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EXECUTIVE SUMMARY

During April 1987, the Uniteéd States Postal Service reported a
leaking underground diesel fuel storage tank at the Seattle, Washington,
Terminal Annex/Vehicle Maintenance Facility. An adjacent unleaded fuel
tank had been abandoned in 1984 due to apparent leakage.

A hydrogeologic characterization, contamination identifica-
tion, and free product removal program was started at the project site
on June 16, 1987. One existing monitoring well and eight new wells
installed within the water table aquifer during this investigation were
sampled for contamination from the leaking tank(s). ‘

The results'of this phase indicate that the tank backfill and
the s0il immediately adjacent to the tanks cdntain contamination from
petroleum fuels. Contamination wés found_in the groundﬁater as well as
in the soil and backfill. A flbating layer of free petroleum product is
also present on the water table within the tank backfill.

The installed free product recovery system is currently
removing free product at a rate of one-half to three gallons per day.
The free product was analyzed to be a combination of diesel fuel and
gasoline. On June 25, 1987, the three fuel tanks were checked and only
residual levels of fuel and o0il were measured. This observation and the
low rate of free product recovery may indicate that the amount of fuel
leakage was overestimated and that' the diesel fuel tank leaked only a
small amount of product.

The full areal extent of the pbntaminatidn found at the site
remains to be evaluated. Additional monitoring wells and supplemental
soil and groundwater samples may be needen to make definitive decisions
concerning the extent of .fequired site remediation. The Washington

State Department of Ecology will have input into this decision process.
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I INTRODUCTION

A.  GENERAL

This report presents the findings of the hydrogeologic charac-
terization and contamination identification, and the preliminary results
of free product removal at the United States Postal Service (USPS)
Terminal Annex/Vehicle Maintenance Facility, 2445 Third Avenue South,

Seattle, Washington. Sverdrup Corporation provided the manpower and
expertise necessary to perform all site work and prepare this report.
Sverdrup Corporation  performed all work through the Sverdrup-Cooper
Joint Venture, which has a construction support contract with USPS,
Contract No. 549952-85-K-0179, Project Authorization No. 7-5R-547616-C-
089, dated June 23, 1987.

The project is in response to the discovery in April 1987 that
the Terminal Annex/Vehicle Maintenance Facility (TA/VMF) wunderground
diesel fuel storage tank was leaking and needed replacement. The tank
was estimated to be leaking at a rate of approximately 100 gallons per
month. A neighboring tank containing unleaded fuel had been decommis-
sioned in 1984 due to apparent leakage.

The scope of work summarized in this report covers the tasks
listed in Phase I of the contract, namely:

1. Drill soil borings, install monitoring wells, sample and
analyze site soil and groundwater to determine the existence and type of
contamination from the leaking tank(s) as per Washington State

Department of Ecology (DOE) initial testing requirements.

2. Perform a regulatory review and site hydrogeologic charac-
terization.
3. Design and install a collection trench and recovery well

system to remove free petroleum product floating on the groundwater
table.

B. EXISTING SITE INFORMATION
The USPS Terminal Annex/Vehicle Maintenance Facility (TA/VMF)
is located on the west side of Third Avenue South at South Lander Street

in Seattle, Washington (Figure 1, Area Map). The fueling facility



consists of a single pump island with three fuel pumps surrounded by a
concrete slab. Fuel has been stored in three 8,000-gallon capacity
underground fuel tanks. One tank -is 16cated immediately east of the
_ pump island, and the reﬁaining two tanks are located adjacent to each
other approximately 35 feet south of the fuel pumps as shown in

Figure 2, Site Plan.

C. REGULATORY REVIEW

A review was made of applicable state and federal guidelines
and regulations concerning leaKing underground storage tank (UST)
removal and replacement, free product recovery, and remediation of
contaminated soil and groundwater.

Underground storage tanks are regulated by EPA through 40 CFR
280; 50 FR 28742, July 15, 1985; as amended by 50 FR 46612, November 8,
1985; and corrected by 51 FR 13497, April 21, 1986. Underground storage
tanks containing a regulated substance must be designed and installed
such that they: 1) prevent releases due to corrosion or structural
failure; 2) are cathodically protected or design to prevent the release
of any stored substances; 3) are constructed with material that is
compatible with the substance to be stored; and 4) are installed at a
location where the soil resistivity is 12,000 ohm-cm or more.

Proposed federal rules concerning leaking underground storage
tanks were published on April 17, 1987 in the Federal Register, 52 FR
12662. The proposed UST rules are projected to be promulgated in April
1988.

The State of Washington currently has no additional under-
ground storage tank regplations. No decisions has yet been made on
whether the State will enact its own legislation or use the Federal EPA
regulations. Releases of stored materials are regulated by the State
Clean Water Act and Dangerous Materials Act. Underground tank storage
is regulated by the Uniform Fire Code.

The State groundwater cleanup criterion for benzene ranges
from 66 ug/l to 660 ug/l, as determined by DOE based on aquifer water
quality and local usage. The criteria for groundwater reinjection or

discharge to a stream is 15 ppm for oil and grease and 5 ppm volatile



organic compounds. Reinjection wells are prohibited in the State of
Washington. Any reinjection techniques must employ trenches. Metro
sewer discharge limits of 100 ppm.oil and grease and 10 ppm volatile
compounds are applicable for groundwater disposal from a free product

recovery system.

D.  HISTORY OF EVENTS
A brief synopsis of pertinent events leading to the site

characterization and free product removal program is included below. It
is based on interviews with USPS TA/VMF personnel and discussions with
DOE investigators.

1955 - Northern underground tank installed.

1962 - Two southern underground tanks installed.

December 1983 - USPS discovers that the unleaded fuel tank (south-

east tank) is found to be leaking faster than it could be filled.
The tank is decommissioned and connections changed to pump unleaded
fuel from the northern tank.

January 1984 - USPS personnel determine that the diesel fuel tank

(southwest tank) is leaking at an estimated rate of 100 gallons
(gal) per month. This determination is based on inventory control’
and rapidly fluctuating fuel level measurements in the diesel fuel
tank. The diesel fuel tank is found to be dented and can hold only
6,000 gal of the original 8,000-gal capacity.

June 1984 - "Pre-Design Report, Repairs and Replacement of Fuel
Tanks' prepared by Church/Suzuki Architects.

November 30, 1984 - ‘'"Subsurface Exﬁloration and Geotechnical

Engineering"Study - Fuel Tank Replacement" prepared by Rittenhouse-
Zeman & Asﬁociated; Inc. The investigation notes fuel contamina-
tion in a single boring drilled adjacent to the diesel fuel tank. A
PVC monitoring well was installed in the boring (refer to
monitoring well B-84-1).

April 1987 - USPS determines through inventory control that the
diesel fuel tank is leaking at a rate of 200 gallons per month.
USPS first notifies DOE of a leak event at the TA/VFM.



April 29, 1987 - USPS contacts Sverdrup to respond to the diesel
fuel tank leak.

April 30 - May 1 - Dennis Boll,“Svérdrup Central Group hydrogeolo-

gist, visits site to evaluate the situation and develop a scope of
work for site hydrogeclogic characterization and free product
recovery, ‘

May 1 - Norm Peck DOE calls Mark Mathieson and reqﬁests immediate
removal of the leaking diesel fuel tank.

May 5 - Sverdrup Central Group Environmental Division Manager Dr-
Jules Cohen contacts Norm Peck concerning recommendations for a
soil and groundwater contamination investigation and free product
recovery at the site.

May 12 - Sverdrup Project Manager John Reinfurt discusses the
recovery well system with Norm Peck. Mr. Peck states a trench re-
covery system must be installed immediately to remove free product.
Mr. Peck approves leaving the tanks in the ground temporarily. Mr.
Reinfurt arranges to meet Mr. Peck onsite on May 14.

May 13 - Mr. Reinfurt arrives in Kent, Washington to develop work
plans, health and safety plans, permits and contracts for a site
contamination investigation and free product recovery.

May 14 - Norm Peck arrives onsite, samples Well B-84-1, and finds a
four-inch thick layer of free product in the well. Meeting is held
between Messrs. Mathieson, Reinfurt, and Peck, Crowley Environ-
mental Services and USPS personnel to develop an action plan for
site investigation and remediation. Mr. Peck states that a trench
recovery system be installed by May 25 and discussed DOE criteria.
May 20 - Mr. Reinfurt calls Norm Peck to tell him the recovery
system welg: will not be installed by May 25 and that USPS is
obtaining a second proposal from Kaiser Engineers.

May 22 - David Katcher of USPS-Kent Facilities Service Office
replies in writing to a telephone conversation with Norm Peck in
which Mr. Peck requests a work plan and schedule for site field
work. Mr. Katcher responds that site work will begin June 1 and be

compléted by June 12.



Week of May 25 - Kaiser Engineers visits site and responds with a

proposal. .

June 5 - Sverdrup is notified. by Mark Mathieson that it will be
retained to perform a site contamination investigation and install
a free product recovery system.

June 9 - Sverdrup presents finalized scope of work to USPS. USPS
gives Sverdrup notice to proceed with Phase 1 of the work.

June 10 - Sverdrup gives Crowley Environmental Services (CES)
notice to proceed with field work involving monitoring well
installation and recovery trench construction.

-June 16 - Sverdrup field investigation team arrives onsite, reviews
work plan, health and safety plan; completes contractural terms
with CES. Preconstruction conference is held between USPS,
Sverdrup and CES.

June 17 - Seattle Fire Department approves work plan, health and
safety plans, and field operations procedures. Field investiation
and monitoring well installation begins.

June 18 - Mr. Peck arrives omnsite, verbally approves field
procedures and work plans. Specific placement of collection trench
and monitoring wells is discussed. Peck samples monitoring well
B-84-1 and recovers approximately two inches of free product. Mr.
Peck telephones John Reinfurt at project site, informing him that
the May 14 sample from B-84-1 was identified as "old gasoline
product” and not diesel fuel.

June 20 - Trench recovery system is installed. Seattle Fire
Marshall and Norm Peck onsite to observe construction.

June 23 - A_Electrical and sewer connections, and storage and
treatment facilitie; for the trench recovery system are completed.
Recovery system operation tested.

June 24 - Trench recovery system operation begins.

June 25 - The three fuel tanks are checked; only residual levels of
fuel and water are measured.

June 26 - Monitoring well sampling is completed. Sverdrup field

investigation team finishes work and leaves site.



July 30 - Sverdrup further discusses groundwater cleanup lévels
required by DOE with Norm Peck.  Acceptable benzene levels may
range from 66 to 660 ug/l,fdepénding on local aquifer usage and
natural groundwater quality. In addition, Sverdrup discusses
performance of the free product recovery system.

August 13 - Sverdrup draft report "Hydrogeologic Characterization,
Contamination Identification, and Free Product Removal" is sent to
USPS for review.

September 1 - Sverdrup receives USPS review comments.



II HYDROGEOLOGIC CHARACTERIZATION

A. GENERAL )

This section describes the hydrogeologic characterization
field study performed in June 1987 at the USPS Terminal Annex/Vehicle
Maintenance Facility in Seattle, Washington. The purpose of this work

was to characterize the type and condition of subsurface materials,

evaluate the presence and type of so0il and groundwater contamination,

and estimate the direction and wvelocity of groundwater flow. The
characterization provided data to formulate conclusions and support
recommendations for free product recovery and assessment of the extent
of groundwater contamination. The scope of this characterization
included reviewing the available hydrogeologic informatien for the
project area, installing and developing monitoring wells, obtaining
field and laboratory test data, perfo;ming engineering analyses, and
formulating conclusions and recommendations.

The site characterization field work was performed between
June 16 and June 26, 1986, under the supervision of a Sverdrup hydro-
geologist. Air monitoring for LEL (lower explosive limit) and organic
vapors was performed and health and safety plan procedures were main-

tained during all site work by Sverdrup personnel.

B.  SOIL AUGERING AND SAMPLING

‘Ten soil borings were drilled surrounding the underground
storage tanks and along the property lines of the TA/VMF, as shown in
Figure 2, Site Plan. The borings are labeled in Figure 2 as MW-1, 24,
3, 5, 6A, 7, 8, 9; and B-8 and B-10. Soil samples were obtained in each
boring to determine tﬂe nature and condition of the subsurface
materials. Nine of the borings were extended through the water table
aquifer (uppermost hydrogeologic wunit containing a phreatic surface
commonly called a water table) and into the clay aquitard beneath, a
depth of between 15 ft and 17 ft. One boring (B-8) encountered an
obstruction, possibly a concrete block, at 11 ft depth and was
abandoned. Two probe holes were also extended below the water table to
obtain borehole water samples and help locate the extent of floating

free product within the water table aquifer.



The ten borings and two probe holes were drilled using a
truck-mounted Mobil B-61 rig owned. and operated by Pacific Testing
Laboratories, Inc., of Seattle, Washingtbn. Hollow stem augers with a
four-inch inside diameter (I.D.) were used. Prior to borehole drilling,
the augers and other downhole equipment were detergent-washed and steam-
cleaned to prevent cross-contamination between borehole locations.
Auger cuttings and excess soil samples were contained in drums for
proper disposal.

Soil samples were obtained in each boring to evaluate the
classification and general engineering properties of the subsurface
materials. Standard Penetration Tests (ASTM D1586) were conducted in
each boring using a two-inch outside diameter (0.D.) split-spoon sampler
and 140-1b drive hammer. In addition, undisturbed samples of fine-
grained soils were obtained with 3-inch I.D. thin-walled tubes (commonly
called Shelby tubes) which were then sealed for later laboratory
testing. Ir the same manner, minimally disturbed fine sand samples were
obtained using a piston' tube sampler. Three-inch 0.D. split-spoon
samples were obtained to provide soil samples for chemical analysis. The
3-inch sampler was used.to ensure sufficient soil recovery for both
geotechnical and chemical analyses. Logs of the borings, detailing the
visual descriptions of the various subsurface strata encountered, as
well as field test data, are included in Appendix I of this report. A
Boring Legend is included to assist in the interpretation of the boring
logs.

Soil samples were collected in each boring at two separate
depths for chemical analyses. The first sample was a 1.0 ft to 1.5 ft
long composite rgcovered at or above the saturated zone. This sample
génerally was obtained a£ a depth of approximately five feet below the
ground surface. The second sample was a composite from the final 1.5 ft
depth of the boring. Table 1 lists the depths of the composite samples
collected and the assigned sample number. The samples were composited
using a stainless steel mixing bowl and spoon. The soil core was split
in half radially and composited in the mixing bowl. The sample jars

were filled following the mixing.



Soil samples were stored on ice and delivered to Laucks
Testing Laboratories, Seattle, Washington for chemical analyses. Laucks
is an EPA contract laboratory for ofganic analyses. Each set of jars
was given a unique identification number code. The identification
number given to each sample was recorded in a bound log book and a
chain-of-custody record.

Excess sample was discarded into drums containing the soil
cuttings obtained during the drilling. The mixing bowls and spoons were
detergent-washed and scrubbed followed by a water rinse and a DT
(deionized) water rinse. Sampling gloves were discarded after each
composite procedure to prevent cross-contamination.

Composite samples from the recovery trench excavation stock-
pile were taken at various intervals during trench excavation. A total
of three composites were collected. These composites were analyzed for
BTX (benzene, toluene, xylene), o0il and grease, total organic carbons
(TOC), halogenated hydrocarbons, flash point and EP toxic metals. These
parameters were chosen to determine the proper destination for landfill
disposal.

Composites were made by taking seven scoops of soil from
various locations within the pile. This material was mixed and trans-
ferred into bottles as previously described. Material not used for the
composite was placed back into the stockpile. All equipment was decon-
taminated as described previously. These samples were numbered with a
prefix of "CT" (potentially contaminated) followed by the next sequen-

tial number taken during the soil sampling process.

C. GEOTECHNICAL TESTING PROGRAM

A 1abq£atory tésting program was designed to determine the
classification and general engineering properties of the subsurface
" materials. Soil samples were delivered to Pacific Testing Laboratories,
Inc., Seattle, Washington, for laboratory testing of engineering
properties.

Soil samples obtained from the borings were field inspected
and classified according to the Boring Legend included in Appendix I of
this report. Selected soil samples were tested to determine their

moisture content and dry demsity. Atterberg Limits tests were performed



to determine plasticity characteristics of site cohesive soils. Washed
sieve and hydrometer gradation tests were completed to determine the
grain size distribution of selected soil samples. In addition,
permeability tests were performed on Shelby tube samples of the clay
aquitard, and porosity and permeability tests were performed. on selected
piston samples of the fine sand sluiced fill. Results of the laboratory

testing program are presented in Appendix II.

D. MONITORING WELL INSTALLATION

Monitoring wells with stainless steel casings and screens were
installed in eight of the borings as shown in Figure 2, Site Plan. The
wells were installed using 10-ft screens intersecting the water table in
order to monitor the floating product layer. The well screens were
placed within the water table aquifer, generally between 3 ft and 13 ft
below grade. The wells were installed su£rounding the underground
storage tanks and along the TA/VMF property lines. An existing PVC
well, installed in 1984 (B-84-1), was maintained as a part of the
monitoring well system. Monitoring well MW-4 was not installed as
originally planned because the collection trench was installed in this
area.

The monitoring wells were constructed using two-inch diameter,
316L stainless steel casing and wire-wrapped 0.020-inch (20-slot)
screen. Teflon tape was used to seal all threaded, flush-jointed casing
connections. Prior to insertion in the borehole, all downhole equipment
including well screen, casing and end plugs was detergent-washed and
steam-cleaned.

After tye well gasing and screen were placed in each borehole,
a filter pack waslinstallgd to an elevation generally one foot above the
top of screen. The filter pack was installed by dropping the filter
sand through the hollow-stem augers around the well screen as the augers
were slowly raised above the well screen. A 8-12 or 10-20 gradation
Colorade Silica Sand (commerical nomenclature)} was used as a filter
pack. A minimum cne-ft thick bentonite pellet seal was then placed and
allowed to expand. Finally, a low-shrinkage cement-bentonite grout was
used to fill the remaining borehole and seal the well from surface

contaminants,

10



and a locked, protective steel at-grade surface casing was set in place

at each well.

F. WELL DEVELOPMENT

All monitoring wells were developed by suction pumping com-
bined with surging of the well screens. Development water was monitored
for volume, flow rate, turbidity, color, pH, temperature and conduct-
ivity. Wells were developed until the above wvalues had stabilized,
generally for a period of one-half hour to one hour. Groundwater from
well development was stored in drums to be later removed using a vacuum
truck. Air monitoring for LEL and organic vapors was performed during
development‘as part of the field health and safety plan.

The well development equipment consisted of a flexible hose
connected to a drill rig pump or a portable '"trash" pump. The flexible
hose was slowly moved up and down the water column while occasionally
surging the well screen by repeatedly jerking the hose up and down 2 ft
to 3 ft. This surging action helps move soil fines through the sand
pack and well screen, and prevents bridging of the sand pack across the
well screen. All downhole development equipment was detergent-washed

and steam-cleaned prior to insertion in each borehole.

G. WELL SAMPLING

Eight newly-installed monitoring wells and one existing
monitoring well were sampled. Groundwater sampling was begun one day
after development. The wells were first purged by removing three to
five well volumes with a stainless steel bailer. This water was trans-
ferred from the Eailer into a five-gallon container and then into drums
which were also used to stére well-development water.

Samples were recovered using the stainless steel bailer. The
sample bottles were filled directly from the bailer. The samples were
labeled indicating the monitoring well number followed by the next
sequential number in which it was sampled (see Table II). Existing well
B-84-1 recovered very slowly upon purging. This well was the only well
which contained a hydrocarbon layer floating on top of the groundwater.

Approximately one inch of petroleum product was measured during sampling

11



of well B-84-1. The floating hydrocarbon was poured out of the bailer
before filling the sample jars. Earlier samples taken from well B-84-1
by DOE and Sverdrup indicated the free -product layer was two to four
inches thick.

Piezometric measurements in all wells were recorded during
development and before sampling. Sampling gloves were changed after
each well was sampled. The bailer was detergent-washed and scrubbed

followed by 2 water and DI water rinse.

H. PIEZOMETRIC MEASUREMENTS

Piezometric measurements were made in all site monitoring
wells on two separate occasions. Piezometric measurements are measure-
ments of the elevation head within the aquifer. Measurements were
determined to the nearest 0.01 ft. One measurement set was obtained on
June 25, 1987, prior to groundwater pumping for free product recovery,
and another set was collected soon after groundwater pumping began in
the recovery well on June 26, 1987. Additional measurement sets will be
collected on a monthly basis during operation of the free product
recovery system.

A level survey was performed on June 26, 1987, to locate the
elevation of the top of well casing and surface grade at each boring
location. These elevations were referenced to the first floor elevation
of the Terminal Annex Main Building. The plan location of all site
wells and borings were determined to the nearest foot using a cloth

tape.
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IIT FREE PRODUCT RECOVERY SYSTEM INSTALLATION

A. GENERAL

A collection system was designed and installed in order to
recover free petroleum product floating on the water table. The system
consists of a collection trench filled with pea gravel and a large-
diameter recovery well.l A dual pump system was placed in the well to
lower the water table and skim off the floating free product that
collects in the well. The free product is temporarily stored omsite
while the groundwater from the drawdown pump is treated and discharged
into the Metro sewer system. The free product recovery system is being
monitored daily and the storage tank is emptied as it fills with free

product.

B. COLLECTION TRENCH AND RECOVERY WELL INSTALLATION

The groundwater collection trench and a 30-inch diameter
recovery well were installed on June 20, 1987. This installation was
accomplished on a weekend to avoid interference with routine postal
service operations. Figure 2 depicts the areal extent of the collection
trench, the location of the recovery well within the trench, and the
system storage and treatment area. Figure 3 shows the typical com-
struction of the collection trench and recovery well. The collection
trench was located to facilitate interception of the tank leakage while
avoiding site utilities.

The trench was excavated with a backhoe to an average depth of
eight feet below grade. Contaminated spoils were trucked to a
contrelled storage area located on USPS property at 4th Avenue South and
South Stacey St:éét. Accéss to the spoils storage area was limited by
fencing and posted signs. Samples of the contaminated spoils stockpile
were obtained for analytical testing. The results of the analysis
indicate that the spoils will meet the criteria for non-hazardous
disposal at the King County landfill. A permit petition with the
landfill is currently being processed. Air quality was continuously
monitored for LEL and orgamic vapors by Sverdrup site personnel during

trench excavation, spoils removal and storage, and all other site work
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required for installation of the free product recovery system. Work
procedures listed in the site Health and Safety Plan and Seattle Fire
Department Permit No. 51354 (Appendix IV) were maintained.

The recovery well was installed in the open excavation prior
to placing pea gravel backfill. The trench was further excavated to
14 ft below grade at the well location. A 12-ft section of 30-inch 0.D.
Doerr mild steel casing and screen was installed in the excavation, with
the top of the well casing placed approximately two feet below grade.
The 8-ft long screen was placed from 4 ft to 12 ft below grade. The
well screen has 1/8-inch slot openings and a 3/8-inch wall thickness.

Pea gravel was backfilled into the entire collection trench
and around the well to a 3-ft depth below grade. A concrete utility
vault was then placed over the top of the well. The vault contains the
pump controls and also protects the recovery well from truck traffic.
The remainder of the trench was backfilled with clean native soil. A
6-inch thick compacted crushed-stone base and 3-inch thick layer of
asphaltic concrete was then installed to bring the area to surface grade
as shown in Figure 3.

During installation of the recovery system, a 1/4- to 1/2-
inch-thick layer of free product was noted floating on groundwater
surface in the open excavation. Before setting controls and the pump,
approximately 30 to 50 gallons of free product and groundwater were

removed from the recovery well using a vacuum truck.

C. CONTROLS, STORAGE AND TREATMENT FACILITIES

Piping and system controls were installed from the well vault
to the treatment"and di;posal facilities through a utility trench. A
drawdown pump and oil skimmer pump were placed in the recovery well and
connected to system controls and the treatment and storage facilities.
Storage and treatment facilities consist of a 250-gallon o0il storage
tank placed in a containment berm and protected by jersey barriers, a
500-gallon groundwater storage tank, two Calgon activated carbon columns
to treat groundwater collected by the drawdown pump, and a metered
discharge of treated groundwater into the Metro sewer system. After
several test runs, operation of the free product recovery system began

on June 26, 1987.
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IV HYDROGEOLOGIC CHARACTERIZATION

A. REGIONAL HYDROGEOLOGY

The Terminal Annex/Vehicle Maintenance Facility is located
within the valley floor of the Duwamish River in south Seattle. The
valley is within the Puget Trough of the Pacific Border Physiographic
Province. Topography in the valley is very flat and is generally less
than 25 feet above mean sea level. The valley at the project site was
originally within the tidal flats, the transition zome that is covered
by high tides but is exposed during low tides. The wvalley has since
been filled by dredging and hydraulic sluicing to an elevation above
local high tides.

Portions of the fill were generated from dredging of soft
deltaic sands from Elliot Bay and portions were hydraulically sluiced
from nearby hills composed of glacial drift. The sluiced f£fills
consisted of fine sands and sandy silts. The fill was placed directly
on bay muds composed of organic-rich, unconsolidated to poorly con-
solidated silt and clays. These bay muds overlie Quaternary-age sand,
gravel and clay deltaic deposits to depths of 200 ft or more.

Currently, groundwater within the Duwamish valley is sparsely
utilized. United States Geological Survey Water Supply Bulletin No. 20,
published in 1963, indicated only seven wells had been drilled in the
valley floor. Six of these wells were drilled to depths of between 240
ft and 1,550 ft into older unconsclidated deposits beneath the Quater-
‘nary alluvium. These wells produced low vields of 40 to 100 gallons per
minute (gpm) with large associated drawdowns. Water quality in these
wells was marginal, containing generally high concentrations of iron,
chloride and otﬁér dissélved solids. Only one of these wells still
remained in operation in 1963.

A system of driven sand points ranging in depth from 17 ft to
22 ft was used for irrigation purposes at one site. The system produced
potable groundwater with 83 ppm of chloride. These sand points were
likely producing groundwater from hydraulic and/or dredged sand fills,
or from the shallow Quaternary-age alluvial aquifer, that are similar in

character to those beneath the TA/VMF.
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Potable water is available within the permeable fill materials
and Quaternary alluvium beneath the. site. However, well vyields and
water quality generally deteriorate-ﬁitﬁ depth. The older Pleistocene
deposits generally contain high dissolved solids concentrations and low
well yields. Throughout the lower Duwamish River valley, wells are

widely scattered and groundwater usage is very low.

B. SITE SUBSURFACE CONDITIONS

Subsurface conditions were generally found to be consistent in
a north-south direction across the site. This consistency is demonstra-
ted in Figure 4, generalized Soil Profile A-A', traversing the area of
the fuel tanks from south to north. Surficial soils at the site were
hydraulically sluiced fill comsisting chiefly of dark gray to black fine
sands and sandy silts. Throughout most of the site, the sluiced fill
was 3 ft to 10 ft thick and is underlain by older fill consisting of
debris with varying amounts of gravel, sand, and silt. The debris was
composed of large concrete slabs, timber, metal, brick, coal, etc. This
debris zone varied in thickness from 2 ft to 5 ft across the site, being
thickest in the area of the fuel tanks. Underlying the debris fill were
more sluiced fine sands and sandy silts between 3 ft and 7 ft in
thickness. This zone contained more glass and wood than the surficial
sluiced fill.

A very soft, clayey silt was consistently encountered between
a depth of 12 ft and 16 ft. This layer is an organically-rich, low
permeability bay mud consisting of gray silt and varying amounts of
clay. It acts as an aquitard, impeding vertical flow between the
water table aquifer and the lower confined aquifer. The layer was not
perforated during this investigation in order to prevent possible
downward transport of contamination into the deeper confined aquifer.
A foundation investigation for the Terminal Annex, performed by
Dames & Moore in 1954, provides information on the thickness of the
clay aquitard and the character of the confined aquifer beneath. The
clay aquitar& extends to a depth of 20 ft to 22 ft, and is 4 ft to 10 ft

in thickness.
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Dark gray fine to medium sand with occasional seashells was
encountered below the gray silt layer .to a depth greater than 50 ft, the
maximun boring depth of the Dames: ' & Hoore investigation. Regional
studies indicate that this layer may extend to a depth of 200 ft or
more. Although virtually unexploited in the lower Duwamish valley, this
alluvial sand aquifer could possibly provide potable water supplies in
excess of 100 gpm.

Subsurface conditions vwvary from these typical conditions
within the western half of the site. In this area, hydraulically
sluiced fill material consisting of black sandy silt extends uninter-
rupted to the natural gray clayey silt layer (Figure 5, Soil Profile
B-B'). No gravel, debris or sluiced sand fill was encountered in this
area. Figure 6 depicts the areal extent of the sandy silt zone as
determined from the 1954 Dames & Moore boring logs and from this inves-
tigation. This zone may act as a barrier to groundwater movement in the
water table aquifer beneath the site.

The water table was encountered between four and five feet
below the ground surface. Tidal variances in the water table occur on
the order of a few inches. Thus the top of the water table generally is
encountered within the surficial sluiced sand fill or the debris zone.

The water table aquifer can provide potable water supplies, although it
is currently unexploited locally. Preferable supplies can be obtained
from the lower confined aquifer that would be better protected from

surface contaminants by the clayey silt aquitard previously described.

C. GROUNDWATER FLOW ANALYSIS

Piezome;ric elevation data were obtained from site monitoring
" wells on June 25; 1987; érior to start-up of the recovery well drawdown
pump, and on June 26, 1987, approximately 18 hours after pump start-up.
The June 25 data were plotted on a site plan and piezometric elevation
contours for the water table aquifer were determined as depicted in
Figure 6.

The groundwater flow direction as determined in Figure 6 is
from the north to the south in the area of the fuel tanks. Therefore, a

contaminant plume from a leaking underground fuel storage tank could be
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expected to ex£end in this direction. The flow direction analysis is
interpretive and includes the influence on groundwater flow of basements
and utility trenches that extend below tﬁe water table, Effects caused
by the low flow boundary formed by the sandy silt layer to the west were
also considered in the flow analysis. Figure 6 indicates that ground-
water flow within the water table aquifer may divide on site, with a
portion flowing to the west toward MW-9 and the remainder towards MW-1.
The presence of a utility trench near MW-3 may be affecting this flow
pattern. As determined from Figure 6, the local groundwater flow
gradient in the water table aquifer is small, on the order of 2.5 x
10-3 (a head loss of 0.7 ft in 280 lineal feet).

Because of the wvariable nature of the hydraulically sluiced
sand and debris fills beneath the site, a range of permeability
(hydraulic éonductivity) and porosity values was used to calculate the
groundwater Ilinear flow velocity in the water table aquifer. The
equation for groundwater linear flow velocity, v, is:

v = ki/n where k = horizontal permeability

i = groundwater flow gradient

n = aquifer porosity

Laboratory tesés performed on minimally disturbed Shelby tube
samples of the silty fine sand indicate an average porosity of about 60
percent and a permeability of about 4 x 1()-6 cm/sec. Although the sand
porosity may be indicative of the typical porosity for the loosely
placed hydraulic sand fill, the low permeability indicates that a large
percentage of silt within the sample controls the flow. Therefore, a
reasonable range of permeability values for silty fine sand will be used
to calculate a Eeasonabl_g range of expected groundwater linear flow
velocities. The_  following table details the range of groundwater flow
equation inputs and results for the TA/VMF site:

Groundwater Linear

Groundwater Flow Permeability Flow Velocity
. Stratum . Gradient Porosity (cm/sec) (ft/yr)
Clean Fine Sand 2.58107° 0.50 1x10"2 50
silty Fine Sand 2.581073 0.60 1x10”% 0.4
Sand and Silt 2.5x10> 0.60 x107® 0.02
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Groundwater 1linear flow velocities within the fine sand
hydraulically sluiced fills should range from less than one ft to 50 ft
per year, depending on the silt"cohteﬁt in the sand. It should be
noted, however, because of the unpredictable nature of the gravel and
debris fill, that groundwater flow velocities within the fill may be
much higher. Pumping rates from the free product recovery system
indicate that the groundwater flow volume and velocity may be much
larger in this debris zone. Aquifer pumping tests may possibly be used
to evaluate the permeability rangev and groundwater flow velocities’

within this fill layer.
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V ANALYTICAL TESTING RESULTS AND DISCUSSION

A, SOIL

Soil samples obtained during the soil boring and collecticn

‘trench installation were analyzed for BTX (benzene, toluene, xylene) and

petroleum hydrocarbon o0il and grease. The samples from the collection
trench excavation were also analyzed for TOC (total organic carbon),
halogeﬁated hydrocarbons, EP toxicity metals, and flash point. The
samples were analyzed by Laucks Testing Laboratories, Inc., Seattle,
Washington. The analytical results are included in Appendix III.

Soil samples from Boring B-2A and Probe Hole B-4 showed the
only significant levels of benzene and xylene. The collection trench
was installed in the area of Probe Hole B-4. A sample from boring B-5
indicated a detectable level of benzene at 17 ug/kg; however, this level
is very close to the instrument detection limit. Tests from samples in
all the other borings indicated levels below detection.

0il and grease concentrations were elevated for thelgamples
taken above the water table. This material is fill and contains vérious
types of rubble. One possible explanation is that the slightly higher
0il and grease levels are associated with fill materials and not with
the apparent petroleum leak since the water sampleé taken from the wells
did not show a related increase.

Samples from the trench excavation indicated contamination
with free petroleum product by the pfesence of eleQated levels of BTX.
Very high TOC levels also indicate contamination from fuel. The oil and
grease levels of the samples were not higher than those found in the
soil borings. The material is not ignitable, and test data indicate
that it does ..not <contain significant amocunts of halogenated
hydrocarbons.

One of the trench excavation samples (CT-014) indicated a high
level of lead in the EP Toxicity extract. Since the other two trench
excavation samples showed similar organic levels but low lead levels,
it can be ascertained that lead source is not from tetraethyl lead in

gasoline but from debris in the fill material.
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B. GROUNDWATER

Groundwater samples taken from the new and existing monitoring
wells were analyzed for BTX, oil- and gfease, and TOC. The analytical
results are included in Appendix IIX. Only monitoring wells B-84-1,
MW-2, MW-5 and MW-6 contained detectable levels of BTX. 0il and grease
and TOC levels were not significant in the groundwater samples except
for the sample from B-84-1. This well had a one-inch thick free product
layer on the water surface which could account for the elevated BTX
levels. _

The measured thickness of free product in well B-84-1 was
found to have decreased because of well development and purging prior to
sampling, and startup of the free product recovery system. When first
sampled by Mr. Norm Peck on May 14, 1987, a 4-inch thick layer of free
product was measured in well B-84-1. However, when the well was sampled
again on Jume 26, 1987, after well development and purging, a 1.2-inch
thick layer of free product was measured. In addition, since the begin-
ning of September, after approximately one month of free product

recovery, no measurable layer of free product was noted.

C. FREE PRODUCT LAYER

Samples of the free product layer found in the free product
recovery well and monitoring well B-84-1 were obtained by- Crowley
Environmental Services and delivered to Laucks Testing Laboratories on
August 20, 1987. These samples were analyzed by gas chromatography with
flame ionization detector for the presence of hydrocarbons, and calcu-
lated omn the'response of diesel fuel and gasoline. The sample results
indicate the presence of both diesel fuel and gasoline within the free

product layer. The analytical results are included in Appendix III.
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VI FREE PRODUCT RECOVERY

The free product recovery.SYStém began operation on June 25,
1987. The drawdown pump was operating at approximately 30 gallons per
minute (gpm) when piezometric measurements were made as shown in Figure
7. A cone of depression in the water table aquifer was already evident
after 18 hours of recovery operations. A,0.6 ft drawdown was measured
at the recovery well and the radius of the cone of depression was about
100 ft. The o0il skimmer pump was installed on June 27, 1987. Because
of operational difficulties with the treatment system for the drawdown
pump discharge, the average groundwater withdrawal rate ranged from 3 to
5 gpm during the month of July 1987. .

Through September 18, approximately one-half to three
gallons per day (gpd) of free product has been recovered by the system.
The average pumping rate was increased to approximately 10 to 15 gpm on
July 29, 1987 in order to increase drawdown at the recovery well,
enlarge and steepen the cone of depression, and increase the rate of
free product collection. The larger rate of groundwater pumping neces-
sitated the addition of a second Calgon activated carbon column to the

treatment system.
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VII CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS
1. A small amount of free petroleum product was encountered in
the immediate vicinity of the underground storage tanks during the pre-

liminary contamination assessment.

2. The adjacent soil contamination may onl& extend arocund MW-2,
B-84-1 and MW-5.
3. The free petroleum product is a combination of both diesel

fuel and gasoline.
4, It is unknown where the reported wvolume of product has
migrated. The leakage rate of 100 to 200 gallons per month as deter-

mined from inventory controls may have been overestimated.

B. FREE PRODUCT RECOVERY

The free product recovery system is currently producing one-
half to three gallons per day of petroleum product. This relatively low
recovery rate, along with the analytical test results, indicate that
tank leakage may have been less than originally estimated. Recovery
operations should continue until a miminum recovery rate is achieved as
approved by the Washington State Department of Ecoldgy. Conversations
with Norm Peck of DOE indicate that free product recovery may be
considered completed when the recovery rate is one gallon per month or
less, with less than 1/8-inch thickness of the free product layer in the
recovery well. When this occurs. the recovery system may be shut off
for fhree months while checking the recovery well for increases in the
free product layer thickness. After this time period, the system may be
shut off permagéntly i% the free product 1layer thickness remains
1/8-inch or less.

Daily moniioring of free product recovery volumes, and ground-
water treatment and storage facilities, should continue while the system
is operatidnal. Also, piezometric elevation measurements should
continue on a monthly basis. In addition, the free product recovery
phase of site remediation is expected to continue for at least one to

three months. Following completion of free product recovery, the
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treatment and storage facilities could possibly remain onsite for

incorporation into a groundwater remediation system.

C. REMOVAL OF TANKS AND CONTAMINATED SOIL

The three underground storage tanks can be removed at any
time. However, prior to removal of the three fuel tanks and adjacent
contaminated soil and backfill, it is recommended that all three tanks
be precisely pressure-tested to confirm the estimated leakage rates
determined by USPS from inventory records. If the tests confirm the
leaks, or if USPS determines the fueling facility should be abandoned or
replaced at the TA/VMF, the tanks and surrounding contaminated soil and
backfill should then be removed. Eliminating the potential sources of
groundwater contamination and replacing the tanks and soil with
permeable pea gravel will facilitate continued operation of the free
product recovery system for as long as required by DOE. If USPS desires
to remove the tanks prior to completing the free product recovery
program, additional costs will be incurred to repair or replace the
recovery system.

A sheet pile cofferdam and groundwater dewatering will be
required in order to maintain an open excavatior and successfully remove
the tanks, contaminated soil, and backfill. All site work will need to
be performed on a tight schedule, probably within a single weekend, in
order to minimize disruption of USPS operations at the Terminal Annex.

Although further site assessment will facilitate determining
the volume of contaminated material, it is presently estimated that 600
cubic yards of contaminated materials may need to be removed. This
volume includes ._essential!.ly all tank backfill, plus a ten-foot wide
border of contaminated soil along the southern and western perimeter of
the backfill. Soil contaminant 1levels requiring remediation will be
determined by DOE. The removed contaminated materials will need to be
temporarily stockpiled and samples analyzed in order to determine the
final disposal location. The three fuel tanks must also be removed from
the site and legally disposed. The open excavation should be backfilled
with suitable material from available local borrow sources and the

asphaltic concrete pavement replaced.
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D. CONTAMINATION ASSESSMENT

Further assessment of the degree and extent of soil and
groundwater contamination (i.e., Phasé 3) will be necessary to evaluate
the total volume of contaminated soil to be removed and the need for
additional monitoring wells. It is recommended that several probe holes
or small trenches be made for this purpose. These holes will be needed
in the area directly surrounding the leaking tanks and along the east
dock and utilities backfill. Samples of soil and groundwater will be
obtained for chemical analysis.

Additional monitoring wells may be necessary based on the
findings from the probe holes. These new monitoring wells and five
existing wells will require additional groundwater sampling and analysis
for o0il and grease, TOC and BTX. The contamination assessment phase
should be performed while free product recovery continues and prior to
removal of the fuel tanks and grossly-contaminated soil in order to more
accurately assess the volume of soil to be removed and disposed, and the
volume of backfill to be replaced. From this additional field data, a
report assessing the degree and extent of groundwater contamination will

be prepared.

E. GROUNDWATER REMEDIATION

The degree of groundwater remediation that will be necessary
at the TA/VMF will be determined during the contamination assessment
(Phase 3). The following available options are presented in order of
increasing complexity and cost:

1. No action is necessary if contaminant levels in groundwater
are assessed to be below limits set by the Washington State Department
of Ecology at coﬁbletion af free product recovery. The limiting accept-
able level for benzene in groundwater is generally between 66 and 660
ug/l. If the voluntary cleanup continues, there is no danger to human
life and health, and the contamination remains within USPS property
limits, the DOE may accept a limiting cleanup level of 660 ug/l for

benzene.
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2. Continue groundwater withdrawal with the present recovery
system. -If groundwater contamination extends only within and/or
adjacent to the fuel tank backfill,. the éxisting trench recovery system
may be sufficient to clean up site groundwater within a three- to six-
month ©period. This may require replacing the two Calgon activated
carbon columns.

3. Install one or more additional groundwater recovery wells
spotted in locations of poor groundwater quality as determined in the
contamination assessment phase. Several wells may be necessary, operat-
ing for a period of several months to one year.

4. Install a groundwater reinjection trench and groundwater
recovery wells or collection trench(es). A worst case scenario, this
remediation method may be necessary if a large contaminant plume is
located which requires a major reversal in the groundwater flow gradient
in order to capture the plume. The system may require several years of
continuous operation in order to clean up site groundwater.

Based upon the preliminary results of the site characteri-
zation study as presented in this report, Options No. 1 or No. 2 are
more likely to be necessary. Option No. 4 appears unlikely at this
stage of the site work. Again, the site contamination assessment phase
and discussions with DOE will determine the required methods of ground-

water remediation.
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TABIE I

10-SS8-019-15

SOIL SAMPLES
SAMPLE COMPOSITE

DATE TIME LOCATION NUMBER DEPTH (¥T)
6-17-87 1600 B-5 5-85-001-5 5.0-6.5
6-17-87 . 1715 B-5 5-85-002-15 15.0-16.5
6-18-87 0915 B-2A 2A-SS5-003-5 5.0-6.5
6-18-87 0950 B-2A 2A-S5-004-13 13.0-14.0
6-18-87 1000 B-2A+ 2A-SS-005-14 14.0~15.0
6-18-87 1340 B-3 3-85-006-7 7.0-8.0
6-18-87 1410 B-3 3-558-007-13 13.5-15.0
6-18-87 1800 B-4B 4B-55-009-3 3.5-5.0
6-19-87 0920 B-1 1-§5-010-5 5.0-6.5
6-19-87 1030 B-1 1-85-011-14 14.0-15.5
6-19-87 1415 B-6A** 6A-55-012-14 14.5-16.0
6-20-87 1440 Contaminated CT-013 Composite

Pile 7 Scoops
6-20-87 1620 Contaminated CT-014 Composite

Pile 7 Scoops
6-20-87 1730 Contaminated CT-015 Composite

Pile 7 Scoops
6-22-87 0915 B-7 7-55-016-6 6.5-8.0
6-22-87 10;0 ‘B-7 7-85-017-14 14.5-16.0
6-22-87 1410 B-10 10-585-018-5 5.0-6.5
6-22-87 1440 B~10 15.0-16.5



TABLE I
SOIL SAMPLES (Continued)

SAMPLE COMPOSITE

DATE TIME LOCATION NUMBER DEPTH (FT)
6-23-87 0915 B-8* 8-55-020-5 5.0-6.5
6-23-87 1255 B-8A 8A-55-021-6 6.5-8.0
6-23-87 1400 B-8A 8A-55-022-16 16.5-18.0
6-24-87 0840 B-9 9-585-023-5 5.0-6.5
6-24-87 0900 B-9 9-85-024-12 12.5-14.0
+ - Did not analyze
* - Auger would not advance past depth of 11.0'. Moved to new

location MW-8A.
*#% - No recovery in split spoon at water table depth.
MW : = Monitoring Well



TABLE II

GROUNDWATER - SAMPLES

SAMPLE

CONDUCTIVITY# TEMPERATURE*
DATE TIME  LOCATION  NUMBER pH~ umhos/cm oC
6-25-87 1610 MW-~1 MW1-001 8.1 3,600 22
6-25-87 1700 MW-5 MW5-002 7.6 1,100 18
6-25-87 1800 MW-2 MW2-003 7.6 1,100 18
6-25-87 1850  MW-7 MW7-004 7.9 1,100 18
6-26-87 0830 MW-3 MW3-005 8.2 1,400 17
6-26-87 0850 MW-6 MW6-006 7.9 1,500 20
6-26-87 0930 MW-9 MW9-007 8.0 1,000 17
6-26-87 1000 M-8 MW8-008 8.1 700 19
6-26-87 1050  B-84-1%% B1-009 Fetck Foicks Foick

N
~

N

*%% Well went dry during development.

Measurement taken during development of wells.

B-1 is the existing monitoring well east of the underground

storage tanks

Measurements not taken.
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APPENDIX I
BORING LOGS



RELATIVE DENSITY COF
GRANULAR SOILS

STRENGTH AND CONSISTENCY OF

COHESIVE SOILS

Unconfined
Penetration . Penetration Compressive
Resistance N Relative Resistance N Strength
(blows/ft) Density (blows/ft) (tons/sq. ft.) Consistency
0-4 Very loose : 0=-2. 0.00-0.25 Very soft
5-10 Loose 3-4 0.25-0.50 Soft
11-30 Medium dense 5=-8 0.50-1.00 Medium stiff
- 31-50 Dense 9-15 1.00-2.00 Stiff
>50 Very dense 16-30 2.00-4.00 Very stiff
>130 > 4.00 Hard
GRAIN SIZE IDENTIFICATION (ASTM-ASCE)
Name Size Limits U.S. Sieve Size
Boulders 12 In. Dia. or Greater
Cobbles 3 In. to 12 In. Dia.
Gravel:
Coarse 3/4 In. to 3 In. 3/4 In. to 3 In.
Fine 3/16 In. to 3/4 In. No. 4 to 3/4 In.
Sand:
Coarse 2.00 MM to 4.76 MM No. 10 to No. 4
Medium 0.42 MM to 2.00 MM No. 40 to No. 10
Fine 0.07 MM to 0.42 MM No. 200 to No. 40
Silt 0.002 MM to 0.07 MM
Clay Smaller than 0.002 MM

RELATIVE PROPORTIONS CF

PLASTICITY

SECONDARY COMPONENTS Term Plasticity Index Dry Strength
Trace - 0 to 10% Non-plastic ' 0-3 Very low
Little - 10 to 20% Slightly plastic 4-15 Slight

Some - 20 to 35% Medium plastic 15-30 Medium

And - 35 to 50% Highly plastic >30 High

CLASSIFICATIONS shown on boring logs are made by visual inspection and from labora-

tory tests.

STANDARD PENETRATION TESTS - Driving a 2.0" 0.D., 1-3/8" I.D. sampler a distance of

1.5 ft with a 140-pound hammer free falling a distance of 30.0 inches.

The blew count

shown on the logs is the total driving resistance for the last foot (ASTM D1586).

LEGEND ON BORING LOGS

OEERDe
I

Standard Penetration Test Blows/Ft (N)
[ - 3" Diameter Split-Spoon Sample

[] - Piston Sample

Split-Spoon Sample
3" Diameter Shelby Tube Sample
Auger Sample

Pocket Penetrometer -
Compressive Strength (TSF)

Sverdrup

‘LEGEND FOR BORING LOGS AND
SOIL CLASSIFICATION SYSTEM

Core Recovery (%)

R.Q.D. (%) -
Rock Quality Designator




Sverdrup BORING LOG BORING NO. Mi-1

USPS Vehicle Maintenance Facility
Seattle, Washington

TYPE: 4" I.D. Hollow Stem Augers - LOCATION: See Boring Plan
. | UNCONFINED COMPRESSIVE STRENGTH (TSF)
[
“ |af®qu 0 %o 30 40 PIEZOMETER
r | 2| PLASTIC WATER LIQUID OR
DESCRIPTION OF MATERIAL :_' ; LIMIT CONTENT, % LIMIT | MONITORING WELL
u ﬁ.-+———-—0—————+ INSTALLATION
: N 20 40 60 80 %,
215" ASPHALTIC CONCRETE OVER CAP
EME
15" of CRUSHED STONE BASE. % — gURFigé
— £
) L5 1 o CASING
SAND - Black, fine, trace med- _' I !
ium sand, trace to — o | BENTONITE
little silt, medium - = |- - PELLET
. SEAL
dense, dry to very moist}| 9 o
(FILL). i )\ a
5
L %
- B-12
— COLORADO
CLAY - Dark gray, little to 8.3 4.. ﬁ SAND
some silt, little wood- | o PACK
rope debris, trace sand,_9‘5 2
soft ist (FILL). ~ .
'L___’_mo__t_?__!'_ o
SAND - Black, fine, little to | ™
- some silt, trace medium %
sand, very loose, satur-[ o
’ > [
ated. B S
. _ [92]
B o !
B} N S
| [ ]
——————————— ——— —-14 .
SILT - Black, little clay, i
very soft, very moist. 15 0 e
SILT - Light gray, and clay, L [7* s
very soft, very moist. 16.0
Boring terminated at 16.0 ft. |}
depth. =
COMPLETION DEPTH: 16.0 ft. WATER OEPTH:'7 6 ft
: . (during drilling)

DATE: 6-19-87




Sverdrup BORING LOG

BORING NO. Mw-2A

USPS Vehicle Maintenance Facility
Seattle, Washington

vype: 4" I.D. Hollow Stem Augers

LOCATION: See Boring Plan

. | UNCONFINED COMPRESSIVE STRENGTH (TSF)
Lla|Wqu o 20 30 4o PIEZOMETER
1 PLASTIC WATER OR
DESCRIPTION OF MATERIAL E Z| LIMIT  CONTENT, % BT | MowiToRING weLL
u4ls]eg +—————0—————+ INSTALLATION
N =20 40 60 80 %
1" ASPHALTIC CONCRETE OVER 3" |0.4 CAD
1CRUSHED STONE BASE. . =] CEMENT,
SAND - Black, fine, little med- [~ §3| SURFACE
ium sand, some gray = 1 o L_CASING
silty sand lenses, med- | b © BENTONITE
ium dense, moist (FILL). 2.5 — o PELLET
- —— —— T T T T 4. o SEAL
.ISILT - Dark gray to black, T13.0 )
some coal-wood brick de-'| 2
| bris, little fine sand, |
| medium stiff, moist B B
LGy, __ _ _f
MISCELLANEOUS DEBRIS - Coal, [
wood, brick, little sand,[ 3%
trace to some silt, =~
medium dense, moist -
(FILL) . -
-——————_— 7.5
. . =
- medium sand, some fine 4 B
sand, some wood-brick~ [ BE 4 %
gravel debris. - ©w C(l)g(—)lzigno
SAND - Dark gray to black, fine,f E SAND
trace medium sand, trace [-10 . PACK
to little wood-brick- - ]
fine gravel debris, | _ 5 &
loose, saturated (FILL). | P
| I
s &
13, 8W6* i
SILT - Light gray, and clay,
meddum plastic, very B
soft, moist. L_
= - LN
| Iy
Boring terminated at 17.0" depth{ 17

COMPLETION DEPTH: 17.0 ft.

DATE: 6-18-87

WATER DEPTH:' 5.0 ft.
(during drilling)




Svaﬂqu:'

BORING LOG

51/10"

BORING NO. Mw-3
USPS Vehicle Maintenance Facility :
Seattle, Washington
Type: 4" I.D. Hollow Stem Augers _LOCATION: See Boring Plan
) .UNQONFINED COMPRESSIVE STRENGTH (TSF)
- .
“ [a]Wqu t0 %o 30 40 PIEZOMETER
x | 2] PLASTIC WATER LiQuio OR
DESCRIPTION OF MATERIAL E |F] LUMIT  CONTENT, % LIMIT | MONITORING WELL
<
4l5|le +—————0—————+ INSTALLATION
— N 20 40 80 80 %,

2" ASPHALTIC CONCRETE OVER /7 CEMENT
| CRUSHED STONE BASE. _ _ _ _ _ P.75 jcan SURFACE
SAND - Dark gray, fine, trace o CASING
medium-coarse, trace to [ 1 a i

some silt, medium dense [~ | | 5 —BENTONITE |
to loose, slightly moist} -~ PELLET
(FILL). . B e SEAL
2 [ ™
B T' w
[45]
— - ——— — — r— = — ——15.5
SILT - Dark gray, little to 3%
some clay, molst to sat—[" S
——\_ urated (FILL), _ -— =782
SAND - Black, fine, trace to I P
some medium-sand, and B
brick-wood-crushed-stone
gravel débris.to SAND, 8-12
trace debris, loose, L 2!  COLORADO
saturated (FILL). i E SAND
- grading to some silt. L 10l 5 'é* prd PACK
. i <
| (181
w
B 421
= B
Q
~
B 17> ]
e 13.0 |
SILT — Dark gray, little clay, [ o
little fine saund, very ™
soft, saturated. ~ =
15.3
SILT - Light gray, and clay, B
medium plastic, very — s
soft, moist.
: : - — 170
Boring terminated at 1/.0" depth.
COMPLETION DEPTH: 17.0 ft. WATER DEPTH' 6,0 ft.

DATE: §~18-87

(during drilling)




Sverdrup

BORING LOG BORING NO. MW-5

USPS Vehicle Maintenance Facility

Seattle, Washington

TYpe: 4" 1.D. Hollow Stem Augers T LocATION: See Boring Plan
. J UNCONFINED COMPRESSIVE STRENGTH (TSF)
-
‘ w |al¥qu 10 %o 30 40 PIEZOMETER
DESCRIPTION x | ] PLASTIC WATER LiQuio OR
0 OF MATERIAL :'_ % LMt CONTENT, % LIMIT | MONITORING WELL
4019|lg +—————0—=———+ INSTALLATION
- _ — N 20 40 60 80 %l .
2" ASPHALTIC CONCRETE over 3"
| CRUSHED STONE BASE. 0.5 CAP Sﬁ‘ﬁﬁg
SAND -~ Dark gray to black, fing| CASING
rounded, trace to little[
medium sand, loose, dry |- 1
to moist. (FILL) 5 - g BENTONITE
B 7 PELLET
i = SEAL
\\=]
e -
12
B w
2% (5]
—————————— —— 5.5
GRAVEL - Coarse to fine, littleL
cobble, little sand,
trace to some-dark gray
clay, medium dense, wet |- 3% -
to saturated (FILL). =
N b*
B 8-12
10.5 % COLORADO
SAND - Black, fine, rounded, . . o SAND
. O PACK
trace medium sand, 0
trace fine gravel, i 5 0
brick, wood, loose, — ™
saturated. (FILL). - @
B e
- Q
B s
[7>]
X I
L ﬂ 8
15'
SILT - Light gray with dark
gray bands, and clay,
medium plastic, very 7 ©
M soft, saturated. —"1-H6.5
Boring terminated dt 16.5" depth}-

COMPLETION DEPTH: 16.5 ft.

DATE: §-17-87

WATER DEPTH:!




Svardrup BORING LOG

USPS Vehicle Maintenance Facility
Seattle, Washington

BORING NO. My-6A

TYPE: 4" I,D. Hollow Stem Augers , . LOCATION! See Boring Plan
UNCONFINED COMPRESSIVE STRENGTH {TSF)
.—
“ |a|®qu 0 %o 30 40 PIEZOMETER
z | J] PLASTIC WATER LiqQuio OR
DESCRIPTION OF MATERIAL E ; LT CONTENT, % LIMIT | MONITORING WELL
<
8 |oleg +———=—O0O===——+ INSTALLATION
N 20 40 80 80 9,
1" ASPHALTIC CONCRETE OVER 8" | Jcap CEMENT
CONCRETE, ' 0..7 00— ’
1 g g ~ | SURFACE
SAND - Dark brownish gray, i 1 & CASING
fine, little medium i =
sand, trace fine gravel,| o | BENTONITE
medium dense, dry (FILL)J Py PE%}&T
|2 i %
— 5
i *
——————————— —— 7.0
GRAVEL - Dark gray, fine,
little to some silt, i 8-12
little to some clay, — bk . COLORADO
little fine to coarse . | Bl SAND
sand, loose, saturated |- g PACK
(FILL). i “
5 % o
f— —. -
B w
| w2
H
_______ ————_"—_"-'11156 S
SAND - Black, fine, trace med- |_ [ | ol %)
ium sand, some gray - | !
clay lenses with gravel- 7‘ S
glass, loose, saturated [ 7
(FILL). ~ =
15.0|
SILT - Black, some clay, med- 8 (LY e
ium plastic, medium 5.7 P T s
ist, —16.0
SILT - Gra .
. x pla}_s’\":igc:mge }.ﬁ%’st %%1
oring terminated at epth.
COMPLETION DEPTH: 16.0 ft. WATER DEPTH: 6.6 ft‘.

. 1114
DATE: 6-19-87 (during drilling)




Sverdrup

BORING

LOG

USPS Vehicle Malntenance Facility
Seattle, Washington

TYPE: 4" I.D. Hollow Stem Augers

BORING NO. Mi-7

LOCATION' See Boring Plan

"UNGONFINED COMPRESSIVE STRENGTH (TSF)
- 4
w |af¥qu [0 Zo 30 40 PIEZOMETER
DESCRIPTI x || PLASTIC WATER LIQuIo OR
ON OF MATERIAL E 3] LIMiT  CONTENT, % LIMIT | MONITORING WELL
W13leg +—————0—————+ INSTALLATION
N 20 40 80 80
3" ASPHALTIC CONCRETE OVER 67 CAP)
CRUSHED STONE BASE - = CEMENT,
SAND - Brownish gray, fine, Q.75 Bl  sURFACE
little silt, little finel| 1 3 = CASING
gravel, trace medium 2.0 o
-\ sand, medium dense, ) o BE?EEEITE
i - ET
slightly moist (FILL). B » SEAL
SAND - Black, fine trace medium| 2 Pl
sand, loose, slightly |
moist to wet (FILL). B
- little lenses of fine |
sand, little silt. B
L B
— — — —— — ——_——————— —t6.5
SAND —~ Black, fine to coarse,
some fine to coarse - 4%
gravel-brick debris to
SAND and debris, little [~ = 8-12
to trace silt, loose to } 2| COLORADO
medium dense, saturated |- &) SAND
(FILL). i @ PACK
— some lenses of gray 5 E
mediom plastic clay. — 10| 19 "
B (75}
R =)
s e
wm
— I
- (]
o™~
- some silt, little clay. [ 7 -
7.9
SILT - Light gray with black { |
streaks, and.clay, med- 8 P
ium plastic, very soft, L4
1 wet. 1——16.
Boring terminated at 16.0' depth.

COMPLETION DEPTH: 16.0 ft.

DATE: $-22=87

WATER DEPTH!




Sverdrup

BORING LOG

TYpe: 4" I.D. Hollow Stem Augers

USPS Vehicle Maintenance Facility
Seattle, Washington

LOCATION:!

BORING NO. B-8

See Boring Plan

N
DESCRIPTION OF MATERIAL

DEPTH, FT

. l!N.CONF"‘ED COMPRESSIVE STRENGTH (TSF)
Bqu |;0 ZI.O 3;0 4i0

PLASTIC WATER L1QUID
LMY CONTENT, % LT

o +—————"0—————+
N 20 40 80 80 %

SAMPLES

PIEZOMETER
OR
MONITORING WELL
INSTALLATION

2" ASEHALTLC CONCRETE OVER 6
CRUSHED STONE BASE.

- little thin lenses of
brown silt.

SAND ~ Dark brown to black,
fine, little medium
sand, loose to medium
dense, dry to slightly
moist (FILL) .

e e e e e e — ek e e e e o o

— little dark gray sandy
silt lenses.

SAND AND GRAVEL - Black, fine
to coarse, some brick,
concrete, wood debris,
loose to medium dense,
saturated (FILL).

3%

Lk

Boring terminated at 11,0’
depth. Auger refusal.

COMPLETION DEPTH:

6-23-87

11.0 ft.
DATE s

WATER OEPTH: 6.3 ft.

{during drilling)

50/4"



Svnrdrw

BORING LOG

USPS Vehicle Maintenance Facility
Seattle, Washington

TYPE: 4" I.D. Hollow Stem Augers

BORING NO. Mw-8

LOCATION: See Boring Plan

. | UNCONFINED COMPRESSIVE STRENGTH (TSF)
L |m|¥qu e 20 30 4o PIEZOMETER
<1 PLASTIC WATER OR
DESCRIPTION OF MATERIAL E | vy CONTENT, % LL'&”.'T" 'MONITORING WELL
w b1 ¢ +—————O~——=——t} ~ INSTALLATION
N 20 40 80 80 %,
1" 144
%RU?EE%%%&ECE%% TEOVER ST ] _CAH  CEMENT,
0.7 o SURFACE
- brown, little medium i & CASING
sand, moist. B
o o | BENTONITE
SAND - Dark brownish gray to - =y PELLET
dark gray, fine, trace |- - SEAL
medium sand, medium 2 2]
dense to loose, wet to |
saturated (FILL).
— 5
I Py HEDA
- 2%
- 9
—
- 5
& 8-12
B O | COLORADO
- ——— — — — — — — —=19.5 SAND
GRAVEL - Black, fine to coarseg- ‘5 PACK
some sand, little
silt, dense, saturat- @
ed (FILL). B =
e 3 8
12.0 ? L7
SAND - Black, fine, little 5 !
fine gravel,-some clay, |_ g
trace wood, medium i 4
dense to loose, satura-
ted. |
— lense of SILT, and clay
from 12.5 to 14,5 ft. ['
depth. i
— -
———————————————— -116.5
— |5

COMPLETION DEPTH: 18,0 ft.
DATE: 6-23-87

WATER DEPTH:!




Sverdrup

BORING LOG

TYPE: 4" I.D. Hollow Stem Augers

USPS Vehicle Maintenance Facility

Seattle, Washington

BORING NO. Mw-8

LOCATION: See Boring Plan

. J UNCONFINED COMPRESSIVE STRENGTH (TSF)

-
“ [a]¥qu ko 20 30 40 PIEZOMETER
x || PLASTIC WATER LIQuUID OR
DESCRIPTtON OF MATERIAL by | uamir CONTENT, % LIMIT | MONITORING WELL
“l5|g —m———O—————oF INSTALLATION
N 20 40 60 80
CLAY - Light gray with black 8-12 COLORADO
streaks, and silt, - 5 SAND PACK
sl very soft, wet. r—lS.
Boring terminated at 18.0° i
depth. —
-
r_
|

COMPLETION DEPTH: 18.0 ft.

DATE : 6-23-87

WATER OEPTH:s




Sverdrup BORING LOG

Tree: 4" L.D. Hollow Stem Augers

USPS Vehicle Maintenance Facility
Seattle, Washington

LOCATION: See Boring

BORING NO. Mw-9

Plan

DESCRIPTION OF MATERIAL

DEPTH, FT

SAMPLES

U_N,CONFINED COMPRESSIVE STRENOTH (TSF)
Squ I;O 2..0 3i0 4;0

PIEZOMETER

PLASTIC WATER LIQuio
umT CONTENT, % LIMIT

¢ +———=—0O—————+
N 20 40 80 80

OR
MOCNITORING WELL
INSTALLATION

21" ASPHALTIC CONCRETE OVER 97
CRUSHED STONE-AND SAND BASE, -

CEMENT,

SURFACE

SAND AND SILT - Dark gray, fine
to medium sand, stiff,
dry. —

SILT - Dark gray, some clay,
trace fine sand, trace
wood, soft, slightly i
_‘ moist (FILL).

SAND - Black, fine to medium,
some silt to SAND and:
silt, little to trace [
clay, trace to little |
wood-concrete debris, 1
loose, wet to saturated |_

(FILL).

SILT - Light gray, some clay,
trace fine sand, medium [~
plastic, medium stiff, |
moist. —

- little fine gravel,
concrete debris.

- dark gray, little silt 1
lenses, soft,:

CLAY - Light gray, -some silt,
highly plastiec, very
soft, very moist.

CASING

BENTONITE

PELLET
SEAL

SS 316 RISER E

&

i )
28

6%

8-12
COLORADO
SAND
PACK

20 - SLOT $S 316 SCREEN

Boring terminated at 16.5 ft
depth.

COMPLETION DEPTH: 16.5 ft.

DATE: 6-24-87

WATER DEPTH' —

73/7"




Sverdrup

BORING LOG

BORING NO. B-10
USPS Vehicle Maintenance Facility
‘Seattle, Washington
TYPE: 4" I1.D. Hollow Stem Augers _ LOCATION: See Boring Plan
. | UKCONFINED COMPRESSIVE STRENGTH (TSF)
[
“ |o|Wqu 10 %o 30 40 PIEZOMETER
x | ] PLASTIC WATER LIQUID OR
DESCRIPTION OF MATERIAL E S| LMIT  CONTENT,%  LIMIT | MONITORING WELL
o«
g wle +_____o______+ INSTALLATION
N 20 40 80 80
3" ASPHALTIC CONCRETE OVER 3" 0.5
1 CRUSHED STONE BASE. T
SAND - Brownish gray, fine to ! »
medium, some fine gravel,
1 trace to little ~2.2
brown silt, medium ! i
| __ _deuse, slightly moist.| - |,
SILT - Black, some to trace fine| 1
sand, trace to some
clay, very soft, very
moist to wet. — 5
= 3 )
|4
SN O
—10
L
- grading to dark gray
color. -
- ——— — — — R L
CLAY - Light gray,little silt,
highly plastig, very
soft, very moist. i 6 ]
_ 14.5 N
CLAY - Dark gray to black, and-
silt, medium plastic,
very soft, very moist. B
—  [7%|e e e
16.5
Boring terminated at 16.5'depth;

DATE :

COMPLETION DEPTH: 16.5 ft.

6-22-87

WATER DEPTH:
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APPENDIX II
GEOTECHNICAL TEST RESULTS



AN Nl

e + ¢ + PACIFIC TESTING LABORATORIES ¢ + =+ o

W

CHEMICAL ANALYSIS . SOIL TEST BORINGS

SOIL MECHANICS LAB EXECUTIVE OFFICES CONSULTING ENGINEERS
CALIBRATION SERVICES 3220 - 17th Avenue West CONSULTING GEQOLOGISTS
CONSTRUCTION SERVICES Seattle, Washington 98119-1790 FORENSIG CONSULTATION
ENVIRONMENTAL SERVICES Telephone: (208) 282-0666 STRENGTH OF MATERIALS LAB
STRUCTURAL INSTRUMENTATION NON-DESTRUCTIVE EXAMINATION

July 23, 1987
Certificate No. 8706-4010

Sverdrup Corporation
801 North Eleventh
St. Louls, Missouri 63101

Attn: Mr. John E. Reinfunt, P.E. SYERDRUP & PARCEL

GEOTECHNICAL ENG.
SUBJECT: PRELIMINARY SOILS CHARACTERIZATION )
REPORT FOR JAR SAMPLES

Gentlemen:

As requested, and agreed, PTL has completed one or more of the follewing
physical characterization tests on client supplied samples: moisture
content, Atterberg limits (single point), sieve analysis, hydrcmeter

analysis, and combined sieve/hydrometer analysis.

The test methods used for each physical characterization test are ligted in

Table 1.
TABLE 1. TEST METHODS
Test Type Test Method
Particle Size ASTM D422 (including hydrometer)
Moisture/Density ASTM D2216
Atterberg Limits (1 point) AST™ D423 and AST™ D424

Results of moisture content and Atterberg limit determinations are pre-
sented in Table 2. Sample identifications match the identifications found

on the actual jar samples.

A Washington Corporation furnishing Engineering services by and under the supervision of registered professional engineers,



(@‘E‘Eﬂ ‘ N

July 23, 1987
Certificate No. 8706=4010
Page 2

TABLE 2 MOISTURE CONTENT AND ATTERBERG LIMIT RESULTS

Water Content  Liquid Plastic Plasticity

Sample ID (depth ft.) % (g/q) Limit Limit  Limit
B1-557 (14.5-15.0) 62,5 —-—— —— -
B1-887 (15.0-16.0) 65.9 —-— - —-—
B3-583 (5.,0-6.5) 39.4 —— -—= -—-
B5-857 (15.0-16.5) 63.7 -— -— -—
B6A-5S8 (15.0-15.,7) 52,2 45.9 30.8 15.1
B6A-SS8 (15.7-16.0) 63.3 — -— —-—
B6A-PS7 (12.5-14.0) 33,5 —-— -— ———
B7-558 (14.5-16.0 60. 2 - - —-—
B8A-SS5 (16.5-18.0) 58.0 —— -— —-——
B9-5S4 (7.5-8.5) 27.8 - - —-—
B9-5S85 (10,0-11.1) 30.4 36.5 22.9 13.6
B9-SS6 (12.5=-14.0) 56.7 —-— - -—
B9-SS7 (15.0-16.5) 55.9 55.9 25.5 30.4
B10-552 (2.5-4.0) 37.9 -—- -— -—
B10-553 (5.0-6.5) 35,2 32.6 28.2 4.4
B10-584 (7.5-9.0) 36.5 - -— -—=
B10-5S6 (13.,0-14,5) 62.4 —_—— —-— -——
B10-587 (15.0-16.5) 55.4 55.1 30.8 24.3

-—— = test not requested

Results of particle size analysis are presented in the following tables
and graphs.

Reviewed by: James C. Freeling, P.E., President
Sincerely yours,

Diehhal E Dodo o

Michael E. Dodson
Manager, Chemistry Department

MED/mcf

PACIFIC TESTING LABORATORIES—J
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July 23, 1987
Certificate No.

8706-4010

TABLE 3 SIEVE ANALYSIS Sample B2A-PS5 (10.0-12.0 ft)
Sieve No. % Less Than
1/2" 100,00
3/8" 99,82
1/4" 99,82
#4 99,29
#6 99, 26
#8 99.10
#12 98. 81
#16 98.77
#20 98.52
#30 97.89
#40 96.84
#50 92.08
#70 74.53
#100 50.78
TABLE 4 SIEVE ANALYSIS Sample B3-552 (2.5-4.0 £t)

Sieve No. % Less Than
/2" 100.00
3/8" 100,00
1/4" 99,96
#4 99,93
#6 99,73
#8 96.56

#12 95.95
#16 95,93
#20 95.88
#30 95, 60
#40 94.19
#50 82.97
#70 63.25
#100 47.22

PACIFIC TESTING LABOHATORIES——)
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July 23, 1987
Certificate No. 8706-4010

Sieve No.

TABLE 5 SIEVE ANALYSIS Sample B3-SS5 (9.0-10.5 ft)

% Less Than

1/2n

3/8"

1/4“
#4
#6
#8
#12
#16
#20
#30
#40
#50
#70
#100

100.00
99.41
98.41
97.90
96. 82
95.29
93.14
89.89
84.41
70.59
56.16
34.39
15.58

6.74

Sieve No.

TABLE 6 SIEVE ANALYSIS Sample B5-552 (4,0-5.5 £t)

% Less Than

1/2"

3/8"

1/4"
#4
#6
#8
#12
16
#20
#30
#40
#50
#70
#100

100.00
100.00
100.00
99.73
99.57
99, 30
99.27
99,27
99.27
99.19
9.9
76.83
44.77
23.08

PACIFIC TESTING LABORATOHIES—J
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July 23, 1987
Certificate No. 8706-4010

TABLE 7 SIEVE ANALYSIS Sample B5-SS4 (8.5-10.0 ft)

Sieve No. % Less Than
1.25" 100.00
1" 96.00
3/4" 91.25
1/2" 77.83
/" 70.37
1/4" 54.80
#4 44.85
#6 38.73
#8 36.28
#12 34.62
#16 33.14
#20 32.14
#30 30.57
#40 28.51
#50 23.33
#70 17.08
#100 12.57

TABLE 8 SIEVE ANALYSIS Sample B5-8S5 (11.0-12.5 ft)

Sieve No. % Less Than
1.0" 100.00
1/2" 99.68
3/8" 95.34
1/4" 94,47
#4 94,44
#6 94.00
#8 93.74

#12 93.53

i #16 93,27
#20 92,95

#30 92,29

#40 90.86

#50 1.7

#70 59.03

#1 00 36.87

\ PACIFIC TESTING LABORATORIES—)
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TABLE 9 SIEVE ANALYSIS Sample B6A-SS6 (11.0-12.5 ft)

Sieve No. % Less Than
1/2% 100,00
3/8" 100.00
1/4" . 100.00
#4 100.00
#6 100,00
#8 100.00

#12 99.98
#16 99,97
#20 99.85
#30 99.63
#40 99,22
#50 95.18
#70 75.82
#100 48451

TABLE 10 SIEVE ANALYSIS Sample B7 Probe-S5S81 (3.5-5.0 ft)

Sieve No. % Less Than
1/2" 100.00
3/8"% 100.00
1/4" 100.00
#4 100.00
#6 100.00
#8 100.00

#12 100.00

#16. 100,00

: #20 99,98
#30 99.96

#40 99,73

#50 93.29

#70 60.68

#100 44,52

k PACIFIC TESTING LABORATORIES—/
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1987

Certificate No. 8706-4010

TABLE 11 SIEVE ANALYSIS Sample B7-5S4 (6.5-8.0 ft)

Sieve No.

% Less Than

1.25"
1.0"
3/4 "
1/2"
3/8 1]
174"
#4
#6
#8

#12
#16
420
#30
#40
#50
#70
#100

100.0
92.64
88.47
79. 46
77.85
73.60
70,57
67.41
64,47
61.30
58,02
55.34
50.36
44,09
34,99
26.84
21.56

TABLE 12 SIEVE ANALYSIS Sample B8-5S3 (5.0-6.5 ft)

Sieve No.

% Less Than

1.25"
1.00"
3/4°
1/2"
3/8"
1/4"
#4
#6
#8
#12
#16
#20
#30
#40
#50
#70
#100

100.00
91.37
84.57
82.14
79.87
75.36
70.14
65.84
63.48
61.61
60.32
58.40
54.64
50.01
43.M
38.04
33.76

PACIFIC TESTING LABORATOHIES——/
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Sieve No.

TABLE 13 SIEVE ANALYSIS Sample B8-SS5 (10.0-10.9 ft)

% Less Than

1.0"

3/4 1]

1 /2 "

3/8"

1/4"
#4
#6
#8
#12
#16
#20
#30
#40
#50
#70
#100

100.00
92.74
88.05
83.50
75.49
7 .66
65.78
61.00
57.80
52.78
49.10
43.33
36.78
28.58
22,03
17.32

Sieve No.

TABLE 14 SIEVE ANALYSIS Sample B8A-SS2 (6.5-8.0 ft)

% Less Than

1/2 n
3/8"
174"

#4

46
- ¥8
. #12
#16
#20
#30
#40
#50
#70
#100

100.00
100,00
100.00
100.00
100.00
100.00
100.00
100.00
99.98
99.95
99, 64
95.88
82.99
63.38 )

PACIFIC TESTING LABOHATORIES——)
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August 13, 1987
Certificate No. 8706-4010 (Supplemental data)

SUPPLEMENTAL DATA: SAMPLE B1-PS6

 CLIENT SAMPLE #

SIEVE #
1.9 in.
3/4 in,
8 in,

#
5
8
#o
#o
120
1S
#50
140
1200
2R

HYDROMETER

HYDROMETER

HYDROMETER

HYDROMETER

HYDROMETER

HYDROMETER

HYDROETER

HYDROMETER

HYDROMETER

B1-PS6

MESH (microns)

1.8 in

3/4 in,

3/8 in
479
4089
2360

CEFYTEE L

.09
4.3
24.57
14.86
8.73
6.23
3 i1
A M
1.2B

% OF SAMPLE

PASSING
100,00
100. 08
188. 98
190.08
100, 08
100, 88

99.78
99.78
99.78
99.63
9.8
86.17
73,35
32,89
67.63
0.17
37.08
29, 45
2.9
19.4
17.89
16. 36

9.82

PACIFIC TESTING maonaronnss—/
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TABLE 15 COMBINED ANALYSIS/EYDROMETER: ANALYSIS
sample B3-SST (13.5-15.0 ft)

CLIENT SAWPLE & B3-557 % OF SAMPLE
SIEVE # KESH (microns) PASSING

1.2 in, 1.8 in 100, 89
3/4 in. 3/4 in. 100. 00
3/8 in, 3/8 in 100, 00
# ATSR 160, 8
5 A 100, 89
® 2360 108, 80
e 2000 100,80
t10 2000 100, 89
20 833 99, 67
= 560 99,15
50 250 98,49
) 185 94,22
1200 75 88, 61
#2710 53 85.54
HYDROMETER 52.98 89, 24
HYDROMETER 38.17 76.37
HYDROMETER 24,72 49.32
HYDROMETER 13,99 33,53
_ HYDROWETER 8.38 24.75
HYDROMETER 6.0 23,59
HYDROKETER 4.9% 19,33
HYDROMETER 416 18.17
HYDROMETER 1.2 10, 44

PACIFIC TESTING LAeonATomEs—/
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SIEVE &
1.0 in,
3/% in,
3/8 in,

CLIENT SAMPLE #

Certificate No. 8706-4010

BBR-555

MESH (microns)

1.0 in
374 in.
3/8 in
TR

BAGRERESEE

356, 82
39.95
23.7%
12.74
.97
7
A.T2
413
1.5

TABLE 16 COMBINED ANALYSIS Sample B6A-SS5 (9.0-10.5 ft)

% OF SAMPLE
PASSING
lml"

9. 84
78. 18
66.61
63.35
96. 96
5. 87
54 &7
o1.28
48.49
45.46
‘alw
4.3
39.61
41.64
42.49
36.46
32, 44
26.23
23.24
21.85
19.21
10.24

PACIFIC TESTING LABORATORIES—j
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Certificate No. 8706-4010

TABLE 17 HYDROMETER ANALYSIS Sample BT-8S8 (14.5-16.0 ft)

CLIENT SAMPLE &

SIEVE #
.2 in.
3/4 in.
3/8 in,

#

5]

#8

sia

8o

835
8140

27
HYDRDMETER
HYDROMETER
HYDROMETER
HYDROMETER
HYDROMETER
HYDROMETER
HYDRONETER
HYDROMETER

" HYDROMETER

B7-558

MESH (microns)

1.8 in

3/4 in.

3/8 in
4750
4000
2368

EETETEE |

30. 41
35.83
20.71
11.13
6.7
4.87
4. 87
3.39
1.18

% OF SAMPLE
PASSING

190. 8
162, 02
180, 8
100, %
182, 80
100. 0
100. 0
180. 00
99.98
99.9
93.85
99.83
99. 8!
N[N
97.42
9. 39
%. 18
9%5. 15
89.16
82.35
77.58
13.27
39.22

PACIFIC TESTING LABORATORIES—J
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TABLE 18 COMBINED ANALYSIS Sample B9-SS&4 (top) (7.5-8.5)

CLIENT SAMPLE # BI-554 % OF SAMPLE

SIEVE # MESH (wicrons) PASSING
1.8 in. 1.8 in 100. 20
3/4 in. 3/4 in. BRU X
3/8 in. 3/8 in 100. 80
% 4750 100. 00
15 4000 180, 00
" 2360 100. 0
) 200 100, 80
1o 2000 100. 00
120 833 %.76
835 ) 500 78.73
80 250 50. 04
5148 106 34.19
1280 TS 33.22
©R 53 28.59
HYDROMETER £5. 00 31.47
HYDROMETER 45,40 . 28,55
HYDROWETER o anet 26,83
HYDROMETER 14,99 23,31
HYDROKETER B.64 17,48
HYDROMETER 6. 24 11,27
HYDROMETER 5.13 8.55
HYDROMETER - 4,47 6. 80
HYDROMETER 1.29 6.22

PACIFIC TESTING LABORATORIES—/
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TABLE 19 COMBINED ANALYSIS Sample B10-SSh (T7.5~9.0 ft)

CLIENT SAWPLE & B16-554 % OF SPLE

SIEVE & MESH (microns) PRSSING
1.8 in. 1.9 in 100,00
3/4 in 3/4 in. 109.8
3/8 in. 3/8 in  1ee.e
# 4750 100,00
5 4000 9.9
) 2369 5.9
$ie oo 99.99
$10 2000 99.99
229 a33 99.97
L X 509 9.85
$60 250 . 99. M4
$140 1086 9%.83
$200 75 83.33
#278 33 63.77
HYDROMETER 56. 74 £8.83
HYDROMETER AT 53.95
HYDROMETER 25.58 42,04
_ HYDROMETER 13.95 30.15
HYDROMETER 8.5 23.M
" " HYDROMETER 6.87 28.23
HYDROMETER 4.9 17.685
HYDROMETER 4.3b 14,88
HYDROWETER 1.28 .12

PACIFIC TESTING LABORATORIES—/
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PACIFIC TESTING LABORATORIES + + «

CHEMICAL ANALYSIS

SOIL MECHANICS LAB
CALIBRATION SERVICES
CONSTRUCTION SERVICES
ENVIRONMENTAL SERVICES
STRUCTURAL INSTRUMENTATION

August 4, 1987
Certificate No.

SVERDRUP CORPORATION
801 North Eleventh
St. Louis, Missouri

8706=4010

63101

—

EXECUTIVE OFFICES
3220 - 17th Avenue Wast
Seattle, Washington 88119-1790
Telephone: (208) 282-0666

SOIL TEST BORINGS
CONSULTING ENGINEERS
CONSULTING GEOLOGISTS
FORENSIC CONSULTATION
STRENGTH OF MATERIALS LAB
NON-DESTRUCTIVE EXAMINATION

RGN

\ | AUG 061987

oVERDRUP & PARCEL
"EOTECHNICAL ENG

Attention: Mr. John Reinfrurt

Subject:

Soils Characterization Report for

Shelby Tube Samples U.S. Postal Service
Seattle, Washington

Gentlemen:

As requested and agreed, Pacific Testing Laboratories has campleted
one or more of the following physical characterization tests on

client-supplied samples:

moisture content, Atterberg limits (single

point), sieve analysis, hydrometer analysis, cambined sieve/hydrome-

ter analysis,
classification.

The test methods

listed in Table 1.

bulk density, porosity, permeability and visual

used for each physical characterization test are

TABLE 1

TEST METHODS

TEST TYPE

TEST METHOD

Particle Size _

Moisture/Density
Atterberg Limits
Particle Density

Porosity

Permeability

AS™ D 422 (including hydrcmeter)
AS™M D 2216

AST™M D 425 and AST™M D 424

AS™ D 854

Direct calculation from bulk density
and particle density

ASTM D 2434

A Washington Corporation furnishing Engineering sarvices by and under the supervision of registered profassional engineers. c79
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Certificate No. 8706-4010
Page 2

Results of moisture content, -Atterberg limits, bulk density,
particle density, porosity and permeability are presented in Table 2
(see Appendix). Sample identifications match the identifications
found on the chain of custody documents provided by Sverdrup Cor-
poration.

Results of sieve, hydrometer and combined sieve/hydrometer analysis
are presented in the tables and graphs in the Appendix.

Reviewed by: James C. Freeling, P.E., President 7?7£2 Zf%7 Je
Sincerely yours,
Petbite . & Doctoon

Mi chael Dodson, Manager
Chemistry and Bioclogy

MD/ds

eIcC.

PACIFIC TESTING LABORATORIES'® report is for the exclusive use of the person requesting
it. No use of the repor! by others is permitted, nor may the report be reproduced
without the prior written autharization of PACIFIC TESTING LABORATORIES.

PACIFIC TESTING LABOHATORIES—/
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Agust 4, 19687

Certificate Mo, 8R64010

RESWTS (F AHYS ICAL CHRRACTERIZAT ION

TABLE 2

RRTCLE
DENSITY  RROSITY  FERMEABILITY
(g/qn3) _( FERCENT)

(ay/sac,)

VISLAL CLASSIF ICAT KON
{ICP TO BOTTON)

WATER BUK ENITY
SAAE ID QNTENT  LIQUID RASTC RLASTCITY 1B/FT3)

( DEPTH/FT, ) g (¢/g) LMIT  LMIT __INEX [RY WT, WET WT,
Bl -PS6 (1.5-3.5) 44,1 — - - 649 B.6
BA -ST7 (15047.0) 6,0 5.3 K8 245 @7 1’3
B3 -5T8 (15.047.0) 646 — - - 569 %9
B7 -PST (125-140) 4.8 — - - 2,2 7
B\ -PS4 (125445 S84 — - - 6.1  R9A)
BID -ST5 (1A0H20) 5.5 — - - 6.2 103

2,67

61,1

A9E-6

2589

1.6 E¥

4,4EF

0 -2.5ches=; 25 -155=M

0-24incdes=CSad H; 20 -225=CH

0 =3 inches = omor $; 30 -23,0=CH

0 -16,5 Inches = C¥(H; 16,5 - 19.0 = W/ ™H

0 =11,5 Inches = OH; 11,5 =1..5CH

0 =25 Inches = Mto L; 25 -245=CH

—fnal ys1s not requested

(A) Average bulk density of the entire smple

T
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August 4, 1987
Certificate No.

87064010

TABLE 3

B1-PS6 (11.5-13:5.FEET) SIEVE ANALYSIS

SIEVE

NO. PERCENT PASSING
1/4 inch 100.00
‘No. 4 99.96
No. 6 99,96
No. 8 99.94
No. 12 99.87
No. 16 99.83
No. 20 99.71
No. 30 99,62
No. 40 99.43
No. 50 93.29
No. 70 93.45
No. 100 82.38

PACIFIC TESTING LABORATOHIES‘/
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certificate No. 8706-4010

B2A-ST7 (15.0-17.0 FEET) HYDROMETER ANALYSIS

CLIENT SAMPLE #
SIEVE &
1.0 in.
3/4 in,
3/8 in.
5]
48
#10
$10
20
#35
]
$140
#1200
#2708
HYDROMETER
HYDROMETER
HYDROMETER
HYDROMETER
HYDROMETER
HYDROMETER
HYDROMETER
HYDROMETER
HYDROMETER

TAI-BLE L

BOA-STT
MESH (microns)
1.8 in
374 in.
3/8 in
ATR

N PEEEEEE

.13
N1
22.65
12,55
T.48
2.4

4.8

3.9%
1.24

% OF SAMPLE
PASSING
100. 80
100, 92
100.20
100.%@
i88. %
160. ®
100,00
100. %0
100, 0@
8.8
9N.72
K.
9.17
9.02
97.65
9. 64
95.89
92. b4
83.38
73.86
68.35
£3.89
33.80

PACIFIC TESTING LABdRATOHIES——/
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certificate No. 8T706-4010

SIEVE &
1.8 in.
3/4 in
3/8 in.

#&
15
1]
- #0
- #10
<)
#35
$60
#1408
1280
270

HYDROMETER

HYDROMETER

HYDROMETER

HYDROMETER

HYDROMETER

HYDROMETER

HYDROMETER

HYDROMETER

HYDROMETER

B7-PST (12.4-

CLIENT SAMPLE

TABLE-

14.0 FEET) COMBINED ANALYSIS

B7-PS7
MESH (microns)
1.8 in

3/4 in, 100, 08
3/8 in 98. 37
4750 81.93
4002 74.97
2350 69.9%
66. 94
£6. 94
60. 34
9, 82
43.76
39.16
38.25
36. 70
38.25

% OF SAMPLE
PRSSING
189,

BAFBEEEE

61.37
43.88 36. 84
231 13.10
14.27 30. 16
8.46 24. 27
6. 87 20,15
2.0 17.65
4,33 16.03
1.31 .5

PACIFIC TESTING LABOHATORIES—)




August 4, 1987
certificate No. 8706-4010 .

TABIE 6
B8-PSk (21.5-14.0 FEET) COMBINED ANALYSIS

CLIENT SAMPLE & BAA-PS4 % OF SAMPLE
SIEVE & KESH (microns) . PASSING

1.8 in. 1.8 in 100. 92
3/% in 3/% in, 100, 80
3/8 in. 3/8 in 99, 52
# 4750 99, 49
5 4000 99.47
28 2360 9. 35
810 2000 99,16
10 2000 9. 16
A %) 833 99, 16
) $35 500 %, 84
#60 50 98, 84
#1480 15 97.99
3200 75 97.48
#2270 53 95.53
HYDROMETER . 55,13 94,90
HYDROMETER 39.52 91.25
HYDROMETER 23,86 B8. 33
HYDROMETER 12.85 83.46

HYDROMETER 7.50 .87
HYDROMETER 5.45 72.27
HYDROMETER 4. 45 68.13
HYDROMETER 3.9 B4, 48
HYDROMETER 1.23 35.53

k PACIFIC TESTING LABORATOHIES—/




f@@& .
August 4, 1987 \
certificate No. B706-4010

TABLE T.
B10-ST5 (10.0-12.0 FEET) HYDROMETER ANALYSIS

CLIENT SAMPLE 3 Bi@-5T5 % OF SARPLE

SIEVE & MESH (microns) PASSING
1.8 in. 1.0 in 100. 0
3/4 in. 3/4 in. ‘ 10¢. 09
3/8 im 3/8 in 100,80
$ 4750 100. 8@
H AooR 100. %@
0 2369 100, 82
#e 2o 10d.00
L) 208 102,
$20 833 9.9
$35 o0 9.8
169 20 99.65
1140 185 9. 42
2% I5] 99.35
1270 23 %1
HYDROMETER 53.58 9. 82
HYDROMETER 38.90 96.13
HYDROMETER 2.3 91.98
HYDROMETER 12.74 B1.37
HYDROMETER .79 69. 24
HYDROMETER 3.66 53,82
HYDROMETER 472 47.26
HYDROMETER 4.14 43.89
HYDROMETER 1.27 21.9%

PACIFIC TESTING meoaxronr:—:s—)
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1 | hyefnomeden ANAWSIS Transmittal No.
PACIFIC TESTING LABORATORIES Date of Test
I Specification
i SIEVE ANALYSIS HYDROMETER ANALYSIS
SIZE OF OPENING |N INCHES | NUMBER OF MESH PER INGH, U.S, STANDARD GRAINSIZE LN MM
. o oY ¢ M w a9 on [
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GRAIN SIZE IN MILLIMETERS — CORPS OF ENGINEERS UNIFORM SOIL CLASSIFICATION T :
‘ Coarse E Fine Coarse | -~ Medium 1 Fine .
COBBLES GRAVEL SAND FINES
SAMPLE NO. DEPTH |ELEVATION MATERIAL DESCRIPTION LL Pl PROJECT
Bap-5T3 [Sp o 170 Feed
Piotted:
Checked: |(Dats ot Report)

R Y ~nme . -
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birecl Aral|515 Transmittal No.
forabin PACIFIC TESTING LABORATORIES Date of Test
' Specification
SIEVE ANALYSIS HYDROMETER ANALYSIS
SIZEQF OPENING ININCHES | NUMOER OF MESH PER INCH, U.5. STANDARD QRAINSIZEINMM.
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GRAIN SIZE IN MILLIMETERS — CORPS OF ENGINEERS UNIFORM SOIL CLASSIFICATION ° . ¢ B

Coarss 1 Fine Coarse | Madium | Fins

COBBLES SRAVEL SAND FINES
SAMPLE NO. | DEPTH |ELEVATION MATERIAL DESCRIPTION LL Pl PROJECT

g7 -5 12.5 - 140 Feest

Plotted: ‘
Checked: |iDate of Repor)

No 128

9-2-73% RAav. ]




Co_ S ‘ .- - S o ¢ | 8 =9

Fiquig 3 SAmple REA- ps4 Transmittal No.
Ccrbined Aralysis : PACIFIC TESTING LABORATORIES Date of Test
’ v Spacification
SIEVE ANALYSIS HYDROMETER ANALYSIS
—SIZE OF OPENINGININGHES |  NUMBER OF MEsH PER INCH. U.S, STANDARD GRAINSIZEINMM. ___ —
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Coarse | Fine Coarse | Madium | Fins
COBBLES GRAVEL SAND FINES

SAMPLE NO. DEPTH ELEVATION MATERIAL DESCRIPTION ’ LL Pt PROJECT

3ga -pPsy 2.5 to 4. S FEET
Plotted:
Checked: - | liDate of Report)
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SAMPLE NO. DEPTH |ELEVATION MATERIAL DESCRIPTION LL Pl PROJECT
Bio-s15 10,0 to 12.0 Feet
Plotted:
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Laucks,

' 940 South Harney St.. Seattle Washington 98108 (206)767-5060

Certificate

Chemistry. Microbiology. and Technical Services

CLIENT: Sverdrup & Associates
. 801 N. 1llth
. E St. Louis, MO 63101
e ATTN: Steve Hornung

REPORT ON: SOIL

1

SAMPLE
IDENTIFICATION: Submitted 6/18-24/87 and identified as shown below:
1) 5- SS-001- 6 MW 5
2)  5- §5-002-15 MW 5
3) 2A-55-003- 5 MW 2A
; 4)  2A-S5-004-13 MW 2A
| 5) 2A-SS-005-14 MW 2A
6) 3- SS-006- 7 M4 3
- 7) 3- SS-007-13 MW 3
[ 8)  4B-SS-009- 3 MW 4B
9) 1- SS-010- 5 MW 1
10) 1- 55-011-14 MW 1
11}  6A-55-012-14 MW 6A

P 12) CT-013 Contaminated Pile
13) CT-014 Contaminated Pile
14) CT-015 Contaminated Pile

15) 7- S5-016- 6 MW 7
16) 7- S5-017-14 MW 7
17) 10- $5-018- 5 MW10
18) 10— SS5-019-15 MW10
19)  8-755-020- 5 MW 8

20) 8A-SS-021- 6

. 21)  8A-$5-022-16
- 22)  9- $5-023- 5
] 23)  9- §5-024-12

TEET
W WO 0

DWG/DFB
DWG/DFB
DWG/DFB
DWG/DFB
DWG/DFB
DWG/DFB
OWG/DFB
OWG/DFB
DWG/DFB
OWG/DFB
DWG/DFB
OKG

DWG

DWG

DWG/DFB
DWG/DFB
DWG/DFB
DWG/DFB
DWG/DFB
DWG/DFB
DWG/DFB
DWG/DFB
DWG/DFB

6/17/87

6/17/87
6/18/87
6/18/87
6/18/87
6/18/87
6/18/87
6/18/87
6/19/87
6/19/87
6/19/87
6/20/87
6/20/87
6/20/87
6/22/87
6/22/87
6/22/87
6/22/87
6/23/87
6/23/87
6/23/87
6/24/87
6/24/87

' NOTE: Sample # 5 was held without analysis at your request.

T

{

.

LABORATORY NO. 4547
DATE: July 24, 1987
PROJECT NO. 9539

1600

0915
0950
1000
1340
1410
1700
0925
1015.

0915
1040
1410
1445
0910
1255
1400
0840
0s00

'\‘ This repert is submitted for the excluswe use of the parson, partnership, or corporalion lo whom il 1s addressed. Subsequent use of the name of s company or any
[ 5 mamber ol its staf! in connection with the adverusing or sate of any product or process will be granted only on contract. This company accepts no responsibility except
0N 4/ tor the due performance of inspection and/or analysis in good faith and according to the rules of the trade and of science.



Laucks

Testing Laboratories, Inc. Certificate
940 South Harney St. Seattle. Washington 98108 (206)767-5060
Chemistry. Microbiology. and Technical Services

PAGE  NO. 2

, Sverdrup & Associates

4+ . TESTS PERFCRMED
AND RESULTS:

LABORATORY NO. 4547

RN
&
‘\\ 4!:

Simsb o

- %
| 1 2 3 4 6 7 8 9
'+ Total Solids: 73.9 60.7 77.6 75.2 74.5 69.4 85.0 82.3
b
: 10 11 12 13 14 _15 16 17
- Total Solids: 62.0 67.1 77.0 78.4 77.0 -77.7 60.9 74.3
’ 18 19 20 21 22 23
Total Solids: 64.7 - 82.7 76.0 67.0 68.5 63.0
B
: parts per million (mg/kg), dry basis
| 1 2 3 4 6 7 8 9
- Petroleum Hydrocarbon
- 0il1 & Grease: 120. < 20. 5,000. 170. 130. < 20. < 20. < 20.
P '
10 11 12 13 14 15 16 17
: Petroleum Hydrocarbon
P 0il1 & Grease: < 20 31. 140, 110. 71. 150, < 20. < 20.
Method
18 19 20 21 22 23 Blank
Petroleum Hydrocarbon
“0il1 & Grease: < 20, 310, < 20. < 20. 8. < 20. < 20.

This report 1s submitied for the exclusie use of the person, partnership. of corporation to whom it 1s addressed. Subsequent use of the name of this company or any
member of is stat! in connection with the advertising or sale ol any product or process will be granted only on contract. This company accepts no respansibility except
for the due periormance of inspection and/or analysis in good faith and according to the rules of the trade and ol scence, .



‘Laucks

~ Testing Laboratories, Inc. | Certificate
L ’ 940 South Harney St.. Seattle.Washington 98108 (206)767-5060 -
Chemistry. Microbiology. and Technical Services

B

"{. Sverdrup & Associates LABORATORY NO. 4547

PAGE NO. 3

[N —

TESTS PERFORMED
AND RESULTS (CONTINUED):

ST ’”_‘“\’

%, dry basis

o Method

j _ 12 13 14 Blank
" Total Organic Carbon: 0.3 0.6 0.9 <0.1

o .

} .

-

e Samples were analyzed for Halogenated Hydrocarbons in accordance with
+ + Washington State Department of Ecology WAC 173-303 with results as follows:

{‘; parts per million (mg/kg), as received basis
12 13 14
» i Halogenated Hydrocarbons#: < 10. < 10. < 10.
}_; # reported as the sum of the halogens bromide, chloride, fluoride and iodide.
Lo A value of less than 100 mg/kg is classified as undesignated waste.

. This report 1s submitted lor the exclusive use of the person, parinarship, or corporation to whom it 1s addressed. Subsequent use of tha name of this company of any
;. member of its stalf in connaction with the advertising or sale of any product or process will ba granted only on contract. This company accepls no responsibility except
for the due performance of inspection andor analysis in good faith and acconding lo the rutes of the trade and ol scienca.




Laucks

 Testing Laboratories, Inc. Certificate

940 South Harney St. Seattle. Washington 98108 (206)767-5060

Chemnistry. Microbiology, and Technical Services

PAGE NO. 4
Sverdrup & Associates LABORATORY NO. 4547

TESTS PERFORMED
AND RESULTS (CONTINUED):

12 13 14

Ignitability * * *

. * indicates "does not flash at, or less than, 200°F when tested in a Setaflash tester
b (and does not burn when exposed to open flame)". A

© " INORGANICS - E. P. TOXICITY

Samples were analyzed for EP Toxicity in accordance with Test Methods for Evaluating
- Solid Waste (SW 846), U.S.E.P.A., July, 1982. Extraction was performed using Method
! 1310. Mercury was determined using a 7000 series method; other metals performed by
ICAP, Method 6010.

parts per million (mg/L)

P ' Method
12 13 14 Blank
© Arsenic < 0.2 < 0.2 < 0.2 < 0.2
‘ Barium N ” 0.8 1.1 1.0 < 0.1
_ Cadmium 0.03 0.40 0.12 < 0.01
Chromium < 0.1 0.1 < 0.1 < 0.1
Lead . 0.4 5.7 1.8 < Q.1
Mercury < 0,005 < 0.005 < 0.005 < 0.005
- Selenium < 0.2 < 0.2 < 0.2 < (.2
i Silver < 0.1 <0.1 < 0.1 < 0.1

\ This report I1s submitted lor the exclusive use ol Ihe person, partnership. of corporalion 10 whom it 15 addressed. Subsequent use of the name of this company or any
ik member ol its stalf in connection with the advertising or sale of any product or process will be granted only on contract. This company accepls no responsibility except
for the due performance of inspection and/or analysis in goed laith and according to the rules of tha trade and ol sdence.

T



Laucks
~ Testing Laboratories, Inc.

Yo

940 South Harney St. Seattle.Washington 98108 (206)767-5060

Certificate

Chemistry Microbiology, and Technical Services

Sverdrup & Associates

TESTS PERFORMED

AND RESULTS (CONTINUED):

PAGE NO. 5

LABORATORY NO. 4547

parts per billion (ugq/kq), dry basis
Method
1 2 3 4 6 Blank 1
Benzene 17. < 16. 130. 230. < 13. < 10.
Toluene < 14. < 16. < 13, < 13. < 13. . < 10.
Xylene < 14. < 16, 20. <13, < 13. < 10.
Method
7 8 9 10 11 Blank 2
Benzene < 14. 81. < 12. < 16. < 15. < 10.
Toluene < 14, < 12. < 12, < 16. < 15, < 10,
Xylene < 14. h2. < 12. < 16. < 15 < 1.
Method Method
12 13 14 15 16 17 18 Blank 3 Blank 4
Benzene 3,700. 5,400, 5,500. <14, < 16. <13, <15, < 10. < 10.
Toluene 21,000. 30,000. 30,000. < 14. < 16. < 13. < 15. < 10. < 10,
Xylene 56,000. 90,000. 78,000. < 14. < 16. < 13. < 15. < 10. < 10.
Method Method
19 20 21 22 23 Btank 5 Blank 6
Benzene < 12, < 13. < 16, < 15. <17, < 10. < 10,
Toluene < 12. < 13. < 16. < 15, < 17. < 10. < 10.
Xylene < 12. < 13. < 16. < 15, < 17. < 10. < 10.
FR ‘ This report 1s submitled for the exclusve use ol the person, partnership, or corporation lo whom 1 is addressed. Subsequent use of the name of Lhis company or any

1

I‘- ! member ol ts statf in connection with the advertising or sale of any product or process will be granted only on contract. This company accepts no respansibility except
/" for \he due performance of inspection and/or analysis in good laith and according to the rules of 1he trade and of scence.



‘Laucks

_ Testing Laboratories, Inc. Certificate

b '940 South Harney St. Seattle. Washington 98108 (206)767-5060
Chemistry Microbiclogy, and Technical Services

[
- _ ' . PAGE NO. 6
Sverdrup & Associates LABORATORY NO. 4547
" Methods of Analysis
s Laucks Testing Laboratories, Inc. employs methods of analysis from several
‘ sources. Each method number shown is preceded by a two letter code,
- indicating the volume from which the method was drawn. These volumes are
defined below.
Preparation Analysis
Total Solids NA SM 209F
i Petroleum Hydrocarbon 0i1 & Grease SW 3550 EP 418.1
, ' Total Organic Carbon - NA PS, Pg. 23
- Halogenated Hydrocarbons NA WA 173-303
. EP Toxicity SW 1310 SW 6010/7470 (mercury)
‘ Benzene, Toluene, Xylene NA SW 8020 :
SW = Test Methods for Evaluating Solid Waste (SW 846), U.S.E.P.A., 3rd edition,
o November, 1986.
o :
SM = Standard Methods for the Examination of Water and Wastewater,, APHA, AWWA
o and WPCF, 16th edition, 1985. . '
' PS = Recommended Protocols for Measuring Selected Environmental Variables
- in Puget Sound, Puget Sound Estuary Program (Tetra Tech, Inc.), March,
, 1986. ‘
WA = Chemical Testing Methods for Complying with the Dangerous Waste Requlations,
o Chapter 173-303 WAC, State of Washington Department of Ecology,
b July, 1983,
—  EP = Chemical Analysis of Water and Wastes, U.S.E.P.A., March, 1983.
 Key

= < = less than
Respectfully submitted,
Laucks Testing Laboratories, Inc.

,
/ £ . :
/ W LQ.«»—W\ :

— - . -

' 1

'

P . M. Owens

This report 1$ submitted for |he exclusive use ol the person. partnership, of corporation 10 whom 1 1S addressed. Subsequent use of the name ol this company or any

} . member of its staft in connection with the advertising or sale ol any product of process will be granted only on contract. This company accepts no responsibility except
/' for Lhe due performance of inspection andlor analysis in good faith and according to the rules of the trade and of science.




Laucks

_ Testing Laboratories, Inc. | Certificate

940 South Harney St. Seattle.Washington 98108 (206)767-5060

Chemistry Microbiology: and Technical Services

CLIENT: Sverdrup & Associates
801 N. 1l1th
St. Louis, MO 63101
ATTN: Steve Hornung

REPORT ON: WATER
SAMPLE

LABORATORY NO. 4656
DATE: July 24, 1987
PROJECT NO. 9539

IDENTIFICATION: Submitted 6/26/87 and identified as shown below:

1) MW1-001 DWG/DFB
~2) MW5-002 DWG/DFB
3) MW2-003 DWG/DFB
4) MW7-004 DWG/DFB
5) MW3-005 ODWG/DFB
6) MW6-006 DWG/DFB
7) MW9-007 DWG/DFB
8) MW8-008 DWG/DFB
9) B1 -009 DWG/DFB

TESTS PERFORMED
AND RESULTS:

6/25 1610
6/25 1700 .
6/25 1800
6/25 1850
6/26 0830
6/26 0850
6/26 0930
6/26 1000
6/26 1050

parts per million (mg/L)

1
- Petroleum Hydrocarbon
011 & Grease: <1,
Total Organic Carbon: 58.
1
Benzene: <1
Toluene: < 1.
Xylene: <1

2 3 4 5
3. 6- 1. 9.
63. 68. 47. 56.
parts per billion (ug/L) .

2 3 4 5
190. 4,200. <1, <1,
38. < 100. < 1. <1,
170. < 100. <1 < 1.

N\, This report 1s submitted for the exclusive use of the persan, parinership, of corporation to whom it is addressed. Subsequent usa ol the name of this company or any
i} member of ils statf 1n connection with the advertising or sale of any product ar process will ba granted only on contract. This company accepls no responsibility except
4 lor the due performance of inspection and/or analysis in good faith and according 1o the rules of the trade and of sdence.



‘Laucks .
~ Testing Laboratories, Inc. - | Certificate

940 South Harney St. Seattle. Washington 98i08 (206)767-5060

Chemistry Microbiology: and Technical Services

PAGE NO. 2
;_ Sverdrup & Associates | LABORATORY NO. 4656
[
—~
\ TESTS PERFORMED
o AND RESULTS (CONTINUED):
(
B parts per million (mg/L)
‘ ) Method
Lo ) 6 7 8 9 Blank
. Petroleum Hydrocarbon
0i1 & Grease: 5. 2. 2. 4,200. i
Total Organic Carbon: 40. 51. 20. 230. < 0.1
P parts per billion (ug/L)
EF", ) 6 7 8 9
3 .
- Benzene: 7. < 1. <1, 42,000,
. Toluene: < 1. < 1. < 1. 83,000.
. Xylene: < 1. < 1. < 1. 140,000.
—
! |
—_ parts per billion (ug/L)
L - - Method  Method  Method Field
- Blankl Blank?2 Blank3 Blank
' Benzene: < 1. < 1. < 1. < 1.
B Toluene: < 1. < 1. <1, <1,
Xylene: < 1. < 1. < 1. < 1.
|
3 \ Thus raport 1s submitted for the exclusive use of lhe person, partnership, or corporation to whom it 1s addressed Subsequent use of Lhe name of this company oOr any

' member of its statf in connection with the advertising or sale of any preduct or process will be granted only on contract. This company accepts no rasponsibility except
P for the due performance ol inspection and/or analysis in good faith and according to Ihe rules of the trade and of saence.




Laucks .
Testing Laboratories, Inc. o Certificate

940 South Harney St. Seattle. Washington 98108  (206)767-5060

Chemistry Microbiology, and Technical Services

PAGE NO. 3
Sverdrup & Associates LABORATORY NO. 4656

Note: While every effort is made to achieve uniformity of detection limits for
a sample set, or to meet the level of sensitivity you have requested, variations
in sample types, sample size and interferences will occasionally result in
varying ability to quantitate to a particular level.

Methods of Analysis: Samples were analyzed for Petroleum Hydrocarbon 0il and Grease
and Total Organic Carbon using Methods 418.1 and 415.2, respectively, Chemical Analysis
of Water and Waste, U.S.E.P.A., March, 1983. Benzene, toluene, and xylene were deter-
mined by Method 602, Methods for Organic Chemical Analysis of Municipal and Industrial
Wastewater, U.S.E.P.A., July, 1982.

< = less than

Respectfully submitted,

taucks Testing Laboratories, Inc.

/mazma

J. M. Owens
JMO:rab

W\ This report is submitted for the exclusve use of Ihe person. partnerstup. of COrparalion to whom i 1S addressad. Subsequent use of the name of this company or any
' mamber of s stal in connection with the adverusing or sale ol any product of process will be granted only on contact This company accepts no responsibility except
* {or tha due perlormance of inspection and/or analysis in good taith and according to the rules of the trade and of saence.




Laucks
- Testing Laboratories, Inc. | Certificate

7 940 South Hamney St. Seattle. Washington 98108 (206)767-5060.

‘- Chemistry.Microbiclogy. and Technical Services
f Z CLIENT: Sverdrup and Associates ‘ LABORATORY NO. 5524
- 1200 - 112th N.E.

P.0. Box 369 _ DATE: Sept. 9, 1987

X Bellevue, WA 98009
- ATTN: Steve Harnung

- REPORT ON: WATER/SOIL

SAMPLE ’ , '
- IDENTIFICATION: Submitted 08/20/87 and identified as shown below:

v 1) RW-1 USPS Crowley 08/20/87 12:50
2) B-84-1 USPS Crowley 08/20/87 12:40

L Sample number 3 was submitted between 6-18 and 6-24-87
and previously identified under our laboratory number
4547 and further identified as shown below. At your

‘ request of Aug. 20, 1987, sample number 3 was further
e analyzed with results as shown below:

3) 2A-S5-003-5 (Former Laboratory No. 4547-3)

TESTS PERFORMED
7 . AND RESULTS:

Samples were analyzed by gas chromatography (GC) with flame ionization
detector (FID) for the presence of hydrocarbons, and calculated on the
response of diesel and gasoline. Copies of chromatographs are attached.

parts per billion (ug/lL)

o Method
“ -1 2 Blanki
- GC/FID Screen, :

b calc. as diesel 14,000. 1,500,000. L/2,000.
GC/FID Screen, -
. ' . calc. as gasoline 9,000. 1,400,000. L/2,000.

This report is submitted for the excluaive use of the parson, partrership, or corporafion to whom it is addrassad. Subsaquant use of the name of this company or any
member of its staff in connaction with the advertising or sala of any product or process will be granted only on contract. This company accepts no rasponsibility except

_ TR X%
: ' Sl f tor the dus performance of inspection and/or analysis in good faith and acconding to the ruies of the trade and at science.
i t b '




" Laucks

- Testing Laboratories, Inc. Certificate

;-
\

)
'

940 South Hamey St. Seattle. Washington 98108 (206)767-5060

Chemistry Microbiology, and Technical Services

PAGE NO. 2
Sverdrup and Associates LABORATORY NO. 5524

parts per billion (ug/kaq)

Method
3 Blank2
GC/FID Screen,
calc. as diesel 1,300,000. L/24,000.
GC/FID Screen,
calc. as gasoline L/24,000. L/24,000.

Comment:
The chromatographic patterns indicate the following:

Sample Number 1: The presence of both gasoline and diesel.

Sample Number 2: The presence of both gascline and diesel.

Sample Number 3: The chromatographic pattern does not resemble that of
gasoline or diesel.

Key

L/ indicates "less than"

Respectfully submitted,
Laucks Testing Laboratories, Inc.

[ 7. (Qwans)

‘ . M. Owens
JMO:Taj

\ %, This report is submitted far tha exclusive use of the person, partnership, or corporation to whom it is addrassad. Subsequent use of the name of this company or any
kK member of ita stall in connection with the adventising or sale of any product or process will be granted only on contract. This company accepts no respansibility except
4 ftor the dus performancs af inspection and/or analysis in good faith and accarding to the rules of tha trade and of science.



408 Ne. 5328 DATE: §5/03/87

Sampia Yo. 3682765C.3540 Matrix: SCIL  Analysis: GC-ABN

" Sur~ogata Percent Contro:
Comgeund Recovary  Comment Linits
Jocecans 0 b 48 - 06
Sanata Vo. 3 Matrix: 301U Analysis: GO-A3N
Surrogate Percent Contro’

~ Comoound Racovery  fLomment Limits
Dodacane e 43 - 103

D: Persistently poor surrogate and spike recoveries signal a laboratory problem and the need
- for re-extraction and re-analysis. However, occasional outliers are regarded as anmolies
and, in this case, re-analysis was not deemed necessary because other indicators were
in control. Sample #3 surrogate was within the control limits.



J03 No. 5524 DATE: 0§/02/87

SenpTe No. 08076SC.WMQ  Matrix: WATER Anmalysis: GO-AZN

Surrogate Percent Contra?
ampound Reccvery  Cemment Limits
. Dodecane Bs 39 - 22
Sampte No. ! Matrix: WATER Analysis: GO-ASN
Surrogate Percent Control
Comacund " Recovery  Comment Limits
Dodecane 138 ¢ 39 -1
Sampte No. 2 Matrix: WATER Analysis: GC-ABN
Surrogate Percent Contro?
Comnoung Recovery Comment Limits
Dodscane y 4 c 39 - 132

'C: Matrix interference.
your list of analytes and therefore were not determined) will occasionally interfere
with our ability to detect your target compounds at a more sensitive. level, or will
mask or enhance the measurement of spiking compound concentrations.

Presence of unknown constituents in the sample (which were not on
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SAMPLE: BA1-15-5 INJECTED AT 13:53315 ON SEP 1, 1987
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Range Normalized
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SAMPLE: GAS STD .1% INJECTED AT 21:47:28 ON SEP 1, 1987
Math: MISCRHN Raw: RIQ911 Proc: PIO911 .
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SANPLE: DSL STD .1% INJECTED RT 23:146:27 ON SEF 1, 1987
Meth: MISCRN Raw: RIO913 Proc: PIO913 ;
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Range Mormalized
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SAMPLE: S BbBe4-1

Meth: MISCRN

#/

FUEL SCAN

00

INJECTED AT 2:44:20 ON SEP 2, 1987

Raw: RI0916

/OO/W-&///.O M

Proc: PIO916



AMPLITUDEA1GGO
Rznge Mormalized

964.5

#DODECANE

il 1

2 N b ‘ . 2 " 1 . 1 . I
4.00 .60 13.00 17.50 22.00 26.560 51.00 35.50 40.00

RT in minutes FUEL SCAN
SAMPLE: & 5524-2.1 INJECTED RT 4:43:102 OMN SEP 2, 198?

Math: MISCRN Raw: RID218 Proc: PIO918

#*2 g0 mdo ), (Youd)
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Rarge Normazlized
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SAMPLE :

1 x 1 1 1 2 i b, 1 2 1 3 —l 1
8.50 13.00 17.50 22.00 26.59 21.00 35.50 40.00
RT in minutes

5 B524-3

Math: MISCRN

FUEL SCAN

INJECTED AT 7:41:17 ON SEP &,

Raw: RIQO921

3.2 (oﬁé%l .

Proc:

PIO921

1987
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SAMPLE: BOBETGSC.8MG INJECTED AT 0:45:50 ON SEP 2, 1987
Heth: MISCRHN Raw: RI0914 Proc: PIQ914
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APPENDIX IV
SEATTLE FIRE DEPARTMENT PERMIT



Station:

grenit .
_xpirea: ’/6118-88/JTempor‘ar'y SEATTLE FIRE DEPARTMENT Occupancy File No.:
' A 301 SECOND AVENUE SOUTH Permit No.: 51354
SEATTLE, WASHINGTON 98104 Recelpt No.: 125145
Operation Address:
AFFIX Crowley Environmental Services .
PERMIT STICKER 3400 E. Marginal Way South- 2445 3rd Avenue
HERE Seattle, WA 098134 : Phone Number: 682-4898
[ -
TLE: FUEL RECOVERY PROGRAM CODE: T999

T TYPE OF MATERTAL | U.N. NUMBERS — AMOUNT LOCATION

EEENAEN
| U0z |

— L

SVERDRUP & PARCELY,
GEOTECHNICAL ENG

Permission is hereby granted under the provisions of the Fire Code {Ord. 111001) to

Conduct a fuel recovery program under the attached conditions. Contact
the Fire Marshal's Office when the recovery is completed.

THIS PERMIT MUST BE POSTED IN A CONSI';"ICUOUS PLACE ON THE PREMISES

NOT TRANSFERABLE
ssued by: Lt. Fenstermaker:bm .
e STy
FIRE DEPARTMENT INSPECTOR MUST CERTIFY WITH EMPLOYEE NUMBER
I REC. NO. REC. NO. REC. NO. __ REC. NO.
1985 1986 1987 1988
\ INSP.NO. INSP.NO. ____ INSP.NO., INSP. NO.



,
— N

PERMIT CONDITIONS FOR U.S. POST OFFICE
PRODUCT RECOVERY

' General Conditions:

10.

Flammable vapors must be kept below 10% LEL at the surface of
the trench during construction.

The entire area shall be monitored for accumulation of flammable
vapors. Particular attention shall be given to the area around
the trenching machine, the area around then engine exhaust
discharge, the spoils area and the trench.

Operations plan submitted on June 15, 1987 by Pat Sanborn is
considered to be part of the permit and violations of this plan
constitutes a violation of the permit.

Constant flammable range readings will be taken, during the
recovery operation and construction of all trenches. This
monitoring will be continued until all wells are capped and
trenches are filled. After which monitoring will be on a
periodic basis until the recovery program is completed. Anytime
there is a lower flammable limit of 10% or greater, all
operations shall be discontinued (as outlined in your
specifications).

Provide fire fighting foam (50 gallons) and equipment to
dispense it if required. Lines will be laid and charged with
water.

Telephone access to be provided at all times.

Provide intake and exhaust flex hose for the trenching-machine
long enough to reach fresh air. This must be new metal hose to
discharge not less than 3 feet above ground level.

Provide two (2) ejectoré to push clean air onto the trenching
machine engine. These ejectors shall draw supply air from
outside the area of vapors.

Provide enough exhaust ejectors to ventilate the trench so that
vapors are kept below 10% of the lower explosive limit.

No smoking shall be permitted.



PERMIT CONDITIONS FOR U.S. POST OFFICE
PRODUCT RECOVERY ’

Page

11-

12,

13.

14.

15,

FUEL

Two

The work area shall be used only by authorized personnel and
maintained for 50 feet from the trenching operation.

Two 2A-20BC fire extinguishers shall be placed within 30 feet of
the trenching operation.

During the trenching operation keep the two man doors closed on
the South side of the equipment repair garage.

The Northeast corner of the loading dock will be secured by
flagging tape and restricted during the trenching operation.

Overtime charges for the Seattle Fire Department inspections on
June 21, 1987 will be billed to Crowley Environmental Services.

RECOVERY PLANT

Store a 250 gallon above ground tank marked with the word
“Gasoline" in 4 inch letters on 2 sides.

Tank to be placed in a containment berm.

The tank is to be protected by jersey barriers and placed
inside a fenced enclosure which includes the recovery plant

only.
A 2A-20BC fire extinguisher should be placed within 30 ft.

Post a "No Smoking" sign with 4" letters on all sides of the
fence,



PERMIT CONDITIONS FOR U.S. POST OFFICE
PRODUCT RECOVERY ’
Page Three

SPOILS STORAGE:

Provide a fence 25 feet from the spoils storage.

Post "No Smoking" signs on all 4 sides of the area in 4 inch
letters.

A 2A - 20BC fire extinguisher should be placed within 30 feet.

Have materials on hand to block the storm drain in the spoils
area if needed. .

The vapor release from spoils piles shall not exceed 10% LEL at
any time. If they go above 10%, fire fighting foam will be laid
down on the piles immediately. Any spoils with high
contamination levels shall be handled in accordance with
Washington State Department of Ecology (D.0.E.) hazardous waste
regulations, furthermore any spoils used for landfill shall meet
all D.0.E. requirements.





