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October 4, 2016 
 
Mr. Adam Harris 
Washington State Department of Ecology 
Toxics Cleanup Program, SWRO 
P.O. Box 47775 
Olympia, Washington 98504-7775 
 

Subject: Site Characterization Work Plan 
U-Haul Facility No. 881090 / Former Church of God in Christ Facility 
9201 Pacific Avenue South, Tacoma (Pierce County) Washington 98444 
Facility/Site No. 19947 
Cleanup Site ID No. 12404 
VCP Project ID No. SW1531 
ATC Project No. 1052109001 

 
Dear Mr. Harris: 

On behalf of AMERCO Real Estate Company (AREC) and pursuant to the Washington State 
Department of Ecology (Ecology) Further Action opinion letter dated August 26, 2015, ATC 
Group Services LLC (ATC) has prepared this work plan to characterize the extent and degree 
of chlorinated volatile organic compounds (VOC) associated with historic dry cleaning 
operations at the subject site. 

SITE DESCRIPTION AND BACKGROUND 

The subject site is approximately 8.9 acres with 670 feet of frontage on Pacific Avenue South, 
approximately 1,000 feet north of the 96th Street intersection (attached Figure 1, Site Vicinity 
Map).  The subject site is at an approximate elevation of 385 feet above mean sea level.  
Pierce County Assessor’s Office identifies the subject site as Tax Parcel Number 032033-3-
309.  The rectangular shaped parcel includes one centrally located approximate 61,419 
square foot single-story brick/block walled commercial building surrounded by a primarily 
asphalt surfaced parking lot.  Pacific Avenue South bounds the subject site to the west; mixed 
light commercial and residential use is predominant to the north, east (beyond A Street South) 
and west (beyond Pacific Avenue South).  The south adjoining property is vacant land; mixed 
light commercial and residential use extends beyond the vacant lot (attached Figure 2, Site 
and Surrounding Properties). 

A previous Phase I Environmental Site Assessment (ESA; Andersen Environmental 
[Andersen], 2014) indicated that the subject site was developed as a commercial nursery as 
early as 1941 through at least 1965.  In circa 1965, the subject site was re-developed as a 
strip mall known as the Pacific Center and functioned in this capacity through 1997.  Tenants 
within the strip mall included the Pacific Launder Center (from 1965 through at least 1974) and 
the Tacoma Dry Cleaning & Laundry Center (from as early as 1979 through at least 1984).  
The dry cleaners reportedly operated in the north end of the building.  The subject site was 
reportedly purchased by the Church of God in Christ in 1999 and was operated as a place of 
worship/religious convention center with a child daycare facility through 2013, when the 
property was transferred into receivership.  Andersen identified the former dry cleaning 
operations as a recognized environmental condition and recommended a Phase II ESA to 
address potential impacts. 
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Andersen performed Phase II subsurface investigations in December 2014 and March 2015, 
which included drilling a total of 13 soil borings to depths ranging between seven and 21 feet 
below ground surface (bgs; [Andersen, 2015]).  Five borings (B7 through B11) were advanced 
through the foundation inside the north end of the building to facilitate collection of soil 
samples; groundwater grab samples were collected at borings B7 and B9.  Eight additional 
borings (B1 through B6, B12 and B13) were advanced in the parking lot northwest, north and 
northeast of the building to facilitate collection of soil samples; groundwater grab samples 
were collected at borings B5 and B12.  Four of the exterior boring locations were completed 
as permanent groundwater monitor wells (B1, B3, B6 and B13 were completed as MW1, 
MW2, MW3 and MW4, respectively); the wells were constructed with a five-foot screen 
interval extending to a maximum depth of 19 feet bgs.  The boring logs indicated that first 
encountered groundwater occurred between 14 and 17 feet bgs, with static water levels in the 
completed wells ranged between 8.7 and 14.4 feet below top of well casing (suggesting a 
confined or semi-confined aquifer).  Soil was described as predominantly un-weathered glacial 
till consisting of outwash gravel, sand and surficial loam to the maximum extent explored (21 
feet bgs).  The underlying hydrogeologic unit at the subject site is classified as Quaternary 
Vashon Till (Qvt), a semi-confining unit consisting of a grey, unsorted, highly compact mixture 
of clay, silt, sand, and gravel with occasional glacial erratics that extends to an approximate 
depth of 325 feet above mean sea level (United States Geological Survey [USGS], 1999).  
The 2015 Phase II incorporated the findings of an earlier (but previously unavailable) limited 
subsurface investigation conducted by Environmental Associates, Inc.  (EA, 2013) which 
included soil and groundwater grab sampling and analyses at six borings (B-1 through B-6).  
Soil and groundwater laboratory analytical data obtained during both Phase II investigations 
quantified chlorinated VOC commonly associated with dry cleaning operations, including 
trichloroethene (TCE) and tetrachloroethene (PCE) at concentrations exceeding Model Toxics 
Control Act (MTCA) Method A Cleanup Levels. 

Based on the data, Andersen concluded that the TCE and PCE concentrations in soil did not 
represent a significant risk to human health.  Regarding the groundwater, Andersen concluded 
that monitored natural attenuation (MNA) was a feasible option based on the concentrations, 
groundwater flow direction (generally toward the north) and the absence of sensitive receptors 
in the vicinity of the dissolved phase plume.  Andersen recommended three additional 
quarters of groundwater monitoring and sampling to establish groundwater elevation and flow 
direction trends and to monitor concentrations of chemicals of concern.  Attached Appendix A 
includes select tabulated soil and groundwater laboratory analytical data and figures depicting 
the boring and monitor well locations, calculated groundwater gradient and potentiometric 
contour map and the estimate extent of dissolved phase PCE as interpreted by Andersen. 

The subject site was purchased by AREC at auction in January 2016.  Based on a brief review 
of the 2015 Phase II report, AREC believed that the apparently limited environmental risks 
would be sufficiently addressed by the suggested MNA groundwater sampling schedule.  
Following acquisition, AREC requested ATC to evaluate the Phase II reports and execute the 
proposed scope of work or develop an alternative approach as needed.  Following a review of 
the 2015 Phase II report by Andersen, several data gaps were noted including the absence of 
a soil vapor survey.  An investigative search in Ecology’s intranet database (Fortress) yielded 
the aforementioned Further Action opinion letter addressed to Andersen and dated August 26, 
2015.  Per the Ecology correspondence, Andersen had requested an opinion for their 
proposed independent cleanup of the Church of God in Christ facility, which had an Ecology-
assigned Voluntary Cleanup Program (VCP) project number.  The opinions presented by 
Ecology were based on the 2013 limited subsurface investigation, the 2014 Phase I and the 
2015 Phase II.  A copy of the Ecology opinions letter is included in attached Appendix B. 

Following a discussion with the VCP Case Manager in April 2016, ATC submitted a VCP 
application (to re-assign the designated responsible party from Andersen to AREC).  In 



October 4, 2016 
Page 3 of 6 

 

correspondence dated June 8, 2016, Ecology notified AREC that their VCP application had 
been accepted (with the original Church of God in Christ retained as the VCP site name).  

SITE CHARACTERIZATION WORK PLAN 

The City of Tacoma Planning and Development Services provided architectural plans (dated 
1965) including an Equipment Installation Floor Plan.  The floor plan (included in Appendix C) 
cites ‘Philco-Bendix 6-Pac’ dry cleaning equipment located along the north wall and west of 
the entrance doors.  The floor plan also identifies a boiler room including a 2-inch floor drain 
located south of the dry cleaning equipment. 

Building specifications as surveyed in September 2015 depict the interior walls; the floor plan 
layout for the north end of the building is included in Appendix C.  Based on the dimensions, 
entrance doorway and building exterior concrete masonry unit piers identified on the 1965 
Equipment Installation Floor Plan, the approximate location of the dry cleaner suite (including 
the dry cleaning equipment and 2-inch floor drain) within the present day configuration is 
depicted on attached Figure 3, Site Plan Detail/Proposed Sampling Locations.  The dry 
cleaner suite’s west wall and most of the interior build-out features depicted on the 1965 
layout have been modified or removed.  Based on the floor plan, exterior ingress/egress to the 
dry cleaner suite was limited to the north end of the building; the doors on the south side of 
the suite exited to the general mall area.  The public right-of-way/utility easement sewer layout 
(both sanitary and storm water) as obtained from the City of Tacoma intranet site are included 
in Appendix C.   

The objective of this Site Characterization Work Plan (Work Plan) is to better define the 
human health risk potential at the subject site.  Specific components of the proposed 
investigation include: preparation of a Health and Safety Plan (HASP); indoor air quality 
survey; underground utility clearance; soil boring, soil sampling, sub-slab and soil vapor probe 
installation, sub-slab and soil vapor sampling and laboratory analysis; groundwater sampling 
and laboratory analyses; investigation derived waste disposal; and, data evaluation and report 
preparation.  Each activity is described below. 

1. HEALTH AND SAFETY PLAN  

ATC’s primary mechanism to ensure employee, environmental and public safety at the project 
site is the HASP.  Prior to conducting field activities ATC will prepare for implementation a 
site- and task-specific HASP for this project.  All individuals working under the purview of ATC 
will be required to read and sign the HASP to acknowledge their understanding of the 
information contained therein. 

2. INDOOR AIR QUALITY SURVEY  

To evaluate indoor air for potential accumulation of migrating VOC vapors, ATC proposes to 
place two laboratory-certified 6-liter capacity Summa® canisters inside the north end of the 
building (depicted as IA1 and IA2 on Figure 3).  Prior to placement of the indoor air sampling 
canisters, ATC will inventory and remove or isolate any potential rogue sources of VOC to 
minimize their potential to contribute to the indoor air measurements.  In conjunction with the 
indoor air sampling activities, a third Summa® canister will be secured in an outdoor location 
upwind of the prevailing wind direction to evaluate ambient air conditions.  All three canisters 
will be equipped with a 24-hour time integrated sampler.  ATC will return at the conclusion of 
the 24-hour sampling period to collect the canisters and record final vacuum readings.  All 
three samples will be submitted for VOC analyses utilizing United States Environmental 
Protection Agency (EPA) Method TO-15. 
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3. UNDERGROUND UTILITY CLEARANCE  

Prior to initiating subsurface activities, ATC will delineate the proposed drilling locations and 
contact Washington One-Call (811) to locate public utilities in the vicinity of the proposed 
investigation.  As an additional precaution, a private subsurface utility survey will be performed 
prior to initiation of the proposed subsurface activities. 

4. SUB-SLAB AND SOIL VAPOR INVESTIGATION  

Six sub-slab soil vapor probes (interior locations; SSV1 through SSV6) and three soil vapor 
probes (exterior locations; SV7 through SV9) are proposed at the north end of the building as 
depicted on Figure 3.  The appropriate electronic Notice of Intent (NoI) forms will be 
completed and submitted on-line to the Ecology Water Resources Program. Each boring will 
be completed as a semi-permanent soil vapor probe in general accordance with the 
specification depicted on attached Figure 4, Proposed Soil Vapor Probe Construction 
Diagrams. 

a. SUB-SLAB SOIL VAPOR PROBES  

ATC will drill six borings through the concrete slab inside the north end of the building.  
The borings will be located at least three feet inside the foundation edge.  The borings 
will be advanced through the concrete floor using a hammer drill.  Each boring will be 
completed as a semi-permanent sub-slab vapor probe utilizing a Vapor Pin™ sampling 
device (as depicted on Figure 4).  The Vapor Pin™ sampling device was designed by 
Cox-Colvin & Associates, Inc. (Cox-Colvin) specifically for the collection of sub-slab 
soil vapor samples.  These probes will be installed in general accordance with Cox-
Colvin’s Standard Operating Procedure (included in attached Appendix D).  The 
maximum depth of the sub-slab soil vapor probes will not exceed two inches below the 
slab (by design, the vapor inlet should be in the engineered fill).  At the completion of 
sub-slab vapor sampling activities, a stainless steel cover will be used to secure the 
sampling device.  No soil sampling is proposed for these locations.  The locations of 
SSV1 and SSV2 were selected to evaluate sub-slab soil vapors at the former dry 
cleaning equipment area and floor drain, respectively.  The remaining SSV locations 
were intended to provide lateral sub-slab soil vapor data.  

b. SOIL VAPOR PROBE  

ATC will advance three borings through the parking lot north of the building. These 
borings will be advanced into the native soil to an approximate depth of five feet below 
surface grade using direct-push technology (DPT) drilling equipment.  Soil samples will 
be collected at approximate depths of 2.5 feet and five feet (the boring terminus) and 
prepared/submitted for laboratory analyses of VOC, lead and arsenic utilizing EPA 
Methods 8260B and 3050/6010, respectively.  Soil sampling will be performed in 
general accordance with ATC’s Standard Operating Procedure – Direct-Push Drilling 
and Sampling (Appendix D).  The soil sampling and analyses is proposed to 
determine if the VOC concentrations are increasing, decreasing or remaining constant 
in the uppermost five feet.  The boring will be completed as a semi-permanent soil 
vapor probe with a flush-mounted traffic-rated vault identified as a monitor well.  
Proposed soil vapor probe construction details are presented on Figure 4. 

Following installation and a 48-hour equilibration period, the interior and exterior vapor probes 
will be purged of three internal volumes (probe tip, tubing and [as applicable to the soil vapor 
probe] filter pack voids) at a flow rate not exceeding 200 milliliters per minute. Prior to 
sampling, a shut-in test will be performed at each vapor probe.  Following purging, a soil vapor 
sample will be collected in a laboratory-certified Summa® canister.  During sampling activities, 
sample train integrity will be verified by placing a cloth infused with a leak check compound 
(1,1-difluoroethane [DFA]) near the canister intake port. 
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Up to 12 soil vapor samples will be collected and submitted for analyses of VOC utilizing EPA 
Method TO-15; this includes nine primary samples, one duplicate sample, one ambient and 
one trip blank.  The primary and duplicate vapor samples will also be analyzed for DFA.   

Sub-slab and soil vapor probe installation and sampling will be performed in general 
accordance with ATC’s Standard Operating Procedure – Soil Vapor Well Installation and 
Sampling (Appendix D) and Ecology’s Guidance for Evaluating Soil Vapor Intrusion in 
Washington State: Investigation and Remedial Action (Draft, dated October 2009). 

5. GROUNDWATER INVESTIGATION 

To evaluate VOC in groundwater, ATC proposes to advance one soil boring through the 
asphalt parking lot near the north edge of the building (depicted as EB1 on Figure 3).  Prior to 
drilling, the appropriate electronic NoI Form will be completed and submitted on-line to 
Ecology’s Water Resources Program.  The boring will be advanced using hollow-stem auger 
(HSA) tooling on a mobile drill rig and will be sampled at five foot vertical intervals for 
laboratory analyses and descriptive purposes in general accordance with ATC Standard 
Operating Procedure – Hollow-Stem Auger Drilling and Soil Sampling (Appendix D).   

ATC acknowledges Ecology’s recommendation to collect groundwater samples at depth 
discrete zones within the aquifer and at the base of the aquifer.  However, based on the semi-
confining characteristics of the Qvt hydrogeologic unit and the documented low-level 
groundwater impacts at existing monitor wells, ATC proposes to terminate boring EB1 at an 
approximate depth of 40 feet bgs.  Boring EB1 will be completed as groundwater monitor well 
MW5, with a screened interval extending from approximately 30 feet to 40 feet bgs.  Proposed 
well construction specification are presented on the attached Figure 5.  The annular bentonite 
seal at proposed well MW5 will ensure a minimum of nine vertical feet between the lower limit 
of the existing monitor wells (approximately 19 feet bgs) and the upper limit of the sand pack 
at MW5 (approximately 28 feet bgs).  As proposed, this well is intended to yield groundwater 
samples approximately 11 to 12 feet below the existing monitor wells.  If dissolved phase VOC 
are absent in groundwater samples collected at MW5, the vertical extent will be considered 
defined.  If dissolved phase VOC are present in groundwater samples collected at MW5, the 
need for additional vertical delineation will be evaluated. 

The well will be installed and developed in general accordance with ATC’s Standard 
Operating Procedure (Appendix D).  Following installation, the new well will be surveyed (top 
of well casing and latitude/longitude).   

As part of the groundwater investigation, ATC will gauge, low-flow purge and sample the 
existing set of four groundwater monitor wells (MW1 through MW4; Figure 2) concurrent with 
MW5 (Figure 3).  Purging and sampling activities will be completed in general accordance 
with ATC’s Standard Operating Procedure (Appendix D).   

All soil and groundwater samples will be submitted for VOC analyses utilizing EPA Method 
8260B.  No further evaluation of lead or arsenic in soil samples collected at EB1 is proposed. 

6. INVESTIGATION DERIVED WASTE DISPOSAL 

Investigation derived wastes (IDW) consisting of soil (generated from HSA drilling activities) 
and liquid (well development and purge activities and equipment decontamination rinseate 
water) will be separately contained in labeled Department of Transportation (DOT) approved 
steel drums and stored temporarily at the site.  After acceptance of waste profiles, the drums 
will be removed from the site and transported to an appropriate facility for disposal. 
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Appendix A 
 

  Select Tables and Figures from Andersen Environmental 
Phase II Environmental Site Investigation Report (2015)



Table 1: Volatile Organic Compounds in Soil
COGIC Property 

9201 South Pacific Avenue, Tacoma, Washington 98444

Phase II Environmental Site Assessment, March 2015
Page 1 of 1

Tetrachloro-
ethylene (PCE)

Trichloro-
ethylene (TCE)

cis-1,2,Dichloro-
ethylene 

trans-
1,2,Dichloro-

ethylene 
Vinyl Chloride

1,2, Dichloro-
ethane 

1,1,1,Trichloro-
ethane

Napthalene
1,2,4,Trimethyl-

benzene
Acetone

All Other 8260C 
VOC Analytes

BE1-3 4/17/2013 3 ND<0.02 0.03 0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.25 ND

BE1-3dup 4/17/2013 3 ND<0.02 0.04 0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.25 ND

BE2-3 4/17/2013 3 ND<0.02 0.03 0.25 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.25 ND

BE3-4 4/17/2013 4 1.2 0.5 0.19 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.25 ND

BE4-3 4/17/2013 3 0.03 ND<0.02 0.17 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.25 ND

BE5-15 4/17/2013 15 ND<0.02 ND<0.02 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.25 ND

BE6-15 4/17/2013 15 ND<0.02 ND<0.02 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.05 ND<0.25 ND

B1-12 12/29/14 12 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.048 ND<0.2000 0.011 Y ND

B2-14 12/29/14 14 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.048 ND<0.2000 ND<0.0056 ND

B3-13 12/29/14 13 0.0091 0.0015 0.0019 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.048 ND<0.2000 ND<0.0056 ND

B4-14 12/29/14 14 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.048 ND<0.2000 ND<0.0056 ND

B5-14 12/29/14 14 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.048 ND<0.2000 ND<0.0056 ND

B6-15 12/29/14 15 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 0.27 0.0015 ND<0.0056 ND

B7-17 12/30/14 17 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.048 ND<0.2000 ND<0.0056 ND

B8-10 12/30/14 10 0.0069 0.0012 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.048 ND<0.2000 ND<0.0056 ND

B9-10 12/30/14 10 0.014 0.0023 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.048 ND<0.2000 ND<0.0056 ND

B10-7 12/30/14 7 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.048 ND<0.2000 ND<0.0056 ND

B11-10 12/30/14 10 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.048 ND<0.2000 ND<0.0056 ND

B12-16 02/25/15 16 0.011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.048 ND<0.2000 ND<0.0056 ND

B13-14 02/25/15 14 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.0011 ND<0.048 ND<0.2000 ND<0.0056 ND

0.05(A) 0.03(A) 160(B) 1600(B) 240(B) 1600(A) 2.0(A) 5.0(A) NE 7200(B) Varies

Notes:
"BE1-3" - Environmental Associates, 2013

"B1-12" - Andersen Environmental, 2014 - 2015
ND - Analyte not detected above Practical Quanitation Limit
NE - Not Established
PQL - Practical Quantitation Limit
CUL - Existing CleanUp Level under MTCA Method (A) or Method (B)
Detections in bold, detections exceeding screening criteria shaded in gray
Y - Laboratory calibration parameters not within nominal range. See laboratory report.
mg/kg = milligrams per kilogram

Sample
ID

Sample
Date

Sample 
Depth

(ft bgs)

EPA Method 8260C (mg/kg)

CUL



Table 2: Volatile Organic Compounds in Groundwater
COGIC Property 

9201 South Pacific Avenue, Tacoma, Washington 98444

Tetrachloro-
ethylene 

(PCE)

Trichloro-
ethylene 

(TCE)

cis-
1,2,Dichloro-

ethylene 

trans-
1,2,Dichloro-

ethylene 

Vinyl 
Chloride

1,2,Dichloro-
ethane 

Chloroform Benzene
Ethyl-

benzene
Total Xylenes

Isopropyl-
benzene

sec-Butyl-
benzene

1,2,4,Tri-
methyl-
benzene

Acetone
All Other 

8260C VOC 
Analytes

BE1 4/17/2013 2.4 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<10 ND

BE1-dup 4/17/2013 2.3 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<10 ND

BE2 4/17/2013 21 4.7 26 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<10 ND

BE3 4/17/2013 44 16 32 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<10 ND

BE4 4/17/2013 7 2.4 9.3 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<10 ND

BE5 4/17/2013 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<10 ND

BE6 4/17/2013 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<10 ND

B1/MW1 12/29/14 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 0.33 ND<0.2 0.4 0.29 1.55 0.26 0.36 0.43 ND<5 ND

B3/MW2 12/29/14 40 11 39 0.78 ND<0.2 ND<0.2 0.24 ND<0.2 ND<0.2 0.72 ND<0.2 ND<0.2 ND<0.2 ND<5 ND

B5 12/29/14 ND<0.2 ND ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 0.41 1.92 ND<0.2 ND<0.2 ND<0.2 ND<5 ND

B6/MW3 01/23/15 ND<0.2 ND ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.04 ND<0.2 ND<0.2 ND<0.2 ND<5 ND

B7 12/30/14 16 3.3 6.9 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 0.35 1.25 ND<0.2 ND<0.2 ND<0.2 ND<5 ND

B9 12/30/14 5.6 0.96 0.67 ND<0.2 ND<0.2 ND<0.2 ND<0.2 0.2 0.42 1.45 ND<0.2 ND<0.2 ND<0.2 10 Y ND

B12 02/25/15 25 5.5 17 0.21 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.04 ND<0.2 ND<0.2 ND<0.2 ND<5 ND

B13/MW4 02/25/15 1.1 ND<0.2 0.21 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.04 ND<0.2 ND<0.2 ND<0.2 ND<5 ND

Trip Blank 10/30/14 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.2 ND<0.04 ND<0.2 ND<0.2 ND<0.2 ND<5 ND

5 5 80 160 0.2 5 80 5 700 1000 NE 80 80 7200 Varies

Notes:
"BE1" -  Environmental Associates, 2013
"B1" - Andersen Environmental, 2014 - 2015
ND - Analyte not detected above Practical Quanitation Limit
NE - Not established
PQL - Practical Quanitation Limit
CUL - Existing CleanUp Level under MTCA Method A or CLARC Tables
Detections in bold, detections exceeding screening levels shaded in gray

Sample
ID

Sample
Date

EPA Method 8260C (µg/l)

CUL

Phase II Environmental Site Assessment, March 2015
Page 1 of 1











 
 

 

 

 

Appendix B 
 

Ecology Opinion Letter (August 26, 2015)
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Appendix C 
 

Architectural Plans from 1965 (Source: City of Tacoma 
Planning and Development Services) 

Sewer & Storm Sewer Layout (Source: http://govME.org) 

Water Line & Associated Meters (Source: Tacoma Water)
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Water Lines and Associated Meter Layout 
(as provided by Tacoma Water, 2016)



 
 

 

 

 

Appendix D 
 

Cox-Colvin Vapor Pin™ Standard Operating Procedure 

ATC Standard Operating Procedures 

  



 

   Standard Operating Procedure 

Installation and Extraction 

  of the Vapor Pin™ 
Updated April 3, 2015 

 

 

Vapor PinTM protected under US Patent # 8,220,347 B2  
 

Cox-Colvin & Associates, Inc. • 7750 Corporate Blvd., Plain City, Ohio 43064 • (614) 526-2040 • VaporPin.CoxColvin.com 

Scope: 

 

This standard operating procedure describes 

the installation and extraction of the Vapor 

Pin™ for use in sub-slab soil-gas sampling. 

 

Purpose: 

 

The purpose of this procedure is to assure 

good quality control in field operations and 

uniformity between field personnel in the use 

of the Vapor Pin™ for the collection of sub-

slab soil-gas samples or pressure readings. 

 

Equipment Needed: 

 

 Assembled Vapor Pin™ [Vapor Pin™ and  

silicone sleeve(Figure 1)]; Because of 

sharp edges, gloves are recommended for 

sleeve installation; 

 Hammer drill; 

 5/8-inch (16mm) diameter hammer bit 

(hole must be 5/8-inch (16mm) diameter 

to ensure seal. It is recommended that 

you use the drill guide). (Hilti™ TE-YX 

5/8" x 22" (400 mm) #00206514 or 

equivalent);  

 1½-inch (38mm) diameter hammer bit  

(Hilti™ TE-YX 1½" x 23" #00293032 or 

equivalent) for flush mount applications;  

 ¾-inch (19mm) diameter bottle brush; 

 Wet/Dry vacuum with HEPA filter 

(optional);   

 Vapor Pin™ installation/extraction tool; 

 Dead blow hammer; 

 Vapor Pin™ flush mount cover, if desired; 

 Vapor Pin™ drilling guide, if desired; 

 Vapor Pin™ protective cap; and 

 VOC-free hole patching material 

(hydraulic cement) and putty knife or 

trowel for repairing the hole following the 

extraction of the Vapor Pin™. 

 

 
Figure 1. Assembled Vapor PinTM 

 

Installation Procedure: 

 

1) Check for buried obstacles (pipes, 

electrical lines, etc.) prior to proceeding. 

 

2) Set up wet/dry vacuum to collect drill 

cuttings. 

 

3) If a flush mount installation is required, 

drill a 1½-inch (38mm) diameter hole at 

least 1¾-inches (45mm) into the slab. 

Use of a Vapor Pin™ drilling guide is 

recommended. 

 

4) Drill a 5/8-inch (16mm) diameter hole 

through the slab and approximately 1-

inch (25mm) into the underlying soil to 

form a void. Hole must be 5/8-inch 

(16mm) in diameter to ensure seal. It is 

recommended that you use the drill 

guide. 
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5) Remove the drill bit, brush the hole with 

the bottle brush, and remove the loose 

cuttings with the vacuum.   

 

6) Place the lower end of Vapor Pin™ 

assembly into the drilled hole.  Place the 

small hole located in the handle of the 

installation/extraction tool over the Vapor 

Pin™ to protect the barb fitting, and tap 

the Vapor Pin™ into place using a dead 

blow hammer (Figure 2).  Make sure the 

installation/extraction tool is aligned 

parallel to the Vapor Pin™ to avoid 

damaging the barb fitting. 

 

 
Figure 2. Installing the Vapor PinTM. 

 

During installation, the silicone sleeve will 

form a slight bulge between the slab and the 

Vapor Pin™ shoulder.  Place the protective 

cap on Vapor Pin™ to prevent vapor loss prior 

to sampling (Figure 3). 

 

Figure 3. Installed Vapor PinTM 

7) For flush mount installations, cover the 

Vapor Pin™ with a flush mount cover, 

using either the plastic cover or the 

optional stainless-steel Secure Cover 

(Figure 4). 

 

 
Figure 4. Secure Cover Installed 

 

8) Allow 20 minutes or more (consult 

applicable guidance for your situation) 

for the sub-slab soil-gas conditions to re-

equilibrate prior to sampling. 

 

9) Remove protective cap and connect 

sample tubing to the barb fitting of the 

Vapor Pin™. This connection can be made 

using a short piece of TygonTM tubing to 

join the Vapor PinTM with the Nylaflow 
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tubing (Figure 5). Put the Nylaflow 

tubing as close to the Vapor Pin as 

possible to minimize contact between soil 

gas and TygonTM tubing. 

 

Figure 5. Vapor PinTM sample connection. 

 

10) Conduct leak tests in accordance with 

applicable guidance. If the method of 

leak testing is not specified, an alternative 

can be the use of a water dam and 

vacuum pump, as described in SOP Leak 

Testing the Vapor PinTM via Mechanical 

Means (Figure 6). For flush-mount 

installations, distilled water can be 

poured directly into the 1 1/2 inch 

(38mm) hole. 

 

 
Figure 6. Water dam used for leak detection 

 

11) Collect sub-slab soil gas sample or 

pressure reading.  When finished, replace 

the protective cap and flush mount cover 

until the next event.  If the sampling is 

complete, extract the Vapor Pin™. 

 

Extraction Procedure: 

1) Remove the protective cap, and thread 

the installation/extraction tool onto the 

barrel of the Vapor Pin™ (Figure 7).  

Continue turning the tool clockwise to 

pull the Vapor Pin™ from the hole into 

the installation/extraction tool. 

 

2) Fill the void with hydraulic cement and 

smooth with a trowel or putty knife.   

 

 
Figure 7. Removing the Vapor PinTM. 

 

3) Prior to reuse, remove the silicone sleeve 

and protective cap and discard.  

Decontaminate the Vapor Pin™ in a hot 

water and Alconox® wash, then heat in 

an oven to a temperature of 265o F (130o 

C) for 15 to 30 minutes.   

 

The Vapor Pin™ to designed be used 

repeatedly, however, replacement parts and 

supplies will be required periodically.  These 

parts are available on-line at 

VaporPin.CoxColvin.com. 



   

 
 

 

ATC STANDARD OPERATING PROCEDURE 
DIRECT-PUSH DRILLING AND SAMPLING 

 
Direct-push soil borings are advanced using a truck-mounted, hydraulically-powered, soil probing machine which 
utilizes static force and percussion to advance small diameter sampling tools into the subsurface.  Soil samples 
are collected from each boring at depths specified by the supervising ATC Field Manager.  Typically, soil samples 
are collected continuously or at five-foot intervals.  The samples are collected in a five-foot by 1.5-inch outside 
diameter core sampler lined with a chemically inert sleeve.  The Field Manager examines representative portions 
of the soil samples and prepares soil boring logs that describe the encountered soil in general accordance with 
American Society of Testing and Materials (ASTM) Method D 2488.  The soil boring logs indicate the depth of the 
various strata, and record other pertinent information regarding the advancement and sampling of each borehole. 
  
A portion of each soil sample may be retained for possible laboratory analysis.  The samples are collected in an 
acetate liner.  The liners are cut at the desired sample depth and sealed with Teflon® tape and plastic caps at 
each end, or alternatively the samples may be transferred to in-field extraction kits provided by the analytical 
laboratory.  All samples are stored in an ice chest cooled to approximately four degrees Celsius with wet ice.  
Other portions of the soil samples may be analyzed in the field with a photoionization detector (PID) for the 
presence of organic vapors.   
 
All downhole equipment is cleaned with phosphate-free soap and then rinsed with water before any sampling is 
performed, and after each borehole, to reduce the potential for cross-contamination. 
 
Groundwater samples may be collected from selected borings by placing one-inch diameter casing with 0.01-inch 
slots to the bottom of the boring, then using dedicated bailers, or other dedicated sampling equipment, to 
withdraw groundwater. 
 
Each soil and groundwater sample is collected in a suitable container, preserved correctly for the intended 
analysis, and stored for no longer than the maximum allowable holding time.  Each sample container is labeled to 
identify the job number, sampler, date and time of collection, and a unique sample number.  All samples are 
submitted to a State-certified laboratory to perform the requested analyses.  A chain of custody (COC) form is 
used to record possession of the samples from the time of collection to arrival at the laboratory.  When the 
samples are shipped, the person in custody of the samples relinquishes them by signing the COC and noting the 
time.  The sample control officer at the laboratory records the condition of the samples upon arrival. 
 
Each borehole is backfilled with neat cement/bentonite slurry or chips following completion of the sampling event. 
The ground surface is returned to its near-original condition. 



   

 
 

 

ATC STANDARD OPERATING PROCEDURE 
SOIL VAPOR WELL INSTALLATION AND SAMPLING 

 
Preliminary Activities  
 
Prior to the onset of field activities at the site, ATC obtains the appropriate permit(s) from the governing agencies. 
Advance notification is made as required by the agencies prior to the start of work.  ATC marks the borehole 
locations and contacts the local one call utility locating service at least 48 hours prior to the start of work to mark 
buried utilities.  Borehole locations may also be checked for buried utilities by a private geophysical surveyor.  
Prior to drilling, the borehole location is cleared in accordance with the client’s procedures.  Fieldwork is 
conducted under the advisement of a registered professional geologist and in accordance with an updated site-
specific safety plan prepared for the project, which is available at the job site during field activities. 
 
Soil Vapor Well Construction 
 
The borehole is advanced to the desired depth using either a direct-push rig, hand auger, or air vacuum rig.  
Lithologic conditions are recorded on a boring log during borehole advancement, and select soil matrix sampling 
may be conducted based on soil characteristics. 

Each soil vapor sampling (SVS) well is constructed using inert screen material attached to 1/8- to ¼-inch outer 
diameter inert tubing.  A gas-tight vacuum fitting or valve is attached to the top of each length of tubing using a 
female compression fitting.  Each screen is set within a minimum of a 12-inch thick appropriately sized sand pack, 
with a minimum of three inches of sand pack above the top of the screen.  A minimum of four inches of dry 
granular bentonite is set above each screen and associated sand pack.  In SVS wells with multiple and separate 
casings and screens, the annular space between the top of the dry granular bentonite above the deep screen and 
the bottom of the sand pack associated with the shallow screen is sealed with a minimum of 18 inches of hydrated 
bentonite.  The remainder of the annular space of the well is sealed with hydrated bentonite to one foot below 
ground surface.  Wellheads are finished with traffic-rated well boxes set in concrete flush with the surrounding 
grade.  No glues, chemical cements, or solvents are used in well construction.   

A boring log is completed with the construction details for each well, including the materials of construction, depth 
of the borehole, screen length, and annular seal thickness. 

 
Soil Vapor Sampling 
 
Samples are collected using a soil vapor purging and sampling manifold consisting of a flow regulator, vacuum 
gauges, vacuum pump, shroud, and laboratory-prepared, gas-tight, opaque containers such as Summa™ 
canisters.  Samples may also be collected using a syringe and analyzed by a mobile laboratory.  Prior to use, 
Summa™ canisters are checked to ensure they are under the laboratory induced vacuum between 31 and 25 
inches of mercury (in. Hg).  New inert tubing is used to purge and sample each well.  Prior to purging and 
sampling each SVS well, the sampling manifold is connected to the gas-tight vacuum fitting or valve at the 
wellhead, and the downstream tubing and fittings are vacuum tested at approximately 24 to 28 in. Hg.   Purging 
and sampling are conducted only on SVS wells when the tubing and fittings hold the applied vacuum for five 
minutes per vacuum gauge reading. 

When required, ATC conducts a purge volume versus constituent concentration test on at least one SVS well 
prior to purging and sampling activities.  The purge volume test well is selected based on the location of the 
anticipated source of chemical constituents at the site and on the location of anticipated maximum soil vapor 
concentrations based on lithologic conditions.  If the SVS well has been in place for more than one week, it is 
assumed that soil vapor in the sand pack has equilibrated with the surrounding soil, and only the screen and 
tubing volumes are included in the purge volume calculation.  If the SVS well has been in place for less than one 
week, the volume of the sand pack around the screen is included in the purge volume calculation.   A 
photoionization detector (PID) or on-site mobile laboratory is used to evaluate concentrations of chemical 
constituents in the vapor stream after one, three, and 10 volumes of vapor have been purged from the SVS well. 

CONTINUED ON NEXT PAGE 



   

 
 

 

(Soil Vapor Well Installation and Sampling SOP – continued) 
 
Purging is conducted at a rate of 100 to 200 milliliters per minute (ml/min).  The purge volume exhibiting the 
highest concentration is the volume of vapor purged from each SVS well prior to sampling.  If the three separate 
purge volumes produce equal concentrations a default of three purge volumes is extracted prior to sampling. 
 
Prior to sampling, a leak test is performed at each SVS well, including a summa canister and its fittings, to check 
for leaks in the SVS annulus.  Typically helium or 1,1-difluoroethane (DFA) are utilized as the leak check 
compound (LCC).  To assess the potential for leaks in the SVS well annulus when using helium as the LCC, a 
shroud is placed over the SVS well and summa canister and the shroud is filled with a measured amount of 
helium.  Helium screening is performed in the field by drawing soil gas into a Tedlar bag via a lung-box and 
screening the contents of the Tedlar bag with a helium meter.  The concentration of helium in the sample divided 
by the concentration of helium in the shroud provides a measure of the proportion of the sample attributable to 
leakage.  A leak that comprises less than 5% of the sample is insignificant.  When DFA is utilized as the LCC, a 
rag infused with DFA is placed in near the sampling train during the sample intake period.  Helium and DFA 
screening are performed using laboratory analysis of the contents of the summa canister.  Sampling is conducted 
at approximately the same rate of purging, at 100 to 200 ml/min.  Soil vapor samples are submitted under chain of 
custody protocol for the specified laboratory analyses. 
 
At a minimum, weather conditions (temperature, barometric pressure and precipitation), the sampling flow rate, 
the purge volume, the helium leak detection percentage results, the sample canister identification number, the 
method of sample collection, and the vacuum of the sampling canister at the start and end of sample collection (if 
applicable) are recorded on a log for each SVS well purged and sampled. 
 
Decontamination Procedures 
 
If soil samples are collected, ATC or the contracted driller decontaminates the soil sampling equipment between 
each sampling interval using a non-phosphate solution, followed by a minimum of two tap water rinses.   
De-ionized water may be used for the final rinse.  Downhole drilling equipment is steam-cleaned or triple-rinsed 
prior to advancing each borehole. 
 
Waste Treatment and Disposal 
 
Soil cuttings generated from the well installation are stored on site in labeled, Department of Transportation-
approved, 55-gallon drums or other appropriate storage container.  The soil is removed from the site and 
transported under manifest to a client- and regulatory-approved facility for recycling or disposal.  Decontamination 
water is stored on site in labeled, regulatory-approved storage containers, and is subsequently transported under 
manifest to a client- and regulatory-approved facility for disposal or treated with a permitted mobile or fixed-base 
carbon treatment system. 



   

 
 

 

ATC STANDARD OPERATING PROCEDURE 
HOLLOW-STEM AUGER DRILLING AND SOIL SAMPLING 

 
Soil borings are drilled using a truck-mounted hollow-stem auger drilling rig equipped with seven to 10-inch 
nominal outside diameter casing.  ATC attempts to obtain representative soil samples at approximate five- to 10-
foot intervals in each boring using a using a standard 2.5-inch outside diameter split-barrel sampler in accordance 
with American Society of Testing and Materials (ASTM) Method D 1586-84.  The sampler is loaded with clean 
three- and/or six-inch long by two-inch diameter brass sample tubes.  Samples are collected in the three- or six-
inch brass sample tubes contained within the sampler.  Soil samples are collected by inserting the sampler 
through the open end of the drill pipe and driving the sampler with a 140-pound drop hammer on the drill rig free-
falling 30 inches.  The sampler is driven a maximum of 18 inches into undisturbed soil below the bottom of the 
auger, or to sampler refusal (greater than 50 blows per six-inch interval).  The number of blows required to drive 
the sampler each six-inch interval is recorded on the boring logs to provide data to evaluate the relative 
consistency or density of the soil.  If an insufficient sample volume is recovered during the initial sampling event, a 
maximum of two additional attempts are made to obtain an adequate sample volume.  In coarse-grained 
lithologies (i.e., sand and gravel), a sand catcher may be placed inside the sampler to improve sample recovery. 
 
Following sampler retrieval, the sampler is opened and the bottom three- or six-inch brass tube is collected.  The 
bottom sample tube is visually inspected to insure that the tube is completely filled with soil, and no headspace 
exists in samples submitted for laboratory analysis.  The collected brass sample tube is sealed at each end with 
Teflon® liner squares followed by aluminum foil liners, capped with plastic end-caps, sealed with Teflon®  tape, 
marked for identification and stored in an ice chest cooled to approximately four degrees Celsius with wet ice for 
delivery to a State-certified laboratory.  Alternatively, soil samples for volatile organic compound analysis are 
extracted in the field using laboratory-provided extraction kits.  Chain of custody records are maintained as 
samples are collected and accompany the samples to the laboratory.  
 
The contents of the second brass sample tube is emptied into a sealable plastic bag and used for field soil vapor 
monitoring and soil classification purposes.  Soil samples are logged by a ATC Field Scientist in general 
accordance with ASTM Method D 2488 and field boring logs maintained.   
 
To minimize the potential for cross-contamination, a new pair of disposable gloves are worn when preparing a 
sample for laboratory analysis.  Additionally, all downhole sampling equipment is washed in an Alconox® or 
Liquinox® and tap water solution, rinsed with tap water and rinsed again with distilled water prior to each sampling 
event.  If necessary, the drill pipe and auger bit is high pressure washed between bore holes.  Decontamination 
water is stored in labeled 55-gallon drums and remains on-site pending disposal.  Excess drill cuttings are placed 
in 55-gallon drums or a rolloff-type container and remain on-site pending disposal.  Borings are typically backfilled 
with grout (or other materials deemed acceptable by the permitting agency). 



   

 
 

 

STANDARD OPERATING PROCEDURE 
FIELD SOIL VAPOR AND METALS MONITORING 

 
Soil Vapor 
The MiniRAE 2000 (or equivalent) photoionization detector (PID) is calibrated on-site at the commencement of 
each work day to zero and to 100-parts per million by volume (ppmV) using isobutylene-in-air span gas 
(equivalent to benzene).  An appropriate PID lamp is selected based on the ionization potential of the primary 
chemical(s) of concern relevant to the investigation. 
 
A representative soil sample is collected from each sample location and placed in a sealable plastic bag.  The soil 
sample identifier is marked on the bag above the top of the bag seal.  The bag is sealed and the soil 
disaggregated.  At least ten minutes is allowed for the soil to be heated by direct sunlight and for any volatile 
organic compounds in the soil to accumulate in the headspace of the bag.  In cool weather (e.g. below 60 degrees 
Fahrenheit) or darkness, the soil sample bag is warmed for at least ten minutes inside a heated vehicle.  
  
Volatile gases are then monitored by inserting the probe of the PID into the bag.  The PID is equipped with a lamp 
which is capable of detecting volatile organic compounds at concentrations of 0.1 to 9,999 ppmV.  The PID probe 
remains inside the bag for a period of time sufficient to allow the reading to peak and stabilize.  The peak reading 
is recorded on the soil boring log.   
 
Metals 
Soil samples subject to x-ray fluorescence (XRF) analyzer screening are retained in the sealable plastic bag 
which is wiped clean of debris.  The contents of the bag are packed so that the soil in the bag is a minimum of one 
inch thick below the XRF analyzer window.  The XRF analyzer is calibrated to known standards and programmed 
to measure target metals concentrations in soil.  The XRF analyzer window is placed over the packed soil sample 
and the x-ray trigger engaged for 60 seconds.  After 60 seconds, the analysis is terminated and the metals 
constituent concentrations of interest are recorded along with the unique sample identifier in the field notes (all 
data are also recorded in the XRF’s data logger and are available for later download).   
 
 



   

 
 

 

ATC STANDARD OPERATING PROCEDURE 
GROUNDWATER MONITOR WELL INSTALLATION AND DEVELOPMENT 

 
Prior to drilling, ATC completes an applicable permit from the regulating agency (varies by state and locality). 
Copies of the original permits are on-site during drilling operations. 
 
Following completion of each well boring, wells are constructed using two- or four-inch nominal diameter, 
Schedule 40, 0.020-inch machine slotted, polyvinylchloride (PVC) well screen from the bottom of the borehole to 
10 feet above the static depth to groundwater to account for seasonal water level fluctuations.  The remaining well 
string is constructed of Schedule 40 blank PVC casing.  Actual well construction specifications are determined on 
a site-specific basis.  
 
The bottom of the perforated interval is capped with a flush-threaded PVC cap or riveted cap and the monitor well 
casing is assembled and lowered into the open end of the drill pipe.  No PVC cement of other solvents or glues 
are used in construction of the monitor well.  All well casing and screen material is delivered to the site in factory-
sealed containers. 
 
The annulus of the well is backfilled with clean #3 Monterey or 8/12 sand (or equivalent) filter pack to 
approximately three feet above the top of the well screen.   In general, the sand filter pack extends to a height 
above the top of the well screen equivalent to approximately 10% of the well screen length.  The top of the filter 
pack is direct measured with a weighted tape.  A minimum 1.5-foot thick layer of bentonite pellets or chips is 
placed on top of the filter pack and hydrated to form an annular seal.  The bentonite pellets are hydrated by 
adding approximately one gallon of water for each linear foot of bentonite.  The remaining annular space to the 
surface is filled with cement grout.  Well construction details are recorded in the boring logs.  The well is 
completed at the ground surface with a watertight, flush-mounted, traffic rated vault. 
 
The well vault lid or surface completion is typically marked with the permit registration number and unique well 
identifier.  The geographic position and elevation of the well is recorded using a handheld global positioning 
system unit.  A permanent mark is made on the north side of the well casing, and this point surveyed for location 
and elevation.  All subsequent groundwater level measurements are recorded from this surveyed point.    
 
A minimum of 24 hours after well completion, the groundwater monitor well is developed to remove sediment and 
to stabilize the filter pack by a combination of surging, bailing and/or pumping groundwater from the well.  Bailing 
or purging continues until movement of the fine sediment stabilizes or ceases and turbidity stabilizes.   
Groundwater purged from the well is contained in 55-gallon drums and remains on-site pending the waste profile 
sample analytical results and subsequent disposal. 



   

 
 

 

ATC STANDARD OPERATING PROCEDURE 
LOW-FLOW PURGING AND GROUNDWATER SAMPLING 

EQUIPMENT   

Pumps: Adjustable rate, positive displacement pumps (e.g., low flow-rate submersible centrifugal or bladder 
pumps constructed of stainless steel or Teflon).  The pump should be easily adjustable and capable of operating 
reliably at lower flow rates.  Adjustable rate peristaltic pumps may be used with caution.  Bailers are inappropriate 
for use in this procedure. 

Tubing: Tubing used in purging and sampling each well must be dedicated to that individual well.  Once properly 
located, moving the pump in the well should be avoided.  Consequently, the same tubing should be used for 
purging and sampling.  Teflon or Teflon-lined polyethylene tubing must be used to collect samples for organic 
analysis.  For samples collected for inorganic analysis, Teflon or Teflon lined polyethylene, PVC, Tygon or 
polyethylene tubing may be used.  The tubing wall thickness should be maximized (⅜ to ½ inch) and the tubing 
length should be minimized (i.e. do not have excess tubing outside of the well).  Pharmaceutical grade (platinum-
cured polyethylene, or equivalent) tubing should be used for the section around the rotor head of the peristaltic 
pump to minimize gaseous diffusion. 

Water level measuring device, 0.01 foot accuracy, (electronic preferred for tracking water level drawdown during 
all pumping operations).   

Flow measurement supplies (e.g., graduated cylinder and stop watch).   

Power source (e.g., generator, located downwind; car battery; nitrogen tank; etc).  The generator should not be 
oversized for the pump.   

In-line flow-through cell containing purge criteria parameter monitoring instruments for pH, specific conductance, 
temperature, oxidation-reduction potential (ORP) and dissolved oxygen (DO).  The in-line device should be 
bypassed or disconnected during sample collection.   

Decontamination supplies: distilled water, scrub brushes, Liquinox® soap and three five-gallon buckets are 
required for three-stage decontamination (Liquinox®/water wash and two distilled water rinse cycles). 

Sample Bottles:  It is recommended that preservatives are added to sample bottles by the laboratory prior to field 
activities to reduce potential error or introduction of contaminants.   

Sample tags or labels, chain of custody.   

Well construction data, location map, field data from last sampling event.     

PROCEDURE 

1. Measure and record the depth to water (to 0.01 foot) in all wells to be sampled before installing the pump 
or tubing.  Care should be taken to minimize disturbance to the water column and to any particulate 
matter attached to the sides or at the bottom of the well.      

2. Attach and secure the tubing to the low-flow pump.  Slowly lower the pump into the well and secure the 
safety drop cable, tubing, and electrical lines to each other using nylon stay-ties.  For peristaltic pump 
operation, lower only the Teflon-lined tubing into the well and attach pharmaceutical-grade polyethylene 
tubing to the portion to be attached to the pump rotor. 

3. Pump, safety cable, tubing and electrical lines should be lowered slowly into the well to a depth 
corresponding to the center of the saturated screen section of the well (by default), or at a location 
determined to either be a preferential flow path or zone where contaminants are present.  The pump 
intake should be kept a minimum of two feet, if possible, above the bottom of the well to prevent 
mobilization of any sediment present in the bottom of the well.  Secure the pump and tubing to the well 
casing to prevent slippage of the tubing into the well during purging and sampling. 

4. Measure the water level again with the pump in the well before starting the pump.  Start the pump at the 
lowest rate possible (100 milliliters per minute [mL/min]) while measuring drawdown continuously. Avoid  

CONTINUED ON NEXT PAGE 



   

 
 

 

(Low-Flow Purging and Groundwater Sampling SOP – continued) 
 

surging water from the well.  Observe air bubbles displaced from discharge tube to assess progress of 
steady pumping until water arrives at the surface.  Adjust the pumping rate such that there is little or no 
water level drawdown in the well (less than 0.3 foot) and the water level should stabilize.  If the minimum 
drawdown that can be achieved exceeds 0.3 foot, but remains stable, continue purging until indicator 
parameters stabilize without dewatering the well screen, if possible.  Water level measurements should 
be made continuously.  Pumping rate changes (both time and rate) should be recorded on the field logs.  
Precautions should be taken to avoid pump suction loss or air entrainment.  Pumping rates should, if 
needed, be reduced to the minimum capabilities of the pump to avoid pumping the well dry and ensure 
stabilization of indicator parameters.   If the recharge rate of the well is very low, purging should be 
interrupted so as not to cause the drawdown within the well to advance below the pump intake but the 
operator should attempt to maintain a steady flow rate with the pump to the extent practicable.  In these 
low-yielding wells, where 100 mL/min exceeds the entrance rate of groundwater into the well, it is 
important to avoid complete dewatering of the well screen interval.  In these cases, the pump should 
remain in place and the water level should be allowed to recover repeatedly until three well volumes have 
been purged and there is sufficient volume in the well to permit collection of samples (up to four hours).  
Samples may then be collected even though the indicator field parameters have not stabilized.   

5. While purging the well, monitoring of in-line water quality indicator parameters should include specific 
conductance, pH, DO, temperature and ORP, which must be collected every three to five minutes until all 
of the parameters have stabilized.  Stabilization is achieved when three successive readings are within:    

• ±0.1 for pH;   

• ±3% for conductivity and temperature;   

• ±10 mV ORP; and,  

• ±10% for DO 

A minimum subset of these parameters that can be used to determine stabilization during purging in this 
procedure is pH, specific conductivity and DO.  DO is typically the last parameter to stabilize.  
Stabilization of indicator parameters is used to indicate that conditions are suitable for sampling to begin. 
 If, after one hour of purging, indicator field parameters have not stabilized, one of three optional courses 
of action may be taken:   

•  Continue purging until stabilization is achieved;   

•  Discontinue purging, do not collect any samples, and record in the logbook that stabilization 
could not be achieved (the documentation must describe attempts to achieve stabilization); or  

•  If three well volumes have been evacuated from the well and parameter stabilization has not 
been achieved, discontinue purging, collect samples, and provide a full explanation of 
attempts to achieve stabilization in the logbook. 

6. Once stabilization has been documented, volatile organic compounds (VOC) and gas sensitive (e.g., 
Fe+2, CH4) parameter samples should be immediately collected directly into pre-preserved sample 
containers.  All sample containers should be filled by allowing the pump discharge to flow gently down the 
inside of the container with minimal turbulence.  Samples requiring pH adjustment should have their pH 
checked to assure that the proper pH has been obtained.  For VOC samples, this will require that a test 
sample be collected to determine the amount of preservative required to be added to the sample 
containers prior to sampling.   

7. Filtered metal samples are to be collected with an in-line filter.   A high capacity, in-line 0.45-micron 
particulate filter must be pre-rinsed according to the manufacturer’s recommendations, or with 
approximately one liter of groundwater following purging and prior to sampling.  After the sample is 
filtered it must be preserved immediately. 

8. As each sample is collected, the sample should be labeled and placed into a cooler with proper 
temperature control. After collection of the samples, the tubing from the pump should be properly 
discarded or dedicated to the well for re-sampling by hanging the tubing inside the well.  When finished, 
secure the well (close and lock it up). 
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