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1 Introduction

This quarterly report presents the fourth quarter, October 1 through December 31, 2008,
operational and environmental monitoring results for Noble Energy Inc. (Noble), EnCana Oil &
Gas (USA) Inc. (EnCana), and Williams Production RMT (Williams) natural gas drilling,
completion, and production operations within a three-mile radius of the former Project Rulison
site near Rulison, Colorado. Monitoring activities for the fourth quarter included the following:

e Baseline sampling of Noble Tier Il gas well Battlement Mesa (BM) Chevron 34-4 in
monitoring sector 9;

e Sampling drilling fluids (i.e., drilling mud) prior to and at the completion of drilling at
Noble Tier I gas well BM 26-33B in monitoring sector 10, and Noble Tier I gas wells BM
26-33C, BM 26-33D, BM 26-34A, BM 26-34B, BM 26-34C and BM 26-34D in
monitoring sector 9;

e Ambient dosimetry and real-time radiation monitoring during drilling of Noble Tier I gas
wells BM 26-33B, BM 26-33C, BM 26-33D, BM 26-34A, BM 26-34B, BM 26-34C
(dosimetry only), and BM 26-34D on the 26N pad in monitoring sectors 9 and 10;

e Sampling and analysis of drill cuttings from the Williams Fork Formation interval in
Noble’s Tier I gas wells BM 26-33B, BM 26-33D, and BM 26-34A in monitoring sectors
9 and 10;

e First gas delivery sampling and analysis of produced water and natural gas at Noble Tier |
and Il producing gas wells BM 36-13B and BM 36-13D in monitoring sector 7; Noble
Tier Il producing gas wells BM34-11A, BM34-12B, and BM34-21A in monitoring sector
9; Williams Tier 11 producing gas wells SP 22-13 and SP 531-13 in monitoring sector 1;
and Williams Tier Il producing gas well SP411-13 in monitoring sector 12;

e Quarterly sampling of natural gas and produced water at Noble Tier | producing gas well
BM 35-32A;

e Conditions of Approval (COA) sampling and analysis of drill cuttings and fluids at
EnCana’s Tier 1l Federal 21-10, Federal 21-10BB, and Federal 21-15BB gas wells in
monitoring sector 10, and fracing and flowback water sampling at EnCana’s Tier Il
Federal Hagen 15-13BB gas well in monitoring sector 11; and
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e COA sampling and analysis of drill cuttings at Noble’s 26N pad in monitoring sector 9
and fracing water and comingled flowback water at the Noble’s 34C and 36L pads in
monitoring sector 9.

Sampling and analysis was performed in accordance with the Rulison Sampling and Analysis
(RSAP) Revision 2 dated March 31, 2008 (URS 2008).
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2 Tier | Monitoring

21 Tier | Drilling Monitoring
2.1.1 Background Radiation Surveys

No background radiation surveys were performed during the fourth quarter 2008. Drilling
continued on the 26N pad which was previously surveyed during the second quarter 2008.

2.1.2 Dosimetry

Ambient radiation monitoring was performed using Landauer X-9 thermoluminescent
environmental dosimeters deployed in personnel work areas to measure cumulative ambient
radiation intensities while drilling Tier | wells on Noble’s 26N pad. Passive radiation dosimeters
were placed at five locations on the well pad [i.e., drilling control room (i.e., “dog house”),
company man’s trailer, directional trailer, tool pusher’s trailer, and the shaker tables] and at one
background location (at the intersection of High Mesa Road and the 35C pad road) on September
10, 2008 prior to drilling Noble Tier I gas well BM 26-33D. The dosimeters remained at the
26N pad until drilling was completed at Noble Tier I gas well BM 26-34C on January 9, 2009.
The exposed dosimeters were sent to Landauer Inc. in Glenwood, Illinois for analysis and
reporting.

2.1.3 Real-Time Tritium Monitoring

Real-time tritium monitoring was performed during drilling of Noble’s Tier I gas wells BM 26-
33B, BM 26-33C, BM 26-33D, BM 26-34A, BM 26-34B, and BM 26-34D between September
5, 2008 and December 27, 2008. Real-time tritium monitoring was performed using a Canberra
Model TAM 100D Tritium Monitor that was mounted on the drilling fluid and cuttings return
outfall (i.e., “possum belly”), the first point where these materials are brought up from the
subsurface. Tritium monitor measurements were logged 24 hours a day, 7 days a week (24/7)
during drilling on a personal computer (PC). The real-time tritium monitoring results are
discussed in Section 5.2.

2.1.4 Real-Time Gamma Radiation Monitoring

Real-time gamma radiation monitoring was performed during drilling of Noble’s Tier I gas wells
BM 26-33B, BM 26-33C, BM 26-33D, BM 26-34A, BM 26-34B, and BM 26-34D between
September 5, 2008 and December 27, 2008. Real-time gamma radiation monitoring was
performed using a Ludlum Model 375 Area Monitor equipped with a Model 44-10 2 inch x 2
inch sodium iodide [Nal(TI)] gamma scintillator, Ludlum Model 375 Area Monitor equipped

Rulison Fourth Quarter 2008 Report 3 March 2009



with a Model 375-336 168 cubic inch (in®) plastic scintillation detector, and a Berkley
Nucleonics Corporation (BNC) 1035 AreaSAM gamma spectrometer equipped with a 3” x 3”
Nal(TI) gamma scintillator. The gamma radiation monitors were also mounted on the drilling
fluid and cuttings return outfall (i.e., “possum belly”). The gamma radiation monitors were
logged 24/7 during drilling on a PC. The real-time gamma radiation monitoring results are
discussed in Section 5.3.

2.1.5 Drilling Fluid Sampling and Analysis

Grab samples of drilling fluid (i.e., drilling mud) were collected prior to and, although not
required under the RSAP, at the completion of drilling at Noble’s Tier | gas wells BM 26-33B,
BM 26-33C, BM 26-33D, BM 26-34A, BM 26-34B, BM 26-34C, and BM 26-34D on the 26N
pad. A grab sample was collected from the mud tanks using a pre-cleaned, disposal bailer.
Sample aliquots were placed directly in the appropriately preserved laboratory-supplied sample
bottles. Once filled, the sample bottles were capped, labeled, documented on the COC, and
placed in an iced cooler.

The iced sample coolers were shipped by overnight carrier to the analytical laboratories for
analysis of the radiological analytes listed in Table 3 of the RSAP (URS 2008). The analytical
laboratories used included GEL Laboratories LLC in Charleston, South Carolina (for
radionuclides other than tritium [*H]) and Isotech Laboratories, Inc. in Champaign, Illinois (for
*H).

The analytical results are included in the laboratory data packages in Appendix A and are
summarized in Table 2. Laboratory data were independently validated by URS. Data validation
reports are included in Appendix B. Field sampling records are included in Appendix C.

2.1.6 Williams Fork Formation Drill Cuttings Sampling and Analysis

Two composite samples and one field duplicate of drill cuttings were obtained from the Williams
Fork Formation interval in Noble’s Tier | gas wells BM 26-33B, BM 26-33D, and BM 26-34A.
The cuttings collected represent depth intervals (corrected for dip and distance) that are
approximately equivalent to the Project Rulison test interval. The cuttings were collected at
approximately 50-foot intervals to create a 500-foot composite sample at the depth intervals
shown in Table 1. Ten (10) sample aliquots from each depth interval were placed directly in a
clean 5-gallon bucket and composited to create each sample. Composite sample aliquots were
placed in the laboratory-supplied sample bottles. Once filled, the sample bottles were capped,
labeled, documented on the COC, and placed in an iced cooler.

Rulison Fourth Quarter 2008 Report 4 March 2009



The iced sample coolers were shipped by overnight carrier to the analytical laboratories for
analysis of the radiological analytes listed in Table 3 of the RSAP (URS 2008). The analytical
laboratory used included GEL Laboratories LLC in Charleston, South Carolina.

The analytical results are included in the laboratory data packages in Appendix A and are
summarized in Table 2. Laboratory data were independently validated by URS. Data validation
reports are included in Appendix B. Field sampling records are included in Appendix C.

Table 1. Summary of Composite Drill Cutting Samples in Williams Fork Formation.

Composite Sample
Well Sample Sample
Depth Interval
Number Number Date
(feet below ground surface)
BM 26-34A BM26-34A-DC-CPTF-01 10/08/2008 8,325 - 8,825
BM 26-34A BM26-34A-DC-CPTF-02 10/09/2008 8,825 -9,325
BM 26-34A BM26-34A-DC-CPTF-03 10/09/2008 8,825 -9,325
BM 26-33B BM26-33B-DC-CPTF-01 10/21/2008 8,475 - 8,975
BM 26-33B BM26-33B-DC-CPTF-02 10/21/2008 8,975 -9,475
BM 26-33B BM26-33B-DC-CPTF-03 10/21/2008 8,975 -9,475
BM 26-33D BM26-33D-DC-CPTF-01 10/31/2008 8,475 - 8,975
BM 26-33D BM26-33D-DC-CPTF-02 10/31/2008 8,975 - 9,475
BM 26-33D BM26-33D-DC-CPTF-03 10/31/2008 8,975 -9,475

2.1.7 Gamma-Ray Log Review

Open- or cased-hole gamma-ray logs through the Williams Fork Formation interval in Tier | gas
wells were reviewed to determine whether any evidence of Project Rulison-related gamma
radiation was encountered in the borehole.
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2.2 Tier | Completion Monitoring

Noble’s Tier I gas well BM 36-13B was completed during the fourth quarter 2008. Fracing
fluids were sampled prior to fracing and flowback fluids were sampled following fracing. These
fluids were sampled to fulfill the RSAP requirements for analysis of fracing or flowback fluids
introduced to or removed from a well during completion. These fluids were sampled and
analyzed in accordance with the RSAP (URS 2008).

Composite samples of fracing fluids were collected on October 16, October 24, and November 7,
2008 prior to their use. Composite samples of comingled flowback fluids from Noble gas wells
BM 36-13B and BM 36-13D were collected on October 23, November 7, and November 14,
2008.

The composite samples were collected by extracting approximately one (1) to two (2) liter
aliquots (depending on the number of tanks) of fluid from each frac tank and gently discharging
into a decontaminated 5-gallon bucket. Composite sample aliquots were then taken from the 5-
gallon bucket and placed in the appropriately preserved laboratory-supplied sample bottles.
Once filled, the sample bottles were capped, labeled, documented on the COC, and placed in an
iced cooler. Field parameters, temperature, pH, specific conductance, dissolved oxygen,
oxidation-reduction potential, and turbidity, were measured on a separate sample aliquot at the
well site.

The iced coolers were shipped by overnight carrier to the analytical laboratories for analysis of
the radiological and nonradiological analytes listed in Tables 3 and 4 of the RSAP (URS 2008).
The analytical laboratories used included GEL Laboratories LLC in Charleston, South Carolina
(for radionuclides other than ®H), Paragon Analytics in Fort Collins, Colorado (for non-
radionuclides and radionuclides other than *H for rush analyses), and Isotech Laboratories, Inc.
in Champaign, lllinois (for *H).

The analytical results are included in the laboratory data packages in Appendix A and are
summarized in Tables 2 through 5. Laboratory data were independently validated by URS. Data
validation reports are included in Appendix B. Field sampling records are included in Appendix
C.

2.3 Tier | Production Monitoring
2.3.1 First Gas Delivery Sampling and Analysis

Noble Tier I gas well BM 36-13B was brought into production during the fourth quarter of 2008.
First gas sales at BM 36-13B occurred on November 13, 2008. Produced water and natural gas
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at this well was sampled on December 9, 2008. This well was sampled to fulfill the RSAP
requirement for sampling new producing gas wells as soon as possible after fracing but no later
than 30 days after first gas delivery.

Produced water and natural gas was sampled in accordance with the RSAP (URS 2008).
Produced water was obtained from an effluent line at the separator or storage tank. If more than
one gas well was plumbed to the separator, valves were closed by the Company representative to
isolate the gas well of interest. The residual fluids in the produced water and natural gas lines
were discharged so that a well-specific sample was obtained.

Produced water was collected by gently discharging the water from the effluent line into a clean
5-gallon bucket until full. Sample aliquots were then taken from the 5-gallon bucket and placed
in the appropriately preserved laboratory-supplied sample bottles. Once filled, the sample bottles
were capped, labeled, documented on the COC, and placed in an iced cooler. Field parameters,
temperature, pH, specific conductance, dissolved oxygen, oxidation-reduction potential, and
turbidity, were measured on a separate sample aliquot at the well site.

Natural gas was sampled by connecting a braided steel sampling hose between the sampling port
on the separator line and a laboratory-supplied, evacuated 20-pound gas tank. The sampling
hose was flushed with natural gas prior to collecting the sample. The gas tanks are shipped
under vacuum from the laboratory, so flushing of the gas tank was not required prior to filling.
Because the gas sampling tanks are under vacuum, sampling simply involves opening the
sampling hose and tank valves and allowing the tank to fill to capacity. Once filled, the valve on
the sampling tank and sample port were closed. The Company representative returned any
closed valves at the separator to their initial open configuration.

The iced coolers and gas tanks were shipped by overnight carrier to the analytical laboratories
for analysis of the radiological and nonradiological analytes listed in Tables 3 and 4 of the RSAP
(URS 2008). The analytical laboratories used included GEL Laboratories LLC in Charleston,
South Carolina (for radionuclides other than ®H), Paragon Analytics in Fort Collins, Colorado
(for non-radionuclides), and Isotech Laboratories, Inc. in Champaign, Illinois (for *H in produced
water and *H, carbon-14 (**C), and gas composition in natural gas).

The analytical results are included in the laboratory data packages in Appendix A and are
summarized in Tables 2 through 6. Laboratory data were independently validated by URS. Data
validation reports are included in Appendix B. Field sampling records are included in Appendix
C.
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2.3.2 Quarterly Tier | Well Sampling and Analysis

Quarterly sampling of produced water and natural gas was attempted at three existing Noble Tier
I gas wells BM 35-32A, BM 36-13, and BM 36-23 on December 9, 2008. Samples were not
obtained at BM 36-13 and BM 36-23 because these wells were shut in and not producing.
Sampling at these wells was attempted to fulfill RSAP requirements for quarterly sampling of the
existing Tier | producing gas wells for one year. Quarterly sampling is also required for the
closest Tier I gas well within each monitoring sector. At present, Noble Tier | wells BM 36-13,
BM 36-13B, and BM 35-32A are also the closest wells within monitoring sectors 6, 7, and 8,
respectively. First gas sales occurred at BM 36-13B on November 13, 2008 and produced water
and natural gas was sampled on December 9, 2008.

Produced water and natural gas was sampled and analyzed in accordance with the RSAP as
discussed in Section 2.3.1. The analytical results are included in the laboratory data packages in
Appendix A and are summarized in Tables 2 through 6. Laboratory data were independently
validated by URS. Data validation reports are included in Appendix B. Field sampling records
are included in Appendix C.

24 Tier | Conditions of Approval (COA) Monitoring
2.4.1 Drill Cuttings Sampling and Analysis

Composite drill cuttings samples were also collected from Noble’s 26N pad on November 7,
2008. These samples were collected to fulfill permit COAs regarding analysis of cuttings prior
to removal from a well pad.

The composite samples were prepared by collecting approximately 10 aliquots of drill cuttings
from the reserve pit stockpile at the north end of the well pad and placing them directly in a clean
5-gallon bucket. The sample aliquots were composited and placed in the laboratory-supplied
sample bottles. Once filled, the sample bottles were capped, labeled, documented on the COC,
and placed in an iced cooler.

The iced sample coolers were shipped by overnight carrier to the analytical laboratories for
analysis of the radiological analytes listed in Table 3 of the RSAP (URS 2008). The analytical
laboratory used included Paragon Analytics in Fort Collins, Colorado.

The analytical results are included in the laboratory data packages in Appendix A and are
summarized in Table 2. Laboratory data were independently validated by URS. Data validation
reports are included in Appendix B. Field sampling records are included in Appendix C.
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3 Tier Il Monitoring

3.1 Tier Il Drilling Monitoring
3.1.1 Gamma-Ray Log Review

Open- or cased-hole gamma-ray logs through the Williams Fork Formation interval in Tier Il gas
wells were reviewed to determine whether any evidence of Project Rulison-related gamma
radiation was encountered in the borehole.

3.2 Tier Il Production Monitoring
3.2.1 First Gas Delivery Sampling and Analysis

Noble’s Tier 1l gas wells, BM 34-11A, BM 34-12B, BM 34-21A, and BM 36-13D, were brought
into production during the fourth quarter of 2008. First gas sales at BM 34-11A, BM 34-12B,
and BM 34-21A occurred on September 27, 2008 and produced water and natural gas was
sampled on October 6, 2008. First gas sales at BM 36-13D occurred on November 17, 2008 and
produced water and natural gas was sampled on December 9, 2008. Williams Tier Il gas wells
SP 22-13, SP 411-13, and SP 531-13 were also brought into production during the fourth quarter
of 2008. First gas sales at SP 411-13 occurred on October 31, 2008 and at SP 22-13 and SP 531-
13 on November 6, 2008. Produced water and natural gas at these wells was sampled on
November 18, 2008. These wells were sampled to fulfill the RSAP requirement for sampling
new Tier Il producing gas wells as soon as possible after fracing but no later than 30 days after
first gas delivery.

Produced water and natural gas was sampled and analyzed in accordance with the RSAP as
discussed in Section 2.3.1. The analytical results are included in the laboratory data packages in
Appendix A and are summarized in Tables 2 through 6. Laboratory data were independently
validated by URS. Data validation reports are included in Appendix B. Field sampling records
are included in Appendix C.

3.2.2 Quarterly Tier Il Gas Well Sampling and Analysis

Quarterly Tier Il sampling was attempted at Noble’s Tier 11 BM 26-42 gas well during the fourth
quarter 2008. At present, BM 26-42 is the closest well within monitoring sector 9 but was not
sampled because the well was, and remains, shut in and is not producing because of drilling
activities on the 26N pad.
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3.3 Tier Il Baseline Monitoring

One-time baseline monitoring of existing Noble Tier Il producing gas well Chevron 34-4 was
performed on October 31, 2008. Baseline sampling of the existing Tier 11 producing gas wells
was required within 90 days after the approval of the RSAP, however, Chevron 34-4 was not
producing during the initial baseline sampling conducted during the second quarter 2008 because
it was shut in while drilling occurred on the 34C pad. Gas production at Noble’s Chevron 34-4
gas well was resumed during the fourth quarter 2008 and the baseline sampling was performed to
fulfill the RSAP requirement.

Produced water and natural gas was sampled and analyzed in accordance with the RSAP as
discussed in Section 2.3.1. The analytical results are included in the laboratory data packages in
Appendix A and are summarized in Tables 2 through 6. Laboratory data were independently
validated by URS. Data validation reports are included in Appendix B. Field sampling records
are included in Appendix C.

3.4 Tier Il Conditions of Approval (COA) Monitoring
3.4.1 Fracing and Flowback Fluid Sampling and Analysis

Composite samples of fracing and flowback fluids were sampled at EnCana’s Tier 1l Federal
Hagen 15-13BB gas well on December 10, 2008 to fulfill permit COAs. The fracing fluid was
sampled from a lined storage pit on an adjacent well pad and the flowback fluids were sampled
from frac tanks.

Fracing and flowback fluids were sampled and analyzed in accordance with the RSAP as
discussed in Section 2.2. The analytical laboratories used included GEL Laboratories LLC in
Charleston, South Carolina (for **Cl), Paragon Analytics in Fort Collins, Colorado (for
radionuclides, other than *H and **Cl, and non-radionuclides), and Isotech Laboratories, Inc. in
Champaign, llinois (for *H).

The analytical results are included in the laboratory data packages in Appendix A and are
summarized in Tables 2 through 5. Laboratory data were independently validated by URS. Data
validation reports are included in Appendix B. Field sampling records are included in Appendix
C.
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3.4.2 Drill Cuttings Sampling and Analysis

Composite drill cuttings samples were also collected from EnCana’s Tier Il gas wells, Federal
21-15BB, Federal 21-10BB, and Federal 21-10, drilled on the PK-21 pad on October 13, 22, and
29, 2008, respectively. These samples were collected to fulfill permit COAs.

The composite samples were prepared by collecting approximately 10 aliquots of drill cuttings
from the lined pits and placing them directly into a clean 5-gallon bucket. The sample aliquots
were composited and placed in the laboratory-supplied sample bottles. Once filled, the sample
bottles were capped, labeled, documented on the COC, and placed in an iced cooler.

The iced sample coolers were shipped by overnight carrier to the analytical laboratories for
analysis of the radiological analytes listed in Table 3 of the RSAP (URS 2008). The analytical
laboratory used included Paragon Analytics in Fort Collins, Colorado.

The analytical results are included in the laboratory data packages in Appendix A and are
summarized in Table 2. Laboratory data were independently validated by URS. Data validation
reports are included in Appendix B. Field sampling records are included in Appendix C.

3.4.3 Drilling Fluid Sampling and Analysis

Grab samples of dewatered drilling mud solids and extracted drilling mud fluid were collected at
EnCana’s Tier Il PK-21 pad following completion of drilling the Federal 21-10 gas well on
October 29, 2008 to fulfill permit COAs.

The extracted drilling mud fluid sample was collected by gently discharging approximately 5
gallons of fluid from the storage tank on the well pad into a clean 5-gallon bucket. Sample
aliquots were taken from the 5-gallon bucket and placed in appropriately preserved, laboratory-
supplied sample bottles. Once filled, the sample bottles were capped, labeled, documented on
the COC, and placed in an iced cooler. Field parameters, temperature, pH, specific conductance,
dissolved oxygen, oxidation-reduction potential, and turbidity, were measured on a separate
sample aliquot at the well site.

A composite sample of the dewatered drilling mud solids was prepared by collecting
approximately 10 solids aliquots from the lined pit on the pad and placing them directly in a
clean 5-gallon bucket. The sample aliquots were composited and placed in the laboratory-
supplied sample bottles. Once filled, the sample bottles were capped, labeled, documented on
the COC, and placed in an iced cooler.
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The iced sample coolers were shipped by overnight carrier to the analytical laboratories for
analysis of the radiological and nonradiological analytes listed in Tables 3 (fluid and solids) and
4 (fluid only) of the RSAP (URS 2008). The analytical laboratories used included Paragon
Analytics in Fort Collins, Colorado (for radionuclides and non-radionuclides other than *H), and
Isotech Laboratories, Inc. in Champaign, Illinois (for *H).

The analytical results are included in the laboratory data packages in Appendix A and are
summarized in Tables 2 through 5. Laboratory data were independently validated by URS. Data
validation reports are included in Appendix B. Field sampling records are included in Appendix
C.
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4 Annual Areal Environmental Monitoring

Annual areal environmental monitoring was performed during the fourth quarter 2008. The
annual areal environmental monitoring was performed during the week of October 13 through
16, 2008. The results will be reported in the 2008 Annual Environmental Monitoring Report.
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5 Results
51 Dosimeter Results

The dosimeter results for the gas wells drilled on Noble’s 26N pad have not been received from
Landauer and will be reported in the first quarter 2009 report. An approximate estimate of the
dose rate is provided by the real-time gamma radiation monitoring that was conducted on the
26N pad between September 5 and December 27, 2008. The real-time gamma radiation
monitoring indicates that an average gamma radiation exposure rate of 3.79 + 0.38
microRoentgen per hour (UR/hr) was encountered during drilling of Tier I wells on the 26N pad.
The gamma radiation exposure rate ranged between 2.4 and 9.7 pR/hr. This gamma radiation
exposure rate is typical of natural background gamma radiation.

5.2 Real-Time Tritium Monitoring Results

Real-time tritium monitoring was performed during drilling of Noble’s Tier I gas wells BM 26-
33B, BM 26-33C, BM 26-33D, BM 26-34A, BM 26-34B, and BM 26-34D on the 26N pad.
Tritium activity measurements were made at the drilling fluid and cuttings outfall (i.e., possum
belly). The results of the real-time tritium monitoring at Noble’s Tier I gas wells on the 26N pad
indicate that the mean tritium activity was 2.6E-8 £ 1.8E-7 microCuries per cubic centimeter
(uCi/cc), which is less than the instrument detection limit of 5.0E-7 puCi/cc. A total of 3,110,115
tritium activity measurements were recorded during drilling of Noble’s Tier | gas wells on the
26N pad. The minimum and maximum tritium activities measured during drilling of these wells
were 1.0E-9 and 6.1E-6 pCi/cc. The tritium activity results are within background.

5.3 Real-Time Gamma Radiation Monitoring Results

Real-time gamma radiation monitoring was performed during drilling of Noble’s Tier I gas wells
BM 26-33B, BM 26-33C, BM 26-33D, BM 26-34A, BM 26-34B, and BM 26-34D on the 26N
pad. Gamma radiation exposure measurements were made at the drilling fluid and cuttings
outfall (i.e., possum belly). The results of the real-time gamma ray monitoring at Noble’s Tier |
gas wells on the 26N pad indicate that the mean gamma radiation exposure rate was 3.79 + 0.38
MR/hr. A total of 914,620 gamma radiation exposure measurements were recorded during
drilling of these Tier | wells. The minimum and maximum gamma radiation exposure rates
observed during drilling of these wells ranged between 2.4 and 9.7 pR/hr. These gamma
radiation exposure rates are within the background range for gamma radiation.
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54 Gamma-Ray Log Results

The results of the gamma-ray log review for Tier | and Il gas wells indicates that none of the
gamma-ray measurements exceeded 500 American Petroleum Institute (API) units in the
Williams Fork Formation. Gamma-ray intensities measured are typical of the Williams Fork
Formation measured to date. No evidence of Project Rulison-related gamma radiation was
encountered in any of the logs reviewed.

5.5 Tier I and Il Radiological Analytical Results

Gross alpha, gross beta, gamma-emitting radionuclides, strontium-90 (*°Sr), technetium-99
(**Tc), and chlorine-36 (*°Cl) activities were analyzed in produced water (PW), fracing water
(FW), flowback fluid (FB), drill cuttings (DC), drilling mud (DM), dewatered drilling mud solid
(MS), and extracted drilling mud fluid (MF) collected at Tier I and Il gas wells or well pads
during the fourth quarter 2008. *H was analyzed in water, fluid, and natural gas (NG) samples.
Carbon-14(**C) was also analyzed in natural gas from the producing wells sampled.

The results of the radiological analyses are summarized in Table 2. Table 2 includes both
radionuclides detected and those that were analyzed but were not detected. The table is sorted so
that the detected radionuclides occur at the top. These data were independently validated by
URS and most of the radiological results were found to be usable without qualification. Data
that are deemed usable as qualified or unusable are flagged and identified in the data validation
reports (Appendix B).

5.5.1 Gross Alpha Results

Gross alpha activities in produced water (PW), fracing water (FW), flowback fluid (FB), and
extracted drilling mud fluid (MF) ranged between not detected (less than 2.54) and 128 + 45
picoCuries per liter (pCi/L). Gross alpha activity was generally reported at an elevated reporting
activity because of the high total dissolved solids (TDS) concentration of these fluid samples.
The high TDS concentrations resulted in the evaporation of a smaller sample volume during
analysis because the gross alpha analytical method limits the residue after evaporation to 100
milligrams or less. The lowest gross alpha activity detected (3.53 = 2.76pCi/L) occurred in
produced water from Noble’s Tier 1 BM 34-11A gas well. The highest gross alpha activity
detected (128 £ 45 pCi/L) occurred in fracing fluid (prior to its use) from Noble’s 34C pad. The
gross alpha activity detected is related to naturally occurring alpha-emitting radionuclides,
primarily %*U, ?*Th, and their daughter products (Figures 2 and 3), found in the subsurface
formation fluids or fluids used for drilling or completion.
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Gross alpha activities in drill cuttings (DC), drilling mud (DM), and dewatered drilling mud solid
(MS) ranged between 2.5 + 1 and 29.7 £ 7.05 picoCuries per gram (pCi/g). The lowest gross
alpha activity detected (2.5 = 1 pCi/g) occurred in drill cuttings from EnCana’s Tier Il Federal
21-10 gas well. The highest gross alpha activity detected (29.7 = 7.05 pCi/g) occurred in drilling
mud obtained prior to drilling at Noble’s Tier | BM 26-33B gas well. The gross alpha activity
detected is related to naturally occurring alpha-emitting radionuclides, primarily **U, ?*Th, and
their daughter products (Figures 2 and 3), found in the drilling mud and subsurface rock
formations.

5.5.2 Gross Beta Results

Gross beta activities in produced water, fracing water, flowback fluid, and extracted drilling mud
fluid ranged between not detected (less than 26.2) and 7,040 £ 151 pCi/L. The highest gross beta
activity detected (7,040 + 151 pCi/L) occurred in fracing water (prior to its use) from Noble’s
Tier 1 36L pad. The lowest gross beta activity detected (4.98 = 3.03 pCi/L) occurred in produced
water from Noble’s Tier 1| BM 34-12B gas well.

The elevated gross beta activities are related to naturally occurring potassium-40 (“°K) in the
subsurface formation fluids or waters used for drilling and completion. “°K activities in these
fluids ranged between not detected (less than 39.9) and 9,950 + 644 pCi/L. These values are
consistent with the gross beta activities reported above. The highest “°K activity detected (9,950
+ 644 pCi/L) occurred in fracing water (prior to its use) from Noble’s Tier 1 36L pad. The
lowest “°K activity detected (66.9 + 37.9 pCi/L) occurred in produced water at Williams Tier II
SP 22-13 gas well.

Gross beta activities in drill cuttings, drilling mud, and dewatered drilling mud solid ranged
between not detected (less than 2.8) and 52.7 + 4.58 pCi/g. The highest gross beta activity
detected (52.7 + 4.58 pCi/g) occurred in Williams Fork Formation drill cuttings from Noble’s
Tier | BM 26-33B gas well. The lowest gross beta activity detected (2.41 + 0.83 pCi/g) occurred
in drill cuttings from Noble’s 26N well pad.

The elevated gross beta activities are typically related to naturally occurring potassium-40 (*°K)
in the subsurface rock formations or drilling mud constituents. “°K is one of the most abundant
naturally occurring radionuclides and primarily occurs in the clay and mica minerals that
comprise the surface soils and shales found in the subsurface and drilling mud. “°K activities in
these solid media ranged between 11.3 + 0.5 and 23.7 + 2.8 pCi/g. The highest “°K activity
detected (23.7 £ 2.8 pCi/g) occurred in dewatered drilling mud solid from EnCana’s Tier 11
Federal 21-10 gas well on the PK-21 pad. The lowest “°K activity detected (11.3 + 0.5 pCi/g)
occurred in drill cuttings from EnCana’s Tier Il Federal 21-10 gas well.

Rulison Fourth Quarter 2008 Report 16 March 2009



5.5.3 %Sr and *Tc Results

%31 and *Tc, common radionuclides in the inventory at Project Rulison, were not detected
above their reporting activities in most of the fluid media (produced water, fracing water,
flowback fluid, and extracted drilling mud fluid) or solid media (drill cuttings, drilling mud, and
dewatered drilling mud solid) samples analyzed during the fourth quarter 2008. The *°Sr and
%Tc fluid media reporting activities ranged between less than 0.546 and less than 6.4 pCi/L, and
less than 18 and less than 45.3 pCi/L, respectively. The *°Sr and **Tc solid media reporting
activities ranged between less than 0.37 and less than 1.05 pCi/g, and less than 2.65 and less than
4.24 pCilg, respectively.

%51 and *Tc were detected in a fracing fluid (prior to its use) at EnCana’s Tier Il Federal Hagen
15-13BB gas well at activities of 6.2 + 3.6 and 84 + 42 pCi/L, respectively. These results are
slightly higher than their analytical reporting limits of 5.9 and 68 pCi/L. The fracing fluid was
obtained from outside the Project Rulison monitoring zone and was stored in a lined pit on an
adjacent well pad. Although these *°Sr and **Tc detections are likely false positives, they may
have been present, having been introduced into the fracing fluid, which was stored outdoors,
from the atmosphere or fugitive dust. *Sr is a common component of fallout from atmospheric
testing of nuclear weapons. Regardless of whether these reported isotopes are false positives or
not, these ®°Sr and **Tc occurrences are not verified Project Rulison radionuclide detections as
the fracing fluids were from sources outside the Project Rulison monitoring zone.

%Tc was also detected in comingled flowback fluid collected on November 14, 2008 from
Noble’s Tier I and 1l BM 36-13B and BM 36-13D gas wells on the 36L pad at an activity of 770
+ 200 pCi/L. **Tc activities in previous flowback fluids collected on October 23, 2008 and
subsequent produced water samples collected on December 9, 2008 at both of these wells were
not detected (less than 30.5 pCi/L) and, thus, did not confirm the reported **Tc detection in the
flowback fluid sample collected on November 14, 2008. Therefore, in accordance with RSAP
Section 4.4.2, no reporting to the Agencies was required as the *°Tc detection was not verified
through analysis of previous or subsequent samples. No other Project Rulison-related
radionuclides, including tritium, were detected in the flowback fluids or produced water samples
from these wells. These results suggest that the reported **Tc detection in the flowback fluid on
November 14th may be a false positive.

5.5.4 35Cl Results

%Cl, a less common radionuclide in the inventory at Project Rulison, was not detected above its
reporting activities in most of the produced water, fracing water, flowback fluid, drilling mud, or
dewatered drilling mud fluid samples analyzed during the fourth quarter 2008. The *Cl
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reporting activities ranged between less than 153 and less than 567 pCi/L for fluid samples and
less than 1.48 and less than 5.92 pCi/g for solid media.

%8¢l was reported as detected in four fracing fluid samples prior to their use at Noble’s BM 36-
13B and BM36-13D gas wells on the 36L pad (258 + 136 pCi/L), at Noble’s 34C pad (455 + 160
pCi/L and 518 + 289 (J) pCi/L), and at EnCana’s Federal Hagen 15-13BB gas well (438 £ 176
pCi/L). The fracing fluids used at Noble’s 34C and 36L pads and EnCana’s Federal Hagen 15-
13BB gas well were obtained from sources outside the Project Rulison monitoring zone, thus, the
%8¢ results at these locations do not represent verified Project Rulison radionuclide
contamination. These reported **Cl occurrences may be false positives since **Cl was not
detected in any of the flowback fluids or produced waters following fracing at these pads.

Similarly, **Cl was detected in drilling mud (prior to its use) at Noble’s BM 26-33C gas well
(5.22 = 3.28 pCi/g) and, thus, does not represent verified Project Rulison radionuclide
contamination. *°Cl was not detected in any of the other drilling mud samples analyzed prior to
or after use in borings at Noble’s 26N pad, thus, the **Cl detections in the drilling mud prior to
its use at BM 26-33C may also be a false positive.

5.5.,5 Gamma-Emitting Radionuclide Results

Most of the gamma-emitting radionuclides in fluid media (produced water, fracing fluid,
flowback fluid, extracted drilling mud fluid) and solid media (drill cuttings, drilling mud, and
dewatered drilling mud solid) samples analyzed during the fourth quarter 2008 were not detected
above their reporting activities. Table 2 provides a summary of the gamma-emitting radionuclide
results.

Most of the gamma-emitting radionuclides detected were those that naturally occur in the
subsurface formation fluids and rocks in the Williams Fork Formation, fracing and flowback
fluids, and drilling mud constituents. Naturally occurring gamma-emitting radionuclides
detected included actinium-228 (**Ac), bismuth-212 (*2Bi), bismuth-214 (***Bi), *°K, lead-210
(**%Pb), lead-212 (***Pb), lead-214 (***Pb), protactinium-234m (***"Pa), radium-226 (***Ra),
radium-228 (*®Ra), thallium-208 (*®TI), thorium-230 (*°Th), thorium-234 (***Th), and
uranium-238 (2*8U). All of these radionuclides, except for 22U and *°K, are decay products of
the thorium-232 (***Ac, ?*?Bi, #*?Pb, “®Ra, and 2°*Tl) and uranium-238 (***Bi, #°Pb, #“Pb,
234mpy  22°Ra, ?*°Th, and #**Th) decay series. The thorium and uranium series decay chains are
shown as Figures 2 and 3.

Several anthropogenic gamma-emitting radionuclides were reported as detected in drill cuttings,
drilling mud samples, fracing fluids, or flowback fluids. The reported isotopes included
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antimony-124 (*?*sb), cesium-134 (***Cs), cobalt-56 (*°Co), europium-155 (**°Eu), krypton-85
(®°Kr), neptunium-239 (**Np), and sodium-22 (**Na). The table below summarizes the reported

isotope occurrences.

Isotopes

Well Tier Medium Reported
Noble 26N Pad Tier 1 and Il Drill Cuttings %6Co, 1¥*Cs,"Eu, ®Kr, #*sh
Noble 36L Pad Tier 1and Il Fracing Fluid 8K

(before use)

EnCana Federal 21-10 Tier 1l Drill Cuttings %6Co, ¥*Cs
EnCana Federal 21-10BB Tier 1l Drill Cuttings *Co
EnCana Federal 21-15BB Tier 1l Drill Cuttings B4cs, Eu
EnCana PK-21 Pad Tier 11 Extracted Mud Fluid *Co
EnCana PK-21 Pad Tier 1l Dewatered Mud Solids *¢Co, “Np
EnCana Federal Hagen 15-13BB Tier 11 Fzsg]igge'j:;;j 85Kr
EnCana Federal Hagen 15-13BB Tier 1l Flowback Fluid “Na

All of these radionuclides, except *°Eu, were specified as tentatively identified by the
laboratory. These reported detections may be false positives. This judgment is based on the

following rationale:

e All of these possible false positive results are from the same laboratory, Paragon
Analytics. These isotopes have not been reported in other radionuclide analyses
performed on similar media by GEL Laboratories;

e All of these isotopes, except **°Eu, were reported by the laboratory as tentatively
identified because of inadequate gamma ray intensity, the diagnostic peak was not
identified above a critical level, or the minimum library peak abundance was not attained.

These data were subsequently qualified during data validation as estimated (J);

e Several gamma ray peaks of naturally occurring radionuclides, notably ?Ac, **Bi, and
298T) which were identified in the drill cuttings and drilling mud samples, are nearly
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coincident with the primary peak of some of these isotopes (e.g., >*Co and ?**Np) and
often result in false identification. **Np was not detected in a duplicate analysis;

e Most of these isotopes are not likely formed by a nuclear fission device, or if formed by
fission are of low abundance, and were not identified as abundant in the Project Rulison
inventory;

e All of these radionuclides, except *Kr, have relatively short half lives, less than 5 years,
are not sourced from or decay to longer-lived isotopes, and, thus, would have decayed to
less than 0.3 percent of their initial activity, even if they were present at Project Rulison;

e These isotopes would be expected to be accompanied by more abundant and longer lived
gamma-emitting radionuclides, such as *’Cs, *?Eu, or ™*Eu, that are known to occur in
the Project Rulison inventory. None of these more abundant or longer lived gamma-
emitting radionuclides were detected in the drill cuttings;

e Results from drill cuttings in adjacent EnCana boreholes on the same pad did not confirm
the presence of these isotopes;

e Results from other flowback fluids and produced waters following fracing at Noble’s BM
36-13B and BM 36-13D gas wells did not confirm the presence of these isotopes;

e The EnCana gas wells are located almost three miles northwest of Project Rulison at the
outer edge of the Tier 11 monitoring zone. It is not likely that Project Rulison-related
radionculides could have been transported that distance given the low permeability
characteristics of the Williams Fork Formation; and

e %Kr was detected in fracing fluids (prior to their use) at Noble’s 36L pad and EnCana’s
Federal Hagen 15-13BB gas well and in drill cuttings at Noble’s 26N well pad. In both
cases, the fracing fluids were obtained from sources outside of the Project Rulison
monitoring zone, and, thus, are not related to Project Rulison. ®Kr would not be expected
in the drill cuttings as it is a gas and should have volatilized if present, since the cuttings
were stockpiled outdoors at the pad for over a month before being sampled.

5.5.6 >H Results in Produced Waters and Other Fluids

®H, the most abundant and mobile radionuclide in the inventory at Project Rulison, was not
detected above the reporting concentration in any of the produced water, fracing water, flowback
fluid, or extracted drilling mud fluid samples analyzed during the fourth quarter 2008. The *H
reporting concentrations ranged between less than 10 and less than 18.7 tritium units (TU). One
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TU equals 1 tritium atom per 10*® hydrogen atoms or approximately 3.19 pCi/L (Kazemi et al.
2006). Thus, the *H activities in these fluid samples ranged between less than 32 to less than 60
pCi/L. The Colorado Department of Public Health and Environment (CDPHE) basic ground
water standard for *H is 20,000 pCi/L (CDPHE 2008).

5.5.7 Tritium and **C in Natural Gas Results

®H was not detected above its reporting concentration in the methane fraction of natural gas
samples collected at producing gas wells during the fourth quarter 2008. *H reporting
concentrations ranged between less than 10 and less than 16.7 TU (Table 2). One TU equals 1
tritium atom per 10" hydrogen atoms or approximately 3.19 pCi/L (Kazemi et al. 2006). Thus,
the *H activities in these gas samples ranged between less than 32 and less than 53 pCi/L.

14C concentrations in the methane fraction of the natural gas samples ranged between not
detected (less than 0.2) and 0.5 + 0.1 percent modern carbon (pMC) as shown in Table 2. *Cis
reported as pMC which is set by convention as 13.56 decays per minute per gram of carbon
(Kazemi et al. 2006), or 100 pMC. *C results less than 1 pMC indicate that modern **C is not
present in the gas and that the natural gas has been isolated from sources of modern *C such as
Project Rulison.

5.5.8 Radiological Results Summary

Project Rulison-related radionuclides, including the most abundant radionuclides in the Project
Rulison inventory (Table 1 in URS 2008), *H, **’Cs, ®Sr, and **Tc were not detected above their
reporting activities in any of the produced water, fracing fluid, flowback fluid, drill cuttings,
drilling mud, extracted drilling mud fluid, dewatered drilling mud solid, or natural gas samples
sourced within the Project Rulison monitoring zone. Thus, no verified Project Rulison-related
radionuclides were detected during the fourth quarter 2008.

%Tc reported in comingled flowback fluid from Noble’s Tier | BM 36-13B and Tier || BM 36-
13D gas wells may be a false positive, as *Tc was not detected in the previous flowback fluid
samples or subsequent produced water samples collected at these wells. ®*Kr detected in fracing
water prior to its use on Noble’s 36L pad and ®°Kr, “°Sr, and **Tc in fracing fluid (prior to its use)
at EnCana’s Federal Hagen 15-13BB gas well are not related to Project Rulison, as the fracing
fluids were obtained from sources outside of the Project Rulison monitoring zone.

Several short-lived gamma-emitting radionuclides (***Sh, **Cs, *®Co, #*°Np, **°Eu, and #*Na)
were tentatively identified in drill cuttings and drilling mud from EnCana’s Tier Il Federal 21-
10, Federal 21-10BB, and Federal 21-15BB gas wells also may be false positives as they were
tentatively identified by the laboratory and qualified as estimated during data validation,
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generally do not appear to be likely or abundant fission products, are not identified in the Project
Rulison inventory, are not found with more abundant Project Rulison-related radionuclides, and
their detection was not confirmed in samples from adjacent wells. The only verified gamma-
emitting radionuclides detected (e.g., *®U, %*Th, and their daughter products) are those that
naturally occur in the subsurface formation fluids and rocks in the Williams Fork Formation and
drilling mud clays and fluids.

5.6 Tier I and Il Non-Radiological Analytical Results

Total metal and inorganic and organic constituent concentrations were analyzed for produced
water, fracing fluid, flowback fluid, and extracted drilling mud fluid samples collected during the
fourth quarter 2008. The composition of natural gas samples from producing wells was also
determined. The results of nonradiological analyses (i.e., total metals, inorganic parameters,
organic constituents, and natural gas composition) are summarized in Tables 3 through 6.
Independent data validation by URS indicates that most of the non-radiological results are usable
without qualification. Data that are deemed usable as qualified or unusable are flagged and
identified in the data validation reports (Appendix B).

5.6.1 Major Cation and Trace Metal Results

Total metals in produced water, fracing fluid, flowback fluid, and extracted drilling mud fluid
samples analyzed during the fourth quarter 2008 were determined for major cations (calcium,
magnesium, sodium, and potassium) and trace metals (arsenic, barium, boron, cadmium,
chromium, iron, lead, lithium, manganese, mercury, selenium, strontium, and uranium). The
analytical results indicate that these metals are detected at varying concentrations within each of
these media. The results of the major cation and trace metal analyses are summarized in Table 3.

Sodium and potassium are the dominant major cations in the produced water, fracing fluid,
flowback fluid, and extracted drilling mud fluid samples analyzed. The mean sodium and
potassium concentrations detected are 3,883,100 micrograms per liter (ug/L) and 2,182,526
Mo/L, respectively. Calcium and magnesium in these fluids are found at significantly lower
concentrations compared to sodium and potassium. The mean calcium and magnesium
concentrations are 212,867 pg/L and 30,420 pg/L, respectively.

Iron, barium, strontium, boron, lithium, and manganese are the dominant trace metals in
produced water, fracing fluid, flowback fluid, and extracted drilling mud fluid samples analyzed.
Mean iron, barium, strontium, boron, lithium, and manganese concentrations in these fluids are
42,403, 38,980, 23,042, 3,519, 3,072, and 1,009 pg/L, respectively. Mean concentrations of less
common trace metals in these fluids, lead (22.7 pg/L), chromium (20.2 pg/L), and arsenic (14.3
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pg/L), are less than 25 pug/L. The mean concentrations of the remaining trace metals analyzed,
uranium (1.61 pg/L), cadmium (1.11 pg/L), mercury (2.02 pg/L), and selenium (0.87 pug/L) are
less than 5 pg/L.

5.6.2 Major and Minor Anion and pH Results

Major and minor anions and pH in produced water, fracing fluid, flowback fluid, and extracted
drilling mud fluid samples were analyzed during the fourth quarter 2008. The results of these
analyses are summarized in Table 4. Chloride is the dominant major anion in the fluid samples
analyzed. The mean chloride concentration is 13,428 milligrams per liter (mg/L). Chloride is
the primary constituent comprising the mean total dissolved solids (TDS) concentration (23,365
mg/L). The next most abundant major anion in these fluids is bicarbonate (as CaCO3) whose
mean concentration is 1,202 mg/L. Bicarbonate is the primary constituent comprising the mean
total alkalinity (as CaCQOs3) of 1,202 mg/L. The mean pH for these fluids is 7.20, which is
consistent with bicarbonate being the dominant carbonate component in these fluids.

Sulfate, bromide, ammonia (as N), and fluoride are the predominant minor anions in produced
water, fracing fluid, flowback fluid, and extracted drilling mud fluid, with mean concentrations
of 185, 47, 17, and 6 mg/L, respectively. The occurrence of ammonia suggests that these fluids
are generally reducing, resulting in the reduction of nitrogen to a -3 oxidation state. The
reducing conditions are also consistent with the high dissolved iron concentrations and iron
oxyhydroxide precipitates often observed during sampling.

5.6.3 Gasoline, Diesel, and Motor Oil Constituent Results

Produced water, fracing fluid, flowback fluid, and extracted drilling mud fluid samples were
analyzed for gasoline, diesel, and motor oil range constituents during the fourth quarter 2008.
The results of these analyses are summarized in Table 5. These fluid media had a mean
dissolved petroleum hydrocarbon concentration of 2,111 mg/L. The mean dissolved petroleum
hydrocarbons are comprised of 1,798 mg/L diesel range organics (DRO), 58 mg/L gasoline
range organics (GRO), and 255 mg/L motor oil range organics (MRO). Mean dissolved
benzene, ethylbenzene, toluene, m+p-xylenes, and o-xylenes (BTEX) concentrations are 3,167,
1,188, 12,757, 16,943 and 2,617 ug/L, respectively. Total xylenes (53 percent) and toluene (35
percent) comprise the bulk of the dissolved BTEX constituents in these fluids. The mean
dissolved methane concentration is 1,525 pg/L.

5.6.4 Gas Composition Results

The natural gas composition was determined during the fourth quarter 2008. The results of these
analyses are summarized in Table 6. Natural gas composition analyses indicate that methane is
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the predominant component of the gas. The mean methane gas component comprises 87.04
percent. Carbon dioxide (6.60 percent), ethane (4.36 percent), and propane (1.08 percent)
comprise the next most abundant natural gas components. These four constituents comprise
about 99 percent of the natural gas. The remaining 1 percent of the gas is comprised of iso-
butane (0.23 percent), n-butane (0.21 percent), nitrogen (0.20 percent), C6+ (0.12 percent), iso-
pentane (0.08 percent), n-pentane (0.06 percent), oxygen (0.02 percent), and traces of hydrogen
and helium.

The mean heating value at base conditions (14.696 pound per square inch atmosphere and 60
degrees Fahrenheit [°F]; ASTM 2003) is 1,014 British thermal units per cubic foot (BTU/Ft?).
The mean relative gas density (calculated as the ratio of natural gas density to air density, pg/pa)
is 0.662. The mean 5"°C value of the methane (C1) gas fraction is -37.5 parts per mil (i.e., parts
per thousand; %) which suggests that the methane is thermogenic in origin.

5.6.5 Nonradiological Results Summary

The fourth quarter 2008 nonradiological results for produced waters, fracing fluids, flowback
fluids, produced waters, drilling muds, and extracted drilling mud fluids are consistent with the
nonradiological results reported for these media (where analyzed) during the third quarter 2008.
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Figure 2. Thorium-232 (Th-232) Decay Series (modified from ANL 2005).
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Figure 3. Uranium-238 (U-238) Decay Series (modified from ANL 2005.
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APPENDIX A

LABORATORY DATA PACKAGES
(Appendix on Compact Disk)
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APPENDIX B

DATA VALIDATION REPORTS
(Appendix on Compact Disk)
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APPENDIX C

FIELD SAMPLING FORMS
(Appendix on Compact Disk)
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