as the only constituent with
concentrations approaching U. S.Environmental Protection Agency maximum contaminant levels (MCLs) .
The recommended monitoring program therefore includes nitrate and the related compound nitrite. There
is also local concern regarding agricultural chemicals, petroleum by-products, and other substances which
could be introduced to the aquifer through septic tanks, chemical or petroleum storage tank leaks,
accidental spills, or other means. Due to these concerns, regular testing for volatile organic compounds,
synthetic organic compounds, and pesticides and PCBs is also recommended.
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PROPOSED MONITOR WELL DESIGN DIAGRAM
E-6

TABLE 9

PRICE ESTIMATE:
CONSTRUCTION OF FOUR MONITOR WELLS
(Estimated Depths of 35 Feet; Driven Casiug Construction)
UNIT
ITEM

DESCRIPTION

QUANTITY

UNIT

Initial Mobilization and F i l Demobilization

L.S.

Mobilization between drilling site

L.S.

Drill for. Furnish and Install Surface Casing

L.F.

Drill 9-inch Diameter Hole

L.F.

Furnish and Install 5-inch Diameter Casing, Steel
(Alternative) Furnish and Install 5-inch Diameter
Casing, PVC

L.F.
L.F.

Furnish & Install 4-inch Dia. Mill Slot Pipe, Steel
(Alternative) Furnish & Install &inch Dia. Mill Slot
Pipe, PVC

L.F.
L.F.

Furnish and Install Cement Seal

L.S.

Standby time

Hours

Rig Time

Hours

Airli Development

Hours

Furnish and Install Locking Well Cover

L.S.

Sampling Pump and Generator

L.S.

Final Design and Specifications
Permining and Mitigation
Legal Few
Access and Right of Way
Construction Cost
Engineering Cost
Subtotal
1596 Contingency
Construction Cost Total

TOTAL PROJECT COST

PRICE

TOTAL
AMOUNT

Monitoring Schedule

The recommended monitoring schedule is summarized in Table 10. Because nitrate and nitrite
concentrations in groundwater may vary seasonally, semi-annual sampling and analyses for these
constituents are recommended. The beginning of April and October are the recommended sampling
dates, becaw these months cornspond approxirnattly with the typical dates of lowest static water level
pnd the end of the growing season, respectively. The samples collected for analysis of volatile organic
compounds, synthetic organic compounds, and pesticides and PCBs should be collected near the end of
the growing season or just after fmilizer and pesticide applications are ended for the year. It is
recommended that groundwater be collected from the four dedicated monitor wells and the two production
wells during each round of sampling.
TABLE 10

PROPOSED GROUNDWATER MONITORING SCHEDULE
Anaf~te
Nitrate & Nitrite

April 1

October 1
X
X
X
X

X

Volatile Organic Compounds
Synthetic Organic Compounds
Pesticides & PCBs

Sampling Costs

The costs of the recommended groundwater analyses are presented in Table 11. The costs include
laboratory charges and shipping costs. The price of a sampling pump is included in the estimate of the
monitor well construction costs, because it is a one-time capital expense. Labor and mileage costs for
collecting the samples, packaging the samples, and delivering the samples to the nearest UPS or Federal
Express office for overnight shipping are not included.

TABLE 11
ESTIMATED COSTS OF GROUNDWATER SAMPLE ANALYSES
(SAMPLESFROM SIX WELLS)
Anal~te

Nitrate & Nitrite
Volatile Organic Compounds
Synthetic Organic Compounds
Pesticides & PCBs
Shipping (twice per year)

Number of Samples
Per Year
12
6
6
6

Cost

per sample
$30
$120
$370
$180

Tdai Annual Cost*
$360
$720
$2,220
$1,080
$100

TOTAL ANNUAL COST

* assumes sampling at six wells; two sets of nitrate samples per year, one set of samples for other constituents.

HOUSEHOLD RAZARDOUS WASTE COLLECTION DAY
Howhold Hazardous Waste Collection Days are held by many communities in Wyoming. The purpose
of these events is to remove unwanted, pountiaily toxic substances such as waste oil, paint, and old
bacteria from households and pack them in a secure manner in a landN1. Although these materials are
generated in small amounts, they can represent si@cant threats to surface and groundwater quality.
Motor oil allowed to drain onto the land nuface when vehicle oii is changed, excess paint discarded in
the gutter, and fungicides and herbicides left in a shed that is flooded are possible routes from container
to water (Witten and Horsley, 1995). To avoid these scenarios, many communities in Wyoming have
implemented hazardow waste collection days one or more days each year.
Mr. Tim Link, the Wyoming Department of Environmental Quality W E Q ) Household Hazardous
Waste Collection Day coordinator is the regulatory contact for more information regarding the
organization of local Household Hazardous Waste Collection Days. WDEQ has other information which
could be used for the planning of the event. Mr. Link should be contacted at (307) 777-7752 if the Town
decides to conduct this type of event.
According to Mr. Link, costs for Household Hazardous Waste Collection Days an minimized if the
community decides to collect only waste oil, paint, and old batteries. A cost of approximately $5,000
to $7,000 should be expected if only these materials are collected. Costs increase to approximately
$20,000 to $30,000 if pesticides, fertilizers, and other hazardous materials are also collected, due to
specialized packaging and disposal methods. Costs for either type of collection will vary with the volume
of material collected. The WDEQ cost estimates are based on responses numbering in the hundreds; Mr.
Link indicates that approximately $35 per car should be budgeted. It may be worthwhile to coordinate
efforts with nearby towns. While the total volume of material collected and the total costs are likely to
increase, sharing the event with other towns may reduce the expense to each community and increase
publicity and donations to the event.
PUBLIC EDUCATION

The Town of Torrington, Wyoming, addressing the issue of high nitrate concentrations in their municipal
water supply, developed an educational 7KHP brochure as part of their WHP management approach
(Baker and Associates, 1994). A similar brochure tailored to the concerns specific to the Burlington
water supply system is shown in Figure E-7. This type of brochure could be included in water bills,
posted in public locations, published in the local newspaper, andlor distributed at schools and public
meetings.
SEPTIC TANK MAINTENANCE
According to Witten and Hornley (1995) the maintenance of individual septic systems, though fquently
overlooked, is an important consideration in wellhead protection. Poor maintenance or infrequent
pumping of septic tanks typically results in an overloading of solids moving to the leaching facility and
subsequent clogging. When this occurs, the systemneeds to be rehabilitated. Rehabilitation is sometimes
performed using of strong acids or organic solvents. However, many of these substances are or should
be prohibited, because they are groundwater e o d n a n ~ and
s can degrade water quality (Witten and
Honiey, 1995).
The Town of Burlington could organize a voluntary septic tank maintenance program to ensure proper
tank operation. The program could involve either direct payment by the Town for the maintenance of
septic systems of participating residents in the WHPA or organization of a septic maintenance

BURLINGTON WELIIJIEAD PRWIWXION PIAN lWlIPq
"The Burli~tgtonWellheadhtection Plan was developed to address
aitrale co~rcerrlrations and concent about other polential
conta~~rinarrts
in the shallow aquifer supplyirrg water lo the Town of
Burlirrgton. * This brochure was adaptedfrorn a sirnilar publication
issued by the Town of Torrington, IVY, which faces wellhead
protection issues sintilar to those faced by the Town of Burlington.
What is \Yellhead Profeetion?

"Wellhead protection is by definition, protection of the area
surrounding a well. So, first of all, we should explain what a
'wellheucl protection area' (WIIPA) is. A IVIIPA is defined as tlre
surface and subsurface area surrounding a well or wellfield that
supplies a public water system through which contanrinanis are
likely to pass and eventually reach the water well or wellfield."
What are the obiecdves of Burlinnton 's WIIPP?

'

Continue to meet drinking water quality requirements of the
Safe Drinking Water Act (SDWA);
Evaluate (Ire hyclrogeologic settirrg awl all potential
corrla~rrirranlsorrrces witlritr tlu WI IFA ancl iclcntify alternale
wcllriolcl
Irnylement a groundwater monitoring plan to provide
long-term groundwater quality trends, establish groundwater
flow patterns, ancl attenrpt to correlate cultural activities and
grounclwater quality issues;
Evaluate the existirrg trends in nitrate concentrations;
lnrple~rrenta voluntary management plan to control all
potential sources of contamination;
Develop ordinances wtrich can be implemented to protect the
com~~runity
drinking water supply; and
Develop and implement a public awareness, education, and
involvenrent plan for groundwater protection.

lVhar areas are included in Burlirr1pton's lVellhead Protection
I'roaram? Tlre delineated boundaries are illtrstraled on the cover

of this broclrure. 'Ibe areas shown are the 180-clay, one-year,
five-year time-of-travel areas to (Ire llurlington municipaldrinking
water wells.
What are the potential sources of contamination? Groundwater
resources are vuinerable to contamination from surface and
subsurface activities in the recharge area. Contamination can
corrre fro~na nwrrber of sources, i~rcluding:
Agricultural sources, suclr as pesticides, fertilizers, and
livestock wastes;
Residential sources, such as pesticides, fertilizers, deicing
salts, and trrproper disposal of petroleunr producls (Yes,
used oil dur~rpedin the alley or gutter can potentially
contami~rate grounclwater!) and improper disposal of
co~~rt~~ercial
ant1 irouselrold hazarclous waste;
llcukir~g urrclerproi~rrcl mad ubove groulrd storage tanks

(petroleum, fertilizers, etc.);
Failed septic systems and drain fields;
Improperly stored salt piles;
Improper disposal of chemicals like automotive and other
vehicle flui&, photo processing fluids, and dry cleaning
nulds;
Municipal solid and hazardous waste landrib;
Chemical spills;
Illicit dumping of industrial chemicals1 wastes;
Industrial or municipal waste storage ponds;
Fertiliier, pesticide, and herbicide mix, loading, and
cleaning areas and petroleum loading areas; and
Improperly constructed web.
Where does nroundwater nitrate conlaminalion come from?

Groundwater nitrate contamination can come from several
sources, including commercial fertilizers and animal wastes used
for supplemental nutrients on farmland, lawns, and gardens,
septic tank type disposal systems, leaking sewer maim, animal
co~d'ineme~rt
areas, and storage and loading facilities.
Whv should we be cortcented about ~llrales? Tlre toxicology of
nitrate has been extensively studied. Nitrate itself is essentially
non-toxic to humans, but it can be reduced to nitrite in the
gastrointestinal tract of human infants and by tlre microflora of
the human mouth. The nitrite presents a direct toxic hazard, and
has also been suspected for many years of forming carcinogenic
N-nitroso compounds (nitrosamine) by reaction with amino
compounds. The EPA has determined that nitrate concentrations
in excess of 10 ppm (parts per million) could be harmful to both
infants and elderly individuals. The EPA has established 10 ppm
as the maximum contaminant level (MCL). All public water
systems are required by law to comply wilh this MCL. Recent
analyses of water from the Burlington drinking water wells
indicated nitrate concentrations as high as 5.95 ppm, or 60
percent of the MCL. It is unclear whether nitrate concentrations
have k e n increasing through time.

Irrigation, N M , and C-ation
Managcmcd Rue(iccs:
The WIiPP committee is considering requesting that the USIIA
suggest methods to reduce the agricultural contribution of aitrale
to groundwater through accelerated tecldral and financi:tl
assistance with the installation of on-lanrr land rna~rigei~rcnl
practices for interested landowners in the WIIPA.
Responsible Party: Town of Burli~rgton & USDA Natural
Resource Conservation Service.
C r d w a l u Samplbg Program: The WIIYID conrarittec is
considering installing monitor wells upgradient from the wellfield.
These wells and the municipal drinking water wells would tlren be
sampled semi-annually for analysis of nitrate conce~Jrationsanal
annually l o r petroleum product by-products arrtl
pesticideslherbicides. The program would establish nitrate
trends, provide a method for evaluating the effectiveness of
management practices, and act as a warning system for the
presence of co~rtaarisantsbefore they reuclr the ~nuiricip;ll
drinking water wells.
HesponsOle Party: Town of Uurlington.
AII ;r~ratc;rl
IIouwbM llazardous WIlsjc Coltcc(ioa Day:
Collection Day may be organized for llre collection of used or
unwanted household hazardous wastcs such as used oil, piist, ultl
batteries, etc. The effort will be organized by volunteers, rvitlr
guidance provided by WDEQ.
ReswnsiMe Party; Town of Burlington & WDEQ
C o u i j Regulaliolli of Mure Septic !5yslaa CdnrLioa im the
WIIPA: Tlre Town is considering recluesting that (Ire Coi~rrly
Conrmission pass an ordirrince goverru~rgtlre future co~struclio~~

of septic systems in the WIIPA. Ideally, the ordinance wo~rlcl
require that a qualified representative of the Town verify tlrvt (Ire
material beneath the system will properly filter wastewater.
Responsible part^ Towu of llurlington & Big llorn County
Commission
Pro~ramErtforccmefit: With the exception of the potential Coutrly

The following programs have been
implemented or will be in the near future:
What is being done?

Soil Moldtoriqg The Town is considering sampling and
analyzing cropland and turf areas within Zone 1 (50-foot radius
around the wells) and Zone 2 (calculated 180-day Lime-of-travel
zone) of the WIIPA to determine the amount of nitrogen
remaining in the soil at the end of the growing season. Any
collected data will be made available to cooperating landowners
in the WIIPA to assist with determination of fertilizer application
rates for the following season.
Responsible P a r t s Town of Burlington

ordinance governing future septic system construction in the
WHPA, participation in the program is strictly on a voluntary
basis. Program success is directly related to citizen involve~ncrt.
What can we do as irtdividuul cilizerts to help? Citizens cart
participate In the llouselrold llazardous Waste Coltectiolr 1)ay I)y
dropping off their donrestic hazardous waste andlor by serving as
volunteers. Citizens are also urged to attend WIIPI' coar~eittce
meetings and to join or assist tlre commillee.

cooperative. If residents with septic systems agreed to forming a cooperative with the purpose of having
maintenance performed on the same day, the septic service company would have considerably lower
travel costs and potentially could be convinced to pass the savings on to the customers. The cooperative
would also have the power of collective bargaining with the company. The Town would benefit by
increased maintenance of the septic tanks in the WHPA and by the need to speak to the service company
only one time per year to verify that they are not using potentially hannful substances. The residents
would benefit from cost savings and the reassurance that the servicing is being performed in the manner
least likely to degrade the quality of their water.
Costs for development of a cooperative would be limited to labor time and telephone charges. If the
Town decides to pay for septic tank servicing in the WHPAs, they could expect to pay approximately
$100 per tank serviced by pumping.

BEST MANAGEMENT PRACTICES
The assistance of the U. S. Department of Agriculture-Natural Resources Conservation Service
(USDA-NRCS, formerly the Soil Conservation Service) was obtained by the Town of Torrington,
Wyoming to reduce the agricultural contribution of nitrate to groundwater. The USDA-NRCS provided
accelerated technical and financial assistance with the installation of on-farm land management practices.
The Town of Burlington could contact the USDA-NRCS and attempt to establish a similar program. In
addition, the WDEQ (1993) best management practice publication addressing cropland, pasture/hayland,
and animal waste suggests a number of references available from the USDA-NRCS and the local
Conservation Districts regarding specific techniques for minimizing nitrogen and pesticide impacts on
groundwater. The Town may wish to organize a series of meetings with WHPA landowners and a
technical specialist to discuss ways in which these techniques could be implemented in the local area.
SOIL MONITORING

The Town of Tomngton instituted a soil sampling program for the area within 100 feet of their municipal
water wells due to concern regarding nitrate concentrations in the municipal drinking water supply.
Analyses of cropland and turf samples were conducted to determine the concentration of nitrogen
remaining in the soil at the end of the growing season. The data were then used to determine fertilizer
application rates and recommendations for the next season (Baker and Assoc., 1994).
The Town of Burlington could implement a similar program, collecting samples in Zones 1 and 2 of the
WHPA (50-foot radius around the wells and the 180-day time-of-travel area). The resulting data could
be made available to the landowners. If excess nitrogen is detected in the samples, the landowners may
decide to reduce the amount of fertilizer used the subsequent year. This program could result in cost
savings for the landowners and a reduction in the amount of nitrate contributed to the aquifer by
agricultural practices.
A two-depth soil analysis, including nitrate and nitrogen (total Kjeldahl - "TKN")concentration in the
upper six inches and lower six to 24 inches of a soil.can be obtained from Energy Laboratories in Billings
and Casper for $45 per site. If samples were collected at the end of the growing season each year at five
sites a total of approximately five hours of labor by a Town employn is expected. Overnight shipping
is not necessary. Therefore, the cost for collecting sampla at five sites is estimated at $235 plus labor
per year.

GLOSSARY OF WELLHEAD PROTECT1ON GND HYDROGEOLOGIC TERMS
--

-

- ---- .--

The purpose of this Glossary is to provide a list of terms used in this document and commonly used by
hydrogeologists, as well as some specific terms used in groundwater contamination assessments and
Wellhead Protection. These definitions are adapted from EPA (1991) and other textbooks on groundwater
hydrology.

Alluvium: A general term for clay, silt, sand, gravel or similar unconsolidated material deposited during
comparatively recenr geologic time by a streain or other body of running water.
Analytical model: A model that provides approximate or exact solutions to simplified mathematical
forms of the differential equations for water movement and solute tramport. Analytical models can
generally be solved using calculators or computers.
Anisotropy: The condition of having different propenies in different directions. The condition under
which one or more of the hydraulic properties of and aquifer vary according to the direction of flow.
Antidine: A fold in rock strata that is convex upward.

Aquifer test: A test to determine hydrologic properties of an aquifer, involving the withdrawal of
measured quantities of water Rom, or addition of water to, a well and the measurement of resulting
changes in head in the aquifer both during and after the period of discharge or addition. Same as pump
test.

AquiferlAquifer System: A formation, group of formations, or part of a formation that contains
sufficient saturated permeable rnaterial to yield sufficient, economical quantities of water to wells,
springs, and drain tunnels.
Aquitard: The less-permeable beds in a stratigraphic sequence that tend to restrict or impede
groundwater flow relative to the more permeable beds serve as aquifers.
Area of influence: Area surrounding a pumping or recharging well within which the water table or

potentiometric surface has bem changed due to the well's pumping or recharge.
Artesian Conditions: In a confined aquifer, when the water level in a well rises above the top of the
aquifer.
Attenuation: The process of diminishing contaminant concentrations in groundwater, due to filtration,
biodegration, dilution, sorption, volatilization, and other processes.

Collection area: The area surrounding a groundwater source which is underlain by collection pipes, tile,
tunnels, infiltration boxes, or other groundwater c~llectiondevices.
ColIuvium: Loose, heterogeneous, incoherent mass of soil material and/or rock fragments deposited
chiefly by mass-wasting.
Cone of deprarrlon (COD): A depression in the groundwater table or potentiometric surface that has
the shape of an inverted cone and develops around a well from which water is being withdrawn. Its

trace (perimeter) on the land surface d e f m the zone of influence of a well. Also called pumping cone
and cone of drawdown.
Codhied aquifer: The flowing criteria are met in order to verify and maintain an upward hydraulic
gradient in the producing aquifer. An effective confining layer must exist between the ground surface
and the producing aquifer.
Contact: The surface where two different kinds of rock come together.
Contaminant: An undesirable substance not normally present, or an unusually high concentration of a
naturally occurring substance, in water, soil, or other environmental medium.

Contamhation: The degradation of natural water quality as a result of man's activities.
Controls: The codes, ordinances, rules, and regulations currently in effect to regulate a potential
contamination source.
Criteria: The conceptual standards that form the basis for WHPA area delineation to include distance,
groundwater time of travel, aquifer boundaries, and groundwater divides.
Criteria threshold: A value or set of values selected to represent the limits above or below which a
given criterion will cease to provide the desired degree of protection.
DEQ: Wyoming Department of Environmental Quality.
Designation prison: The person appointed by a PWS to ensure that the requirements of State-wide
wellhead protection program are met.
Dispersion: The spreading and mixing of chemical constituents in groundwater caused by diffusion and
mixing due to microscopic variations in velocities within and between pores.
Drawdown: The vertical distance groundwater elevation is lowered, or the amount head is reduced, due
to the removal of groundwater. Also the decline in potentiometric suface caused by the withdrawal of
water from a hydrogeologic unit. The distance between the static water level and the surface of the cone
of depression. A lowering of the water table of an unconfined aquifer or the potentiometric surface of
a confined aquifer caused by pumping of groundwater from wells.

Existing groundwater s o m e of drinking water: A public supply groundwater source for which plans
and specifications are submitted to DEQ.

Fissure: A fracture or crack in a rock along which there is a distinct separation.
Flow line: The general path that a particle of water follows under laminar flow conditions. Line
indicating the direction followed by groundwater toward points of discharge. Flow lines generally are
considered perpendicular to equipotential lines.
Flow model: A computer model that calculates a hydraulic head field for the study area using numerical
methods to arrive at an approximate solution to the differential equation of groundwater flow.
Flow path: The path a water molecule or solute follows in the subsurface.

Flow Systcm/Wydraulic Boundary: A hydrologic fearure that prevents the flow of groundwater.
Examples include groundwater divides or low permeability material that impedes groundwater flow.

Flowing Artesian: When the water level in a well rises above and flows at the ground surface.

Footwall: The lower side of a horizontal or inclined rock body or fault. If the fault has dip-slip
translational movement along a normal fault, the footwall block is upthrown; the footwall block is
downthrown along a reverse fault.
Fracture: A general tenn for any break in a rock, which included cracks, joints, and faults.
Groundwaterhrrier: Rock or artificial material with a relatively low permeability that occurs (or is
placed) below ground surface, w h m it impedes the movement of groundwater and thus may cause a
pronounced difference in the heads on opposite sides of the bamer.
Groundwater basin: General t m used to define a groundwater flow system that has defined boundaries
and may include more than one aquifer. The basin includes both the surface area and the permeable
materials beneath it. A rather vague designation pertaining to a groundwater reservoir that is more or
less separate from neighboring groundwater reservoirs. A groundwater basin could be separated from
adjacent basins by geologic boundaries or by hydrologic boundaries.
Groundwater divide: Ridge in the water table, or potentiometric surface, from which groundwater
moves away at right angles in both directions. Line of highest hydraulic head in the water table or
potentiometric surface.
Groundwater mound: Raised area in a water table or other potentiometric surface, aerated by
groundwater recharge.
Groundwater source: Any well, spring, tunnel, adit, or other underground opening from or through
which groundwater flows or is pumped from subsurface water bearing formations.
Hauging wall: The upper side of a horizontal or inclined rock body or fault. The hanging wall is
downthrown along a normal fault with dipslip movement; the hanging wall is updvbwn along a reveneslip fault.

Head,total: Height of the column of water at a given point in a groundwater system above a datum
plane such as mean sea level. The sum of the elevation head (distance of a point above datum), the
pressure head (the height of a column of liquid that can be supported by static pressure at the point), and
the velocity head (the height to which the liquid can be raised by its kinetic energy).

Heterogeneity: Characteristic of a medium in which material properties vary from point to point.
Homogeneity: Characteristic of a medium in which material properties are identical throughout.

Hydraulic Conductivity (IC): A coefficient of proportionality describing the rate at which water can
move through a permeable medium. It is a function of the porous medium and the fluid.

Hydraulic Gradient (i): Slope of a water table or potentiometric surfice. More specifically, change in
head per unit of distance in a given direction, generally the direction of the maximum rate of decrease
in head. The difference in hydraulic head divided by the distance along the flowpath.
Hydrogeologic methods: The techniques used to translate selected criteria and criteria thresholds into
mappable delineation boundaries. These methods include, but are not limited to, arbitrary fixed radii,
analytical calculations and models, hydrogeologic mapping, and numerical flow models.
Hydrogeologic unit: Any soil or rock unit or zone that because of its hydraulic properties has a distinct
influence on the storage or movement of groundwater.

Impermeable: Characteristic of geologic materials that limit their ability to transmit significant quantities
of water under the head differences normally found in the subsurface environment.
Interference: The result of two or more pumping wells, the drawdown cones of which intercept. At
a given location, the total well interference is the sum of the drawdowns due to each individual well. The
condition occurring when the area of influence of a water well comes into contact with or overlaps that
of a neighboring well, as when two wells are pumping from the same aquifer or are located near each
other.
Isotropy: The condition in which the properties of interest (generally hydraulic properties of the aquifer)
are the same in all directions.

Land management strategies: Zoning and non-zoning controls which include, but arc not limited to,
the following: zoning and subdivision ordinances, site plan review, design and operating standards,
source prohibitions, purchase of property and development rights, public education programs,
groundwater monitoring, household hazardous waste collection programs, water conservation programs,
memoranda of understanding, written contracts and agreements, and so forth.
Leakage: The vertical flow of groundwater; commonly used in the context of vertical groundwater flow
through confining strata.

Limestone: A bedded sedimentary deposit consisting chiefly of calcium carbonate.

Maximum contaminant level (MCL): Maximum pexmissible level of a contaminant in water that is
delivered to the users of a public water system. Maximum containment level is defined more explicitly
in Safe Drinking Water Act (SDWA)regulation (40 CFR Section 141.2).
New groundwater source of drinking water: A public supply groundwater source of drinking water
for which plans and specifications are submitted to DEQ.
Nonpoint source: Any conveyance not meehg the definition of point source.

Normal fault: A fault, with an angle usually between 45-90 degrees, at which the hanging wall (upper
block) has moved downward relative to the footwall (lower block).
Observation well: A well drilled in a selected location for the purpose of observing parameters such as
water levels or water chemistry changes.

Penneability: Capacity of a rock or soil material to transmit fluid.

Piezometric surface: See potentiometric surface.
Point source: Any discernible, confined, and discrete conveyance, including but not limited to any pipe,
ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, animal feeding operation
with more than ten animal units, landfill, or vessel or other floating craft, from which pollutants are or
may be discharged. This term does not include return flows from irrigated agriculture.
Pollution source: Point source discharges of contaminants to ground water or potential discharges of
the liquid forms of "extremely hazardous substances" which are stored in containers in excess of
"applicable threshold planning quantities" as specified in SARA Title III. Examples of possible pollution
sources include, but are not limited to, the following: storage facilities that store the liquid forms of
ex?remely hazardous substance, septic tanks,drain fields, Class V underground injection wells, landfills,
open dumps, landfilling of sludge and septage, manure piles, salt piles, pit privies, drain lines, sewer
lines, and animal feeding operations with more than ten animal units.
Porosity: The ratio of the volume of void spaces in a rock or sediment to the total volume of the rock
or sediment.
Potable water: Suitable for human consumption as drinking water.
Potential c o n ~ t i o source:
n
Any facility or site which employs and activity or procedure which
may potentially contaminate ground water. A pollution source is also a potential contambation source.
Potentiometric Surface: A surface that represents the level to which water will rise in tightly w e d
wells, If the head varies significantly with depth in the aquifer, then there may be more than one
potentiometric surface. The water table is a particular potentiometric surface for an unconfined aquifer.

Pump Test: A test to determine hydrologic properties of an aquifer, involving the withdrawal of
measured quantities of water from, or additional of water to, a well and the measurement of resulting
changes in head in the aquifer both during and after the period of discharge or addition.

PWS: Public water system.
Radial flow: The flow of water in an aquifer toward a well.
Recharge area: Area in which water reaches the groundwater reservoir by surface infiltration. An area
in which there is a downward component of hydraulic head in the aquifer.
Residual soil: Unconsolidated or partly weathered material, presumed to have developed in place (by
weathering) from the consolidated rock on which it lies.
Reverse fault: Fault with a dip grater than 45 degrees at which the hanging wall (upper block) appears
to have moved upward relative to the footwall (lower block).
Sandstone: A cemented or otherwise compacted detrital sediment composed predominantly of quart^
sand grains.

Shale: A laminated sediment in which the constituent particles are composed of clay. Same as
mudstone, except mudstone may be composed of a percentage of silt and may or may not be laminated.

Stagnation point: A place in a groundwater flow field at which the groundwater is not moving.
Storage Coefficient: The volume of water an aquifer release from or takes into storage per unit surface
area of the aquifer per unit change in head.

Thrust fault: Fault with a dip of 45 degrees or less in which the hanging wall (upper block) appears to
have moved upward relative to the footwall (lower block).
T i e of travel (TOT): The t h e required for a particle of water to move in the saturated zone from a
specific point to a groundwater source of drinking water.

TnmsmM*:
The rate at which water of a prevailing density and viscosity is transmitted through a
unit width of an aquifer or confining bed under a unit hydraulic gradient. It is a function of properties
of the liquid, the porous media, and the thickness of the porous media.

Unconfined Aquifer: Any aquifer that does not meet the definition of a confined aquifer. An aquifer
over which there is no c o n f i i g strata and the water table forms the upper boundary.
Well field: An area containing two or more wells supplying a public water supply system.
Wellhead Protection Program: The program to protect drinking water source protection zones and
management lreas from c o ~ t thats may have an adverse effect on the health of persons.

Wellhead: The physical structure, facility, or device at the land s d a c e from or though which
pundwater flows or is pumped from subsurface, water-bearing formations.
Wellhead protection area (WHPA): The surface and subsurface area surrounding a water well or
wellfield, supplying a public water system, through which contaminants are reasonably likely to move
toward and reach such water well or well field.

Zone of Contribution (200: The area surrounding a pumping well, spring, or tunnel that encompasses
all areas and features that supply groundwater recharge to the well spring, or tunnel.
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CQNSERVATION EAS-

This Land Use Agreement
and
Conservation Easement
("Agreementw)is made and entered into this
day of
, 199
by and between Town of
ncrton Wvominq ( tfBurlington4*
) and

.

("Landowner(s)" )

.

WITNESSETH THAT:
WHEREAS, Burlington's municipal water supply
comes from
- underground water. ~urlingtonwill continue to rely heavily
upon underground water to meet its annual needs. If the
a-&f
er supplying Burlington's wellfield were contaminated
Burlington would face a serious municipal water shortage; and
-

WHEREAS, Burlington desires to undertake a project known as
the &g-tinoton Wellhead Protection Plan ("Planff)
to protect
the underground source of water for Burlington, and
WHEREAS, the watershed providing recharge to Burlington's
wells lies partially within land owned by Landowners (s), and

WHEREAS, Burlington may wish to drill a monitoring well on
lands owned and occupied by Landowner(s) for purposes of
collecting samples for water quality analysis and hydraulic
head measurements, and will require access to drill, monitor,
test, operate, repair and otherwise maintain the well; and
NOW THEREFORE, for and

consideration

the sum

) paid by
Burlington, the receipt of which is hereby acknowledged, the
parties hereby agree as follows:

($

1. Landowner (s) hereby
Wellhead Protection Plan.

acknowledge

the

Burlinston

2.
Landowner (s) hereby agree not to locate or allow the
location of any pctential contamination sources within Zone
One upon Landowner (s) land. A potential contaminant source is
defined as any facility or site which employs an activity or
procedure which may potentially contaminate groundwater. Zone
One is described on the attached sheet entitled

l/4, Section
,T
N, R
W, 6th P.M., Big
1/4,
Horn County, Wyoming, and incorporated herein, together with
I

the right of ingress to and egress from said land and over
Landowner's adjoining lands as may be reasonably required to
inspect the property.
3.
Landowner(s1 hereby also agree not to locate or
allow the location of any pollution sources within Zone Two
upon Landowner (s) land unless design or operating standards
A
are implemented to prevent contaminated discharges.
pollution source is defined as point source discharges of
contaminants to groundwater or potential discharges of the
liquid forms of lfextremelyhazardous substancest1which are
stored in containers in excess of ttapplicablethreshold
planning quantitiest1as specified in SARA Title 111. Examples
of posrsible pollution sources include, but are not limited to,
the following: storage facilities that store the liquid forms
of extremely hazardous substances, septic tanks, drain fields,
Class V underground injection wells, landfills, open dumps,
landfilling of sludge and septage, manure piles, salt piles,
pit privies, drain lines, sewer lines, and animal feeding
operations. Zone Two is described on the attached sheet
entitled

,T
N, R
W, 6th P.M., Big
1/4,
1/4, Section
Horn County, Wyoming, and incorporated herein, together with
the right -of hgress to and egress from said land and over
Landowner
s
lands
as mav be reasonablv reauired to
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inspect the property.
4.
The following operating rules shall apply to all
activities of Burlington, its consultants, subconsultants,
contractors, subcontr~ctors,agents, employees and assigns:

(a)
Noticeshall begiventoLandowner(s) by
telephone prior to entering upon Landowner's land.

(b)
Decisions on the access route over
Landowner's property to inspect the protection
area(s) shall be made in consultation with the
Landowner ( s) .
(c)
Landowner's lands, roadways, or roadway
improvements disturbed as a result of activities
performed under this Agreement will be reclaimed
by grading and reseeding and by other restoration
or reconstruction as necessary. Landowner(s1
shall, in advance of such reclamation or other
restoration, be advised of the reclamation plan.
S.
Landowner(s1 hereby acknowledge, grant, bargain,
sell and convey to Burlington, its consultant,
subconsultants, contractors, subcontractors, agents and
employees the right to construct a monitoring well and to
enter and transport personnel and equipment upon Landowner's
land, together with the right of ingress to and egress from

said monitoring well site over Landowner's adjoining lands
as may be reasonably required to drill, monitor, test,
operate, repair and otherwise maintain the monitoring well.
6.
Landowner (s) shall be held harmless from any claims,
demands, actions or causes of actions by third persons who may
suffer injury to themselves or their property as a result of
the operations to be conducted upon the Landowner's lands
pursuant to this Agreement.
7.
In the event Burlington determines that the
monitoring well is to be abandoned, Landowner(s) shall have
the option of taking over the monitoring well at a cost not to
exceed the consideration the Landowner(s) received for the
access and easement provided by this Agreement. Landowner (s)
shall be given notice in writing of any intent to plug and
abandon the monitoring well and shall have ten (10) days
thereafter to exercise the option in writing. If Landowner(s)
exercises the option, Landowner(s) shall become responsible
for future operations and properly plugging and abandoning
the well if Landowner($) decides or is required to do so, and
Burlington, its consultants, subconsultants, contractors,
subcontractors, agents, employees and assigns shall have no
further responsibility for operating or plugging and
If Landowner(s1 do not
abandoning the monitoring well.
exercise the option, Burlington shall properly plug and
abandon the monitoring well. In the event the Landowner (s)
exercise their option to take over the monitoring well as
aforesaid, Landowner (s), hereby grant to Burlington and the
State of Wyoming, its agents and employees, the right of
access over Landowner (s) property to said well for purposes of
from time to time, monitoring hydraulic head, and sampling of
water from said well.

8.

Burlington may assign this Agreement to other

entities.
This Agreement shall run with the land and shall be
9.
binding upon and inure to the benefit of all signatory parties
hereto, their successors and assigns.
)

10.
Landowner (s)and Burlington represent that execution
of this Agreement has been duly and legally authorized and
that the representative of each who signs this Agreement is
authorized to do so in their behalf.

The making, executioh and delivery of this Agreement
by Landowner (s) has been induced by no representations,
statements, warranties or agreements other than those herein
expressed. This Agreement embodies the entire understanding
of the parties and there are no further or other agreements or
understandings, written or oral, in effect between the
parties relating to the subject matter hereof. This Agreement
may only be amended or modified by writing, signed by both
parties.
11.

IN WITNESS WHEREOF, the parties have executed
Agreement on the day and year first written above.

this

LANDOWNER

STATE OF

COUNTY OF
The foregoing instrument was acknowledged before me thigday
of
, 199-f by.

--

-

Notary Public
(Seal)

IN WITNESS WHEREOF, the parties have executed
Agreement on the day and year first written above.

TOWN OF BURLINGTON
STATE OF WYOMING

COUNTY OF BIG HORN

this

1

1

The foregoing instrument was acknowledged before me thigday
of
199-,
by
f

Notary Public
(Seal)
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Unit # 00136 Test #O
INPUT 1 : Level (F) TOC

INPUT 2: Function

Reference
Scale Factor
Offset

Scale Factor
Offset

10.00
5.04
0.01

56.27
-5.37

Step # 0 07/09 10:32
Elapsed Time
0.0000
720.000
1440.00
2160.00
2880.00
3600.00
4320.00
5040.00
5760.00
6480.00
7200.00
7920.00
8640.00
9360.00
10080.0
10800.0
11520.0
12240.0
12960.0
13680.0
14400.0
15120.0
15840.0
16560.0
17280.0
18000.0
18720.0
19440.0
20160.0
20880.0
21600.0
22320.0
23040.0
23760.0
24480.O
25200.0
25920.O
26640.0

Water Level
10.00
9.93
9.78
8.63
9.71
9.65
9.61
9.87
9.73
9.72
9.56
8.40
8.33
9.67
9.74
9.00
8.74
7.83
9.29
9.47
9.46
9.68
8.65
9.45
9.30
9.70
8.75
9.52
9.88
9.67
9.79
9.89
8.92
10.16
8.91

8.56
9.47
9.54

Elapsed Days
0.o
0.5
1 .o
1.5
2.o
2.5
3.O
3.5
4.0
4.5
5.o
5.5
6.0
6.5
7.O
7.5
8.0
. 8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.o
12.5
13.0
13.5
14.O
14.5
15.o
15.5
16.0
16.5
17.0
17.5
18.0
18.5

Elapsed Time
0.0000
720.000
1440.00
2160.00
2880.00
3600.00
4320.00
5040.00
5760.00
6480.00
7200.00
7920.00
8640.00
9360.00
10080.0
10800.0
11520.0
12240.0
12960.0
13680.0
14400.0
15120.0
15840.0
16560.0
17280.0
18000.0
18720.O
19440.0
20160.0
20880.0
21600.0
22320.O
23040.0
23760.0
24480.0
25200.0
25920.0
26640.0

