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Section 1: Introduction 

Kennedy/Jenks Consultants, Inc. (KJ) has prepared this Work Plan to conduct field activities to 
aid in feasibility evaluation of remediation alternatives at the BNSF Railway Company (BNSF) 
Railyard in Wishram, Washington (site). The objectives of the field activities described in this 
Work Plan are to 1) evaluate transmissivity of light non-aqueous phase liquid (LNAPL) on the 
site, 2) assess the performance of the existing bioventing system operating in the vicinity of the 
Maintenance Shop, 3) assess potential for bioventing in the vicinity of the submerged LNAPL 
south of the mainline, and 4) evaluate occurrence of natural source zone depletion (NSZD) at 
the site. The site layout map, including the locations of the bioventing system and the wells to 
be included in testing, is provided on Figure 1. 

This Work Plan includes: 1) site background information and 2) a description of field activities 
and objectives. Example field forms for use during field activities are included in Appendix A and 
standard operating guidelines (SOGs) in Appendix B. Responses to the Washington State 
Department of Ecology's (Ecology's) comments to the Draft Work Plan (KJ July 2019) are 
included in Appendix C. 

1.1 Site Background 
The Wishram Railyard was originally developed by the Spokane, Portland, and Seattle (SP&S) 
Railway between 1910 and 1912. Fueling of steam locomotives with oil was conducted at the 
site from approximately 1912 through 1956 and fueling of diesel locomotives was conducted 
from the early 1950s to the 1970s (NWOR 2014, Grande 1992). Figure 2 shows historical site 
features. Historical locomotive fueling-related activities and fuel handling and storage are the 
likely source of petroleum hydrocarbon impacts in site soil and groundwater. Further site history 
is provided in the Draft Remedial Investigation Report (Draft RI Report) (KJ 2019). 

Environmental investigations and interim remedial actions conducted at the site since 2002 
have identified petroleum hydrocarbons at concentrations exceeding the Model Toxics Control 
Act (MTCA) Method A cleanup levels (CULs) for soil and groundwater. In October 2015, BNSF 
entered into an Agreed Order (AO) with Ecology to perform a remedial investigation (RI). 
Upland RI field activities were substantially conducted between March 2016 and December 
2018 in accordance with the Remedial Investigation Work Plan (RIWP) (KJ 2017) and Remedial 
Investigation Work Plan Addendum (RIWP Addendum) (KJ 2018). The Draft RI Report, 
summarizing RI activities was submitted by KJ and BNSF to Ecology for review on 31 May 
2019. 
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Section 2: Scope of Work 

2.1 LNAPL Transmissivity Testing 
Apparent LNAPL thickness monitoring has been performed in the oil head monitoring (OHM) 
wells (OHM-1, OHM-2, OHM-3, and OHM-4; see Figure 1) since December 2016 on a monthly 
(2017) to quarterly (2018 and 2019) basis. LNAPL typical of heavy-end residual hydrocarbons 
has been observed in wells OHM-1, OHM-2, and OHM-3. A measurable LNAPL thickness 
greater than 0.01 foot has not been observed in OHM-4. 

The RI included initial assessment of the potential mobility and recoverability of LNAPL on the 
site based on the results of laboratory testing of LNAPL physical properties and simulations of 
in situ LNAPL behavior. Field LNAPL transmissivity testing is intended to provide additional 
information to quantify potential NAPL mobility and provide information for evaluation of 
remediation alternatives. 

Depths to air/LNAPL and LNAPL/groundwater interfaces will be measured using an oil/water 
interface probe prior to LNAPL removal. LNAPL baildown testing will be performed at OHM 
wells containing apparent LNAPL thicknesses greater than 0.5 foot (expected to include OHM-1, 
OHM-2, and OHM-3). The field protocol for measuring the depths to air/LNAPL and 
LNAPL/water interfaces involves freezing the oil/water interface probe in distilled water using 
dry ice, lowering the probe through LNAPL, allowing ice to melt, and then slowly retrieving the 
probe until encountering the LNAPL/water interface. Due to the time involved in these manual 
measurements (up to 1 hour), fluid and LNAPL recharge into the well will also be monitored 
using a level logging pressure transducer to record the potentiometric surface and an oil/water 
interface probe to gauge the depth to the top of the fluid column (e.g. air/water or air/LNAPL 
interface). The pressure transducer will be suspended in the well below the initial 
LNAPL/groundwater interface. 

Prior to LNAPL transmissivity testing, samples of LNAPL and groundwater will be collected from 
OHM wells OHM-1, OHM-2, and OHM-3. LNAPL samples will be collected from near the 
LNAPL-air interface using a single-use cup attached to a rod. Groundwater samples will be 
collected using a peristaltic pump with the tubing inlet positioned below the LNAPL-groundwater 
interface. Samples will be collected in laboratory-provided containers and labeled with the 
sample name, date, and time. LNAPL samples from each OHM well will be transported, under 
chain-of-custody protocol, to Analytical Resources Inc. (ARI) of Tukwila, Washington, for 
analysis of extractable petroleum hydrocarbons (EPH) using Ecology methods. A set of LNAPL 
and groundwater samples from wells OHM-1 and OHM-3 will also be transported, under chain-
of-custody protocol, to PTS Laboratories (PTS) of Houston, Texas for analysis of fluid properties 
that may affect potential mobility and treatability including surface tension and interfacial 
tensions [three phase pairs; oil/water, oil/air, and water/air (at ambient temperature)] by the 
DuNuoy Method ASTM D971. 

Following sample collection, LNAPL will be removed from each test well using high vacuum 
extraction techniques: a stinger tube, connected via flexible hose to a mobile vacuum truck at 
the surface, will be lowered into the well and submerged below the LNAPL surface. LNAPL will 
initially be removed from the top of the column and the stinger tube will be lowered down the 
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well to continue removing LNAPL. To the extent possible, removal of groundwater will be 
minimized. Transparent vacuum hose will be used to observe recovered fluids; however, the 
viscosity of the LNAPL may prevent visual observation of the composition of recovered fluids 
(e.g. if LNAPL, water, or a mixture). The volume of total fluids recovered from each well will be 
recorded based on fluid levels in the vacuum truck. 

Following LNAPL removal, the depth to air/LNAPL interface will be measured at intervals of 
approximately 1 to 2 minutes for the first 30 minutes, 5 minutes for the next 30 minutes, 1 to 
3 hours for the remainder of the first day, and approximately 2 to 4 times per day for 3 to 4 days. 
It is anticipated that manual measurement of the depths to air/LNAPL and LNAPL/groundwater 
interfaces will be performed at increasing time intervals following LNAPL removal and will be 
continued intermittently (weekly to monthly depending on field results), for four consecutive 
intervals after initiating the test. 

An estimation of LNAPL transmissivity will be performed in accordance with ASTM guide 
E2856-13 for Estimation of LNAPL Transmissivity (ASTM 2013). Measurements will be 
recorded on a field form similar to that provided in ASTM guide E2856-13 (see Appendix A). 

LNAPL and water recovered from the wells during high vacuum extraction activities will be 
collected in the vacuum truck and disposed offsite at an appropriate disposal facility. 

2.2 Respirometry Testing – Existing Bioventing System 
A bioventing system has been in operation at the site since June 2012 to address residual 
petroleum hydrocarbon impacts in soil north of the mainline tracks. The bioventing system 
operates by injecting ambient air into the unsaturated zone through four wells (SVE-12-1 
through SVE-12-4) (Figure 1). The bioventing system operated in continuous mode (24 hours a 
day, 7 days a week) between June 2012 and April 2017, when the system blower failed. The 
blower was replaced on 28 November 2017, and the bioventing system was restarted in 
continuous mode. 

Periodic monitoring of injection flow rates and induced pressures at the four injection wells and 
four monitoring wells in its vicinity (WMW-3, WMW-7, WMW-8, and WMW-12) has been 
performed since restarting the system in November 2017. Well construction information is 
provided in Table 1. System operational data collected between November 2017 and May 2019 
is provided in Table 2. Soil gas measurements collected on 28 and 29 November 2017, before 
and after replacement of the system blower, are provided in Table 3. The average induced 
pressures at the monitoring wells between November 2017 and May 2019 have been 
approximately 0 (WMW-3), 0.04 (WMW-12), 0.2 (WMW-8), and 1.9 (WMW-7) inches of water. 
Using a criterion of 0.1 inches of water, the estimated radius of influence (ROI) of the system is 
approximately 90 feet, based on wellhead pressure measurements at or above 0.1 inches of 
water at well WMW-8, located approximately 90 feet from injection well SVE-12-1. Monitoring 
well WMW-7 is also located within this ROI while wells WMW-3 and WMW-12 are outside. 

The evaluation of LNAPL remediation at many sites has demonstrated the importance of NSZD 
and enhanced biological degradation by introducing atmospheric air into the subsurface to 
increase subsurface oxygen concentrations (i.e., bioventing). Respirometry testing will provide 
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information to assess the biodegradation rate of the adsorbed petroleum hydrocarbons and 
LNAPL in the smear zone. 

2.2.1 Baseline Soil Gas Measurements 
A component of the bioventing and NSZD evaluations is collection of soil gas (oxygen, carbon 
dioxide, hydrogen sulfide, and methane) and volatile organic compounds (VOCs) 
measurements from test and monitoring wells. At least 1 day prior to soil gas measurements, 
either vapor monitoring well plugs or modified well caps with barbed fittings will be installed at 
the wells selected for monitoring to allow collection of soil gas measurements. An RKI Eagle 2 
multi-gas meter, or similar, will be used for soil gas measurements. Soil gas VOC 
concentrations will be measured using a photoionization detector (PID). The operating manual 
for the RKI Eagle 2, including documentation regarding instrument calibration, and KJ’s SOG for 
PID measurements are provided in Appendix B. Measurements will be collected using the low 
purge volume well head method (Sweeney and Ririe 2017). The depths to LNAPL (if present) 
and groundwater will also be measured. 

Monitoring wells for which soil gas measurements will be collected are identified on Figure 1. 

2.2.2 Respirometry Test 
Respirometry testing will include collecting soil gas (oxygen, carbon dioxide, hydrogen sulfide, 
and methane) and VOCs measurements as described in Section 2.2.1 from seven wells once 
during system operation (immediately before shutdown) and at increasing time intervals, for a 
period up to approximately 4 days (96 hours) following system shutdown to assess oxygen 
consumption. Proposed wells for respirometry testing include injection wells SVE-12-1 through 
SVE-12-4, monitoring wells WMW-7 and WMW-8, which are located within the system’s ROI, 
and monitoring well WMW-12, which is not located within the ROI, but will be included to 
provide background data for comparison. 

Respirometry test results will be analyzed to estimate biodegradation rates based on oxygen 
utilization rates as described in Leeson and Hinchee (1996). 

Upon the conclusion of the field activities identified in Section 2.3 and 2.4 of this Work Plan, the 
bioventing system will be returned to continuous operation. Templates of the field forms to be 
used for respirometry data collection are provided in Appendix A. 

2.3 Bioventing Test 
A bioventing test will be performed south of the mainline tracks, in the vicinity of submerged 
LNAPL areas (Figure 1). The proposed bioventing test activities include: 1) an initial soil gas 
survey of select monitoring wells, 2) an air injection test to approximate system radius of 
influence (ROI), and 3) a respirometry test (following the injection test). 

An existing monitoring well, either WMW-1 or WMW-3, will be used as the bioventing injection 
test well. Criteria for well selection include approximately 1 foot or more of open well screen 
above the groundwater table (Table 1), proximity to inferred LNAPL or residual total petroleum 
hydrocarbon (TPH) impacts (Figure 1), dissolved phase TPH concentrations above MTCA 
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Method A CULs, proximity to other monitoring wells, and areas with limited traffic and easy 
access. 

For both wells, the open well screen above groundwater table may be a limiting factor. 
Groundwater levels will be measured during baseline soil gas gauging (see Section 2.2.1). Well 
WMW-1 meets the other criteria and is the preferred location if the open well screen criterion is 
met during testing. Well WMW-3 meets the LNAPL and dissolved phase impacts criteria; 
however, this well is approximately 95 feet from the nearest monitoring well and is located 
adjacent to a gravel roadway through the railyard. 

If neither well WMW-1 nor WMW-3 have approximately 1 foot open well screen, well WMW-11 
will be used as the test well. Templates of the field forms to be used for the bioventing pilot 
study are provided in Appendix A. 

2.3.1 Air Injection Test 
A soil gas survey (see Section 2.2.1) will be conducted to measure baseline concentrations of 
soil gas (oxygen, carbon dioxide, hydrogen sulfide, and methane) and VOCs in the two potential 
test wells (WMW-1 and WMW-3) and four other wells (WMW-11, WMW-15, WMW-16, and 
WMW-17) located within approximately 100 feet of the well WMW-1. 

Following the soil gas survey, an air injection test will be performed at the test well to assess air 
injection into the formation and the optimum injection flow rate for the multi-day injection test. 
A regenerative blower will be used to apply three different injection flow rates for approximately 
1 hour each. Injection flow rate steps will be applied at approximately 10 standard cubic feet per 
minute (scfm), 15 scfm, and 20 scfm. Actual flow rates may vary based on site conditions. 
Pressure response will be measured in the wells identified above at approximately 30-minute 
intervals during the step tests with a differential pressure gage. 

After the completion of step testing, a 48-hour continuous injection test will commence at the 
test well. The injection rate will be determined based on results of the step test. A portable 
generator will be used to supply power to the injection blower during the test. 

Prior to the end of the test, a soil gas survey and a round of wellhead pressure measurements 
will be collected from adjacent wells to evaluate the oxygen/carbon dioxide (O2/CO2) 
concentrations and pressure ROIs relative to the injection location. These measurements will 
also be used as baseline operational data for a respirometry test, which will be performed after 
shutdown of the injection blower and following similar procedures to those described in 
Section 2.2.2. 

The pressure ROI will be estimated based on plotting the logarithm of the wellhead pressure 
measurements versus distance from the test well. A value of 0.1 inches of water will indicate 
adequate pressure distribution. Respirometry test results will be analyzed to estimate 
biodegradation rates based on oxygen utilization rates as described in Leeson and Hinchee 
(1996). 
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2.4 Natural Source Zone Depletion Assessment 
Two approaches will be employed to assess the potential for NSZD at the site: 1) measurement 
of soil gases from monitoring wells and 2) carbon traps. 

2.4.1 Soil Gas Measurements 
In addition to respirometry testing at the seven wells listed in Section 2.2, soil gas (oxygen, 
carbon dioxide, hydrogen sulfide, and methane) and VOC measurements data will also be 
collected from 14 monitoring wells located south of the mainline. The selected wells are located 
approximately 150 feet or more from the existing bioventing system. Soil gas measurements will 
be performed approximately 3 to 4 days after the existing system has been shut down for 
respirometry testing as described in Section 2.2.2. 

Monitoring wells were selected for NSZD soil gas data collection based on groundwater 
sampling results for total petroleum hydrocarbons (TPH) as diesel-range organics (DRO) and/or 
oil-range organics (ORO) compared to MTCA Method A CULs. Wells were also selected based 
on their proximity to inferred shallow and/or submerged petroleum hydrocarbons impacts. 
Selected wells include: 

• Nine wells which frequently contain DRO/ORO at concentrations above MTCA 
Method A CULs: WMW-1, WMW-3, WMW-9, WMW-11, WMW-15, WMW-16, WMW-17, 
WMW-26, and WMW-29. 

• Three wells which intermittently contain DRO/ORO above MTCA Method A CULs: 
WMW-10, WMW-14, and WMW-28. 

• Two wells in which neither DRO nor ORO have been detected above MTCA Method A 
CULs: WMW-27, and WMW-13. 

A multi-gas meter will be used for soil gas measurements and soil gas VOC concentrations will 
be measured using a PID. Measurements will be collected using the low purge volume well 
head method (Sweeney and Ririe 2017). Soil gas data will be collected from these 10 wells 
towards the end of respirometry/bioventing testing to reduce possible influence due to the 
operation of the bioventing system or bioventing test. 

NSZD data will be analyzed in accordance with the Interstate Technology & Regulatory Council 
(ITRC) document Evaluating Natural Zone Depletion at Sites with LNAPL (ITRC 2009). 

2.4.2 Carbon Traps 
At sites contaminated with petroleum hydrocarbons, LNAPL losses can occur through natural 
biodegradation processes such as methanogenesis (Amos et al. 2005), in which CO2 and 
methane (CH4) are generated by an anaerobic process during natural degradation of organic 
materials such as petroleum hydrocarbons. As both of these gases are transported from the 
LNAPL source toward the atmosphere, CH4 encounters atmospheric O2 and, through aerobic 
processes, generates CO2 in the shallow surface soil layer and the vadose zone. Field 
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screening tools have been developed to quantify biodegradation rates and estimate NSZD over 
time. 

At the site, CO2 flux will be measured by trapping CO2 and storing it for laboratory analysis, 
using a technology developed at Colorado State University Center for Contaminant Hydrology 
(CCH), and now commercialized by E-Flux, LLC (E-Flux). The E-Flux method measures carbon 
(to estimate total CO2 flux) and carbon isotopes (i.e., 14C) to determine the contribution of 
petroleum hydrocarbon degradation to the total carbon flux from the soil to the ground surface 
(Zimbron et al. 2011). This process will help assess and estimate natural LNAPL losses from 
biodegradation (i.e., NSZD). Research performed by CCH shows LNAPL losses on the order of 
thousands of gallons per acre per year at petroleum-impacted sites can be determined by 
measuring CO2 flux. See the attached Standard Operating Procedure (SOP) for additional 
information about the CO2 trap technology (Appendix B). 

Criteria for locating traps are as follows: 

• Areas that provide a range of known and documented site conditions (LNAPL thickness, 
depth to water, water level fluctuations, etc.), ideally adjacent to existing groundwater 
monitoring wells with LNAPL or known dissolved phase petroleum hydrocarbon impacts 
(using information from boring logs, historical water level and LNAPL measurements). 

• Areas where existing monitoring wells exhibit CH4 and CO2 concentrations, indicating 
biodegradation and/or methanogenesis. (As part of this field effort, qualitative 
measurements of CH4 will be measured at the head space of applicable monitoring 
wells, and the results will be used to help in the determination of CO2 trap locations.) 

• Areas largely free of surface layers that would limit attenuation of gases from the 
subsurface to the atmosphere (e.g., asphalt, concrete, track structures, or heavily 
compacted areas). 

• Areas free from known surface flooding. 

• Areas with limited traffic and easy access (i.e., traps will require protection as they will 
be located above the ground surface and could provide a tripping hazard). 

Figure 1 shows the 11 proposed carbon trap locations at the site (locations numbered 1 to 11). 
Actual trap locations will be selected in the field based on results of the measured soil gas 
parameters (as discussed in Sections 2.2 and 2.3.1), proximity to railroad track structures, 
presence of surface layers, and information about railyard activities from BNSF personnel at the 
site. The 11 locations are summarized below: 

• Background Locations: 1 and 3 (near WMW-12 and WMW-13). Areas not known to be 
influenced by petroleum impacts (i.e., non-impacted vadose zone, not overlying 
dissolved phase impacts or LNAPL). 

• Maintenance Shop (current bioventing system): 2 (near WMW-7). Historical apparent 
LNAPL thicknesses measured in well; sheen observed in groundwater purge water. 
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• Above Smear Zone and/or Submerged LNAPL Areas: 4, 5, 6, 7, and 10. Groundwater 
samples from nearby wells have contained DRO and/or ORO above MTCA CULs. Areas 
within inferred extent of smear zone impacts and submerged LNAPL based on laser 
induced fluorescence (LIF) logs. 

• Near Shallow Impacts: 6 (WMW-1 location). Groundwater samples from this well have 
contained DRO and ORO above MTCA CULs and methane. 

• Dissolved Phase Impacts: 8 and 9 (south of former Power House, Figure 1) and 11 
(WMW-26 location, former Engine House footprint). Groundwater samples from nearby 
wells have contained DRO and/or ORO above MTCA CULs and methane. 

2.4.2.1 Trap Deployment and Retrieval 
CO2 samples will be collected in accordance with the SOP for field deployment and retrieval of 
CO2 traps (see Attachment A). 

E-Flux will provide custom-made canisters filled with the CO2 sorbent material, as well as 
additional field components for trap deployment: receivers for ground installation and covers to 
protect the traps from rainfall. The traps will be loaded, sealed, and shipped by E-Flux to KJ. 
One blank will be included (trip blank will not be opened in the field) to be analyzed and used for 
correction of field sample results. KJ will record trap deployment and recovery times on chain-
of-custody (COC) forms provided with the traps. During trap deployment, meteorological data 
will be recorded from weather tracking sources in the area and groundwater temperatures will 
be recorded by data logging pressure transducers installed in nearby monitoring wells. 

Field activities including water level and temperature measurements, an initial round of soil gas 
sampling, and one round of trap deployment for approximately 2 weeks are proposed for August 
2019. While trap deployment is expected to last for 2 weeks, the deployment duration will be 
determined by KJ and E-Flux, based primarily on weather conditions (whether or not surface 
soil becomes saturated during a rain event, causing limited attenuation of gases from the 
subsurface to the atmosphere). E-Flux will provide laboratory analytical results and 
interpretation within 4 weeks after receiving traps from the field. 

2.4.2.2 Laboratory Analysis 
Upon trap retrieval, the sorbent material will be vacuum-dried at the laboratory, and 
homogenized. The total carbonate will be quantified using method ASTM D4373–02 (Standard 
Test Method for Rapid Determination of Carbonate Content of Soil). The laboratory at E-Flux 
uses the following quality control and quality assurance protocols during CO2 analysis: triplicate 
analysis, trip blank analysis, and visual confirmation that the top CO2 traps are not saturated. 
Carbon isotopic (14C) analysis on the trap bottoms is used to determine the modern and fossil 
fuel (i.e., petroleum hydrocarbon) fractions of the CO2 sorbed. Modern CO2 is naturally produced 
by soils that have not been impacted by hydrocarbons, due to processes caused by plants 
(roots) and microbes. This carbon dating analysis is based on Accelerator Mass Spectroscopy 
(AMS), following ASTM Method D6866–12 (Standard Test Methods for Determining the 
Biobased Content of Solid, Liquid, and Gaseous Samples Using Radiocarbon Analysis). 
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2.4.2.3 Data Evaluation 
CO2 traps located at the ground surface will be used to generate time-weighted measurements 
of CO2 flux. Each trap consists of two sorbent elements: the bottom captures CO2 from surface 
soil and the top intercepts atmospheric CO2. CO2 passing through the trap reacts to form 
carbonates. The sorbent elements are analyzed by the laboratory for total carbonate mass, and 
CO2 flux is estimated by dividing the carbonate mass by the cross-sectional area on the trap, 
taking into account the time the trap was deployed in the field. The estimated CO2 flux is then 
converted to an estimated LNAPL biodegradation rate by selecting an appropriate 
(stoichiometric) ratio between CO2 and LNAPL. (Note: LNAPL biodegradation rates are 
corrected to subtract out background rates of CO2 quantified by background sampling and/or 14C 
analysis). 
Analytical results reported by E-Flux will include CO2 fluxes as well as estimates of natural 
LNAPL biodegradation rates. Carbon dating results will be reported as the petroleum 
hydrocarbon fraction of the total fluxes. 

2.5 Health and Safety 
The site-specific Health and Safety Plan (HASP) will be updated, as needed, in accordance with 
the Federal Occupational Safety and Health Act (OSHA). The HASP will be in compliance with 
OSHA standards for potentially hazardous field investigations (29 CFR 1910.120). The HASP 
will establish general health and safety protocols to be used by personnel during field activities 
to reduce the possibility of injury and exposure to potentially hazardous materials. 

2.6 Schedule 
Field activities for this scope of work will be conducted in July or August 2019, during the 
seasonal low groundwater period, with a currently scheduled start date of 22 July 2019 for the 
LNAPL transmissivity tests (Section 2.1), respirometry test of the existing bioventing system 
(Section 2.2), and NSZD testing based on soil gas measurements (Section 2.4.1). Other field 
activities included in this work plan will be performed in August 2019. 
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MONITORING WELL CONSTRUCTION SUMMARY 
BNSF Wishram Rail Yard, Wishram, Washington 

Well ID 
Installation 

Date 
Ecology Well 

Tag ID No. 
Northing 

(feet) 
Easting 

(feet) 

Top of Casing 
Elevation(a) 

(feet amsl) 

Flushmount Lid 
Elevation 

(feet amsl) 
Well Depth 
(feet bgs) 

Well Screen 
Diameter and 

Material(b) 

Screen 
Interval 

(feet bgs) 
Screen Interval 

(feet amsl) 

Screen 
Length 
(feet) 

Average Open 
Screen June-

Sept 
(feet) 

North Area 
Bioventing 

Respirometry 

South Area 
Bioventing 

Respirometry 

NSZD - Soil 
Gas 

Monitoring 

LNAPL 
Baildown 

Transmissivity 

LNAPL 
Sample 

Collection 

Shallow Monitoring Wells(c) 

WMW-1 09/12/2003 AHQ578 118101.05 1520597.16 172.42 172.98 20 2-inch PVC 10 - 20 162.98 - 152.98 10 0.8 X X 
WMW-3 09/12/2003 AHQ580 118194.16 1520598.29 172.97 173.44 20 2-inch PVC 10 - 20 163.44 - 153.44 10 1.2 X X 
WMW-5 04/05/2004 AKS192 118234.80 1520759.98 172.61 172.99 25 2-inch PVC 15 - 25 157.99 - 147.99 10 -4.3 
WMW-7 04/05/2004 AKS194 118349.93 1520548.97 174.12 174.71 20 2-inch PVC 10 - 20 164.71 - 154.71 10 2.5 X 
WMW-8 (d) 02/03/2012 RE06703 118297.12 1520437.09 173.65 174.18 22 2-inch PVC 7 - 22 167.18 - 152.18 15 4.9 X 
WMW-9 (d) 02/02/2012 RE06703 118150.38 1520456.83 173.12 173.80 23.5 2-inch PVC 8.5 - 23.5 165.30 - 150.30 15 3.1 X 

WMW-10 (d) 02/02/2012 RE06703 118082.76 1520444.31 172.96 173.53 22.5 2-inch PVC 7.5 - 22.5 166.03 - 151.03 15 3.7 X 
WMW-11 (d) 02/03/2012 RE06703 118082.47 1520522.35 172.89 173.35 22 2-inch PVC 7 - 22 166.35 - 151.35 15 4.2 X X 
WMW-12 10/11/2016 BJX218 118232.55 1520334.13 173.25 173.58 25 2-inch PVC 6 - 21 167.58 - 152.58 15 5.5 X 
WMW-13 10/11/2016 BJX219 118115.77 1520385.06 173.58 173.84 25 2-inch PVC 6 - 21 167.84 - 152.84 15 5.7 X 
WMW-14 10/18/2016 BJX228 118058.74 1520450.04 177.15 177.58 30 2-inch PVC 12 - 27 165.58 - 150.58 15 3.5 X 
WMW-15 10/18/2016 BJX227 118060.70 1520514.17 176.99 177.35 30 2-inch PVC 12 - 27 165.35 - 150.35 15 3.3 X X 
WMW-16 10/17/2016 BJX222 118055.77 1520597.43 176.74 176.94 30 2-inch PVC 11.33 - 26.33 165.61 - 150.61 15 3.5 X X 
WMW-17 10/13/2016 BJX224 118048.42 1520674.59 176.54 177.01 30 2-inch PVC 12 - 27 165.01 - 150.01 15 3.1 X X 
WMW-18 10/12/2016 BJX220 118060.67 1520761.30 176.72 177.05 30 2-inch PVC 12 - 27 165.05 - 150.05 15 3.0 
WMW-19 07/31/2018 BKL001 118053.08 1520376.20 176.99 177.27 21.5 2-inch PVC 11.5 - 21.5 165.77 - 155.77 10 3.7 
WMW-20 08/02/2018 BKL002 118072.91 1520868.44 176.92 177.18 21.5 2-inch PVC 11.5 - 21.5 165.68 - 155.68 10 3.6 
WMW-21 08/07/2018 BKL009 118086.23 1520957.27 176.06 176.36 21.5 2-inch PVC 11.5 - 21.5 164.86 - 154.86 10 2.8 
WMW-22 08/07/2018 BKL010 118153.92 1521131.00 176.37 176.68 21.5 2-inch PVC 11.5 - 21.5 165.18 - 155.18 10 3.2 
WMW-23 08/06/2018 BKL011 118198.10 1521229.78 176.15 176.43 21.5 2-inch PVC 11.5 - 21.5 164.93 - 154.93 10 3.0 
WMW-24 08/02/2018 BKL003 118278.95 1520806.69 173.20 173.51 17 2-inch PVC 7 - 17 166.51 - 156.51 10 4.2 
WMW-26 08/03/2018 BKL006 118354.84 1521006.08 173.48 173.79 17 2-inch PVC 7 - 17 166.79 - 156.79 10 4.4 X 
WMW-27 08/03/2018 BKL005 118255.49 1521044.81 172.14 172.40 17 2-inch PVC 7 - 17 165.40 - 155.40 10 3.1 X 
WMW-28 08/02/2018 BKL004 118227.24 1520890.14 172.22 172.55 17 2-inch PVC 7 - 17 165.55 - 155.55 10 3.3 X 
WMW-29 08/03/2018 BKL007 118380.39 1521178.63 173.49 173.74 17 2-inch PVC 7 - 17 166.74 - 156.74 10 4.3 X 
WMW-30 08/06/2018 BKL008 118449.49 1521397.13 172.94 173.21 17 2-inch PVC 7 - 17 166.21 - 156.21 10 3.7 
WMW-31 08/08/2018 BKL012 118721.84 1521266.72 173.24 173.47 17 2-inch PVC 7 - 17 166.47 - 156.47 10 3.7 
WMW-32 08/08/2018 BKL013 118953.33 1521922.05 173.78 174.03 17 2-inch PVC 7 - 17 167.03 - 157.03 10 4.4 
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MONITORING WELL CONSTRUCTION SUMMARY 
BNSF Wishram Rail Yard, Wishram, Washington 

Well ID 
Installation 

Date 
Ecology Well 

Tag ID No. 
Northing 

(feet) 
Easting 

(feet) 

Top of Casing 
Elevation(a) 

(feet amsl) 

Flushmount Lid 
Elevation 

(feet amsl) 
Well Depth 
(feet bgs) 

Well Screen 
Diameter and 

Material(b) 

Screen 
Interval 

(feet bgs) 
Screen Interval 

(feet amsl) 

Screen 
Length 
(feet) 

Average Open 
Screen June-

Sept 
(feet) 

North Area 
Bioventing 

Respirometry 

South Area 
Bioventing 

Respirometry 

NSZD - Soil 
Gas 

Monitoring 

LNAPL 
Baildown 

Transmissivity 

LNAPL 
Sample 

Collection 

Deep Monitoring Wells(b) 

RMD-1 10/12/2016 BJX223 118060.34 1520519.17 176.89 177.30 44.6 2-inch PVC 29.6 - 44.6 147.70 - 132.70 15 -14.4 
RMD-2 10/14/2016 BJX226 118055.39 1520602.01 176.59 176.82 50 2-inch PVC 30 - 50 146.82 - 126.82 20 -15.2 
RMD-3 10/14/2016 BJX225 118048.23 1520679.29 176.90 177.18 60 2-inch PVC 40 - 60 137.18 - 117.18 20 -24.9 
RMD-4 10/12/2016 BJX221 118060.86 1520765.80 176.79 177.11 65 2-inch PVC 45 - 65 132.11 - 112.11 20 -30.0 
RMD-5 08/20/2018 BLK014 118058.78 1520457.20 176.65 177.41 45 2-inch PVC 30 - 45 147.41 - 132.41 15 -14.7 
RMD-6 08/21/2018 BLK015 118073.77 1520875.03 176.55 177.20 65 2-inch PVC 45 - 65 132.20 - 112.20 20 -29.9 

Oil Head Monitoring Wells 
OHM-1 11/02/2016 BJX232 118166.15 1520658.80 172.68 173.05 80.5 4-inch PVC 15 - 80 158.05 - 93.05 65 -4.3 X X 
OHM-2 10/27/2016 BJX230 118183.98 1520688.80 172.73 173.04 51.5 4-inch PVC 16 - 51 157.04 - 122.04 35 -5.2 X X 
OHM-3 10/28/2016 BJX229 118245.91 1520690.92 172.82 173.12 42.2 4-inch PVC 16.8 - 41.8 156.32 - 131.32 25 -6.1 X X 

(e) OHM-4 10/20/2016 BJX231 118158.29 1520505.62 173.51 173.80 25.8 4-inch Steel 20.4 - 25.4 153.40 - 148.40 5 -8.8 
AS/SVE Wells 

AS-12-1 01/12/2012 -- 118333.77 1520534.96 174.54 -- 19.3 2-inch PVC 16.75 - 19.3 157.78-155.23 2.55 -162.2 
AS-12-2 01/13/2012 -- 118318.59 1520508.90 174.61 -- 19.3 2-inch PVC 16.75 - 19.25 157.85-155.35 2.5 -162.2 
AS-12-3 01/16/2012 -- 118330.87 1520494.59 174.46 -- 19.5 2-inch PVC 17 - 19.5 157.45-154.95 2.5 -162.2 

SVE-12-1 01/16/2012 -- 118341.05 1520516.79 174.44 -- 8.5 4-inch PVC 5.5 - 8.5 168.93-165.93 3 3 X 
SVE-12-2 01/15/2012 -- 118408.33 1520576.96 175.32 -- 9.0 4-inch PVC 6.0 - 9.0 169.32-166.32 3 3 X 
SVE-12-3 01/15/2012 -- 118433.88 1520619.32 176.71 -- 10.4 4-inch PVC 6.4 - 10.4 170.71-167.71 3 3 X 
SVE-12-4 01/13/2012 -- 118451.64 1520661.89 176.68 -- 10.1 4-inch PVC 6.1 - 10.1 170.58-166.58 4 4 X 

Notes: 
(a) Deep monitoring well screens constructed with 2-inch diameter Schedule 40 polyvinyl chloride (PVC) screen with 0.020-inch slot size. 
(b) Oil head monitoring well screens constructed with 4-inch diameter Schedule 40 PVC pre-packed screen with 0.040-inch slot size. 
(c) Shallow monitoring well screens constructed with 2-inch diameter Schedule 40 PVC screen with 0.010-inch slot size. 
(d) Well identification (ID) tag numbers unknown / not assigned for wells WMW-8 through WMW-11.  Notice of intent numbers shown. 
(e) OHM-4 well screen constructed with 4-inch diameter type 304 stainless steel screen with 0.040-inch slot size. 

Ecology Well Tag ID No. = Unique well tag ID assigned by State of Washington Department of Ecology (Ecology). 
amsl = above mean sea level 
bgs = below ground surface 
LNAPL = light non-aqueous phase liquid 
AS/SVE = air sparge/soil vapor extraction 
WMW-7 Well included in existing bioventing system monitoring. 

WMW-16 Well included in natural source zone depletion (NSZD) evaluations and/or bioventing injection test. 
X = well included in the indicated field testing activity. 
LNAPL sample collection = collection of LNAPL and/or groundwater from indicated well for analysis of Extractable Petroleum Hydrocarbons (EPH) by the Ecology method 
and/or LNAPL physical properties. 

Average open screen between June and September calculated for 2016, 2017, and 2018 as difference between top of well screen elevation and average groundwater elevation.  Positive value indicates 
the length of screen above water table.  Negative values indicate well screen is submerged. 
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BIOVENTING SYSTEM OPERATIONAL DATA - NOVEMBER 2017 TO MAY 2019 
BNSF Wishram Rail Yard, Wishram, Washington 

Well ID 
Well Screen 

Depth (ft bgs) 
Well Diameter 

(inch) Date_Time 
Injection Temp 

(deg F) 
Injection Flow 

Rate (cfm) 
Injection Pressure 

(inches H2O) 

Wellhead 
Vacuum/ Pressure 

(inches H2O) 
SVE-12-1 5.5 - 8.5 4 11/28/17 16:05 -- 83 110.8 --
SVE-12-2 6.0 - 9.0 4 11/28/17 16:00 -- 36.2 83.1 --
SVE-12-3 6.4 - 10.4 4 11/28/17 15:55 -- 36.7 110.8 --
SVE-12-4 6.1 - 10.1 4 11/28/17 16:10 -- 48.4 83.1 --
SVE-12-1 5.5 - 8.5 4 11/29/17 09:45 -- -- -- 58 
SVE-12-2 6.0 - 9.0 4 11/29/17 10:50 -- -- -- 66 
SVE-12-3 6.4 - 10.4 4 11/29/17 10:58 -- -- -- 66 
SVE-12-4 6.1 - 10.1 4 11/29/17 11:05 -- -- -- 64 
WMW-7 10 - 20 2 11/29/17 09:20 -- -- -- 4.0 
WMW-8 7 - 22 2 11/29/17 10:08 -- -- -- 0.5 

WMW-12 6 - 21 2 11/29/17 10:30 -- -- -- 0.12 
SVE-12-1 5.5 - 8.5 4 02/28/18 16:05 -- 25.22 53.5 53.5 
SVE-12-2 6.0 - 9.0 4 02/28/18 16:00 -- 19.82 53.5 53.5 
SVE-12-3 6.4 - 10.4 4 02/28/18 15:55 -- 16.54 54 53.5 
SVE-12-4 6.1 - 10.1 4 02/28/18 16:10 -- 103.6 (a) 52 37.5 
WMW-7 10 - 20 2 02/28/18 16:15 -- -- -- 5 
WMW-8 7 - 22 2 02/28/18 16:20 -- -- -- 0.6 

WMW-12 6 - 21 2 02/28/18 16:26 -- -- -- 0.11 
SVE-12-1 5.5 - 8.5 4 06/22/18 15:45 -- -- 38.3 39 
SVE-12-2 6.0 - 9.0 4 06/22/18 15:46 -- -- 38.9 36.5 
SVE-12-3 6.4 - 10.4 4 06/22/18 15:45 -- -- 39.7 39.7 
SVE-12-4 6.1 - 10.1 4 06/22/18 15:47 -- -- 39.7 28.8 
WMW-7 10 - 20 2 06/22/18 16:20 -- -- -- 3.0 
WMW-8 7 - 22 2 06/22/18 16:25 -- -- -- 0.2 

WMW-12 6 - 21 2 06/22/18 16:30 -- -- -- 0.02 
SVE-12-1 5.5 - 8.5 4 08/08/18 07:25 -- 36 13.7 11.3 
SVE-12-2 6.0 - 9.0 4 08/08/18 07:27 -- 8 13.8 13.9 
SVE-12-3 6.4 - 10.4 4 08/08/18 07:28 -- 25 13.7 13.0 
SVE-12-4 6.1 - 10.1 4 08/08/18 07:30 -- 13 13.8 13.7 
WMW-7 10 - 20 2 08/08/18 08:40 -- -- -- 1.2 
WMW-8 7 - 22 2 08/08/18 08:50 -- -- -- 0.09 

WMW-12  6 - 21  2  -- -- -- -- --
SVE-12-1 5.5 - 8.5 4 08/08/18 12:40 -- 40 17.5 14.4 
SVE-12-2 6.0 - 9.0 4 08/08/18 12:42 -- 12.2 17.9 --
SVE-12-3 6.4 - 10.4 4 08/08/18 12:45 -- 28 17.7 --
SVE-12-4 6.1 - 10.1 4 08/08/18 12:47 -- 14.1 18 --
WMW-7 10 - 20 2 08/08/18 12:30 -- -- -- 1.6 
WMW-8 7 - 22 2 08/08/18 12:25 -- -- -- 0.16 

WMW-12  6 - 21  2  -- -- -- -- --
SVE-12-1 5.5 - 8.5 4 08/09/18 12:30 -- 43 17.3 --
SVE-12-2 6.0 - 9.0 4 08/09/18 12:32 -- 4.8 17.5 --
SVE-12-3 6.4 - 10.4 4 08/09/18 12:34 -- 30 17.5 --
SVE-12-4 6.1 - 10.1 4 08/09/18 12:38 -- 11 17.7 --
SVE-12-1 5.5 - 8.5 4 08/10/18 08:30 137 51 18.1 --
SVE-12-2 6.0 - 9.0 4 08/10/18 08:29 135 6.18 30.1 --
SVE-12-3 6.4 - 10.4 4 08/10/18 08:28 131.2 31.5 14.6 --
SVE-12-4 6.1 - 10.1 4 08/10/18 07:40 130 18.4 30.1 --
WMW-7 10 - 20 2 08/10/18 07:35 -- -- -- 1.1 
WMW-8 7 - 22 2 08/10/18 08:10 -- -- -- 0.12 

WMW-12 6 - 21 2 08/10/18 08:15 -- -- -- 0.005 
SVE-12-1 5.5 - 8.5 4 08/10/18 10:05 109.5 40 11.4 9.6 
SVE-12-2 6.0 - 9.0 4 08/10/18 10:10 -- 12 9.1 14.6 
SVE-12-3 6.4 - 10.4 4 08/10/18 10:15 -- 35 20.4 20.1 
SVE-12-4 6.1 - 10.1 4 08/10/18 10:20 -- 15 25.7 25.3 
WMW-7 10 - 20 2 08/10/18 10:00 -- -- -- 1.0 
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BIOVENTING SYSTEM OPERATIONAL DATA - NOVEMBER 2017 TO MAY 2019 
BNSF Wishram Rail Yard, Wishram, Washington 

Well ID 
Well Screen 

Depth (ft bgs) 
Well Diameter 

(inch) Date_Time 
Injection Temp 

(deg F) 
Injection Flow 

Rate (cfm) 
Injection Pressure 

(inches H2O) 

Wellhead 
Vacuum/ Pressure 

(inches H2O) 
SVE-12-1 5.5 - 8.5 4 03/14/19 12:53 107.2 14.54 7.4 --
SVE-12-2 6.0 - 9.0 4 03/14/19 12:52 87.2 4.69 8 --
SVE-12-3 6.4 - 10.4 4 03/14/19 12:51 114.6 20.19 11.6 --
SVE-12-4 6.1 - 10.1 4 03/14/19 12:50 110.5 8.87 13.2 --
WMW-7 10 - 20 2 03/14/19 13:02 -- -- -- 1.0 
WMW-8 7 - 22 2 03/14/19 13:06 -- -- -- 0.1 

WMW-12 6 - 21 2 03/14/19 13:11 -- -- -- 0.02 
WMW-3 10 - 20 2 03/14/19 13:28 -- -- -- 0 

SVE-12-1 5.5 - 8.5 4 05/07/19 07:29 122 28.7 6.9 --
SVE-12-2 6.0 - 9.0 4 05/07/19 07:25 106 6.06 4.7 9.0 
SVE-12-3 6.4 - 10.4 4 05/07/19 07:27 125.9 23.71 12.3 12.1 
SVE-12-4 6.1 - 10.1 4 05/07/19 07:28 123.4 10.22 14.3 14.6 
WMW-7 10 - 20 2 05/07/19 08:00 -- -- -- 0.7 
WMW-8 7 - 22 2 05/07/19 08:13 -- -- -- 0.05 

WMW-12 6 - 21 2 05/07/19 08:15 -- -- -- 0.01 
SVE-12-1 5.5 - 8.5 4 05/09/19 07:23 109.8 26.5 7.3 --
SVE-12-2 6.0 - 9.0 4 05/09/19 07:18 96.4 10.01 8.5 8.5 
SVE-12-3 6.4 - 10.4 4 05/09/19 07:20 117.6 29.73 12.8 12 
SVE-12-4 6.1 - 10.1 4 05/09/19 07:21 109.6 24.28 14.7 14.4 
WMW-7 10 - 20 2 05/09/19 07:32 -- -- -- 0.7 
WMW-8 7 - 22 2 05/09/19 07:36 -- -- -- 0.01 

WMW-12 6 - 21 2 05/09/19 07:40 -- -- -- 0.015 
WMW-3 10 - 20 2 05/09/19 07:45 -- -- -- 0 

Notes: 
Injection flow rate in cubic feet per minute (cfm) and temperature in degrees Fahrenheit (deg F) measured using a Velocicalc 9565 meter. 
Injection / induced wellhead vacuum (-) or pressure (+) (in inches of H2O) measured with Dwyer magnehelic pressure gauges or Dwyer digital manometer. 
ft bgs = feet below ground surface 
(a)  injection flow rate recorded 2/28/2018 for well SVE-12-4 is anomalous. 
-- = not measured 
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SOIL GAS MONITORING DATA - NOVEMBER 2017 
BNSF Wishram Rail Yard, Wishram, Washington 

Injection Well Screen Interval: 5.5 - 8.8 feet bgs 

Well ID 

Fluid 
Depth/Probe 

Depth (ft) 

Well 
Diameter 

(inch) Date/Time 

Purge Time 
Before Reading 

(minutes) 
System Status 

(On / Off) O2 (%) (a) CO2 (%) CH4 (%) (LEL) (a) H2S (%) Inches of H2O 
11/28/17 13:05 2 Off 20.9 0.5 1.0 0.0 --
11/28/17 13:07 2 Off 20.9 0.7 1.0 0.0 --

SVE-12-1 Dry 4 11/28/17 13:09 2 Off 20.9 0.8 1.0 0.0 --
11/28/17 13:11 2 Off 20.9 0.8 1.0 0.0 --
11/29/17 10:50 -- On 21.8 0.0 1.0 0.0 58 

Injection Well Screen Interval: 6.0 - 9.0 feet bgs 

Well ID 

Fluid 
Depth/Probe 

Depth (ft) 

Well 
Diameter 

(inch) Date/Time 

Purge Time 
Before Reading 

(minutes) 
System Status 

(On / Off) O2 (%) (a) CO2 (%) CH4 (%) (LEL) (a) H2S (%) Inches of H2O 
11/28/17 13:38 2 Off 20.9 0.6 1.0 0.0 --
11/28/17 13:40 2 Off 20.9 0.6 1.0 0.0 --

SVE-12-2 Dry 4 11/28/17 13:42 2 Off 20.8 0.7 1.0 0.0 --
11/28/17 13:44 2 Off 20.8 0.7 1.0 0.0 --
11/29/17 10:58 -- On 21.6 0.0 1.0 0.0 66 

Injection Well Screen Interval: 6.4 - 10.4 feet bgs 

Well ID 

Fluid 
Depth/Probe 

Depth (ft) 

Well 
Diameter 

(inch) Date/Time 

Purge Time 
Before Reading 

(minutes) 
System Status 

(On / Off) O2 (%) (a) CO2 (%) CH4 (%) (LEL) (a) H2S (%) Inches of H2O 
11/28/17 12:23 2 Off 20.9 0.6 1.0 0.0 --
11/28/17 12:25 2 Off 20.8 0.8 1.0 0.0 --

SVE-12-3 <0.01 LNAPL, 
Trace Water 4 11/28/17 12:27 2 Off 20.6 0.9 1.0 0.0 --

11/28/17 12:29 2 Off 20.6 0.9 1.0 0.0 --
11/29/17 11:05 -- On 22.1 0.0 1.0 0.0 66 

Injection Well Screen Interval: 6.1 - 10.1 feet bgs 

Well ID 

Fluid 
Depth/Probe 

Depth (ft) 

Well 
Diameter 

(inch) Date/Time 

Purge Time 
Before Reading 

(minutes) 
System Status 

(On / Off) O2 (%) (a) CO2 (%) CH4 (%) (LEL) (a) H2S (%) Inches of H2O 
11/28/17 13:50 2 Off 20.3 1.1 1.0 0.0 --
11/28/17 13:52 2 Off 20.1 1.2 1.0 0.0 --

SVE-12-4 Dry 4 11/28/17 13:54 2 Off 20.0 1.2 1.0 0.0 --
11/28/17 13:56 2 Off 20.0 1.2 1.0 0.0 --
11/29/17 9:45 -- On 22.4 0.0 1.0 0.0 64.00 
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TABLE 3 Page 2 of 2 

SOIL GAS MONITORING DATA - NOVEMBER 2017 
BNSF Wishram Rail Yard, Wishram, Washington 

WMW-7: 33 feet from injection well SVE-12-1.  Inside Pressure ROI. Screen Interval: 10 - 20 feet bgs 

Well ID 

Fluid 
Depth/Probe 

Depth (ft) 

Well 
Diameter 

(inch) Date/Time 

Purge Time 
Before Reading 

(minutes) 
System Status 

(On / Off) O2 (%) (a) CO2 (%) CH4 (%) (LEL) (a) H2S (%) Inches of H2O 

MW-7 11.76 2 

11/28/17 14:45 2 Off 19.5 1.5 1.0 0.0 --
11/28/17 14:47 2 Off 19.6 1.7 1.0 0.0 --
11/28/17 14:49 2 Off 18.6 1.7 1.0 0.0 --
11/28/17 14:51 2 Off 18.2 1.7 1.0 0.0 --
11/29/17 9:20 1 On 19.9 2.5 1.0 0.0 4.00 
11/29/17 9:34 1 On 20.9 1.5 1.0 0.0 --
11/29/17 9:35 1 On 20.9 1.6 1.0 0.0 --
11/29/17 9:36 1 On 20.9 1.7 1.0 0.0 --
11/29/17 9:37 1 On 20.9 1.7 1.0 0.0 --

WMW-8: 91 feet from injection well SVE-12-1.  Inside Pressure ROI. Screen Interval: 7 - 22 feet bgs 

Well ID 

Fluid 
Depth/Probe 

Depth (ft) 

Well 
Diameter 

(inch) Date/Time 

Purge Time 
Before Reading 

(minutes) 
System Status 

(On / Off) O2 (%) (a) CO2 (%) CH4 (%) (LEL) (a) H2S (%) Inches of H2O 

MW-8 11.32 2 

11/28/17 15:13 2 Off 21.3 0.0 1.0 0.0 --
11/28/17 15:15 2 Off 21.0 0.2 1.0 0.0 --
11/28/17 15:17 2 Off 20.9 0.4 1.0 0.0 --
11/29/17 10:08 1 On 17.9 1.3 1.0 0.0 0.50 
11/29/17 10:15 1 On 19.6 0.8 1.0 0.0 --
11/29/17 10:16 1 On 19.4 0.9 1.0 0.0 --
11/29/17 10:17 1 On 19.3 0.9 1.0 0.0 --
11/29/17 10:19 1 On 19.3 0.9 1.0 0.0 --

WMW-12: 212 feet from injection well SVE-12-1.  Outside of Pressure ROI. Screen Interval: 6 - 21 feet bgs 

Well ID 

Fluid 
Depth/Probe 

Depth (ft) 

Well 
Diameter 

(inch) Date/Time 

Purge Time 
Before Reading 

(minutes) 
System Status 

(On / Off) O2 (%) (a) CO2 (%) CH4 (%) (LEL) (a) H2S (%) Inches of H2O 

MW-12 10.89 2 

11/28/17 15:24 2 Off 21.6 0.0 1.0 0.0 --
11/28/17 15:26 2 Off 21.4 0.1 1.0 0.0 --
11/28/17 15:28 2 Off 21.4 0.1 1.0 0.0 --
11/29/17 10:30 1 On 20.9 0.3 1.0 0.0 0.12 
11/29/17 10:32 1 On 21.1 0.2 1.0 0.0 --
11/29/17 10:33 1 On 21.1 0.1 1.0 0.0 --
11/29/17 10:34 1 On 21.1 0.1 1.0 0.0 --

Notes: 
Bioventing system blower was replaced on November 28, 2017. Green shading indicates background data collected on November 28, 2017 while the system was off. H2O = water 
Blue shading indicates data collected on November 29, 2017 while the bioventing system was running. -- = not measured 
Soil gas [oxygen (O2), carbon dioxide (CO2), methane (CH4), and hydrogen sulfide (H2S)] measurements recorded with a RKI Eagle 2 Meter.  ft = feet 
Wells were purged with a Cole Parmer Air Admiral vacuum pump at an extraction flow rate of approximately 26 to 29 cubic feet per second (cfs). btoc = below top of casing 
(a) Ambient air readings on November 29, 2017 were 21.3% O 2, 0.0% CO2, 1% CH4 (20% LEL), and 0% H2S.  Field measurements for O2 and CH4 may be biased high. 
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Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community Coordinate System: NAD 1983 StatePlane Washington South FIPS 4602 Feet 
Legend Kennedy/Jenks Consultants 
A Deep Monitoring Well A Oil-Head Monitoring Well BNSF Wishram Railyard 

@
Wishram, Washington 

A Shallow Monitoring Well A Bioventing Injection Well Note:
A Abandoned Monitoring Well Air Sparge (AS) Well 1. Locations are approximate. 

@A Inferred Lateral Extent of Smear Zone Diesel and/or Oil Site Features Proposed Carbon Trap Location ³ Impacts 
Inferred Lateral Extent of Submerged Diesel and/or Oil A WMW-16 Well included in bioventing/NSZD testing 0 50 100 1996120*07 

July 2019 
Impacts
Approximate Lateral Extent of Dissolved Phase Diesel and/or A WMW-7 Well included in respirometry study Scale: Feet Figure 1 
Oil 
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Well ________ _ Site ________ _ 

Baildown/Slug Test Field Form 
Borehole Diameter (INCHES): 

Project#: Site Name: 
Well: Samplers: Filter Pack Specific Yield 

Evacuation Method: Weather: (LNAPL) 
0.1 r::, 

Well Information LNAPL Information 
Casing Diameter (INCHES): Fluid Type: Effective Well Radius (FT) 
Total Depth (FT): Volume Removed: 
Depth to Top of Screen (FT) : Evacuation Method: LNAPL Well Volume 
Screen Length (FT): LNAPL Well Volume: ft"3 
Length and volumetric units need to be specified Qal 
Length Units: Volume Units: ml 

Time 
Period Date HH:MM Elapsed Time (min) DTP (feet) DTW (feet) Comments 

Initial 

Removal Start Test Start 

LNAPUSlug Volume Removed (gal) : 

Removal Stop Water Volume Removed (qal) : 
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Well _______ _ Site ________ _ 

Time 
Period Date HH:MM Elapsed Time (min) DTP (feet) DTW (feet) Comments 

Page 4of _ 

E
2856 − 11

´
1

 

28 

 

C
opyright by A

ST
M

 Int'l (all rights reserved); W
ed O

ct 17 17:05:15 E
D

T
 2012

D
ow

nloaded/printed by
C

ynthia E
astm

an (K
ennedy Jenks C

onsultants) pursuant to L
icense A

greem
ent. N

o further reproductions authorized.

RyanHultgren
Rectangle

RyanHultgren
Rectangle

RyanHultgren
Rectangle



FIELD FORM 
Page 1 of 1 

WATER TABLE/LNAPL THICKNESS MEASUREMENTS 
BNSF WISHRAM 

Monitoring Personnel: 

Well Date / Time 
Depth to 
LNAPL 
(ft btoc) 

Depth to Water 
(ft btoc) 

LNAPL 
Thickness 

(ft) 
Well Status 

OHM-1 

OHM-2 

OHM-3 

OHM-4 

OHM-1 

OHM-2 

OHM-3 

OHM-4 

Additional Notes: 

WISHRAM 
© 2019 Kennedy/Jenks Consultants 1996120*07 



CALIBRATION FIELD FORM 
BNSF WISHRAM 

Calibration Field Form 

Project:  ________________________ 

Date: ___________________________ 

PID CALIBRATION 

Date Time Calibration Gas Type Calibration Value Meter Response Notes 

MULTI GAS METER CALIBRATION 

Calibration Values Meter Response 

Date Time 
O2 
(%) 

CO2 
(%) 

CH4 
(%) 

H2S 
(%) 

O2 
(%) 

CO2 
(%) 

CH4 
(%) 

H2S 
(%) Notes 

BNSF WISHRAM 
N:\Projects\2019\1996120.00 Wishram\Work Plans\LNAPL Recoverability Testing\Work Plan\Appendix\Appendix A\Calibration.xlsx 1996120*07 
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System Parameter Field Form 

Project:  BNSF Wishram 

System: Bioventing 

Date: ___________________________ 

Screening Equipment: ____________________________ 

Well ID 
Well Screen 

Depth (ft) 
Well Diameter 

(inch) Date/Time 
Injection Flow Rate 

(cfm) 
Injection Pressure 

(inches H2O) 

Wellhead Vacuum/ 
Pressure 

(inches H2O) 

SVE-12-1 5.5 - 8.5 

SVE-12-2 6 - 9 

SVE-12-3 6.4 - 10.4 

SVE-12-4 6.1 - 10.1 

WMW-7 10 - 20 

WMW-8 7 - 22 

WMW-12 6 - 21 

SVE-12-1 5.5 - 8.5 

SVE-12-2 6 - 9 

SVE-12-3 6.4 - 10.4 

SVE-12-4 6.1 - 10.1 

WMW-7 10 - 20 

WMW-8 7 - 22 

WMW-12 6 - 21 

BNSF WISHRAM 
N:\Projects\2019\1996120.00 Wishram\Work Plans\LNAPL Recoverability Testing\Work Plan\Appendix\Appendix A\Wishram_Bioventing Wellhead Measurements.xlsx 1996120.07 
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System Parameter Field Form 

Project:  BNSF Wishram 

System: Bioventing 

Date: ___________________________ 

Screening Equipment: ____________________________ 

Well ID 
Well Screen 

Depth (ft) 
Well Diameter 

(inch) Date/Time 
Injection Flow Rate 

(cfm) 
Injection Pressure 

(inches H2O) 

Wellhead Vacuum/ 
Pressure 

(inches H2O) 

BNSF WISHRAM 
N:\Projects\2019\1996120.00 Wishram\Work Plans\LNAPL Recoverability Testing\Work Plan\Appendix\Appendix A\Wishram_Bioventing Wellhead Measurements.xlsx 1996120.07 
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BIOVENTING WELLHEAD MEASUREMENTS 
BNSF WISHRAM 

System Parameter Field Form Meter: __________________________________________ 

Project:  ________________________ Screening Equipment: ____________________________ 

System:  _________________________ Purging Equipment: ______________________________ 

Date: ___________________________ Purging Flowrate: ________________________________ 

Well ID/Depth Date/Time 
Depth to Water 

(feet btoc) 
Purge Time 
(minutes) 

Vacuum/ Pressure 
(inches H2O) 

O2 

(%) 
CO2 

(%) 
CH4 

(%) 
H2S 
(%) 

VOCs 
(ppm) Notes 

SVE-12-1 

SVE-12-1 

SVE-12-1 

SVE-12-1 

SVE-12-1 

SVE-12-2 

SVE-12-2 

SVE-12-2 

SVE-12-2 

SVE-12-2 

SVE-12-3 

SVE-12-3 

SVE-12-3 

SVE-12-3 

SVE-12-3 

SVE-12-4 

SVE-12-4 

SVE-12-4 

SVE-12-4 

SVE-12-4 

BNSF WISHRAM 
N:\Projects\2019\1996120.00 Wishram\Work Plans\LNAPL Recoverability Testing\Work Plan\Appendix\Appendix A\SVE_respirometry.xlsx 1996120*07 
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BIOVENTING WELLHEAD MEASUREMENTS 
BNSF WISHRAM 

System Parameter Field Form Meter: __________________________________________ 

Project:  ________________________ Screening Equipment: ____________________________ 

System:  _________________________ Purging Equipment: ______________________________ 

Date: ___________________________ Purging Flowrate: ________________________________ 

Well ID/Depth Date/Time 
Depth to Water 

(feet btoc) 
Purge Time 
(minutes) 

Vacuum/ Pressure 
(inches H2O) 

O2 

(%) 
CO2 

(%) 
CH4 

(%) 
H2S 
(%) 

VOCs 
(ppm) Notes 

WMW-7 

WMW-7 

WMW-7 

WMW-7 

WMW-7 

WMW-8 

WMW-8 

WMW-8 

WMW-8 

WMW-8 

WMW-12 

WMW-12 

WMW-12 

WMW-12 

WMW-12 

BNSF WISHRAM 
N:\Projects\2019\1996120.00 Wishram\Work Plans\LNAPL Recoverability Testing\Work Plan\Appendix\Appendix A\MW_respirometry.xlsx 1996120*07 
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BIOVENTING WELLHEAD MEASUREMENTS 
BNSF WISHRAM 

System Parameter Field Form Meter: __________________________________________ 

Project:  ________________________ Screening Equipment: ____________________________ 

System:  _________________________ Purging Equipment: ______________________________ 

Date: ___________________________ Purging Flowrate: ________________________________ 

Well ID/Depth Date/Time 
Depth to Water 

(feet btoc) 
Purge Time 
(minutes) 

Vacuum/ Pressure 
(inches H2O) 

O2 

(%) 
CO2 

(%) 
CH4 

(%) 
H2S 
(%) 

VOCs 
(ppm) Notes 

BNSF WISHRAM 
N:\Projects\2019\1996120.00 Wishram\Work Plans\LNAPL Recoverability Testing\Work Plan\Appendix\Appendix A\MW_respirometry.xlsx 1996120*07 
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SOIL GAS WELLHEAD MEASUREMENTS 
BNSF WISHRAM 

System Parameter Field Form Meter: __________________________________________ 

Project:  ________________________ Screening Equipment: ____________________________ 

System:  _________________________ Purging Equipment: ______________________________ 

Date: ___________________________ Purging Flowrate: ________________________________ 

Well ID/Depth Date/Time 
Depth to Water 

(feet btoc) 
Purge Time 
(minutes) 

Vacuum/ Pressure 
(inches H2O) 

O2 
(%) 

CO2 
(%) 

CH4 
(%) 

H2S 
(%) 

VOCs 
(ppm) Notes 

WMW-1 

WMW-1 

WMW-1 

WMW-1 

WMW-3 

WMW-3 

WMW-3 

WMW-3 

WMW-9 

WMW-9 

WMW-9 

WMW-9 

WMW-10 

WMW-10 

WMW-10 

WMW-10 

WMW-11 

WMW-11 

WMW-11 

WMW-11 

WMW-13 

WMW-13 

WMW-13 

WMW-13 

July 2019 BNSF WISHRAM 
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SOIL GAS WELLHEAD MEASUREMENTS 
BNSF WISHRAM 

System Parameter Field Form Meter: __________________________________________ 

Project:  ________________________ Screening Equipment: ____________________________ 

System:  _________________________ Purging Equipment: ______________________________ 
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Standard Operating Guideline 
SOG-3 Measuring Groundwater Levels 

Introduction 
This guideline describes the field procedure typically followed by Kennedy Jenks when measuring 
groundwater levels. Groundwater levels in wells will be measured prior to commencing developing, 
purging, sampling, and pumping tests. 

Equipment 
 Electronic water level monitoring probe or other measuring device 
 Decontamination supplies (e.g., buckets, Alconox, distilled water, squirt bottle) 
 Field notebook 
 Groundwater purge-and-sample form(s) if in conjunction with groundwater sampling 
 Keys for locks (if necessary) 
 Tools to open well covers (e.g., socket wrench, spanner wrench) 
 Disposable gloves (as a minimum), and other protective clothing (as necessary). 

Typical Procedure 
1. If more than one well will be measured, begin depth measurement in the order in terms of 

lowest to highest chemical concentrations in the monitoring wells. 
2. Remove well caps from all wells prior to initiation of water level measurement activities. This will 

allow wells to equilibrate, if necessary. 
3. If the potential exists for floating product (LNAPL) to be present, use an electric oil-water 

interface probe or oil-sensitive paper to measure depth of the floating product (also known as 
air/LNAPL interface) and the electronic depth probe to measure the depth-to-water (also known 
as the LNAPL/water interface). Record both depths in field notebook or applicable field form and 
note the water depth as the "depth with oil layer present."  Unless otherwise instructed, always 
measure depths to floating product layer and groundwater from the top of the north side of the 
well casing. 

4. If the potential exists for high viscosity LNAPL, an alternate procedure may be required to 
measure the LNAPL/water interface.  This procedure includes freezing the oil/water interface 
probe in distilled water using dry ice, lowering the probe through LNAPL, allowing ice to melt 
(approximately 20 to 30 minutes), and then slowly retrieving the probe until encountering the 
LNAPL/water interface. As above, record both depths in field notebook or field form, measuring 
depths from the top of the north side of the well casing. 

5. When floating product is not present, measure depth-to-water using a pre-cleaned water level 
probe from the top of the north side of the well casing, unless otherwise instructed. 

6. Repeat measurements a minimum of three times or have field partner confirm measurement. 
7. Record time of day the measurement was taken using military time (e.g., 16:00). 
8. Decontaminate water level and/or oil-water interface probe and line prior to reuse (refer to SOG 

for Equipment Decontamination). 
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Standard Operating Guideline 
SOG-4: Procedures for using a Photoionization Detector 

(PID) 

INTRODUCTION 
This guideline describes the procedures typically followed by Kennedy Jenks personnel 
during operation of a photoionization detector (PID). 

EQUIPMENT 
• RAE Systems model Plus Classic or equivalent 

• Calibration gas with regulator, tubing, and Tedlar® bag 

• Locking storage bags or pint plastic jars with aluminum foil covering 

• Toolkit 

• Operations manual 

• Spare batteries 

• Pens, field logbook, and/or appropriate field forms 

• Personal protective equipment as specified in the health and safety plan. 

PROCEDURES 
Calibrate PID at the office prior to commencement of field activities to check instrument 
is in proper working order.  At a minimum, calibrate before use each day (or more 
frequently as necessary) as indicated below.  The initial daily calibration may be 
performed at the office (if located in proximity to the site), motel, or in the field.  
1. Check the battery charge level.  If in doubt, charge the battery as described in the 

manual.  The battery should typically be recharged daily after use. 
2. Turn unit on.  Do not look into the sensor (ultraviolet radiation hazard).  The probe or 

pump should make an audible sound (whine or solid tone) confirming operation. 
3. Perform zero and calibration procedures as described in the operating manual.  

Calibration can be performed for specific compounds so that the instrument 
response is proportional to the calibration gas concentration.  Isobutylene calibrant is 
available; the instrument manual provides response factors for other compounds.  
Note: Verify that the ionizing lamp in the PID is suitable for the compounds being 
evaluated.  Consult the operation manual or other guidance for ionization potentials 
and response factors for common compounds.  A PID is not suitable for detecting 
methane.  The instrument should be calibrated under ambient conditions to account 
for temperature and humidity.  Use instrument manufacturer-designed moisture trap 
on probe when testing saturated soil or water samples. 
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4. Once calibrated, the unit is ready for use.  Position the intake assembly close to the 
area in question because the sampling rate allows only for localized readings. 

5. A slow, sweeping motion of the intake assembly helps to prevent the bypassing of 
problem areas. 

6. For ambient air monitoring, set the alarm at the desired level.  Be prepared to 
evacuate the work area if the preset alarm sounds. 

7. For soil monitoring, use the headspace method below: 
a. Place a consistent amount of soil into a sealable plastic bag (i.e., approximately 

100 grams of soil). 
b. Seal the plastic bag. 
c. Wait a consistent amount to time (typically several minutes). 
d. Open the bag slightly, insert the intake assembly into bag, and observe the peak 

reading. 
Static voltage sources, such as power lines, radio transmissions, or transformers, 
may interfere with measurements.  Consult the operating manual for a discussion of 
necessary considerations. 

8. Record the measurements on the field logbook or other appropriate field form. 

SPECIAL NOTES 
Read the operator’s manual thoroughly.  As with any field instrument, accurate results 
depend on the operator being completely familiar with the unit.  Be aware that moisture 
may affect readings.  Clean and maintain the instrument and accessories to obtain 
representative readings. 
In the event the instrument has to be shipped via a courier service (i.e., UPS, FedEx, 
etc.) from the office to a field location, ship the instrument (including calibration gas) via 
ground in accordance with Department of Transportation regulations and courier service 
requirements.  
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Standard Operating Guideline 
SOG-10 Handling and Disposal of Investigation-Derived Waste 

Introduction 
Environmental site investigations usually result in generation of some regulated waste, particularly if 
the project involves drilling and construction of monitoring wells. Any potentially hazardous or 
dangerous material that is generated during a site investigation must be handled and disposed of in 
accordance with applicable regulations (22 CCR, Chapter 30). This guideline provides a procedure 
to be used for dealing with investigation-derived wastes that have the potential of being classified 
as hazardous or dangerous, including soil cuttings, well development water, and decontamination 
water. 

Equipment 
 DOT-approved packaging (typically DOT 17E or 17H drums) 
 Funnel 
 Bushing wrench 
 15/16-inch socket wrench 
 Shovel 
 Appropriate markers (spray paint, paint pen) 
 Plastic sheeting 
 Drip pans 
 Pallets 

Typical Procedures 

Preparing Containers 

1. Place each container on a pallet if it is to be moved with a fork lift after it is full. 
2. Place plastic sheeting under containers for soil and drip pans under containers used to hold 

water. 
3. Ensure that packaging materials are compatible with the wastes to be stored in them. Bung-type 

drums should be used to contain liquids. If a liquid is corrosive, a plastic or polymer drum should 
be used. 

4. Solids should be placed in open-top drums. Liners are placed in the drums if the solid material is 
corrosive or contains free liquids. Gaskets are also used on open-top drums. 

Storing Wastes 

1. As waste materials are generated, place them directly into storage containers. 
2. Do not fill storage drums completely. Provide sufficient outage so that the containers will not be 

overfull if their contents expand. 
3. After filling a storage drum, seal it securely, using a bung wrench or socket wrench, for a bung-

type or open-top drum, respectively. 
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4. Label drums or other packages containing hazardous or dangerous materials and mark them for 
storage or shipment. To comply with marking and labeling requirements, affix a properly filled 
out yellow hazardous waste marker and a DOT hazard class label to each waste container. Do 
not mark drums with Kennedy Jenks' name. All waste belongs to the client. Mark accumulation 
start date. 

5. During an ongoing investigation, use a paint marker to mark the contents, station number, date, 
and quantity of material on each drum or other container. Do not mix investigation-derived 
wastes with one another or with other materials. Do not place items such as Tyvek, gloves, 
equipment, or trash into drums containing soils or liquids, and do not mix water and soil. 
Disposable protective clothing, trash, soil, and water materials should be disposed of in 
separate containers. 

6. Upon completion of field work, or the portion of the project that generates wastes, notify the 
client as to the location, number, contents, and waste type of waste containers. Remind the 
client of the obligation to dispose of wastes in a timely manner and in accordance with 
applicable regulations. 

Regulations 
22 CCR, Chapter 30 California Hazardous Waste Regulations. 

49 CFR 100-177, Federal Transportation of Hazardous Materials Regulations. 

EPA Region X, Technical Assistance Team. 1984. Manual for Sampling, Packaging, and Shipping 
Hazardous Materials. Seattle, WA: EPA. 
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For Sales & Service Contact

2650 E. 40th Ave. • Denver, CO 80205
Phone 303-320-4764 • Fax 303-322-7242

www.geotechenv.com

 
 

1-800-833-7958 

Part Number: 71-0154RK 

Revision: CC 

Released: 3/12/19 

WARNING 

Read and understand this instruction manual before 
operating instrument. Improper use of the gas 
monitor could result in bodily harm or death. 

Periodic calibration and maintenance of the gas 
monitor is essential for proper operation and correct 
readings. Please calibrate and maintain this 
instrument regularly! Frequency of calibration 
depends upon the type of use you have and the sensor 
types. Typical calibration frequencies for most 
applications are between 1 and 3 months, but can be 
required more often or less often based on your usage. 

Full EAGLE 2 Operator's Manual available here: 
http://www.geotechenv.com/Manuals/RKI_Manuals/Eagle_2_Operators_Manual.pdf 

  

http://www.geotechenv.com/Manuals/RKI_Manuals/Eagle_2_Operators_Manual.pdf
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WARNING: Understand manual before operating. Substitution of components may 
impair intrinsic safety. To prevent ignition of a hazardous atmosphere, 
batteries must only be changed or charged in an area known to be 
nonhazardous. Not tested in oxygen enriched atmospheres (above 
21%). 
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WARNING: The Model EAGLE 2 detects oxygen deficiency, elevated levels of 
oxygen, combustible gases, carbon monoxide, and hydrogen sulfide, all  
of which can be dangerous or life threatening. When using the EAGLE 
2, you must follow the instructions and warnings in this manual to  

assure proper and safe operation of the unit and to minimize the risk of 
personal injury. Be sure to maintain and periodically calibrate the 
EAGLE 2 as described in this manual. 

 
 

 
 

 

  
 

 
 

 
 

    

 
 

    

 
 

    

 
 

    

     

     

When calibrating the EAGLE 2 with the Auto Calibration or the Single Calibration method, the calibration gas 
value must be equal to or higher than the alarm 1 setting. See “Updating the Alarm Point Settings” on page 106 
for instructions to change the alarm points if necessary for the desired calibration gas value. 

 

 
 

 

 
 

 

  

 
 

 

 

 
   

  
 

  
 

 
 

  
 

  

    



 
 

 
  

 

  
   

  
   

 
 

  

   
   

  

   
   

  
   
 
   
 

 
 

 

  
  

 

EAGLE 2 Operator’s Manual  
 

  

CAUTION: Describes potential damage to equipment. 

WARNING: Describes potential danger that can result in injury or death. 
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Catalytic Combustible Gas Sensor (LEL Sensor) 
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Display connector H2S Connector (H2S) 
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WARNING: To prevent ignition of a hazardous atmosphere, batteries must only be 
changed or charged in an area known to be nonhazardous. 

 

 

Inlet Fitting 
 
 

 

Hydrophobic Filter 
 

  
 
 

 
  

Pump 
 

 

CAUTION: Sample hose lengths of more than 125 feet are not recommended for the 

  



EAGLE 2 because of flow rate reduction and increased response time. 
Consult RKI Instruments, Inc. for sample hose lengths longer than 125 feet. 

Internal Tubing 
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CAUTION: Sample hose lengths of more than 125 feet are not recommended for the 
EAGLE 2 because of flow rate reduction and increased response time. 
Consult RKI Instruments, Inc. for hose lengths longer than 125 feet. 
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AC Charger 
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1:1 Dilution Fitting 3:1 Dilution Fitting 
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WARNING: Use the EAGLE 2 charger’s continuous operation mode to power the 
EAGLE 2 only if NiMH batteries are installed in the EAGLE 2 or if no 
batteries are installed in the EAGLE 2. Do not use the charger for 
continuous operation if alkaline batteries are installed. 
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CAUTION: Sample hose lengths of more than 125 feet are not recommended for the 
EAGLE 2 because of flow rate reduction and increased response time. 
Consult RKI Instruments, Inc. for hose lengths longer than 125 feet. 

 

 

 
 

 

  

   

   

   

   

   

   
  

 

  
 
 

 
 

 

  
 

 

 

  
  

  

 

 

 
 

  
 

 

 
 

 

 
 

  



 

 

      

      

      

      

      

      

      

    
 

  

    
 

  

 
 

     

      

      

      

      

      

 
 

  

 

 

 

 

 

CAUTION: Do not expose the catalytic combustible sensor to high concentrations of 
combustible gas such as that from a butane lighter. Exposure to high 
concentrations of combustible gas may adversely affect the performance of 
the sensor. 

CAUTION: Any rapid increase in the combustible gas reading on the catalytic 
combustible channel followed by a declining or erratic reading may 
indicate a gas concentration above the LEL which may be hazardous. 
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Monitoring Combustible Gas in the PPM Range 
 

 
 

 
 

  

  

  

  

 
  

 

 

 

 

 
 

 

CAUTION: If the catalytic combustible channel is being calibrated with a gas 
concentration of 1000 ppm or lower, the a 24 inch humidifier must be used
for accurate calibration. See “Chapter 4: Calibration Mode” on page 54 
for more explanation and instructions for calibration. 
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ALARM SILENCE On and Alarms Set to LATCHING: 

 

 

 

ALARM SILENCE Off and Alarms Set to LATCHING: 

 

 

 

 

 

 

 
 

Responding to Gas Alarms 
  

 
 

 
 

Responding to Over Range Alarms 

WARNING: An over range condition may indicate an extreme combustible gas, 
toxic gas, or oxygen concentration. Confirm a normal condition with a 
different EAGLE 2 or with another gas detecting device. 

  

  

 
 

   

  



   

  
 

  
 

Responding to Battery Alarms 

WARNING: The EAGLE 2 is not operational as a gas monitoring device during a 
dead battery alarm. Take the Model EAGLE 2 to a non-hazardous area 
and replace or recharge the batteries as described in “Replacing or 
Recharging the Batteries” on page 69. 

 
  

 
 

Responding to Sensor Failure Alarms 
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CAUTION: Once you clear the data logger, you cannot retrieve any data previously 
stored in the data logger. 
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CAUTION: BEFORE EACH DAY’S USAGE, SENSITIVITY IN THE 
%LEL RANGE MUST BE TESTED ON A KNOWN CONCENTRATION 
OF THE COMBUSTIBLE TARGET GAS, METHANE, EQUIVALENT TO 
25 - 50% OF FULL SCALE CONCENTRATION (the %LEL full scale is
100 %LEL). ACCURACY MUST BE WITHIN -0 to + 20% OF ACTUAL. 
ACCURACY MAY BE CORRECTED BY FOLLOWING THE 
CALIBRATION INSTRUCTIONS FOR THE COMBUSTIBLE CHANNEL 
BELOW. 

 
 

 
 

 
 

 

    



 

   
  

 

 

 

 

  
 

  
 

CAUTION: When using auto calibration with the standard 4-gas EAGLE 2, although 
the EAGLE 2 can be calibrated with an oxygen concentration of up to 
19.5%, RKI Instruments, Inc. recommends that the multi-gas cylinder have 
an oxygen concentration in the range of 10% - 16% oxygen. 

  

WARNING: RKI Instruments, Inc. recommends that you dedicate a regulator 
for use with chlorine (Cl2) gas and that you do not use that 
dedicated regulator for any other gases, particularly hydrogen 
sulfide (H2S). 

  

  
 

WARNING: If you are using a calibration kit that includes a gas bag and a fixed 
flow regulator or dispensing valve, do not apply gas directly to the 
EAGLE 2 with the regulator or dispensing valve or damage to the pump 
will result. See “Appendix A: Calibrating with a Sample Bag” on 
page 82 for instructions to properly use a gas bag kit. 
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CAUTION: When calibrating the oxygen sensor, verify the concentration of oxygen 
listed on the cylinder’s label. For oxygen-free samples (100% nitrogen for 
example), set the oxygen calibration value to 0.0%. 
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WARNING: RKI Instruments, Inc. recommends that service, calibration, and repair 
of RKI instruments be performed by personnel properly trained for this 
work. Replacing sensors and other parts with original equipment does 
not affect the intrinsic safety of the instrument. 
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WARNING: To prevent ignition of a hazardous atmosphere, batteries must only be 
changed or charged in an area known to be nonhazardous. 

 
 

 
 

 

 

  

 

  

WARNING: Do not remove the batteries while the EAGLE 2 is on. 

 
 

 

 

  
 

  
 

  

 
 

 

  
 

 

CAUTION: Use with Ni-MH battery p/n 49-1330RK. Charge only with RKI charger 
model 49-2175RK, 49-2176RK, or 49-2177RK. Use of other rechargeable 
batteries or chargers or charging of other rechargeable batteries in the 
EAGLE 2 will void the warranty. 

WARNING: Do not plug the charger cable into a battery pack that contains alkaline 
batteries. Do not attempt to charge alkaline batteries. 
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CAUTION: If using pliers to remove a sensor, be careful not to damage the sensor in 
case you find that the sensor is still functional and does not need to be 
replaced. 
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CAUTION: When using auto calibration with the standard 4-gas EAGLE 2, although 
the EAGLE 2 can be calibrated with an oxygen concentration of up to 
19.5%, RKI Instruments, Inc. recommends that the multi-gas cylinder have 
an oxygen concentration in the range of 10% - 16% oxygen. 

  

  

WARNING: RKI Instruments, Inc. recommends that you dedicate a regulator 
for use with chlorine (Cl2) gas and that you do not use that 
dedicated regulator for any other gases, particularly hydrogen 
sulfide (H2S). 
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CAUTION: When calibrating the oxygen channel, verify the concentration of oxygen 
listed on the cylinder’s label. For oxygen-free samples (100% nitrogen for 
example), set the oxygen zero setting to 0.0%. 
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WARNING: The EAGLE 2 is not in operation as a gas detector while in Setup Mode. 

  

 ▲ ▼
 

  



 
 

 

 

  

 

 

 ▲  
▼

 

 

 
 ▲ ▼

 

 
 

 
   

 
 

  

 
 

 

  

 ▲ ▼  

 
 

  
 

 
 

 

  

 
 

 

 

 

 ▲ ▼  

 
 

 
 

warning  
alarm  

 

  

 
 

 

 

 

 

 
▲ ▼  

 

  



 
 

 

 

 
 

CAUTION: Before changing the channel configuration, confirm that the correct 
sensors and electronic hardware are installed in the EAGLE 2 and that its 
construction and flow system are appropriate for the installed sensors. 
Operation of the EAGLE 2 with a flow system or construction not 
compatible with the installed sensors will result in inaccurate readings. 
Consult RKI Instruments, Inc. if you cannot confirm either of these items. 
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WARNING: Do not configure the catalytic sensor gas to hydrogen if you are 
monitoring for general hydrocarbons. Only use this selection if you are 
monitoring exclusively for hydrogen or if you do not want to see a 
significant response to other combustible gases. 

  

 

 

 

  

 

 
 

 

CAUTION: The  gas configuration is normally set at the factory for 
very specific applications. Consult RKI Instruments, Inc. before 
configuring the gas for . 
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WARNING: If the automatic fresh air feature is turned on, you must startup the 
EAGLE 2 in a known fresh air environment, an environment free of 
toxic or combustible gases and of normal oxygen content (20.9%). If 
this feature is on and the EAGLE 2 is started up in the presence of a 
target gas, the readings and alarms will not be accurate or reliable. 
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WARNING: When the EAGLE 2 is restored to its default configuration, the zero and 
span values for each channel are reset. You must recalibrate all active 
channels if you restore the EAGLE 2 to its default configuration. 
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Full EAGLE 2 Operator's Manual available here: 
http://www.geotechenv.com/Manuals/RKI_Manuals/Eagle_2_Operators_Manual.pdf 

  

http://www.geotechenv.com/Manuals/RKI_Manuals/Eagle_2_Operators_Manual.pdf


 
 
 
 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 
Six-Gas Portable Monitor 

RKI Eagle 2 

The Eagle 2 is a next generation portable gas meter capable of measuring up to six gas combinations in real-time. 
The monitor includes three operating modes that include normal mode for confined space or area monitoring, 
borehole mode for checking underground gas leaks, and leak check mode for locating leaks in valves and pipes. 
Featuring an ergonomic hand-held design and glove friendly buttons, the Eagle 2 provides reliable operation in 
many environmental and H&S gas detection applications. 

FEATURES 

• Strong internal pump – sample draw up to 125 feet 

• Auto calibration and demand zero functions 

• Adjustable level alarms plus TWA and STEL 

• Methane elimination for environmental use 

• Data logging standard 

• Intrinsically Safe (IS) design, SCA approval 

• EFI/EMI/Chemical/Weather resistant enclosure 

• Multilingual – 5 languages 

• PPM or LEL Hydrocarbon detection at the push of 
a button 

• Large glove-friendly buttons 

CALL GEOTECH TODAY (800) 833-7958 
Geotech Environmental Equipment, Inc. 

2650 East 40th Avenue  �  Denver, Colorado  80205 
(303) 320-4764  �  (800) 833-7958  �  FAX (303) 322-7242 

email: sales@geotechenv.com  website: www.geotechenv.com 
rki_eagle_2.qxp  04/25/19 

http://www.geotechenv.com
http:www.geotechenv.com
mailto:sales@geotechenv.com


 

 
 

 

                                               
                                                                   
                                                                   

                                          

                                                   

                           
                                                                   

                             
                                                                   

                                                    
                                                                   
                                                                   

                                              

                                                    
                                                                   

                                     

                                                  
                                                                   
                                                                   

                     

                                       
                                                                   

       

                                    

                                    

                                       
                                                                   

                       
                                                                   

                        
                                                                   
                                                                   
                                                                   
                                                                   
                                                                   

                                              

 

 

                                                                              
                                                                               

 

                            
                                                                

                                                                         

                                                      

                                 

                               

 

                              

                                    

                                                         

            

                             

                      

 

                    
                                                               
                                                               

                                            
                                                               

                                  
                                                               

 

                                                                  
                                                               

 

                                

                                                 
                                                               

 

                                               
                                                               

Six-Gas Portable Monitor 
RKI Eagle 2 

SPECIFICATIONS 

Enclosure Weatherproof, chemical resistant, RFI/EMI coated high impact polycarbonate-PBT 
blend. Can operate in 2.0" of water without leakage. Ergonomically balanced with 
rugged top mounted handle. Water & dust resistant equivalent to IP-64. 

Dimensions 9.5" L x 5.25" W x 5.875" H 

Weight 3.8 Lbs. (standard 4-gas with batteries). 

Detection Principle Catalytic combustion, electrochemical cell, galvanic cell, infrared, Photoionization 
detector, and thermal conductivity. 

Sampling Method Powerful, long-life internal pump (over 6,000 hours) can draw samples over 125 feet. 
Flow rate approximately 2.0 SCFH. 

Display 3 display modes: display all gases, large font-autoscroll, or large font-manual scroll. 
Polyurethane protected overlay. Backlight, illuminates for alarms and by demand, 
with adjustable time. 

Language Readout can display in 5 languages (English, French, German, Italian, or Spanish). 

Alarms 2 Alarms per channel plus TWA and STEL alarms for toxics. The two alarms are fully 
adjustable for levels, latching or self reset, and silenceable. 

Alarm Method Buzzer 95 dB at 30 cm, four high intensity LED’s. 

Controls 4 External glove friendly push buttons for operation, demand zero, and auto-
calibration. Buttons also access LEL/ppm, alarm silence, peak hold, TWA/STEL values, 
battery status, conversion factors, and many other features. 

Continuous Operation At 70°F, 18 hours using alkaline batteries, or 20 hours using NiMH. 

Power Source 4 alkaline or NiMH, size C batteries (Charger has alkaline recognition to prevent 
battery damage if charging is attempted with alkalines). 

Operating Temp. & Humidity -20°C to 50°C (-4°F to 122°F), 0 to 95% RH, non-condensing. 

Environmental IP-64 

Response Time 30 Seconds to 90% (for most gases) using standard 5 ft. hose. 

Safety Rating Intrinsically Safe, Class I, Groups A, B, C, D. 
Approvals: CSA/CE 

Standard Accessories Shoulder strap, alkaline batteries, hydrophobic probe, and 5 foot hose, internal 
hydrophobic filter. 

Optional Accessories • Dilution fitting (50/50) 
• NiMH batteries 
• Battery charger, 115 VAC, 220 VAC, or 12 VDC (charge time 4 hours) 
• Continuous operation adapter, 115 VAC or 12 VDC 
• Extension hoses 
• IRDA cable for datalogging download 

Warranty Two year material and workmanship, one year for PID sensor. 

The EAGLE 2 can be configured with up to 6 gas sensors from the list below. 

Gases & Detectable Ranges 

Measuring Accuracy 
Gas Range *Which ever is greater 

Standard Confined Space Gases 

Hydrocarbons (CH4, std) 0-100% LEL ±5% of reading or ±2% LEL (*) 
0-5% Vol. (CH4) 

0-50,000 ppm ±50 ppm or ±5% of reading (*) 

Oxygen (O2) 0-40% Vol. ±0.5% O2 

Carbon Monoxide (CO) 0-500 ppm ±5% of reading or ±5 ppm CO (*) 

Hydrogen Sulfide (H2S) 0-100 ppm ±5% of reading or ±2 ppm H2S (*) 

Toxics 

Ammonia (NH3) 0-75 ppm 

Arsine (AsH3) 0-1.5 ppm 

Chlorine (Cl2) 0-3 ppm ±10% of reading or ±5% of full scale (*) 

Hydrogen Cyanide (HCN) 0-15 ppm 

Phosphine (PH3) 0-1 ppm 

Sulfur Dioxide (SO2) 0-6 ppm 

IR Sensors 

Carbon Dioxide (CO2) 0-10,000 ppm 
0-5% Vol. 
0-60% Vol. 

Methane (CH4) 0-100% LEL/ ±5% of reading or ±2% of full scale (*) 
0-100% Vol. 

Hydrocarbons 0-100% LEL/ 
0-30% Vol. 

PID Sensors 

VOC 0-2,000 ppm 
0-50 ppm 

— 

TC Sensors 

Methane (CH4) 0-100% Vol. 

Hydrogen (H2) 0-10% Vol. 
0-100% Vol. 

±5% of reading or ±2% of full scale (*) 

Hydrogen Specific 

Hydrogen (H2) 0-100% LEL 
0-40,000 ppm 

±5% of reading or ±2% of full scale (*) 

Specifications subject to change without notice. 

CALL GEOTECH TODAY (800) 833-7958 
Geotech Environmental Equipment, Inc. 

2650 East 40th Avenue  �  Denver, Colorado  80205 
(303) 320-4764  �  (800) 833-7958  �  FAX (303) 322-7242 

email: sales@geotechenv.com  website: www.geotechenv.com 

http:www.geotechenv.com
mailto:sales@geotechenv.com


 

 

 

    

  

    
 

 

 

 

 
  

 

 
 

 
 

 
 

 

 

 

 

    

  

    
 

 

 

01CO2 TRAP: 000-R1-CO2-01

CONTAINS CAUSTIC MATERIAL

Julio Zimbron: ( 970) 219 2401

01
CO

2 TRA
P:

000-R1-CO
2-01
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CA

U
STIC M

A
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L

Julio
Zim

bron:(970)219 2401 01
CO2TRAP:000-R1-CO2-01

CONTAINSCAUSTIC MATERIAL

JulioZimbron:(970)219 2401

Deployment notes

• Keep the traps upright. 
• The travel blank should not be opened. 
• Turn off the irrigation system a week before deployment. 
• Avoid saturated soils and/or standing water.
• Traps are moisture-resistant but not waterproof. Keep dry.
• Keep the traps capped unless deployed.
• The recommended deployment period is 14 days with a deployment
range of 3-28 days.

Retrieval notes

• If heavy rain is predicted, retrieve the traps before the rain event.
• Shipper is obligated to disclose if the traps have been in contact with
contaminant before shipping back to E-Flux.

• Cap the traps with the originally provided solid caps.
• Before capping the traps, remove insects and organic matter.
• Keep the traps upright. 
• Fill in the retrieval information on the chain-of-custody form(s).
• Remove the travel blank from the ziplock bag and place it in the cooler 

before shipping the cooler back to E-Flux. 
•  The travel blank is never opened. 
• Keep the field components for future rounds of testing.
• Do not use ice to preserve the traps.
• Expedited shipping is optional.
• Ship traps to: 

E-Flux
200 W Lake Street, RIC 0922
Fort Collins, CO 80523-0922

(970) 492-4360

Fossil Fuel Trap:  
4-inch receiver with stabilizing tensors

E-Flux, LLC
200 W Lake Street, RIC 0922 
Fort Collins, CO 80523-0922

(970) 492-4360
info@soilgasflux.com

© 2017 All Rights Reserved.

Deployment SOP

REV20170717
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4-inch receiver Eye bolts 
& stakes 

CO2 trap Rain cover Rubber 
connector 

Rubber mallet 
& nut driver Electronic 

COC 
Field 
SOP 

Travel-blank 
bag 

1 

2 

2 

Tighten the eye bolts through the 
u-nuts. 

Place the beveled side of the 4-inch 
receiver vertically on the ground. 

stakes 

Remove the top and bottom caps 
from the trap.  

Screw the rain cover on the top 
side of the trap.  

Slide the trap into the rubber 
connector.  

3 

4 

u-nuts 

eye bolts 
2 inch Max. Burial Depth 

2 inch Max. Burial Depth 

2 inch Max. Burial Depth 

Hammer the stakes through the eye 
screws on a 45o angle. 

3 

Receiver installation 

Trap deployment 

After all traps are deployed, scan 
the travel blank and place it in the 
provided ziplock bag. Then place 
it in the provided cooler. 

Do not open the travel blank. 

Keep the trap upright. 

Use the electronic and paper 
chain-of-custody forms to record 
deployment information for each 
trap. 
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Using the rubber mallet, hammer 
the receiver two inches into the 
ground. Keep the receiver vertical. 
If the soil is too hard for the 
receiver to penetrate, use a knife to 
cut a ring in the soil. 

Provided equipment 

Slide the trap and rubber 
connector into the installed 
receiver pipe. 

Tighten the top and bottom 
clamps of the connector with the 
nut driver. 

2 inch Max. Burial Depth 
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2 inch Max. Burial Depth 



 

 

 

Appendix C 

Responses to Ecology Comments 



  
  

 
 

 
    

 
  

 

 

 

 
 

  
  

 

Page 1 of 7 
DRAFT RESPONSE TO COMMENTS ON 

LNAPL TRANSMISSIVITY, BIOVENTING RESPIROMETRY, AND NSZD TESTING WORK PLAN 

Comments from: 
John Mefford, Cleanup Project Manager, CRO Toxics Cleanup Program, State of Washington Department of Ecology, 23 July 2019 and additional comments received 14 August 2019. 
Comment 
Number Section Ecology Comment BNSF Response 

General Comments 

1 Ecology views the proposed tests favorably in that the results will help inform the remedial alternatives for 
the Feasibility Study. However, we do not view the remedial options that these tests may support as a 
presumptive remedy. Specifically, we consider Natural Source Zone Depletion (NSZD) in its role as a 
polishing component that may potentially be implemented at the end of an active remedial effort or 
possibly in conjunction with more active remedial components since the Columbia River/Lake Celilo is a 
surface water receptor. 

BNSF currently does not have a presumptive remedy for the site.  Comment is noted.  

2 How long the source(s) will last is a key question. Ecology eventually expects the NSZD rates will be 
coupled with estimates of NAPL source mass so that a restoration timeframe as one of the criteria under 
WAC 173-340-360 (Selection of cleanup actions) can be calculated. An alternate method may be to look 
at average TPH concentration divided by the NSZD rate. It may also be necessary to evaluate the 
microbial kinetics of substrate contaminant utilization to assist in the prediction of the time required to 
bioremediate the site. It may be necessary to incorporate thermal or other enhancements to reduce the 
restoration period. 
Garg, et. al, 2017 (GWMR 37, No. 3, pp. 62-81) attempted to answer a number of relevant questions that 
may improve understanding of NSZD. The answers they obtained may assist for optimization of NSZD as 
a proposed remedy component. 

Comment is noted.  

3 The RI investigation had had a number of LIF co-located soil sample collections but core sampling for 
determination of TPH saturation was limited to three cores. Determination of pore fluid saturations across 
the smear zone and through the soil column in the groundwater zone of submerged NAPL is an important 
parameter to assess. 

Core sampling was performed in 2013 from three (3) co-located LIF locations (TG-D6, TG-F2, 
and TG-F6) and in 2016 from soil borings for the four (4) OHM wells (OHM-1 through OHM-4).  
Please see Table 24 of the Draft Remedial Investigation Report BNSF Wishram Railyard 
(Ecology Site Name BNSF Track Switching Facility) Wishram, Washington (Draft RI Report) (KJ 
2019).  

WISHRAM September 2019 
M:\WP\2019\1996120.07_Wishram_LNAPL\LNAPL_Transmissivity_Biovent_WorkPlan_Rev\Ecology comments_RTC_Wishram_LNAPL_WorkPlan_table_20190927.docx 1996120.07 

http:1996120.07


  
  

 

 
    

 

 
 

 
 

 

 
  

   
 

 

 
 

 

 
 

 

 
 
 

 

 

 
 

 

 

Page 2 of 7 
DRAFT RESPONSE TO COMMENTS ON 

LNAPL TRANSMISSIVITY, BIOVENTING RESPIROMETRY, AND NSZD TESTING WORK PLAN 

Comments from: 
John Mefford, Cleanup Project Manager, CRO Toxics Cleanup Program, State of Washington Department of Ecology, 23 July 2019 and additional comments received 14 August 2019. 
Comment 
Number Section Ecology Comment BNSF Response 

Section 2: Scope of Work 

4 Section 2.1, LNAPL 
Transmissivity
Testing 

You mention results of laboratory testing of LNAPL physical properties and simulations of in situ LNAPL 
behavior. What are the simulations and are these simulations in the RI report? 

Results of LNAPL fluid sampling and soil core analyses from samples collected in 2013 and 
2016 are presented in Section 2.3.3.4 of the Draft RI Report. 
Simulations are discussed in Section 2.3.3.4.4.  The American Petroleum Institute (API) LNAPL 
distribution and recovery model (LDRM) based on a formulation by Charbeneau (2003) was 
used to evaluate LNAPL transmissivity, discharge rate, and recoverability.  

Ecology response (08/14/2019):  Adamski et al., 2005 states that the significant assumptions 
required by the LDRM model is homogeneity of the medium, vertical equilibrium of the 
NAPL/groundwater system, and unconfined/water table ground water conditions. 

Section 2.2.7.3 (Groundwater Flow Evaluation) of the draft RI Report indicates that Figure 30B 
has graphs that illustrate there are consistent, short time span fluctuations.  Table 15, (Vertical 
Hydraulic Gradient Measurements) of that same report also shows that the vertical gradient 
varies in time at each reported well.  

Per ASTM 2856, Section X3.2.2.1, equilibrium LNAPL thickness in the well allows the user to 
derive the capillary head between the fluid couplets of interest.  Based on that statement, the 
opposite could be stated in that non-equilibrium conditions would not allow one to derive the 
capillary head between the fluids or would cast doubt on the results at the least. 

According to ASTM E2856, Section 4.2.1.1, tidal influences and a vertical gradient on the water 
table affect measurements and could distort the transmissivity results.  Wouldn’t the fluctuation 
of dam-controlled lake levels be similar to tides in that the water level is variable on the order of 
hours or days?  Appendix X1 of this ASTM standard discusses considerations regarding the 
determination of transmissivity in that type of environment. 

Given this information, does the condition of vertical equilibrium between the in-well NAPL and 
formation NAPL hold such that we can say it represents quasi-equilibrium conditions such that 
we can have confidence in the output of the LDRM?     

 [Adamski et al., GWM&R 25, no. 1:100-112; ASTM E2856, Standard Guide for Development of 
Conceptual Site Models and Remediation Strategies for Light Nonaqueous-Phase Liquids 
Released to the Subsurface} 

Response: Comments are noted.  Evaluation of the LNAPL baildown test data will include 
review of water level data collected by transducers installed in monitoring wells near OHM wells 
and in the Columbia River (1 transducer).  Per ASTM 2856 X1.3.2, due to the expected low 
transmissivity, Kennedy Jenks is evaluating LNAPL transmissivity over a long (multiple months) 
timeframe.  Given that the river stage changes are random, unpredictable, and of low magnitude 
(+/- a few feet) compared to the LNAPL thickness (10-30 feet thick), the impacts to LNAPL 
transmissivity from river stage changes are expected to be negligible.  Additionally, because the 
LNAPL body is below the potentiometric surface and not within the smear zone, the small 
change in hydraulic head observed in the OHM wells is expected to have negligible impact on 
LNAPL migration into/out of wells.   

WISHRAM September 2019 
M:\WP\2019\1996120.07_Wishram_LNAPL\LNAPL_Transmissivity_Biovent_WorkPlan_Rev\Ecology comments_RTC_Wishram_LNAPL_WorkPlan_table_20190927.docx 1996120.07 
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Page 3 of 7 
DRAFT RESPONSE TO COMMENTS ON 

LNAPL TRANSMISSIVITY, BIOVENTING RESPIROMETRY, AND NSZD TESTING WORK PLAN 

Comments from: 
John Mefford, Cleanup Project Manager, CRO Toxics Cleanup Program, State of Washington Department of Ecology, 23 July 2019 and additional comments received 14 August 2019. 
Comment 
Number Section Ecology Comment BNSF Response 

5 Section 2.1, LNAPL 
Transmissivity
Testing 

Provide disposal documentation in the subsequent standalone report or in the Feasibility Study. Comment is noted.  Waste manifests will be provided in a results summary.  

6 Section 2.1, LNAPL 
Transmissivity
Testing and 
Associated Field 
Form 

Provide more detail on the frequency of measurements. Our expectation is that the measurements will be 
collected at sufficient intervals to plot the data in the API LNAPL Transmissivity Workbook. Section 6.2.35 
of ASTM E2856-13 describes a best practice for the frequency of measurement of the interfaces. 
The field form provided at the end of ASTM E2856 is a more complete data collection form for each well 
location than the simplified field form in the draft Work Plan. Our expectation is that sufficient data will be 
collected to enter the data into the API LNAPL Transmissivity Workbook and that data will be presented 
to Ecology as part of a deliverable, either as a standalone document or as an appendix to the Feasibility 
Study. 

LNAPL baildown testing results will be evaluated using the API LNAPL Transmissivity 
Workbook.  Measurements will be collected on an appropriate frequency, based on the high 
viscosity of the LNAPL, using a field form similar to that provided in ASTM E2856-13.   

Text will be revised as follows: 
“Depths to air/LNAPL and LNAPL/groundwater interfaces will be measured using an oil/water 
interface probe prior to LNAPL removal. LNAPL baildown testing will be performed at OHM wells 
containing apparent LNAPL thicknesses greater than 0.5-foot (expected to include OHM 1, 
OHM-2, and OHM-3).  The field protocol for measuring the depths to air/LNAPL and 
LNAPL/water interfaces involves freezing the oil/water interface probe in distilled water using dry 
ice, lowering the probe through LNAPL, allowing ice to melt, and then slowly retrieving the probe 
until encountering the LNAPL/water interface.  Due to the time involved in these manual 
measurements (up to 1 hour), fluid and LNAPL recharge into the well will also be monitored 
using a level logging pressure transducer to record the potentiometric surface and an oil/water 
interface probe to gauge the depth to the top of the fluid column (e.g. air/water or air/LNAPL 
interface).  The pressure transducer will be suspended in the well below the initial 
LNAPL/groundwater interface.” 

And later in same section: 

“Following LNAPL removal, the depth to air/LNAPL interface will be measured at intervals of 
approximately 1 to 2 minutes for the first 30 minutes, 5 minutes for the next 30 minutes, 1 to 3 
hours for the remainder of the first day, and approximately 2 to 4 times per day for 3 to 4 days.  
It is anticipated that manual measurement of the depths to air/LNAPL and LNAPL/groundwater 
interfaces will be performed at increasing time intervals following LNAPL removal and will be 
continued intermittently (weekly to monthly depending on field results), for four consecutive 
intervals after initiating the test.” 

WISHRAM September 2019 
M:\WP\2019\1996120.07_Wishram_LNAPL\LNAPL_Transmissivity_Biovent_WorkPlan_Rev\Ecology comments_RTC_Wishram_LNAPL_WorkPlan_table_20190927.docx 1996120.07 
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Page 4 of 7 
DRAFT RESPONSE TO COMMENTS ON 

LNAPL TRANSMISSIVITY, BIOVENTING RESPIROMETRY, AND NSZD TESTING WORK PLAN 

Comments from: 
John Mefford, Cleanup Project Manager, CRO Toxics Cleanup Program, State of Washington Department of Ecology, 23 July 2019 and additional comments received 14 August 2019. 
Comment 
Number Section Ecology Comment BNSF Response 

7 Section 2.2, 
Respirometry Testing 
- Existing Bioventing 
System 

a. 

b. 

c. 

d. 

e. 

You state that periodic monitoring of injection flow rates and induced pressures was performed at 
wells, WMW-3, -7, -8, and -12 in 2018 and 2019. However, I have been unable to find any 
reference to this remedial action in the RI Work Plan or its Addendum and to my knowledge, this 
data has not yet been submitted to Ecology. If not, please submit this data. 
The draft plan states that the estimated radius of influence (ROI) of the existing system is 
approximately 90 feet, based on wellhead pressure measurements. This distance sounds relatively 
high. Is this ROI determined for soil vapor extraction or for bioventing? 

Per the USACE manual, the ROI should differ depending on whether the system is SVE or BV. For 
bioventing, the oxygen ROI is a function of both air flowrates and oxygen utilization rates so it 
depends on site geology, well design, and microbial activity. 
Each well labeled as soil vapor extraction is screened entirely within the vadose zone with a screen 
interval between 3 to 4 feet in length. Each well labeled air sparge is screened entirely in the 
saturated zone and has a screen interval of about 2.5 feet. In contrast, wells, WMW-3, -7, -8, and -
12 are screened into the saturated zone as shown in Table 1. These latter wells were not designed 
initially for respirometry testing. What is the effect of having a screened interval that extends from 
vadose zone into the saturated zone? What is the effect of having the majority of the screened 
interval extending into the saturated zone? 

In addition, according to Leeson and Hinchee (1996), Vol. 2, Section 2.6, states that proper 
construction is essential for monitoring localized pressure and soil gas concentrations. They state: 
"To the extent possible, the monitoring points must be located in contaminated soils with greater 
than 1,000 mg/Kg of total petroleum hydrocarbon. If monitoring points are not located in 
contaminated soil, meaningful in situ respiration data cannot be collected." Can you verify that 
these well placements exist in areas where TPH is present at those concentrations? 

a. Data will be provided to Ecology along with results from Work Plan activities. 
b. The ROI is determined for air injection via the current bioventing system using the criteria 

specified in the Work Plan (i.e., measured minimum of 0.1 inches of water pressure 
response). 
Ecology response (08/14/2019):  I note that the work plan only mentions one wellhead 
(WMW-8) as the only location where you measured a water pressure response.  That 
evaluates in one direction away from the SVE well, SVE-12-1, while Figure 21, for example, 
shows the distribution of contamination extending southwards.  That line from SVE-12-1 to 
WMW-8 is generally transverse to the majority of the contaminant mass that resides in the 
smear zone.  I presume that you are relying on the assumption of homogeneity as applicable 
in the other directions. 
Response: The pressure ROI has been determined based on induced pressure 
measurements at three wells (WMW-7, WMW-8, and WMW-12).   

Text will be revised as follows: 
“System operational data collected between November 2017 and May 2019 is provided in 
Table 2.  Soil gas measurements collected on 28 and 29 November 2017, before and after 
replacement of the system blower, are provided in Table 3.  The average induced pressures 
at the monitoring wells between November 2017 and May 2019 have been approximately 0 
(WMW-3), 0.04 (WMW-12), 0.2 (WMW-8), and 1.9 (WMW-7) inches of water.  Using a 
criterion of 0.1 inches of water, the estimated radius of influence (ROI) of the system is 
approximately 90 feet, based on wellhead pressure measurements at or above 0.1 inches of 
water at well WMW-8, located approximately 90 feet from injection well SVE-12-1.” 

c. Comment is noted. Note, bioventing can be performed either by injecting or extracting air.  
Under extraction operations, bioventing is equivalent to SVE.  

d. Selection of wells for respirometry testing is based on location (wells within the pressure 
ROI) and having open screen above the groundwater table.  Because the test measures 
concentration in soil gas at depth, and there is no lithologic barrier between vadose zone 
and shallow groundwater, there is not expected to be an impact to the measurements from 
the various screen interval types.   

e. Soil samples were not collected for laboratory analysis from the soil borings for the SVE-12-
# series wells nor from WMW-7 and WMW-8.  Available field and laboratory data are briefly 
summarized below and in the Draft RI Report: 
A strong petroleum odor and sheen were observed at 9 feet bgs in the WMW-7 boring and 
at 10 feet bgs in the WMW-8 boring, indicating concentrations were likely above 1,000 
mg/kg.  Apparent LNAPL thicknesses were measured in both wells, ranging 0.01 to 1.50 feet 
between 2004 and 2015 in well WMW-7, and 0.02 to 0.20 feet between 2012 and 2016 in 
well WMW-8 (Table 9).  Soil samples at depths of 8, 10, and/or 12 feet bgs were collected 
from borings #7, #9, #10 (in 2002), and WSB-2 (in 2003), which were located in the vicinity 
of SVE-12-3 and SVE-12-4. Results for these samples were above 1,000 mg/kg for DRO 
and/or ORO (see Table 18 of Draft RI Report).   
Note: DRO and ORO were below reporting limits in a soil sample collected from 9.5 to 10 
feet bgs in boring B-18-25 (in 2018) in a similar location to WSB-2 and apparent LNAPL 
thicknesses have not been measured in wells WMW-7 or WMW-8 since 2016. 
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Page 5 of 7 
DRAFT RESPONSE TO COMMENTS ON 

LNAPL TRANSMISSIVITY, BIOVENTING RESPIROMETRY, AND NSZD TESTING WORK PLAN 

Comments from: 
John Mefford, Cleanup Project Manager, CRO Toxics Cleanup Program, State of Washington Department of Ecology, 23 July 2019 and additional comments received 14 August 2019. 
Comment 
Number Section Ecology Comment BNSF Response 

8 Section 2.2.1, 
Baseline Soil Gas 
Measurements 

a. 

b. 

c. 

d. 

e. 

Will this step assess the vadose zone gas composition that is necessary to determine before 
application of the carbon traps? 

Page 53 of Sweeney and Ririe, 2017 shows a well cap with valves. I assume you will install this 
type of cap with discrete sampling ports. Please confirm this detail. The USACE engineering 
manual, EM-1101-1-4001, shows an alternate wellhead completion design (Figure 5-19, pa 169). 
With the existing bioventing system, did you obtain baseline soil gas measurements as well as 
measurements collected periodically to ensure that the system is delivering enough oxygen to meet 
the demand produced by biodegradation? If so, provide this data. If available, have you tracked the 
relative volatility shift in the petroleum hydrocarbon fingerprint of the soil vapors? 
I did not see any monitoring points near the existing system that would allow periodic monitoring of 
the soil gas. According to the USACE Engineering Manual, Soil Vapor Extraction and Bioventing 
(EM-1110-1-4001, 2002), a “sufficient number of monitoring points must be properly place to 
determine if vadose zone oxygen levels are being maintained.” 
With the existing system, have you assessed rebound after system shutoff and/or have you 
assessed whether the oxygen uptake rates have declined over time? Rebound may indicate 
presence of diffusion-limited soils. Have you assessed the target soil concentration by any other 
method? 

a. 
b. 

c. 

d. 
e. 

Yes, this step will provide background data for carbon traps. 
A vapor monitoring well plug from www.envirodesignproducts.com or modified well cap with 
valves/hose barb fittings will be used for soil gas sampling.  
Text will be revised as follows: 
“At least one day prior to soil gas measurements, either vapor monitoring well plugs or 
modified well caps with barbed fittings will be installed at the wells selected for monitoring to 
allow collection of soil gas measurements. A RKI Eagle 2 multi-gas meter, or similar, will be 
used for soil gas measurements. Soil gas VOC concentrations will be measured using a 
photoionization detector (PID). The operating manual for the RKI Eagle 2, including 
documentation regarding instrument calibration, and KJ’s standard operating guideline 
(SOG) for PID measurements are provided in Appendix B.” 
Soil gas data exists from startup after replacing the blower in 2017 and from this proposed 
test in 2019 only.  Baseline data, prior to system installation / startup in 2012 was not 
collected.   
Ecology response (08/14/2019):  Please provide the data that was obtained after the 
blower replacement in 2017 in the subsequent report. 
Response: Bioventing system operational data collected between 28 November 2017 and 7 
May 2019 have been included in a new Table 2 and soil gas data from 28 and 29 November 
2017 in a new Table 3 in the Work Plan. 
Existing wells (SVE-12-# and monitoring wells) are being used for this purpose. 
No. Respirometry tests have not been conducted on the current system so it is not possible 
to evaluate change in oxygen utilization over time. 
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Page 6 of 7 
DRAFT RESPONSE TO COMMENTS ON 

LNAPL TRANSMISSIVITY, BIOVENTING RESPIROMETRY, AND NSZD TESTING WORK PLAN 

Comments from: 
John Mefford, Cleanup Project Manager, CRO Toxics Cleanup Program, State of Washington Department of Ecology, 23 July 2019 and additional comments received 14 August 2019. 
Comment 
Number Section Ecology Comment BNSF Response 

9 Section 2.2.1, 
Baseline Soil Gas 
Measurements 

a. 

b. 

What is the sensitivity of the RKI Eagle 2 multi-gas meter in parts per million for assessing the 
concentrations of oxygen, carbon dioxide, hydrogen sulfide, and methane? 

Will you follow a company standard operating procedure (SOP) for calibration of the multi-meter 
and the PID? Please include the SOP or equivalent documentation regarding instrument calibration. 

a. 

b. 

Specification sheet and manual for the RKI Eagle 2 multi-gas meter will be included in 
Appendix B.   
Gas: Measuring Range, and Accuracy: 
Oxygen (O2): 0-40% Volume (Vol.), +/- 0.5% O2 

Carbon Dioxide (CO2): 0-60% Vol., +/- 5% of reading or +/- 2% full scale 
Hydrogen Sulfide (H2S): 0-100 ppm, +/-5% of reading or +/- 5 ppm 

Methane (CH4): 0-100% LEL, +/- 5% of reading or +/- 2% full scale 

Yes.  The manufacturer’s manual, including documentation regarding instrument calibration, 
and KJ’s Standard Operating Guideline (SOG) for PID meter calibration will be provided in 
Appendix B. 

10 Section 2.2.2, 
Respirometry Test 

a. 

b. 

You mention the performance of an JSR test to estimate the biodegradation rate. Concerning the 
assimilative capacity of the substrate (Arcadis, Remediation Engineering: Design Concepts, 2017) 
are there other mass transfer limitations that may need to be assessed? 
Have you assessed any of the factors, e.g. moisture content, pH, alkalinity that may affect observed 
in situ biodegradation rates (Section 1.4.3 of Leeson and Hinchee, 1996)? 

a. 

b. 

The substrate at the site is mostly comprised of fine to medium-grained silica sand. Its 
expected assimilative capacity is low. 
No.  Further assessment of in situ biodegradation rates will inform BNSF if investigation of 
these factors is warranted. 

11 Section 2.3, 
Bioventing Test 

a. 

b. 

Comment #7 on proper well construction applies here for the proposed purpose of WMW-1. I was 
unable to find the soil analytical results for WMW-1, -3, or -11. Is the soil analytical data available? 
The plan refers to Figure I in lieu of the soil analytical data. This figure shows a footprint of 
dissolved-phase contamination generalized by exceedance of MTCA Method A groundwater 
cleanup concentrations but the footprint is not depicted with isoconcentration lines. 

a. 

b. 

Please see text for criteria used for selection of wells WMW-1, -3, and/or -11 for the test 
(e.g. available screen, dissolved phase impacts, proximity to LNAPL extents).  Available lab 
analytical results for groundwater samples from these wells is included in the Draft RI 
Report.  No soil samples were collected for laboratory analyses. 
Comment is correct.  Figure shows approximate extents of the inferred smear zone and 
submerged LNAPL along with dissolved phase extents.  BNSF has not generated dissolved 
phase petroleum hydrocarbon contours. 

12 Section 2.4.1, Soil 
Gas Measurements 

a. 

b. 

c. 

d. 

You mention seven wells for respirometry tests. However, Section 2.2 lists eight wells. Please 
correct if this is a typo. 
The annulus space of SVE/Bioventing wells should be tightly sealed. How can you ensure that the 
groundwater monitoring wells to be used have a sufficient seal to prevent short-circuiting? 
Other requirements for soil gas monitoring points and bioventing wells are listed in the USACE 
Engineering Manual, EM-1110-1-4001. Does the construction of the groundwater wells meet these 
criteria? 
How do you know that 4 days is sufficient time for the soil gas to reach equilibrium after system 
shutdown? Is this an arbitrary number or is it based on empirical data? 

a. 

b. 

c. 

d. 

Seven wells is correct.  Wells WMW-3 and WMW-12 are both located outside the pressure-
based ROI; well WMW-12 has been retained for background comparison.  
Text will be revised as follows: 
“Proposed wells for respirometry testing include injection wells SVE-12-1 through SVE 12 4, 
monitoring wells WMW-7 and WMW-8, which are located within the system’s ROI, and 
monitoring well WMW-12, which is not located within the ROI, but will be included to provide 
background data for comparison.” 
Wells were installed in accordance with Ecology guidelines and have competent seals.  
Additionally, the native material is fine- to medium-grained sands and is relatively permeable 
given the estimate ROI of the northern system.  As such, short circuiting is not expected to 
be a concern.  However, the estimated ROI based on monitoring data collected will further 
inform BNSF of potential test issues. 
In general, yes. Wells are constructed with PVC, the annulus is backfilled with sand and 
sealed with bentonite.  Well diameters may be different from the USACE document as their 
original intent was not for a bioventing system.  
USEPA Manual, Principles and Practices of Bioventing Volume II: Bioventing Design 
(EPA/540/R-95/534a, Sept 1995) was reviewed for respirometry test guidance.  According to 
this document, the in-situ respiration test should be terminated when the oxygen level is 
about 5 percent, or after 5 days of sampling. Monitoring frequency will be every 1 to 4 hours 
the first day, and every 4 to 12 hours thereafter depending on rate of oxygen use.  
Measurement frequency will be determined in the field based on review of data collected. 
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Page 7 of 7 
DRAFT RESPONSE TO COMMENTS ON 

LNAPL TRANSMISSIVITY, BIOVENTING RESPIROMETRY, AND NSZD TESTING WORK PLAN 

Comments from: 
John Mefford, Cleanup Project Manager, CRO Toxics Cleanup Program, State of Washington Department of Ecology, 23 July 2019 and additional comments received 14 August 2019. 
Comment 
Number Section Ecology Comment BNSF Response 

13 Section 2.4.2, Carbon 
Traps 

a. 

b. 

c. 

The proposed CO2 passive traps have a two-week sampling period. Will this period only provide a 
snapshot of the intrinsic biodegradation rate? Temperature is a significant factor in biodegradation. 
Therefore, the timing of this test will capture the highest biodegradation rates when the ambient 
temperatures are near their highest. Are there plans for more than one two-week sampling event? 

Do you intend to use other methods in lieu of having multiple two-week events to obtain a better 
annual representation of intrinsic biodegradation? For instance, long-term thermal monitoring using 
an existing well may provide information applicable throughout the year. In addition, the thermal 
monitoring can be coupled with source mass estimates for evaluation of the longevity of impact if 
NSZD is proposed as a remedy component. 
At a minimum, will groundwater temperature be measured in the nearest wells when performing the 
flux measurements? 

a. 

b. 

c. 

d. 

Yes, it is a snapshot in the sense of 2 weeks out of 52 weeks.  The purpose of the test is to 
evaluate whether significant biodegradation is occurring.  Pending results, an additional test 
may be performed during a colder season, with consideration of other meteorological 
conditions (i.e., performing during a snowy / rainy season may limit the duration of the test). 
Future monitoring efforts will be evaluated once a remedy has been selected and approved 
by Ecology.  The purpose of this test is to help inform BNSF of the potential for remediating 
petroleum hydrocarbons using various methods.   
Groundwater temperature is being monitored by pressure transducers installed in multiple 
wells in the general vicinity of the proposed carbon trap locations. 
Text will be revised as follows: 
“During trap deployment, meteorological data will be recorded from weather tracking 
sources in the area and groundwater temperatures will be recorded by data logging 
pressure transducers installed in nearby monitoring wells. “ 

14 Section 2.4.2, Carbon 
Traps 

a. Changes in atmospheric pressure such as high winds may influence the CO2 flux. Does evaluation 
of NSZD require collection of any meteorological data? 

a. Meteorological data will be reviewed from weather tracking data sources for the region.  
NSZD evaluation does not require the collection of meteorological data, however, Ecology is 
correct that it can impact the carbon traps.  BNSF is conducting the test to inform the FS of 
the relative magnitude of biodegradation.  Meteorological events are not expected to have a 
significant impact on the results, based on their intended use. As indicated in Section 
2.4.2.1, if a rain event is predicted that could result in saturation of the surface soil, then the 
deployment duration may be less than two weeks.   

15 Section 2.4.2, Carbon 
Traps 

a. You did not include a duplicate sample at any of the NSZD locations. I recommend collection of a 
duplicate sample at one of the sample locations for assessment of variability in the data. 

a. In our experience, field duplicate carbon trap samples have not been collected during 
carbon trap investigations at other facilities.  For this initial assessment to inform the FS of 
the relative magnitude of biodegradation, duplicate sampling locations were not proposed.  
Two background trap locations are proposed for comparison to traps located in impacted 
areas.  The laboratory will perform the following quality control and quality assurance 
procedures: duplicate total carbon analyses, travel blank analysis, and confirmation that the 
top sorbent layer has not been saturated (i.e., the bottom layer has not been contaminated 
with atmospheric CO2). 
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