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March 1, 2006 
 
Mr. Paul Ivancie 
JR Engineering 
6020 Greenwood Plaza 
Greenwood Village, CO 
 
RE:  Hydrophysical and EM Flowmeter Logging and Discrete Point Sampling Report 
 Test Hole 5 (TH-5 Monitoring Well), Cheyenne Board of Public Utilities, Cheyenne, WY  
 
Dear Mr. Ivancie:  
 
Please find enclosed our final report for the above referenced project.  This report 
summarizes activities and results from our Hydrophysical, EM flowmeter and discrete 
point sampling activities at Test Hole 5 Monitoring Well (TH-5).  This testing was 
conducted during three periods from 2005 through January 2006.  In summary, 
Hydrophysical and EM Flowmeter logging and sampling were successfully applied for 
the characterization of flow and TCE distribution in the subject well.  
 
Included with the report are several attachments with Technical Procedures, field notes, 
digital data.  To facilitate integration with nearby TH-5 pumping well, an integrated 
montage, prepared by JR Engineering is presented for both wells.     
 
We appreciate the opportunity to have provided these services.   
 
Please call with any questions.  
 
Best Regards, 
RAS, Inc., Integrated Subsurface Evaluation 
 
 
William H. Pedler 
Principal  
 

Attachments: Letter Report  
Appendix A - Technical Procedures 
Appendix B - Processing Details Test Hole 5 Monitoring Well 
Appendix C - Digital Data, Field Notes, Shareware (one CD-ROM) 
Appendix D - Test Hole 5 Monitoring Well Data Montage (JR Engineering) 
Appendix E - Test Hole 5 Monitoring Well Water Sample Laboratory Analysis 

Results 
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PROJECT SUMMARY 
 

During two periods from September 12 through 16, 2005 and January 6, 
2006, RAS, Inc., of Golden, CO, conducted an evaluation of groundwater 
flow and water quality in Test Hole 5 (TH-5) Monitoring Well at the City 
of Cheyenne Board of Public Utilities’ Belvoir Ranch near Cheyenne, 
Wyoming.  The objective of this project was to evaluate the vertical 
distribution of groundwater producing intervals and volatile organic 
concentrations in the TH-5 Monitoring Well.  These objectives were 
achieved using primarily the hydrophysical logging method to evaluate the 
flow distribution during ambient and pumping conditions and a discrete 
point sampler to collect in-situ water samples downhole, also during 
pumping operations.  To further evaluate ambient flow conditions, a final 
round of testing with the electromagnetic flowmeter was also conducted in 
TH-5 Monitoring Well on January 6, 2006.   
 
TH-5 Monitoring Well is located approximately at GPS coordinates 41 05’ 
09N, -105 00’ 39”W (NAD27, Lat/Lon) and was reported to be 
approximately 276 feet total depth (all depths are referenced to the top of 
PVC casing).  Well completion information for the TH-5 Monitoring Well 
is derived from construction details provided by JR Engineering.  Based 
on this information, the screened interval starts at 36 feet and continues to 
266 feet.  Blank casing, or “rat-hole”, is present from 266 to 276 feet (total 
depth). 

The first day of testing was an equipment setup and checkout day with 
formal testing starting on September 13, 2005.  During the initial 
equipment checkout, to improve operations, the original submersible 
pump was replaced with a larger diameter pump and located near the 
bottom of the well.  Placement of the larger pump at the bottom of the well 
resulted in a down-flowing condition during pumping which caused the 
flow logs to be inverted from their traditional up-flowing presentation.  In 
this configuration, the deionized water injection point was at the top of the 
interval of interest.  At the completion of hydrophysical logging and 
downhole sampling, the test pump was removed.  While the pump location 
and deionized water injection specifications were provided by RAS, pump 
work was performed by Rock Creek Drilling and Pump and Carl’s Pump 
Service under subcontract to RAS, Inc. 

Hydrophysical testing was conducted initially to evaluate the vertical 
distribution of flow during ambient and pumping conditions.  Based on the 
results of this hydrophysical testing, six depths were selected for discrete 
point fluid sampling.  Acquisition of discrete point fluid samples during 
pumping was conducted on September 16, 2005, and the samples were 
analyzed by an outside laboratory, Energy Laboratories of Billings, 



 
JR Engineering, Test Hole-5 Monitoring Well  - Final Report                              Page 2 

 
 

Montana.  Energy Labs analyzed the downhole water samples for volatile 
organic compounds using EPA method 524.2. 

The results from hydrophysical testing at the TH-5 Monitoring Well 
suggested that the majority of flow occurred over limited portions of the 
slotted interval from 37 to 267 feet.  Specifically, two intervals in 
particular appeared primarily responsible for water production.  These 
dominant intervals were located from 130 to 143 and 192 to 207 feet, 
which produced approximately 31% and 36% of the total flow, 
respectively.  The remaining 33% of the flow occurred over the intervals 
from 160 to 180 and 215 to 270 feet.   

Sampling during pumping was conducted at approximately 20 gpm with 
an observed maximum drawdown of about five feet.  This rate of pumping 
during sampling was consistent with the pumping rate applied during 
hydrophysics.  Results from hydrophysical flow analysis and depth 
specific sampling suggest that there is no detectable TCE in any of the 
samples collected.  However, detectable concentrations of toluene were 
observed in four of the downhole samples collected (at depths 90, 206, 
240 and 270 feet).    

On January 6, 2006, an electromagnetic (EM) flowmeter survey was 
conducted to further evaluate the ambient (non–pumping) flow condition 
in TH-5 Monitoring Well.  These EM flowmeter data suggested that no 
flow under ambient conditions was occurring below 240 feet.  Inflow was 
occurring over the interval from 230 to 240 feet at about 0.4 gpm.  This 
flow moved into the well and up, exiting the well from the intervals at 132 
to 140 and 110 to 117 feet. 

The EM flowmeter, hydrophysical logging and discrete point sampling 
procedures were conducted according to RAS’s Technical Procedures 
which can be found in Appendix A of this report.  These Technical 
Procedure describe in detail the field protocols for this work. 
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Methodology 
 
RAS’s investigation involved the application of hydrophysical and 
sampling testing methods at the TH-5 site to identify hydraulically active 
zones, characterize ambient and pumping flows, and collect water 
samples.   
 
The hydrophysical method involved the application of RAS’s multiple 
sensor NxHpL™ temperature and fluid electrical conductivity logging tool 
for direct evaluation of the groundwater regime under ambient and 
stressed conditions.  Based on the results of the hydrophysical testing and 
other data, the downhole discrete point fluid sampler was deployed to 
collect interval specific groundwater samples and further characterize the 
hydraulic properties of the identified water bearing features.  An 
electromagnetic flowmeter was also applied in TH-5 Monitoring Well to 
evaluate ambient flow conditions.  These methods were selected based on 
their applicability for the geologic regime, well construction conditions 
and industry acceptance of these methods.   
 
There are several means which were used at the site to ensure data quality 
and correct tool operation as fully described in the Technical Procedures.  
In brief, tools used by RAS were calibrated in the shop prior to mobilizing 
for the project to verify conformation with expected settings.  Once on the 
project site, calibrations were again verified both pre- and post-logging 
using various field jigs and standardized fluids.  Calibration forms 
documenting these procedures were completed and are included with the 
field notes on the data disk provided for this project.  Manual confirmation 
of accurate depth readings was also conducted and upon arrival at each 
wellhead, all depths are referenced to top of casing.   
 

Hydrophysical Logging 
 
Hydrophysical logging (HPL) is an advanced method applied to 

identify the hydraulically conductive intervals (i.e. groundwater flowing 
zones) in the saturated open or screened sections of wells.  Hydrophysical 
logging involves diluting the existing well water with clean deionized 
water and measuring the changes in fluid-electrical conductivity and 
temperature with RAS’s advanced multi-sensor hydrophysical logging 
tool.  As the formation water will contrast electrically with the deionized 
water, by logging the well over time, the location and flow rate of water 
entering/exiting the well can be identified and quantified.  This evaluation 
is applicable for assessing the distribution of ambient flows, both vertical 
and horizontal, and flows during pumping.  Once hydrophysical logging 
has been applied to identify zones of flow, depths for acquisition of 
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downhole fluid samples can be determined.   
 
Downhole Discrete Point Fluid Sampling 

At the conclusion of hydrophysical testing, downhole, depth 
specific sampling can be conducted to analyze constituents of concern.  
The contamination concentration values derived from the collected 
samples, in conjunction with the hydrophysical logging results, are used to 
estimate the interval specific contaminant concentrations for the sampled 
hydraulically conductive intervals. 

To conduct discrete point sampling, pumping is initiated, or maintained 
generally at the same formation production rate as employed during 
hydrophysical testing.  Periodic fluid electrical conductivity (FEC) and 
temperature logs are then conducted during pumping until stable logs are 
observed, and any residual deionized water has been pumped out of the 
well.  Based on review of the hydrophysical logging results, the locations 
of water bearing intervals are identified and sampling depths are selected.  
Typically, the sampling depth is located 5-10 feet above an identified 
water-bearing interval.   

Prior to each sampling run, the inside of the sampler barrel and petcock 
are thoroughly cleaned with deionized water and Alconox (or similar) 
soap, rinsed with deionized water and dried off.  The sampler ports are 
closed at the surface.  The operator will physically confirm that the ports 
are closed prior to placing in the wellbore.  Depth datum for the location 
of the inlet port is referenced to the same datum as hydrophysical logging.  
The sampler is lowered to the selected depth, opened for at least 5 minutes 
to ensure complete filling, closed and withdrawn to the surface. At the 
surface, the after survey depth error (ASDE) is recorded, and the sampler 
is emptied into laboratory containers and reassembled.  Prior to each 
sampling run, the inside of the sampler barrel and petcock are thoroughly 
cleaned with deionized water and Alconox (or similar) soap, rinsed with 
deionized water and dried off.  Procedures are repeated until selected 
intervals are sampled. 

Standard procedures for flow characterization and acquisition of downhole 
discrete point fluid samples were applied in accordance with RAS’s 
Technical Procedure Hydrophysical Logging for Aquifer Characterization 
TP-19.  These procedures are presented in Appendix A of this report.   

Electromagnetic Flowmeter 

The electromagnetic (EM) flowmeter is used to measure fluid 
movement in a borehole. It incorporates Quantum Engineering’s EBF 
electromagnetic sensor and measures flow rates using the principal of 
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Faraday's Law of Induction.  The down-hole probe consists of an 
electromagnet and two electrodes located 180 degrees apart and 90 
degrees to the magnetic field inside of a hollow cylinder.  The voltage 
induced by a conductor moving at right angles through the magnetic field 
is directly proportional to the velocity of the conductor (water) through the 
field. The tool is capable of measuring low velocity flow rates down to 
less than 50 ml/min and increased flow rates to 40 liters/min, through a 1-
inch ID sensor. When using the tool to measure low velocity flow rates, a 
rubber skirt can be attached to the outside of the sensor to block off the 
bore hole and force the fluid to pass through the 1-inch diameter opening 
inside the sensor coil.  When measuring faster flow rates, the rubber skirt 
is typically removed and the tool is run in either the static station or 
dynamic mode. The tool has no moving parts.  Effectiveness of 
application of the EM flowmeter is greatly enhanced when the locations of 
flow are previously known or identified through a screening method such 
as hydrophysical logging. 

Details of field operations are included in field notes collected by RAS 
personnel during this work and can be found on the attached DVD. 
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RESULTS 

Hydrophysical testing at TH-5 Monitoring Well was conducted over the 
period from September 12 - 16, 2005.  After mobilization and equipment 
checkout and configuration, pumping operations were initiated on 
September 15 at about 18 gallons per minute (gpm) at 14:32 hours.  
Discharge and injection rates were measured using calibrated digital flow 
meters provided by RAS.  Drawdown, total gallons injected and total 
gallons extracted were recorded with respect to time and have been 
presented in Appendix B of this report.  Deionized water for injection was 
“co-generated” from discharged well water, after filtering through a 
granular activated carbon system.  Deionized water injection was also 
initiated at 14:32 hours at an average injection rate of 1.9 gpm.  At this 
time, the extraction rate was increased to about 20 gpm.  This increase in 
the extraction rate allowed the formation production rate to be maintained 
at approximately 18 gpm.  The resulting hydrophysical logs during 
deionized water injection and pumping procedures are presented in Figure 
1 below. 
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Figure 1.  Test Hole 5 Monitoring Well, CBOPU, Cheyenne, Wyoming.  This figure 
shows hydrophysical logs during pumping at ~20 gpm and deionized water injection at 
~1.9 gallons per minute.   

 

Deionized water was injected near the free water surface at approximately 
45 feet at an average rate of 1.9 gpm, during pumping at an average rate of 
19.9 gpm.  The FEC logs in Figure 1 display step changes, or ramping 
decreases, in FEC.  These changes indicate locations of inflow.  Intervals 
where no changes in FEC occur indicate intervals of no inflow from the 
formation.  Using RAS’s advanced proprietary code QCFLOW, interval 
specific and total flow profiles were generated.  The results of this analysis 
are shown below for TH-5 Monitoring Well.  A digital text file of the 
results presented below can be found on the attached CD-ROM.  Please 
also refer to the data montage for the TH-5 Monitoring Well which has 
been included as an attachment to this report. 
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Figure 2.  Test Hole 5 Monitoring Well, CBOPU, Cheyenne, Wyoming.  This figure 
shows the results of the tests conducted under the pumping during injection procedures 
and detail of the hydrophysical logging results over the test interval from 30 to 275 feet.   

 

Based on the results of the hydrophysical logging, six sampling points 
were selected.  Sampling was conducted with a remote controlled 
sampling tool that has a 1-liter fluid capacity.  Prior to collecting the first 
sample, the sampling tool was closed and sent to a depth of 275 feet.  The 
sampler was left at this depth for about five minutes and then, without 
opening, was withdrawn to the surface.  At the surface, the sampler was 
opened and inspected for presence of any water.  Any water found in the 
sampler would indicate a compromised seal and require immediate repair.  
As typically the case, no water was observed in the sampler and sampling 
procedures were initiated. 

Pumping was initiated on September 16, 2005, at 18 gpm at 09:03 hours, 
to allow thorough development of the well prior to sampling.  Sampling 
was conducted at the TH-5 Monitoring Well from 12:09 to 16:30 hours.  
Six downhole samples were collected, and the laboratory and results of 
analysis for the TCE and toluene concentrations are summarized below in 
Table 1.  Based on the results of the laboratory derived TCE 
concentrations and the hydrophysical logging, interval specific 
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concentrations were calculated.  These calculations were based on 
application of the mass balance equation, and have been reported as the 
interval specific concentrations.  Toluene was reported in 4 of the six 
samples collected, and carbon disulfide was also reported in a single 
sample, at 261 feet.  Please refer to the complete laboratory analysis in the 
attached Appendix for complete details and results of the chemical 
analysis of these samples.   

On January 6, 2006, an electromagnetic flowmeter survey was conducted 
to evaluate the ambient (non–pumping) flow condition in the TH-5 
Monitoring Well.  These data suggested that upflow was occurring from 
the interval from 230 to 240 feet at about 0.4 gpm.  Some of the upflow, 
about 0.2 gpm, exited the borehole over the intervals from 132 to 140 feet.  
The remaining upflow, about 0.2 gpm, exited the wellbore over the 
interval from 110 to 117 feet.  The inflow zone from 230 to 240 feet does 
not appear to be a dominant flow zone based on the hydrophysical testing.  
However, the outflow zone from 132 to 140 feet does correspond with a 
major flow zone identified by the hydrophysical testing.  The remaining 
outflow zone at the interval from 110 to 117 feet was not observed as a 
significant flow zone, but does correspond with the uppermost portion of 
the water bearing interval identified by the hydrophysical testing. 

Please refer to the data montage, for TH-5 Monitoring Well attached in an 
Appendix to this report.  JR Engineering developed this montage with 
hydrophysical and EM Flowmeter data provided by RAS. 
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Flow or Test Interval Depth (ftbgs) 

Interval Specific Flow Rate  
During Ambient Flow 

Conditions 
Q in gallons per minute 
(+ upflow/- downflow) 

Average Interval  
Specific Flow 

Rate 
While Pumping 

@ 18 gpm 
 in gpm 

Ambient Flow Characterization   
Limited HPL (September 15, 
2005)  

90 to 112 feet 
+0.06 (upflow)  

EMFM (January 6, 2006)   
90.1 ft +0.04  

103.1 ft +0.04  
117.1 ft +0.27  
129 ft +0.29  

143.1 ft +0.86  
162.1 ft +0.52  
182 ft +0.35  

206.0 ft +0.34  
220.1 ft +0.38  
240.0 ft +0.05  
260 ft +0.12  
270 ft +0.10  

  
Hydrophysical Testing    

36.4 to 90 ft  0.1 
90 to 144 ft  5.5 

144 to 162 ft    2.2 
162 to 206 ft  7.6 
206 to 240 ft  0.8 
240 to 270 ft  0.9 

   
Discrete Point Fluid Sampling Concentration (ppb)  

 Toluene TCE 
90 ft 1.1 ND 

144 ft ND ND 
162 ft ND ND 
206 ft 1.2 ND 
240 ft 1.6 ND 
269.9 0.62 ND 

Table 1.  Test Hole 5 Monitoring Well, CBOPU, Cheyenne, Wyoming.  This table 
presents a summary of the flow and water quality results from the hydrophysical 
logging, discrete point sampling and EM flowmeter study.   



 
JR Engineering, Test Hole-5 Monitoring Well  - Final Report                              Page 11 

 
 

SUMMARY AND CONCLUSIONS 

Hydrophysical and EM flowmeter logging was successfully applied for 
characterization of the vertical distribution of flow during ambient and 
pumping conditions at the Test Hole 5 Monitoring Well for the Cheyenne 
Board of Public Utilities, Cheyenne, Wyoming.  In addition, discrete point 
sampling was conducted in conjunction with the hydrophysical logging to 
evaluate the vertical distribution of TCE contamination.  

The results of the hydophysical logging, EM flowmeter logging and 
discrete point sampling at TH-5 Monitoring Well suggest the following: 

i) Two intervals were primarily responsible for water 
production.  The dominant intervals were located from 130 
to 143 and 192 to 207 feet, producing approximately 31% 
and 36% of the total flow, respectively.  The remaining 
33% of the flow was found over the intervals from 160 to 
180 and 215 to 270 feet. 

ii) During the EM flowmeter testing, weak upflow was 
occurring from the interval at 220 to 240 feet at about 0.4 
gpm.  Some of the upflow, about 0.2 gpm, exited the 
borehole over the interval from 132 to 140 feet.  The 
remaining upflow, about 0.2 gpm exited the wellbore over 
the interval from 110 to 117 feet.   

iii) The weak upflow observed during ambient conditions with 
the EM flowmeter is in contrast to the strong upflow 
suggested during hydrophysical testing.  The water level at 
the time of hydrophysical testing was observed at 43.15 
feet and during the EM flowmeter testing, at 63.35 feet.  
This significant difference in water level is likely the 
reason for the differences observed during ambient flow 
characterization. 

i) Depth specific samples were collected during pumping 
based on the hydrophysical results.  Based on the sampling 
and hydrophysical results, TCE contamination was not 
observed in TH-5 Monitoring Well.  However, toluene was 
observed in detectable concentrations in four of the six 
samples collected.  The concentration of toluene was less 
the 2 ppb (parts per billion) for these samples and is just 
above the detection limit for the applied analytical 
methods.  The MCL (maximum contaminant level) for 
TCE is reported to be 1000 ppb.  The toluene 
concentrations increased in concentration with depth from 



 
JR Engineering, Test Hole-5 Monitoring Well  - Final Report                              Page 12 

 
 

1.1 ppb at 90 feet to 1.6 ppb at 240 feet.  The sample 
collected at 270 feet had the lowest reported concentration 
of the sampling event at 0.62 ppb.  Given the absence of 
TCE observed in the lab analyses, interval specific 
concentrations for TCE were not calculated.   
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SUGGESTIONS 

Based on RAS’s efforts, the following suggestions should be considered: 

i) The observation of toluene, while not above the MCL 
should be further investigated.  Initial consultations with 
Energy Laboratories suggest these are representative of the 
groundwater samples and are not related to sampling 
procedures or equipment. 

ii) Water levels and the vertical distribution of TCE should be 
monitored on a regular basis.  Efforts should be considered 
that would ensure that the vertical hydraulic gradient 
present at TH-5 Monitoring Well is not reversed.  Reversal 
of the local hydraulic gradient could cause the 
contamination associated with the Ogallala to be drawn 
down into the non-contaminated White River Formation.  
Reversal of the vertical hydraulic gradient could result from 
over pumping of the White River Formation at the nearby 
Borie Wellfield and other wells which draw water from the 
White River Formation.  

iii) RAS has learned through personal communication with 
Paul Ivancie of JR Engineering that Test Hole 5 Pumping 
Well, located about 100 feet east of Test Hole 5 Monitoring 
Well, displayed significant hydrogeologic differences 
compared to Test Hole 5 Monitoring Well.  Specifically, 
those differences include: lower water level (about 20 feet); 
a marked difference in geophysical signature; and, the 
observation of detectable TCE.  As such, Test Hole 5 
Pumping Well should be considered for characterization 
with hydrophysical logging and discrete point sampling.  
These data would be incorporated to further define the 
mechanics of the heterogeneity between these two wells, 
comparison of production intervals and to contribute to the 
development of a better conceptual model of the TCE 
source distribution and migration pathways. 
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LIMITATIONS 
 

Water levels have been measured in the wellbores at the times and under 
the conditions stated in the report.  These data have been reviewed and 
interpretations have been made in the text of this report.  However, 
fluctuations in the level of the groundwater may occur due to variations in 
rainfall and other factors different from those prevailing at the time 
measurements were made. 

 
Except as noted within the text of the report, no quantitative laboratory 
testing was performed to verify the calibration of the logging tool.  Where 
such analyses have been conducted by an outside laboratory, RAS, Inc. 
has relied upon the data provided, and has not conducted an independent 
evaluation of the reliability of these data. 

 
Conclusions and recommendations contained in this report may be based 
in part upon various types of chemical data and are contingent upon their 
validity.  These data have been reviewed and interpretations made in the 
report.  As indicated within the report, these data are developed based on 
the field calibration of the logging tool.  Where more specific information 
is necessary, the tool measurements should be verified based on 
quantitative lab analyses of grab samples obtained directly from the 
wellbore.  Moreover, variations in the types and concentrations of 
groundwater constituents and variations in their flow paths may occur due 
to seasonal water table fluctuations, past site practices, the passage of 
time, and other factors.  Should additional chemical data become available 
in the future, these data should be reviewed by RAS, and the conclusions 
and recommendations presented herein modified accordingly. 
 
The values for bedrock hydraulic conductivity, if given in the report, 
should be viewed as "equivalent hydraulic conductivities", which are 
computed based on an assumed, or equivalent, interval length and a 
uniformly pervious porous media behavior.  This industry standard 
approach has several limitations which are well documented in the current 
literature.  In addition, the accuracy of the equivalent hydraulic 
conductivities when presented herein is subject to the applicability of the 
boundary condition assumptions inherent in the permeameter/slug 
test/pumping test analysis method used. 
 
RAS’s logging was performed in accordance with generally accepted 
industry practices involving similar studies at the same time and in the 
same general area.  RAS has observed that degree of care and skill 
generally exercised by others under similar circumstances and conditions.  
Interpretation of logs from the newly developed techniques, Scanning 
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Colloidal Borescope Flowmeter, Hydrophysical Logging (“NxHpL”) 
and Wireline/Straddle Packer Testing (“WSP”) (whether made directly 
from visual observations or by data processing or otherwise), or 
interpretation of test or other data, and any recommendation or 
hydrogeologic description based upon such interpretations, are opinions 
based upon inferences from measurements, empirical relationships and 
assumptions.  These inferences and assumptions require engineering 
judgment, and therefore are not scientific certainties.  As such, other 
professional engineers or analysts may differ as to their interpretation.  
Accordingly, RAS cannot and does not warrant the accuracy, correctness 
or completeness of any such interpretation, recommendation or 
hydrogeologic description. 
 
All technical data, evaluations, analysis, reports, and other work products 
are instruments of RAS’s professional services intended for one time use 
on this project.  Any reuse of work product by Client for other than the 
purpose for which they were originally intended will be at Client's sole 
risk and without liability to RAS.  RAS makes no warranties, either 
express or implied.  Under no circumstances shall RAS or its employees 
be liable for consequential damages. 
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1.0 SCOPE 

1.1 Purpose 

The purpose of this procedure is to assure the accuracy, validity, and 
applicability of the methods used to record hydrophysical logs in a 
previously drilled borehole. This procedure provides a guide for the 
Client’s contractor to perform the described activity. From this procedure 
the Client can evaluate these activities for meeting the requirements of the 
Project. 

This procedure describes the components of  Hydrophysical logging, the 
principles of the methods used and their limits. It also describes the 
detailed methods to be used for calibration, operation and performance 
verification of the equipment. In addition, it defines the requirements for 
data acceptance, documentation, and control; and it provides a means of 
data traceability. 

1.2 Applicability 

This procedure applies to all personnel contractor personnel who may 
perform work or use data obtained from this procedure if it is deemed to 
potentially affect public health and safety related the Project 

 

2.0 REFERENCES 

2.1 Tsang, C.F., F.V. Hale, and P. Hufschmied, "Determination of. Fracture 
Inflow Parameters with a Borehole Fluid Conductivity Logging Method," 
Water Resources Research, Vol. 26, No., 4,  561-578, April 1990. 

2.2 Pedler, W.H., Head, C.L. and Williams, L.L., "HydrophysicalLogging: A 
New Wellbore Technology for Hydrogeologic and Contaminant 
Characterization of Aquifers,” Proceedings of the Sixth National Outdoor 
Action Conference, National Groundwater Association, May 11-13, 1992. 

2.3 Hvorslev, M.J. Time lag and soil permeability in ground water observations 
waterways experiments station Corps of Engineers, U.S. Army, 1951. 

2.4 Work instructions as called out herein. 

2.5 Technical procedure TP-13. 

3.0 DEFINITIONS 
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3.1 Hydrophysical Logging: Technology for evaluating hydrologic conditions 
surrounding a borehole. 

Specifically, The Hydrophysical (HPL) logging method uses repeat logs of 
FEC and temperature to analyze and determine the location of 
hydraulically conductive intervals within a wellbore. The results can be 
used in conjunction with drawdown data obtained during active pumping 
to determine interval specific hydraulic conductivity or transmissivity. The 
technique can also be used to characterize ambient (non-pumping) flow 
conditions. 

3.2 FEC: Fluid electrical conductivity. 

3.3 Standard Reference Solution: A solution of known electrochemical 
properties, calibrated to a known FEC, to be used for calibration of HpL 
Sonde. 

3.4 HPL Sonde: Wireline logging tool which measures FEC and 
temperature for use during Hydrophysical Logging. 

3.6 Emplacement - The process of replacing ambient fluids in a borehole with 
deionized water. 

3.7 Injection line - Either flexible tubing or rigid pipe used for emplacement. 

3.8 Affected Interval: That interval in a borehole into which fluids flow during 
inflow or out of which fluids flow during outflow. 

During ambient testing, the affected interval is defined as the zone 
between the deepest productive interval in a given well and the water 
surface. 

During active pumping or DI emplacement, the affected interval is defined 
as the zone between the deepest hydraulically active interval in a given 
well and the inlet of the extraction pump. 

3.9 Low yield well: Any well having a specific capacity less than 0.1 gallon 
per minute per foot of drawdown. 

3.10 Moderate yield well: Any well having a specific capacity between 0.1 
gallon per minute and 4.0 gallons/minute per foot of drawdown. 

3.11 High yield well: Any well having a specific capacity greater than 4.0 
gallons per minute per foot of drawdown. 

3.12 Specific capacity is defined as the rate of fluid influx of a borehole, in 
units of flow rate per unit drawdown. 
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3.13 Slug test: Method for testing flow in a well which involves rapid 
extraction of a finite fluid volume to produce a one-time, sudden, finite 
decrease in fluid level in the well, and monitoring subsequent fluid 
recovery. 

3.14 Pumping test: Method for testing flow in a well which involves continuous 
extraction of fluid at a constant rate to maintain a fixed decrease in fluid 
level in the well, while monitoring fluid extraction rate and water level. In 
HpL testing, a pumping test may also include simultaneous fluid injection 
at a fixed rate. 

7.1 Deionized (DI) water: Water with a very low concentration of dissolved 
species and having typically between 5 and 25 µS/cm conductivity. 

7.2  Discrete Point Fluid Sampler: Down hole logging tool that is used to 
collect a depth specific fluid sample lowered to a depth pre-selected by 
hydrophysical logging results. 

3.17 Personnel 

3.17.1 Principal Investigator (PI): Responsible for assuring full 
compliance with this procedure. PI shall require that all personnel 
assigned to work under this procedure have the necessary technical 
training, experience, and personnel skills to adequately perform 
this procedure. 

The PI is also responsible for overall operations and data quality. 

The PI shall determine whether the data and procedures meet the 
acceptance criteria. 

3.17.2 If necessary due to field conditions, the PI may perform the duties 
of the Logging Engineer and/or the Technician. 

3.17.3 If necessary due to field conditions, the Logging Engineer may 
perform the duties of the Technician. 

4.0 REQUIREMENTS  

4.1 Prerequisites 

4.1.1 Borehole of appropriate size and completion methodology. 
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 In open bedrock boreholes, casing shall be installed through the 
overburden and grouted at the rock/alluvium interface to inhibit 
water leakage into the borehole from the saturated alluvium.  For 
cased boreholes, the well shall be fully cased and gravel packed 
with single or multiple screened intervals. 

 The diameter of the borehole shall be 4 inches or greater. For 
boreholes which require higher pumping rates (> 4 gpm) a 4 inch 
diameter pump may be required. For use with a 4 inch diameter 
pump, the diameter of the borehole shall be 6 inches or greater. 

 For newly drilled wells, cuttings and drill fluids shall be removed 
from the affected fractures by standard well development 
procedures.  

4.1.2 Source of DI water. If DI water is prepared at the site, the pre-
treated water shall be potable and less than 1000 µS/cm FEC. 

4.1.3 Surface injection and submersible extraction pump(s) for HPL 
testing. 

4.2 Tools, Material, and Equipment 

 
Typical field equipment includes for shallow (less than 300 feet total depth):  
 
- Fluid management system 

- Back Pressure Regulator or orifices 
- Rubber hose (0.75-inch i.d.) for injection 
- Submersible Pump 
- Evacuation Line 
- Storage tanks (as required) with inlet/outlet valves 
- Surface Pump 
- Fluid management manifold/Monitoring Panel 
- Mechanical hose spoolers (pump, injection) 
- Data Acquisition System (for recording volumes, flow rates, time) 
- Wireline System 
- Cable 
- Power supply 

- Wireline winch unit 
- Boom and drawworks 

- Depth encoder 
- Water level indicator 
- Computer System 
- NxHpl Logging tool 
- Downhole Fluid Sampler 
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- Deionized water (prepared with wellbore fluids or transported on-site) 
- Appropriate water sample containers (typically provided by client) 
- Steam Cleaner (for logging/sampling tools) 
- Deionizing Units 

 

4.2.2 For wells greater than 300 feet total depth, an independent pumping 
system and standard wireline logging truck is required.  This includes: 

Wireline System, Cable, Power supply, Wireline winch unit, Boom and 
drawworks, Depth encoder, Water level indicator, Computer System, 
Hydrophysical Logging tool,  and Downhole Fluid Sampler. 

4.2.3 RAS independent pumping system includes: 

Fluid management system, Back Pressure Regulator or orifices, 1” 
galvanized pipe for injection lines, 2” galvanized pipe for evacuation lines, 
Submersible Pump, Storage tanks (as required) with inlet/outlet valves, 
Surface Pump, Fluid management manifold/Monitoring Panel, and Data 
Acquisition System (for recording volumes, flow rates, time). 

4.2.4 Deionized water (prepared with wellbore fluids or transported onto the 
site). 

4.2.3 Standard reference solutions: A minimum of 4 prepared solutions for 
calibration check of FEC measurements by the HpL sonde. 

4.2.4 Surface flow meters may be provided by the client. 

4.2.5 Steam cleaning equipment, if required. 

4.3 Precautions and Limits  

7.1.1 The operational temperatures and pressures for the RAS’s 
advanced, multi FEC/T arrayed hydrophysical tool are: 

§ Maximum operating pressure is approximately 1,000 PSI. 

§ Maximum practical operational temperature is 80oC. 

4.3.2 Hydrophysical tests require that the borehole fluid be emplaced 
with deionized water. Improper emplacement of the DI water or its 
subsequent contamination can drastically affect the quality of the 
test. 
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4.3.3 The minimum borehole size is 4”. Larger boreholes (6” or greater) 
may be required to utilize 4” diameter pumps if it is necessary to 
achieve flow rates higher than approximately 4 gpm. This may 
occur when testing of a high yield well. 

4.3.4 The Hydrophysical technique requires a fluid filled borehole. 

7.1.1 Bridges, constrictions in the borehole diameter, will make it 
impossible to lower the tool into the borehole and difficult to 
retrieve the tool. 

 4.4 Acceptance Criteria  

7.1.1 Forms shall be filled out as called for in this Technical 
Procedure. 

7.1.2 Field calibration checks shall meet the criteria outlined in 
TP-13. 

7.1.3 Evaluation of the test procedure and data for acceptability 
shall be the sole responsibility of the PI. 

5.0 DETAILED PROCEDURE 

When logging for hydrologic purposes only, as in this procedure, FEC and 
temperature measurements are sufficient to characterize the well.  

5.1 Before Arrival On Site 

5.1.1 Examine any previously obtained wireline logs, noting in particular 
conditions which may cause tool sticking or variations in data 
quality. 

5.1.2 Note depths of water table, surface casing, hole size changes, and 
hole bottom for use in calibrating depth measurements during 
logging.  

5.1.3 The PI shall discuss hole conditions with the drillers, or review 
drilling reports for information which may affect the design of the 
HpL tests. 

5.1.4 The PI shall review recent field activities carried out in the 
borehole of interest which may impact hydrology or fluid chemistry 
within the interval affected by the HpL tests. This includes but is 
not limited to any pump tests, interference tests, or load tests. 
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5.1.5 The PI shall also review all pre-existing hydrogeological data from 
the site and develop a preliminary testing plan, based on all 
information which can allow determination of whether the well will 
be low, moderate, or high yield. 

5.1.6 Evaluate water quality and determine if it is necessary to provide an 
external water source for DI water. 

5.1.7 Prepare a list of materials requirements, including pump(s) if 
necessary, tubing, measurement equipment, and the necessity to 
provide a source of DI water. 

5.1.8 Each measurement device which affects quality shall be calibrated 
prior to use. 

5.2 Upon Arrival On-Site  

In addition to the requirements of TP-13: 

5.2.1 The well site shall be clear of all equipment within a 25 foot radius 
of the well head. 

5.2.2 Calibration documents for all quality affecting measurement 
devices shall be made available to the site manager upon request. 

5.3 Verify on site conditions 

5.3.1 Review well construction details and record available site conditions, 
well conditions and flow yield information, verify the previously 
designed testing program.  

5.3.2 Review and record additional wellbore construction/site details 
recorde the following information: 

 Ambient depth-to-water, depth of casing, depth of well, lithology (if 
available), estimated well yield and any available drawdown data, 
and type and concentration of contamination (if any).  

5.3.3 Prepare deionized (DI) water.  Consult with DI water tank firm for 
assistance if necessary.  If DI water has not been transported to the 
site, surface or groundwater  may be used if it is of suitable quality. 
Generally, source water containing less than 1000 micro Siemens per 
centimeter (µS/cm) and less then 20 ppb VOCs will not significantly 
affect the deionizing units, but this should be confirmed with the DI 
water firm. If the groundwater from the well under test cannot be 
used for DI water generation, then DI water must be transported to 
the site and containerized at the wellhead. 
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Depending on the amount of Hydrophysical testing to be performed 
(ambient and/or active) the typical volume of DI water required for 
each borehole is approximately three times the volume of the 
standing column of formation water in the wellbore per type of 
Hydrophysical characterization. 

If preparation takes place on site, pump the source water through a 
pre-filter, to deionizing units, and into the storage tanks. 

Monitor the FEC of the DI water in-line to verify homogeneity; the 
target value is 5 to 25 µS/cm. Record the results. 

5.3.4 A pre-survey calibration check of the HPL sonde shall be performed. 

5.4 Conduct ambient FEC/Temperature log 

5.4.1 Set datum on the depth encoder with the FEC sensor on the tool as 
0 depth at the top of casing. If no space is available at the wellhead, 
measure 10 feet from the FEC sensor up the cable (using 
measuring tape) and reference with a wrap of electrical tape.  
Lower the tool down the hole to the point where the tape equals the 
elevation at the top of the casing and reference that as 10 feet depth 
on the depth encoder. 

5.4.2 Place the top of the tool approximately 3 feet below the free-water 
surface to allow it to achieve thermal equilibrium. Monitor the 
temperature output until thermal stabilization is observed at 
approximately + 0.2 °C. The rate of change of temperature shall be 
less than 1 °C/minute. 

5.4.3 After thermal stabilization of the logging tool is observed, log the 
ambient conditions of the wellbore (temperature and FEC).  During 
the logging run, the data shall be plotted in real time in log format 
on the computer screen and the data string shall be simultaneously 
recorded on the hard drive. 

 Log the ambient fluid conditions in both directions (i.e. record 
down and up).  The ideal logging speed is 5 feet per minute (fpm). 

5.4.4 At the completion of the ambient FEC/Temperature test, the 
recorded data shall be backed up immediately to floppy disk (high 
density disk) or CD-R. 

 At completion of the ambient log, place the tool approximately 10 
feet below the free water surface. The tool may remain there during 
equipment set up as long as borehole conditions permit. The 
Logging Engineer under PI direction may choose to remove the 
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logging tool from the well during installation of the pumping 
equipment. 

5.4.5 Measure and record ambient depth. 

5.5 Conduct ambient flow characterization  

Ambient flow characterization consists of a time series of FEC logs 
recorded after DI water emplacement. Continuous logging of the interval 
of interest is required. In addition to the logging results, pressure and flow 
data shall be recorded throughout the test in digital form and periodically 
in field notes. 

5.5.1 DI Emplacement Procedure. 

DI water is injected at the bottom of the well. Water is extracted 
from the top to maintain a constant water level in the well, to 
minimize disturbance to the local hydrologic system. The HpL 
sonde is used during emplacement to monitor the position of the DI 
water front as it moves up the well. A pressure transducer placed 
immediately below the extraction pump is used to monitor the 
water level in the well.  

5.5.1.1 Attach back pressure regulator or orifice, if used, and 
weighted boot, to end of emplacement line and secure.  
Insure that the injection line is of adequate length to 
reach the bottom of the wellbore.  

5.5.1.2 Lower the flexible emplacement line to the bottom of the 
well allowing one foot of clearance from the well bottom 
to the outlet of the injection line.  

5.5.1.3 Lower tool about 10 feet below the water surface.  The 
tool will be stationed beneath the submersible pump 
during non-logging times.  

5.5.1.4 Lower submersible pump in the well to a depth just 
above the logging tool. Record approximate depth of the 
pump location.  

5.5.1.5 Lower a pressure transducer a minimum of 5 feet below 
the bottom of the pump. 

(The sequence of 5.5.1.3 through 5.5.1.5 may be 
changed as required at the discretion of the PI or 
Logging Engineer.) 



DRAFT 

         TP-19  Page 14 of 23 
© 2005, RAS, Inc.                              Revision 0, 11/2/2005 

5.5.1.6 Record all initial readings of gauges at elapsed time 0.0 
minutes.  

5.5.1.7 Mark hoses with a round of electrical tape for reference. 
In addition, establish datum for tool depth to the nearest 
foot and mark on wire with wrap of tape. Reset datum on 
optical encoder for this depth. 

5.5.1.8 Pump DI water to the bottom of the wellbore using the 
surface pump and the injection riser.  Simultaneously use 
the submersible pump to maintain a stable, elevated total 
head by extracting groundwater from near the free water 
surface. The injection and extraction rates should be 
approximately the same. When groundwater from the 
subject well is used for DI water generation, generate DI 
water from the extracted formation water and recirculate 
to the well bottom via the solid riser. 

5.5.1.9 Throughout this procedure, the water level and flow data 
shall be recorded digitally. In addition, a hand-held water 
level meter shall be used to periodically record the 
elevated total head.  All flow data shall be periodically 
recorded to field notes. 

5.5.1.10 Evaluate the rate at which the DI water advances up the 
well. In the event that it is necessary to modify the rate of 
injection/extraction, the PI shall oversee the change. 

If borehole conditions permit (i.e. the absence of 
constricted borehole intervals), the logging tool is used 
to monitor the advancement of the fluid up the borehole 
as it displaces the standing formation water.  Draw the 
logging tool up the wellbore in successive increments as 
the DI water is emplaced. The logged FEC value 
changes from that of the ambient fluid to that of DI 
water at the depth of the DI water interface. Continuous 
profiling may also be performed to monitor the progress 
of DI water emplacement. 

5.5.1.11 Monitor and record the electrical conductivity of the 
fluid expelled from the extraction pump during 
emplacement procedures. Record these values and the 
times at which they were measured. 

5.5.1.12 Emplacement is complete when DI water, or sufficiently 
diluted formation water, is observed from the evacuation 
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pump or when logging tool stationed near the pump 
indicates DI water or sufficiently diluted formation 
water. 

5.5.1.13 Upon completion, turn off the evacuation pump.  Then 
turn off the injection line. 

5.5.1.14 If a pumping rig is used, check valves shall be installed 
in the extraction line to ensure that fluid is not drawn 
back into the well when the pump is turned off. In this 
case, leave the emplacement line, the extraction pump, 
the pressure transducer, and the HpL sonde in the well. 

5.5.1.15 If appropriate, the extraction line shall be removed from 
the well immediately after emplacement is complete. 

5.5.1.16 Record volumes of extracted and injected fluids.  
Calculate the volume of DI water lost to the formation: 
Vinjected - Vextracted = Vlost . This value will be negative if 
there is a net flow into the well. 

5.5.2 After DI emplacement is complete, perform continuous 
FEC/Temperature logging until 80% saturation is observed in the 
affected interval, or until 5 hours of logging has been performed. 

5.6 Characterize the well for additional testing 

The RAS PI shall determine at this time (based on all information 
available, including the data obtained in 5.5) whether the well is 
characterized by a low, intermediate, or high yield. If the PI feels that 
enough information is available to define the well type, testing shall 
proceed with item 5.8. If the PI determines that additional testing is 
needed, it shall proceed so as to minimize disturbance to the aquifer(s) 
under test. 

5.6.1 Conduct a slug test. 

5.6.1.1 Rapidly extract 1-2 ft of fluid from the well. 

5.6.1.2 Monitor and record the fluid level as it recovers. 

5.6.1.3 If the fluid recovers more slowly than 1 foot/minute the 
well is of a low yield type. Skip the remainder of 5.6.1 
and initiate 5.7. 

5.6.2 Conduct a second slug test at a higher drawdown. 



DRAFT 

         TP-19  Page 16 of 23 
© 2005, RAS, Inc.                              Revision 0, 11/2/2005 

5.6.3 If necessary , conduct a controlled, short term well production test 
(pump test) to further characterize the overall hydraulics of the 
wellbore. 

5.6.3.1 Select the pumping rate as follows: The rate(s) of 
pumping are determined by drawdown information 
previously obtained or at rate(s) appropriate for the 
wellbore diameter and saturated interval thickness.  The 
appropriate extraction rate is a function of length of 
saturated interval, borehole diameter, and previous well 
yield knowledge.  The appropriate pumping procedures 
to be employed are also dictated by the length of the 
exposed rock interval. In general, the extraction flow 
rate should be sufficient to induce adequate inflow from 
the producing intervals.  The concern is that the 
extraction flow rate does not cause extreme drawdown 
within the well i.e. lowering the free water surface to the 
depth of the shallowest conductive interval. 

5.6.3.2 Treat extracted water as follows: On-site pre-treatment 
of groundwater using activated carbon, can be conducted 
prior to DI water generation, if there is a contaminated 
groundwater source.  In addition, on-site treatment can 
also be considered to handle extracted fluids that would 
require containerization and treatment prior to disposal. 

5.6.3.3 While extraction proceeds, manually record elapsed time 
of pumping, depth to water determined using a hand-
held water level indicator, total gallons extracted, and 
extraction flow rate. This provides a manual back-up of 
the data recorded digitally during the test. 

5.6.3.4 Continue pumping until at least three wellbore volumes 
have been extracted from the wellbore, or a stabilized 
water level elevation is obtained. Record wellbore 
volume. 

5.7 Review data obtained during the pumping test to determine pumping / 
logging procedures. 

Extraction procedures for detection and characterization of hydraulically 
conductive intervals are determined based on the pumping test 
information.  The emplacement, testing and pumping procedures will 
differ depending upon well yield and determined lengths of intervals of 
interest.  In wellbore situations where intervals of interest are small (less 
than 30 feet) and hydraulic characteristics observed during drilling and 
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preliminary hydraulic testing indicate hydraulically conductive intervals 
with extremely low flow rates (i.e. <0.10 gpm/foot of drawdown), a slug 
testing procedure may be employed.  In wellbore cases where the 
preliminary hydraulic testing indicates low to moderate total yield (i.e. 
0.10 < Q < 4 gpm/foot of drawdown), constant low flow rate pumping 
after DI water emplacement procedures may be employed.  In wellbore 
situations where intervals of interest are large, and high total yield (i.e. > 4 
gpm/foot of drawdown) is observed, constant pumping during DI water 
injection procedures shall be employed. 

5.8 DI water emplacement  

After the PI has determined the test protocol, the fluid in the well shall be 
replaced again with DI water, following the procedure outlined in 5.5.1 
above. 

5.9 Conduct active flow testing  

5.9.1 Low yield active test procedure: 

If the well is of low yield type, proceed as follows: 

5.9.1.1 Perform a slug test in accordance with procedures 
developed by Hvorslev (1951).  Rapidly extract a small 
volume of water from near the free water surface using 
the extraction riser and pump.  A drop in piezometric 
head of 2-10 feet should be adequate for the initial test.  
Record the rise in the free water surface with time using 
the pressure transducer, and develop a conventional time-
lag plot. Log the well continuously with the HpL sonde to 
monitor changes in the fluid column. 

5.9.1.2 The completion of the slug test shall be defined as 
follows: Either (a) 80% of the head disturbance has 
decayed, or (b) a 20-hour time period has elapsed, 
whichever occurs first. 

5.9.1.3 Repeat the DI emplacement procedure 5.8 and the low 
yield active test procedure 5.9.1 with successive increases 
in the drop of piezometric head (or volume extracted) 
associated with each slug test.  Let the wellbore recover 
and record the rise in the free water surface.  Repeat 
logging of the wellbore fluid after the free water surface 
has recovered to a satisfactory elevation. 
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5.9.1.4 The number of repetitions shall be determined by the PI 
in the field after review of previous results. 

5.9.1.5 Record digitally the data from the pressure transducer 
throughout the test. Periodically manually record the 
borehole fluid level. 

5.9.2 Moderate yield active test procedure: 

Time Series Hydrophysical Logging During Continuous Pumping 
After DI water Emplacement 

5.9.2.1 The PI shall select a pumping rate such that drawdown of 
the free water surface produced during pumping shall not 
overlap any identified water producing interval.  

5.9.2.2 Maintain a constant flow rate from the evacuation pump 
and record the total volume of groundwater evacuated 
from the wellbore.  Employ a continuous reading pressure 
transducer (or equivalent device) to monitor and record 
digitally the depressed total head during pumping, along 
with the associated pumping rate. Manually record depth 
to water and the flow data. 

5.9.2.3 Conduct HydroPhysical logging continuously. The 
number of logging runs and the length of time required to 
conduct all logging is a function of the particular 
hydraulic conditions. 

5.9.2.4 Logging and pumping shall continue until the FEC of the 
fluid in the affected interval is more than 80% the FEC of 
the formation water. 

5.9.2.5 This process may be repeated, at the PI’s discretion, 
starting with DI emplacement procedure 5.6 and the 
moderate yield active test procedure 5.7.2, increasing the 
pumping rate. 

5.9.2.6 The number of repetitions is determined in the field after 
review of previous results. 

5.9.2.7 Record digitally the data from the pressure transducer and 
from the extraction line flow meter throughout the test. 

5.9.3 High yield active test procedure. 
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Time Series Wellbore Fluid Logging During Continuous Pumping 
and Simultaneous DI Water Injection 

5.9.3.1 The RAS PI shall select a pumping rate such that 
drawdown of the free water surface produced during 
pumping does not overlap any identified water producing 
interval. 

5.9.3.2 Maintain a constant flow rate from the evacuation pump 
and record this rate and the associated drawdown.  During 
this period, conduct HydroPhysical logging until 
reasonably similar Hydrophysicallogs are observed and a 
reasonably stable drawdown is achieved. 

5.9.3.3 After reasonably similar downhole fluid conditions are 
observed and simultaneous with extraction pumping, 
inject DI water at the bottom of the well at a constant rate 
of 10 to 30% of that employed for extraction.  Increase 
the total rate of extraction to maintain total formation 
production reasonably similar to that prior to DI water 
injection (i.e. increase the total extraction by amount 
equal to the DI water injection rate). 

5.9.3.4 Continuous logging shall be conducted until stabilized 
and consistent diluted FEC logs are observed. A 
minimum of 6 downward logs shall be recorded in the 
stable, diluted condition prior to terminating the test. 

5.9.3.5 After stabilized and consistent FEC logs are observed, 
terminate DI water injection.  Reduce the total extraction 
flow rate to the net formation rate and conduct continuous 
logging. Conduct logging until stable and consistent FEC 
values are observed. 

5.9.3.6 Record digitally the data from the pressure transducer and 
from the extraction and injection line flow meters 
throughout the test. 

5.9.3 If inflow characterization at a second pumping rate is desired, the 
following procedure shall be followed: 

5.9.3.1 Terminate DI injection. 

5.9.3.2 Increase the extraction rate to the new value. 

5.9.3.3 Follow the procedures detailed in 5.9.3.1 to 5.9.3.6. 



DRAFT 

         TP-19  Page 20 of 23 
© 2005, RAS, Inc.                              Revision 0, 11/2/2005 

5.9.4  Although pumping and testing procedures vary depending upon 
wellbore hydraulics and construction detail, there are several 
requirements which are common to all of the active tests described 
above. 

5.9.4.1 Periodically record the total volume and flow rate of well 
fluids extracted and the total volume and flow rate of DI 
water injected. Use a continuous reading pressure 
transducer or similar device to monitor the depressed total 
head during pumping. Manually record the depressed 
total head (piezometric surface) periodically, with the 
associated pumping and injection data. 

5.10 Depth Specific Sampling 

At the conclusion of hydrophysical testing, downhole, depth specific 
sampling can be conducted.  The contamination concentration values 
derived from the collected samples, in conjunction with the hydrophysical 
logging results, can be used to estimate the interval specific contaminant 
concentration for the sampled hydraulically conductive intervals. 

5.10.1 Pumping at the same formation production rate as employed during 
hydrophysical testing is initiated, or maintained. 

7.1.1 Periodic FEC/Temperature logs are conducted during pumping 
until stable logs are observed and any residual DI water has been 
pumped out of the well. 

7.1.2 Based on review of the hydrophysical logging results, the location 
of the water bearing intervals are identified and sampling depths 
are selected.  Typically, the sampling depth is located 5-10 above 
an identified water bearing interval. 

7.1.3 Prior to each sampling run, the inside of the sampler barrel and 
petcock are thoroughly cleaned with deionized water and Alconox 
soap, rinsed with DI water and dried off. 

7.1.4 The sampler ports are closed at the surface.  The operator will 
physically confirm that the ports are closed prior to placing in the 
wellbore. 

7.1.5 Depth datum for the location of inlet port is referenced to same 
datum as hydrophysical logging. 

7.1.6 The sampler is lowered to the selected depth, opened for at least 5 
minutes to insure complete filling, closed and withdrawn to the 
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surface. At the surface, the ASDE is recorded and the sampler is 
decanted into laboratory containers and reassembled. 

7.1.7 Prior to each sampling run, the inside of the sampler barrel and 
petcock are thoroughly cleaned with deionized water and Alconox 
soap, rinsed with DI water and dried off. 

7.1.8  Procedures 5.10.6 through 5.10.8 repeated until all selected 
intervals sampled. 

  

5.11 Post-log calibration  

Carry out post-log calibration, following procedures in TP-FEC. 

5.12 Departure from site  

5.12.1 Turn all pumps off. Clean evacuation line and outside of pump as 
required by site-specific procedures. 

5.12.2 Remove the tool from the well.  Clean the wireline and the tool as 
required by site-specific procedures. 

5.12.3 Remove the injection line from the well. Clean the injection line as 
required by site-specific procedures. 

5.12.4 Store the pumps and logging tools properly for transport. 

5.12.5 Place cover on well and lock (if available). 

6.0 RECORDS 

Records of the data obtained from each measurement shall be produced as 
follows: 

6.1 Paper copies of HpL logs shall be provided as shown in Appendix 7.9. 

6.2 Digitally acquired flow, pressure, and head data shall be recorded along 
with on-site calibration data. 

6.3 Forms shall be completed as detailed in this procedure and in TP-13. 

6.3.1 As provided by contractor. 

6.4 Exceptions shall be handled as detailed in TP-13. 

6.5 Field Modifications shall be handled as detailed in TP-13. 
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7.0 APPENDICES 

7.1 Typical HpL log data. 

7.2 Forms as provided by Contractor 
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 Typical HpL Log Data Appendix 7.1 
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1.0 SCOPE 

1.1 Purpose 

1.1.1 This procedure provides instructions for performing heat pulse 
flowmeter (HPFM) and electromagnetic (EM) flowmeter (EMFM) 
logging and to assure the accuracy, validity, and applicability of the 
methods used. 

1.1.2 This procedure further describes the components of HPFM and 
EMFM logging, the principles and limits of the methods used, the 
methods used for calibration and performance verification of the 
equipment, and the requirements for data acceptance and for 
documentation. 

1.1.3 This procedure includes by reference those sections of TP-13 
which are common to all measurements. 

1.1.4 In applying this procedure to the HPFM and EMFM measurement, 
the requirements of this procedure shall supersede those stipulated 
in TP-13. 

1.2 Applicability 

1.2.1 This procedure applies to borehole flow data acquisition using the 
heat pulse flow meter as originally developed by the USGS and the 
electromagnetic flowmeter.  Other similar flowmeter systems may 
use this technical procedure provided that any modifications to these 
procedures are documented as described in TP-13. 

1.2.2 This procedure applies to all Client and contractor personnel who 
perform work referred to in paragraph 1.1 or who use data obtained 
from this procedure if it is deemed to potentially affect public 
health and safety as related to a contaminated site. 

1.2.3 All data derived from this procedure that are presented to support 
the Project, and any equipment calibrations or recalibrations that 
may be required shall be in accordance with this technical 
procedure. Deviation from these procedures shall be permitted only 
under the conditions set forth in Section 6 of TP-13. 

2.0 REFERENCES 

2.1 Keys, W. Scott, and MacCary, L.M., Application of Borehole Geophysics 
to Water-Resources Investigations: USGS, Techniques of Water-
Resources Investigations, Book 2, Chapter E1. 
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2.2 Hearst, J.R., and Nelson, P.H., Well Logging for Physical Properties, 
McGraw Hill, 1985. 

2.3 Standard Guide for Planning and Conducting Borehole Geophysical 
Logging, ASTM Designation D 5753-95, October, 1995. 

2.4  ref #4 

2.5  ref #5 

2.6  ref #6 

3.0 DEFINITIONS 

Definitions shall be in accordance with ASTM D 5753-95. In addition, definitions 
common to all logging procedures are provided in TP-13. 

3.1 The HPFM (Heat Pulse Flowmeter) consists of a downhole probe 
containing a flash-type heating element with two thermistors that acquires 
and transmits differential temperature data to surface processing and 
recording equipment. (Appendix 1) 

The HPFM is a downhole tool which measures only vertical flow in a 
wellbore.  The sonde consists of a cylindrical chamber with a heater 
element and two thermistors equally spaced above and below the heater 
element. It measures flow velocity in the sensor chamber by recording the 
time between a trigger heat pulse and the arrival of that pulse at the 
affected thermistor.  The phase of the recorded differential temperature 
indicates either upflow or downflow. This time vs. differential temperature 
is displayed on a monitor in the logging truck. Fig. Appendix 2 shows a 
typical response for up(down) flow. The data is on the up hole computers 
hard drive. 

The location of water bearing intervals is accomplished by the HPFM in 
conjunction with traditional geophysical logs.  After collecting and 
reviewing the appropriate geophysical data, HPFM test stations are 
selected.  The HPFM is a principally a stationary, point measurement 
device.  By employing the HPFM during ambient (non-stress/non-
pumping) conditions and during stressed conditions, and in conjunction 
with observed drawdown data, estimates of interval specific transmissivity 
can be estimated.    

The flow range for the HPFM is approximately 0.1 to 1.5 gpm.  Resolution 
and accuracy are approximately 0.1 gpm and 0.1 gpm, respectively. 

The raw time and differential temperature data is presented on the 
computer monitor and simultaneously recorded on the harddrive. 
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3.2 The HPFM shall be run either coaxial or multi-conductor logging cable. 

3.3 The surface recording equipment mounted in the logging truck provides 
DC power to the probe, which is otherwise entirely self-contained and runs 
independently of the surface system. The surface electronics receives and 
displays the elapsed time and differential temperature data and processes 
them for digital data acquisition and display. 

3.4 Personnel 

Personnel are as defined in TP-13.  

4.0 REQUIREMENTS 

4.1 Prerequisites 

In addition to the prerequisites stipulated in TP-13: 

4.1.1 The borehole shall be either completed either open hole or 
completed with screen and casing.  A sufficient period of time after 
drilling and well completion to allow the well and surrounding 
aquifer to stabilize prior to HPFM logging.  Water level 
measurements after drilling will be conducted to insure reasonably 
stable aquifer condition. 

4.1.2 The borehole shall be clear of restrictions that prevent entry of the 
tool (including centralizers). 

4.1.3 In order to properly evaluate borehole/aquifer conditions for 
selection of HPFM sampling depths, a minimum suite of 
geophysical logs must be conducted and interpreted prior to HPFM 
logging.   

 For open bedrock wells, the minimum suite is: 

1) 3-arm caliper log 

2) Electric log (16-64 normal, Single Point Resistivity, 
Spontaneous Potential) or EM induction log 

3) Natural Gamma 

4) Fluid temperature and Fluid Electrical Conductivity 
logs 
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5) Borehole imaging log (either ATV or Digital Optical 
Imaging tool). 

 For wells completed with screen and casing, the minimum 
suite is: 

1) 3-arm caliper log 

2) Fluid temperature and Fluid Electrical Conductivity log 

3) EM Induction (only for non-ferrous type casing) 

4.1.4 The previously described geophysical logs are reviewed and 
sampling points for HPFM logging are selected. 

4.2 Tools, Material, Equipment 

4.2.1 The digital data will be recorded and processed in the field on a 
personal computer and stored on hard drive. The raw differential 
temperature and time data may later be reanalyzed using the same 
processing software. 

4.2.2 Portable aluminum cradle or down hole tool stand to facilitate 
assembly and breakdown of the probe. 

4.2.3 A sprayer and a clean water supply to clean drilling fluid from tool 
after use will be available at wellhead. 

4.2.4 HPFM centralizers 

4.2.5 Calibration tube (Appendix 3) 

The calibration tube consists of a cylinder large enough for the 
HPFM tool to fit inside.  The diameter of the tube should be 
similar to that of the wellbore(s) under investigation and about six 
feet tall.  A storage tank for potable of about 15 gallons, a small 
electric pump (0.1 to 1.5gpm) a flow meter, valve, cam lock 
fittings and two lengths of flexible hose, about four feet long, will 
be configured as presented in Appendix 3.  The calibration 
chamber can be configured for either upflow or downflow.  This 
calibration can be done either by the manufacturer of operator. 

4.2.6 Data Information and calibration sheets (HPFM Logging Forms 1.0 
- 5.0) and Operating Procedures. 

4.2.7 The HPFM probe shall be calibrated for the following purposes: 

1) To verify system operation. 
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2) To verify the repeatability of the flow measurement under 
controlled conditions. 

3) To estimate a constant multiplier of measured flow to actual 
flow.  This multiplier is required to correct for leakage of flow 
at the diverters. 

4.2.8 Calibration Procedure 

Calibration of the HPFM shall be performed under controlled 
conditions in a laboratory when calibration checks indicate a 
problem or after probe repair. 

Calibrations shall be performed before leaving the home office for 
the logging location and upon return to the home office at the 
completion of the project.  This additional calibration check is 
considered optional and at the Clients request. 

In the field, the probe shall be calibrated prior to logging and the 
calibration shall be checked following logging every borehole.  

4.2.10.1 Fill the storage tank with potable water and allow to 
thermally equilibrate to ambient temperature. 

4.2.10.2 Attach the HPFM tool to the cable. 

4.2.10.3 Place the tool in the calibration tube. A wood clamp will 
be used to secure the tool in such a position that the 
sensor section is located equidistant from the two 
inlets/outlets. 

4.2.10.4 Fill the chamber such that the water level is at or above 
the upper inlet. 

4.2.10.5 Set logging depth to zero. 

4.2.10.6 With the chamber in a stagnant (no flow) condition, take 
several flow readings.  Allow at least four minutes of 
recovery period between each reading.  Conduct multiple 
readings until three consecutive readings are within 5% 
variation of each other.  Record all readings to the 
computer hard drive.   

4.2.10.7 Configure the hoses from the pump unit and the tank 
such that upflow occurs in the flow chamber. 

4.2.10.8 Open valve for low flow conditions. 
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4.2.10.9 Initiate pumping.  Using the in-line flow meter, adjust 
the valve such that a stable 0.1-0.12 gpm upflow is 
achieved in the flow chamber. 

4.2.10.10 With the flow chamber in the low flow condition, take 
several flow readings with the HPFM.  Allow at least 
one minute of recovery period between each reading.  
Conduct multiple readings until three consecutive 
readings are within 5% variation of each other.  Record 
all readings to the computer hard drive. Stop pumping. 
Reverse hoses such that down flow conditions are 
created.  Perform same procedures as for low rate upflow 
conditions. At the conclusion of low rate calibration, 
terminate pumping. 

4.2.10.11 Configure hose for up flow testing. 

4.2.10.12 Open valve for high flow conditions. 

4.2.10.13 Initiate pumping.  Using the in-line flow meter, adjust 
the valve such that a stable 1.2-1.4 gpm upflow is 
achieved in the flow chamber. 

4.2.10.14 With the flow chamber in the high flow condition, take 
several flow readings with the HPFM.  Allow at least 
one minute of recovery period between each reading.  
Conduct multiple readings until three consecutive 
readings are within 5% variation of each other.  Record 
all readings to the computer hard drive. Stop pumping. 
Reverse hoses such that down flow conditions are 
created.  Perform same procedures as for high rate 
upflow conditions. At the conclusion of high rate 
calibration, terminate pumping. 

4.2.10.7 Record all calibration data to hard disk. 

4.2.10.8 Complete Form TP-HPFM-CAL-SHOP to document the 
calibration. 

 

4.2.11 Field Calibration Check Procedure 

A field calibration check is conducted during lowering of the flow 
meter in the cased portion of the well if saturated.  If possible, flow 
velocity measurements in the cased portion of the well are 
conducted to confirm proper tool operation. 
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4.2.12 Calibration Records 

Calibration data shall be recorded on the forms specified for both 
the pre and post logging calibrations performed for each logging 
run. These forms shall be maintained as described by the Client. 
The calibration forms shall include the instrument specifications, 
instrument identification number, well location, date and time 
calibration was performed, the standard used, its range and 
accuracy, responsible division subunit, person executing 
calibration procedure, and any pertinent observations. The 
calibration forms shall be signed and dated by the person 
performing the calibration. 

 

Calibration and calibration check data shall be recorded as raw data 
on the field computer hard drive. 

4.3 Precautions and Limits 

4.3.1 The HPFM shall be run in an uncased hole open bedrock wells.  
The HPFM shall also be run in wells completed with multiple 
screened intervals or long screened intervals. 

4.3.2 Flow measurements should be made at depth stations where there 
are smooth walls (at least several borehole diameters away from 
possible entry/exit horizons). Borehole wall rugosity will be 
determined by interpretation of the 3-arm caliper log. 

4.3.3 All HPFM measurements assume that there is some leakage around 
diverters used to force flow through the flow measurement section 
on the tool; if annulus conditions are approximately the same for 
all measurements, the true flow will be given as a constant multiple 
of the measured flow.  This constant is determined by the 
calibration procedures described in Section 4.2.8. 

4.3.4 Measure water level in the well before, during, and after flow logs 
are run to insure that hydraulic conditions are not changing during 
the measurement period, or to document such changes should they 
occur. 

4.3.5 The diverters and centralizers used with the HPFM allow abundant 
opportunity for "catching" of the probe as it is lowered into the 
well, causing a momentarily slack cable.  This, in turn, can cause 
depth errors.  As such, measurements should be made from the 
bottom up without reversing the direction of the sonde.  Then, if a 
depth error is found when the probe is returned to the zero point at 
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the top of casing, all depth data can be corrected for the observed 
depth offset.  If the probe is moved back and forth between 
sampling points, it will not be possible to make such a correction. 

4.3.6 The motion of the probe in the borehole usually disturbs the flow 
field.  It is also possible that tension on the cable or the weight of 
the probe may cause the probe to creep along the borehole for a 
short period after reaching a measurement station.  To eliminate 
any movement of the tool, a wood clam can be secured to the cable 
and placed on wellhead.  Tension is released from the wireline 
such that the wood clamp at the wellhead is supporting the HPFM. 

4.3.7 Measurements should be taken until three repeatable measurements 
are recorded.  The variance among these measurements is not a 
true indication of measurement error.  Repeat measurements 
should be made by moving the probe back to the same depth 
station for a second round of measurements.  These repeats after 
movement indicate error related to setting the probe at a slightly 
different position even though at the same nominal depth, and 
account for slight differences in the way the flow diverter fills the 
annulus around the probe. 

4.3.8  

 

4.4 Acceptance Criteria 

This log shall be accepted for use based on the expectation that the results 
will be interpreted quantitatively. 

 

4.4.1 The pre-log calibration shall result in an acceptable level of 
repeatability (less than 5%) and accuracy (within 5% of 
independent flow meter).  

4.4.2 The post-log calibration check shall result in an acceptable level of 
reproducibility and accuracy to that of the pre-log calibration. 

4.4.3 After Survey Depth Error (ASDE) shall be within required 
tolerances. 

5.0 DETAILED PROCEDURE 

These procedures apply to the heat-pulse flowmeter, where measurements are 
given by the calibrated discharge through a cylindrical measurement section.  
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Total or "true" discharge includes this measured flow along with flow that leaks 
around the diverter or packer filling the annulus between the probe measurements 
section and the borehole wall.  Flow measurement procedures are governed by the 
general application for which the flow data is being used: 

5.1 The HPFM data can be used to: 

5.1.1 Identify aquifer zones to determine how many water producing 
zones are present, if cross-flow between zones is occurring, and the 
geologic horizons that correspond with those water producing 
zones. 

 
5.1.2  Identify zones and assign relative transmissivity values for each 

zone, such that the relative proportion of water contributed from 
each zone can be used to identify the source of constituents in 
sampled waters. 

 
5.1.3 Identify producing zones and obtain quantitative estimates of the 

transmissivity and hydraulic head of those zones to be used in 
predicting the rate of production and drawdown from each zone 
under any imposed conditions. 

 

HPFM logs are typically run as one of a suite of logs during a single visit to a well 
site. Procedures prior to and upon arrival as described here pertain only to the 
specific requirements of the HPFM. Where they do not conflict with the 
procedures detailed here, all of the procedures specified in TP-13 shall also be 
adhered to. 

5.1 Prior to arrival 

In addition to those procedures detailed in TP-13. 

5.1.1 Select the appropriate centralizers for use in the well. 

5.1.2 Assure that the logging truck has a logging cable of sufficient 
length to perform the log. 

5.2 On arrival 

No added procedures are necessary beyond those detailed in TP-13. 

5.3 While Logging 

5.3.1 The HPFM shall be run centralized in the borehole. Adjust the 
probe centralizer for optimal centralization in the interval to be 
logged.  
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5.3.2 Visually inspect all joints on the HPFM to be sure they are tight. 

5.3.4 Verify the integrity of the wireline, using the procedures described 
in TP-13. 

5.3.5 Attach the probe to logging cable and connect the cable to the 
surface recording equipment. Turn power on to the tool and allow 
sufficient warm up time. 

5.3.6 Prepare computer for data storage to hard drive. 

5.3.7 Conduct a pre-log tool operational check. 

5.3.8 Set the software depth counter to read zero when probe measuring 
point is depth referenced to the measurement datum (land surface, 
top of casing, etc.). The depth zero should be taken with tension on 
the wireline similar to that expected while logging, to prevent slack 
in the cable from biasing the datum. 

5.3.9 Maintain a record of depth measurements according to procedures 
specified in TP-13. 

5.3.10 Measure and record ambient water level.  Water level 
measurements should be recorded periodically during the HPFM 
logging.  The frequency of these recordings is based on the type of 
testing performed.  If HPFM is conducted during ambient (non-
pumping conditions, water level measurements should be recorded 
at the beginning and end of each sampling location.  During 
pumping, water level measurements should be taken at a minimum 
of every five minutes throughout the period of pumping. 

5.3.11 Lower the probe to the deepest sampling depth.  Flow analysis with 
the HPFM will occur from the bottom up, minimizing any up-
down movement so as to reduce possible depth errors. 

5.3.12  

5.3.13 Determine after survey depth error. 

5.3.17 Record a Post-log calibration check.  

5.4 Prior to departure - no additional requirements beyond TP-13. 

6.0 RECORDS 

Records shall be provided as detailed in TP-13. 

6.1 Form TP-CAL-HPFM. 
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6.2 Data shall be recorded on hard drive and backed up to either a well 
specific CR-R of floppy disk. Observer's logs (or records) shall be 
maintained of all pertinent information, including data, time, recording 
cording parameters, borehole data, water level casing information, unusual 
conditions, etc. 

6.3  
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7.0 APPENDICES 

7.1 Appendix 1: Diagram of HPFM device. 

7.2 Appendix 2: Example data recorded during a HPFM log. 

7.3 Appendix 3: Calibration tube. 

7.4 Form TP-CAL-HPFM 
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Diagram of HPFM Device Appendix 7.1 
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HPFM Calibration tube Appendix 7.2 
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Standard Display of HPFM data Appendix 7.3 
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Form TP-CAL-HPFM Appendix 7.4 
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Form TP-ACQ-HPFM Appendix 7.5 
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Figure TH-5: 1.  BOPU Test Hole  5, Cheyenne, WY.  Ambient FEC and temperature 
log.  One water type of 250 to 280 µS/cm apparent. 
 
 



BELVOIR RANCH, CHEYENNE, WYO – WELL TH-5 
HPL PROCESSING NOTES 

PRELIMINARY DATA – SUBJECT TO REVISIONS 
ALL DEPTHS REFERENCED TO TOP OF PROTECTIVE STEEL CASING 
 

JR – Engineering, Cheyenne BOPU TEST HOLE 5                                                                                                             Page 2 of 2 

  DRAFT 

 
Figure TH-5: 2.  BOPU Test Hole 5, Cheyenne, WY. Summary of logs during 
emplacement for ambient flow evaluation (AFC).  DI water injection point at water level 
(about 42 feet from TOPVC at time of testing.  Strong upflow from bottom portion of 
wells prevented advancement of DI water past about 180 feet.  



BELVOIR RANCH, CHEYENNE, WYO – WELL TH-5 
HPL PROCESSING NOTES 

PRELIMINARY DATA – SUBJECT TO REVISIONS 
ALL DEPTHS REFERENCED TO TOP OF PROTECTIVE STEEL CASING 
 

JR – Engineering, Cheyenne BOPU TEST HOLE 5                                                                                                             Page 3 of 3 

  DRAFT 

 
Figure TH-5: 3.  BOPU Test Hole 5, Cheyenne, WY.  Flow and drawdown during 
emplacement for AFC.  Emplacement from 1257 to 1357 hours.  DI water co-generated 
from well water and pre-emplaced.  As such, only one flowmeter was required.  Borehole 
pressure conditions reasonably stable after approximately 5 minutes.  Ambient Flow 
Characterization conducted from 1405 to 1902 hours, during which time 8 logs were 
conducted. 
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Figure TH-5: 4.  BOPU Test Hole 5, Cheyenne, WY.  Summary of logs for AFC, upper 
most interval only.  Presented data includes 4 channels, down logs only.  Data suggests 
weak upflow for interval from below 120 and exiting borehole at 70 to 80 feet. 
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Figure TH-5: 5.  BOPU Test Hole 5, Cheyenne, WY.  Results of Centroid and Integral 
Analysis of Ambient Flow Data.   Integration interval from 45 to 157 feet. Analysis of 
data suggest a low flow rate of 0.06 gpm over this interval. 
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Figure TH-5: 6.  BOPU Test Hole 5, Cheyenne, WY.  Chromagraphic  Analysis of 
Ambient Flow Data.  Given the 4 inch diameter casing, the velocity of 0.09 feet per 
minute over the indicated interval (white line over isoelectric interval) equals about 0.06 
gallons per minute upward flow.  This estimate is in excellent agreement and strongly 
supported by the integral analysis estimate presented above (0.06 gpm). 
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Figure TH-5: 7.  BOPU Test Hole 5, Cheyenne, WY.  Flow and drawdown data during 
AFC and follow up testing.  Pumping conducted from 1921 to 1938 hours, but 
discontinued due to intermittent pump problems. 
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Figure TH-5: 7.  BOPU Test Hole 5, Cheyenne, WY.  Flow and drawdown during PDI 
testing.  Injection rate of 1.9 gpm and total discharge of 19.9 gpm, net formation 
production of 18.0 gpm.  Pump was replaced and located at bottom of well.  DI injection 
was conducted near water surface. 
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Figure TH-5: 9.  BOPU Test Hole 5, Cheyenne, WY.  Summary of analysis results 
during PDI testing.  Note two dominant intervals of production. 
 
Based on these results the following depths were sampled during pumping at about 18 
gpm: 
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Figure TH-5: 10.  BOPU Test Hole 5, Cheyenne, WY.  Summary of logs for PDI. 
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Figure TH-5: 11.  BOPU Test Hole 5, Cheyenne, WY.  Summary of logs for PDI.  Data 
suggest inflow points at or above water level.  Data suggest inflow points at 61, 74.9 and 
82.3 feet below top of casing. 
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Figure TH-5: 12.  BOPU Test Hole 5, Cheyenne, WY.  Interval specifc flow rate 
analysis of logs from PDI.  Analysis suggests interval specific flowrate for the interval 
from 37 to 90 feet inflow points to be about 0.1 gpm. 
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Figure TH-5: 13.  BOPU Test Hole 5, Cheyenne, WY.  Interval specifc flow rate 
analysis of logs from PDI.  Analysis suggests interval specific flowrate for the interval 
from 90 to 144 feet inflow points to be about 5.5 gpm 
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Figure TH-5: 14.  BOPU Test Hole 5, Cheyenne, WY.  Interval specifc flow rate 
analysis of logs from PDI.  Analysis suggests interval specific flowrate for the interval 
from 144 to 162 feet inflow points to be about 2.2 gpm 
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Figure TH-5: 15.  BOPU Test Hole 5, Cheyenne, WY.  Interval specifc flow rate 
analysis of logs from PDI.  Analysis suggests interval specific flowrate for the interval 
from 162 to 206 feet inflow points to be about 7.6 gpm 
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Figure TH-5: 16.  BOPU Test Hole 5, Cheyenne, WY.  Interval specifc flow rate 
analysis of logs from PDI.  Analysis suggests interval specific flowrate for the interval 
from 206 to 240 feet inflow points to be about 0.8 gpm 
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Figure TH-5: 17.  BOPU Test Hole 5, Cheyenne, WY.  Interval specifc flow rate 
analysis of logs from PDI.  Analysis suggests interval specific flowrate for the interval 
from 240 to 270 feet inflow points to be about 0.9 gpm 
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Figure TH-5: 18.  BOPU Test Hole 5, Cheyenne, WY.  Interval specifc flow rate 
analysis of logs from PDI.  Analysis suggests interval specific flowrate for the interval 
from 130 to 143 feet inflow points to be about 5.3 gpm 



BELVOIR RANCH, CHEYENNE, WYO – WELL TH-5 
HPL PROCESSING NOTES 

PRELIMINARY DATA – SUBJECT TO REVISIONS 
ALL DEPTHS REFERENCED TO TOP OF PROTECTIVE STEEL CASING 
 

JR – Engineering, Cheyenne BOPU TEST HOLE 5                                                                                                             Page 19 of 19 

  DRAFT 

 
Figure TH-5: 19.  BOPU Test Hole 5, Cheyenne, WY.  Interval specifc flow rate 
analysis of logs from PDI.  Analysis suggests interval specific flowrate for the interval 
from 192 to 207 feet inflow points to be about 6.4 gpm 
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APPENDIX E 
 
 

TEST HOLE 5 MONITORING WELL  
CHEMICAL ANALYSIS REPORT 

(PREPARED BY ENERGY LABORATORIES) 
 



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, DI H2O

Collection Date: 09/16/05 10:30

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-001

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 15:49 / hjc0.50ug/LNDBenzene E524.25
09/19/05 15:49 / hjc0.50ug/LNDBromobenzene E524.2
09/19/05 15:49 / hjc0.50ug/LNDBromochloromethane E524.2
09/19/05 15:49 / hjc0.50ug/LNDBromodichloromethane E524.2
09/19/05 15:49 / hjc0.50ug/LNDBromoform E524.2
09/19/05 15:49 / hjc0.50ug/LNDBromomethane E524.2
09/19/05 15:49 / hjc0.50ug/LNDn-Butylbenzene E524.2
09/19/05 15:49 / hjc0.50ug/LNDsec-Butylbenzene E524.2
09/19/05 15:49 / hjc0.50ug/LNDtert-Butylbenzene E524.2
09/19/05 15:49 / hjc0.50ug/LNDCarbon tetrachloride E524.25
09/19/05 15:49 / hjc0.50ug/LND1,2-Dichloroethane E524.25
09/19/05 15:49 / hjc0.50ug/LNDChlorobenzene E524.2100
09/19/05 15:49 / hjc0.50ug/LNDChlorodibromomethane E524.2
09/19/05 15:49 / hjc0.50ug/LNDChloroethane E524.2
09/19/05 15:49 / hjc0.50ug/LNDChloroform E524.2
09/19/05 15:49 / hjc0.50ug/LNDChloromethane E524.2
09/19/05 15:49 / hjc0.50ug/LND2-Chlorotoluene E524.2
09/19/05 15:49 / hjc0.50ug/LND4-Chlorotoluene E524.2
09/19/05 15:49 / hjc1.0ug/LND1,2-Dibromo-3-chloropropane E524.20.2
09/19/05 15:49 / hjc0.50ug/LNDDibromomethane E524.2
09/19/05 15:49 / hjc0.50ug/LND1,2-Dichlorobenzene E524.2600
09/19/05 15:49 / hjc0.50ug/LND1,3-Dichlorobenzene E524.2

J 09/19/05 15:49 / hjc0.50ug/L0.481,4-Dichlorobenzene E524.275
09/19/05 15:49 / hjc0.50ug/LNDDichlorodifluoromethane E524.2
09/19/05 15:49 / hjc0.50ug/LND1,1-Dichloroethane E524.25
09/19/05 15:49 / hjc0.50ug/LND1,2-Dibromoethane E524.20.05
09/19/05 15:49 / hjc0.50ug/LND1,1-Dichloroethene E524.27
09/19/05 15:49 / hjc0.50ug/LNDcis-1,2-Dichloroethene E524.270
09/19/05 15:49 / hjc0.50ug/LNDtrans-1,2-Dichloroethene E524.2100
09/19/05 15:49 / hjc0.50ug/LND1,2-Dichloropropane E524.25
09/19/05 15:49 / hjc0.50ug/LND1,3-Dichloropropane E524.2
09/19/05 15:49 / hjc0.50ug/LND2,2-Dichloropropane E524.2
09/19/05 15:49 / hjc0.50ug/LND1,1-Dichloropropene E524.2
09/19/05 15:49 / hjc0.50ug/LNDcis-1,3-Dichloropropene E524.2
09/19/05 15:49 / hjc0.50ug/LNDtrans-1,3-Dichloropropene E524.2
09/19/05 15:49 / hjc0.50ug/LNDEthylbenzene E524.2700
09/19/05 15:49 / hjc0.50ug/LNDHexachlorobutadiene E524.2
09/19/05 15:49 / hjc0.50ug/LNDIsopropylbenzene E524.2
09/19/05 15:49 / hjc0.50ug/LNDp-Isopropyltoluene E524.2
09/19/05 15:49 / hjc0.50ug/LNDMethyl tert-butyl ether (MTBE) E524.2
09/19/05 15:49 / hjc0.50ug/LNDMethylene chloride E524.25
09/19/05 15:49 / hjc0.50ug/LNDNaphthalene E524.2

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.
J - Estimated value.  The analyte was present but less than 
the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, DI H2O

Collection Date: 09/16/05 10:30

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-001

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 15:49 / hjc0.50ug/LNDn-Propylbenzene E524.2
09/19/05 15:49 / hjc0.50ug/LNDStyrene E524.2100
09/19/05 15:49 / hjc0.50ug/LND1,1,1,2-Tetrachloroethane E524.2
09/19/05 15:49 / hjc0.50ug/LND1,1,2,2-Tetrachloroethane E524.2
09/19/05 15:49 / hjc0.50ug/LNDTetrachloroethene E524.25

J 09/19/05 15:49 / hjc0.50ug/L0.34Toluene E524.21000
09/19/05 15:49 / hjc0.50ug/LND1,2,3-Trichlorobenzene E524.2
09/19/05 15:49 / hjc0.50ug/LND1,2,4-Trichlorobenzene E524.270
09/19/05 15:49 / hjc0.50ug/LND1,1,1-Trichloroethane E524.2200
09/19/05 15:49 / hjc0.50ug/LND1,1,2-Trichloroethane E524.25
09/19/05 15:49 / hjc0.50ug/LNDTrichloroethene E524.25
09/19/05 15:49 / hjc0.50ug/LNDTrichlorofluoromethane E524.2
09/19/05 15:49 / hjc0.50ug/LND1,2,3-Trichloropropane E524.2
09/19/05 15:49 / hjc0.50ug/LNDTrihalomethanes, Total E524.280
09/19/05 15:49 / hjc0.50ug/LND1,2,4-Trimethylbenzene E524.2
09/19/05 15:49 / hjc0.50ug/LND1,3,5-Trimethylbenzene E524.2
09/19/05 15:49 / hjc0.50ug/LNDVinyl chloride E524.22
09/19/05 15:49 / hjc0.50ug/LNDm+p-Xylenes E524.2
09/19/05 15:49 / hjc0.50ug/LNDo-Xylene E524.2
09/19/05 15:49 / hjc0.50ug/LNDXylenes, Total E524.210000
09/19/05 15:49 / hjc%REC106    Surr: p-Bromofluorobenzene E524.280-120
09/19/05 15:49 / hjc%REC96.4    Surr: 1,2-Dichloroethane-d4 E524.274-127
09/19/05 15:49 / hjc%REC105    Surr: Toluene-d8 E524.280-120

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.
J - Estimated value.  The analyte was present but less than 
the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, Tool Blank

Collection Date: 09/16/05 10:35

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-002

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 16:21 / hjc0.50ug/LNDBenzene E524.25
09/19/05 16:21 / hjc0.50ug/LNDBromobenzene E524.2
09/19/05 16:21 / hjc0.50ug/LNDBromochloromethane E524.2
09/19/05 16:21 / hjc0.50ug/LNDBromodichloromethane E524.2
09/19/05 16:21 / hjc0.50ug/LNDBromoform E524.2
09/19/05 16:21 / hjc0.50ug/LNDBromomethane E524.2
09/19/05 16:21 / hjc0.50ug/LNDn-Butylbenzene E524.2
09/19/05 16:21 / hjc0.50ug/LNDsec-Butylbenzene E524.2
09/19/05 16:21 / hjc0.50ug/LNDtert-Butylbenzene E524.2
09/19/05 16:21 / hjc0.50ug/LNDCarbon tetrachloride E524.25
09/19/05 16:21 / hjc0.50ug/LND1,2-Dichloroethane E524.25
09/19/05 16:21 / hjc0.50ug/LNDChlorobenzene E524.2100
09/19/05 16:21 / hjc0.50ug/LNDChlorodibromomethane E524.2
09/19/05 16:21 / hjc0.50ug/LNDChloroethane E524.2
09/19/05 16:21 / hjc0.50ug/LNDChloroform E524.2
09/19/05 16:21 / hjc0.50ug/LNDChloromethane E524.2
09/19/05 16:21 / hjc0.50ug/LND2-Chlorotoluene E524.2
09/19/05 16:21 / hjc0.50ug/LND4-Chlorotoluene E524.2
09/19/05 16:21 / hjc1.0ug/LND1,2-Dibromo-3-chloropropane E524.20.2
09/19/05 16:21 / hjc0.50ug/LNDDibromomethane E524.2
09/19/05 16:21 / hjc0.50ug/LND1,2-Dichlorobenzene E524.2600
09/19/05 16:21 / hjc0.50ug/LND1,3-Dichlorobenzene E524.2

J 09/19/05 16:21 / hjc0.50ug/L0.321,4-Dichlorobenzene E524.275
09/19/05 16:21 / hjc0.50ug/LNDDichlorodifluoromethane E524.2
09/19/05 16:21 / hjc0.50ug/LND1,1-Dichloroethane E524.25
09/19/05 16:21 / hjc0.50ug/LND1,2-Dibromoethane E524.20.05
09/19/05 16:21 / hjc0.50ug/LND1,1-Dichloroethene E524.27
09/19/05 16:21 / hjc0.50ug/LNDcis-1,2-Dichloroethene E524.270
09/19/05 16:21 / hjc0.50ug/LNDtrans-1,2-Dichloroethene E524.2100
09/19/05 16:21 / hjc0.50ug/LND1,2-Dichloropropane E524.25
09/19/05 16:21 / hjc0.50ug/LND1,3-Dichloropropane E524.2
09/19/05 16:21 / hjc0.50ug/LND2,2-Dichloropropane E524.2
09/19/05 16:21 / hjc0.50ug/LND1,1-Dichloropropene E524.2
09/19/05 16:21 / hjc0.50ug/LNDcis-1,3-Dichloropropene E524.2
09/19/05 16:21 / hjc0.50ug/LNDtrans-1,3-Dichloropropene E524.2
09/19/05 16:21 / hjc0.50ug/LNDEthylbenzene E524.2700
09/19/05 16:21 / hjc0.50ug/LNDHexachlorobutadiene E524.2
09/19/05 16:21 / hjc0.50ug/LNDIsopropylbenzene E524.2
09/19/05 16:21 / hjc0.50ug/LNDp-Isopropyltoluene E524.2
09/19/05 16:21 / hjc0.50ug/LNDMethyl tert-butyl ether (MTBE) E524.2
09/19/05 16:21 / hjc0.50ug/LNDMethylene chloride E524.25
09/19/05 16:21 / hjc0.50ug/LNDNaphthalene E524.2

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.
J - Estimated value.  The analyte was present but less than 
the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, Tool Blank

Collection Date: 09/16/05 10:35

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-002

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 16:21 / hjc0.50ug/LNDn-Propylbenzene E524.2
09/19/05 16:21 / hjc0.50ug/LNDStyrene E524.2100
09/19/05 16:21 / hjc0.50ug/LND1,1,1,2-Tetrachloroethane E524.2
09/19/05 16:21 / hjc0.50ug/LND1,1,2,2-Tetrachloroethane E524.2
09/19/05 16:21 / hjc0.50ug/LNDTetrachloroethene E524.25

J 09/19/05 16:21 / hjc0.50ug/L0.22Toluene E524.21000
09/19/05 16:21 / hjc0.50ug/LND1,2,3-Trichlorobenzene E524.2
09/19/05 16:21 / hjc0.50ug/LND1,2,4-Trichlorobenzene E524.270
09/19/05 16:21 / hjc0.50ug/LND1,1,1-Trichloroethane E524.2200
09/19/05 16:21 / hjc0.50ug/LND1,1,2-Trichloroethane E524.25
09/19/05 16:21 / hjc0.50ug/LNDTrichloroethene E524.25
09/19/05 16:21 / hjc0.50ug/LNDTrichlorofluoromethane E524.2
09/19/05 16:21 / hjc0.50ug/LND1,2,3-Trichloropropane E524.2
09/19/05 16:21 / hjc0.50ug/LNDTrihalomethanes, Total E524.280
09/19/05 16:21 / hjc0.50ug/LND1,2,4-Trimethylbenzene E524.2
09/19/05 16:21 / hjc0.50ug/LND1,3,5-Trimethylbenzene E524.2
09/19/05 16:21 / hjc0.50ug/LNDVinyl chloride E524.22
09/19/05 16:21 / hjc0.50ug/LNDm+p-Xylenes E524.2
09/19/05 16:21 / hjc0.50ug/LNDo-Xylene E524.2
09/19/05 16:21 / hjc0.50ug/LNDXylenes, Total E524.210000
09/19/05 16:21 / hjc%REC107    Surr: p-Bromofluorobenzene E524.280-120
09/19/05 16:21 / hjc%REC95.2    Surr: 1,2-Dichloroethane-d4 E524.274-127
09/19/05 16:21 / hjc%REC98.4    Surr: Toluene-d8 E524.280-120

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.
J - Estimated value.  The analyte was present but less than 
the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, 90.0 ft.

Collection Date: 09/16/05 12:19

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-003

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 16:53 / hjc0.50ug/LNDBenzene E524.25
09/19/05 16:53 / hjc0.50ug/LNDBromobenzene E524.2
09/19/05 16:53 / hjc0.50ug/LNDBromochloromethane E524.2
09/19/05 16:53 / hjc0.50ug/LNDBromodichloromethane E524.2
09/19/05 16:53 / hjc0.50ug/LNDBromoform E524.2
09/19/05 16:53 / hjc0.50ug/LNDBromomethane E524.2
09/19/05 16:53 / hjc0.50ug/LNDn-Butylbenzene E524.2
09/19/05 16:53 / hjc0.50ug/LNDsec-Butylbenzene E524.2
09/19/05 16:53 / hjc0.50ug/LNDtert-Butylbenzene E524.2
09/19/05 16:53 / hjc0.50ug/LNDCarbon tetrachloride E524.25
09/19/05 16:53 / hjc0.50ug/LND1,2-Dichloroethane E524.25
09/19/05 16:53 / hjc0.50ug/LNDChlorobenzene E524.2100
09/19/05 16:53 / hjc0.50ug/LNDChlorodibromomethane E524.2
09/19/05 16:53 / hjc0.50ug/LNDChloroethane E524.2
09/19/05 16:53 / hjc0.50ug/LNDChloroform E524.2
09/19/05 16:53 / hjc0.50ug/LNDChloromethane E524.2
09/19/05 16:53 / hjc0.50ug/LND2-Chlorotoluene E524.2
09/19/05 16:53 / hjc0.50ug/LND4-Chlorotoluene E524.2
09/19/05 16:53 / hjc1.0ug/LND1,2-Dibromo-3-chloropropane E524.20.2
09/19/05 16:53 / hjc0.50ug/LNDDibromomethane E524.2
09/19/05 16:53 / hjc0.50ug/LND1,2-Dichlorobenzene E524.2600
09/19/05 16:53 / hjc0.50ug/LND1,3-Dichlorobenzene E524.2
09/19/05 16:53 / hjc0.50ug/LND1,4-Dichlorobenzene E524.275
09/19/05 16:53 / hjc0.50ug/LNDDichlorodifluoromethane E524.2
09/19/05 16:53 / hjc0.50ug/LND1,1-Dichloroethane E524.25
09/19/05 16:53 / hjc0.50ug/LND1,2-Dibromoethane E524.20.05
09/19/05 16:53 / hjc0.50ug/LND1,1-Dichloroethene E524.27
09/19/05 16:53 / hjc0.50ug/LNDcis-1,2-Dichloroethene E524.270
09/19/05 16:53 / hjc0.50ug/LNDtrans-1,2-Dichloroethene E524.2100
09/19/05 16:53 / hjc0.50ug/LND1,2-Dichloropropane E524.25
09/19/05 16:53 / hjc0.50ug/LND1,3-Dichloropropane E524.2
09/19/05 16:53 / hjc0.50ug/LND2,2-Dichloropropane E524.2
09/19/05 16:53 / hjc0.50ug/LND1,1-Dichloropropene E524.2
09/19/05 16:53 / hjc0.50ug/LNDcis-1,3-Dichloropropene E524.2
09/19/05 16:53 / hjc0.50ug/LNDtrans-1,3-Dichloropropene E524.2
09/19/05 16:53 / hjc0.50ug/LNDEthylbenzene E524.2700
09/19/05 16:53 / hjc0.50ug/LNDHexachlorobutadiene E524.2
09/19/05 16:53 / hjc0.50ug/LNDIsopropylbenzene E524.2
09/19/05 16:53 / hjc0.50ug/LNDp-Isopropyltoluene E524.2
09/19/05 16:53 / hjc0.50ug/LNDMethyl tert-butyl ether (MTBE) E524.2
09/19/05 16:53 / hjc0.50ug/LNDMethylene chloride E524.25
09/19/05 16:53 / hjc0.50ug/LNDNaphthalene E524.2

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, 90.0 ft.

Collection Date: 09/16/05 12:19

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-003

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 16:53 / hjc0.50ug/LNDn-Propylbenzene E524.2
09/19/05 16:53 / hjc0.50ug/LNDStyrene E524.2100
09/19/05 16:53 / hjc0.50ug/LND1,1,1,2-Tetrachloroethane E524.2
09/19/05 16:53 / hjc0.50ug/LND1,1,2,2-Tetrachloroethane E524.2
09/19/05 16:53 / hjc0.50ug/LNDTetrachloroethene E524.25
09/19/05 16:53 / hjc0.50ug/L1.1Toluene E524.21000
09/19/05 16:53 / hjc0.50ug/LND1,2,3-Trichlorobenzene E524.2
09/19/05 16:53 / hjc0.50ug/LND1,2,4-Trichlorobenzene E524.270
09/19/05 16:53 / hjc0.50ug/LND1,1,1-Trichloroethane E524.2200
09/19/05 16:53 / hjc0.50ug/LND1,1,2-Trichloroethane E524.25
09/19/05 16:53 / hjc0.50ug/LNDTrichloroethene E524.25
09/19/05 16:53 / hjc0.50ug/LNDTrichlorofluoromethane E524.2
09/19/05 16:53 / hjc0.50ug/LND1,2,3-Trichloropropane E524.2
09/19/05 16:53 / hjc0.50ug/LNDTrihalomethanes, Total E524.280
09/19/05 16:53 / hjc0.50ug/LND1,2,4-Trimethylbenzene E524.2
09/19/05 16:53 / hjc0.50ug/LND1,3,5-Trimethylbenzene E524.2
09/19/05 16:53 / hjc0.50ug/LNDVinyl chloride E524.22

J 09/19/05 16:53 / hjc0.50ug/L0.23m+p-Xylenes E524.2
09/19/05 16:53 / hjc0.50ug/LNDo-Xylene E524.2

J 09/19/05 16:53 / hjc0.50ug/L0.23Xylenes, Total E524.210000
09/19/05 16:53 / hjc%REC103    Surr: p-Bromofluorobenzene E524.280-120
09/19/05 16:53 / hjc%REC95.2    Surr: 1,2-Dichloroethane-d4 E524.274-127
09/19/05 16:53 / hjc%REC104    Surr: Toluene-d8 E524.280-120

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.
J - Estimated value.  The analyte was present but less than 
the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, 144.0 ft.

Collection Date: 09/16/05 12:49

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-004

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 17:26 / hjc0.50ug/LNDBenzene E524.25
09/19/05 17:26 / hjc0.50ug/LNDBromobenzene E524.2
09/19/05 17:26 / hjc0.50ug/LNDBromochloromethane E524.2
09/19/05 17:26 / hjc0.50ug/LNDBromodichloromethane E524.2
09/19/05 17:26 / hjc0.50ug/LNDBromoform E524.2
09/19/05 17:26 / hjc0.50ug/LNDBromomethane E524.2
09/19/05 17:26 / hjc0.50ug/LNDn-Butylbenzene E524.2
09/19/05 17:26 / hjc0.50ug/LNDsec-Butylbenzene E524.2
09/19/05 17:26 / hjc0.50ug/LNDtert-Butylbenzene E524.2
09/19/05 17:26 / hjc0.50ug/LNDCarbon tetrachloride E524.25
09/19/05 17:26 / hjc0.50ug/LND1,2-Dichloroethane E524.25
09/19/05 17:26 / hjc0.50ug/LNDChlorobenzene E524.2100
09/19/05 17:26 / hjc0.50ug/LNDChlorodibromomethane E524.2
09/19/05 17:26 / hjc0.50ug/LNDChloroethane E524.2
09/19/05 17:26 / hjc0.50ug/LNDChloroform E524.2
09/19/05 17:26 / hjc0.50ug/LNDChloromethane E524.2
09/19/05 17:26 / hjc0.50ug/LND2-Chlorotoluene E524.2
09/19/05 17:26 / hjc0.50ug/LND4-Chlorotoluene E524.2
09/19/05 17:26 / hjc1.0ug/LND1,2-Dibromo-3-chloropropane E524.20.2
09/19/05 17:26 / hjc0.50ug/LNDDibromomethane E524.2
09/19/05 17:26 / hjc0.50ug/LND1,2-Dichlorobenzene E524.2600
09/19/05 17:26 / hjc0.50ug/LND1,3-Dichlorobenzene E524.2
09/19/05 17:26 / hjc0.50ug/LND1,4-Dichlorobenzene E524.275
09/19/05 17:26 / hjc0.50ug/LNDDichlorodifluoromethane E524.2
09/19/05 17:26 / hjc0.50ug/LND1,1-Dichloroethane E524.25
09/19/05 17:26 / hjc0.50ug/LND1,2-Dibromoethane E524.20.05
09/19/05 17:26 / hjc0.50ug/LND1,1-Dichloroethene E524.27
09/19/05 17:26 / hjc0.50ug/LNDcis-1,2-Dichloroethene E524.270
09/19/05 17:26 / hjc0.50ug/LNDtrans-1,2-Dichloroethene E524.2100
09/19/05 17:26 / hjc0.50ug/LND1,2-Dichloropropane E524.25
09/19/05 17:26 / hjc0.50ug/LND1,3-Dichloropropane E524.2
09/19/05 17:26 / hjc0.50ug/LND2,2-Dichloropropane E524.2
09/19/05 17:26 / hjc0.50ug/LND1,1-Dichloropropene E524.2
09/19/05 17:26 / hjc0.50ug/LNDcis-1,3-Dichloropropene E524.2
09/19/05 17:26 / hjc0.50ug/LNDtrans-1,3-Dichloropropene E524.2
09/19/05 17:26 / hjc0.50ug/LNDEthylbenzene E524.2700
09/19/05 17:26 / hjc0.50ug/LNDHexachlorobutadiene E524.2
09/19/05 17:26 / hjc0.50ug/LNDIsopropylbenzene E524.2
09/19/05 17:26 / hjc0.50ug/LNDp-Isopropyltoluene E524.2
09/19/05 17:26 / hjc0.50ug/LNDMethyl tert-butyl ether (MTBE) E524.2
09/19/05 17:26 / hjc0.50ug/LNDMethylene chloride E524.25
09/19/05 17:26 / hjc0.50ug/LNDNaphthalene E524.2

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, 144.0 ft.

Collection Date: 09/16/05 12:49

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-004

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 17:26 / hjc0.50ug/LNDn-Propylbenzene E524.2
09/19/05 17:26 / hjc0.50ug/LNDStyrene E524.2100
09/19/05 17:26 / hjc0.50ug/LND1,1,1,2-Tetrachloroethane E524.2
09/19/05 17:26 / hjc0.50ug/LND1,1,2,2-Tetrachloroethane E524.2
09/19/05 17:26 / hjc0.50ug/LNDTetrachloroethene E524.25
09/19/05 17:26 / hjc0.50ug/LNDToluene E524.21000
09/19/05 17:26 / hjc0.50ug/LND1,2,3-Trichlorobenzene E524.2
09/19/05 17:26 / hjc0.50ug/LND1,2,4-Trichlorobenzene E524.270
09/19/05 17:26 / hjc0.50ug/LND1,1,1-Trichloroethane E524.2200
09/19/05 17:26 / hjc0.50ug/LND1,1,2-Trichloroethane E524.25
09/19/05 17:26 / hjc0.50ug/LNDTrichloroethene E524.25
09/19/05 17:26 / hjc0.50ug/LNDTrichlorofluoromethane E524.2
09/19/05 17:26 / hjc0.50ug/LND1,2,3-Trichloropropane E524.2
09/19/05 17:26 / hjc0.50ug/LNDTrihalomethanes, Total E524.280
09/19/05 17:26 / hjc0.50ug/LND1,2,4-Trimethylbenzene E524.2
09/19/05 17:26 / hjc0.50ug/LND1,3,5-Trimethylbenzene E524.2
09/19/05 17:26 / hjc0.50ug/LNDVinyl chloride E524.22
09/19/05 17:26 / hjc0.50ug/LNDm+p-Xylenes E524.2
09/19/05 17:26 / hjc0.50ug/LNDo-Xylene E524.2
09/19/05 17:26 / hjc0.50ug/LNDXylenes, Total E524.210000
09/19/05 17:26 / hjc%REC110    Surr: p-Bromofluorobenzene E524.280-120
09/19/05 17:26 / hjc%REC94.4    Surr: 1,2-Dichloroethane-d4 E524.274-127
09/19/05 17:26 / hjc%REC94.0    Surr: Toluene-d8 E524.280-120

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, 162.0 ft. A

Collection Date: 09/16/05 13:26

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-005

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 17:58 / hjc0.50ug/LNDBenzene E524.25
09/19/05 17:58 / hjc0.50ug/LNDBromobenzene E524.2
09/19/05 17:58 / hjc0.50ug/LNDBromochloromethane E524.2
09/19/05 17:58 / hjc0.50ug/LNDBromodichloromethane E524.2
09/19/05 17:58 / hjc0.50ug/LNDBromoform E524.2
09/19/05 17:58 / hjc0.50ug/LNDBromomethane E524.2
09/19/05 17:58 / hjc0.50ug/LNDn-Butylbenzene E524.2
09/19/05 17:58 / hjc0.50ug/LNDsec-Butylbenzene E524.2
09/19/05 17:58 / hjc0.50ug/LNDtert-Butylbenzene E524.2
09/19/05 17:58 / hjc0.50ug/LNDCarbon tetrachloride E524.25
09/19/05 17:58 / hjc0.50ug/LND1,2-Dichloroethane E524.25
09/19/05 17:58 / hjc0.50ug/LNDChlorobenzene E524.2100
09/19/05 17:58 / hjc0.50ug/LNDChlorodibromomethane E524.2
09/19/05 17:58 / hjc0.50ug/LNDChloroethane E524.2
09/19/05 17:58 / hjc0.50ug/LNDChloroform E524.2
09/19/05 17:58 / hjc0.50ug/LNDChloromethane E524.2
09/19/05 17:58 / hjc0.50ug/LND2-Chlorotoluene E524.2
09/19/05 17:58 / hjc0.50ug/LND4-Chlorotoluene E524.2
09/19/05 17:58 / hjc1.0ug/LND1,2-Dibromo-3-chloropropane E524.20.2
09/19/05 17:58 / hjc0.50ug/LNDDibromomethane E524.2
09/19/05 17:58 / hjc0.50ug/LND1,2-Dichlorobenzene E524.2600
09/19/05 17:58 / hjc0.50ug/LND1,3-Dichlorobenzene E524.2
09/19/05 17:58 / hjc0.50ug/LND1,4-Dichlorobenzene E524.275
09/19/05 17:58 / hjc0.50ug/LNDDichlorodifluoromethane E524.2
09/19/05 17:58 / hjc0.50ug/LND1,1-Dichloroethane E524.25
09/19/05 17:58 / hjc0.50ug/LND1,2-Dibromoethane E524.20.05
09/19/05 17:58 / hjc0.50ug/LND1,1-Dichloroethene E524.27
09/19/05 17:58 / hjc0.50ug/LNDcis-1,2-Dichloroethene E524.270
09/19/05 17:58 / hjc0.50ug/LNDtrans-1,2-Dichloroethene E524.2100
09/19/05 17:58 / hjc0.50ug/LND1,2-Dichloropropane E524.25
09/19/05 17:58 / hjc0.50ug/LND1,3-Dichloropropane E524.2
09/19/05 17:58 / hjc0.50ug/LND2,2-Dichloropropane E524.2
09/19/05 17:58 / hjc0.50ug/LND1,1-Dichloropropene E524.2
09/19/05 17:58 / hjc0.50ug/LNDcis-1,3-Dichloropropene E524.2
09/19/05 17:58 / hjc0.50ug/LNDtrans-1,3-Dichloropropene E524.2
09/19/05 17:58 / hjc0.50ug/LNDEthylbenzene E524.2700
09/19/05 17:58 / hjc0.50ug/LNDHexachlorobutadiene E524.2
09/19/05 17:58 / hjc0.50ug/LNDIsopropylbenzene E524.2
09/19/05 17:58 / hjc0.50ug/LNDp-Isopropyltoluene E524.2
09/19/05 17:58 / hjc0.50ug/LNDMethyl tert-butyl ether (MTBE) E524.2
09/19/05 17:58 / hjc0.50ug/LNDMethylene chloride E524.25
09/19/05 17:58 / hjc0.50ug/LNDNaphthalene E524.2

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, 162.0 ft. A

Collection Date: 09/16/05 13:26

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-005

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 17:58 / hjc0.50ug/LNDn-Propylbenzene E524.2
09/19/05 17:58 / hjc0.50ug/LNDStyrene E524.2100
09/19/05 17:58 / hjc0.50ug/LND1,1,1,2-Tetrachloroethane E524.2
09/19/05 17:58 / hjc0.50ug/LND1,1,2,2-Tetrachloroethane E524.2
09/19/05 17:58 / hjc0.50ug/LNDTetrachloroethene E524.25
09/19/05 17:58 / hjc0.50ug/LNDToluene E524.21000
09/19/05 17:58 / hjc0.50ug/LND1,2,3-Trichlorobenzene E524.2
09/19/05 17:58 / hjc0.50ug/LND1,2,4-Trichlorobenzene E524.270
09/19/05 17:58 / hjc0.50ug/LND1,1,1-Trichloroethane E524.2200
09/19/05 17:58 / hjc0.50ug/LND1,1,2-Trichloroethane E524.25
09/19/05 17:58 / hjc0.50ug/LNDTrichloroethene E524.25
09/19/05 17:58 / hjc0.50ug/LNDTrichlorofluoromethane E524.2
09/19/05 17:58 / hjc0.50ug/LND1,2,3-Trichloropropane E524.2
09/19/05 17:58 / hjc0.50ug/LNDTrihalomethanes, Total E524.280
09/19/05 17:58 / hjc0.50ug/LND1,2,4-Trimethylbenzene E524.2
09/19/05 17:58 / hjc0.50ug/LND1,3,5-Trimethylbenzene E524.2
09/19/05 17:58 / hjc0.50ug/LNDVinyl chloride E524.22
09/19/05 17:58 / hjc0.50ug/LNDm+p-Xylenes E524.2
09/19/05 17:58 / hjc0.50ug/LNDo-Xylene E524.2
09/19/05 17:58 / hjc0.50ug/LNDXylenes, Total E524.210000
09/19/05 17:58 / hjc%REC106    Surr: p-Bromofluorobenzene E524.280-120
09/19/05 17:58 / hjc%REC93.2    Surr: 1,2-Dichloroethane-d4 E524.274-127
09/19/05 17:58 / hjc%REC110    Surr: Toluene-d8 E524.280-120

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, 162.0 ft. B

Collection Date: 09/16/05 13:26

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-006

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 18:30 / hjc0.50ug/LNDBenzene E524.25
09/19/05 18:30 / hjc0.50ug/LNDBromobenzene E524.2
09/19/05 18:30 / hjc0.50ug/LNDBromochloromethane E524.2
09/19/05 18:30 / hjc0.50ug/LNDBromodichloromethane E524.2
09/19/05 18:30 / hjc0.50ug/LNDBromoform E524.2
09/19/05 18:30 / hjc0.50ug/LNDBromomethane E524.2
09/19/05 18:30 / hjc0.50ug/LNDn-Butylbenzene E524.2
09/19/05 18:30 / hjc0.50ug/LNDsec-Butylbenzene E524.2
09/19/05 18:30 / hjc0.50ug/LNDtert-Butylbenzene E524.2
09/19/05 18:30 / hjc0.50ug/LNDCarbon tetrachloride E524.25
09/19/05 18:30 / hjc0.50ug/LND1,2-Dichloroethane E524.25
09/19/05 18:30 / hjc0.50ug/LNDChlorobenzene E524.2100
09/19/05 18:30 / hjc0.50ug/LNDChlorodibromomethane E524.2
09/19/05 18:30 / hjc0.50ug/LNDChloroethane E524.2
09/19/05 18:30 / hjc0.50ug/LNDChloroform E524.2
09/19/05 18:30 / hjc0.50ug/LNDChloromethane E524.2
09/19/05 18:30 / hjc0.50ug/LND2-Chlorotoluene E524.2
09/19/05 18:30 / hjc0.50ug/LND4-Chlorotoluene E524.2
09/19/05 18:30 / hjc1.0ug/LND1,2-Dibromo-3-chloropropane E524.20.2
09/19/05 18:30 / hjc0.50ug/LNDDibromomethane E524.2
09/19/05 18:30 / hjc0.50ug/LND1,2-Dichlorobenzene E524.2600
09/19/05 18:30 / hjc0.50ug/LND1,3-Dichlorobenzene E524.2
09/19/05 18:30 / hjc0.50ug/LND1,4-Dichlorobenzene E524.275
09/19/05 18:30 / hjc0.50ug/LNDDichlorodifluoromethane E524.2
09/19/05 18:30 / hjc0.50ug/LND1,1-Dichloroethane E524.25
09/19/05 18:30 / hjc0.50ug/LND1,2-Dibromoethane E524.20.05
09/19/05 18:30 / hjc0.50ug/LND1,1-Dichloroethene E524.27
09/19/05 18:30 / hjc0.50ug/LNDcis-1,2-Dichloroethene E524.270
09/19/05 18:30 / hjc0.50ug/LNDtrans-1,2-Dichloroethene E524.2100
09/19/05 18:30 / hjc0.50ug/LND1,2-Dichloropropane E524.25
09/19/05 18:30 / hjc0.50ug/LND1,3-Dichloropropane E524.2
09/19/05 18:30 / hjc0.50ug/LND2,2-Dichloropropane E524.2
09/19/05 18:30 / hjc0.50ug/LND1,1-Dichloropropene E524.2
09/19/05 18:30 / hjc0.50ug/LNDcis-1,3-Dichloropropene E524.2
09/19/05 18:30 / hjc0.50ug/LNDtrans-1,3-Dichloropropene E524.2
09/19/05 18:30 / hjc0.50ug/LNDEthylbenzene E524.2700
09/19/05 18:30 / hjc0.50ug/LNDHexachlorobutadiene E524.2
09/19/05 18:30 / hjc0.50ug/LNDIsopropylbenzene E524.2
09/19/05 18:30 / hjc0.50ug/LNDp-Isopropyltoluene E524.2
09/19/05 18:30 / hjc0.50ug/LNDMethyl tert-butyl ether (MTBE) E524.2
09/19/05 18:30 / hjc0.50ug/LNDMethylene chloride E524.25
09/19/05 18:30 / hjc0.50ug/LNDNaphthalene E524.2

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, 162.0 ft. B

Collection Date: 09/16/05 13:26

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-006

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 18:30 / hjc0.50ug/LNDn-Propylbenzene E524.2
09/19/05 18:30 / hjc0.50ug/LNDStyrene E524.2100
09/19/05 18:30 / hjc0.50ug/LND1,1,1,2-Tetrachloroethane E524.2
09/19/05 18:30 / hjc0.50ug/LND1,1,2,2-Tetrachloroethane E524.2
09/19/05 18:30 / hjc0.50ug/LNDTetrachloroethene E524.25
09/19/05 18:30 / hjc0.50ug/LNDToluene E524.21000
09/19/05 18:30 / hjc0.50ug/LND1,2,3-Trichlorobenzene E524.2
09/19/05 18:30 / hjc0.50ug/LND1,2,4-Trichlorobenzene E524.270
09/19/05 18:30 / hjc0.50ug/LND1,1,1-Trichloroethane E524.2200
09/19/05 18:30 / hjc0.50ug/LND1,1,2-Trichloroethane E524.25
09/19/05 18:30 / hjc0.50ug/LNDTrichloroethene E524.25
09/19/05 18:30 / hjc0.50ug/LNDTrichlorofluoromethane E524.2
09/19/05 18:30 / hjc0.50ug/LND1,2,3-Trichloropropane E524.2
09/19/05 18:30 / hjc0.50ug/LNDTrihalomethanes, Total E524.280
09/19/05 18:30 / hjc0.50ug/LND1,2,4-Trimethylbenzene E524.2
09/19/05 18:30 / hjc0.50ug/LND1,3,5-Trimethylbenzene E524.2
09/19/05 18:30 / hjc0.50ug/LNDVinyl chloride E524.22
09/19/05 18:30 / hjc0.50ug/LNDm+p-Xylenes E524.2
09/19/05 18:30 / hjc0.50ug/LNDo-Xylene E524.2
09/19/05 18:30 / hjc0.50ug/LNDXylenes, Total E524.210000
09/19/05 18:30 / hjc%REC101    Surr: p-Bromofluorobenzene E524.280-120
09/19/05 18:30 / hjc%REC98.8    Surr: 1,2-Dichloroethane-d4 E524.274-127
09/19/05 18:30 / hjc%REC96.8    Surr: Toluene-d8 E524.280-120

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, 206.0 ft.

Collection Date: 09/16/05 14:50

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-007

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 19:02 / hjc0.50ug/LNDBenzene E524.25
09/19/05 19:02 / hjc0.50ug/LNDBromobenzene E524.2
09/19/05 19:02 / hjc0.50ug/LNDBromochloromethane E524.2
09/19/05 19:02 / hjc0.50ug/LNDBromodichloromethane E524.2
09/19/05 19:02 / hjc0.50ug/LNDBromoform E524.2
09/19/05 19:02 / hjc0.50ug/LNDBromomethane E524.2
09/19/05 19:02 / hjc0.50ug/LNDn-Butylbenzene E524.2
09/19/05 19:02 / hjc0.50ug/LNDsec-Butylbenzene E524.2
09/19/05 19:02 / hjc0.50ug/LNDtert-Butylbenzene E524.2
09/19/05 19:02 / hjc0.50ug/LNDCarbon tetrachloride E524.25
09/19/05 19:02 / hjc0.50ug/LND1,2-Dichloroethane E524.25
09/19/05 19:02 / hjc0.50ug/LNDChlorobenzene E524.2100
09/19/05 19:02 / hjc0.50ug/LNDChlorodibromomethane E524.2
09/19/05 19:02 / hjc0.50ug/LNDChloroethane E524.2
09/19/05 19:02 / hjc0.50ug/LNDChloroform E524.2
09/19/05 19:02 / hjc0.50ug/LNDChloromethane E524.2
09/19/05 19:02 / hjc0.50ug/LND2-Chlorotoluene E524.2
09/19/05 19:02 / hjc0.50ug/LND4-Chlorotoluene E524.2
09/19/05 19:02 / hjc1.0ug/LND1,2-Dibromo-3-chloropropane E524.20.2
09/19/05 19:02 / hjc0.50ug/LNDDibromomethane E524.2
09/19/05 19:02 / hjc0.50ug/LND1,2-Dichlorobenzene E524.2600
09/19/05 19:02 / hjc0.50ug/LND1,3-Dichlorobenzene E524.2
09/19/05 19:02 / hjc0.50ug/LND1,4-Dichlorobenzene E524.275
09/19/05 19:02 / hjc0.50ug/LNDDichlorodifluoromethane E524.2
09/19/05 19:02 / hjc0.50ug/LND1,1-Dichloroethane E524.25
09/19/05 19:02 / hjc0.50ug/LND1,2-Dibromoethane E524.20.05
09/19/05 19:02 / hjc0.50ug/LND1,1-Dichloroethene E524.27
09/19/05 19:02 / hjc0.50ug/LNDcis-1,2-Dichloroethene E524.270
09/19/05 19:02 / hjc0.50ug/LNDtrans-1,2-Dichloroethene E524.2100
09/19/05 19:02 / hjc0.50ug/LND1,2-Dichloropropane E524.25
09/19/05 19:02 / hjc0.50ug/LND1,3-Dichloropropane E524.2
09/19/05 19:02 / hjc0.50ug/LND2,2-Dichloropropane E524.2
09/19/05 19:02 / hjc0.50ug/LND1,1-Dichloropropene E524.2
09/19/05 19:02 / hjc0.50ug/LNDcis-1,3-Dichloropropene E524.2
09/19/05 19:02 / hjc0.50ug/LNDtrans-1,3-Dichloropropene E524.2
09/19/05 19:02 / hjc0.50ug/LNDEthylbenzene E524.2700
09/19/05 19:02 / hjc0.50ug/LNDHexachlorobutadiene E524.2
09/19/05 19:02 / hjc0.50ug/LNDIsopropylbenzene E524.2
09/19/05 19:02 / hjc0.50ug/LNDp-Isopropyltoluene E524.2
09/19/05 19:02 / hjc0.50ug/LNDMethyl tert-butyl ether (MTBE) E524.2
09/19/05 19:02 / hjc0.50ug/LNDMethylene chloride E524.25
09/19/05 19:02 / hjc0.50ug/LNDNaphthalene E524.2

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, 206.0 ft.

Collection Date: 09/16/05 14:50

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-007

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 19:02 / hjc0.50ug/LNDn-Propylbenzene E524.2
09/19/05 19:02 / hjc0.50ug/LNDStyrene E524.2100
09/19/05 19:02 / hjc0.50ug/LND1,1,1,2-Tetrachloroethane E524.2
09/19/05 19:02 / hjc0.50ug/LND1,1,2,2-Tetrachloroethane E524.2
09/19/05 19:02 / hjc0.50ug/LNDTetrachloroethene E524.25
09/19/05 19:02 / hjc0.50ug/L1.2Toluene E524.21000
09/19/05 19:02 / hjc0.50ug/LND1,2,3-Trichlorobenzene E524.2
09/19/05 19:02 / hjc0.50ug/LND1,2,4-Trichlorobenzene E524.270
09/19/05 19:02 / hjc0.50ug/LND1,1,1-Trichloroethane E524.2200
09/19/05 19:02 / hjc0.50ug/LND1,1,2-Trichloroethane E524.25
09/19/05 19:02 / hjc0.50ug/LNDTrichloroethene E524.25
09/19/05 19:02 / hjc0.50ug/LNDTrichlorofluoromethane E524.2
09/19/05 19:02 / hjc0.50ug/LND1,2,3-Trichloropropane E524.2
09/19/05 19:02 / hjc0.50ug/LNDTrihalomethanes, Total E524.280
09/19/05 19:02 / hjc0.50ug/LND1,2,4-Trimethylbenzene E524.2
09/19/05 19:02 / hjc0.50ug/LND1,3,5-Trimethylbenzene E524.2
09/19/05 19:02 / hjc0.50ug/LNDVinyl chloride E524.22
09/19/05 19:02 / hjc0.50ug/LNDm+p-Xylenes E524.2
09/19/05 19:02 / hjc0.50ug/LNDo-Xylene E524.2
09/19/05 19:02 / hjc0.50ug/LNDXylenes, Total E524.210000
09/19/05 19:02 / hjc%REC100    Surr: p-Bromofluorobenzene E524.280-120
09/19/05 19:02 / hjc%REC97.6    Surr: 1,2-Dichloroethane-d4 E524.274-127
09/19/05 19:02 / hjc%REC99.2    Surr: Toluene-d8 E524.280-120

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, 240.0 ft.

Collection Date: 09/16/05 15:28

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-008

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 19:35 / hjc0.50ug/LNDBenzene E524.25
09/19/05 19:35 / hjc0.50ug/LNDBromobenzene E524.2
09/19/05 19:35 / hjc0.50ug/LNDBromochloromethane E524.2
09/19/05 19:35 / hjc0.50ug/LNDBromodichloromethane E524.2
09/19/05 19:35 / hjc0.50ug/LNDBromoform E524.2
09/19/05 19:35 / hjc0.50ug/LNDBromomethane E524.2
09/19/05 19:35 / hjc0.50ug/LNDn-Butylbenzene E524.2
09/19/05 19:35 / hjc0.50ug/LNDsec-Butylbenzene E524.2
09/19/05 19:35 / hjc0.50ug/LNDtert-Butylbenzene E524.2
09/19/05 19:35 / hjc0.50ug/LNDCarbon tetrachloride E524.25
09/19/05 19:35 / hjc0.50ug/LND1,2-Dichloroethane E524.25
09/19/05 19:35 / hjc0.50ug/LNDChlorobenzene E524.2100
09/19/05 19:35 / hjc0.50ug/LNDChlorodibromomethane E524.2
09/19/05 19:35 / hjc0.50ug/LNDChloroethane E524.2
09/19/05 19:35 / hjc0.50ug/LNDChloroform E524.2
09/19/05 19:35 / hjc0.50ug/LNDChloromethane E524.2
09/19/05 19:35 / hjc0.50ug/LND2-Chlorotoluene E524.2
09/19/05 19:35 / hjc0.50ug/LND4-Chlorotoluene E524.2
09/19/05 19:35 / hjc1.0ug/LND1,2-Dibromo-3-chloropropane E524.20.2
09/19/05 19:35 / hjc0.50ug/LNDDibromomethane E524.2
09/19/05 19:35 / hjc0.50ug/LND1,2-Dichlorobenzene E524.2600
09/19/05 19:35 / hjc0.50ug/LND1,3-Dichlorobenzene E524.2
09/19/05 19:35 / hjc0.50ug/LND1,4-Dichlorobenzene E524.275
09/19/05 19:35 / hjc0.50ug/LNDDichlorodifluoromethane E524.2
09/19/05 19:35 / hjc0.50ug/LND1,1-Dichloroethane E524.25
09/19/05 19:35 / hjc0.50ug/LND1,2-Dibromoethane E524.20.05
09/19/05 19:35 / hjc0.50ug/LND1,1-Dichloroethene E524.27
09/19/05 19:35 / hjc0.50ug/LNDcis-1,2-Dichloroethene E524.270
09/19/05 19:35 / hjc0.50ug/LNDtrans-1,2-Dichloroethene E524.2100
09/19/05 19:35 / hjc0.50ug/LND1,2-Dichloropropane E524.25
09/19/05 19:35 / hjc0.50ug/LND1,3-Dichloropropane E524.2
09/19/05 19:35 / hjc0.50ug/LND2,2-Dichloropropane E524.2
09/19/05 19:35 / hjc0.50ug/LND1,1-Dichloropropene E524.2
09/19/05 19:35 / hjc0.50ug/LNDcis-1,3-Dichloropropene E524.2
09/19/05 19:35 / hjc0.50ug/LNDtrans-1,3-Dichloropropene E524.2
09/19/05 19:35 / hjc0.50ug/LNDEthylbenzene E524.2700
09/19/05 19:35 / hjc0.50ug/LNDHexachlorobutadiene E524.2
09/19/05 19:35 / hjc0.50ug/LNDIsopropylbenzene E524.2
09/19/05 19:35 / hjc0.50ug/LNDp-Isopropyltoluene E524.2
09/19/05 19:35 / hjc0.50ug/LNDMethyl tert-butyl ether (MTBE) E524.2
09/19/05 19:35 / hjc0.50ug/LNDMethylene chloride E524.25
09/19/05 19:35 / hjc0.50ug/LNDNaphthalene E524.2

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, 240.0 ft.

Collection Date: 09/16/05 15:28

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-008

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 19:35 / hjc0.50ug/LNDn-Propylbenzene E524.2
09/19/05 19:35 / hjc0.50ug/LNDStyrene E524.2100
09/19/05 19:35 / hjc0.50ug/LND1,1,1,2-Tetrachloroethane E524.2
09/19/05 19:35 / hjc0.50ug/LND1,1,2,2-Tetrachloroethane E524.2
09/19/05 19:35 / hjc0.50ug/LNDTetrachloroethene E524.25
09/19/05 19:35 / hjc0.50ug/L1.6Toluene E524.21000
09/19/05 19:35 / hjc0.50ug/LND1,2,3-Trichlorobenzene E524.2
09/19/05 19:35 / hjc0.50ug/LND1,2,4-Trichlorobenzene E524.270
09/19/05 19:35 / hjc0.50ug/LND1,1,1-Trichloroethane E524.2200
09/19/05 19:35 / hjc0.50ug/LND1,1,2-Trichloroethane E524.25
09/19/05 19:35 / hjc0.50ug/LNDTrichloroethene E524.25
09/19/05 19:35 / hjc0.50ug/LNDTrichlorofluoromethane E524.2
09/19/05 19:35 / hjc0.50ug/LND1,2,3-Trichloropropane E524.2
09/19/05 19:35 / hjc0.50ug/LNDTrihalomethanes, Total E524.280
09/19/05 19:35 / hjc0.50ug/LND1,2,4-Trimethylbenzene E524.2
09/19/05 19:35 / hjc0.50ug/LND1,3,5-Trimethylbenzene E524.2
09/19/05 19:35 / hjc0.50ug/LNDVinyl chloride E524.22
09/19/05 19:35 / hjc0.50ug/LNDm+p-Xylenes E524.2
09/19/05 19:35 / hjc0.50ug/LNDo-Xylene E524.2
09/19/05 19:35 / hjc0.50ug/LNDXylenes, Total E524.210000
09/19/05 19:35 / hjc%REC108    Surr: p-Bromofluorobenzene E524.280-120
09/19/05 19:35 / hjc%REC98.4    Surr: 1,2-Dichloroethane-d4 E524.274-127
09/19/05 19:35 / hjc%REC105    Surr: Toluene-d8 E524.280-120

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, 269.9 ft.

Collection Date: 09/16/05 16:13

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-009

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 20:07 / hjc0.50ug/LNDBenzene E524.25
09/19/05 20:07 / hjc0.50ug/LNDBromobenzene E524.2
09/19/05 20:07 / hjc0.50ug/LNDBromochloromethane E524.2
09/19/05 20:07 / hjc0.50ug/LNDBromodichloromethane E524.2
09/19/05 20:07 / hjc0.50ug/LNDBromoform E524.2
09/19/05 20:07 / hjc0.50ug/LNDBromomethane E524.2
09/19/05 20:07 / hjc0.50ug/LNDn-Butylbenzene E524.2
09/19/05 20:07 / hjc0.50ug/LNDsec-Butylbenzene E524.2
09/19/05 20:07 / hjc0.50ug/LNDtert-Butylbenzene E524.2
09/19/05 20:07 / hjc0.50ug/LNDCarbon tetrachloride E524.25
09/19/05 20:07 / hjc0.50ug/LND1,2-Dichloroethane E524.25
09/19/05 20:07 / hjc0.50ug/LNDChlorobenzene E524.2100
09/19/05 20:07 / hjc0.50ug/LNDChlorodibromomethane E524.2
09/19/05 20:07 / hjc0.50ug/LNDChloroethane E524.2
09/19/05 20:07 / hjc0.50ug/LNDChloroform E524.2
09/19/05 20:07 / hjc0.50ug/LNDChloromethane E524.2
09/19/05 20:07 / hjc0.50ug/LND2-Chlorotoluene E524.2
09/19/05 20:07 / hjc0.50ug/LND4-Chlorotoluene E524.2
09/19/05 20:07 / hjc1.0ug/LND1,2-Dibromo-3-chloropropane E524.20.2
09/19/05 20:07 / hjc0.50ug/LNDDibromomethane E524.2
09/19/05 20:07 / hjc0.50ug/LND1,2-Dichlorobenzene E524.2600
09/19/05 20:07 / hjc0.50ug/LND1,3-Dichlorobenzene E524.2
09/19/05 20:07 / hjc0.50ug/LND1,4-Dichlorobenzene E524.275
09/19/05 20:07 / hjc0.50ug/LNDDichlorodifluoromethane E524.2
09/19/05 20:07 / hjc0.50ug/LND1,1-Dichloroethane E524.25
09/19/05 20:07 / hjc0.50ug/LND1,2-Dibromoethane E524.20.05
09/19/05 20:07 / hjc0.50ug/LND1,1-Dichloroethene E524.27
09/19/05 20:07 / hjc0.50ug/LNDcis-1,2-Dichloroethene E524.270
09/19/05 20:07 / hjc0.50ug/LNDtrans-1,2-Dichloroethene E524.2100
09/19/05 20:07 / hjc0.50ug/LND1,2-Dichloropropane E524.25
09/19/05 20:07 / hjc0.50ug/LND1,3-Dichloropropane E524.2
09/19/05 20:07 / hjc0.50ug/LND2,2-Dichloropropane E524.2
09/19/05 20:07 / hjc0.50ug/LND1,1-Dichloropropene E524.2
09/19/05 20:07 / hjc0.50ug/LNDcis-1,3-Dichloropropene E524.2
09/19/05 20:07 / hjc0.50ug/LNDtrans-1,3-Dichloropropene E524.2
09/19/05 20:07 / hjc0.50ug/LNDEthylbenzene E524.2700
09/19/05 20:07 / hjc0.50ug/LNDHexachlorobutadiene E524.2
09/19/05 20:07 / hjc0.50ug/LNDIsopropylbenzene E524.2
09/19/05 20:07 / hjc0.50ug/LNDp-Isopropyltoluene E524.2
09/19/05 20:07 / hjc0.50ug/LNDMethyl tert-butyl ether (MTBE) E524.2
09/19/05 20:07 / hjc0.50ug/LNDMethylene chloride E524.25
09/19/05 20:07 / hjc0.50ug/LNDNaphthalene E524.2

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: TH-5, 269.9 ft.

Collection Date: 09/16/05 16:13

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-009

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 20:07 / hjc0.50ug/LNDn-Propylbenzene E524.2
09/19/05 20:07 / hjc0.50ug/LNDStyrene E524.2100
09/19/05 20:07 / hjc0.50ug/LND1,1,1,2-Tetrachloroethane E524.2
09/19/05 20:07 / hjc0.50ug/LND1,1,2,2-Tetrachloroethane E524.2
09/19/05 20:07 / hjc0.50ug/LNDTetrachloroethene E524.25
09/19/05 20:07 / hjc0.50ug/L0.62Toluene E524.21000
09/19/05 20:07 / hjc0.50ug/LND1,2,3-Trichlorobenzene E524.2
09/19/05 20:07 / hjc0.50ug/LND1,2,4-Trichlorobenzene E524.270
09/19/05 20:07 / hjc0.50ug/LND1,1,1-Trichloroethane E524.2200
09/19/05 20:07 / hjc0.50ug/LND1,1,2-Trichloroethane E524.25
09/19/05 20:07 / hjc0.50ug/LNDTrichloroethene E524.25
09/19/05 20:07 / hjc0.50ug/LNDTrichlorofluoromethane E524.2
09/19/05 20:07 / hjc0.50ug/LND1,2,3-Trichloropropane E524.2
09/19/05 20:07 / hjc0.50ug/LNDTrihalomethanes, Total E524.280
09/19/05 20:07 / hjc0.50ug/LND1,2,4-Trimethylbenzene E524.2
09/19/05 20:07 / hjc0.50ug/LND1,3,5-Trimethylbenzene E524.2
09/19/05 20:07 / hjc0.50ug/LNDVinyl chloride E524.22
09/19/05 20:07 / hjc0.50ug/LNDm+p-Xylenes E524.2
09/19/05 20:07 / hjc0.50ug/LNDo-Xylene E524.2
09/19/05 20:07 / hjc0.50ug/LNDXylenes, Total E524.210000
09/19/05 20:07 / hjc%REC106    Surr: p-Bromofluorobenzene E524.280-120
09/19/05 20:07 / hjc%REC93.2    Surr: 1,2-Dichloroethane-d4 E524.274-127
09/19/05 20:07 / hjc%REC106    Surr: Toluene-d8 E524.280-120

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: Trip Blank

Collection Date: 09/16/05 10:30

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-010

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 15:17 / hjc0.50ug/LNDBenzene E524.25
09/19/05 15:17 / hjc0.50ug/LNDBromobenzene E524.2
09/19/05 15:17 / hjc0.50ug/LNDBromochloromethane E524.2
09/19/05 15:17 / hjc0.50ug/LNDBromodichloromethane E524.2
09/19/05 15:17 / hjc0.50ug/LNDBromoform E524.2
09/19/05 15:17 / hjc0.50ug/LNDBromomethane E524.2
09/19/05 15:17 / hjc0.50ug/LNDn-Butylbenzene E524.2
09/19/05 15:17 / hjc0.50ug/LNDsec-Butylbenzene E524.2
09/19/05 15:17 / hjc0.50ug/LNDtert-Butylbenzene E524.2
09/19/05 15:17 / hjc0.50ug/LNDCarbon tetrachloride E524.25
09/19/05 15:17 / hjc0.50ug/LND1,2-Dichloroethane E524.25
09/19/05 15:17 / hjc0.50ug/LNDChlorobenzene E524.2100
09/19/05 15:17 / hjc0.50ug/LNDChlorodibromomethane E524.2
09/19/05 15:17 / hjc0.50ug/LNDChloroethane E524.2
09/19/05 15:17 / hjc0.50ug/LNDChloroform E524.2
09/19/05 15:17 / hjc0.50ug/LNDChloromethane E524.2
09/19/05 15:17 / hjc0.50ug/LND2-Chlorotoluene E524.2
09/19/05 15:17 / hjc0.50ug/LND4-Chlorotoluene E524.2
09/19/05 15:17 / hjc1.0ug/LND1,2-Dibromo-3-chloropropane E524.20.2
09/19/05 15:17 / hjc0.50ug/LNDDibromomethane E524.2
09/19/05 15:17 / hjc0.50ug/LND1,2-Dichlorobenzene E524.2600
09/19/05 15:17 / hjc0.50ug/LND1,3-Dichlorobenzene E524.2
09/19/05 15:17 / hjc0.50ug/LND1,4-Dichlorobenzene E524.275
09/19/05 15:17 / hjc0.50ug/LNDDichlorodifluoromethane E524.2
09/19/05 15:17 / hjc0.50ug/LND1,1-Dichloroethane E524.25
09/19/05 15:17 / hjc0.50ug/LND1,2-Dibromoethane E524.20.05
09/19/05 15:17 / hjc0.50ug/LND1,1-Dichloroethene E524.27
09/19/05 15:17 / hjc0.50ug/LNDcis-1,2-Dichloroethene E524.270
09/19/05 15:17 / hjc0.50ug/LNDtrans-1,2-Dichloroethene E524.2100
09/19/05 15:17 / hjc0.50ug/LND1,2-Dichloropropane E524.25
09/19/05 15:17 / hjc0.50ug/LND1,3-Dichloropropane E524.2
09/19/05 15:17 / hjc0.50ug/LND2,2-Dichloropropane E524.2
09/19/05 15:17 / hjc0.50ug/LND1,1-Dichloropropene E524.2
09/19/05 15:17 / hjc0.50ug/LNDcis-1,3-Dichloropropene E524.2
09/19/05 15:17 / hjc0.50ug/LNDtrans-1,3-Dichloropropene E524.2
09/19/05 15:17 / hjc0.50ug/LNDEthylbenzene E524.2700
09/19/05 15:17 / hjc0.50ug/LNDHexachlorobutadiene E524.2
09/19/05 15:17 / hjc0.50ug/LNDIsopropylbenzene E524.2
09/19/05 15:17 / hjc0.50ug/LNDp-Isopropyltoluene E524.2
09/19/05 15:17 / hjc0.50ug/LNDMethyl tert-butyl ether (MTBE) E524.2
09/19/05 15:17 / hjc0.50ug/LNDMethylene chloride E524.25
09/19/05 15:17 / hjc0.50ug/LNDNaphthalene E524.2

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.



Analyses Result QualUnits Analysis Date / ByRL Method
MCL/
QCL

LABORATORY ANALYTICAL REPORT

Project: Belvoir Ranch TH-5

Client Sample ID: Trip Blank

Collection Date: 09/16/05 10:30

Matrix: Aqueous

Client: RAS Inc

Lab ID: B05091190-010

Report Date: 09/22/05

Date Received: 09/19/05

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

VOLATILE ORGANIC COMPOUNDS
09/19/05 15:17 / hjc0.50ug/LNDn-Propylbenzene E524.2
09/19/05 15:17 / hjc0.50ug/LNDStyrene E524.2100
09/19/05 15:17 / hjc0.50ug/LND1,1,1,2-Tetrachloroethane E524.2
09/19/05 15:17 / hjc0.50ug/LND1,1,2,2-Tetrachloroethane E524.2
09/19/05 15:17 / hjc0.50ug/LNDTetrachloroethene E524.25
09/19/05 15:17 / hjc0.50ug/LNDToluene E524.21000
09/19/05 15:17 / hjc0.50ug/LND1,2,3-Trichlorobenzene E524.2
09/19/05 15:17 / hjc0.50ug/LND1,2,4-Trichlorobenzene E524.270
09/19/05 15:17 / hjc0.50ug/LND1,1,1-Trichloroethane E524.2200
09/19/05 15:17 / hjc0.50ug/LND1,1,2-Trichloroethane E524.25
09/19/05 15:17 / hjc0.50ug/LNDTrichloroethene E524.25
09/19/05 15:17 / hjc0.50ug/LNDTrichlorofluoromethane E524.2
09/19/05 15:17 / hjc0.50ug/LND1,2,3-Trichloropropane E524.2
09/19/05 15:17 / hjc0.50ug/LNDTrihalomethanes, Total E524.280
09/19/05 15:17 / hjc0.50ug/LND1,2,4-Trimethylbenzene E524.2
09/19/05 15:17 / hjc0.50ug/LND1,3,5-Trimethylbenzene E524.2
09/19/05 15:17 / hjc0.50ug/LNDVinyl chloride E524.22
09/19/05 15:17 / hjc0.50ug/LNDm+p-Xylenes E524.2
09/19/05 15:17 / hjc0.50ug/LNDo-Xylene E524.2
09/19/05 15:17 / hjc0.50ug/LNDXylenes, Total E524.210000
09/19/05 15:17 / hjc%REC98.4    Surr: p-Bromofluorobenzene E524.280-120
09/19/05 15:17 / hjc%REC90.8    Surr: 1,2-Dichloroethane-d4 E524.274-127
09/19/05 15:17 / hjc%REC102    Surr: Toluene-d8 E524.280-120

Report
Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.
QCL - Quality control limit. ND - Not detected at the reporting limit.



Project: Belvoir Ranch TH-5
Client: RAS Inc

Work Order: B05091190

QA/QC Summary Report
09/22/05Report Date:

Analyte Result %REC RPDLow Limit High Limit RPDLimitRLUnits Qual

Method: E524.2 Batch: R65099

Sample ID: LCS 09/19/05 12:48Laboratory Control Spike
Benzene 103 70 1300.505.16 ug/L
Bromobenzene 101 70 1300.505.04 ug/L
Bromochloromethane 94.4 70 1300.504.72 ug/L
Bromodichloromethane 96 70 1300.504.80 ug/L
Bromoform 96.8 70 1300.504.84 ug/L
Bromomethane 81.6 70 1300.504.08 ug/L
n-Butylbenzene 99.2 70 1300.504.96 ug/L
sec-Butylbenzene 98.4 70 1300.504.92 ug/L
tert-Butylbenzene 98.4 70 1300.504.92 ug/L
Carbon tetrachloride 94.4 70 1300.504.72 ug/L
1,2-Dichloroethane 93.6 70 1300.504.68 ug/L
Chlorobenzene 102 70 1300.505.08 ug/L
Chlorodibromomethane 96 70 1300.504.80 ug/L
Chloroethane 96 70 1300.504.80 ug/L
Chloroform 88 70 1300.504.40 ug/L
Chloromethane 97.6 70 1300.504.88 ug/L
2-Chlorotoluene 102 70 1300.505.08 ug/L
4-Chlorotoluene 94.4 70 1300.504.72 ug/L
1,2-Dibromo-3-chloropropane 84 70 1301.04.20 ug/L
Dibromomethane 103 70 1300.505.16 ug/L
1,2-Dichlorobenzene 101 70 1300.505.04 ug/L
1,3-Dichlorobenzene 102 70 1300.505.12 ug/L
1,4-Dichlorobenzene 102 70 1300.505.12 ug/L
Dichlorodifluoromethane 93.6 70 1300.504.68 ug/L
1,1-Dichloroethane 92.8 70 1300.504.64 ug/L
1,2-Dibromoethane 102 70 1300.505.08 ug/L
1,1-Dichloroethene 82.4 70 1300.504.12 ug/L
cis-1,2-Dichloroethene 86.4 70 1300.504.32 ug/L
trans-1,2-Dichloroethene 88.8 70 1300.504.44 ug/L
1,2-Dichloropropane 99.2 70 1300.504.96 ug/L
1,3-Dichloropropane 99.2 70 1300.504.96 ug/L
2,2-Dichloropropane 99.2 70 1300.504.96 ug/L
1,1-Dichloropropene 93.6 70 1300.504.68 ug/L
cis-1,3-Dichloropropene 92.8 70 1300.504.64 ug/L
trans-1,3-Dichloropropene 100 70 1300.505.00 ug/L
Ethylbenzene 100 70 1300.505.00 ug/L
Hexachlorobutadiene 79.4 70 1300.503.97 ug/L
Isopropylbenzene 96 70 1300.504.80 ug/L
p-Isopropyltoluene 102 70 1300.505.12 ug/L
Methyl tert-butyl ether (MTBE) 122 70 1300.506.12 ug/L

Qualifiers:   

RL - Analyte reporting limit. ND - Not detected at the reporting limit.



Project: Belvoir Ranch TH-5
Client: RAS Inc

Work Order: B05091190

QA/QC Summary Report
09/22/05Report Date:

Analyte Result %REC RPDLow Limit High Limit RPDLimitRLUnits Qual

Method: E524.2 Batch: R65099

Sample ID: LCS 09/19/05 12:48Laboratory Control Spike
Methylene chloride 78.2 70 1300.503.91 ug/L
Naphthalene 84.8 70 1300.504.24 ug/L
n-Propylbenzene 97.6 70 1300.504.88 ug/L
Styrene 100 70 1300.505.00 ug/L
1,1,1,2-Tetrachloroethane 104 70 1300.505.20 ug/L
1,1,2,2-Tetrachloroethane 87.2 70 1300.504.36 ug/L
Tetrachloroethene 104 70 1300.505.20 ug/L
Toluene 106 70 1300.505.32 ug/L
1,2,3-Trichlorobenzene 96 70 1300.504.80 ug/L
1,2,4-Trichlorobenzene 94.4 70 1300.504.72 ug/L
1,1,1-Trichloroethane 104 70 1300.505.20 ug/L
1,1,2-Trichloroethane 96.8 70 1300.504.84 ug/L
Trichloroethene 110 70 1300.505.48 ug/L
Trichlorofluoromethane 96.8 70 1300.504.84 ug/L
1,2,3-Trichloropropane 84 70 1300.504.20 ug/L
1,2,4-Trimethylbenzene 103 70 1300.505.16 ug/L
1,3,5-Trimethylbenzene 102 70 1300.505.12 ug/L
Vinyl chloride 92.8 70 1300.504.64 ug/L
m+p-Xylenes 102 70 1300.5010.2 ug/L
o-Xylene 103 70 1300.505.16 ug/L
    Surr: p-Bromofluorobenzene 104 80 1200.50
    Surr: 1,2-Dichloroethane-d4 94.4 74 1270.50
    Surr: Toluene-d8 101 80 1200.50

Sample ID: BLK 09/19/05 13:20Method Blank
Benzene 0.50ND ug/L
Bromobenzene 0.50ND ug/L
Bromochloromethane 0.50ND ug/L
Bromodichloromethane 0.50ND ug/L
Bromoform 0.50ND ug/L
Bromomethane 0.50ND ug/L
n-Butylbenzene 0.50ND ug/L
sec-Butylbenzene 0.50ND ug/L
tert-Butylbenzene 0.50ND ug/L
Carbon tetrachloride 0.50ND ug/L
1,2-Dichloroethane 0.50ND ug/L
Chlorobenzene 0.50ND ug/L
Chlorodibromomethane 0.50ND ug/L
Chloroethane 0.50ND ug/L
Chloroform 0.50ND ug/L
Chloromethane 0.50ND ug/L

Qualifiers:   

RL - Analyte reporting limit. ND - Not detected at the reporting limit.



Project: Belvoir Ranch TH-5
Client: RAS Inc

Work Order: B05091190

QA/QC Summary Report
09/22/05Report Date:

Analyte Result %REC RPDLow Limit High Limit RPDLimitRLUnits Qual

Method: E524.2 Batch: R65099

Sample ID: BLK 09/19/05 13:20Method Blank
2-Chlorotoluene 0.50ND ug/L
4-Chlorotoluene 0.50ND ug/L
1,2-Dibromo-3-chloropropane 1.0ND ug/L
Dibromomethane 0.50ND ug/L
1,2-Dichlorobenzene 0.50ND ug/L
1,3-Dichlorobenzene 0.50ND ug/L
1,4-Dichlorobenzene 0.50ND ug/L
Dichlorodifluoromethane 0.50ND ug/L
1,1-Dichloroethane 0.50ND ug/L
1,2-Dibromoethane 0.50ND ug/L
1,1-Dichloroethene 0.50ND ug/L
cis-1,2-Dichloroethene 0.50ND ug/L
trans-1,2-Dichloroethene 0.50ND ug/L
1,2-Dichloropropane 0.50ND ug/L
1,3-Dichloropropane 0.50ND ug/L
2,2-Dichloropropane 0.50ND ug/L
1,1-Dichloropropene 0.50ND ug/L
cis-1,3-Dichloropropene 0.50ND ug/L
trans-1,3-Dichloropropene 0.50ND ug/L
Ethylbenzene 0.50ND ug/L
Hexachlorobutadiene 0.50ND ug/L
Isopropylbenzene 0.50ND ug/L
p-Isopropyltoluene 0.50ND ug/L
Methyl tert-butyl ether (MTBE) 0.50ND ug/L
Methylene chloride 0.50ND ug/L
Naphthalene 0.50ND ug/L
n-Propylbenzene 0.50ND ug/L
Styrene 0.50ND ug/L
1,1,1,2-Tetrachloroethane 0.50ND ug/L
1,1,2,2-Tetrachloroethane 0.50ND ug/L
Tetrachloroethene 0.50ND ug/L
Toluene 0.50ND ug/L
1,2,3-Trichlorobenzene 0.50ND ug/L
1,2,4-Trichlorobenzene 0.50ND ug/L
1,1,1-Trichloroethane 0.50ND ug/L
1,1,2-Trichloroethane 0.50ND ug/L
Trichloroethene 0.50ND ug/L
Trichlorofluoromethane 0.50ND ug/L
1,2,3-Trichloropropane 0.50ND ug/L
1,2,4-Trimethylbenzene 0.50ND ug/L

Qualifiers:   

RL - Analyte reporting limit. ND - Not detected at the reporting limit.



Project: Belvoir Ranch TH-5
Client: RAS Inc

Work Order: B05091190

QA/QC Summary Report
09/22/05Report Date:

Analyte Result %REC RPDLow Limit High Limit RPDLimitRLUnits Qual

Method: E524.2 Batch: R65099

Sample ID: BLK 09/19/05 13:20Method Blank
1,3,5-Trimethylbenzene 0.50ND ug/L
Vinyl chloride 0.50ND ug/L
m+p-Xylenes 0.50ND ug/L
o-Xylene 0.50ND ug/L
Trihalomethanes, Total 0.50ND ug/L
Xylenes, Total 0.50ND ug/L
    Surr: p-Bromofluorobenzene 108 80 1200.50
    Surr: 1,2-Dichloroethane-d4 93.6 74 1270.50
    Surr: Toluene-d8 98.8 80 1200.50

Sample ID: B05091190-003A 09/21/05 19:05Sample Duplicate
Benzene 200.50 0ND ug/L
Bromobenzene 200.50 0ND ug/L
Bromochloromethane 200.50 0ND ug/L
Bromodichloromethane 200.50 0ND ug/L
Bromoform 200.50 0ND ug/L
Bromomethane 200.50 0ND ug/L
n-Butylbenzene 200.50 0ND ug/L
sec-Butylbenzene 200.50 0ND ug/L
tert-Butylbenzene 200.50 0ND ug/L
Carbon tetrachloride 200.50 0ND ug/L
1,2-Dichloroethane 200.50 0ND ug/L
Chlorobenzene 200.50 0ND ug/L
Chlorodibromomethane 200.50 0ND ug/L
Chloroethane 200.50 0ND ug/L
Chloroform 200.50 0ND ug/L
Chloromethane 200.50 0ND ug/L
2-Chlorotoluene 200.50 0ND ug/L
4-Chlorotoluene 200.50 0ND ug/L
1,2-Dibromo-3-chloropropane 201.0 0ND ug/L
Dibromomethane 200.50 0ND ug/L
1,2-Dichlorobenzene 200.50 0ND ug/L
1,3-Dichlorobenzene 200.50 0ND ug/L
1,4-Dichlorobenzene 200.50 0ND ug/L
Dichlorodifluoromethane 200.50 0ND ug/L
1,1-Dichloroethane 200.50 0ND ug/L
1,2-Dibromoethane 200.50 0ND ug/L
1,1-Dichloroethene 200.50 0ND ug/L
cis-1,2-Dichloroethene 200.50 0ND ug/L
trans-1,2-Dichloroethene 200.50 0ND ug/L
1,2-Dichloropropane 200.50 0ND ug/L

Qualifiers:   

RL - Analyte reporting limit. ND - Not detected at the reporting limit.



Project: Belvoir Ranch TH-5
Client: RAS Inc

Work Order: B05091190

QA/QC Summary Report
09/22/05Report Date:

Analyte Result %REC RPDLow Limit High Limit RPDLimitRLUnits Qual

Method: E524.2 Batch: R65099

Sample ID: B05091190-003A 09/21/05 19:05Sample Duplicate
1,3-Dichloropropane 200.50 0ND ug/L
2,2-Dichloropropane 200.50 0ND ug/L
1,1-Dichloropropene 200.50 0ND ug/L
cis-1,3-Dichloropropene 200.50 0ND ug/L
trans-1,3-Dichloropropene 200.50 0ND ug/L
Ethylbenzene 200.50 0ND ug/L
Hexachlorobutadiene 200.50 0ND ug/L
Isopropylbenzene 200.50 0ND ug/L
p-Isopropyltoluene 200.50 0ND ug/L
Methyl tert-butyl ether (MTBE) 200.50 0ND ug/L
Methylene chloride 200.50 0ND ug/L
Naphthalene 200.50 0ND ug/L
n-Propylbenzene 200.50 0ND ug/L
Styrene 200.50 0ND ug/L
1,1,1,2-Tetrachloroethane 200.50 0ND ug/L
1,1,2,2-Tetrachloroethane 200.50 0ND ug/L
Tetrachloroethene 200.50 0ND ug/L
Toluene 200.50 0.41.13 ug/L
1,2,3-Trichlorobenzene 200.50 0ND ug/L
1,2,4-Trichlorobenzene 200.50 0ND ug/L
1,1,1-Trichloroethane 200.50 0ND ug/L
1,1,2-Trichloroethane 200.50 0ND ug/L
Trichloroethene 200.50 0ND ug/L
Trichlorofluoromethane 200.50 0ND ug/L
1,2,3-Trichloropropane 200.50 0ND ug/L
1,2,4-Trimethylbenzene 200.50 0ND ug/L
1,3,5-Trimethylbenzene 200.50 0ND ug/L
Vinyl chloride 200.50 0ND ug/L
m+p-Xylenes 200.50 00.211 ug/L
o-Xylene 200.50 0ND ug/L
Trihalomethanes, Total 200.50 0ND ug/L
Xylenes, Total 0.500.211 ug/L
    Surr: p-Bromofluorobenzene 99.2 80 1200.50
    Surr: 1,2-Dichloroethane-d4 93.6 74 1270.50
    Surr: Toluene-d8 101 80 1200.50

Qualifiers:   

RL - Analyte reporting limit. ND - Not detected at the reporting limit.


