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EXECUTIVE SUMMARY 

This report presents the results of a Focused Remedial Investigation (RI) at the Rayonier Properties, LLC 
(Rayonier) Former Sekiu Log Sorting Yard in Sekiu, Washington (the subject property).  Petroleum-
contaminated soil and groundwater were discovered at the subject property in 2007, at which time it was 
reported to the Washington State Department of Ecology (Ecology).  The petroleum impacts appear to be 
related to historical releases of Bunker C fuel.  Rayonier performed a limited source removal action in 
October 2007, followed by limited site assessment activities in March 2008.  GeoEngineers was retained 
by Rayonier to complete the Focused RI activities in October 2008 through February 2009. 

The RI activities included characterization of soil, groundwater and sediment in order to evaluate the 
vertical and lateral extent of petroleum- and polynuclear aromatic hydrocarbons (PAH)-contaminated soil 
and groundwater, and to evaluate potential transport from the subject property into the adjacent marine 
environment.  Soil was sampled from twenty test pits and eleven direct-push boring explorations.  
Selected borings were completed as monitoring wells (ten total), and groundwater was sampled from 
these monitoring wells.  Sediment was sampled at four locations in Clallam Bay just off the shoreline of 
the subject property.   

SOIL AND GROUNDWATER CONDITIONS 

Subsurface conditions encountered at the site consisted of unconsolidated gravel and silt ranging from 
ground surface to approximately 11 to 18 feet below ground surface (bgs).  Beneath the silt and gravel 
was a dense, consolidated silt, sand, gravel unit of varying grain-size that was interpreted to be glacial till. 
Depths to groundwater ranged from approximately 4 to 16 feet bgs.  Based on local topography, the 
location of Clallam Bay adjacent and east of the subject property, and information obtained during the 
Focused RI, groundwater flow is toward the east. 

CONCEPTUAL SITE MODEL  

The conceptual site model (CSM) for the subject property was developed to show distribution of 
hazardous substances at the subject property and the subsequent potential migration of those hazardous 
substances in environmental media.  Bunker C was likely released at the subject property from historical 
below ground tanks and/or piping.  Based on contaminant distribution at greater depths in the subsurface, 
rather than at the ground surface, it appears that release mechanisms were likely below-ground.  Over 
time, Bunker C potentially migrated via preferential pathways and to groundwater where it was 
distributed laterally at the groundwater surface as light non-aqueous phase liquids (LNAPL), at the 
gravel/till contact as dense non-aqueous phase liquids (DNAPL), or both, and eventually migrated 
towards the shoreline with the direction of groundwater flow.  Mobile free product was not detected.  

PRELIMINARY CLEANUP LEVELS  

Based on current and likely future property use, preliminary soil cleanup levels were based on 
unrestricted land use.  Therefore, preliminary soil cleanup levels were developed using Ecology Model 
Toxics Control Act (MTCA) Method A and Method B cleanup levels for Bunker C-range petroleum 
hydrocarbons, non-carcinogenic PAHs, and carcinogenic PAHs.  

Groundwater at, or potentially affected by, the subject property is not used for drinking water at this time 
and is not a reasonable future source of drinking water due the availability of a municipal water supply 
and due to its proximity to marine surface water.  Surface water criteria are not available for gasoline-, 
diesel, and oil-range (Bunker C) petroleum hydrocarbons; therefore, the MTCA Method A groundwater 
cleanup levels for gasoline-, diesel- and oil-range (Bunker C) petroleum hydrocarbons were used for 
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comparison.  For PAHs, preliminary groundwater cleanup levels were selected from available state and 
federal surface water criteria and the most conservative (lowest) applicable criteria were selected. 

The Sediment Quality Standard (SQS) and Cleanup Screening Level (CSL) criteria established under the 
Sediment Management Standards (SMS) were used as the preliminary sediment cleanup levels for the 
subject property.  No sediment cleanup levels have been established for petroleum hydrocarbons. 

FOCUSED RI FINDINGS 

Bunker C was detected at concentrations greater than the preliminary cleanup level in soil samples 
obtained from eleven explorations located in the northeastern portion of the subject property.  PAHs were 
detected at concentrations greater than the preliminary cleanup levels in soil samples obtained at three of 
these explorations.  Field observations and field screening in this portion of the subject property indicate 
the presence of NAPL in an approximately two to three foot zone above a sand/gravel and till contact.  
Bunker C also was detected at concentrations greater than the preliminary cleanup level in one monitoring 
well (MW-1) located in the northeastern portion of the subject property during the October 2008 and 
February 2009 groundwater sampling events.  Non carcinogenic and carcinogenic PAHs, with the 
exception of benzo(a)pyrene, either were not detected or were detected at concentrations less than the 
cleanup levels in groundwater samples obtained from the monitoring wells.  The method reporting limit 
for benzo(a)pyrene was greater than the most stringent surface water criteria. 

Bunker C was detected in three sediment samples at two locations.  There are no sediment cleanup 
levels/screening criteria for petroleum hydrocarbons.  PAHs were detected in sediment samples at levels 
below the Sediment Management Standards (SMS) screening criteria indicating that these contaminants 
do not pose a threat to marine organisms.   

SUMMARY 

The lateral extent of Bunker C in soil at the subject property was delineated during the soil and sediment 
investigations.  Higher concentrations of Bunker C correlated with field observations and field screening 
results; these data suggest the presence of NAPL in soil beneath the northeastern portion of the subject 
property.  The apparent NAPL was observed at depths just above the sand/gravel and till contact, as 
conceptualized in the CSM.  The distribution of observed NAPL likely indicates that residual soil and 
groundwater impacts identified during this study are a result of the former free product migration where 
petroleum (Bunker C) may have migrated as a mobile free product plume on top of groundwater and/or at 
the top of the till unit and from the upland source area(s) toward Clallam Bay. No evidence of continued 
mobility of free product was detected.  

Bunker C and detected PAH concentrations did not exceed the preliminary cleanup levels at wells located 
downgradient of MW-1, including the shallow and deep well pairs located along the shoreline.  The 
absence of Bunker C in downgradient wells supports the hypothesis that mobile free product currently is 
not present at the subject property.  The detected Bunker C and PAHs in sediment likely indicate former 
Bunker C migration into the marine environment (as indicated in the CSM) or possibly contributions from 
incidental releases of Bunker C in the working harbor over time, but show that the Bunker C and PAHs 
have attenuated with time.  
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FOCUSED REMEDIAL INVESTIGATION 
FORMER SEKIU LOG SORTING YARD 

SEKIU, WASHINGTON 
FOR 

RAYONIER PROPERTIES, LLC 

1.0  INTRODUCTION 

This report presents the results of a Focused Remedial Investigation (RI) at the Rayonier Properties, LLC 
(Rayonier) Former Sekiu Log Sorting Yard in Sekiu, Washington (the subject property).  Petroleum-
contaminated soil and groundwater were discovered at the subject property in 2007, at which time it was 
reported to the Washington State Department of Ecology (Ecology).  The petroleum impacts appear to be 
related to historical releases of Bunker C fuel.  Rayonier performed a limited source removal action in 
October 2007, followed by limited site assessment activities in March 2008. 

Rayonier's previous source removal and assessment activities provided important information about 
subsurface conditions beneath the site, but did not investigate or mitigate the full extent of petroleum-
related impacts.  GeoEngineers was retained by Rayonier to complete the Focused RI.  The purpose of 
this Focused RI was to evaluate the entire property for impacts associated with the historical release(s) of 
Bunker C. 

2.0  SITE DESCRIPTION AND BACKGROUND 

2.1  LOCATION AND DESCRIPTION 

The former Sekiu log sorting yard (subject property) is located in Clallam County, Washington, as shown 
on the Vicinity Map, Figure 1.  The property is listed as Clallam County tax parcel 123219-210150-0000.  
The subject property is approximately one acre in size and is predominantly vacant gravel or grass lots, 
with the exception of mobile homes located along the western property boundary.  An asphalt access road 
from Front Street connects to several gravel access roads that run the length of the subject property.  The 
gravel and grass lots (vacant portion of the property) are used as a parking area for self-contained 
recreational vehicles (RV) for several months of the year.  We understand that the current property 
owner’s future plans for the subject property is for continued use as RV camping. 

The subject property is bounded to the north by a RV hook-up facility (RV campground), to the east by 
Clallam Bay, to the south by the City of Sekiu Publicly Owned Treatment Works (POTW) facility and to 
the west by Front Street.   The ground surface at the subject property is relatively flat, and a steep hill and 
ridgeline are present west of Front Street.  According to the current property owner, the U.S. Army Corps 
of Engineers constructed a rock retaining wall along the entire eastern property boundary approximately 
five years ago to protect the property from ongoing tidal erosion.  The rock retaining wall is 
approximately 10 feet in height.  Two active sewer lines run parallel with each other and the shoreline 
approximately 5 to 10 feet west of the rock retaining wall and trend north to south along the eastern 
portion of the subject property.  The sewer lines are eight and 12 inches in diameter and connect with the 
POTW south of the subject property.  Site features, including the approximate location of the sewer lines, 
are shown in Figure 2.   

2.2  BACKGROUND AND HISTORY 

Based on information provided by Rayonier, the subject property was formerly owned by Rayonier 
Western Forest Resources and was used from the early 1900s through the early 1970s as a log sorting and 
transfer yard.  During this time, locomotives were maintained and fueled at the subject property.  
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Facilities at the site included Bunker C fuel storage tanks and associated piping, as well as a boiler 
facility. 

2.2.1  Potential Historical Source Areas 

Although the petroleum impacts appear to be related to historical releases of Bunker C fuel, the exact 
source of the contamination at the subject property has not been confirmed.  The fueling and maintenance 
of locomotives, the transfer of fuel, the storage of Bunker C fuel in underground and/or aboveground 
storage tanks and activities associated with the on-site boiler facility may have contributed to the past 
release or releases of petroleum.  Based on historical site photographs, the majority of these operations 
occurred in the northern portion of the property.   

2.3  SUMMARY OF PREVIOUS SITE CHARACTERIZATION STUDIES  

2.3.1  Limited Source Removal (October 2007)  

Rayonier completed limited soil cleanup activities in October 2007 in the northeastern portion of the 
property.  These activities included the excavation and off-site disposal of approximately 1,250 tons of 
petroleum-impacted soil.  The excavation extended to a depth of approximately 19 feet below the ground 
surface (bgs).  During excavation activities, approximately 7 to 10 feet of clean overburden was observed 
above approximately 9 to 12 feet of petroleum-contaminated soil.  Based on field screening, Rayonier 
reported that soil at approximately 19 feet bgs yielded no physical evidence of petroleum contamination.  
Because of the unknown lateral extent of petroleum contamination at the time of the limited source 
removal activities, excavation activities were terminated and the excavation was backfilled. 

2.3.2  Limited Site Investigation (March 2008)  

Rayonier returned to the subject property in March 2008 to conduct focused site assessment activities.  
During these site assessment activities, Rayonier completed fifteen direct-push borings and obtained soil 
and groundwater samples.  The approximate locations of the borings are shown in Figure 2.  A total of ten 
soil samples and two groundwater samples were submitted for chemical analysis of diesel- and oil-range 
petroleum hydrocarbons quantified both as diesel-range petroleum hydrocarbons and as Bunker C using 
Ecology Method NWTPH-Dx, polycyclic aromatic hydrocarbons (PAHs) using U.S. Environmental 
Protection Agency (EPA) Method 8270D and benzene, ethylbenzene, toluene and xylenes (BETX) using 
EPA Method 8021B. 

Analytical data from this previous study identified petroleum-related contamination in soil beneath the 
subject property as follows: 

• Bunker C-range petroleum hydrocarbons (Bunker C) were detected at concentrations greater than 
the MTCA Method A cleanup level in a soil sample obtained from boring PP-11 at approximately 
12 to 13 feet bgs and at boring PP-13 at approximately 15 to 16 feet bgs. 

• PAHs (including carcinogenic PAHs) were reported at concentrations greater than the MTCA 
Method A cleanup level in a soil sample obtained from boring PP-11 at approximately 12 to 
13 feet bgs.   

• BETX either was not detected or was detected at concentrations less than the MTCA Method A 
soil cleanup levels.   

Diesel-range and Bunker C-range petroleum hydrocarbons appear to have been quantified and reported 
separately by the analytical laboratory.  A review of the analytical chromatograms from the March 2008 
soil sampling indicates that diesel- and oil-range petroleum hydrocarbons were detected at carbon ranges 
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indicative of Bunker C (C10 to C38).  There does not appear to be an indication of a separate diesel-range 
fuel outside of the Bunker C.  For the purposes of this report, detected diesel- and oil-range hydrocarbons 
are interpreted to be Bunker C. 

Petroleum-related contamination was also identified in groundwater at one location during the March 
2008 investigation, as follows: 

• Grab-groundwater samples were obtained from borings PP-5 and P-11. Bunker C-range 
petroleum hydrocarbons were detected at PP-11 at a concentration above the MTCA Method A 
cleanup level.  Petroleum hydrocarbons were not detected in the groundwater sample obtained at 
boring PP-5. 

• Benzene, toluene, and ethylbenzene were not detected in the two groundwater samples tested. 

Soil and groundwater chemical analytical data from the March 2008 site assessment activities are 
summarized in Table 1.  

2.4  SITE GEOLOGY AND HYDROGEOLOGY 

Information pertaining to subsurface conditions was obtained during the limited site assessments 
completed by Rayonier and the Focused RI explorations discussed in Section 3.0 below. In general, 
subsurface conditions encountered at the site consisted of an unconsolidated gravel and silt at various 
depths from the ground surface to depths ranging from approximately 11 to 18 feet bgs.  Wooden and 
concrete structures and debris were observed in several test pits completed as part of Focused RI 
(discussed in more detail below).  The silt and gravel was interpreted to be relatively recent fill material 
mixed and interbedded with native gravel and sand beach deposits.  Beneath the silt and gravel was a 
dense, consolidated silt, sand, gravel unit of varying grain-size that was interpreted to be glacial till. The 
glacial till unit was encountered in explorations from depths of approximately 11 to 18 feet bgs.   

Based on the geologic map for the area (Snavely et al., 1993) a sandstone unit (Makah Formation) and a 
Pleistocene glacial drift unit are mapped in the vicinity of the subject property.  The very dense silty sand 
with gravel unit encountered at the bottom of our explorations is interpreted to be the glacial till mapped 
by Snavely et al. (1993).   

Groundwater was encountered at depths ranging from approximately 4 to 16 feet bgs during the Focused 
RI.  Based on local topography, the location of Clallam Bay adjacent and east of the subject property, and 
information obtained during the Focused RI, groundwater flow is toward the east. 

2.5  SITE CONTAMINANTS OF POTENTIAL CONCERN 

Contaminants of potential concern (COPCs) in soil and groundwater beneath the subject property include 
those constituents commonly associated with Bunker C that were previously detected at concentrations 
exceeding MTCA Method A cleanup levels.  COPCs for the subject property include total petroleum 
hydrocarbons (TPH) quantified as Bunker C, and non-carcinogenic and carcinogenic PAHs.  

2.6  CONCEPTUAL SITE MODEL 

The conceptual site model (CSM) for the subject property was developed to show the distribution of 
hazardous substances at the subject property and the subsequent potential migration of those hazardous 
substances in environmental media.  Bunker C was likely released at the subject property from historical 
below ground tanks and/or piping.  Potential historic migration pathways were considered in development 
of the RI exploration program.  Contaminant distribution at greater depths in the subsurface, rather than at 
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the ground surface, supports the model that release mechanisms were likely below-ground or at a previous 
working surface that was at a lower elevation and subsequently covered with clean fill material.  Over 
time, Bunker C migrated via preferential pathways and to groundwater where it was distributed laterally 
at the groundwater surface as light non-aqueous phase liquids (LNAPL), at the gravel/till contact as dense 
non-aqueous phase liquids (DNAPL), or both, and eventually migrated towards the shoreline with the 
direction of groundwater flow.  The CSM is presented as Figure 3.  No evidence of continued mobility of 
free product was detected.  

2.7  PRELIMINARY CLEANUP LEVELS 

In accordance with MTCA, development of preliminary cleanup levels includes identifying potential 
exposure pathways for human and environmental impacts based on the planned land use.  The subject 
property is currently zoned commercial, and future zoning is not anticipated to change.  As noted 
previously (Section 2.1), the subject property is currently used for RV camping during several months of 
the year, and the current property owner plans to continue using the subject property for RV camping.    

2.7.1  Preliminary Soil Cleanup Levels 

The subject property is currently accessible to the general public.  Based on current and likely future 
zoning and property use, preliminary soil cleanup levels were based on unrestricted land use.  Therefore, 
preliminary cleanup levels were developed using MTCA Method A for Bunker C-range petroleum 
hydrocarbons, and Method B cleanup levels for non-carcinogenic PAHs and carcinogenic PAHs.  During 
the evaluation of remedial alternatives, cleanup levels and/or risk-based remediation levels for specific 
land uses and associated institutional controls may be considered as a component of cleanup alternative 
development and evaluation.   

Based on the proximity of the subject property to surface water, and because groundwater may be 
assumed unsuitable for use as drinking water, MTCA Method B soil cleanup levels developed for 
protection of surface water using MTCA’s fixed-parameter three-phase partitioning model calculations 
(MTCASGL workbook) (WAC 173-340-747(4)(b) were considered.  However, because only low levels 
of non-carcinogenic PAHs have been detected in groundwater at the subject property, the three-phase 
partitioning calculations were not completed at this time.  Carcinogenic PAHs were evaluated using the 
total toxic equivalency concentration (TEC) method as outlined in WAC 173-340-708(8)(e).   

Preliminary soil cleanup levels are presented with the analytical data obtained during the Focused RI in 
Tables 3 and 4. 

Evaluation of the terrestrial ecological evaluation (TEE) criteria was conducted pursuant to WAC 173-
340-7490.  We assessed whether or not the site would qualify for an exclusion of the TEE.  Based on the 
criteria, the subject property does not qualify for an exclusion, but can be addressed through the 
simplified TEE approach.  Soil screening levels based on the protection of ecological receptors were 
obtained from MTCA 173-340-900 (Table 749-2) in accordance with the process for simplified TEEs.  
Because Bunker C is not a listed constituent in Table 749-1, diesel-range petroleum hydrocarbons and 
benzo(a)pyrene were used as surrogates for Bunker C for the TEE screening levels.  

Comparison of soil analytical results to site-specific residual saturation calculations will be discussed and 
considered in a future feasibility study for the subject property. 
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2.7.2  Preliminary Groundwater Cleanup Levels 

Groundwater at, or potentially affected by, the subject property is not used for drinking water at this time 
and is not a reasonable future source of drinking water due the availability of a municipal water supply 
and, in accordance with WAC 173-340-720(2)(d), due to its proximity to marine surface water.  The 
potential exposure pathways for Site groundwater include: 

• Human ingestion of marine organisms contaminated by releases of affected Site groundwater to 
adjacent marine surface water.  

• Acute or chronic effects to aquatic organisms resulting from exposure to constituents in 
groundwater discharging to adjacent marine surface water. 

Preliminary groundwater cleanup levels were selected from available state and federal surface water 
criteria according to WAC 173-340-730(3).  The most conservative (lowest) applicable published values 
were selected from the following regulatory criteria. 

• MTCA Method A Cleanup Levels Groundwater WAC 173-340-720(3) and Chapter 173-340 
WAC Table 720-1 (for petroleum hydrocarbons) 

• Water Quality Standards for Surface Waters of the State of Washington (Chapter 173-201A) 

• National Recommended Water Quality Criteria (Section 304 of the Clean Water Act) 

• National Toxics Rule (40 CFR Part 131.36) 

• MTCA Method B Surface Water Cleanup Levels (WAC 173-340-730[3][b][iii]) 

Preliminary groundwater cleanup levels are presented with the analytical data obtained during the 
Focused RI in Tables 5 and 6. 

Surface water criteria are not available for gasoline-, diesel, and oil-range (Bunker C) petroleum 
hydrocarbons.  Therefore, as recommended in WAC 173-340-730(3)(b)(iii)(C), the MTCA Method A 
groundwater cleanup levels for gasoline-, diesel- and oil-range (Bunker C) petroleum hydrocarbons were 
used for comparison.   

2.7.3  Preliminary Sediment Cleanup Levels 

The Sediment Quality Standard (SQS) and Cleanup Screening Level (CSL) criteria established under the 
Sediment Management Standards (SMS) (WAC 173-204) were used as the preliminary sediment cleanup 
levels for the subject property.  No cleanup levels have been established for petroleum hydrocarbons. 

3.0  FOCUSED REMEDIAL INVESTIGATION 

3.1  FOCUSED REMEDIAL INVESTIGATION  

Focused RI activities were completed by GeoEngineers in October 2008 and February 2009.  The RI 
activities included characterization of soil, groundwater and sediment to evaluate the vertical and lateral 
extent of petroleum- and PAH-contaminated soil and groundwater, and to evaluate potential transport 
from the subject property into the adjacent marine environment.  Soil was sampled from the test pit and 
direct-push boring explorations.  Selected borings were completed as monitoring wells, and groundwater 
was sampled from these monitoring wells.  Sediment was sampled in Clallam Bay using a vibracore 
sampling device deployed from a 36-foot boat. 
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3.2  SUBSURFACE INVESTIGATION 

The subsurface investigation was completed on October 20 through 25, 2008, and included: 

• Completion of twenty test pits to a depth of approximately 5 to 16 feet bgs; 

• Completion of eleven direct-push borings to a depth ranging between 12 and 20 feet bgs; and 

• Installation of monitoring wells in ten of the eleven direct-push borings.   

The approximate locations of the test pits, borings completed as monitoring wells and the boring that was 
not completed as a monitoring well (GEI-9) are shown in Figure 4.  A sediment investigation was 
completed on February 19 and 20, 2009, and included: 

• Completion of three sediment core samples and collection of four sediment samples. 

Sediment samples were collected using a vibracore sampling device deployed from a 36-foot boat.  The 
approximate locations of the sediment samples are shown in Figure 5.   

3.2.1  Soil Investigation 

3.2.1.1  Test Pits 
The test pits (TP-1 through TP-20) were completed on October 21 and 22, 2008, using a backhoe 
operated by Bruch and Bruch Contractors.  Initial test pit locations were completed in areas likely to be 
impacted as based on previous site explorations.  Subsequent locations were stepped outward until the 
lateral extent of contamination was identified based on field screening results.  Once the lateral extent of 
contamination was assessed, additional test pits were completed to fill data gaps.  Access to the property 
to the north was not granted by the property owner. 

Test pits were completed to maximum depths of approximately 16 feet bgs.  Discrete soil samples were 
obtained from each test pit at depths between three and 16 feet bgs for field screening and possible 
chemical analysis, with two exceptions: soil samples were not obtained from TP-4 and TP-15 because of 
excessive caving of the sidewalls.  Field screening was conducted on the discrete samples using visual, 
water sheen and headspace vapor screening methods.  Field screening procedures and the field 
exploration program (including test pit logs) are discussed in Appendix A.   

Based on field screening results, evidence of petroleum-contamination was observed in the following test 
pits:  TP-1, TP-5, TP-6, TP-10, TP-11, TP-12, TP-16, TP-17 and TP-20.  Petroleum-contamination was 
generally observed at depths ranging from 11 feet bgs to the base of the test pits (between 13 and 16 feet 
bgs), except at TP-11 and TP-12 where contamination was observed from approximately 1 foot bgs to 
5 feet bgs (TP-11) and from approximately 8 feet bgs to the base of the test pit at 9.5 feet bgs (TP-12).  In 
general, non-aqueous phase liquid (NAPL) was present in a 2- to 3-foot zone above the sand/gravel and 
till contact.  Based on field observations of open test pits, free product was not observed seeping from test 
pit sidewalls or accumulating on groundwater, indicating that mobile free product is most likely not 
present at the subject property.  Based on current distribution, it appears the NAPL was mobile 
historically, but was no longer mobile once equilibrium/residual saturation conditions were reached.  
Depths and occurrences of NAPL within the petroleum impacted area are indicated on Figure 6. 

Soil samples were selected for chemical analysis from test pits based on the following guidelines: 

• From soil with field screening evidence of petroleum contamination and/or NAPL. 

• From the clean overburden soil to evaluate the vertical extent of petroleum contamination. 
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• From clean soil located beneath soil with field screening evidence of petroleum contamination to 
evaluate the vertical extent of petroleum contamination.  

• From test pits with no field screening evidence of petroleum contamination, one soil sample was 
obtained from approximately the same depth, where possible, where potentially contaminated soil 
was observed in adjacent test pits to evaluate the lateral extent of petroleum contamination. 

Soil samples were placed in two separate 4-ounce laboratory-prepared glass jars.  One jar was submitted 
to Libby Environmental’s (Libby) on-site mobile laboratory for immediate testing of Bunker C using 
Ecology Method NWTPH-Dx.  The other 4-ounce jar was submitted to Libby’s fixed laboratory located 
in Olympia, Washington, for chemical analysis of Total Petroleum Hydrocarbons by Ecology Method 
Northwest Total Petroleum Hydrocarbon Identification (NWTPH-HCID); diesel- and oil-range petroleum 
hydrocarbons (quantified as Bunker C) using Ecology Method NWTPH-Dx and PAHs using Ecology 
Method 8270C on a standard turn-around time.  Analytical results are summarized in Section 3.3, 
“Chemical Analytical Results.” 

3.2.1.2  Direct-Push Borings 
The direct-push borings (MW-1 through MW-5, MW-6S, MW-6D, MW-7S, MW-7D, MW-8 and GEI-9) 
were completed on October 23 and 24, 2008, using a direct-push drill rig operated by ESN Drilling of 
Olympia, Washington.  The borings were completed to define the vertical extent of contaminated soil 
beneath the smear zone and to install groundwater monitoring wells.  Boring locations were determined 
based on the results of test pit explorations.  Ten of the eleven direct-push borings were completed as 
monitoring wells.  Monitoring well construction details are summarized in Table 2. 

The direct-push borings were completed to depths of up to 20 feet bgs.  Discrete soil samples were 
obtained from each boring at depths between 2.5 and 20 feet bgs for field screening and possible chemical 
analysis.  Field screening was conducted on the discrete samples using visual, water sheen and headspace 
vapor screening methods; Results are summarized in Table 3.  Field screening procedures and the field 
exploration program (including boring logs) are discussed in Appendix A.   

The field screening results indicated moderate to heavy sheens and visible evidence of petroleum 
contamination in boring MW-1 at a depth of approximately 12 feet bgs.  Observations in MW-7S and 
MW-7D suggested the potential presence of residual NAPL in soil from depths of approximately 14 feet 
to 16 feet bgs.  The NAPL appeared black and sticky and was present as interstitial coatings on sand and 
gravel.   

A glacial till unit was observed at the base of each boring at a depth ranging between approximately 
11 and 18 feet bgs.  The glacial till yielded no field screening evidence of petroleum contamination.  Soil 
samples with one or more of the following characteristics were chosen for chemical analysis: 

• From each boring with field screening evidence of petroleum contamination to evaluate the 
lateral extent of petroleum contamination on the subject property. 

• From clean soil located beneath soil with field screening evidence of petroleum contamination to 
evaluate the vertical extent of petroleum contamination.  

Samples were placed in two separate 4-ounce laboratory-prepared glass jars.  One jar of selected soil 
samples was submitted to Libby’s on-site mobile laboratory for immediate testing of Bunker C oil using 
Ecology Method NWTPH-Dx.  The other 4-ounce jar was submitted to Libby’s fixed laboratory located 
in Olympia, Washington, for chemical analysis of diesel- and oil-range petroleum hydrocarbons 
quantified as Bunker C using Ecology Method NWTPH-Dx and/or PAHs using Ecology Method 8270 
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SIM on a standard turn-around time.  Analytical results are summarized in Section 3.3, “Chemical 
Analytical Results.” 

3.2.2  Groundwater Investigation 

The objective of the monitoring wells was to evaluate groundwater conditions within the apparent Bunker 
C source area, and at locations upgradient, downgradient and crossgradient of the source area.  
Monitoring wells were constructed in ten of the eleven direct-push soil borings using 10-foot pre-packed 
well screens. Monitoring wells were developed immediately after completion and sampled at least 24 
hours after development.  Top of casing elevations were measured using a closed loop laser level survey.  
Monitoring well construction logs, development and sampling procedures are described in Attachment A, 
and monitoring well construction details are summarized in Table 2. 

The monitoring wells were installed with shallow well screen depths, and at two locations along the 
shoreline (downgradient), two well pairs were installed with shallow and deep well screen depths, in 
order to evaluate the concentration of dissolved-phase constituents in groundwater laterally and vertically 
within the shallow aquifer, and for assessment of vertical head gradients.  Eight of the monitoring wells 
(MW-1, MW-2, MW-3, MW-4, MW-5, MW-6S, MW-7S and MW-8) have shallow screens, which span 
the estimated seasonal high and low groundwater tables.  The depths of the shallow well screens range 
from approximately 5 to 15 feet bgs.  The purpose of the shallow wells is to monitor the potential 
presence of LNAPL and to evaluate dissolved phase petroleum concentrations within the former smear 
zone.  The intended purpose of the well pairs is to evaluate potential dissolved-phase differences 
vertically within the saturated zone.  Two of the monitoring wells (MW-6D and MW-7D) have deep 
screens that were positioned below the groundwater table at depths immediately above the glacial till unit.  
The base of the deep well screens ranged from 16 to 18 feet bgs and the well screens were two feet in 
length.  The purpose of the deep wells is to monitor the potential presence of DNAPL.  Furthermore, the 
deep borings allowed for evaluation of the soil conditions overlying the till unit.  The two deep 
monitoring wells (MW-6D and MW-7D) are co-located with two shallow wells (MW-6S and MW-7S) 
along the eastern property boundary near the property boundary with Clallam Bay.   

Two rounds of groundwater sampling have been completed at the subject property, one on 
October 24 and 25, 2008, and the other on February 18 and 19, 2009.  During both sampling events, a 
petroleum odor was observed while sampling MW-6S and MW-6D.  Petroleum odors were not noted 
during sampling of the other wells. The depth to groundwater in the monitoring wells ranged from 
approximately 3.5 to 16.3 feet bgs.  Groundwater elevations were measured from the tops-of-casings and 
are summarized in Table 2.  The predominant groundwater flow direction was to the east towards Clallam 
Bay.  A slight vertical head gradient was observed in the MW-6S/D and MW-7S/D well pairs during the 
October 2008 monitoring event (slack tide moving to high tide) and at MW-6S/D during the February 
2009 monitoring event (low tide). 

Groundwater samples were obtained using low-flow purging and sampling methodologies.  Each 
groundwater sample was placed directly into a laboratory-prepared, labeled sample container and was 
placed into a cooler with ice.  The groundwater samples obtained on October 24 and 25, 2008, were 
submitted to Libby’s laboratory in Olympia, Washington, for chemical analysis of diesel- and oil-range 
petroleum hydrocarbons quantified as Bunker C, and PAHs.  The groundwater samples obtained on 
February 18 and 19, 2009, were submitted to the Analytical Resources Incorporated (ARI) laboratory in 
Tukwila, Washington, for analytical testing of diesel- and oil-range petroleum hydrocarbons quantified as 
Bunker C, and PAHs.  Analytical results are summarized in Section 3.3, “Chemical Analytical Results.” 
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3.2.3  Sediment Characterization  

The objective of the sediment investigation was to delineate the eastern extent of Bunker C and PAHs and 
to evaluate the potential migration of Bunker C into the marine environment.  During the October 2008 
upland subsurface investigation, Bunker C was observed in an approximately two to three foot zone of 
saturated soil at depths immediately overlying glacial till.  Based on field screening and chemical 
analytical data at upland locations, the glacial till unit was not impacted.  To evaluate the potential 
migration of Bunker C into the marine environment at the sediment/till contact, sediment cores were 
placed at locations where the till unit was anticipated to intersect bay sediment.   As depicted in the CSM 
(Figure 3), investigation results showed that the glacial till outcropped close to the shoreline in an active 
tidal and wave action erosion zone. Bay sediment was encountered further off-shore where tidal and wave 
action allowed for sediment deposition on top of the glacial till. 

Sediment cores were attempted at six general locations along a northern and southern transect at 
approximately 30, 60 and 120 feet from shore.  The southern transect was located off-shore of monitoring 
well MW-7S/MW-7D well pair.  Sediment coring locations were measured in the field using a hand-held 
Trimble global positioning system (GPS) unit with sub-meter accuracy.  Sediment cores were obtained 
using a vibracore sediment sampling device. 

Sediment samples were obtained at three general locations (R1, R2, and R3) and refusal was met at 
numerous locations (e.g. R1-B, R1-C, etc.).  Refusal at borings attempted closest to the shoreline was 
caused by very hard substrates (glacial till).  Refusal at other locations further off-shore was caused by 
hard substrates (glacial till or large gravels and cobbles), the presence of submerged wooden pilings and 
very dense sands.  Sediment cores generally consisted of a very dense sand to silty sand, with the 
exception of a small section of glacial till retrieved at location R2-C.  Field screening evidence of 
petroleum contamination was not observed in the sediment samples.  Sediment coring locations are 
shown in Figure 5. 

Sediment cores were held on the boat deck for later processing on shore (after completion of remaining 
coring locations).  Where sufficient sample volume was obtained, sediment cores were characterized and 
field-screened in 1-foot sections below mudline.  Sediment samples were submitted for chemical 
analytical testing from sediment samples immediately overlying the till contact to evaluate potential 
contaminant migration at the sediment/till contact (sufficient sample volume was obtained at one location 
only, R1-A).  Samples from surface sediments (at depths of 0 to 10 centimeters below mudline) were 
submitted for chemical testing to evaluate potential impacts to surface sediment and invertebrate fauna. 

A stainless steel trowel was used to obtain samples from the sediment cores.  Samples were homogenized 
in a stainless steel bowl prior to placing into laboratory-supplied sample containers.  Samples were placed 
into a cooler with ice and submitted under chain-of-custody procedures to Analytical Resources Inc. in 
Tukwila, Washington, for chemical analytical testing of diesel- and oil-range petroleum hydrocarbons 
(quantified as Bunker C), PAHs and total organic carbon (TOC).  Additional sample volumes were placed 
on hold pending further analysis for the entire suite of SMS chemicals.  Analytical results are summarized 
in Section 3.3, “Chemical Analytical Results.” 
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3.3  CHEMICAL ANALYTICAL RESULTS  

3.3.1  Soil  

A total of forty-six soil samples were obtained from the test pits and soil borings for chemical analysis of 
one or more of the following:  

• Gasoline, diesel-, oil- and mineral oil-range petroleum hydrocarbons using Ecology Method 
NWTPH-HCID; 

• Bunker C-, diesel-, oil-range petroleum hydrocarbons using Ecology Method NWTPH-Dx with 
silica gel cleanup (quantified as Bunker C and also as heavy oil for 10 samples); and 

• PAHs using EPA Method 8270C. 

The results of the HCID testing indicated the presence of Bunker C-range petroleum hydrocarbons.  
Heavy oil range petroleum hydrocarbons were detected in one sample, TP-1-6.0.  For the remaining soil 
samples, Bunker C either was not detected or was detected at concentrations less than the preliminary 
cleanup levels (the MTCA Method A cleanup level of 2,000 milligrams per kilogram [mg/kg]) with the 
following exceptions: 

Test Pit / Boring ID Sample Name Depth 

TP-1 TP-1-6.0 TP-1-12.0 6 to 7 and 11 to 12 feet bgs

TP-5 TP-5-8.0 TP-5-10.0 8 to 10.5 feet bgs 

TP-6 TP-6-11.0 TP-6-13.0 11 to 13 feet bgs 

TP-10 TP-10-12.5 TP-10-13.5 12.5 to 14.5 feet bgs 

TP-11 TP-11-3.0  3 to 3.5 feet bgs 

TP-12 TP-12-9.5  9 to 9.5 feet bgs 

TP-16 TP-16-9.0 TP-16-15.0 9 to 15 feet bgs 

TP-17 TP-17-9.5 TP-17-12.5 9.5 to 12.5 feet bgs 

TP-20 TP-20-7.0  7 to 7.5 feet bgs 

MW-1 GEI-1-12.0  12 feet bgs 

MW-7D GEI-7D-15.0  15 feet bgs 

PAHs either were not detected or were detected at concentrations less than the preliminary cleanup level 
with the following exceptions. 

• Sample TP-6-13.0 obtained from TP-6 at approximately 13 feet bgs. 

• Samples TP-10-5.5 and TP-10-12.5 obtained from TP-10 at approximately 5.5 and 12.5 feet bgs. 

• Sample GEI-7D-15.0 obtained from MW-7D at approximately 15 feet bgs. 

The detected PAHs exceeded the preliminary TEC cleanup levels at these three locations: TP-6, TP-10, 
GEI-7D.   

Soil chemical analytical data are presented in the laboratory reports in Appendix B and summarized in 
Tables 3 and 4.  Figure 6 summarizes the samples with contaminant concentrations greater than the 
MTCA Method A cleanup levels.  
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3.3.2  Groundwater  

Groundwater was sampled in nine of the ten monitoring wells on October 24 and 25, 2008, and 
February 18 and 19, 2009.  At MW-6S, there was not a sufficient volume of water for sampling.  The 
groundwater samples obtained in October 2008 were submitted to Libby and the groundwater samples 
obtained in February 2009 were submitted to ARI for chemical analysis of diesel- and oil-range 
petroleum hydrocarbons (quantified as Bunker C) using Ecology Method NWTPH-Dx and PAHs using 
EPA Method 8270D.  

Bunker C-range petroleum hydrocarbons were not detected in the groundwater samples submitted for 
chemical analysis with the following exception: 

• Bunker C range hydrocarbons were detected at MW-1 at concentrations greater than the MTCA 
Method A cleanup level.  Bunker C was detected in October 2008 at a concentration of 
4,400 micrograms per liter (μg/L) and in February 2009 at a concentration of 1,000 ug/L. 

• Non-carcinogenic PAHs either were not detected or were detected at concentrations less than the 
preliminary cleanup levels in water samples submitted for chemical analysis.  The detected non-
carcinogenic PAHs were also below the most stringent surface water criteria. 

• Carcinogenic PAHs were not detected above the method reporting limits.  However, the method 
reporting limits are greater than the most stringent surface water standards for benzo(a)pyrene 
and the TEC, which is driven by the toxicity equivalency factor (TEF) for benzo(a)pyrene. 

Groundwater chemical analytical data are presented in the laboratory reports in Appendix B and 
summarized in Tables 5 and 6.  Figure 7 shows the location of the sample (MW-1) with contaminant 
concentrations greater than the MTCA Method A cleanup level. 

3.3.3  Sediment  

A total of four sediment samples (R1-S, R1-D, R2-S and R3-S) were obtained at three locations (R1-A, 
R2-C, and R3-A) on February 19 and 20, 2009.  Sediment samples were submitted to ARI for chemical 
analysis of diesel- and heavy oil-range petroleum hydrocarbons quantified as Bunker C using Ecology 
Method NWTPH-Dx and PAHs using EPA Method 8270D. 

Bunker C-range petroleum hydrocarbons were not detected in the sediment sample (R2-S), and Bunker C 
range hydrocarbons were detected in samples R1-S, R1-D and R3-S.  There are no sediment cleanup 
standards for petroleum hydrocarbons in sediment.   

PAH results were below the SMS and the AET screening criteria for the four sediment samples. 

PAH results were normalized to the total organic carbon (TOC), in accordance with the Puget Sound 
Estuary Program (PSEP; 1986) and SMS guidance.  PAH data were evaluated by 1) comparing the 
organic carbon-normalized result against the Washington State SMS SQS and CSL criteria, and 2) 
comparing the dry weight (non-normalized) result against the Puget Sound Estuary Program (PSEP) 
Apparent Effects Threshold (AET) criteria (PSEP, 1986), because an elevated TOC value was detected in 
one sample.   The organic carbon was normalized in accordance with Ecology guidelines (Ecology 1992). 

Sediment chemical analytical data are presented in the laboratory reports in Appendix B and summarized 
in Tables 7 and 8.  Sediment sample depths and Bunker C results are summarized on Figure 6.  
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3.4  SUMMARY OF SITE ASSESSMENT FINDINGS 

Based on the chemical analytical results of the October 2008 and February 2009 site assessment activities, 
the following findings are noted. 

3.4.1  Soil 

Bunker C was detected at concentrations greater than the preliminary cleanup level in soil samples 
obtained from nine of the test pits and two of the borings completed at the subject property.  The test pits 
and borings where Bunker C oil is present in soil are located in the northeastern portion of the subject 
property.  Additional investigations were not completed to the north because the property owner denied 
access.  Field observations and field screening in this portion of the subject property indicate the presence 
of NAPL in an approximately two to three foot zone above the sand/gravel and till contact. Mobile free 
product was not detected.  An analysis of Bunker C residual saturation will be presented in a future 
feasibility study for the subject property. 

PAHs were detected at concentrations greater than the preliminary cleanup levels in soil samples obtained 
from two test pits and one boring completed at the subject property.  The test pits and the boring are 
located in the northeastern portion of the subject property, and the PAH exceedances appear to be 
associated with Bunker C exceedances. 

A comparison of the soil analytical data to MTCA screening values for a simplified TEE, using diesel-
range petroleum hydrocarbons and benzo(a)pyrene as surrogates for Bunker C, since Bunker C is not a 
TEE-listed constituent, indicates that diesel-range concentrations detected on the subject property are 
greater than the associated TEE criterion.  It is anticipated that future remedial activities will mitigate the 
petroleum hydrocarbon concentrations that exceed the TEE criteria.  

3.4.2  Groundwater 

Bunker C was detected at concentrations greater than the preliminary cleanup level in monitoring well 
MW-1 during the October 2008 and February 2009 sampling events.  MW-1 is located in the northeastern 
portion of the subject property where elevated Bunker C concentrations are present in soil. 

Carcinogenic PAHs were not detected above the method reporting limits.  While adequate for the purpose 
of this site investigation, the method reporting limits were greater than the most stringent applicable 
surface water cleanup levels for benzo(a)pyrene and the cPAH TEC.  Non-carcinogenic PAHs either were 
not detected or were detected at concentrations less than the cleanup levels in each of the monitoring 
wells sampled. 

Bunker C and detected non-carcinogenic PAH concentrations did not exceed the preliminary cleanup 
levels at wells located downgradient of MW-1, including the shallow and deep well pairs located along 
the shoreline.  The absence of Bunker C in downgradient wells supports the hypothesis that mobile free 
product currently is not present at the subject property. 

3.4.3  Sediment 

Bunker C was detected in three sediment samples at two locations.  There are no sediment cleanup 
levels/screening criteria for petroleum hydrocarbons.   

PAHs were detected in sediment samples at levels below the SMS and AET screening criteria indicating 
that these contaminants do not pose a threat to marine organisms.   
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The detected Bunker C and PAHs concentrations likely indicate former Bunker C migration into the 
marine environment (as indicated in the CSM) or possibly contributions from incidental releases of 
Bunker C in the working harbor over time, but show that the Bunker C and PAHs have attenuated with 
time. The data and field observations do not indicate the presence of mobile free product.   

3.4.4  Summary 

The lateral extent of Bunker C in the subsurface at the subject property was delineated during the soil, 
groundwater, and sediment investigations.  Delineation to the north onto the adjacent property was not 
completed because property access was denied.  Higher concentrations of Bunker C correlated with field 
observations and field screening results; these data suggest the presence of NAPL in soil beneath the 
northeastern portion of the subject property.  The apparent NAPL was observed at depths just above the 
sand/gravel and till contact, as conceptualized in the CSM (Figure 3).  The distribution of observed NAPL 
likely indicates that residual soil and groundwater impacts identified during this study are a result of the 
former free product migration where petroleum (Bunker C) may have migrated as a mobile free product 
plume on top of groundwater and/or at the top of the till unit and from the upland source area(s) toward 
Clallam Bay, and/or potentially from incidental releases into the bay.  Monitoring well observations 
suggest that mobile free product is not currently present at the site.   

4.0  LIMITATIONS 

We have prepared this report for the exclusive use of Rayonier, LLC and their authorized agents.  No 
other party may rely on the product of our services unless we agree in advance and in writing to such 
reliance.  This is to provide our firm with reasonable protection against open-ended liability claims by 
third parties with whom there would otherwise be no contractual limits to their actions. 

Within the limitations of scope, schedule, and budget, our services have been executed in accordance with 
our Master Services Agreement with Rayonier dated June 21, 2007, and with generally accepted 
environmental science and engineering practices in this area at the time this document was prepared.  No 
warranty or other conditions, express or implied, should be understood. 

Please refer to Appendix C titled “Report Limitations and Guidelines for Use” for additional information 
pertaining to use of this report. 

5.0  REFERENCES 

Geologic Map:  Snavely, P.D., Jr., MacLeod, N.S. and Niem, A.R., 1993, Geologic map of the Cape 
Flattery, Clallam Bay, Ozette Lake, and lake Pleasant Quadrangles, Northwestern Olympic 
Peninsula, Washington, U.S. Geological Survey, Miscellaneous Investigations Series I-1946, with 
major contributions by D.L. Minasian, J.E. Pearl, and W.W. Rau; scale 1:48,000. 

Puget Sound Estuary Program Sediment Quality Values Refinement: volume 1. 1988 Update and 
Evaluation of Puget Sound AET, Final Report, September 1988.  Prepared for U.S. 
Environmental Protection Agency. 

Washington State Department of Ecology (Ecology), 1992.  Technical Information Memorandum. 
Organic Carbon Normalization of Sediment Data, December 1992. 

 



PP-1 PP-3 PP-4 PP-5 PP-7 PP-7 PP-11 PP-12 PP-13 PP-15
15.5-16.0 13.0-14.0 15.5-16.0 15.5-16.0 12.0-12.5 15.5-16.0 12.0-13.0 12.0-16.0 15.0-16.0 12.0-13.0

3/25/08 3/25/08 3/25/08 3/25/08 3/25/08 3/25/08 3/26/08 3/26/08 3/26/08 3/26/08

Bunker C 2,000 230 250  31 U 960 840  32 U 13,000  29 U 23,000 100

Naphthalene 0.180 0.064 U  0.066 U  0.063 U  0.065 U 0.22 3.8 0.064 U 0.19 U  0.066 U
1-Methylnaphthalene 0.140 0.064 U  0.066 U  0.063 U  0.065 U 0.93 16.0 0.064 U 0.35  0.066 U
2-Methylnaphthalene 0.300 0.064 U  0.066 U  0.063 U 0.065 0.057 11.0 0.064 U 0.4  0.066 U
Acenaphthylene --  0.066 U 0.064 U  0.066 U  0.063 U  0.065 U 0.064 U  0.46 U 0.064 U 0.19 U  0.066 U
Acenaphthene --  0.066 U 0.064 U  0.066 U 0.072  0.065 U 0.11 4.7 0.064 U 0.21  0.066 U
Fluorene --  0.066 U 0.064 U  0.066 U 0.081  0.065 U 0.15 5.8 0.064 U 0.76  0.066 U
Phenanthrene --  0.066 U 0.064 U  0.066 U  0.063 U  0.065 U 0.31 13 0.064 U 1.3  0.066 U
Anthracene --  0.066 U 0.064 U  0.066 U 0.17  0.065 U 0.064 U 2.9 0.064 U 0.19 U  0.066 U
Fluoranthene --  0.066 U 0.064 U  0.066 U 0.066  0.065 U 0.086 8.7 0.064 U 0.19 U  0.066 U
Pyrene --  0.066 U 0.064 U  0.066 U 0.29  0.065 U 0.12 8.4 0.064 U 0.45  0.066 U
Benzo(g,h,i)perylene --  0.066 U 0.064 U  0.066 U  0.063 U  0.065 U 0.064 U  0.46 U 0.064 U 0.19 U  0.066 U

Benzo(a)anthracene --  0.066 U 0.064 U  0.066 U 0.09  0.065 U 0.064 U 2.2 0.064 U 0.19 U  0.066 U
Benzo(a)pyrene 0.1  0.066 U 0.064 U  0.066 U  0.063 U  0.065 U 0.064 U 1.2 0.064 U 0.19 U  0.066 U
Benzo(b)fluoranthene --  0.066 U 0.064 U  0.066 U  0.063 U  0.065 U 0.064 U 1.4 0.064 U 0.19 U  0.066 U
Benzo(k)fluoranthene --  0.066 U 0.064 U  0.066 U  0.063 U  0.065 U 0.064 U 0.64 0.064 U 0.19 U  0.066 U
Chrysene --  0.066 U 0.064 U  0.066 U 0.18  0.065 U 0.064 U 4.1 0.064 U 0.62  0.066 U
Dibenz(a,h)anthracene --  0.066 U 0.064 U  0.066 U  0.063 U  0.065 U 0.064 U  0.46 U 0.064 U 0.19 U  0.066 U
Indeno(1,2,3-cd)pyrene --  0.066 U 0.064 U  0.066 U  0.063 U  0.065 U 0.064 U  0.46 U 0.064 U 0.19 U  0.066 U

Benzene 0.03 -- -- -- --  0.019 U  0.023 U  0.047 U  0.023 U  0.034 U  0.033 U
Toluene 7 -- -- -- --  0.019 U  0.023 U  0.047 U  0.023 U  0.034 U  0.033 U
Ethylbenzene 6 -- -- -- --  0.019 U  0.023 U  0.047 U  0.023 U  0.034 U  0.033 U
Xylenes (total) 9 -- -- -- --  0.019 U  0.023 U 0.160  0.023 U  0.034 U  0.033 U

Notes:
1Sample locations are shown on Figure 2. Samples were obtained by Rayonier and submitted to Analytical Resources Inc. Laboratory in Tukwila, Washington.
2Analyzed by Ecology Method NWTPH-Dx with a silica gel cleanup.
3 PAHs analyzed by EPA Method 8270D
4VOCs = Volatile Organic Compounds analyzed by Method 8021B.
bgs = below ground surface
U = below detection limits
-- = not analyzed
mg/kg = milligrams per kilogram
Bold text indicates detected result.

https://www.geoextranet.com/0013701800/GEO/Draft/Summary Report/SekiuTables.xls
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PP-1 PP-3 PP-4 PP-5 PP-7 PP-7 PP-11 PP-12 PP-13 PP-15
15.5-16.0 13.0-14.0 15.5-16.0 15.5-16.0 12.0-12.5 15.5-16.0 12.0-13.0 12.0-16.0 15.0-16.0 12.0-13.0

3/25/08 3/25/08 3/25/08 3/25/08 3/25/08 3/25/08 3/26/08 3/26/08 3/26/08 3/26/08

Bunker C 500 -- -- --  250 U -- -- 120,000 -- -- --

Benzene 5 -- -- --  0.025 U -- --  0.025 U -- -- --
Toluene 1,000 -- -- --  0.025 U -- --  0.025 U -- -- --
Ethylbenzene 700 -- -- --  0.025 U -- --  0.025 U -- -- --
Xylenes (total) 1,000 -- -- --  0.025 U -- -- 0.31 -- -- --

Notes:
1Sample locations are shown on Figure 2. Samples were obtained by Rayonier and submitted to Analytical Resources Inc. Laboratory in Tukwila, Washington.
2Analyzed by Ecology Method NWTPH-Dx with a silica gel cleanup.
3VOCs = Volatile Organic Compounds analyzed by Method 8021B.
bgs = below ground surface
U = below detection limits
-- = not analyzed
ug/L = micrograms per liter
Bold text indicates detected result.

https://www.geoextranet.com/0013701800/GEO/Draft/Summary Report/SekiuTables.xls

TPH2

VOCs3

Groundwater Analytical Results (ug/L)

TABLE 1B
SUMMARY OF GROUNDWATER ANALYTICAL RESULTS FROM MARCH 2008 SITE INVESTIGATION 1

Sample Designation / Depth Interval (feet bgs) / Date

RAYONIER SEKIU PROJECT
SEKIU, WASHINGTON

MTCA Method A 
Groundwater 

Cleanup Levels
(μg/l)

Parameter (method)

File No. 0137-018-00
Table 1B Page 1 of 1



TABLE 2
GROUNDWATER ELEVATIONS AND MONITORING WELL CONSTRUCTION

RAYONIER SEKIU PROJECT
SEKIU, WASHINGTON

Well No.

Casing 
Elevation1 

(feet)

Casing 
Depth 

(feet bgs) Date Time2

Depth to 
Water 

(feet bgs)
Feet of 
Water

Depth to 
Product

Product 
Thickness

Water Table 
Elevation 

(feet)
10/25/2008 8:15 9.15 4.85 N/A N/A 6.59

2/18/2009 14:30 9.25 4.75 N/A N/A 6.49
10/25/2008 8:00 11.09 4.21 N/A N/A 4.46

2/18/2009 14:00 11.45 3.85 N/A N/A 4.10
10/25/2008 8:10 7.87 5.53 N/A N/A 14.02

2/18/2009 14:20 8.35 5.05 N/A N/A 13.54
10/25/2008 7:30 9.91 5.24 N/A N/A 5.67

2/18/2009 14:40 10.36 4.79 N/A N/A 5.22
10/25/2008 8:05 3.5 9.00 N/A N/A 12.02

2/18/2009 14:10 5.02 7.48 N/A N/A 10.50
10/25/2008 7:35 16.33 0.12 N/A N/A 0.32

2/18/2009 14:45 16.20 0.25 N/A N/A 0.45
10/25/2008 7:40 16.14 3.35 N/A N/A 0.05

2/18/2009 14:50 16.03 3.46 N/A N/A 0.16
10/25/2008 7:45 15.44 4.56 N/A N/A 0.55

2/18/2009 14:55 15.40 4.60 N/A N/A 0.59
10/25/2008 7:50 15.50 2.85 N/A N/A 0.40

2/18/2009 15:00 15.30 3.05 N/A N/A 0.60
10/25/2008 7:55 14.15 4.99 N/A N/A 1.18
2/18/2009 13:50 15.90 3.24 N/A N/A -0.57

Notes:

bgs = below ground surface
https://www.geoextranet.com/0013701800/GEO/Draft/Summary Report/SekiuTables.xls

MW-7S

MW-1

MW-2

MW-3

MW-4

MW-5

MW-6S

MW-6D

15.74 14.00

21.89 13.40

15.55 15.30

15.1515.58

15.99 20.00

16.45

16.19

12.50

19.49

15.52

16.65

1Top of casing measurements were surveyed using a laser level and rod relative to an arbitrary site datum (100 feet); the arbitrary datum was adjusted to the ground surface 
elevation (15 feet above mean sea level) that was measured from the land survey completed on November 26, 2008.
2Depths to water measured on October 25, 2008 were approximately during slack tide.  Tidal information from local tide charts indicated Low Tide at 5:03 (0.89') and High Tide at 
11:45 (7.14').  Depths to water measured on February 18, 2009 were approximately during low tide.  Tidal information from local tide charts indicated Low Tide at 14:24 (1.8') and 
High Tide at 21:11 (5.4').

18.3515.90

15.33 19.14

MW-7D

MW-8

File No. 0137-018-00
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Sheen Headspace 
(ppm)

TP-2 TP-2-4.0 4 MS 0 10/22/2008  20.0 U  50.0 U  100.0 U --  100.0 U
TP-6 TP-6-13.0 13 HS 0 10/21/2008  20.0 U  50.0 U  100.0 U >100 --
TP-10 TP-10-12.5 12.5 HS 4 10/21/2008  20.0 U  50.0 U  100.0 U  100.0 U --
TP-11 TP-11-3.0 3 HS 6 10/21/2008  20.0 U  50.0 U  100.0 U >100 --

Notes:
1Sample locations are shown on the attached site plan. Samples submitted to Libby Environmental Chemistry Laboratory in Olympia, Washington.
2Field Screening Methods are described in Attachment A
3Petroleum hydrocarbons analyzed by Northwest Total Petroleum Hydrocarbon Idenfication (NWTPH-HCID).
mg/kg = milligrams per kilogram
bgs = below ground surface
NS = no sheen, SS = slight sheen, MS = moderate sheen, HS = heavy sheen
Bold text indicates analyte was detected
ppm = parts per million

    U = anlayte was not detected at method reporting limit
   '-- = Not analyzed for specified analyte

https://www.geoextranet.com/0013701800/GEO/Draft/Summary Report/SekiuTables.xls

Diesel Range 
Hydrocarbons

Bunker C Range 
Hydrocarbons

Gasoline Range 
Hydrocarbons

Heavy Oil Range 
Hydrocarbons

Petroleum Hydrocarbons3  (mg/kg)

Sample 
Location Sample Name

Sample 
Depth 

(feet bgs)

Field Screening2

TABLE 3A
SUMMARY OF SOIL ANALYTICAL RESULTS - TOTAL PETROLEUM HYDROCARBONS AND FIELD SCREENING1

RAYONIER SEKIU PROJECT
SEKIU, WASHINGTON

Sample 
Date

Mineral Oil Range 
Hydrocarbons

File No. 0137-018-00
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Sheen
Headspace 

(ppm)
Bunker C Range 

Hydrocarbons
Heavy Oil Range 

Hydrocarbons
TP-1 TP-1-6.03 6 HS 0 10/21/2008 25,200 --
TP-1 TP-1-6.03 6 HS 0 10/21/2008  40 U 16,000
TP-1 TP-1-10.03 10 NS 0 10/21/2008  40 U --
TP-1 TP-1-10.03 10 NS 0 10/21/2008  40 U  40 U
TP-1 TP-1-10.0 DUP 10 NS 0 10/21/2008  40 U --
TP-1 TP-1-12.0 12 HS 4 10/21/2008 16,400 --
TP-2 TP-2-4.0 4 MS 0 10/22/2008 -- --
TP-2 TP-2-12.0 12 SS 0 10/22/2008  40 U --
TP-3 TP-3-3.0 3 NS 0 10/21/2008 1,100 --
TP-3 TP-3-8.0 8 NS 0 10/21/2008  40 U --
TP-5 TP-5-8.0 8 MS 0 10/21/2008 7,160 --
TP-5 TP-5-10.0 10 HS 0 10/21/2008 8,160 --
TP-6 TP-6-9.0 9 NS 0 10/21/2008  40 U --
TP-6 TP-6-11.0 11 MS 0 10/21/2008 18,900 --
TP-6 TP-6-13.0 13 HS 0 10/21/2008 136,000 --
TP-7 TP-7-6.0 6 NS 0 10/22/2008 -- --
TP-8 TP-8-10.0 10 NS 0 10/22/2008 -- --
TP-9 TP-9-7.5 8 NS 0 10/21/2008  40 U --
TP-9 TP-9-10.5 10.5 NS 0 10/21/2008  40 U --

TP-10 TP-10-5.5 6 NS 0 10/21/2008  40 U --
TP-10 TP-10-12.5 13 HS 4 10/21/2008 19,300 --
TP-10 TP-10-13.5 14 HS 4 10/21/2008 2,460 --
TP-11 TP-11-3.0 3 HS 6 10/21/2008 103,000 --
TP-11 TP-11-14.0 14 HS 2 10/21/2008 710 --
TP-11 TP-11-16.0 16 NS 0 10/21/2008  40 U --
TP-12 TP-12-9.5 10 HS 6 10/21/2008 37,400 --
TP-13 TP-13-11.0 11 NS 0 10/22/2008  40 U --
TP-13 TP-13-7.0 7 NS 0 10/22/2008  40 U --
TP-14 TP-14-12.5 13 NS 0 10/22/2008  40 U --
TP-16 TP-16-4.0 4 SS 0 10/22/2008  40 U --
TP-16 TP-16-15.0 15 HS 2 10/22/2008 2,740 --
TP-16 TP-16-9.0 9 HS 11 10/22/2008 7,710 --
TP-17 TP-17-9.5 10 MS 0 10/22/2008 75,800 --
TP-17 TP-17-12.5 13 HS 2 10/22/2008 58,700 --
TP-18 TP-18-11.5 12 NS 0 10/22/2008  40 U --
TP-18 TP-18-16.0 16 NS 0 10/22/2008 -- --
TP-19 TP-19-3.0 3 NS 0 10/22/2008 -- --
TP-20 TP-20-7.0 7 MS 0 10/22/2008 6,750 --
TP-20 TP-20-10.0 10 MS 0 10/22/2008 -- --

Field Screening2

Sample 
Location2 Sample Name

Sample Depth 
(feet bgs) Sample Date

Petroleum Hydrocarbons (mg/kg)3

TABLE 3B
SUMMARY OF SOIL ANALYTICAL RESULTS - TOTAL PETROLEUM HYDROCARBONS AND FIELD SCREENING1

RAYONIER SEKIU PROJECT
SEKIU, WASHINGTON

File No. 0137-018-00
Table 3B Page 1 of 2



Sheen
Headspace 

(ppm)
Bunker C Range 

Hydrocarbons
Heavy Oil Range 

Hydrocarbons

Field Screening2

Sample 
Location2 Sample Name

Sample Depth 
(feet bgs) Sample Date

Petroleum Hydrocarbons (mg/kg)3

MW-1 GEI-1-12.0 12 MS 0 10/24/2008 3,210  40 U
MW-1 GEI-1-16.0 16 NS 0 10/24/2008  40 U  40 U
MW-2 GEI-2-12.0 12 NS 0 10/23/2008  40 U --
MW-2 GEI-2-17.0 17 NS 0 10/23/2008 40 U --
MW-3 GEI-3-12.0 12 NS 0 10/23/2008 40 U 40 U
MW-3 GEI-3-19.0 19 NS 0 10/23/2008 40 U 40 U
MW-4 GEI-4-11.0 11 NS 0 10/23/2008 40 U --
MW-4 GEI-4-16.0 16 NS 0 10/23/2008 40 U --
MW-5 GEI-5-10.0 10 NS 0 10/23/2008 40 U --
MW-5 GEI-5-14.0 14 NS 0 10/23/2008 40 U --

MW-6S GEI-6S-11.0 11 SS 0 10/24/2008 40 U 40 U
MW-6D GEI-6D-17.0 17 NS 0 10/24/2008 40 U 40 U
MW-7D GEI-7D-15.0 15 HS 0 10/24/2008 8,820 40 U
MW-7D GEI-7D-18.0 18 NS 0 10/24/2008  40 U  40 U
MW-8 GEI-8-15.0 15 NS 0 10/23/2008  40 U --
GEI-9 GEI-9-10.0 10 NS 0 10/23/2008  40 U --

2,000 2,000

Notes:
1Sample locations are shown on the attached site plan. Samples were submitted to Libby Environmental Chemistry Laboratory in Olympia, Washington.
2Field Screening Methods are described in Attachment A

    U = anlayte was not detected at method reporting limit
   '-- = Not analyzed for specified analyte

mg/kg = milligrams per kilogram
bgs = below ground surface
NS = no sheen, SS = slight sheen, MS = moderate sheen, HS = heavy sheen
Bold text indicates analyte was detected
ppm = parts per million

https://www.geoextranet.com/0013701800/GEO/Draft/Summary Report/SekiuTables.xls

3Analyzed by Ecology Method NWTPH-Dx with a silica gel cleanup and quantified as Bunker C.  Samples with heavy oil reported also were analyzed by Method 
NWTPH-Dx quantified as both Bunker C and oil-range petroleum hydrocarbons.

MTCA Method A Cleanup Levels

File No. 0137-018-00
Table 3B Page 2 of 2



1-Methyl
naphthalene

2-Methyl
naphthalene Acenaphthene Acenaphthylene Anthracene

Benzo(g,h,i)
perylene Fluoranthene Fluorene Naphthalene Phenanthrene Pyrene

Benzo(a)
anthracene Benzo(a)pyrene

Benzo(b)
fluoranthene

Benzo(k)
fluoranthene Chrysene

Dibenz(a,h)
anthracene

Indeno(1,2,3-
cd)pyrene

TP-2 TP-2-4.0 4 10/22/2008  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U 0.0604 U
TP-2 TP-2-12.0 12 10/22/2008  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U 0.0604 U
TP-6 TP-6-9.0 9 10/21/2008  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U 0.0604 U
TP-6 TP-6-13.0 13 10/21/2008 1 1.6 1.1 1.3 1.9 0.2 2.6 2.2 1 2.1 2.6 2.3 0.7 1.7 1.2 0.5  0.08 U  0.08 U 1.233
TP-9 TP-9-7.5 7.5 10/21/2008  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U 0.0604 U
TP-9 TP-9-10.5 10.5 10/21/2008  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U 0.0604 U
TP-10 TP-10-5.5 5.5 10/21/2008 1.2  0.1 U 0.2  0.1 U 3.2  0.1 U 6.4 4.4  0.1 U 3.4 6.4 3.4 1 2.5 0.6 1.9  0.08 U 0.5 1.723
TP-10 TP-10-12.5 12.5 10/21/2008 2.3  0.1 U  0.1 U  0.1 U 0.6 0.2 0.4  0.1 U  0.1 U 1.1 1.6 1 0.5 0.9 0.7 0.8 0.1 0.1 0.788
TP-13 TP-13-7.0 7 10/22/2008  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U 0.0604 U
TP-13 TP-13-11.0 11 10/22/2008  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U 0.0604 U
MW-1 GEI-1-12.0 12 10/24/2008 1.4  0.1 U  0.1 U  0.1 U 0.2  0.1 U  0.1 U 0.5  0.1 U 0.5 0.3 0.1  0.08 U 0.09  0.08 U  0.08 U  0.08 U  0.08 U 0.0714

MW-6S GEI-6S-11.0 11 10/24/2008  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U 0.0604 U
MW-6D GEI-6D-17.0 17 10/24/2008  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U 0.0604 U
MW-7D GEI-7D-15.0 15 10/24/2008  0.1 U 1.5  0.1 U  0.1 U 17 0.3 2.2  0.1 U 0.1 5.2 1.3 1.6 2.1 1.4 1.2 0.8  0.08 U  0.08 U 2.536
MW-7D GEI-7D-18.0 18 10/24/2008  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U  0.08 U 0.0604 U

-- 320 4,800 -- 24,000 -- 3,200 3,200 1,600* -- 2,400 -- -- -- -- -- -- -- 0.14

Notes:
1Sample locations are shown on the attached site plan. Samples submitted to Libby Environmental Chemistry Laboratory in Olympia, Washington.
2PAHs = Polycyclic aromatic hydrocarbons analyzed by Method 8270 D.
3MTCA Method B standard formula value [WAC 173-340-740(3)(b)(iii)]
bgs = below ground surface
Bold text indicates analyte was detected

    U = anlayte was not detected at method reporting limit
mg/kg = milligrams per kilogram
-- = No cleanup criteria established
MTCA = Model Toxics Control Act
TEC =  total toxic equivalent concentration .  Calculated using one-half non-detect values (method reporting limit).  cPAH cleanup level based on total TEC methodology for cPAHs. 

https://www.geoextranet.com/0013701800/GEO/Draft/Summary Report/SekiuTables.xls

Sample Date
Sample Depth 

(feet bgs)

TABLE 4
SUMMARY OF SOIL ANALYTICAL RESULTS - POLYCYCLIC AROMATIC HYDROCARBONS1

RAYONIER SEKIU PROJECT
SEKIU, WASHINGTON

MTCA Method B Soil3

TEC

Non-Carcinogenic PAHs2  (mg/kg) Carcinogenic PAHs2 (mg/kg)

Sample 
Location Sample Name

FIle No. 0137-018-00
Table 4 Page 1 of 1



Petroleum Hydrocarbons (ug/L)2

Bunker C Range 
Hydrocarbons

Diesel Range 
Hydrocarbons

Heavy Oil Range 
Hydrocarbons

MW-1 10/25/2008 4,400 -- --
MW-1-090219 02/19/2009 1,000  250 U  500 U

MW-2 10/25/2008  200 U -- --
MW-2-090219 02/19/2009  500 U  250 U  500 U

MW-3 10/25/2008  200 U -- --
MW-3-090219 02/19/2009  500 U  250 U  500 U

MW-4 10/25/2008  200 U -- --
MW-4-090219 02/19/2009  500 U  250 U  500 U

MW-5 10/25/2008  200 U -- --
MW-5-090219 02/19/2009  500 U  250 U  500 U

MW-6D 10/25/2008  200 U -- --
MW-6D-090219 02/19/2009  500 U  250 U  500 U

MW-7S 10/25/2008  200 U -- --
MW-7S-090219 02/19/2009  500 U  250 U  500 U

MW-7D 10/25/2008  200 U -- --
MW-7D-090219 02/19/2009  500 U  250 U  500 U

MW-8 10/25/2008  200 U -- --
MW-8-090219 02/19/2009  500 U  250 U  500 U

500 500 500

Notes:

MTCA = Model Toxics Control Act
    U = anlayte was not detected at method reporting limit

ug/L = micrograms per liter
Bold text indicates analyte was detected
-- = Not analyzed for specified analyte

https://www.geoextranet.com/0013701800/GEO/Draft/Summary Report/SekiuTables.xls

1Sample locations are shown on the attached site plan. Samples obtained in October 2008 were submitted to Libby Environmental Chemistry 
Laboratory in Olympia, Washington, and in February 2009 were submitted to Analytical Resources Inc. Laboratory in Tukwila, Washington.
2Analyzed by Ecology Method NWTPH-Dx with a silica gel cleanup and quantified as Bunker C.  Samples with diesel and heavy oil reported also were 
analyzed by Method NWTPH-Dx quantified as diesel- and oil-range petroleum hydrocarbons.

MW-1

MW-2

MW-3

MW-4

MW-5

MW-6D

MW-7S

MW-7D

MTCA Method A Cleanup Levels

TABLE 5
SUMMARY OF GROUNDWATER ANALYTICAL RESULTS - TOTAL PETROLEUM HYDROCARBONS 1

RAYONIER SEKIU PROJECT
SEKIU, WASHINGTON

MW-8

Sample Location Sample Name Sample Date

File No. 0137-018-00
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Dibenzofuran 1-Methyl
naphthalene

2-Methyl
naphthalene Acenaphthene Acenaphthylene Anthracene Benzo(g,h,i)

perylene Fluoranthene Fluorene Naphthalene Phenanthrene Pyrene Benzo(a)
anthracene

Benzo(a)
pyrene

Benzo(b)
fluoranthene

Benzo(k)
fluoranthene Chrysene Dibenz(a,h)

anthracene
Indeno(1,2,3-cd)

pyrene
10/25/2008 -- 4.4 3.5  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U 1.8  0.5 U  0.5 U  0.5 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0
02/19/2009  0.1 U 0.78 0.1  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0.11 0.23  0.1 U 0.12  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0
10/25/2008 --  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0
02/19/2009  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0
10/25/2008 --  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0
02/19/2009  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0
10/25/2008 --  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0
02/19/2009  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0
10/25/2008 --  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0
02/19/2009  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0
10/25/2008 --  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0

Non-Carcinogenic PAHs2 (ug/L) Carcinogenic PAHs2 (ug/L)

Sample Date TEC

MW-2

MW-4

MW-3

TABLE 6
SUMMARY OF GROUNDWATER ANALYTICAL RESULTS - POLYCYCLIC AROMATIC HYDROCARBONS1

RAYONIER SEKIU PROJECT
SEKIU, WASHINGTON

Sample Location

MW-6D

MW-5

MW-1

02/19/2009  0.1 U  0.1 U  0.1 U 0.19  0.1 U  0.1 U  0.1 U  0.1 U 0.1  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0
10/25/2008 --  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0
02/19/2009 0.16 0.1  0.1 U 0.97  0.1 U 0.24  0.1 U  0.1 U 0.41  0.1 U  0.1 U 0.16  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0
10/25/2008 --  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0
02/19/2009 0.11  0.1 U  0.1 U 0.8  0.1 U 0.14  0.1 U  0.1 U 0.25  0.1 U  0.1 U 0.11  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0
10/25/2008 --  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.5 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0
02/19/2009  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U  0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U  0.1 U  0.1 U 0.1 U 0.1 U 0.1 U 0

-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
-- -- -- 990 -- 40,000 -- 140 5,300 -- -- 4,000
-- -- -- 640 -- 26,000 -- 90 3,500 4,900* -- 2,600

Notes:

2PAHs = Polycyclic aromatic hydrocarbons analyzed by Method 8270 D.
3Lowest available aquatic life marine chronic criteria from Chapter 173-201A, Clean Water Act Section 304, and National Toxics Rule (40 CFR 131)
4Surface water criteria are the lowest available human health marine criteria from Clean Water Act Section 304 and National Toxics Rule (40 CFR 131).
5MTCA Method B surface water standard formula value [WAC 173-340-730(3)(b)(iii)]
ug/L = micrograms per liter

    U = anlayte was not detected at method reporting limit
Bold text indicates analyte was detected

0.018
0.03

1Sample locations are shown on the attached site plan. Samples obtained in October 2008 were submitted to Libby Environmental Chemistry Laboratory in Olympia, Washington, and in February 2009 were submitted to Analytical Resources Inc. Laboratory in Tukwila, Washington.

MW-8

MW-7D

Human Health Marine4

MW-7S

MTCA Method B Surface Water5

Aquatic Life Marine Chronic3

MW-6D

Bold text indicates analyte was detected
-- = Not analyzed for specified analyte or cleanup criteria not established
MTCA = Model Toxics Control Act
* = cleanup level based on total naphthalenes, which is the sum of 1-methylnaphthalene, 2-methylnaphthalene, and naphthalenes.
TEC =  total toxic equivalent concentration .  cPAH cleanup level based on TEC methodology for cPAHs. 
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Diesel Range 
Hydrocarbons

Heavy Oil Range 
Hydrocarbons

Bunker C Range 
Hydrocarbons

R1-A R1-S 0-1 02/20/2009 15 41 80 
R1-A R1-D 3-4 02/20/2009 7.9 14 33 
R2-C R2-S 0-1 02/20/2009  6.0 U  12 U  12 U
R3-A R3-S 0-1 02/20/2009 17 30 68 

Notes:

mg/kg = milligrams per kilogram
    U = anlayte was not detected at method reporting limit

Bold text indicates analyte was detected
https://www.geoextranet.com/0013701800/GEO/Draft/Summary Report/SekiuTables.xls

2Analyzed by Ecology Method NWTPH-Dx with a silica gel cleanup and quantified as Bunker C.  Samples also were 
analyzed by Method NWTPH-Dx quantified as diesel- and oil-range petroleum hydrocarbons.

Sample Depth 
(feet below 
mudline)

Sample 
Location

Sample 
Name Sample Date

Petroleum Hydrocarbons2  (mg/kg)

1Sample locations are shown on the attached site plan. Samples were submitted to Analytical Resources Inc. Laboratory in 
Tukwila, Washington.

TABLE 7
SUMMARY OF SEDIMENT ANALYTICAL RESULTS

TOTAL PETROLEUM HYDROCARBONS1

RAYONIER SEKIU PROJECT
SEKIU, WASHINGTON
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Sample Name R1-D norm R1-S norm R1-S-Dil norm R2-s norm R3-S norm R3-S-Dil norm
Sample Locations R1-A R1-A R1-A R2-C R3-A R3-A

Sample Date 02/20/2009 02/20/2009 02/20/2009 02/20/2009 02/20/2009 02/20/2009
mg/kg OC mg/kg OC mg/kg OC mg/kg OC mg/kg OC mg/kg OC

Total organic carbon (%)3 1.78 9.64 9.64 0.28 2.17 2.17
LPAH4

Total LPAH4 16.70 1.75 1.74 11.15 14.01 66.36 370 780
Acenaphthylene 0.29 0.05 U 0.10 U 1.69 U 2.26 U 11.06 U 66 66
Acenaphthene 3.03 0.20 0.19 1.69 U 2.26 U 11.06 U 16 57
Anthracene 1.85 0.94 0.88 1.69 U 2.26 U 11.06 U 220 1,200
Fluorene 0.67 0.08 0.10 U 1.69 U 2.26 U 11.06 U 23 79
Naphthalene 8.99 0.18 0.17 2.70 2.26 U 11.06 U 99 170
Phenanthrene 1.85 0.30 0.30 1.69 U 2.72 11.06 U 100 480

2-Methylnaphthalene 1.46 0.08 0.10 U 1.69 U 2.26 U 11.06 U 38 64
HPAH5

Total HPAH5 49.12 19.34 19.36 16.91 23.92 110.60 960 5,300
Benz[a]anthracene 4.66 1.02 0.93 1.69 U 2.26 U 11.06 U 110 270
Benzo(a)pyrene 1.24 0.24 0.22 1.69 U 2.26 U 11.06 U 99 210
Benzo(b)fluoranthene 1.35 0.29 0.25 1.69 U 2.26 U 11.06 U -- --
Benzo(k)fluoranthene 1.35 0.29 0.25 1.69 U 2.26 U 11.06 U -- --
Total Benzofluoranthenes6 2.70 0.58 0.50 3.38 4.52 22.12 230 450
Benzo(ghi)perylene 0.32 0.06 0.10 U 1.69 U 2.26 U 11.06 U 31 78
Chrysene 3.71 0.64 0.60 1.69 U 2.26 U 11.06 U 110 460
Dibenzo(a,h)anthracene 0.27 U 0.05 U 0.10 U 1.69 U 2.26 U 11.06 U 12 33
Fluoranthene 19.10 8.61 E 8.71 1.69 U 3.59 11.06 U 160 1,200
Indeno(1,2,3-cd)pyrene 0.27 0.05 U 0.10 U 1.69 U 2.26 U 11.06 U 34 88
Pyrene 16.85 8.09 E 8.09 1.69 2.26 U 11.06 U 1,000 1,400

1-Methylnaphthalene 0.96 0.06 0.10 U 1.69 U 2.26 U 11.06 U -- --
Dibenzofuran 0.67 0.07 0.10 U 1.69 U 2.26 U 11.06 U 15 58

Notes:

mg/kg OC = milligrams per kilogram normalized to organic carbon
Bold text indicates analyte was detected
U = Compound was not deteteced at reporting limit
E = Value was estimated and reanalyzed

https://www.geoextranet.com/0013701800/GEO/Draft/Summary Report/SekiuTables.xls

6The benzofluoranthenes criterion represents the sum of the concentrations of the "B," and "K" isomers.

1Sample locations are shown on the attached site plan. Samples obtained in February 2009 were submitted to Analytical Resources Inc. Laboratory in Tukwila, Washington.

Sediment Quality 
Standards (SQS) 

WAC 173-204-320)

Sediment Cleanup 
Screening Level 

(CSL) 
WAC 173-204-520 

2This table summarizes sediment sample analytical results with reference to the Sediment Management Standards (SMS) Sediment Quality Standards (SQS) and/or Cleanup Screening Level (CSL).  

3The listed chemical parameter criteria represent concentrations in parts per million, "normalized," or expressed, on a total organic carbon basis. To normalize to total organic carbon, the dry weight 
concentration for each parameter is divided by the decimal fraction representing the percent total organic carbon content of the sediment.
4The LPAH criterion represents the sum of the following "low molecular weight polynuclear aromatic hydrocarbon" compounds: Naphthalene, Acenaphthylene, Acenaphthene, Fluorene, 
Phenanthrene, and Anthracene. The LPAH criterion is not the sum of the criteria values for the individual LPAH compounds as listed.
5The HPAH criterion represents the sum of the following "high molecular weight polynuclear aromatic hydrocarbon" compounds: Fluoranthene, Pyrene, Benzo(a)anthracene, Chrysene, Total 
Benzofluoranthenes, Benzo(a)pyrene, Indeno(1,2,3,-c,d)pyrene, Dibenz(a,h) anthracene, and Benzo(g,h,i)perylene.  The HPAH criterion is not the sum of the criteria values for the individual HPAH 
compounds as listed.

Sediment Management Standards (SMS)

TABLE 8
SUMMARY OF SEDIMENT ANALYTICAL RESULTS - POLYCYCLIC AROMATIC HYDROCARBONS1

RAYONIER SEKIU PROJECT
SEKIU, WASHINGTON
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Figure 1

Former Sekiu Log Sorting Yard
Clallam County

Sekiu , Washington
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Data Sources:  ESRI Data & Maps, Street Maps 2005

Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in 
    showing features discussed in an attached document. GeoEngineers, Inc. 
    can not guarantee the accuracy and content of electronic files. The master 
    file is stored by GeoEngineers, Inc. and will serve as the official record of 
    this communication.
3. It is unlawful to copy or reproduce all or any part thereof, whether for 
    personal use or resale, without permission.

Transverse Mercator, Zone 10 N North, North American Datum 1983
North arrow oriented to grid northO

ffi
ce

: S
E

A
P

at
h:

 P
:\0

\0
13

70
18

\G
IS

\F
1-

01
37

01
80

0 
_F

1.
m

xd
M

ap
 R

ev
is

ed
: A

ug
us

t 1
4,

 2
00

8 
   

 M
M

2



FRO
NT STREET

APPROXIM
ATE HIGH W

ATER LINE

RING FAMILY
LIMITED

PARTNERSHIP

SS

SS

SS

SS

S
S

S
S

S
S

SS

Figure 2

Former Sekiu Log Sorting Yard
Sekiu, Washington
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Legend

Notes
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in showing features

discussed in an attached document. GeoEngineers, Inc. can not guarantee the accuracy
and content of electronic files. The master file  is stored by GeoEngineers, Inc. and will
serve as the official record of this communication.

Reference: Drawing NTI-2000-RAYO0803-ROS.dwg, received via email on 11/26/2008.
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Former Sekiu Log Sorting Yard
Sekiu, Washington

FEET

060 60

W E

N

S

Legend

Notes
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in showing features

discussed in an attached document. GeoEngineers, Inc. can not guarantee the accuracy
and content of electronic files. The master file  is stored by GeoEngineers, Inc. and will
serve as the official record of this communication.

Reference: Drawing NTI-2000-RAYO0803-ROS.dwg, received via email on 11/26/2008.
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Notes
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in showing features

discussed in an attached document. GeoEngineers, Inc. can not guarantee the accuracy
and content of electronic files. The master file  is stored by GeoEngineers, Inc. and will
serve as the official record of this communication.

Reference: Drawing NTI-2000-RAYO0803-ROS.dwg, received via email on 11/26/2008.
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Figure 6

Summary of MTCA Cleanup Level Exceedances
in Soil and Bunker C Results in Sediment

Former Sekiu Log Sorting Yard
Sekiu, Washington
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Notes
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in showing features

discussed in an attached document. GeoEngineers, Inc. can not guarantee the accuracy
and content of electronic files. The master file  is stored by GeoEngineers, Inc. and will
serve as the official record of this communication.

Reference: Drawing NTI-2000-RAYO0803-ROS.dwg, received via email on 11/26/2008.
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APPENDIX A 
FIELD PROCEDURES AND EXPLORATION LOGS 

FIELD SCREENING AND SOIL SAMPLING PROCEDURES 

Subsurface conditions at the subject property were evaluated by drilling eleven borings using a         
truck-mounted direct-push drilling equipment operated by ESN Drilling of Olympia, Washington, and 
completing 20 test pits using equipment operated by Burch and Burch.  A representative from our staff 
selected the boring and test pit locations, and observed and classified the soil encountered.  Soil in the 
borings was visually classified in general accordance with American Society for Testing and Materials 
(ASTM) D-2488-90, which is described in Figure A-1.  A key to the boring log symbols also is presented 
in Figure A-1.  A detailed log was prepared for each soil boring and test pit.  The boring and test pit logs 
are presented in Figures A-2 through A-35. 

Continuous soil samples were obtained from the soil borings.  Soil samples were obtained for 
characterization from the direct-push borings at selected depth intervals.  Representative soil from each 
sampling interval was retained for field screening and potential chemical analysis.  Selected samples were 
placed in laboratory-prepared jars, completely filled to eliminate headspace.  Samples were kept cool 
during transport to the testing laboratory.  Chain-of-custody procedures were observed during transport of 
the samples.   

Soil samples obtained from the explorations were obtained using either a stainless steel trowel or a clean 
nitrile disposable glove to collect soil and place it in a 4-ounce (oz) laboratory prepared jar, filled to 
minimize headspace.  The samples were placed in an iced cooler pending transport to the analytical 
laboratory.  All sample containers were submitted to either Libby Environmental’s mobile laboratory 
located on the site or to their fixed laboratory in Olympia, Washington, for analysis.  Samples were kept 
cool during transport to the testing laboratory.  Chain-of-custody procedures were observed during 
transport of the samples to the testing laboratory.  Equipment used to obtain soil samples was 
decontaminated prior to each use using a Liqui-Nox® solution and a distilled water rinse. 

Soil samples were obtained in the field for screening of potential petroleum-related contamination using 
visual examination and sheen screening.  Visual screening consists of observing the soil for stains 
indicative of petroleum-related contamination.  Visual screening generally is more effective when 
contamination is present in high concentrations or when it is related to heavy petroleum hydrocarbons.  
Water sheen screening involves placing soil in water and observing the water surface for signs of sheen.  
Sheen classifications are as follows: 

No Sheen (NS) No visible sheen on water surface. 

Slight Sheen (SS) Light, colorless, dull sheen; spread is irregular, not rapid; sheen dissipates 
rapidly.  Natural organic matter in the soil may produce a slight sheen. 

Moderate Sheen (MS) Light to heavy sheen; may have some color/iridescence; spread is irregular to 
flowing, may be rapid; few remaining areas of no sheen on water surface. 

Heavy Sheen (HS) Heavy sheen with color/iridescence; spread is rapid; entire water surface may 
be covered with sheen. 



 

File No. 0137-018-00 Page A-2 
August 19, 2009 

Field screening results are site-specific.  The effectiveness of field screening results will vary with 
temperature, moisture content, organic content, soil type, and type and age of contaminant. The presence 
or absence of a sheen does not necessarily indicate the presence or absence of petroleum hydrocarbons. 

GROUNDWATER MONITORING 

Monitoring Well Completion 

Each well is a one-inch-diameter, schedule 40 polyvinyl chloride (PVC) well casing in the direct-push 
borings. The eight shallow wells have approximately 10-foot-long, machine-slotted (0.010-inch slot 
width), pre-packed screens positioned within the zone of seasonal groundwater fluctuation. The two deep 
wells have shorter screens (approximately 5 feet long) positioned at the bottom of the casings, directly on 
top of the glacial till.  The pre-packed sand filter adjacent to the well screen were comprised of 
10/20 silica sand. When necessary, additional 10/20 silica sand was placed around the filter pack and 
solid well casing to a depth approximately 2 feet above the top of the screen. Hydrated bentonite was 
placed above the sand pack to form a surface seal. A traffic-rated, above-ground or a flush-mount 
monument was placed at the top of the casing, depending on the location of the well on the subject 
property.  Protective bollards were placed around each above-ground monument. 

Monitoring Well Development 

Each of the monitoring wells was developed immediately after completion by purging with a submersible 
pump and dedicated tubing. Development activities at each well were continued until at least 10 well 
volumes of water were purged, turbidity was less than 50 nephelometric turbidity unit (NTU) or the well 
went dry, whichever occurred first.  Following development the wells were allowed to sit for at least 
24 hours before they were sampled. 

Depth to Groundwater 

The depths to the groundwater table relative to ground surface were measured using an electric water 
level indicator.  The electric indicator was cleaned with a Liqui-Nox® solution wash and a distilled water 
rinse prior to use in each well.  The presence or absence of free product was noted in each well and used a 
stainless steel rod or plugged dedicated tubing for dense non-aqueous phase liquids (DNAPL). 

Groundwater Sampling 

Groundwater samples were obtained with a peristaltic pump, new plastic tubing, a flow-through cell and 
water parameter analyzer after at least three well volumes of water were removed from each well casing, 
the well was purged dry or monitored parameters such as dissolved oxygen, temperature and conductivity 
stabilized over time indicating that groundwater from outside of the well casing is being removed from 
the well.  The water samples were transferred in the field to laboratory-prepared sample containers and 
kept cool during transport to the testing laboratory.  The sample containers were filled completely to 
eliminate headspace in the container.  Chain-of-custody procedures were followed in transporting the 
water samples to the testing laboratory. 

MONITORING WELL SURVEYING 

The elevation of each monitoring well casing was surveyed relative to an assumed site datum (the top of 
the sewer cap) using a laser level (not a licensed professional survey).    
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SEDIMENT SAMPLING PROCEDURES 

Sediment coring locations were measured in the field using a handheld Trimble GPS unit.  Sediment 
cores were obtained using a vibracore sediment sampling device.   

Sediment samples were obtained in one-foot sections below mudline for characterization and field 
screening.  Sediment cores were held on the boat deck for later processing on shore (following 
completion of remaining coring locations).   

A stainless steel trowel was used to obtain samples from the sediment cores.  Samples were homogenized 
in a stainless steel bowl prior to placing into laboratory-supplied sample containers.  Samples were placed 
into a cooler with ice and submitted under chain-of-custody procedures to Analytical Resources Inc. 
(Tukwila, Washington) for chemical analytical testing.   
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Brown and gray silt with gravel and crushed rock

Brown silt with gravel, bricks and brick fragments

Brown and black gravel with silt and wood debris

Light brown silt with fine sand and fine gravel

Gray silty gravel with NAPL
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Groundwater seepage observed at approximately 9 feet
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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Brown silt with gravel and very large wood debris
(approximately 10 feet long by 2 feet wide)

Gray silt with occasional gravel (strong petroleum odor)

Brown gravel intermixed with gray silt and large wood debris

Test pit completed at 13 feet
Groundwater seepage observed at approximately 11½ feet
Caving observed in gravel layer at approximately 11 feet
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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Brown silt with fine sand

Gray silty fine sand

Brown gravel with silt

Moderate sheen observed on water surface

Test pit completed at 8 feet
Groundwater seepage observed at approximately 5½ feet

through gravel
Caving observed at approximately 8 feet
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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Brown silt with gravel and wood debris

Brown gravelly silt

Brown gravelly fine to medium sand with silt and wood debris

Test pit completed at 10 feet
Groundwater observed at approximately 8 feet
Caving observed
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.

Equipment:

S
he

en

H
ea

ds
pa

ce
 V

ap
or

TL
V

 (p
pm

)MATERIAL DESCRIPTION
G

ra
ph

ic
Lo

g

Logged by:10/22/08

Surface Elevation (ft):

A
na

ly
tic

al
 T

es
tin

g

Backhoe

Sheet 1 of 1

LOG OF TEST PIT TP-4
Project:
Project Location:
Project Number:

Sekiu, Washington
Rayonier, Former Sekiu Log Sorting Yard

0137-018-00
Figure A-5

V
6_

E
N

V
TP

IT
  W

:\R
E

D
M

O
N

D
\P

R
O

JE
C

TS
\0

\0
13

70
18

\0
0\

G
IN

T\
01

37
01

80
0.

G
P

J 
 G

E
IV

6_
1.

G
D

T 
 8

/1
4/

09



0

0

Brown silt with gravel

Gray silt with gravel and wood pieces

Grayish brown gravel with silt (moist)

Brown coarse sand with occasional silt (wet)
Test pit completed at 10½ feet
Constant flow of groundwater seepage into excavation through

gravel at approximately 7 feet bgs
Caving observed
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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0

0

Brown silt with fine sand and some wood debris

Brownish red gravel with silt
Caving observed

Grayish black gravel with silt and wood debris (wet)

Black gravel with silt and concrete and wood debris
Gravel coated in NAPL

Test pit completed at 13 feet
No groundwater seepage observed
Caving observed
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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0

Brown silty gravel with occasional wood debris (dry)

Metal debris and concrete pieces

Test pit completed at 10 feet
No groundwater seepage observed
Caving observed at 10 feet
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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Sekiu, Washington
Rayonier, Former Sekiu Log Sorting Yard
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Figure A-8
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0

Brown gravel with silt and occasional fine sand (dry)

Fine gravel with occasional cobbles and silt

Test pit completed at 10 feet
No groundwater seepage observed
Caving observed at 5 feet

NS

NS1

GM

OTHER TESTS
AND NOTES

0

5

10

15

20

S
am

pl
e 

N
um

be
r

JAS

D
ep

th
fe

et

Date Excavated:

S
am

pl
e

G
ro

up
S

ym
bo

l

Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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LOG OF TEST PIT TP-8
Project:
Project Location:
Project Number:

Sekiu, Washington
Rayonier, Former Sekiu Log Sorting Yard

0137-018-00
Figure A-9
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Brown silty fine sand with cobbles (dry)

Brown gravel with silt and fine sand with occasional cobbles
(wet)

Reddish brown gravel with silt (wet)

Test pit completed at 10½ feet
No groundwater seepage observed
Caving observed
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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Project Number:

Sekiu, Washington
Rayonier, Former Sekiu Log Sorting Yard

0137-018-00
Figure A-10
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Brown silt with fine sand

Black silt with fine sand with occasional gravel, concrete
pieces (gravel size approximately 6 to 8 inches) and metal
debris (dry)

Brown silt with fine sand and gravel
Wood debris and concrete pieces

Brown gravel with silt (wet)

Gray gravel with silt and wood debris
NAPL coating gravel (dry)

Gray gravel with silt (very wet)

Test pit completed at 14.5 feet
Groundwater seepage observed at approximately 13 feet bgs
Caving observed
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(strong petroleum odor)

(strong petroleum odor)
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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Sekiu, Washington
Rayonier, Former Sekiu Log Sorting Yard

0137-018-00
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2

0

Brown silt with organic matter

Black silt with NAPL intermixed with brown silt with no
NAPL

Very strong petroleum odor

Black silt with NAPL (very strong odor) (dry)

Gray silt with occasional gravel (strong odor) (wet)

Gray fine sand with occasional gravel
Test pit completed at 16 feet
Groundwater seepage observed at approximately 13 feet
Caving observed
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Soil mixing may be due
to former excavation
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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Sekiu, Washington
Rayonier, Former Sekiu Log Sorting Yard

0137-018-00
Figure A-12

V
6_

E
N

V
TP

IT
  W

:\R
E

D
M

O
N

D
\P

R
O

JE
C

TS
\0

\0
13

70
18

\0
0\

G
IN

T\
01

37
01

80
0.

G
P

J 
 G

E
IV

6_
1.

G
D

T 
 8

/1
4/

09



6

Brown silt with fine sand and occasional gravel

Grayish black silt with gravel
NAPL and groundwater seeping from sidewall at

approximately 8 feet

Test pit completed at 9½ feet
No caving observed
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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Sekiu, Washington
Rayonier, Former Sekiu Log Sorting Yard
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Figure A-13
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Brown silt with gravel

Gravel with some silt

Brown gravelly silt

Brown silty fine to medium sand with gravel (wet)

Test pit completed at 11 feet
Caving observed at 10 feet
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Slight sheen observed on
water surface
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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Sekiu, Washington
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Figure A-14
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Brown silt with fine to coarse grave and occasional cobbles

Gray silt with gravel

Brown gravelly silt

Brown gravelly silt with fine to medium sand

Test pit completed at 12½ feet
Groundwater seepage observed at 6½ feet
Caving observed at 12½ feet
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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Figure A-15
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0

Brown silt with gravel and subangular cobbles

Brown gravel with silt (round, coarse gravel) (dry)

Test pit completed at 8 feet due to caving
No groundwater seepage observed
Caving observed
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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Brown silt with gravel and cobbles

Gray silt with gravel, glass pieces, concrete pieces and wood
debris (strong petroleum odor)

Gray silty gravel with metal pipes (very strong petroleum odor)

Black silty gravel with wood debris (very strong petroleum
odor)

Approximately 6 foot long piece of wood coated in NAPL

Gray silty gravel with NAPL (wet)

Test pit completed at 15 feet
Groundwater seepage observed at 14 feet
Caving observed at 15 feet
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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0

2

Brown silt with gravel (dry)

Dark brown organic matter
Brown silty gravel with small cobbles (dry)

Black silty gravel with wood debris (strong odor) (moist)

Gravel coated in NAPL

Black silty gravel with NAPL (strong petroleum odor)
Test pit completed at 12½ feet
No groundwater seepage observed
Caving observed
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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Figure A-18
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0

0

Light brown silt with occasional gravel

Brown gravelly silt

Brownish gray gravelly silt

Brownish gray gravelly silt with fine sand

Test pit completed at 16 feet
No groundwater seepage observed
Caving observed at 16 feet
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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0

Brown gravelly silt (dry)

Test pit completed at 5 feet
No groundwater seepage observed
No caving observed
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2" steel pipes at 2.5 feet
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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0

0

Light brown silt with gravel and cobbles (dry)

Woody debris and metal pieces

Black silt with gravel, wood and metal pieces

Gray gravel with fine sand and silt

Test pit completed at 10 feet
No groundwater seepage observed
No caving observed

MS

MS

Test pit completed at
approximately 10 feet

due to presence of
wooden structures
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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GP

ML

TILL

1

2

3

4

Concrete
surface seal

Bentonite
seal

1-inch
Schedule 40
PVC well
casing

10-20 sand
backfill

1-inch
Schedule 40
PVC screen,
20-inch slot
width

NS

NS

NS

NS

MS

NS

0

0

0

0

0

0

Gray crushed rock (gravel fill)

Brown silt with fine sand and occasional gravel
(moist)

Gray sandy silt with gravel (dry) (till)

ESN

JAS

Drilling
Method

Drilling
Equipment
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Figure A-22
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ML

GP

ML

TILL

1
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3

4
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Concrete
surface seal

Bentonite
seal

1-inch
Schedule 40
PVC well
casing

1-inch
Schedule 40
PVC screen,
20-inch slot
width

10-20 sand
backfill

NS

SS

NS

MS

NS

NS

0

0

0

0

0

0

Brown silt with gravel and fragments of broken
concrete and organic matter (dry)

Brown fine gravel with fine sand, occasional silt and
organic matter

Brown silt with occasional fine gravel and orange
modeling (moist)

Brown silt with fine gravel and fine sand (wet)

Grayish brown silt with fine sand and gravel (wet)

Gray sandy silt with gravel (dry) (till)
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Auger
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Datum/
System

Easting(x):
Northing(y):

Vertical
Datum N/A N/A

N/A

Total Well
Depth (ft) 16 Ground Surface

Elevation (ft) 12Groundwater
Level (ft)
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Concrete
surface seal

Bentonite
seal

1-inch
Schedule 40
PVC well
casing

10-20 sand
backfill

1-inch
Schedule 40
PVC screen,
20-inch slot
width
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Brown silt with gravel (dry)

Brown silt with occasional gravel (dry)

Dark brown silt with gravel (moist)

Brown gravel with silt (moist)

Brown gravel with silt and fine to medium sand
(wet)

Brown gravel with medium to coarse sand and silt
(wet)

Gray sandy silt with gravel (very dense, dry) (till)
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Method
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Equipment

Checked
By

Date(s)
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Contractor

Logged
By

Hammer
Data

Direct Push Continuous

Auger
Data

Sampling
Methods
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Datum/
System

Easting(x):
Northing(y):

Vertical
Datum N/A N/A

N/A

Total Well
Depth (ft) 14 Ground Surface

Elevation (ft) 8.5Groundwater
Level (ft)
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Project Number:
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Rayonier, Former Sekiu Log Sorting Yard

0137-018-00
Figure A-24
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GM
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Concrete
surface seal

Bentonite
seal

1-inch
Schedule 40
PVC well
casing

1-inch
Schedule 40
PVC screen,
20-inch slot
width

10-20 sand
backfill

NS
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0
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0

0

Light brown silt with occasional gravel

Light brown gravel with silt

Light brown silt with gravel (moist)

Gray sandy silt with gravel (very dense, dry) (till)
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10/24/08 JAS

Datum/
System

Easting(x):
Northing(y):

Vertical
Datum N/A N/A

N/A
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Depth (ft) 16 Ground Surface

Elevation (ft) 11.5Groundwater
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0137-018-00
Figure A-25
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SM
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1-inch
Schedule 40
PVC well
casing
Bentonite
seal

1-inch
Schedule 40
PVC screen,
20-inch slot
width

10-20 sand
backfill
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Brown silty gravel (dry)

Very angular gravel

Brown silt with gravel

Brown silt with fine sand with gravel

Brown gravelly fine sand with silt

Silt with fine gravel (very dense) (till)
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System

Easting(x):
Northing(y):

Vertical
Datum N/A N/A
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Depth (ft) 13 Ground Surface

Elevation (ft) 5.5Groundwater
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0137-018-00
Figure A-26
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Concrete
surface seal

Bentonite
seal

1-inch
Schedule 40
PVC well
casing

10-20 sand
backfill

1-inch
Schedule 40
PVC screen,
20-inch slot
width
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NS

0
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Brown silty gravel with fine sand

Gray silty gravel; crushed rock

Dark brown silt with gravel and wood pieces
(moist)

Brown fine to medium gravel with wood and silt
(wet)

Brown fine gravel with silt and wood (wet)

Gray sandy silt with gravel (very dense, dry) (till)
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Method

Drilling
Equipment

Checked
By

Date(s)
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Drilling
Contractor

Logged
By

Hammer
Data

Direct Push Continuous

Auger
Data

Sampling
Methods

10/24/08 JAS

Datum/
System

Easting(x):
Northing(y):

Vertical
Datum N/A N/A

N/A

Total Well
Depth (ft) 14 Ground Surface

Elevation (ft) 11Groundwater
Level (ft)
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Note: See Figure A-1 for explanation of symbols.
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Project Number:

Sekiu, Washington
Rayonier, Former Sekiu Log Sorting Yard

0137-018-00
Figure A-27
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Concrete
surface seal

Bentonite
seal

1-inch
Schedule 40
PVC well
casing

1-inch
Schedule 40
PVC screen,
20-inch slot
width

Silica sand
backfill

NS
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SS
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NS

0

0

0

0

0

0

0

Brown silt with gravel and pieces of wood (dry)

Dark brown organic matter with fine sand (dry)

Dark brown silt with gravel and wood (dry)

Dark brown to brown silty gravel with fine sand
(dry)

Dark brown silty gravel with wood pieces (moist)

Dark brown orange silty gravel with wood (wet)

Gray gravel with fine sand and silt

Gray sandy silt with gravel (very dense, dry) (till)
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Method

Drilling
Equipment
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Date(s)
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Drilling
Contractor

Logged
By

Hammer
Data

Direct Push Continuous

Auger
Data

Sampling
Methods

10/24/08 JAS

Datum/
System

Easting(x):
Northing(y):

Vertical
Datum N/A N/A

N/A

Total Well
Depth (ft) 17 Ground Surface

Elevation (ft) 14Groundwater
Level (ft)
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Note: See Figure A-1 for explanation of symbols.
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Figure A-28
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PT

GP
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GP
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TILL

1
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3

4

5

Concrete
surface seal

Bentonite
seal

1-inch
Schedule 40
PVC well
casing

1-inch
Schedule 40
PVC screen,
20-inch slot
width

10-20 sand
backfill

SS

SS

NS

NS

NS

HS
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0
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0

0

0

0

Brown silt with gravel and organic matter (dry)

Dark brown organic matter with gravel and fine
sand (dry)

4 inches of wood
Dark brown silty gravel with wood and organic

matter (dry)

Light brown gravel with silt and fine sand (moist)

Gray silty gravel with black spots of NAPL (wet)

Gray silt with fine sand (wet)

Gray sandy silt with gravel (very dense, dry) (till)

ESN

JAS

Drilling
Method

Drilling
Equipment

Checked
By

Date(s)
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Drilling
Contractor

Logged
By

Hammer
Data

Direct Push Continuous

Auger
Data

Sampling
Methods

10/24/08 JAS

Datum/
System

Easting(x):
Northing(y):

Vertical
Datum N/A N/A

N/A

Total Well
Depth (ft) 18 Ground Surface

Elevation (ft) Not EncounteredGroundwater
Level (ft)
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Note: See Figure A-1 for explanation of symbols.

Sheet 1 of 1

LOG OF MONITORING WELL MW-7S
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Project Number:

Sekiu, Washington
Rayonier, Former Sekiu Log Sorting Yard

0137-018-00
Figure A-29
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ML

PT

ML

GP

GP

SM

TILL

1

2

3

4

5

Concrete
surface seal

Bentonite
seal

1-inch
Schedule 40
PVC well
casing

10-20 sand
backfill

1-inch
Schedule 40
PVC screen,
20-inch slot
width

NS

NS

SS

NS

NS

HS

MS
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0

0

0

0

0

0

0

0

Light brown silt with gravel at top

Dark brown organic matter with silt, some wood
and gravel (dry)

Dark brown gravelly silt with wood (moist)

Light brown silty gravel (fine) with fine sand

Gray silty gravel with NAPL and fine sand (wet)

Gray silty sand with gravel (wet)

Gray sandy silt with gravel (very dense, dry)
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Method

Drilling
Equipment
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Date(s)
Drilled

Drilling
Contractor

Logged
By

Hammer
Data

Direct Push Continuous

Auger
Data

Sampling
Methods

10/24/08 JAS

Datum/
System

Easting(x):
Northing(y):

Vertical
Datum N/A N/A

N/A

Total Well
Depth (ft) 18 Ground Surface

Elevation (ft) 15Groundwater
Level (ft)
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Note: See Figure A-1 for explanation of symbols.
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0137-018-00
Figure A-30

V
6_

E
N

V
W

E
LL

  W
:\R

E
D

M
O

N
D

\P
R

O
JE

C
TS

\0
\0

13
70

18
\0

0\
G

IN
T\

01
37

01
80

0.
G

P
J 

 G
E

IV
6_

1.
G

D
T 

 8
/1

7/
09



ML

GM

GW
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Concrete
surface seal

Bentonite
seal

1-inch
Schedule 40
PVC well
casing

1-inch
Schedule 40
PVC screen,
20-inch slot
width

10-20 sand
backfill

NS

SS

NS

NS

NS

0

0

0

0

0

Brown silt with gravel (dry)

Large concrete piece

Brown gravel with silt and concrete pieces (moist)

Brown gravel with fine to coarse sand (moist)

Brown fine to coarse gravel with fine to coarse sand
(wet)

Brown fine to coarse gravel with fine sand and silt
(wet)

Gray sandy silt with gravel (very dense, dry) (till)
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Drilling
Method

Drilling
Equipment

Checked
By

Date(s)
Drilled

Drilling
Contractor

Logged
By

Hammer
Data

Direct Push Continuous

Auger
Data

Sampling
Methods

10/24/08 JAS

Datum/
System

Easting(x):
Northing(y):

Vertical
Datum N/A N/A

N/A

Total Well
Depth (ft) 18 Ground Surface

Elevation (ft) 13Groundwater
Level (ft)
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Note: See Figure A-1 for explanation of symbols.
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Project Number:

Sekiu, Washington
Rayonier, Former Sekiu Log Sorting Yard

0137-018-00
Figure A-31
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0

0

0

Brown silt with fine sand, gravel and organic
matter

Gray sandy silt with gravel (very dense, dry)
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Gray silt with fine to medium sand, wood debris,
gravel, and trace shells (hard)

Gray silt with fine to coarse sand, wood debris,
and gravel (hard)

Sand with trace wood debris (very hard)

Refusal at 4.4 feet below mudline
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The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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Gray/brown silty fine sand with gravel (very
hard) (glacial till)

Refusal at 1.5 feet below mudline
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Gray silt with fine to medium sand and wood
debris; occasional gravel

Refusal at 1.5 feet below mudline
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Notes:  See Figure A-1 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.
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APPENDIX C 
REPORT LIMITATION AND GUIDELINES FOR USE1 

This appendix provides information to help you manage your risks with respect to the use of this report.  

READ THESE PROVISIONS CLOSELY 

Some clients, design professionals and contractors may not recognize that the geoscience practices 
(geotechnical engineering, geology and environmental science) are far less exact than other engineering 
and natural science disciplines.  This lack of understanding can create unrealistic expectations that could 
lead to disappointments, claims and disputes.  GeoEngineers includes these explanatory “limitations” 
provisions in our reports to help reduce such risks.  Please confer with GeoEngineers if you are unclear 
how these “Report Limitations and Guidelines for Use” apply to your project or site. 

ENVIRONMENTAL SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES, PERSONS AND 
PROJECTS 

This report has been prepared for the exclusive use by Rayonier, their authorized agents and regulatory 
agencies as part of their evaluation of environmental conditions at the subject site.  This report is not 
intended for use by others, and the information contained herein is not applicable to other sites. 

GeoEngineers structures our services to meet the specific needs of our clients.  For example, an 
environmental site assessment or remedial action study conducted for a property owner may not fulfill the 
needs of a prospective purchaser of the same property.  Because each environmental study is unique, each 
environmental report is unique, prepared solely for the specific client and project site.  No one except 
Rayonier should rely on this environmental report without first conferring with GeoEngineers.  This 
report should not be applied for any purpose or project except the one originally contemplated. 

THIS ENVIRONMENTAL REPORT IS BASED ON A UNIQUE SET OF PROJECT-SPECIFIC FACTORS 

This report applies to the former Sekiu log sorting yard located in Clallam County, Sekiu, Washington.  
GeoEngineers considered a number of unique, project-specific factors when establishing the scope of 
services for this project and report.  Unless GeoEngineers specifically indicates otherwise, do not rely on 
this report if it was: 

• not prepared for you, 

• not prepared for your project, 

• not prepared for the specific site explored, or 

• completed before important project changes were made. 

If important changes are made after the date of this report, GeoEngineers should be given the opportunity 
to review our interpretations and recommendations and provide written modifications or confirmation, as 
appropriate. 

RELIANCE CONDITIONS FOR THIRD PARTIES 

No other party may rely on the product of our services unless we agree in advance and in writing to such 
reliance.  This is to provide our firm with reasonable protection against open-ended liability claims by 
third parties with whom there would otherwise be no contractual limits to their actions. 
                                                      
1 Developed based on material provided by ASFE, Professional Firms Practicing in the GeoSciences, www.asfe.org. 
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RELIANCE CONDITIONS FOR THIRD PARTIES 

No other party may rely on the product of our services unless we agree in advance and in writing to such 
reliance.  This is to provide our firm with reasonable protection against open-ended liability claims by 
third parties with whom there would otherwise be no contractual limits to their actions. 

ENVIRONMENTAL REGULATIONS ARE ALWAYS EVOLVING  

Some substances may be present in the site vicinity in quantities or under conditions that may have led, or 
may lead, to contamination of the subject site, but are not included in current local, state or federal 
regulatory definitions of hazardous substances or do not otherwise present current potential liability.  
GeoEngineers cannot be responsible if the standards for appropriate inquiry, or regulatory definitions of 
hazardous substance, change or if more stringent environmental standards are developed in the future. 

SUBSURFACE CONDITIONS CAN CHANGE 

This environmental report is based on conditions that existed at the time the study was performed.  The 
findings and conclusions of this report may be affected by the passage of time, by manmade events such 
as construction on or adjacent to the site, by new releases of hazardous substances, or by natural events 
such as floods, earthquakes, slope instability or groundwater fluctuations.  Always contact GeoEngineers 
before applying this report to determine if it is still applicable.  

MOST ENVIRONMENTAL FINDINGS ARE PROFESSIONAL OPINIONS 

Our interpretations of subsurface conditions, remedial alternatives and remedial costs are based on field 
observations and chemical analytical data from the sampling locations at the site documented in this 
report.  Site exploration identifies subsurface conditions only at those points where subsurface tests are 
conducted or samples are taken.  GeoEngineers reviewed field and laboratory data and then applied our 
professional judgment to render an opinion about subsurface conditions throughout the site.  Actual 
subsurface conditions may differ – sometimes significantly – from those indicated in this report.  There is 
always a potential that areas of contamination exist in portions of the site that were not sampled or tested 
during site characterization studies.  Our report, conclusions and interpretations should not be construed 
as a warranty of the subsurface conditions or related remedial costs. 

 




