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1 Introduction  

Aspect Consulting, LLC (Aspect) prepared this Remedial Investigation Work Plan (RI 
Work Plan) for the Texaco Strickland Cleanup Site (the Site), located at 6808 196th Street 
Southwest in Lynnwood, Washington (the Property; Figure 1). The Property is recorded 
by the Snohomish County Tax Assessor as tax parcel #27042000200600. Preparation of 
this RI Work Plan was conducted in compliance with Washington State Department of 
Ecology (Ecology) Agreed Order 14315 (Appendix A), issued to potentially liable parties 
(PLPs) Strickland Real Estate Holdings, LLC (SREH) and Chevron Environmental 
Management Company (CEMC).  

The Property was historically occupied by a Texaco-branded service station from about 
1959 until 1974. From 1977 until 2006, the Property was operated as an automotive lube 
oil facility. The Property is currently occupied by the Aloha Café.  

Releases of petroleum products have occurred at the Property. Petroleum releases have 
impacted soil, groundwater, and soil vapor on the Property and have potentially migrated 
onto adjacent properties. On-Property activities to characterize the nature and extent of 
petroleum impacts to date have been completed by Conestoga-Rovers & Associates 
(CRA), on behalf of Shell, as a former operator of the lube oil facility on the Property. 
CRA completed an initial RI of the Site in 2011 (CRA, 2011), which is included as 
Appendix B and provides the framework for identification of additional RI investigation 
activities necessary to complete the Site RI and subsequent Feasibility Study (FS). 

Data gaps were identified through review of CRA’s 2011 RI, review of additional 
historical Site files, and review of environmental assessment work completed at the 
adjacent Chri-Mar Apartments property located south of the Property. The identified Site 
characterization data gaps are related to both petroleum releases from operation of the 
former Texaco service station and from operation of the subsequent lube facility. 
Additionally, releases of chlorinated solvents from a historical dry cleaner (Slater’s 1-
Hour Cleaner) on the contiguous property to the west have impacted soil and 
groundwater. These chlorinated solvents may be commingled with petroleum compounds 
in groundwater in the southwestern area of the Site.  

This RI Work Plan addresses resolution of all presently identified Site characterization 
data gaps. The Work Plan summarizes the Site investigation and remedial action history, 
identifies existing data gaps for all affected media, and presents a scope of work to 
address the identified Site data gaps. 
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2 Site Setting  

2.1 Property Description 
The Property is zoned as commercial and is currently occupied by the Aloha Café. 
Surrounding parcels are zoned as both commercial and residential.  

The contiguous parcel to the west of the Property is occupied by a strip mall, which 
includes a historical dry cleaner (Slater’s 1-Hour Cleaners). Chlorinated solvents have 
been confirmed in soil and groundwater at that property.  

A strip mall is also located to the north across 196th Street SW. This property was 
historically occupied by a Shell service station, which had confirmed releases of 
petroleum hydrocarbons to soil and groundwater.  

The parcel to the east of the Property, across 68th Ave W, is currently used as parking for 
Edmonds Community College. This parcel was previously occupied by an Exxon-
branded service station, which had confirmed releases of petroleum hydrocarbons to soil 
and groundwater. A remedial excavation was conducted on the parcel in 2005, and a No 
Further Action (NFA) determination was issued by Ecology in 2007.  

The contiguous parcel to the south is occupied by the Chri-Mar Apartments. 

2.2 Site Geology and Hydrogeology 
Based on review of drilling logs in CRA’s 2011 RI, Site soil is interpreted to consist of 
imported fill to depths of approximately 7.5 feet below ground surface (bgs). This fill soil 
is underlain by unconsolidated silt, sand, gravel, and clay characteristic of a weathered 
glacial lacustrine deposit. The lacustrine deposit increases in density from 18 feet bgs to 
32.5 feet bgs, the maximum depth explored at the Site. 

Shallow groundwater is present in the weathered glacial soil at depths varying seasonally 
from approximately 6 to 15 feet bgs. Groundwater flow at the Site is generally to the 
southwest, with some documented seasonal variation. 

3 Summary of Prior Site RI and Cleanup Activities 

3.1 1977 Underground Storage Tank Closure  
The Property was occupied by a Texaco-branded service station from 1959 until 1974. 
CRA (2011) reported that three gasoline underground storage tanks (USTs) were likely 
present on the Property, and that these USTs were decommissioned in 1977 when the 
Property was converted to a lube oil facility. The pre-1977 USTs were reportedly located 
in the northeastern corner of the Property, and the dispenser islands were located in the 
north-central portion of the Property (Figure 2). Details on the means and methods of 
decommissioning of the service station infrastructure and USTs are unknown.  
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3.2 1995 Underground Storage Tank Closure and Soil 
Characterization. 

Petroleum-impacted soil related to the former lube oil facility was discovered in 1995 
during removal of a 3,000-gallon lube oil UST and closure-in-place of a 500-gallon waste 
oil UST (Figure 3). Nowicki & Associates (Nowicki) oversaw the removal of 
approximately 65 tons of soil impacted with total petroleum hydrocarbons as oil (TPHo) 
above Washington Model Toxics Control Act (MTCA) Method A cleanup level from the 
area of the former 3,000-gallon UST (Nowicki, 1995). Post-excavation sidewall and 
bottom samples collected by Nowicki confirmed successful removal of soils impacted by 
TPHo. 

The 500-gallon waste oil UST located beneath the building was decommissioned by 
cleaning and slurry filling. A soil boring was advanced approximately 4 feet south of the 
tank fill, and samples were collected and analyzed for both TPHo and total petroleum 
hydrocarbons as gasoline (TPHg). Both TPHo and TPHg were detected at concentrations 
exceeding MTCA Method A cleanup levels. No remediation of the impacted soil in this 
area has been completed to date. 

The releases were reported to Ecology in 1995. The Site was subsequently listed with 
Ecology’s leaking underground storage tank (LUST) program, as Site ID #6802.  

3.3 Historical Environmental Investigations 
The following summaries present the results of completed historical Site investigations. 
These summaries are in part excerpted directly from Appendix B of CRA (2011), 
included as Appendix B to this RI Work Plan. 

3.3.1 1995 Soil Characterization Report:  
In November 1995, Nowicki conducted an investigation to characterize subsurface 
impacts to soil and groundwater on the Property (Nowicki, 1995). Two soil borings, SB1 
and SB2, were advanced to the north of the former waste oil UST. Laboratory analytical 
results indicated concentrations of TPH as gasoline (TPHg) and benzene, toluene, 
ethylbenzene, and xylenes (BTEX) above the MTCA Method A screening levels. More 
information is available in Nowicki’s Waste Oil UST – Characterization Soil Boring, 
dated November 20, 1995. 

3.3.2 2003 Phase I Environmental Site Assessment:  
In January 2003, FINEnvironmental, Inc. (FINE) conducted a Phase I Site Environmental 
Site Assessment (ESA) of the Property (FINE, 2003). Results of the Phase I ESA 
indicated that the Property was occupied by a Texaco-branded gasoline service station 
prior to 1977. Results also identified Leaking UST (LUST) sites at adjacent properties to 
the north and east. More information is available in FINE’s Phase I Environmental Site 
Assessment Limited Compliance Audit, dated January 28, 2003 (FINE, 2003). 
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3.3.3 2004 Phase I Environmental Assessment:  
GeoEngineers, Inc. (GeoEngineers) completed a limited Phase I ESA in December 2003, 
prior to Shell’s purchase of the Jiffy Lube facility on the Property (GeoEngineers, 2004). 
Results of the ESA indicated similar findings of the Phase I ESA conducted by FINE in 
2003. Complete information is available in GeoEngineers’ Limited Phase I 
Environmental Site Assessment, dated February 11, 2004 (GeoEngineers, 2004). 

3.3.4 November 2006 Site Investigation: 
In November 2006, Cambria Environmental Technology (Cambria) installed five 
monitoring wells (MW-1 through MW-5) and advanced one soil boring (SB-1) at the 
Property. Soil samples were collected from each boring and submitted for laboratory 
analysis. Analytical results indicated benzene concentrations above the MTCA Method A 
cleanup level in soil samples collected from each of the soil borings. TPHg, toluene, 
ethylbenzene, and total xylenes were also detected above MTCA Method A cleanup 
levels in soil samples from borings MW-3, MW-4, and MW-5. Complete information is 
available in Conestoga-Rovers & Associates’ (CRA) Site Investigation Report, dated 
May 31, 2007.  

3.3.5 July 2007 Site Investigation:  
In July 2007, CRA conducted an additional Site investigation, including the installation 
of five monitoring wells (MW-6 through MW-10). Laboratory analytical results from soil 
samples collected from four out of five well borings indicated concentrations of benzene 
above the MTCA Method A cleanup level. TPHg and total xylenes concentrations were 
additionally detected above the MTCA Method A cleanup levels in soil samples collected 
from boring MW-8 at 15 and 20 feet bgs. Complete information is available in CRA’s 
Site Investigation Report, dated October 23, 2007.  

3.3.6 August 2011 Remedial Investigation Report 
CRA completed an RI for the Site in August 2011. The RI compiled and tabulated all 
historical Site soil and groundwater data collected through July 2010. The CRA RI 
presented a summary of soil and groundwater conditions for most on-Property areas and 
provided a detailed evaluation of Site geology and hydrogeology. CRA concluded that 
releases from former service station operations were the primary cause of the documented 
soil and groundwater impacts, and that releases related to operation of the former lube oil 
facility were limited to soil impacts beneath the existing Aloha Café building. This Work 
Plan will evaluate all potential sources to the Site, including documented upgradient 
sources.  

Information from the CRA RI formed the primary basis for evaluation of Site data gaps, 
and preparation of this RI Work Plan. 

3.3.7 Groundwater Quality Monitoring 2006 -2012 
Groundwater monitoring has occurred periodically at up to ten monitoring wells (MW-1 
through MW-10) since Cambria’s initial subsurface investigation in 2006. The most 
recent reported groundwater monitoring occurred in October 2012. The existing 
monitoring well locations are shown on Figure 4. Groundwater samples have been 
analyzed routinely for TPHg, TPHd, TPHo, BTEX, and periodically for fuel additives 
and lead. A comprehensive tabulated summary of historical groundwater analytical 
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results is presented in CRA’s 2012 Annual Groundwater Monitoring Report (CRA, 
2013).  

3.3.8 Light Non-Aqueous Phase Liquid Monitoring 2006 -2012 
Light non-aqueous phase liquid has been measured periodically in monitoring wells MW-
3, MW-4, and MW-5. Measured LNAPL thickness has ranged from 0.01 feet to 0.49 feet, 
with the thickest accumulation measured in MW-5 in November 2012 (Appendix B). 
Trace amounts of LNAPL have also periodically been documented in monitoring well 
MW-8. The top of well screen in MW-8 is generally located below the static water table, 
so the presence and thickness of LNAPL in this well cannot be properly evaluated.  

Groundwater samples were collected from wells MW-3 through MW-5 in 2006 and 
2007. These wells, which contain measurable LNAPL, have not been sampled since 
2007.  

3.4 Off-Property Environmental Investigations 
The following summaries present the results of completed historical Site investigations at 
adjacent properties. 

3.4.1 February 2016 Investigation – Chri-Mar Apartments 
In February 2016, Environmental Associates, Inc. (EAI) conducted a limited subsurface 
investigation on behalf of Milestone Properties at the Chri-Mar Apartments (EAI, 2016a), 
located south-adjacent to the Property (Figure 2). EAI oversaw the advancement of five 
soil borings (B-1 through B-5) and the collection of grab soil and groundwater samples. 
No TPHg, TPHd, TPHo, or BTEX compounds were detected in soil or groundwater at 
any of the sampling locations. EAI (2016a) is included as Appendix C. 

EAI’s investigation reported the presence of tetrachloroethene (PCE) in soil and 
groundwater, with concentrations exceeding the MTCA Method A cleanup level in soil at 
borings B-2 and B-3. Additionally, concentrations of trichloroethene (TCE) were 
reported in groundwater at boring B-3 at concentrations exceeding the MTCA Method A 
cleanup level. Grab soil vapor samples were also collected from borings B-1 and B-3. 
Concentrations of benzene exceeding the MTCA sub-slab soil screening levels were 
reported at both locations. PCE and TCE were also reported in soil vapor at B-3, with 
concentrations of TCE exceeding the MTCA sub-slab soil screening level.  

The source of the PCE and TCE reported by EAI appears to be a former dry cleaner that 
was present in the strip mall located immediately west of the Property (Slater’s 1-Hour 
Cleaners). The location of this former dry cleaner is now occupied by the Yeah Tasty 
Szechuan & BBQ.  

3.4.2 March 2016 Investigation – Chri-Mar Apartments 
In March 2016, EAI returned to the Chri-Mar Apartments property to conduct indoor and 
outdoor air sampling on behalf of Milestone Properties (EAI, 2016b). Two indoor air 
samples were collected from the interior of the Chri-Mar complex, and one outdoor air 
sample was collected. Samples were collected over a 24-hour period.  
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PCE was reported in both indoor and outdoor samples at concentrations below the 
MTCA Method B indoor air cleanup levels. Benzene was reported in both indoor and 
outdoor air at concentrations exceeding the MTCA Method B indoor air cleanup levels. 
The benzene concentration reported in indoor air was only nominally higher than that 
reported for the outdoor air samples. EAI (2016b) is included as Appendix D. 

4 Summary of Current Environmental Conditions 

The following sections provide synopses of current environmental conditions for all 
media at the Site. 

4.1.1 Soil  
Figure 3 depicts the currently inferred lateral extent of soil at the Site with concentrations 
of TPHs and/or BTEX compounds exceeding MTCA Method A cleanup levels. The 
inferred extent of soil impacts shown on Figure 3 includes several samples that exhibited 
only benzene exceedances. These exceedances were accompanied by very low or non-
detectable concentrations of TPHg. Benzene exceedances in soil, when unaccompanied 
by exceedances of TPHg or other BTEX compounds, are considered sourced from 
dissolved-phase benzene in the soil pore water.  

The deepest vertical detections of co-located benzene and TPHg are considered 
representative of the deepest impacts to soil. These occur at approximately 17.5 feet bgs 
at MW-3, MW-4, and MW-5. Impacts to soil have been vertically delineated at 
explorations MW-6, MW-7, MW-8, and MW-9 (CRA, 2011 – Table 1, Figures 6A and 
6B).  

 

4.1.2 Groundwater 
Figure 4 depicts the currently inferred lateral extent of groundwater at the Site with 
concentrations of TPHs and/or BTEX compounds exceeding MTCA Method A cleanup 
levels. Based on depth to water measurements, groundwater elevation varies 
approximately 5 feet seasonally in the unconfined aquifer present at the Site. Given that 
Site contaminants of concern are petroleum hydrocarbons, and the Site has a shallow, 
unconfined aquifer with limited seasonal variation in depth to water, a shallow 
groundwater plume can be expected. Appreciable vertical migration of contaminants in 
the aquifer is therefore not a concern.  

4.1.3 LNAPL 
Figure 4 depicts the currently inferred extent of LNAPL at the Site. The LNAPL has been 
documented extending in a hydraulically downgradient direction to beneath the existing 
Aloha Café structure.  
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5 Summary of Identified Site Data Gaps 

Review of historical reports and related data have resulted in the identification of the 
following nine key Site characterization data gaps:  

1. Potential presence of pre-1977 underground service station infrastructure, 
including both piping and USTs. 

2. Lateral extent of Site soil impacts. Further evaluation is needed in specific areas to 
complete the Site characterization and evaluate remedial options. 

3. Potential comingling of separate petroleum releases to the Subject Property. 
Further evaluation is needed in specific areas to assess potential comingling of the 
documented TPHo and TPHg releases.  

4. Vertical extent of Site soil impacts. While the majority of locations have been 
vertically delineated with regards to petroleum impacts to soil, some locations in the 
north-central portion of the Site lack vertical delineation where soil samples were 
only collected to a maximum depth of 17.5 feet bgs.  

5. Lateral extent of Site groundwater impacts. Further evaluation of cross-gradient 
and downgradient water quality is needed to complete the Site characterization and 
evaluate remedial options.  

6. Potential upgradient sources. Further evaluation of upgradient soil and water 
quality is needed to complete the Site characterization.  

7. Potential comingling with off-Property chlorinated solvent releases. Further 
evaluation is needed to assess whether release(s) of chlorinated solvents or other 
petroleum-based cleaners from the adjacent Slater’s One Hours Cleaners are 
comingled with releases of petroleum hydrocarbons form the Site.  

8. LNAPL assessment/recoverability. The delineation of the LNAPL accumulation is 
incomplete, and LNAPL recovery options have not been evaluated. LNAPL 
recoverability testing is needed and practical LNAPL recovery efforts implemented.  

9. Soil vapor migration/intrusion. The potential for migration of petroleum-related 
soil vapor into on- and off-property structures requires further evaluation.  

6 Proposed Work Elements to Address Data Gaps 

The following sections detail the nature and scope of supplemental RI activities that are 
considered necessary to sufficiently characterize the Site, complete an FS, and identify a 
preferred remedy. The proposed work will be completed in accordance with the project-
specific Sampling and Analysis Plan (SAP) and Quality Assurance Project Plan, included 
as Appendices E and F, respectively. 
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6.1 Task 1 – Permitting, Access Agreements, Locating, and 
Health and Safety Planning 

Coordination with the City of Lynnwood will be required to obtain a Right of Way 
Permit for certain proposed subsurface borings and monitoring wells, and to prepare a 
Traffic Control Plan. Access agreements will also be required for planned explorations on 
the property to the south (Chri-Mar Apartments) and the property to the west (strip 
mall/Yeah Tasty Szechuan & BBQ). SREH will take the lead on securing access 
agreements. 

One-Call locating will be contacted to identify and mark all public underground utilities. 
A private utility locate company will also be contracted to ensure that all proposed 
exploration locations are clear of utility obstructions. Additionally, a project-specific 
health and safety plan will be developed after completion of the Traffic Control Plan, and 
finalization of the access agreements (Appendix H). 

6.2 Task 2 – Geophysical Survey 
Aspect will subcontract with a geophysics consultant to conduct electromagnetic and 
ground penetrating radar (GPR) geophysical surveys of the northeastern portion of the 
Property. The purpose of these surveys will be to evaluate the potential presence of any 
remaining subsurface service station infrastructure, including potential USTs and 
product/vent lines.  

The results of the geophysical survey will be evaluated prior to moving ahead with the 
other planned Site investigation work. Recommendations and modifications to this Work 
Plan may be warranted based on the results of the geophysical survey. Any substantive 
modifications this Work Plan will require prior approval of the SREH, CEMC, and 
Ecology.  

6.3 Task 3 – Subsurface Borings and Monitoring Well 
Installation 

Figure 5 shows the location of proposed supplemental soil borings and monitoring wells, 
respectively. Table 1 provides a summary of these locations and rationale for each 
planned supplemental exploration.  

A total of 13 soil and monitoring well borings will be completed using direct push 
methods. Borings B-5, B-6, B-7, and B-8 are intended to further delineate the lateral 
extent of petroleum hydrocarbon-impacted soil. The remaining eight borings will be 
completed as monitoring wells (MW-11 to MW-19) and will serve to gather 
supplemental soil and groundwater quality data.  

Monitoring well placement was evaluated using the historical and most recent November 
2012 groundwater analytical and LNAPL accumulation data. The planned monitoring 
wells are intended to both further characterize the lateral extent of impacted groundwater 
(wells MW-14, and MW-16 through MW-19), and also better delineate the area of 
LNAPL accumulation (wells MW-11, MW-12, MW-13, and MW-15).  
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All soil borings will be drilled using direct-push equipment, with a targeted depth of 
approximately 25 feet bgs, to the bottom of field-screened impacts, or to refusal. There is 
reasonable confidence that soil conditions will permit boring and well installation using 
direct-push methods. Hollow-stem auger drilling techniques will be used in the event that 
soil conditions prove unsuitable for direct-push equipment. 

During drilling, soil samples will be collected continuously if using direct-push drilling 
or at 2.5-foot intervals if hollow-stem auger is used, per the SAP. If indicators of 
hydrocarbon impacts are observed, up to three soil samples for laboratory analysis will be 
collected from each boring, using U.S. Environmental Protection Agency (EPA) Method 
5035A protocols for TPH-Gx and VOC samples. If no field indicators of hydrocarbon 
impacts are observed in a boring, then one soil sample will be collected from the soil-
groundwater interface. 

All monitoring wells will be constructed in accordance with Washington Administrative 
Code (WAC) 173-160 by licensed drillers. Wells will consist of 2-inch diameter 
Schedule 40 PVC blank casing and 0.010-inch slot (10-slot) pre-packed well screen. Well 
screens will be 15 feet in length to accommodate seasonal groundwater fluctuations. With 
documented depths to water of 7 to 15 feet below grade, the pre-packed well screens are 
planned to be set from 5 to 20 feet below grade, contingent on field observations. All 
wells will be completed with an appropriate protective seal and secured with locking well 
caps. A licensed surveyor will survey top-of-casing and ground surface elevations to the 
nearest one-hundredth of a foot NAVD88 vertical datum, as well as the horizontal 
location of each well.  

Detailed procedures for the soil boring installation, field screening and soil sampling, and 
the monitoring well construction, development, and groundwater sampling, are provided 
in the SAP (Appendix E). The SAP also includes well installation methods for hollow-
stem auger drilling, in the event that this drilling method proves to be necessary. 

Waste generated during the soil boring advancement and monitoring well 
installation/sampling will be stored onsite in U.S. Department of Transportation (DOT)-
approved 55-gallon containers. At the conclusion of sampling activities, the waste will be 
profiled and transported for disposal at an appropriate facility.  

6.4 Task 4 – Soil Vapor Sampling 
Collection of five soil vapor samples is planned to further evaluate and characterize the 
concentrations of petroleum hydrocarbons in shallow Site soils. The proposed locations 
of the soil vapor monitoring are shown on Figure 6. The soil vapor results will be used to 
evaluate the vapor intrusion risk into the on- and off-Property buildings, in accordance 
with the following Ecology guidance:  

• Draft Guidance for Evaluating Soil Vapor Intrusion in Washington State:  
Investigation and Remedial Action.  Revised February 2016.  Ecology 
Publication No. 09-09-047 



ASPECT CONSULTING 

10 FINAL PROJECT NO. 180357   MARCH 6, 2019 

• Updated Process for Initially Assessing the Potential for Petroleum Vapor
Intrusion: Implementation Memorandum No. 14.  March 2016.  Ecology
Publication No. 16-09-046

• Petroleum Vapor Intrusion (PVI); Updated Screening levels, Cleanup Levels, and
Assessing PVI Threats to Future Buildings:  Implementation Memorandum No.
18. January 2018.  Ecology Publication No. 17-09-043

The planned soil vapor sampling includes: 

 Locations SVS-1 and SVS-2 will be interior sub-slab samples, intended to 
evaluate the potential for vapor intrusion risk within the Aloha Café building.

 Locations GP-1, GP-2, and GP-3 will be installed as soil gas probes at depths of 
approximately 5 feet bgs. These probes are located at the southern Property 
boundary and are intended to evaluate the potential vapor intrusion risk south of 
the Property.

 Vapor sampling will be accomplished using soil vapor pins installed through the 
concrete floor slab within the Aloha Café building and using soil gas probes 
installed to approximately 5 feet bgs in the parking lot. The vapor pins and gas 
probes will be installed, sealed, seal tested, and sampled in accordance with 
Aspect’s Field Procedures as outlined in the SAP (Appendix E).

 One initial round of soil vapor sample collection is planned. Samples will be 
collected in accordance with Aspect’s Field Procedures as outlined in the SAP 
(Appendix E) and submitted to a state-certified laboratory for analysis of select 
VOCs by EPA Method TO-15 and aliphatic and aromatic hydrocarbons by 
Massachusetts Department of Environmental Protection Air-Phase Petroleum 
Hydrocarbons (MA APH). Vapor samples will also be analyzed for methane, 
oxygen, and carbon dioxide.

 Interior sub-slab pins will be retained for potential additional future sampling. 

6.5 Task 5 – Soil and Groundwater Analyses 
Based on the confirmed presence of TPHg, TPHd, and TPHo at the Site, all soil samples 
retained for analysis will be submitted to a state-certified laboratory for analysis of 
petroleum hydrocarbons by Northwest Methods NWTPH-Gx and NWTPH-Dx. The 
samples will also be analyzed for volatile compounds (BTEX, MTBE, EDB, EDC, and 
naphthalene) by EPA Method 8260C. Selected soil samples with elevated TPHg will also 
be analyzed for lead by EPA Method 6010C. Samples from borings on the western 
portion of the Subject Property (B-06, MW-14, MW-16, MW-18, and MW-19) will also 
be analyzed for halogenated VOCs by EPA Method 8260C.  

Two quarterly rounds of groundwater sampling are planned from all Site monitoring 
wells (except those with measurable LNAPL). Sampling will be performed using low-
flow sampling methods as outlined in the SAP (Appendix E). Groundwater samples will 
be submitted to a state-certified laboratory for analysis of petroleum hydrocarbons by 
Northwest Methods NWTPH-Gx and NWTPH-Dx, volatile petroleum compounds by 
EPA Method 8260C, and total lead by EPA Method 6010C. Samples collected from 
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wells MW-14, MW-16, MW-18, and MW-19 will also be analyzed for halogenated 
VOCs by EPA Method 8260C. 

6.6 Task 6 – Data Validation  
All newly collected soil, soil vapor, and groundwater analytical data will be validated by 
a qualified third party in accordance with EPA 2A (Stage 2A) data validation criteria. 
Validation will include completeness and compliance checks of sample receipt conditions 
and sample-related Quality Control (QC) results. Data will be flagged with appropriate 
validation qualifiers, as necessary, in all data tabulations. Additional details on data 
validation are provided in the Quality Assurance Project Plan (Appendix E). 

6.7 Task 7 – LNAPL Recovery Testing 
Transmissivity testing will be performed at two selected wells to assess the recoverability 
of LNAPL. The wells will be chosen based on an observed LNAPL thickness greater 
than 0.20 feet. The tests will be conducted during a dry period when no precipitation 
infiltration is occurring, to the extent practical.  

The tests will be performed using a peristaltic pump and results analyzed in accordance 
with the American Petroleum Institute (API) LNAPL Transmissivity Workbook (API, 
2016). Both the testing and analysis will be conducted in accordance with the ASTM 
International (ASTM) E2856-13, Guide for Estimation of LNAPL Transmissivity and 
API’s LNAPL Transmissivity Workbook (2016). A copy of API’s LNAPL 
Transmissivity Workbook guide is included as Appendix F.  

After testing, LNAPL thicknesses will be monitored weekly for a minimum period of 1 
month to evaluate long-term LNAPL recovery. Water and LNAPL generated during the 
tests will be collected and stored properly in a sealed and labeled 55-gallon drum, 
pending profiling and disposal. 

6.8 Task 8 – Data Evaluation and Reporting 
The supplemental and historical RI data will be evaluated for sufficiency, and any 
residual RI data gaps identified. Identified residual RI data gaps will be communicated to 
the PLPs and Ecology, along with a supplemental proposed exploration plan, to address 
those data gaps. 

Once the RI data collected is considered sufficient, a draft supplemental RI report will be 
prepared documenting the sampling efforts, summarizing the Property soil and 
hydrogeologic conditions, and presenting a synopsis of historical and current soil, soil 
vapor, and groundwater quality data. Geologic cross sections incorporating 
hydrogeologic and chemical data from new borings and monitoring wells will be 
prepared to illustrate the inferred lateral and vertical extent of impacts in soil and 
groundwater.  Data tabulations will include comparisons to appropriate MTCA cleanup 
levels for soil and groundwater, and screening levels for soil vapor.  
 
The draft supplemental RI report will be prepared in compliance with Ecology’s RI 
report template and Ecology’s Remedial Investigation Checklist (Ecology, 2016). 
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Electronic submittal of site, location, and sample data to Ecology’s Environmental 
Information Management System will be completed in conjunction with report submittal, 
as required by Agreed Order 14315. 
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8 Limitations 

Work for this project was performed for the Strickland Real Estate Holdings and Chevron 
Environmental Management Company (Client), and this report was prepared in 
accordance with generally accepted professional practices for the nature and conditions 
of work completed in the same or similar localities, at the time the work was performed. 
This report does not represent a legal opinion. No other warranty, expressed or implied, 
is made. The Work Plan scope and format follows the general requirements stipulated in 
Ecology Agreed Order 14315 and relevant Ecology guidance documents. 

All reports prepared by Aspect Consulting for the Client apply only to the services 
described in the Agreement(s) with the Client. Any use or reuse by any party other than 
the Client is at the sole risk of that party, and without liability to Aspect 
Consulting.  Aspect Consulting’s original files/reports shall govern in the event of any 
dispute regarding the content of electronic documents furnished to others. 

Please refer to Appendix H titled “Report Limitations and Guidelines for Use” for 
additional information governing the use of this report. 
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Table 1. Subsurface Exploration Locations and Rationale
Project No. 180357, Texaco Strickland Cleanup Site, 6808 196th Street SW, Lynnwood, WA

Exploration Location Rationale

B-5 Lateral delineation of hydrocarbon impacts in soil north of observed LNAPL plume at MW-5. 
B-6 Lateral delineation of hydrocarbon impacts in soil to the west of MW-9. 
B-7 Lateral delineation of hydrocarbon impacts in soil to the south of the Aloha Café building. 
B-8 Lateral delineation of hydrocarbon impacts in soil hydraulically downgradient of MW-6. 

MW-11 Lateral delineation of hydrocarbon impacts in soil, and LNAPL plume/groundwater quality to the north of the Property. 
MW-12 Lateral delineation of hydrocarbon impacts in soil, the LNAPL plume/groundwater quality to the north of the Property. 

MW-13
Lateral delineation of hydrocarbon impacts in soil, the LNAPL plume/groundwater quality between the former UST and pump 
island locations. 

MW-14 Lateral delineation of hydrocarbon impacts in soil, groundwater quality on the contiguous parcel to the west of the Property. 

MW-15 Lateral delineation of hydrocarbon impacts in soil, LNAPL plume/groundwater quality downgradient of the Aloha Café building. 
MW-16 Lateral delineation of downgradient, on-Property groundwater quality. 
MW-17 Lateral delineation of downgradient, on-Property groundwater quality. 
MW-18 Lateral delineation of downgradient groundwater quality, on Chri-Mar parcel. 
MW-19 Lateral delineation of downgradient, on-Property groundwater quality. 

SVS-1
Subslab sample beneath Aloha Café building, to provide sub-slab vapor concentrations for comparison to MTCA screening 
levels. 

SVS-2
Subslab sample beneath Aloha Café building, to provide sub-slab vapor concentrations for comparison to MTCA screening 
levels.

GP-1

Subasphalt soil gas probe to be installed to an approximate depth of 5 feet bgs, hydraulically upgradient side of Chri-Mar 
apartment building, to provide soil vapor concentrations for comparison to MTCA screening levels near the Subject Property 
boundary.

GP-2

Subasphalt soil gas probe to be installed to an approximate depth of 5 feet bgs, hydraulically upgradient side of Chri-Mar 
apartment building, to provide soil vapor concentrations for comparison to MTCA screening levels near the Subject Property 
boundary.

GP-3

Subasphalt soil gas probe to be installed to an approximate depth of 5 feet bgs, hydraulically upgradient side of Chri-Mar 
apartment building, to provide soil vapor concentrations for comparison to MTCA screening levels near the Subject Property 
boundary.

Notes
LNAPL = light nonaqueous phase liquid
UST = underground storage tank
MTCA = Model Toxics Control Act
bgs = below ground surface

Soil

Groundwater

Soil Gas

Aspect Consulting
3/6/2019
P:\Aloha Cafe - Strickland\RI Workplan\Table\Table 1

Table 1
Remedial Investigation Work Plan

Page 1 of 1
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Exhibit B – Scope of Work: 
Agreed Order #14315 
  























 

APPENDIX B 

Remedial Investigation Report 
(CRA, 2011) 
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1.0 INTRODUCTION 

1.1 SITE INFORMATION 

Site Name: Former Jiffy Lube Facility 

Site Address: 6808 196th Street Southwest, Lynnwood, 
Washington 

Voluntary Cleanup Program Number:  NW2070 

Project Consultant:  Conestoga-Rovers & Associates 

Project Consultant Contact Information: Christina McClelland 
 20818 44th Avenue West, Suite 190 
 Lynnwood, Washington 98036 
 Office – 425.563-6500  
 Direct – 425.563-6514 

Current Owner/Operator:  Strickland Real Estate Holdings LLC 
 
 
1.2 PURPOSE 

Conestoga-Rovers & Associates (CRA) prepared this Remedial Investigation (RI) report 
on behalf of Equilon Enterprises LLC dba Shell Oil Products US (SOPUS) for the former 
Jiffy Lube Facility located at 6808 196th Street Southwest, Lynnwood, Snohomish 
County, Washington (Property; Figure 1). 
 
This RI report was prepared to satisfy the items required by Washington Administrative 
Code (WAC) 173-340-350 and summaries remedial investigation findings for the Site. 
The Site background and summary of previous investigations and remediation activities 
presented in this report are a summary of historical Site investigations, the 2010 Site 
investigation completed by CRA, and documents prepared by CRA and previous 
consultants. A list of all documents reviewed in preparation of this report is included in 
Appendix A.  
 
 

2.0 SITE IDENTIFICATION AND DESCRIPTION 

2.1 SITE DISCOVERY AND REGULATORY STATUS 

In August 1995, Nowicki and Associates (Nowicki) conducted soil compliance sampling 
in association with the removal of one 3,000-gallon new oil underground storage tank 
(UST) and the closure-in-place of one 500-gallon waste oil UST. Concentrations of total 
petroleum hydrocarbons (TPH) as diesel (TPHd) and TPH as heavy oil (TPHo) were 
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detected above the Washington State Department of Ecology (Ecology) Model Toxics 
Control Act (MTCA) Method A cleanup levels in soil samples collected from west 
sidewall. Nowicki over-excavated the locations containing petroleum hydrocarbon 
impacted soil. Approximately 65 tons of petroleum-hydrocarbon impacted soil was 
removed from the new oil UST excavation. Soil samples collected from the sidewalls and 
bottom of the new oil UST excavation following over-excavation were below laboratory 
reporting limits for TPHd and TPHo.   
 
A petroleum release was reported to Ecology on November 20, 1995, and the Site was 
listed with Ecology’s leaking underground storage tank (LUST) program (ID #6802). The 
Site was entered into Ecology’s Voluntary Cleanup Program (VCP) in 2009 and issued 
site number NW2070. In February 2007, the listing was amended to include petroleum 
hydrocarbon impacted groundwater as a “media affected.” The current status of the Site 
with Ecology is “Cleanup Started” for soil and groundwater as of February 2007.  It 
should be noted that in February 2007, Cambria Environmental Technologies reported a 
secondary release at the Site relating to gasoline range hydrocarbons found during a 
2006 site investigation.  The release of gasoline range hydrocarbons were erroneously 
added to the existing release of oil range hydrocarbons associated with the lube facility 
operation. The two releases occurred at different times and by different responsible 
parties. The distinction between these two releases will be discussed as part of this 
report.  
 
MTCA Method A cleanup levels for soil will be used as screening levels for purposes of 
discussion of investigation results. Cleanup standards are more fully developed and 
discussed in Section 8. 
 
 
2.2 SITE AND PROPERTY LOCATION/DEFINITION 

The Property is a former Jiffy Lube Facility located on the southwest corner of 
196th Street Southwest and 68th Avenue West in Lynnwood, Snohomish County, 
Washington (Property; Figure 1). The Property operated as a service station prior to 
converting to a lube facility in approximately 1977. All known business operators at the 
Property leased the Property from the Lorena Strickland Family. A legal description of 
the Property, including past and present owners and operators, is included in 
Appendix B. Currently the Aloha Café (a coffee shop) operates at the Property. 
 
The MTCA site (Site) is defined as all affected areas from the petroleum release 
associated with the lube facility operation at the Property and any potentially impacted 
adjacent parcels. The Site boundary is presented on Figure 2. The affected areas 
associated with the gasoline range hydrocarbon release are not considered part of the 
Site described in this report. 
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2.3 NEIGHBORHOOD SETTING 

The Property is zoned as commercial. The surrounding area is a combination of 
commercial and residential properties. The nearest residential area is located on the 
adjacent property to the south. A dry cleaners and carpet store occupies the adjacent 
property to the west. A strip mall occupies the property to the north across 196th Street 
Southwest, and a parking lot occupies the property to the east across 68th Avenue West 
(Figure 3).  
 
 
2.4 PHYSIOGRAPHIC SETTING/TOPOGRAPHY 

The Property is located at approximately 450 feet above mean sea level (msl) in a 
relatively flat area located approximately ¾ mile west of Scriber Lake. 
 
Surface cover at the Property is primarily asphalt and concrete pavement. One catch 
basin is located in the southeastern corner of the Property. The area topography slopes 
gently from the site to the south and west, and is locally relatively level to the north and 
east.  
 
 

3.0 PROPERTY DEVELOPMENT AND HISTORY  

3.1 PAST PROPERTY USES AND FACILITIES 

Based on the station building construction date, the Property was developed in 
approximately 1959. Historical documents suggest that a Texaco service station operated 
on the Property from 1959 to 1977, and was replaced by a lube oil facility under various 
ownership from 1977 to 2006. The layout of the original Texaco service station facilities 
are uncertain; however, the former dispenser islands are believed to have been located 
in the north-central portion of the Property and the former gasoline USTs were believed 
to be located in the northeastern corner of the Property. Three gasoline USTs were likely 
present at the Property. Equilon acquired the Jiffy Lube facility in 2004 and operated 
until the facility was taken out of service on April 30, 2006. According to Ecology’s UST 
data summary, the lube facilities included one 3,000-gallon new oil UST, one 500-gallon 
waste oil UST (both installed in 1982), and one 500-gallon heating oil UST (of unknown 
installation date). In 1995, the new and waste USTs were replaced with above ground 
storage tanks (ASTs). A summary all historical USTs associated with the Property are 
listed below. 
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Tank Type & 

Volume 
Content Date Installed 

Date 

Decommissioned 

Tank 

Operator 

Unknown Gasoline 1959 1977 Texaco 

Unknown Gasoline 1959 1977 Texaco 

Unknown Gasoline 1959 1977 Texaco 

3,000-gallon UST New Oil 1982 1995 
Jiffy 

Lube/Equilon 

500-gallon UST Waste Oil 1982 1995 
Jiffy 

Lube/Equilon 

500-gallon UST Heating Oil  Unknown 1989 
Jiffy 

Lube/Equilon 

 
 
3.2 CURRENT PROPERTY USE AND FACILITIES 

The Property currently operates as the Aloha Café. Facilities on the Property currently 
include the former station building (Figure 2). The Jiffy Lube facilities were 
decommissioned on April 30, 2006; however, no report documenting the 
decommissioning could be located. 
 
 
3.3 PROPOSED OR POTENTIAL FUTURE PROPERTY USES 

Planned use for the Property is uncertain; however, due to its location and zoning, it will 
likely continue as commercial use.  
 
 
3.4 ZONING 

The Property is zoned as commercial by the City of Lynnwood Zoning Map (2010), and 
surrounding properties are a mix of commercial and residential zoning. 
 
 
3.5 TRANSPORTATION/ROADS 

The Property is located on the southwestern corner of 196th Street Southwest and 
68th Avenue West (Figure 2). 196th Street Southwest (also known as State Route 524) is a 
major east-west arterial which connects the City of Edmonds to the west to the City of 
Lynnwood. 68th Avenue West is a minor arterial connecting commercial areas to the 
south with residential areas to the north.  
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3.6 UTILITIES AND WATER SUPPLY 

Utilities are present in the subsurface throughout the Property and overhead electrical 
lines run along the southern Property boundary. Subsurface electrical lines run from the 
station building to the station sign in the northeastern planter, water and natural gas 
lines run between the station building and the eastern Property boundary, and electrical 
and telecommunications lines run from the station building to the southeastern corner of 
the Property (Figure 2). Immediately off-property to the west, another natural gas line 
and overhead electric lines are present. Drinking water for the City of Lynnwood is 
provided by the Alderwood Water and Wastewater District, which acquires water from 
the City of Everett. The City of Everett sources water from Lake Spada Reservoir, 
Chaplain Reservoir, and the Sultan River. 
 
 
3.7 POTENTIAL SOURCES OF CONTAMINATION FROM NEIGHBORING 

PROPERTIES   

Two separate Phase I Environmental Site Assessments (ESA) in 2003 and 2004 indicate 
that former service stations had historically occupied the northwest and southeast 
corners of the intersection of 196th Street Southwest and 68th Avenue West, both of which 
are identified in Ecology’s LUST list. An Environmental Data Resources, Inc. (EDR) 
report attached to the 2003 Phase I ESA indicated that twelve additional LUST sites were 
listed within ½ mile of the Property. There is also a dry cleaners on the adjacent property 
to the west, and a laundromat to the northeast, however neither property has a record of 
spills or violations. The twelve additional properties identified in the EDR report are all 
cross-gradient or downgradient of the Property. Based on the cross-gradient position of 
the former service station to the east, it is not considered to be a source of the release at 
the Property. The LUST facility immediately to the north is a potential source of the 
contamination at the Property based on its close proximity and upgradient location. 
 
 

4.0 ENVIRONMENTAL INVESTIGATION SUMMARY 

A total of 13 soil borings (including one hand auger boring) have been advanced 
on-Property, and two soil borings have been advanced off-Property. Ten of the 
on-Property soil borings were completed as monitoring wells. Additionally, six 
compliance soil samples have been collected at the Site. 
 
A complete chronological summary of work completed at the Site during the 
investigations listed above is included as Appendix C. Reports summarized in 
Appendix C represent all available investigation reports obtained by or provided to 
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CRA. Figures 4A and 4B present the locations of all soil samples collected during the 
investigation activities at the Site. A summary of all soil sample locations submitted for 
analyses, including the date of the sample, depth, consultant performing sampling, and 
analytical methods and results are presented in Table 1. A summary of historical 
groundwater monitoring results are summarized in Table 2. All available historical 
boring logs for the previous investigations are included in Appendix D. Two soil borings 
were advanced via a hollow stem auger drill rig in May 2010 to a depth of 20 feet bgs on 
the adjacent property to the west (Figure 4A and 4B).  Grab groundwater samples were 
collected from these borings from temporary monitoring wells. The borings were 
backfilled with bentonite chips upon completion.  Soil boring logs from CRA’s 2010 
investigation are included in Appendix E. Laboratory analytical reports for soil samples 
collected in association with CRA’s 2010 investigation are included as Appendix F. 
 
 

5.0 NATURAL CONDITIONS 

5.1 GEOLOGY 

The Property is located in the Puget Lowland Physiographic province, which consists of 
mainly glacially-deposited sediments. The Puget Sound Lowland is a basin lying 
between the Cascade Mountain Range to the east and the Olympic Mountain Range to 
the west.  
 
The Property is underlain by imported fill and native material. Fill comprises the 
subsurface to approximately 7.5 feet bgs, and is underlain by unconsolidated sediments 
(silts and sands with gravels and clay) characteristic of weathered till to approximately 
18 feet bgs. The unconsolidated sediments are underlain by consolidated, dense silts and 
sands with gravel and clay, characteristic of unweathered till. The till extends to the 
maximum depth explored of 32.5 feet bgs  
 
Cross sections describing subsurface soil conditions are included as Figures 5A, 5B, 6A 
and 6B. 
 
 
5.2 GROUNDWATER 

Shallow groundwater beneath the Site is present at average depths varying between 
approximately 6.1 to 14.9 feet bgs in Site monitoring wells. Groundwater encountered in 
the Site wells is likely perched water present on top of native material consisting of 
relatively lower permeable silts and interbedded sands, with trace amounts of gravel 
and clay. Groundwater flows to the southwest. Table 2 presents historical groundwater 
elevations and groundwater monitoring results for all Site wells. The EDR provided in a 
2003 Phase I ESA for the Property indicated that no drinking water wells are present 
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within ½ mile of the Property.  A search of the Ecology Well Log database returned 3 
potential wells within a 1-mile radius of the Site.  The 3 wells are located 1 mile 
east-southeast, 0.75 miles southeast, and 0.5 miles northwest. Based on the age of the 
well installation (1953-1991), these wells likely no longer exist or are not used. The 
regional groundwater aquifer is estimated at greater than 300 feet bgs based on data 
provided in the well logs.  
 
 
5.3 SURFACE WATER  

Surface waters near the Site include Scriber Lake located approximately ¾ mile to the 
east. 
 
 
5.4 TERRESTRIAL ECOLOGICAL RECEPTORS 

The Site qualifies for a TEE exclusion because there is less than 1.5 acres of undeveloped 
land within a 500-foot radius of the Site.  The TEE exclusion form is included in 
Appendix G. 
 
 

6.0  CONTAMINANT OCCURRENCE AND MOVEMENT 

6.1 SOIL 

Table 1 summarizes soil analytical data for the Site. The locations of all soil samples are 
presented in Figures 4A and 4B. Figures 4A and 4B present the horizontal extent of 
petroleum hydrocarbons in soil, whereas Figures  5A, 5B, 6A, and 6B present the vertical 
extent of petroleum hydrocarbons in soil. Based on previous investigations, the extent of 
petroleum hydrocarbon-impacted soil related to Jiffy Lube facility operations has been 
adequately defined at the Site based on comparison to MTCA Method A screening levels 
and is confined to the immediate vicinity of the closed-in-place waste oil UST.  
 
 
6.2 GROUNDWATER  

Table 2 summarizes historical groundwater analytical results for Site monitoring wells. 
A groundwater contour and chemical concentration map for the third quarter 2010 and a 
Rose diagram depicting groundwater flow directions since December 2006 are presented 
in Figures 7A and 7B.  
 
Concentrations of TPHd and TPHo are below MTCA Method A cleanup levels, except in 
monitoring well MW-8, where the TPHd and TPHo concentrations are likely the result 
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of weathered gasoline eluting in the diesel and oil ranges, and/or the result of 
hydrocarbon migration from an off-Site source. Monitoring well MW-8 is located 
approximately 45 feet upgradient (north) of the lube facility release.  SPH continues to 
periodically be reported in monitoring wells MW-3, MW-4, and MW-5, and less 
frequently in monitoring well MW-8 (Table 2). The concentration of TPHd in two grab 
samples collected in May 2010 from temporary wells in soil borings SB-3 and SB-4 above 
the MTCA Method A screening level is also likely weathered gasoline eluting in the 
diesel range. 
 
Fuel fingerprint analysis conducted in late 2009 concluded that the SPH detected in 
monitoring wells MW-3, MW-4, and MW-5 (and likely the intermittently detected SPH 
in MW-8) consists of weathered gasoline; lube oil constituents were absent 
(Appendix H) 1. Concentrations of TPHg and BTEX, related to the former service station 
operations, are persistently detected above the MTCA Method A screening levels in 
monitoring wells MW-1, MW-2, and MW-10 (Table 2). Benzene in grab groundwater 
sampled from a temporary well in soil boring SB-3 in May 2010 also was above the 
MTCA Method A screening level. 
 
 
6.3 SURFACE WATER 

Based on the distance to the nearest surface water bodies, no investigation of surface 
water associated with this release is necessary.  
 
 
6.4 AIR/SOIL VAPOR 

There have been no investigations of soil vapor at the Site. Based on the distribution of  
Site contaminants in soil and groundwater beneath the Site associated with the lube 
facility release, impacts to soil vapor are likely negligible.  Soil vapor associated with the 
former gasoline service station release will require further evaluation. 
 
 
6.5 SEDIMENT 

No sediment has been sampled as there has been no indication that the surface water 
has been impacted from the Property or Site. 
 
 

                                                      
1  The fuel fingerprint analysis included as Appendix H refers to results from well MW-6; however, 

the chain-of-custody included in the memo indicates that samples were taken from MW-3, MW-4, 
and MW-5.  Because SPH has never been present in MW-6, it is clear that the results included in 
the analysis are in fact from MW-5. 
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7.0 CONCEPTUAL MODEL 

Based on the results of environmental activities, two distinct releases have occurred at 
the Property; one release associated with the former lube oil facility operations before 
1995 (but after UST installation in 1982); and one release associated with the former 
service station operations at the Property before 1977. The exact circumstances of either 
release is not known, but the release associated with the lube oil facility is likely sourced 
from the closed-in-place waste oil UST; and the release associated with the former 
service station operations is likely sourced from the former dispenser islands and former 
product conveyance system. The former fuel USTs may also be a source of the release 
associated with the former service station, but soil and groundwater data at monitoring 
well MW-7 suggest that the dispenser islands and product conveyance system were the 
source of the release.  
 
Soil and groundwater data obtained during environmental activities suggests that the 
release associated with the lube oil facility is limited to soil in the immediate vicinity of 
the former waste oil UST. Monitoring well MW-10, downgradient of the closed-in-place 
waste oil UST, has had no detections of TPHo in groundwater above the laboratory 
reporting limits since installation. Concentrations of TPHd and TPHo reported in 
groundwater are most likely the result of weathered gasoline eluting in the diesel and 
heavy oil ranges. Fuel fingerprint analysis of an SPH sample taken from monitoring well 
MW-3 demonstrated that SPH at the Site is comprised entirely of weathered gasoline; 
lube oil constituents are absent. 
 
The Property has likely been capped by asphalt and concrete since development in 1959 
and therefore has not been exposed to infiltrating surface water. Subsurface soils at the 
Site consist of several feet of fill overlying weathered till, which is comprised of poorly 
sorted silts and sands with variable amounts of clay and gravel. At approximately 
18 feet bgs, relatively impermeable glacial till is present to the maximum depth explored 
at the Site of 32.5 feet bgs. The depth to the perched water fluctuates seasonally, and is 
normally present at the Site from approximately 6.1 to 14.9 feet bgs. SPH is currently 
present routinely in monitoring wells MW-3, MW-4, and MW-5, and intermittently in 
monitoring well MW-8, all in the vicinity of the former dispenser islands. In 2009, SPH 
was periodically removed passively using absorbent socks, and in 2010, SPH was 
periodically removed by bailing. 
 
 

8.0 CLEANUP STANDARDS – SOIL AND GROUNDWATER 

In accordance with MTCA, development of cleanup levels includes identifying potential 
exposure pathways for humans and environmental impacts based on the planned land 
use. The Property is currently zoned for commercial use and zoning is not anticipated to 
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change in the near future. As previously noted, the Property is currently used as a coffee 
shop. 
 
 
8.1 SOIL CLEANUP LEVELS 

MTCA Method A soil cleanup levels will be used for Jiffy Lube constituents of concern 
(COCs) beneath the Site. The point of compliance for soil cleanup levels based on 
protection of groundwater is all soil throughout the Site from the ground surface to the 
groundwater table.  Soil cleanup levels are included in Table 1.  
 
 
8.2 GROUNDWATER CLEANUP LEVELS 

MTCA Method A groundwater cleanup levels will be used for Jiffy Lube COCs.  Based 
on the data collected to date, it does not appear that groundwater has been impacted by 
any former lube oil operations at the Site.  Groundwater cleanup levels are included in 
Table 2. 
 
 

9.0 INTERIM ACTION SUMMARY 

During the 1995 new oil UST removal, 65 tons of petroleum hydrocarbon impacted soil 
was reportedly removed and disposed of offsite. In 2009 and 2010, SPH was removed 
from monitoring wells MW-3, MW-4 and MW-5 using absorbent socks and bailing. No 
additional interim actions have been identified at the Site. 
 
 

10.0 AREAS REQUIRING FUTURE MANAGEMENT AND CONCLUSIONS 

10.1 CONSTITUENTS OF CONCERN 

TPHo in soil is the only COC associated with the Site (former lube facility release).  
 
 
10.2 SOIL – VERTICAL AND LATERAL 

The only area requiring future soil management is around the closed-in-place 500-gallon 
waste oil UST, beneath the existing on-Site building.  
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10.3 GROUNDWATER – VERTICAL AND LATERAL 

The groundwater associated with the Site has not been impacted by COCs originating 
from the former lube oil facility, and therefore, future management of groundwater is 
not required. 
 

11.0 CONCLUSIONS AND RECOMMENDATIONS 

Based on all of the data collected to date, residual impacts related to the release 
originating from the former lube oil operations on the Property is limited to a very small 
area beneath the existing building.  The former lube oil release has not adversely 
impacted groundwater and is not likely to impact groundwater in the future. The former 
gasoline service station operations resulted in a much larger release encompassing the 
majority of the Property and possibly extending off-Property, impacting both soil and 
groundwater. The small area of remaining soil impacts beneath the building are not 
accessible for removal or remediation without significant disturbance to the existing 
business, and much more significant impacts to soil and groundwater associated with 
the former gasoline service station would still remain beneath the Property.  Therefore, 
CRA recommends the evaluation and execution of an environmental covenant 
associated with the lube oil facility release for the residual soil impacts beneath the 
existing building.  CRA also recommends that a separate environmental release is 
opened with Ecology and the appropriate responsible party is identified. 
 
 

12.0 REFERENCES 

City of Lynnwood, Current Zoning Map, April 20, 2010.  
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FINEnvironmental, Inc., Phase I Environmental Site Assessment Limited Compliance 
Audit, January 28, 2003. 
 
GeoEngineers, Inc., Limited Phase I Environmental Site Assessment, February 11, 2004. 
 
Nowicki and Associates, Lynnwood Quaker State Lube UST Closure Site 
Characterization, September 27, 1995. 
 
Nowicki and Associates, Waste Oil UST – Characterization Soil Boring, November 20, 
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TABLES 



TABLE 1

SUMMARY OF HISTORICAL ANALYTICAL SOIL DATA
FORMER JIFFY LUBE FACILITY

6808 196TH STREET SOUTHWEST, LYNNWOOD, WASHINGTON

LEAD PCBs

Sample ID Consultant Sample Date Depth TPHg a TPHd TPHo B T E X EDB EDC Total MTBE Naphthalene Total cPAHs 1 PCBs
30/100 2,000 2,000 0.03 7 6 9 0.005 N/A 250 0.1 5 0.1 1

feet bgs (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

SW Nowicki & Associates 08/22/95 6 --- <25 <50 --- --- --- --- --- --- --- --- --- --- ---

WW Nowicki & Associates 08/22/95 6 --- 5,100 13,000 --- --- --- --- --- --- --- --- --- --- ---

WW2 Nowicki & Associates 08/22/95 NR --- --- --- <0.1 <0.1 <0.1 <0.3 --- <0.1 --- --- --- --- ---

BOT Nowicki & Associates 08/22/95 9 --- 27 66 --- --- --- --- --- --- --- --- --- --- ---

BOT2 Nowicki & Associates 08/24/95 12.5 --- <25 <50 --- --- --- --- --- --- --- --- --- --- ---

WW4 Nowicki & Associates 08/24/95 10 --- <25 <50 --- --- --- --- --- --- --- --- --- --- ---

SB-16" Nowicki & Associates 08/24/95 1.33 --- 1,400 5,200 --- --- --- --- --- --- --- --- --- --- ---

SB-24" c Nowicki & Associates 08/24/95 2 --- 630 2,000 --- --- --- --- --- --- --- --- --- --- ---

SB1-12.5' b Nowicki & Associates 11/06/95 12.5 4,100 <50 <100 18 150 57 280 --- --- --- --- --- --- ---

SB1-16' Nowicki & Associates 11/06/95 16 <5 --- --- <0.1 <0.1 <0.1 <0.3 --- --- --- --- --- --- ---

SB2-15' Nowicki & Associates 11/06/95 15 640 --- --- 2.4 15 7 33 --- --- --- --- --- --- ---

GW1-17.5 a Cambria Environmental Technology, Inc. 11/16/06 17.5 <3.54 <10.9 <27.2 0.16 0.34 <0.07 <0.21 <0.04 <0.04 1.48 <0.35 <0.0108 <0.0195 <0.0108

GW1-27.5 a Cambria Environmental Technology, Inc. 11/16/06 27.5 4.54 <10.6 <26.4 0.14 0.38 <0.07 <0.21 <0.04 <0.04 0.962 <0.36 <0.0106 <0.0192 <0.0106

SB1-7.5 Cambria Environmental Technology, Inc. 11/16/06 7.5 4.51 <10.8 <27.1 0.14 0.42 <0.08 <0.24 <0.04 <0.04 1.71 <0.41 0.1138 <0.0195 <0.0108

SB1-12.5 Cambria Environmental Technology, Inc. 11/16/06 12.5 12.3 <11.4 <28.6 0.73 1.7 0.18 0.9 <0.04 <0.04 2.06 <0.39 0.0152 <0.0208 <0.0115

GW3-7.5 a Cambria Environmental Technology, Inc. 11/16/06 7.5 1,820 63.3 <27.9 8.6 99 25 160 <0.04 <0.04 6.69 <0.40 5.86 <0.0201 <0.0111

GW3-17.5 a Cambria Environmental Technology, Inc. 11/16/06 17.5 8.39 <11.1 <27.8 0.53 0.85 0.12 0.39 <0.04 <0.04 1.55 <0.39 <0.0111 <0.0201 0.109

GW2-12.5 a Cambria Environmental Technology, Inc. 11/17/06 12.5 <3.68 <11.0 <27.4 0.02 <0.07 <0.07 <0.22 <0.04 <0.04 1.6 <0.37 <0.0111 <0.0201 <0.0111

GW2-17.5 a Cambria Environmental Technology, Inc. 11/17/06 17.5 9.49 <11.2 <28.1 0.33 1 0.87 0.34 <0.04 <0.04 1.4 <0.43 <0.0113 <0.0205 <0.0113

GW4-7.5 a Cambria Environmental Technology, Inc. 11/17/06 7.5 1,060 30.9 <26.8 0.48 12 8.2 54 <0.04 <0.04 2.35 <0.38 4.10 <0.0194 <0.0107

GW4-17.5 a Cambria Environmental Technology, Inc. 11/17/06 17.5 8.57 <11.0 <27.5 0.24 0.44 <0.08 0.31 <0.04 <0.04 1.58 <0.38 <0.0110 <0.01991 <0.0110

GW5-7.5 a Cambria Environmental Technology, Inc. 11/17/06 7.5 1,550 62.4 <26.9 0.97 24 14 90 <0.04 <0.04 4.64 <0.39 6.34 <0.0195 <0.0108

GW5-17.5 a Cambria Environmental Technology, Inc. 11/17/06 17.5 23.9 <11.0 <27.5 0.09 0.52 0.19 0.9 <0.04 <0.04 1.33 <0.37 0.0127 <0.0201 <0.0111

MW6@15' CRA 07/05/07 15 <3.95 --- --- <0.0158 <0.0790 <0.0790 <0.237 <0.0790 <0.0790 1.45 <0.39 --- --- ---

MW6@20' CRA 07/05/07 20 <3.54 --- --- 0.0921 <0.0708 <0.0708 <0.212 <0.0708 <0.0708 1.93 <0.35 --- --- ---

MW7@5' CRA 07/05/07 5 <4.11 --- --- <0.0164 0.214 <0.0822 <0.247 <0.0822 <0.0822 2.34 <0.41 --- --- ---

MW7@20' CRA 07/05/07 20 <4.36 --- --- <0.0177 <0.0886 <0.0886 <0.266 <0.0886 <0.0886 1.85 <0.44 --- --- ---

MW8@15' CRA 07/05/07 15 834 --- --- 2.91 30.9 7.76 49.7 <0.0789 <0.0789 3.29 <0.39 --- --- ---

MW8@20' CRA 07/05/07 20 <4.19 --- --- 0.0486 0.161 <0.0838 <0.252 <0.0838 <0.0838 1.46 <0.42 --- --- ---

MW9@10' CRA 07/06/07 10 <0.0364 --- --- 0.248 <0.0854 0.0854 <0.256 <0.0854 <0.0854 1.96 <0.43 --- --- ---

MW9@20' CRA 07/06/07 20 <3.72 --- --- 0.104 <0.0744 <0.0744 0.327 <0.0744 <0.0744 1.29 <0.37 --- --- ---

MW10@5' CRA 07/06/07 5 8.16 --- --- 0.119 0.359 <0.0756 <0.227 <0.0756 <0.0756 5.91 <0.38 --- --- ---

MW10@20' CRA 07/06/07 20 3.99 --- --- 0.0532 0.102 0.131 <0.228 <0.0795 <0.0794 1.54 <0.40 --- --- ---

SO-241739-051010-HB-SB-3-5.0 CRA 05/10/10 5 <0.20 <5.0 <5.0 <0.00083 <0.00083 <0.00083 <0.0017 --- --- --- --- --- ---

SO-241739-051010-HB-SB-4-5.0 CRA 05/10/10 5 <0.24 6.1 47 <0.0010 0.0018 <0.0010 0.0020 --- --- --- --- --- ---

PAHs

MTCA Method A Cleanup Levels

HYDROCARBONS PRIMARY VOCs OXYGENATES
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TABLE 1

SUMMARY OF HISTORICAL ANALYTICAL SOIL DATA
FORMER JIFFY LUBE FACILITY

6808 196TH STREET SOUTHWEST, LYNNWOOD, WASHINGTON

LEAD PCBs

Sample ID Consultant Sample Date Depth TPHg a TPHd TPHo B T E X EDB EDC Total MTBE Naphthalene Total cPAHs 1 PCBs
30/100 2,000 2,000 0.03 7 6 9 0.005 N/A 250 0.1 5 0.1 1

feet bgs (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

PAHs

MTCA Method A Cleanup Levels

HYDROCARBONS PRIMARY VOCs OXYGENATES

Notes:
 -- = Not analyzed
All results in milligrams per kilogram (mg/kg) unless otherwise indicated.
Results in bold indicate an exceedance of the Model Toxics Control Act (MTCA) Method A cleanup level.
bgs = below ground surface (in feet)

Shaded soil sample locations were overexcavated per Nowicki (1995).
TPHg = Total petroleum hydrocarbons as gasoline analyzed by NWTPH-Gx
TPHd = Total petroleum hydrocarbons as diesel analyzed by NWTPH-Dx with silica gel cleanup
TPHo = Total petroleum hydrocarbons as motor oil analyzed by NWTPH-Dx with silica gel cleanup
Benzene, toluene, ethylbenzene, and xylenes (BTEX) analyzed by EPA 8260B
EDB = 1,2 Dibromoethane analyzed by EPA 8011
EDC = 1,2 Dichloroethane analyzed by EPA 8260B
MTBE = Methyl tertiary-butyl ether analyzed by EPA Method 8260B
TBA = Tertiary-butanol analyzed by EPA Method 8260B
DIPE = Di-isopropyl ether analyzed by EPA Method 8260B
ETBE = Ethyl tertiary-butyl ether analyzed by EPA Method 8260B
TAME = Tertiary-amyl methyl ether analyzed by EPA Method 8260B
VOCs = Volatile organic compounds analyzed by EPA Method 8260B
Total Lead analyzed by EPA Method 6020
<x = Not detected at reporting limit x
<x* = Not detected, reporting limit x was above MTCA screening level
ND = Report indicates analyte not present above laboratory reporting limit (RL). RL was not provided in lab report.

a = soil sample was collected from the corresponding monitoring well location (e.g., GW1-27.5 was collected from monitoring well MW-1 at a depth of 27.5 feet bgs)

b = Concentration of TPHd and TPHo reported using method WTPH-HCID.

c = Concentration of TPHg reported using method WTPH-HCID.
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TABLE 2

SUMMARY OF GROUNDWATER MONITORING DATA 
FORMER JIFFY LUBE FACILITY

6808 196TH STREET SOUTHWEST,
LYNNWOOD, WASHINGTON

LEAD
Sample 

ID Date TOC DTW GWE
SPH 

Thickness TPHg TPHd TPHo B T E X EDB EDC MTBE TBA DIPE ETBE TAME Total 
800/1000 500 500 5 1000 700 1000 0.01 5 20 NE NE NE NE 15

MW-1 12/28/06 451.74 9.75 441.99 0.00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-1 12/29/06 451.74 9.57 442.17 0.00 42,100 <255 <510 m 9,190 2,140 1,090 4,100 --- --- --- --- --- --- --- ---

MW-1 02/15/07 451.74 10.10 441.64 0.00 41,200 <269 <538 m 9,230 1,840 938 3,710 --- --- <5.00 54.6 <1.00 <1.00 <1.00 ---

MW-1 04/06/07 451.74 10.71 441.03 0.00 30,200 <258 <515 m 7,450 732 718 2,310 --- --- --- --- --- --- --- ---

MW-1 07/09/07 451.74 10.78 440.96 0.00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-1 07/28/07 451.74 11.01 440.73 0.00 5,850 <258 <515 m 2,400 32.4 131 190 --- --- --- --- --- --- --- ---

MW-1 10/01/07 451.74 13.98 437.76 0.00 23,900 1,540 f,g <105 6,270 196 653 1,340 --- --- --- --- --- --- --- ---

MW-1 01/10/08 451.74 9.43 442.31 0.00 73,000 <243 <485 16,500 4,010 1,610 6,790 --- --- --- --- --- --- --- ---

MW-1 07/10/08 451.74 10.81 440.93 0.00 800 1,400 <300 280 13 2 33 --- --- --- --- --- --- --- ---

MW-1 01/06/09 451.74 10.16 441.58 0.00 <100 190 <380 1 <1.0 <1.0 <1.0 --- --- <1.0 <10 <2.0 <2.0 <2.0 ---
MW-1 * 07/13/09 451.74 11.14 440.60 0.00 7,500 2,800 j <100 1,200 60 220 470 <0.010 <0.29 --- --- --- --- --- 3.33

MW-1 07/29/10 451.74 11.10 440.64 0.00 --- 320 j 110 32 2.9 17 48 --- --- --- --- --- --- --- ---

MW-2 12/28/06 450.59 7.26 443.33 0.00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-2 12/29/06 450.59 7.35 443.24 0.00 2,640 <253 <505 m 21.7 6.75 55.1 9.91 --- --- --- --- --- --- --- ---

MW-2 02/15/07 450.59 8.03 442.56 0.00 249 <278 <556 m 2.06 <0.500 4.36 <1.00 --- --- <5.00 <50.0 <1.00 <1.00 <1.00 ---

MW-2 04/06/07 450.59 8.50 442.09 0.00 180 <258 <515 m 1.83 0.518 2.61 <1.00 --- --- --- --- --- --- --- ---

MW-2 07/09/07 450.59 8.62 441.97 0.00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-2 07/28/07 450.59 8.96 441.63 0.00 3,200 <255 <510 m 66.1 7.86 137 20.4 --- --- --- --- --- --- --- ---

MW-2 10/01/07 450.59 12.54 438.05 0.00 3,980 1,080 g,h <105 175 13.7 331 47.4 --- --- --- --- --- --- --- ---

MW-2 01/10/08 450.59 7.88 442.71 0.00 5,000 <243 <485 214 9.85 502 71.0 --- --- --- --- --- --- --- ---

MW-2 07/10/08 450.59 9.98 440.61 0.00 540 <500 <200 4.9 <1 9.4 <1 --- --- --- --- --- --- --- ---
MW-2 01/06/09 450.59 8.18 442.41 0.00 9,200 <100 <100 390 16 840 62.0 --- --- <10 <100 <20 <20 <20 ---

MW-2 07/13/09 450.59 10.66 439.93 0.00 320 210 j <100 3.8 <1.0 3.3 <1.0 <0.010 <0.50 --- --- --- --- --- <1.00

MW-2 07/29/10 450.59 10.31 440.28 0.00 --- 200 j <100 2.1 <1.0 <1.0 <1.0 --- --- --- --- --- --- --- ---

MW-3 12/28/06 451.69 8.45 443.24 0.00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-3 12/29/06 451.69 8.51 443.18 0.00 171,000 608 <510 m 28,500 29,200 2,950 15,900 --- --- --- --- --- --- --- ---

MW-3 02/15/07 451.69 9.09 442.60 0.00 263,000 a, b 2,580 c <2,750 m 29,200 37,400 3,140 18,600 --- --- <500 m <5,000 <100 <100 <100 ---

MW-3 04/06/07 451.69 9.66 442.03 0.00 214,000 867 c <495 26,600 37,500 2,850 16,800 --- --- --- --- --- --- --- ---

MW-3 07/09/07 451.69 9.81 441.88 0.00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-3 07/28/07 451.69 10.13 441.56 0.00 248,000 8,340 e <5.050 m 28,600 37,400 2,810 12,800 --- --- --- --- --- --- --- ---

MW-3 10/01/07 451.69 13.96 437.73 0.00 252,000 185,000 g,h <10,500 m 29,300 35,200 3,260 19,300 --- --- --- --- --- --- --- ---

MW-3 01/10/08 451.69 9.34 442.37 d 0.02 NOT SAMPLED - SPH PRESENT --- --- --- --- --- --- --- --- --- --- --- ---

MW-3 01/14/08 451.69 9.06 442.63 0.00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-3 01/21/08 451.69 8.27 443.42 0.00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-3 02/26/08 451.69 8.40 443.30 d 0.01 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-3 07/10/08 451.69 9.02 442.69 d 0.02 NOT SAMPLED - SPH PRESENT --- --- --- --- --- --- --- --- --- --- --- ---

MW-3 08/26/08 451.69 9.55 442.16 d 0.02 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-3 09/22/08 451.69 10.00 441.71 d 0.03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-3 01/06/09 451.69 8.47 443.24 d 0.02 NOT SAMPLED - SPH PRESENT --- --- --- --- --- --- --- --- --- --- --- ---

MW-3 07/29/10 451.69 9.21 442.50 d 0.03 NOT SAMPLED - SPH PRESENT 

MW-4 12/28/06 452.01 9.41 442.60 0.00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-4 12/29/06 452.01 9.36 442.65 0.00 207,000 1,810 <510 m 32,400 39,700 3,200 18,800 --- --- --- --- --- --- --- ---

MW-4 02/15/07 452.01 9.96 442.05 0.00 253,000 a, b 72,100 c <50,000 m 31,500  a, b 40,500 a, b 2,990 a, b 18,100 a, b --- --- <500 m <5,000 <100 <100 <100 ---

OXYGENATES

Model Toxics Control Act Method A Cleanup Levels

PRIMARY VOCsHYDROCARBONS
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TABLE 2

SUMMARY OF GROUNDWATER MONITORING DATA 
FORMER JIFFY LUBE FACILITY

6808 196TH STREET SOUTHWEST,
LYNNWOOD, WASHINGTON

LEAD
Sample 

ID Date TOC DTW GWE
SPH 

Thickness TPHg TPHd TPHo B T E X EDB EDC MTBE TBA DIPE ETBE TAME Total 
800/1000 500 500 5 1000 700 1000 0.01 5 20 NE NE NE NE 15

OXYGENATES

Model Toxics Control Act Method A Cleanup Levels

PRIMARY VOCsHYDROCARBONS

MW-4 04/06/07 452.01 10.41 441.63 d 0.04 NOT SAMPLED - SPH PRESENT --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 07/09/07 452.01 10.47 441.56 d 0.03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 07/28/07 452.01 10.81 441.23 d 0.04 NOT SAMPLED - SPH PRESENT --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 10/01/07 452.01 14.24 437.87 d 0.13 NOT SAMPLED - SPH PRESENT --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 11/12/07 452.01 13.83 438.31 d 0.16 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 11/20/07 452.01 13.68 438.44 d 0.14 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 11/26/07 452.01 13.52 438.58 d 0.11 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 12/08/07 452.01 12.87 439.22 d 0.10 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 12/14/08 452.01 12.41 439.66 d 0.07 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 12/19/07 452.01 12.33 439.72 d 0.05 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 12/28/07 452.01 12.24 439.80 d 0.04 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 01/10/08 452.01 9.61 442.42 d 0.03 NOT SAMPLED - SPH PRESENT --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 01/14/08 452.01 9.23 442.80 d 0.02 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 01/21/08 452.01 8.07 443.96 d 0.03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 02/26/08 452.01 9.03 443.00 d 0.03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 07/10/08 452.01 9.71 442.41 d 0.14 NOT SAMPLED - SPH PRESENT --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 08/26/08 452.01 10.52 441.68 d 0.24 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 09/22/08 452.01 11.01 441.27 d 0.34 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 01/06/09 452.01 9.24 442.79 d 0.02 NOT SAMPLED - SPH PRESENT --- --- --- --- --- --- --- --- --- --- --- ---

MW-4 07/29/10 452.01 9.81 442.22 d 0.02 NOT SAMPLED - SPH PRESENT 

MW-5 12/28/06 451.38 8.11 443.27 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-5 12/29/06 451.38 8.17 443.21 --- 122,000 603 <515 m 7,220 24,400 2,280 13,200 --- --- --- --- --- --- --- ---

MW-5 02/15/07 451.38 8.49 442.89 --- 771,000 a, b 49,200 c <5,000 m 12,800 a, b 43,600 a, b 6,000 a, b 40,700 a, b --- --- <500 m <5,000 <100 <100 <100 ---

MW-5 04/06/07 451.38 9.08 442.32 d 0.03 NOT SAMPLED - SPH PRESENT --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 07/09/07 451.38 9.19 442.21 d 0.03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 07/28/07 451.38 9.58 441.83 d 0.04 NOT SAMPLED - SPH PRESENT --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 10/01/07 451.38 13.16 438.28 d 0.08 NOT SAMPLED - SPH PRESENT --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 11/12/07 451.38 12.74 438.69 d 0.06 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 11/20/07 451.38 12.55 438.89 d 0.08 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 11/26/07 451.38 12.48 438.95 d 0.06 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 12/05/07 451.38 11.74 439.72 d 0.10 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 12/14/07 451.38 11.53 439.90 d 0.06 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 12/19/07 451.38 11.41 440.00 d 0.04 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 12/28/07 451.38 11.29 440.12 d 0.04 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 01/10/08 451.38 8.70 442.70 d 0.02 NOT SAMPLED - SPH PRESENT --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 01/14/08 451.38 8.70 442.68 0.00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 01/21/08 451.38 8.00 443.54 d 0.20 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 02/26/08 451.38 8.02 443.50 d 0.17 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 07/10/08 451.38 8.68 442.97 d 0.34 NOT SAMPLED - SPH PRESENT --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 08/26/08 451.38 8.86 442.73 d 0.26 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 09/22/08 451.38 9.18 442.36 d 0.20 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 01/06/09 451.38 7.80 443.60 d 0.02 NOT SAMPLED - SPH PRESENT --- --- --- --- --- --- --- --- --- --- --- ---

MW-5 07/29/10 451.38 8.72 442.68 d 0.02 NOT SAMPLED - SPH PRESENT 

MW-6 07/09/07 449.40 8.33 441.07 0.00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
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TABLE 2

SUMMARY OF GROUNDWATER MONITORING DATA 
FORMER JIFFY LUBE FACILITY

6808 196TH STREET SOUTHWEST,
LYNNWOOD, WASHINGTON

LEAD
Sample 

ID Date TOC DTW GWE
SPH 

Thickness TPHg TPHd TPHo B T E X EDB EDC MTBE TBA DIPE ETBE TAME Total 
800/1000 500 500 5 1000 700 1000 0.01 5 20 NE NE NE NE 15

OXYGENATES

Model Toxics Control Act Method A Cleanup Levels

PRIMARY VOCsHYDROCARBONS

MW-6 07/28/07 449.40 8.61 440.79 0.00 52.4 <253 <505 m <0.500 1.25 <0.500 <1.00 --- --- --- --- --- --- --- ---

MW-6 10/01/07 449.40 12.22 437.18 0.00 <250 <105 <105 <1.00 <1.00 <1.00 <3.00 --- --- --- --- --- --- --- ---

MW-6 01/10/08 449.40 7.86 441.54 0.00 <50.0 <250 <500 <0.500 <0.500 <0.500 <3.00 --- --- --- --- --- --- --- ---

MW-6 07/10/08 449.40 7.87 441.53 0.00 <50 <500 <200 <1 <1 <1 <1 --- --- --- --- --- --- --- ---

MW-6 01/06/09 449.40 6.10 443.30 0.00 <100 <100 <100 <0.50 <1.0 <1.0 <1.0 --- --- <1.0 <10 <2.0 <2.0 <2.0 ---

MW-6 07/13/09 449.40 8.47 440.93 0.00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- <1.00

MW-6 07/29/10 449.40 8.17 441.23 0.00 --- <100 190 <0.50 <1.0 <1.0 <1.0 --- --- --- --- --- --- --- ---

MW-7 07/09/07 450.14 7.81 442.33 0.00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-7 07/28/07 450.14 8.03 442.11 0.00 <50.0 <253 <495 <0.500 <0.500 <0.500 <1.00 --- --- --- --- --- --- --- ---

MW-7 10/01/07 450.14 11.71 438.43 0.00 <250 <111 <111 1.78 <1.00 <1.00 <3.00 --- --- --- --- --- --- --- ---
MW-7 01/10/08 450.14 7.32 442.82 0.00 51.2 <250 <500 68.4 1.26 79.7 110 --- --- --- --- --- --- --- ---

MW-7 07/10/08 450.14 7.27 442.87 0.00 <50 <500 <200 <1 <1 <1 <1 --- --- --- --- --- --- --- ---

MW-7 01/06/09 450.14 7.07 443.07 0.00 <100 <100 <100 <0.50 <1.0 <1.0 <1.0 --- --- <1.0 <10 <2.0 <2.0 <2.0 ---

MW-7 07/13/09 450.14 7.70 442.44 0.00 --- --- --- 2.7 <1.0 <1.0 <1.0 --- --- --- --- --- --- --- <1.00

MW-7 07/29/10 450.14 7.69 442.45 0.00 --- <100 <100 <0.50 <1.0 <1.0 <1.0 --- --- --- --- --- --- --- ---

MW-8 07/09/07 451.31 8.63 442.68 0.00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-8 07/28/07 451.31 8.97 442.34 0.00 266,000 8,580 e <5,210 m 20,500 43,600 3,550 23,000 --- --- --- --- --- --- --- ---

MW-8 10/01/07 451.31 12.58 438.73 0.00 181,000 6,540 g, i <1,110 m 18,000 32,000 2,250 14,900 --- --- --- --- --- --- --- ---

MW-8 01/10/08 451.31 8.16 443.15 0.00 202,000 9,190 c <4,850 m 13,400 29,600 2,200 14,000 --- --- --- --- --- --- --- ---

MW-8 07/10/08 451.31 8.14 443.18 d 0.01 NOT SAMPLED - SPH PRESENT --- --- --- --- --- --- --- --- --- --- --- ---

MW-8 08/26/08 451.31 8.30 443.03 d 0.02 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-8 09/22/08 451.31 8.80 442.52 d 0.01 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-8 01/06/09 451.31 7.90 443.41 0.00 22,000 6,900 440 2,700 6,300 390 4,300 --- --- <20 <200 <40 <40 <40 ---

MW-8 07/29/10 451.31 7.92 443.39 0.00 --- 5,300 j 2,000 j 18,000 40,000 17,000 110,000 --- --- --- --- --- --- --- ---

MW-9 07/09/07 451.75 10.83 440.92 0.00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

MW-9 07/28/07 451.75 11.02 440.73 0.00 <50.0 <248 <495 <0.500 <0.500 <0.500 <1.00 --- --- --- --- --- --- --- ---
MW-9 10/01/07 451.75 14.07 437.68 0.00 299 174 f,g <111 5.52 <1.00 <1.00 <3.00 --- --- --- --- --- --- --- ---

MW-9 01/10/08 451.75 9.76 441.99 0.00 <50.0 <238 <476 <0.500 <0.500 <0.500 <3.00 --- --- --- --- --- --- --- ---

MW-9 07/10/08 451.75 9.71 442.04 0.00 <50 <500 <1,000 m <1 <1 <1 <1 --- --- --- --- --- --- --- ---

MW-9 01/06/09 451.75 9.35 442.40 0.00 <100 <100 <100 <0.50 <1.0 <1.0 <1.0 --- --- <1.0 <10 <2.0 <2.0 <2.0 ---

MW-9 07/13/09 451.75 9.94 441.81 0.00 --- --- --- <0.50 <1.0 <1.0 <1.0 --- --- --- --- --- --- --- <1.00

MW-9 07/29/10 451.75 9.80 441.95 0.00 --- <100 <100 <0.50 <1.0 <1.0 <1.0 --- --- --- --- --- --- --- ---

MW-10 07/09/07 451.43 12.44 438.99 0.00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-10 07/28/07 451.43 12.77 438.66 0.00 6,570 307 c <505 m 299 179 237 615 --- --- --- --- --- --- --- ---

MW-10 10/01/07 451.43 14.87 436.56 0.00 27,100 1,820 g,i <556 m 1,510 1,220 1,210 2,650 --- --- --- --- --- --- --- ---

MW-10 01/10/08 451.43 10.52 440.91 0.00 11,400 <248 <495 316 237 842 604 --- --- --- --- --- --- --- ---

MW-10 07/10/08 451.43 11.69 439.74 0.00 1,400 <500 <1,000 m 1,400 1,200 710 2,310 --- --- --- --- --- --- --- ---

MW-10 01/06/09 451.43 10.11 441.32 0.00 29,000 120 <100 4,800 1,400 1,800 5,100 --- --- <10 <100 <20 <20 <20 ---

MW-10 * 07/13/09 451.43 12.31 439.12 0.00 4,800 <100 <100 1,600 260 190 1,000 <0.010 <1.5 --- --- --- --- --- 1.02

MW-10 07/29/10 451.43 11.86 439.57 0.00 --- <100 <100 240 9.9 45 89 --- --- --- --- --- --- --- ---

SB-3 n 05/10/10 --- --- --- 0.00 360 1,600 j <100 170 <1.0 <1.0 <1.0 --- --- --- --- --- --- --- ---
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TABLE 2

SUMMARY OF GROUNDWATER MONITORING DATA 
FORMER JIFFY LUBE FACILITY

6808 196TH STREET SOUTHWEST,
LYNNWOOD, WASHINGTON

LEAD
Sample 

ID Date TOC DTW GWE
SPH 

Thickness TPHg TPHd TPHo B T E X EDB EDC MTBE TBA DIPE ETBE TAME Total 
800/1000 500 500 5 1000 700 1000 0.01 5 20 NE NE NE NE 15

OXYGENATES

Model Toxics Control Act Method A Cleanup Levels

PRIMARY VOCsHYDROCARBONS

SB-4 n 05/10/10 --- --- --- 0.00 180 2,400 j <100 <0.5 <1.0 <1.0 <1.0 --- --- --- --- --- --- --- ---

Notes:

DTW = Depth to Water in feet
GWE = Groundwater Elevation in feet above mean sea level
TOC = Top of Casing in feet above mean sea level
SPH = Separate Phase Hydrocarbons
MTCA = Model Toxics Control Act
All results in micrograms per liter (µg/L) unless otherwise indicated.
TPHg = Total petroleum hydrocarbons as gasoline analyzed by NWTPH-Gx unless otherwise noted. The higher value is based on the assumption that 
   no benzene is present in the groundwater sample.  If  any detectable amount of benzene is present in the groundwater sample,  then the lower TPHg cleanup level is applicable.
TPHd = Total petroleum hydrocarbons as diesel, analyzed by NWTPH-Dx with silica gel cleanup unless otherwised noted.
TPHo = Total petroleum hydrocarbons as oil, analyzed by NWTPH-Dx with silica gel cleanup unless otherwised noted.
VOCs = Volatile organic compounds
BTEX = Benzene, toluene, ethylbenzene, and xylenes analyzed by EPA Method 8260B unless otherwise noted.
Xylenes = o-xylene + m,p-xylene
MTBE = Methyl tertiary-butyl ether analyzed by EPA Method 8260B
EDB = 1,2-Dibromoethane analyzed by EPA Method 8011
EDC = 1,2-Dichloroethane analyzed by EPA Method 8260B
TBA = Tertiary-butanol analyzed by EPA Method 8260B
DIPE = Di-isopropyl ether analyzed by EPA Method 8260B
ETBE = Ethyl tertiary-butyl ether analyzed by EPA Method 8260B
TAME = Tertiary-amyl methyl ether analyzed by EPA Method 8260B
Total Lead analyzed by EPA Method 6020 unless otherwise noted.
<x = Not detected at laboratory reporting limit x
NE = Not established
--- = Not analyzed
Concentrations in bold type indicate the analyte was detected above MTCA Method A cleanup levels

a = Due to multiple re-shots required for re-analysis, the aliquot of sample analyzed on the instrument was taken from a VOA vial containing headspace.
b = Sample container contained headspace
c = Results reported in the diesel organics range are primarily due to overlap from a gasoline-range product.
d = Groundwater elevation formula adjusted for the presence of SPH:  (TOC - DTW)+ (SPHT*0.80)
e = Hydrocarbon pattern most closely resembles a blend of gasoline and diesel. 
f = The primary contamination elutes between C8 and C28, which is in the diesel range.
g = The contamination did not match any standard in our library.
h = The primary contamination elutes between C8 and C14, which is in the mineral spirits range.
i = The primary contamination elutes between C8 and C16, which is in the kerosene range.
j = The sample chromatographic pattern for TPH does not match the chromatographic pattern of the specified standard.
m = The laboratory reporting limit exceeded the MTCA Method A cleanup level.
n = Grab groundwater sample taken from temporary well. Sample ID is abbreviated from GW-241739-051010-HB-[Unique ID] .

* = Sample also analyzed for one or more of the following: carcinogenic polycyclic aromatic hydrocarbons (cPAHs) by EPA Method 8270C-SIM, polychlorinated biphenyls (PCBs) by EPA Method 8082, and halogenated volatile 
organic compounds (HVOCs) by EPA Method 8260B. For those constituents analyzed, no concentrations exceeded the laboratory MDL. Please see applicable laboratory report(s) for more information.

CRA 241739 (7) Page 4  of 4
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APPENDIX A 
 

ENVIRONMENTAL DOCUMENT LIST 



Y/N Date
Lynnwood Quaker State Lube UST Closure Site 

Characterization Nowicki & Associates  9/27/1995 Y  9/27/1995

Waste Oil UST - Characterization Soil Boring Nowicki & Associates 11/20/1995 Y 11/20/1995

Phase I Environmental Site Assessment Limited 
Compliance Audit FINEnvironmental, Inc. 1/28/2003 N ---

Limited Phase I Environmental Site Assessment GeoEngineers, Inc. 2/11/2004 N ---

Groundwater Monitoring Report - Fourth Quarter 2006 Cambria Environmental Technology, 
Inc. 5/31/2007 Y 5/31/2007

Site Investigation Report Conestoga-Rovers & Associates 5/31/2007 Y 5/31/2007

Groundwater Monitoring Report - First Quarter 2007 Conestoga-Rovers & Associates 6/27/2007 Y 6/27/2007

Groundwater Monitoring Report - Second Report 2007 Conestoga-Rovers & Associates 7/24/2007 Y 7/24/2007

Site Investigation Report Conestoga-Rovers & Associates 10/23/2007 Y 10/23/2007

Groundwater Monitoring Report - Third Quarter 2007 Conestoga-Rovers & Associates 10/31/2007 Y 10/31/2007

Groundwater Monitoring Report - Fourth Quarter 2007 Conestoga-Rovers & Associates 2/29/2008 Y 2/29/2008

Groundwater Monitoring Report - First Quarter 2008 Conestoga-Rovers & Associates 4/17/2008 Y 4/17/2008

Groundwater Monitoring Report - Third Quarter 2008 Conestoga-Rovers & Associates 12/2/2008 Y 12/02/2008

Groundwater Monitoring Report - First Quarter 2009 Conestoga-Rovers & Associates 3/26/2008 Y 3/26/2008

2009 Annual Groundwater Monitoring Report Conestoga-Rovers & Associates 2/8/2010 Y 2/8/2010

2010 Annual Groundwater Monitoring Report Conestoga-Rovers & Associates 10/25/2010 Y 10/25/2010

APPENDIX A - ENVIRONMENTAL DOCUMENT LIST

Submitted to EcologyTitle Author Date
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APPENDIX B 
 

LEGAL DESCRIPTION OF PROPERTY, PRESENT OWNER AND 
OPERATOR, KNOWN PAST OWNERS AND OPERATORS 
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Known Listing of Owners and Operators 

Owner  Business Operator Approximate Years of Site Occupation 

Strickland Real Estate 
Holdings, LLC 

Aloha Café 2006-present 

Lorena Strickland Family Jiffy Lube 2000-2006 

Lorena Strickland Family Quaker Minit Lube 1987-2000 

Lorena Strickland Family Speedi-Lube 1977-1987 

Lorena Strickland Family The Texas Company 

(Texaco) 

1959-1977 

Lorena Strickland Family Unknown (likely 

undeveloped) 

Prior to 1959 
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APPENDIX C 
 

SUMMARY OF PREVIOUS INVESTIGATIONS AND REMEDIAL ACTIVITIES 



Former Jiffy Lube Facility, 6808 196th Street Southwest, Lynnwood, Washington 

 
SUMMARY OF PREVIOUS INVESTIGATIONS AND REMEDIAL ACTIVITIES 
 
1995 Underground Storage Tank Closure: In August 1995, Nowicki and 
Associates, Inc. (Nowicki) conducted compliance sampling in the process of 
underground storage tank (UST) decommissioning activities during a conversion 
to an aboveground storage tank (AST) system at the Property. One 3,000-gallon 
new oil UST was removed and one 500-gallon waste oil UST was closed-in-place 
during the conversion at the Property. Soil samples were collected from the 
sidewalls and bottom of the new oil UST excavation. Laboratory analytical 
results indicated concentrations of total petroleum hydrocarbons (TPH) as diesel 
(TPHd) and TPH as heavy oil (TPHo) above the Washington State Department of 
Ecology (Ecology) Model Toxics Control Act (MTCA) Method A screening levels 
in soil samples collected from west sidewall. Nowicki overexcavated observed 
petroleum hydrocarbon impacted soil. Approximately 65 tons of 
petroleum-hydrocarbon impacted soil was removed from the new oil UST 
excavation. Final soil sample locations from the sidewalls and bottom of the new 
oil UST excavation were below laboratory reporting limits for TPHd and TPHo. 
No other concentrations were reported. Soil samples were collected from one soil 
boring, SB, advanced just south of the waste oil UST at depths of 1.33 and 2 feet 
below ground surface (bgs). Laboratory analytical results indicated 
concentrations of TPHd and TPHo above MTCA Method A screening levels in 
samples collected from boring SB. The overlying building foundation made 
removal of petroleum hydrocarbon impacted soil around the waste oil UST 
untenable, and the soil was left in place. Additional information is available in 
Nowicki’s Lynnwood Quaker State Lube UST Closure Site Characterization, dated 
September 27, 1995. 
 
1995 Soil Characterization Report: In November 1995, Nowicki conducted an 
additional Site investigation to characterize subsurface impacts to soil and 
groundwater at the Site. Two soil borings, SB1 and SB2, were advanced to the 
north of the former waste oil UST. Laboratory analytical results indicated 
concentrations of TPH as gasoline (TPHg) and benzene, toluene, ethylbenzene, 
and xylenes (BTEX) above the MTCA Method A screening levels. More 
information is available in Nowicki’s Waste Oil UST – Characterization Soil Boring, 
dated November 20, 1995. 
 
2003 Phase I Environmental Site Assessment: In January 2003, 
FINEnvironmental, Inc. (FINE) conducted a Phase I Site assessment. Results of 
the inspection indicated that the subject property formerly operated as a 
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Texaco-branded gasoline service station prior to 1977. Results also identified 
Leaking UST (LUST) sites at adjacent properties to the north and east. More 
information is available in FINE’s Phase I Environmental Site Assessment Limited 
Compliance Audit, dated January 28, 2003.  
 
2004 Phase I Environmental Assessment: In December 2003, GeoEngineers, Inc. 
(GeoEngineers) completed a Phase I Site assessment prior to Shell’s purchase of 
the Jiffy Lube facility operating on the Property. Results of the inspection 
indicated similar findings of the Phase I conducted by FINE in 2003. More 
information is available in GeoEngineers’ Limited Phase I Environmental Site 
Assessment, dated February 11, 2004. 
 
November 2006 Site Investigation: In November 2006, Cambria Environmental 
Technology (Cambria) installed five monitoring wells (MW-1 through MW-5) 
and advanced one soil boring (SB-1) at the Property. Soil samples were collected 
from each boring and submitted for laboratory analysis. Analytical results 
indicated benzene concentrations above MTCA Method A screening levels in soil 
samples collected from each of the soil borings at depths ranging from 7.5 to 
27.5 feet bgs. TPHg, toluene, ethylbenzene, and total xylenes were detected 
above MTCA Method A screening levels in soil samples collected from borings 
MW-3, MW-4, and MW-5. More information is available in Conestoga-Rovers & 
Associates’ (CRA) Site Investigation Report, dated May 31, 2007. 
 
July 2007 Site Investigation: In July 2007, CRA conducted an additional Site 
investigation, including the installation of five monitoring wells (MW-6 through 
MW-10). Laboratory analytical results from soil samples collected from four out 
of five well borings indicated concentrations of benzene above the MTCA 
Method A screening level. TPHg and total xylenes concentrations were 
additionally detected above the MTCA Method A screening levels in soil 
samples collected from boring MW-8 at 15 and 20 feet bgs. More information is 
available in CRA’s Site Investigation Report, dated October 23, 2007. 
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APPENDIX D 
 

AVAILABLE HISTORICAL SOIL BORING LOGS 
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APPENDIX E 
 

SOIL BORING LOGS FOR SB-3 AND SB-4 
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PROJECT NAME:  6808 Lynnwood

PROJECT NUMBER:  241739

CLIENT:  Shell Oil Products US

LOCATION:  6820 196th St. SW, Lynnwood, WA

HOLE DESIGNATION:

STRATIGRAPHIC DESCRIPTION & REMARKS

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:
STATIC WATER LEVEL 5/11/2010WATER FOUND

DATE COMPLETED:  May 11, 2010
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Material:   PVC
Seal:

0.00 to 3.00ft BGS
Material:   Bentonite chips
Sand Pack:

3.00 to 20.50ft BGS
Material:   Sand

SW - SAND with gravel and cobbles: little
fines, medium sand, dense, damp, reddish light
brown, no odor.

- Increase in fines, more olive-gray brown than
red at 4.0ft BGS

SM - Silty SAND with gravel: dense, medium
to fine sand, olive-gray, moist, no odor.

- Some cobbles, dry at 14.5ft BGS

- Increasing cobbles at 17.5ft BGS

- Fine sand, dry at 19.5ft BGS

END OF HOLE @ 20.5ft BGS
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PROJECT NAME:  6808 Lynnwood

PROJECT NUMBER:  241739

CLIENT:  Shell Oil Products US

LOCATION:  6820 196th St. SW, Lynnwood, WA

HOLE DESIGNATION:

STRATIGRAPHIC DESCRIPTION & REMARKS

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:
STATIC WATER LEVEL 5/11/2010WATER FOUND

DATE COMPLETED:  May 11, 2010

DRILLING METHOD:  Hollow-stem Auger

FIELD PERSONNEL:  H. Bays

NOTES:  Air-knifed to 5.0ft BGS
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APPENDIX F 
 

LABORATORY ANALYTICAL REPORTS 



aboratories, Inc.
nvironmental

alscience

May 21, 2010

Justin Foslien

Conestoga-Rovers & Associates

1420 80th St. SW, Suite A

Everett, WA 98203-6248

P

10-05-0847Calscience Work Order No.:Subject:

6808 196th St. SW, Lynwood, WAClient Reference:

Dear Client:

Enclosed is an analytical report for the above-referenced project.  The samples

included in this report were received 5/12/2010 and analyzed in accordance with

the attached chain-of-custody.

Unless otherwise noted, all analytical testing was accomplished in accordance with

the guidelines established in our Quality Systems Manual, applicable standard

operating procedures, and other related documentation.  The original report of

subcontracted analysis, if any, is provided herein, and follows the standard Calscience

data package. The results in this analytical report are limited to the samples tested

and any reproduction thereof must be made in its entirety.

If you have any questions regarding this report, please do not hesitate to contact

the undersigned.

Sincerely,

Calscience Environmental

Laboratories, Inc.

Xuan H. Dang

Project Manager

7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
...CA-ELAP ID: 1230 NELAP ID: 03220CA CSDLAC ID: 10109 SCAQMD ID: 93LA0830

Page 1 of 23
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Analytical Report

aboratories, Inc.
nvironmental

alscience

Conestoga-Rovers & Associates 05/12/10Date Received:

1420 80th St. SW, Suite A 10-05-0847Work Order No:

Everett, WA 98203-6248 EPA 3550BPreparation:

NWTPH-DxMethod:

Project: 6808 196th St. SW, Lynwood, WA Page 1 of 1

Lab Sample

Number

Date/Time

Collected

Date

Prepared

Date/Time

Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

05/10/10 05/12/10 05/12/10Solid 100512B02SSO-241739-051010-HB-SB-3-5.0 10-05-0847-1-A GC 43
20:5608:28

-The sample extract was subjected to Silica Gel treatment prior to analysis.Comment(s):

Parameter Result RL DF Qual Parameter RLResult DF Qual

TPH as Diesel Range 5.0 1ND TPH as Motor Oil Range 5.0 1ND

Surrogates: REC (%) Control

Limits
Qual

Decachlorobiphenyl 105 61-145

05/10/10 05/12/10 05/12/10Solid 100512B02SSO-241739-051010-HB-SB-4-5.0 10-05-0847-2-A GC 43
21:1609:22

-The sample extract was subjected to Silica Gel treatment prior to analysis.Comment(s):

Parameter Result RL DF Qual Parameter RLResult DF Qual

TPH as Diesel Range 5.0 1  6.1 TPH as Motor Oil Range 5.0 147

Surrogates: REC (%) Control

Limits
Qual

Decachlorobiphenyl 110 61-145

05/12/10N/A 05/13/10Solid 100512B02SMethod Blank 099-12-838-72 GC 43
09:04

Parameter Result RL DF Qual

TPH as Diesel Range 5.0 1ND

Surrogates: REC (%) Control

Limits
Qual

Decachlorobiphenyl 104 61-145

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .
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Analytical Report

aboratories, Inc.
nvironmental

alscience

Conestoga-Rovers & Associates 05/12/10Date Received:

1420 80th St. SW, Suite A 10-05-0847Work Order No:

Everett, WA 98203-6248 EPA 3510CPreparation:

NWTPH-DxMethod:

Project: 6808 196th St. SW, Lynwood, WA Page 1 of 1

Lab Sample

Number

Date/Time

Collected

Date

Prepared

Date/Time

Analyzed QC Batch IDClient Sample Number Matrix

Units: ug/L

Instrument

05/11/10 05/13/10 05/14/10Aqueous 100513B04GW-241739-051010-HB-SB-3 10-05-0847-3-G GC 45
05:0810:00

-The sample chromatographic pattern for TPH does not match the chromatographic pattern of the specified standard.

Quantitation of the unknown hydrocarbon(s) in the sample was based upon the specified standard.

Comment(s):

-The sample extract was subjected to Silica Gel treatment prior to analysis.

Parameter Result RL DF Qual Parameter RLResult DF Qual

TPH as Diesel Range 100 11600 TPH as Motor Oil Range 100 1ND

Surrogates: REC (%) Control

Limits
Qual

Decachlorobiphenyl 75 68-140

05/11/10 05/13/10 05/14/10Aqueous 100513B04GW-241739-051010-HB-SB-4 10-05-0847-4-G GC 45
05:2510:30

-The sample chromatographic pattern for TPH does not match the chromatographic pattern of the specified standard.

Quantitation of the unknown hydrocarbon(s) in the sample was based upon the specified standard.

Comment(s):

-The sample extract was subjected to Silica Gel treatment prior to analysis.

Parameter Result RL DF Qual Parameter RLResult DF Qual

TPH as Diesel Range 100 12400 TPH as Motor Oil Range 100 1ND

Surrogates: REC (%) Control

Limits
Qual

Decachlorobiphenyl 71 68-140

05/13/10N/A 05/14/10Aqueous 100513B04Method Blank 099-12-840-227 GC 45
04:21

Parameter Result RL DF Qual

TPH as Diesel Range 100 1ND

Surrogates: REC (%) Control

Limits
Qual

Decachlorobiphenyl 96 68-140

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .
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Analytical Reportnvironmental
aboratories, Inc.

alscience

Conestoga-Rovers & Associates 05/12/10Date Received:

1420 80th St. SW, Suite A 10-05-0847Work Order No:

Everett, WA 98203-6248 EPA 5030BPreparation:

NWTPH-GxMethod:

Project: 6808 196th St. SW, Lynwood, WA Page 1 of 1

Lab Sample

Number

Date/Time

Collected QC Batch IDClient Sample Number Matrix
Date

Prepared

Date/Time

AnalyzedInstrument

05/11/10 05/12/10 05/12/10Aqueous 100512B01GW-241739-051010-HB-SB-3 10-05-0847-3-D GC 5
14:4410:00

-The sample chromatographic pattern for TPH does not match the chromatographic pattern of the specified standard.  Quantitation

of the unknown hydrocarbon(s) in the sample was based upon the specified standard.

Comment(s):

QualParameter Result RL UnitsDF

ug/LTPH as Gasoline 100 1360

Surrogates: QualREC (%) Control Limits

1,4-Bromofluorobenzene 38-13489

05/11/10 05/12/10 05/12/10Aqueous 100512B01GW-241739-051010-HB-SB-4 10-05-0847-4-D GC 5
15:1710:30

-The sample chromatographic pattern for TPH does not match the chromatographic pattern of the specified standard.  Quantitation

of the unknown hydrocarbon(s) in the sample was based upon the specified standard.

Comment(s):

QualParameter Result RL UnitsDF

ug/LTPH as Gasoline 100 1180

Surrogates: QualREC (%) Control Limits

1,4-Bromofluorobenzene 38-13493

05/12/10N/A 05/12/10Aqueous 100512B01Method Blank 099-12-743-553 GC 5
10:45

QualParameter Result RL UnitsDF

ug/LTPH as Gasoline 100 1ND

Surrogates: QualREC (%) Control Limits

1,4-Bromofluorobenzene 38-13488

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

Page 4 of 23



Analytical Reportnvironmental
aboratories, Inc.

alscience

Conestoga-Rovers & Associates 05/12/10Date Received:

1420 80th St. SW, Suite A 10-05-0847Work Order No:

Everett, WA 98203-6248 EPA 5035Preparation:

NWTPH-GxMethod:

Project: 6808 196th St. SW, Lynwood, WA Page 1 of 1

Lab Sample

Number

Date/Time

Collected QC Batch IDClient Sample Number Matrix
Date

Prepared

Date/Time

AnalyzedInstrument

05/10/10 05/10/10 05/14/10Solid 100514B01SO-241739-051010-HB-SB-3-5.0 10-05-0847-1-I GC 1
20:4108:28

QualParameter Result RL UnitsDF

mg/kgTPH as Gasoline 0.20 0.809ND

Surrogates: QualREC (%) Control Limits

1,4-Bromofluorobenzene 60-12682

05/10/10 05/10/10 05/14/10Solid 100514B01SO-241739-051010-HB-SB-4-5.0 10-05-0847-2-I GC 1
21:1309:22

QualParameter Result RL UnitsDF

mg/kgTPH as Gasoline 0.24 0.951ND

Surrogates: QualREC (%) Control Limits

1,4-Bromofluorobenzene 60-12682

05/14/10N/A 05/14/10Solid 100514B01Method Blank 099-12-848-93 GC 1
16:57

QualParameter Result RL UnitsDF

mg/kgTPH as Gasoline 0.25 1ND

Surrogates: QualREC (%) Control Limits

1,4-Bromofluorobenzene 60-12682

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

Conestoga-Rovers & Associates 05/12/10Date Received:

1420 80th St. SW, Suite A 10-05-0847Work Order No:

Everett, WA 98203-6248 EPA 5035Preparation:

EPA 8260BMethod:

Project: 6808 196th St. SW, Lynwood, WA Page 1 of 1

Lab Sample

Number

Date/Time

Collected

Date

Prepared

Date/Time

Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

05/10/10 05/10/10 05/15/10Solid 100515L01SO-241739-051010-HB-SB-3-5.0 10-05-0847-1-F GC/MS QQ
19:4508:28

Parameter Result RL DF Qual Parameter RLResult DF Qual

Benzene 0.00083 0.826ND Toluene 0.00083 0.826ND

Ethylbenzene 0.00083 0.826ND Xylenes (total) 0.0017 0.826ND

Surrogates: REC (%) Control

Limits
Qual Surrogates: REC (%) Control

Limits

Qual

Dibromofluoromethane 125 71-137 1,2-Dichloroethane-d4 151 58-160

1,4-Bromofluorobenzene 103 66-126 Toluene-d8 109 87-111

05/10/10 05/10/10 05/15/10Solid 100515L01SO-241739-051010-HB-SB-4-5.0 10-05-0847-2-F GC/MS QQ
20:1209:22

Parameter Result RL DF Qual Parameter RLResult DF Qual

Benzene 0.0010 0.998ND Toluene 0.0010 0.9980.0018

Ethylbenzene 0.0010 0.998ND Xylenes (total) 0.0020 0.998ND

Surrogates: REC (%) Control

Limits
Qual Surrogates: REC (%) Control

Limits

Qual

Dibromofluoromethane 124 71-137 1,2-Dichloroethane-d4 150 58-160

1,4-Bromofluorobenzene 103 66-126 Toluene-d8 105 87-111

05/15/10N/A 05/15/10Solid 100515L01Method Blank 095-01-025-19,412 GC/MS QQ
13:04

Parameter Result RL DF Qual Parameter RLResult DF Qual

Benzene 0.0010 1ND Toluene 0.0010 1ND

Ethylbenzene 0.0010 1ND Xylenes (total) 0.0020 1ND

Surrogates: REC (%) Control

Limits
Qual Surrogates: REC (%) Control

Limits

Qual

Dibromofluoromethane 119 71-137 1,2-Dichloroethane-d4 130 58-160

1,4-Bromofluorobenzene 100 66-126 Toluene-d8 106 87-111

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .
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Analytical Report

aboratories, Inc.
nvironmental

alscience

Conestoga-Rovers & Associates 05/12/10Date Received:

1420 80th St. SW, Suite A 10-05-0847Work Order No:

Everett, WA 98203-6248 EPA 5030BPreparation:

EPA 8260BMethod:

Project: 6808 196th St. SW, Lynwood, WA Page 1 of 2

Lab Sample

Number

Date/Time

Collected

Date

Prepared

Date/Time

Analyzed QC Batch IDClient Sample Number Matrix

Units: ug/L

Instrument

05/11/10 05/13/10 05/13/10Aqueous 100513L01GW-241739-051010-HB-SB-3 10-05-0847-3-B GC/MS QQ
12:5710:00

Parameter Result RL DF Qual Parameter RLResult DF Qual

Benzene   0.50 1170 Toluene   1.0 1ND

Ethylbenzene   1.0 1ND Xylenes (total)   1.0 1ND

Surrogates: REC (%) Control

Limits
Qual Surrogates: REC (%) Control

Limits

Qual

Dibromofluoromethane 106 80-132 1,2-Dichloroethane-d4 111 80-141

Toluene-d8 100 80-120 1,4-Bromofluorobenzene 100 76-120

05/11/10 05/13/10 05/13/10Aqueous 100513L01GW-241739-051010-HB-SB-4 10-05-0847-4-A GC/MS QQ
14:4510:30

Parameter Result RL DF Qual Parameter RLResult DF Qual

Benzene   0.50 1ND Toluene   1.0 1ND

Ethylbenzene   1.0 1ND Xylenes (total)   1.0 1ND

Surrogates: REC (%) Control

Limits
Qual Surrogates: REC (%) Control

Limits

Qual

Dibromofluoromethane 105 80-132 1,2-Dichloroethane-d4 108 80-141

Toluene-d8 102 80-120 1,4-Bromofluorobenzene 99 76-120

05/10/10 05/12/10 05/12/10Aqueous 100512L01TB 10-05-0847-5-A GC/MS FF
20:4600:00

Parameter Result RL DF Qual Parameter RLResult DF Qual

Benzene   0.50 1ND Toluene   1.0 1ND

Ethylbenzene   1.0 1ND Xylenes (total)   1.0 1ND

Surrogates: REC (%) Control

Limits
Qual Surrogates: REC (%) Control

Limits

Qual

Dibromofluoromethane 110 80-132 1,2-Dichloroethane-d4 126 80-141

Toluene-d8 102 80-120 1,4-Bromofluorobenzene 87 76-120

05/12/10N/A 05/12/10Aqueous 100512L01Method Blank 099-14-001-755 GC/MS FF
12:47

Parameter Result RL DF Qual Parameter RLResult DF Qual

Benzene   0.50 1ND Toluene   1.0 1ND

Ethylbenzene   1.0 1ND Xylenes (total)   1.0 1ND

Surrogates: REC (%) Control

Limits
Qual Surrogates: REC (%) Control

Limits

Qual

Dibromofluoromethane 92 80-132 1,2-Dichloroethane-d4 118 80-141

Toluene-d8 99 80-120 1,4-Bromofluorobenzene 90 76-120

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .
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Analytical Report

aboratories, Inc.
nvironmental

alscience

Conestoga-Rovers & Associates 05/12/10Date Received:

1420 80th St. SW, Suite A 10-05-0847Work Order No:

Everett, WA 98203-6248 EPA 5030BPreparation:

EPA 8260BMethod:

Project: 6808 196th St. SW, Lynwood, WA Page 2 of 2

Lab Sample

Number

Date/Time

Collected

Date

Prepared

Date/Time

Analyzed QC Batch IDClient Sample Number Matrix

Units: ug/L

Instrument

05/13/10N/A 05/13/10Aqueous 100513L01Method Blank 099-14-001-768 GC/MS QQ
12:30

Parameter Result RL DF Qual Parameter RLResult DF Qual

Benzene   0.50 1ND Toluene   1.0 1ND

Ethylbenzene   1.0 1ND Xylenes (total)   1.0 1ND

Surrogates: REC (%) Control

Limits
Qual Surrogates: REC (%) Control

Limits

Qual

Dibromofluoromethane 104 80-132 1,2-Dichloroethane-d4 110 80-141

Toluene-d8 101 80-120 1,4-Bromofluorobenzene 100 76-120

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 10-05-0847

Method: EPA 8015B (M)

1420 80th St. SW, Suite A

Everett, WA 98203-6248

Conestoga-Rovers & Associates

6808 196th St. SW, Lynwood, WAProject

EPA 5030BPreparation:

05/12/10Date Received:

Quality Control Sample ID

10-05-0353-9

MS/MSD Batch

Number

100512S01

Matrix

Aqueous

Date

Analyzed

05/12/10

Date

Prepared

05/12/10

Instrument

GC 5

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-18TPH as Gasoline 697 68-122103

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 10-05-0847

Method: EPA 8260B

1420 80th St. SW, Suite A

Everett, WA 98203-6248

Conestoga-Rovers & Associates

6808 196th St. SW, Lynwood, WAProject

EPA 5030BPreparation:

05/12/10Date Received:

Quality Control Sample ID

10-05-0268-1

MS/MSD Batch

Number

100512S01

Matrix

Aqueous

Date

Analyzed

05/12/10

Date

Prepared

05/12/10

Instrument

GC/MS FF

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-20Benzene 6104 72-120111

0-20Carbon Tetrachloride 6114 63-135122

0-20Chlorobenzene 6104 80-120110

0-201,2-Dibromoethane 4106 80-120110

0-201,2-Dichlorobenzene 997 80-120107

0-201,2-Dichloroethane 7106 80-120114

0-241,1-Dichloroethene 6103 60-132109

0-20Ethylbenzene 5112 78-120118

0-20Toluene 8104 74-122114

0-20Trichloroethene 5111 69-120117

0-20Vinyl Chloride 787 58-13094

0-21Methyl-t-Butyl Ether (MTBE) 893 72-126101

0-20Tert-Butyl Alcohol (TBA) 1585 72-12698

0-23Diisopropyl Ether (DIPE) 888 71-13796

0-20Ethyl-t-Butyl Ether (ETBE) 9103 74-128112

0-20Tert-Amyl-Methyl Ether (TAME) 7105 76-124113

0-48Ethanol 8103 35-167112

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 10-05-0847

Method: EPA 8260B

1420 80th St. SW, Suite A

Everett, WA 98203-6248

Conestoga-Rovers & Associates

6808 196th St. SW, Lynwood, WAProject

EPA 5030BPreparation:

05/12/10Date Received:

Quality Control Sample ID

GW-241739-051010-HB-SB-3

MS/MSD Batch

Number

100513S01

Matrix

Aqueous

Date

Analyzed

05/13/10

Date

Prepared

05/13/10

Instrument

GC/MS QQ

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-20Benzene 289 72-12096

0-20Carbon Tetrachloride 286 63-13588

0-20Chlorobenzene 199 80-120100

0-201,2-Dibromoethane 299 80-120101

0-201,2-Dichlorobenzene 194 80-12093

0-241,1-Dichloroethene 5114 60-132109

0-20Ethylbenzene 2100 78-120102

0-20Toluene 298 74-122100

0-20Trichloroethene 296 69-12098

0-20Vinyl Chloride 290 58-13088

0-21Methyl-t-Butyl Ether (MTBE) 4103 72-12699

0-20Tert-Butyl Alcohol (TBA) 284 72-12682

0-23Diisopropyl Ether (DIPE) 1106 71-137105

0-20Ethyl-t-Butyl Ether (ETBE) 095 74-12895

0-20Tert-Amyl-Methyl Ether (TAME) 391 76-12493

0-48Ethanol 15117 35-16798

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: NWTPH-Dx

10-05-0847

6808 196th St. SW, Lynwood, WA

EPA 3550BPreparation:

Work Order No:

Date Received:

Project:

Conestoga-Rovers & Associates

1420 80th St. SW, Suite A

Everett, WA 98203-6248

N/A

05/12/10

Matrix

Solid

Instrument

LCS/LCSD Batch

Number

GC 43 100512B02S

Date

Prepared

Date

Analyzed

05/13/10

Quality Control Sample ID

099-12-838-72

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

98 0-12175-123TPH as Diesel Range 99

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: NWTPH-Dx

10-05-0847

6808 196th St. SW, Lynwood, WA

EPA 3510CPreparation:

Work Order No:

Date Received:

Project:

Conestoga-Rovers & Associates

1420 80th St. SW, Suite A

Everett, WA 98203-6248

N/A

05/13/10

Matrix

Aqueous

Instrument

LCS/LCSD Batch

Number

GC 45 100513B04

Date

Prepared

Date

Analyzed

05/14/10

Quality Control Sample ID

099-12-840-227

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

107 0-13975-117TPH as Diesel Range 117

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: NWTPH-Gx

10-05-0847

6808 196th St. SW, Lynwood, WA

EPA 5030BPreparation:

Work Order No:

Date Received:

Project:

Conestoga-Rovers & Associates

1420 80th St. SW, Suite A

Everett, WA 98203-6248

N/A

05/12/10

Matrix

Aqueous

Instrument

LCS/LCSD Batch

Number

GC 5 100512B01

Date

Prepared

Date

Analyzed

05/12/10

Quality Control Sample ID

099-12-743-553

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

102 0-10278-120TPH as Gasoline 105

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: NWTPH-Gx

10-05-0847

6808 196th St. SW, Lynwood, WA

EPA 5035Preparation:

Work Order No:

Date Received:

Project:

Conestoga-Rovers & Associates

1420 80th St. SW, Suite A

Everett, WA 98203-6248

N/A

05/14/10

Matrix

Solid

Instrument

LCS/LCSD Batch

Number

GC 1 100514B01

Date

Prepared

Date

Analyzed

05/14/10

Quality Control Sample ID

099-12-848-93

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

111 0-18355-139TPH as Gasoline 108

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 8260B

10-05-0847

6808 196th St. SW, Lynwood, WA

EPA 5035Preparation:

Work Order No:

Date Received:

Project:

Conestoga-Rovers & Associates

1420 80th St. SW, Suite A

Everett, WA 98203-6248

N/A

05/15/10

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

GC/MS QQ 100515L01

Date

Prepared

Date

Analyzed

05/15/10

Quality Control Sample ID

095-01-025-19,412

Parameter QualifiersRPD CL%REC CLLCS %REC LCSD %REC ME_CL RPD

0-11185-115Benzene 102 80-120101

0-14168-134Carbon Tetrachloride 107 57-145106

0-9183-119Chlorobenzene 98 77-12597

0-20180-1201,2-Dibromoethane 99 73-12798

0-10257-1351,2-Dichlorobenzene 92 44-14890

0-10172-1201,1-Dichloroethene 118 64-128118

0-20180-120Ethylbenzene 101 73-127101

0-10167-127Toluene 99 57-13798

0-9288-112Trichloroethene 97 84-11696

0-16857-129Vinyl Chloride 116 45-141107

0-12176-124Methyl-t-Butyl Ether (MTBE) 106 68-132107

0-23231-145Tert-Butyl Alcohol (TBA) 81 12-16480

0-10074-128Diisopropyl Ether (DIPE) 116 65-137116

0-9077-125Ethyl-t-Butyl Ether (ETBE) 99 69-13399

0-10181-123Tert-Amyl-Methyl Ether (TAME) 91 74-13090

0-24244-152Ethanol 100 26-17099

PassLCS ME CL validation result :

1Total number of ME compounds allowed :

0Total number of ME compounds :

16Total number of LCS compounds :

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 8260B

10-05-0847

6808 196th St. SW, Lynwood, WA

EPA 5030BPreparation:

Work Order No:

Date Received:

Project:

Conestoga-Rovers & Associates

1420 80th St. SW, Suite A

Everett, WA 98203-6248

N/A

05/12/10

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

GC/MS FF 100512L01

Date

Prepared

Date

Analyzed

05/12/10

Quality Control Sample ID

099-14-001-755

Parameter QualifiersRPD CL%REC CLLCS %REC LCSD %REC ME_CL RPD

0-20180-122Benzene 104 73-129103

0-20568-140Carbon Tetrachloride 115 56-152110

0-20380-120Chlorobenzene 108 73-127104

0-20480-1211,2-Dibromoethane 112 73-128107

0-20180-1201,2-Dichlorobenzene 105 73-127104

0-25372-1321,1-Dichloroethene 105 62-142103

0-20380-126Ethylbenzene 117 72-134114

0-20080-121Toluene 106 73-128106

0-20380-123Trichloroethene 111 73-130114

0-20167-133Vinyl Chloride 87 56-14488

0-20875-123Methyl-t-Butyl Ether (MTBE) 103 67-13195

0-20375-123Tert-Butyl Alcohol (TBA) 101 67-13198

0-20271-131Diisopropyl Ether (DIPE) 114 61-141112

0-20576-124Ethyl-t-Butyl Ether (ETBE) 107 68-132103

0-20180-123Tert-Amyl-Methyl Ether (TAME) 107 73-130108

0-27861-139Ethanol 103 48-15294

PassLCS ME CL validation result :

1Total number of ME compounds allowed :

0Total number of ME compounds :

16Total number of LCS compounds :

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 8260B

10-05-0847

6808 196th St. SW, Lynwood, WA

EPA 5030BPreparation:

Work Order No:

Date Received:

Project:

Conestoga-Rovers & Associates

1420 80th St. SW, Suite A

Everett, WA 98203-6248

N/A

05/13/10

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

GC/MS QQ 100513L01

Date

Prepared

Date

Analyzed

05/13/10

Quality Control Sample ID

099-14-001-768

Parameter QualifiersRPD CL%REC CLLCS %REC LCSD %REC ME_CL RPD

0-20080-122Benzene 99 73-12999

0-20468-140Carbon Tetrachloride 81 56-15284

0-20080-120Chlorobenzene 98 73-12798

0-20080-1211,2-Dibromoethane 99 73-12899

0-20380-1201,2-Dichlorobenzene 96 73-12793

X0-252672-1321,1-Dichloroethene 83 62-142108

0-20080-126Ethylbenzene 99 72-13499

0-20080-121Toluene 97 73-12897

0-20180-123Trichloroethene 97 73-13096

0-20267-133Vinyl Chloride 97 56-14499

0-20175-123Methyl-t-Butyl Ether (MTBE) 102 67-131101

0-201975-123Tert-Butyl Alcohol (TBA) 85 67-131103

0-20171-131Diisopropyl Ether (DIPE) 106 61-141105

0-20076-124Ethyl-t-Butyl Ether (ETBE) 98 68-13298

0-20080-123Tert-Amyl-Methyl Ether (TAME) 95 73-13094

0-27261-139Ethanol 131 48-152133

Not Pass(See Narrative)LCS ME CL validation result :

1Total number of ME compounds allowed :

0Total number of ME compounds :

16Total number of LCS compounds :

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

10-05-0847

See applicable analysis comment.*

Less than the indicated value.<

Greater than the indicated value.>

Surrogate compound recovery was out of control due to a required sample dilution,

therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The

associated method blank surrogate spike compound was in control and, therefore, the

sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out of

control due to matrix interference.  The associated LCS and/or LCSD was in control and,

therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD

was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control

due to a matrix interference effect. The associated batch LCS/LCSD was in control and,

hence, the associated sample data was reported without further clarification.

5

Analyte was present in the associated method blank.B

Concentration exceeds the calibration range.E

Analyte was detected at a concentration below the reporting limit and above the

laboratory method detection limit.  Reported value is estimated.

J

LCS Recovery Percentage is within LCS ME Control Limit range.ME

Parameter not detected at the indicated reporting limit.ND

Spike recovery and RPD control limits do not apply resulting from the parameter

concentration in the sample exceeding the spike concentration by a factor of four or

greater.

Q

% Recovery and/or RPD out-of-range.X

Analyte presence was not confirmed by second column or GC/MS analysis.Z

Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis,

not corrected for % moisture.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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241739 (7) 

APPENDIX G 
 

TERRESTRIAL ECOLOGICAL EVALUATION EXCLUSION FORM 



Voluntary Cleanup Program 
Washington State Department of Ecology

Toxics Cleanup Program
 

TERRESTRIAL ECOLOGICAL EVALUATION EXCLUSION FORM
Under the Model Toxics Control Act (MTCA), a Terrestrial Ecological Evaluation (TEE) is not required if 
the Site meets the criteria in WAC 173-340-7491 for an exclusion.  If you determine that your Site does 
not require a TEE, please complete this form and submit it to the Department of Ecology (Ecology) at the 
appropriate time, either with your VCP Application or with a subsequent request for a written opinion.  
Please note that exclusion from the TEE does not exclude the Site from an evaluation of aquatic or 
sediment ecological receptors. 

If your Site does not meet the criteria for exclusion under WAC 173-340-7491, then you may have to 
conduct a simplified TEE in accordance with WAC 173-340-7492 or a site-specific TEE in accordance 
with WAC 173-340-7493.  If you have questions about conducting a simplified or site-specific TEE, 
please contact the Ecology site manager assigned to your Site or the appropriate Ecology regional office. 

Step 1: IDENTIFY HAZARDOUS WASTE SITE AND EVALUATOR 

Please identify below the hazardous waste site for which you are documenting an exclusion from 
conducting a TEE and the name of the person who conducted the evaluation. 

Facility/Site Name: Former Jiffy Lube Facility No. 171152 

Facility/Site Address: 6808 196th Street Southwest, Lynnwood, WA 

Facility/Site No: 27496218 VCP Project No.: NW2070 

Name of Evaluator: Timothy C. Mullin 
 
Step 2: DOCUMENT BASIS FOR EXCLUSION 

The bases for excluding a site from a terrestrial ecological evaluation are set forth in WAC 173-340-
7491(1).  Please identify below the basis for excluding your Site from further evaluation.  Please 
check all that apply. 

POINT OF COMPLIANCE – WAC 173-340-7491(1)(A) 
1-  No contamination present at site. 
2-  All contamination is 15 feet below ground level prior to remedial activities. 

3-  All contamination is six feet below ground level and an institutional control has been 
implemented as required by WAC 173-340-440. 

4-  
All contamination is below a site-specific point of compliance established in compliance with 
WAC 173-340-7490(4)(b) with an institutional control implemented as required by WAC 173-
340-440.  Please provide documentation that describes the rationale for setting a site-
specific point of compliance. 

BARRIERS TO EXPOSURE – WAC 173-340-7491(1)(b) 

5-  

All contaminated soil, is or will be, covered by physical barriers (such as buildings or paved 
roads) that prevent exposure to plants and wildlife and an institutional control has been 
implemented as required by WAC 173-340-440.  An exclusion based on future land use must 
have a completion date for future development that is acceptable to Ecology.  

 

 
ECY 090-300 (revised July 2008) 



Step 2: DOCUMENT BASIS FOR EXCLUSION continued 

UNDEVELOPED LAND – WAC 173-340-7491(1)(c) 
 

“Undeveloped land” is land that is not covered by building, roads, paved areas, or other barriers that would 
prevent wildlife from feeding on plants, earthworms, insects, or other food in or on the soil. 
“Contiguous” undeveloped land is an area of undeveloped land that is not divided into smaller areas of highways, 
extensive paving, or similar structures that are likely to reduce the potential use of the overall area by wildlife.  

 

6-  

There is less than one-quarter acre of contiguous undeveloped land on or within 500 feet of 
any area of the Site and any of the following chemicals is present: chlorinated dioxins or 
furans, PCB mixtures, DDT, DDE, DDD, aldrin, chlordane, dieldrin, endosulfan, endrin, 
heptachlor, heptachlor epoxide, benzene hexachloride, toxaphene, hexachlorobenzene, 
pentachlorophenol, or pentachlorobenzene. 

7-  For sites not containing any of the chemicals mentioned above, there is less than one-and-a-
half acres of contiguous undeveloped land on or within 500 feet of any area of the Site. 

 

BACKGROUND CONCENTRATIONS – WAC 173-340-7491(1)(d) 

8-  Concentrations of hazardous substances in soil do not exceed natural background levels as 
described in WAC 173-340-200 and 173-340-709.  

 
Step 3: PROVIDE EXPLANATION FOR EXCLUSION (IF NECESSARY) 

The Site is fully paved with asphalt or concrete. None of the chemicals listed in point 6 (above) are 

present at the site. Less than 1.5 acres of undeveloped land is on or within 500 feet of any area of   

the Site. 

      

      
Attach additional pages if necessary. 

 
Step 4: SUBMITTAL 

Please mail your completed form to Ecology at the appropriate time, either with your VCP Application 
or with a subsequent request for a written opinion.  If you complete the form after you enter the VCP, 
please mail your completed form to the Ecology site manager assigned to your Site.  If a site manager 
has not yet been assigned, please mail your completed form to the Ecology regional office for the 
County in which your Site is located. 
 

 

Northwest Region: 
Attn: Sara Maser 

3190 160th Ave. SE 
Bellevue, WA 98008-5452 

Central Region: 
Attn: Mark Dunbar 

15 W. Yakima Ave., Suite 200 
Yakima, WA  98902 

Southwest Region: 
Attn: Scott Rose 
P.O. Box 47775 

Olympia, WA 98504-7775 

Eastern Region: 
Patti Carter 

N. 4601 Monroe 
Spokane WA  99205-1295 

 
If you need this publication in an alternate format, please call the Toxics Cleanup Program at 360-407-7170.  Persons with hearing loss can call 
711 for Washington Relay Service.  Persons with a speech disability can call 877-833-6341. 
 
ECY 090-300 (revised July 2008) 
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APPENDIX H 
 

SEPARATE PHASE HYDROCARBON FUEL FINGERPRINT ANALYSIS 
 

 
 
 



   

 

 

 

 
Carol Campagna 
Shell Oil Products US 
Carson, California 
USA 
 

Shell Global Solutions (US) Inc.
Westhollow Technology Center

3333 Highway 6 South
Houston, TX 77082-3101

USA
Tel  +1 281-544 8215
Fax +1 281-544 8727

Email: Ileana.Rhodes@Shell.com

December 21, 2009 
 
Re: Analysis of Phase Separate Hydrocarbons from MW-3, MW-4 and MW-6 from a Site 

Located in 6808 196th St., SW, Lynnwood, WA 

 
Dear Carol: 
 

We analyzed samples from MW-3, MW-4 and MW-6 collected 11/5/2009 at a site in Lynnwood, 
WA. All three samples contain weathered leaded gasoline with a mixture of lead alkyls that were 
only available from the mid-1960s to the mid-1980s. All samples have partial loss of volatiles and 
no oxygenates were detected.  Table 1 includes a summary of selected target compounds.  The 
chromatograms are shown in Figures 1 – 3. There is no indication of presence any lubricating oils 
in the sample.   
 
According to historical documents from the City of Lynnwood, this property was developed in 1958 
and operated as a Texaco-branded gasoline service station from 1959 to 1977. In 1977, the station 
building was remodeled and the property was converted to a Speedi-Lube automobile oil change 
service facility until sometime between 2003 and 2006 when the property became a restaurant. 
The former service station facilities included a station building, three gasoline underground storage 
tanks (USTs) located in the northeast corner of the property, two dispenser islands, a heating oil 
UST, and a waste oil UST. Facilities associated with the former oil change service station included 
a 500-gallon used oil UST, a 3,000-gallon new oil UST, and two service bays. Both USTs were 
installed in 1982 and decommissioned in 1995 during a conversion to an aboveground storage 
tank (AST) system; the used oil UST was abandoned in place and the new oil UST was removed 
from the Site.  
 
The weathered leaded gasoline found in these wells is unequivocally from releases during the site 
use as a gasoline service station prior to 1977.  Speedi-Lube operations did not dispense or stored 
gasoline onsite. Releases of waste oil from gasoline engines contain residual gasoline (<10%) but 
the primary component is the lubricating oil which is totally absent in the samples analyzed.  
 
Figure 4 shows a comparison of chromatograms from analysis of the sample from MW-3 and 
samples of fresh and used motor oil. Note there is no motor oil detected at all in the sample from 

          



MW-3.  The mechanism of fuel transfer into motor oil and fate in with engine operation is described 
in Figure 5.  
 
 
Please let me know if you have any questions. 
 
 
 
Best regards, 

 

 
Ileana Rhodes, Ph.D. 

Team Lead – Environmental Chemistry 
 
 
 
 
 
cc Cristin Bruce 
 
 
 

  



 
 

Table 1: Selected Target Compounds 
 
 

11/5/2009 11/5/2009 11/5/2009
Compound Method Units MW-3 MW-4 MW-6
Ethanol GC/MS wt% ND(<0.01) ND(<0.01) ND(<0.01)
MTBE GC/MS wt% ND(<0.01) ND(<0.01) ND(<0.01)
DIPE GC/MS wt% ND(<0.01) ND(<0.01) ND(<0.01)
ETBE GC/MS wt% ND(<0.01) ND(<0.01) ND(<0.01)
TAME GC/MS wt% ND(<0.01) ND(<0.01) ND(<0.01)
Isopentane GC/FID wt% 0.90 0.82 1.3
Methylcyclohexane GC/FID wt% 2.6 3.0 3.1
Isooctane GC/MS wt% 0.15 0.12 0.1
Benzene GC/MS wt% 0.88 0.59 0.34
Toluene GC/MS wt% 5.2 5.1 4.7
Ethylbenzene GC/MS wt% 1.2 1.3 1.3
p&m-Xylene GC/MS wt% 5.7 6.0 5.8
o-Xylene GC/MS wt% 2.0 2.2 1.9
1,2,4-Trimethylbenzene GC/FID wt% 3.4 3.4 3.2
Total Sulfur XRF ppm 215 152 127
Total Lead XRF g/gallon 0.79 0.22 0.17
Organic Lead GC/MS g/gallon 0.68 0.21 0.13
GC/MS: Gas chromatography with mass spectrometry detection
GC/FID: Gas chromatography with flame ionization detection 
XRF: X-ray fluorescence  

  



 
 

 
 

Figure 1: Gas chromatogram from analysis of a sample from MW-3. 
 
 

 
 

Figure 2: Gas chromatogram from analysis of a sample from MW-4. 

  



 
 

 
 

Figure 3: Gas chromatogram from analysis of a sample from MW-6. 
 

  



 
 

 

Motor Oil 

Chromatogram from analysis of a sample of unused lubricating motor oill spiked in soil 
 

 

Residual 
Gasoline 

Motor Oil 

Chromatogram from analysis of a sample of used lubricating motor oil from a test engine  
 

 
Chromatogram from analysis of a sample from MW-3. No evidence of oil at all. 

 
 

Figure 4: Comparison of chromatograms from analysis of the sample from MW-3 and 
samples of fresh and used motor oil. Note there is no motor oil detected at all in the 
sample from MW-3. 
 

  



 
 
 

 
 
 
 
Figure 5: Mechanism of fuel transfer into motor oil and fate in with engine operation. 

 

  



 
 
 

 
 

  



 

APPENDIX C 

Limited Subsurface Sampling  
and Testing (EAI, 2016a) 
  









































































































 

APPENDIX D 

Limited Air Sampling and Testing 
(EAI, 2016b) 
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Sampling and Analysis Plan and 
Quality Assurance Project Plan 
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E1 Introduction 
This Sampling and Analysis Plan/Quality Assurance Project Plan (SAP/QAPP) has been 
prepared for the of the Texaco Strickland Cleanup Site at 6808 196th Street SW in 
Lynnwood, Washington (herein referred to as the Site) as Appendix E of the 
Supplemental Remedial Investigation Work Plan (RI WP). The purpose of this 
SAP/QAPP is to ensure that field sample collection, handling, and laboratory analysis 
will generate data to meet project-specific data quality objectives (DQOs) in accordance 
with the Model Toxics Control Act (MTCA) requirements (WAC 173-340-350). This 
SAP/QAPP is comprised of two major components: a Field Sampling Plan (FSP) 
defining field protocols and a Quality Assurance Project Plan (QAPP) defining analytical 
protocols.  

Environmental investigation activities to be performed under this SAP/QAPP are on 
behalf of two parties, Strickland Real Estate, LLC (Strickland) and Chevron 
Environmental Management Company (CEMC) according to the Agreed Order 14315. 
The Field Sampling Plan (Section E2) and Quality Assurance Project Plan (Section E3) 
are presented below. 

E2 Field Sampling Plan 

E2.1  Soil Borings and Soil Sampling 
Soil samples from soil borings and monitoring well installations will be obtained using 
direct-push or hollow-stem auger drilling methods, as appropriate. The soil samples will 
be collected from locations marked on Figure 5 of the RI WP. The borings may be 
advanced to depths of approximately 20 feet below ground surface (bgs) to evaluate 
residual concentrations of contaminants of concern (COCs) in the subsurface. Soil 
samples will be collected continuously if using direct-push drilling or every 2.5 feet if a 
hollow-stem auger is used. Up to three soil samples per boring will be submitted for 
analysis, based on the results of field observations and field screening for volatile organic 
vapors using a photoionization detector (PID). In areas where oil-range petroleum 
impacts have been historically observed, at least one shallow soil sample will be 
submitted for laboratory analysis of TPH-O.  

The following subsections detail the procedures for soil sample collection, handling, 
identification, and sample quality assurance/quality control (QA/QC). 

The responsible lead party will subcontract with a Washington-licensed resource 
protection well driller to complete soil borings and monitoring well installations in 
accordance with requirements of Chapter 173-160 WAC.  
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E2.1.1 Soil Sample Collection and Handling Procedures 
A geologist/engineer/scientist from Aspect will oversee the drilling activities and prepare 
a geologic log for each of the explorations completed, including an examination of the 
full length of each soil core recovered. The field representative will visually classify the 
soils in accordance with American Society of Testing and Materials (ASTM) Method 
D2488 and record soil descriptions, field screening results, and other relevant details 
(e.g., staining, debris, odors, etc.) on the boring log form. If samples are collected for 
chemical analysis, the sample ID and depth will also be recorded on the log.  

Headspace Vapor 
Each sample will be field screened to obtain a relative estimate of its volatile organic 
carbon (VOC) concentration. This field screening will be performed by measuring the 
concentration of VOCs in the headspace above the sample in a closed container using a 
field flame-ionization detector (FID) or photoionization detector (PID). The field 
screening will be performed by placing the soil into a sealed plastic bag (e.g., Ziploc), 
disaggregating the soil by hand, allowing the sample to equilibrate for at least five 
minutes, and then opening the bag slightly, inserting the instrument probe, and measuring 
the VOC concentration in the headspace. If the ambient temperature is below 65ºF, the 
sample will be warmed (e.g., in a heated vehicle) before the headspace measurement is 
made. 

The PID will be calibrated daily in the field using the manufacturer’s calibration standard 
(100 ppm isobutylene gas). A calibration test, referred to as a “bump test,” will be 
performed as necessary in the field using the calibration gas to check that the PID 
remains properly calibrated throughout the day.  

Sheen Testing 
Sheen testing will be conducted by placing soil in a pan of water and observing the water 
surface for signs of sheen. Sheens are classified as follows: 

• Slight Sheen:  Light, colorless, dull sheen. The spread is irregular and dissipates
rapidly.

• Moderate Sheen:  Light to heavy sheen, may show color/iridescence. The spread
is irregular to flowing. Few remaining areas of no sheen are evident on the water
surface.

• Heavy Sheen:  Heavy sheen with color/iridescence. The spread is rapid, and the
entire water surface may be covered with sheen.

Sample Collection for Laboratory Analysis 
All soil samples to be submitted for gasoline-range total petroleum hydrocarbons (TPH-
Gx) and VOC analyses will be collected in accordance with U.S. Environmental 
Protection Agency (EPA) Method 5035A. To minimize disturbance of potential VOCs in 
the soil, soil samples will be collected from the center of the soil core, as practical. The 
soil aliquot for these analyses will be collected from the undisturbed soil sample core 
using a laboratory-supplied modified disposable plastic syringe as required by EPA 
Method 5035A and placed in reweighed laboratory-supplied vials.  
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For all other analyses, the soil samples will be removed from the sampler using a 
stainless-steel spoon and placed in a stainless-steel bowl for homogenization with the 
stainless-steel spoon. Gravel-sized material greater than approximately 0.5 inch will be 
removed from the sample during mixing. A representative aliquot of the homogenized 
soil will be placed into certified-clean jars supplied by the analytical laboratory.  

Samples will be selected based on field screening and to provide proper horizontal and 
vertical characterization. Soil samples will be submitted to a state-certified laboratory and 
analyzed for the following COCs: 

• Total petroleum hydrocarbons (TPH) as gasoline-range organics (GRO) by
Ecology Method NWTPH-Gx

• Total petroleum hydrocarbons (TPH) as diesel-range organics (DRO) and oil-
range organics (ORO) by Ecology Method NWTPH-Dx (without Silica Gel
Cleanup)

• Benzene, Toluene, Ethylbenzene, and Total Xylenes (BTEX) by U.S.
Environmental Protection Agency (EPA) Method 8260

Based on the highest observed field screening results (PID and sheen testing), select soil 
samples may also be submitted for the following analyses: 

• Methyl tert-butyl ether (MTBE), 1,2-Dibromethane (EDB), 1,2-Dichloroethane
(EDC), and naphthalene via EPA Method 8260

• Total lead by EPA Method 6010

Samples from soil borings and monitoring wells along the western portion of the Subject 
Property (B-06, MW-14, MW-16, MW-18, and MW-19) will be analyzed for 
halogenated VOCs using EPA Method 8260C.  

QC soil samples (e.g., field duplicates and trip blanks) will be collected at the respective 
frequencies prescribed in Section E3.5 of the SAP/QAPP. 

Each soil boring will be decommissioned with hydrated granular bentonite in accordance 
with requirements of Chapter 173-160 WAC. 

E.2.1.2 Soil Sample Identification 
Each soil sample collected for chemical analysis will be assigned a unique sample 
identification number including the boring number and the depth from which the sample 
was collected. For example, the soil sample collected from boring B-9 at a depth of 4 feet 
below ground surface (bgs) would be identified as B-9-4. 

E2.2 Groundwater Sampling 

E2.2.1 Monitoring Well Installation 
Monitoring wells are planned to be installed via direct-push methods. Soil samples will 
be collected in acetate liners using direct-push technology prior to the installation of the 
monitoring well. Soils well be logged and sampled, and an appropriate well screen 
interval will be selected. The drillers will advance a 3-inch diameter stainless steel casing 
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with a 3-inch expendable stainless-steel point. Once the appropriate depth has been 
reached, the well will be will be constructed in accordance with Washington 
Administrative Code (WAC) 173-160 inside the stainless-steel casing. As the outer 
casing is removed from the boring, the expendable point will be left behind, and the 
annulus of the well will be filled with sand and bentonite, as appropriate. Wells will 
consist of 2-inch diameter, Schedule 40 PVC blank casing and 0.010-inch slot (10-slot) 
pre-packed well screen. Well screens will be 15 feet in length to accommodate seasonal 
groundwater fluctuations. With documented depths to water of 7 to 15 feet below grade, 
the pre-packed well screens are planned to be set from 5 to 20 feet below grade, 
contingent on field observations. All wells will be completed with an appropriate 
protective seal and secured with locking well caps. 

Should direct-push drilling prove infeasible, the monitoring wells will be installed using a 
hollow-stem auger. The auger will be advanced to the planned depth, the well will be 
constructed inside the augers as described in the preceding paragraph, and the appropriate 
filter pack and annulus seal will be placed as the augers are withdrawn from the boring. 

E2.2.2 Monitoring Well Development 
Following installation, each monitoring well will be developed to remove fine-grained 
material from inside the well casing and filter pack, and to improve hydraulic 
communication between the well screen and the surrounding water-bearing formation. 
Wells containing light non-aqueous phase liquid (LNAPL) will be developed by hand 
using a bailer. All other wells will be developed using a 12-volt submersible pump. 
During development, the pump will be surged along the entire length of submerged well 
screen. Each well will be developed until visual turbidity is reduced to minimal levels, or 
until a maximum of 10 casing volumes of water has been removed. Field parameters will 
be recorded on a Well Development Record form. Groundwater produced during well 
development will be collected and stored at the Site in sealed and labeled 55-gallon 
drums pending profiling and disposal. 

E2.2.3 Groundwater Sampling Procedure 
Ground water samples will be collected and handled in accordance with the procedures 
described below: 

• The locking well cap will be removed, and the presence of LNAPL will be evaluated
in all wells after installation. The depth-to-LNAPL and/or depth-to-water will be
measured from the surveyed location to the nearest 0.01 foot using an electronic
oil/water interface probe. The oil/water interface probe will be decontaminated
between wells.

• Each monitoring well will be purged at a low-flow rate less than 0.5 liter per minute
(Puls and Barcelona, 1996; Ecology, 2012) using a peristaltic pump and dedicated
tubing (polyethylene tubing with a short length of silicon tubing through the pump
head) in order to minimize drawdown. The tubing intake will be placed just below the
center of the saturated section of well screen. During purging, field parameters
(temperature, pH, specific electrical conductance, dissolved oxygen, and oxidation-
reduction potential [ORP]) will be monitored using a Yellow Springs Instrument
(YSI) water quality meter and flow-through cell, or equivalent. These field
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parameters will be recorded at 2- to 4-minute intervals throughout well purging until 
they stabilize. Stabilization is defined as three successive readings where the 
parameter values vary by less than 10 percent (or 0.5 milligrams per liter [mg/L] 
dissolved oxygen if the readings are below 1 mg/L). However, no more than three 
well casing volumes will be purged prior to ground water sample collection. Three 
turbidity measurements will also be made before collecting the sample using a Hach 
2100Q turbidimeter, or equivalent.  

• Samples with a field-measured specific electrical conductance greater than
1,000 microSiemans per centimeter (µS/cm) or turbidity greater than 25
nephelometric turbidity units (NTU) will be denoted as such on the chain-of-custody
form, so that the laboratory can employ appropriate sample preparation techniques to
avoid analytical interferences for specific analyses.

• If the monitoring well is completely dewatered during purging, samples will be
collected when sufficient recharge has occurred to allow filling of all sample
containers.

• Once purging is complete, the ground water samples will be collected using the same
low-flow rate directly into laboratory-supplied sample containers. Samples for
dissolved metals analyses will be filtered using an in-line 0.45 micrometer (µm)
filter.

• In wells that have measurable LNAPL, samples will not be collected.

• QC ground water samples (e.g., field duplicates and trip blanks) will be collected at
the respective frequencies prescribed in Section E3.5.

• Following sampling, the wells cap and monument cap will be secured. Each well’s
dedicated tubing will be retained in the monitoring well for subsequent sampling
events. Any damaged or defective well caps or monuments will be noted and
scheduled for replacement, if necessary.

E2.2.4 Groundwater Sample Laboratory Analyses 
Groundwater samples will be submitted to a state-certified laboratory and analyzed for 
the following COCs: 

• Total petroleum hydrocarbons (TPH) as gasoline-range organics (GRO) by
Ecology Method NWTPH-Gx

• Total petroleum hydrocarbons (TPH) as diesel-range organics (DRO) and oil-
range organics (ORO) by Ecology Method NWTPH-Dx (without Silica Gel
Cleanup)

• Benzene, Toluene, Ethylbenzene, and Total Xylenes (BTEX) by U.S.
Environmental Protection Agency (EPA) Method 8260

• Methyl tert-butyl ether (MTBE), 1,2-Dibromethane (EDB), 1,2-Dichloroethane
(EDC), and naphthalene via EPA Method 8260

• Total lead by EPA Method 6010
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E2.2.5 Groundwater Sample Identification 
Each ground water sample will be assigned a unique sample identification number that 
includes the well number and the 6-digit date on which the sample was collected. For 
example, a ground water sample collected from monitoring well MW-11 on October 5, 
2018, would be identified as MW-11-181005. 

E2.3 Soil Vapor Sampling 

E2.3.1 Vapor Point Installation  
Subslab soil vapor sampling is recommended to assess the potential for vapor intrusion at 
the existing buildings on-property. Temporary soil vapor sampling points will be installed 
within the Aloha Café building to a depth of approximately 3 to 6 inches (depending on 
the slab thickness) to measure soil vapor concentrations while avoiding damage to 
underground utilities. The soil vapor sampling points will be set 5 to 10 feet away from 
the building edge to avoid any potential dilution from ambient air at the concrete/asphalt 
interface.  

Proposed subslab soil vapor sampling locations are shown on Figure 7 of the RI WP and 
are labeled with the prefix SVS. These locations were selected to assess subsurface soil 
vapor concentrations for the building within areas of residual soil and groundwater 
impacts as well as assess soil vapor concentrations in the area where previous 
investigations indicated potential COCs. Vapor sampling is not proposed along 
underground utility corridors at this time.  

E2.3.2 Soil Gas Probe Installation 
Three soil gas probes are proposed to be installed at the locations shown on Figure 7 of 
the RI WP and are labeled with the prefix GP. The monitoring locations are intended to 
be as near as practicable to the southern Property boundary. For soil gas probe 
installation, borings will be advanced using direct-push techniques, and surface 
completions will be traffic-rated 8-inch-diamater flush monuments. Screen bottom depths 
will be approximately 5 feet bgs. Typical soil gas probe construction includes a 6-inch-
long by 0.5-inch-outer-diameter stainless-steel slotted screen and 0.25-inch-outer-
diameter Teflon tubing. The screen filter pack will be glass beads with an appropriate 
bentonite seal and concrete to grade.  

E2.3.3 Soil Vapor Sampling Procedure 
Prior to soil vapor sampling, the weather forecast will be monitored in an effort to 
synchronize sampling with a period of declining or low barometric pressure and without 
precipitation. However, it is recognized that this may not be possible given all the 
logistical considerations for the field effort. Regardless, barometric pressures will be 
monitored and recorded during sampling.  

Soil vapor samples will be collected using laboratory-supplied, evacuated SUMMA 
canisters with flow controllers set to a flow rate of less than 200 mL/min in accordance 
with the following procedures: 
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 The sampling train and SUMMA canister will be leak-tested prior to sampling
using a shut-in test to verify there are no leaks in the fittings or connections
between the leak-testing shroud and the sample media.

 The vapor pin or gas probe monument will be enclosed in a leak-testing shroud
and a known concentration (between 10 and 50 percent) of tracer gas (helium)
will be added to the shroud. The selected concentration of tracer gas will be
maintained and monitored for the duration of sampling.

 Prior to sample collection, the sampling train will be purged at a rate of 200
milliliters per minute using a peristaltic pump (or equivalent), taking care that the
entire sampling train volume has been purged to ensure the sample is
representative of subsurface conditions. Purged soil vapor will be collected in
Tedlar® bags and field-screened to ensure leakage is less than 5 percent of the
shroud concentration.

 After confirming there is no significant leakage in the sampling train or around
the vapor point, a vapor sample will be collected by opening the valve on the
SUMMA canister. Sampling will be complete when the vacuum gauge on the
canister reaches -5 inches of mercury. Notes regarding the usage of each building,
including windows, doorways, and HVAC, will be recorded during sampling.

 A final vacuum of -5 inches of mercury will be maintained in SUMMA canister
and submitted to the laboratory for verification that the SUMMA canister did not
leak in transit.

Upon completion of vapor sampling, the SUMMA canisters will be packed in their 
original shipping containers and maintained under chain-of-custody procedures until they 
are delivered to the laboratory.  

Vapor samples will be analyzed using EPA Method TO-15 for BTEX, MTBE, EDB, 
EDC, and naphthalene and Massachusetts Department of Environmental Protection Air-
Phase Petroleum Hydrocarbons (MA APH) for aliphatic and aromatic hydrocarbons. The 
soil vapor samples will also be analyzed for helium to confirm there was negligible 
atmospheric dilution (no more than 5 percent of shroud concentration) from above 
ground. Soil vapor samples will also be analyzed for oxygen, carbon dioxide, and 
methane.  

E2.3.4 Soil Vapor Sample Identification 
Each soil vapor sample will be assigned a unique sample identification number that 
includes the prefix “SVS” for sub-slab soil vapor samples or “GP” for gas probe soil 
vapor samples, the soil vapor sampling location ID, and the 6-digit date on which the 
sample was collected. For example, a soil vapor sample collected from sub-slab point 
SVS-1 on October 5, 2018, would be identified as SVS-1-181005. 
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E2.4 Sample Custody and Field Documentation 

E2.4.1 Sample Custody 
Upon collection, samples will be placed upright in a cooler. For soil and groundwater, ice 
or blue ice will be placed in each cooler to meet sample preservation requirements. Inert 
cushioning material will be placed in the remaining space of the cooler as needed to limit 
movement of the sample containers. If the sample coolers are being shipped, not hand 
carried, to the laboratory, the COC form will be placed in a waterproof bag taped to the 
inside lid of the cooler for shipment. 

After collection, samples will be maintained in the consultant’s custody until formally 
transferred to the analytical laboratory, a shipping agency, or a lab-provided courier. For 
purposes of this work, custody of the samples will be defined as follows:  

• In plain view of the field representatives

• Inside a cooler that is in plain view of the field representative

• Inside any locked space such as a cooler, locker, car, or truck to which the field
representative has the only immediately available key(s)

A COC record provided by the laboratory will be initiated at the time of sampling for all 
samples collected. The record will be signed by the field representative and others who 
subsequently take custody of the sample. Couriers or other professional shipping 
representatives are not required to sign the COC form; however, shipping receipts will be 
collected and maintained as a part of custody documentation in project files. A copy of 
the COC form with appropriate signatures will be kept by the consultants’ project 
manager.  

Upon sample receipt, the laboratory will fill out a cooler receipt form to document 
sample delivery conditions. A designated sample custodian will accept custody of the 
shipped samples and will verify that the COC form matches the samples received. The 
laboratory will notify the project manager, as soon as possible, of any issues noted with 
the sample shipment or custody. 

E2.4.2 Field Documentation 
While conducting field work, the field representative will document pertinent 
observations and events, specific to each activity, on field forms (e.g., boring log form, 
as-built well completion form, well development form, ground water sampling form, etc.) 
and/or in a field notebook, and, when warranted, provide photographic documentation of 
specific sampling efforts. Field notes will include a description of the field activity, 
sample descriptions, and associated details such as the date, time, and field conditions.  

E2.5 Exploration Surveying 
The horizontal coordinates and elevations of monitoring wells included in the RI WP will 
be surveyed by a licensed surveyor relative to a common horizontal and vertical datum 
(1988 North American Vertical Datum (NAVD 88)). Monitoring well top-of-casing 
elevations will be surveyed to the nearest 0.01 foot, and horizontal coordinates to the 
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nearest 0.1 foot, or better. Each well will be surveyed at the marked spot on the top of the 
PVC well casing (typically the north side) from which depth-to-water measurements are 
collected.  

E2.6 Decontamination and Investigative-Derived Waste 
Management 

All non-disposable sampling equipment (stainless steel spoons and bowls) will be 
decontaminated before collection of each sample. The decontamination sequence 
consists of a scrub with a non-phosphate (Alconox or Liquinox) solution, followed by 
tap water (potable) rinse, and finished with thorough spraying with deionized or 
distilled water. A solvent rinse – methanol or hexane – may be used to remove 
petroleum product from sampling equipment prior to the decontamination procedure 
described above. 

Investigation-derived waste (IDW) water generated during equipment decontamination 
and sampling will be containerized in labeled drums. The containerized IDW water will 
be disposed of appropriately at a permitted off-site disposal facility.  

Soil cuttings from borings and disposable personal protective equipment (PPE) will be 
placed in labeled Department of Transportation (DOT)-approved drums pending the 
analytical results to determine appropriate disposal. Each drum will be labeled with the 
following information: 

• Nonclassified IDW

• Content of the drum (soil, water, PPE) and its source (i.e., the exploration[s] from
which the contents came)

• Date IDW was generated

• Name and telephone number of the contact person.

The drums of IDW will be temporarily consolidated on-site, profiled (in accordance with 
applicable waste regulations) based on available analytical data, and disposed of 
appropriately at a permitted off-site disposal facility. Containers of IDW will be on site 
less than 90 days from date of generation. Documentation for off-site disposal of IDW 
will be maintained in the project file. 

E3 Quality Assurance Project Plan 

This QAPP identifies QC procedures and criteria required to ensure that data collected 
are of known quality and acceptable to achieve project objectives. Specific protocols and 
criteria are also set forth in this QAPP for data quality evaluation, upon the completion of 
data collection, to determine the level of completeness and usability of the data. It is the 
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responsibility of the project personnel performing or overseeing the sampling and 
analysis activities to adhere to the requirements of the FSP and this QAPP. 

E3.1 Purpose of the QAPP 
As stated in the Washington State Department of Ecology’s (Ecology) Guidelines for 
Preparation of Quality Assurance Project Plans for Environmental Studies (Ecology 
Publication No. 04-03-030, July 2004), specific goals of this QAPP are as follows: 

• Focus project manager and project team to factors affecting data quality during
the planning stage of the project

• Facilitate communication among field, laboratory, and management staff as the
project progresses

• Document the planning, implementation, and assessment procedures for QA/QC
activities for the investigation

• Ensure that the DQOs are achieved

• Provide a record of the project to facilitate final report preparation

The DQOs for the project include both qualitative and quantitative objectives, which 
define the appropriate type of data and specify the tolerable levels of potential 
decision errors that will be used as a basis for establishing the quality and quantity of 
data needed to support the environmental assessment. To ensure that the DQOs are 
achieved, this QAPP details aspects of data collection including analytical methods, 
QA/QC procedures, and data quality reviews. This QAPP describes both quantitative 
and qualitative measures of data to ensure that the DQOs are achieved. DQOs dictate 
data collection rationale, sampling and analysis designs that are presented in the main 
body of the RI WP, and sample collection procedures that are presented in the FSP 
(Section E2 of this Appendix). 

E3.2  Project Organization and Responsibilities 
The project organization for completion of the remedial investigation, including 
identification of key personnel and their responsibilities, is described below. 

The remedial investigation will be conducted for the current owner of the Site, Strickland 
Real Estate Holdings, LLC. Aspect has been contracted by the owner to plan and 
implement the remedial investigation as part of Ecology Agreed Order No. 14315. The 
project contact information for the current owner is: 

Strickland Real Estate Holdings, LLC 
12199 Village Center, Suite 201 
Mukilteo, WA 98275 

The Project Manager and primary contact for Aspect is Mr. William V. Goodhue, LG, 
LHG, Senior Associate Hydrogeologist. The document control clerk is Mr. Michael 
Maisen. The QA/QC officer is Mr. Jason Yabandeh. The contact information for Aspect 
is: 
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Aspect Consulting, LLC 
710 Second Ave, Suite 550 
Seattle, Washington 98104 
Telephone: (206) 328-7443 

As a named potentially liable person in Ecology Agreed Order No. 14315, Chevron 
Environmental Management Company (CEMC) will review and approve the RI WP. The 
Project Manager for CEMC is Mr. Eric Hetrick, and the project contact information for 
CEMC is:  

Chevron Environmental Management Company 
Marketing Business Unit 
6001 Bollinger Canyon Road, C2096 
San Ramon, CA 94583 

Ecology has jurisdiction over the remedial investigation, as stipulated in Chapter 70.105 
of the Revised Code of Washington, and the MTCA. The remedial investigation is being 
conducted as part of Ecology’s Agreed Order No. 14315. The Project Manager for 
Ecology is: 

Mr. Dale Myers 
Washington State Department of Ecology 
Northwest Regional Office 
3190 160th Avenue SE 
Bellevue, Washington 98008 

Aspect will contract with Friedman and Bruya, Inc. (F&B), a state-certified laboratory. 
The laboratory project manager is responsible for ensuring that all laboratory analytical 
work for soil and water media complies with project requirements, and acting as a liaison 
with the project manager, field manager, and data quality manager to fulfill project needs 
on the analytical laboratory work. This responsibility also applies to analyses the 
laboratory project manager subcontracts to another laboratory. The laboratory contact 
information is: 

Friedman & Bruya, Inc. 
3012 16th Ave SW 
Seattle, WA 98199 

E3.3  Analytical Methods and Reporting Limits 
Laboratory analytical methods for soil and ground water analyses to be performed during 
this environmental characterization are as follow: 

Chemical Group and Analyte Analytical Method Matrix 
Gasoline Range Organics NWTPH-Gx Soil and Groundwater 
Diesel & Residual Range Organics NWTPH-Dx Soil and Groundwater 
BTEX EPA 8260 Soil and Groundwater 
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MTBE, EDB, EDC, and Naphthalene EPA 8260 Soil and Groundwater 
Halogenated Volatile Organic Compounds EPA 8260 Soil and Groundwater 
Total/Dissolved Lead EPA 6000 series Soil and Groundwater 
BTEX, MTBE, EDB, EDC, and Naphthalene EPA TO-15 Soil Vapor 
Aliphatic and Aromatic Hydrocarbons MA APH Soil Vapor 

 

Table E-1 lists samples containers, preservation, and analytical holding times for each 
analysis. 

E3.3.1 Method Detection Limit and Method Reporting Limit 
The method detection limit (MDL) is the minimum concentration of a compound that can 
be measured and reported with a 99-percent confidence that the analyte concentration is 
greater than zero. MDLs are established by the laboratory using prepared samples, not 
samples of environmental media. 

The method reporting limit (RL) is defined as the lowest concentration at which a 
chemical can be accurately and reproducibly quantified, within specified limits of 
precision and accuracy, for a given environmental sample. The RL can vary from sample 
to sample depending on sample size, sample dilution, matrix interferences, moisture 
content, and other sample-specific conditions. As a minimum requirement for organic 
analyses, the RL should be equivalent to or greater than the concentration of the lowest 
calibration standard in the initial calibration curve. The expected MDLs and RLs from 
F&B laboratory are summarized in Tables E-3, E-4, and E-5 for groundwater, soil, and 
soil vapor samples, respectively.  

E3.4  Data Quality Objectives 
DQOs, including the Measurement Quality Indicators (MQIs)—precision, accuracy, 
representativeness, comparability, completeness, and sensitivity (namely PARCCS 
parameters) —and sample-specific RLs are dictated by the data quality objectives, project 
requirements, and intended uses of the data. For this project, the analytical data must be 
of sufficient technical quality to determine whether contaminants are present and, if 
present, whether their concentrations are greater than or less than applicable screening 
criteria based on protection of human health and the environment. 

The quality of data generated will be assessed against the MQIs set forth in this QAPP. 
Specific QC parameters associated with each of the MQIs are summarized in Table E-2. 
Specific MQI goals and evaluation criteria (i.e., MDLs, RLs, percent recovery (%R)) for 
accuracy measurements, relative percent difference (RPD) for precision measurements, 
are defined in Tables E-3 through E-5. Definitions of these parameters and the applicable 
QC procedures are presented below.  

E3.4.1 Precision 
Precision measures the reproducibility of measurements under a given set of conditions. 
Specifically, it is a quantitative measure of the variability of a group of measurements 
compared with their average values. Analytical precision is measured through matrix 
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spike/matrix spike duplicate (MS/MSD) samples and laboratory control 
samples/laboratory control sample duplicate (LCS/LCSD) when there is sufficient sample 
volume. A laboratory duplicate sample or just an LCS/LCSD may be used in place of an 
MS/MSD if there is insufficient volume.  

Analytical precision is quantitatively expressed as the relative percent difference (RPD) 
between the LCS/LCSD, MS/MSD, or laboratory duplicate pairs and is calculated with 
the following formula: 

( ) 2/
100(%)

DS
DS

RPD
+

−
×=

where: 
S = analyte concentration in sample 
D = analyte concentration in duplicate sample 

Analytical precision measurements will be carried out at a minimum frequency of 1 per 
20 samples for each matrix sampled, or one per laboratory analysis group. Laboratory 
precision will be evaluated against laboratory quantitative RPD performance criteria as 
defined in Tables E-3 through E-6 for specific analytical methods and sample matrices. If 
the control criteria are not met, the laboratory will supply a justification of why the limits 
were exceeded and implement the appropriate corrective actions. The RPD will be 
evaluated during data review and validation. The data reviewer will note deviations from 
the specified limits and will comment on the effect of the deviations on reported data. 

E3.4.2 Accuracy 
Accuracy measures the closeness of the measured value to the true value. The accuracy 
of chemical test results is assessed by “spiking” samples with known standards 
(surrogates, blank spikes, or matrix spikes) and establishing the average recovery. 
Accuracy is quantified as the %R. The closer the %R is to 100 percent, the more accurate 
the data.  

Surrogate recovery will be calculated as follows: 

100(%)Recovery ×=
SC
MC

where: 
SC = spiked concentration 
MC = measured concentration 

MS percent recovery will be calculated as follows: 

100(%)Recovery ×
−

=
SC

USCMC  

where: 
SC = spiked concentration 
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MC = measured concentration 
USC = unspiked sample concentration 

Accuracy measurements on MS samples will be carried out at a minimum frequency of 
1 in 20 samples per matrix analyzed. Blank spikes will also be analyzed at a minimum 
frequency of 1 in 20 samples (not including QC samples) per matrix analyzed. Surrogate 
recoveries for organic compounds will be determined for each sample analyzed for 
respective compounds. Laboratory accuracy will be evaluated against the performance 
criteria defined in Tables E-3 through E-6. If the control criteria are not met, the 
laboratory will supply a justification of why the limits were exceeded and implement the 
appropriate corrective actions. Percent recoveries will be evaluated during data review 
and validation, and the data reviewer will comment on the effect of the deviations on the 
reported data. 

E3.4.3 Representativeness 
Representativeness measures how closely the measured results reflect the actual 
concentration or distribution of the chemical compounds in the matrix sampled. The FSP 
sampling techniques and sample handling protocols (e.g., homogenizing, storage, 
preservation, and use of duplicates and blanks) have been developed to ensure 
representative samples. Only representative data will be deemed usable. Sampling 
locations are described in Section 6 of the RI WP. The field sampling procedures are 
described in the FSP (Section E2) of this SAP. 

The representativeness of a data point is determined by assessing the integrity of the 
sample upon receipt at the laboratory (e.g., consistency of sample ID and collection 
date/time between container labels versus COC forms, breakage/leakage, cooler 
temperature, preservation, headspace for VOA containers, etc.); compliance of method 
required sample preparation and analysis holding times; the conditions of blanks (trip 
blank, rinsate blank, field blank, method/preparation blank, and calibration blank) 
associated with the sample; and the overall consistency of the results within a field 
duplicate pair. 

E3.4.4 Comparability 
Comparability is a qualitative parameter expressing the confidence with which one data 
set can be compared with another. This goal will be achieved through the use of standard 
techniques to collect samples, USEPA-approved standard methods to analyze samples, 
and consistent units to report analytical results. Data comparability also depends on data 
quality. Data of unknown quality cannot be compared. 

E3.4.5 Completeness 
Completeness is defined as the percentage of measurements made that are judged to be 
valid. Results will be considered valid if the precision, accuracy, and representativeness 
objectives are met and if RLs are sufficient for the intended uses of the data. 
Completeness is calculated as follows: 
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100(%) ×=
P
VssCompletene  

where: 

V = number of valid measurements 
P = number of measurements taken 

Valid and invalid data (i.e., data qualified with the R flag [rejected]) will be identified 
during data validation. The target completeness goal for this project is 95 percent. 

E3.4.6 Sensitivity 
Sensitivity depicts the level of ability an analytical system (i.e., sample preparation 
and instrumental analysis) has in detecting a target component in a given sample 
matrix with a defined level of confidence. Factors affecting the sensitivity of an 
analytical system include: analytical system background (e.g., laboratory artifact or 
method blank contamination), sample matrix (e.g., mass spectrometry ion ratio 
change, co-elution of peaks, or baseline elevation), and instrument instability. 

E3.5  Quality Control Procedures 
Field and laboratory QC procedures are outlined below. 

E3.5.1 Field Quality Control 
Beyond use of standard sampling protocols defined in the FSP, field QC procedures 
include maintaining the field instrumentation used. Field instruments (e.g., PID for 
evaluating presence of VOCs in soil samples, and the YSI meter for measuring field 
parameters during ground water sampling) are maintained and calibrated regularly prior 
to use, in accordance with manufacturer recommendations.  

In addition, field QC samples will be collected and submitted for analyses to monitor the 
precision and accuracy associated with field procedures. Field QC samples to be 
collected and analyzed for this RI include field duplicates, trip blanks, and equipment 
rinsate blanks. The definition and sampling requirements for field QC samples are 
presented below. 

Blind Field Duplicates 
Blind field duplicate samples are used to check for sampling and analysis reproducibility; 
however, the field duplicate sample results include variability introduced during both 
field sampling and laboratory preparation and analysis, and EPA data validation guidance 
provides no specific evaluation criteria for field duplicate samples. Advisory evaluation 
criteria are set forth at 35 percent for RPD (if both results are greater than five times the 
RL) and two times the RLs for concentration difference (if either result is less than five 
times the RL) between the original and field duplicate results. 

Field Duplicates will be submitted “blind” to the laboratory as discrete samples (i.e., 
given unique sample identifiers to keep the duplicate identity unknown to the laboratory), 
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but will be clearly identified in the field log. Field duplicate samples will be collected at a 
frequency of 5 percent (1 per 20) of the field samples for each matrix and analytical 
method, but not less than one duplicate per sampling event per matrix.  

If a given soil sample depth interval lacks sufficient volume (recovery) to supply material 
for a planned analysis and its field duplicate analysis, the field duplicate aliquot will be 
collected for that analysis from another depth interval in that same location if practical. 

Trip Blank 
Trip blank samples will be used to monitor possible VOC cross-contamination occurring 
during sample transport. Trip blank samples are prepared and supplied by the laboratory 
using organic-free, reagent-grade water into a VOC vial prior to the collection of field 
samples. The trip blank sample vials are placed with and accompany the VOC and TPH-
Gx samples through the entire transporting process. One trip blank will be collected for 
each soil sampling round and each ground water sampling round where VOC or TPH-Gx 
analyses are conducted. 

In case a target compound is present in a trip blank, results for all samples shipped with 
this trip blank will be evaluated and data qualified accordingly if determined that the 
results are affected. 

Equipment Rinsate Blank 
Equipment rinsate blanks are collected to determine the potential of cross-contamination 
introduced by nondedicated equipment (e.g., bladder pump and YSI meter) that is used at 
multiple sample locations. Deionized water (obtained from the laboratory) is rinsed 
through the decontaminated sampling equipment and collected into adequate sample 
containers for analysis. The equipment rinsate blank is then handled in a manner identical 
to the primary samples collected with that piece of equipment. The blank is then 
processed, analyzed, and reported as a regular field sample. The rinsate blank collection 
frequency will be 1 per 20 samples for each matrix and analytical method, but not less 
than one equipment rinsate per sampling event per matrix. When dedicated equipment is 
used, equipment rinsate blanks will not be collected.  

E3.5.2 Laboratory Quality Control 
The laboratories’ analytical procedures must meet requirements specified in the 
respective analytical methods or approved laboratory standard operating procedures 
(SOPs), e.g., instrument performance check, initial calibration, calibration check, blanks, 
surrogate spikes, internal standards, and/or labeled compound spikes. Specific laboratory 
QC analyses required for this project will consist of the following at a minimum: 

• Instrument tuning, instrument initial calibration, and calibration verification
analyses as required in the analytical methods and the laboratory standard
operating procedures (SOPs).

• Laboratory and/or instrument method blank measurements at a minimum
frequency of 5 percent (1 per 20 samples) or in accordance with method
requirements, whichever is more frequent.
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• Accuracy and precision measurements as defined in Table E-2, at a minimum
frequency of 5 percent (1 per 20 samples) or in accordance with method
requirements, whichever is more frequent. In cases where a pair of MS/MSD or
MS/laboratory duplicate analyses are not performed on a project sample, a set of
LCS/LCSD analyses will be performed to provide sufficient measures for
analytical precision and accuracy evaluation.

The laboratory’s QA officers are responsible for ensuring that the laboratory implements 
the internal QC and QA procedures detailed in the laboratory’s Quality Assurance 
Manual. 

E3.6  Corrective Actions 
If routine QC audits by the laboratory result in detection of unacceptable conditions or 
data, actions specified in the laboratory SOPs will be taken. Specific corrective actions 
are outlined in each SOP used and can include the following: 

• Identifying the source of the violation

• Reanalyzing samples if holding time criteria permit

• Resampling and analyzing

• Evaluating and amending sampling and analytical procedures, and/or

• Accepting but qualifying data to indicate the level of uncertainty

If unacceptable conditions occur, the laboratory will contact the project manager to 
discuss the issues and determine the appropriate corrective action. Corrective actions 
taken by the laboratory during analysis of samples for this project will be documented by 
the laboratory in the case narrative associated with the affected samples. 

In addition, the project data quality manager will review the laboratory data generated for 
this investigation to ensure that project DQOs are met. If the review indicates that non-
conformances in the data have resulted from field sampling or documentation procedures 
or laboratory analytical or documentation procedures, the impact of those non-
conformances on the overall project data usability will be assessed. Appropriate actions, 
including re-sampling and/or re-analysis of samples may be recommended to the project 
manager to achieve project objectives. 

E3.7  Data Reduction, Quality Review, and Reporting 
All data will undergo a QA/QC evaluation at the laboratory which will then be reviewed 
by the responsible data quality manager. Initial data reduction, evaluation, and reporting 
at the laboratory will be carried out in full compliance with the method requirement and 
laboratory SOPs. The laboratory internal review will include verification (for correctness 
and completeness) of electronic data deliverable (EDD) accompanied with each 
laboratory report. The responsible database manager will verify the completeness and 
correctness of all laboratory deliverables (i.e., laboratory report and EDDs) before 
releasing the deliverables for data validation. 
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E3.7.1 Minimum Data Reporting Requirements 
The following sections specify general and specific requirements for analytical data 
reporting to provide sufficient deliverables for project documentation and data quality 
assessment.  

General Requirements 
The following requirements apply to laboratory reports for all types of analyses: 

• A laboratory report will include a cover page signed by the laboratory director,
the laboratory QA officer, or his/her designee to certify the eligibility of the
reported contents and the conformance with applicable analytical methodology.

• Definitions of abbreviations, data flags and data qualifiers used in the report.

• Cross reference of field sample names and laboratory sample identity for all
samples in the SDG.

• Completed COC document signed and dated by parties of acquiring and
receiving.

• Completed sample receipt document with record of cooler temperature and
sample conditions upon receipt at the laboratory. Anomalies such as inadequate
sample preservation, inconsistent bottle counts, and sample container breakage,
and communication record and corrective actions in response to the anomalies
will be documented and incorporated in the sample receipt document. The
document will be initialed and dated by personnel that complete the document.

• Case narrative that addresses any anomalies or QC outliers in relation to sample
receiving, sample preparation, and sample analysis on samples in the sample
delivery group (SDG). The narrative will be presented separately for each
analytical method and each sample matrix.

• All pages in the report are to be paginated. Any insertion of pages after the
laboratory report is issued will be paginated with starting page number suffixed
with letters (e.g., pages inserted between pages 134 and 135 should be paginated
as 134A, 134B, etc.)

• Any resubmitted or revised report pages will be submitted to project manager
with a cover page stating the reason(s) and scope of resubmission or revision, and
signed by laboratory director, QA officer, or the designee.
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Specific Requirements 
The following presents specific requirements for laboratory reports: 

• Sample results: All soil sample results will be reported on a dry-weight basis. The
report pages for sample results (namely Form 1s) will, at minimum, include
sample results, RLs, unit, proper data flags, preparation, and analysis, dilution
factor, and percent moisture (for solid samples).

• Method blank results.

• LCS and LCSD (if matrix spike duplicate analysis is not performed) results with
laboratory acceptance criteria for %R and RPD.

• Surrogate spike results with laboratory acceptance criteria for %R.

• MS and MSD results with laboratory acceptance criteria for %R and RPD. In
cases where MS/MSD analyses were not performed on a project sample,
LCS/LCSD analyses should be performed and reported instead.

E3.8  Data Quality Verification and Validation 
Reported analytical results will be qualified by the laboratory to identify QC concerns in 
accordance with the specifications of the analytical methods. Additional laboratory data 
qualifiers may be defined and reported by the laboratory to more completely explain QC 
concerns regarding a particular sample result. All data qualifiers will be defined in the 
laboratory’s narrative reports associated with each case. 

Data validation will be performed on all data consistent with United States 
Environmental Protection Agency Stage 2A requirements. In cases where a systematic 
QC problem is suspected, such as unusual detections of an analyte or consistent outlying 
results of a QC parameter, a more detailed review will be performed on laboratory 
records pertinent to the concerned analysis to further evaluate the extend of the QC issue 
and the final data quality and usability. The actual level of validation for each data point 
will be entered in the electrical database submitted to the Ecology Environmental 
Information Management system (EIMs). Data validation will be conducted following 
the guidance below: 

• EPA Contract Laboratory Program National Functional Guidelines for Inorganic
Superfund Methods Data Review, Office of Superfund Remediation and
Technical Innovation, U.S. Environmental Protection Agency, January 2017,
OLEM 9355.0-135, EPA-540-R-2017-001.

• EPA Contract Laboratory Program National Functional Guidelines for Organic
Superfund Methods Data Review, Office of Superfund Remediation and
Technical Innovation, U.S. Environmental Protection Agency, January 2017,
OLEM 9355.0-136, EPA-540-R-2017-002.

The data validation will examine and verify the following parameters against the method 
requirements and laboratory control limits specified in Tables E-3 through E-5: 

• Sample management and holding times



ASPECT CONSULTING 

E-20 PROJECT NO. 180357  FEBRUARY 19, 2019 

• Laboratory and field blank results

• Detection and reporting limits

• Laboratory replicate results

• MS/MSD results

• LCS and/or standard reference material results

• Field duplicate results

• Surrogate spike recovery (organic analyses only)

• Internal standard recovery (internal calibration methods only)

• Inter-element interference check (ICP analyses only)

• Serial dilution (metals only)

Data qualifiers will be assigned based on outcome of the data validation. Data qualifiers 
are limited to and defined as follows: 

• U—The analyte was analyzed for but was determined to be non-detect above the
reported sample quantitation limit, or the quantitation limit was raised to the
concentration found in the sample due to blank contamination.

• J—The analyte was positively identified; the associated numerical value is the
approximate concentration of the analyte in the sample.

• UJ—The analyte was not detected above the reported quantitation limit.
However, the reported quantitation limit is approximate and may or may not
represent the actual limit of quantitation necessary to accurately and precisely
measure the analyte in the sample.

• X—The numerical value of the result is accurate. However, the analyte was not
positively identified at that value because the chromatographic pattern in the
sample did not match that of the associated fuel standard. This qualifier is
applicable only to TPH results.

• R—The sample results are rejected due to serious deficiencies in the ability to
analyze the sample and meet QC criteria. The presence or absence of the analyte
cannot be verified.

• DNR—Do not report from this analysis; the result for this analyte is to be
reported from an alternative analysis.

In cases of multiple analyses (such as an undiluted and a diluted analysis) performed on 
one sample, the optimal result will be determined and only the determined result will be 
reported for the sample.  

The scope and findings of the data validation will be documented and discussed in the 
Data Validation Report(s). The Data Validation Report(s) will be appended to the RI 
report. 
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E3.9  Preventative Maintenance Procedures and Schedules 
Preventative maintenance in the laboratory will be the responsibility of the laboratory 
personnel and analysts and ensured by the laboratory project manager. This maintenance 
includes routine care and cleaning of instruments and inspection and monitoring of 
carrier gases, solvents, and glassware used in analyses. Details of the maintenance 
procedures are addressed in the respective laboratory SOPs. 

Precision and accuracy data are examined for trends and excursions beyond control limits 
to determine evidence of instrument malfunction. Maintenance will be performed when 
an instrument begins to change as indicated by the degradation of peak resolution, shift in 
calibration curves, decrease in sensitivity, or failure to meet one or another of the 
method-specific QC criteria. 

Maintenance and calibration of instruments used in the field for sampling (e.g., PID for 
evaluating presence of VOCs in soil samples, and the YSI meter for measuring field 
parameters during ground water sampling) will be conducted regularly in accordance 
with manufacturer recommendations prior to use. 

E3.10 Performance and System Audits 
The project manager has responsibility for reviewing the performance of the laboratory 
QA program; this review will be achieved through regular contact with the analytical 
laboratory’s project manager. To ensure comparable data, all samples of a given matrix to 
be analyzed by each specified analytical method will be processed consistently by the 
same analytical laboratory. 

E3.11 Data and Records Management 
Records will be maintained documenting all activities and data related to field sampling 
and chemical analyses.  

E3.11.1 Field Documentation 
Raw data received from the analytical laboratory will be reviewed, entered into a 
computerized database, and verified for consistency and correctness. The database will be 
updated based on data review and independent validation if necessary.  

The following field data will be included in the database: 

• Sample location coordinates

• Sample type (i.e., ground water or soil)

• Soil or ground water sampling depth interval

Information regarding whether concentrations represent total phase (unfiltered samples) 
or dissolved phase (filtered samples) will be compiled and stored in the database. Data 
will be submitted to Ecology’s Environmental Information Management (EIM) database 
once data have been reviewed and validated.  
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E3.11.2 Analytical Data Management 
Raw data received from the analytical laboratory will be reviewed, entered into a 
computerized database, and verified for consistency and correctness. The database will be 
updated based on data review and independent validation if necessary.  

The following field data will be included in the database: 

• Sample location coordinates

• Sample type (i.e., ground water or soil)

• Soil or ground water sampling depth interval

Information regarding whether concentrations represent total phase (unfiltered samples) 
or dissolved phase (filtered samples) will be compiled and stored in the database. Data 
will be submitted to Ecology’s Environmental Information Management (EIM) database 
once data have been reviewed and validated.  

E4 References for Appendix E 
Puls, R.W. and M.J. Barcelona, 1996, Low-Flow (Minimal Drawdown) Ground-Water 

Sampling Procedures, EPA Ground Water Issue, EPA/540/S-95/504. 

U.S. Environmental Protection Agency (EPA), 2009, Guidance for Labeling Externally 
Validated Laboratory Analytical Data for Superfund Use, January 13 2009. EPA 
540-R-08-005.

U.S. Environmental Protection Agency (EPA), 2017a, Contract Laboratory Program 
National Functional Guidelines for Inorganic Superfund Methods Data Review, 
Office of Superfund Remediation and Technical Innovation, U.S. Environmental 
Protection Agency, January 2017, OLEM 9355.0-135, EPA-540-R-2017-001. 

U.S. Environmental Protection Agency (EPA), 2017b, Contract Laboratory Program 
National Functional Guidelines for Organic Superfund Methods Data Review, 
Office of Superfund Remediation and Technical Innovation, U.S. Environmental 
Protection Agency, January 2017, OLEM 9355.0-135, EPA-540-R-2017-001. 

Washington State Department of Ecology (Ecology), 2004, Collecting and Preparing Soil 
Samples for VOC Analysis, Implementation Memorandum Number 5, June 17, 
2004. 

Washington State Department of Ecology (Ecology), 2012, Guidance for Groundwater 
Monitoring at Landfills and Other Facilities Regulated Under Chapters 173-304, 
173-306, 173-350, and 173-351 WAC, Publication No. 12-07-072.
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Table E-1. Analytical Methods, Sample Containers, Preservation, and Holding Times
Project No. 180357, Aloha Café 
Lynwood, Washington

Sample 
Matrix

Analytical Parameter Analytical Method
Sample 

Container
No. 

Containers
Preservation 

Requirements
Holding Time

Gasoline Range TPH NWTPH-Gx
Method 

5035A, 40-mL 
vials

4
4°C ±2°C, 

Freeze within 48 
hours to <-7°C

14 days

Diesel and Motor Oil 
Range TPH

NWTPH-Dx (without 
Silica Gel Cleanup)

4 ounce jar 1 4°C ±2°C
14 days for extraction; 
40 days for analysis

VOCs Method 8260
Method 

5035A, 40-mL 
vials

4
4°C ±2°C, 

Freeze within 48 
hours to <-7°C

14 days

MTBE, EDC, EDB, 
Naphthalene

Method 8260
Method 

5035A, 40-mL 
vials

4
4°C ±2°C, 

Freeze within 48 
hours to <-7°C

14 days

Lead Method 6020 4-ounce jar 1 4°C ±2°C 6 months

 4°C ±2°C, 1 with 

HCl pH < 2, 2 
without HCl

 4°C ±2°C, 1 with 

HCl pH < 2, 2 
without HCl

Soil Vapor VOCs Method TO-15
6L SUMMA 

Canister
1 N/A 28 days

Notes:
HCl = hydrochloric acid
TPH = total petroleum hydrocarbons
VOA = volatile organic analysis
BTEX = benzene, toluene, ethylbenzene, xylenes
MTBE = methyl tert-butyl ether

Halogenated VOCs Method 8260
40-mL VOA

vials
3 14 days for analysis

Diesel and Motor Oil 
Range TPH 

14 days
4°C ±2°C, HCl 

pH < 2

Soil

4°C ±2°C
7 days for extraction, 
40 days for analysis

Water MTBE, EDC, EDB, 
Naphthalene

Gasoline Range TPH Method NWTPH-Gx 40-mL VOA
vials

3

14 days for analysis

NWTPH-Dx (without 
Silica Gel Cleanup) 500-mL amber

glass bottle
1

Method 8260
40-mL VOA

vials
3
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Table E-2. QC Parameters Associated with PARCCS
Project No. 180357, Aloha Café 
Lynwood, Washington

Data Quality Indicators QC Parameters

RPD values of:

(1) LCS/LCS Duplicate

(2) MS/MSD

(3) Field Duplicates

Percent Recovery (%R) or Percent Difference (%D) values of:

(1) Initial Calibration and Calibration Verification

(2) LCS

(3) MS

(4) Surrogate Spikes

Results of:

(1) Instrument and Calibration Blank 

(2) Method (Preparation) Blank

(3) Trip Blank

(4) Equipment Rinsate Blank (if appropriate)

Results of All Blanks

Sample Integrity (Chain-of-Custody and Sample Receipt Forms)

Holding Times

Sample-specific Reporting Limits

Sample Collection Methods

Laboratory Analytical Methods

Data Qualifiers

Laboratory Deliverables

Requested/Reported Valid Results

Sensitivity MDLs and MRLs

Notes:

LCS = laboratory control sample

MDL = method detection limit

MRL = method reporting limit

MS/MSD = matrix spike/matrix spike duplicate

QC = Quality Control

PARCCS = Precision, Accuracy, Representativeness, Comparability, Completeness, Sensistivity

Completeness

Precision

Accuracy/Bias

Representativeness

Comparability
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Table E-3. Measurement Quality Objectives for Water Samples 
Friedman and Bruya, Inc
Project No. 180357, Aloha Café 
Lynwood, Washington

 Analyte Name MDL(A)  MRL LCS/LCS %R(A)  RPD (%) Surrogate %R(A)

Volatile Organic Compounds (VOCs) by SW8260C (µg/L)

1,1,1,2-Tetrachloroethane  0.040   0.2   80 – 128   ≤40  n/a
1,1,1-Trichloroethane  0.041   0.2   79 – 124   ≤40  n/a
 1,1,2,2-Tetrachloroethane   0.060   0.2   80 – 120   ≤40  n/a
 1,1,2-Trichloro-1,2,2-Trifluoroethane   0.043   0.2   76 – 124   ≤40  n/a
 1,1,2-Trichloroethane   0.129   0.2   80 – 120   ≤40  n/a
 1,1-Dichloroethane   0.053   0.2   80 – 120   ≤40  n/a
 1,1-Dichloroethene   0.054   0.2   74 – 120   ≤40  n/a
 1,1-Dichloropropene   0.034   0.2   80 – 120   ≤40  n/a
 1,2,3-Trichlorobenzene   0.110   0.5   80 -125   ≤40  n/a
 1,2,3-Trichloropropane   0.131   0.5   80 – 120   ≤40  n/a
 1,2,4-Trichlorobenzene   0.107   0.5   77 – 127   ≤40  n/a
 1,2,4-Trimethylbenzene   0.024   0.2   80 – 122   ≤40  n/a
 1,2-Dibromo 3-Chloropropane   0.366   0.5   79 – 129   ≤40  n/a
 1,2-Dibromoethane (Ethylene Dibromide 0.075   0.2   80 – 120   ≤40  n/a
 1,2-Dichlorobenzene   0.036   0.2   80 – 120   ≤40  n/a
 1,2-Dichloroethane   0.072   0.2   80 – 121   ≤40  n/a
 1,2-Dichloropropane   0.035   0.2   80 – 120   ≤40  n/a
 1,3,5-Trimethyl Benzene   0.015   0.2   80 – 120   ≤40  n/a
 1,3-Dichlorobenzene   0.036   0.2   80 – 120   ≤40  n/a
 1,3-Dichloropropane   0.062   0.2   80 – 120   ≤40  n/a
 1,4-Dichlorobenzene   0.040   0.2   80 – 120   ≤40  n/a
 2,2-Dichloropropane   0.052   0.2   72 – 133   ≤40  n/a
 2-Butanone   0.814   5.0   73 – 123   ≤40  n/a
 2-Chloro Toluene   0.024   0.2   80 – 120   ≤40  n/a
 2-Chloroethylvinyl Ether   0.250   1.0   62 – 130   ≤40  n/a
 2-Hexanone   0.902   5.0   80 – 129   ≤40  n/a
 4-Chloro Toluene   0.016   0.2   80 – 120   ≤40  n/a
 4-Isopropyl Toluene   0.026   0.2   80 – 124   ≤40  n/a
 4-Methyl-2-Pentanone   0.974   5.0   80 – 125   ≤40  n/a
 Acetone   2.057   5.0   64 – 125   ≤40  n/a
 Acrolein   2.476   5.0   60 – 124   ≤40  n/a
 Acrylonitrile   0.604   1.0   76 – 123   ≤40  n/a
 Benzene   0.027   0.2   80 – 120   ≤40  n/a
 Bromobenzene   0.060   0.2   80 – 120   ≤40  n/a
 Bromochloromethane   0.061   0.2   80 – 120   ≤40  n/a
 Bromodichloromethane   0.051   0.2   80 – 122   ≤40  n/a
 Bromoethane   0.041   0.2   77 – 122   ≤40  n/a
 Bromoform   0.062   0.2   62 – 149   ≤40  n/a
 Bromomethane   0.252   1.0   68 – 130   ≤40  n/a
 Carbon Disulfide   0.037   0.2   77 – 124   ≤40  n/a
 Carbon Tetrachloride   0.044   0.2   71 – 139   ≤40  n/a
 Chlorobenzene   0.023   0.2   80 – 120   ≤40  n/a
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Table E-3. Measurement Quality Objectives for Water Samples 
Friedman and Bruya, Inc
Project No. 180357, Aloha Café 
Lynwood, Washington

 Analyte Name MDL(A)  MRL LCS/LCS %R(A)  RPD (%) Surrogate %R(A)

Volatile Organic Compounds (VOCs) by SW8260C (µg/L)

 Chloroethane   0.086   0.2   68 – 133   ≤40  n/a
 Chloroform   0.027   0.2   80 – 120   ≤40  n/a
 Chloromethane   0.095   0.5   77 – 122   ≤40  n/a
 cis 1,3-dichloropropene   0.061   0.2   80 – 127   ≤40  n/a
 cis-1,2-Dichloroethene   0.043   0.2   78 – 120   ≤40  n/a
 Dibromochloromethane   0.048   0.2   80 – 120   ≤40  n/a
 Dibromomethane   0.145   0.2   80 – 120   ≤40  n/a
 Dichlorodifluoromethane   0.052   0.2   68 – 133   ≤40  n/a
 Ethyl Benzene   0.037   0.2   80 – 120   ≤40  n/a
 Hexachloro-1,3-Butadiene   0.073   0.5   80 – 135   ≤40  n/a
 Iodomethane (Methyl Iodide)   0.227   1.0   76 – 123   ≤40  n/a
 iso-propyl Benzene   0.021   0.2   80 – 120   ≤40  n/a
 Methylene Chloride   0.485   1.0   71 – 125   ≤40  n/a
 Methyl-tert-butyl ether   0.073   0.5   79 – 121   ≤40  n/a
 Naphthalene   0.118   0.5   80 – 128   ≤40  n/a
 n-Butyl Benzene   0.025   0.2   80 – 125   ≤40  n/a
 n-Propyl Benzene   0.023   0.2   80 – 120   ≤40  n/a
 sec-Butyl Benzene   0.024   0.2   80 – 121   ≤40  n/a
 Styrene   0.045   0.2   80 – 121   ≤40  n/a
 tert-Butyl Benzene   0.026   0.2   80 – 121   ≤40  n/a
 Tetrachloroethene   0.047   0.2   80 – 120   ≤40  n/a
 Toluene   0.040   0.2   80 – 120   ≤40  n/a
 trans 1,3-Dichloropropene   0.081   0.2   79 – 132   ≤40  n/a
 trans‐1,2‐Dichloroethene    0.048    0.2    75 – 120    ≤40   n/a

 trans‐1,4‐Dichloro 2‐Butene    0.324    1.0    47 – 147    ≤40   n/a

 Trichloroethene    0.049    0.2    80 – 120    ≤40   n/a

 Trichlorofluoromethane    0.037    0.2    74 – 135    ≤40   n/a

 Vinyl Acetate    0.069    0.2    74 – 120    ≤40   n/a

 Vinyl Chloride    0.069    0.2    74 – 120    ≤40   n/a

 m,p‐xylene    0.052    0.4    80 – 120    ≤40   n/a

 o‐Xylene    0.035    0.2    80 – 120    ≤40   n/a

 1,2‐Dichloroethane‐d4   n/a n/a  80 – 130    ≤40    80 – 120  

 1,2‐Dichlorobenzene‐d4   n/a n/a  80 – 120    ≤40    80 – 120  

 Toluene‐d8   n/a n/a  80 – 120    ≤40    80 – 120  

 4‐Bromofluorobenzene   n/a n/a  80 – 120    ≤40    80 – 120  

Gasoline Range Hydrocarbons  0.057    0.25    80 – 120    ≤40   n/a

Bromobenzene  n/a n/a  77 – 120    ≤40   n/a

Diesel Range Hydrocarbons 39 100  61‐104    ≤40   n/a

Oil Range Hydrocarbons 10 200  60 – 130  ≤40   n/a

o‐Terphenyl n/a n/a  50 – 150  ≤40   n/a

Lead 0.046 0.1  80 – 120    ≤20   n/a

Notes:

%R = percent recovery

LCS/LCSD = laboratory control samples and laboratory control sample duplicate

MDL = method detection limit

MRL = method reporting limit

n/a = not applicable

RPD = relative percent difference

µg/L = microgram per liter

(‐‐)  = No PSL identified

Gasoline Range Hydrocarbons by NWTPH-Gx (µg/L)

Diesel and Motor Oil Range Hydrocarbons by NWTPH-Dx without Silica Gel Cleanup (µg/L)

Metals

(A) = Based on current laboratory control criteria. Some values may vary slightly between instruments and can be subject to 

change as the laboratory updates the charted values periodically.
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Table E-4. Measurement Quality Objectives for Soil Samples
Friedman and Bruya, Inc.
Project No. 180357, Aloha Café 
Lynwood, Washington

 Analyte Name MDL(A)  MRL 

LCS/LCS 

%R(A)  RPD (%) Surrogate %R(A)

Volatile Organic Compounds (VOCs) by SW8260C (mg/kg)

 1,1,1,2‐Tetrachloroethane   0.000233 0.001  80 – 120    ≤40   n/a

 1,1,1‐Trichloroethane   0.000226 0.001  78 – 133    ≤40   n/a

 1,1,2,2‐Tetrachloroethane   0.000253 0.001  71 – 120    ≤40   n/a

 1,1,2‐Trichloro‐1,2,2‐Trifluoroethane   0.000287 0.002  72 – 142    ≤40   n/a

 1,1,2‐Trichloroethane   0.000286 0.001  77 – 120    ≤40   n/a

 1,1‐Dichloroethane   0.000203 0.001  65 – 139    ≤40   n/a

 1,1‐Dichloroethene   0.000336 0.001  73 – 138    ≤40   n/a

 1,1‐Dichloropropene   0.000312 0.001  80 – 123    ≤40   n/a

 1,2,3‐Trichlorobenzene   0.000305 0.005  76 – 122    ≤40   n/a

 1,2,3‐Trichloropropane   0.000517 0.002  75 – 120    ≤40   n/a

 1,2,4‐Trichlorobenzene   0.000332 0.005  75 – 130    ≤40   n/a

 1,2,4‐Trimethylbenzene   0.00023 0.001  77 – 125    ≤40   n/a

 1,2‐Dibromo‐3‐Chloropropane   0.000586 0.005  61 – 128    ≤40   n/a

 1,2‐Dibromoethane (Ethylene Dibromide 0.000176 0.001  79 – 120    ≤40   n/a

 1,2‐Dichlorobenzene   0.000293 0.001  77 – 120    ≤40   n/a

 1,2‐Dichloroethane   0.000191 0.001  77 – 120    ≤40   n/a

 1,2‐Dichloropropane   0.000162 0.001  74 – 120    ≤40   n/a

 1,3,5‐Trimethylbenzene   0.000254 0.001  77 – 126    ≤40   n/a

 1,3‐Dichlorobenzene   0.000227 0.001  76 – 120    ≤40   n/a

 1,3‐Dichloropropane   0.000209 0.001  77 – 120    ≤40   n/a

 1,4‐Dichlorobenzene   0.000232 0.001  75 – 120    ≤40   n/a

 2,2‐Dichloropropane   0.000292 0.001  77 – 137    ≤40   n/a

 2‐Butanone 0.000513 0.005  64 – 120    ≤40   n/a

 2‐Chloroethyl Vinyl Ether   0.000276 0.005  20 – 157    ≤40   n/a

 2‐Chlorotoluene   0.0003 0.001  76 – 120    ≤40   n/a

 2‐Hexanone 0.000439 0.005  62 – 128    ≤40   n/a

 4‐Chlorotoluene   0.000277 0.001  75 – 121    ≤40   n/a

 4‐Isopropyl Toluene   0.000236 0.001  78 – 131    ≤40   n/a

 4‐Methyl‐2‐Pentanone 0.00042 0.005  70 – 124    ≤40   n/a

 Acetone 0.000482 0.005  48 – 132    ≤40   n/a

 Acrolein 0.003809 0.05  60 – 130    ≤40   n/a

 Acrylonitrile   0.001026 0.005  59 – 124    ≤40   n/a

 Benzene 0.000296 0.001  80 – 120    ≤40   n/a

 Bromobenzene   0.000153 0.001  75 – 120    ≤40   n/a

 Bromochloromethane   0.000323 0.001  69 – 133    ≤40   n/a

 Bromodichloromethane   0.000254 0.001  80 – 122    ≤40   n/a

 Bromoethane   0.00044 0.002  74 – 132    ≤40   n/a

 Bromoform   0.000297 0.001  63 – 120    ≤40   n/a

 Bromomethane   0.000187 0.001  40 – 172    ≤40   n/a
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Table E-4. Measurement Quality Objectives for Soil Samples
Friedman and Bruya, Inc.
Project No. 180357, Aloha Café 
Lynwood, Washington

 Analyte Name MDL(A)  MRL 

LCS/LCS 

%R(A)  RPD (%) Surrogate %R(A)

Volatile Organic Compounds (VOCs) by SW8260C (mg/kg)

 Carbon Disulfide   0.000559 0.001  72 – 146    ≤40   n/a

 Carbon Tetrachloride   0.000213 0.001  76 – 136    ≤40   n/a

 Chlorobenzene   0.000219 0.001  80 – 120    ≤40   n/a

 Chloroethane   0.000462 0.001  53 – 154    ≤40   n/a

 Chloroform 0.000234 0.001  75 – 126    ≤40   n/a

 Chloromethane 0.000263 0.001  65 – 129    ≤40   n/a

 cis‐1,2‐Dichloroethene 0.00024 0.001  75 – 124    ≤40   n/a

 cis‐1,3‐Dichloropropene 0.000226 0.001  80 – 124    ≤40   n/a

 Dibromochloromethane 0.000266 0.001  77 – 123    ≤40   n/a

 Dibromomethane 0.000147 0.001  80 – 120    ≤40   n/a

 Dichlorodifluoromethane 0.000207 0.001  67 – 142    ≤40   n/a

 Ethyl Benzene 0.000202 0.001  80 – 120    ≤40   n/a

 Hexachloro‐1,3‐Butadiene   0.00041 0.005  72 – 135    ≤40   n/a

 Iodomethane (Methyl Iodide)   0.000215 0.001  34 – 181    ≤40   n/a

 Isopropyl Benzene   0.000233 0.001  77 – 127    ≤40   n/a

 Methylene Chloride   0.000635 0.002  61 – 128    ≤40   n/a

 Methyl‐t‐butyl ether (MTBE)   0.000231 0.001  68 – 124    ≤40   n/a

 Naphthalene   0.000429 0.005  71 – 122    ≤40   n/a

 n‐Butylbenzene   0.000262 0.001  75 – 134    ≤40   n/a

 n‐Propyl Benzene   0.000272 0.001  76 – 126    ≤40   n/a

 s‐Butylbenzene   0.00024 0.001  77 – 127    ≤40   n/a

 Styrene   0.000138 0.001  80 – 122    ≤40   n/a

 t‐Butylbenzene   0.000306 0.001  77 – 125    ≤40   n/a

 Tetrachloroethene   0.000257 0.001  76 – 131    ≤40   n/a

 Toluene   0.000151 0.001  78 – 120    ≤40   n/a

 trans‐1,2‐Dichloroethene   0.000266 0.001  73 – 131    ≤40   n/a

 trans‐1,3‐Dichloropropene   0.000216 0.001  80 – 126    ≤40   n/a

 trans‐1,4‐Dichloro‐2‐Butene   0.000437 0.005  62 – 127    ≤40   n/a

 Trichloroethene   0.000212 0.001  80 – 120    ≤40   n/a

 Trichlorofluoromethane   0.000266 0.001  57 – 161    ≤40   n/a

 Vinyl Acetate   0.000381 0.005  54 – 138    ≤40   n/a

 Vinyl Chloride   0.000235 0.001  74 – 134    ≤40   n/a

 m,p‐Xylene   0.000392 0.001  80 – 123    ≤40   n/a

 o‐Xylene   0.000224 0.001  80 – 120    ≤40   n/a

 1,2‐Dichloroethane‐d4   n/a n/a  80 – 149    ≤40    80 – 122  

 1,2‐Dichlorobenzene‐d4   n/a n/a  80 – 120    ≤40    80 – 120  

 Toluene‐d8   n/a n/a  77 – 120    ≤40    80 – 120  

 4‐Bromofluorobenzene   n/a n/a  80 – 120    ≤40    80 – 120  
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Table E-4. Measurement Quality Objectives for Soil Samples
Friedman and Bruya, Inc.
Project No. 180357, Aloha Café 
Lynwood, Washington

 Analyte Name MDL(A)  MRL 

LCS/LCS 

%R(A)  RPD (%) Surrogate %R(A)

Gasoline Range Hydrocarbons by NWTPH-Gx (mg/kg)

Gasoline Range Hydrocarbons  0.057    0.25    80 – 120    ≤40   n/a

Bromobenzene  n/a n/a  49 – 143    ≤40   n/a

Diesel and Motor Oil Range Hydrocarbons by NWTPH-Dx without Silica Gel Cleanup (mg/kg) 

Diesel Range Hydrocarbons  1.28    5    60 – 108  ≤40   n/a

Oil Range Hydrocarbons  1.57    10    60 – 130  ≤40   n/a

o‐Terphenyl n/a n/a  50 – 150  ≤40   n/a

Metals

Lead n/a 0.1 80‐120  ≤20   75‐125

Notes:

%R = Percent recovery

LCS/LCSD = Laboratory control samples and laboratory control sample duplicate

MDL = Method detection limit

mg/kg = milligram per kilogram

MRL = Method reporting limit

n/a = not applicable

RPD = Relative percent difference

(A) = Based on current laboratory control criteria. Some values may vary slightly between instruments and can be subject to 

change as the laboratory updates the charted values periodically.
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Table E-5. Measurement Quality Objectives for Soil Vapor Samples
Friedman and Bruya, Inc.
Project No. 180357, Aloha Café 
Lynwood, Washington

 Analyte Name MDL(A)  MRL  RPD (%) Surrogate %R(A)

Volatile Organic Compounds (VOCs) by TO-15 (µg/m3)

1,1,1-Trichloroethane 0.035 0.55  ≤40  n/a

1,1,2,2-Tetrachloroethane 0.11 0.69  ≤40  n/a

1,1,2-Trichloroethane 0.061 0.55  ≤40  n/a

1,1-Dichloroethane 0.036 0.4  ≤40  n/a

1,1-Dichloroethene 0.047 0.4  ≤40  n/a

1,2,3-Trimethylbenzene 0.14 2.5  ≤40  n/a

1,2,4-Trichlorobenzene 0.079 0.74  ≤40  n/a

1,2,4-Trimethylbenzene 0.041 2.5  ≤40  n/a

1,2-Dibromoethane (EDB) 0.074 0.77  ≤40  n/a

1,2-Dichlorobenzene 0.08 1.2  ≤40  n/a

1,2-Dichloroethane (EDC) 0.055 0.4  ≤40  n/a

1,2-Dichloropropane 0.05 0.46  ≤40  n/a

1,3,5-Trimethylbenzene 0.11 2.5  ≤40  n/a

1,3-Butadiene 0.02 0.22  ≤40  n/a

1,3-Dichlorobenzene 0.062 1.2  ≤40  n/a

1,4-Dichlorobenzene 0.067 0.6  ≤40  n/a

1,4-Dioxane 0.063 0.36  ≤40  n/a

1-Butanol 0.098 6.1  ≤40  n/a

2-Butanone (MEK) 0.038 2.9  ≤40  n/a

2-Hexanone 0.023 4.1  ≤40  n/a

2-Pentanone 0.04 3.5  ≤40  n/a

2-Propanol 0.067 8.6  ≤40  n/a

3-Hexanone 0.024 4.1  ≤40  n/a

3-Pentanone 0.099 3.5  ≤40  n/a

4-Methyl-2-pentanone 0.097 4.1  ≤40  n/a

Acetaldehyde 0.78 9  ≤40  n/a

Acetone 0.72 4.8  ≤40  n/a

Acetonitrile 0.038 1.7  ≤40  n/a

Acrolein 0.049 0.92  ≤40  n/a

Acrylonitrile 0.037 0.22  ≤40  n/a

Benzene 0.018 0.32  ≤40  n/a

Benzyl chloride 0.05 0.52  ≤40  n/a

Bromodichloromethane 0.057 0.67  ≤40  n/a

Bromoform 0.094 2.1  ≤40  n/a

Bromomethane 0.034 0.39  ≤40  n/a

Butanal 0.12 2.9  ≤40  n/a

Carbon disulfide 0.03 6.2  ≤40  n/a

Carbon Tetrachloride 0.056 0.63  ≤40  n/a

CFC-113 0.089 0.77  ≤40  n/a

Chlorobenzene 0.041 0.46  ≤40  n/a
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Table E-5. Measurement Quality Objectives for Soil Vapor Samples
Friedman and Bruya, Inc.
Project No. 180357, Aloha Café 
Lynwood, Washington

 Analyte Name MDL(A)  MRL  RPD (%) Surrogate %R(A)

Chlorodifluoromethane 0.041 0.35  ≤40  n/a

Chloroethane 0.016 0.26  ≤40  n/a

Chloroform 0.051 0.49  ≤40  n/a

Chloromethane 0.025 0.21  ≤40  n/a

cis-1,2-Dichloroethene 0.031 0.4  ≤40  n/a

cis-1,3-Dichloropropene 0.036 0.45  ≤40  n/a

Cyclohexane 0.035 6.9  ≤40  n/a

Cyclopentane 0.03 0.29  ≤40  n/a

Dibromochloromethane 0.1 0.85  ≤40  n/a

Dichlorodifluoromethane 0.033 0.49  ≤40  n/a

Ethanol 0.56 7.5  ≤40  n/a

Ethylbenzene 0.055 0.43  ≤40  n/a

F-114 0.079 0.7  ≤40  n/a

Hexachlorobutadiene 0.19 1.1  ≤40  n/a

Hexanal 0.13 4.1  ≤40  n/a

Hexane 0.062 3.5  ≤40  n/a

Iodomethane 0.061 0.58  ≤40  n/a

Isobutene 0.035 0.92  ≤40  n/a

Isoprene 0.022 0.28  ≤40  n/a

m,p-Xylene 0.082 0.87  ≤40  n/a

Methacrolein 0.033 2.9 0 0

Methyl t-butyl ether 0.039 1.8  ≤40   80 – 120  

Methyl Vinyl Ketone 0.029 1.1  ≤40   80 – 120  

Methylene chloride 0.92 87  ≤40   80 – 120  

Naphthalene 0.022 0.52  ≤40   80 – 120  

o-Xylene 0.048 0.43  ≤40   80 – 120  

Pentanal 0.14 3.5  ≤40   80 – 120  

Pentane 0.049 3  ≤40   80 – 120  

Propene 0.025 0.69  ≤40   80 – 120  

Styrene 0.034 0.85  ≤40   80 – 120  

Tetrachloroethene 0.041 0.68  ≤40   80 – 120  

Toluene 0.034 0.38  ≤40   80 – 120  

trans-1,2-Dichloroethene 0.038 0.4  ≤40   80 – 120  

trans-1,3-Dichloropropene 0.032 0.45  ≤40   80 – 120  

Trichloroethene 0.058 0.54  ≤40   80 – 120  

Trichlorofluoromethane 0.073 0.56  ≤40   80 – 120  

Vinyl acetate 0.046 7  ≤40   80 – 120  

Vinyl chloride 0.02 0.26  ≤40   80 – 120  

APH EC5-8 aliphatics NA 46  ≤40   80 – 120  

APH EC9-12 aliphatics NA 70  ≤40   80 – 120  

APH EC9-10 aromatics NA 50  ≤40   80 – 120  
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Table E-5. Measurement Quality Objectives for Soil Vapor Samples
Friedman and Bruya, Inc.
Project No. 180357, Aloha Café 
Lynwood, Washington

 Analyte Name MDL(A)  MRL  RPD (%) Surrogate %R(A)

1,1,1-Trichloroethane 0.0028 0.055  ≤40   80 – 120  

1,1,2,2-Tetrachloroethane 0.0046 0.069  ≤40   80 – 120  

1,1,2-Trichloroethane 0.0045 0.055  ≤40   80 – 120  

1,1-Dichloroethane 0.0025 0.04  ≤40   80 – 120  

1,1-Dichloroethene 0.0049 0.04  ≤40   80 – 120  

1,2-Dibromoethane (EDB) 0.0076 0.077  ≤40   80 – 120  

1,2-Dichlorobenzene 0.0061 0.06  ≤40   80 – 120  

1,2-Dichloroethane (EDC) 0.0028 0.04  ≤40   80 – 120  

1,2-Dichloropropane 0.0049 0.046  ≤40   80 – 120  

1,3-Butadiene 0.0039 0.022  ≤40   80 – 120  

1,3-Dichlorobenzene 0.0065 0.06  ≤40   80 – 120  

1,4-Dichlorobenzene 0.0073 0.06  ≤40   80 – 120  

Benzene 0.0018 0.032  ≤40   80 – 120  

Benzyl chloride 0.0059 0.052  ≤40   80 – 120  

Bromodichloromethane 0.0049 0.067  ≤40   80 – 120  

Chloroethane 0.0048 0.026  ≤40   80 – 120  

Chloroform 0.0031 0.049  ≤40   80 – 120  

cis-1,2-Dichloroethene 0.0047 0.04  ≤40   80 – 120  

Dibromochloromethane 0.0062 0.085  ≤40   80 – 120  

Ethylbenzene 0.0032 0.043  ≤40   80 – 120  

Hexachlorobutadiene 0.0086 0.11  ≤40   80 – 120  

m,p-Xylene 0.0059 0.087  ≤40   80 – 120  

Naphthalene 0.0075 0.052  ≤40   80 – 120  

o-Xylene 0.003 0.043  ≤40   80 – 120  

Tetrachloroethene 0.0044 0.068  ≤40   80 – 120  

Toluene 0.0037 0.038  ≤40   80 – 120  

trans-1,2-Dichloroethene 0.0031 0.04  ≤40   80 – 120  

Trichloroethene 0.0042 0.054  ≤40   80 – 120  

Vinyl chloride 0.0041 0.026  ≤40   80 – 120  

 4-Bromofluorobenzene  n/a n/a  ≤40  70 - 130

Notes:

%R = Percent recovery

MDL = Method detection limit n/a = not applicable

mg/kg = milligram per kilogram RPD = Relative percent difference

MRL = Method reporting limit

(A) = Based on current laboratory control criteria. Some values may vary slightly between instruments 
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ATTACHMENT E-A 

Aspect Field Forms



Soil Type/
Depth

Completion
Depths

Project:

Elevation:

Drilling Method and Equipment Used:

Water Levels:

Location:

Drilling Contractor:

Logged By:

Completion

Project Number:

As-Built Well Completion Diagram
Boring/Monitoring

of:

Start: Finish:

Monument Type/Height

Well Cap Type

Surface Seal Material

Seal Material

Well Casing ID

Type of Casing

Type of Connection

Filter Pack/Size

Filter Pack Interval

Well Screen ID

Type of Screen

Slot Size

Screen Interval

Diameter of Borehole

Sump

Q
:\
_
A

C
A

D
 S

ta
n
d
a
rd

s
\S

ta
n
d
a
rd

 D
e
ta

ils
\W

e
ll 

D
ia

g
ra

m
.d

w
g

Bottom of Boring

Materials Used:

Blank:

Bentonite:

Screen:

Sand:

Monument:

Concrete: Other:

Well Number: Sheet:

(list NSF/ANSI certification)

Ecology Well ID

Centralizers



   Field Staff: 
DAILY REPORT 

X:\Aspect Forms\Field Forms\Field Note Template.docx  Page __of__ 
 

Date: 
Project Name: 
Project Number: 
Weather: 
Arrival on site: 
Departure from site: 

Equipment used: 
 
 
 
 
 
Calibration: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



GROUNDWATER SAMPLING RECORD WELL NUMBER:  _______ Page:____ of ____

Project Name: Project Number:  
Date: Starting Water Level (ft TOC):
Sampled by: Casing Stickup (ft):
Measuring Point of Well: Total Depth (ft TOC):
Screened Interval (ft. TOC) Casing Diameter (inches):
Filter Pack Interval (ft. TOC)

Casing Volume  ___________ (ft Water) x ___________ (Lpfv)(gpf) = ___________ (L)(gal) 
Casing volumes:   3/4"= 0.02 gpf          2" = 0.16 gpf             4" = 0.65 gpf               6" = 1.47 gpf Sample Intake Depth (ft TOC):
                          3/4"= 0.09 Lpf          2" = 0.62 Lpf             4" = 2.46 Lpf               6" = 5.56 Lpf

PURGING MEASUREMENTS

Criteria: Typical
0.1-0.5 Lpm Stable na ± 3% ± 10% ± 0.1 ± 10 mV ± 10%

(gal or L) (gpm or Lpm)  (ft) (°C) (µS/cm) (mg/L) (mv) (NTU)

Total Gallons Purged: Total Casing Volumes Removed:

Ending Water Level (ft TOC): Ending Total Depth (ft TOC):

SAMPLE INVENTORY
Time Volume Bottle Type Quantity Filtration Preservation Appearance

Color Turbidity & 
Sediment

METHODS
Parameters measured with (instrument model & serial number):

Purging Equipment:   Decon Equipment:

Disposal of Discharged Water:

Observations/Comments:

Sample 
number

Remarks

Water 
LevelPurge RateCumul. 

VolumeTime CommentsTurbidityORPpHDissolved 
Oxygen

Specific 
ConductanceTemp.

X:\Aspect Forms\Field Forms\Groundwater Sampling Form.xlsx



                          BORING LOG 

X:\Aspect Forms\Field Forms\Soil Boring Log.doc 

LOCATION OF BORING 

 

PROJECT NO.  BORING NO. 

 
PROJECT NAME 

SKETCH OF LOCATION DRILLING METHOD: 

LOGGED BY: 

DRILLER: 

SAMPLING METHOD: 

HAMMER WEIGHT/SAMPLER DIAMETER 

OBSERVATION  WELL INSTALL         YES ______          NO ______ START FINISH 

WATER LEVEL     TIME TIME 

TIME     

DATE     DATE DATE 

DATUM GRADE 

ELEV. 

CASING DEPTH     

SIZE  (%) 
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DESCRIPTION:  Density, moisture, color, minor,  

MAJOR CONSTITUENT.   

NON-SOIL SUBSTANCES:  Odor, staining, sheen, scrap, slag, etc.     DRILL ACTION 
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Soil Vapor Port Sample Collection Form Page ___ of ___

Project Name: Address: Aspect Project No.:

Date: Field Representative:

Brand and Model of Field Meters Used: 
Photoionization Detector:

Multi-Gas Meter:

Helium Monitor:

Soil Vapor Sample Name: Cannister ID: Gauge ID:

START Time: Vacuum (inches Hg):

END Time: Vacuum (inches Hg):

Helium Shroud: Y N (%) Start: Helium Shroud: Y N (%)

Canister Vacuum (inches Hg): End: Canister Vacuum (inches Hg):

Notes:

Soil Vapor Sample Name: Cannister ID: Gauge ID:

START Time: Vacuum (inches Hg):

END Time: Vacuum (inches Hg):

Helium Shroud: Y N (%) Start: Helium Shroud: Y N (%)

Canister Vacuum (inches Hg): End: Canister Vacuum (inches Hg):

Notes:

Soil Vapor Sample Name: Cannister ID: Gauge ID:

START Time: Vacuum (inches Hg):

END Time: Vacuum (inches Hg):

Helium Shroud: Y N (%) Start: Helium Shroud: Y N (%)

Canister Vacuum (inches Hg): End: Canister Vacuum (inches Hg):

Notes:

Sampling Readings
START Sample Time Interval END

START Sample Time Interval END

Shut-In Vacuum Test Readings Final Purge Readings
PID (ppm) CH4 (%LEL) CO2 (%) O2 (%) He (%)

CH4 (%LEL) CO2 (%) O2 (%) He (%)

Sampling Readings

PID (ppm)

Shut-In Vacuum Test Readings Final Purge Readings

Sample Time IntervalSTART END

Shut-In Vacuum Test Readings Final Purge Readings

Sampling Readings

PID (ppm) CH4 (%LEL) CO2 (%) O2 (%) He (%)

Last Updated 10/9/2018
KB



Starting Water Level (ft TOC):
Casing Stickup (ft BGS):  
Total Depth (ft TOC):  

Screened Interval (ft. BGS): Casing Diameter (inches):

 ft Water x gpf =
Casing volumes:   2" = 0.16 gpf           4" = 0.65 gpf             6" = 1.47 gpf

Elapsed Cumul. Vol. Purge Temp. pH Specific Turbidity Imhoff Cone 
Time (gallons) Rate (C or F) Conductance (NTU) (ml/L)
(min) (gpm) (µmhos/cm)

Total Discharge (gallons): Total Casing Volumes Removed (gallons):

Ending Water Level (ft TOC): Ending Total Depth (ft TOC):

Date:

WELL DEVELOPMENT RECORD WELL NUMBER:
Project Name: Project Number:

Developed by:  

Casing Volume:

DEVELOPMENT MEASUREMENTS
Comments

Filter Pack Interval (ft. BGS):

METHODS
Cleaning Equipment:
Development Equipment:
Disposal of Discharged Water:
Observations/Comments:

Measuring Point of Well:  

X: Aspect Forms/Field Forms/Well Development Record.xls



 

 

 

 

 

 

 

 

ATTACHMENT E-B 

Aspect Field Standard 
Operating Procedures 

 



  FIELD NOTES 

 

401 Second Avenue S, Suite 201   Seattle, WA 98104   Tel: (206) 328-7443   Fax: (206) 838-5853 
www.aspectconsulting.com 

a limited liability company 

Provided below are general field documentation procedures for all environmental field staff.  The 
Project Manager should discuss additional project-specific requirements with staff.  Regardless of 
the documentation needs of the project, all written documentation of field tasks is discoverable as 
evidence and should be kept neat, professional and factual.  
 
A field logbook or field form should be completed daily for each field job at each Site visited, 
regardless of the scope of work.  Before field notes are provided to the Project Manager, all 
information should be accurate, complete and neat.  The field staff shall sign or initial and date each 
page/sheet.  At a minimum, field notes should include the following, as applicable: 

• The times of arrival to and departure from the Site. 

• Any unique weather conditions. 

• Project name and project number. 

• A list of all personnel on the job Site during the day, including contractors, sub-
consultants, other consultants, clients, regulators, etc. 

• A description, and general times for completion, of the activities conducted (however 
there is no need to duplicate information that may be provided on another field form, i.e. 
lithology type in a boring that is logged on a boring log or volume of groundwater purged 
from a well). 

• A description of any unanticipated Site conditions. 

• A description of any problems encountered and resolutions taken, including times and 
reasons for work delays. 

• Rationale/description for any deviations from the Proposal, Work Plan, Sampling Plan, 
etc. 

• A summary of equipment used (make, model and condition) and calibration information, 
if applicable (reference calibration log, if applicable).  

• A description of waste generated (amount, type, container, location, etc.). 

• A description of any photographic documentation of the site conditions and field work. 

• A description of the samples collected and procedures to get the samples to the analytical 
laboratory. 

Your field notes should be scanned to a PDF file and saved in the appropriate project folder with 
the other field documentation from the day. When all field documentation is complete, combine 
into a single PDF and send the link to the file to the PM. 

 

 

X:\Aspect Forms\Field Forms\Field Procedures Guidance\Procedures_Field Notes.docx 



 GROUNDWATER SAMPLING 

 

401 Second Avenue S, Suite 201   Seattle, WA 98104   Tel: (206) 328-7443   Fax: (206) 838-5853 
www.aspectconsulting.com 

a limited liability company 

 

Field Procedures 
 
Gauging Water Levels 

• Decontaminate the water level meter tape and probe. 

• Don the appropriate PPE as defined in the Site-specific Health and Safety Plan. 

• Unlock and open the well monument and remove the well cap. Observe the well and 
document any damage to the monument, monument cover, or well cap in the daily field log. 

• Remove any water that may have accumulated inside well monument using a hand pump 
(e.g. thirsty mate). 

• Open the well and remove any dedicated equipment. 

• Wait at least 30 minutes after opening/removing equipment to allow water levels to 
equilibrate to atmospheric pressure.  

• Measure and record the depth to water from the marked reference point, or the north side of 
the well casing if no reference point is marked, to the nearest 0.01 foot. 

• Record the time and water level measurement in a field logbook or on a field form.  All 
times and water level measurements should be in one place (not on individual purge forms). 

Low-Flow Purging and Sample Collection 
Unless directed otherwise by the Project Manager or a site-specific work plan, all monitoring wells 
should be purged using the standard low-flow purge techniques1. The purging equipment will vary 
depending on the water level in the well and the screened interval.  

• If using an aboveground pump, attach and secure the dedicated tubing to the sampling 
pump. Lower the tubing or, if using a submersible pump, the pump slowly into the well.  

• Set the water intake (end of the tubing or pump intake) at the approximate middle of the 
saturated screened interval, unless directed otherwise by the Project Manager.  

• Slowly lower the water level probe until it is just at the water surface and record initial 
water level on the purge form. 

• Connect the discharge end of the tubing to a flow-through cell containing the water quality 
meter. 

                                                   
1 United States Environmental Protection Agency (EPA). 1996. Low Stress (low flow) Purging and Sampling 
Procedures for the Collection of Ground Water Samples from Monitoring Wells. Revision 2. July 30. 



 GROUNDWATER SAMPLING 
  
 

Page 2 

• Start pumping the well by selecting the lowest pump speed. Ideally, the pump rate should 
equal to the recharge rate with little or no water level drawdown in the well (total 
drawdown should be 0.3 foot or less). 

• The maximum flow rate during purging should be 0.1 to 0.5 liters (100 to 500 milliliters) 
per minute. Measure the pumping rate using a graduated cylinder and stopwatch. Record 
the pumping rate and depth to water. 

• Allow the flow-through cell to be “flushed” with purged groundwater twice. Monitor field 
parameters (temperature, pH, ORP, specific conductance and dissolved oxygen) in 3- to 5-
minute intervals during purging, maintaining a consistent time interval for a single well.  

• The well is considered stabilized and ready for sample collection when the indicator 
parameters have stabilized for three consecutive readings, as follows2: 

o ±0.1 for pH 

o ±3-percent for specific conductance 

o ±10-percent for dissolved oxygen 

o ±10mV for ORP 

• If the recharge rate of the well is very low, do not purge the well dry. Lower the flow rate if 
the water level drops more than 0.3 foot or if air bubbles are observed in the purge stream. 
Do not lower the water intake. Turn off the pump and allow the well to recover before 
sampling. 

• Once the field parameters have stabilized, disconnect the tubing from the flow-through cell 
in preparation for sampling. Gloves should be changed between purging and sampling. 

• Samples should be collected by filling laboratory-supplied containers to the top. Samples 
for volatiles should be collected first - VOAs should be filled with no headspace or bubbles. 
For dissolved metals analysis, field filtering may be necessary prior to sample collection 
(check with your Project Manager). 

• After samples have been collected, measure and record the final water level. 

• Stop the pump and disconnect the tubing from the pump.  Dedicated tubing can be left 
inside the well for future sampling events; secure the tubing so that it doesn’t fall down the 
well.  

• Close and lock the well.  

• Once samples are collected, label each sample and record them on the COC form. Sample 
labels should be smudge-proof or covered with transparent tape. Place sample containers 

                                                   
2 In some cases, duration of purging may be appropriate to determine sampling. Contact the Project Manager if 
parameters do not stabilize after 1 hour of purging. 
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into a Ziploc bag and immediately put into an iced cooler for shipment to the laboratory. 
Segregate larger bottles with bubble wrap. Ice in coolers should be double-bagged to 
prevent leakage. Coolers should be paced to the top with bagged ice to prevent warming 
and bottle breakage. 

  

 
Documentation 
Daily field logbook or field notes 
Water level summary form (or single logbook page/notes)  
Groundwater Purge Form 
COC copy 
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 SOIL LOGGING & SAMPLING 

 

401 Second Avenue S, Suite 201   Seattle, WA 98104   Tel: (206) 328-7443   Fax: (206) 838-5853 
www.aspectconsulting.com 

a limited liability company 

 

Documentation 
Field documentation for soil sampling varies depending on the type of work being conducted, but 
should include, at a minimum: 

Daily field logbook or field notes (see Field Notes procedures) 
Boring log/test pit log (see Soil Description guidance) 
 

Field Procedures 
Logging and Soil Descriptions 
General soil logging procedures specific to drilling are provided here. These general procedures can 
also be applied to other types of soil explorations. Site-specific deviations should be discussed with 
the Project Manager. Soil classification will be addressed in a separate guidance. 

• Visually classify the soils in general accordance with ASTM Method D 2488 and record soil 
descriptions in accordance with Aspect soil logging standards, field screening results, and 
other relevant details (e.g., staining, debris, odors, etc.) on the boring log.  

• Record the total pounded/advanced length of core, the amount of soil recovery within that 
length, sampler type and diameter, and the blow counts and hammer weight or SPT data (if 
applicable), on the boring log.  

• Note the location of each soil sample collected for potential chemical analysis, including the 
depth interval represented and the name, time of collection and number of sample containers. 
These can be noted on the boring log or in the field notes but do not need to be documented in 
multiple places.  

• Document the depth to water at the time of drilling on the boring log, and make any notations 
about the observed conditions (odors, color, sheen, etc.) of the water on the boring log or in 
field notes. 

• Note whether the water level was measured in an open hole or a cased hole, and if so, the depth 
of the casing at time of measurement. 

• If applicable, document the temporary screened interval and specific depth of water intake 
(tubing, casing or pump intake) from which a grab groundwater sample is collected in the field 
notes. 

• Document the total boring depth on the boring log.  
 

Field Screening 
Field screening procedures may vary from site to site depending on the investigation objectives. At 
a minimum, field screening of soil samples – whether collected from drilling samplers, test 
pits/excavations or stockpiles – should consist of the following. 

• Visual examination – Observe the soil visually for staining and evidence of NAPL. If 
NAPL is observed, note its occurrence in the context of the soil lithology: 

o Sheen – as described below 
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o Staining – Visible brown or black staining on soil. Can be visible as mottling or in 
bands. Typically associated with fine-grained soil. 

o Coating – Visible brown or black oil coating soil grains. Typically associated with 
coarse-grained soil. 

o Oil wetted – Visible brown or black oil wetting the soil. Oil appears as a liquid and 
is not held by soil grains. 

• Olfactory – Observe and document any odor associated with the soil sample. Unless 
confident in contaminant odor identification, all odor notations should be described as 
contaminant-like (e.g. petroleum-like odor). Odors can be quantified as slight or strong, if 
applicable.  

• Volatile organic vapor screening – Measure and record the volatile organic vapors present 
in the headspace of each soil sample using a photoionization detector (PID).  

o After collecting soil in laboratory-supplied containers for chemical analysis, as 
described below, place remaining soil into a disposable plastic bag, seal, and gently 
shake.  

o Let the bag sit for at least 2 minutes.  
o Open or puncture the bag (do not use the tip of the PID, as it may become clogged 

with plastic from the bag, and do not use the tip of a pen, as the ink may contain 
volatile compounds) and insert the tip of the PID into the headspace in the Ziploc 
bag.  

o Record the PID reading.  
• Water Sheen Test – Test and observe water for the presence of sheen. 

o Place approximately 1 Tablespoon of soil into disposable container or a black-
plastic gold plan that is approximately ¼ full of water. For gravel, you may need to 
use 4 Tablespoons of soil in a larger container that is approximately ¼ full of water. 

o Observe the water surface and sidewalls of the jar for signs of sheen, according to 
the nomenclature below. 

o Gently agitate the soil and record observations. Naturally-occurring sheen will 
dissolve or break-up upon agitation. If only naturally-occurring sheen is observed, 
the recorded observations should be “No Sheen”. 

o Sheen nomenclature: 
 No Sheen (NS) – no visible sheen on water surface. 
 Slight Sheen (SS) – light, colorless or dull sheen on water. Spotty to 

globular; spread is irregular, not rapid; areas of no sheen remain; sheen 
dissipates rapidly. 

 Moderate Sheen (MS) – light to heavy sheen. May have some color or 
iridescence, globular to stringy; spread is irregular to flowing; few 
remaining areas of no sheen on water surface. 

 Heavy Sheen (HS) – Heavy colorful film with iridescence. Spread is rapid; 
sheen flows off the sample; most of water surface covered with sheen. 

 Organic Sheen (OS) – Blocky, irregular sheen with little or no color. Where 
petroleum sheen is fluid looking and flowy, organic sheen is square and 
moves across the surface of the water very little, if at all.  

o If observed, quantify the spatial coverage (as % of total water surface), 
size/diameter and color of NAPL blebs.   
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The results of field screening activities should be recorded on the boring log when samples 
originate from a drilling sampler, on a test pit log or in the field logbook/field forms for other 
excavation or stockpile sampling.  
Soil Sample Collection 
As with field screening, soil samples can be collected from drilling samplers, excavator buckets, 
test pit sidewalls and stockpiles using variable methods.  The general procedures described below 
should be used when collecting soil samples from a potentially-contaminated site for chemical 
analysis. 

• Gloves should be changed between collection of each soil sample.  

• If collecting soil for VOC analysis (EPA 5035A), use the laboratory-provided, dedicated 
sampling syringe to collect approximately 5 grams of soil from an undisturbed soil surface 
and insert the soil into the 40-mL VOA vial (see Ecology Technical Memoranda #5). 
Quickly brush off the vial threads and seal immediately with the screw cap. 

• From the same soil surface, use a freshly-gloved hand or a decontaminated stainless-steel 
spoon/hand shovel to collect the rest of the soil into laboratory-prepared sample jars. Fill 
the jars as full as possible, brush off the jar threads and seal immediately with the screw 
cap.   

• Once sample collection is complete, label each sample and record them on the COC form. 
Sample labels should be smudge-proof or covered with transparent tape. Place sample 
containers into a Ziploc bag and immediately put into an iced cooler for shipment to the 
laboratory. Segregate VOA vials from sample jars. Ice in coolers should be double-bagged 
to prevent leakage. Coolers should be paced to the top with bagged ice to prevent warming 
and bottle breakage. 

Grab Groundwater Sample Collection 
The collection of grab groundwater samples will usually be facilitated by the driller. Once 
groundwater is encountered and a screened interval is agreed upon, the driller will install a 
temporary well screen. The driller will install tubing and/or a pump and start purging water from 
the screen. The general grab groundwater sample collection procedures are as follows: 

• Allow the pump to purge at a low-flow rate (100- to 500-mL per minute) until turbidity is 
reduced as much as possible (i.e., further pumping does not visibly improve groundwater 
quality). 

• Once turbidity stabilizes, measure and record field parameters (check with the Project 
Manager, this step may be skipped for some projects). 

• Gloves should be changed before collecting the sample. 

• Fill all sample bottles by allowing the pump discharge to flow gently down the inside of the 
bottle with minimal turbulence. Samples for volatile analysis should be collected first.  
VOAs should be filled to just overflowing so that no air bubbles are entrapped inside. Other 
containers should be filled to nearly the top and capped thereafter. 
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• Once container filling is complete, label each sample and record them on the COC form. 
Sample labels should be smudge-proof or covered with transparent tape. Place sample 
containers into a Ziploc bag and immediately put into an iced cooler for shipment to the 
laboratory. Segregate larger bottles with bubble wrap. Ice in coolers should be double-
bagged to prevent leakage. Coolers should be paced to the top with bagged ice to prevent 
warming and bottle breakage.  

X:\Aspect Forms\Field Forms\Field Procedures Guidance\Procedures_Soil Logging and Sampling.docx 
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1 Sub-Slab Soil Vapor Point Installation and 
Sampling Procedures 

The purpose of this Field Guidance Procedure Field Guidance Procedure is to provide 
field personnel with an outline of the specific information needed to collect and 
document representative sub-slab soil gas samples. The recommended sub-slab soil gas 
sampling technique, as presented in this Field Guidance Procedure, is based on the 
assumption that soil gas samples should be representative of chemicals that may 
volatilize from the uppermost aquifer into the vadose zone. 

1.1 Equipment and Materials 

Temporary Installation 
The following equipment and materials are required for temporary Vapor PinTM 

installation: 

 Rotary hammer drill. 

 5/8-inch diameter drill bit. 

 1½-inch diameter drill bit. 

 ¾-inch diameter bottle brush. 

 Wet/dry vacuum. 

 Extension cord. 

 Generator (if no power is available on site). 

 Assembled Vapor PinTM. 

 Vapor PinTM installation/extraction tool. 

 Dead blow hammer. 

 VOC-free hole patch material (hydraulic cement) and putty knife, for hole repair 
after sampling. 

 Appropriate personal protective equipment (PPE). 

Permanent Installation 
The following equipment and materials are necessary for permanent AMS vapor point 
installation: 

 Rotary hammer drill with a 1-inch and a 2-inch carbide tipped bit. 

 Extension cord and generator (if no power outlets are available). 

 3-inch (length) stainless steel (SS) screen assembly with locking cap (AMS GVP 
probe assembly or equivalent). 

 Hose barb, stainless steel (1/4-inch). 

 Teflon® tape. 
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 100% Beeswax, to seal vapor port borehole annulus. 

 Quick Set Concrete Patch, to seal vapor port borehole annulus. 
 
 

Sample Collection 
The following equipment and materials are necessary to properly conduct sub-slab soil 
gas sampling (see Figure 1): 

 Air pump and appropriate ¼-inch fluoropolymer and silicone #15 
connection tubing, tee fittings, valves, and flow metering device for 
purging and sampling vapor ports. 

 Sufficient number of Summa canisters with appropriate flow controllers. 

 Equipment required for collection of samples using Summa canisters, including 
appropriate wrenches and pressure gauges. 

 An accurate and reliable watch that has been properly set. 

 A calculator. 

 Field notebook, applicable sampling analysis plan, and Chain of Custody. 

 Health-and-safety equipment and supplies (e.g., personal protective equipment 
[PPE]) as described in the relevant site health-and-safety plan (HSP). 

 Shipping package for the Summa canisters. 

Leak testing equipment and materials include: 
 Syringe or vacuum pump for shut-in testing. 

 Leak test shroud of sufficient size to cover soil gas vapor probe or vapor pin. 

 1-liter Tedlar® bags to collect purged vapors and test for tracer gas (helium). 

 A soft gasket to seal the leak test shroud to the floor. 

 Tracer gas (helium). 

 Flow regulator with 1/8-inch barbed outlet and tubing to connect the helium gas 
cylinder to the shroud. 

 MGD-2002 helium meter or equivalent. 
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1.2 Sub-Slab Soil Vapor Point Installation 

Temporary Installation 
Use the following steps to install Vapor PinsTM: 

 Prior to beginning, clear sampling locations for utilities, verify access agreements 
are in place, and obtain required permits, as appropriate. 

 Set up wet/dry vacuum to collect drill cuttings. 

 Drill a 5/8-inch diameter hole through the slab and approximately 1-inch into the 
underlying soil (if present). 

 Remove the drill bit, brush the hole with the bottle brush, and remove loose 
cuttings with the vacuum. 

 Place the lower end of the Vapor PinTM assembly into the drilled hole. Unscrew 
the threaded coupling from the handle of installation/extraction tool, place the 
small hole located in the handle of the installation/extraction tool over the Vapor 
PinTM to protect the barb fitting/cap, and tap the Vapor PinTM into place using a 
dead blow hammer. Make sure the installation/extraction tool is aligned parallel 
to the Vapor PinTM to avoid damaging the barb fitting. 

Permanent Installation 
Prior to sampling, it is recommended that the sub-slab vapor point be installed at least 
one day in advance to allow the seal to set up properly. However, the use of quick-setting 
concrete will allow for same day sampling if desired. 

 Prior to beginning, clear sampling locations for utilities, verify access agreements 
are in place, and obtain required permits, as appropriate. 

 Drill a 2-inch borehole to a depth of approximately 3 inches. 

 Drill a 1-inch borehole through the center of the 2-inch borehole through the floor 
slab of the building foundation to a depth of approximately 12 inches below the 
surface. 

 Construct the vapor point as shown in Figure 1 and insert such that the top of the 
assembly is set approximately 1/8-inch below the top of the slab. 

 Seal the vapor port by melting the beeswax with a small butane torch. Pour the 
beeswax from the rubber plug up to the bottom ½-inch of the 2-inch borehole. 

 Allow beeswax to solidify and harden. 

 Mix Quick Set concrete patch and apply from top of beeswax seal to within 
¼-inch of the top of the slab. 
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1.3 Sampling Procedure 

Sample Train Assembly 
Assemble sampling train. The sampling train will be set up so that the Summa 
canister is in-line between the vapor port and the air pump, with a valve between the 
canister and the pump (see Figure 1): 

 Verify the Summa canister number engraved on the canister matches the number 
listed on the certified clean tag to insure proper decontamination of the canister 
was completed. Fill out the sample tag. 

 Verify the canister valve is closed tightly and remove the threaded cap at the inlet 
of the canister. 

 Attach the flow controller to the inlet of the canister; the flow controller will have 
a built in pressure gauge. 

 Connect the tubing from vapor port to inlet of a ¼-inch tee fitting. 

 Connect the Summa canister/flow controller to one outlet of the tee fitting. 

 Connect air pump to the other outlet of the tee fitting, insert a ¼-inch shutoff 
valve between the tee fitting and the air pump. 

Leak Testing 
Where leak testing is required, shut-in testing of the sample train will be conducted 
to test the sample train (excluding the vapor point) for leaks. A shroud containing 
tracer gas will be used to test the vapor point. The shroud consists of a plastic PVC 
cap or equivalent. Three holes will be drilled near the top of the shroud; one for 
connection of the helium gas cylinder, one for connection of the helium gas meter, 
and one for connection of the sample train located outside the shroud (see Figure 1). 

 Before purging or sampling begins, assemble the sample train and vapor shroud. 
Crimp or plug the silicon tubing connection at the vapor point. 

 Attach either a syringe or vacuum pump to the downstream end of the purge point 
valve. Draw a vacuum of at least 15 inches of mercury and shut the valve. 

 The sample train should hold vacuum for 5 minutes. If the gauge vacuum 
decreases during this time period, check/tighten all connections and retest. 

 After successful shut-in test, remove the crimp or plug and attach to the vapor 
point. The tubing from the tee connection above the canister will pass through the 
wall of the shroud to connect with the air pump outside. 

 Connect the helium cylinder to the leak test shroud using tubing from the flow 
regulator on the cylinder, through a hole in the top of the shroud.  

 Connect the helium meter to the leak test shroud. 

 Use the flow regulator to slowly release helium into the leak test shroud until a 
concentration of 100% helium is contained within the shroud. The helium 
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concentration will be measured using the helium meter. Maintain helium 
concentrations throughout the purging and sampling period by continuously 
bleeding cylinder gas into the shroud as needed. 

Sample Collection 
Prior to collecting the canister sample, the vapor port will be purged as described 
below. If leak testing is performed with helium, purged vapor contained in the 
Tedlar® bags will be field screened using the helium meter to ensure that the 
concentration of helium inside the bags is less than 5 percent of the shroud 
concentration. If leakage is detected, the vapor port seal will be enhanced and 
connections will be inspected and tightened. This process will be repeated until no 
significant leakage has been demonstrated. 

 Purge the vapor port and sampling train at approximately 100-200 ml/min using 
the air pump to ensure the sample is representative of subsurface conditions. 
Capture purged vapor in 1-liter Tedlar® bags at the outlet of the air pump and 
release the vapor outdoors. Three-to-five tubing volumes should be removed. If 
the slab is greater than 6-inches thick, the borehole volume should also be 
purged. Use the following equation to calculate volume to be purged: 

V = (π x rt
2 x lt) + (π x rh

2 x lh) 

Where: 

V = Volume of tubing and sampling train (cubic inches) 
π = 3.14 

rt = the inner radius of the tubing[inches]     

lt = the length of the tubing [inches] 

rh = the inner radius of the hole in the slab beneath vapor pin (inches) 

lh = the length of the hole in the slab beneath vapor pin (inches) 

  Convert to ml using 1-inch3 = 16.387 ml to determine purge volume, then divide it by the 
pumping rate to determine purge time for one volume. 

 If leak testing is performed with helium, purged soil gas collected in the Tedlar® 
bag will be field screened using the tracer gas (e.g., helium) using handheld 
meter to ensure that leakage is less than 5 percent of the shroud concentration. 

 Begin sample collection by closing the ¼-inch shutoff valve between the Summa 
canister and the air pump and opening the valve on the Summa canister. 
Immediately record the pressure on the gauge as the “initial pressure” on the tag 
attached to the canister. 

 After sampling begins and the apparatus is verified to be operating correctly, 
leave the canister to fill. 

 Record all sample information in the field book and  applicable field forms 
including the following: 

 Canister number and sample identification, 

 Weather including barometric pressure, 
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 Purge time and purge volume, Sample start date and times, 

 Location of sample (distance from walls shown on building floor plan), 

 Initial and final pressure of canister, and 

 Notes regarding leak test, if applicable. 

 Monitor canisters continuously to ensure proper operation. It is necessary to 
check the canister prior to completion because the accuracy of the flow 
regulators can vary, causing the canisters to fill faster than expected. The final 
pressure at the end of sampling should be approximately -5 inches mercury (Hg). 
If the canister has already reached this point, sampling is complete, the canister 
valve should be closed, and the pressure recorded as the “final pressure” on the 
sample tag, the field book, and applicable field forms. Sample collection will be 
considered complete, regardless of final pressure, after the stated sample period 
has elapsed. 

 Record the exact pressure of the canister and time at the end of sampling on the 
sample tag for that canister, in the field book, and on the applicable field forms. 

 Verify that the canister valve is closed tightly, remove the flow controller, and 
replace the threaded cap at the top of the canister. Discard all sample tubing. 

 Replace the vapor point cap using Teflon tape to seal the threads if permanently 
installed. If using temporary vapor pints, remove them from the hole using the 
manufacturer-suppled extraction tool. The hole in the slab must be filled with 
hydraulic cement, fast-cure epoxy, or similar. 

Post-Sample-Collection Procedures 

Pack all Summa canisters in the original shipping containers, sealed with a custody 
seal, and send to the lab for analysis. The official holding time for this analysis is 30 
days. However, attempt to get samples to the lab as soon as possible to allow lab time 
to conduct re-runs, dilutions, and low-level analyses, as necessary prior to sample 
expiration. 

Analysis 
The soil gas samples should be analyzed using EPA Methods TO-15, and when 
necessary/possible, low-level analysis or Selective Ion Mode (SIM) analysis to obtain the 
lowest achievable detection and reporting limits. When leak testing is performed, samples 
should additionally be analyzed for helium. Other analysis will be included on a project- 
specific basis. Note the desired analytical methods on the Chain-of-Custody form and be 
sure analysis for helium is specified for leak-tested samples. 

Decontamination 
Temporary vapor points must be decontaminated prior to re-use. Decontamination 
procedures include Alconox® wash, deionized water rinse, and heated in an oven to 130C 
for 30 minutes. 

The Summa canisters will be individually cleaned and certified to 0.02 ppbv THC for the 
project-specific analyte list by the contract laboratory prior to shipment. Ensure that 
documentation of this certification is included on a tag attached to the canister and in the 
paperwork that accompanies the canister shipment from the lab. 

Documentation 
Label all sample containers with the following information: sample identification, date 
and time sample was collected, the starting and ending canister pressure, the site name, 



ASPECT CONSULTING 

Revised February 2019 7 

 

 

and the company name. 
Include all this information in the field book plus the ending time of sample 
collection and transfer pertinent information to the Chain-of-Custody record. 
Record all field activities, environmental and building conditions, and sample 
documentation on the appropriate field forms and field notebook. 

 
 

2 Related Field Guidance Documents 
Related field guidance documents that may be relevant for completing field sampling are listed below.  

 Field Notes 

 Indoor Air Sampling 

 Soil Gas Sampling Using Sorbent Tubes 

 Sample Handling 
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PREFACE 

LNAPL transmissivity provides a useful measure of potential hydrocarbon liquid mobility within 
the subsurface environment. The magnitude of LNAPL transmissivity is being accepted as a 
metric for hydrocarbon recovery system performance and determination of technology-specific 
endpoints. Baildown tests are a simple method for estimating LNAPL transmissivity. This 
manuscript describes a spreadsheet tool that can be used to analyze results from baildown tests.  
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API LNAPL Transmissivity Workbook:  
A Tool for Baildown Test Analysis—User Guide 

1. Introduction 

LNAPL transmissivity is a measure of lateral mobility of free-product hydrocarbon liquid within 
the groundwater environment. The magnitude of LNAPL transmissivity has been suggested as a 
possible endpoint criterion for LNAPL mass removal using LNAPL hydraulic recovery systems 
(ASTM E 2531-06 [Tbl X5.1], 2006; ITRC, 2009). Such hydraulic recovery systems include 
skimmer wells, single-pump wells, dual-pump wells, and trenches. Coupled with the LNAPL 
CSM, the magnitude of LNAPL transmissivity will assist in the selection of recovery system. As 
such, methods and their consistent application for estimating LNAPL transmissivity are 
significant. Perhaps the simplest methods for estimating LNAPL transmissivity are borehole slug 
test methods, or baildown tests, in which a volume of LNAPL is rapidly removed from a well 
and the rate of fluid-level recovery (water and LNAPL) is measured and analyzed. Several 
analytical methods are available to analyze the data from baildown tests to estimate LNAPL 
transmissivity and described herein. A more general discussion of LNAPL transmissivity 
measurement is provided by ASTM (2011). 

Following a brief description of suggested well configuration, pre-test and test measurements 
and methods, application of the spreadsheet tool is discussed. Subsequent sections provide a 
more detailed discussion of significant parameters and basis for the various analysis procedures. 
A number of example applications are presented. Further details on the different methods are 
provided in the appendices. Noteworthy is the introduction of the J-ratio (J) described in 
Appendix A, which appears to render discussions over preference between Lundy and 
Zimmerman (1996) versus Huntley (2000) methods moot.  

2. Well Configuration Data 

The following well configuration data should be gathered for baildown test analysis: 

1. Elevation of ground surface. This generally serves as the datum with elevations specified 
as depth below ground surface, bgs. Elevations presented with the geologic log are 
generally expressed as depth bgs. If data are not conveniently available (or necessary), 
enter 0 on the spreadsheet. 

2. Elevation of top of casing (depths to fluid levels are usually measured from top of 
casing). If data are not conveniently available (or necessary), enter 0 on the spreadsheet. 

3. Well casing radius, rc (ft). 
4. Well borehole radius, rw (ft). 
5. Depth of top of screen (ft bgs). The top of screen can be interpreted to be the top of 

screen or filter pack, depending on the well construction and gauged fluid levels, and it is 
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up to professional judgment to correctly select between these. If data are not conveniently 
available (or necessary), enter 0 on the spreadsheet. 

6. Depth of bottom of screen (ft bgs). If data are not conveniently available (or necessary), 
enter 0 on the spreadsheet. 

3. Pre-Test Data 

Certain data should be gathered before performance of the baildown test, in order to establish 
and verify initial conditions. The depth to product (DTP) and depth to water (DTW) should be 
measured over a period equal to the expected test duration; if the test duration is unknown then 
use of historic hydrograph data and gauging 8 hours before the test would provide a basic level 
of understanding for equilibrium conditions. The DTP and DTW should then be measured 
immediately before start of the test to confirm that fluid levels are stable and in equilibrium. The 
best practice to confirm equilibrium fluid levels is to gauge the well until it fully recovers as 
discussed in ASTM E2856-11, Section 6.1.4.16 (2011). Additionally, when conditions allow, it 
is useful to remove LNAPL from the well during a period before the test (e.g. within one month) 
to confirm equilibrium contact between formation and well hydrocarbon liquid. This is necessary 
especially if standing LNAPL is observed or LNAPL has not been recovered from a well for a 
while. Baildown tests are analyzed by slug test methods modified for two fluids, and it is 
important that formation and well fluids are in equilibrium. If tidal fluctuations are present the 
DTP and DTW must be measured regularly for at least a week leading up to the test. In any case 
it is imperative that the LNAPL/water interface should be positioned across the well screen for 
confined LNAPL conditions, or the air/LNAPL interface for perched LNAPL conditions, if not 
both the interfaces.  

4. Baildown Test Procedures and Data 

In performance of a baildown test a volume of hydrocarbon liquid is rapidly removed from the 
well and the DTP and DTW are measured as a function of time during the fluid recovery period. 
Fluid recovery rates generally vary logarithmically, so measurements should be taken more 
frequently during the initial period following hydrocarbon removal, and the measurement 
frequency decreases during the later period of the test. The ASTM standard E2856-11 provides a 
thorough procedure for conducting baildown tests, however, a brief description of significant 
features are provided below: 

• Initial hydrocarbon liquid removal should be rapid. Commercial peristaltic pumps (such 
as Spill Buddy ™) are preferred since the pump intake can be located to remove only 
hydrocarbon liquid during the baildown stage. If a bailer is used then additional 
precautions are necessary to minimize fluid disturbance during LNAPL removal. If 
removal of larger LNAPL volumes is required, then vacuum trucks can be used, 
recognizing that significant volumes of water may be removed in addition to LNAPL. 
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• Following the baildown stage of hydrocarbon liquid removal, the DTP and DTW are 
measured as a function of time. Measurements can be taken using interface probes 
(optical and electrical resistivity), and data are recorded as depth (feet) below top of 
casing.  

• In general, the interface depth measurements are taken more frequently during the initial 
recovery period, and the frequency decreases as recovery proceeds. If recovery rates are 
too rapid for (near) simultaneous measurement of DTP and DTW, then a pressure 
transducer can be placed below the LNAPL-water interface and connected to a data-
logger. In this case only the DTP need be measured, and such measurements combined 
with the data-logger record and LNAPL density can be used to calculate the DTW at 
desired time intervals. 

• When possible, recovery monitoring should continue until essentially complete LNAPL 
recovery is achieved. In low LNAPL transmissivity locations, time requirements might 
be excessive and early termination will be necessary. Nearly full recovery is especially 
important for confined and perched LNAPL conditions, to help verify the site conceptual 
model for the test. 

• A record of 20 to 30 measurements (each for DTP and DTW) is generally adequate for 
data analysis. When possible, these data should be evenly spread in terms of recovery 
volume. [For example, if the initial LNAPL thickness in a well is 4 ft and the LNAPL 
thickness after baildown is 0.5 ft, then measurements might be taken when the LNAPL 
thickness roughly has the following sequence of values: 0.50, 0.52, 0.54, … 3.90, .. ft.] 

5. Post-Test Data 

LNAPL transmissivity value from a baildown test is estimated based on measurement of LNAPL 
drawdown and recharge to the well as a function of time, along with a conceptual site model that 
can include geologic log and well configuration data to identify possible unconfined, confined, 
or perched LNAPL conditions. Estimation of formation discharge (well recharge) is based on 
changes in DTP and DTW values. Changes in fluid levels in the well compared with screen 
elevations determine the effective storage associated with the well. This storage can include only 
the casing volume or the casing volume plus some fraction of the pore space of the filter pack 
that has been drained of LNAPL during the baildown stage of the test. This latter case becomes 
more complicated, depending on the fluid levels versus the well screen interval, since only part 
of the LNAPL column in the well may be in contact with the screened interval of the well. These 
issues are discussed in more detail in Appendix B with regard to estimation of the effective well 
radius, re.  

The post-test data that must be calculated include estimation of LNAPL drawdown (sn) and well 
discharge (Qn) as a function of time, and this in turn depends on the effective well radius value 
along with DTP and DTW measurements.  
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The LNAPL drawdown is measured based on the DTP, along with any correction that is applied 
to account for initial non-equilibrium between formation and wellbore LNAPL. Specifically, the 
drawdown corresponding to time ti is calculated using  

(5.1) nini sDTPDTPs D−−= 0  

In Eq. (5.1) DTP0 is the initial (pre-test) depth to product and Dsn is a possible LNAPL 
drawdown correction as discussed below. 

The LNAPL discharge from the formation to the well is calculated based on the effective well 
radius (re(i)) and changes in DTP and DTW over time. Once the effective well radius has been 
determined, the well discharge from time ti to time ti+1 is calculated using the following equation: 

(5.2) ( ) ( ) ( )iiiiiiieni ttDTWDTWDTPDTPrQ −−+−= +++ 111
2π  

This equation accounts for the increase in LNAPL storage volume over the time interval, and 
specifically identifies that the effective well radius might not be constant (such as a change from 
well casing storage to casing/screen plus filter pack storage).  

6. Overview and General Discussion: Analysis of LNAPL Transmissivity 
Baildown Test Data 

This section briefly summarizes methods for analysis of LNAPL transmissivity baildown test 
data. Additionally, use of time cutoff and time adjustment to eliminate early-time data influenced 
by filter pack drainage or other factors is discussed, and a default method for estimation of 
LNAPL storage coefficient is described. Finally, a flowchart that outlines the LNAPL 
transmissivity estimation process using this workbook is presented. 

6.1. Methods for Estimating LNAPL Transmissivity 

Among the variety of methods suggested in the literature for analysis of slug test data, three 
different methods are presented here for analysis of unconfined LNAPL transmissivity baildown 
tests. These three methods are designated through their original presentation in the literature as 
follows: 

• B&R - Bouwer and Rice (1976) 
• C&J - Cooper and Jacob (1946) 
• CB&P - Cooper, Bredehoeft and Papadopulos (1967) 

LNAPL baildown tests are inherently transient, meaning that fluid levels and flow rates change 
with time. Experience with transient aquifer tests suggests that at least two parameters are 
necessary to describe system performance. With a conventional pumping test one estimates the 
aquifer transmissivity and storage coefficient. For LNAPL baildown test analysis, both 
parameters are also necessary, though only the LNAPL transmissivity is of direct interest.  
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The Bouwer and Rice (B&R) method is conceptually the simplest. The method uses a linear 
model (Thiem equation) to relate LNAPL discharge to LNAPL drawdown, and is based on 
continuity of LNAPL volume within the well. LNAPL drawdown versus time data are used to 
determine the LNAPL transmissivity, based on an estimate of the well radius of influence 
provided through the empirical analysis presented by Bouwer and Rice (1976). Interesting 
questions remain in the literature between the applications of the B&R method for LNAPL 
baildown testing as presented by Lundy and Zimmerman (1996) and Huntley (2000). These 
approaches differ in terms of assumed fluid levels in the well during recovery. The Huntley 
method assumes that the water table elevation remains constant during the recovery period. The 
Lundy method, which proposes removal of a small slug of LNAPL from the well, assumes that 
the depth to water remains constant during the recovery period. This difference in assumptions 
results in the Huntley method including an additional factor 1/(1 – rr) in the calculation of 
LNAPL transmissivity, where rr is the LNAPL-water density ratio. For many LNAPL 
transmissivity baildown tests, neither assumption is observed. For the general case, Andrew 
Kirkman (personal communication) suggests introduction of the J-ratio parameter that is directly 
based on measured data to address this issue. The Kirkman J-ratio is described in Appendix A 
and the J-ratio method is used herein for both the B&R, and the CB&J methods. The magnitude 
of the J-ratio is determined by the user using Fig. 4 on the “Figures” worksheet. The B&R 
method is developed in Appendix C. 

The Cooper and Jacob (C&J) method provides an estimate of the LNAPL transmissivity based 
on the LNAPL discharge to the well and LNAPL drawdown, as a function of time. The method 
also requires estimation of an LNAPL storage coefficient. Guidance on suggested magnitudes of 
the LNAPL storage coefficient is provided for the user. The C&J method is developed in 
Appendix D. 

The Cooper, Bredehoeft and Papadopulos (CB&J) method provides an estimate of the LNAPL 
transmissivity based on measurements of LNAPL drawdown versus time. The method also 
requires an estimate of the LNAPL storage coefficient. The CB&P method does not directly use 
the LNAPL discharge to the well, and it does require an estimate of the effective initial LNAPL 
drawdown. The CB&P method is developed in Appendix E. 

LNAPL can also be found under confined or perched conditions. Methods based on the Bouwer 
and Rice method of analysis are developed for confined and perched LNAPL in Appendices F 
and G, respectively. 

Discussion 

There is no a priori preferred method for analysis of LNAPL baildown test data. The B&R 
method is good for long well purging events, whereas relatively instantaneous events are used 
with the C&J and CB&P methods because they incorporate transient storage effects. The B&R 
method is independent of absolute time; rather, just the slope of the log-normalized drawdown 
versus change in linear time is important. However, if a straight line is not observed with B&R 
and it concaves upward (as a result of storage effects), then C&J or CB&P are more able to 
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account for the effects attributed to storage. Absolute time is critical for both C&J and CB&P, 
and thus it is necessary to adjust the effective time origin when early-time data is eliminated 
because of filter pack drainage. With the B&R method, the well radius of influence is estimated 
using well configuration data based on analog simulation analysis described by Bouwer and Rice 
(1976) for flow of groundwater to a well in an unconfined aquifer. This relationship is assumed 
to hold for LNAPL. The C&J method is based on an approximate solution describing flow of 
groundwater to a well under conditions of constant discharge and variable drawdown, and 
constant drawdown and variable discharge. The relationship is also assumed to apply to flow of 
LNAPL to a well when both the LNAPL discharge and LNAPL drawdown vary with time. The 
CB&P method is based on an analytical solution for a slug test in a confined aquifer, and is 
assumed to apply for LNAPL under unconfined conditions. With the CB&P method, both the 
effective initial drawdown and LNAPL storage coefficient must be estimated along with the 
LNAPL transmissivity. Because the CB&P method does not directly consider data regarding 
LNAPL discharge to the well, it is possibly the most uncertain method of analysis. Nevertheless, 
when properly applied, the user can often estimate LNAPL transmissivity value with coefficient 
of variation (ratio of the standard deviation to mean value) of 20 % or less when considering 
analyses using all three methods. 

6.2. Time Cutoff and Time Adjustment 

Early-time data from baildown testing may be significantly impacted by filter-pack drainage or 
other effects that do not reflect LNAPL flow from the formation to the well during recovery. 
Such data may be eliminated by specifying a cutoff time. Data from times earlier than the cutoff 
time are not considered in estimation of LNAPL transmissivity. The cut-off time may be used 
with the B&R, C&J, and CB&P methods. The B&R method does not depend on the time origin, 
so no further adjustments are necessary. However, both the C&J and CB&P methods include an 
LNAPL storage coefficient as a parameter, which represents a capacitance factor, and time origin 
is significant to the theoretical model. For the C&J method a time adjustment of the apparent 
time origin may be applied. One may think of the Time Adjustment as accounting for the delay 
in LNAPL flow from the formation to the well associated with the duration of significant filter-
pack drainage. Limited experience suggests that the Time Adjustment and Timecut may be related 
through the following: Time Adjustment = (0.6 or 2/3) * Timecut. The effects of Timecut and 
Time Adjustment are shown in Figure 6.1. In this figure, it is desired to eliminate data earlier 
than 25 minutes because of effects from filter-pack drainage (Timecut = 25 minutes); for a 
discussion of how this 25-minute Timecut was selected, see discussion leading to Fig. 7.4 below. 
A Time Adjustment = 15 minutes is applied for analysis of LNAPL transmissivity using the C&J 
method, meaning that the apparent time origin for data later than 15 minutes is shifted as shown. 
For the CB&P method, one simply uses the estimated drawdown at the Timecut as the initial 
drawdown value. 
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Figure 6.1. Application of Timecut and Time Adjustment to eliminate early-time data 
influenced by filter-pack drainage or other effects 

 

6.3. Analysis of LNAPL Storage Coefficient 

The storage parameter Sn is used in the C&J and CB&P methods. The maximum value should 
equal a reasonable drainable porosity value for the formation. An upper bound estimate would be 
0.15 for coarse sands, 0.06 for fine sands, 0.004 to 0.025 for silts. Clays would be on the low end 
of silts or lower unless LNAPL exists in secondary porosity. These values assume that the 
recoverable fraction of LNAPL is up to 50% saturation for coarse sands and 5% for silts and 
clays. These values will be lower (i.e., a factor of 10 to 50) for wells with minimal LNAPL 
recovery. Results are relatively insensitive to this parameter if realistic values are used. The table 
below provides general guidance on appropriate values. 
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Table 6.1: Recommended Relationship between LNAPL Transmissivity and LNAPL 
Storage Coefficient (from ASTM, 2011) 

 LNAPL Transmissivity (ft2/d) LNAPLStorage (vol/vol) 

 50 0.175 
 20 0.122 
 10 0.070 
 5 0.053 
 1 0.035 
 0.1 0.008 

 

A “Default” option is available for estimating the LNAPL storage coefficient for the C&J and 
CB&P methods. An approximate model is fit to the data in Table 6.1, as shown in Figure 6.2.  

(6.3.1)  nn TS 025.0=  

In Eq. (6.3.1) the units of Tn are ft2/d. The default option is selected by entering the letter d in the 
Sn entry cell. With the default option selected, the LNAPL storage coefficient is estimated 
implicitly as part of determining the LNAPL transmissivity. 

 
Figure 6.2. LNAPL storage coefficient vs. LNAPL transmissivity 
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6.4. General overview of LNAPL transmissivity estimation process 

The process for estimating LNAPL transmissivity from LNAPL baildown test data using the API 
LNAPL Transmissivity Workbook is outlined in the flowchart shown in Figure 6.3. Further 
details are provided in ASTM (2011). 

 

 

Figure 6.3. Flowchart outlining steps in LNAPL baildown test analysis 
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7. LNAPL Transmissivity Workbook 

The API LNAPL Transmissivity Workbook tool is a Microsoft Excel ™ spreadsheet that may be 
used to estimate LNAPL transmissivity values from baildown test data under unconfined, 
confined and perched conditions. For unconfined conditions, three methods are used to calculate 
LNAPL transmissivity, and the results are averaged. The Kirkman J-ratio is required for two of 
these methods, and the magnitude of the J-ratio is determined by the User with Fig. 4 on the 
“Figures” worksheet. For both confined and perched LNAPL conditions, only a single estimate 
of LNAPL transmissivity is made based on the constant LNAPL discharge rate during part of the 
recovery period of the test.  

The application tool has ten different worksheets that are designated as follows: 

• HOME -   Control and output worksheet 
• Data -   Entry of well configuration and fluid level data 
• Figures -   Basic figures showing data 
• B&R -   Bouwer and Rice method worksheet 
• C&J -   Cooper and Jacob method worksheet 
• CB&P -   Cooper, Bredehoeft and Papadopulos method worksheet 
• B&R Type Curve -  Set of type curves provided as aid to field work 
• Confined -   Confined LNAPL worksheet 
• Perched -   Perched LNAPL worksheet 
• Flowchart -   Flowchart outlining steps in LNAPL baildown test analysis 

As discussed below, not all worksheets are visible at any time, though the first three worksheets 
and the last worksheet are always available. 

7.1 “HOME” Worksheet 

An example “HOME” worksheet is shown in Figure 7.1. This is the primary worksheet that 
outlines the steps in data analysis as follows: 

1. Reset Output Summary 
2. Enter Data & View Figures 
3. Choose Well Conditions 
4. LNAPL Transmissivity Summary 

Step 1 hides the method-specific worksheets. The “Data”, “Figures”, and “Flowchart” 
worksheets remain visible and accessible. No existing data are cleared when the RESET button 
is selected. Step 2 requires entry of data on the “Data” worksheet and review of data on the 
“Figures” worksheet. Step 2 provides preliminary information to guide in selecting LNAPL 
condition (unconfined, confined, or perched) for analysis. If unconfined conditions are observed, 
then the J-ratio MUST be determined using Fig. 4 on the “Figures” worksheet. Based on Step 2 
assessment, Step 3 is selection of LNAPL condition which makes visible either the worksheets 
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appropriate for unconfined conditions, or individually, the worksheets for confined or perched 
conditions. Step 4, selection of the OUTPUT SUMMARY button copies results from the 
method-specific worksheets to summary output. 

 

Figure 7.1. “HOME” worksheet 

 

7.2 “Data” Worksheet 

An example “Data” worksheet page is shown in Figure 7.2. The cells for data entry are shown in 
light yellow color and user must input the data in the units indicated. Other cells are locked to 
help protect against inadvertent modification to the worksheet. This worksheet includes the well 
configuration data listed in Section 3, along with records of depth to product (DTP) and depth to 
water (DTW) as a function of time, as measured from the top of casing. The initial values of 
DTP and DTW are also entered. The LNAPL Specific Yield, Sy, on this worksheet refers to the 
filter pack. A default value 0.175 is recommended, though the value can be modified by the user. 
The default value is based on an assumed filter-pack porosity of 0.35, and an assumed specific 
yield of 50 % of the void space. The LNAPL Density Ratio, rr, is estimated from field data on 
product type. The LNAPL Baildown Volume is entered for comparison purposes only; it is not 
used elsewhere in the workbook. The “Drawdown Adjustment” value is read from the data entry 
for Fig. 3 on the “Figures” worksheet. Calculations performed on this worksheet include 

API  LNAPL Transmissivity Workbook
Calculation of LNAPL Transmissiv i ty from Bai ldown Test Data

Mean LNAPL Transmissivity (ft2/d)
0.00

Standard Deviation (ft2/d)
0.00

Coefficient of Variation
NA

STEP 3: CHOOSE WELL CONDITIONS

STEP 1: RESET OUTPUT SUMMARY

STEP 4: LNAPL TRANSMISSIVITY SUMMARY

STEP 2: ENTER DATA & VIEW FIGURES

Unconfined

Confined

Perched

RESET

Output Summary
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adjustment of fluid levels to give depth bgs, estimation of the water table depth based on DTP 
and DTW along with LNAPL-water density ratio, LNAPL drawdown using Eq. (5.1) and 
LNAPL discharge using Eq. (5.2), and the effective well radius as outlined in Appendix B. If 
both the ground surface elevation and top of casing elevation are entered as zero, then no 
adjustment is made to DTP and DTW fluid levels. For unconfined conditions with the LNAPL 
column within the screened interval of the well, these data are not necessary. 

 

Figure 7.2. “Data” entry worksheet 

 

7.3 “Figures” Worksheet 

This worksheet contains ten miscellaneous figures showing the input and the output data. As 
discussed below, the most important diagnostic tools include the plot of LNAPL drawdown 
versus discharge, and the plot of LNAPL drawdown versus LNAPL thickness (J-Ratio). The 
figures (objects) are not protected to allow edits (i.e., axis scales, etc.). The figures are numbered 
one through ten and are described as follows: 

• Fig 1: Depth to Fluid Interface vs. Time (arithmetic time scale). This figure also shows 
the initial DTP and DTW. Depending on the screen interval data entered on the “Data” 
worksheet, the screened interval of the LNAPL column is also shown. The entire screen 

Well Designation: YYY Beckett and Lyverse (2002)
Date: date   

Ground Surface Elev (ft msl) 0.0 Enter These Data Drawdown
Top of Casing Elev (ft msl) 0.0 Adjustment
Well Casing Radius, rc (ft): 0.170 re1 (ft)
Well Radius, rw (ft): 0.500 0.08
LNAPL Specific Yield, Sy: 0.175
LNAPL Density Ratio, rr: 0.780

Top of Screen (ft bgs): 0.0
Bottom of Screen (ft bgs): 0.0
LNAPL Baildown Vol. (gal.):  
Effective Radius, re3 (ft): 0.260 Calculated Parameters
Effective Radius, re2 (ft): 0.245
Initial Casing LNAPL Vol. (gal.): 2.10
Initial Filter LNAPL Vol. (gal.): 2.81

Enter Data Here Water Table LNAPL LNAPL
Depth Drawdown Average Discharge sn bn re

Time (min) DTP (ft btoc)DTW (ft btoc)DTP (ft bgs) DTW (ft bgs) (ft) sn (ft) Time (min) Qn (ft
3/d) (ft) (ft) (ft)

Initial Fluid Levels: 0 22.29 25.38 22.29 25.38 22.97 3.09

Enter Test Data: 1.0 22.80 23.30 22.80 23.30 22.91 0.43 0.50
1.5 22.79 23.38 22.79 23.38 22.92 0.42 1.3 55.041 0.43 0.59 0.260
2.0 22.74 23.41 22.74 23.41 22.89 0.37 1.8 48.925 0.40 0.67 0.260
3.0 22.73 23.50 22.73 23.50 22.90 0.36 2.5 30.578 0.37 0.77 0.260
4.0 22.72 23.54 22.72 23.54 22.90 0.35 3.5 15.289 0.36 0.82 0.260
5.0 22.72 23.59 22.72 23.59 22.91 0.35 4.5 15.289 0.35 0.87 0.260
7.5 22.69 23.66 22.69 23.66 22.90 0.32 6.3 12.231 0.34 0.97 0.260
12.0 22.67 23.89 22.67 23.89 22.94 0.30 9.8 16.988 0.31 1.22 0.260
15.0 22.67 23.90 22.67 23.90 22.94 0.30 13.5 1.019 0.30 1.23 0.260
20.0 22.64 23.98 22.64 23.98 22.93 0.27 17.5 6.727 0.29 1.34 0.260
25.0 22.62 24.04 22.62 24.04 22.93 0.25 22.5 4.893 0.26 1.42 0.260
30.0 22.61 24.07 22.61 24.07 22.93 0.24 27.5 2.446 0.25 1.46 0.260
40.0 22.6 24.15 22.60 24.15 22.94 0.23 35.0 2.752 0.24 1.55 0.260
52.0 22.58 24.22 22.58 24.22 22.94 0.21 46.0 2.293 0.22 1.64 0.260
70.0 22.55 24.31 22.55 24.31 22.94 0.18 61.0 2.039 0.20 1.76 0.260
80.0 22.54 24.36 22.54 24.36 22.94 0.17 75.0 1.835 0.18 1.82 0.260
90.0 22.53 24.39 22.53 24.39 22.94 0.16 85.0 1.223 0.17 1.86 0.260
101.0 22.52 24.44 22.52 24.44 22.94 0.15 95.5 1.668 0.16 1.92 0.260
120.0 22.5 24.50 22.50 24.50 22.94 0.13 110.5 1.288 0.14 2.00 0.260
140.0 22.49 24.57 22.49 24.57 22.95 0.12 130.0 1.223 0.13 2.08 0.260
170.0 22.47 24.65 22.47 24.65 22.95 0.10 155.0 1.019 0.11 2.18 0.260
201.0 22.46 24.74 22.46 24.74 22.96 0.09 185.5 0.986 0.10 2.28 0.260
226.0 22.44 24.79 22.44 24.79 22.96 0.07 213.5 0.856 0.08 2.35 0.260
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length is not shown. Instead, only the screened interval extending one foot above and/or 
below the initial LNAPL well thickness is shown. Fig. 1 is useful for evaluating how the 
potentiometric surface varied over the test duration. Looking for trends of water-table 
fluctuation will help identify any significant deviations from the assumed constant 
background conditions. 

• Fig 2: Depth to Fluid Interface vs. Time (logarithmic time scale). This figure also shows 
the initial DTP and DTW. Depending on the screen interval data entered on the “Data” 
worksheet, the screened interval of the LNAPL column is also shown. The entire screen 
length is not shown. Instead, only the screened interval extending one foot above and/or 
below the initial LNAPL well thickness is shown. Similar to Fig. 1, however the early 
portion of the test can be better viewed for longer term tests. 

• Fig 3: LNAPL Drawdown vs. LNAPL Discharge. This is an important diagnostic tool 
used to determine Drawdown Adjustment that is copied to the “Data” worksheet and 
other worksheets to account for initial non-equilibrium between formation and well 
fluids. The LNAPL Drawdown-LNAPL Discharge data should extrapolate to the origin 
(zero value) for small values. To aid analysis, a linear model is added with data entry in 
the yellow-fill box adjacent to the figure, as shown in Figure 7.3(a). LNAPL drawdown-
discharge should exhibit a direct relationship. Deviations from this indicate the baildown 
test may be significantly affected by outside factors (e.g., nearby changes in pumping) or 
confined or perched conditions (where constant discharge is observed). 

• Fig 4: LNAPL Drawdown vs. LNAPL Thickness. This is an essential diagnostic tool that 
is used to estimate the J-ratio magnitude, as described in Appendix A, and used with the 
“B&R” worksheet and “CB&P” worksheet. A linear model is provided with data entry in 
the yellow-fill box adjacent to the figure, and with estimated J-ratio value shown in the 
blue-fill box adjacent, as shown in Figure 7.3(b).  

 

(a)        (b) 

Figure 7.3. Fig. 3 and Fig. 4 from the “Figures” worksheet showing data entry boxes for 
estimation of drawdown adjustment and J-ratio  

Figure 3 Figure 4
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• Fig. 5: Depth to Product (DTP) vs. LNAPL Discharge. This figure may be helpful as a 
diagnostic tool to identify soil stratigraphic influences. 

• Fig 6: Depth to Water (DTW) vs. LNAPL Discharge. This figure may be helpful as a 
diagnostic tool to identify soil stratigraphic influences. 

• Fig 7: LNAPL Thickness vs. Time. This figure may be useful for evaluating if the fluid 
levels reach equilibrium at the end of the test. 

• Fig 8: LNAPL Discharge vs. Time. This figure represents an alternative method for 
evaluating if the baildown test has completed and the well reaches equilibrium 
conditions. 

• Fig 9: LNAPL Well Inflow Volume vs. Time. Fig. 9 is analogous to Fig. 7 except 
provided in terms of the total well volume. In addition for being useful to evaluate test 
completion, this figure is useful for design of future baildown tests in terms of volume to 
remove from the well and filter pack. 

• Fig 10: LNAPL Drawdown vs. Time. Linear model tool is also added with data entry in 
the yellow-fill box adjacent to the figure. In combination with Fig. 3, this figure is useful 
in identifying cut-off time for early-time data. 

7.4 “B&R” Worksheet 

The “B&R”, or Bouwer and Rice worksheet calculates the LNAPL transmissivity and standard 
deviation based on the Bouwer and Rice (Bouwer and Rice, 1976; Bouwer, 1989) method using 
the method of linear least squares. As shown in Eq. (C.3), according to this method, the 
logarithm of the drawdown varies as a linear function of time. A straight line is automatically fit 
to the log-drawdown vs. time data and the slope of this line is used to determine the LNAPL 
transmissivity. The variance of the slope of the line is used to estimate the LNAPL transmissivity 
standard deviation. The ratio of the radius of influence to the effective radius is calculated using 
the polynomial approximation presented by Butler (2000). The user may eliminate early time 
data from the analysis by entering a non-zero value for the cutoff time (yellow cell). An example 
worksheet is shown in Figure 7.5. The only active cell on this worksheet is the cut-off time, and 
the LNAPL transmissivity value is automatically calculated. The lower figure on the worksheet 
shows the fit of the model data to the B&R Type Curve (see discussion below). 

For the example shown in Figure 7.5 the cut-off time is set at 25 minutes. This cut-off time is 
based on eliminating early-time data associated with large filter pack drainage to the well. The 
drawdown-discharge curve for this example (Fig. 3 on the “Figures” worksheet) is shown in 
Figure 8.1 (c) and Figure 8.1 (d) (expanded scale after drawdown correction). In particular, 
Figure 8.1 (d) shows that the linear relationship between drawdown and discharge is reached 
once the LNAPL drawdown is about 0.25 ft. The LNAPL drawdown vs. time curve (Fig. 10 
from the “Figures” worksheet) is shown in Figure 7.4, which gives the corresponding cut-off 
time 25 minutes for an LNAPL drawdown of 0.25 ft. 
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Figure 7.4. LNAPL Drawdown vs. Time Curve (Fig. 10 from “Figures” Worksheet) 
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Figure 7.5. “B&R” worksheet 

Generalized Bouwer and Rice (1976)
Well Designation: YYY
Date: date

Enter early time cut-off for least-squares model fit Le/re

11.9

Timecut 25 <-  Enter or change value here C
1.27
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7.5 “C&J” Worksheet 

The Cooper and Jacob (C&J) worksheet is used to calculate the LNAPL transmissivity value 
based on the Cooper and Jacob (1946) equation. [As described in Appendix D, the Theis 
equation is actually used in calculations, though the more commonly used Cooper and Jacob 
designation has been retained here.] The method used is modified from that presented as method 
three of Huntley (2000). The method is outline in Appendix D. Unlike the B&R method, both the 
C&J method and the CB&P method use a storage parameter (Sn) in addition to LNAPL 
transmissivity (Tn) to fit the model and data. Use of the storage parameter implies that the time 
origin is critical to data analysis for both methods. Yet, it is recognized that early-time data can 
be impacted by filter-pack drainage and not reflect natural LNAPL flow from the formation to 
the well. Thus the user may specify a cut-off time to eliminate early-time data from the analysis. 
To provide consistency with the model basis, the user may also adjust the time origin to a 
fraction of the cut-off time. There is little guidance towards an appropriate fraction, though the 
range 50 % to 80 % appears reasonable. Recommended values are 0.6 or 2/3, whichever is more 
convenient. Both the cut-off time and time adjustment values are specified by the user (light 
yellow cells). For further discussion, see Section 6.2. In some cases, repeating the test with 
alternative field methods that reduce the removal time or reduce the filter pack recharge may 
help reduce the need for the time adjustment.  

The estimate of LNAPL transmissivity is found by minimizing the root-mean-square error 
between model prediction and data by varying the storage coefficient and LNAPL transmissivity. 
An example worksheet is shown in Figure 7.6. The Adjusted Time is set to 6 minutes, which is 
60 % of the cut-off time. The Excel “Solver” function is used to find the root-mean-square error, 
which is the square root of the sum square difference (SSD) provided by Eq. (D.6). Instead of 
using “Solver” to find both Sn and Tn, it is recommended that the user select a trial value of Sn 
and use “Solver” to find Tn. Alternatively, the letter d may be entered as the Trial Sn value to 
select the default option described in Section 6.3.  
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Figure 7.6. “C&J” worksheet  

Cooper and Jacob (1946)
Well Designation: YYY
Date: date

Enter early time cut-off for least-squares model fit
    Timecut (min): 25 <-  Enter or change values here

  Time Adjustment (min): 15

Trial Sn: d <-- Enter d for default or enter Sn value

Root-Mean-Square Error: 0.147 <-- Minimize this using "Solver"
0.047 <-- Working Sn

Trial Tn (ft2/d): 3.543 <-- By changing Tn through "Solver"

Add constraint Tn > 0.00001

Model Result: Tn (ft2/d) = 3.54
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7.6 “CB&P” Worksheet 

The Cooper, Bredehoeft and Papadopulos (CB&P) worksheet is used to calculate the LNAPL 
transmissivity value based on the Cooper, Bredehoeft and Papadopulos (1967) slug test model. 
Application of this model for an LNAPL baildown test is described in Appendix E, and an 
example worksheet is shown in Figure 7.7. For application of this method, there are three 
unknown parameters: initial LNAPL drawdown sn(0), LNAPL transmissivity Tn, and LNAPL 
storage coefficient Sn. Trial estimates of these quantities are entered on the worksheet, and the 
Excel “Solver” function is used to minimize the root-mean-square error given by the square-root 
of Eq. (E.7). An estimate of the initial drawdown is provided by the extrapolated drawdown at 
the cut-off time. Alternatively, the initial drawdown is selected so that the drawdown ratio sn/sn0 
extrapolates to 1 at time = 0 (which includes the cut-off time adjustment). The algorithm used to 
evaluate the model equations is derived from Charbeneau (2000).  

 

Figure 7.7. “CB&P” worksheet 

Cooper, Bredehoeft and Papadopulos (1967)
Well Designation: YYY
Date: date

Enter early time cut-off for least-squares model fit
Timecut (min): 25 <-  Enter or change values here
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Trial Sn: d <-- Enter d for default

Root-Mean-Square Error: 0.171 <-- Minimize this using "Solver"
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7.7 “B&R Type Curve” Worksheet 

This worksheet presents a type curve based on the Bouwer and Rice method along with a 
supporting data sheet. The type curve was developed to support rapid field evaluation of LNAPL 
baildown tests when the user is primarily interested in ‘order-of-magnitude’ estimates of LNAPL 
transmissivity and possible early termination of a field test of a particular well. The type curve is 
a normalized plot of the Bouwer and Rice solution present at the top of the B&R worksheet, 
where the type curve shows normalized drawdown as a function of time for selected values of 
LNAPL transmissivity. The use of the type curve requires that the well-specific construction and 
specific yield data be entered into the “Data” worksheet in order to generate the correct type 
curves. A J-ratio of (rr – 1) is recommended unless well-specific behavior is available. The user 
may change the range of LNAPL transmissivity curves shown on the curve and associated 
maximum times (which may correspond to the test time) (light yellow cells). The lower part of 
the worksheet provides a data sheet that may be copied for field use. The type curve application 
was suggested by Andrew Kirkman. Figure 7.8 shows an example worksheet. 

 

Figure 7.8. “B&R Type Curve” worksheet 

Bouwer and Rice Short Term LNAPL Mobility Test Type Curves
B&R Type Curves:  Casing Rad. (ft) = 0.17 ;  Borehole Rad. (ft) = 0.5
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7.8 “Confined” Worksheet 

The “Confined” worksheet is used to estimate LNAPL transmissivity under confined LNAPL 
conditions. This worksheet is visible and available when the CONFINED button is selected 
under Step 3 Conditions on the “Selection and Results” worksheet. The basic equations are 
presented in Appendix F, and an example worksheet is shown in Figure 7.9. The depth to base of 
confining bed is entered to determine the effective limiting thickness of LNAPL in the well bnW 
(see Eq. F.2). The constant discharge from the steady discharge portion of the test is then entered 
and used to calculate the LNAPL transmissivity. The radius of influence term for the skimmer 
well equation is determined from the Bouwer and Rice (B&R) worksheet. 

 

 

Figure 7.9. “Confined” worksheet 

 

7.9 “Perched” Worksheet 

The “Perched” worksheet is used to estimate LNAPL transmissivity under perched LNAPL 
conditions. The basic equations are presented in Appendix G. The depth (bgs) to the top of the 
perching layer, DZ12, is entered to determine the effective limiting drawdown of LNAPL in the 
well based on the initial depth to product DTP0. The constant discharge from the steady 
discharge portion of the test is then entered and used to calculate the LNAPL transmissivity. The 
radius of influence term for the skimmer well equation is determined from the Bouwer and Rice 
(B&R) worksheet. The worksheet mirrors the “Confined” worksheet and is not repeated here. 

Confined LNAPL Model: Well Designation: HMW-44C
Date: 12-Aug-09

Depth to base of confining bed (ft bgs) [from boring log] 29.35
Constant LNAPL discharge to well (ft3/d): 8

Depth to top of screen (ft bgs): 27.2
Corrected water table elevation (ft bgs): 28.0
Limiting effective LNAPL thickness in well, bnW (ft): 1.7

Limiting effective LNAPL drawdown, snW (ft): 0.09

Initial LNAPL thickness, bnR (ft): 2.1

Radius of influence ratio (from Bouwer and Rice), R/rw: 6.5

LNAPL Transmissivity, Tn (ft2/d): 25.67
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8. Examples and Important Diagnostic Tools 

An important diagnostic tool is a plot of the well drawdown versus well discharge. The general 
shape of this relationship can be used to identify conditions with significant borehole recharge 
from the filter pack, screen for perched or confined LNAPL conditions, and help identify 
whether formation LNAPL was initially in equilibrium with well-bore LNAPL (and whether 
drawdown adjustment might be necessary). Some example curves are discussed below.  

Figure 8.1 shows a number of drawdown-discharge curves. Figure 8.1(a) shows an example for 
unconfined LNAPL where significant borehole recharge from the filter pack is not an issue. 
While the initial calculated data (point with large Qn, large sn) is not consistent with other data on 
this figure, it is based on measurements taken at 0.5 and 1 minute into the test and could be 
associated with measurement uncertainty. Figure 8.1(b) gives an example where borehole 
recharge from the filter pack is significant. The initial data show large discharge which is 
primarily associated with filter pack drainage. Once the drawdown falls below 0.35 feet, 
consistent linear drawdown-discharge behavior is observed.  

Figures 8.1(c) and (d) show the same data set. First, Figure 8.1(c) shows that significant borehole 
recharge does occur. Also, significantly, the linear part of the curve does not approach zero 
drawdown at zero discharge. Instead, it appears that the extrapolated limit has zero discharge 
with sn = 0.08 ft. Such behavior suggests that the formation and wellbore LNAPL fluids were not 
initially in equilibrium, and that a drawdown correction of Dsn = 0.08 ft should be applied to the 
data before LNAPL transmissivity analysis. Figure 8.1(d) shows an expanded view of this data 
after the correction has been applied. Such a correction does affect the resulting LNAPL 
transmissivity value that is calculated. With the correction Dsn = 0.08 ft, the average LNAPL 
transmissivity Tn = 2.99 ft2/d with CV = 0.16. For the same data and analysis without the 0.08 ft 
correction, the drawdowns are larger and the estimated LNAPL transmissivity is smaller with an 
average value Tn = 1.89 ft2/d and coefficient of variation = 0.19. 

Figure 8.1(e) shows behavior that suggests confined (or perched) LNAPL conditions. In this case 
it represents confined conditions with the water table initially located at an elevation above the 
confined LNAPL and with resulting exaggerated LNAPL thickness in the well. Immediately 
following LNAPL removal from the well, there is no LNAPL within the wellbore to “push” back 
against LNAPL inflow from the formation, and LNAPL discharge from the formation occurs at a 
constant rate while the LNAPL drawdown is declining. Once the LNAPL column within the 
wellbore increases in thickness to contact the mobile formation LNAPL, the inflow rate is 
retarded and decreases at a linear rate along with the LNAPL drawdown. One may analyze 
LNAPL transmissivity from the constant inflow rate along with limiting LNAPL drawdown 
value (about 0.1 ft in this example), or one can use standard (unconfined) equations on the data 
from the linear drawdown-discharge part of the curve. Figure 8.1(f) shows large initial LNAPL 
inflow, which in this case is likely associated with aggressive purging in addition to filter pack 
drainage (this corresponds to Figure B.1(c)).  
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(a)                  (b) 

    
(c)                  (d) 

     
 (e) (f) 

Figure 8.1. Example LNAPL drawdown-discharge curves 
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A couple of examples are considered in a little more detail. The first example, Figure 8.2, shows 
results from a baildown test with initial LNAPL thickness approximately 1.5 ft. During fluid 
removal from the wellbore both LNAPL and water were removed, and there is significant fluid 
recovery during approximately the first 6 minutes of the test, after which the calculated water 
table elevation remains stable. While there is significant scatter in the early-time data (larger 
drawdown values), the latter-time data shows a nearly linear relationship between discharge and 
drawdown. It also appears that the drawdown intercept with the Qn = 0 axis has a residual value 
of about sn = 0.02 ft (0.24 inch). While this magnitude correction appears small, it does represent 
nearly 20 % of the drawdown being analyzed during the test analysis. A drawdown correction of 
magnitude 0.018 ft is applied (larger corrections would result in negative drawdown and require 
further individual data adjustment or use of an alternative model for analysis). A cut-off of 10 
minutes is assumed, and the data gives J = -0.179. The calculated LNAPL transmissivity is Tn = 
10.45 ft2/d, and the coefficient of variation (ratio of standard deviation to mean transmissivity 
value based on the three methods of data analysis that are discussed below) is CV = 0.13. [If 
drawdown correction is not applied the model provides a LNAPL transmissivity estimate Tn = 
5.34 ft2/d with CV = 0.28.] 

   

Figure 8.2. Example E1: Tn = 10.4 ft2/d; CV = 0.13 

The second example shown in Figure 8.3 represents a test where purging resulted in significant 
removal of both LNAPL and groundwater. The bottom of screen is located at a depth 27 ft, and 
this is the initial elevation for fluid interfaces in the well. Figure 8.3(b) shows the LNAPL 
drawdown-discharge graph. The expected linear relationship between LNAPL drawdown and 
discharge is not observed until the drawdown reaches approximately 4.2 ft. Figure 8.3(c) shows 
that the J-ratio is J = -1.18. This is consistent with a rising water table and LNAPL-water 
interface elevation throughout the test. Figure 8.3(d) is the graph of LNAPL drawdown versus 
time (Fig. 10 on the “Figures” worksheet). The LNAPL drawdown is 4.2 ft at a time of 24 
minutes. A cut-off time of 25 minutes is assumed, with an Adjustment Time Dta = 15 minutes for 
the C&J and CB&P methods. Results from the three analysis methods give Tn = 3.08 ft2/d with 
CV = 0.07.  
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 (a)       (b) 

   

   (c)      (d) 

Figure 8.3. Example E2: Tn = 3.08 ft2/d; CV = 0.07  

 

A third example shown in Figure 8.4 corresponds to the confined LNAPL test shown in Figure 
7.9. The LNAPL transmissivity value calculated in Figure 7.9 is based on a single data 
corresponding to the drawdown and discharge at the end of the “constant discharge” segment. 
The following example shows that consistent results can be achieved if only the late-time data is 
used. The drawdown-discharge curve of Figure 8.4(b) shows that the linear relationship is 
observed starting at a drawdown of about 0.1 ft. Figure 8.4(c) shows that J = -0.257, which is 
close to the values that would be used with the Huntley method of analysis (for this well, rr = 
0.764). Figure 8.4(d) shows that a drawdown of 0.1 ft is observed at a time 12 minutes, which 
serves as the cut-off for the three methods of analysis. A time adjustment Dta = 8 minutes is used 
for the C&J method. Results from the three methods give Tn = 23.56 ft2/d with CV = 0.14. This 
LNAPL transmissivity estimate compares favorably with the estimate Tn = 25.67 ft2/d from 
Figure 7.9.   
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(a)      (b) 

   

   (c)      (d) 

Figure 8.4. Example E3: Tn = 23.56 ft2/d; CV = 0.14 
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Appendix A: Kirkman J-Ratio 

The LNAPL discharge from the formation to the well is also related to changes in LNAPL 
drawdown. This relationship is critical to the generalized Bouwer and Rice method and Cooper, 
Bredehoeft and Papadopulos method discussed herein. With the effective well radius (see 
Appendix B), the relationship is written 

(A.1) 
dt

ds
J
r

dt
db

rQ nen
en

2
2 π

π ==   

Equation (A.1) states that the LNAPL discharge is equal to the rate of LNAPL accumulation 
within the well. Andrew Kirkman (personal communication) has suggested that this rate can be 
generally related to the change in LNAPL drawdown through introduction of a J-ratio parameter. 
The J-ratio is the slope of the linear relationship between LNAPL drawdown and LNAPL well 
thickness:  

(A.2) 
n

n

b
s

J
∆
∆

=  

The magnitude of the J-ratio varies with the nature of LNAPL recharge to the well. If, during a 
baildown test, LNAPL is removed from the well using a peristaltic pump with no removal of 
water and the water recovers quickly (i.e., water transmissivity is much greater than LNAPL 
transmissivity through the well screen), then the water table elevation should remain constant 
and J = - (1 – rr). If both LNAPL and water are removed during a baildown test, and if the 
LNAPL transmissivity greatly exceeds the water transmissivity for recharge to the well, then the 
elevation of the LNAPL-water interface can remain constant and J = -1. Values outside of this 
range are also observed. Three examples are shown in Figure A.1. In case (a) the water table 
elevation remains constant, and the value J = -0.244 is close to J = –(1 – rr) [for this well, rr = 
0.764]. For case (b), the LNAPL-water interface elevation remains constant and J = -1.051. For 
case (c) the interface elevations increase throughout the recovery period and J = -2.400. 
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(a) 

   

(b) 

   

(c) 

Figure A.1. Variation of J-ratio with nature of recharge to the well. (a) J = -0.244; (b) J = 
-1.051; (c) J = -2.400 
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Appendix B: Effective Well Radius 

During a baildown test the fluid levels in a well are monitored, and it is necessary to relate the 
LNAPL volume flux, dVn, into the well to the increase in LNAPL thickness, dbn, or equivalently 
to the increase in LNAPL head, dhn, or decrease in LNAPL drawdown, -dsn. By definition of the 
J-ratio (see Eq. A.2), dsn = J dbn. Clearly,  

(B.1)  dhn = dzan = - dsn = - J dbn 

(B.2)  dbn = dzan – dznw  dznw = dzan – dbn = - (J + 1) dbn 

In general during a baildown test, after removal of LNAPL from the well, the air-LNAPL 
interface elevation increases (dzan > 0). However, depending on test conditions, the elevation of 
the LNAPL-water interface can increase, decrease, or remain constant. This is accounted for 
through the magnitude of the J-ratio. If the J-ratio magnitude is less than -1, then the elevation of 
the LNAPL-water interface increases (dznw > 0). Otherwise, if the magnitude of the J-ratio is 
greater than -1, then the elevation of the LNAPL-water interface decreases (dznw < 0). Finally, if 
J = -1, then the elevation of the LNAPL-water interface remains constant (dznw = 0). 

The increase in LNAPL volume within the well (well casing plus filter pack) depends on the 
location of the LNAPL column within the well. Three cases are shown in Figure B.1. In the first 
case both zan and znw are located within the casing. In the second case zan is located within the 
casing while znw is located within the screen section of the well with filter pack. Finally, in the 
third case both zan and znw are located within the screened section with filter pack. The elevation 
of top of screen (TOS) and bottom of screen (BOS) are also shown.  

w.t.

w.t.

rc rw

w.t.

TOS

BOS

1 32

zan

znw

 
Figure B.1. Three cases showing configuration of LNAPL column in a well 
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To simplify analysis, it is useful to handle the three cases shown in Figure B.1 with a consistent 
notation by introducing the effective well radius, re. Then for all three cases one has 

(B.3)  nen dbrdV 2π=  

For Case 1 one clearly has 

(B.4)  re1 = rc 

Similarly, for Case 3 one has 

(B.5)  ( )222
3 cwyce rrSrr −+=  

Case 2 is a little more subtle. One has 

( ) ( )nweanen dzrdzrdV −+= 2
3

2
1 ππ  

Using Eqs. (B.1) and (B.2) this may be written 

( ) ( )( )2 2
1 3 1n e n e ndV r J db r J dbπ π= − + +  

Comparing this result with Eq. (B.3) gives 

(B.6)  ( )2 2
1 31e e er J r J r= − + +  
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Appendix C: Generalized Bouwer and Rice Method 

The Bouwer and Rice (1976) method for slug test analysis is based on combining a simple 
representation for flow to the well from the Thiem equation (steady state radial flow to a well) 
and continuity of fluids within the well. The flow equation takes the form 

(C.1)  ( )w

nn
n rR

sT
Q

ln
2π

=  

Importantly, in Eq. (C.1) it is assumed that the effective radius of influence R is constant, so that 
there is a linear relation between the discharge Qn into the well and the LNAPL drawdown sn. 
The continuity equation for fluids in the well is problematic only in terms of determining an 
appropriate effective well radius re, as discussed above. With the effective well radius 
determined and with use of the Kirkman J-ratio, the continuity equation takes the form 

(C.2)  
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2
2 π

π ==  

Combining Eqs. (C.1) and (C.2) and integrating gives the generalized Bouwer and Rice formula 
for determining the LNAPL transmissivity 
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Appendix D: Cooper and Jacob/Jacob and Lohman Method 

Jacob and Lohman (1952) investigated the non-steady flow to a free-flowing well with constant 
drawdown in an extensive confined aquifer. The model assumes that the well drawdown sw is 
constant (= difference between the static head measured during shut-in of the well and the 
outflow opening of the well). The discharge to the well is given by the following expression 

(D.1)  ( )ww uGTsQ π2=  

The function G( ) is the Jacob-Lohman free-flowing discharge function and  

(D.2)  
Tt
Sru e

w 4

2

=  

For all but extremely small values of t, Jacob and Lohman state that the function G( ) can be 
approximated by G ( ) = 2/W( ), where W( ) is the Theis well function. If, in addition, uw < 0.01, 
the Theis well function may be approximated as follows: 

(D.3)  ( ) 







≅

w
w u

uW 561.0ln  

Thus Eq. (D.1) becomes 

(D.4)  ( )SrTt
TsQ

e

w
225.2ln

4π
=  

Equation (D.4) is the Cooper and Jacob (1946) approximation for the Theis well function for 
transient flow to a well in a confined aquifer with constant discharge and variable drawdown. 
Thus we find that Eq. (D.4) approximately applies both for constant drawdown and variable 
discharge, and for constant discharge and variable drawdown. During a baildown test both the 
LNAPL drawdown and discharge vary with time. With the C&J method, it is assumed that this 
relationship holds throughout the recovery period following baildown. 

In application for baildown test analysis, Eq. (D.4) can be integrated between times ti and ti+1 to 
give the volume inflow to the well as follows: 

(D.5)  ( ) ( ) dt
SrtT

sT
dtQttV
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The volume inflow to the well is separately measured (see Eq. 5.2). The calculated inflow 
volume from the right of Eq. (D.5) depends on the drawdown, which is also separately measured 
(see Eq. 5.1) and the parameters Tn and Sn. By comparing the measured and calculated 
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cumulative inflow volumes for each time increment, the parameters Tn (and Sn) can be estimated 
using the method of least squares. The sum-square-difference (SSD) is calculated using 

(D.6)  ( )( )
2

1 1
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211 25.2ln
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= = += 
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In Eq. (D.6), N = number of time increments during the baildown test, Dti = ti+1 – ti, ti+1/2 = (ti + 
ti+1)/2, and Dta = time adjustment factor that may be applied (see discussion in Section 6.2). The 
LNAPL transmissivity is estimated by minimizing the SSD in Eq. (D.6). 

Fitting of data and estimation of LNAPL transmissivity is based on comparing the measured 
volume inflow to the well versus the calculated inflow using the Cooper and Jacob equation. It is 
of some interest to see how the data compares directly with the Cooper and Jacob equation. For 
this purpose, the ratio Qn/sn is plotted as a function of time, as shown in Figure D.1. The red-
dashed curve shown in this figure is calculated using the following: 
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In Figure D.1, the vertical dotted and dashed lines show the Time Adjustment Dta and cut-off 
time, respectively. This figure is produced in the lower part of the C&J worksheet. 

 

Figure D.1. Comparison of Cooper&Jacob equation with baildown test data. Red-dashed 
curve = C&J equation; green-dashed line (vertical) = cutoff time; black-dotted line 
(vertical) = time adjustment  
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Appendix E: Cooper, Bredehoeft and Papadopulos Method 

A third model that can be used to estimate LNAPL transmissivity is based on the work of 
Cooper, Bredehoeft and Papadopulos (1967). The model assumes that a slug of fluid is added to 
the casing of a well in a confined aquifer, and the change in fluid levels is monitored. The 
configuration is shown in Figure E.1. The initial height of the water column above equilibrium, 
H0, is related to the volume of water, Vw, added through 

(E.1)  20
c

w

r
VH
π

=  

The boundary conditions at the well are specified as 

(E.2)  ( ) ( )tHtrh s =+ ,  

(E.3)  
( ) ( )
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2,2 ππ =
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∂ +

 

The first of these equations states that the formation head just outside of the well screen is equal 
to the water column head above equilibrium within the well. The second of these equations 
equates the water volume flux into the formation to the change in water volume storage within 
the well casing. The following solution is presented by Cooper et al. (1967): 
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Figure E.1. Configuration for the Cooper et al. (1967) slug test 
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When applied to LNAPL in a well, the form of Eq. (E.4) and the boundary conditions specified 
by Eqs. (E.2) and (E.3) must be modified. Cooper et al. (1967) use the casing radius rc in 
calculation of changes in well-bore storage. The screen radius rs is used to designate the (radial) 
location where the LNAPL head (or drawdown) in the well-bore is equal to that in the formation. 
In analysis of LNAPL bail-down tests the effective radius re plays the same role as rc. The 
presence of the filter pack in a bail-down test makes identification of an equivalent radius to rs 
less obvious. A simple assumption is that re plays an equivalent role to rs as well. Furthermore, 
the solution is written in term of the LNAPL drawdown, sn. With Eq. (A.1), the boundary 
condition Eq. (E.3) can be written 
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These changes imply that Eq. (E.4) must be modified to  
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Using the LNAPL drawdown (sni) versus time (ti) data, a measure of how well the model fits the 

data is provided by the sum-square error specified by 

(E.7) 
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In Eq. (E.7), the summation is over all data included in the analysis. 
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Appendix F: Confined LNAPL 

Figure F.1 (a) shows LNAPL confined beneath a fine-grain soil layer. The initial LNAPL 
thickness in an observation well, bnR, depends on the water table elevation, zaw, the 
LNAPL/water density ratio, rr, and the initial elevation of the confined LNAPL-water interface 
in the formation and well, znw. During a baildown test the LNAPL discharge from the formation 
to the well is expected to initially be large, associated with rapid drainage of the filter pack and 
immediate well vicinity, and then the discharge should reach a constant magnitude that is 
determined by the radial LNAPL head difference experienced by the confined LNAPL. This 
head difference is equal to (1 – rr)(bnR – bnW), and remains constant until the LNAPL column 
thickness in the well bn = bnW. For bn > bnW, the LNAPL head difference equals (1 – rr)(bnR – bn), 
and this magnitude decreases to zero (bn  bnR) with further LNAPL inflow to the well. For this 
analysis it is assumed that the water table elevation remains constant and J = - (1 – rr). This is 
reasonable because for LNAPL under confined conditions, it is expected that the water 
transmissivity of the well will be much greater than the LNAPL transmissivity. 

 

Figure F.1 Confined LNAPL conditions 
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The constant LNAPL discharge magnitude Qn for the period with bn < bnW can be used to 
estimate the LNAPL transmissivity: 
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With the configuration shown in Figure F.1, the limiting effective well thickness is 
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The corresponding LNAPL drawdown is 
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Figure F.1 (b) shows the well and LNAPL configuration under conditions with bn < bnW, and 
suggests that the effective LNAPL thickness at the well is equal to bnW. Actually, under these 
cut-off conditions for the LNAPL column in the well, there will be a seepage face extending 
downward from the facies contact at elevation z23. The thickness of the seepage face is unknown, 
but it may be anticipated that the limiting effective LNAPL thickness at the well might be greater 
than calculated using Eq. (F.2). Correspondingly, the effective elevation z23 as determined from 
the plot of znw (DTW) vs. LNAPL discharge (Fig. 6 on the “Figures” worksheet) might have a 
lower elevation from that estimated using a geologic log.  
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Appendix G: Perched LNAPL 

Figure G.1 shows LNAPL perched upon a low-permeability unit. Analysis of perched LNAPL is 
essentially the same as that for confined LNAPL. The initial depth to product is DTP0 and the 
depth to the top of the perching layer is DZ12 (the top of the perching layer is at elevation z12). 
During a baildown test the LNAPL discharge from the formation to the well is expected to 
initially be large, associated with rapid drainage of the filter pack and immediate well vicinity, 
and then the discharge should reach a constant magnitude that is determined by the radial 
LNAPL head difference experienced by the perched LNAPL. This head difference is equal to 
DZ12 – DTP0, and remains constant until the LNAPL column thickness in the well, bn, increases 
in magnitude because of LNAPL inflow from the formation, until zan = z12. For zan > z12, the 
LNAPL head difference equals DTP – DTP0, and this magnitude decreases to zero (DTP  
DTP0) with further LNAPL inflow to the well. 

 

 

Figure G.1. Perched LNAPL conditions 
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The constant LNAPL discharge magnitude Qn for the period with DTP > DZ12 can be used to 
estimate the LNAPL transmissivity: 
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PROJECT-SPECIFIC HEALTH AND SAFETY PLAN 
Property Name: Texaco Strickland Cleanup Site 

Project Number: 180357 

Prepared By: Andrew Yonkofski Date: 10/04/18 

Reviewed By: Bob Hanford Date:  

 

1 INTRODUCTION 
This project-specific health and safety plan establishes procedures and practices to protect 
employees of Aspect Consulting, LLC (Aspect) from potential hazards posed by field activities at 
the subject site.  In this health and safety plan, measures are provided to minimize potential 
exposure, accidents, and physical injuries that may occur during daily activities and adverse 
conditions. Contingency arrangements are also provided for emergency situations. 

2 EMERGENCY CONTACT INFORMATION 
PROPERTY LOCATION 6808 196th Street SW 

Lynwood, WA 98036 

NEAREST HOSPITAL Swedish Edmonds Campus 
21601 76th Ave W 
Edmonds, WA 98026 
Field staff will review route to the nearest hospital and either 
print directions or have directions available on their 
smartphone, tablet, or GPS device. 

EMERGENCY  
RESPONDERS 

Police, Ambulance, Fire ……………………………………….911 

OTHER CONTACTS Bob Hanford (mobile) …………………..………...(206) 276-9256 
Aspect, Seattle Office ……………………….……(206) 328-7443 

IN EVENT OF EMERGENCY, 
CALL FOR HELP AS SOON 
AS POSSIBLE 

Give the following information: 
 Where You Are: address, cross streets, or landmarks 
 Phone Number you are calling from 
 What Happened: type of accident, injury 
 How Many Persons need help 
 What is Being Done for the victims 
 You Hang Up Last: let whomever you called hang up first 

 

In case of serious injuries or other emergency, immediately call Bob Hanford, Aspect 
Corporate Safety Officer, at (206) 780-7729 or (206)-276-9256. If no response, call Doug 
Hillman at (206) 328-7443 or Tim Flynn at (206) 780-9370. 
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3 PERSONNEL ORGANIZATION AND CHAIN OF COMMAND 
The Aspect Project Manager assigns the Site Safety Supervisor and other field personnel for this 
project, and has ultimate responsibility for developing this project-specific health and safety plan 
and ensuring it is complied with during project execution. The Aspect Site Safety Supervisor has 
responsibility and authority for Aspect employees’ safety during site activities. Other Aspect 
personnel on site have the responsibility to comply with this project-specific health and safety plan 
in coordination with the Site Safety Supervisor. 

Aspect Personnel 

Role Name Office Phone Mobile/Cell Phone 

Project Manager Chip Goodhue 206-838-6582 206-778-7022 

Site Safety Supervisor Andrew Yonkofski 206-413-5411 404-272-3488 

Other Aspect Field Personnel    

    
 

Aspect will inform its subcontractors working onsite of potential fire, explosion, health, safety or 
other hazards associated with planned site activities, and can make available to them this project-
specific health and safety plan. However, all subcontractors are solely responsible for 
preparation of their own health and safety plan, and for the safety of their employees. 

4 SITE CONTROL PLAN 

4.1 Property Description 
Property Name: Texaco Strickland Cleanup Site 

Property Location or Address: 6808 196th Street SW 
Lynwood, WA 98036 

Owners/Tenants: Strickland Properties / Aloha Café 

Current Property Use: Restaurant  

Past Use of Property (if different): Service station, lube oil facility 

Designated Hazardous Waste Site? (yes or no) 
NO 

If yes, specify federal, state, or other: 

Industrial Site? NO 

Topography: Generally flat  

Surround Land Use/Nearest 
Population: 

Residential and commercial 

Drinking Water/Sanitary Facilities: Water and restrooms are available at the Aloha Café 
building 

Site Map: See attached Site Map 
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4.2 Site Access Control 
Describe controls to be used to prevent entry by unauthorized persons: 

 The site has no barrier to unauthorized persons.  

 Field vehicles, traffic cones, barriers, and caution tape will be used as appropriate to keep 
persons away from wells and potentially contaminated groundwater during sampling. 

Describe how exclusion zones and contamination reduction zones will be designated: 

 The area immediately surrounding each monitoring well being sampled will be considered 
an exclusion zone at the time of purging/sampling. 

 Aspect field personnel will remain vigilant about preventing unauthorized persons from 
approaching the exclusion zone. 

4.3 Worker Hygiene Practices 
Aspect personnel will use the following hygiene practices while working on site: 

 No person will eat, drink, chew gum or tobacco in potentially contaminated areas. Drinking 
of replacement fluids for heat stress control will be permitted only in areas that are free 
from contamination, except in emergency situations. 

 Smoking is prohibited except in designated areas of the site. 

 Long hair will be secured away from the ace so that it does not interfere with any activities. 

 All personnel leaving potentially contaminated areas will wash their hands and face prior to 
entering any eating areas. 

 Personnel leaving potentially contaminated areas will shower (including washing hair) and 
change to clean clothing as soon as practical after leaving the property. 

4.4 Emergency Communications 
Aspect workers on site will have a mobile (cell) phone on site, which will be used for 
communications should an emergency arise. Phone numbers for Aspect site personnel are listed in 
Section 3: Personnel Organization and Chain of Command. 

4.5 Nearest Medical Assistance 
FIRST CALL 911. The route from the site to the nearest hospital is available via a smartphone, 
tablet, or GPS device. The address of the nearest hospital is provided in Section 2: Emergency 
Contact Information. 
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5 SITE WORK PLAN 

Proposed Work 
Activities On Site: 

• Task 2 – Geophysical Survey 
• Task 3 – Subsurface Borings and Monitoring Well Installation 
• Task 4 – Soil Vapor Sampling 
• Task 5 – Soil and Groundwater Analysis  
• Task 7 – LNAPL Recovery Testing 

Objectives of Site 
Activities: 

• Identify presence of pre-1977 underground service station 
infrastructure 

• Determine lateral and vertical extents of Site soil impacts. 
• Determine lateral extents of Site groundwater impacts. 
• Determine LNAPL recoverability 
• Assess soil vapor migration 

Proposed Work Dates: TBD 

Will On-site Personnel 
Potentially be Exposed 
to Hazardous 
Substances? 

If yes, describe: 
 

Groundwater and soil may contain petroleum hydrocarbons and 
aromatic volatile organic compounds such as benzene. 
 

Do Personnel 
Conducting Site 
Activities have Training 
in Accordance with 
WAC 296-843-200? 

Yes 

 

  



 ASPECT CONSULTING 

\\biserver1.aspect.local\projects\Aloha Cafe - Strickland\RI Workplan\Appendices\Appendix G - RI WP HASP.docx Page 5 

6 DECONTAMINATION 

Goals Procedures 

To prevent the distribution of 
contaminants outside the exclusion zone 
or cross-contamination of samples, the 
following procedures will be used to 
decontaminate sample equipment. 

• Decontamination process involving Alconox 
wash and tap water rinse (with air dry). 

 

To minimize or prevent worker exposure 
to hazardous substances, all personnel 
working in the exclusion zone and 
contamination reduction zones will 
comply with the following 
decontamination procedures: 

• Wash boots and rain gear that have come into 
contact with soil or groundwater with 
Alconox/tap water and air dry. 

• Collect disposable personal protective 
equipment (PPE such as gloves, Tyvek) in 
garbage bags and dispose of in the trash upon 
return from the field. 

• To prevent distribution of contaminants outside 
the exclusion zone, do not allow unnecessary 
vehicles inside the exclusion zone. 

Investigation derived waste will be 
managed in the following manner: 

• Place soil cuttings, decon water, and purged 
groundwater into DOT-approved 55-gallon 
drums at the property for future disposal. Each 
drum should be secured with a locking lid and 
labeled with the date of sampling and contents.  

 

7 HAZARD ANALYSIS 
The potential hazards and corresponding control measures for planned site work activities are as 
follows: 

Work Activity Primary Potential Hazards Control Measures 

All • Chemical exposure 
(skin contact, 
ingestion). 

• Modified Level D PPE 

• Securely join pump tubing and other 
connectors. 

• Vehicle traffic • Wear traffic vest. 

• Stay back from roads and stay alert 

• Position field vehicle in a protective 
position. 

• Cold Stress • Wear layered clothing, take breaks. 

• Heat Stress • Take breaks, seek shade, and increase 
fluid intake. 
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Potentially Hazardous Chemicals Known or Suspected at the Property  
and Permissible Exposure Limits (air) 

Substance Medium OHSA PEL OSHA STEL IDLH 

Carcinogen 
or Other 
Hazard 

Gasoline-Range 
Petroleum 

Soil, GW 10 ppmv 15 ppmv 250 ppmv T 

Diesel- and Oil- 
Range Petroleum 

Soil, GW 1 ppmv 5 ppmv 500 ppmv T 

Benzene Soil, GW 1 ppmv 5 ppmv 500 ppmv C 

Toluene Soil, GW 200 ppmv -- 500 ppmv T 

Ethylbenzene Soil, GW 100 ppmv -- 800 ppmv T 

Xylenes Soil, GW 100 ppmv 150 ppmv 900 ppmv T 

Heavy Metals, 
lead  

Soil, GW Pb: 0.05 mg/m3 

 
Pb: -- 
 

Pb: 0.05 mg/m3 

 
 

Notes: 
-- =  none established 
C =  carcinogen 
cPAH =  carcinogenic polycyclic aromatic hydrocarbon 
GW =  groundwater 
IDLH =  immediately dangerous to life or health 
N/A =  not applicable/not available 
OHSA  =  Occupational Safety and Health Administration 
T =  toxic 
PCB =  polychlorinated biphenyl 
PEL =  permissible exposure level (8-hour time-weighted average) 
STEL =  short-term exposure level 
 

Chemicals Known or Suspected On-site (check box) 
Chemical Class Known Possible Unlikely 

Corrosive (if expected, specify)   x 

Ignitable (if expected, specify)  x  

Reactive   x 

Volatile x   

Radioactive   x 

Explosive   x 

Biological Agent   x 

Particulate or Fibers   x 

If known or likely, describe: 
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8 PERSONAL PROTECTIVE EQUIPMENT 
Based on the hazards identified above, the following personal protective equipment (PPE) will be 
required for the following field activities. This section specifies both an initial level of protection 
and a more protective (contingency) level or protection, in the event conditions should change. The 
contingency defines the PPE that will be available on site. 

Work Activity 
Level of Protection 

Initial  Contingency 

Drilling D Mod. D 

Sample handling D Mod. D  

Other activities (list): 
 

  

 

Each level of protection will incorporate the following equipment (specify type of protective 
clothing, boots, gloves, respiratory cartridges or other protection, safety glasses, hardhat, and 
hearing protection): 

Level of Protection Specific PPE 

Level D Work clothing, traffic vest, rubber (nitrile) gloves, steel toe and 
shank boots, safety glasses, hearing protection, and hardhat. 

Modified D Level D plus Tyvek coveralls or rain gear, and neoprene outer 
gloves. 

 

NOTE: Project personnel are not permitted to deviate from the specified levels of protection 
without the prior approval of the Site Safety Supervisor.  A traffic vest is not needed if work clothes 
are suitably visible (e.g., orange/yellow rain gear or white/yellow chemical protective clothing). 

9 AIR MONITORING 
Air monitoring is not required.  
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10 SAFETY EQUIPMENT 
The following safety equipment will be on site during the proposed field activities: 

Other Required Items (check items required) 
First aid kit x 

Eyewash (e.g., bottled water) x 

PID  x 

Drinking water x 

Fire extinguisher x 

Brush fan  

Wind sox  

Other:  

11 SPILL CONTAINMENT 

Will the proposed field work include the handling of bulk chemicals? Yes No X 

If yes, describe spill containment provisions for the property: 
 

12 CONFINED SPACE ENTRY 

Will the proposed field work include confined space entry? Yes No X 

If yes, attach to this plan the confined space entry checklist and permit. 
 

13 ASPECT TRAINING AND MEDICAL MONITORING 
Aspect employees who perform site work are responsible for understanding potential health and 
safety hazards of the site. All Aspect site workers will have health and safety training for hazardous 
waste operations, in accordance with WAC 296-843-200. In addition, Aspect requires medical 
monitoring for all employees potentially exposed to chemical hazards in concentrations in excess of 
the permissible exposure limit (PEL) for more than 30 days per year, as required under WAC 296-
843-210. Employees who use respirators for their work will have a respirator medical evaluation as 
required under Chapter 296-842-WAC. 

14 DISCLAIMER 
Aspect Consulting, LLC does not guarantee the health or safety of any person entering this 
property. Because of the potentially hazardous nature of this property and the activity occurring 
thereon, it is not possible to discover, evaluate, and provide protection for all possible hazards that 
may be encountered. Strict adherence to the health and safety guidelines set forth herein will 
reduce, but not eliminate, the potential for injury and illness at this property. The health and safety 
guidelines in this plan were prepared specifically for this site and should not be used on any other 
property without prior evaluation by trained health and safety personnel. 



 

 

FIELD SAFETY PLAN CONSENT AGREEMENT 
 

Aspect Consulting Employees 
I have reviewed the project specific health and safety plan, dated January 11, 2017 for the  Ohop 
Valley Grocery groundwater sampling fieldwork. I understand the purpose of the plan and I consent 
to adhere to its procedures and guidelines while conducting activities on site that are described in 
the plan. 

Employee Printed Name Signature Date 
   

   

   

   

   

 

Site Visitors 
I have been briefed on the contents of the project-specific health and safety plan. I am responsible 
for my own health and safety. 

Visitor Printed Name 
and Organization/Company Signature Date 

 

 

  

 

 

  

 

 

  

 

 

  

 



  

 

FIELD SAFETY MEETING MINUTES 
 

Site Name ______________________________________Project No. ______________________ 

Meeting Location ________________________________________________________________ 

Meeting Date _____________  Time ________________ Conducted by____________________ 

Pre-field Work Orientation______ Weekly Safety Meeting________ Other________________ 

Subject Discussed ________________________________________________________________ 

________________________________________________________________________________ 

________________________________________________________________________________ 

________________________________________________________________________________ 

Site Safety Supervisor Comments ___________________________________________________ 

________________________________________________________________________________ 

________________________________________________________________________________ 

________________________________________________________________________________ 

Participants 

Printed Name  
(and company if subcontractor) 

Signature 
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REPORT LIMITATIONS AND USE GUIDELINES  

Reliance Conditions for Third Parties 
This report was prepared for the exclusive use of the Client. No other party may rely on 
this report or the product of our services without the express written consent of Aspect 
Consulting, LLC (Aspect). This limitation is to provide our firm with reasonable 
protection against liability claims by third parties with whom there would otherwise be 
no contractual conditions or limitations and guidelines governing their use of the report. 
Within the limitations of scope, schedule and budget, our services have been executed in 
accordance with our Agreement with the Client and recognized standards of professionals 
in the same locality and involving similar conditions.  

Services for Specific Purposes, Persons and Projects 
Aspect has performed the services in general accordance with the scope and limitations 
of our Agreement. This report has been prepared for the exclusive use of the Client and 
their authorized third parties, approved in writing by Aspect. This report is not intended 
for use by others, and the information contained herein is not applicable to other 
properties. 

This report is not, and should not, be construed as a warranty or guarantee regarding the 
presence or absence of hazardous substances or petroleum products that may affect the 
subject property. The report is not intended to make any representation concerning title or 
ownership to the subject property. If real property records were reviewed, they were 
reviewed for the sole purpose of determining the subject property’s historical uses. All 
findings, conclusions, and recommendations stated in this report are based on the data 
and information provided to Aspect, current use of the subject property, and observations 
and conditions that existed on the date and time of the report. 

Aspect structures its services to meet the specific needs of our clients. Because each 
environmental study is unique, each environmental report is unique, prepared solely for 
the specific client and subject property. This report should not be applied for any purpose 
or project except the purpose described in the Agreement. 

This Report Is Project-Specific 
Aspect considered a number of unique, project-specific factors when establishing the 
Scope of Work for this project and report. You should not rely on this report if it was: 

• Not prepared for you 

• Not prepared for the specific purpose identified in the Agreement 

• Not prepared for the specific real property assessed 

• Completed before important changes occurred concerning the subject 
property, project or governmental regulatory actions 
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If changes are made to the project or subject property after the date of this report, Aspect 
should be retained to assess the impact of the changes with respect to the conclusions 
contained in the report. 

Geoscience Interpretations 
The geoscience practices (geotechnical engineering, geology, and environmental science) 
require interpretation of spatial information that can make them less exact than other 
engineering and natural science disciplines.  It is important to recognize this limitation in 
evaluating the content of the report.  If you are unclear how these "Report Limitations 
and Use Guidelines" apply to your project or site, you should contact Aspect. 

Discipline-Specific Reports Are Not Interchangeable  
The equipment, techniques and personnel used to perform an environmental study differ 
significantly from those used to perform a geotechnical or geologic study and vice versa. 
For that reason, a geotechnical engineering or geologic report does not usually address 
any environmental findings, conclusions or recommendations; e.g., about the likelihood 
of encountering underground storage tanks or regulated contaminants. Similarly, 
environmental reports are not used to address geotechnical or geologic concerns 
regarding the subject property. 

Environmental Regulations Are Not Static 
Some hazardous substances or petroleum products may be present near the subject 
property in quantities or under conditions that may have led, or may lead, to 
contamination of the subject property, but are not included in current local, state or 
federal regulatory definitions of hazardous substances or petroleum products or do not 
otherwise present potential liability. Changes may occur in the standards for appropriate 
inquiry or regulatory definitions of hazardous substance and petroleum products; 
therefore, this report has a limited useful life.  

Property Conditions Change Over Time 
This report is based on conditions that existed at the time the study was performed. The 
findings and conclusions of this report may be affected by the passage of time (for 
example, Phase I ESA reports are applicable for 180 days), by events such as a change in 
property use or occupancy, or by natural events, such as floods, earthquakes, slope failure 
or groundwater fluctuations. If more than six months have passed since issuance of our 
report, or if any of the described events may have occurred following the issuance of the 
report, you should contact Aspect so that we may evaluate whether changed conditions 
affect the continued reliability or applicability of our conclusions and recommendations. 
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Phase I ESAs – Uncertainty Remains After Completion 
Aspect has performed the services in general accordance with the scope and limitations 
of our Agreement and the current version of the “Standard Practice for Environmental 
Site Assessments: Phase I Environmental Site Assessment Process”, ASTM E1527, and 
U.S. Environmental Protection Agency (EPA)'s Federal Standard 40 CFR Part 312 
"Innocent Landowners, Standards for Conducting All Appropriate Inquiries". 

No ESA can wholly eliminate uncertainty regarding the potential for recognized 
environmental conditions in connection with subject property. Performance of an ESA 
study is intended to reduce, but not eliminate, uncertainty regarding the potential for 
environmental conditions affecting the subject property. There is always a potential that 
areas with contamination that were not identified during this ESA exist at the subject 
property or in the study area. Further evaluation of such potential would require 
additional research, subsurface exploration, sampling and/or testing. 

Historical Information Provided by Others 
Aspect has relied upon information provided by others in our description of historical 
conditions and in our review of regulatory databases and files. The available data does 
not provide definitive information with regard to all past uses, operations or incidents 
affecting the subject property or adjacent properties. Aspect makes no warranties or 
guarantees regarding the accuracy or completeness of information provided or compiled 
by others. 

Exclusion of Mold, Fungus, Radon, Lead, and HBM 
Aspect’s services do not include the investigation, detection, prevention or assessment of 
the presence of molds, fungi, spores, bacteria, and viruses, and/or any of their byproducts. 
Accordingly, this report does not include any interpretations, recommendations, findings, 
or conclusions regarding the detection, assessment, prevention or abatement of molds, 
fungi, spores, bacteria, and viruses, and/or any of their byproducts. Aspect’s services also 
do not include the investigation or assessment of hazardous building materials (HBM) 
such as asbestos, polychlorinated biphenyls (PCBs) in light ballasts, lead based paint, 
asbestos-containing building materials, urea-formaldehyde insulation in on-site structures 
or debris or any other HBMs. Aspect’s services do not include an evaluation of radon or 
lead in drinking water, unless specifically requested.   
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