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ADDITIONAL SUBSURFACE PETROLEUM HYDROCARBON ASSESSMENT - - - - -
BP FACILITY NO. 11255

19924 PACIFIC HIGHWAY SCUTH

SEATAC, WASHINGTON

1.0 SUMMARY

The following report presents the results of our Additional Subsurface Petroleum Hydrocarbon Assessment
for B.P. Facility Number 11255, located at 19924 Pactic Highway South in SeaTac, Washington. This
assessment consisted of a subsurface exploration program, analytical testing of soll and groundwater
samples, and a vapor extraction system (VES) feasibllity study. Presented below Is a brief summary of the
significant findings of this assessment.

» The subsurface exploration program involved advancing four sofl borings on-site, installing
monitoring wells In each boring, and the collection of soll and groundwater samples for laboratoty
analysls.

« The subsurface conditions encountered dunng our exploration program Indicate the site is
generally underain at shallow depths by a very danse, silty, fine-medium sand, with some gravel.
The formation appeared to be Interbedded with discontinuous sand, slit and gravel lenses to an
appraximate depth of 35 feet below the below ground suiface (BGS). A very dense, slity, fine to
course sand with some graval was encountered In the borings at depths below 35 faat 1o the
maximum extent of each bonng.

At the time of our exploration, groundwater was encountered in monttonng wells MW-6 and MW-7
at a depth of approximately 28 feet BGS. Groundwater was not encountsred in monitoring wells
MW+4 and MW-8. The presencs of groundwater in some wells, and its absence in others, indicates
that hydrogeologic conditions on-site may consist of perched groundwater in discontinuous sand
lensas. Preiminary bail testing of monkonng well MW-7 indicated a low hydraulic conductivity value
of 1.50 X 10 cm/sec

« Monronng well MW-4, installed dunng our Subsurface Petroleum Hydrocarbon Evaluation (dated
February 1992), was over-drilied during this assessment 10 a depth of approximately 45 feet to
extend the screened portion of the monitoring well within the existing sand lens. Further
penetration of the sand lens, it was thought, would provide the additional groundwater necessary
to mantain operation of the groundwater pump and treat system. This dd not prove to be the
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case as the additional screen did not provide the necessary sustained fiow. Due to the absence
of groundwater in monitonng well MW-4, and low groundwater yield rates from monltoring waeils
MW-6 and MW-7, the pump and treat system was discontinuad and removed from the site

Analytical laboratory test results indicate that the sol samples selected for analysis from borings
B-6, B-7 and B-8 contained gasoline range (C, through C,;) petroleum hydrocarbons at
concentrations exceeding the Washington State Department of Ecology (Ecology} Model Toxics
Control Act (MTCA) Method A cleanup levels.

Analytical laboratory test results indicate that the groundwater samples collected from monitoring
wells MW-6 and MW-7 contained gasoline range {(C, through C,;) petroleum hydrocarbons,
Benzane, Toluene, Ethylbenzene and total Xyienes (BTEX) concontrations exceeding the Method
A cleanup levels.

Vapor extraction feasibility testing results indicated an approximate radius of influence of 45 feet,
with significant (1,200 ppm) recovery of petroleum hydrocarbons in the induced air flow.

This summary Is presented for introductory purposes onty and should be used in conjunction with the full
text of this report. Our observations of the subsurface conditions, the results of laboratory analyses and the
installation of the monitoring wells are documented in the text of the report. Analytical laboratory testing
procedures and analytical test reports are included as Appendices to this report.

2.0

PROJECT DESCRIPTION

The purpose of this study was to attempt to more accurately define the vertical and lateral extent of the
petroleum hydrocarbon plume detected in the vicinity of monitoring well MW-4. This previous assessment
work was documented in the RZA AGRA report entitled “Subsurface Petroleum Hydrocarbon Evaluation”®,
dated February 1992.

The scope of work for this assessment consisted of the following:

1).

2).

Drilling three borings (B-6 through B-8); removal, extending, and replacement of
maonitoring well MW-4 to a depth of approximately 45 feet. Complation of each boring
as a monitoring well.

Collect and flald screen soil samples for the presence of volatlie organic vapors using an
Organic Vapor Analyzer (OVA) equipped with a photolonization detector (PID).
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3) Based on field screening, selecting soll samples far laboratory analysis.

4).  Measunng water levels and fiquid petroleum hydrocarbon (LPH) thickness, if prasent in
each monitoring well -

5) Sample groundwater from each monitonng well and submit samples for laboratory analysis

6). Perform a vapor extraction feasibility study.

7) Evaluating the data collected and preparation of this report.

This report has been prepared for the exclusive use of BP Ol Company, and their agents for specific
application to this project site, in accordance with generally accepted environmantal assessmert practices
and the constraints of our approved scope of work . No warranty, expressed or implied is made. In the svent
ather Information regarding site conditions becomes known, or If there are any changes to the condltions
on the existing site or nearby propetties, the conclusions of this report shoutd be reviewed and ¥ necessary,
revised by our office to reflect updated site Information

3.0 SITE CONDITIONS

The subject site is a rectangular-shaped parcel measuring appraximately 150 feet by 200 feet located at
19924 Pacific Highway South on the northeast comer of the intersection of South 200th Street and Paclfic
Highway South In SeaTac, Washington. Topographically, the site is situated near the top of a north-south
trending ndge and is fairly flat with a gentle downslope to the southeast. Geographically the sita is situated
In a residential/retall nelghborhood, approximately one mile south of the Seattie-Tacoma Intemational
Alrpart, and roughly one- quarter mile southwest of Angle Lake. Surrounding properties primarily conslst
of residential houses 1o the east and west of the Pacific Highway South business comidor. Along the
business corridor, the subject parcel Is bounded on the north by a car rental agency, an apartment complex,
storage facilities, an auto parts store and several automoblle dealers. The properties south of the project
site consist of commercial and retail properties including a fire station, restaurant, a dry-cleaner, a motel and
several automobile dealers. The property west of the subject site, across Pacific Highway South, Is
occupied by a Chevron Service Station The subject site is asphalt and concrete paved with numerous
perimeter landscape planters. Three east-west onented pump islands are located along the westemn side
of the property and two storm drains are shtuated along the southern edge of the praperty Three fiberglass
underground storage tanks {USTs) are present at the site  These USTs range in size from 5,000 to 20,000
gallons in capacity, and contain leaded or unleaded gasoline
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3.1 She History

RZA AGRA's involvernent in the project was Inltiated with a Subsurface Petroleum Hydrocarbon Evaluation
(W-7475) completed in February 1892. The scope of werk for the Subsurface Petroléum Hydrocarbon
Evaluation included the advancement of five borings, the Installation of four monttoring wells in borings B-1,
B-3, B4 and B-5, the collection of soll and groundwater samples for laboratory analysis, and the
measurement of groundwater elevations to determine the directlon of the subsurface groundwater gradient.
In addltion, a sensitive receptors survey was completed for the project site. The results of the evaluation
indicated liquid phase petroleum hydrocarbons {LPH) were present in monltoring well MW-4. Based on the
presence of LPH, BP Oli Company slected to Install a recovery system In monltoring well MW-4. Following
the Initlal recovery of avallable LPH, the perched groundwater source was depleted and the system was
turned off and removed.

4.0 SUBSURFACE EXPLORATION

The subsurface exploration program completad for this assessment consisted of advancing three borings
(B-6, B-7, and B-8) to depths of approximately 35 to 50 feet BGS and completing each boring as a
groundwater monitoring well (MW-6, MW-7, and MW-8, respactively). In addition, monitoring well MW-4 was
removed, and the boring extended to a depth of 45 faet BGS. The extended boring was also completed
as a monitoring well (MW-4). The borings were drilled during the week of 8 January 1892 by an exploration
dnlling company under subcontract to our fim and were continuously observed and logged by an
experienced geologist from our fim. Each boring was advanced by a truck mounted drill rig using a 6-inch
inside diameter (ID) hollow-stem auger. Prior to drilling, the drilling equipment and sampling tools were
decontaminated by steam cleaning. During driling procedures, soil samples were collected at depth
intervals of approximately 5 fest and prepared for laboratory analysls. Each soll sample was screened in
the field for the presence of volatlie organic compounds utilizing an OVA equipped with a PID, to faclitate
selecting appropriate scil samples from each boring for chemical analysis. Each boring was completed as
a four inch ID PVC monttoring well. The approximate locations of the borings/monitoring wells are shown
on the Site and Exploration Plan, Figure 2. Exploration and sampling procedures, subsurface logs, and
monitoring well as-bullt diagrams are Included in Appendix A

4.1 Subsurface Soil Conditions

Geologic maps and literature describe the near surface soils in the vicinity of the subject site as glaclally-
darived materlals characteristic of the Puget Sound region. Specifically, the subject site and vicinity have
been mapped as Vashon Glacial Til, reported to be up to 50 feet thick, consisting of a compact midure of
gravel in a gray, siity, sand matrix with interspersed lenses of sand and gravel.
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Qur field observations during dnlling proceduras wara cansistent with published geolagic information for the
wvicinty of the subject site Field observations indicate that the near surface solls generally consist of a
dense to vety dense, damp to moist, silty, fine to medium SAND with some gravel, with discontinuous sand,
sit, and gravel lenses to an approximate depth of ten to twenty feet BGS. Beyond a depth of ten feet, the
sol generally increases in mousture content with depth until saturated The sols cbserved in our
explorations appears to be similar to the Vashon Glaclal T8l Formatlon described in the geociogic literature

The discontinuous zones of sand and gravel encountered within the formation may act as temporary
groundwater storage areas creating perched groundwater conditions.

4.2 Groundwater Conditions

Groundwater conditions were evaluated on 16 January 1992, The results of the evaluation indicated
groundwater was present in all of the monitoring wells with the exception of monitoring welis MW-4 and MW.-
8. The depth to groundwater in monitoring wells MW-1, MW-3, MW-5, MW-6 and MW-7 ranged from 17 to
49 feet BGS. Depth to groundwater data is normally used to establish the groundwater elevations and
possible groundwater gradient flow directions. However, the variable depth to groundwater measurements
in the monitoring wells, and the absence of groundwater in monitoring wells MW-4 and MW-8, are further
evidence that the groundwater beneath the subject site Is perched within the discontinuous sand and gravel
lensas encountered In the borings.

it appeared that the limtted volume of perched groundwater in the wicinity of MW-4 had been depleted by
the praviously installed pump. Due to the lack of groundwater in monltoring well MW-4, the monitoring well
was over-drilled t0 a depth of 45 feet In an attempt to re-establish groundwater pumping and treating.
However, upon drilling to 45 feet, additional groundwater was not encountered. Oue to the lack of
groundwater in MW-4, the emergency response equipment was removed from the site.

Measurements of the groundwater elevations were obtained during our differential laveling program.
Ditferential leveling involved establishing an arbitrary 100.00 foct elevation datum or control point at the
southeast comer of the retail building. The differences in elevation were then maasured from the top of each
monroring well PVC casing relative to the arbitrary datum. The respective water level measurements are
presented In Table 1.
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A bail test was conducted on MW-7 to detarmine the approxamate hydraulic conductivity value. The resuits
of the ball tast were analyzed using the method deveioped by Bouwer and Rice and Indicated an
approximate hydraulic conductivity value of 1.50 X 10™ cm/sec. A copy of the analysls resiilts are presented
in Appendhbx B

5.0 QUANTITATIVE ANALYSES

5.1 Analytical Results: Soils

Twao soill samples from borings B-6, B-7 and B-8 were selacted for laboratory analysis. Selected soll samples
ware analyzed for gasoline range (C; through C,;) petroleum hydrocarbons using Ecology test method
WTPH-G, the volatlle organics benzene, toluene, ethylbenzense and xylenes {BTEX) using EPA test method
8020; and total lead using EPA test mathod 7421. Analytical test results indicated gasoline range petroleum
hydrocarbon concentrations ranging from 5.6 part per million (ppm) (B-7, S-6) to 1,300 ppm (B-8, S-6).
BTEX concentrations ranged from below the method detection limit to 43 ppm {xylenes in sample B-8, $-6).
Total lead concentrations ranged from 3.2 ppm (B-7, $-6) to 5.0 ppm (B-8, S-6).

One soil sample collected from a depth of 45 feet BGS, at the bottom of boring B4 ( during over-drilling
of monitonng well MW-4), was selected for chemical analysis. This sample (B4, S5-105) was analyzed for
gasoline range petroleum hydrocarbons using Ecology test method WTPH-G and BTEX using EPA test
method 8020. The analytes were nat detected In this sample at concentrations exceeding the method
dstection limit. This may be an indication that the on-site comamination is limited to the zone above the
depth sampled.

Soll sampie B-6, S-5 was split in the field and one half of the sample was labeled as duplicate sample B-11,
$-2 Analysis of these samples indicated that gasoline range petroleum hydrocarbons were present in
sample 8-6, S-5 at a concentration of 12 ppm, and In sample B-11, S-2 at a concentration of 370 ppm.
Benzene, toluene, ethylbenzene and xylenes were detected in sample B-6, S-5 at concentrations of 0.09
ppm, 0.09 ppm, none detected and 0.11 ppm respectively. Benzene, toluens, athylbenzene, and xylenes
were detected In sample B-11, S-2 at concentrations of 0.13 ppm, 26 ppm, 21 ppm and 12 ppm,
respectively, Total lsad was detected in soll sample B-6, $-5 at a concentration of 3.4 ppm and in sample
B-11, S-2 at a concentration of 3.6 ppm. The indicated purgeable hydrocarbon and BTEX concentrations
for these soil samples ara likely the result of natural variations in the soll sample,

The results of analyses performad on soil samples collected during this assassment are summarized in Table
2. Complete laboratory reports are included with this report in Appendix B.
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5.2 Analytical Results: Groundwater

Groundwater samples were collected from monitonng wells MW-1, MW-3, MW-5, MW-6 and MW.-7 for
chermical analysis. Montonng wells MW-4 and MW-8 did not contain sufficient groundwater to allow
representative samplas to be collected. The collected water samples were analyzed for gasoline range
petroleum hydrocarbons using Ecology tast maethod WTPH-G, BTEX using EPA test method 8020, total lead
by EPA test mathod 7421, and turbidity using EPA test mathod 180 1

Gasoline range petroleum hydrocarbons were detected In the groundwater samples collected from
monitoring wells MW-6 and MW-7 at concentrations of 9,100 parts per billlon (ppb) and 35,000 ppb,
respactively, Gasoline range petroleum hydrocarbons ware not detected in the groundwater samples
collected from monitoring wells MW-1, MW-3 and MW-5 BTEX was detected In the groundwater samplaes
collectad from monitoring wells MW-6 and MW-7 at concentrations ranging from 210 ppb (toluene, MW-6)
to 6,600 ppb (xylenes, MW-7). BTEX concentrations in the groundwater samples collected from monitoring
wells MW-1 and MW-3 were below the detection limit of the test method used. The groundwater sample
collected from monitoring well MW-5 contained benzene, toluene, and total xylenas concentrations of 5 ppb.

Analytical test results indicate that 10tal lead was detected in the water sample collected from monitoring
well MW-7 at a concentration of 8 ppb. Total lead was not detected in any of the remalning groundwater
samples at concentrations above the method detection limit. Turbidity values for the samples collected from
monitoring wells MW-1, MW-5 and MW-7 ranged from 2.2 nephelometer turbidity units (NTUs) to 23 NTUs.

The resuits of analyses performad on soi sampiss collected dunng this assessment are summarizad in Table
3. Complete laboratory reports are included with this report in Appendix B,

6.0 ON-SITE CONTAINMENT OF DRILL CUTTINGS AND PURGE WATER

Sail cuttings, monitoring well development water and purge water generated from the subsurface exploration
and sampiing program were placed in 55-gallon Department of Transportation (DOT) approved steel
containers with bolt down lids for storage onsite. Each 55- gallon drum was labeled to identlfy its contants,
ongin of the contents, and the date they were generated. The barrels were subsequently removed from the
site after charactenzation of the contents was completed
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7.0 VAPOR EXTRACTION SYSTEM (VES) FEASIBILITY STUDY

RZA AGRA Inc. conducted a test at the subject site 10 determine the feasibility of remediating petroleum
hydrocarbon impacted soll with vapor extraction system (VES) technology Based on the resuits of the test,
vapor extraction appears to be an effective remediation technology for use at the sublject site.

7.1 Vacuum Testing

Vapor extraction testing was performed using a portable VES system consisting of a ROTRON 454
regenerative blower manifolded to either monitoring well MW-4 or MW-5. Magnehslic vacuum gauges were
attached to monitoring wells MW-7, MW-8, and either MW-4 or MW-6 depending on which was used as the
"extraction” well. The gaugses were instajled to monhor the vacuum-pressure induced In soils within and
around the test zone. The results of the VES feasibility test indicated an sffective radlus of Influance of
approximately 45 feet. However, due to the variable nature of the soils encountered bensath the subject
site, the estimated radius of influence determined during the test may be the result of air flow along
preferentlal pathway in the subsurface solls Therefore, It should not be assumed that all of the soll within
the radius of influence from the extraction point will be affected by a VES. A more detailed discussion of
the VES feasibility test Is included in Appendix C.

8.0 CONCLUSIONS

The results of this Additional Petroleum Hydrocarbon Assessment indicate that the solis and groundwatar
in the vicinlty of the southem pump island have been impacted by petroleum hydrocarbons, and BTEX at
concentrations exceeding the MTCA Mathod A cleanup levels. The vertical extent of the contaminants in
the vicinity of monitoring weit MW.4 appear to be limited in extent to depths less then 45 feet, however, the

petroleum hydrocarbon plume appears to extend laterally beyond the location of the borings advanced for
this assessment.

On-site subsurface soil conditions generally appear to consist of discontinuous sand tenses interbedded with
glacial till, ¢reating perched groundwater conditions. Sand lenses are extremely susceptible to pstroleumn
hydrocarbon impact due to the higher permeability associated with sandy solls. The iogs from bonngs B-6
and B-7 indicate a sand lens at a depth of 20 to 30 feet. Perched groundwater conditions were observed
within this sand lens at a depth of 28 feet beiow the ground surface.

Groundwater samples collected from monitoring wells MW-1, MW-3 and MW-5 generally contained
concentrations of gasoline range petroleum hydrocarbons and BTEX below the detection limits of the
analysis methods used. Samples collected from monitoring wells MW-6 and MW-7 indicate the perched
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groundwater has been impacted by petroleum hydrocarbons at concentrations In excess of the MTCA
Mathod A cleanup levels. The groundwater sample collected from monitoring well MW-7 contained a total
lsad concentration exceeding MTCA Method A cleanup levels, which is likely due to thd turbidity of the
sample Preliminary hydrogeologic testing of monitoning weli MW-6 Indicates groundwater yield rates of less
then 0.5 gallons per minute (gpm). The preliminary hydrogeologic testing of monitoring well MW-7
indicated approximate yleld rates of 1 to 2 gpm

The vapor extraction system (VES) feasibility study conducted for this assessment Indicated that vapor
extraction is a feasible option for treatment of the petroleum hydrocarbon impacted solls identified on site.
The results of the study indicated a radius of influence of approximately 45 feet and good hydrocarbon
loading (1200 ppm) from the test monitonng wells.

9.0 CLOSURE

Information In this report is based on the site characterization, field observations, and the laboratory analyses
accomplished for this study. The conclusions presemted are professional opinlons based on our
imerpretation of the analytical laboratory test resuits, as well as our experience and observations during the
project field characterizations. The number, locations, and depth of explorations during the characterization
programs, including the analytical testing scope, were completed within the site and proposal constraints
50 as to yleld the Information utliized to formulate our conclusions.

We appreciate this opportunity to be of continued service to you. Pleasa contact us ¥ you have questions
regarding this report or other aspects of this project.

Respectfully submitted,
AGRA Ine¢.,

Q)
Robert P Czaja
Project Environmental Gedlogis

Dave G. Cooper, P.G.
Assoclate

"




TABLE1l: i T

Summary of Fluid Level Measurements

BP Facility No. 11255

19924 Pacific Hwy South

SeaTac, Washington -
RZA Job No, W-7475-2

Date *Elevation Depthto Water
Collected (TOC) Water Elevation

MW-1

1-16-92 99.73 28.60 71.13

1-23-92 89.73 28.75 70 98

1-31-92 89.73 28 56 7117
MW-3

1-16-92 98.89 28.38 70 51

1-23-92 98.89 28.46 70 43

1-31-92 98.89 28.26 70 63
MWwW-4

1-16-92 98.28 ** o

1-23-92 98.28 i **

1-31-92 98.28 el o
MW-5

1-16-92 97.75 19.39 78.36

1-23-92 97.75 18.29 78.46

1-31-92 97.75 19.62 78.13
MW-6

1-16-92 98.77 31.12 67.65

1-23-92 98.77 31.25 67.52

1-31-92 98.77 31.32 67 45
MWw.-7

1-16-92 98.42 29.30 6912

1-23-92 98.42 29 33 69 09

1-31-92 98.42 29.22 69 20
MWw-8

1-16-92 98.80 49.00 43.80

1-23-92 98 80 49.17 43 63

1-31-92 998 8 50.00 50 00

Notes:

Water Table Elevation = Well Elevation(TOC) - Depth to water
* = Measured from arbitrary datum of 100 feet above sea level.
TOC = Top of Casing

** — No water measured in well

All measurements made In feet



TABLE 2:

Summary of Analytical Results: Soil Samples

BP Facility No. 11255

19924 Paclfic Hwy South
SeaTac, Washington

RZA AGRA Project No, W-7475-2

pr—-

Boring Sample

No. Sample #| Depth{ft) TPH B T E X Lead
B-6 B-6,5-5 235 1200 | 009 0.09 | <0.05| o011 3 40
B-11,8-2 275 370.00| 013 2.60 210 | 1200 ] 360

B-6,S-6 27 5 170007 024 130 0.53 3.40 340

B-7 B-7,S-6 275 560 009 | <005 | <005 | <0.05| 3.20
B-7,8-8 365 230.00:] 0.10 0.80 0.57 3.80 350

B-8 B-8,5-6 27 5 1300.00::72.50:.] 25,00 | 10.00 |.i43.00°| 5.00
B-8,S-10 A7 5 6 70 008 | <0.05]| <005]| <005 | 4.40

B-4 |[B-4,8-105 45.0 N.D. N.D. ND N.D. N.D. N.T.
MTCA Method A Cleanup Level 100 05 40 20 20 250

Notes:

Test results are presented In parts per milllon {(ppm}

TPH by Ecology Method WTPH G for gasolina

BTEX = Benzens, Toluene, Ethylbenzens, Xylane, by EFA Method 8020

Total Lead by EPA Mathod 7420

ND = Nol Detecied

NT = Not Tested

JMTC\A = Mgdej Toxlcs Conircl Act Mathod A Cleanup Criteria

N

-~ conceniralions above MTCA Method A Cleanup Criaria




TABLE 3:

Summary of Analytical Results: Groundwater

BP Facliity No. 11255

19924 Pacific Hwy South

SeaTac, Washington

RZA AGRA Project No. W-7475-2

Collected: 16 January 1992

Sample #] TPH B T E X Lead | Turbidity
MW-1 <100 <1 <1 <1 <1 <5 23.0
MW-3 <100 5.0 5.0 <1 5.0 <5 NT
MW-5 <100 <1 <1 <1 <1 <5 22
MW-6 [19100.0 | -240.0 | -210.0- |, .260.0. 15180007 <5 NT
MW-7 |, 35000.0 | 610.0 | .6900,0 |~1000.0.176600.0 |- 6.0.2.] 4.0
MTCA 10000 50 40.0 30.0 20.0 50 -

Notes:

All res:r.llls are presented In parts per blillon (ppb)

ND = Below laboratory method detectlon limit

NT = Not Testad
MTCAi = Mode! Toxics Control Act Method A Cleanup Crilerla

BTEX = Banzene, Toluene, Elhyibenzena, Xylena, by EPA Method 8020

TPH by Ecology Method WTPH.G, for gasoline
Totai Lead by EPA Method 7421

Turbldity by EPA Melhod 180 1, 1n NTU's

FoEi
3

P T
LT )

+ "} m concentrations above MTCA Msthod A Cieanup Criteria
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SUBSURFACE EXPLORATION PROCEDURES
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APPENDIX A
SUBSURFACE EXPLORATION PROCEDURES
W-7475-2

Subsurface Exploration

The bonngs were dnlled by an exploration dnlling company under subcontract to RZA AGRA, inc The
bonngs consisted of advancing &-inch 1.D. hollow-stem augers utilizing a truck-mounted drill ig. Each of
the explorations was advanced to a depth of approxamately 35 to 50 feet below the ground surface. Dunng
the drilling process samples were generally obtained at 5-foot depth intervais beginning at 2% feet below
ground surface. The explorations were logged under full-time suparvision of an environmental geclogist.
The geologist classified the subsurface materials, kept a detailed log and maintained custody of the
recovered samples.

Characterization of Solls

Disturbed representative samples were obtalned using the Standard Penetration Test procedure as described
in ASTM:D 1586. The test sampling method consists of driving a standard 2dnch outside diameter spiit
barrel sampler a distance of 18 inches Into the soll with a 140-pound hammer free-falling a distance of 30
inches. The number of blows for sach 6-inch is recorded. The numbear of blows required to drive a sampler
the final 12 Inches is considered the standard penetration resistance ("N or blow count. If a tatal of 50
blows 15 recorded within one 64nch interval, the blow count Is recorded as 50 blows for the actual number
of inches of penetration. The blow count, or "N" value, provides a meastre of the relative density of granuiar
sofls or the relative consistency of cohesive solls.

Soil Sampling Procedure

The soll samples were recovered at each interval using procedures designed to minimize the nsk of cross-
contamination. Prior to each boring, the drilling equipment and sampling tools were cleaned. Prior to each
sampling attempt, the sampling tools were scrubbed with a stiff brush and a detergent solution consisting
of biquinox and distilied water, and then nnsed with potable water and liberal quantities of distilled water.
The samples were classified In the field, immediately transferred to laboratory-treated glass Jars, and tightly
sealed with a Teflondined threaded cap Sampies were stored and transported in a chilled ice chest
throughout the field program

The boring logs presented in this appendix are based on the drilling action, visual inspection of the samples
secured, laboratory results, and field logs. The vanous types of soils are indicated, as well as the depths
where the sotls or charactenstics of the soils changed It should be noted that these changes may have
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been gradual, and if the changes occurred between sampla intervals, they ware Interpreted. Subsurface
water conditions were avaiuated observing the moisture condition of the samples, the free water on the

sampling rods, and the installation of monttonng wells in the bonngs. -

Field Screening

Each soil sample was screened In the field for the presence of volatile organic compounds, to fachitate
selecting an appropriate 508 sample for chemical analysis. The screening involved placing approximately
4 ounces of sampied soil directly into a plastic bag. The sample was then shaken vigorously for about 15
seconds and a head space reading was taken after plunging the probe of an organic vapor meter (OVM)
through the sealed plastic bag. Prior to sample collection, background measurements of the alr space In
the plastic bags indicated non-detectable concentrations of organic vapors. Field head space analysis was
performed on each sample utilizing an OVM. The highest value displayed by the OVM during the drilling
program ranged from non-detectable headspace values to levels as high as 959 ppm (during the
advancement of boring B-5/MW-6). However, the OVM Is not capable of identifying specific compounds
or their actual concentrations in the soll samples. Therefore, this method Is considered only a screening
tool that aids in detecting the presence of volatile organic compounds with an lonization potential iess than
10.0 Ev, which includes many petroleum hydrocarbons.

Manitoring Well Construction

The monitoring wells were constructed of a section of 4-inch | D. Schedule 40 polyvinyl chioride (PVC)
casing five feet long threaded flush to a 15 foot length of schedule 40, 0.01-inch slotted PVC waell screen
Washed 10/20 graded sand was then allowed to surround the screened portlon of the well during withdrawal
of the augers. Above the screened portion of the wells, the annulus of each bonng was backiilled with
approximately 2 feet of granular bentonite. A bentonite/Concrete siurry, was placed above the granular
bentonite to within 2 {eet of the surface. At the surface, an approximately 2-foot thick cap of concrete was
placed. Each of the wells was completed with a locking thermos cap, and a weatherproof monument
mounted flush to surface grade The as-built drawings for each of the four monitoring wells are presented
n this appendix.

Well Development Procedures

Pror to groundwater sampling, the monitoring wells were developed by hand balling methods. Water was
removed from each well, allowed to recharge and the process continued untt the water entering the well
was noticeably clearer of sand and silt. The well development process ensures proper seating of the annular
sand pack around the well screen and removal of fines.
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Groundwater Sampling Procedures

The groundwater sampling procedure for these wells consisted of evacuating 3-5 well casing volumes of
water from a well using a PVC bafler cleaned pnor to each weil purge. Once each well was purged, a new
laboratory certlfied disposable Teflon bailer was lowered slowly through the air/water interface, and a sample
from near the water surface was retrieved from the monitoring well The water was carefully decanted into
three different types of sampiing containers. The first sampling conslsted of flling two 40 millimeter (mi)
laboratory-cieaned and dried glass vials. The vials were sealed with a Tefiondined threaded cap, such that
no ar bubbles were trapped inside These samples were analyzed for dissolved BTEX by EPA method 8020;
and for purgeabie petroleum hydrocarbons (TPH) by Ecology Method WTPH-G. The next sampling involved
filling two 500 ml plastic containers. One sample was analyzed for Turbidity by EPA Method 180.1.
Approxsmately 2 mi of concentrated nitric acid (HNQ;) was placed in the other plastic container to bring the
Ph of the water down to less than 2 and preserve the sample prior to laboratory analysis. This sample was
analyzed for Total Lead by EPA Method 7421
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PROJECT:BP SeaTac Faciliry #11255 W.O.W-7475-2 WELL NO.MW-4
| Elevauon reference 100 00 (arblirary) Well completed_ 7} Fobrucry 1992 1 DESIGN - - - - _Page |
Ground surface ¢levanion 9¢, 346 Caming clevation 98 28 AS-BULLT of2
E . SolE B Z|2s
E 3 SOIL DESCRIPTION 1 z §§ £2 | 5K TESTING
a < sc|s2|2g|s8 |83
- 0 <— Ground surface
Concrete vauit interor (void) fop of casing
I\Crushed rock e 4 Cement
Grayish brown, most, bentaonite “MUD",, | ]
with some sand and siff present (from (chgjng 0
- - previous bonng wal) — - -4 ule-4
5 4-inch 1D PVC)
1
i
1 1 Bentoniie sluny
= 10 - — —4 —ten
- 15 — A 4
4 -
Bentonite
- 20 e e— e o e e e, A MM S S w ww e v — ———
Encountered sand pack fromprevious 1
boring. (Dillad* 10 Aprlf 1991)
10-20 sand
] fitar pack
25 - o T T Screen
4-incht D PVC
with
] 0.01-inch siots)
=~ 30
24nch QD RZA AGRA, Inc.
sofft-spoan somple Geotechmcal & Environmental Group
11335 NE 122nd Way, Swte 100
Kurkland, Washington 98034-6918
Dnlhng staned. 11 February 1992 Dnlling completed. 11 Fepruary 1992 Logged by:  DAS




PROJECT:BP SeaTac Facility #11255 W.O.W-7475-2 WELL NO.MW-4
Elevauon reference  100.00 (arbitrary) Well completed 11 Rebruary 1992 Page 2
Ground surface clevanon 99 36 Canng clevanon 9828 AS-BUILT DESIGN of 2
- 10 w X %) Eia
= = L £ & :
B3 SOIL DESCRIPTION EE§§5§ x5 38 TESTING
& < SF|32|28|85 |53
- 30 - 10-20 sand
fiter pock
——————————————————————— W Screen
1 (4-inchiD PVC
Very dense, damp to maoust, brown, sity | with
medium to coarse SAND. with some 0.01-Inch slots) ]
- 354 gravel Ms.10115% | 18 T i
5
Is-102 g?/ 63
- 40 7 Tls-1a35 | 82 T :
1 150,
J X S- ’Od_ 4 / 4

Bottorn of boring af 45.4 feel,

Groundwater was nol encountered

Threaded end cap

Ao ATD = of time of driling

Kurkland, Washangton 58034-6918

at time of driling.
- 50 4 ~ 1 + |
|
- 55 — — i . —— ]
- 60
O D LEGEND RZA AGRA, Inc.
pift-ooon sampls Geotechnical & Envronmental Group
X ot tecovered 11335 NE 122nd Way, Suite 100
Obarved groundwater lsvel

Dnling started 11 February 1992

Dalhing complered.

11 February 1992 Logged by DAS



PROJECT:BP SeaTac Facility #11255 W.O.W-7475-2 WELL NO.MW-6

| Elevanon seference. 1Q0.00 (artufrary) | Well completed. S8January 1992 . | - ] _Pagel
Ground surface elevanon 99 67 Canng clevanon 98 77 AS-BUILT DESIGN of 2
— ty [T - 4 c
E = =MEEIFT: 2 ___Fiush-mounted TESTING
E S SOIL DESCRIFTION % E % 5 g g % g 2 g / steel monument
Y s A = <——Ground sufface
"~ E _"i‘l’?’l“i’ _____________ - Top-of casing
] Cement
Loose. damp, hght to dark brown fine 4 1
to medium SAND, some organics, some S| 7 «1
sitt, some graved L 1
- 5 - — - —— _
; 52 . ——=Bantonife- ]
Very dense, damp. dark to Ight brown, 2,671 0 | : Concrete slury
fine to medium SAND, sorme gravel, T -
-1 04— -—--- — T - .
Vary dense. damp, brown to gray. sy, | | i
fine to medium SAND, some gravel 53 g?/ 2 (cheajzg-du
' 4-inch LD PVC)
- 15 4 — - -+ -
| 807 . 2
54 g | 28 AS——>Bentonlte siury
= 20 = — —4— ) o
SANDY {LENS)
Very dense, mokt, gray to brown, sifty, - o5 150/) 9321 4+ 10-20 sand 015 MaD
fina to medium SAND Strong petroieum & = fiter pack 721
hydrocarbon odor, in ambiant air T =
L 25 surrounding soll cuttings o i 4 £ 1
1 1 E g ] Screen ]
5 (4-inch1D PVC
Dense, wet. brown, slity. fine to medium | i |17 = with 8015 MOD |_
SAND: trace gravel Strong petroleun 56 | 40| 959 | AID = 0 0l-inch siots) 72! !
hydrocarbon odor, in ambiant alr . 1 = ]
surrounding sofl cuttings =
- 30
LEGEND Obterved grouncwster ovel RZA AGRA, Inc.
2inchOD X (ATD = of tire of didlng Geotechrcal & Environmental Group
splli-mpoon samele AT 0700 = date obeenved)

11335 NE 122nd Way, Suite 100
Kurkland, Washington 98034-G518

Dnlling started 08 January 1992 Daliing completed 08 January 1992 Logged by BDE



1

PROJECT:BP SeaTac Facility #11255 W.0.W-7475-2 WELL NO.MW-6

Elevauon reference 100 00 (arbifrary) Well completed 8 January 1992 Page 2
Ground surface elevaton 99 67 Casing clevauon 98 77 AS-BUILT DESIGN of 2
- m w g
3 SOIL DESCRIPTION Eggﬁg_g 5 1 TESTING
iy iF|32|=8/85 &3
' « = ]0-20sand
.4 fiiter pack
/31/92
Very dense. walt, brown to gray. fine to 1 1 80/ .
coarse SAND. some siit 57 14 ! M_ (Amsiffg PvC
with
- 35 - - - 0.01-nch slots)} -
] ; ;
Very dense. saturated. brown. sty fine | 17| 5.8 5?/ 67 —Threaded end cap
to coarse SAND, some gravel. 16 T
L 40 4 Bofformn of bonng at 39 feet. - 4 4 |
= 45 = T T .
d
|
- 50 - - + + 1
- 55 - - + - -
.{
= 60
LEGEND RZA AGRA, Inc.
24nch OD
I v Geotechmcal & Enwonmental Group
e (0/00/00 = date obeatved) Kirkland, Washington 93034-6918

Drlhing stanted. 08 January 1992 Dniling completed. 08 January 1992 Logged by  BDE




PROJECT:BP SeaTac Facility #11255

W.0.W-7475-2  WELL NO.MW-7

Elevanon reference  100.00 (arbifrary)

Well completed 9 January 1992 Page 1
+Ground surface elovaton- 98 75 - Casing clevation 7842 - - - - AS-BUILT DESIGN 1 of2
— [T4] F o
E = SOIL DESCRIFTION gﬁ‘. EElE E - E gé Flush-mounted TESTING
B M E EIQS S
2 “e|22|28 5§ g; ‘/ steo! monument
- 0 - - <—Ground surface
~J 9’_"*_512“9!! _____________ - | Toprof casing
Cement
.I
Loose, damp, brown, siity, fine 1o 118 o]
medium SAND. some gravel, ] J
. I 1t _
] . ———Bentonite- |
Dense, damp, brown to gray. siity, fine 521 47| 0 Concrete siumy
to medium SAND: trace gravel, 1 7
o 10 -, T - - T T T
Very dense, damp, gray. slify, fine fo $315/| o Casing
medium SAND, some gravel, I3 (Schedule-40
4-inch 1 D PVC)
15 - ~ + + )
) \so/ . 5 B
Very dense, moist, ight brown fo gray. S |5 751 32 : R Bentonife siury
siity, fine to medium SAND, frace grave! 1 2 _
20 i ot ]
J J ]
Very dense. molst, brown, stify. fine to 55 150/ 1507 ¢—— 10-20 sand
medium SAND, trace gravel |58 fitter pack
- 25 — + + -
< Screen
Vi ist, bro slity, fine f A4 (4-inchID PVC
ey dense, moist, brown., sfity, o 150 ; with 8015 Moo
medium SAND 5615 él 56 | ATD 00Mnchsiots)  Jlaezo |
] h 4 7421
1131792
- 30
LEGEND e RZA AGRA, Inc.
v ¥ (AID =t tims of aiting Geotechnical & Environmental Group
00N samola 0/00/00 = cite GLearved)
11335 NE 122nd Way, Suite 100
Kirkland, Washingion $8034-6918
Dnlling started. 09 January 1992 Dalling completed. 09 January 1992 Logged by BDE



PROJECT:BP SeaTac Facility #11255 W.0Q.W-7475-2 WELL NO.MW-7

Elevauon reference 100 00 (arbiirary) Well completed 9 January 1992 Page 2
Ground surface elevabon 98 75 Caang elevanon 98 42 AS-BULLT DESIGN of 2
g | & E b
E3 SOIL DESCRIPTION i £ 2 §§ 23 %E’ TESTING
g¢ s6|32(a8{85| &5
- 30
ee——=  10-20 sandd
] 7 ) Mer pack
Screen
Very dense, moist to wel, brown, siity, 150/ . (4-Inch 1 D PVC
fine to medium SAND, some gravel 57 2* 85 with
] l 0.01-inch siofs) 1
EEC I ] T T Threaded end cap = Mo;
Very dense, moist to wet, brown, slity, 1 1 100/ 1 v s
fine to medium SAND 58 (4" | 83 : 7421
Bottomn of boring at 37 feef. 4 ]
- -
= 4() - — -+ = N
- 45 4 ] T T -
~ 50 1 — + T -]
= 55 - - + T .
- 60
LEGEND RZA AGRA, Inc.
24nch Q.0 Geotechnical & Environmental Group

spili-spoon sarmpie

11335 NE 122nd Way, Suite 100
Kirkland, Washington 98034-6918

Dnlling started. 09 January 1992 Dnlling completed 09 January 1992 Logged by BDE



PROJECT:BP SeaTac Facility #11255

W.0.W-7475-2 WELL NO.MW-§

Elevanon reference 10000 (arbifrary) Well completed. 10 January 1992 Page 1
Grousd surface clovauon 99 16 Casng dovacn 9880 [ - ASBURTDESIGN-— - 45,
- o | moe g
= . & Flush-mounted
_ x
& 3 SOIL DESCRIPTION HEEE |z 5 g stosl monument | O
GO" 5F|52]=8]° E ok Ground surface
=3 Tow o
~ 3" of Asphait v / B Top-of casing
] Cement
Medium dense. moist, brown fo gray. ] |
slity. fine to medium SAND, some gravel SI|18) 1
| . L |
Very dense, mokst, gray, sity. fine to s21 66| 141 ———_Sentonlte-
medium SAND, some gravel Concrete stury
1o 11111 :
1
Very dense. moist, brown to gray. siity, s-3150/} 7157 Casing .
fine to medium SAND, trace gravel &° (Schogule-40
4-inch L.D. PVC)
- 15 + ] T T =
150/ )
54 |55 890
U Eaiaiainininieintate o T T : W ————— Bantonxte siurry T
Very dense. damp. brown, siity. fine fo | 55 ] 5‘?/ 202 % ;ﬁtyggf ]
medium SAND, trace gravel 16
e 25 - — -4 4 B
Screen |
(d-nch i D PVC
150/ 539 with 8015 MOD]
56 16 |% 0 01-Inch siots) e |
- 30
LEGEND RZA AGRA, Inc.
Hnch O D Geotechrucal & Enwronmental Group
spii-poon sample
11335 NE 122nd Way, Swite 100
Kuirkland, Washingion 98034-6918
Dnlling staned 10 January 1902 Drlhng completed 10 January 1992 Logged by gDE



PROJECT:BP SeaTac Facility #11255  W.O.W-7475-2 WELL NO.MW-8

Flevauon reference OO 00 (arbifrary) Well completed 10 January 1992 Page 2
Ground surface elevanon 99. 16 Casing elevauon 98 80 AS-BUILT DESIGN of 2
= R 2|Bx
53 SOIL DESCRIPTION TEE §§ =g gE TESTING
& = 5F|52(=B|34 |83
- 30 _
< 10-20sana
] ] | fitter pack
Very dense, moist, gray fo brown, sitty S-7 5?/ &30
fine to mediurn SAND. some gravel 14 ) |
- 351 ] T -+ .
Very dense, moist, brown, slly, fine o | s-8 199/ | 2 -
medium SAND, some gravel, 12 | < (4 _lff; fg Ve ]
with
~ 40 = T T 0.01-inch siots) -
] 150/ )
R >< 5915 | 206 |
= 45 . T T -
Very dense, moist to wet, brown, siity, $-10 1054 42 8015 MO
gravelly, medium to coarse SAND. 16° ] Threaded end cap ||7421
" 3501 Bottom of boring at 49.5 feet. 7 T T .
Groundwater was not encountered 4 d
af ime of dniling
4
- 55 — + - i
1
- 60
LEGEND RZA AGRA, Inc.
2nchO D Geotechnical & Envwronmental Group
spilt-spoon sarrple
samole not recovered 11335 NE 122nd Way, Suite 100

Kirkland, Washington 98034-6918

Dnlling stanted 10 January 1992 Dalling completed 10 January 1992 Logged by BDE
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APPENDIX B
GROUNDWATER BAIL TEST RESULTS
W-7475-2
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APPENDIX C
ANALYTICAL TEST RESULTS
W-7475-2



SOUND ANALYTICAL SERVICES, INC.

SPECIALIZING IN INDUSTRIAL & TOXIC WASTE ANALYSIS
4813 PACIEIC HIGHWAY EAST, TACOMA WASHINGTON 53424 - TELEPHONE {206} 922-2310-

ANALYTICAL NARRATIVE

Client: RZA - AGRA Date: January 28, 1992
Project: W-7475 Lab No.: 22075

Delivered by: SAS

Date Sampled: 01-08-92 and 01-09-92

Condition of Samples on Receipt:

Samples were received cold and in good condition. Chain-of-custody
was in order.

EXTRACTION AND ANALYSTS DATES

Samples were analyzed for BTEX in accordance with EPA SW-846 Method
8020. Soil samples were extracted on 01-15-92. The extract was
analyzed on 01-20-92.

Samples were analyzed for gasoline range hydrocarbons per WA State
DOE method WIPH-G. S0il samples were extracted on 01-15-%2. The
extract was analyzed on 01-20-92 and reported on a dry weight basis.

Samples were analyzed for lead by ICP in accordance with EPA SW-846
Method 6010. Samples were digested on 01-15-92 and analyzed on 0l-
17-92.



SOUND ANALYTICAL SERVICES, INC.

SPECIALIZING IN INDUSTRIAL & TOXIC WASTE ANALYSIS
4813 PACIFIC HIGHWAY EAST, TACOMA, WASHINGTON 98424 - TELEPHONE (206)922-2310 - FAX (206)922-5047

Report To: RZA - AGRA Date: January 28, 1992
Report On: Analysis of Soil Lab No: 22075.
IDENTIFICATION:
Samples received on 01-14-92
Project: W-7475 BP - SeaTac $11255
ANALYSIS:
Lab Sample No. 1 2 3 4
Client ID B~&,5=5 B-6,5-6 B-7,5-6 B~-7,5-8
Units mg/kg mg/kg mg/kg mg/kyg
{1 WI'PH=-G
Gasoline (@ -a 12 170 5.6 230
BTEX by 8020
Benzene 0.088 0.24 0.090 0.095
Toluene 0.090 1.3 < 0.05 0.80
Ethyl Benzene < 0.05 0.53 < 0.05 0.57
Xylenes 0.11 3.4 < 0.05 3.8
Total Lead 3.4 3.4 3.2 3.5
BURROGATE RECOVERIES
WTPH~-G / BTEX
Triflucorotoluene % 94 87 103 95

Results are reported on a dry weight basis.

Continued . . .

“hss report 1 fxsued solely for the use of the person or company Lo whom It is addressed. Thus laborsiory sccepts responsibility onty for the due perforroance of asalyss 1o sccordance wilh
ustrv acceptable practice In no event shall Sound Analvtical Services Inc or its emploveet be responsible for consequential o special damases in anv kind or m anv amount



SOUND ANALYTICAL SERVICES, INC.

SPECIALIZING IN INDUSTRIAL & TOXIC WASTE ANALYSIS

4813 PACIFIC HIGHWAY EAST. TACOMA, WASHINGTON 98424 - TELEPHONE (206)522 2910 - FAX (206925047

QUALITY CONTROL REPORT

DUPLICATES

Client: RZA - AGRA

Project: W-7475

Matrix: Soil

Units: mg/kg

Date: January 28, 1992

Lab No: 22075 (1 Client ID: B-6,5-5
Parametar Sample(8) Duplicate (D) RPD
WTPH-G 12 10 18.2
Gascline cs«cm
Benzene 0.088 0.090 2.2
Toluene 0.090 0.10 10.5
Ethyl Benzene < 0.05 < 0.05 0.0
Xylenes 0.11 0.095 4.6
SURROGATE RECOVERY%Y
WTPH-G- / BTEX

Trifluorotoluene 94 117

Lab No: 22075 (2 Client ID: B-6,8-6
Parameter Sample (B) Duplicate(D) RPD
Total Lead 3.4 3.8 11.1

RPD relative percent difference

((s -

D) /

((S + D) / 2)] x 100




SOUND ANALYTICAL SERVICES, INC.

RZA - AGRA
Project: W-7475
Page 2 of 2

Lab No. 22075
January 28, 1992

Labp Sample No. 5 6 7
Client ID B-8, S-4 B-B,S—ld B-11,58-2
Units mg/kg mg/kyg mg/kg
WITPH-G

Gasoline «.cw 1,300 6.7 370
BTEX by 8020

Benzene 2.5 0.076 0.13
Toluene 25 < 0,08 2.6
Ethyl Benzene 10 < 0.05 2.1
Xylenes 43 < 0.05 12
Total Lead 5.0 4.4 3.6

SURROGATE RECOVERIES
WI'PH-G / BTEX
Trifluorotoluene % 116 &7 94

Results are reported on a dry weight basis.

SOUND ANALYTICAL SERVICES

STAN P. PALMQUISW

“hus report s iazued solely for the use of the person of company 10 whom H 1 addressed. This Laborstory sceepts responsibility only for the due performance of analyss o sccordsacs with
2dustrn scoeptable practice In ne event shall Sound Anaivucal Serices. 1nc of 1ts emphovees be responsibie Ior comequential or special dsmages 1n any kind or 10 anv amount



Wxﬂiﬁyﬂ Inoering Services .%@ wv.d M.mu\

Chain of Custody Record / Analysis Request

11335 Northeast 122nd Way (1]
Movndiyivare S 6513 NS (00043 Analysis Requested  (write praferrad mathod in box)
(206) 820-4669/FAX (206) 821-3914
Project NamelBP- Sea Je¢ 4+ /#4255  JobNo.: W— FYZ & X
Project Manager: Jéhn (oo pac  Phone #: SO-H6L9 m
Sampler:  Rhan &uans N3 g
_, # Containars/Preservation Y] M
5 il }
_ 39 -+ m 8
RZA-AGRA, Lab Samp ID m w § . _V ~ §
Sample I0 . 2 LR e N — lm. a2
! 3 fERR gAY 2 ( _ § (&
SERRERR 2 3L
B-Z.%-5 [-9-97 S [ | I
m.ll._‘us m - \ \ .\K Vﬁ . ]
B-F, 5] | / -~ =
B-F,% - / / AXIX =T
Nw.b..Nx S—-¥A ! / A4, . ]
-5, 8-{1 041 / A _ v
||Mw\ 15— 2 l / v/ — - N e
B8 s- \ / ], i} L et
= s~ _ V4 i . [ P
B=-%,5~ \ Vi e — v,
rm i&.n - .“ \.
RELINGUISHED BY SAMPLER RELINQUISHED BY RELINQUISHED BY LABORATORY \N: Special Handling
Sigi - e Signature Signature s
AL+t LT~ . ..wf Bnm al ,ﬁxy cea \ Mcﬁmﬁﬂau
J Name 9% Pnntad Name Printad Narme Total § Containsrs 0 24 hour
bHnan , ns 0 § business day
Firm \NN\DL Flm Am Condition of Contamers? Yw 10 business day
Dater, /o Nkﬂ 77 A1 Date/Tima Date/Time Condition of Seals? O other (Mbusiness day
RECENED BY. | RECEIVED BY RECEIVED 8Y PURPOSE OF SAMPLING / COMMENTS :
m§ Signaiura Signatura,
Pr me. | Printed Name Prinfed Name
o Lpn)
Fim M \_‘ nM.\ | Firm Firm
 Datp/dl ' 74~ |Date/Mime Data/Tima

Form 1008

DISTRIBUTION WHITE - ralisen io originator, YELLOW - lab, PINK - refalned by originator; GOLDENROD - to lab in advance

PAGE & omlMﬁ




BRZA-AGRA

OIS

Chain of Custody Record / Analysis Request

Environmental & m.ﬂmmie_..ﬂ*ﬂ Sorvicos
11335 Northeast 1 Way o
Kirkland, Washington 98034-6918 O D O h “_. Analysis Raquested (wnta preferred method in box)
(206) 820-4669/FAX (206) 821-3914
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CREEK
ANALYTICAL

“l"lh

- T TT T Tt T T o © 18939 120th Avenue N.E , Surte 101~ Bothell, WA9B011-2569 - - -
Phona (206) 481-9200 - FAX (206) 485-2992

Cllent Project ID; B.P. Sea-Tac, W-7475-1
Matrbx: Soll

Analysls for: Total Sollds

Flrst Sample

Feb 12, 1992%
F b241992“

LABORATORY ANALYSIS FOR: Total Solids

Sample Sample Sample

Number Description Result
%

202-0484 B4-$105 91

North Creek Analytical routinaly provides analytical resuits for soils, sadiments or sludges in a wet welght “as recewved" basis
To attan dry weight equivalents for regulatory compliance, dride the soil result by the decimal frachon of percent solids

NORTH CREEK ANALYTICAL
t Cocanour

Laboratory Director 2020484 AZA <1>
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18939 120th Avenue N.E., Suite 101 - Bothell, WA 88011-2569
Phone (206) 481-9200 « FAX (206) 485-2992

CllentProject ID: " 1992;:5;
¥11335 NE 122nd Way, #100 Matrix Dascript: Soi Flecelved Feb 12 1992¢
Analyzed. Feb 14, 1992sj

#Kirkland, WA 98034 Analysis Method: EPA 5030/8015/8020
2 : First Sample #- 202-0484

TOTAL PETROLEUM FUEL HYDROCARBONS with BTEX DISTINCTION (WTPH-G/BTEX)

Sample Sample Volatlle Ethyl Surrogate
Number Description Hydrocarbons Benzene Toluene Benzene Xylenes Recovery
mg/kg mg/kg mg/kg mg/kg mg/kg %
(ppm) {ppm} {ppm) (ppm) {ppm)
202-0484 B4-S105 N.D. N.D. N.D. ND. N.D. 85
BLKD21492 Method Blank N.D. N.D. ND. N.D. N.D. 83
Detection Limits: 1.0 0.050 0.10 0.10 0.10

Volatile Hydrocarbons are quantitated against a gasoline standard {(nCS - nC12) Sumrogate recovery reported 13 for Bromofluorobenzene.
Analytes reported as N.D, were not present above the stated limit of detection

NORTH CREEK ANALYTICAL

Cocanour
Laboratary Dlrector 2020484 RZA <2>



= CREEK
ANALY I ICAL
N STttt T 18939 120th Avenue N E, Suite 101~ Botheit, WA 58012563
Phone (206) 481-9200 - FAX (206) 485-2992
R T T R S 3 R e R R
#RZA/, C:hent Pro;ect : B.
%1 1335 NE 122nd Way, #100 Method : EPA 5030/8020 S. Slcwell %
€Kiridand, WA 98034 Sample Matrix : Sol! %
%Anentlon John Cooper Units . mg/kg Analyzed: Feb 14, 1992,

... 2C Sample #. 2020436 . nopOted: D ‘992f~

.......

QUALITY CONTROL DATA REPORT

ANALYTE Ethyl
Benzene Toluena benzene Xylenes
Sample Cone.: N.D N.D N.D. N.D.
Spike Conc¢.
Added: 0.50 0.50 0.50 1.50
Conc. Matrix
Spike: 0.33 0.35 . 0.41 1.16
Matrix Spike
% Recovery: 66 70 82 77
Conc. Matrix
Spike Dup.: 0.35 0.37 0.45 1.26
Matrix Spike
Duplicate
% Recovery: 70 74 20 84
Relative
% Difference: 5.9 56 9.3 8.3
TH CREEK ANALYTICAL % Racovery Conc. of M.S. - Conc. of Sample % 100
i : Spike Conc., Added
Relatrve % Difference Conc.of MS -Conc.of MS D x 100
Cocanour (Conc olMS + Conc of MSD)/2

Laboratory Director FZA <35
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SOUND ANALYTICAL SERVICES, INC.

SPECIALIZING IN INDUSTRIAL & TOXIC WASTE ANALYSIS

4813 PACIFIC HIGHWAY EAST, TAGCOMA. WASHINGTON 98424 TELEPHONE

Report To: RZA - AGRA Date: January 29, 1992
Revised: February 10, 1992
Report On: Analysis of Water Lab No: 22170
IDENTIFTICATION:
Samples received on 01-17-92
Project: W-7475-2 BP SeaTac #11255
ANATYSTIS:
Lab Sample No. 1 2 3 4
Client ID MW-1 MW-5 MW-7 MW-10
WTPH-G
Gasoline ©-ay ng/l < 0.1 < 0.1 35 < 0.1
BTEX by 8020
Benzene, mg/l < 0.001 < 0.001 .61 < 0.001
Toluene, mg/l < 0.001 < 0.001 6.9 < 0.001
Ethyl Benzene, mg/l < 0.001 < 0.001 1.0 < 0.001
Xylenes, mg/l < 0.001 < 0.001 6.6 < 0.001
Total Lead, < 0.005 < 0.005 0.008 NT
(GFAA) mg/1l
Turbidity, NTU 23.0 2.2 4.0 NT
SURROGATE RECOVERIEq
WTPH-G / BTEX
Trifluorotoluene % 67 61 71 59
NT = Not Tested
Continued - .

Thus repon, 15 ssued solety for the vse of the person of company to whom i 15 addressed. This laboratory accepls responsibility only for the due performance of analysis i sccordance with

=diuam mrrmtahbe nrect re lnoan mesnt chall Sannd Anaiical Serves Ine ar e emblovesc he reanable for ranssauental Ar cnecinl damases in anv Lind or 10 am amount



SOUND ANALYTICAL SERVICES, INC.

RZA - AGRA

Project: W-7475-2

Page 2 of 2 -
Lak No. 22170

January 29, 1992

Revised: February 10, 1992

Lab Sample No. 5 6
Client ID MW~3 MW=6
WITPH-G
Gasoline w-cn mg/1 < 0.1 9.1
BTEX by 8020
Benzene, mg/1l 0.005 0.24
Toluene, mg/1l 0.005 0.21
Ethyl Benzene, mg/l < 0.001 0.26
Xylenes, mg/1l 0.005 1.4
Total Lead (GFAA), mg/l < 0.005 < 0.005
{ SURROGATE RECOVERIES
i WITPH-G / BTEX
Trifluorotoluene % B4 88

SOUND ANALYTICAL SERVICES

STAN P. PALMQUIET

“hus report is issued solkely for the use of the person or company Lo whom it 5 addressed. This Jaboratory accepks responsibility only for Lhe due performance of snalyss in accordance with
- 25N acoeplable practice In no event shall Sound Anahvtical Semces Inc or its emplovees be responsible for conseauennal or special damases i anv lnd or in anv smount
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APPENDIX D
VES TESTING METHODS
W-7475-2



APPENDIX D

INTRODUCTION

RZA AGRA, Inc (RZA AGRA) conducted a vapor extraction feaslbility test March 20, 1932 at BP Sarvice
Station #11255 located at 19924 Paclfic Highway South SeaTac, Washington {Figure 1) Testing was
conducted to determine if ar-fiow could be induced in solls above the groundwater table, and In the
proxamity of the vadose 2one, by applying a vacuum to existing monitoring weils  From this test, data was
coliected for analysis to calculate the estimated radius of influence which can be expected In the on site
soils. Following 1s a summary of activiies during the test penod and the resuits of data reductions.

Vapor extraction soll venting has bean shown to be a very effective remediation technology In both
environmental Mterature and RZA AGRA’s own experience. Soll venting or vapor extraction Is the process
by which a vacuum 1s induced in impacted solls at/or iImmediately above the groundwater table, using an
above-ground high volume regenerative blower, manifalded to a well point or perforated pipe installed into
the vadose zone. The pressure differentlal induces air circulation through the soll toward the area of lowest
pressure. Volatile hydrocarban molecules are mobilized In the induced clrculation pattern and expelled to
the open air or vapor collection system through the blower

The onantation of the vapor extraction polnts have a direct impact on the effactivanass of the system. A
vacuum applied to a vertical extraction point will produce a radially distributed zone of low pressure. |f the
soils are relatively "loose", the area of influence can become large untll the system reaches equiilbrium, or
the adjacent wells “short-circuit” each other. For soils which are less permeable, horizontal placement of
the perforated piping in trenches may prove to be much more effectve. Horizontal placement is preferable
if the vertical extent of the contamunation Is known, and seasonal groundwater levels have been determined.

Vertical extraction pounts, as used in this feasibility tast, must have screened Intervals in the well casing
above the groundwater level If the groundwater levels nse above the screened interval, the well becomes
“shorted.” “Shorting" can also occur when signdicant vacuum Is present in the well and Ifts the
groundwater in the well casing and cccludes the screened portion of the well. Honzontal venting can be
placed in relatively shallow trenches (2-6 foot deep) and constructed with stte specific parameters. The
advantage of the honzontal configuration 1s that the screened portion of the VES can be located within the
contaminated sois and a larger area of soll can be Infiuenced by a single trench



Appendx D W-7475-2
16 June 1933 Page 2
PROCEDURES

The test was run using a ROTRON 454 regenerative blower alternately manifolded to axtraction wells MW-4
and MW-6 and attaching Magnehelic vacuum gauges to the remaining wells heads to monltor pressure
changes at each well point

The portable VES system incorporates a motsture "drop-out® tank with fresh air bleeder valve to allow fluid
vapors to condense, as well as sase the load on the blowar. The fresh air bleed was usad in this test to
control the loading of the blower. The loading was stepped from lowest to highest vacuum in four stages.
Stepping the system produced vacuum pressures ranging from S-inches H,O minimum, to 50 inches H0
maxamum The expansion of the subsurface low pressure field was monitored against time with data
collected from all well points and VES system In consistent urnits

The Modified Jacob's form of analysis was used to examine the vapor flow characteristics of the
contaminated solls and to estimate the radius of influence. The results of this analysis indicate a non-
homogeneity In fiow paths between wells. This can be explained by the vanable soll stratigraphy
encountered on the site, or differences in the screened intervals among the monitonng wells. Thesa factors,
However, thase factors do not appear to have the potential to diminish the practicality of a soll venting
system.

RESULTS

During the test (2.5-hour duration) all monitored weils displayed response to the vacuum applied at the
extraction points. Pressure maters placed at the vanous monltoring points indicated vacuums ranging from
about 0.5 to 3.2-Inches of H,Q. For example MW-7, which Is approxdmately 62 feet from MW-8, showed an
nduced vacuum pressure of 2.8-nches of H,O when 48-inchas H,0 of vacuum was applied at MW-6.

An QVA was used to monitor the efficiency of the system In collecting contaminant vapars from within the
effective radius of the iImpacted sofl. Total organic vapor readings of up to 1200 ppm were measured at the
blower exhaust dunng the test. Based on the data coliected, the area of influence for the VES systemn 1s
approximately 45 feet,

The intrinsic permeability of the soll at the test location was determined to be 61.7 ee™® cm?® but should be
considered 1o be in a range of 50 to 150 ee™ cm? or 50 to 150 Darcy (1 Darcy = 1 ee® em?). This range
shouid be considered to be approximate tor a native soll-backfill mixture. The intrinsic parmeability will vary
with the character of the soil at the site. The permeability of native soils would be expected to be lower than



- 16 June 1993

Appendix D - W-7475-2

imported backfill material.

CONCLUSIONS -

Based on an analysis of the data collected during this VES feasiblity test, this technology could be
succasstully utllized to at least partially remediate soils underiying the subjact site which have been affected
by petroieum hydrocarbons. However, due to the vanable nature of the solls encountered beneath the
subject site, the estimated radius of influence determined during the test may be the result of air flow along
preferential pathway in the subsurface solls. Therefore, It should not be assumed that all of the soll within
the radius of influence from the extraction point will be affected by a VES.

R — - - — Pagea —



