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1.0 INTRODUCTION 

This document presents an evaluation of the operating soil and groundwater remedial system 
(remedial system) at the BNSF Parkwater site for the 6-month period from October 2009 through 
March 2010.  The remedial system is located near historic and current fueling operations at the 
BNSF Railway Company (BNSF) Parkwater Rail Yard Facility (Parkwater) in Spokane, Washington.  
This document is intended to fulfill the requirements of the Agreed Order as described in the 
Interim Action Work Plan (IAWP) dated September 30, 2009.  

Components of this document include: 1) site background; 2) the objectives and a description of 
the remedial system; 3) a discussion of the remedial system operation for the period between 
October 2009 and March 2010; 4) remedial system monitoring and vapor sampling results; 5) 
estimated petroleum hydrocarbon removal rates and volumes; and 6) an overall evaluation of the 
remedial system effectiveness.   

The approximate location of Parkwater is shown in the Vicinity Map, Figure 1.  Locations of existing 
wells, buildings, and other features are shown in Site Plan, Figure 2.  The general location of the 
interim remediation system is shown in SVE and Air Sparge System Diagram, Figure 3.  Information 
provided in the Site Background section of this report is discussed in greater detail in 
Environmental Site Assessment and Remedial Well Installation Report (GeoEngineers 2008). 

2.0 SITE BACKGROUND 

Parkwater is an approximately 130-acre active railyard located at 5202 East Trent Avenue in 
Spokane, Washington.  Parkwater was initially constructed in the early 1900’s as the main 
roundhouse and terminal facility for the Northern Pacific Railroad (Northern Pacific Railroad and 
Great Northern Railway merged in 1972).  Parkwater was the central operations facility for the 
Northern Pacific Railroad from the early 1910’s to 1959, when the roundhouse was demolished.  
During this time period, Parkwater supported several rail operations including fueling, 
maintenance, intermodal operations and switching.  Parkwater continued to support many of these 
operations in a lesser capacity from 1959 to 2004, when BNSF opened the new fueling facility in 
Hauser, Idaho.  Presently, Parkwater provides refueling, maintenance and switching operations. 

Parkwater is located along an active BNSF east-west main line and is the principal BNSF railyard in 
the Spokane area. The site measures approximately 1¼ miles (east-west) by ¼ mile (north-south) 
and includes numerous site buildings and tracks as shown on Figure 2.  The site generally is level 
and situated at about Elevation 1,950 feet, Mean Sea Level Datum (MSL).  Parkwater is located 
about ½-mile south of the Spokane River and sited above the Spokane Valley-Rathdrum Prairie 
Aquifer, which is designated as a sole-source aquifer that provides drinking water to area residents 
and businesses.   

The east-central portion of Parkwater, about 500 feet west-southwest of the turntable and between 
the Materials Storage Building and Western Fruit Express (WFE) Maintenance Facility, historically 
was used for locomotive fueling.  Figure 2 presents the general location of the fueling area. 
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Several former underground storage tanks (USTs), including a 17,000-gallon and a 25,000-gallon 
diesel USTs, and an 18,000-gallon waste oil UST were located both south and northwest of the 
current fueling area.  These three USTs were removed in December 1990; the former locations of 
the two diesel USTS are shown in Figure 3.   

Vadose-zone contamination was observed in several borings advanced near the former USTs, as 
shallow as 12 feet below grade to groundwater.  Samples collected from several groundwater 
monitoring wells located near the former USTs and downgradient (west-northwest) of the USTs 
have contained detectable concentrations of petroleum hydrocarbons (primarily within the diesel 
range).  Samples from eleven groundwater monitoring wells have contained diesel range petroleum 
hydrocarbons (DRPH) concentrations exceeding the MTCA Method A cleanup criteria of 500 
micrograms per liter (µg/L) on at least two occasions; these wells include MW-1 through MW-3, 
MW-5 through MW-9, MW-14, MW-18, and MW-21.  Light non-aqueous phase liquid (LNAPL) has 
been observed on the water table in groundwater monitoring wells MW-2 and MW-3; the thickness 
of LNAPL has ranged from about 1/16- to ½-inch; LNAPL has not been observed in other wells.  
The remedial system was installed to address soil and groundwater impacts at the source area.  

3.0 REMEDIAL SYSTEM OBJECTIVES 

The purpose of the remedial system is to lower the concentrations of diesel in soil and groundwater 
near the refueling area.  This remedial system focuses on the source area and might not address 
all contamination related to UST releases.  Based on the success of the treatment system, the 
system might be expanded or new remedial systems of a similar nature might be installed in other 
portions of the site requiring remediation. 

4.0 REMEDIAL SYSTEM DESCRIPTION 

Soil vapor extraction (SVE), bioventing and air sparging (AS) enhanced with ozone were deemed 
appropriate remedial alternatives to address diesel-contaminated soil and groundwater near the 
former USTs based on the results of the single and multiple well SVE and AS pilot testing discussed 
in the IAWP (GeoEngineers, 2009).  The SVE and AS systems were put into operation as an interim 
remedial action on March 25, 2009.   

The SVE and bioventing system consists of two 15-horsepower (hp) regenerative blowers (blower 
No. 1 and blower No. 2) connected by a manifold to eight wells (wells VW-1 through VW-6, and 
groundwater monitoring wells MW-2 and MW-3).  Each blower moves from 250 to 410 cubic feet 
per minute (cfm) under vacuums ranging from 2 to 5 inches of water.  Air extracted from the SVE 
wells passes through two activated carbon filters in series before discharge.  The system operates 
on a dual-piping system, such that wells can be converted from SVE to bioventing (introducing air 
into the vadose zone) based on monitoring results.   

The air sparging system consists of an oxygen concentrator and ozone generation system. Air is 
pulled through a 7.5-hp rotary screw air compressor with a flow rate of 120 cfm at 12 pounds per 
square inch gauge (psig). The compressed air passes through a desiccating air dryer to an oxygen 
concentrator. The oxygen concentrator supplies 75 standard cubic feet per hour (scfh) of oxygen at 
50 psig to a 60-gallon storage tank.  
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Two ozone generators each capable of producing about 4.5 pounds of ozone per day are 
connected to the air sparge manifold. A separate sparge compressor feeds the manifold with 
ambient air to act as the carrier gas for the ozone. The solenoid valves are automatically controlled 
to inject ozone into the subsurface through 11 AS wells (AS-1 through AS-12; there is no AS-8).  
Only one solenoid valve is open at any time; air and ozone is injected into each well for a period of 
an hour, before rotating to the next well.   

Further details, including remedial system components and design, are included in the IAWP 
(GeoEngineers, 2009). 

5.0 REMEDIAL SYSTEM OPERATION – OCTOBER 2009 TO MARCH 2010 

During this progress reporting period, various malfunctions have limited the continuous and 
efficient operation of the AS and SVE/bioventing systems. These malfunctions and solutions to 
address the problems are discussed in Sections 5.1 and 5.2.  Field assessment and maintenance 
records are included in Appendix A.  Tables A-1 through A-3 summarize the field monitoring data. 

5.1. SVE/Bioventing System Operation 

Operation of the SVE/bioventing system also was hampered by mechanical malfunctions during 
this progress reporting period.  During routine monitoring in February 2010, metal grinding noises 
were heard from blower No. 2.  A mechanic from Cascade Machinery and Electric Inc. (Cascade) 
assessed the blower and determined that the fan was worn from coming into contact with fan 
cover.  The fan was replaced, the cover remounted and the blower returned to service on 
March 22, 2010.  On March 26, 2010, the electric motor for blower No. 2 overheated and seized.  
At the end of this reporting period, blower No. 2 was not operational and blower No. 1 was 
operating in SVE mode. Despite the malfunctions, at least one SVE blower has been operating on a 
consistent basis, extracting vapors from the SVE wells.  As of March 16, 2010, the run time of the 
blower system measured 5,786 hours for blower No. 1 and 5,854 hours for blower No. 2. 

5.2. AS System Operation 

Malfunctions have prevented the AS system from regular operation.  In September 2009, a power 
surge damaged the transformer on the desiccating air dryer.  The air dryer was taken to Cascade 
for service.  The AS system was out of service until December 28, 2009 because of difficulties 
obtaining replacement parts for the dryer. 

In October 2009, an ozone leak was detected from ozone generator No. 1.  While the system was 
shut down for air dryer repairs, ozone generator No. 1 was shipped back to the manufacturer for 
service.  The ozone generator was re-installed on December 28, 2009 with the air dryer.   

The AS system operated within normal parameters from December 28, 2009 until the week ending 
February 26, 2010 when another ozone leak caused an automatic system shutdown.  The system 
was brought back on-line on February 26, 2010, but the ozone generators were manually shut 
down and the system continued sparging using oxygen and ambient air.  Investigation to determine 
the cause of the ozone leak was hampered by a second system shut down, on March 19, 2010, 
from low air pressure.  Repeated attempts to re-start the system have been unsuccessful.  The 
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cause of the low air pressure and the ozone leak are being assessed.  Currently, the AS system is 
not operational.   

Malfunctioning equipment and shutdown conditions have limited each of the AS wells to about 
621 hours of injection since startup to March 31, 2010.  During an unknown fraction of these 
hours, the wells have been injected with ambient air while the ozone generators were not 
operating.   

6.0 REMEDIATION SYSTEM MONITORING 

Weekly monitoring of the remediation system has been conducted since startup on 
March 25, 2009.  Parameters related to performance have been measured from sample ports on 
each SVE line near the manifold and at the inlet and outlet to the carbon filters.  The parameters 
include: relative volatile organic compounds (VOCs) concentration, oxygen and carbon dioxide 
concentrations, temperature and pressure/vacuum.  Additionally, pressure, temperature, and flow 
have been recorded from the meters included in both the AS and SVE systems.  Parameters were 
measured to evaluate the effectiveness of the treatment system and to verify that VOCs are not 
released from the exhaust stack.  Figures 4 through 6 present weekly comparisons of the VOC, 
oxygen, and carbon dioxide concentrations, respectively, measured at each monitoring point.  
Figure 7 shows the trends in the average VOC, oxygen, and carbon dioxide concentrations as 
measured at the monitoring points in the SVE lines.  

6.1. Monitoring Results 

During this reporting period, VOC concentrations measured at individual well ports with a 
photoionization detector (PID) range between 0 and 45.6 parts per million (ppm).  VOC 
concentrations were measured at concentrations in the range of 0.0 to 2.6 ppm from the 
combined manifold.   Measurements from SVE well VW-6 continues to provide the highest average 
concentration of VOCs, 13.5 ppm, since May 20, 2009.  Measurements from wells VW-1, VW-2, 
MW-2 and MW-3 have had the lowest average VOC concentrations.  The low average 
concentrations from MW-3 are skewed because the monitoring well is screened into the water 
table; therefore, the well is shut off when water is observed in the manifold.  Since May 20, 2009, 
VOC readings from the SVE wells have averaged between 3 to 5.5 ppm.   

As of the end of this reporting period, the carbon filters are nearly saturated and relatively low VOC 
measurements, in the range of 0.2 to 19.6 ppm, have been recorded at the exhaust stack 
monitoring point.  An anomalous measurement of 101 ppm was recorded on March 16, 2010.  As 
of May 20, 2009 measurements at the exhaust stack average 2.9 ppm, including the 
March 16, 2010 outlier.  In general, the VOC concentration data suggests a downward trend since 
system startup, as shown in Figures 4 and 7. 

During this reporting period, oxygen, measured as a percentage of the volume of air at individual 
well ports, ranged from 16.1 percent to 21.3 percent.  Average oxygen concentrations for each 
individual well point were measured in the range of 18 to 20 percent.  Since May 7, 2009 average 
concentrations at the combined manifold ranged between 17.2 and 21.3 percent.  In general, 
oxygen concentration data suggests an upward trend since system startup, as shown in Figures 5 
and 7. 
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During this reporting period, carbon dioxide concentrations, measured as a percentage of the 
volume of air at individual well ports, ranged between 0 and 3.6 percent.  Average Carbon dioxide 
concentrations for each individual well monitoring point were measured in the range of 0.8 to 2.0 
percent.  Since May 7, 2009 average concentrations at the combined manifold ranged between 0 
and 5 percent.  In general, carbon dioxide concentration data suggests a downward trend since 
system startup, as shown in Figures 6 and 7. 

7.0 VAPOR SAMPLING 

Vapor samples have been collected from the inlet to the carbon filters and from the exhaust stack 
downstream from the carbon filters beginning in July 2009 when the remedial system was regularly 
operating with minimal shutdowns.  The purposes of the sampling are to monitor the relative 
extracted concentrations of petroleum hydrocarbons and VOCs; quantify the removal efficiency of 
diesel-range hydrocarbons as vapors, and to verify that VOC-impacted vapors are not being 
released to the atmosphere at concentrations exceeding the air discharge permit.  Samples from 
the carbon filter inlet are collected on a bi-weekly basis and samples from the exhaust stack are 
collected quarterly.  Samples are collected in a 6-liter summa canister and a carbon tube and are 
analyzed using Method TO-15 for VOCs, including total hydrocarbons (THC) as gasoline, and 
NIOSH 1550 for THC as diesel. Sample results are summarized in Table 1, Chemical Analytical 
Results - Vapor Samples. 

Samples were collected from a sample port installed in the inlet pipe to the activated carbon filters 
and from the exhaust stack.  Sampling procedures for the NIOSH 1550 analysis consist of 
collecting about 8 liters of air through the carbon tube at a flow rate of 0.2 liters per minute over a 
40-minute period.  A composite sample is collected in the summa canisters by using a flow 
regulator to collect a sample over a 30-minute period. 

7.1. Chemical Analytical Results 

Ten carbon inlet samples and two exhaust stack samples were collected during this reporting 
period.  THC as diesel was not detected in the samples at concentrations greater than the 
laboratory method reporting limit.  THC as diesel was detected in the exhaust stack sample  
VP-EX-012710 at a concentration of 13,000 micrograms per cubic meter (µg/m3).  THC as gasoline 
was detected in the carbon inlet samples at concentrations ranging from 4,380 µg/m3 to 
156,000 µg/m3.  The lowest concentration, 4,380 µg/m3 was measured on February 12, 2010.  
THC as gasoline was also detected in samples VP-EX-102209 and VP-EX-102710, obtained from 
the exhaust port, at concentrations of 27,300 µg/m3 and 11,000 µg/m3, respectively.  Various 
other VOCs were detected at generally low concentrations, as summarized in Table 1, in the carbon 
inlet samples and the exhaust samples.   

7.2. Petroleum Removal Rates 

The weight of petroleum hydrocarbons extracted by the SVE system was calculated based on the 
run time between samples and an average concentration of THC as gasoline from the samples 
taken at both the beginning and end of the sampling period.  The air flow was also measured with 
one and both blowers operating. The weight of THC as gasoline removed between each sample was 
calculated by multiplying the average concentrations and run times between samples by the flow 
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rate and the appropriate unit conversions. This methodology only estimates physical removal of 
petroleum hydrocarbons in the vapor phase and does not account for treatment by natural 
attenuation.  THC as gasoline and as diesel were used to calculate the hydrocarbon removal as 
only minimal VOC concentrations have been detected. The following equation was used to 
calculate the hydrocarbon removal: 

 

W = C x Q x T x c 
W = Weight of THC as gasoline and diesel removed during a given period (grams) 
C = Average vapor concentration of THC as gasoline from samples collected at the beginning and 

end of the sampling period (µg/m3) 
Q = Air flow rate in SCFM 
T = Run time of the blowers during the sample period (hours) 
c = A conversion factor, calculated to be 1.6989x10-6 

 

Through March 16, 2010, approximately 3,016 pounds of THC as gasoline and diesel in the vapor 
phase have been removed since system startup.  Over the approximately 244 days of system 
operation, startup to the March 16, 2010, the system has averaged about 12.3 pounds per day 
removed.  Assuming a gallon of diesel weighs 7 pounds, about 427 gallons have been removed by 
the SVE system at a rate of about 1.75 gallons per day.  Table 2, Hydrocarbon Removal 
Calculations summarizes the calculations used to determine the quantity of hydrocarbons 
removed. 

8.0 CONCLUSIONS 

The remedial system is successfully removing petroleum hydrocarbons from subsurface soil and 
groundwater.  At least 3,016 pounds of petroleum hydrocarbons have been extracted through the 
SVE system through March 16, 2010, and as discussed in the December 11, 2009 Remedial 
System Evaluation Report, this amount likely is under reported because vapor samples were not 
collected during the intermittent startup period.  Typically, removal rates are very high in the first 
weeks and months of an operating SVE system, which then decrease through the operational 
period of the remedial system.  The data supports this assertion, as we have observed an overall 
decline in removal rates between since system startup.   

Based on field measurements, carbon dioxide concentrations have been observed at percentages 
above background conditions and oxygen concentrations have been observed at percentages 
below background conditions, indicating biological degradation of petroleum hydrocarbons 
continues to be occurring.  However, oxygen concentrations have been steadily increasing while 
carbon dioxide concentrations have been decreasing, which indicates biodegradation activity might 
be decreasing overall.  Coupled with the overall decline in removal rates since startup, further 
emphasis in the bioventing mode will be conducted in the near future.     

Analytical results from groundwater samples collected in wells downgradient from the remedial 
system indicate petroleum hydrocarbons have not been detected at concentrations greater than 
MTCA Method A cleanup levels since remedial system startup.  Planned activities associated with 
the remedial system during the next reporting period are to diagnose and repair problems with the 
AS System. 
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The next 6-month remedial system evaluation report will encompass the period from April 2010 
through September 2010 and be provided in October 2010.  A brief update of the remedial 
systems progress will be provided in the next quarterly progress report in July 2010. 
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VP-CI-070909 07/09/09 517,885 7.77 ND 9.49 ND 66.5 15.6 ND 9.90 ND 16.5 27.3 ND 8.81 ND ND ND 5.06 24.7 117,000 13.1 6.30 ND 7.42 ND ND ND

VP-CI-082709 08/27/09 ND ND ND ND ND 77.4 10.5 11.2 14.5 ND 13.6 57.7 ND 97.5 ND 20.1 51.9 ND 15.6 64,200 15.9 ND 21.1 8.57 ND ND 3.94

VP-CI-091109 09/11/09 ND ND ND ND ND 123 2.88 ND ND ND 12.7 45.1 ND ND ND ND ND ND ND 62,500 20.7 ND ND 9.14 ND ND ND

VP-CI-092409 09/24/09 ND ND ND ND ND 64.1 3.30 ND 13.0 2.66 5.06 14.3 ND 14.9 ND ND 7.42 ND 7.00 24,400 6.89 3.30 4.98 5.14 ND ND 7.88

VP-CI-100909 10/09/09 ND 3.83 ND ND ND 53.2 ND 12.5 41.8 ND 6.65 17.1 ND 7.66 ND ND 249 ND ND 59,900 9.65 ND 3.60 7.42 ND ND 92.1

VP-CI-102210 10/22/09 ND ND ND ND ND 68.9 2.97 ND ND ND 10.8 14.3 ND 28.3 ND ND 3.88 ND ND 75,100 11.0 ND 3.79 5.71 ND ND ND

VP-CI-110609 11/06/09 ND ND ND 88.5 187 64.1 96.2 216 125 ND ND ND ND 253 ND ND ND ND ND 156,000 ND ND 132 ND 413 ND ND

VP-CI-120309 12/03/09 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 49,000 ND ND ND ND ND ND ND

VP-CI-121709 12/17/09 ND ND ND ND ND 9.50 7.20 11.2 23.2 ND 2.60 2.41 ND 9.58 ND ND ND ND 8.22 41,600 4.55 ND ND ND ND 4.65 ND

VP-CI-123109 12/31/09 ND ND 4.94 ND ND 7.60 15.3 ND 18.8 ND 2.15 2.66 ND 10.3 3.40 ND ND ND 9.80 28,200 ND ND 3.75 ND 12.8 ND ND

VP-CI-012710 01/27/10 ND ND ND ND ND 7.12 3.60 ND 8.21 ND ND ND ND 11.7 ND ND ND ND ND 49,500 ND ND 3.49 ND ND ND ND

VP-CI-021210 02/12/10 ND ND ND ND ND ND ND ND 12.1 ND ND ND 8.04 ND ND ND ND ND 18.4 4,380 ND ND ND ND ND ND ND

VP-CI-022610 02/26/10 ND ND ND ND ND ND ND ND 29.7 ND ND ND ND ND ND ND ND ND ND 16,400 311 ND ND ND ND ND ND

VP-CI-031610 03/16/10 ND ND ND ND ND 9.5 8.69 12.7 23.6 ND 2.66 ND ND 17.6 ND ND ND ND 15.9 32,900 6.76 ND ND 4.97 6.18 3.94 ND

VP-EX-070909 07/09/09 ND ND ND ND ND ND ND ND 7.49 ND ND ND ND ND ND ND ND 7.46 ND 699 ND ND ND ND ND ND ND

VP-EX-102209 10/22/09 ND ND ND ND ND ND ND ND 3.14 ND 3.17 ND ND ND ND ND ND 6.92 ND 27,300 ND ND 2.91 ND ND ND ND

VP-EX-012710 01/27/10 13,000 ND ND ND ND 87.4 ND ND 9.18 ND ND 23.8 ND 9.96 ND ND ND ND 7.52 11,000 ND 2.28 ND 6.85 ND ND ND

Notes:
1Concnetration based on a sample volume of about 8 Liters.
2Only analytes with detected concentrations greater than the laboratory reporting limit are included in the table.  For a full list of analytes tested, refer to the laboratory report.

Samples submitted to Pace Analytical in Minneapolis, Minnesota. 
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TO-15 MSV Air (µg/m3)2

Exhaust Stack Samples
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Spokane, Washington

Carbon Filter Inlet Samples

File No. 0506-117-11
Table 1 | May 20, 2010 Page 1 of 1



Table 2
Hydrocarbon Removal Calculations

BNSF Parkwater Railyard
Spokane, Washington

Start Date End Date 

Both 
Blowers 

Operating1

One Blower 

Operating2

Both 
Blowers 

Operating1

One Blower 

Operating2

VP-CI-070909 634,885 03/25/09 07/09/09 1248 335 636 253 1.69892E-06 947,324 2,089 1.67

VP-CI-082709 64,200 07/09/09 08/27/09 594 160 636 253 1.69892E-06 248,361 548 0.92

VP-CI-091109 62,500 08/27/09 09/11/09 166 45 636 253 1.69892E-06 12,603 28 0.17

VP-CI-092409 24,400 09/11/09 09/24/09 154 89 636 253 1.69892E-06 8,914 20 0.13

VP-CI-100909 59,900 09/24/09 10/09/09 178 0 636 0 1.69892E-06 8,117 18 0.10

VP-CI-102209 75,100 10/09/09 10/22/09 83 108 636 409 1.69892E-06 11,119 25 0.30

VP-CI-110609 156,000 10/22/09 11/06/09 0 359 0 406 1.69892E-06 28,613 63 0.18

VP-CI-120309 49,000 11/06/09 12/03/09 0 647 0 439 1.69892E-06 49,461 109 0.17

VP-CI-121709 41,600 12/03/09 12/17/09 0 320 0 431 1.69892E-06 10,614 23 0.07

VP-CI-123110 28,200 12/17/09 12/31/09 0 337 0 481 1.69892E-06 9,611 21 0.06

VP-CI-012710 49,500 12/31/09 01/27/10 0 643 0 408 1.69892E-06 17,315 38 0.06

VP-CI-021210 4,380 01/27/10 02/12/10 0 386 0 406 1.69892E-06 7,173 16 0.04

VP CI 022610 16 400 02/12/10 02/26/10 0 167 0 387 1 69892E 06 1 141 3 0 02

Sample ID

THC as 
Gas and 
Diesel 

(µg/m3)

Sample Period

Removal 
Rate 

(lbs/hr)

THC as 
Gas and 
Diesel 

Removed 
(lbs)

Conversion 
Factor 

(unitless)

Run Time (hrs) Flow (SCFM)
THC as 
Gas and 
Diesel 

Removed3 

(grams)

VP-CI-022610 16,400 02/12/10 02/26/10 0 167 0 387 1.69892E-06 1,141 3 0.02

VP-CI-031610 32,900 02/26/10 03/16/10 0 399 0 433 1.69892E-06 7,235 16 0.04

Total 2,424 3,994 -- -- 1,367,603 3,016 0.75

Notes:
1Run time of both blowers 1 and 2 operating  in SVE mode since last sample.
2Run time of only one blower operating in SVE mode since last sample.
3 (THC concentration) x  (run rime) x (flow rate) x (conversion factor).
4Sample results pending.
SCFM = Standard Cubic Feet per Minute; µg/m3 = micrograms per cubic meter; lbs = pounds.
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes.  It is intended to assist in showing features discussed in an attached document.  GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files.  The master file
is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
3. Groundwater elevations are relative to the NAVD 88 datum.

Reference: 2007 aerial photograph provided by Spokane County.
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is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
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Volatile Organic Compounds
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Oxygen Concentrations
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Carbon Dioxide
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SVE Well Daily Averages
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APPENDIX A 
FIELD MONITORING AND MAINTENANCE 

Field Monitoring 

Field monitoring of the air sparge (AS) and soil vapor extraction (SVE) system has been conducted 
since the installation of monitoring ports on May 7, 2009.  Monitoring ports, consisting of ¼ inch 
ball valves, were installed in each of the PVC pipes between the manifold and the individual SVE 
wells.  Monitoring ports also were installed in the SVE pipe manifold (between the manifold and 
carbon scrub units) and the exhaust stack from the carbon filters.  On June 19, 2009, a monitoring 
port was installed on the steel pipe stub that connects to the carbon filter inlet hoses to monitor 
readings at the carbon scrub unit inlets. 

Measurements of pressure/vacuum, VOC concentration, and the volume of carbon dioxide and 
oxygen are measured from each monitoring point using Magnehelic gauges, a photoionization 
detector, and a 4-gas meter.  Pressure, flow, and temperature also are recorded at gauges 
installed in the AS and SVE systems.  Tables A-1 through A-3 summarize the monitoring results for 
VOCs, oxygen, and carbon dioxide from weekly monitoring events.  

Maintenance Log 

The following timeline summarizes the malfunctions and maintenance/repairs implemented on the 
AS and SVE system.  This does not include regularly scheduled maintenance performed in 
accordance with manufacturer recommendations except when such actions were deemed 
necessary at unscheduled times in an attempt to correct a malfunction. 

■ 10/16/2009 – Replaced fuse in desiccating air dryer.  The new fuse blew immediately when 
the system was restarted.  Ozone Generator No. 1 was observed to be leaking ozone.  The 
generator was removed and shipped to the manufacturer, Absolute Ozone, for service.   

■ 10/20/2009 – An electrician visited the site to check the air dryer.  He observed the internal 
transformer in the air dryer was damaged and required service.  He believed that a power 
surge caused the damage.  The air dryer was disconnected and taken to Cascade Machinery 
and Electric Inc (Cascade), a local machinery service company, for repair.      

■ 12/28/2009 – The electrician re-installed the repaired air dryer and added surge protection to 
prevent power surges from causing future damage.  The serviced ozone generator was re-
installed and the AS system was re-started.  Ozone was observed leaking from the AS well 
manifold (outside the container box) from the connection of the Teflon tubing to the PVC lines 
running to the AS wells.  The connections were sealed with Teflon and electrical tape to prevent 
ozone from leaking. 

■ 2/12/2010 – SVE blower No. 2 made metal grinding noise when turned on. The blower was 
shut off pending assessment of the problem.  

■ 2/15/2010 - Cascade inspected the blower and determined than the aluminum fan was worn 
down and impacting the cover.  A new fan was ordered. 
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■ 2/26/2010 - System shut down on arrival because of an ozone alarm.  Ozone concentrations 
elevated immediately after system re-start.  Ozone generators were turned off and sparging 
continued with ambient air mixed with oxygen. 

■ 3/19/2010 – Cascade attempted to install a new fan on blower No. 2 and discovered that one 
of the bolts to the fan cover was sheared off.  The missing bolt caused the fan cover to be 
loose and probably caused the damage to the fan. Cascade removed the broken bolt from the 
cover and re-tapped the bolt hole.  The AS system was shut down because of a low pressure 
alarm condition. 

■ 3/22/2010 – Cascade replaced the fan and repaired fan cover on blower No. 2.  Attempted to 
troubleshoot cause of AS system shut down from previous visit.  The AS system is shutting 
down after the final charge of the oxygen tank, used for ozone production, before the AS 
solenoid valves open and the sparge compressor turns on. 

■ 3/26/2010 – Blower No. 2 was switched on before opening the air intake valve causing the 
blower to burn out.  Blower No. 2 is not operational and has been locked out.  Blower No. 1 
continues to operate in SVE mode. 



Date Sampled VW-2 MW-2 VW-1 MW-3 VW-6 VW-5 VW-4 VW-3
Manifold 

(PVC)

Inlet 
(Steel 
Pipe)

Between 

Filters1

Exhaust 

Stack1

SVE Well 
Daily 

Average

05/07/09 5.7 9.9 2.9 21.1 8.3 319.0 62.8 93.3 4400.0 -- 0.0 0.0 65.4

05/20/09 6.0 6.6 8.6 -- 6.5 6.8 17.9 14.4 10.8 -- 0.0 0.0 9.5

05/26/09 4.3 5.1 6.2 -- 8.3 10.6 7.1 11.0 90.8 -- 0.0 0.0 7.5

06/02/09 14.0 12.1 10.2 -- 14.0 12.5 11.6 23.6 13.5 -- 0.0 0.0 14.0

06/12/09 0.0 3.8 2.2 -- 0.8 8.0 3.5 4.6 3.0 -- 0.0 0.0 3.3

06/19/09 0.0 0.0 0.0 -- 0.0 0.0 0.0 0.0 0.0 29.5 0.0 0.0 0.0

06/30/09 0.0 0.0 0.0 -- 0.0 0.0 2.0 0.0 0.0 17.0 0.0 0.0 0.3

07/09/09 12.0 13.5 12.8 -- 48.0 12.9 21.3 23.9 7.7 27.4 0.0 0.0 20.6

07/15/09 6.9 10.4 11.0 -- 48.3 2.5 20.0 13.3 0.0 0.0 0.0 0.0 16.1

07/21/09 9.5 11.7 7.0 -- 55.0 2.7 15.0 16.5 7.7 10.2 0.0 0.0 16.8

08/04/09 18.6 21.2 18.8 -- 74.0 28.0 33.5 41.3 17.5 46.7 0.0 0.0 33.6

Table A-1
Field Data Summary Table - Volatile Organic Compounds

BNSF Parkwater Railyard
Spokane, Washington

Sample Location

08/04/09 18.6 21.2 18.8 74.0 28.0 33.5 41.3 17.5 46.7 0.0 0.0 33.6

08/14/09 18.2 20.0 17.2 -- 53.1 11.3 18.3 19.3 12.0 35.4 0.0 0.0 22.5

08/19/09 4.3 4.2 3.7 -- 17.3 2.9 5.8 8.0 3.4 58.9 0.0 0.0 6.6

08/27/09 2.8 4.2 2.8 -- 12.8 2.1 4.0 5.9 5.4 40.5 0.0 0.0 4.9

09/03/09 0.0 0.0 0.0 -- 0.0 0.0 0.0 0.0 2.4 45.5 0.0 0.0 0.0

09/11/09 2.5 2.2 4.4 -- 18.2 2.0 3.6 4.8 3.8 59.1 0.0 0.0 5.4

09/16/09 8.0 4.8 4.4 -- 14.1 2.0 5.5 6.7 2.1 70.2 0.0 0.0 6.5

09/24/09 9.1 9.2 8.1 -- 27.1 10.1 11.5 13.9 4.2 35.6 22.9 0.2 12.7

09/30/09 1.6 2.2 2.3 -- 9.0 1.0 3.1 2.8 1.9 225.0 19.0 1.1 3.1

10/09/09 3.6 2.0 0.0 3.0 9.8 0.0 0.0 0.0 0.5 308.0 51.9 0.0 2.3

10/16/09 0.0 0.0 0.0 1.2 8.6 0.0 0.0 0.0 0.6 43.5 30.2 0.0 1.2

10/22/09 0.0 0.0 1.8 1.5 13.6 1.6 3.0 3.3 2.6 18.8 11.5 0.0 3.1

10/30/09 0.0 0.0 0.0 5.6 20.3 0.0 4.5 3.5 1.7 47.5 109.0 0.0 4.2

11/06/09 0.0 0.0 0.0 0.0 7.8 0.0 0.0 0.2 1.3 26.5 237.0 0.3 1.0

11/13/09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.8 33.8 0.0 0.0

File No. 0506-117-11
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Date Sampled VW-2 MW-2 VW-1 MW-3 VW-6 VW-5 VW-4 VW-3
Manifold 

(PVC)

Inlet 
(Steel 
Pipe)

Between 

Filters1

Exhaust 

Stack1

SVE Well 
Daily 

Average

Sample Location

11/24/09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 101.0 555.0 0.0 0.0

12/03/09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 46.0 896.0 0.0 0.0

12/17/09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 162.0 0.0 0.0

12/31/09 0.0 0.0 0.0 0.2 1.7 0.0 0.0 0.3 0.0 29.2 40.9 0.3 0.3

01/08/10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 23.7 285.0 0.0 0.0

01/15/10 5.8 4.0 7.5 9.5 20.1 1.4 2.1 1.2 0.5 14.4 115.0 3.2 6.5

01/27/10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 95.2 90.3 0.0 0.0

02/03/10 14.6 11.7 18.2 4.5 2.8 0.8 5.4 0.0 2.0 16.2 20.4 2.7 7.3

02/12/10 0.0 0.0 0.0 -- -- -- 0.0 0.0 0.0 11.1 0.0 0.0 0.0

02/18/10 0.0 0.0 0.0 -- 0.0 0.0 0.0 0.0 0.1 51.0 119.0 0.0 0.0

02/26/10 45.6 35.2 33.0 -- 0.0 0.0 0.0 0.0 -- 48.3 21.5 0.1 16.3

03/05/10 0.0 0.0 0.0 -- 0.0 0.0 0.0 0.0 0.0 29.8 20.1 3.1 0.0

03/16/10 0.0 0.0 0.0 -- 0.0 0.0 0.0 0.0 0.0 1.6 68.8 101.0 0.0

Average 5.1 5.1 4.8 3.1 13.5 11.8 6.9 8.2 124.2 49.3 76.6 2.9 7.7

Notes:
  Measurements reported in parts per million as measured using a photoionization detector.
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Date Sampled VW-2 MW-2 VW-1 MW-3 VW-6 VW-5 VW-4 VW-3
Manifold 

(PVC)

Inlet 
(Steel 
Pipe)

Between 

Filters1

Exhaust 

Stack1

SVE Well 
Daily 

Average

05/07/09 20.9 18.3 15.4 16.5 22.4 16.4 14.8 14.1 17.2 -- 18.4 18.4 17.4

05/20/09 21.5 20.7 13.8 -- 22.5 17.0 16.6 15.0 18.9 -- 16.2 16.4 18.2

05/26/09 18.3 17.1 13.8 -- 18.6 16.6 17.2 13.7 17.6 -- 16.9 16.9 16.5

06/02/09 18.8 17.8 15.5 -- 18.6 17.4 18.0 14.7 17.4 -- 17.4 17.4 17.3

06/12/09 18.7 17.5 15.4 -- 18.6 16.8 17.5 13.6 17.3 -- 17.2 17.4 16.9

06/19/09 19.5 18.9 18.5 -- 19.6 17.7 18.2 17.8 18.4 19.0 18.6 18.3 18.6

06/30/09 19.3 18.8 18.8 -- 19.1 17.6 17.5 18.3 18.4 18.9 18.3 18.4 18.5

07/09/09 17.7 18.4 16.9 -- 12.9 16.1 14.6 12.9 16.0 16.0 16.1 16.1 15.6

07/15/09 18.7 19.1 18.8 -- 17.2 16.3 16.7 15.9 17.5 17.6 17.5 17.5 17.5

07/21/09 18.9 18.8 18.4 -- 18.6 17.4 17.4 18.0 18.2 18.2 18.1 18.2 18.2

08/04/09 18.2 18.2 18.1 -- 17.0 16.7 16.4 16.7 17.4 17.4 17.5 17.4 17.3

BNSF Parkwater Railyard
Spokane, Washington

Table A-2
Field Data Summary Table - Percent Oxygen

Sample Location

08/14/09 18.4 18.1 17.7 -- 17.6 18.2 18.0 17.4 18.4 17.0 17.1 17.1 17.9

08/19/09 18.6 18.3 18.0 -- 16.4 17.1 16.7 15.5 17.4 16.6 16.6 16.6 17.2

08/27/09 19.0 18.7 18.2 -- 17.8 17.3 17.3 17.0 18.0 17.3 17.2 17.2 17.9

09/03/09 19.4 19.3 19.2 -- 18.9 18.8 18.7 18.6 19.0 17.6 17.4 17.4 19.0

09/11/09 20.1 19.9 19.4 -- 19.0 19.0 18.8 18.8 19.8 17.5 17.4 17.2 19.3

09/16/09 19.2 18.5 18.3 -- 18.2 17.6 17.6 17.4 18.2 17.6 17.5 17.2 18.1

09/24/09 19.3 18.6 18.5 -- 18.4 17.7 18.1 18.0 18.3 18.3 17.6 17.6 18.4

09/30/09 19.4 19.3 19.2 -- 19.3 18.4 18.3 18.7 18.5 18.1 17.9 17.8 18.9

10/09/09 19.0 18.9 18.6 18.4 17.6 18.1 17.9 17.7 18.6 17.8 17.2 17.1 18.3

10/16/09 18.6 18.6 18.1 18.0 19.8 17.5 17.1 15.8 17.8 16.6 16.6 16.5 17.9

10/30/09 20.5 20.5 20.5 20.2 19.3 17.6 18.9 19.8 19.9 20.0 19.6 19.3 19.7

11/06/09 20.3 20.3 20.4 20.2 19.2 17.7 18.7 19.6 19.6 19.8 19.4 18.5 19.6

11/13/09 20.9 20.9 20.2 19.1 18.0 20.9 20.9 20.9 20.9 20.9 20.9 20.7 20.2

11/24/09 20.9 20.9 20.5 20.7 18.3 20.9 20.9 20.9 20.9 20.9 20.9 20.9 20.5
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Date Sampled VW-2 MW-2 VW-1 MW-3 VW-6 VW-5 VW-4 VW-3
Manifold 

(PVC)

Inlet 
(Steel 
Pipe)

Between 

Filters1

Exhaust 

Stack1

SVE Well 
Daily 

Average

Sample Location

12/03/09 21.3 21.3 21.3 20.9 20.9 19.4 20.9 21.3 20.9 21.0 20.9 20.9 20.9

12/17/09 20.9 20.9 20.9 20.9 19.8 19.1 20.9 20.9 20.9 19.5 20.9 20.9 20.5

12/31/09 20.9 20.9 20.9 20.9 20.3 19.3 20.9 20.9 20.9 20.9 20.9 20.9 20.6

01/08/10 20.9 20.9 20.9 20.9 21.7 19.4 20.9 20.9 21.3 20.9 20.9 20.9 20.8

01/15/10 19.8 20.5 20.1 20.9 21.9 20.9 20.9 20.9 20.9 20.4 20.3 20.8 20.7

01/27/10 20.9 20.9 20.9 20.9 20.9 20.9 20.9 20.9 20.9 20.9 20.7 20.3 20.9

02/03/10 19.2 18.8 20.7 20.9 20.9 20.9 20.8 20.9 20.9 20.7 20.3 20.1 20.4

02/12/10 20.9 20.9 20.9 -- -- -- 20.9 20.9 20.9 20.7 20.5 20.7 20.9

02/18/10 18.2 18.2 17.4 -- 18.0 17.4 17.6 17.4 16.9 16.3 15.8 15.7 17.7

02/26/10 18.3 17.9 17.4 -- 16.1 17.8 17.8 15.5 -- 16.3 16.0 16.0 17.3

03/05/10 19.7 19.7 20.0 -- 20.7 19.4 20.9 19.4 20.9 18.5 18.7 18.6 20.0

03/16/10 20.9 20.0 20.0 -- 19.4 18.9 19.2 19.0 19.1 18.8 18.7 18.7 19.6

Average 19.6 19.3 18.7 20.0 19.0 18.2 18.5 18.0 19.0 18.7 18.4 18.3 18.8

Notes:
  Measurements reported in percent oxygen as measured using a 4-gas meter.
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Date Sampled VW-2 MW-2 VW-1 MW-3 VW-6 VW-5 VW-4 VW-3
Manifold 

(PVC)

Carbon 
Inlet 

(Steel 
Pipe)

Between 

Filters1

Exhaust 

Stack1

SVE Well 
Daily 

Average

05/07/09 3.0 5.0 5.0 5.0 2.1 5.0 5.0 5.0 5.0 -- 5.0 5.0 4.4

05/20/09 2.3 4.0 5.0 -- 1.6 5.0 5.0 5.0 5.0 -- 2.5 3.8 4.0

05/26/09 1.3 2.9 5.0 -- 1.1 2.1 2.0 5.0 2.3 -- 2.2 2.1 2.8

06/02/09 1.2 2.4 5.0 -- 1.4 1.9 1.8 5.0 2.0 -- 2.0 1.9 2.7

06/12/09 0.8 1.7 3.7 -- 0.9 1.5 1.4 4.8 1.6 -- 1.6 1.5 2.1

06/19/09 0.6 1.0 1.7 -- 0.6 1.4 1.6 2.1 1.4 1.6 1.5 1.5 1.3

06/30/09 0.6 0.9 1.3 -- 0.8 1.3 1.6 1.5 1.2 1.4 1.3 1.2 1.1

07/09/09 1.2 0.9 1.8 -- 3.1 1.9 3.6 4.2 2.1 2.2 2.0 2.0 2.4

07/15/09 0.9 0.8 1.0 -- 1.7 1.9 2.1 3.0 1.7 1.7 1.7 1.7 1.6

07/21/09 0.6 0.7 1.2 -- 1.0 1.3 1.5 1.5 1.2 1.2 1.2 1.2 1.1

BNSF Parkwater Railyard
Spokane, Washington

Table A-3
Field Data Summary Table - Percent Carbon Dioxide

Sample Location

07/21/09 0.6 0.7 1.2 1.0 1.3 1.5 1.5 1.2 1.2 1.2 1.2 1.1

08/04/09 0.7 0.8 1.2 -- 1.5 1.6 2.0 1.9 1.4 1.4 1.4 1.4 1.4

08/14/09 1.2 1.6 2.1 -- 2.3 1.6 1.8 2.3 1.4 2.4 2.6 2.6 1.8

08/19/09 0.9 1.1 1.5 -- 2.8 2.0 2.5 3.6 2.1 2.6 2.5 2.4 2.0

08/27/09 0.6 0.8 1.4 -- 1.9 1.7 1.9 2.2 1.5 1.8 1.9 1.9 1.5

09/03/09 0.5 0.6 0.8 -- 1.0 0.9 1.1 1.3 1.0 2.2 2.0 2.1 0.9

09/11/09 0.3 0.4 0.7 -- 1.0 0.8 1.0 1.2 0.8 2.1 2.1 2.0 0.8

09/16/09 0.7 1.0 1.3 -- 1.6 1.6 1.7 2.0 1.4 2.1 2.1 1.9 1.4

09/24/09 0.6 0.7 1.0 -- 1.1 1.3 1.2 1.4 1.1 1.8 1.7 1.7 1.1

09/30/09 0.6 0.7 1.0 -- 1.0 1.3 1.5 1.4 1.4 2.0 1.9 1.9 1.1

10/09/09 1.1 1.3 1.5 1.8 2.6 1.7 2.1 2.6 1.7 3.1 2.8 2.8 1.9

10/16/09 1.3 1.4 1.7 2.0 1.9 2.1 2.7 3.9 2.1 3.2 3.2 3.1 2.1

10/30/09 0.1 0.1 0.1 0.2 1.0 2.0 1.3 0.6 0.5 0.7 0.7 0.5 0.7

11/06/09 0.1 0.1 0.1 0.2 1.0 1.8 1.3 0.5 0.4 0.6 0.7 1.2 0.6

11/13/09 0.1 0.2 0.8 1.0 1.5 0.1 0.1 0.0 0.2 0.3 0.4 0.5 0.5
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Date Sampled VW-2 MW-2 VW-1 MW-3 VW-6 VW-5 VW-4 VW-3
Manifold 

(PVC)

Carbon 
Inlet 

(Steel 
Pipe)

Between 

Filters1

Exhaust 

Stack1

SVE Well 
Daily 

Average

Sample Location

11/24/09 0.2 0.2 0.9 0.9 2.3 0.1 0.1 0.1 0.3 0.4 0.5 0.5 0.6

12/03/09 0.1 0.1 0.1 1.2 0.8 2.0 0.7 0.1 0.5 0.8 0.8 0.8 0.6

12/17/09 0.1 0.1 0.1 0.1 1.6 1.8 0.6 0.8 0.5 1.7 0.7 0.6 0.6

12/31/09 0.0 0.0 0.0 0.0 1.3 1.3 0.3 0.6 0.3 0.4 0.5 0.5 0.4

01/08/10 0.1 0.1 0.1 0.1 1.5 1.5 0.4 0.7 0.0 0.5 0.6 0.6 0.5

01/15/10 0.7 0.3 0.7 0.0 0.6 0.0 0.3 0.0 0.2 0.4 0.5 0.3 0.3

01/27/10 1.4 0.8 0.9 0.1 1.2 0.1 0.6 0.1 0.4 1.2 1.1 1.1 0.6

02/03/10 1.4 1.8 0.6 0.4 0.1 0.0 0.5 0.0 0.5 0.6 0.6 0.6 0.6

02/12/10 0.0 0.0 0.0 -- -- -- 0.1 0.4 0.4 0.6 0.6 0.6 0.1

02/18/10 2.4 2.5 3.1 -- 2.1 1.9 2.3 2.7 3.2 1.9 4.5 4.4 2.4

02/26/10 1.5 1.7 2.1 -- 3.0 2.0 1.9 3.6 -- 3.5 3.6 3.6 2.2

03/05/10 0.9 0.9 0.2 -- 1.2 1.1 0.0 0.0 0.0 2.0 0.0 2.0 0.6

03/16/10 1.0 1.0 0.7 -- 1.2 1.3 1.2 1.6 1.4 1.9 2.0 1.9 1.1

Average 0.8 1.1 1.5 0.9 1.5 1.6 1.5 2.0 1.3 1.6 1.7 1.8 1.4

Notes:Notes:
  Measurements reported in percent carbon dioxide as measured using a 4-gas meter.
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APPENDIX B 
LABORATORY REPORTS 

Chemical Analytical Data 

Chain-of-custody procedures were maintained during the transport of the field samples to the 
accredited analytical laboratory.  The analytical results and quality control records are included in 
this appendix. 

Analytical Data Review 

The laboratory maintains an internal quality assurance program as documented in its laboratory 
quality assurance manual.  The laboratory uses a combination of blanks, surrogate recoveries, 
duplicates, matrix spike recoveries, matrix spike duplicate recoveries, blank spike recoveries and 
blank spike duplicate recoveries to evaluate the analytical results.  The laboratory also uses data 
quality goals for individual chemicals or groups of chemicals based on the long-term performance 
of the test methods.  The data quality goals were included in the laboratory reports.  The laboratory 
compared each group of samples with the existing data quality goals and noted any exceptions in 
the laboratory report.  Any data quality exceptions documented by the accredited laboratory were 
reviewed by GeoEngineers and are addressed in the data quality exception section of this 
appendix. 

Data Quality Summary   

It is our opinion that the analytical data are of acceptable quality for their intended use. 
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