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PREFACE

This report has been prepared by CH2M HILL under a contract
with Daishowa America Company, Ltd.
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CONCLUSIONS AND EXECUTIVE SUMMARY

A focused environmental site investigation was conducted at
the former Merrill & Ring wood treating facility located in
Port Angeles, Washington. The site investigation was under-
taken in the late summer and autumn of 1988 and was focused
on a 2-acre area of the former Merrill & Ring Lumber Com-
pany. The main objective of the study was to evaluate the
magnitude and extent of the wood preservatives pentachloro-
phenol (PCP) and tetrachlorophenol (TCP) potentially re-
leased to soil, groundwater, and marine sediments by Merrill
and Ring. The practice of applying PCP and TCP to wood was
discontinued in the focused site investigation area over

15 years ago. The study was performed by CH2M HILL under
contract to Daishowa America Company, Ltd., which recently
purchased the site.

Project conclusions and results are summarized below.

CONCLUSIONS

PCP and TCP were detected in soil, groundwater, and marine
sediments as follows:

o) PCP and/or TCP were detected in soil samples col-

lected from 6 of 12 locations at depths of 5 to

g 30 feet below the ground surface. Excluding re-
sults that are gquantitatively suspect, concentra-
tions ranged from 1.7 mg/kg (ppm, on an as received
basis) to 24 mg/kg. With the exception of the
highest value (24 mg/kg), the remaining values are
within three to five times the method detection
limit (1.0 mg/kg, on an as received basis.

o} PCP and/or TCP were detected in groundwater sam-~
ples collected from 9 of 19 monitoring wells (nine
existing Hart Crowser wells included). However,
only three wells (MW-6A, MW-6C, and MW-16A--see
Figure S-1 for well locations) indicated the pres-
ence of these compounds consistently over time.
Concentrations of PCP and TCP in these three wells
ranged from 0.04 to 14.3 mg/l (ppm). Groundwater
from each of these wells was sampled three times.
The two followup sampling events show consistently
lower values, with a high value of 2.1 mg/l at
MW-6A. These subsequent values are believed to be
more representative of the actual conditions be-
cause of difficulties in developing or redevelop-
ing the wells.

o PCP was detected in marine sediments at two of
five locations. Concentrations were 4.7 and



6.4 mg/kg on a dry weight basis. However, both of:
these values were qualified by the analytical ..
laboratory as being quantitatively suspect. These:
values are relatively low, being within three to
five times the method detection limit.

Based on analytical results and characterization of subsur-
face conditions at the former Merrill & Ring property, there
is no technical precedent, nor are there human health or
environmental criteria, that would indicate that remedial
action is required. Although there is some limited PCP and
TCP contamination in soil and groundwater, the analytical
results are anomalous and many of the detected values are
qualified by the laboratory as quantitatively or qualita-
tively suspect. Further action is not justified for the
following reasons: '

o) The reported PCP and TCP concentrations in soil do
not exceed any published criteria for soil qual-
ity. Using the EPA convention that laboratory
results for soil may not be meaningful when con-
centrations are less than 5 to 10 times the prac-
tical quantitation limit, the concentrations
detected during the focused site investigation are
not significant with the exception of one value at
boring 16C. As an additional comparison, the con-

_ centration$ of PCP detected in soil samples col-

- lected at the site are comparable to those reported
for residential street sweeping debris (Metro,
December 1982).

o Groundwater at the site is not used for any bene-
ficial purpose and, because of its brackish qual-
ity, it is not suitable as a future source of
drinking water. Therefore, regulatory standards
for drinking water are not applicable to ground-
water at the site. Furthermore, PCP and TCP con-
centrations in groundwater samples collected from
monitoring wells nearest the shoreline are below
the federal and state criteria for marine surface
waters.

o The planned expansion of the Daishowa facility
includes the construction of a new paper mill.
The mill will be constructed directly over the
focused site investigation area. All identified
zones of contamination will therefore be effec-
tively "capped." This will prevent infiltration
of precipitation and surface runoff through the
unsaturated soils that may act as a potential
source of groundwater contamination. Figure S-2
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shows the layout of the proposed mill relative to-
the existing monitoring wells in the focused site
investigation area.

o Data collected concerning the PCP and TCP in
groundwater suggest that these chemicals may be
degraded by chemical and microbiological means
before reaching Port Angeles Harbor. The anaerobic
conditions and periodic flooding of the Merrill &
Ring site may further enhance microbial breakdown
of PCP (Mikesell and Boyd, 1988, and reference
cited therein). This fact appears to be supported
by the low levels and absence of PCP and TCP in
groundwater and soil samples collected from moni-
toring wells nearest the Port Angeles Harbor and
from marine sediment samples collected downgradi-
ent and offshore of the study area.

o Based on groundwater analytical data, the presence
of PCP and TCP in groundwater appears to be lim-
ited to shallow depths (i.e., 5 to 15 feet below
the ground surface) in small areas near monitoring
wells MW-6A, MW-6C, and MW-16A (see Figure S-1 for
well locations). This is corroborated by the lack
of PCP and TCP in soil and groundwater adjacent to
and downgradient of these locations. PCP was not
detected in any groundwater samples collected from
deep monitoring wells (screened approximately
40 to 50 feet below ground surface). TCP was de-
tected only one time in a deep monitoring well
(MW-6B), at a concentration very near the method
detection limit. This detection is anomalous as
neither PCP or TCP were detected in a subsequent
groundwater sample collected from MW-6B, or in the
soils obtained in boring this well, except for one
qualified TCP result.

BACKGROUND INFORMATION AND STUDY FINDINGS

In June 1988, Daishowa purchased and leased approximately

50 acres of land, formerly the site of the Merrill & Ring
Lumber Company. During a property transfer assessment per-
formed by Hart Crowser, it was determined that wood preser-
vatives, including PCP and TCP, had contaminated soils and
possibly groundwater in the northeast corner of the property .
(Hart Crowser, 1988). This portion of the former Merrill & -
Ring site was the location of an o0ld planer mill and dip
tank. The source of PCP is attributed to drippage and spil- .
lage associated with the application of PCP to wood. This
area of the former Merrill & Ring site has not been used for
wood preserving activities for approximately 15 years. ‘



In response to the property transfer assessment, Daishowa
retained CH2M HILL to determine the nature and extent of PCP
contamination in the vicinity of the o0ld planer mill and, if
necessary, identify remedial actions that could effectively
be implemented to protect human health and the environment.

Daishowa also requested that CH2M HILL conduct a review of
the property transfer assessment report prepared by Hart
Crowser and verify available site information and records.
A limited number of soil and groundwater samples were also
collected and analyzed to corroborate or refute the general
findings of the property transfer assessment.

In response to Daishowa's requests, CH2M HILL conducted a
focused site investigation, which included assessment of
local hydrogeological conditions and chemical analyses of
soil, groundwater, and marine sediment samples. Using nine
groundwater monitoring wells installed by Hart Crowser, and
installing ten new groundwater monitoring wells, CH2M HILL
characterized site groundwater hydrogeology and analyzed
soils and groundwater for the presence or absence of PCP and
TCP. Figure S-1 presents the focused site investigation
area and the location of all groundwater monitoring wells.
The verification study sample locations are presented in the
technical memorandum appended to this report.

SITE INVESTIGATION AND ANALYTICAL METHODS

Evaluation of site groundwater hydrology was undertaken by
classifying subsurface materials, measuring groundwater ele-
vations, performing noninvasive slug tests, and measuring
tidal influence or groundwater elevation and movement.

Soil and marine sediment samples were characterized for
physical characteristics including grain size, permeability,
and--for marine sediments only--total organic carbon content.

Soil, sediment, and groundwater samples were analyzed in
accordance with appropriate test methods described in the
Code of Federal Regulations (40 CFR, Part 261, Appendix III--
Chemical Analysis Test Methods). The procedures selected

are described in Test Methods for Evaluating Solid Waste

(SW 846, September 1986) and include:

o EPA recommended analytical Test Method 8040 for
PCP and TCP

o EPA recommended analytical Test Method 8270 for
semivolatile organic compounds

o} 40 CFR 264 Appendix IX parameters
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o EPA recommended analytical Test Method 7471 for
mercury in soils ,

Method 8040 analyses were performed on 60 soil, 6 sediment,
and 44 groundwater samples. Method 8270 analyses were con-
ducted on 17 soil, 1 sediment, and 4 groundwater samples.
Method 8270 analyses were used as a performance check on the
Method 8040 analyses and as a means to test sampled media
for the presence of other contaminants including phenolic
breakdown products. ‘

Mercury analyses were performed to determine if the wood
preservative used, Permatox 180, included a fungicide that
could have contaminated soils with mercury. Finally, Appen-
dix IX analyses of four groundwater and one soil sample were
performed as a standard of concern by Daishowa to ensure
that it conducted a thorough examination of the most proba-
ble contaminated areas for other hazardous substances that
may be of concern to the Washington State Department of
Ecology (Ecology). Appendix IX parameters were chosen as
the most extensive and practical set of analyses for poten-
tially regulated contaminants. The soil sample was analyzed
for the same set of parameters although the regulations in
40 CFR 264 are aimed at groundwater only. The Appendix IX
analyses also serve as verification of previous dioxin test
-results performed by Hart Crowser.

Verification of the groundwater samples of the Hart Crowser
property transfer assessment wells was undertaken during the
sampling of groundwater in the focused site investigation.
Verification of six soils and two additional marine sedi-
ments also was undertaken. A summary of the verification
data acquisition efforts is provided in a technical memo-
randum included as an addendum to this report.

Laboratory results and the significance of the project find-
ings are presented in detail in Sections 4 and 5 of this
report. Raw data are presented in Appendixes D, E, and F.

SUBSURFACE SOILS

With the exception of monitoring well MW-16C (TCP at

6.2 mg/kg) all subsurface soil samples analyzed by Meth-

od 8040 indicate that PCP and TCP were present in very low
concentrations (PCP at 2.22 to 2.81 mg/kg; TCP at 1.35 to
4.55 mg/kg). These reported values fall near the labora-
tory's method detection limit and the concentrations do not
exceed published soils criteria for PCP. 1In general, the
results of these soils analyses are similar to the average
concentration of PCP detected in urban residential street
sweeping dust (Metro, December 1982).
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The Method 8270 analyses of subsurface soils compare favor-
ably to the Method 8040 results, with no PCP or TCP (tenta-
tively identified since 8270 does not target TCP specifically)
at any concentration in any samples except those collected
from MW-25B (PCP at 1.7 and 0.28 mg/kg; TCP at 0.19 and

0.71 mg/kg) and SB-16CD (PCP at 24 mg/kg; TCP at 27 mg/kg).

None of the PCP and the tentatively identified TCP values
exceed EPA's health-based soil criterion of 500 mg/kg for
PCP.

Other results from the Method 8270 analysis for semivolatile
organic compounds indicated the presence of some polynuclear
aromatic hydrocarbon (PAH) compounds, phenol, and 4-methyl-
phenol in surface soils (2.5 feet or less). None of these
compounds was detected in soils below the surface. These
compounds also were reported at very low concentrations, all
of which fall below apparent biological effects thresholds
(AETs) proposed to evaluate marine sediments in the draft
Puget Sound Marine Sediment Criteria Evaluation (Ecology,
1988). These samples are surface soils, so the comparison
to marine sediment standards is for illustration only.

There are no other health-based or regulating criteria with
which to compare these results. The AETs, however, are con-
sidered stringent criteria.

Mercury analyses of soils (29 samples) indicated that no
soil tested exceeded the range of mercury found naturally in
soils.

Appendix IX analyses of soil did not identify any signifi-
cant contamination. The Appendix IX results confirmed Hart
Crowser's conclusion that dioxin contamination is unlikely
at the Merrill & Ring site. No dioxins were detected in any
of the Appendix IX analyses conducted during the focused
site investigation.

GROUNDWATER

With the exception of monitoring wells MW-6A (PCP ranged
from 0.51 mg/l to 3.07 mg/l) and MW-6C (PCP ranged from
0.16 mg/l to 14.3 mg/l), the groundwater sampled by Meth-
od 8040 analyses showed PCP values below or very near the
practical quantitation limit (0.05 mg/l or ten times the
laboratory's method detection limit of 0.005 mg/l). It is
important to note that the highest value for both MW-6B
and MW-6C were detected during the first round of sampling
and analysis and dropped to a much lower level with subse-
quent sampling events. This is believed to be a result of
the gradual reduction in turbidity of the groundwater col-
lected from monitoring wells after well development or rede-
velopment. The close support laboratory reported the
turbidity of the groundwater samples was due in large part
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to colloidal suspensions that could not be centrifuged out
of the samples. Studies have shown that PCP can be adsorped
on colloids (Choi and Aomine, 1974). If colloidal PCP were
being measured as part of the groundwater level, the gradual
settling of the suspension should be accompanied by a lower-
ing of the diluted levels in the groundwater. This ground-
water is brackish and is not a source of drinking water, so
there are no applicable regulatory standards.

TCP detections and concentrations varied in groundwater sam-
ples collected from the same wells at different times. TCP
was detected in groundwater samples collected from MW-19 and
MW-25A in one of the two rounds of sampling and analyses.
Both values are qualified as suspect by the laboratory. TCP
was detected in samples collected from MW-16A in all three
sampling events. These values, however, are all qualified
by the laboratory. Concentrations were 0.105 mg/l for

Round 1, 0.006 mg/l for Round 2, and 0.092 mg/l1 for Round 3.
PCP was detected in groundwater samples collected from
MW-16A during Round 1 (0.052 mg/l) and Round 3 (0.064 mg/l)
only. PCP was not detected in the Round 2 sample.

The groundwater sample collected from deep well MW-6B during
Round 1 contained TCP at 0.010 mg/l (only two times the
method detection limit). MW-6B was analyzed a second time
by Method 8040, twice by Method 8270, and for Appendix IX
constituents; neither PCP nor TCP was detected in any of
these tests. This discrepancy is believed to be the result
of prolonged groundwater turbidity after well development.
PCP was not detected in this well during either round of
sampling. It is believed that the detected TCP may have
been detected in the colloidal material. PCP or TCP was not
identified in the deep monitoring zone near MW-6B.

Analysis of groundwater samples collected from shallow wells
MW-6A and MW-6C verify the presence of PCP and TCP at the
site. Detectable concentrations of both compounds were re-
ported in samples collected from both wells during all three
sampling events, although, again, samples collected during
the first sampling event had substantially higher levels
than those collected during latter sampling events. Fur-
thermore, the 40 CFR Appendix IX analysis of MW-6C, which
was conducted during the last sampling event, did not detect
the presence of PCP or TCP. MW-6A showed irregular fluctua-
tions in concentrations of PCP and TCP. It is believed that
these fluctuations are a result of particulates in ground-
water samples, and are not a true measure of soluble PCP and
TCP in groundwater.

There are no drinking water criteria for TCP, and the
groundwater sampled does not represent a drinking water
source. For comparison, however, the second and third
groundwater samples collected from MW-6C did not contain TCP:
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at concentrations greater than the proposed maximum contami-
nant level goals (MCLGs) for PCP in drinking water
(0.22 mg/1).

The State of Washington Water Quality Standards (WAC 173-
201-047) has set the marine surface water toxic substance
criteria for PCP at 0.0079 mg/l for chronic exposure and
0.013 mg/l for acute exposure. For the three wells closest
to the harbor (approximately 60 to 80 feet from the shore-
line), one well did not have PCP values that exceed either
criterion, one well reported PCP value during the first sam-
pling round that exceeded the chronic limit but was below
both limits for the second round, and the third well ex-
ceeded both the chronic and acute limits during the first
round but was below both for the second round of sampling.
It is important to emphasize that these limits are for
marine surface waters and do not apply to these groundwater
monitoring well samples. The values that exceeded the
marine criteria were both reported during the first round of
sampling following well development. Tetrachlorophenol is
not listed in the state regulations. It was detected in
only one of the three wells nearest the harbor, at a level
below the published marine chronic lowest observed effect
value of 0.440 mg/l. Again, this comparison of groundwater
to surface water criteria or published effects data is for
illustrative purposes only to demonstrate that values of
contaminants detected in groundwater at this site are at or
below regulated levels in marine water. It is reasonable to
assume that marine surface waters 60 to 80 feet away would
not exceed current water quality standards.

PCP was detected in two of the four groundwater samples
analyzed by Method 8270. The PCP concentration (6.9 mg/1l)
in a groundwater sample collected in the first round of sam-
pling from MW-6C is the same magnitude (14.3 mg/l) as the
Method 8040 analysis of a sample collected during the same
sampling round. Analysis of a sample collected from MW-16A
in the third round of sampling indicated a low level (below
the EPA quantitation limit) of PCP. Isomers of TCP were
among the tentatively identified compounds detected in sam-
ples collected from MW-6C and MW-16A. (TCP is not on the
target list for this method.) The levels are of similar
magnitude as the Method 8040 values for these samples.

The only other Method 8270 compounds identified in ground-
water samples were two of the possible PCP breakdown prod-
ucts, 2,4-dichlorophenol and 2,4,5~-trichlorophenol detected
in groundwater from MW-6C, and napthalene (a PAH compound)
detected in groundwater collected from both MW-6C and MW-16C.
All these values from Method 8270 analyses except the TCP
and PCP at MW-6C, are below the health-based drinking water
criteria; these criteria, however, are not applicable to
this site ‘because the groundwater is not potable.
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Advection:

Aerobic:

Airlifting:

Alkalinity:

Alluvium:

Anaerobic:

Anions:

Annular seal:

Anthropogenic:

Aquifer:

Brackish:

Cations:

GLOSSARY

The process by which solutes are
transported by the bulk motion of
flowing groundwater.

Description of a biological reaction
that requires the presence of air or
oxygen.

A means of removing water from a
well using compressed air.

The capacity of a water to accept
protons (i.e., hydrogen ions).

Unconsolidated material (e.g.,
gravel, sand, silt, and clay) depos-
ited by a river, stream, or other
body of running water.

Description of a biological reaction
that occurs in the absence of air or
oxygen.

An ion having a negative charge;
anions in a liquid subjected to
electric potential collect at the
positive pole or anode.

A sanitary seal consisting of a rela-
tively impermeable material (e.gqg.,

bentonite and/or grout) that is placed

in the annular space between a well
casing and the borehole wall.

Made or induced by man.

A geologic formation, group of for-
mations, or part of a formation that
is capable of yielding significant
quantities of water to a well or
spring.

When used in reference to water,
brackish indicates a salinity
content less than seawater but more
than water suitable for drinking.

An ion having a positive charge;

cations in a liquid subjected to

electric potential collect at the
negative pole or cathode.
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Centralizer: A device used to center a well screen :
and casing in a borehole during in- .
stallation and stabilization of filter:.
pack and seal materials.

Colloid: Extremely small, insoluble partiéles
(0.0001 to 1 micron in diameter)
that will not settle out of a

solution.

Detection limit: The lowest concentration at which a
chemical compound or element can be
identified.

Detritus: Loose particles of rock or organic

debris separated from the parent
material by mechanical means such as
abrasion or disintegration.

Diurnal: On a daily basis.

Eductor pipe: A pipe through which water is dis-
charged from a well during airlift
pumping.

Filter pack: A material generally consisting of

) clean, washed siliceous sand of uni-

- form grain size distribution that 1is

placed around a well screen to prevent
smaller size formation material (e.g.,
fine sand, silt, and clay) from enter-
ing the well.

Gas chromatography: The process in which a gaseous mix-
ture is passed through a column packed
with absorbent material to identify
and quantify the chemical constituents
(generally volatile organic compounds).

Head space: (1) The space filled with air above
the static water level in a well.
(2) The space filled with air above
a sample material in a sample container.

Heave: When formation materials (i.e., sand,
silt) are forced up into temporary
drill casing or hollow-stem auger
during drilling by hydrostatic pres-
sure encountered below the water
table.

Heterogeneous: Nonuniform in structure and
composition.
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Hydraulic
conductivity:

Hydraulic gradient:

Hydraulic head:

Hydrographs:

Isomer:

Lithosphere:

Microbial:

Monitoring well:

Partitioning
coefficient:

Peristaltic pump:

Pleistocene:

Practical
quantitation limit:

The rate at which water will move
through a porous medium under a unit
hydraulic gradient.

The rate of change of hydraulic head
per unit distance.

Potential energy of a water mass due
to elevation, pressure, or velocity.

A graph showing stage, flow, velocity,

or other properties of water with
respect to time.

(1) One or two or more molecules
having the same number and kind of
atoms and hence the same molecular
weight, but differing in respect to
the arrangement or configuration of
the atoms. (2) Nuclides having the
same atomic and mass numbers, but
existing in different energy states.

The outer, rigid part of the earth's
crust.

Refers to the activity and effects
of microorganisms.

A well used to collect groundwater
samples and hydrologic data such as
groundwater elevations.

The ratio of a chemical's concentra-
tion in the octanol phase to its
concentration in the aqueous phase
of a two-phase octanol/water system.

A type of suction pump.

An epoch of the Quarternary period,
which occurred approximately

10,000 to 2 million years before
present.

The lowest concentration of a chemi-
cal compound or element at which
acceptable precision and accuracy
can be reliably maintained by an
analytical laboratory.
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Purge water:

Qualitative:

Quantitative:

Recharge:

Saline:

Shelby tube:

Slug test:

Split-spoon:

Static groundwater
level:

Stratified:

Transducer:

Groundwater removed from a monitoring
well before a groundwater sample is
collected. Purging removes stagnant
water from the well and allows col-
lection of more representative ground-
water sample.

Refers to the identification of
individual chemical compounds and
elements in an environmental sample.

Refers to the determination of a
concentration or percentage of a
known chemical compound or element
in an environmental sample.

The addition of water to the ground-
water system by natural or artificial
processes.

Any solution of sodium chloride and
water, usually containing other salts.

A thin-walled steel tube used to
collect relatively undisturbed soil
samples.

A hydrologic test performed in a

well to measure the hydraulic conduc-
tivity of the geologic materials
surrounding the well screen.

A steel, cylindrical soil-sampling
device, which splits in half to reveal
the sample material. The split-spoon
sampler is usually used with a drill
rig and is driven through subsurface
geologic strata to collect soil sam-
ples.

The level of water in a well that is
not being affected by artificial
withdrawal (e.g., pumping) or re-
charge of groundwater.

Refers to beds or layers in sedimen-
tary deposits formed during deposi-
tion.

A measurement device that converts
an input signal to an output "signal.
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Pressure transducers are commonly
used to measure water levels 1in
wells.

Turbidity: The presence of nondissolved
suspended solids in a solution.
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1 INTRODUCTION

In June 1988 Daishowa America Co., Ltd. (Daishowa), pur-
chased outright and obtained the lease rights to approxi-
mately 50 acres of land along the Port Angeles Harbor
shoreline. Formerly owned by the Merrill & Ring Lumber
Company (M&R), the site is an artificially filled parcel
situated along Ediz Hook and the shoreline of Port Angeles
Harbor in Sections 4 and 5 of Township 30N, Range 6W of the
Willamette Meridian. The property is bounded by Daishowa's
Port Angeles Mill on the northwest, Marine Drive to the
south and west, and the Port Angeles Marina on the south-
east. All property is within the City of Port Angeles in
Clallam County, Washington (see Figure 1-1). Approximately
20 acres of the parcel is owned by Daishowa while the re-
mainder consists of leased land owned by the Port of Port
Angeles. Daishowa intends to use this property for expan-
sion of its Port Angeles paper mill operations.

Prior to the sale M&R (the seller) conducted an environ-
mental assessment of the property to determine the potential
of contamination caused by past practices. This property
transfer environmental assessment (Hart Crowser, 1988) de-
termined that wood preservatives including pentachlorophenol
(PCP) had contaminated soils and possibly groundwater in the
northeast corner of the property, at the site of the old
planer mill. The source of PCP is attributed to drippage
and spillage associated with application of the PCP to wood.
The property transfer assessment did not define the extent
and magnitude of PCP contamination. Neither did the assess-
ment determine certain site-specific characteristics (geol-
ogy, hydrogeology, etc.) that could be used to further
characterize the extent of contamination and its potential
consequences. In order to evaluate the nature, extent, and
consequences of contamination in conjunction with site char-
acteristics, a more detailed environmental investigation of
the portion of the property near the old planer mill was
necessary.

1.1 BACKGROUND INFORMATION

In May 1988, Hart Crowser (HC) performed a property transfer
assessment (Hart Crowser, 1988) of the M&R Lumber Company
Port Angeles property. The assessment included a paperwork
and interview information-gathering effort and a subsurface
boring and groundwater monitoring program. As a result of
the findings of this assessment, Hart Crowser performed addi-
tional work, also in May 1988, that included further evalua-
tion of potential contamination in the vicinity of the old
and new planer mills. The areas of concern around the old
planer mill, included an abandoned sawmill, the green chain



- BRITISH
Pacific COLUMBIA . @
Ocean °
Cape of Victoria
Flattery {® NORTH
Port Seattle
Ange|es Hoquiam
' Vicinity Map
STRAIT OF JUAN DE FUCA
oy
IVRVILDEFE
EFUGE
STUDY AREA
Angeles Point
RN Ediz Hook B
R A N T Q774D CGAS Port Angeles (5 E
. RN d : 30, o A $
. R g Op
\7;”4" va e ANGEL AN
ST £S HARBOR
7//) R B T TN —— T
7 4 %W T T e YT
V//////I"‘ Chicago Milwaukee st p, -
‘\/ rort Angcies L /
c '
&
Yy, 5 Olympic Mountains
"7‘/1,6
Y
78 . )
¢ OLYMPIC NATIONAL PARK \
SOURCE: USGS, 1957 FIGURE 1-1
Location of Study Area_
0 5 10 :
- |

Scale in Miles




lumber conveyor, a spraybooth, and a dip tank where wood
products were treated for sapstain control with

Permatox 180, a product containing PCP. Today the old
planer mill area is used to store logs. The new planer mill
area was also further evaluated for potential soil con-
tamination resulting from the use of PCP and a carbamate
chemical called NPl. These wood treatment chemicals were
applied to the lumber within a spray room equipped with a
recirculating distribution system.

Hart Crowser concluded that contamination at the new planer
mill was confined to the ground surface and posed no threat
to groundwater. They also concluded that PCP-related contami-
nation existed in soils and groundwater near the old planer
mill. Upon disclosure of these results to Daishowa, Daishowa
immediately notified the Washington State Department of
Ecology (Ecology) requesting a review of the assessment re-
sults and guidance with regards to appropriate procedures
that Daishowa must follow to ensure protection of human
health and the environment. Ecology requested that Daishowa
further investigate the site in order to substantiate Hart
Crowser's findings. In response to this request, Daishowa
contracted with CH2M HILL to determine the nature and extent
of contamination, compare contamination to published guid-
ance and regulations, and, 1f necessary, develop remedial
action alternatives. Daishowa gave CH2M HILL two assign-
ments 1in this effort. '

1. Determine the nature and extent of PCP contamination in
the vicinity of the old planer mill resulting from PCP
spillage. If necessary, based upon comparison to re-
quirements, identify remedial alternatives that could
be used to control, manage, or otherwise correct the
situation.

2. Conduct a review of the Hart Crowser preliminary eval-
uation in order to verify that available site informa-
tion and records for the 50-acre parcel have been
examined. Collect a limited number of soil and ground-
water samples that would corroborate or deny Hart
Crowser's findings.

1.2 SPECIAL PROJECT CONSIDERATIONS

The purpose of this focused site investigation is to deter-

mine the nature and extent of PCP contamination in the soils
and the groundwater at the old planer mill. It is also the

purpose of this study to identify potential remedial action

alternatives to manage or otherwise correct the PCP contami-
nation in this area if there is contamination that requires

remedial action.

1-3



Because of mill construction activities scheduled to occur
in the near future on site, CH2M HILL concentrated its first
efforts in the planned construction area. This included the
area in the vicinity of HC monitoring Wells MW-8, MW-6A, and
MW-16A. Field efforts were then intensified throughout the
area with fast analytical turnaround on results in order to
define potential contamination. This intensified effort was
undertaken to provide for worker safety and verify that pro-
posed construction activities would not aggravate any environ-
mental contamination present in that area. Potential site
corrective measures would be identified during this inves-
tigation so that future mill construction could be initiated
without undue risk to workers or unnecessary spread of any
contamination.

1.3 ORGANIZATION OF THIS REPORT

This report summarizes activities performed by CH2M HILL in
the investigation of the M&R property in the vicinity of the
0old planer mill. Section 2 describes in greater detail the
focused site investigation area, its environment and use,
and summarizes the pertinent conclusions of the Hart Crowser
preliminary site assessment. Section 3 describes the site
investigation methods, including the field methods and the
analytical and QA/QC programs. Results from the site char-
acterization and laboratory analyses are presented in Sec-
tion 4. Section 5 presents the current regulatory criteria
and guidance and compares the findings of this focused site
investigation to those published levels. Finally, Section 6
summarizes major findings of this study and discusses re-
medial action alternatives for the focused site investigation
area.

Results of the verification review of the Hart Crowser pre-
liminary evaluation are presented in a technical memorandum
attached as an addendum to this report.



2 SITE DESCRIPTION

2.1 LOCATION: FOCUSED SITE INVESTIGATION AREA

The former Merrill and Ring, Inc., property consists of
approximately 50 acres of land located 1 mile northwest of
Port Angeles along Marine Drive between the Port Angeles
marina and the base of Ediz Hook (see Figure 1-1). It is
bordered by Marine Drive on the south and Port Angeles
Harbor on the north. Major historical structures present on
the former M&R property included a sawmill, green chain, ma-
chine shop, lumber and log storage, length sorter, hog fuel
boiler, dry kiln, lumber planing mill, sap stain control
treatment operation, alder chipper and chip storage, dry
shed, and truck maintenance shop. Many of these structures
are no longer present.

The Focused Site Investigation area consists of approxi-
mately 2 acres and is located at the northeast corner of the
M&R site. It is bounded by the green chain on the west,
machine shop on the north, Port Angeles Harbor on the east,
and a log storage yard on the south. The area includes
approximately 600 feet of shoreline. The shoreline consists
of a bulkhead constructed from treated timbers. There are
three piers along this 600-foot shoreline, all constructed
of treated timbers and approximately 200 feet in length.
Figure 2-1 presents the layout of the Focused Site Investi-
gation area. '

The area west of the shoreline contains miscellaneous debris
from log and lumber storage situated on filled material.

The green chain is located approximately 500 feet from the
shoreline. It runs north to south and is approximately

200 feet in length. Appendix B provides several photographs
of the focused site investigation area.

2.2 ENVIRONMENTAL SETTING

2.2.1 CLIMATE

Port Angeles is characterized by a cool maritime climate.
Temperatures are moderated by the Strait of Juan de Fuca,
and precipitation varies greatly over the region because of
the effects of the Olympic Mountains. Port Angeles is near
the western edge of an area referred to as the "rain shadow"
of the Olympic Mountains. The climate of the Port Angeles
area is mostly a marine type with cool summers, mild and
cloudy winters, moist air and a small daily variance in tem-
perature. January is generally the coldest month and July
the warmest. The mean daily winter temperature is 43°F with



nighttime temperatures around 30°F. Afternoon average . tem-
peratures in the warmest summer months range from 65°F to
70°F.

The prevailing wind direction is from the west. Summer
winds range up to 8 to 13 mph, while winter winds range up
to 7 to 10 mph. On most summer afternoons a moderate to
strong westerly breeze can be expected. Winds from the
south and east occur more frequently during the winter.

The average annual precipitation, measured between 1931

and 1960, is 24.61 inches. The rainy season begins in Octo-
ber, reaching a peak in winter, then gradually decreasing in
the spring. The dry season begins in late spring and reaches
a peak in midsummer as marine air moves inland becoming
warmer and drier. The rainy season averages 19.52 inches of
precipitation while the dry season averages 5.09 inches. In
lower elevations, snow rarely reaches an excess of 6 inches
in depth. In the mountains, elevations above 5,000 feet,
snow can be expected by the end of October, accumulating
rapidly after mid-November (U.S. Department of Commerce,
Annual Weather Summary for Port Angeles, Washington}).

2.2.2 GEOLOGY AND TOPOGRAPHY

Geologic conditions in the Port Angeles area consist of
Pleistocene glacial drift overlying folded mudstone, silt-
stone, and sandstone of the Twin River Formation (Tabor and
Cady, 1978). The glacial sediments mantle the uplands in
and around Port Angeles and are composed of stratified clay,
silt, sand, and gravel. Alluvium consisting predominantly
of sand and gravel is present in the numerous stream and
river valleys that are incised into the glacial drift. The
near-shore areas in the Port Angeles area are characterized
by steep bluffs (150 to 200 feet) that have been formed by
wave erosion; these expose underlying glacial drift materi-
als. Beach deposits, generally consisting of silt, sand,
and gravel, are present between the bluffs and shoreline and
overlie the glacial drift that extends out under Port
Angeles Harbor and the Strait of Juan de Fuca. Many of the
near-shore areas in Port Angeles, including the Daishowa
property, have been modified by the placement of £fill
materials.

Groundwater is present within the more permeable strata of.
the glacial drift and generally flows northward toward Port
Angeles Harbor and the Strait of Juan de Fuca. Approaching
the shoreline, groundwater levels are influenced by tidal
fluctuations and groundwater becomes increasingly brackish
because of seawater intrusion.
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2.2.3 SURFACE WATER

The former M&R property is bounded by Port Angeles Harbor to
the northeast which is a protected embayment of the Strait
of Juan de Fuca. The strait of Juan de Fuca is the princi-
pal connection between the Pacific Ocean and the interior
waters of British Columbia and Washington state including
the Strait of Georgia and Puget Sound. Port Angeles Harbor
is bordered on the south by the City of Port Angeles and on
the north by Ediz Hook, a 3-mile-long spit that extends
northeasterly from the Daishowa Mill into the Strait of Juan
de Fuca.

Surface water runoff in the Port Angeles area is carried by
numerous streams and rivers that flow northward from the
Olympic Mountains and adjacent foothills to Port Angeles
Harbor and the Strait of Juan de Fuca. Most of these
streams and rivers are incised deeply into the uplands,
forming steep-sided ravines. Tumwater Creek discharges into
Port Angeles Harbor approximately 1 mile southeast of the
Daishowa property; it is the closest stream to the site.
Valley, Peabody, Whit, and Enurs Creeks discharge into Port
Angeles harbor east of Tumwater Creek. The Elwah River dis-
charges into the Strait of Juan de Fuca approxXimately

4 miles west of the Daishowa property.

A log storage pond (the lagoon), covering an area of

23 acres, is located about 300 feet west of the former M&R
property (see Figure 2-1). This area is influenced by tides
and, therefore, water levels fluctuate. The lagoon was pre-
viously used by industries located in the area to store
logs. Currently the City of Port Angeles uses the lagoon to
store boat ramps and floats during the winter months (Paul
Hopkins and Dan Hansen, Daishowa, pers. comm.; December,
1988).

2.2.4 BIOTA AND ECONOMIC INFORMATION

Port Angeles Harbor has both commercial and natural resource
values. Finfish including salmonids and marine fish can be
found in Port Angeles Harbor near the Daishowa property.
Salmon resources common to this area include chinook (king),
coho, chum, and pink salmon. The Port Angeles area hosts
one of the most concentrated salmon sport fisheries in
Washington waters.

Marine fish common to Port Angeles Harbor include groundfish
such as Pacific cod, rockfish, and rock sole. These fish
are harvested commercially and are fished for recreation all
year. Waters inland of Ediz Hook are classified by the
Washington State Department of Fisheries (WDF) as a major
resource/fishery area for groundfish (WDF, 1983).



Shellfish resources found in the Port Angeles Harbor include
‘Dungeness crab, hardshell clams (in subtidal areas), and
spot shrimp (WDF, 1983).

From a commercial standpoint, the harbor is important to the
economic stability of the Port Angeles area. The major -
source of revenue for the port is raw and finished wood
products such as timber and wood chips, which are loaded on
vessels and shipped to other Pacific Rim nations. This in-
dustry brings to the Port of Port Angeles more than $3 mil-
lion in revenue per year (William Oliver, Port of Port
Angeles, pers. comm.; December, 1988). The harbor is also
the home port for a lucrative sport and commercial fishing
industry, which provides substantial revenues to the local
Port Angeles economy.

2.3 HISTORICAL LAND USE

Existing records or Port sources indicate that the area re-
ferred to as the former M&R property is composed of two
sections with separate mailing addresses: 1608 Marine Drive
and 1313 Marine Drive. By 1972, M&R had leased or bought
both sections. Prior to 1972 the two sections were devel-
oped separately and were occupied by different commercial
entities.

Situated between 1608 Marine Drive and 1313 Marine Drive is
another parcel of land (approximately 4 acres), which ex-
tends from Marine Drive to the harbor. The address of this
parcel is 1417 Marine Drive (William Oliver, Port of Port
Angeles, pers. comm.; August, 1988). The locations of all
three properties are presented in Figure 2-2. The last par-
cel is owned by the Port of Port Angeles and is currently
leased to Levaque Co., which produces cedar shingles. From
1959 until the present, this parcel has been leased by sev-
eral shake companies.

A chronology of businesses operating on these parcels since
1912 as indicated in current records is included in Ta-

ble 2-1. Land use information about this property preceding
1912 could not be found. In order to present the historical
land use information of the former M&R site in as clear a
manner as possible, the historical land use of each parcel
is discussed separately in the following sections.
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Table 2-1
BUSINESSES LOCATED ON THE FORMER M&R PROPERTY

Approximate Years

Address Name of Business of Operation
1608 Marine Drive Puget Sound Mill & Timber Co. 1912 - 1914
Charles Nelson Mill 1914 - late 1920s
Washington Cafeteria 1941 - 1948
Western Lumber Co./ :
M&R Western Lumber Co. 1955 - 1988
Hansen's Boat Yard 1959 - 1960
Nelson Shipyard 1962 - 1967
P. A, Hardwood mid-1960s - 1977
Daishowa America Co., Ltd. 1988 - present
1417 Marine Drive Peninsula Shingle 1959 - 1964
Angeles Shake & Shingle 1965 - 1972
Levaque Co. 1973 - present
1313 Marine Drive Fibreboard 1919 - 1972
M&R Lumber Co. 1972 - 1988
Daishowa America Co., Ltd. 1988 - present

1608 MARINE DRIVE

This parcel of land includes approximately 25 acres and is
built on tideland that was filled over several years (Wil-
liam Oliver, Port of Port Angeles, pers. comm.; December,
1988). The first reported commercial development of this
parcel occurred in 1912. The Puget Sound Mill & Lumber Com-
pany or Earles Mill was built on land that Michael Earles
purchased from Charles Nelson, the first reported land owner.
The owner operated a sawmill, a shingle mill, and a planing
mill on the property in addition to providing log storage
and drying kilns. The site also contained a power supply
(boiler and engine room) and a shipping dock. In 1914, the
mill was renamed the Charles Nelson Mill. It is assumed
that the change in name was the result of land ownership
reverting to Charles Nelson. The Charles Nelson Mill was in
operation until the late 1920s. During the 1930s the site
was not used, and it is believed the inactivity was caused
by the Depression. By the mid 1940s, mill buildings were in
disrepair and the site was condemned by the Port Angeles
Fire Department. Shortly after the site was condemned, the
P. G. Piedmont Co., a demolition firm, was hired to demolish
the mill's dilapidated wood structures using a controlled
fire. The fire was reportedly fueled by gasoline, crude
oil, tar paper, and old tires (Port Angeles Library file,



Chronicle, January 2, 1985, and an unnamed and undated Port
Angeles area newspaper article from the mid 1940s).

Between late 1944 and early 1945, the Port of Port Angeles
purchased the land from Charles Nelson (William Oliver, Port
of Port Angeles, pers. comm.; August, 1988). Land use from
the mid=1940s to 1955 is not well documented. It is be~
lieved that the land was vacant and at times was used for
log storage (William Oliver, Port of Port Angeles, pers.
comm.; December, 1988).

In 1955, the Western Lumber Co. opened a re-manufacturing
mill on the site that milled rough-cut lumber. From the
mid-1960s to the mid-1970s, P. A. Hardwood was also located
on this site. P. A. Hardwood was an alder and hardwood
sawmill cutting rough lumber from logs. P. A. Hardwood also
operated a dry kiln. (Paul Hopkins, Daishowa, pers. comm.;
December, 1988). In 1977 M&R acquired the lease for this
parcel of land.

By 1962, Western Lumber changed its name to Merrill & Ring
Western Lumber Company. This name remains today. M&R pro-
duced wood chips used for paper production and re-
manufactured lumber. It was stated that one year's chip
supply produced by M&R provided enough chips to meet the
needs of the Crown Zellerbach paper mill for one month (Port
Angeles Library File, anonymous newspaper article, March 7,
1962). By 1984, operations at M&R had been scaled down and
only the chip mill was operating (Port Angeles Library File,
Port Angeles Daily News, September 18, 1984). In Febru-
ary 1988, the Port of Port Angeles leased the land to
Daishowa America Co., Ltd.

During the period from 1941 to 1967, other small businesses
supporting mill operations were identified including a cafe-
teria and log-sort yard on this parcel. No additional in-
formation on their operation was obtained (Polk Guides
1940-1988).

1313 MARINE DRIVE

This parcel lies to the southeast of 1608 Marine Drive and
is roughly 20 acres in size. This area was also formed by
artificial filling to the harbor area (see Figure 2-2).
Commercial development of this parcel began in 1919 when
Fibreboard Paper Products Corporation (Fibreboard) opened a
plant at this site. The plant produced boxboard, sulphite
pulp, and wood chips. Feedstocks used to manufacture these
products included aqueous ammonia, alum, resin, fuel oil,
and sulphur (Testimony of Vern Basom, manager of Fibreboard,
to Washington Pollution Control Commission; June; 1958).
Fibreboard operated onsite until 1971 when the property was
sold to M&R. 1In 1971 M&R removed many of the structures and



built a new planer mill on the site. The old planer mill
continued to treat wood until 1971, when a fire severely
damaged the mill building. The new planer mill included a
spray booth which treated finished lumber with Permatox 180
and later, NP-1. 1In 1988, M&R sold this parcel of land to
Daishowa.

2.4 PREVIOUS ENVIRONMENTAL STUDIES

Hart Crowser performed an environmental property transfer
assessment in 1988. Other environment-related information
specific to this property is available and includes inspec-
tion reports conducted by the Washington Pollution Control
Commission (WPCC), and its successor, the Washington Depart-
ment of Ecology.

By the late 1940s, the WPCC observed that Port Angeles Har-
bor's water quality was degraded; WPCC attributed the pollu-
tion to sulphite waste liquor discharged by pulp mills
operating in the Port Angeles area (WPCC, April 17, 1946).
WPCC issued a wastewater discharge permit to Fibreboard in
1956 and reissued it in 1961. The only known reference to
wastes produced specifically by M&R was located in WPCC
files. These files refer to M&R wood waste that was dis-
posed as solid waste or used as hog fuel (WPCC Inspection
Report, 1964).

By 1972, sanitary sewage from the M&R office building on the
site was connected to the municipal sewage system. Sanitary
lines in the new planer mill area were connected later.
Before the connection with the city sewer system, all sewage
was treated in septic tanks (Ecology Archives, 1972).

In 1974, M&R applied for a National Pollutant Discharge
Elimination System (NPDES) permit for four outfalls. The
location of each outfall is presented in Figure 2-3. Dis-
charges 001, 003, and 004 were noncontact cooling water and
discharge 002 was surface water drainage from the site.

Some city storm runoff is also collected and discharged from
these outfalls. The NPDES permit (NOWA-0037942) was issued
in 1975 and renewed in 1985 without any history of viola-
tions (Ecology, NPDES Files).

In a February 8, 1983 Ecology inspection report, it was
stated that the spray booth in the new planer mill was a
totally enclosed system with overspray and drippings re-
cycled into a containment tank. Sludge from the bottom of
the tank was disposed of as solid waste.

Until 1988 and the sale of the M&R property, no other
records were found that documented site activities or en=-
vironmental characteristics. The property transfer environ-



mental assessment of the M&R property conducted by Hart
Crowser in May, 1988 was performed to evaluate the potential
for contamination from past site activities. Results of the
preliminary investigation indicated that groundwater and
soils in the vicinity of the old planer mill were contami-
nated with PCP. Figure 2-4 shows the approximate location
of contamination as postulated by Hart Crowser.

As part of the same property transfer assessment, 17 ground-
water monitoring wells were installed throughout the site.
Eight of these wells are located in the area of suspected
PCP contamination (Figure 2-4 and Figure 2-5). The remain-
ing nine wells were located throughout the rest of the par-
cel. Each well was screened approximately 5 to 15 feet
below ground surface. Reference point elevations for water
level measurements were not established for each monitoring
well; therefore, hydraulic gradient and groundwater flow
direction at the site were not estimated.

Groundwater samples were obtained from existing wells at the
site of suspected groundwater contamination. These were
analyzed for PCP and TCP using a modified Method 8150 tech-
nique. [It should be noted that Method 8150 is not the EPA
recommended test method in the Code of Federal Regulations
(40 CFR Part 261) to analyze for PCP.] Analyses of ground-
water in three wells (MW-6A, MW-16A, and MW-22) indicated
detectable levels of PCP. The highest PCP concentration
15.7 mg/l) was reported at MW-6A. This value, however, was
reported from a groundwater sample containing a significant
amount of suspended sediments (Prel. Assessment, page 43,
Hart Crowser; June, 1988). The PCP concentration at MW-16A
was 0.59 mg/l; at MW-22, PCP was measured at the reported
laboratory detection limit of 0.01 mg/1.

Soil samples were obtained from the ground surface and from
various depths in the boreholes drilled at the site. PCP
soil contamination in subsurface soils was reported at a
number of borehole locations (B-15, B-16, B-17, B-18, B-21}.
The highest concentration (34 mg/kg) was reported at B-16 in
soils found approximately 10 to 11.5 feet below the ground
surface. Other PCP concentrations in subsurface soils
ranged from <0.05 mg/kg to 11.0 mg/kg; TCP concentrations
were reported from <0.05 mg/kg to 4.5 mg/kg.

PCP reported in surface soils ranged from <0.05 mg/kg to
0.67 mg/kg. TCP ranged from .09 mg/kg to 0.62 mg/kg. Soils
in the vicinity of the former planer mill were analyzed for
dioxins. The results indicated that there was no signifi-
cant evidence of soil contamination from dioxins (Triangle
Labs., Proj. No. 12456R submitted to Hart Crowser, 1988).

The property transfer environmental assessment reported in-
consistent levels of PCP in soil and groundwater at five -
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locations. PCP was detected in soil samples from Bore-
holes B-15, B~17, B-18, and B-21, while it was not detected
in groundwater at the same locations or adjacent to them.
At B-22, PCP was detected in groundwater but was not
detected in the soil. The assessment did not explain or
interpret these inconsistencies.

A limited investigation of the marine environment (four sedi-
ments samples and four water samples) was conducted along

the shoreline between the piers north of the suspected PCP
contamination area. PCP in marine sediment samples ranged
from 0.08 mg/kg to 0.3 mg/kg for sample numbers 0SS-2 and
0Ss-1, respectively. The results for 0SS-1 were questioned
by Hart Crowser because a duplicate analysis reported an
inconsistent result. No PCP contamination was detected in
marine water samples collected from Port Angeles Harbor.

In summary, the findings of the Hart Crowser site investi-
gation indicated that soil and groundwater near the old
planer building was contaminated with PCP. The area of con-
tamination was tentatively identified as approximately 150
to 250 feet wide extending from the old planer mill toward,
but not as far as, Port Angeles Harbor (see Figure 2-4).

PCP contamination was also detected in surface soil samples
collected west of the new planer mill. However, the con-
tamination near the new planer mill was reported to be
"isolated to a small area that is located between the new
planer building and the adjacent asphalt road. Based on the
available information the contamination appears to be sur-
ficial and does not appear to be migratory in the ground-
water." (Prel. Env. Assessment, page 45; Hart Crowser;
June, 1988.)



3 SITE INVESTIGATION METHODS

Section 3 provides information about the field and analyti-
cal procedures employed during the focused site
investigation.

‘3.1 FIELD METHODOLOGY

Investigation field work was conducted at the former M&R
site from August 1988 through November 1988. Detailed de-
scriptions of the field methods used during the focused site
investigation are presented in the Sampling and Analysis
Plan (SAP) (CH2M HILL, August 1988). The SAP is provided as
Appendix A.

3.1.1 REDEVELOPMENT AND SAMPLING OF EXISTING WELLS

Redevelopment of the monitoring wells previously installed

at the site by Hart Crowser was necessary because the ground-
water produced by the wells contained excessive amounts of
formation sand and silt. On August 3, 1988, CH2M HILL per-
sonnel visited the site and determined that existing wells
contained approximately 6 inches of fine grain sediment and
organic material at the bottom of the well screens. The
wells also produced additional entrained solid material as
water was removed with a bailer.

On August 16, 1988, CH2M HILL began to redevelop the exist-
ing wells. Redevelopment was conducted by airlifting and
surging the wells to remove fine-grained sediment from the
filter pack and formation surrounding the well screens.

The air compressor used during airlifting was outfitted with
an in-line water and oil filter to prevent contaminants from
being introduced into the wells by the airlifting process.
Air was delivered from the compressor to the wells via new,
flexible polyethylene pipe.

Airlifting was used to redevelop the HC monitoring wells.
Initially redevelopment was conducted using a l-inch-
diameter air line inserted into the sump at the bottom of
the well. Compressed air was directed to the bottom of the
well through the air line, thereby lifting water up the well
casing to the ground surface where it was collected. This
method was found to be ineffective as the quantity of fine
grain material pulled into the well did not decrease with
time. The airlift technique was then modified so that com-
pressed air was directed through a 1/2-inch-diameter air
line into the bottom of a l-inch-diameter eductor pipe ex-
tending to the bottom of the well. This second method lim-
ited water with entrained air to the inside of the eductor



pipe and minimized agitation inside the well screen. This
second airlift method was only partially successful in that
less fine grain material was pulled into the well with time.

The first method continued to be used at all wells during
the early stage of development to remove existing sediment
from the bottom of the screen and sump. Development was
then completed using the second method. Figure 3-1 illus-
trates the first and second airlift methods discussed above
(Methods 1 and 2, respectively). Photographs showing the
two methods are presented in Appendix B.

Before redevelopment of each well, the downhole tubing was
decontaminated by washing with trisodium phosphate (TSP) and
water followed by a distilled water rinse. The compressor
was started and air was then slowly introduced through the
air line tubing to the well. The rate of air being supplied
to the well was slowly increased until the water production
rate was maximized.

After continuously airlifting each well for approximately

1 hour, the well was agitated by surging, which consisted of
repeatedly turnlng the air supply to the well on and off.
During surging, water in the well was repeatedly llfted and
dropped. This loosened the fine-grained sediment in the
sand pack surrounding the well allowing it to move into the
well and be discharged. Table 3-1 summarizes the volume of
water removed from each well during redevelopment
procedures.

Table 3-1
VOLUME OF WATER REMOVED DURING WELL REDEVELOPMENT
Redevelopment

Monitoring Volume
Well No. (gallons)

MW-5 55

MW-6A 25

MW-8A 275

MW-15 55

MW-16A 55

Mw-18 165

MW-19 55

Mw-21 55

MW=-22 30

Water and sediment generated by redeveloping the existing
wells was placed into plastic-lined, DOT-approved, Type 17C,
55-gallon steel drums. The liquid portion of each drum was
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pumped into a 5,000-gallon holding tank. The sediment and -
plastic drum liners were composited and placed into several'
drums for disposal by Daishowa. Sediment and water were: -
tested for PCP and TCP content before disposal.

The redevelopment of existing wells was generally unsuccess-
ful in reducing the quantity of formation sand and silt pro-
duced by the wells. Although production of sand decreased
during airlift pumping, sand production increased to 1its
original levels when the well was surged. At most locations
the production of formation sand and silt did not decrease
over time. Typical wells (e.g., MW-6A and MW-8) produced
1/2 to 1 inch of sediment in a 5-gallon bucket as the bucket
was filled. The production of sand and silt is attributed
to the large slot size (0.020 inch) of the well screens and
the coarse sand used as a filter pack.

3.1.2 DRILLING AND MONITORING WELL INSTALLATION

Drilling and well installation were performed by Pacific
Testing Laboratories, Inc., under subcontract to CH2M HILL.
A total of 10 additional groundwater monitoring wells were
installed and two soil borings drilled at the site by

CH2M HILL and Pacific Testing Laboratories. From August 29,
1988, through September 22, 1988, nine wells were installed
and the two soil borings were drilled. On October 6 and
October 7, 1988, a tenth well was drilled and installed.
Figure 3-2 presents the location of the 10 monitoring wells
and 2 soil borings drilled by CH2M HILL and the 17 monitor-
ing wells installed by HC.

Drilling was conducted using 6-inch inside-diameter (ID)
hollow-stem auger advanced by a truck-mounted drill rig.
Soil samples were obtained during drilling with split-spoon
and Shelby tube samplers. The monitoring wells were drilled
and screened at two general depth intervals. Five deep
wells were drilled to a total depth of 53 feet with well
screens positioned from approximately 40 to 50 feet below
ground surface. Five shallow wells were drilled to an ap-
proximate total depth of 18 feet with well screens posi-
tioned spanning 5 to 15 feet below ground surface. The
geologic and well construction logs for the 10 monitoring
wells installed by CH2M HILL are included in Appendix C.
Table 3-2 summarizes well construction details for these

10 wells and nine wells installed by HC in the focused site
investigation area.

To prevent cross contamination of soil and water samples
obtained during this investigation, the drill rig and down-
hole equipment were thoroughly steam-cleaned prior to
drilling at each soil boring or monitoring well location..
Potentially contaminated soils generated during drilling
were placed into lined DOT-approved, Type 17C, 55-gallon
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Table 3-2
WELL CONSTRUCTION SUMMARY

Filter Elevation
Pack Screen at Top of
Well Date Total Interval Interval PVC Casigg
Designation Firm Drilled Depth (ft bgs)a (ft bgs)a (feet) Comments
MW-5A Hart Crowser 5/11/88 14.0 3.5-14.0 4.0-14.0 9.14
MW-6A Hart Crowser 5/13/88 14.0 3.0-14.0 4.0-14.0 8.63
MW-8 Hart Crowser 5/16/88 14.0 3.0-14.0 4,0-14.0 9.76
MwW-15 Hart Crowser 6/9/88 16.5 4.0-16.5 5,0-15.0 7.85
MW-16A Hart Crowser 6/12/88 16.5 4.0-16.5 6.0-16.0 8.11
MW-18 Hart Crowser 6/10/88  20.0 6.0-20,0 9.0-19.0 9.53
MW-19 Hart Crowser 6/11/88 17.5 5.0-17.5 7.0-17.0 9.73
MwW-21 Hart Crowser 6/11/88 16.5 .4.0-16.5 6.0-16.0 9.18
MW-22 Hart Crowser 6/12/88 15.0 2.5-15.0 3.0-13.0 10.43
MW-6B CH2M HILL 8/30/88 55.5 36.8-53.0 40.0-50.0 8.77
MW-6C CH2M HILL 10/6/88 17.5 3.0-17.5 4.5-14.5 8.78
MwW-8B CH2M HILL 9/12/88 53.0 37.0-52.5 39.5-49.5 9.17
MW-16B CH2M HILL 9/8/88 53.0 37.0-53.0 40.0~50.0 8.51
MW-23 CH2M HILL 8/29/88 17.5 3.0-17.0 4.0-14.0 8.24
MwW-24A CH2M HILL 9/1/88 20.0 3.5-18.0 5.0-15.0 9.33
MW-24B CH2M HILL 9/6/88 53.0 37.0-53.0 40.0-50.0 9.67 Cloth measuring tape,
weight, and duct tape
in filter pack.
MW-25A CH2M HILL 9/15/88 17.0 3.0-17.0 4.0-14.0 9.01
MW-25B CH2M HILL 9/14/88 53.0 37.0-53.0 40.0-50.0 8.55 Cloth measuring tape,
weight, and duct tape
in filter pack.
MW-26 CH2M HILL 9/19/88 17.5 3.0-17.5 4.5-14.5 8.06
_aft bgs = feet below ground surface.

bElevations referenced to Wilsey and Ham datum.



steel drums. The drums were labeled and sealed until they »
were tested for PCP and TCP. No soils or water contained in :
drums were qualified as dangerous wastes based on the analysis..

Geologic conditions at the site presented some difficulties
to drilling and well installation. "Heaving" sand migrated
into the bottom of the hollow-stem auger during drllllng in
the uppermost 20 feet at the site. Maximum heaving was

2 feet during drilling of MW-6C. To offset heaving condi-
tions, water was added to the inside of the hollow-stem
augers. The hydrostatic pressure of the additional water
inside the auger was successful in preventing major problems
in drilling or completing the wells.

Monitoring well materials were installed through the inside

of the 6~inch ID hollow-stem auger after drilling the bore-

hole to the termination depth. Each well consists of a PVC

sump, screen, and casing. A stainless steel centralizer was
placed below the well screen to center the screen and casing
assembly in the borehole. Well materials were steam-cleaned
before installation.

Well casing for all monitoring wells installed by CH2M HILL
consists of Schedule 40 PVC pipe with flush joint threads.
Well screen for all CH2M HILL wells is 10 feet long and con-
sists of Schedule 40 PVC with 0.010-inch factory-milled slots.
A 3-foot-long Schedule 40 PVC sump was installed below each
screen.

Filter pack material was installed adjacent to each well
screen as the augers were withdrawn from the borehole. The
filter pack extends to approximately 3 feet above the top of
the screen. Filter pack material consists of Monterey No. 16
sand for wells MW-23, MW-24A, MW-24B, MW-16B, MW-6B, and MW-26.
The filter pack material for wells MW-25A, MW-25B, MW-8B,

and MW-6C is Colorado Silica Sand, Grade 20-40. These two
sand types are very similar in grain size gradation. The
filter pack material was poured slowly into the well and
allowed to settle around the screen. The depth to the top

of the filter pack was measured regularly, during installa-
tion, with a weighted tape.

An annular seal was installed above the filter pack in each
borehole. For shallow wells, the seal is approximately

2 feet thick and consists of 50 pounds of 1/2-inch-diameter
bentonite pellets. For deep wells, the bentonite seal is
approximately 5 feet thick and consists of 50 pounds of
granular bentonite mixed with 17 gallons of water. The re-
mainder of the borehole annulus in each deep well is filled
with a cement slurry containing 3 to 5 percent powdered
bentonlte by dry weight.



" The uppermost 2 feet of each borehole annulus was filled

with concrete. An 8-inch-diameter steel protective casing
was installed to a depth of 2 feet within the concrete seal.
The steel protective casing extends approximately 2 feet
above the ground surface and is equipped with a steel 1lid
secured with a combination padlock. The top of the 2-inch-
diameter casing is covered with a vented PVC slip cap. A
3-foot-square concrete pad was constructed around each well.
The steel casings were marked with the well identification
number using welding bead. Three-inch~diameter steel guard
posts were installed around each well to a depth of approxi-
mately 2 feet. The guard posts were secured in place with
concrete. The guard posts and protective casing were spray-
painted fluorescent orange for optimum visibility. At least
three steel guard posts were installed at each well. Four
steel guard posts were installed at most wells.

Well development was conducted following completion of each
well, allowing a minimum of 24 hours for the bentonite and
cement seals to stabilize. Well development was accom-
plished by airlifting and surging in a similar manner to
that used for redevelopment of the Hart Crowser wells as
described in Section 3.1.1. Airlift Method No. 1 was used
to initially remove sediment from the wells. Method No. 2
was used during the final stages of well development (see
Figure 3-1). At least 55 gallons of water was removed from
each monitoring well installed by CH2M HILL.

-

3.1.3 GROUNDWATER SAMPLING

Two rounds of groundwater samples were obtained from nine
existing HC wells and from the 10 new wells constructed in
the focused site investigation area. The first samples were
obtained from the HC wells between August 25 and 26, 1988,
prior to drilling new wells at the site. The first samples
from newly constructed wells were obtained periodically dur-
ing the project as the wells were completed and developed.
The second round of groundwater samples was obtained from
all 19 monitoring wells between October 3 and 5, 1988,
excluding MW-6C, which was not drilled and constructed until
October 6, 1988. Groundwater samples were obtained from
MW-6C on October 13 and November 1, 1988. A third ground-
water sample was obtained from MwW-6C on November 21, 1988,
to verify the presence of PCP found in the two previous
samples.

Before sampling each well, the head space in the well was
checked for volatile organic compounds with an HNu photoion-
ization detector. This check was conducted immediately
after opening the security casing and removing the PVC well
cap. The depth to groundwater was then measured with an
electric water level probe (Slope Indicator Model No. 51453)
and recorded in the project logbook.
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Presample purging of the wells was conducted with a peri-
staltic pump (Geotech Model No. Geopump 2) at a flow rate of
approximately 0.2 gallons per minute. Purge water was with-
drawn from each monitoring well using new Teflon® tubing
below the static water level and Tygon tubing above the
water level. The Teflon® tubing was dedicated to each well
for use during subsequent sampling rounds. The Tygon tubing
was not dedicated to each well, but was decontaminated be-
tween each use with a TSP-and-water wash followed by a
distilled-water rinse.

A minimum of three wetted casing volumes was removed from
each well before sampling. For shallow wells, 10 gallons
were removed before sampling. For deep wells, 25 gallons
were removed before sampling. All purge water was contained
at the well head in DOT-approved, Type 17C, 55-gallon drums
and then transferred to the 5,000-gallon-capacity tank.

Temperature, specific conductance, and pH of the purge water
were measured periodically durlng purging to verify stabi-
lization of these parameters prior to sample collection.
Samples were collected directly from the peristaltic pump
discharge in a disposable plastic container. All field
parameters were measured immediately and the results recorded
in the project logbook.

The field probes were rinsed with distilled water before
each use. The pH meter was field-calibrated daily using
standard calibration solutions in accordance with the manu-
facturer's specifications.

Stainless steel bailers with Teflon® check valves were used
to collect groundwater samples after purging was completed.
Dedicated lengths of monofilament fishing line were used to
raise and lower the bailer and were discarded after use at
each well. The bailers were decontaminated prior to use at
other wells.

Water samples were transferred from the bailer directly into
the sample bottle or vial. A final field sample was ob-
tained after collection of all laboratory samples. The
field parameters pH, conductivity, and temperature were then
measured and recorded.

Equipment blanks were collected during the site investiga- .
tion to confirm that the groundwater samples were not con- -
taminated by sampling equipment or procedures. To obtain
equipment blanks, a bailer was first decontaminated. Dis-
tilled water was then poured through the bailer and col-
lected in sample containers.



3.1.4 SOIL SAMPLING

Soil samples were obtained from each boring for geological
characterization. The samples were obtained at 2.5-foot
intervals over the entire depth of the boring using a pre-
cleaned, 2-inch-ID, split-spoon sampler, or Shelby tube.

At most borings, two samples were obtained for grain size
analyses (ASTM 422-63). These samples were transferred from
the split-spoon sample into prelabeled Ziplocke® plastic
bags. At MW-6C and MW-6B, only one sample was collected for
grain size analyses.

Shelby tube samples were obtained from the screen intervals
of seven monitoring wells for laboratory permeability test-
ing. Shelby tube samples were capped in the field and were
kept in a vertical position until molten paraffin wax was
used to seal the top of the sample tubes. Shelby tube sam-
ples were obtained at MW-6B, MW-24B, MW-24A, MW-16B, MW-8B,
MW-25B, and MW-25A.

Selected soil samples were collected during drilling with
split-spoon samplers for chemical analyses including PCP,
TCP, semivolatile organic chemicals, and 40 CFR 264 Appen-
dix IX parameters. Soil samples were collected for chemical
analysis above the water table at 2.5-foot intervals in all
boreholes. In shallow wells (generally 18 feet deep), sam-
ples were also obtained from immediately below the water
table and at the bottom of the boring. For deep wells
(generally 53 feet deep), samples were also obtained from
immediately below the water table, at the bottom of the bor-
ing, and from an interval midway between the water table and
the bottom of the boring.

After visually logging the soil material, it was transferred
into a precleaned stainless steel mixing bowl. The soil was
then thoroughly homogenized using a precleaned stainless
steel spoon and placed directly into laboratory-prepared
glass sample containers. Laboratory-prepared sample con-
tainers were provided by I-Chem Research, Inc.

Equipment blanks were collected during the site investiga-
tion to confirm that soil samples were not contaminated by
sampling equipment or procedures. To obtain an equipment
blank, a split-spoon sampler was first decontaminated. Dis-
tilled water was then poured through the sampler and dis-
charged into a precleaned stainless steel mixing bowl. The
collected water was then poured into sample containers.

3.1.5 GROUNDWATER LEVEL MEASUREMENTS AND SLUG TESTS

Four rounds of groundwater level measurements were obtained
during the field investigation. Because groundwater levels



fluctuate up to several feet in some wells in response to-
tidal influence, each round was completed within approxi-
mately 1-1/2 hours so that the measurements would be as con-
temporaneous as possible. Each round of groundwater level
measurements included 25 monitoring wells on the former
Merrill and Ring property, including those outside of the:
focused site investigation area.

Groundwater levels were measured in 15 Hart Crowser wells on
August 3, 1988 to determine groundwater flow directions as
part of the planning activities for the focused site inves-
tigation. An additional round of measurements was obtained
on August 30, 1988. Two rounds of groundwater level meas-
urements were obtained on September 24, 1988, after nine
additional wells had been installed by CH2M HILL in the
focused site investigation area. One of the two rounds oc-
curred at high tide; the other occurred at low tide.
Groundwater levels corresponding to high and low tide were
measured to evaluate the change in groundwater flow direc-
tions near the shoreline at tidal extremes.

All groundwater-level measurements were obtained with an
electronic well probe (Slope Indicator Model No. 51453).

The probe was rinsed with distilled water after each use to
prevent the possibility of cross-contamination of monitoring
wells. The probe was thoroughly decontaminated periodically
during the field investigation with a TSP wash and
distilled-water rinse.

Depth to groundwater was measured from a marked reference

point at the top of each PVC well casing. Vertical survey
control was provided for the reference points by Northwest
Territory Surveyors, under subcontract to Rust Engineering.

Continuous groundwater level measurements were obtained at
the site from September 14, 1988 through September 28, 1988.
Continuous water level measurements were obtained in five
locations simultaneously, using 5- and 10-psi pressure
transducers and a data logger (Terrasciences Model No. 8D).
Two separate arrays of monitoring wells were established to
monitor the hydraulic response of deep and shallow wells to
tidal action.

The first array was established to evaluate the influence of
tidal action on groundwater levels in shallow wells at the
site. Transducers were placed in MW-15, MW-16A, Mw-18,
MW-21, and a stilling well located in Port Angeles Harbor.
This array was monitored at 1l0-minute intervals for 5 days.

The second array was established to evaluate the influence
of tidal action on groundwater levels in selected shallow
- and deep wells, including the relationship between a deep
and shallow well pair. Transducers were placed in MW-16B;,
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MW-21, MS-24A, MW-24B, and the stilling well in the harbor.
This array was monitored at 15-minute intervals for 4 days.

The pressure transducers were steam cleaned prior to instal-
lation in wells at the site. After installing the trans-
ducers in the wells, the data logger was calibrated to
record groundwater levels in feet relative to a common datum
(Wilsey and Ham datum).

The data logger and transducers were also used to record
data from noninvasive aquifer slug tests conducted at the
site September 27 and 28, 1988. Slug tests were conducted
in new wells MW-6B, MW-8B, MW-16B, MW-23, MW-24A, MW-24B,
MW-25A, MW-25B, MW-26, and HC wells MW-6A, MW-8A, MW-15, and
MW-16A.

Slug tests were conducted by inserting a rod or "slug" of
known volume into the well being tested, thereby displacing
and raising the water level in the well. After the water
level equilibrated, the rod was removed, lowering the water
level. A pressure transducer placed in the well below the
inserted rod measured the rise and subsequent equilibration
of the static water level in the well versus time. Time
versus water level data were recorded by the data logger.

The rod used 1n the slug test procedure consisted of a
weighted and sealed l-inch-diameter polyethylene pipe. The
pipe was cleaned prior to use at each well with a TSP-and-
water wash followed by a distilled-water rinse.

3.1.6 MARINE SEDIMENT INVESTIGATION

CH2M HILL collected and analyzed a total of four marine sed-
iment samples, one background sample, and one field dupli-
cate 1in accordance with the Sampling and Analysis Plan
(Appendix A). Table 3-3 identifies, each sample by number,
location, and physical description. Figure 3-3 identifies
the sample location. Samples were analyzed for PCP and TCP
using a modified EPA Method 8040, grain size (Method

ASTM 422-63), total organic carbon (TOC) (Method No.
EPA3-73), and percent moisture (Method No. ASTM D 2216).
One sediment sample, DS-MS05, was also analyzed using EPA
Method 8270 for semi-volatile organic chemicals as a per-
formance check on the Method 8040 analysis.

Samples were collected between the hours of 0800 and 0940 on
September 22, 1988. During this time the tide was flooding
from -0.6 foot below mean lower low water to 7.1 feet above
mean lower low water. At the time samples were collected,
the water level was approximately 2.8 feet above mean lower
low water.
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Table 3-3
MARINE SEDIMENT SAMPLES COLLECTED AT Ms&R ON S

EPTEMBER 22, 1988

Field Time Depth of Depth of
Bottom Sample Sample Water Sample
Station Odor Description Color Composition No. Sample Description  Analyses Collected (feet) {inches)
DS-MS-01 Hydrogen Approximately Grey brown Soft silty DSA-MS1 Wood chips and bark 8040, 0915 16 6
sulfide 2.5 feet of with some sand in sample. Three Grain
bark/chips on black grabs required to size, TOC,
bottom obtain adequate percent
sample. moisture
DS-MS-02 Hydrogen No logs, Grey black Soft silty DSA~MS2 Wood chips and bark 8040, 0855 16 6
sulfide piles of wood sand in sample. Two Grain
chips and grabs required to size, TOC,
bark obtain adequate percent
sample. moisture
DS-MS~-03  Strong Over 1 foot Brown Soft silty DSA-MS3 Wood chips in 8040, 0836 16.5 6
hydrogen of wood sand sample.  0il sheen Grain
sulfide chips observed. Two grabs size, TOC,
required to obtain percent
adequate sample. moisture
DS-MS~-04  Strong Bark and Black with Soft silty DSA-MS4 Bark intermingled 8040, 0815 20 6
hydrogen timber some brown sand with sediment. O0il Grain
sulfide streaks sheen observed. Two size, TOC,
grabs required to percent
obtain adequate moisture

sample.



Table 3-3

(continued)
Field Time Depth of Depth of
Bottom Sample Sample Water Sample
Station Odor Description Color Composition No. Sample Description Analyses Collected (feet) (inches)
DS-MS-05 None Numerous Black grey Well con- DSA-MS5 Few wood chips in 8040, 0940 18 6
detected timbers, few solidated sample. Three grabs Grain
wood chips sandy silt required to obtain size, TOC,
adequate sample. percent
Performance audit moisture
and field duplicate
collected at this
site.
w DS-MS-05 None Nunmerous Black grey Well con- DSA-MS53 Few wood chips in 8270, 0940 18 6
:4 detected timbers, few solidated sample. Three grabs Grain
ol wood chips sandy silt required to obtain size, TOC,
adequate sample. percent
Performance audit moisture

and field duplicate
collected at this
site.



Sediment sampling was performed by Global Diving and Sal-
vage, Inc., under subcontract to CH2M HILL. A diver using a
clam gun and working from a 24-foot Boston Whaler was: used.
See Appendix B for photographic documentation of sampllng
methods. The diver was tethered to the boat by the oxygen
line and cable and was able to verbally communicate with
field personnel on the Boston Whaler. .

Sediment sample stations were positioned by aligning a
transect connecting the piers and a third point onshore.

The diver confirmed the location prior to submerging and
sample collection. Once the diver reached the bottom, he
described the bottom conditions and cleared away debris and
wood chips that covered the sediments. The diver inserted -
the clam gun into the sediments until maximum penetration,
approximately 6 inches to 1 foot, was obtained. The clam
gun was then carefully removed and the bottom sealed to pre-
vent the sample from leaking out of the sampler.

The diver surfaced and handed the sampler over to CH2M HILL
personnel on the boat to process. This involved carefully
draining the water overlaying the sample and then extruding
the sample into a stainless steel bowl. This process was
repeated until adequate sample material was obtained. The
physical appearance of the sample was observed and recorded
along with time, location, depth of water, depth of sample
penetration, and desc¢ription of bottom conditions. The sam-
ple was then homogenized using a precleaned stainless steel
spoon and bowl. The sample material was transferred into
laboratory~prepared (I-Chem Research, Inc.) containers.

Wood chips and wood debris were observed at all stations,
although few wood chips were observed at the southernmost
station, DS-MS-05. The amount of wood chips overlaying the
bottom sediments increased from the southern dock to the
northern dock. At Station DS-MS-01, approximately 2.5 feet
of wood chips and bark were observed overlaying the surface
of the sediments (see Table 3-3).

Six-inch cores were collected at each station. A hydrogen
sulfide odor was emitted from all samples. At Sta-

tions DS-MS-03 and DS-MS-04 the hydrogen sulfide odor was
strong. An 01l sheen was observed in samples collected from
Stations DS-MS-03 and DS-MS-04.

3.1.7 VERIFICATION SOIL SAMPLING

During the course of this study, in order to verify HC find-
ings throughout the former M&R site, CH2M HILL collected a
total of seven samples (two marine sediments and five
soils). Discussion of the verification study is provided in
a technical memorandum provided as an addendum to this
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report. All verification analytical results, however, are
included both in the memorandum and in this report.

3.1.8 HANDLING AND DISPOSAL OF DRILL CUTTINGS AND WATER

Drill cuttings were containerized, as they were generated,
in DOT-approved, plastic~lined, Type 17C, 55-gallon steel
drums. Drums were sealed after being filled. The drums
were labeled in the field with the date, boring number, and
drum contents (soil or water). The drums were then trans-
ported with a forklift and flatbed truck from the boring
location to a temporary onsite storage location.

Temporary onsite drum storage was located on an asphalt pad
at the west end of the site. This location was specifically
prepared for drum storage by building an 8-inch-high berm
around the area with logs and covering the area and the berm
with 40-millimeter-thick polyethylene sheeting. The out-
sides of the drums were steam-cleaned in the decontamination
area to remove any contaminated cuttings that had spilled or
splashed onto them. The drums were then placed on wooden
pallets before moving them into the temporary storage loca-
tion. Polyethylene sheeting was also placed over the top of
the drums and secured. As additional drums were added to
the area, the polyethylene liner and berm were extended to
accommodate them. Appendix B includes photographs identify-
ing the onsite temporary drum storage area.

The results of analytical tests on soil samples obtained
from the borings were used to determine whether the drummed
soils were contaminated. All drummed soils showing unde-
tectable levels of TCP and PCP, or TCP and PCP present at
concentrations less than the EPA PCP criterion for soil
(EPA, Revised Draft RFI Guidance, Section 8, December 1984),
were returned to the focused site investigation area and
spread on the ground surface. Drummed soils obtained from
borings with detectable levels of TCP and PCP (MS-24A

and MW-24B) were also returned to the study area because
analytical results did not exceed PCP soil criteria as es-
tablished by EPA (EPA, Revised Draft RFI Guidance, Sec-

tion 8, December 1984).  Finally, all disposable plastic
sheeting and clothing used during the project were drummed
and sealed and turned over to Daishowa for disposal.

Well development water, including that generated during re-
development of the Hart Crowser wells, and presample purge
water generated during groundwater sampling activities was
containerized at the wellhead in DOT-approved, Type 17-C,
55-gallon drums. Before September 7, 1988, the drummed
water was moved and stored with the drummed soil cuttings as
described earlier. On September 7, 1988, a 5,000~gallon
holding tank was delivered to the site by Northwest Enviro-
services. All drummed waters were then pumped into the



tank. After September 7, all water generated by well de-
velopment and purging was drummed at the wellhead, then
transported and pumped into the holding tank. Approximately
4,000 gallons of water were containerized in the holdlng
tank by the completion of this study.

On October 8, 1988, water in the holding tank was mixed and
a sample was collected and analyzed for PCP and TCP using
testing Method 8040. Neither compound was detected. The
holding tank was subsequently moved to Daishowa's wastewater
treatment plant. With the approval of Ecology, the water in
the holding tank was then disposed of by slowly bleeding it
into the wastewater treatment plant. Daishowa's treatment
plant utilizes activated sludge for secondary treatment.

3.2 ANALYTICAL PROGRAM

The following sections describe the analytical methods se-
lected for the focused site investigation at the former M&R
property. A discussion explaining the rationale for .
specific analytical methods and a summary of all soil and
water sample analyses is also provided. Physical soil
characteristics (grain size and laboratory permeability
tests) were discussed in Section 3.1.4.

3.2.1 CHEMICAL ANALYSIS TEST METHODS

Analytical procedures selected to test the presence or ab-
sence of PCP, TCP, or other chemicals were based on the
appropriate test methods described in the Code of Federal

- Regulations (40 CFR, Part 261, Subpart D, Appendix III--
Chemical Analysis Test Methods). Table 1 of Appendix III,
the Analysis Methods for Organic Chemicals, specifies that
Analytical Methods 8040 and 8250 are the appropriate proce-
dures for PCP. Method 8270 is also an EPA recommended pro-
cedure for semivolatile organic compounds, including PCP,
because it provides better chromatographic separation than
Method 8250. These procedures are described in Test Methods
for Evaluating Solid Waste, Physical/Chemical Methods
(SW-846) (November, 1986). Other methods selected for this
study include a scan of chemicals in selected soils and
groundwater (40 CFR 264, Appendix IX parameters), mercury in
soils (EPA Method number 7471), and physical parameters such
as common ions and permeability procedures.

3.2.1.1 CH2M HILL Corvallis Laboratory Method 8040--PCP and
TCP :

Analytical Method Number 8040 is used to determine the con-
centration of phenolic compounds including PCP and TCP.
Extraction of the target constituents is analyzed on a two-
channel capillary gas chromatograph using a flame ionization

-



detector (FID). CH2M HILL's Corvallis laboratory character-
ized site soils and groundwater using a modified 8040
analytical method that focused on PCP and TCP only. PCP as
discussed in this report and analyzed by Method 8040 is
2,3,4,5,6-Pentachlorophenol. TCP as discussed in this re-
port is the sum of the three isomers of tetrachlorophenol
including 2,3,4,5-TCP, 2,3,4,6~-TCP, and 2,3,5,6-TCP unless
otherwise specified. This modification permitted a rapid
matrix characterization to assess the potential for con-
tamination and, consequently, to permit more accurate siting
of monitoring wells. A detailed summary of the modified or
close support laboratory (CSL) method is provided in the
Quality Assurance Project Plan (QAPP). The QAPP is included
as Appendix A.

Table 3-4 identifies the sample location, frequency, and ma-
trix of all method 8040 samples collected for the focused
site investigation.

3.2.1.2 Method 8270--Semivolatile Organic Chemicals

Approximately 30 percent of the soil samples that were ana-
lyzed for PCP and TCP by Method 8040 were split and sent to
California Analytical Laboratory, Sacramento, California,
for confirming analysis by Method 8270. Approximately

10 percent of the groundwater and marine sediment samples
were also sent for Méthod 8270 analysis. Method 8270 is an
EPA~approved gas chromatographic/mass spectraphotometric
(GC/MS) procedure for the analysis of extractable semivola-
tile organic compounds from the hazardous substance list
(HSL) including PCP and some of its breakdown products. The
complete compound list i1s given in Table 3-5. Method 8270
is a more sensitive but less specific (more compound-
inclusive) analysis procedure than Method 8040 and serves as
a verification of the results obtained by the PCP and TCP
screen. Sending the samples to an independent, laboratory
provides a performance audit to ensure that laboratory-
specific bias 1s not introduced into the data.

The samples chosen for analysis are listed in Table 3-4 and
the rationale for choosing these samples is included in the
SAP and QAPP (Appendix A).

3.2.1.3 Appendix IX Parameters

Four water samples and one soil sample were analyzed for the
compounds identified in Appendix IX of 40 CFR 264. Although
the Appendix IX list is intended for application to ground-
water monitoring programs at RCRA facilities, it was selected
for soil and groundwater analyses for the FSI only because

it is a comprehensive list of contaminants potentially present
at industrial sites. The soil sample included analysis for
the presence of dioxins. This sample verified the favorable
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Summary of Soil and Groundwater Analyses

Table 3-4

A

(8527-9)

Location Sample ID No. &?na;?ed Matrix Soll Depth 8040 Mercury c"";""';on App&ndlx
MW5A 0(33‘.",%‘_‘;")5 8/28/88 | Groundwater NA ® o
0(325%5 10/6/88 | Groundwater NA ® o
MWGA_ 0(391‘ ﬁ 8/24/88 | Groundwater NA o L B
D(%IS\#WMG)A 10/6/88 | Groundwater NA o o
D?:sw‘;A 10/113/88 | Groundwater NA )
mwes | OSA N ey = | &soms Soll 25t0401t. | @ °
osm:\gggsf;;i%ﬂ 8/30/88 Soll 50t06.5ft. ) e
DSA-%QEB-?SIT’ 8/30/88 Soll 7510 9.0 ft. ) L
psA.%?;gfmo 8/30/88 Soll 30.0 to31.5 ft. ® L
DSA-(I&;\{&?#)SS0.0 8/30/88 Soll 50.0 to 51.5 ft. [ ) o
D?BA:;%Y:?B 9/21/88 | Groundwater NA (] L
D?BA.';SZMV;();B 10/13/88 | Groundwater N/A o L o
L _ - v eono———
. Mwec DSA'wMg;‘;%fs“ 10/6/88 Soll 2510401, ° .
' DSA-(gMgQg(_);)SSS.O 10/6/88 Soll 50106.5ft. )
DSA-wM§v2g96;5$7-5 10/6/88 Soll 75109.01t. [
DSA-MWEC-SS17.5 | 10/6/88 Soll 17501000t | @
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Table 3-4

Summary of Soil and Groundwater Analyses (continued)

Location | SampletDNo. | gD |  mMaix | SoDepth | 8040 | 8270 | Mercury | Common | Appendix
MWeC D?s‘\ggﬁ?c 10/13/88 | Groundwater N/A ) o L L
D?&";?‘g?c 11/1/88 | Groundwater N/A ()
0?8‘\6‘3‘0‘-”1’?0 11/21/88 | Groundwater N/A [
_ _ _ S S—
Mw8 Cezent) 817/88 | Groundwater N/A ® o
D(:ggéma 8/26/88 | Groundwater N/A o
D?émgl‘ 10/3/88 | Groundwater N/A [ o
mwes | DSAMIEESS25 | on2res Soll 25t040tt. | @ °
DSA-I('IBVXg?_gSZW 9/12/88 Soll 25104.0ft. () o [
DsA-(lgloﬁ?é?SS-O 9/12/88 Soll 50t06.5ft. ° o o
DSA'@M4WO*}?.;)557-5 9112/88 Soll 7.510 9.0 ft. ®
DSA-D(IIBVXSP.-BS;SSO.O 9112/88 Soll 300to31.51.| @
DSA-M%‘_B{%SSO-O 9/12/88 Soll 50.0 to 51.5 ft. () L
D?&'aMz‘_'g?B 9/26/88 | Groundwater N/A ® ®
D?BA_r,ﬂ‘.'g’,’B 10/3/88 | Groundwater N/A L o
MW15 D?é;“gg; 5 8/24/88 | Groundwater N/A _0 ) 1 ®
Dﬁnggs 10/4/88 | Groundwater N/A ® b
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Table 3-4

Summary of Soil and Groundwater Analyses (continued)

Locatlon Sample ID No. Sa',’,;‘,‘,‘,’,d Matrix Soli Depth 6040 | 8270 | Mercury | Comon | ARsndlx
MW16A Df’sgm;s 8/28/88 Groundwater NA () {
Ds(gwng 10/14/88 | Groundwater NA [ J o
Ds(g';"_,g’g)s‘\ 10/14/88 | Groundwater NA ® | J
MW16B DSA-v&vgggg-)ssz.s 9/8/88 Soll 2510 4.0 ft. [ ) o
osau-n(aggggg—)sss.o 9/8/88 Soll 5.0t0 6.5 ft. o [
DSA"({'V:’,’;gg;SS"-S 9/8/88 Soll 7510 9.0 ft. °
sggéa’“‘gggg%) 9/8/88 Soll 30.0t031.5ft. | @
sggéamgg gg_}) 9/8/88 Soll 500t 51.51t. | @ e
ss%%fgmgs%%'-s) 0/8/88 Soll 500to 5151 | @
Dszg;wf B 9/23/88 Groundwater NA L o
05?54"5":.12380 9/23/88 | Groundwater NA
os(e;wg)sa 10/4/88 | Groundwater N/A [ L ==__%
Boring 16¢ Ds%%g;_ff‘" 11/16/88 Soll 9.010 14.0 ft. °® [ Tt |
DSA-SB-16C-11D | ;1608 Soll 9o0to140ft. | @

(8667-11)
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Table 3-4
Summary of Soil and Groundwater Analyses (continued)

Location | SampletDNo. | gar%eq Matrix SoliDepth | 8040 | 8270 | Mercury | ComMon | Appendix
MW18 D(sag}'gg;s 8/24/88 Groundwater N/A o  J |
D(SBASE%;B 10/4/88 Groundwater N/A o ®
MW19 D%‘.g‘_'g" 8/26/88 | Groundwater NA ® °
D?BAS.ZW;Q 10/15/88 | Groundwater NA ) ®
MW21 DZ‘Z‘:‘;,'Q,"#‘ 8/24/88 | Groundwater NA o
D?agm)a 10/5/88 | Groundwater N/A o ®
MwW22 oaAa%vg)zz 8/28/88 | Groundwater N/A
D(Sézm;"z 10/5/88 Groundwater N/A
mwzz | PSARTNEISSZS | groores Soll 2510401 | @ °
OSA bsan > | srzores Soll 50t0651t. | @ °
OSA ysan | eroms Soll 750001 | @ °
DSA"(‘;‘Q’:;’_"‘S)S‘ 001 gr20/88 Soll 100to 11.51. | @ [ [
DS A s 7> | 20188 Soll 17511901t @ °
0(38%'4’2‘.’1’;"3 9/1/88 Groundwater NA [ o
DSA-MW23 10/6/88 | Groundwater N/A ] L

(8527-1)
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Table 3-4

Summary of Soil and Groundwater Analyses (continued)

Location Sample ID No. Satr):;ta?ed Matrix Soll Depth 8040 8270 | Mercury c".';',',‘:’" App&ndk
MW24A os‘\w?i?sz.s 9/1/88 Soll 2.510 4.0 ft. o [ J
os;x-(ngzw‘ég?ss.o 9/1/88 Soll 5.010 6.5 ft. o o
DSA-(%‘;%S%S 9/1/88 Solt 7.510 9.0 1t ) o
DS ey 20 | ones Soll 200t02151.| @ °
D?B%'qgg“ 9/13/88 | Groundwater N/A o °
O A 10/3/88 | Groundwater N/A ° | e _
Mw24B "SA"{:,";gg‘R;ssz~5 9/6/88 Soll 2510 4.01t. °
DSA(-;RS%VGZ’-;)BJ-S 9/6/88 Soll 7510901t | @
sg?é;”:'gggg‘s) 9/6/88 Soll 125t01401t. | @
s93n0 (oases) | e Soll 350103651 | @
s950.0 (sases) | oreres Soll 500t05151t. | @ L
SSo.0D (ases) | 96788 Soll 500to5151t| @
D%\wmga 9/13/88 | Groundwater N/A [ ] ®
Ds?é,m %‘;BD 9/13/88 | Groundwater NA o ®
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Table 3-4
Summary of Soil and Groundwater Analyses (continued)

Location Sample ID No. sa?:;?ed Matrix Soll Depth 8040 | 8270 | Morcury | Common | APPSRdIX
MW25A os&mfgﬁissz.s 9/15/88 Soll 251040 f1, ° °
DSA-'({";'fg_A,‘,;SSSD 9/15/88 Soll 5.010 6.5 ft. ° [
osA-wfgg;ssm 9/15/88 Soll 7510 9.0 ft. ®
sg;s':mf;—:ﬂ) 9/15/88 Soll 170t01851. | @
ss?%ﬁ'awfi-r») 9/15/88 Soll 170t0185ft. | @
DS(wZY%SA 9/26/88 | Groundwater N/A o
DS(Q;T‘XI;)SA 10/4/88 | Groundwater N/A ® o
Ds?éshquv_%F;AD 16/4/88 Groundwater N/A e
MW258 DSA'wfgg’)s“” 9114/88 Soll 0.0t0 1.5 ft. ° ® ®
DA aog 2| onass Soll 25t040ft. | @ ° ®
DSA-':‘BVL?SS;S“” 9/14/88 Soll 5.0106.5 . °
DSA"V&%%?;?%W 9/14/88 Soll 501065 ft. ®
DSA-M(XV““;%?;)SS”-O 9/14/88 Soll 30.0 to 31.5 ft. ® o
DS'M':B‘%?_’.;)SS5°-° 9/14/88 Sofl 500105151t | @
DS(Q#;I%SB 9/26/88 | Groundwater N/A o ®
e 10/4/88 | Groundwater N/A ® °




8C-¢

Table 3-4
Summary of Soil and Groundwater Analyses (continued)

Location Sample ID No. Sa[l:::)?od Matrix Soll Depth 8040 | 8270 | Mercury | Cogrion [ ApRSndix
MW26 DSA}wzgf;?S?-S 9/19/88 Soll 2510401t () o
DSA-I({.VX%’S:SS2-5D 9/19/88 Soli 2510401t )
os;x-(ng‘wzggiss.o 9/19/88 Soli 5.0 to 6.5 ft. ° ®
DSA-(Wzgﬁ?SH' 9/19/88 Soll 7.510 9.0 ft. e
DSA-?&::_?)S‘ 70 | 9/19/88 Soll 17.0to 185 ft. ® [
Da%mfﬁ 9/26/88 | Groundwater N/A
02581}3-2'4?;)26 10/5/88 | Groundwater N/A
Boring 27 nsA.wg-)ssz.s 9/20/88 Soll 25t0 401t ) L
DSA-%%%‘_’;?SZ-W 9/20/88 Soll 251040 ft. ) ®
DSA-ng;SSS-O 9/20/88 Soll 5.0t06.5ft. o
DSA-%%%’_’S-SWﬁ 9/20/88 Soll 7.510 9.0 ft. )
DS}-RQWB2:'-SS2°-° 9/20/88 Soll 20.0 to 21.5 ft. )
DSA.N(Igvgg:Ié;:'MO-O 9/20/88 Soll 40.0 to 41.5 ft. ()
Boring 28 DSA-B28-51.5 9/20/88 Solt 1.5 ¢
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Summary of Soil and Groundwater Analyses (continued)

Marine Sediment Samples

Location Sample ID No. Sa[:::)?ed Matrix | Soil Depthl 8040 | 8270 [Mercury c"l';'r':;"" App&ndlx TOC Molzoture %';:L“
DS-MS-01 Cossae  |922es [charme | o | @ o | © °
DS-MS-02 Cetsasy  |92288 |gharne | 0" | @ o | © o
DS-MS-03 DSRMSS | orz2res cMarine | o6 | @ o | © °
DS-MS-04 ?gfgz'_‘f)“ 9/22/88 Se”j'imem 0-6" Y °® ) o
DS-MS-05 ?gfsﬂg’f orz2i88 | Marine | o5 | @ P ° °
DS-MS05 | yrarine Sediment) | 92288 | saqiment | 96" o
Verification Study Samples

Location | Sample ID No. Sa[r’:;fed Matrix | Soll Depth | 8040 [ ToC [o% | G2l | gpye | qoxe

VI-MS-200 V(lég"s?‘-_go 9/22/88 sﬁ';ﬂ,l% . 0-6" () [ ) ® [

VI-MS-201 V&'}"‘?&g‘ 022188 | g-2goon | g.g" ° ° ° °

VI-SS-200 V('éfsségf 9/22/88 MalIA:;EEnce 0-3" ° ® ™ ®

viss201 | WSS | 02288 | panetn | 03" ° ®

VI-SS-202 "(f.fg?s")z 9/22/88 | Sawmill 0-3" ® °

VI-S5-203 "('8"‘;’?5_23)3 or22i88 | Green 0-3" ° °

l—_— T . e e S i A 1o s ‘e remeeees |

viss204 | VERSAM | onzee |p et | 0" ° [

viss20s0| ESSZS | orzzies | ZeSD 0-3" ° °

* TPH - Total Petroleum Hydrocarbons (See Verification Study)
b TOX - Total Oraanic Halldes (See Verification Study)




(HAZARD SUBSTANCE LIST)

Table 3-5
METHOD 8270 SEMIVOLATILE ORGANIC COMPOUNDS

3-30

Watexr Soil and Sediment
Quantitation Quantitation
Limit Limit
Parameter (ug/1) (ug/1)
2,4-Dinitrophenol 50 1,600
4-Dinitrophenol 50 1,600
Dibenzofuran 10 330
-2,4-Dinitrotoluene 10 330
2,6-Dinitrotoluene 10 330
Diethyl phthalate 10 330
4-Chlorophenyl phenyl ether 10 330
Fluorene 10 330
4-Nitroaniline 50 1,600
4,6-Dinitro-2-methylphenol 50 1,600
4-Bromophenyl phenyl ether 10 330
Hexachlorobenzene 10 330
Pentachlorophenol 50 1,600
Phenanthrene 10 330
Anthracene 10 330
Di-n-butyl phthalate 10 330
3,3'-Dichlorobenzene 30 660
Benzo (a)anthracene 10 330
bis(2-ethylhexyl)phthalate 10 330
Chrysene 20 660
Di-n-octyl phthalate 10 330
Benzo (b) fluoranthene 10 330
Benzo (k) fluoranthene 10 330
Benzo (a) pyrene 10 330
Indeno (1,2,3~-cd)pyrene 10 330
Dibenz (a,h) anthracene 10 330
Benzo(g,h,i) perylene 10 330
N-Nitrosodimethylamine 10 330
Phenol 10 330
bis(2-Chloroethyl) ether 10 330
2-Chlorophenol 10 330
1,3-Dichlorobenzene 10 330
1,4-Dichlorobenzene 10 330
Benzyl alcohol 10 330
1,2=-Dichlorobenzene 10 330
2-Methylphenol 10 330
bis(2-Chloroisopropyl) ether 10 330
4-Methylphenol 10 330
N-Nitrosodipropylamine 10 330
Hexachloroethane 10 330
Nitrobenzene 10 330
Isophorone 10 330
2-Nitrophenol 10 330
2,4-Dimethylphenol 10 330
Benzoic acid 50 1,600



Table 3-5

(continued)
Water Soil and Sediment
Quantitation Quantitation
Limit Limit
Parameter (ug/1) (ug/1)
bis(2-Chlorcethoxyl) methane 10 330
2,4~Dichlorophenol 10 330
1,2,4~Trichlorobenzene 10 330
Naphthalene 10 330
4-Chloroaniline 10 330
Hexachlorobutadiene 10 330
4-Chloro-3-methylphenol 10 330
(para-chloro-meta-cresol)
2-Methylnaphthalene 10 330
Hexachlorocyclopentadiene 10 330
2,4,6~-Trichlorophenol 10 330
2,4,5~Trichlorophenol 50 1,600
2-Chloronaphthalene 10 330
2-Nitroaniline 50 1,600
Dimethyl phthalate 10 330
Acenaphthylene 10 330
3-Nitroaniline 50 1,600
Acenaphthene 10 330
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results presented by Hart Crowser, indicating that no dioxin
is present in the vicinity of the old planer mill. The Ap-
pendix IX list contains 232 hazardous chemicals for which
there are reliable analytical methods available including
organic chemicals (volatile, semivolatile, pesticides, and
herbicide compounds), metals and two anions (cyanide and
sulfide). The complete list of compounds is presented in
the QAPP (Appendix A). This 1is the most extensive and prac-
tical set of analyses for potentially regulated contaminants.
Analyses of the nine organophosphate pesticides were not
included in this study because there is no information about
this site that suggests these compounds were ever used. All
analyses were performed using methods specified in EPA's
laboratory manual, Test Methods for Evaluating Solid Waste
Physical/Chemical Methods (SW-846, September 1986).

The selection of Appendix IX analysis establishes a standard
of concern by Daishowa; the company is interested in thor-
oughly investigating the potential presence of any contami-
nation that may be associated with this property. Finally,
the comprehensive analysis provided by Appendlx IX can also
serve as a useful benchmark for characterizing site condi-
tions and verifying the Method 8040 and Method 8270 results.

3.2.1.4 Mercury

The information available on sapstain control chemicals such
as Permatox 180 indicated there were several formulations on
the market and at least one contained mercury (John Cult,
American Wood Preserver's Institute, pers. comm., July,
1988) . Soil samples in the target area were analyzed to
determine if there was any mercury contamination present at
the site. Analysis was performed at CH2M HILL's Corvallis
laboratory using SW-846 Method 7471, a manual cold vapor
atomic absorption procedure. Samples analyzed for mercury
are indicated on Table 3-4.

3.2.1.5 Common Ions

Groundwater samples collected during the focused site inves-
tigation were analyzed for a suite of natural groundwater
quality parameters. Natural groundwater quality data were
obtained to:

o Evaluate the vertical and horizontal extent of
saline water intrusion

o Assess the potentlal presence of anthropogenic
inorganic constituents that may represent a hazard
or be useful as indicators of other contaminants



o Determine the potential chemical behavior of the
contaminants of interest (i.e., PCP) in response
to the type and concentrations of natural ground-
water constituents

Natural groundwater chemistry parameters included the common
ions chloride, sulfate, nitrogen (as nitrate), calcium, po-
tassium, magnesium, and sodium; pH, conductivity; alkalinity;
and total dissolved solids. Groundwater samples were ana-
lyzed for common ions, alkalinity, and total dissolved
solids only during the first round of sampling. Conduc-
tivity and pH were measured each time a groundwater sample
was analyzed for organic contaminants.

3.2.2 TLABORATORY AND FIELD QA/QC

Quality assurance (QA) and quality control (QC) programs
were implemented to provide data of known quality. Data
quality is assessed by representativeness, compatibility,
accuracy, precision, and completeness.

The analyses of groundwater and soil samples for Appendix IX
parameters and Method 8270 semivolatile organic compounds

were carried out by the latest EPA Contract Laboratory Pro-
gram (CLP) protocols for Superfund sites. These protocols

are based on EPA's SW846 methods and are described in the

EPA invitation for bid documents (IFBs WA 85 H646/680,

WA 85 J838/833, WA 87 K025/027 and WA 87 J001/003). Guide-
lines for independent review and validation of Contract
Laboratory Program (CLP) data are given in EPA Sample Man-
agement Office Technical Directive Document No. HQ-8410-01,
Contract No. 68-01-6699. Final data reviews followed the
above-noted guidelines. Analysis of PCP and TCP by Method 8040
was carried out under an equivalent level of effort. Specific
QC details are provided in the QAPP (Appendix A).



4 RESULTS

Results of the focused site investigation are presented in
the following sections commencing with the physical site
characterization including geologic and hydrologic charac-
teristics. The analytical QA/QC and results of all chemical
tests are also summarized.

4.1 SITE CHARACTERIZATION

The physical characteristics of the focused site investiga-
tion area were evaluated for potential contaminant transport
pathways. Site geology, groundwater hydrology and chemis-
try, and the nature of offshore marine sediments were also
evaluated.

4.1.1 SUBSURFACE CONDITIONS

4.1.1.1 Site Geology

The geologic information presented in this section was ob-
tained during the focused site investigation conducted from
August through October 1988. A total of 10 groundwater mon-
itoring wells and two soil borings were installed at the
site. The geologic logs for the monitoring wells and
borings, and well construction details, are included in Ap-
pendix C. Geologic information presented by Hart Crowser
(May 1988) was also used in evaluating site geology.

Subsurface conditions within the focused site investigation
area consist of artificial fill material overlying native
sediments deposited in beach and shallow marine environments.
Fi1ll material is on the order of 10 to 20 feet deep in most
areas. Unconsolidated fine sand and silt appears to under-
lie the entire site below this depth.

Figure 4-1 shows the location of two geologic cross sections
prepared to illustrate the subsurface conditions. Figures 4-2
and 4-3 show geologic cross-sections oriented perpendicular
and parallel to the shoreline at the site.

Figures 4-2 (A-A' cross section) and 4-3 (B-B' cross section)
show the vertical extent of fill material as interpreted
from soil samples collected during drilling. The fill ma-
terial ranges from approximately 10 to 20 feet deep and 1is
variable in composition. The fill materials consist mainly
of poorly sorted sand and gravel with variable amounts of
silt and clay. The fill material also contains rip rap, wood
chips and sawdust, log and root debris, and concrete and
brick fragments. In places, the fill also contains shell
fragments, suggesting the presence of dredge spoils.
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Grain-size analysis conducted on selected samples of the
fi11ll material indicate the soils are in the SP or SM group
using the United Soil Classification System (USCS). The SP
and SM groups are described as poorly graded sands and
gravelly sands with little or no fine-grained material, to
silty sands or sand-silt mixtures. The fill materials are
generally coarser grained and contain more gravel than the
native soils at the site.

Several feet of relatively clean sand and gravel directly
underly the above-referenced fill in many areas, especially
in the southwest portion of the site away from the harbor.
The sand and gravel appear to be native in most areas. A
mixture of unconsolidated fine sand and silt underlies the
fill and native sand and gravel (where present). In most

'~ areas, the fine sand and silt are present in nearly equal
proportions. The fine sand and silt is gray in color, un-
consolidated, soft, and contains organic detritus and abun-
dant shell fragments. The unconsolidated fine sand and silt
appears to underly the entire site from a depth of approxi-
mately 20 feet to at least 50 feet, the limits of the bore-
holes drilled by CH2M HILL. Deep boreholes drilled by Hart
Crowser (June 1988) indicate the presence of interbedded
very dense sand and hard silt below a depth of approximately
60 feet. '

The results of grain size distribution analyses for 14 sub-
surface soil samples are presented in Table 4-1 and are
graphically illustrated in Figures 4-4 through 4-6. Based
on the grain size analyses, the samples range from gravelly
fine to coarse sand with little silt or clay, to varying
mixtures of fine sand and silt. Samples recovered from
depths greater than 20 feet display a consistent grain size
distribution curve characteristic of silty fine sand and
silt (SM and ML using the USCS).

4.1.1.2 Groundwater Hydrology

The groundwater hydrology of the former M&R site was evalu~-
ated during the focused site investigation. Although

17 monitoring wells were installed early in 1988 by Hart
Crowser, no evaluation of the groundwater hydrology at the
site was included as part of this previous investigation.

Ten monitoring wells were installed by CH2M HILL during the
focused site investigation to collect groundwater samples

and evaluate groundwater hydrology. Five of the wells (MW-6C,
MW-2S, MW-24A, MW-25A, and MW-26) were screened adjacent to

the water table from approximately 5 to 15 feet below the
ground surface. The other five monitoring wells (MW-6B,

MW-8B, MW-16B, MW-24B, and MW-25B) were screened from approxi-
mately 40 to 50 feet below the ground surface. The hydro-
geologic conditions at these two depth intervals are.different,



Table 4-1
SOIL GRAIN SIZE DISTRIBUTION

Sample U.S. Standard Sieve Size and Percent Passing

Interval . 1 inch No. 4 No. 10 No. 20 No. 40 No. 60 No. 100 No. 200
Well No. (feet bgsa) (0.187") (0.0787") (0.0331") (0.0165") (0.0098") (0.0059") (0.0029")
MW-8B 15.0-16.5 100.0 70.4 44.5 20.0 11.1 5.1 1.4 0.5
MW-8B 42.5-44.0 100.0 100.0 100.0 100.0 99.7 99.5 95.7 46.3
MW-16B 15.0-16.5 100.0 100.0 99.7 099.0 98.2 94.9 84.5 21.7
MW-16B 42.5~-44.0 100.0 100.0 100.0 99.9 99.7 99.2 83.5 39.5
MW-23 10.0-11.5 100.0 63.5 50.5 38.5 23.9 8.3 2.9 1.3
MW-23 17.5-19.0 90.5 56.9 35.0 14.8 8.7 4.5 1.3 0.4
MW-24A 10.0-11.5 100.0 72.4 64.6 58.3 45.9 25.0 12.9 6.1
MW-24A 15.0-16.5 100.0 99.3 97.3 94.9 92.9 87.6 70.3 18.5
MW-24B 27.5-29.0 100.0 100.0 99.5 98.9 97.4 90.3 77.7 24.0
MW-24B 45.0-46.5 100.0 100.0 99.8 99.6 99.2 98.6 96.2 50.0
MW-25A 12.5-14.0 100.0 87.6 81.9 75.1 64.7 45.7 32.0 12.4
MW=~25A 15.0-16.5 100.0 100.0 98.6 96.0 23.9 90.8 79.9 32.1
MW-26 10.0-11.5 94.7 81.3 - 69.1 56.0 32.6 5.1 0.9 0.4
MW~-26 17.0-18.5 100.0 73.8 56.2 44.6 34.3 19.2 11.0 5.1

a
bgs = below ground surface.
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and for the purposes of discussion, they are referred to as
the shallow and deep monitoring zones.

As described in Section 4.1.1.1, the shallow monitoring zone
is characterized by both fill and native materials that con-
sist primarily of gravelly sand with a minimal quantlty of
accessory silt and clay. The deep monltorlng zone 1s char-
acterized by silt and fine sand present in approx1mately
equal proportions. No low-permeability conflnlng unit of
any appreciable thickness or lateral extent is known to
separate the two zones. Based on boring logs and geologic
cross sections presented by HC (June, 1988), interbedded
hard silt and very dense silty sand are present at approxi-
mately 60 feet below the ground surface in the focused site
investligation area.

Hydrologic information collected by CH2M HILL during the
focused site investigation included:

o Static groundwater elevations for evaluation of
groundwater flow directions and hydraulic gradients

o Slug test and laboratory permeability data for
estimation of hydraulic conductivity
o Groundwater and tide elevations versus time for
evaluation of tidal effects on groundwater
. movement

Groundwater Flow Directions and Gradients. The water table
1s within 4 to 5 feet of the ground surface in most areas of
the former M&R site. Approaching Port Angeles Harbor, the
groundwater levels fluctuate up to several feet in response
to tidal influence.

Static groundwater levels were measured in all available
monitoring wells on four occasions during the field inves-
tigation. As referenced 1in Section 3.1.5, groundwater levels
were measured on August 3, August 30, and twice (at high and
low tide) on September 24, 1988. During each measurement,
groundwater levels were obtained within a period of approxi-
mately 1-1/2 hours so that they would be as contemporaneous
as possible. Table 4-2 presents groundwater level elevations
as measured on the above referenced dates.

Potentiometric contour maps representing groundwater eleva-
tions and flow directions on September 24, 1988 are presented
in Figures 4-7, 4-8, 4-9, and 4-10. Figures 4-7 and 4-8
illustrate the potentiometric surface as determined from
groundwater elevation data collected during high and low

tide in the shallow monitoring wells, respectively.

Figures 4-9 and 4-10 illustrate the potentiometric surface



Table 4-2
GROUNDWATER ELEVATION DATA

Groundwater'Elevationa

Reference : RS
Point o Low Tide High Tide o
Well No. Elevation 03 Aug. 88 30 Aug. 88 24 Sept. 88 24 Sept. 88
MW-3A 10.02 4.04 3.96 4.02 4.02
MW-4A 12.37 3.70 3.57 3.63 3.64
MW-5A 9.14 2.76 2.65 2.64 2.64
MW-6A 8.63 2.14 2.03 2.03 2.04
MW-6Bf 8,77 N/A N/A 1.55 1.73
MW-6C 8.78 N/A N/A N/A N/A
MW=-7 7.88 3.75 3.72 3.74 3.75
MW-8 9.76 2.43 2.30 2.20 2.30
MW-8B 9.17 N/A N/A 2.11 2.21
MW-11 12.26 1.20 1.30 1.38 1.16
MW-12 10.92 N/A 2.97 2.98 2.98
MW-13 9.97 0.12 3.03 3.06 3.06
MW-14 N/A N/A N/A N/A N/A
MW-15 7.85 ~0.98" =0.05 -2.75 1.04
MW-16A 8.11 1.88 1.79 1.78 1.78
MW-16B 8.51 N/A N/A 0.78 1.22.
MW-18 9.53 -1.58 -1.38 -3.28 1.69°
MW-19 9.73 -1.08 -0.96 -3.15 1.51
MW-20 10.14 3.23 3.89 3.95 3.95
MW-21 9.18 0.93 1.03 0.69 1.14
MH-22 10.43 1.80 1.76 1.75 1.66
MW-23 8.24 N/A N/A 2.20 2.22
MW-24A 9.33 N/A N/A 1.64 1.66
MW-24B 9.67 N/A N/A 1.19 1.46
MW=-25A 9.01 N/A N/A 1.98 1.98
MW-25B 8.55 N/A N/A 1.76 1.98
MW-26 8.06 N/A N/A 2.45 2.43

aA11 elevations referenced to Wilsey and Ham datum.
b
Top of PVC well casing used as reference point for all groundwater level measurements.

CMeasurements taken between 9:56 a.m. and 11:13 a.m. High tide at 7:56 a.m.; low tide at
1:09 p.m.

dMeasurements taken between 8:02 a.m. and 9:50 a.m. Low tide at 7:55 a.m.

eMeasurements taken between 1:25 p.m. and 2:55 p.m. High tide at 2:59 p.m.

fMW-6C installed in October 1988. Groundwater elevations not available.

gMW-14 buried under wood chip pile. Reference point and groundwater elevations not

available.

h .
N/A = Not applicable; well not installed or not accessible.
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as determined from groundwater elevation data collected
during high and low tide in the deep monitoring wells,
respectively.

The above referenced figures indicate that groundwater flow
is northeast toward Port Angeles Harbor during both high and
low tides in both the shallow and deep monitoring zones.
Tidal fluctuations have a significant effect on groundwater
levels in the shallow monitoring zone within about 150 feet
of the harbor. Groundwater levels changed as much as 4.97
feet (monitoring well MW-18) in approximately six hours in
response to the 7.2-foot tidal fluctuation for the same
period.

As can be seen by comparing Figures 4-7 and 4-8, the hori-
zontal hydraulic gradient in the shallow monitoring zone is
greater at low tide than at high tide. Figures 4-9 and 4-10
indicate that the hydraulic gradient in the deep monitoring
zone is less affected by tidal action. However, the res-
ponse of the deep zone within about 175 feet of the harbor
is not known because there are no wells deeper than approxi-
mately 15 feet in this area.

Based on groundwater level elevations measured on Septem-
ber 24, 1988, horizontal hydraulic gradients in the shallow
monitoring zone range from approximately 0.002 (unitless) in
the southwest portion of the site during both high and low
~tide, to approximately 0.05 near the harbor during low tide.
Horizontal gradients in the deep monitoring zone are on the
order of 0.004 to 0.008 during both high and low tide.

Vertical hydraulic gradients are presented in Table 4-3.
These data are based on groundwater elevations measured in
adjacent shallow and deep monitoring wells at high and low
tide on September 24, 1988. Where measurable gradients
exist, the vertical component of groundwater flow potential
is in the upward direction. The vertical gradient was found
to be greatest at monitoring well pair MW-16/MW-16B, ranging
from 0.02 to 0.03 during high and low tides, respectively.
Vertical gradients at other monitoring well pairs were gen-
erally found to be in the order of 0.01 to 0.001.

Tidal Influence. Groundwater and tide elevations were moni-
tored over a period of several days to evaluate the response
of groundwater levels to tidal fluctuation. As discussed in
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