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CHAPTER l 

INTRODUCTION 

This chapter provides an introduction and background information for the Wyoming Water 
Development Commission (WWDC)-funded Exploration Well Deepening Phase of the Level II 
Lander Water Supply Project sponsored by the City of Lander. 

STATEMENT OF THE PROBLEM 

Although Lander has historically obtained drinking water from the Middle Popo Agie River, an 
extended drought cycle has diminished flows in the river in recent years. In addition, the U.S. 
Environmental Protection Agency (EPA) determined that the City's infiltration gallery, which 
supplied up to 2 million gallons per day (MGD) to the City, was under the direct influence of 
surface water and must be abandoned or the water must be treated (Nelson, 1999). The City 
discontinued use of the infiltration gallery, effective June 15, 2004. Because the City of Lander is 
concerned about obtaining sufficient quantities of surface water to meet drinking water demands 
in the future, they have decided to investigate the potential of supplementing their surface water 
supply with groundwater sources. WESTON performed a well siting investigation over a 400 
square mile study area to determine favorable locations for an exploration well. The results of the 
well siting study are presented in the Lander Level II Paleozoic Aquifer Well Siting Study Final 
Report (WESTON, 2002). 

To explore the potential for developing groundwater from the Tensleep Sandstone, an exploration 
well was drilled and tested in the winter of 2003 and 2004. The location of the exploration well is 
depicted in Figure 1-1. Testing results indicated that yields were limited to less than 325 gallons 
per minute (gpm) when the well was pumped. Furthermore, it was determined that it is likely that 
pumping water from the Tensleep Sandstone would have the potential to cause impacts to other 
area water wells completed in the same formation. The results of the exploration well drilling 
program are provided in a report entitled Lander Level II Water Supply Project Final Report 
(WESTON, 2004). 

Because the Lander Exploration Well, as completed in the Tensleep Sandstone, would not meet 
the needs of the City of Lander, the WWDC and the City of Lander decided to obtain additional 
funds to deepen the well to test the production potential of the Madison Limestone. This report 
describes the results of the deepening program. 

SCOPE OF THIS STUDY 

The Lander Level II Water Supply Study consists of four phases: Phase I -the Paleozoic Aquifer 
well siting study; Phase II - exploration well construction; Phase Ill - exploration well deepening, 
and Phase IV - conceptual design and cost estimates. Phase I, the Lander Paleozoic Aquifer 
Well Siting Study, was conducted during 2002 and submitted to the City of Lander and the WWDC 
in November 2002 (WESTON, 2002). Phase II, which consisted of permitting, developing bid 
documents and selecting a drilling contractor, and drilling, constructing, and testing the Lander 
Tensleep Exploration Well was conducted during late fall and winter of 2003 and 2004 (WESTON, 
2004). Phases Ill and IV were completed in 2007 and are the subject of this report. 

SCOPE OF REPORT 

This Level II Report summarizes the groundwater development program completed in 2007 near 
the City of Lander, Wyoming. The rationale for deepening the existing Lander Exploration Well 
and the well design are discussed in Chapter II. A summary of the drilling program and the results 
of well testing and chemical analyses are described in Chapter Ill. Chapter IV provides a 
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summary of the construction and testing program and provides recommendations to the W D C  
and the City of Lander for the next phase of the project. 
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CHAPTER ll 
PROJECT RATIONALE, WELL DESIGN, AND PERMITTING 

PROJECT RATIONALE AND DESCRIPTION 

The Lander Exploration Well was drilled to a total depth of 2,545 feet during the fall and winter of 
2003. The top of the Tensleep Sandstone was penetrated at a depth of 1,920 feet and 9 518-inch 
O.D. casing was set and cemented to a depth of 1,922 feet. Groundwater flow from the well was 
contained by a 10-inch gate valve attached to the top of 9 518-inch casing. The base of the 
Tensleep Sandstone was encountered at a depth of 2,310 feet. After reaching this depth a short 
flow test was conducted to determine the production capacity of the well under flowing conditions 
before resuming drilling to the Madison Limestone. The well was tested for a period of 24 hours 
at a rate of 90 gpm. After approximately 200 minutes of testing the drawdown leveled off and 
became constant at 207 feet. The well recovered to the pre-test shut-in pressure 23 minutes 
after closing the gate valve. 

After allowing the well to recover, the drilling contractor continued drilling with the ultimate goal of 
testing the Madison Limestone. However, the borehole was terminated in the Amsden Formation 
at a depth of 2,545 feet on December 22, 2003 due to excessive sloughing of the Amsden 
Formation shales into the borehole. To prevent commingling of water from the Tensleep and 
Amsden formations, 20 x 40 graded frac sand was installed in the borehole from 2,430 to 2,545 
feet. 

Following well development by airlifting, the well was pump tested at a rate of 325 gallons per 
minute for a period of seven days in February, 2004. The drawdown at the end of the pump test 
was 1,015 feet, which corresponds to a pumping water level of 657 feet below ground level. The 
effective transmissivity of the aquifer in the vicinity of the well ranged from approximately 1,225 
gpdlft for the early-time data to 610 gpdlft for the late-time data. A first-order analysis of the 
constant-rate pump test data indicates that the Lander Tensleep Well could sustain a constant 
production rate of 285 gpm for a period of one year. The predicted drawdown at the end of one 
year of continuous pumping is 750 feet below ground level. 

The results of the exploration program indicated that incorporating the well into the Lander 
municipal water supply system would not be cost effective. Therefore, it was decided to deepen 
the well to test the productivity and water quality of the Madison Aquifer. 

TEST WELL DESIGN 

The test well design for the Lander well deepening project included clearing the frac sand and 
cement in the Amsden Formation, drilling through the remainder of the Amsden Formation to the 
top of the Madison Limestone and setting a liner to the top of the Madison Limestone. The 9 518- 
inch steel casing in the upper portion of the well limited the liner diameter to a 7 inch O.D. size. 
The open hole diameter through the Madison Limestone was specified to be 6 %-inches. 

Copies of the plans and specifications for deepening and testing the well were submitted to both 
the WWDC and the Wyoming Department of Environmental Quality - Water Quality Division 
(DEQ-WQD) for review and approval. Both agencies concurred with the plans and specifications 
and provided approval prior to construction. 
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LEVEL II PERMITTING 

This section discusses the permits that were acquired for the completion of the Level II well 
drilling, construction, and testing. A summary of the permits issued for this project is provided in 
Table 11-1. Appendix B provides copies of all permits and clearances obtained for this phase of 
the project. 

Office of the State Engineer 

The State Engineer approved the exploration well deepening program with the understanding that 
aquifers could not be commingled. This led to the requirement that a liner be installed in the well 
and that the liner be cemented in place. A Statement of Completion for the test well was filed 
following completion of the well. The permit is set to expire on December 31, 2007 and will be 
allowed to lapse. 

Wyoming Department of Environmental Quality - Water Quality Division 

Permit to Construct. The DEQ-WQD granted a permit to deepen the Lander Exploration Well 
on April 18,2007. 

NPDES Permit. An NPDES Permit was applied for and issued for discharging water associated 
with pump testing. The permit was terminated following all testing activities. 

Access Agreements 

An access agreement was obtained from Ms. Ann Jackson for the well site, Mr. Robert Jackson 
for access on roads to the well site, and from the Wyoming State Lands Office for access across 
land belonging to the State of Wyoming. 

TABLE 11-1 
SUMMARY OF PERMITS ISSUED FOR LEVEL II WELL CONSTRUCTION 

AGENCY PERMIT OR REFERENCE COMMENTS 
NUMBER 

Office of the State Engineer 

DEQ-WQD 

DEQ-WQD 

Off ice of State Lands and 
Investments 

U.W. 179245 

Permit No. 1296 

Test Well Permit 

Permit To Construct 

NPDES General Discharge 
Permit 

Applicant - WESTON 
Temporary Permit For Access 

Road 

Ann Jackson Easements ---- 
Robert Jackson 
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INTRODUCTION 

As indicated in the well history for the Lander Exploration Well deepening program provided in 
Appendix C, contractor mobilization for drilling the well began on May 1, 2007. Alexander 
Excavation, of Lander, Wyoming, prepared the drill pad prior to mobilization. Drilling and 
construction of the well was performed from May 10 to July 12, 2007 by the drilling contractor, 
Weston Engineering, Inc. (WESTON), Upton, Wyoming, using a Failing Strat 100 HB drilling rig. 
All drilling and construction depths are based on ground level at the wellhead, which was surveyed 
at 5,720 feet above mean sea level. Table 111-1 and Figure 111-1 provide a summary of the 
pertinent information regarding drilling and construction of the Lander Exploration Well. 

EXPLORATION WELL DRILLING 

Borehole Drilling 

On May 8 and May 9, 2007, bentonite and barite-based drilling mud was mixed with water 
obtained from the City of Lander Water Treatment Plant to a fluid weight of 11.5 pounds per 
gallon to stop artesian flow from the Tensleep Sandstone. On May 10, 2007, WESTON entered 
the well with an 8 314-inch diameter tri-cone drill bit and cleared cement and rock debris from 
2.530 to 2,545 feet. 

An 8 314-inch diameter borehole was advanced to a depth of 2,660 feet on May 12, 2007. The top 
of the Madison Limestone was penetrated at 2,650 feet. Welded 7-inch outside diameter (O.D.) 
steel casing (23 pounds per foot) on a liner hanger was then placed in the borehole to a depth of 
2,660 feet and cemented in place. 

On May 17, 2007, after allowing the cement surrounding the 7-inch O.D. casing to cure, the 
cement was drilled out inside the 9 518-inch O.D. casing to the top of the liner hanger (1,838 feet) 
using an 8 314-inch tri-cone bit. A 6 114-inch diameter tri-cone drill bit was used to drill out cement 
inside the 7-inch O.D. casing. On May 21, 2007, the 6 114-inch diameter borehole was advanced 
to a depth of 3,202 feet, to the top of the Big Horn Dolomite. Following well development and flow 
testing, the borehole was completed to a total depth of 4,411 feet into the base of the Flathead 
Formation on June 28,2007. 

Drilling Fluid 

Bentonitelbarite based drilling mud was used for drilling the 8 314-inch diameter borehole to 
remove drill cuttings, to stabilize the hole, and to control artesian flow. WESTON obtained water 
for drilling from the City of Lander Water Treatment Plant. In addition, water from the treatment 
plant, along with water produced from the well, was used to drill the 6 11-inch diameter borehole. 
No additional drilling additives were required. 

Samples of the drill cuttings were collected every ten feet and examined to determine the lithology 
of the geologic formations being penetrated. A detailed lithologic log of the drill cuttings is 
provided in Appendix D. The formations encountered by the borehole are listed in Table 111-1. 
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TABLE 111-1 
LANDER EXPLORATION WELL SUMMARY 

Owner: Weston Engineering, Inc.1 Wyoming Water Development 
Commission 

DEQ-WQD Permit to Construct: 07-193 

State Engineer Permit No.: 

Location: 

Surface Elevation: 

Total Depth: 

Formations: 
( lo0 Dip) 

Hole Diameter: 

Casing: 

Producing Intervals: 

Static Water Level: 

U.W. 179245 

SE SW Section 26, Township 33 North, Range 100 West 
N 42" 47' 44.275", W 108" 46' 53.762 NAD 83 

5,720 feet above sea level 

4,411 feet 

Nugget Formation 
Chugwater Formation 
Dinwoody Formation 
Phosphoria Formation 
Tensleep Sandstone 
Amsden Formation 
Madison Limestone 
Darby Formation 
Bighorn Dolomite 
Gallatin Limestone 
Gros Ventre Formation 
Flathead Formation 

0-1 40 feet 
140-1,938 feet 
1,938-2,662 feet 
2,662-4,411 feet 

0-270 feet 
270-1,530 feet 
1,530-1,600 feet 
1,600-1,920 feet 
1,920-2,310 feet 
2,310-2,650 feet 
2,650-3,150 feet 
3,150-3,190 feet 
3,190-3,350 feet 
3,350-3,560 feet 
3,560-4,210 feet 
4,210-4,411 feet 

0-1 40 feet = 13 318-inch 
+IS-1,922 feet = 9 518-inch 
1,838-2,660 feet = 7-inch 

Open hole: 2,660-3,120 feet 
Plugged: 3,120 - 4,411 feet 

Tensleep Sandstone: 155 psi = 358 feet of head 
Madison Limestone: 250 psi = 578 feet of head 
Lower Paleozoic formations: 525 psi = 1,213 feet of head 

Drilling and Completion Dates: October 16,2003 -January 8,2004 (Amsden Formation) 
May 10, 2007 - July 12, 2007 (Flathead Formation) 

Testing Dates: 

Engineering and Geology: 

Flow Test: January 15,2004 - January 16,2004 
Pump Test: January 30,2004 - February 10,2004 
Flow Test: May 29,2007 - May 30,2007 
Flow Test: June 29, 2007 

Weston Engineering, Inc. (Laramie, Wyoming) 
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Drilling Contractors I Equipment: NUCOR, Inc. (Riverton, Wyoming)/Speedstar 40; October 16, 
2003 - January 8,2004 
Weston Engineering, Inc. (Upton, Wyoming)/Failing Strat HB100; 
May 10,2007 -July 12,2007 

PumplFlow Testing Contractors: Ward's Well Service Inc. (Riverton, Wyoming); January 30, 
2004 - February 10,2004 
Weston Engineering, Inc. (Upton, Wyoming); May 29, 2007 - 
May 30,2007, June 29,2007 

Geophysical Logging Contractor: Goodwell, Inc. (Upton, Wyoming) 

Dates of Geophysical Logging: Electric Log - December 10, 2003 
Cement Bond Log - December 15,2003 
Electric LogNerification Log - July 10, 2007 

Penetration Rates and Alignment Surveys 

The borehole penetration rate was recorded continuously using a Martin-Decker penetration rate 
recorder. Appendix E provides a summary of the borehole penetration rate. Measurements of 
the borehole plumbness were not necessary because that part of the well that could serve as the 
pump chamber is positioned well above the intervals drilled during this project. 

Geophysical Logging 

Goodwell, Inc., of Upton, Wyoming, ran a suite of electronic geophysical logs (in pocket) on July 
10, 2007 to confirm and refine the lithologic changes and the borehole characteristics 
encountered while deepening the Lander Exploration Well. In addition, this geophysical log 
verified the placement of the 7-inch O.D. steel casing. The geophysical probe was unable to 
penetrate below 3,820 feet in the Gros Ventre Formation due to bridging in the borehole. The 
geophysical and lithologic logs were used to identify the formations encountered in drilling the 
well. The depths of these formations are presented in Table Ill-1. 

WELL COMPLETION 

As depicted in Figure 111-1, an as-built diagram that provides construction details of the Lander 
Exploration Well, 7-inch O.D. steel casing (23 pounds per foot) with a liner hanger was placed in 
the borehole to a depth of 2,660 feet on May 12, 2007. The top of the liner hanger is at 1,838 
feet. Sanjel, Inc., of Riverton, Wyoming, delivered and installed 106 sacks of light cement with a 
density of 12.5 pounds per gallon followed by 67 sacks of Class G cement with a density of 15.8 
pounds per gallon. The cement was installed by placing the cement in the casing and displacing 
the cement into the annulus with fresh water. Water was obtained from the City of Lander Water 
Treatment Plant. Good returns of the cement were observed at the ground surface. The 
cementing contractor recommended allowing the cement to cure for at least 24 hours prior to 
resuming construction activities. When this placement of cement in the borehole failed to stop 
artesian flow from the well, an additional 280 sacks of modified Class C cement provided by 
Sanjel were pumped into the well on May 15, 2007. Subsequently, artesian flow was stopped. 

As shown in Figure 111-1, the well had an open-hole completion from 2,660 to 3,120 feet. To 
prevent commingling of water from the Bighorn Dolomite and lower Paleozoic formations with 
water produced from the Madison Limestone, a formation packer was placed at a depth of 3,120 
feet. Basic Energy Services, of Gillette, Wyoming, delivered and installed 200 sacks of Type Ill 
cement with a density of 14.8 pounds per gallon in the interval below the packer. The well flowed 
30 gallons per minute (gpm) after emplacing the cement in the well. A new 10-inch gate valve 
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was installed on top of the casing to control flow from the well. Additionally, a port on the side of 
the casing allows installation of a pressure gauge to monitor well pressure. On July 16, 2007, 
after the cement plug had cured, the shut-in pressure on the well, which is open solely to the 
Madison Limestone, was 250 pounds per square inch (psi). 

WELL DEVELOPMENT 

Well development for the Lander Exploration Well consisted of airlifting for 12 hours on May 22 
and 23, 2007. The produced water was clear at the end of development with a trace of visible 
sand. The clarity of the developed water at this point was less than 10 NTU. The temperature 
remained steady at 21°C (70°F) throughout the development period. The conductivity in the field 
was measured at 380 micromhoslcm. Well development was not performed after drilling through 
the Flathead Sandstone because of concerns that the overlying Gros Ventre Shale would invade 
the borehole and shut off flow from the Flathead Sandstone. 

WELL AND AQUIFER TESTING 

Madison Aquifer 

Constant-Rate Flow Test. On May 29, 2007, an 18.7-hour constant-rate flow test was 
conducted on the Lander Exploration Well to test the capacity of the Madison Aquifer. A 300 psi 
In-Situ pressure transducerldata logger was plumbed into the side of the casing through a tap. 
The initial pressure in the well was 238 psi (550 feet of head). The well had been flowing 
approximately four gprn since construction and development activities were completed because 
the gate valve with a wiper assembly had a minor leak in the valve gate. A two-inch tap in the 
wellhead assembly with a two-inch ball valve was connected to a two-inch discharge line and a 
totalizing flow meter. The flow test was started at a rate of 40 gpm. The rate was held steady at 
40 gprn with periodic minor adjustments to the flow. After 3.5 hours of testing, the drawdown was 
approximately 458 feet and dropping rapidly as more frequent adjustments were made to the flow 
rate. It was determined that the 40 gprn flow rate could not be sustained and the rate was 
adjusted down to 30 gpm. The 30 gprn flow rate was maintained for the remainder of the test. 

Figure 111-2 summarizes the results of the flow test in a semi-log format developed by Cooper and 
Jacob (1946). Constant rate data are often plotted in this format because it allows determination 
of aquifer parameters needed to predict long-term aquifer behavior. The drawdown data plot 
shows significant scatter which is a result of the low transmissivity causing large changes in 
drawdown when minor adjustments are made to the flow rate. The drawdown stabilized during 
the last five hours of the flow test. The effective transmissivity from the late-time data is 
approximately 275 gallons per day per foot (gpdlft). Data from this test are provided in Appendix 
F-1. 

Constant-Rate Flow Test Recovery. After concluding the flow test, recovery data was collected 
for 26 hours. The recovery data are plotted in the method developed by Cooper and Jacob 
(1946). The residual drawdown is plotted versus the ratio of T (time, in minutes, since the test 
was started) to T' (time, in minutes, since the test was ended) as shown in Figure 111-3. Late-time 
recovery data are on the left side of the plot. The late-time recovery data, with the time-weight 
average flow rate of 32 gpm, indicate that the transmissivity is 92 gpdlft. Recovery data from this 
test are provided in Appendix F-2. 

Lower Paleozoic Aquifers 

Constant-Rate Flow Test. On June 29, 2007 a three-hour constant-rate flow test was conducted 
on the Lander Exploration Well to determine the capacity of the lower Paleozoic aquifers (Madison 
Limestone, Bighorn Dolomite, Gallatin Limestone, and Flathead Formation). A pressure gauge 



0
 

0
 

0
 

0
 

0
 

0
 

0
 

"
'

r
 
"
' 

O
 

r
 

0
 

"
' 

0
 

hl 
hl 

(3
 

5: (3
 

(
1
3
3
3
)
 N
M

O
a
M

W
a
 





GROUNDWATER EXPLORATION PROGRAM 
LANDER LEVEL II WATER SUPPLY PROJECT - WELL DEEPENING PROGRAM 

was used to monitor drawdown, and the flow rate was monitored with a two-inch diameter flow 
meter. The initial pressure of the well was 286 psi (661 feet of head); however, the well was not 
completely shut-in because the gate valve had been damaged during drilling operations. Prior to 
testing the well was flowing approximately five gpm. A flow rate of 100 gprn was maintained 
throughout the test because the flow meter could not sustain flow rates in excess of 100 gpm. 
The well recovered to the initial pressure of 286 psi 25 minutes after completing the flow test. 
Data from this test are provided in Appendix F-3. 

Figure 111-4 summarizes the results of the Lower Paleozoic aquifer flow test. As depicted in Figure 
111-4, the drawdown stabilized at 314 feet after approximately 40 minutes of testing. Because the 
late-time flow test data plotted on Figure 111-4 are flat, a transmissivity cannot be computed for the 
aquifer. However, the drawdown data yield a specific capacity of 0.32 gpmlfoot for the Lower 
Paleozoic aquifers. Driscoll (1986) states that the aquifer transmissivity can be estimated by 
multiplying the specific capacity by 2,000. Using this method yields a transmissivity for the Lower 
Paleozoic aquifers of 640 gpdlft. 

Although the target aquifer for this phase of the project was the Flathead Aquifer, physical 
constraints on casing sizes as well as budgetary constraints prevented isolating the Flathead 
Aquifer in the well. As a result, the flow testing results and analyses for the Flathead Aquifer do 
not account for loss of flow and hydraulic head into the overlying formations. After flow testing 
was concluded on the Lander Exploration Well, a new 10-inch gate valve was installed on the 
wellhead and the shut-in pressure rose to 525 psi, (1,213 feet of head). Because the hydraulic 
head in the Madison Aquifer is significantly lower than that of the Flathead Aquifer, it is expected 
that some water and pressure was being lost from the Flathead Aquifer to the Madison Aquifer. 

Using a specific capacity of 0.32 gprn per foot of available drawdown with a 1,213 feet, it is 
predicted that the Flathead Aquifer could yield as much as 385 gprn to a well. The actual yield 
could be somewhat lower as drawdown occurs, but it is not possible to predict the precise yield. 

Summary of Testing Results 

A constant-rate flow test was performed on the Lander Exploration Well after drilling through the 
Madison Limestone. An 18.7-hour flow test at an average rate of 32 gprn was performed to 
determine well performance characteristics and aquifer parameters. The drawdown at the end of 
the flow test was approximately 422 feet and no hydrogeologic boundaries were observed during 
flow testing. The effective transmissivity of the aquifer determined from the flow test results 
ranges from 92 to 275 gpdlft. 

A three-hour, constant-rate flow test at a rate of 100 gprn was performed on the well after drilling 
to the base of the Flathead Formation. The drawdown after only 55 minutes stabilized at 
approximately 314 feet and remained at that level for the duration of the test. The effective 
transmissivity of the aquifer determined from the flow test recovery data is 625 gpdlft. 

WATER QUALITY 

The quality of the water from the Lander Exploration Well during well development and aquifer 
testing was assessed through a series of field and laboratory analyses. The analyses indicate 
that the water developed by the well is good for all the intervals tested. 

Field Tests 

Water produced from the Lander Exploration Well during well development was tested in the field 
and the results are presented in the well development section of this chapter. Water produced 
during the flow tests was sampled periodically and analyzed in the field for temperature, pH, and 
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conductivity. These data are included in the comment column of the aquifer test data (Appendix 
F) and are discussed below. 

Water quality data collected during well development of the Madison Aquifer indicated that the 
final turbidity measurement was less than 10 NTU and conductivity measurements fluctuated 
between 378 and 390 micromhos/cm. 

Field measurements of water collected during drilling of the Flathead Formation showed a 
conductivity of 353 micromhoslcm, a pH of 8.0, and a temperature of 90°F. 

Laboratory Analyses 

Four sets of water quality samples were collected from the Lander Exploration Well for laboratory 
analyses. Samples were collected when the following formations were penetrated: Madison 
Limestone (May 30, 2007), Gallatin Limestone (June 14, 2007), Gros Ventre Formation (June 26, 
2007), and Flathead Formation (June, 28, 2007). An abbreviated suite of chemical and 
microbiological tests were performed by Energy Laboratories, Inc., Casper, Wyoming. Table 111-2 
compares EPA drinking water standards to the results of the laboratory analyses. Comparison of 
the results to the EPA's primary and secondary drinking water standards indicates that the overall 
water quality is excellent for the constituents analyzed. Total Dissolved Solids (TDS), a general 
indication of water quality, is reported to be 300 mg1L for the final water sample, which is below 
the recommended concentration of 500 mg1L. The sample collected on June 28, 2007 has an 
iron concentration of 1.6 mg/L, which is significantly higher than the recommended maximum 
concentration of 0.30 mg/L. Elevated iron concentrations could result in staining of plumbing 
fixtures. The laboratory analysis of the June 28, 2007 sample also indicates that the water is very 
hard, with a concentration of 542 mglL. The excessive hardness could be the result of sediment 
being dissolved by the acid added to the sample as a preservative. Appendix G provides copies 
of the laboratory data sheets and chain-of-custody forms for the water sample analyses. 



TABLE 111-2 
LANDER EXPLORATION WELL 

WATER SAMPLE ANALYTICAL RESULTS AND 
COMPARISON WITH EPA DRINKING WATER STANDARDS 

Drinking Tensleep Madison Base Gallatin Base Gros Ventre Flathead 
Base Base Base Base Base 

Parameters Water Sample Sample Sample Sample Sample 
(mglL except as noted) Standards 211012004 5/30/2007 6/14/2007 6/26/2007 6/28/2007 

Prlmaw EPA Parameters 
Regulated Organic Chemicals Various ND 
Microbiological Various Iron Bacteria' 
Antimony 0.006 ND ND 
Arsenic 0.01 ND ND 
Barium 2.00 ND ND 
Beryllium 0.004 ND ND 
Cadmium 0.015 ND ND 
Chromium 0.10 ND ND 
Cyanide 0.20 ND 
Fluoride 4.0 0.5 0.2 
Lead 0.05 ND ND 
Mercury 0.002 ND ND 
Nickel 0.1 ND ND 
Nitrate (as N) 10 ND 0.2 
Nitrate + Nitrite (as N) 45 ND 0.2 0.2 0.2 0.2 
Selenium 0.05 ND ND 
Thallium 0.002 ND ND 
Turbidity 5 NTU 0.52 15.8 
Uranium mglL 0.03 0.0021 0.0015 0.001 1 0.001 
Radium 226, pCi/l 5 4.5 ND 1 
Radium 228, pCiA 5 ND ND 4.9 ND ND 
Radon 222, pCi/l 300 
Gross alpha, pCiil 15 11.4 ND 4.1 3.6 8.3 
Gross beta, pCiA 50 9 ND 8.7 
Secondaw EPA Parameters 
Temperature ( O F )  NS 
pH (no units) 6.5-8.5 8.09 7.65 8.15 8.1 1 8.08 
Total Dissolved Solids 500 190 216 186 246 300 
Conductivity (rnicromhos/cm @ 25°C NS 305 404 397 457 463 
Corrosivity (No units) Non Corrosive 0.19 
Acidity NS ND ND 
Alkalinity NS 130 1 96 190 198 118 
Aluminum 0.20 ND ND 
Bicarbonate NS 159 239 
Boron NS ND ND 
Calcium NS 34 44 410 176 156 
Carbonate NS ND ND 
Chloride 250 ND ND 1 7 38 
Copper 1 .O ND ND 
Hardness NS 150 212 1160 656 542 
Iron 0.30 0.15 0.97 0.07 19.2 16.6 
Magnesium NS 16 25 33.9 52.5 37.1 
Manganese 0.05 ND 0.08 
Potassium NS 2.7 ND 3.8 10 4.5 
Silica NS 11 I I 
Silver 0.1 ND 
Sodium NS 4.6 2.5 3.5 13.5 12.8 
Sulfate 250 25.5 23 27 29 47 
Yinc 5 ND ND 
'Iron Bacteria=lron Bacteria Plate Count = Est. 100 CFUlml 
NS = No Standard; "-" = Not Analyzed; ND = Not Detected 



CHAPTER lV 

SUMMARY AND CONCLUSIONS 

The Lander Level II Water Supply Project was designed to locate and secure a viable, 
economical, groundwater-based drinking water source for the City of Lander. The project 
originally consisted of siting, drilling, constructing, and testing an exploration well drilled into the 
Tensleep Sandstone near the City of Lander. However, the production from the Tensleep 
Sandstone was limited and there was significant potential for interference with other appropriators. 
The project then evolved into deepening the existing exploration well to test the productivity of the 
Madison Limestone. The Madison Limestone yielded only 20 gpm, which was insufficient for 
meeting the needs of the City of Lander, and there was sufficient budget in the project to further 
deepen the well and test the productivity of the Flathead Aquifer. The well was tested at 100 gpm 
and the overall quality of the developed water from the Lower Paleozoic aquifers was good. 

WELL CONSTRUCTION AND TESTING SUMMARY 

The Lander Exploration Well was drilled to a total depth of 4,411 feet and fully penetrated the 
Flathead Sandstone. The well was flow tested at a rate of 100 gpm and had a drawdown of 314 
feet at the end of the three hour test. Although the overall quality of the water developed from the 
lower Paleozoic aquifers was good, the water did contain elevated iron concentrations and is 
apparently very hard. 

Because SEO and DEQ-WQD policy prohibits completing a water well across multiple aquifers 
the Lander Exploration Well was plugged back to yield water only from the Madison Aquifer and 
the well will likely be transferred to the surface owner. 

POPULATION PROJECTIONS AND WATER DEMAND 

During completion of a Lander Level II Project Nelson Engineering (1999) estimated that the per 
capita average daily water demand for Lander is 290 gallons and the per capita peak daily water 
demand is 648 gallons. Table IV-1 provides a summary of population projections for the City of 
Lander, along with average daily and peak daily water demands for each population, based on the 
per capita demands estimated by Nelson (1999). The projected demands do not incorporate bulk 
water sales that the City makes to rural residents at a coin operated facility. During the first six 
months of 2007, the City sold $42,000 in water at the coin operated facility. As rural populations 
grow in the area surrounding Lander this source of water demand will likely increase. 

The population projections indicate that the water treatment plant, which has a treatment capacity 
of eight million gallons per day, should be capable of meeting the demands of the City through 
2027. However, the City of Lander has concerns that continued drought in the Wind River Range 
and western Wyoming could impact the quantity of water available for treatment. 

The City has water rights totaling 13 cubic feet per second (cfs), or approximately 5,834 gpm 
(Nelson, 1999). These rights are of varying ages and some are junior to downstream rights. The 
City has recently hired an attorney in an attempt to clarify water rights. It is possible that an 
additional five to nine cfs could be obtained by the City from this effort (Personal communication, 
Mick Wolfe and Mickey Simmons, October 9, 2007). Although additional water rights could be 
obtained for the City, there is still concern that an extended drought could cripple the City's ability to 
meet water demands. To extend the ability of the City to meet water demands, storage rights on 
Worthern Meadows reservoir have been obtained by the City of Lander. The storage has the 
potential to provide one year of supply at a rate of three d s  (1,346 gpm). Mickey Simmons reports 
that water from Worthern Meadows reservoir is required to meet water demands in August and 
September of each year because all instream water rights are being used during the peak demand 
months. 
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TABLE IV-I 
LANDER POPULATION AND WATER DEMAND PROJECTIONS 

CONCLUSIONS AND RECOMMENDATIONS 

YEAR 

1990 

1997 

2000 

2006 

2020 

2027 

It is the expressed desire of the City of Lander to obtain a redundant water supply in the event that 
drought significantly reduces the flow of water in the Middle Popo Agie River (Personal 
Communication, Mick Wolfe and Mickey Simmons, October 9, 2007). As stated in the Level II Well 
Siting Study (WESTON, 2002), the goal for the Lander Exploration Well was to aid in developing a 
well or wellfield capable of replacing the two million gallon per day infiltration gallery. Thus, in order 
to replace the capacity of the infiltration gallery, such a well or wellfield would have to yield 
approximately 1,400 gpm. It is clear from the well siting study and exploration well drilling program 
that without the presence of deformation associated with geologic structures or karst to provide 
secondary permeability in the aquifer material, a Paleozoic well is not likely to meet this demand. 
Furthermore, there are numerous wells in the Lander area that are completed in the Tensleep 
Sandstone and additional wells completed in this formation could cause interference with senior 
water rights. Furthermore, as rural developments continue to expand in the area surrounding 
Lander, the water supply demands of these developments will likely be met with additional wells 
drilled into the Paleozoic aquifers. 

Based on the following conditions: (1) the lack of favorable geologic structures to target in the 
vicinity of the City of Lander; (2) the low yield of the Tensleep Sandstone and Madison Limestone 
at sites not located on a geologic structure; and (3) the potential that a well completed in the 
Flathead Aquifer could yield 300 gprn without pumping, it is WESTON's recommendation that if 
the City of Lander desires a groundwater-based supply source that it consider constructing a 
Flathead Aquifer well at a location near the water treatment plant. A well at the water treatment 

POPULATION 

7,023 

7,613 

6,847 

7,047 

7,580 

8,015 

AVERAGE 
DAILY 

DEMAND 

2.04 MGD 
1,414 gpm 

2.21 MGD 
1,533 gpm 

1.99 MGD 
1,379 gpm 

2.04 MGD 
1,419 gpm 

2.20 MGD 
1,527 gpm 

2.32 MGD 
1,614 gpm 

SOURCE 

US Census 
Bureau 

Nelson 
(1 999) 

US Census 
Bureau 

Wyoming 
Dept, of A&l 

Wyoming 
Dept. of A&l 

Projected 
from A&l 

Rate 

PEAK DAILY 
DEMAND 

4.55 MGD 
3,160 gpm 

4.93 MGD 
3,426 gpm 

4.44 MGD 
3,081 gpm 

4.57 MGD 
3,171 gpm 

4.91 MGD 
3,411 gpm 

5.1 9 MGD 
3,607 gpm 

PERCENT 
INCREASE 

-1.07% per 
year since 

1980 

1.2% per 
year over 

1990 

-.25% since 
1990 

0.33% per 
year since 

2000 

0.8% per 
year since 

2000 

0.8% per 
year since 

2000 
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plant offers the following advantages: lower construction costs than wells located to the east 
where the aquifer lies at greater depths, low costs of connection to the City's water system, and 
the ability to blend water from the well with finished surface water if the concentration of any 
constituent exceeds EPA standards for a public water supply well. Additional Flathead Aquifer 
wells could be incorporated into the water system at strategic locations based on proximity to 
infrastructure and interference concerns at later dates as more water is needed. A 300 gpm 
Flathead Aquifer well could offer the City the ability to meet the average daily demands of nearly 
1,500 residents without the need for extensive treatment or pumping costs. 

The WESTON staff has reviewed the well logs from two wells near the Lander water treatment 
plant and, coupled with data from the Lander Exploration Well, determined the depths to the tops 
of the geologic formations beneath the water treatment plant site as listed in Table IV-2. The top 
of the Flathead Sandstone lies approximately 3,450 feet beneath the ground surface and a well 
fully penetrating the formation would have a total depth of approximately 3,650 feet. By 
extrapolating the shut-in pressure from the Lander Exploration Well and the difference in 
elevations between the two sites, it is estimated that the shut-in pressure will be approximately 
550 psi at the proposed site. which equals a hydraulic head of 1.270 feet. 

TABLE IV-2 
GEOLOGIC FORMATION TOPS SUMMARY 
LANDER WATER TREATMENT PLANT SITE 

Table IV-3 provides a cost estimate for drilling, constructing, and testing a Flathead Aquifer well at 
the treatment plant site. Figure IV-1 is a proposed well design for the well. The most significant 
issues associated with drilling a Flathead Aquifer well at the water treatment plant is advancing 
the borehole through boulders beneath the site and controlling down-hole pressures during 
construction. Two wells have been successfully drilled through the alluvium near the treatment 
plant and there is no information that suggests that a new well at the site cannot be drilled through 
the alluvium. The proposed well design presented in Figure IV-1 assumes that a cemented 
surface casing will be extended through the alluvium and into the underlying Chugwater Formation 
to prevent problems as the borehole is extended to greater depths. Wellhead pressure data 
gathered during drilling of the Lander Exploration Well will facilitate design of a weighted mud 
system as drilling progresses through the Chugwater Formation through the Gros Ventre Shale. 
The well design also minimizes the exposure to high formation pressures during drilling by setting 
a liner from the base of the Amsden Formation to the top of the Flathead Sandstone. In addition, 
the use of drillable plugs and displacement of the cement through the liner-hanger assembly with 
float valves prior to drilling through the Flathead Sandstone will allow for the containment of 
cement under no-flow conditions while it cures. 



TABLE IV-3 
ENGINEER'S ESTIMATE 

FOR DRILLING, CONSTRUCTING, DEVELOPING, AND TESTING 
THE PROPOSED LANDER FLATHEAD AQUIFER WELL 

Unit Total 
Item Description Quantity Unit Price Amount 

1 Mobilization and Demobilization 

2 Bonds and Insurance 

3 Drill 20-inch Borehole 

4 Furnish, Install, and Grout 16-inch 
Surface Casing 

5 Drill 14 314-inch Min. Diameter Hole 

6 Furnish and lnstall 10 314-inch, 40.5#1ft 
O.D. Casing 

7 Grout 10 314-inch O.D. Casing 

8 Furnish and Install 10-inch Gate Valve 

9 Drill 9 112-inch Min. Diameter Hole 

10 Furnish and Install 7-inch, 23#1ft O.D. Casing 

11 Furnish and Install Liner-Hanger Assembly 

12 Grout 7-inch O.D. Casing 

L.S. $40,000 $40,000 

L.S. 

L.F. $250 $25,000 

L.F. $150 $1 5,000 

L.F. $150 $345,000 

L.F. $63 $1 51,326 

L.S. $45,000 

L.S. $25.000 

L.F. $85 

L.F. $36 

L.S. $18,500 

L.S. $19.000 

13 Drill 6 114-inch Diameter Hole 

14 Geophysical Logging 

15 Furnish and lnstall Cinch Mill Slotted Pipe 

16 Standby Time 

17 Well Development and Rig Time 

18 Air Development 

19 Winterize Well 

20 OPTION: Plug and Abandon Well 

200 L.F. $75 

1 L.S. $22,500 

225 L.F. $50 

12 Hours $275 

24 Hours $425 

36 Hours $525 

1 L.S. $2,500 

1 L.S. $15,000 

TOTAL, Without Option 

TOTAL, With Option 



DEPTH 

CHUGWATER FORMATION 

DINWOODY FORMATION 

PHOSPHORIA 
FORMATION 

TENSLEEP SANDSTONE 

DESIGN DETAILS 

C / 
10-INCH GATE VALVE 

4- PRESSURE GAUGE 
ALLUVIUM K :  

I 

n 

0 - 100 FEET 16-INCH O.D. STEEL 
CASING CEMENTED IN PLACE 

> CEMENT GROUT 

r 4 + I  0 - 2,400 FEET 10 314-INCH 0 D 
STEEL CASING 

I n 1 

0 

4 100 - 2,400 FEET 14 314-INCH 
DIAMETER BOREHOLE , 1 

n 

~g 2,325 FEET LINER-HANGER ASSEMBLY - 

4 2,400 - 3,450 FEET 12 114-INCH BOREHOLE 

I 2,325 - 3,450 FEET. 9 112-INCH STEEL 
CASING CEMENTED IN PLACE 

3,450 - 3,650 FEET 6 IICINCH BOREHOLE 

3,425 - 3,650 FEET 4 112-INCH MILL 
SLOTTED LINER 

AMSDEN FORMATION 

MADISON LIMESTONE 

DARBY FORMYION 

BIGHORN DOLOMITE 

GALLATIN LIMESTONE 

GROS VENTRE 
FORMATION 

FLATHEAD FORMATION 
SHUT-IN PRESSURE 

550 P.S.1" 

' ESTIMATED SHUT-IN 
PRESSURE 

T.D. = 3,650 FEET 
NOT TO SCALE 

WESTON 
LANDER LEVEL II WATER SUPPLY 

STUDY 
PRELIMINARY DESIGN DIAGRAM 

FIGURE IV-I 



SUMMARY AND CONCLUSIONS 
LANDER LEVEL II WATER SUPPLY PROJECT -WELL DEEPENING PROGRAM 

Table IV-4 summarizes the estimated costs for a Level II Project extension for both drilling the 
well and providing associated engineering and permitting services. 

TABLE IV-4 

COST ESTIMATE SUMMARY FOR ENGINEERING AND CONSTRUCTION SERVICES 
FOR CONSTRUCTING PROPOSED LANDER FLATHEAD AQUIFER WELL 

Task 1. 
Task 2. 
Task 3. 
Task 4. 
Task 5. 

Task 6. 
Task 7. 
Task 8. 
Task 9. 

Scoping Meeting and Project Meetings (2) 
Permits, Access, Testing Program Development 
Bid Preparation 
Bidding Process 
Consultant Services During Well Construction and Aquifer 
Testing 
Water Quality, Reclamation 
Well Construction Contracts 
Conceptual Design and Cost Estimates 
Project Reports 

PROJECT TOTAL COST ( 2007 Dollars ) 
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APPENDIX B 

PERMITS 

WESTON 
GROUNDWATER ENGINEERING 



FORM U.W. 5 
Rev. 3/05 STATE OF WYOMING 
FILING FEE SCHEDULE OFFICE OF THE STATE ENGINEER 
ON REVERSE SIDE HERSCHLER BLDG., 4-E CHEYENNE, WYOMING 82002 

(307) 777-61 63 

APPLICATION FOR PERMIT TO APPROPRIATE GROUND WATER 

NAME AND NUMBER OF WELL or SPRING LE-JY- 7Z-t I/GU 7 Q ~ S  
c7yefUp- 

1. Name of applicanl(s)  YO 6 w&/ cur. iVed Cvmm ,'I %;a/ Phone: 777- 7626 

APPLICATION FOR WELLS AND SPRINGS 
Note: Only springs flowing 25 gallons per minute or less, where the proposed use is 
domestic and lor stock watering, will be 

FOR OFFICE Temporary Filing No. U.W. 

2. Address of appiicant(s) 6 9 - 2 ~  &uvutts;/ ~ X L v e - m r  UY 82 093 
(MAILING ADDRESS) (CITY) (STATE) (ZIP) 

PERMIT NO. U.W. , 

WATER DIV~SION  NO.^ DISTRICT I 
U.W. DISTRICT F N ~  Cbflh 

3. Name & address of agent to receive correspondence and notices WC&J- L - - I - A P - - I ( - ~ L  

NOTE: Do no1 fold this lorrn. Use lypewriler or prinl neatly 
wilh black Ink. 

ALL ITEMS MUST BE COMPLETED BEFORE 
APPLICATION IS ACCEPTABLE 

L m  h J . t A 3  i t 5 h E  L ~ Y G - I C .  Ol' 62072 Phone: 745- /o//,P 
(MAILING  ADDRESS)^ (CITY) *(STATE) (ZIP) 

4. Use to which the waler will be applied: 

I 1 Domestic: 

I 1 Stock Walering: 

I I Irrigation: 

I I Municipal: 

1 1 Industrial: 

I - ( Miscellaneous: 

Use of water in 3 single family dwellings or less, noncommercial watering of lawns and gardens 
totaling one acre or less. Number of houses Sewed?-. 

Normal livestock use at four tanks or less within one mile of well or spring. Stockwalering pipelines 
and commercial feedlots are a miscellaneous use. Number of stock tanks?-. 

. . .Watering of commercially grown crops (large-scale lawn wateting of golf courses, cemeteries. 
: : .. ! recreation areas, etc., is miscellaneous use). 

I I Coalbed Methane 

Use of water in incorporaled Towns and Cities. Nole 1: use of water in unincorporaled towns, sub- 
divisions, Improvement districts, mobile home parks, etc. is classified as miscellaneous use. Note 2: 
a perrnit may be required by the Wyoming Department of Environmental Quality (WDEQ) i f  the well 
will be classified as a public water supply under the WDEQ's rules and regulations. 

Long term use of water lor the manufacture of a product or production of oillgas or other minerals 
(oil lieM water Rood operations, power plant water supply, etc.). (Describe in REMARKS) 

Any use of water not defined under previous definitions such as stock waler pipelines, subdivisions. 
mine dewatering, mineralloil exploralion drilling, polable supplies in ollice, elc. Describe in Remarks. 
Note: a perrnit may be required by the WDEQ if the well will be classllied as a public water supply 
under the WDEQ's rules and regulalions. 

Water produced in the production of coal bed methane gas. Note: wells used in the production ol coal 
bed methane will require a permit from the Wyoming Oil and Gas Conservation Commission. 

1 1 Monitor, Observalion Note: a WDEQ permit may be required a Test Well: (Describe in REMARKS) 

5. Location of the well or spring: (NOTE: Quarler-quarter (40 acre subdivision) MUST be shown. EXAMPLE: SE 11 4 NW 11 4 of Sec. 
12. Township 14 Norlh. Range 68 West.) 

Fee. #-I- ~ o u n t y , z  1 1 4 z  114 olsec._2h,T.=N., R./ W. ofthe6th P.M. (W.R.M.), 
Wyoming. If located in a platted subdivision, also provide Lotrrracl -Block- of the 
Subdivision (or Add'n) ol . Resurvey Location: Tract - , (or Lot) 

6. Eslimaled depth of the well or spring is 320° feet. Estimated production interval is 2& (1 It. to - 3 2 ~ ~  It. 

7. (a) MAXIMUM instantaneous llow ol water to be developed and beneliclally used: A gallons per minule. 
NOTE: i f  for domestic and l o r  stock use, lhis application will be processed tor a maximum of 25 gallons per minute. For a spring, 
aller approval ol this application, some type of artificial diversion or improvement must be constructed to qualify for a water right. 

(b) MAXIMUM volumetric quantity of water to be developed and beneficially used per calendar year: 0 . 
Circle appropriale units: (Gallons) (Acre Feet) A four person family utilizes approximately one (1) acre-foot of water per year 
or 325,000 gall~ns. 

8. Mark the point(s) or area@) of use in the tabulation box below. Note: Upper row relers to the quarter ol the section. Next row 
refers to quarter of the quarter section. 

TABULATION BOX 

179245 SEE REVERSE SlDE I '{[)P 
Permlt No. U.W. Book No. Page No. 

'3.7 



. . . . . - - --...-.. ,-.-. . .., \. .r. -uulallUI I ""I IUUVW. 

b. U Land will be irrigated fbm this weionly. 
c. Land is irrigated from existing water right@) with water from this well to be additional supply. Describe existing water right(s) 

under REMARKS. 

10-If for irrigation use, describe method of irrigation, i.e. center pivot sprinkler, flood, etc.: 

An- . >  
- 

11. The well or spring is to be constructed on lands owned by Z ~ V ~  

(The granting of a permit does not constitute the granting of right-of-way. If any easement or right-of-way is necessary in connection 
with this application, it should be understood that the responsibility is the applicant's. A copy of the agreement should accompany this 
application, If the land is privately owned and the owner is not the co-applicant.) 

12. The water is to be used on lands owned by /vA 
(If the landowner is not the applicant, a copy of the agreement relating to the usage of appropriated water on the land 
should be submitted to this office. If the landowner is included as co-applicant on the application, this procedure need 
not be followed.) NOTE: Water rights attach to the area(s) andlor point@) of use. 

Under penalties of perjury, I declare that I have examined this application and to the best of my knowledge and belief it is 
true, correct and complete. 

, 2 0 0 7  
Date 

THE LEGALLY REQUIRED FILING FEE MUST ACCOMPANY THlS APPLICATION 

DOMESTIC AND/OR STOCK WATERING USES 
(Domestic use is defined as use of water in 3 single family dwellings or less, 
noncommercial watering of lawns and gardens totalling one acre or less.) 

IRRIGATION, MUNICIPAL, INDUSTRIAL, MISCELLANEOUS, COAL BED METHANE 

MONITOR (For water level measurements or chemical quality sampling) or TEST WELL NO Fee 

IF.WELL WILL SERVE MULTIPLE USES, SUBMITONLY ONE (THE HIGHER) FILING FEE. 
.. . THlS SECTION IS NOT TO BE FILLED IN BY APPLICANT 

THE STATE OF WYOMING ) 
) ss. 

STATE ENGINEER'S OFFICE ) 
This instrument was received and filed for record on the 2 3 r d  day of Januarv , A.D. 

2 0 - & L , a t a ; Q  o'clock M. 

179245 Permit No. U.W. 

THlS IS TO CERTIFY that I have examined the foregoing 
and conditions: 

This application is approved subject to the condition that the proposed use shall not interfere with any existing rights to ground waler from 
the same source of supply and is subject to regulation and correlation with surface water rights, if the ground and surface waters are 
interconnected. The use of water hereunder is subject to the further provisions of Chapter 169, Session Laws of Wyoming, 1957, and any 
subsequent amendments thereto. 
Granting of a permit does not.guarantee the right to have the waler 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 waler in the 
source of supply. 
If the well is a flowing artesian well, it shall be so constructed and equipped that the flow may be shut off when not in use without loss ol 
water into sub-surface formations or at the land surface. 

T. T h i s  -on is for 
t e s t  p u r p o s e s  o n l y ;  n o  w a t e r  w i l l  b e  b e n e f i c i a l l y  used. The a p p r o v a l  o f  this t e s t  w e l l  p e r m i t  
does NOT OBLIGATE t h e  S t a t e  Engineer t o  a p p r o v e  t h e  pe-ent p r o d u c t i o n  w e l l  p e r m i t .  T h i s  
p e r m i t  w i l l  b e  a u t o m a t i c a l l y  c a n c e l l e d  o n  December 31, 2008 o r  upon r e c e i p t  o f  a n  a c c e p t a b l e  
S ta tement  o f  Comple t ion .  PROOF OF APPROPRIATION AND BENEFICIAL USE OF GROUND WATER (FORM U.W. 

*)A&o&? -&bered as authorization to ~roceed with construction of the proposed well or spring. A Statemenl . . . . . . . - 
of Completion will be filed within thirly (30) days of completion of  construction.^ 

Completion of construction . . for the purposes specified in Item 4 of thls application will be 
made by December 3 1 . 2 0 ~ 7  

1 , !-, * : 

Witness my hand this 
4 7 H  

day of 



WYOMING DEPARTMENT OF ENVIRONMENTAL QUALITY 
WATER QUALITY DIVISION 
PERMIT TO CONSTRUCT 

PERMIT NO. 07-193 

Lander Paleozoic Well Deepening 
PWS # WY5600176 

This permit hereby authorizes the applicant: 

Mick Wolfe, Mavor 
Citv of Lander 

240 Lincoln Street 
Lander, WY 82520 

to deepen, construct, develop and test a Paleozoic Exploration Well; according to the procedures and 
co~d i tbns  d tkapphcaticm - R U ~ ~ W  Q7-193; pmjed3mtvesdeept3ni r r~a  weTfroia7,5UOIfo0t 
depth which targets the Tensleep aquifer to a 3,080-foot depth which targets the Madison formation. The 
facility is located within SW 114, Section 26, T33N, R100W in the county of Fremont, in the State of 
Wyoming. All construction, installation, or modification allowed by this permit shall be completed by May 1 ,  
2008, 

The issuance of this permit confirms that the Wyoming Department of Environmental Quality (DEQ) has 
evaluated the application submitted by the permittee and determined that it meets minimum applicable 
construction and design standards. The compliance with construction standards and the operation and 
maintenance of the facility to meet the engineetr design are the responsibility of the pepittee, owner, and 
operator. 

Granting this permit does not imply that DEQ guarantees or ensures that the permitted facility, when 
constructed, will meet applicable discharge permit conditions or other effluent or operational requirements. 
Compliance with discharge standards remains the responsibility of the permittee. 

Nothing in this permit constitutes an endorsement by DEQ of the construction or the design of the facility 
described herein. This permit verifies only that the submitted application meets the design and construction 
standards imposed by Wyoming statutes, rules and regulations. The DEQ assumes no liability for, and does 
not in any way guarantee or warrant the performance or operation of the permitted facility. The permittee, 
owner and operator are solely responsible for any liability arising from the construction or operation of the 
permitted facility. By issuing this permit, the State of Wyoming does not waive its sovereign immunity. 

The permittee shall allowauthnridrepresentatbes f F e ~ ~ ~ ~ i ~ s ~ ~ p p e r t y ,  premise 
or place on or at which the facility is located or is being constructed or installed for the purpose of 
investigating actual or potential sources of water pollution, and for determining compliance or non- 
compliance with any rules, regulatians, standards, permits or orders. 

Nothing in this permit shall be construed to preclude the institution of any legal action or other proceeding to 
enforce any applicable provision of law or rules and regulations. It is the duty of the permittee, owner and 
operator to comply with all applicable federal, state and local laws or regulations in the exercise of its 
activities authorized by this permit. 

( The issuance of this permit does not convey any property rights in either real or personal ~ropelfybr any 
invasion of personal rights, or any infringement of federal, state or local laws or regulations. , . I  . . . 



1. Permit Number: 

STATEMENT OF BASIS 

2 ' Application reviewed for'compliance with the following regulations: 

Cha~ters 3 and 12 of the Wyominq Water Qualitv Rules and Reaulations. 

3. Does the permit comply with all applicable regulations identified above? 

Yes. However, subsequent plans and specifications must be submitted for the equippinq of the 
well and other construction such as installation of discharqe piping, construction of a well house, 
disinfection, etc. 

4. Facilities include components not specifically covered by regulations and approval is based upon a 
deviation from applicable regulations in accordance with Section 5 of applicable regulations. 
a. Chapter 12. Section 9(b)(iii)(c)(lV) requires 2 inches of qrout in the annularopenina between the 

bore hole and the casinq. ANSIIAWWA Standard A100-06 allows a reduction in the annular 
openina to 1-112 inches radial thickness for the Halliburton qroutina method. This radial 
thickness is practically achieved in the annular space between the 12-114 inch bore hole and the 
9-518 inch steel casinq. The extent of the sanitaw seal, almost 2,000 feet. is much qreater than 
the 50-foot minimum depth reauired by AWWA Standard for public water wells. The contractor 
will be reauired to conduct a cement bond lona on the 9-518 inch steel casinq and take 
appropriate remedial measures if necessary. This permit arants a variance to the above 
referenced reaulation. 

b. Chapter 12, Section S(b)(iii)(c)(lV)(l.) requires neat cement arout conformina to ASTM Standard 
C150 and water with not more than 6 gallons of water per sack of cement. The specifications 
call for API Type G, H or "liaht" cement for the arout seal for the 1,975 to 2,780 depth interval to 
seal off the Tensleep formation. This is requested due to the excessive heiqht and associated 
w,eiqht of the cement column. A specialized cementing contractor will be utilized for placement 
of the qrout seal. This permit qrants a variance to the above referenced reaulation. 

. Chapter 12, section 9(b)(ii)(B) states every well shall be tested for ~lumbness and alianment in 
accordance with AWWA A-100. The contractor will be required to routinelv test for hole 
deviation only while drillins the upper 2,050 feet of the well which will serve as the pumD 
chamber portion of the well. The specifications require that the well be constructed to permit free 
installation and operation of the test pump and production pump. This satisfies AWWA A-100 
alianment reauirement. 

5. If Section 17 of Chapter 3 review is required indicate the basis for determining groundwater will 
be protected. 

Public water supply wells are exempted from review by Chapter 3, Section 17 



Department of Environmental Quality 

To protect, conserve and enhance the quality of Wyoming's 
environment for the benefit of current and future generations. 

Dave ~reudenthal, Governor John Corra, Director 

Authorization to Discharge Wastewater Associated with 
Pump Testing of Water Wells 

Under the National Pollutant Discharge Elimination System 

Authorization # WYG720110 
Amended on April 18,2007 to extend expiration date 

In compliance with the provisions of the Federal Water Pollution Control Act and the Wy6rning Environmental Quality 
Act, 

Weston Engineering, Inc., ATTN: Levi Hime, 1050 North 31~  Street, Laramie, WY 82072 
. . -  . . t . L  ' . . 

is authorized to discharge wastewater associated with pump testing of water wells from 

Lander Paleozoic Well, Level I1 
SW Section 26, T33N, RlOOW, Fremont County 

to surface waters of the State of Wyoming in accordance with the requirements of the enclosed general permit for 
temporary discharges. Receiving waters are Hornecker Creek (2AB water) via unnamed drainage (3B water), tributary to 
the Popo Agie River (2AB water). 

The wastewater discharged from this location shall be limited and monitored by the permittee as specified below. 

Effluent Limitation 

Parameter 

Total Dissolved Solids, mgll 

Total Suspended Solids, mgll 

Monthlv 
Average 

NIA 

Weeklv 
Average Maximum 

The pH shall not be less than 6.5 standard units nor greater than 9.0 standard units in any single grab sample. 

Herschler Building 122 West 25th Street Cheyenne, WY 82002 http://deq.state.wy.us 
ADMINIOUTREACH ABANDONED MINES AIR QUALITY INDUSTRIAL SITING LAND QUALITY SOLID & HAZ. WASTE WATER QUALITY 
(307) 777-7937 (307) 777-6145 (307) 777-7391 (307) 777-7369 (307) 777-7756 (307) 777-7752 (307) 777-7781 
FAX 777-361 0 FAX 777-6462 FAX 777-561 6 FAX 777-5973 FAX 777-5864 FAX 777-5973 FAX 777-5973 



Monitoring Requirements 

Parameter 

Flow, gpm 

pH, S.U. 

Total Suspended Solids, mg/l 

Total Dissolved Solids, mg/l 

Measurement Frequency 

Daily 

Daily 

Weekly 

Weekly 

Sample Tme 

Inst. or Con. 

Grab 

Grab 

Grab 

For all activities covered under this permit authorization, the permittee shall maintain a daily log relating to the 
authorized discharge(s). The log shall contain: a) Flow information and data; b) Sample results; c) Records of visual 
observations; d.) Notations on any problems relating to treatment of the discharge; and e) A brief description of any 
actions taken with regard to problems identified. See Part I(B)3 of the General Permit for Temporary Discharge. 

For termination of this authorization, the Termination Notice (Appendix B, General Permit for Temporary 
Discharge) must be completed and submitted at the completion of the discharge, along with monitoring analytical 
results. Authorizations cannot be terminated until the monitoring data has been submitted to the WQD for review. 
See Part I(B)4 of the General Permit for Temporary Discharge. 

All WYPDES general permit authorizations are subject to a $100 annual permit fee for as long as the authorization is 
active or until the general permit expires. The annual billing cycle is based on the state's fiscal year from July 1 to 
June 30. See the Wyoming Environmental Quality Act $35-1 1-3 12 for further inforrnation. 

This facility has been assigned permit number WYG720110. 

Coverage under thls general permit for temporary discharges shall begin upon date-of-signature below, and is 
authorized to continue no longer than June 30,2007. 

If you have any questions concerning the conditions of this general permit, contact Roland Peterson at (307)777-7090. 

Date of Signature 
department of Environmental Quality 
Water Quality Division 



122 West 25th Street 
Cheyenne, WY 82002 
Phone: (307) 777-733 1 
Fax: (307) 777-5400 
~lfmail@state.wv.us 

Office of State Lands and Investments 
.; Funding Wyoming Public Education 

, - . .-.. . .A. .. - . .  - 
. . 

. . . , . . . . . . 

August 18,2003 

Dave ~r&d$nthal 
Governor 

Lynne Boomgaarden 
Director 

-Jivkm-Fiff*.- 
121 Grand Ave., Suite 210 

' Lararnie, WY 82070 

Re: Temporary Use Permit No. 1296 
Access Road 

Dear Gentlemen: 

The Board of Land Commissioners in regular session Au,oust 15,2003, approved the above 
temporary use permit for a five year term. Approval was based on consideration of $148.50 for 
the &st year and $100.00 per year for the remaining term of the permit. Should you not desire 
the pennit next year, please advise in writins and it will be cancelled. Receipt of first year's 
consideration is hereby acknowledged. 

Enclosed for your disposition is a copy of the temporary use pennit. 1f you have any 
questions, please contact me directly at 307-777-7333. 

Sincere! y, 

Linda K. Clark 
Surface Leasing 

k c  
enclosure 



PERMIT NO.: 1296 

3 IAI'K OF WYOMING 

BOARD OF LAND COMMISSIONERS 

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

TEMPORARY USE PERMlT 

COUNTY: Fremont 

NAME: Weston Engineering, Inc. 

ADDRESS: 121 .Grand Ave., Suite 210 
Laramie, WY 82070 

PHONE: 307-745-61 18 

This permit authorizes only the use indicated below: 

[ ] Construction Activity 
[ ] Hot mix facility 
[ ] Organized recreation activity 
[ XI Access road 
[ 1 Sign board 
[ ] Stockpile site 
[ ] Water removal facility 
[ ] Outfittingtguiding activities 
[ ] Other; 

More specifically: Access road to reach WWDC exploration well located in S M W 4  Section 
26, Township 33 North, Range 100 West, 6Ih P.M. 

t 
This permit authorizes the following improvemenb: Access Road 

This permit valid only on the following state land: NE4SF.4 Section 26. Township 33 North, 
Range 100 West, 6" P.M. 

This permit commences on September 15,2003 and expires on September 15,2008. 

Permittee shall pay the Board of Land Commissioners, as consideration for this permit, the total 

sum of Five hundred forty-eight and 501100 ($548.00). payable in five installments as follows: 

$148.50, representing $5.00 per rod, due on or before September 15,2003 and four equal 

remaining installments of $100.00, representing $3.00 per rod. on or before September 15th of 

each subsequent year, commencing in 2004. If any installment payment is not received when 

due, this permit shall terminate immediately. 

This permit h issued pursuant to Chapter 14 of the Rulcs and P,cgulations of the Board of Land 

Commissioners. THIS PERMIT IS NON-T+NSFEIMBLE. 

Date: July 15,2003 

Date: August 15,2003 

and Investments 

BOARD APPROVED 

Final Approval by 
Board of Land Commissioners 



TEMPORARY USE PERMIT 
ADDITIONAL TERMS AND CONDITIONS 

GENERAL CONDITIONS: 

1. Permittee shall conduct all operations in a manner which minimizes damage to the land. 

2. Permittee shall not place any improvements on the permit area other than those expressly 
approved within this permit, or an amendment hereto. Camping is not authorized on 
nonexclusive outfitting/guiding permits. 

Permittee shall properly contain and dispose of all trash, garbage, industrial, and human 
waste. 

4. Permittee shall properly control noxious weeds. 

5. Permittee may terminate this permit prior to the expiration date by notifying the Director 
of the Office of State Lands and Investments in writing. In the event of termination, the 

' 

Board of Land Commissioners shall not be obligated to refund any payments received. 

6. The Board of Land Commissioners may cancel this permit for violation of any of the 
terms and conditions of this permit or of the applicable rules and regulations of the 
Board. The Board also reserves the right to cancel this permit on its anniversary date in 
order to facilitate the sale or exchange of lands within the permit area. 

7. Upon termination, cancellation, or expiration of this permit, Permillee shall rcslore all 
disturbed land to a condition and forage density reasonably similar to its original 
condition and forage density. Permittee shall also remove all personal property from the 
permit area. 

8. Pennittee shall observe state and federal laws and regulations for the protection of fish 
and wildlife. 

9. Permittee shall legally access permit area and observe all state laws regarding trespass on 
adjacent or intermingled private lands. 

10. Permittee agrees to indemnify and hold the State of Wyoming, its officers. agents, 
employees,authorized lessees and permittees harmless against any liability or expenses 
arising out of the permittee's operation under this permit. 

C COND- ACCESS ROAD: 

1. Upon expiration, termination or cancellation of this permit, the access road shall be left as 
is, modified or restored to original condition by Permittee, at the discretion of the Board 
of Land Commissioners, 

1. The Board reservea the right to grant other parties the right to use the access road. 



ACCESS AGREEMENT 

1. Parties. The parties to this Access Agreement are Ann Jackson, whose 
address is 2689 Sinks Canyon Road Lander, Wyoming 82520 [Landowner] and Weston 
Engineering, Inc., [Consultant] whose address is P.O. Box 260, Upton, Wyoming 82730. 

2. Pur~ose of Access Aqreement. Weston Engineering, Inc., as a consultant 
to the Wyoming Water Development Commission [WWDC], desires to undertake a project 
known as the Lander Paleozoic Well Deepening Project [Project] to explore for and 
develop an underground source of water for the City of Lander, Wyoming [Sponsor]. The 
57th Session of the 2003 Legislature of the State of Wyoming authorized and appropriated 
funds to the WWDC for the Project to drill a well and study the feasibility of providing water 
from the well to the Sponsor. The WWDC and the Sponsor wish to develop the well and 
appurtenances necessary to provide water from the well to the Sponsor. The purpose of 
this Access Agreement and Easement is for the Consultant to obtain access to and a 
permanent easement on lands owned and occupied by the Landowner to drill, monitor, 
test, operate, repair, develop and maintain the well and to install and maintain a pipeline as 
required by the WWDC or the Sponsor to deliver water from the well to the Sponsor for its 
intended use. 

This temporary agreement shall govern for a sufficient period of time such that the 
Consultant may carry out the aforementioned effort. The Access Agreement shall remain C in force for the term (See ltem 3), or as amended, or until the Sponsor makes a decision 
and meets all legal requirements to purchase the well and such action is approved by the 
WWDC and the Wyoming Legislature. If the well performance meets the Sponsor's needs 
and requirements for a municipal supply source, then the Landowner and the Sponsor may 
negotiate terms of a permanent well and pipeline access and easement in lieu of this 
Access Agreement 

3. Effective Date and Term of Access Aqreement. This Access Agreement is 
effective when all parties have executed it and all required approvals have been granted. 
This Access agreement shall expire five (5) years from the date of the last signature under 
ltem 7 herein. 

4. Pavment. In consideration of the sum of Ten dollars ($1 0.00) paid by the 
Consultant, the receipt of which is hereby acknowledged by the Landowner, the parties 
have entered into the Access Agreement described herein. 

5. Specific Provisions. 

A. Well Access. Landowner hereby acknowledges, grants, bargains, 
sells and conveys to the Consultant, its subconsultants, contractors, subcontractors, 
agents, employees and assigns the right to construct a test well and to enter and transport 
personnel and equipment upon Landowner's land described as: 



A roadway starting at the east line of the SE Ih, SW Ih, bearing S62'57'55" 
W a distance of 2989.99 feet from the east corner of Section 26, 
Township 33 North, Range 100 West, and commencing along a route 
described on the attached survey map, to a well site located approximately 
1,440 feet east and 150 feet north of the SW corner of Section 26, 
Township 33 North, Range 100 West, of the 6th Prime Meridian, Fremont 
County, Wyoming; and an area as may be reasonable and necessary to 
drill, test, and monitor the well. 

With the right of ingress to and egress from said well site over Landowner's together 
adjoining lands as may be reasonably required to drill, monitor, test, operate, repair and 
otherwise maintain the test well. 

B. Well Easement. Landowner hereby acknowledges, grants, bargains, 
sells and conveys to the Consultant, its subconsultants, contractors, subcontractors, 
agents, employees and assigns a temporary access easement of all area 200 feet from the 
well for the purpose of drilling, developing, casing, monitoring, operating and maintaining 
the test well. 

C. Operating Rules. The following operating rules shall apply to all 
. activities of the Consultant, its subconsultants, contractors, subcontractors, agents, 

employees and assigns: 

(1) Notice shall be given to Landowner by telephone prior to entering 
upon Landowner's land. 

(2) No pit or trench will be left unattended for any period of time 
without fencing, and all necessary precautions will be taken to avoid damage or injury to 
Landowner and Landowner's licensees, permittees and property. 

(3) 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 shall, in 
advance of such reclamation or other restoration, be advised of the reclamation plan. 

D. Abandonment of Well. In the event the WWDC determines that the 
well is to be abandoned, Landowner shall have the option of taking over the well at a cost 
not to exceed the consideration the Landowner received for the access and easement 
provided by this Agreement. Landowner shall be given notice of any intent to plug and 
abandon the well and shall have ten (1 0) days thereafter to exercise the option in writing. 
If Landowner exercises the option, Landowner shall become responsible for future 
operations and properly plugging and abandoning the well if Landowner decides or is 
required to do so, and the WWDC, its consultants, subconsultants, contractors, 
subcontractors, agents, employees and assigns shall have no further responsibility for 
operating or plugging and abandoning the well. If Landowner does not exercise the option, 
the WWDC shall properly plug and abandon the well. In the event the Landowner 
exercises its option to take over the exploration well as aforesaid, Landowner, hereby 



grants to 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 of said well. 

E. Assignment to Sponsor. The Consultant may assign this Access 
Agreement to the WWDC or the Sponsor. 

F. Appurtenance to Land. This Access Agreement shall run with the 
land and shall be binding upon and inure to the benefit of all signatory parties hereto, their 
successors and assigns. 

6. General Provisions. 

A. Amendments. Any changes, modifications, revisions or amendments 
to this Access Agreement which are mutually agreed upon by the parties to this Access 
Agreement shall be incorporated by written instrument, executed and signed by all parties 
to this Access Agreement. 

B. Applicable LawIVenue. The construction, interpretation and 
enforcement of this Access Agreement shall be governed by the laws of the State of 
Wyoming. The Courts of the State of Wyoming shall have jurisdiction over this Access 
Agreement and the parties, and the venue shall be the First Judicial District, Laramie 
County, Wyoming. 

C. Entirety of Access Agreement. This Access Agreement, consisting 
of four (4) pages and the Attached Map ( Exhibit A) represents the entire and integrated 
Access Agreement between the parties and supersedes all prior negotiations, 
representations, and agreements, whether written or oral. 

D. Notices. All notices arising out of, or from, the provisions of this 
Access Agreement shall be in writing and given to the parties at the address provided 
under this Access Agreement, either by regular mail or delivery in person. 

E. Sovereign Immunity. The State of Wyoming and the WWDC do not 
waive sovereign immunity by allowing the Consultant to enter into this Access Agreement, 
and specifically retain immunity and all defenses available to them as sovereigns pursuant 
to Wyo. Stat. 1-39-1 04(a) and all other state law. 

THIS SPACE INTENTIONALLY LEFT BLANK 



7. Sianatures. In witness thereof, the parties to this Access Agreement, either 
personally or through their duly authorized representatives, have executed this Access 
Agreement on the days and dates set out below, and certify that they have read, 
understood, and agreed to the terms and conditions of this Access Agreement. 

The effective date of this Access Agreement is the date of the signature last affixed to this 
page. 

WESTON ENGINEERING, INC. 

6 e  Spencer, Senior ~ydrogeologist 
61d/os-  

Date 

STATE OF WYOMING ) 
) ss 

COUNTY OF Albany 1 

nstrument was acknowledged before me this 6th day of June, 2005, by 

(Seal) 

ANN JACKSON 

L 

Ann Jackson, Lhndowner 
/ a / / 7 / d  J 

Date 

STATE OF WYOMING ) 
1 ss 

COUNTY OF Fremont ) 
N 

The foregoin~st rumeT was acknowledged before me this I - d a y  of fl&h 
2005, by fin . ~ P I L ~ ~ L  

n 

(Seal) 



S84'00 '56'W o distonce of 7t127 feet to sta. 15iO1.23 
N88V7'25W o distance of 201.06 feet to sto. 17+02.28 
N8359 ' M W  o dlstance of 242.65 feet to sto. 19i44.94 
N81'4O '33.W 0 distance of 81.53 feet, more or less, to sto. 20f26.46 on the north line 
of the SE1/4SW/4; thence owoy frM the SEI/ISW/4: 
N81'40'33"W a distonce of 104.23 feet to sto. 21i50.70 
S75'06 '2l'W o distance of 36.24 feet to sta. 21+66.94 
S46'55 '0l.W a distonce of 1600, more or less, feet to sta. 21i81.93 on the north line 
of the SE1/4SWl/*. thence proceed: 
S46-55 '01-W o ddlstonce of 24.19 feet to sto. 22i06.13 
S84W '37'W a dlstance of 98.26 feat to sto. 23i04.38 
S61'52 '45"W o distonce of 6134 feet to sta. 23i67.72 
S34Y)I '50'W o distonce of 80.25 feet to sta. 24+47.97 
S12'51'54'W o distonce of 99.98 faet to sto. 25i47.95 
SO856 ' l 6 P  a distonce of 84.49 fw t  to sta. 26i32.44 
S2427 ' 3 5 2  o dlstonce of 116.80 feet to sto. 27i49.24 
SO922 ' 0 2 2  o distance of 93.55 feet to sto. 28i42.80 
S0477'19'W o distonce of 79.34 feet to sto. 29+22.14 
Sl426 '42'W o d i ~ t o n ~  of 103.14 feet to sto. 3Oi25.27 
SOO'32 '22.F a distance of 104.19 feet to sto. 3li29.46 
S1532 '44-E a distance of 79.45 feet la sto. 32i08.91 
S35Y8'10DE a dlstance of 128.22 feet to sta. 3.3iJ7.12 
55679 '58-E o distance of 120.97 feet to sto. 34+58.09 
S3.3'26 '562 a distance of 47.94 feet to sto. 35+06.(M 
SIO35'54"W o distance of 57.42 fwt  to sto. 35+63.# 
S3525 '15'W a distance of 51:50 feet to sto. 36i14.95 
56558 '55"W a distance of 107.19 feet to sto. 37i22.14 
S76W '36"W a distance of 72.78 feet to sto. 37+94.92 
58351 '35'W o distance of 73.63 feet to sta. 38i68.55 
N89'52 '48.W o distonce of 87.33 feet to sto. 39+55.88 01 on existing wotw well ond WATER WELL ACCESS ROAD 
the end of said easement. Described easement is 2377.46 feet in length. 

C.E. SPURLOCK, JR. & ASSOCIATES, INC. 
THROUGH THE SE$SW~ 

CONSULTING ENGINEERS gr LAND SURVEYORS 

w&E 

SEC.26, T33N, RIOOW, 6th PM 
C H A R L I  J. SPURIKJCX- D I V E  FEURINGER 
ISOC~ARFIELD. SOLAR S l J l l E  LASWR. WY 82520 TEL: 107.111.Jlw P A X  )n7.112.4l77 .SCALE 1% 1 . 0 ~ 1  PROJ 5-028 1 DRAW4 BY: CJS 1 5/31/05 
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ACCESS AGREEMENT 

1. Parties. The parties to this Access Agreement are Robert L. Jackson, whose 
address is 2689 Sinks Canyon Road Lander, Wyoming 82520 [Landowner] and Weston 
Engineering, Inc., [Consultant] whose address is P.O. Box 260, Upton, Wyoming 82730. 

2. Purpose of Access Aqreement. Weston Engineering, Inc., as a consultant 
to the Wyoming Water Development Commission [WWDC], desires to undertake a project 
known as the Lander Paleozoic Well Deepening Project [Project] to explore for and 
develop an underground source of water for the City of Lander, Wyoming [Sponsor]. The 
57th Session of the 2003 Legislature of the State of Wyoming authorized and appropriated 
funds to the WWDC for the Project to drill a well and study the feasibility of providing water 
from the well to the Sponsor. The WWDC and the Sponsor wish to develop the well and 
appurtenances necessary to provide water from the well to the Sponsor.  he purpose of 
this Access Agreement and Easement is for the Consultant to obtain access to and a 
permanent easement across lands owned and occupied by the Landowner to drill, monitor, 
test, operate, repair, develop and maintain the well and to install and maintain a pipeline as 
required by the WWDC or the Sponsor to deliver water from the well to the Sponsor for its 
intended use. 

This temporary agreement shall govern for a sufficient period of time such that the 
Consultant may carry out the aforementioned effort. The Access Agreement shall remain 
in force for the term (See ltem 3), or as amended, or until the Sponsor makes a decision 
and meets all legal requirements to purchase the well and such action is approved by the 
WWDC and the Wyoming Legislature. If the well performance meets the Sponsor's needs 
and requirements for a municipal supply source, then the Landowner and the Sponsor may 
negotiate terms of a pipeline access and easement in lieu of this Access Agreement 

3. Effective Date and Term of Access Aareement. This Access Agreement is 
effective when all parties have executed it and all required approvals have been granted. 
This Access agreement shall expire five (5) years from the date of the last signature under 
ltem 7 herein. 

4. Pavment. In consideration of the sum of Ten dollars ($10.00) paid by the 
Consultant, the receipt, of which is hereby acknowledged by the Landowner, the parties 
have entered into the Access Agreement described herein. 

Specific Provisions. 

A. Well Access. Landowner hereby acknowledges, grants, bargains, 
sells and conveys to the Consultant, its subconsultants, contractors, subcontractors, 
agents, employees and assigns the right to enter and transport personnel and equipment 
upon Landowner's land described as: 



An existing, unimproved dirt road 30 feet wide, from State Route 131 
(Sinks Canyon Road) in Section 26, Township 33 North, Range 100 West, 
of the 6th Prime Meridian, Fremont County, Wyoming. Metes and bounds 
of the access are described on the attached access route map. 

With the right of ingress to and egress from said well site over Landowner's together 
adjoining lands as may be reasonably required to drill, monitor, test, operate, repair and 
otherwise maintain the test well. 

B. Operating Rules. The following operating rules shall apply to all 
activities of the Consultant, its subconsultants, contractors, subcontractors, agents, 
employees and assigns: 

(1) Notice shall be given to Landowner by telephone prior to entering 
upon Landowner's land. 

(2) All necessary precautions will be taken to avoid damage or injury 
to Landowner and Landowner's licensees, permittees and property. Decisions on the 
access route over Landowner's property to the well site shall be made in consultation with 
the Landowner. 

(3) Landowner's 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 shall, in 
advance of such reclamation or other restoration, be advised of the reclamation plan. 

C. Assignment to Sponsor. The Consultant may assign this Access 
Agreement to the WWDC or the Sponsor. 

D. Appurtenance to Land. This Access Agreement shall run with the 
land and shall be binding upon and inure to the benefit of all signatory parties hereto, their 
successors and assigns. 

General Provisions. 

A. Amendments. Any changes, modifications, revisions or amendments 
to this Access Agreement which are mutually agreed upon by the parties to this Access 
Agreement shall be incorporated by written instrument, executed and signed by all parties 
to this Access Agreement. 

B. Applicable LawIVenue. The construction, interpretation and 
enforcement of this Access Agreement shall be governed by the laws of the State of 
Wyoming. The Courts of the State of Wyoming shall have jurisdiction over this Access 
Agreement and the parties, and the venue shall be the First Judicial District, Laramie 
County, Wyoming. 

Entirety of Access Agreement. This Access Agreement, consisting 



of four (4) pages and the Attached Map ( Exhibit A) represents the entire and integrated 
Access Agreement between the parties and supersedes all prior negotiations, 
representations, and agreements, whether written or oral. 

D. Notices. All notices arising out of, or from, the provisions of this 
Access Agreement shall be in writing and given to the parties at the address provided 
under this Access Agreement, either by regular mail or delivery in person. 

E. Sovereign Immunity. The State of Wyoming and the WWDC do not 
waive sovereign immunity by allowing the Consultant to enter into this Access Agreement, 
and specifically retain immunity and all defenses available to them as sovereigns pursuant 
to Wyo. Stat. 1-39-1 04(a) and all other state law. 

THIS SPACE INTENTIONALLY LEFT BLANK 



7. Sicmatures. In witness thereof, the parties to this Access Agreement, either 
personally or through their duly authorized representatives, have executed this Access 
Agreement on the days and dates set out below, and certify that they have read, 
understood, and agreed to the terms and conditions of this Access Agreement. 

The effective date of this Access Agreement is the date of the signature last affixedto this 
page. 

WESTON ENGINEERING, INC. 

suerSpencer, Senior ~ ~ ~ o ~ e o l o ~ i s t  Date 

STATE OF WYOMING ) 
ss 

COUNTY OF Albany ) 

The foregoin instrument was acknowledged before me this 6th day of June, 2005, by 
& d c o b ~ P a c ?  

(Seal) 

Notary P U ~ C  

ROBERT L. JACKSON 

~ober t  L. ~ a c a o n ,  Landowner Date 

STATE OF WYOMING ) 
ss 

COUNTY OF Fremont ) 

The f o r e g o i n g 8 m n t  ged before me this 17% day of 0 & b  
2005, by on 

Not 
(Seal) 



Description of a road easement 30 feet wide, 15 feet on each side of the following 
described centerline in the SW1/4SEl/4 and SE1/4SE1/4 of Section 26, Township 33 
North, Range 100 West, 6th PM, Fremont County. Wpming: 

Beginning at Station 0+00, on the north line of the said SE1/4SE1/4, bearing S44'41 ' 
07W a distance of 1813.43 feet &om the east % comer of said Section 26; thence 
proceed: 

S6127'28"W a distance of 161.25 feet to sta. 1+61.25 
S7121 '42"W a distance of 117.12 feet to sta. 2+78.36 
58.376 '57'W a distance of 14 .39  feet to sta. 4f23.75 
N85'03 '58"W a distance of 228.50 feet to sta. 6+52.25 
N8157 'OB'W a distance of 237.15 feet to sta. 8+89.40 
N8575 ' 04"W a distance of 195.58 feet to sta. 10+84.97 
N8237'16"W a distance of 142.37 feet to sta. 12+27.34 
N88'49 '29"W a distance o f  75.66 feet to sto. 13+03.00 
S7635 '58"W a distance of 119.95 feet, mare w less, to sta. 14+22.95 on the west line 
of the ~W1/4SE1/4 and end of said easement. Described easement is 1422.95 feet in 
length. 

WATER WELL ACCESS ROAD 

C.E. SPURLOCK, JR. & ASSOCIATES, INC. 
THROUGH THE S W ~ S E ~  

CONSULTING ENGINEERS & LAND SURVEYORS 
CJtrR1.B I. S P U R l m -  DAVE FWRINGBR 

SEC.26, T33N, RIOOW, 6th PM 
1% GARFIELD. SOLAR SUITL LASDCR. WY X1J20 TEL: 307.11LJPO FAX: )07.l11.4171 S SCALE: I-= 1,0001 PRW. 5-028 I DRAW BY: CJS 1 5/31/05 
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LANDER EXPLORATION WELL 
WELL HISTORY 

May 1, 2007 Weston Engineering Inc., Upton, Wyoming (WESTON) mobilizes to the well site 
and rigs-up. Alexander Excavation, Lander, Wyoming prepares the drill pad prior 
to mobilization. 

May 8, 2007 Mix bentonite and barite with well water to a weight of 9.5 poundslgallon to 
control artesian flow. 

May 9, 2007 Mix mud weight to 11.5 pounds/gallon and pump into well. Artesian flow is 
stopped. 

May 10, 2007 Trip in the hole (TIH). Tag top of filllcement at 2,530 feet (all depths are below 
ground level). Clean debris from the borehole to depth of 2,545 feet using an 8 
314-inch diameter drill bit. Advance the 8 314-inch diameter borehole to 2,577 
feet. 

May 11, 2007 Drill to 2,612 feet. Trip out of the hole (TOH) for a bit change. Adjust the brakes 
on the rig. TIH with 8 314-inch diameter tricone button bit. Drill to 2,633 feet. 

May 12, 2007 The top of the Madison Limestone is penetrated at 2,650 feet. Drill to 2,662 feet, 
and circulate for 3 hours. TOH. Run 7-inch O.D. casing with a liner hanger inside 
9 518-inch O.D. casing to a depth of 2,660 feet. Pump 173 sacks of cement, and 
displace the cement with fresh water. TOH. Artesian flow is temporarily stopped. 

May 13,2007 Wait for cement to cure. 

May 14, 2007 Well starts to flow. Lay down drill collars and drill pipe. 

May 15,2007 TIH. Pump 280 sacks of modified class C cement and displace the cement with 
fresh water. TOH. TIH, and tag top of the cement at 786 feet. TOH. 

May 16, 2007 Wait for cement to cure. 

May 17, 2007 Artesian flow is stopped. TIH with 3 112-inch diameter drill pipe and an 8 314-inch 
diameter drill bit. Drill out cement and tag the top of the liner hanger at 1,838 feet. 
TOH. 

May 18, 2007 TIH with 6 114-inch diameter tri-cone drill bit and drill out the cement inside the 7- 
inch O.D. casing. Advance the 6 114-inch diameter borehole to a depth of 2,757 
feet. 

May 19, 2007 Drill to 2,879 feet and TOH for a drill bit change. Well flows 1 gpm. TIH with 6 
114-inch diameter tri-cone button bit. Drill to 2,895 feet. 

May 20, 2007 Well flows 42 gpm from a depth of 3,098 feet and 54.5 gpm from a depth of 
3,129 feet. Drill to 3,146 feet. 

May 21, 2007 Top of the Darby Formation is penetrated at a depth of 3,150 feet. The top of the 
Bighorn Dolomite is penetrated at a depth of 3,190 feet. Drill to 3,202 feet, and 
TOH. Work on the Kelly. Shut-in pressure on the well is 210 psi. Well flows 54 to 
60 gpm. 



GROUNDWATER EXPLORATION PROGRAM 
LANDER LEVEL II WATER SUPPLY PROJECT 

May 22, 2007 TIH with 3 112-inch diameter drill pipe to a depth of 700 feet, and air develop the 
well for approximately 12 hours. 

May 23, 2007 Finish air development. The turbidity at the end of well development is less than 
10 NTU. 

May 29, 2007 Start 18.7 hour flow test at a rate of 40 gpm. 

May 30, 2007 Finish flow testing the well at a rate of 30 gpm. Water samples are collected for 
analysis by Energy Labs Inc., Casper, Wyoming. 

June 12. 2007 TIH with 4 112-inch diameter drill pipe and a 6 %-inch tri-cone bit. Repack the 
swivel. 

June 13, 2007 Well flows 75 gpm at approximately 3,300 feet. Drill to 3,371 feet. 

June 14, 2007 Top of the Gallatin Limestone is penetrated at a depth of 3,350 feet. Drill to 3,507 
feet, and TOH for a drill bit change. TIH with a 6 114-inch diameter button tri-cone 
drill bit. Water samples are collected for analysis by Energy Labs Inc., Casper, 
Wyoming. 

June 15, 2007 Work on swivel. Drill to 3,570 feet. 

June 16, 2007 Drill to 3,702 feet. Top of the Gros Ventre Formation is penetrated at 3,560 feet. 

June 17, 2007 Wait on parts for the swivel. TIH. 

June 18, 2007 Drill to 3,789 feet. TOH for a drill bit change. 

June 19, 2007 TIH with 6 114-inch diameter tri-cone button drill bit. Drill to 3,902 feet. Clutch on 
the mud pump fails. TOH. The mud pump is taken to the Upton shop for repairs. 

June 25,2007 Rig up the mud pump and TIH. Drill to 3,930 feet. 

June 26, 2007 Drill to 4,159 feet. 

June 27, 2007 Drill to 4,287 feet. Top of the Flathead Formation is penetrated at a depth of 
4,210 feet. TOH for a drill bit change. 

June 28, 2007 TIH with a 6 114-inch diameter button tri-cone drill bit. Drill to a total depth of 
4,411 feet. Water samples are collected for analysis by Energy Labs Inc., 
Casper, Wyoming. TOH and rig up for a flow test. 

June 29, 2007 The pressure on the well is 286 psi. The well is not completely shut-in and flows 
5 gpm. A 3 hour flow test is conducted on the well at a rate of 100 gpm. Pressure 
on the well is 150 psi at the end of the flow test. Well recovers to 286 psi in 25 
minutes. 

July 10, 2007 New 10-inch diameter gate valve is installed on the wellhead. Shut-in pressure 
on the well is 525 psi. Goodwell Inc., Upton, Wyoming performs a down hole 
geophysical log on the well. The geophysical probe is unable to penetrate below 
3,820 feet. 

July 12, 2007 TIH and set cement packer at a depth of 3,120 feet. Basic Energy Services, 
Gillette, Wyoming pressure cements 210 sacks in the well. Placement of the 
packer and cementing is monitored by Jim Peterson of Baker Oil Tools, Gillette, 

Weston Engineering, lnc. Well History Appendix C 
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Wyoming. The well flows approximately 60 gpm immediately after cementing. 
Pump an additional 120 barrels of fresh water and flow drops. 

July 13, 2007 Well flows approximately 30 gpm. TOH and shut-in the well. Shut-in pressure is 
250 psi. 

Weston Engineering, Inc. Well History Appendix C 
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LANDER EXPLORATION WELL 
LITHOLOGIC DESCRIPTIONS 

(10-FOOT SAMPLE INTERVALS) 

Depth Principal Description Comments 
(Feet) Lithology 

2,550-2,560 Mudstone 

2,610-2,620 Mudstone 

2,620-2,650 Sandstone 

2,650-2,670 Limestone 

2,670-2,680 Limestone 

2,680-2,710 Limestone 

2,710-2,830 Limestone 

2,830-2,840 Limestone 

2,840-2,900 Limestone 

2,900-2,940 Limestone 

2,940-3,000 Limestone 

3,000-3,030 Limestone 

No sample 

Dusky red to moderate red and 
moderate yellow mudstone 

No sample 

Moderate red-brown, calcareous 
mudstone 

Medium gray to medium light gray, 
friable, medium grain (subrounded) to 
fine grain (rounded), calcite cemented, 
quartz sandstone 

Light gray and pink-gray, granular 
limestone 

Dark gray, bedded, granular limestone 
with minor white and rare brown-orange 
calcite 

Medium dark gray, granular, bedded 
limestone, very light brown-gray, finely 
bedded, finely crystalline limestone, 
green-gray finely bedded limestone with 
very fine grain disseminated pyrite 

Light brown-gray, finely bedded, finely 
crystalline limestone with white calcite 

Medium dark gray, sandy limestone, 
light brown-gray finely bedded, finely 
crystalline limestone 

Pale yellow-brown, finely bedded, 
crystalline limestone with white and 
moderate yellow calcite, rare moderate 
red-brown limestone 

Pale yellow-brown, finely bedded, 
crystalline limestone with white and 
moderate yellow calcite, green-gray 
finely bedded limestone, rare moderate 
red-brown limestone 

Brown-gray, granular limestone with 
white calcite 

Medium dark gray, sandy limestone, 
moderate yellow-brown, bedded, finely 
crystalline limestone 

Amsden Formation 

Madison Limestone 



Depth Principal Description Comments 
(Feet) Lithology 

3,030-3,060 Limestone 

3,060-3,070 Limestone 

3,070-3,110 Limestone 

3,110-3,130 Limestone 

3,130-3,150 Limestone 

3,150-3,160 Limestone 

3,160-3,170 Limestone and 
Dolomite 

3,170-3,190 Dolomite 

3,190-3,230 Dolomite and 
Siltstone 

3,230-3,290 Dolomite and 
Siltstone 

3,290-3,340 Dolomite and 
Siltstone 

Wesfon Engineering, Inc. 

Pale yellow-brown, bedded, finely 
crystalline limestone, medium dark gray 
sandy limestone 

Very light brown-gray, granular, bedded 
limestone, white calcite, minor 
moderate red-brown siltstone 

Pale brown, bedded, crystalline 
limestone with white calcite 

Moderate yellow-brown to dark yellow- 
brown, bedded, crystalline limestone 
with white calcite 

Gray-orange-pink to pale yellow-brown, 
bedded, crystalline limestone, rare 
moderate red-brown brecciated 
limestone 

Gray-orange-pink to light red, 
crystalline, bedded limestone, rare 
moderate red-brown brecciated 
limestone 

Gray-orange-pink to light red, 
crystalline, bedded limestone, green- 
gray, crystalline dolomite with very fine 
grain disseminated pyrite, rare 
moderate red-brown brecciated 
limestone 

Green-gray, crystalline dolomite with Big Horn Dolomite 
very fine grain disseminated pyrite, pale 
red-brown, crystalline dolomite 

Pale green, finely crystalline, finely 
bedded dolomite with very fine grain 
disseminated pyrite, very light brown- 
gray, granular dolomite with pyrite on 
fractures surfaces, moderate red-brown 
siltstone 

Very light brown-gray, crystalline, 
bedded dolomite, pale green, finely 
bedded, pyritic dolomite, moderate red- 
brown and dusky red, bedded siltstone 

Very light brown-gray to pink gray, 
finely granular, bedded, sparsely 
pyretic, porous dolomite, pale green, 
finely granular, bedded dolomite with 
fine grain pyrite, moderate red-brown 
siltstone 

Lithologic Descriptions Appendix D - Page 2 



Depth Principal Description Comments 
(Feet) Lithology 

3,340-3,360 Dolomite and 
Siltstone 

3,360-3,390 Dolomite 

3,390-3,400 Limestone and 
Dolomite 

Pale green, finely granular, bedded 
dolomite with fine grain pyrite, very light 
brown-gray to pink gray, finely granular, 
bedded, sparsely pyretic, porous 
dolomite, moderate red-brown siltstone 

Gray-red and moderate red, bedded, Lander member of the 
finely crystalline dolomite, very light Big Horn Dolomite 
brown-gray and pale green, bedded, 
pyritic dolomite 

Yellow-gray, finely crystalline, bedded, Gallatin Limestone 
pyretic limestone, gray-red, finely 
bedded, finely crystalline dolomite, pale 
green, bedded, pyritic dolomite 

3,400-3,420 Limestone and Very light brown-gray, finely bedded, 
Shale finely crystalline limestone, gray-red, 

calcareous shale 

3,420-3,490 Limestone, Shale, Very light brown-gray, finely bedded, 
and Siltstone crystalline limestone, brown-gray to 

dark gray, calcareous shale, pale green 
bedded limestone, moderate red-brown 
siltstone 

3,490-3,520 Limestone and Very light brown-gray, finely bedded, 
Shale finely crystalline limestone, dark gray, 

calcareous shale 

3,520-3,590 Limestone and Light brown-gray, finely bedded, finely 
Shale crystalline limestone, green-gray, 

pyretic, calcareous shale, medium dark 
gray, calcareous shale 

Medium dark gray shale, medium light Gros Ventre Formation 
gray, salffpepper textured (dark green- 
gray to black iron oxide in light gray 
limestone), bedded limestone, pale 
yellow-brown, finely bedded, crystalline 
limestone 

.3,700 Limestone and Medium dark gray shale, medium light 
Siltstone gray, saltlpepper textured (dark green- 

gray to black iron oxide in light gray 
limestone), bedded limestone, pale 
yellow-brown, finely bedded, crystalline 
limestone, moderate red-brown 
siltstone 

3,700-3,750 Limestone, Shale, Medium dark gray, salffpepper 
and Siltstone limestone, medium dark gray shale, 

yellow-gray, very light brown, and white 
finely bedded, crystalline limestone, 
moderate red-brown siltstone , 

Wesfon Engineering, Inc. Lithologic Descriptions Appendix D - Page 3 



Depth Principal Description Comments 
(Feet) Lithology 

3,750-3,760 Limestone, Shale, Medium dark gray, saltlpepper 
and Siltstone limestone, medium dark gray shale, 

yellow-gray, very light brown, and white 
finely bedded, crystalline limestone, 
light olive-brown, pyritic, granular 
limestone, moderate red-brown 
siltstone 

3,760-3,770 Limestone and - Medium dark gray saltlpepper 
Shale limestone, medium dark gray shale, 

pink-gray, finely bedded limestone 

3,770-3,780 Limestone and Medium dark gray saltlpepper 
Shale limestone, medium dark gray shale, 

pink-gray, finely bedded limestone, 
moderate red, brecciated limestone 

3,780-3,800 Shale and 
Limestone 

Medium dark gray shale, medium light 
gray saltlpepper limestone with pink- 
gray calcite partings 

3,800-3,820 Shale, Limestone, Medium dark gray shale, medium light 
and Siltstone gray saltlpepper limestone with pink- 

gray calcite partings, moderate red, 
brecciated limestone, dark yellow- 
orange, calcareous siltstone 

3,820-3,850 Shale and 
Limestone 

Medium dark gray shale, medium light 
gray saltlpepper limestone, pink-gray 
finely crystalline, sparsely pyritic 
limestone 

3,850-3,870 Limestone and Pink-gray, finely crystalline, sparsely 
Shale pyritic limestone, medium dark gray 

shale, medium light gray saltlpepper 
limestone 

3,870-3,890 Shale 

3,890-3,910 Shale and 
Limestone 

Medium dark gray shale with white to 
vitreous calcite 

Medium dark gray shale, moderate red- 
brown siltstone, yellow-gray, granular 
limestone, white calcite 

3,910-3,940 Shale, Limestone, Medium dark gray shale, pale yellow- 
and Siltstone brown and pink-gray, finely crystalline 

limestone, yellow-gray, granular 
limestone, white calcite, moderate red- 
brown siltstone 

3,940-3,960 Shale and 
Limestone 

Weston Engineering, Inc. 

Medium dark gray shale, brown-gray, 
bedded limestone with fine grain pyrite 
and black iron oxide, light green-gray 
brecciated limestone with fine grain, 
disseminated, octahedral pyrite 

Lithologic Descriptions Appendix D - Page 4 



Depth Principal Description Comments 
(Feet) Lithology 

3,960-3,990 Shale and 
Limestone 

3,990-4,000 Shale, Limestone, 
and Siltstone 

4,000-4,010 Limestone, Shale, 
and Siltstone 

4,010-4,030 Limestone, Shale, 
and Siltstone 

4,030-4,040 Limestone and 
Shale 

4,040-4,070 Limestone and 
Shale 

4,070-4,100 Limestone and 
Shale 

4,100-4,110 Limestone and 
Shale 

Weston Engineering, Inc. 

Medium dark gray shale, light brown- 
gray, granular, bedded limestone with 
very fine grain, black iron oxide, light 
green-gray, very finely crystalline 
limestone with patches and streaks of 
moderate red-brown limestone, pink- 
gray, sparsely pyretic limestone 

Medium dark gray shale, light brown- 
gray, granular bedded limestone with 
very fine grain, black iron oxide, light 
green-gray, very finely crystalline 
limestone with patches and streaks of 
moderate red-brown limestone, pink- 
gray sparsely pyritic limestone, gray-red 
siltstone 

Medium dark gray to light gray, 
granular, bedded limestone with black, 
medium grain dark green-gray and 
black iron oxide, medium dark gray 
shale, pink-gray sparsely pyritic 
crystalline limestone with patches of 
moderate red-brown siltstone 

Medium dark gray to light gray, 
granular, bedded limestone with black 
medium grain dark green-gray and 
black iron oxide, medium dark gray 
shale, pink-gray, sparsely pyretic, 
crystalline limestone with patches of 
moderate red-brown siltstone, gray-red 
siltstone 

Medium gray to dark gray, granular, 
bedded limestone with fine grain, black 
to dark green-gray iron oxide, medium 
dark gray shale, pink-gray to white 
calcite 

Medium gray to dark gray, granular, 
bedded limestone with fine grain, black 
to dark green-gray iron oxide, medium 
dark gray shale, pink-gray to white 
calcite, moderate red-brown brecciated 
limestone 

Medium gray to dark gray, granular, 
bedded limestone with fine grain, black 
to .dark green-gray iron oxide, medium 
dark gray shale, pink-gray to white 
calcite 

Light olive-gray to very light gray, 
granular, bedded limestone with black, 
fine grain iron oxide, medium dark gray 
shale, light green-gray crystalline 
limestone, white to pink-gray calcite 

Lithologic Descriptions Appendix D - Page 5 



Depth Principal Description Comments 
(Feet) Lithology 

4,110-4,140 Limestone and 
Shale 

4,140-4,150 Limestone and 
Shale 

4,150-4,160 Limestone and 
Shale 

Light olive-gray to very light gray, 
granular, bedded limestone with black, 
fine grain iron oxide, medium dark gray 
shale, white to pink-gray calcite 

Light olive-gray, granular, bedded 
limestone with black, fine grain iron 
oxide, medium dark gray shale, light 
brown-gray, sparsely pyretic, crystalline 
limestone, yellow-gray, crystalline 
limestone 

Light olive-gray, granular, bedded 
limestone with black, fine grain iron 
oxide, medium dark gray shale, light 
brown-gray, sparsely pyretic, crystalline 
limestone, yellow-gray crystalline 
limestone, light green-gray, very finely 
crystalline limestone with granular and 
wispy pyrite 

4,160-4,190 Limestone and Medium gray to brown-gray, granular, 
Shale bedded limestone, medium dark gray 

shale, very light brown-gray and very 
light gray, crystalline, bedded limestone 

4,190-4,200 Limestone and Light olive-gray, granular, bedded 
Shale limestone, medium dark gray shale, 

light brown-gray, crystalline limestone 

4,200-4,210 Shale and 
Limestone 

Medium dark gray shale, very light gray 
to light olive gray, granular, bedded 
limestone with black, fine grain iron 
oxide, rare moderate red-brown, silty, 
brecciated limestone 

10-4,220 Shale, Limestone Medium dark gray shale, very light gray Flathead Formation 
and Sandstone to light olive gray, granular, bedded 

limestone with black, fine grain iron 
oxide, medium dark gray, finely 
bedded, fine grain, muscovite-bearing, 
quartz sandstone 

4,220-4,230 Shale, Limestone, Medium dark gray shale, very light gray 
and Siltstone to light olive gray, granular, bedded 

limestone with black fine grain iron 
oxide, dark gray, oolitic, limonite- 
hematite cemented iron formation, 
moderate red-brown siltstone 

4,230-4,240 Limestone, shale, Light gray, granular, bedded limestone 
and Dolomite with black, fine grain iron oxide, 

medium dark gray shale, very light 
brown-gray and yellow-gray crystalline 
limestone, pale green-gray, sparsely 
pyritic dolomite, vitreous calcite 
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Depth Principal 
(Feet) Lithology 

4,240-4,250 Limestone, Shale, 
Sandstone, and 
Dolomite 

4,250-4,260 Sandstone, 
Shale, and 
Limestone 

4,260-4,270 Sandstone, 
Shale, Limestone, 
and Siltstone 

4,270-4,310 Sandstone, 
Shale, and 
Limestone 

4,310-4,320 Shale and 
Sandstone 

4,320-4,340 Shale, 
Sandstone, and 
Siltstone 

4,240-4,350 Shale, 
Sandstone, and 
Limestone 

4,350-4.380 Shale, 
Sandstone, 
Limestone, and 
Siltstone 

Description Comments 

Light olive-gray, very finely granular, 
bedded limestone with black, very fine 
grain iron oxide, medium dark gray 
shale, dark gray to light olive-gray, fine 
grain, friable, bedded, quartz 
sandstone, very light brown, crystalline 
limestone, light green-gray dolomite 

Dark gray to green-gray, fine grain, 
quartz sandstone with black, fine to 
medium grain iron oxide, medium dark 
gray shale, light brown-gray, crystalline 
limestone, dark gray, crystalline bedded 
limestone 

Dark gray to green-gray, fine grain, 
quartz sandstone with black, fine to 
medium grain iron oxide, medium dark 
gray shale, light brown-gray, crystalline 
limestone, dark gray, crystalline bedded 
limestone, brecciated white calcite with 
moderate red-brown siltstone 

Light olive-gray, friable, fine grain, 
bedded, quartz sandstone with black to 
blue-green, fine grain iron oxide, 
medium dark gray shale, medium 
brown-gray, crystalline limestone 

Medium dark gray shale, light olive- 
gray, friable, fine grain, bedded, quartz 
sandstone with black to blue-green, fine 
grain iron oxide, white to pink-gray 
quartz 

Medium dark gray shale, light olive- 
gray, friable, fine grain, bedded, quartz 
sandstone with black to blue-green, fine 
grain iron oxide, white to light red, 
recrystallized, quartz sandstone, 
partings of white gypsum, moderate 
red-brown siltstone, light green-gray, 
soft, pyritic siltstone 

Medium dark gray shale, very light 
brown, white, and pink-gray, medium 
grain, rounded, quartz sandstone, light 
olive-gray, crystalline limestone, white 
gypsum partings 

Medium dark gray shale, very light 
brown, white, and pink-gray, medium 
grain, rounded, quartz sandstone, light 
olive-gray, crystalline limestone, white 
gypsum partings, vitreous quartz, 
moderate red-brown siltstone 
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Depth Principal Description Comments 
(Feet) Lithology 

4,380-4,390 Shale, Medium dark gray shale, very light 
Sandstone, brown, white, and pink-gray, medium 
Limestone, and grain, rounded, quartz sandstone, light 
Siltstone olive-gray, crystalline limestone, white 

gypsum partings, vitreous quartz, 
moderate red-brown siltstone, white 
calcite 

4,390-4,400 Shale, Medium dark gray shale, very light 
Sandstone, brown, white, and pink-gray, medium 
Limestone, and grain, rounded, quartz sandstone, light 
Siltstone olive-gray, crystalline limestone, white 

gypsum partings, vitreous quartz, 
moderate red-brown siltstone, yellow- 
gray and moderate red-brown, 
brecciated limestone 

4,400-4,411 Shale, Medium dark gray shale, very light gray 
Sandstone, and to pink-gray and moderate red, medium 
Siltstone to very coarse grain, angular, quartz 

sandstone, moderate red-brown 
siltstone, gray-pink gypsum partings 

Total Depth of Exploration Well 4,411 Feet 

Note: For all logs, reported colors were determined using the GSA Rock Color Chart on wet samples. 
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APPENDIX E 

PENETRATION 
RATE 



LANDER EXPLORATION WELL 
BIT PENETRATION RATE 

(minuteslfoot) 

feet. 

'120 to 1.938 feet - 12 114-inch diameter drill bit 

1,938 to 2,660 feet - 8 314-inch diameter drill bit ... 
2,660 to 4,411 feet - 6 114-inch diameter drill bit 

Weston Englneerlng, Inc. Bit Penetration Rates Appendix E 



APPENDIX F 

FLOW TEST 
DATA 



LANDER EXPLORATION WELL 

Constant Rate Flow Test - Madlson Aquifer 

Date: 

Tested by: 

May 30-31, 2007 

Weston Engineering, Inc.: Laramie, Wyoming 

Supervised by: Weston Engineering, Inc.: Laramie, Wyoming 

Pumping Equipment: None 

Monitoring Equipment: Win-Situ Rugged Reader with a 300 psi Level Troll 
Pumping rates controlled by an inline gate valve, flow 
rates monitored by a 2-inch in-line flow meter 

Discharge: 

Comments: Flowing, Initial Pressure of 233.681 psi 

E la~sed Drawdown 
Date Time ~ i m e  (rnln) Ift) Comments 
5/30/2007 20:30 . 0.0000 0 Discharge 30 gpm 
5/30/2007 20:30 0.0043 0.20 

Weston Engineering, inc. 

Date 
5/30/2007 
5/30/2007 
5/30/2007 
5/30/2007 
513012007 
5/30/2007 
5/30/2007 
543012007 
5/3012007 
5/3012007 
543012007 
5/30/2007 
5/3012007 
5/30/2007 
5/30/2007 
5/30/2007 
5/30/2007 
5/30/2007 
5/30/2007 
5/30/2007 
5/30/2007 
5/3012007 
5130/2007 
5/30/2007 
5/30/2007 
5/30/2007 
5/3012007 
513012007 
5/30/2007 
513012007 
5/30/2007 
5/30/2007 
5/30/2007 
5/30/2007 
5/30/2007 
5/30/2007 
5/30/2007 
5/30/2007 
5/3012007 
5/30/2007 
5/30/2007 
5/30/2007 
5/3012007 
5/30/2007 
5/30/2007 
5/30/2007 
5/30/2007 
5/30/2007 
5/30/2007 
5130/2007 
5130/2007 
5130/2007 

Elapsed Drawdown 
Time Time fmln) (ft) Comments 
20:30 0.5310 140.79 

Madison Constant-Rate Flow Test Appendix F-I - Page 1 



LANDER EXPLORATION WELL 

Date 
5130/2007 
5/30/2007 

Time ~ i m e  (mln) 
20:30 0.5010 
20:41 11.2000 

Drawdown 
(ft) Comments 

138.13 
279.12 
280.92 
282.54 
284.28 
285.84 
287.66 
289.08 
290.76 
292.34 
294.06 
295.60 
297.32 
298.84 
300.50 
301.99 
303.70 
305.15 
306.68 
311.36 
313.35 
315.07 
316.78 
318.40 
319.94 
321.33 
322.86 
324.27 
325.62 
332.19 
340.26 
342.24 
344.19 
359.97 
364.48 
366.99 
369.16 
371.02 
401.58 
408.86 
41 1.43 
413.39 
415.39 
41 7.02 
418.05 
419.54 
420.68 
421.65 
422.97 
455.80 
457.91 
458.92 
428.76 
376.57 Turn Down to 20 gpm 
373.60 
372.02 
371.59 
371.17 
371.44 
363.37 
362.40 
362.23 
362.34 
362.80 
363.35 
363.83 
364.55 
387.13 
389.81 
391.13 
406.07 
390.55 
400.08 

Date 
5/30/2007 
5/31/2007 
5/31/2007 
5/31/2007 
5/31/2007 
513 112007 
5/31/2007 
5/31/2007 
5/31 12007 
5/31/2007 

Drawdown 
(ft) Comments 
277.52 
395.07 
395.57 
396.35 
413.03 
420.98 
422.37 
423.59 
424.40 
424.93 End Test 

Wesfon Engineering, Inc. Madison Constant-Rate Flow Test Appendix F-1- Page 2 



LANDER EXPLORATION WELL 

Constant Rate Flow Test Recovery - Madison Aquifer 

Date: 

Tested by: 

May 31 -June 1,2007 

Weston Engineering, Inc.: Laramie, Wyoming 

Supervised by: Weston Engineering, Inc.: Laramie, Wyoming 

Pumping Equipment: None 

Monitoring Equipment: Win-Situ Rugged Reader with a 300 psi Level Troll 
Pumping rates controlled by an inline gate valve, flow 
rates monitored by a 2-inch in-line flow meter 

Discharge: 

Comments: 

Elapsed Drawdown 
Date Tlme Time (mln) (ft) Comments 
5/31/2007 1559 0.0000 396.19 Start Recovery 
5/31/2007 1559 0.0042 395.48 
5/31/2007 15:59 0.0084 395.97 
5/31/2007 1559 0.0125 395.91 
5/31/2007 16:OO 0.0167 394.61 
5/31/2007 16:OO 0.0209 391.50 
5/31/2007 16:OO 0.0250 386.73 
5/31/2007 16:OO 0.0292 382.28 
5/31/2007 16:OO 0.0334 379.14 
5/31/2007 16:OO 0.0375 376.22 
5/31/2007 1.6:OO 0.0417 374.28 
5/31/2007 16:OO 0.0459 373.33 
5/31/2007 16:OO 0.0500 371.87 
5/31/2007 16:OO 0.0542 369.87 
5/31/2007 16:OO 0.0584 368.28 
5/31/2007 16:OO 0.0625 366.03 
5/31/2007 16:OO 0.0667 363.64 
5/31/2007 16:OO 0.0709 361.88 
5/31/2007 '16:OO 0.0750 360.35 
5/31/2007 16:OO 0.0792 358.55 
5/31/2007 16:OO 0.0834 357.21 
5/31/2007 16:OO 0.0875 355.93 
5/31/2007 16:OO 0.091 7 354.36 
5/31/2007 16:OO 0.0959 352.87 
5/31/2007 16:OO 0.1000 351.57 
5/31/2007 16:OO 0.1060 349.44 
5/31/2007 16:OO 0.1 120 347.52 
5/31/2007 16:OO 0.1190 345.49 
5/31/2007 16:OO 0.1260 343.51 
5/31/2007 16:OO 0.1330 341.56 
5/31/2007 16:OO 0.1410 339.44 
5/31/2007 16:OO 0.1528 336.40 
5/31/2007 16:OO 0.1584 335.02 
5/31/2007 16:OO 0.1680 332.73 
5/31/2007 16:OO 0.1780 330.49 
5/31/2007 16:OO 0.1880 328.36 
5/31/2007 16:OO 0.1990 326.15 
5/31/2007 16:OO 0.21 10 323.76 
5/31/2007 16:OO 0.2240 321.36 
5/31/2007 16:OO 0.2370 319.11 
5/31/2007 16:OO 0.2510 316.80 
5/31/2007 16:OO 0.2660 314.36 
5/31/2007 16:OO 0.2820 311.97 
5/31/2007 16:OO 0.2980 309.74 
5/31/2007 16:OO 0.3163 307.32 
5/31/2007 16:OO 0.3350 304.95 
5/31/2007 16:OO 0.3550 302.65 
5/31/2007 16:OO 0.3760 300.35 
5/31/2007 16:OO 0.3980 298.1 1 
5/31/2007 16:OO 0.4220 295.79 
5/31/2007 16:OO 0.4488 293.42 
5/31/2007 16:08 8.9100 194.07 

Elapsed Drawdown 
Date Time Time (min) (ft) Comments 
5/31/2007 16:OO 0.4/30 291.39 
5/31/2007 16:OO 0.5010 289.23 
5/31/2007 16:OO 0.5310 287.13 
5/31/2007 16:OO 0.5620 285.08 
5/31/2007 16:OO 0.5960 282.97 
5/31/2007 16:OO 0.6310 280.90 
5/31/2007 16:OO 0.6680 278.99 
5/31/2007 16:OO 0.7080 276.96 
5/31 12007 16:OO 0.7500 274.93 
5/31/2007 16:OO 0.7940 273.12 
5/31/2007 16:OO 0.8410 271.22 
5/31/2007 16:OO 0.8910 269.36 
5/31/2007 16:OO 0.9445 267.39 
5/31/2007 16:OO 1 .OOOO 265.65 
5/31/2007 16:Ol 1.0600 263.82 
5/31/2007 16:Ol 1 .I200 261.97 
5/31/2007 16:Ol 1 .I900 260.03 
5/31/2007 16:Ol 1.2600 258.32 
5/31/2007 16:Ol 1.3300 256.53 
5/31/2007 16:Ol 1.4100 254.65 
5/31/2007 16:Ol 1.5000 252.72 
5/31/2007 16:Ol 1.5800 251.06 
5/31/2007 16:Ol 1.6800 249.03 
5/31/2007 16:Ol 1.7800 247.24 
5/31 12007 16:Ol 1.8800 245.51 
5/31/2007 16:Ol 1.9900 243.64 
5/31/2007 16:02 2.1100 241.80 
5/31/2007 16:02 2.2400 234.93 
5/31/2007 16:02 2.3700 238.19 
5/31/2007 16:02 2.5100 236.29 
5/31/2007 16:02 2.6600 234.43 
5/31/2007 16:02 2.8200 232.60 
5/31/2007 16:02 2.9800 230.88 
5/31/2007 16:03 3.1600 228.94 
5/31/2007 16:03 3.3500 227.01 
5/31/2007 16:03 3.5500 225.19 
5/31/2007 16:03 3.7600 223.31 
5/31/2007 16:03 3.9800 221.46 
5/31/2007 16:04 4.2200 219.58 
5/31/2007 16:04 4.4700 217.67 
5/31/2007 16:04 4.7300 215.85 
5/31/2007 16:04 5.0100 213.90 
5/31/2007 16:05 5.3100 21 1.99 
5/31/2007 16:05 5.6200 210.06 
5/31/2007 16:05 5.9600 208.12 
5/31/2007 16:06 6.3700 206.18 
5/31/2007 16:06 6.6800 204.20 
5/31/2007 16:07 7.0800 202.23 
5/31/2007 16:07 7.5000 200.15 
5/31/2007 16:07 7.9400 198.22 
5/31/2007 16:08 8.41 00 196.14 
6/1/2007 0:20 501 .oooo 30.71 
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LANDER EXPLORATION WELL 

Date: 

Tested by: 

Constant Rate Flow Test - Lower Paleozoic Aquifers 

June 29,2007 

Weston Engineering, Inc.: Laramie, Wyoming 

Supervised by: Weston Engineering, Inc.: Lararnie, Wyoming 

Pumping Equipment: None 

Discharge: 

Comments: 

Monitoring Equipment: 500 psi pressure gauge 
Pumping rates controlled by an inline gate valve, 
flow rates monitored with 2-inch in-line flow meter 

100 gpm 

Flowing, Initial Pressure of 286 psi 

Time Elapsed Drawdown 
Date (min) Time (min) (ft) Comments 
6/29/07 1:45 0 0 100 GPM 

Weston Engineering, Inc. 

RATE INCREASED 

100 GPM 

96 GPM, RATE INCREASED 
97 GPM, RATE INCREASED 

115 GPM; RATE DECREASED 
106 GPM, RATE DECREASED 

99 GPM 

98 GPM, RATE INCREASED 

95 GPM, RATE INCREASED 
102 GPM 

100 GPM 
101 GPM 

100 GPM 
100 GPM 

100 GPM 
99 GPM 

100 GPM 

100 GPM 
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LANDER EXPLORATION WELL 

Date: 

Tested by: 

Supervised by: 

Constant Rate Flow Test Recovery - Lower Paleozoic Aquifers 

June 29,2007 

Weston Engineering, Inc.: Laramie, Wyoming 

Weston Engineering, Inc.: Laramie, Wyoming 

Pumping Equipment: None 

Monitoring Equipment: 500 psi pressure gauge 
Pumping rates controlled by an inline gate valve, 
flow rates monitored with 2-inch in-line flow meter 

Discharge: 

Comments: 

Tlme Elapsed Drawdown 
Date (min) Time (min) (ft) Comments 

6/29/2007 4:45 0 314.16 Start Recovery 
6/29/2007 4:45:30 0.5 129.36 
6/29/2007 4:46 1 106.26 
6/29/2007 4:46:30 1.5 92.4 
6/29/2007 4:47 2 83.16 
6/29/2007 4:48 3 66.99 
6/29/2007 4:49 4 55.44 
6/29/2007 4:50 5 48.51 
6/29/2007 452  7 36.96 
6/29/2007 454 9 25.41 
6/29/2007 4:56 1 I 23.1 
6/29/2007 4:58 13 18.48 
6/29/2007 5:OO 15 9.24 
6/29/2007 50.5 20 4.62 
6/29/2007 5:08 23 0 
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APPENDIX-G 

WATER QUALITY 
DATA 

WESTON 
GROUNDWATER ENGINEERING 
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ANALYTICAL SUMMARY REPORT 

June 28,2007 

Weston Engineering 

1401 Hwy 16 East 
PO Box 260 
Upton, WY 82730 

Workorder No.: C07060025 

Project Name: Not Indicated 

Energy Laboratories, Inc. received the following 1 sample from Weston Engineering on 5/31/2007 for analysis. 

Sample ID Client Sample ID Collect Date Receive Date Matrix Test 

C07060025-001 Lander Exploration Well 05130107 14:15 05/31/07 Drinking Water Metals by ICP/ICPMS, Drinking Water 
Acidity, Total as CaC03 
Alkalinity 
QA Calculations 
Chloride 
Conductivity 
Corrosivity, Calculated 
Fluoride 
Hardness 
Nitrogen, Nitrite 
Nitrogen, Nitrate + Nitrite 
Nitrogen, Nitrate 
pH 
Gross Alpha, Gross Beta 
Radium 226 + Radium 228 
Radium 226, Total 
Radium 228, Total 
Solids, Total Dissolved 
Solids, Total Suspended 
Sulfate 
Turbidity 

There were no problems with the analyses and all data for associated QC met EPA or laboratory specifications 
except where noted in the Case Narrative or Report. 

If you have any questions regarding these tests results, please call. 

Report Approved By: 
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LABORATORY ANALYTICAL REPORT 

Client: Weston Engineering 
Project: Not Indicated 

Lab ID: CO7060025-001 
Client Sample ID: Lander Exploration Well 

Report Date: 06/28/07 

Collection Date: 05/30/07 14:15 

DateReceived: 05/31 I07 
Matrix: Drinking Water 

MCU 
Analyses Result Units Qualifiers RL QCL Method Analysis Date./ By 

MAJOR IONS 
Acidity, Total as CaC03 
Alkalinity, Total as CaC03 
Carbonate as C03 
Bicarbonate as HC03 
Calcium 
Chloride 
Magnesium 
Potassium 
Sodium 
Sulfate 

PHYSICAL PROPERTIES 
Conductivity 
Corrosivity 
Hardness as CaC03 

pH 
Solids, Total Dissolved TDS @ 180 C 
Solids, Total Suspended TSS @ 105 C 
Turbidity 

METALS - TOTAL 
Aluminum 
Iron 
Manganese 
Silver 
Zinc 

RADIONUCLIDES - TOTAL 
Gross Alpha 
Gross Beta 
Radium 226 
Radium 228 
Radium 226 + Radium 228 
Uranium 
Uranium, Activity 

DATA QUALITY 
N C  Balance (* 5) 
Anions 
Cations 
Solids, Total Dissolved Calculated 
TDS Balance (0.80 - 1.20) 

404 umhos/cm 
0.19 unitless 
212 mglL 
7.65 S.U. 

216 mglL 
1.3 rng/L 

15.8 NTU 

-0.131 % 
4.42 meqlL 
4.41 meq/L 
225 mgR 

0.960 dec. % 

Report RL - Analyte reporting limit. 
Definitions: QCL.- Quality control limit. 

-The result exceeds the MCL. 

A231 0 B 05/02/07 09:45 / jaj 
A2320 B 06/01/07 13% / jaj 
A2320 B 06/01/07 1356 1 jaj 
A2320 B 06/01/07 1336 1 jaj 
E200.7 06/04/07 13:28 1 cp 
A4500-CI B 06/04/07 13:49 / jl 
E200.7 06/04/07 13:28 1 cp 
E200.7 06/04/07 13:28 1 cp 
E200.7 06/04/07 13:28 1 cp 
A4500-SO4 E 06/01/07 16:22 161 

A2510 B 06/01/07 1 1 :48 / ml 
Calculation 06/06/07 11 :14 1 bws 
A2340 B 06106107 13:05 / dab 
A4500-H B 06/01/07 11 :48 1 rnl 
A2540 C 06/01/07 14:19 1 ml 
A2540 D 06/04/07 08:08 1 ml 
A2130 B 06/01/07 12:39 1 bas 

0.1 0.2 E200.8 06/05/07 22% 1 sml 
0.03 0.3 E200.7 06/04/07 13:28 1 cp 
0.01 0.05 E200.8 06/05/07 22:34 1 sml 
0.01 0.1 E200.8 06/05/07 22:34 / sml 
0.01 5 E200.8 06/05/07 22:34 1 sml 

1.0 15 E900.0 06/15/07 23:12 1 res 
2.0 50 E900.0 0611 5/07 23:12 1 res 
1 .O E903.0 06/12/07 0857 1 trs 
1 .O RA-05 06/07/07 07:M 1 plj 
1.0 5 Calculation 06/13/07 09:50 1 sec 

0.0003 0.03 E200.8 06/05/07 22:34 1 sml 
0.2 E200.8 06/05/07 22% 1 sml 

Calculation - 06/06/07 I I :I4 / bws 
Calculation 06/06/07 11 :I4 / bws 
Calculation 06/06/07 11 :14 1 bws 
Calculation 06/06/07 I I :14 / bws 
Calculation 06/06/07 11 : I4 1 bws 

MCL - Maximum contaminant level. 
ND - Not detected at the reporting limit. 
D - RL increased due to sample matrix interference. 
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LABORATORY ANALYTICAL REPORT 

Client: Weston Engineering 
Project: Not Indicated 
Lab ID: C07060025-001 
Client Sample ID: Lander Exploration Well 

Report Date: 06/28/07 
Collection Date: 05/30/07 14:15 

DateReceived: 05/31 107 
Matrix: Drinking Water 

MCU 
Analyses Result Units Qualifiers RL QCL Method Analysis Date I By 

INORGANIC COMPOUNDS 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Copper 
Fluoride 
Lead 
Mercury 
Nickel 
Nitrogen, Nitrate+Nitrite as N 
Nitrogen, Nitrate as N 
Nitrogen, Nitrite as N 
Selenium 
Silica 
Thallium 

mgk 
mglL 
mglL 
mg/L 

mgk  
mg1L 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mg/L 

E200.8 06/05/07 22:34 1 sml 
E200.8 06/05/07 22:34 1 sml 
E200.8 06/05/07 22:34 / sml 
E200.8 06/05/07 22:34 1 sml 
E200.7 06/04/07 13:28 1 cp 
E200.8 06/05/07 22:34 1 sml 
E200.8 06/05/07 22:34 1 sml 
E200.8 06/05/07 22:34 1 sml 
A4500-F C 06/02/07 08: 1 1 / jaj 
E200.8 06/05/07 22:34 / sml 
E200.8 06/05/07 22:34 / sml 
E200.8 06/05/07 2234 / sml 
E353.2 06/04/07 10: 1 0 / jal 
E353.2 06/07/07 17:05 1 sec 
A4500-NO2 B 06/01/07 12:59 1 jal 
E200.8 06/05/07 2234 / sml 
E200.7 06/04/07 13:28 / cp 
E200.8 06/05/07 22:34 / sml 

Report RL - Analyte reporting limit. 
Definitions: QCL - Quality control limit. 

MCL - Maximum contaminant level. 
ND - Not detected at the reporting limit. 
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June I, 2007 

Please perform the 'following analyses on the water quality samples 
that were shipped to Energy Laboratories for the Lander Exploration 
Well. If you have any questions please feel free to call me. 

lnorqanic Chemicals 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Copper 
Cyanide 
Fluoride 
Lead 
Mercury 
Nickel 
Nitrate (as N) 
Nitrite (as N) 
Total NitratdNitrite 
Selenium 
Sulfate 
Thallium 

Turbidity 
Turbidity 

Radiological Contaminants 
Gross alpha 
Gross beta 
Combined Radium 226 & 228 
Natural uranium 

Secondary Standards 
Aluminum 
Bicarbonate 
Boron 
Calcium 
Carbonate 
Chloride 
Conductance 
Corrosivity 
Hardness 
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Iron 
Magnesium 
Manganese 
Ph 
Potassium 
Silica 
Silver 
Sodium 
Sulfate 
Total Acidity 
Total Alkalinity 
Total dissolved solids (hardness) 
Zinc 

Total Suspended Solids 
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Energy Laboratories, Inc. 

Client Name Weston Engineering 

Work Order Number C07060025 

Sample Receipt Checklist 

Date and Time Received: 5/31/2007 09:25:00 

Received by tlh 

Carrier name: Ground 

Login completed by: Tabitha Edwards 5/31/2007 09:25:00 Reviewed by 

Shipping container/woler in good condition? 

Custody seals intact on shipping wntainerlcooler? 

Custody seals intact on sample bottles? 

Chain of custody present? 

Chain of custody signed when relinquished and received? 

Chain of custody agrees with sample labels? 

Samples In proper wntainerlbottle? 

Sample contalners intact? 

Sufficient sample volume for indicated test? 

All samples received withln holding Ume? 

ContainerKemp Blank temperature in compliance? 

Water - VOA vials have zero headspace? 

Water - pH acceptable upon receipt? 

.Signature 

Yes 

Yes 

Yes 

Yes 

Yes @I 

Yes @I 

Yes 

Yes 'd 

Yes @I 

Yes @I 

Yes 

Date Initials 

Yes 

Yes 

Date 

No Not Present 

No Not Present 

No Not Present 

No 

No 

No 

No No VOA vials submitted kd 
No Not Applicable 

Adjusted? Checked by 

Contact and Corrective Action Comments: 

S~lit and wesewed sarnde for Nitrate analysis in the lab. 

Cancelled Cyanide analvsb as per Ben Jordan on 06/01/07. 



ENERGY LABORATOR/ES, INC. 2393 Salt Creek Higllway (82607) RO. Box 3238 . caspeh vv r orvvr 
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Date: 28-Jun-07 

CLIENT: Weston Engineering 

Project: Not Indicated 

Sample Delivery Group: C07060025 
CASE NARRATIVE 

THIS IS THE FINAL PAGE OF THE LABORATORY ANALYTICAL REPORT 

ORIGINAL SAMPLE SUBMITTAL(S) 
All original sample submittals have been returned with the data package. A copy of the submittal(s) has been included 
and tracked in the data package. 

SAMPLE TEMPERATURE COMPLIANCE: 4°C (k2"C) 
Temperature of samples received may not be considered properly presetved by accepted standards. Samples that are 
hand delivered immediately after collection shall be considered acceptable if there is evidence that the chilling process 
has begun. 

SOlUSOLlD SAMPLES 
All samples reported on an as received basis unless otherwise indicated. 

PCB ANALYSIS USING EPA 505 
Data reported by ELI using EPA method 505 reflects the results for seven individual Aroclors. When the results for all 
seven are ND (not detected), the sample meets EPA compliance criteria for PCB monitoring. 

SUBCONTRACTING ANALYSIS 
Subcontracting of sample analyses to an outside laboratory may be required. If so, ENERGY LABORATORIES will utilize 
its branch laboratories or qualified contract laboratories for this service. Any such laboratories will be indicated within the 
Laboratory Analytical Report. 

BRANCH LABORATORY LOCATIONS 
eli-b - Energy Laboratories, Inc. - Billings, MT 
eli-f - Energy Laboratories, Inc. - Idaho Falls, ID 
eli-g - Energy Laboratories, Inc. - Gillette, WY 
eli-h - Energy Laboratories, Inc. - Helena, MT 
eli-r - Energy Laboratories, Inc. - Rapid City, SD 
eli-t - Energy Laboratories, Inc. - College Station, TX 

CERTFICATIONS: 
USEPA: M00002;  FL-DOH NELAC: E87641; Arizona: AZ0699; California: 021 18CA 
Oregon: WY200001; Utah: 3072350515; Virginia: 00057; Washington: (21903 

IS0 17025 DISCLAIMER: 
The results of this Analytical Report relate only to the items submitted for analysis. 

ENERGY LABORATORIES, INC. - CASPER,WY certifies that certain method selections contained in this report meet 
requirements as set forth by the above accrediting authorities. Some result requested by the client may not be covered 
under these certifications. All analysis data to be submitted for regulatory enforcement should be certified in the sample 
state of origin. Please verify ELI'S certification coverage by visiting www.energylab.com 

ELI appreciates the opportunity to provide you with this analytical service. For additional information and services visit our 
web page www.energylab.com. 

The total number of pages of this report are indicated by the page number located in the lower right comer. 



Chain of Custody and Analytical Request Record Page of I r PLEASE PRINT, provide as much information as possible. Refer to corresponding notes on reverse side. 

Company Name: IProject Name. WVS #, Permit #, Etc.: 1 

MUST be I 
LABORATORY USE ONLY 

Signed sample Disposal: Return to client: Lab Disposal: 3 6  Sample Type: # of fractions 
# 

In certain circumstances, samples submitted to Enemy Laboratories. Inc. may bit subcontracted to other certified laboratories in order to com~lete the analysis reauested. 
-This serves as notice ;ithis possibilijr. All subcontract data will be clearly notated on your analytical report. ' 

BR- : r  -- .- --.-h nt arnrnrr an~rnlllah mm fnr additinnal infnrmatinn dnwnlnadnhk fee CC~P~IIIF? fnrms R l inks 



June I, 2007 

Please perform the following analyses on the water quality samples 
that were shipped to Energy Laboratories for the Lander Exploration 
Well. If you have any questions please feel free to call me. 

lnorqanic Chemicals 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Copper 
Cyanide 
Fluoride 
Lead 
Mercury 
Nickel 
Nitrate (as N) 
Nitrite (as N) 
Total NitrateINitrite 
Selenium 
Sulfate 
Thallium 

Turbidity 
Turbidity 

Radiological Contaminants 
Gross alpha 
Gross beta 
Combined Radium 226 & 228 
Natural uranium 

Secondary Standards 
Aluminum 
Bicarbonate 
Boron 
Calcium 
Carbonate 
Chloride 
Conductance 
Corrosivity 
Hardness 



Iron 
Magnesium 
Manganese 
Ph 
Potassium 
Silica 
Silver 
Sodium 
Sulfate 
Total Acidity 
Total Alkalinity 
Total dissolved solids (hardness) 
Zinc 

Total Suspended Solids 



ENERGY LABORATORIES, INC. 2393 Salt Creek Highway (82601 E0. BOX 3258 Casm WY 82602 7 - 7  ?//Flee 8!8,2350515 307.235 0515 Fkr 307.234, 1639 casper enetgy/ab.com menergy/ab.com - I 

ANALYTICAL SUMMARY REPORT 

June 27,2007 

Weston Engineering 

1050 N 3rd St Ste E 
Laramie, WY 82072 

Workorder No.: C07060848 

Project Name: Not Indicated 

Energy Laboratories, Inc. received the following 1 sample from Weston Engineering on 6/15/2007 for analysis. 

Sample ID Client Sample ID Collect Date Receive Date Matrix Test 

C07060848-001 Lander Exploration Well 06/14/07 16:30 06/15/07 Drinking Water Metals by ICPIICPMS, Total 
3560' Alkalinity 

QA Calculations 
Conductivity 
Hardness 
Nitrogen, Nitrate + Nitrite 
pH 
Gross Alpha, Gross Beta 
Radium 228, Total 
Solids, Total Dissolved 

There were no problems with the analyses and all data for associated QC met EPA or laboratory specifications 
except where noted in the Case Narrative or Report. 

If you have any questions regarding these tests results, please call. 

Report Approved By: 
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LABORATORY ANALYTICAL REPORT 

Client: Weston Engineering 
Project: Not Indicated 
Lab ID: C07060848-001 
Client Sample ID: Lander Exploration Well 3560' 

Report Date: 06/27/07 
Collection Date: 06/14/07 16:30 

DateReceived: 0611 5/07 
Matrix: Drinking Water 

Analyses 
MCU 

Result Units Qualifiers RL QCL Method Analysis Date I By 

MAJOR IONS 
Alkalinity, Total as CaC03 
Calcium 
Chloride 
Magnesium 
Nitrogen. Nitrate+Nitrite as N 
Potassium 
Sodium 
Sulfate 

PHYSICAL PROPERTIES 
Conductivity 
Hardness as CaC03 

PH 
Solids, Total Dissolved TDS @L 180 C 

METALS - TOTAL 
Iron 

RADIONUCLIDES - TOTAL 
Gross Alpha 
Gross Alpha precision (k) 

Radium 228 
Radium 228 precision (5) 

190 mgL 
410 mgL  

1 mg/L 
33.9 mglL 
0.2 mglL 
3.8 mglL 
3.5 mglL 
27 mglL 

397 umhos/cm 
1160 mgL 
8.15 S.U. 

186 mglL 

DATA QUALITY 
A/C Balance (* 5) 68.5 % 
Anions 4.41 meq/L 
Cations 23.6 meq/L 
Solids, Total Dissolved Calculated 608 mgf l  
TDS Balance (0.80 - 1.20) 0.310 dec. % 

-The ion balance was affected by the presence of solids in an acid prese~ed sample. 

06/21/07 14:46 1 Ijl 
06/19/07 15:Ol 1 cp 
06/19/07 15:Ol 1 cp 
0611 9107 15:Ol 1 cp 
06120107 15: 15 1 jal 
06/19/07 15:Ol I cp 
06/19/07 15:Ol 1 cp 
06/19/07 15:Ol 1 cp 

A2510 B 0611 8107 1 1 :41 1 bas 
A2340 B 06/20/07 20:35 1 sec 
A4500-H B 0611 8/07 1 1 :41 1 bas 
A2540 C 06/18/07 15:14 I bas 

06/26/07 04:53 1 res 
06/26/07 0453 1 res 
06/22/07 1306 1 trs 
06/22/07 15:06 1 trs 

Calculation 06127107 12:21 1 bws 
Calculation 06/27/07 12:21 1 bws 
Calculation 06/27/07 12:21 1 bws 
Calculation 06127107 12:21 1 bws 
Calculation 06/27/07 12:21 1 bws 

Report RL - Analyte reporting limit. 
Definitions: QCL - Quality control limit. 

MCL - Maximum contaminant level. 

ND - Not detected at the reporting limit. , 
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ENERGY LABORATORIES, INC. 2393 Salt Creek Hghway (82601 RO. BOX 3258 CS/W WY 826'02 '-7 @I/ Fee 8~8235.0515 3OZ235.0515 Fax 30Z234.1639 casper I erwgylab.m ~ e n e g r g y l  corn 

Energy Laboratories, Inc. 

Sample Receipt Checklist 

Client Name Weston Engineering 

Work Order Number C07060848 

Date and Time Received: 6/15/2007 09:30:00 

Received by ae 

Carrier name Next Dav Air 

Login completed by: Kimberly Humiston 6/15/2007 09:30:00 Reviewed by 

Not Present 

Not Present 

Not Present 

Shipping containerlcooler in good condition? 

Date Signature 

Yes El 

Date InRials 

Custody seals intact on shipping containerlcooler? 

Custody seals intact on sample bottles? 

Chain of custody present? 

Yes 

Yes 

Yes El 
Yes Chain of custody signed when relinquished and received? 

Chain of custody agrees with sample labels? 

Samples in proper containerlbottle? 

Yes El 

Yes 

Sample containers intact? Yes 

Sufficient sample volume for indicated test? Yes LZl 

Yes El All samples received within holding time? 

Yes El Containerrremp Blank temperature in compliance? N ~ O  8.O0C Onlce 

Yes Water - VOA vials have zero headspace? No No VOA vials submitted 

Water - pH acceptable upon receipt? Yes El Not Applicable 

~djusted? Checked by 

Contact and Corrective Action Comments: 

None - 



ENERGY LABORATORIES, INC. 2393 Salt Creek Higllway (82601) R0. Box3258 Laspec vvr orour 1-a Ipll Free 8@2350575 307135.0575 Fax 30Z.234,1670 . casper@eneigyib.mm wwenetgy1ab.com 

Date: 27Jun-07 
- 

CLIENT: Weston Engineering 

Project: Not Indicated 

Sample Delivery Group: C07060848 
CASE NARRATIVE 

THIS IS THE FINAL PAGE OF THE LABORATORY ANALYTICAL REPORT 

ORIGINAL SAMPLE SUBMITTAL(S) 
All original sample submittals have been returned with the data package. A copy of the submittal(s) has been included 
and tracked in the data package. 

SAMPLE TEMPERATURE COMPLIANCE: 4°C (k2"C) 
Temperature of samples received may not be considered properly preserved by accepted standards. Samples that are 
hand delivered immediately after collection shall be considered acceptable if there is evidence that the chilling process 
has begun. 

SOlUSOLlD SAMPLES 
All samples reported on an as received basis unless otherwise indicated. 

PCB ANALYSIS USING EPA 505 
Data reported by ELI using EPA method 505 reflects the results for seven individual Aroclors. When the results for all 
seven are ND (not detected), the sample meets EPA compliance criteria for PCB monitoring. 

SUBCONTRACTING ANALYSIS 
Subcontracting of sample analyses to an outside laboratory may be required. If so, ENERGY LABORATORIES will utilize 
its branch labo~atories or qualified contract laboratories for this service. Any such laboratories will be indicated within the 
Laboratory Analytical Report. 

BRANCH LABORATORY LOCATIONS 
eli-b - Energy Laboratories, Inc. - Billings, MT 
eli-f - Energy Laboratories, Inc. - Idaho Falls, ID 
eli-g - Energy Laboratories, Inc. - Gillette, WY 
eli-h - Energy Laboratories, Inc. - Helena, MT 
eli-r - Energy Laboratories, Inc. - Rapid City, SD 
eli-t - Energy Laboratories, Inc. - College Station, TX 

CERTFICATIONS: 
USEPA: WY00002; FL-DOH NELAC: E87641; Arizona: AZ0699; California: 021 18CA 
Oregon: WY200001; Utah: 3072350515; Virginia: 00057; Washington: C1903 

IS0 17025 DISCLAIMER: 
The results of this Analytical Report relate only to the items submitted for analysis. 

ENERGY LABORATORIES, INC. - CASPER,WY certifies that certain method selections contained in this report meet 
requirements as set forth by the above accrediting authorities. Some result requested by the client may not be covered 
under these certifications. All analysis data to be submitted for regulatory enforcement should be certified in the sample 
state of origin. Please verify ELI'S certification coverage by visiting www.energylab.com 

ELI appreciates the opportunity to provide you with this analytical service. For additional information and services visit our 
web page www.energylab.com. 

The total number of pages of this report are indicated by the page number located in the lower right corner. 



Chain of Custody and Analytical Request Recora 
PLEASE PRINT, provide as much information as possible. Refer to corresponding notes on reverse side. 

Page of 

Special Report Formats - ELI must be notified prior to 
sample submittal for the following: 

A ~ L A  0 Level IV 0 

In certain sircumstances, samples submitted to Energy Laboratories, Inc. may be subcontracted to other certified laboratories in order to complete the analysis requested. 
This serves as notice of this possibility. All sub-contract data will be clearly notated on your analytical report. 

\fieif nl ~r wah site at www.eneravlab.com for additional information, downloadable fee schedule, forms, & links. 



ENERGY LABORA TORIES, INC. 2393 Salt Creek HQhway (82601 EO. Box 3258 Caspec WY 82602 
Dl1 Free 888235.0515 302235 0515 Fax 30Z234.1639 casper d energyhb.com menergylab,com 

ANALYTICAL SUMMARY REPORT 

July 23, 2007 

Weston Engineering 

1050 N 3rd St Ste E 
Laramie, WY 82072 

Workorder No.: C07061413 

Project Name: Lander Exploraton Well 

Energy Laboratories, Inc. received the following 1 sample from Weston Engineering on 6/27/2007 for analysis. 

Sample ID Client Sample ID Collect Date Receive Date Matrix Test 

C07061413-001 Lander Top Of Flathead 06/26/07 15:OO 06/27/07 Aqueous Metals by ICPIICPMS, Total 
Alkalinity 
QA Calculations 
Conductivity 
Hardness 
Nitrogen, Nitrate + Nitrite 
pH 
Gross Alpha, Gross Beta 
Radium 228, Total 
Services Provided by Lab 
Solids, Total Dissolved 

There were no problems with the analyses and all data for associated QC met EPA or laboratory specifications 
except where noted in the Case Narrative or Report. 

If you have any questions regarding these tests results, please call. 

Report Approved By: 



ENERGY LABORATORIES, INC. 2393 Salt Creek Higllway (82607 EU, DOX J Z ~  basper, vv r o m  d f Tol/ Fro0 888.235.0575 307:2350515 F a  302234.1639 casper energyIab,rom w energy1ab.com 

LABORATORY ANALYTICAL REPORT 

Client: Weston Engineering 

Project: Lander Exploraton Well 

Lab ID: CO7061413-001 
Client Sample ID: Lander Top Of Flathead 

Report Date: 07123107 
Collection Date: 06/26/07 1500 

DateReceived: 06/27/07 
Matrix: Aqueous 

Analyses 
MCU 

Result Units Qualifiers RL QCL Method Analysis Date I By 

MAJOR IONS 
Alkalinity. Total as CaC03 
Calcium 
Chloride 
Magnesium 
Nitrogen, Nitrate+Nitrite as N 
Potassium 
Sodium 
Sulfate 

PHYSICAL PROPERTIES 
Conductivity 
Hardness as CaC03 

pH 
Solids, Total Dissolved TDS @ 180 C 

METALS - TOTAL 
Iron 
Uranium 

RADIONUCLIDES - TOTAL 
Gross Alpha 
Gross Alpha precision ( i )  
Radium 228 

DATA QUALITY 
A/C Balance ( i  5) 50.9 % 
Anions 4.77 meq/L 
Cations 14.6 meq/L 
Solids, Total Dissolved Calculated 408 mg/L 
TDS Balance (0.80 - 1.20) 0.600 dec. % 

-The ion balance was affected by the presence of solids in an acid presewed sample. 

07/05/07 09:38 1 bas 
07/03/07 1528 1 cp 
07/03/07 1528 1 cp 
07/03/07 1528 1 cp 
06/29/07 11:42 1 jal 
07/03/07 1328 1 cp 
07/03/07 1328 1 cp 
07/03/07 1528 1 cp 

A2510 B 06/28/07 0850 1 bas 
A2340 B 07/05/07 0952 1 ddh 
A4500-H B 06/28/07 0850 1 bas 
A2540 C 06/28/07 10:38 1 bas 

07/03/07 1328 1 cp 
07/03/07 00:03 1 bws 

07/07/07 04:OO / res 
07/07/07 04:OO 1 res 
07/09/07 1356 1 plj 

Calculation 07/09/07 15:44 1 bws 
Calculation 07/09/07 15:44 1 bws 
Calculation 07/09/07 15:44 1 bws 
Calculation 07/09/07 15:44 1 bws 
Calculation 07/09/07 1544 1 bws 

Report RL - Analyte reporting limit. 
Definitions: QCL - Quality control limit. 

MCL - Maximum contaminant level. 

ND - Not detected at the reporting limit. 



. . .  .. . 

ly notated on your analytical report. 

Visit our web site at www.eneravlab.com for additional information dnwnlnadahln fan c-hn~ll-  
O "-I-- 



P ENERGY LABORATORIES, INC. 2393 Saff Creek Hlghway (82601 E 0. Box 3258 Laspec w Y C/26'UY 
Tol/ Free 888.235 0515 302235 0515 Fav 30Z234. f639 casper d enegy/ab.com M enegy/abbmm 

Energy Laboratories, Inc. 

Sample Receipt Checklist 

Client Name Weston Engineering 

Work Order Number C07061413 

Date and Time Received: 6/27/2007 10:00:00 

Received by ae 

Carrier name: Next Day Air 

Login completed by: Edith McPike 6/27/2007 10:00:00 Reviewed by 

Shipping containerlcooler in good condition? 

Custody seals intact on shipping containerlcooler? 

Custody seals intact on sample bottles? 

Chain of custody present? 

Chain of custody signed when relinquished and received? 

Chain of custody agrees with sample labels? 

Samples in proper containerlbottle? 

Sample containers intact? 

Sufficient sample volume for indicated test? 

All samples received w,ithin holding time? 

Containerremp Blank temperature in compliance? 

Water - VOA vials have zero headspace? 

Water - pH accgptable upon receipt? 

Signature 

Yes @I 

Yes 

Yes 

Yes Id 

Yes 

Yes 

Yes &I 

Yes 

Yes 

Yes 

Yes 

Date InRials 

Yes 

Yes 

Date 

Not Present 

Not Present 

Not Present rn 

No No VOA vials submitted kd 

No [3 Not Applicable 

Adjusted? Checked by 

Contact and Corrective Action Comments: 

None - 
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Date: 23Jul-07 

CLIENT: Weston Engineering 

Project: Lander Exploraton Well 

Sample Delivery Group: C07061413 
CASE NARRATIVE 

DOMESTIC WATER ANALYSIS EXPLANATIONS 
Alkalinity- is a measure of the water's capacity to neutralize acid. Water with a high alkalinity (above 300 mg/L), when 
boiled for an extended period of time, may form a deposit or develop an unpleasant taste. Water with a very low alkalinity 
(below 30 mg1L) corrodes pipes and plumbing. 

Bicarbonate- is a buffer ion in water, derived from carbonate rocks and atmospheric C02. Water with pH 7.8 will be 60- 
90% buffered by bicarbonate. If water is heated, bicarbonate can combine with calcium or magnesium to form scale, 
which can clog pipes and precipitate in sinks and laundry. 

Calcium- is an essential human nutrient for bones and teeth. Excessive calcium with magnesium produces hard water, 
which causes taste problems, scale in pipes, tubs, and sinks and excessive soap consumption. Water softeners remove 
calcium but replace it with sodium, which may be harmful to people on low sodium diets. 

Carbonate- along with bicarbonate, this ion accounts for the buffering capacity of waters with a pH greater than 9. It is 
most often present as salts (CaC03, MgC03) which precipitate at a high pH. 

Chloride- less than 250 mg1L is recommended to prevent unpleasant taste. The normal range for drinking water is 5-20 
mglL. High values may be an early indicator of contamination. Chloride also makes water more corrosive towards the 
distribution system. 

Conductivity (Specific Conductance)- a measure of the water's ability to conduct an electrical current, it increases as the 
amount of dissolved minerals increase. Conductivity is used as a check on the total dissolved solids in the water. 

Hardness- caused mainly by calcium and magnesium, it produces incrustation on pipes, kitchen utensils, and tubs as well 
as excessive soap consumption. Upon heating, hard water may form scale deposits, alternately, soft water may result in 
a corrosion of water pipes, In general, 80-100 mglL is considered acceptable, 200-500 mg/L is considered tolerable, and 
greater than 500 mglL is considered unacceptable. 

Iron- the level of 0.3 mglL is a general guideline based on aesthetics and taste. It is an essential human nutrient; 
however, at levels greater than 0.3 mglL, it stains laundry and plumbing fixtures, and causes undesirable taste in 
beverages. When exposed to air, iron precipitates causing a reddish-brown color. 

Magnesium- is an essential human nutrient for the heart and nervous system. Greater than 50 mg1L may have a laxative 
effect on first time users. Guidelines are often based on aesthetics (taste). Along with calcium, magnesium contributes to 
water hardness. 

Nitrate + nitrite as N- 10 mglL maximum contaminant level. Acutely toxic in infants under 6 months of age, nitrate 
produces a blood disorder called methemoglobinemia (blue baby syndrome), which limits the amount of oxygen the 
bloodstream can carry. 

pH- is an aesthetic parameter. Low pH may cause corrosion of water pipes-while high pH may cause incrustation of pipes. 

Potassium- is an essential human nutrient. It is necessary for nerve impulses. Moderate concentrations are acceptable, 
but greater than 2000 mglL may be harmful to nervous and digestive systems. 

Sodium- is an essential human nutrient necessary for nerve impulses. If a water softener is used to remove hardness, 
calcium is replaced by sodium. People on low sodium diets using water softeners should have the sodium level of their 
water checked and consult a physician. Less than 20 mgk is ideal. 

Sulfate- is recommended to be below 500 mglL for health and aesthetic reasons. The major physiological effects when 
exceeded are catharsis (laxative effect) and gastrointestinal irritation. Sulfate may produce noticeable taste. 

Total dissolved solids- represents the dissolved minerals in water. High values-above 1500 mgll - may cause taste, 
corrosion, scaling and a laxative effect. 



P -  ENERGY LABORATORIES, INC. 2393 Salt Creek HCqhway (82601 RO. Box 3258 c'asper; W Y tli/@UY L-q 7M Free 888.235 0575 30Z235 0575 f.w 30Z234.1639 casper energylb,com www energy/ab.mm 
L 

d 

CLIENT: Weston Engineering 

Project: Lander Exploraton Well 

sample Delivery Group: C07061413 
CASE NARRATIVE 

THIS IS THE FINAL PAGE OF THE LABORATORY ANALYTICAL REPORT 

ORIGINAL SAMPLE SUBMITTAL(S) 
All original sample submittals have been returned with the data package. A copy of the submittal(s) has been included 
and tracked in the data package. 

SAMPLE TEMPERATURE COMPLIANCE: 4°C (k2"C) 
Temperature of samples received may not be considered properly presenred by accepted standards. Samples that are 
hand delivered immediately after collection shall be considered acceptable if there is evidence that the chilling process 
has begun. 

SOlUSOLlD SAMPLES 
a 

All samples reported on an as received basis unless otherwise indicated. 

PCB ANALYSIS USING EPA 505 
Data reported by ELI using EPA method 505 reflects the results for seven individual Aroclors. When the results for all 
seven are ND (not detected), the sample meets EPA compliance criteria for PCB monitoring. 

SUBCONTRACTING ANALYSIS 
Subcontracting of sample analyses to an outside laboratory may be required. If so, ENERGY LABORATORIES will utilize 
its branch laboratories or qualified contract laboratories for this service. Any such laboratories will be indicated within the 
Laboratory Analytical Report. 

BRANCH LABORATORY LOCATIONS 
eli-b - Energy Laboratories, Inc. - Billings, MT 
eli-f - Energy Laboratories, Inc. - Idaho Falls, ID 
eli-g - Energy Laboratories, Inc. - Gillette, WY 
eli-h - Energy Laboratories, Inc. - Helena, MT 
eli-r - Energy Laboratories, Inc. - Rapid City, SD 
eli-t - Energy Laboratories, Inc. - College Station, TX 

CERTFICATIONS: 
USEPA: WY00002; FL-DOH NELAC: E87641; Arizona: AZ0699; California: 021 18CA 
Oregon: WY200001; Utah: 307235051 5; Virginia: 00057; Washington: C1903 

IS0 17025 DISCLAIMER: 
The results of this Analytical Report relate only to the items submitted for analysis. 

ENERGY LABORATORIES, INC. - CASPER,WY certifies that certain method selections contained in this report meet 
requirements as set forth by the above accrediting authorities. Some result requested by the client may not be covered 
under these certifications. All analysis data to be submitted for regulatory enforcement should be certified in the sample 
state of origin. Please verify ELI'S certification coverage by visiting www.energylab.com 

ELI appreciates the opportunity to provide you with this analytical service. For additional information and services visit our 
web page www.energylab.com. 

The total number of pages of this report are indicated by the page number located in the lower right comer. 
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ANALYTICAL SUMMARY REPORT 

July 19, 2007 

Weston Engineering 

1050 N 3rd St Ste E 
Laramie, WY 82072 

Workorder No.: C07061555 

Project Name: Lander Exploration Well 

Energy Laboratories, Inc. received the following 1 sample from Weston Engineering on 6/29/2007 for analysis. 

Sample ID Client Sample ID Collect Date Receive Date Matrix Test 

C07061555-001 Lander Flathead Base 06/28/07 14:OO 06/29/07 Drinking Water Metals by ICPIICPMS, Total 
Alkalinity 
QA Calculations 
Conductivity 
Hardness 
Total Uranium 
Nitrogen, Nitrate + Nitrite 
pH 
Gross Alpha, Gross Beta 
Radium 226 + Radium 228 
Radium 226, Total 
Radium 228, Total 
Solids, Total Dissolved 

There were no problems with the analyses and all data for associated.QC met EPA or laboratory specifications 
except where noted in the Case Narrative or Report. 

If you have any questions regarding these tests results, please call. 

Report Approved By: 
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LABORATORY ANALYTICAL REPORT ' 

Client: Weston Engineering 
Project: Lander Exploration Well 
Lab ID: C07061555-001 
Client Sample ID: Lander Flathead Base 

Report Date: 0711 9/07 
Collection Date: 06/28/07 14:OO 

DateReceived: 06/29/07 
Matrix: Drinking Water 

MCU 
Analyses Result Units Qualifiers RL QCL Method Analysis Date I By 

MAJOR IONS 
Alkalinity, Total as CaC03 
Calcium 
Chloride 
Magnesium 
Nitrogen, Nlrate+Nitriie as N 
Potassium 
Sodium 
Sulfate 

PHYSICAL PROPERTIES 
Conductivity 
Hardness as CaC03 

pH 
Solids, Total Dissolved TDS @ 180 C 

METALS - TOTAL 
Iron 
Uranium 

RADIONUCLIDES - TOTAL 
Gross Alpha 
Gross Alpha precision (*) 
Gross Beta 
Gross Beta precision (*) 
Radium 226 
Radium 226 precision (*) 
Radium 228 
Radium 226 + Radium 228 
Radium 226 + Radium 228 precision (*) 

mglL 

mgn- 
mglL 

mglL 
mg/L 
mglL 
mglL 
mglL 

463 umhos/cm 
542 mglL 
8.08 S.U. 

300 mglL 

DATA QUALITY 
AIC Balance (* 5) 46.4 % 
Anions 4.42 meq1L 
Cations 12.1 meqlL 
Solids, Total Dissolved Calculated 367 mglL 
TDS Balance (0.80 - 1.20) 0.820 dec. % 

-The Ion balance was affected by the presence of solids in an acld preserved sample. 

07/05/07 1354 1 bas 
07/02/07 16:OO 1 cp 
07/02/07 16:OO 1 cp 
07/02/07 16: 00 1 cp 
07/05/07 12:23 1 jal 
07/02/07 16:OO 1 cp 
07/02/07 16:OO 1 cp 
07/02/07 16:OO 1 cp 

A2510 B 06/29/07 19: 15 1 bas 
A2340 B 07/03/07 10:05 1 sec 
A4500-H B 06/29/07 19:15 1 bas 
A2540 C 06129107 22:04 1 bas 

E900.0 
E900.0 
E900.0 
E900.0 
E903.0 
E903.0 
RA-05 
Calculation 
Calculation 

07/02/07 16:OO 1 cp 
07102107 1509 1 bws 

0711 3/07 1250 1 res 
0711 3107 1250 1 res 
0711 3/07 12:50 1 res 
0711 3/07 1250 1 res 
07/16/07 16:48 1 t n  
07/16/07 16:48 1 trs 
0711 1/07 08:13 I plj 
0711 8/07 10:07 1 jas 
0711 8/07 10:07 1 jas 

Calculation 07/09/07 1343 1 bws 
Calculation 07/09/07 15:43 1 bws 
Calculation 07/09/07 1543 1 bws 
Calculation 07/09/07 IS43  1 bws 
Calculation 07/09/07 15/43 1 bws 

Report RL - Analyte reporting limit. 
Definitions: QCL - Quality control limit. 

MCL - Maximum contaminant level. 
ND - Not detected at the reporting limit. 
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BOTTLE ORDER 18728 

SHIPPED TO: Weston Engineering 
- - - ---- 

Contact: Ben Jordan 
Address: 240 Lincoln 

Lander, WY 82520 
Phone: (307) 745-6 1 18 

Order Created bv: Steve Dobos 

Ship Date: 611 112007 
VIA: Ground 

- 

Bottle Type Required TEST(s) Per Sample QTY 

1 Liter Plastic, Non-filtered, Unprese~ed Solids, Total  iss solved 1 3 
Alkalinity 
Conductivity 

PH 
Sulfate 
Chloride 

2 Liter Plastic, Non-filtered, HN03 to pH c2 Gross Alpha, Gross Beta 1 3 
Metals by ICPIICPMS, Total 
Radium 226, Total 
Radium 228, Total 

500 mL Plastic, Non-filtered, H2S04 to pH <2 Nitrogen, Nitrate + Nitrite 1 3 
- -- 

Cooler ID Description 
. -- - - .- - . - 

Comments: Ship one DWA and one DW RAD set in three separate coolers. 

The following is a list of preservatives. The color-coded vial caps correspond to the color-coded sample container or label. 
Nitric (HN03) Acid = Red-capped Vial Sulfuric (H2S04) Acid = Yellow-capped Vial 
Phosphoric (H3P04) Acid = White-capped Vial Zinc Acetate (ZnOAc) = Purple-capped Vial 
Sodium Hydroxide (NaOH) =Green-capped Vial Hydrochloric (HCI) Acid = Blue-capped Vial 
Fill 40 rnl VOA vials completely full with no headspace. 

Corrosive Chemicals: Nitric, Sulfuric, Phosphoric, Hydrochloric Acids and Sodium Hydroxide. Zinc Acetate i s  a skin irritant. 

Subcontracting of sample analyses to an outside laboratory may be required. If so, Energy Laboratories will utilize its branch laboratories or qualified contract 
laboratories for this service. Any such laboratories will be indicated within the Laboratory Analytical Report. 

I o f l  
-4- . 

TRACK#C07061555 



Energy Laboratories Inc 
Workorder Receipt Checklist 

Weston Engineering 
Login completed by: Amber Entrekin 

Reviewed by: 

Reviewed Date: 

Shipping containerlcooler in good condition? 

Custody seals intact on shipping containerlcooler? 

Custody seals intact on sample bottles? 

Chain of custody present? 

Chain of custody signed when relinquished and received? 

Chain of custody agrees with sample labels? 

Samples in proper containerlbottle? 

Sample containers intact? 

Sufficient sample volume for indicated test? 

All samples received within holding time? 

Containerrremp Blank temperature in compliance? 

Water - VOA vials have zero headspace? 

Water - pH acceptable upon receipt? 

Yes 

Yes a 
Yes 

Yes 

Yes a 
Yes 

Yes a 
Yes a 
Yes 

Yes 5 
Yes a 
Yes 

Yes 5 

Date and Time Received: 612912007 9130 AM 

Received by: It 

Carrier name: Next Day Air 

Not Present 

Not Present 

Not Present a 

No CI 

No 

No 

No 

No 

No 

No 

No 

No CI 

No 

No CI 1 2 . 2 0 ~  On ice 

No • No VOA vials submitted 5 
No • Not Applicable 

................................................................................................................................. 
Contact and Corrective Action Comments: 

None 
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Date: 19Jul-07 

CLIENT: Weston Engineering 

Project: Lander Exploration Well 

Sample Delivery Group: C07061555 
CASE NARRATIVE 

DOMESTIC WATER ANALYSIS EXPLANATIONS 
Alkalinity- is a measure of the water's capacity to neutralize acid. Water with a high alkalinity (above 300 mglL), when 
boiled for an extended period of time, may form a deposit or develop an unpleasant taste. Water with a very low alkalinity 
(below 30 mglL) corrodes pipes and plumbing. 

Bicarbonate- is a buffer ion in water, derived from carbonate rocks and atmospheric C02. Water with pH 7.8 will be 60- 
90% buffered by bicarbonate. If water is heated, bicarbonate can combine with calcium or magnesium to form scale, 
which can clog pipes and precipitate in sinks and laundry. 

Calcium- is an essential human nutrient for bones and teeth. Excessive calcium with magnesium produces hard water, 
which causes taste problems, scale in pipes, tubs, and sinks and excessive soap consumption. Water softeners remove 
calcium but replace it with sodium, which may be harmful to people on low sodium diets. 

Carbonate- along with bicarbonate, this ion accounts for the buffering capacity of waters with a pH greater than 9. It is 
most often present as salts (CaC03, MgCO3) which precipitate at a high pH. 

Chloride- less than 250 mglL is recommended to prevent unpleasant taste. The normal range for drinking water is 5-20 
mgL. High values may be an early indicator of contamination. Chloride also makes water more corrosive towards the 
distribution system. 

Conductivity (Specific Conductance)- a measure of the water's ability to conduct an electrical current, it increases as the 
amount of dissolved minerals increase. Conductivity is used as a check on the total dissolved solids in the water. 

Hardness- caused mainly by calcium and magnesium, it produces incrustation on pipes, kitchen utensils, and tubs as well 
as excessive soap consumption. Upon heating, hard water may form scale deposits, alternately, soft water may result in 
a corrosion of water pipes. In general, 80-100 mglL is considered acceptable, 200-500 mglL is considered tolerable, and 
greater than 500 mg1L is considered unacceptable. 

Iron- the level of 0.3 mglL is a general guideline based on aesthetics and taste. It is an essential human nutrient; 
however, at levels greater than 0.3 mglL, it stains laundry and plumbing fixtures, and causes undesirable taste in 
beverages. When exposed to air, iron precipitates causing a reddish-brown color. 

Magnesium- is an essential human nutrient for the heart and nervous system. Greater than 50 mg1L may have a laxative 
effect on first time users. Guidelines are often based on aesthetics (taste). Along with calcium, magnesium contributes to 
water hardness. 

Nitrate + nitrite as N-10 mglL maximum contaminant level. Acutely toxic in infants under 6 months of age, nitrate 
produces a blood disorder called methemoglobinemia (blue baby syndrome), which limits the amount of oxygen the 
bloodstream can carry. 

pH- is an aesthetic parameter. Low pH may cause corrosion of water pipes-while high pH may cause incrustation of pipes. 

Potassium- is an essential human nutrient. It is necessary for nerve impulses. Moderate concentrations are acceptable, 
but greater than 2000 mgR may be harmful to nervous and digestive systems. 

Sodium- is an essential human nutrient necessary for nerve impulses. If a water softener is used to remove hardness, 
calcium is replaced by sodium. People on low sodium diets using water softeners should have the sodium level of their 
water checked and consult a physician. Less than 20 mglL is ideal. 

Sulfate- is recommended to be below 500 mglL for health and aesthetic reasons. The major physiological effects when 
exceeded are catharsis (laxative effect) and gastrointestinal irritation. Sulfate may produce noticeable taste. 

Total dissolved solids- represents the dissolved minerals in water. High values-above 1500 mgll - may cause taste, 
corrosion, scaling and a laxative effect. 
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CLIENT: Weston Engineering 

Project: Lander Exploration Well 

Sample Delivery Group: C07061555 
CASE NARRATIVE 

THIS IS THE FINAL PAGE OF THE LABORATORY ANALYTICAL REPORT 

ORIGINAL SAMPLE SUBMITTAL(S) 
All original sample submittals have been returned with the data package. A copy of the submittal(s) has been included 
and tracked in the data package. 

SAMPLE TEMPERATURE COMPLIANCE: 4°C (f2"C) 
Temperature of samples received may not be considered properly preserved by accepted standards. Samples that are 
hand delivered immediately after collection shall be considered acceptable if there is evidence that the chilling process 
has begun. 

SOlUSOLlD SAMPLES 
All samples reported on an as received basis unless otherwise indicated. 

PCB ANALYSIS USING EPA 505 
Data reported by ELI using EPA method 505 reflects the results for seven individual Aroclors. When the results for all 
seven are ND (not detected), the sample meets EPA compliance criteria for PCB monitoring. 

SUBCONTRACTING ANALYSIS 
Subcontracting of sample analyses to an outside laboratory may be required. If so, ENERGY LABORATORIES will utilize 
its branch laboratories or qualified contract laboratories for this service. Any such laboratories will be indicated within the 
Laboratory Analytical Report. 

BRANCH LABORATORY LOCATIONS 
eli-b - Energy Laboratories, Inc. - Billings, MT 
eli-f - Energy Laboratories, Inc. - Idaho Falls, ID 
eli-g - Energy Laboratories, Inc. - Gillette, WY 
eli-h - Energy Laboratories, Inc. - Helena, MT 
eli-r - Energy Laboratories, Inc. - Rapid City, SD 
eli-t - Energy Laboratories, Inc. - College Station, TX 

CERTFICATIONS: 
USEPA: WY00002; FL-DOH NELAC: E87641; Arizona: AZ0699; California: 021 18CA 
Oregon: WY200001; Utah: 3072350515; Virginia: 00057; Washington: C1903 

IS0 17025 DISCLAIMER: 
The results of this Analytical Report relate only to the items submitted for analysis. 

ENERGY LABORATORIES, INC. - CASPER,WY certifies that certain method selections contained in this report meet 
requirements as set forth by the above accrediting authorities. Some result requested by the client may not be covered 
under these certifications. All analysis data to be submitted for regulatory enforcement should be certified in the sample 
state of origin. Please verify ELI'S certification coverage by visiting www.energylab.com 

ELI appreciates the opportunity to provide you with this analytical service. For additional information and services visit our 
web page www.energylab.com. 

The total number of pages of this report are indicated by the page number located in the lower right comer. 





brlarrl o r  busruuy arlu nrlalyrlcal Kequesr Kecora Page _L of I 
PLEASE PRINT, provide as much information as possible. Refer to corresponding notes on reverse side. 

Com~anv Name: IProlect Name, PWS #, Perm~t #, Etc.: I . . 

~ c 3 ~ ~ 7 - d  W G .  C I W ~ M .  c @€u 
Report Mail Address: Contact Name, Phone, Fax, E-mail: Sampler Name if other than Contact: 

I 

invoice Address: Invoice Contact & Phone #: Purchase Order #: ELI Quote #: 

; Special Report Formats - ELI must be notified prior to 
I sample submittal for the following: 

NELAC o AZLAO ~ e v e l  IV Cl 

In certain circumstances, samples submitted to Energy Laboratories, Inc. may be subcontracted to other certified laboratories in order to complete the analysis requested. 
This serves as notice of this possibility. All subcontract data will be clearly notated on your analytical report. 

Visit our web site at www.energylab.com for additional information, downloadable fee schedule,  forms, & links. 


