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GEOMATRIX

FINAL FEASIBILITY STUDY FOR REMEDIATION
OF WOOD SURFACE PROTECTION CHEMICALS
Sierra Pacific Industries
Arcata Division Sawmill
2593 New Navy Base Road
Arcata, California

1.0 INTRODUCTION

This report presents an evaluation of the feasibility of remedial alternatives for remediation of
wood surface protection chemicals at the Sierra Pacific Industries (SPI) Arcata Division Saw-
mill located in Arcata, California (the site, Figure 1). Geomatrix Consultants, Inc. (Geomatrix),
has prepared this report on behalf of SPI in accordance with Provision 5 of Cleanup and Abate-
ment Order No. R1-2003-0127, issued by the California Regional Water Quality Control
Board, North Coast Region (RWQCB), on November 13, 2003. The purpose of this report is to
evaluate potential remedial technologies and develop alternatives to address wood surface pro-
tection chemicals that have been detected in site soil, groundwater, and storm water runoff.
Based on the evaluation, a preferred remedial alternative is presented. In accordance with Pro-
vision 6 of Cleanup and Abatement Order No. RI-2003-0127, a Remedial Action Plan will be
submitted within 90 days of concurrence with this report by the RWQCB.

This report is organized as follows:

e Site background, including a discussion of site history and previous environmental
investigations, is presented in Section 2.0.

e Subsurface conditions, including lithology and the occurrence and movement of
groundwater, are presented in Section 3.0.

e The nature and extent of wood surface protection chemicals present in the vicinity
of the former green chain and the chemicals of concern at the site are discussed in
Section 4.0.

¢ Interim Remedial Measures previously implemented at the site are discussed in
Section 5.0.

e The remedial action objectives are presented in Section 6.0.

e The screening of remedial technologies for soil, groundwater, and storm water
runoff is presented in Section 7.0.
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e Remedial action alternatives are assembled and evaluated in Section 8.0.
e The preferred remedial action alternative is summarized in Section 9.0.

e References used in preparation of this report are listed in Section 10.0.

2.0 SITE BACKGROUND

This section provides background information regarding the site setting and history, including

current and historical site uses and previous and recent environmental investigations performed
at the site. Information presented in this section is summarized primarily from reports of previ-
ous investigative work at the site prepared by EnviroNet Consulting (Environet) and MFG, Inc.

(MFG); reports from which this information is derived are listed in Section 10.0.

2.1 SITE HISTORY

The approximately 68-acre site is located on the Samoa Peninsula, inland of the northern
shoreline of Humboldt Bay and approximately 4 miles east of the town of Arcata, California.
The site is bounded to the north and east by the Mad River Slough, to the northwest by an old
railroad grade, and to the south by New Navy Base Road and mud flats of Humboldt Bay (Fig-

ure 1).

The site is currently an active sawmill; current features are shown on Figure 2. The sawmill
has operated at the site since approximately 1950. Prior to construction of the mill facilities,
the site consisted of undeveloped sand dunes and mud flats. During construction of mill facili-
ties in the 1950s and 1960s, portions of the Mad River Slough on the eastern, northern, and
southern sides of the site were filled. The current mill facility consists of an administrative
building, a main sawmill building, numerous wood-processing buildings, log storage areas,
milled lumber storage areas, and loading/unloading areas. A 140-foot deep water supply well
(Feature 48 on Figure 2) also is present on the site and provides water for log sprinkling. An
older, shallow water supply well that is no longer used because it began to produce sand also is

present adjacent to the deeper, in-service well.

Wood surface protection activities historically conducted at the site included the use of solution
containing chlorinated phenols, including pentachlorophenol (PCP) and tetrachlorophenol
(TCP), for sap stain and mold control on a small amount of milled lumber. The anti-stain solu-
tion was applied in an aboveground dip tank located in the middle of the former green chain
located immediately south of the eastern end of the current sorter building (Feature 49 on Fig-

ure 2). Use of solution containing chlorinated phenols in the former green chain area of the site
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reportedly commenced in the early to mid-1960s and was discontinued in 1985 (Environet,
2002b). At the direction of the RWQCB, SPI stopped purchasing anti-stain solution containing
chlorinated phenols in 1985 and commenced a process of relocating the remaining solution
containing chlorinated phenols to a new dip tank facility for recycling (MFG, 2003a). Due to
the difficulty of disposing of the old solution containing chlorinated phenols, the remaining
solution from the old dip tank was mixed with a new anti-stain solution that did not contain
chlorinated phenols at the new dip tank facility (Feature 21 on Figure 2). Recycling of the
solution containing chlorinated phenols in the new dip tank continued until 1987, at which time
the drip basin adjacent to of the old dip tank was cleaned out, filled with sand, and capped with
3 to 4 inches of concrete (MFG, 2003c). The new dip tank has been cleaned three times since
1987.

2.2 PREVIOUS ENVIRONMENTAL INVESTIGATIONS

Previous and recent environmental investigations conducted in the former green chain area at
the site are summarized below. Figure 3 presents the locations of numerous soil borings com-
pleted at the site and the locations of current monitoring wells. Additional sampling locations
associated with recent storm water and storm water solids, soil and concrete sampling, and

source area excavation activities at the site are presented on Figures 4 and 5.

Soil, materials, groundwater, and storm water data collected at the site are included in Appen-
dix A.

2.2.1 Investigation Sampling
Previous soil and groundwater investigation sampling locations at the site are shown on Figures
3 through 5. Historical soil analytical results are presented in Appendix A-1 and historical grab

groundwater analytical results are presented in Appendix A-2.

Between July and August 2001, thirty eight (38) soil borings (B-1 through B-38 on Figure 3)
were drilled in the vicinity of the sawmill building and former green chain to evaluate horizon-
tal and vertical impact to soil and groundwater from historical use of solution containing
chlorinated phenols (Environet, 2001). Soil and grab groundwater samples were collected from
each boring and analyzed for PCP; grab groundwater samples also were analyzed for 2,3,4,6-
TCP; 2,3,5,6-TCP; and 2,3,4,5-TCP. Select soil samples also were analyzed for pH and total
organic carbon content; select grab groundwater samples also were analyzed for pH and total

dissolved solids.

I:\Doc_Safe\9000s\9329\16-Task\Feasiblity Rpt 2003\PDF\pdfFS Report.doc 3



GEOMATRIX

To refine the extent of impact identified in the 2001 investigation, additional soil and grab
groundwater samples were collected and nine monitoring wells were installed and sampled in
two 2002 field efforts (Environet, 2002a, 2003). In March 2002, soil and grab groundwater
samples were collected from five soil borings (B-39 through B-43 on Figure 3) located north
and west of the timber toter building (Feature 12 on Figure 2) and from four soil borings (B-44
through B-47) located in the vicinity of the dry sheds (Feature 15 on Figure 2) and analyzed for
chlorinated phenols. In addition, the soil sample collected from boring B-57 was analyzed for
CAM-17 metals and the soil samples collected from borings B-57 and B-58 were analyzed for
polychlorinated dibenzodioxins (dioxins) and polychlorinated dibenzofurans (furans). Dioxins
and furans are impurities associated with the chlorinated phenol formulations used historically

for wood surface protection at the site.

Nine shallow groundwater monitoring wells (i.e., wells screened from 2 to 8 feet below ground
surface [bgs]) were installed within and downgradient of the former green chain area in March
2002 (Environet, 2002a). Monitoring well locations MW-1 through MW-9 are shown on Fig-
ure 3; construction details for monitoring wells are presented in Appendix A-3. Soil samples
were collected during installation of each well and analyzed for chlorinated phenols; concrete
and asphalt samples also were collected at locations MW-6 and MW-7 and analyzed for chlo-
rinated phenols; these data are presented in Appendix A-4. Groundwater samples were col-
lected from each well following development and analyzed for chlorinated phenols, total

organic carbon, chemical oxygen demand, and chloride.

In November 2002, soil and grab groundwater samples were collected from 13 soil borings
(B-48 through B-60 on Figure 3) located within or adjacent to the sawmill building; soil and
grab groundwater samples were analyzed for chlorinated phenols (Environet, 2003a). Six
additional shallow groundwater monitoring wells and four deeper groundwater monitoring
wells (i.e., screened from 15 to 20 feet bgs) were installed in the vicinity of the sawmill build-
ing in November 2002 (Environet, 2003a). Locations for shallow monitoring wells MW-10
through MW-12, MW-14, MW-17, and MW-18 and deeper monitoring wells MW-13D, MW-
14D, MW-16D, and MW-19D are shown on Figure 3; construction details for these wells are
presented in Appendix A-3. Soil samples were collected during installation of each well and
analyzed for chlorinated phenols. Groundwater samples were collected from each well fol-

lowing development and analyzed for chlorinated phenols.

In April 2003, soil samples were collected from six soil borings (TP-1, TP-1A, TP-2 through
TP-5 on Figure 3) completed to between 2.5 and 4.0 feet bgs in the vicinity of the former
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teepee burner (MFG, 2003d). The former teepee burner (Feature 47 on Figure 2) was used to
burn wood waste materials generated at the site. Samples were analyzed for chlorinated phe-

nols, dioxins, and furans; sampling locations are shown on Figure 3.

2.2.2 Source Area Removal Sampling

Between May and November 2003, various sampling activities were undertaken prior to and
following source area excavation activities in the location of the former green chain; these
activities are detailed in the Report on Interim Remedial Measures: Source Area Removal
(Geomatrix, 2003b) and summarized in Section 5.0. Sampling conducted as part of the source

area removal is discussed below; sampling locations are shown on Figures 4 and 5.

In May 2003, one solids sample (UCW-South Sand), one woody debris sample (UCW-South
Wood), and one water sample (UCW-South-Water) were collected from a shallow pit identified
under the south end of the former aboveground dip tank at the former green chain (Figure 4).
Data for the soil and wood samples are included in Appendix A-1; data for the water sample
are included in Appendix A-2. In June and July 2003, fill samples were collected at five loca-
tions within and adjacent to the pit (4” Under 2™ Slab, Pit Bottom, Pit under 2nd Slab, S-1, and
S-2); concrete samples C-1 and C-2 also were collected at locations S-1 and S-2, respectively
(Figure 4). Data for the fill samples are included in Appendix A-1; data for the concrete sam-
ples are included in Appendix A-4. In August 2003, six soil samples and four concrete samples
were collected from boring locations B-61 through B-63 located north of the pit near the south-
ern end of the sorter building (Figure 4). Data for the soil samples are included in Appendix A-

1; data for the concrete samples are included in Appendix A-4.

In September 2003, following activities to remove soil and concrete underlying the former dip
tank at the former green chain, soil samples were collected from 12 sidewall locations (S-1
through S-12) and four bottom locations (B-1 through B-4) from within the excavation (Fig-
ure 5). In November 2003, following activities to excavate additional soil from the previous
excavation, additional confirmation soil samples were collected from one sidewall location (S-
30) and one bottom location (S-31) from within the enlarged excavation; one water sample also
was collected from the bottom of the excavation (Figure 5). Data for the confirmation soil
samples are included in Appendix A-1; data for the confirmation water sample are included in
Appendix A-2.
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2.23 Groundwater Monitoring

Depth to water has been measured quarterly in all site monitoring wells (MW-1 through
MW-19D) and at a monitoring point in the Mad River Slough. Groundwater samples have
been collected quarterly from site wells and analyzed for chlorinated phenols and total dis-
solved solids. In addition, samples collected from monitoring well MW-7 have been analyzed

for dioxins, furans, and total metals. Groundwater monitoring data are presented in Appen-
dix A-3.

Several natural attenuation parameters have been measured in site groundwater samples col-

lected in January and October 2003; analytical data are presented in Appendix B.

224 Storm Water Sampling

Storm water runoff from the site is collected through drop inlets and drainage ditches and
directed through drainage ditches and culverts to the Mad River Slough through five outfalls
(Outfalls 1 through 5) located along the eastern boundary of the site; outfalls and outfall sam-
pling locations are shown on Figure 2. Historical analytical results for PCP and TCP in storm

water samples collected at the site are presented in Appendix A-5.

Storm water observations and storm water quality monitoring have been conducted at the site
since 1983 (MFG, 2003c). Mill staff record daily observations regarding rainfall and storm
water flow from storm water outfalls at the site; storm water samples are collected periodically
from the outfalls. Storm water samples also were collected by the RWQCB between 1986 and
1993.

Ten storm water solids samples were collected in the vicinity of storm water outfalls and drain-
age ditches for analysis of PCP and TCP in June 2001 (Environet, 2001). At this time,
RWQCB personnel also collected three storm water solids samples (0106461-1A, 0106461-2A,
0106461-3A) from storm water Outfalls 1 and 4 and Ditch #4 for analysis of dioxins and furans
(Environet, 2001). Sampling locations are shown on Figure 2.

In May 2003, storm water and storm water solids samples were collected from locations near
six previous sampling locations (B-14, B-33, B-36, B-37, MW-6, and MW-7) in the vicinity of
the former green chain area at which water seeps, ponded storm water, and/or accumulations of
entrained solids (mixtures of saw dust, woody debris and sediment) were observed; sampling
locations are shown on Figure 4. In August 2003, a solids sample was collected from drainage
Ditch #2 and analyzed for PCP and TCP; this drainage ditch is shown on Figure 2.
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3.0 SUBSURFACE CONDITIONS

Subsurface conditions at the site, including lithology and the occurrence and movement of
groundwater, are presented in this section. Subsurface lithology and hydrogeology at the site

were previously investigated and described by Environet (Environet, 2003a).

3.1 LITHOLOGY
The site is located adjacent to the Mad River Slough along the northern shoreline of Humboldt

Bay. The eastern, northern, and southern portions of the site were filled in the 1950s and
1960s. Environmental borings have been completed at the site to approximately 20 feet bgs.
Observations made during these investigations indicate that shallow subsurface lithology at the
site is predominantly fine- to medium-grained sand of apparent sand dune origin. At numerous
boring locations (i.e., B-26, B-28, B-29, MW-3, MW-10, MW-15D, MW-16D, and MW-17),
finer-grained material (classified on the boring logs as "bay mud") was noted at a depth of
approximately 6 to 8 feet bgs. Logs from deeper borings at wells MW-15D and MW-16D
show that sand was again encountered below approximately 15 feet bgs. Sand reportedly was
encountered from ground surface to total depth during installation of a 140-foot-deep water
supply well in the northeast area of the property (Feature 48 on Figure 2) (Environet, 2001).
Woody materials and fill were noted in the logs for borings B-41 and B-47 and monitoring
wells MW-13D and MW-15D.

3.2 OCCURRENCE AND MOVEMENT OF GROUNDWATER

Measured depth to groundwater in nineteen groundwater monitoring wells installed at the site
generally ranges between approximately 0.5 and 5 feet bgs in the shallow wells (i.e., screened
from 2 to 8 feet bgs) and between approximately 4 and 6 feet bgs in the deeper wells (i.e.,
screened from 15 to 20 feet bgs). In the eastern portion of the site, groundwater flow generally
is to the east, toward the Mad River Slough (MFG and Geomatrix, 2003). In the southwestern
portion of the site, groundwater flow is likely generally to the south-southeast, toward Hum-
boldt Bay (MFG and Geomatrix, 2003). Tidal fluctuations in the Mad River Slough and nearby
Humboldt Bay influence groundwater levels at the site in the vicinity of the bay shore. A 2002
tidal influence study conducted at the site by Environet suggested that tidal effects become

negligible at distances greater than 100 feet from the bay shore (Environet, 2003a).

Depth to groundwater measurements in shallow monitoring wells at the site (i.e., screened from
2 to 8 feet bgs) suggest that the lateral hydraulic gradient for shallow groundwater is generally
easterly near the sorter building with a magnitude of approximately 0.005 to 0.007 foot/foot

and northeasterly in the sawmill area with a magnitude of approximately 0.02 to 0.03 foot/foot.

I:\Doc_Safe\9000s\9329\16-Task\Feasiblity Rpt 2003\PDF\pdfFS Report.doc 7



GEOMATRIX

A groundwater depression exists northeast of the sawmill building in the vicinity of monitoring
well MW-2. Depth to groundwater measurements in deeper monitoring wells (i.e., screened
from 15 to 20 feet bgs) suggest that the lateral hydraulic gradient for deeper groundwater at the
site is generally easterly with a magnitude of approximately 0.003 to 0.008 foot/foot.

4.0 NATURE AND EXTENT OF WOOD SURFACE PROTECTION CHEMICALS

The occurrence of wood surface protection chemicals in soil, groundwater, and storm water at
the site has been assessed through numerous investigations (see Section 2.2). The results of

these investigations are presented in tabular form in Appendix A and summarized below.

4.1 CHEMICALS OF CONCERN

Based on the results of previous investigations, the chemicals of concern at the site for this
feasibility study are the chlorinated phenols PCP and TCP and the dioxins and furans that were
impurities associated with the chlorinated phenol chemical formulations historically used for

wood surface protection at the site.

4.1.1 Physical and Chemical Properties

The physical and chemical properties of PCP, TCP, dioxins, and furans are similar and provide
useful information for determining the fate and transport of these compounds at the site

(Table 1). Chlorinated phenols, dioxins, and furans have very low vapor pressures and water
solubilities. Conversely, these compounds are highly soluble in fatty substances (lipophilic)
and have high octanol-water partition and soil adsorption coefficients. As a result, these com-
pounds are likely to be present only at trace concentrations in the atmosphere or dissolved in

water.

4.1.2 Fate and Transport

Based on their physical and chemical properties, PCP, TCP, dioxins, and furans tend to bind to
organic materials and particulate matter. Consequently, these compounds exhibit limited parti-
tioning to water that contacts impacted soil, sediments, or woody material, and thus exhibit
limited mobility as aqueous constituents in the subsurface. These compounds can, however, be
mobilized by surface water and groundwater flow while bound to entrained sediments and par-

ticulate matter.

4.1.3 Baseline Human Health Risk Assessment

A Baseline Human Health Risk Assessment was conducted to evaluate potential health risks for

on-site and off-site human receptors to concentrations of chemicals of concern detected in soil
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and groundwater at the site (Geomatrix, 2003a). Currently, there are no exposures for on-site
workers or off-site residents in areas where chemicals of concern have been detected. The
areas of affected soil are paved, preventing direct contact. Groundwater has not migrated
beyond the former green chain for use as a potential drinking water source, and on-grade

buildings are not located over areas with volatile organic compounds in soil or groundwater.

Future potential exposures to chemicals in soil and groundwater were quantitatively evaluated
for the following receptors: an indoor industrial worker, an outdoor industrial worker, a con-
struction worker, a trench/utility worker, and an off-site resident. Data available in published
reports were included in the evaluation (Environet, 2003a and MFG, 2003a, 2003b, 2003d, and
2003e). The estimated cancer risks and hazard indexes based on potential exposure to chemi-

cals in soil and groundwater were as follows:

e For the outdoor industrial worker, the carcinogenic risk was at 1x107, and the noncar-
cinogenic hazard index was less than 1.

e For the indoor industrial worker, the carcinogenic risk was not quantified because no
volatile carcinogenic chemicals were detected in soil or groundwater. The noncarcino-
genic hazard index was less than 1.

e For the construction worker, the potential carcinogenic risk was less than 1x10™, and
the noncarcinogenic hazard index was 1.

e For the trench/utility worker, the potential carcinogenic risk was greater than 1x10™*
(3x10™), and the noncarcinogenic hazard index was 1.

e For the off-site resident, the potential carcinogenic risk was less than 1x10°°, and the
noncarcinogenic hazard index was significantly less than 1.

Potential dermal exposure to PCP in groundwater accounted for over 95 percent of the carcino-
genic risk and noncarcinogenic hazard index for the construction and trench/utility workers. It
should be noted that exposure to PCP in groundwater via dermal contact may be overestimated
based on the assumed permeability of PCP through the skin as acknowledged in

U.S. Environmental Protection Agency’s (U.S. EPA) dermal exposure guidance (U.S. EPA,
2001).

In conjunction with the Baseline Human Health Risk Assessment, risk-based remediation goals
were developed for the chemicals of concern at the site using the generally accepted risk range
of 1x10™ to 1x10° and a hazard index of one. These values may be used to evaluate concen-
trations of chemical of concern detected in site soil and groundwater during future phases of

investigation and remediation.
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4.2 SOIL

The distribution of PCP in soil samples collected from soil borings B-1 through B-63, TP-1,
TP-1A, TP-2 through TP-5, and monitoring well locations MW-1 through MW-19D is pre-
sented on Figure 6. The results of soil sampling programs completed at the site suggest that
PCP impact to soil is limited to shallow soil (i.e., the upper 3 feet) beneath and adjacent to the
east end of the sorter building, in the vicinity of the former green chain (Environet, 2001,
2002a, 2003; Geomatrix, 2003b). PCP was detected in soil samples collected at 19 of 88
borings advanced at the site at concentrations ranging from 1 milligram per kilogram (mg/kg)
to 71 mg/kg; detected concentrations were greater than 5 mg/kg in samples collected at only
eight of these locations. Chlorinated phenols were not detected in soil samples collected from
69 borings advanced at the site, including the six boring locations near the former teepee
burner. Soil samples from these borings containing the highest reported PCP concentrations
generally were collected between 2 and 3 feet bgs from borings located immediately northeast
of the former green chain, beneath the current sorter building (i.e., 71 mg/kg at B-3; 20 mg/kg
at B-4; 59 mg/kg at B-38; and 21 mg/kg at B-62). Trichlorophenol and TCP were not detected
above laboratory reporting limits in samples collected at any of the 88 borings advanced at the
site. Chlorinated phenols were not detected above laboratory reporting limits in the asphalt and

concrete samples collected at location MW-6 or in the concrete sample collected at MW-7.

Soil samples collected at boring locations B-57, B-58, and B-61 through B-63 (located beneath
and adjacent to the eastern end of the sorter building) and TP-1 and TP-1A (located near the
former teepee burner) were analyzed for dioxins and furans (Environet, 2003a; MFG, 2003d).
Sampling locations are shown on Figure 3. Samples were collected between 1 and 5 feet bgs;
dioxins and furans were detected in samples collected at all seven locations. Concentrations of
dioxins/furans, which refers to a complex mixture of various dioxin/furan congeners, are gener-
ally summarized in terms of 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) based on
toxic equivalency factors adopted by the California Environmental Protection Agency’s Office
of Environmental Health Hazard Assessment (Cal-EPA, 2003). The toxic equivalency (TEQ)
calculated from the results of soil samples collected at these boring locations ranged from 0.5 to
3,809 picograms per gram (pg/g); the percentage of toxic equivalency contributed by 2,3,7,8-
TCDD ranged from 0 to 6.4 percent.

During recent sampling activities associated with identification of a shallow pit under the south
end of the former aboveground dip tank at the former green chain (Figure 4), PCP was detected
in samples of soil and wood collected from the pit and in samples of concrete collected in the

vicinity of the pit (Geomatrix, 2003b). PCP concentrations were less than 15 mg/kg in all sam-
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ples except the soil sample collected from the pit bottom (380 mg/kg) and the wood sample
collected from the pit (4,600 mg/kg); TCP also was detected in these two samples. Dioxins and
furans also were detected in samples of soil and wood collected from the pit and in samples of
concrete collected in the vicinity of the pit. The dioxin/furan toxic equivalency calculated from
the results of the pit samples ranged from 112 to 1,940,000 pg/g; the percentage of toxic
equivalency contributed by 2,3,7,8-TCDD ranged from 0 to 1.3 percent.

As discussed in the Report on Interim Remedial Measures: Source Area Removal (Geomatrix,
2003b) and summarized in Section 5.0, material within the shallow pit recently was removed
and excavation was completed in the vicinity of and north of the shallow pit; the extent of the
excavation is shown on Figures 4 and 5. Confirmation samples were collected from the side-
walls and bottom of the excavation following completion of excavation activities. PCP con-
centrations in final confirmation soil samples ranged from non-detect to 33 mg/kg; TCP
concentrations in confirmation soil samples ranged from non-detect to 18 mg/kg. The
dioxin/furan toxic equivalency calculated for the confirmation soil samples ranged from 173 to
4,564 pg/g; the percentage of toxic equivalency contributed by 2,3,7,8-TCDD ranged from 0 to
3.5 percent.

4.3 GROUNDWATER

Grab groundwater and groundwater monitoring data collected at the site are discussed below.

4.3.1 Grab Groundwater Sample Results

Prior to installation of monitoring wells at the site, grab groundwater samples were collected at
boring locations B-1 through B-60 (Figure 3) and analyzed for chlorinated phenols; pH and
total dissolved solids concentrations also were measured for selected samples (Environet, 2001,
2002a, and 2003). Samples were not analyzed for dioxins or furans. Chlorinated phenol con-
centrations reported for grab groundwater samples collected from borings B-1 through B-60 are
presented in Appendix A-2; PCP concentrations reported in these grab groundwater samples

ranged from non-detect to 100,000 micrograms per liter (ug/L).

Grab groundwater sampling generally provides a screening assessment of groundwater impact,
and is typically followed by monitoring well installation and sampling for assessing the actual
magnitude of impact. Chlorinated phenol concentrations reported for grab groundwater sam-
ples collected at the site are not likely representative of dissolved concentrations in site
groundwater due to the presence of high levels of suspended solids in the grab samples. As

discussed in Section 4.1.1, these compounds preferentially bind to sediments under the pH
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conditions existing at the site. As a result, entrainment of particulate matter in unfiltered grab
samples likely resulted in artificially high concentrations being reported for the grab samples.
The pH of grab groundwater samples collected between July and August 2001 ranged from 6.1
to 7.5; the average pH in grab groundwater samples collected within and immediately down-

gradient of the former green chain area was 6.3.

4.3.2 Monitoring Well Sample Results

Following installation of a monitoring well network at the site in 2002, groundwater samples
have been collected quarterly from site monitoring wells MW-1 through MW-19D (Figure 3)
and analyzed for chlorinated phenols and, recently, total dissolved solids (MFG and Geomatrix,
2003). In addition, samples collected from monitoring well MW-7 have been analyzed for

dioxins, furans, and total metals.

The distribution of PCP in groundwater samples collected from site monitoring wells is pre-
sented on Figure 7. These results of groundwater sampling activities indicate that shallow
groundwater (i.e., water table to approximately 8 feet bgs) at the site is impacted by chlorinated
phenols in the vicinity of the former dip tank at the former green chain and downgradient to the

vicinity of well MW-7, located northeast of the former green chain.

Tetrachlorophenols (including 2,4,6-TCP; 2,3,5,6-TCP; 2,3,4,6-TCP; and 2,3,4,5-TCP) and tri-
chlorophenols (including 2,3,4-trichlorophenol; 2,3,5-trichlorophenol; and
2.,4,6-trichlorophenol) historically have been detected in groundwater samples collected from
wells MW-7 and MW-9. TCP and trichlorophenols have not been detected in samples col-
lected from well MW-9 since March 2002. Trichlorophenols have not been detected in sam-
ples collected from well MW-7 since January 2003. TCP concentrations in samples collected
from well MW-7 either decreased or remained consistent with historical results between Janu-
ary and November 2003 (Appendix A-3); the total TCP concentration in the sample collected
from well MW-7 in November 2003 was 651 pg/L. These results indicate that TCP impact to
groundwater at the site is limited to shallow groundwater in the vicinity of the former dip tank
at the former green chain and downgradient to the vicinity of well MW-7; this is consistent

with the distribution of PCP in site groundwater.

Dioxins and furans have been detected in groundwater samples collected from well MW-7; the
dioxin/furan toxic equivalency calculated from the sample results have ranged from 0.004 to

2.7 picograms per liter (pg/L). These dioxin/furan toxic equivalencies have consistently been
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below the water quality objective for 2,3,7,8-TCDD toxic equivalency of 30 pg/L established in
Cleanup and Abatement Order R1-2003-0127.

4.3.3 Pit and Excavation Water Sample Results

During recent sampling activities associated with identification of a shallow pit under the south
end of the former aboveground dip tank at the former green chain (Figure 4), a grab sample of
water that had collected in the pit was collected (Geomatrix, 2003b). PCP was detected in the
sample at a concentration of 11,000 pg/L and total tetrachlorophenols were detected at a con-
centration of 1,169 pg/L. Material was excavated from the pit in June 2003 and from a wider
area in the vicinity of the pit in September and November 2003; the extent of these excavations
are shown on Figures 4 and 5. Following completion of these excavation activities, a grab
sample of water that had collected in the excavation was collected; PCP was detected at a con-
centration of 35,000 pg/L; total tetrachlorophenols were detected at a concentration of 18,052
ng/L; and 2,4,6-trichlorophenol was detected at concentration of 19 pg/L. As discussed in
Section 4.3.1, chlorinated phenol concentrations reported for these grab water samples likely
are not representative of dissolved concentrations in site groundwater due to the presence of

high levels of suspended solids in the samples.

4.4 STORM WATER

Historically, PCP and TCP have been detected periodically in storm water runoff samples col-
lected at Outfalls 1 through 4 (MFG, 2003c). In 1987, the area of the site where anti-stain
solution containing chlorinated phenols was used was capped with concrete at the direction of
the RWQCB. Some storm water samples collected from 1988 through 2000 continued to have
detections of TCP and PCP, generally at low concentrations (i.e., less than 20 ug/L). Addi-
tional interim remedial measures were implemented at the site at the end of 1999 (as discussed
in Section 5.0). Since completion of the additional interim remedial measures, PCP has been
detected at concentrations between 1.2 pug/L and 2.4 pg/L only in storm water samples col-
lected from monitoring point SL-2 (Outfall 2), and TCP has not been detected in any storm
water samples above the laboratory reporting limit of 1.0 pg/L. Analytical data for storm water

runoff samples are presented in Appendix A-5.

In June 2001, ten storm water solids samples were collected in the vicinity of storm water out-
falls and drainage ditches for analysis for PCP and TCP (Environet, 2001); the outfalls and
drainage ditches are shown on Figure 2. TCP and PCP were not detected in any of the solids
samples. Dioxins and furans were detected in sediment samples collected from storm water
Outfalls 1 and 4, and Ditch #4 in 2001 (Environet, 2003a). Sampling locations are shown on
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Figure 2. The dioxin/furan toxic equivalency calculated from the sample results ranged from
1.01 to 23.7 pg/g; the percentage of toxic equivalency contributed by 2,3,7,8-TCDD ranged
from 0 to 4 percent.

In May 2003, samples of pooled storm water and storm water solids were collected near six
previous sampling locations (B-14, B-33, B-36, B-37, MW-6, and MW-7) in the former green
chain area (Geomatrix, 2003b). Sampling locations are shown on Figure 4. Chlorinated phe-
nols were detected in the solids sample (SS-Near B-37 Sediment) collected from the puddle of
water seeping out of the elevated concrete pad for the former green chain (PCP concentration
of 94 mg/kg; total TCP concentration of 12.3 mg/kg); chlorinated phenols were not detected
above laboratory detection limits in the other storm water solids samples. Elevated concentra-
tions of chlorinated phenols also were reported for the sample (SS-Near B-37 Water) of water
seeping out of the elevated concrete pad for the former green chain (PCP concentration of
33,000 pg/L; total TCP concentration 8,010 ng/L; 2,4,6-trichlorophenol concentration of 2.0
ng/L). PCP concentrations in the other five pooled storm water samples collected were less
than 30 pg/L, and TCP concentrations were less than 10 pg/L; 2,4,6-trichlorophenol was not

detected in any of the other five water samples.

In August 2003, a storm water sample was collected from drainage Ditch #2 (Figure 2). PCP
and TCP were not detected in the sample; the sample was not analyzed for dioxins and furans.

5.0 INTERIM REMEDIAL MEASURES

Historically, some storm water runoff from the site appears to have been impacted by chlorin-
ated phenols and dioxins/furans (see Appendix A-5). As discussed in Section 4.1, these com-
pounds bind tightly to soil and other particulate matter. Between 1983 and 1999, various Best
Management Practices were initiated to prevent the impairment of storm water at the site
(MFG, 2003a). These Best Management Practices included removal of the dip tank from the
former green chain area, clean out and concrete capping of the former green chain drip basin,
and reducing materials to which chlorinated phenols tend to adsorb, such as woody debris and
particulate matter, from storm water discharges. Measures to reduce woody debris and par-
ticulate matter from discharges have included reducing woody debris across the site and regular

cleaning of exposed storm water drainage ditches.

Between 2000 and 2003, additional remedial measures were implemented at the site to further
reduce woody debris and particulate matter from storm water discharges, minimize commin-

gling of groundwater and storm water, and improve the drainage system (MFG, 2003a). Wood
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debris was cleaned and removed from the entire mill site, and screens, rock-filled bags, hay
bales, and waddles were placed at storm water inlets to intercept woody debris and particulate
matter prior to discharge. Improvements to the drainage system included repair, lining, and
replacement of degraded culverts, conversion of an open ditch to a culvert, and installation of
settling basins to allow suspended sediments to settle out of the storm water prior to discharge.
Leaks in water and condensate lines at the site also were repaired to reduce non-storm water

inputs to the drainage system.

In April and May 2003, during surface cleaning activities to reduce woody debris and
particulate sources to storm water at the site, SPI staff performed extensive surface cleaning in
the area of the former green chain (Geomatrix, 2003b). During this surface cleaning, mill staff
swept away a thin concrete veneer that covered wood planking located in the area of the
southern catwalk along the former green chain. The wood planking was removed by SPI staff
and was found to cover a shallow pit containing woody debris, sand, and water (Figure 4). The
pit appears to have been located under the south end of the former aboveground dip tank. The
concrete base of the former green chain is elevated above the surrounding ground surface,
allowing storm water that percolates through the concrete surface in the vicinity of the former

dip tank to subsequently seep out onto the ground surface.

In June 2003, an initial excavation (First Phase) of woody debris was conducted to remove
material with elevated chlorinated phenol, dioxin, and furan concentrations from the pit. Based
on results of additional sampling conducted between June and August 2003, an additional
phase of excavation (Second Phase) was conducted in September 2003 (Geomatrix, 2003b).
The objective of this source area excavation was to remove soil, concrete, and woody material
impacted by elevated concentrations of chlorinated phenols, dioxins, and furans that were

serving as a contaminant source to groundwater and storm water at the site.

As shown on Figure 5, the Second Phase excavation area measured approximately 20 feet by
29 feet, extended across the entire width of the elevated concrete pad for the former green
chain, and was approximately centered on the former dip tank location. The excavation ex-
tended to a depth of approximately 4 feet below the adjacent grade to the north and south
(approximately 5 feet below the top of the elevated concrete slab for the former green chain),
except at the southeast corner, which was deepened to approximately 7 feet below the adjacent
grade to create a dewatering sump. Material removed from the excavation included sand, two
layers of concrete, and materials associated with a rail spur formerly located below the green

chain (rails and railroad ties). Approximately 80 percent of the material excavated was ob-
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served to be moderately stained greenish gray at the time of excavation, and moderate staining
was observed in the final north, south, and west excavation sidewalls and in the base of the ex-
cavation. The total volume of soil and other material removed was approximately 130 cubic
yards. Groundwater was encountered at a depth of approximately 2 feet below the adjacent
grade to the north and south. Approximately 1750 gallons of groundwater were pumped from

the excavation to facilitate the work.

Confirmation soil sampling was performed following completion of the Second Phase excava-
tion work. Confirmation soil sample locations are presented on Figure 5; soil analytical results
are included in Appendix A-1. Elevated concentrations of PCP were reported in Second Phase
confirmation samples collected from two areas of the excavation, sample S-6N-1.5" collected
from the north face of the excavation and sample B-4-West collected from the bottom of the
excavation. Based on these results, a Third Phase of excavation was conducted in November
2003. Additional material was excavated approximately 1 foot to the north of sampling loca-
tion S-6N-1.5 and an additional 1.5 feet of material was removed from the bottom of the north-
ern half of the excavation in the vicinity of sampling location B-4-West. The final excavation
area measured approximately 20 feet by 30 feet; total depth of the excavation ranged from 4 to
5.5 feet below the adjacent grade. Post-excavation confirmation samples were collected for
PCP and TCP analyses from each area where additional material was excavated (samples S-30-
1.5’ and S-31-5.5"); PCP was not detected above the laboratory reporting limit in either of the
post-excavation confirmation samples. A grab sample of groundwater from the excavation also
was collected and analyzed for chlorinated phenols; PCP was detected in the sample at a con-
centration of 35,000 pg/L; total tetrachlorophenols were detected at a concentration of 18,052

ng/L; and 2,4,6-trichlorophenol was detected at concentration of 19 pg/L.

Confirmation samples collected during the Third Phase were not analyzed for dioxins and
furans. However, as noted in Section 4.3, the chemical analysis results for groundwater sam-
ples collected from monitoring well MW-7 have consistently been below the groundwater
quality objectives for dioxins and furans. Consequently, residual dioxin and furan concentra-
tions in soil in the vicinity of the former green chain do not appear to represent a continuing

threat to groundwater quality.

6.0 REMEDIAL ACTION OBJECTIVES

The remedial goals for the site are to comply with appropriate RWQCB requirements to protect
human health and the environment and implement a final remedy that does not have a detri-

mental impact on the surrounding community and Mad River Slough. To accomplish this goal,
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a preferred remedial alternative will be recommended for implementation at the site based on a
screening of appropriate remedial technologies and a detailed evaluation of remedial action

alternatives.

The remedial action objectives for the site are to: (1) reduce the potential for off-site migration
of chemicals of concern in groundwater to adjacent surface water; (2) reduce the potential for
off-site migration of chemicals of concern in storm water to adjacent surface water; (3) reduce
mass of chemicals of concern in soil; and (4) reduce mass of chemicals of concern in

groundwater.

7.0 SCREENING OF REMEDIAL TECHNOLOGIES

This section identifies and screens remedial technologies considered for implementation at the
site. The objective of this section is to develop an appropriate range of remedial technologies
that will be combined into a group of potential remedial action alternatives. A detailed evalua-
tion will be performed on these remedial action alternatives (Section 8.0), and a preferred alter-

native will be recommended for implementation at the site (Section 9.0).

7.1 SCREENING CRITERIA

The remedial technologies initially were identified based on their (1) technical applicability’ at
the site, and (2) demonstrated effectiveness at other sites with similar site conditions. After
assessing those technologies with the greatest potential to reduce chemicals of concern in soil,
groundwater, and storm water at the site, a list of potentially applicable remedial technologies
was developed and is presented in Table 2. Each of these remedial technologies was then

evaluated based on the following two screening criteria:

o Remedial Action Objectives: Capability of the remedial technology to meet the
remedial action objectives established in Section 6.0; and

o Site Conditions: Applicability of the remedial technology to conditions at the site.
Site-specific factors that affect implementation and success of remedial action alter-
natives include lithologic conditions, depth to groundwater, proximity to surface
water, types and chemical properties of the chemicals of concern present, impacted
media, operational status of the site (active sawmill), and potential impacts to adja-
cent communities as a result of remedial activities.

' Technical applicability is defined as the ability of the technology to mitigate the types and concentrations of
chemicals of concern at a subject site.
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The results of the remedial technologies screening are summarized in Table 2. Technologies
that did not meet the first criterion of technical applicability are not included in the tables, and
were excluded from further evaluation in the screening process. Only those technologies that
met both screening criteria® were included in the detailed evaluation of remedial action alterna-

tives.

7.2 SITE MANAGEMENT PLAN

All of the remedial action alternatives evaluated for the site, except the No Action alternative,
include a Site Management Plan. The Site Management Plan would include a variety of con-
trols designed to prevent current and future property owners and operators from taking actions
that would expose workers or other potential receptors to unacceptable risk, interfere with the
effectiveness of the final remedy, convert the site to an end-use that is not consistent with the
level of remediation, and/or allow chemicals of concern from impacted site media to migrate

off-site and impact surrounding surface water.
The Site Management Plan may include, but is not limited to, the following:

e Controls’ on construction activities that may be detrimental to the final remedy
implemented at the site,

e Controls’ on certain end uses of the site that may be incompatible with the level of
cleanup associated with the final remedy, and

e Informational tools* to inform current and future owners of the presence of the
environmental conditions at the site.

7.3 SOIL

The following sections provide a description of the remedial technologies considered for the
treatment of soil. Each technology is evaluated based on the screening criteria established in
Section 7.1.

Remedial technologies that satisfy at least one of the four components of the remedial action objectives and are
applicable to site conditions meet both screening criteria.

Proprietary controls may include deed restrictions, covenants, and easements. Deed restrictions prohibit a
person from disturbing residual contamination at an impacted site, but are typically non-enforceable. Covenants
are written contracts that can prohibit specific types of development or construction activities at a site.
Easements grant access or restrict site owners to uses that are compatible with the final remedy at the site.
Informational tools provide information about residual contamination or a remedy that has been conducted at the
site. Examples include state registries of contaminated properties, deed notices, and advisories. Informational
tools are used most frequently as a secondary measure to help ensure the overall reliability of other controls.
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7.3.1 Source Removal through Excavation

This technology involves the identification and physical removal of soil and woody material
impacted with elevated concentrations of chemicals of concern. This option includes excava-
tion with standard construction equipment. Depending on site-specific considerations, exca-
vated soil can be stockpiled for further handling or off-hauled to an appropriate off-site recy-
cling or disposal facility. Excavation sidewall and bottom confirmation sampling is conducted

to document site conditions following excavation.

As discussed in Section 5.0, excavation was conducted in the former green chain area as part of
the interim remedial measures approved by the RWQCB and as described in the Report on
Interim Remedial Measures: Source Area Removal, dated December 1, 2003 (Geomatrix,
2003). During the excavation, a concrete slab covering the green chain area was removed and
soil and woody material was excavated in an approximately 20 feet by 30 feet area to a depth of
approximately 4 feet below surrounding grade (5 feet below the top of the elevated green chain
slab) in the south of the excavation, and 5.5 feet below surrounding grade in the north of the

excavation. The area of excavation is shown on Figure 5.

The excavation removed mass of chemicals of concern from the area containing elevated con-
centrations of wood surface protection chemicals. The soil and woody material in this area
served as a source of chemicals of concern in groundwater, overland flow (storm water), and
ultimately, surface water. Therefore, source area excavation meets the technology screening

criteria and is included in the evaluation of remedial action alternatives.

7.3.2 In-Situ Chemical Oxidation

In situ chemical oxidation refers to the injection or placement of a chemically reactive com-
pound into the subsurface to directly degrade or destroy target constituents. This remedial
technology converts organic compounds into innocuous materials, such as carbon dioxide,
chloride, and water. Typical oxidants include hydrogen peroxide (with or without iron sulfate
to promote Fenton’s reagent chemistry), sodium or potassium permanganate, and ozone. The
reactive treatment compounds may be liquid, gas, or solid particles. Both conventional well
injection techniques and innovative emplacement technologies have been used to inject chemi-
cal treatment agents into the subsurface. However, in situ chemical oxidation is not routinely
used to treat soil because delivery of the oxidants would require surface flooding or very

closely spaced injection points.

Chemical oxidation can be an effective method for the treatment of chemicals of concern in soil

at the site. However, this technology poses safety concerns, may produce air emissions due to
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exothermic reactions with chlorinated phenols in the subsurface and is highly dependent on pH

control. Additionally, an effective oxidant delivery system for soil in the vadose zone would be
difficult to install due to shallow groundwater at the site. The use of in-situ chemical oxidation

in soil does not meet the technology screening criteria and is therefore excluded from the

evaluation of remedial action alternatives.

7.3.3 In-Situ Bioremediation

In-situ bioremediation occurs when microorganisms degrade organic contaminants found in the
soil to carbon dioxide, water, and microbial cell mass. Under appropriate conditions, biodegra-
dation of chlorinated phenols can occur relatively rapidly, while the biodegradation rate for
dioxins and furans is expected to be slower. Microorganisms will preferentially degrade chlo-
rinated phenols and potentially other carbon sources, and then seek dioxins and furans a as sec-
ondary food source once the primary compounds are degraded to a certain concentration. The
activity of the microorganisms is stimulated by delivering nutrient or other solutions through
impacted soil to enhance biological degradation of the chemicals of concern in the subsurface.
Both conventional and innovative injection methods can be used to deliver necessary bioreme-
diation solutions into the subsurface. However, in-situ bioremediation is not routinely used to
treat soil because delivery of nutrients or other solutions would require surface flooding or very

closely spaced injection points, and multiple injections.

Although in-situ bioremediation is a potentially effective method for the treatment of chemicals
of concern in soil, it cannot practically be implemented at the site because an effective delivery
system for the vadose zone would be difficult to install due to shallow groundwater. The use of
in-situ bioremediation does not meet both screening criteria and is therefore excluded from the

evaluation of remedial action alternatives.

7.4 GROUNDWATER
The following sections provide a description of the remedial technologies considered for the

treatment of groundwater. Each technology is evaluated based on the screening criteria estab-
lished in Section 7.1.

7.4.1 Monitored Natural Attenuation

Natural attenuation processes promote the in situ reduction in concentration and mass of target
chemicals in groundwater, without the intervention of human-based enhancements or mechani-
cal methods (e.g., injection of treatment materials, groundwater extraction and treatment, etc.).

The natural processes include biodegradation, dispersion, dilution, sorption, volatilization, and
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chemical transformation of chemicals. The ability of these processes to successfully reduce the
concentration and mass of the target chemicals within an accepted time period and over an
acceptable area forms the basis of a monitored natural attenuation strategy. The biological
natural attenuation processes are similar to those described for in-situ bioremediation in Sec-
tion 7.3.3.

A natural attenuation strategy, if appropriately implemented, is a potentially effective method
for the treatment of groundwater to meet the remedial action objectives. See Appendix B for
more details regarding biological natural attenuation processes, chemical parameters used to
evaluate whether natural attenuation is occurring, and an assessment of the dominant natural
attenuation processes at the site. Natural attenuation meets the technology screening criteria

and is included in the evaluation of remedial action alternatives.

7.4.2 In-situ Chemical Oxidation

As discussed in Section 7.3.2, the use of in-situ chemical oxidation may be a potentially effec-
tive method for the treatment of chemicals of concern of the site. Unlike the treatment of soil
in the vadose zone, an effective groundwater delivery system, such as injection points, can be
installed at the site. In addition, effective measures can be implemented to address safety con-
cerns, pH control, and air emissions from exothermic reactions with chemicals of concern when
in situ chemical oxidation is implemented in groundwater. In-situ chemical oxidation for the
treatment of groundwater meets the screening criteria and is included in the evaluation of

remedial action alternatives.

7.4.3 In-situ Bioremediation

As discussed in Section 7.3.3, in-situ bioremediation is a potentially effective method for the
treatment of chemicals of concern at the site. Unlike the treatment of soil in the vadose zone,
an effective groundwater treatment delivery system, such as widely spaced injection points, can
be installed at the site. The use of in-situ bioremediation for the treatment of groundwater

meets the screening criteria and is included in the evaluation of remedial action alternatives.

7.4.4 Groundwater Extraction and Treatment

Groundwater extraction involves the removal of groundwater from the subsurface using either
extraction wells or trenches. Extracted groundwater is then conveyed to an above-ground
facility for ex-situ treatment. Treatment methods involve the removal, chemical alteration, or
destruction of constituents in groundwater via chemical, physical, or biological processes.

Treated water is subsequently discharged to a storm drain under the National Pollutant Dis-
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charge Elimination System Permitting Program, or to a Publicly-Owned Treatment Works in
accordance with applicable state or local permitting requirements, or is re-injected into the sub-
surface. This technology is an effective method to provide hydraulic control of impacted
groundwater and, in some circumstances, can be effective at removing mass of target chemicals

from groundwater.

Groundwater extraction and treatment will not be effective at the site because of the physical
and chemical properties of the chemicals of concern. Because chlorinated phenols and dioxins
and furans preferentially sorb to solids, we would expect only trace concentrations of the
chemicals of concern to be present in extracted groundwater. In addition, the desorbtion of
chemicals of concern to the dissolved phase would be very slow. As a result, this technology
would not effectively remove mass of chemicals of concern in groundwater. Additionally, the
plume of impacted groundwater underlying the former green chain area appears to be stable
and not impacting the downgradient surface water. Consequently, hydraulic control is not
needed at the site. For these reasons, groundwater extraction and treatment is not applicable to
site conditions. Since groundwater extraction and treatment does not meet the screening crite-

ria, it is excluded from the evaluation of remedial action alternatives.

7.5 STORM WATER
The following sections provide a description of the remedial technology considered for the
management of storm water. Site Best Management Practices is evaluated based on the

screening criteria established in Section 7.1.

7.5.1 Site Best Management Practices

Historically, some storm water runoff from the site appears to have been impacted by chemi-
cals of concern. As discussed in Section 4.1, these compounds bind tightly to soil and other
particulate matter. As part of the Interim Remedial Measures implemented at the site (Sec-
tion 5.0), various best-management practices were initiated to prevent the impairment of storm
water. These Best Management Practices include improvements to the drainage system and
excavation of soil and woody material containing elevated concentrations of chemicals of con-

cern from the source area below the former dip tank at the former green chain.

7.5.1.1 Drainage System Improvements
Improvements to the drainage system included replacement of degraded culverts and installa-
tion of settling basins to allow suspended sediments to settle out of the storm water.

In addition, numerous other Best Management Practices, including regular surface cleaning and
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use of various sediment control devices, have been implemented at the site. These improve-
ments reduce the potential for chemicals of concern at the site to enter storm water and, conse-
quently, surface water. The use of these Best Management Practices meets the screening crite-

ria and is included in the evaluation of remedial action alternatives.

7.5.1.2 Source Removal Through Excavation

Removal of impacted soil and woody material from the source area below the former dip tank
at the former green chain is also an effective Best Management Practice to control discharges
of chemicals of concern into surface water, as storm water exposure to soil with the highest
concentrations of chemicals of concern is reduced significantly. As described in Section 5.0,
the concrete base of the former green chain is elevated above the surrounding ground surface.
Some of the storm water that percolated through the concrete surface in the vicinity of the for-
mer dip tank came into contact with soil and woody material with elevated concentrations of
chemicals of concern and subsequently seeped out onto the ground surface. That water con-
tained elevated concentrations of chemicals of concern and was subsequently commingled with

storm water runoff from the site.

Source removal has been implemented as part of the Interim Remedial Measures discussed in
Section 5.0. Source removal meets the screening criteria and is included in the evaluation of

remedial action alternatives.

8.0 EVALUATION OF REMEDIAL ACTION ALTERNATIVES

The remedial technologies considered appropriate for the site following the technology
screening were combined to form remedial action alternatives and evaluated in greater detail.
The criteria used for the remedial action alternatives evaluation were developed to facilitate the

selection of a preferred remedial action alternative.

8.1 EVALUATION CRITERIA

The remedial action alternatives evaluation was based on the following criteria:

e Effectiveness: Ability of the remedial action alternative to meet the remedial action
objectives, protect human health and the environment, comply with regulatory
requirements, be effective in the long and short term, and reduce toxicity and
mobility of chemicals of concern at the site.

e Implementability: Technical and administrative feasibility, including the availabil-
ity of the selected technologies; the availability of materials, equipment, and labor
necessary to implement the technologies; level of disruption to sawmill operations;
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regulatory requirements and permitting considerations; community acceptance; the
potential effects on human health during construction and implementation; and the
relative capital and operations and maintenance costs.

Descriptions and detailed evaluations of the remedial action alternatives developed are pre-
sented below (Sections 8.2 through 8.5). The evaluation of remedial action alternatives is

summarized in Table 3.

The preferred remedial alternative is recommended for implementation at the site based on the

evaluation of remedial action alternatives.

8.2 ALTERNATIVE A: NO ACTION

This alternative requires no remedial action. The current groundwater monitoring program

would continue.

8.2.1 Detailed Evaluation

There are no capital costs to implement this alternative. The total cost of this alternative is

approximately $45,000 per year for the ongoing groundwater monitoring. .

SPI has previously determined that the “No Action” alternative does not meet the evaluation
criteria. Consequently, numerous Interim Remedial Measures, including source area excava-
tion, have been implemented as described in Section 5.0. Although Alternative A does not

meet all criteria for effectiveness and implementability, it is retained for comparison with other

alternatives.
83 ALTERNATIVE B: SOURCE REMOVAL AND MONITORED NATURAL
ATTENUATION

This alternative includes excavation of soil containing elevated concentrations chemicals of
concern from below the former dip tank at the former green chain, and monitoring of ground-
water in and around the PCP groundwater plume to demonstrate that attenuation of contami-

nants is naturally occurring. This alternative is shown on Figure 8.

The Interim Remedial Measures described in Section 5.0, including source area excavation and
implementation of storm water Best Management Practices, will contribute to reducing the
mass and mobility of chemicals of concern. A Site Management Plan would be developed that
implements controls to minimize risks associated with residual chemicals of concern in site
media and regulates activities that could interfere with the effectiveness of the remedy or cause

migration of chemicals of concern. Groundwater monitoring would continue, but the scope of

I:\Doc_Safe\9000s\9329\16-Task\Feasiblity Rpt 2003\PDF\pdfFS Report.doc 24



GEOMATRIX

the monitoring program would be modified to include monitoring of natural attenuation

parameters, as described below.

As described in Appendix B, measurement of geochemical parameters in groundwater shows
that reducing, anoxic, and methanogenic conditions exist in shallow groundwater at the site,
and that all conditions typically necessary for the destruction of PCP through reductive dechlo-
rination are present. The groundwater monitoring program would be modified to include sam-
pling of selected wells (likely wells MW-2, MW-3, MW-5 and MW-7) and analyzing the sam-
ples for natural attenuation parameters (including Eh, dissolved oxygen, nitrate, manganese(Il),
iron(Il), sulfate, carbon dioxide, methane, total organic carbon, chloride, alkalinity, calcium,
magnesium, pH, specific conductance and temperature). In addition, groundwater samples
from well MW-7 and possibly other selected wells would be analyzed for breakdown products
of PCP, including tetrachlorophenol, trichlorophenol, dichlorophenol, and chlorophenol. Ana-
lytical results would be evaluated to demonstrate that reducing, anoxic, and methanogenic con-
ditions continue to be present at the site, and that concentrations of PCP and its breakdown

products are generally stable or reducing.

8.3.1 Detailed Evaluation

Capital costs associated with this alternative include approximately $396,000 for the Interim
Remedial Measures described in Section 5.0 that have already been implemented, and ap-
proximately $10,000 to develop a Site Management Plan. The capital cost of this alternative is
$406,000. The annual costs for this alternative would be approximately $40,000 per year to

implement the natural attenuation groundwater monitoring program.

As shown in Table 3, the monitored natural attenuation alternative meets all effectiveness and

implementabiltiy criteria.

8.4 ALTERNATIVE C: SOURCE REMOVAL AND IN-SITU BIOREMEDIATION

This alternative involves excavation of soil containing elevated concentrations of chemicals of
concern from below the former dip tank at the former green chain and injection of materials
into the subsurface to enhance the ongoing natural attenuation process. This alternative is

shown in Figure 9.

The Interim Remedial Measures described in Section 5.0, including source area excavation and
implementation of storm water Best Management Practices, will contribute to reducing the
mass and mobility of chemicals of concern. A Site Management Plan would be developed that

implements controls to minimize risk associated with residual chemicals of concern in site
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media and regulates activities that could interfere with the effectiveness of the remedy or cause
migration of chemicals of concern. Groundwater monitoring would continue, but the scope of
the monitoring program would be modified to include monitoring of two additional perform-

ance wells and monitoring of bioremediation parameters in selected wells, as described below.

Selection of the injected material and design of the injection system would be made after com-
pletion of a bioremediation bench or pilot study that determined the rate-limiting factor(s) of
the ongoing natural attenuation process. For purposes of this feasibility study, a 10-foot spac-
ing of injection points and a single injection of a nutrient were assumed over an area of ap-
proximately 160 feet by 50 feet in the vicinity of the former green chain. The injection probes
would be installed using direct-push methods to a depth of approximately 5 feet, and a meas-
ured amount of nutrient would be injected at low pressure into the formation. After injection
was complete at each injection point, the injection probe would be removed and the hole
sealed. One or two additional performance monitoring wells would be installed in the down-
gradient portion of the treatment area if suitable well locations could be selected given the con-

straints of the site buildings and equipment.

Performance of the enhanced bioremediation would be monitored through sampling and
chemical analysis of groundwater in and around the area. The additional performance moni-
toring wells and wells MW-2, MW-3, MW-5, and MW-7 would be sampled and analyzed for
bioremediation parameters, including Eh, dissolved oxygen, nitrate, manganese(II), iron(II),
sulfate, carbon dioxide, methane, total organic carbon, chloride, alkalinity, calcium, magne-
sium, pH, specific conductance and temperature. In addition, groundwater samples from the
additional performance wells, well MW-7, and possibly other selected wells, would be ana-
lyzed for breakdown products of PCP, including tetrachlorophenol, trichlorophenol, dichloro-
phenol, and chlorophenol.

8.4.1 Detailed Evaluation

The capital cost to implement the enhanced in-situ bioremediation program described above is
approximately $167,000. Other capital costs associated with this alternative include approxi-
mately $396,000 for the Interim Remedial Measures described in Section 5.0 that have already
been implemented, and approximately $10,000 to develop a Site Management Plan. The total
capital cost of this alternative is approximately $563,000. The annual costs for this alternative
would be approximately $50,000 per year to implement the modified groundwater monitoring

program.
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As shown in Table 3, the in-situ bioremediation alternative meets the effectiveness criteria but

does not meet the implementability criterion of minimizing disruption to mill operations.

8.5 ALTERNATIVE D: SOURCE REMOVAL AND IN-SITU CHEMICAL OXIDATION

This alternative involves excavation of soil containing elevated concentrations of chemicals of
concern from below the former dip tank at the former green chain and injection of oxidizing
materials into the subsurface to oxidize and destroy chemicals on contact. This alternative is

shown on Figure 10.

The Interim Remedial Measures described in Section 5.0, including source area excavation and
implementation of storm water Best Management Practices, will contribute to reducing the
mass and mobility of chemicals of concern. A Site Management Plan would be developed that
implements institutional controls to minimize risks associated with residual chemicals of con-
cern in site media and regulates activities that could interfere with the effectiveness of the rem-
edy or cause migration of chemicals of concern. Groundwater monitoring would continue, but
the scope of the monitoring program would be modified to include monitoring of two addi-

tional performance wells, as described below.

The oxidizing agent (e.g. sodium or potassium permanganate, Fenton’s reagent, hydrogen per-
oxide or ozone) would be selected after completion of a chemical oxidation bench or pilot
study, based on its ability to minimize the potential for exothermic reactions that could damage
nearby mill equipment while maximizing the potential to destroy the target chemicals. Because
the oxidizing agent only acts on contact with the chemical, injection points must be closely
spaced. For application at the site, where the injection would occur at depths of about 5 feet,
injection pressures must be low to prevent hydro-fracturing the subsurface, which would create
preferential pathways for the movement of the oxidizing agent instead of flow into the soil pore
space. For purposes of this feasibility study, a 3-foot spacing of injection points and a single
injection of an oxidizing agent were assumed over an area of approximately 160 feet by 50 feet
in the vicinity of the former green chain. The injection probes would be installed using direct-
push methods to a depth of approximately 5 feet and a measured amount of oxidizing agent
would be injected. After injection was complete at each injection point, the injection probe
would be removed and the hole sealed. One or two additional performance monitoring wells
would be installed in the downgradient portion of the treatment area if suitable well locations

could be selected given the constraints of the site buildings and equipment..

Performance of the chemical oxidation area would be monitored through sampling and chemi-

cal analysis of groundwater in and around the area. The additional performance monitoring
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wells and wells MW-2, MW-3, MW-5, and MW-7 would be sampled and analyzed for PCP
and breakdown products of PCP, including tetrachlorophenol, trichlorophenol, dichlorophenol,

and chlorophenol.

8.5.1 Detailed Evaluation

The capital cost to implement the in-situ chemical oxidation program described above is ap-
proximately $748,000. Other capital costs associated with this alternative include approxi-
mately $396,000 for the Interim Remedial Measures described in Section 5.0 that have already
been implemented, and approximately $10,000 to develop a Site Management Plan. The total
capital cost of this alternative is approximately $1,144,000. The annual cost for this alternative
would be approximately $35,000 per year to implement the modified groundwater monitoring

program.

As shown in Table 3, the in-situ chemical oxidation alternative meets the effectiveness criteria

but does not meet the implementability criterion of minimizing disruption to mill operations.

8.6 COMPARATIVE ANALYSIS

The screening and evaluation of the four remedial action alternatives is presented in Table 3.

e Alternative A (No Action) does not meet the criteria for effectiveness and imple-
mentability.

e Alternative B (Source Removal and Monitored Natural Attenuation) meets all effec-
tiveness and implementability criteria. The capital cost of Alternative B is ap-
proximately $406,000 and groundwater monitoring costs are approximately $40,000
per year.

e Alternative C (Source Removal and In-Situ Bioremediation) meets the effectiveness
criteria but does not meet the implementability criterion of minimizing disruption to
mill operations. The installation of over 70 injection points on 10-foot centers will
significantly impact mill operations. The capital cost of Alternative C is approxi-
mately $563,000 and groundwater monitoring costs are approximately $50,000 per
year.

e Alternative D (Source Removal and In-Situ Chemical Oxidation) meets the effec-
tiveness criteria and but does not meet the implementability criterion of minimizing
disruption to the mill operations. The installation of over 900 injection points on 3-
foot centers will significantly impact mill operations. The capital cost of Alterna-
tive D is approximately $1,144,000 and groundwater monitoring costs are approxi-
mately $35,000 per year.
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Based on the analysis presented in this report, Alternative B (Source Removal and Monitored
Natural Attenuation) is selected as the preferred remedial action alternative. This alternative
meets all of the established effectiveness and implementability criteria, is the most cost effec-
tive, and is the least disruptive of mill operations

9.0 SUMMARY OF PREFERRED REMEDIAL ACTION ALTERNATIVE

The preferred alternative, Source Removal and Monitored Natural Attenuation, includes exca-
vation of soil containing elevated concentrations of chemicals of concern from below the for-
mer dip tank at the former green chain, implementation of storm water Best Management
Practices, and monitoring of groundwater to demonstrate that attenuation of contaminants is

naturally occurring. This alternative is shown on Figure 8.

The Interim Remedial Measures described in Section 5.0, including source area excavation and
implementation of storm water Best Management Practices, will contribute to reducing the
mass and mobility of chemicals of concern. A Site Management Plan will be developed that
implements controls to minimize risks associated with residual chemicals of concern in site
media and regulates activities that could interfere with the effectiveness of the remedy or cause
migration of chemicals of concern. Groundwater monitoring will continue, and will include

monitoring of natural attenuation parameters as described below.

The modified groundwater monitoring program will consist of the existing program plus sam-
pling selected wells (likely wells MW-2, MW-3, MW-5 and MW-7) for analysis of natural
attenuation parameters (including Eh, dissolved oxygen, nitrate, manganese(II), iron(I), sul-
fate, carbon dioxide, methane, total organic carbon, chloride, alkalinity, calcium, magnesium,
pH, specific conductance and temperature). In addition, groundwater samples from well MW-
7, and possibly other selected wells, will be analyzed for breakdown products of PCP, includ-
ing tetrachlorophenol, trichlorophenol, dichlorophenol, and chlorophenol. Analytical results
will be evaluated to demonstrate that reducing, anoxic, and methanogenic conditions continue
to be present at the site, and that concentrations of PCP and its breakdown products are gener-
ally stable or reducing.
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TABLE 1

GEOMATRIX

PHYSICAL AND CHEMICAL PROPERTIES OF CHEMICALS OF CONCERN '
Sierra Pacific Industries
Arcata Division Sawmill
Arcata, California

Octanol-Water Soil Adsorption
Compound Water Solubility Vapor Pressure Partition Constant Coefficient
(mg/L) (mm Hg) (mean log K,,,) (mean log K,)
Pentachlorophenol 14 1.1x10* 5.01 4.5
Tetrachlorophenols’ 100 - 183 59x10° 4.45 t0 4.90 2.9-421
2,3,4,5-Tetrachlorophenol
2,3,4,6-Tetrachlorophenol
2,3,5,6-Tetrachlorophenol
Dioxin 7.9x10° - 32x10™ 7.4x10™" 6.80 - 7.58 481,340
2,3,7,8-TCDD’
Furan 42x10* 9.2x 107 5.82 5.61 (estimated)
2,3,7,8-TetraCDF”

Notes:

1. Data obtained from Agency of Toxic Substances and Disease Registry website (http://www.atsdr.cdc.gov/toxprofiles/tp51-c4.pdf)
2. The physical and chemical properties are listed for three congeners of tetrachlorophenol.

3. For dioxins and furans, physical and chemical properties are listed for congeners with the greatest potential for risk due to toxicity.

Abbreviations:

mg/L = milligrams per liter

2,3,7,8-TCDD = 2,3,7,8-Tetrachlorodibenzo-p-dioxin
2,3,7,8-TetraCDF = 2,3,7,8-Tetrachlorodibenzofuran
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TABLE 2

SCREENING OF REMEDIAL TECHNOLOGIES
Sierra Pacific Industries
Arcata Division Sawmill
Arcata, California

GEOMATRIX

Remedial Action Objectives
Reduce Potential for
Off-site Movement of COC'in
Groundwater Storm Water Remove Remove Considered for Remedial
Remedial to Adjacent Surface Water to Adjacent Surface Water COC Mass COC Mass Applicable to Site Action Alternative
Technology (Mad River Slough) (Mad River Slough) from Soil from Groundwater Conditions? Evaluation?
SOIL
Source Removal through Excavation Yes Yes Yes No Yes Yes
In-Situ Chemical Oxidation in Soil No Yes Yes No No No
In-Situ Bioremediation in Soil No Yes Yes No No No
GROUNDWATER
Monitored Natural Attenuation Yes Yes No Yes Yes Yes
In-Situ Chemical Oxidation in Groundwater Yes Yes No Yes Yes Yes
In-Situ Bioremediation in Groundwater Yes Yes No Yes Yes Yes
Groundwater Extraction and Treatment Yes Yes No No No No
STORM WATER
Storm Water Best Management Practices No Yes No No Yes Yes
Notes:

1. COC = chemicals of concern (pentachlorophenol, tetrachlorophenols, dioxins, and furans)
2. The criteria for Site Conditions include lithologic conditions, depth to groundwater, proximity to surface water, types and properties of chemicals present, current use of the site,

and potential impacts to adjacent communities.
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TABLE 3

GEOMATRIX

Groundwater
Site Management Plan

of the facility

EVALUATION OF REMEDIAL ACTION ALTERNATIVES
Sierra Pacific Industries
Arcata Division Sawmill
Arcata, California
Effectiveness Criteria Implementability Criteria
Mitigate health
& safety
concerns of
Reduces Availability of workers and
Toxicity and materials, labor public during
Protects Human, Complies with Mobility of Technical and & equpt. to Minimizes construction
Meets Remedial| Health and the Regulatory Long Term Short Term Chemicals of = Administrative = Availabilty of implement Disruption to Regulatory Permitting Community and
Remediation Treatment Alternative Objectives Environment | Requirements | Effectiveness Effectiveness Concern Feasibility Technology technology | Mill Operations| Acceptance Feasibility Acceptance | implementation Cost '
Alternative A: No Action
. $45,000 >
Groundwater Monitoring No No No No No No Yes Yes Yes Yes No No No Yes ’
annually
Alternative B: Source Removal and Monitored Natural Attenuatio
Yes, through .
’ 406,000 capital
Source Area Removal Yes, through | source removal $40s,
Site Best Management Practices Yes Yes Yes Yes source removal and natural Yes Yes Yes Yes Yes Yes Yes Yes plus $40,000
Monitored Natural Attenuation in attenuation annually
Groundwater
Site Management Plan
Alternative C: Source Removal and In-Situ Bioremediation
No, due to
installation of a
Yes, through Yes, through .
Source Area Removal source removal | source removal 1Var.ge I.1umbe.r of $363.000 capital
Site Best Management Practices Yes Yes Yes Yes and in-situ and in-situ Yes Yes Yes 11:1J ection Pglnts Yes Yes Yes Yes plus $50,000
In-Situ Bioremediation in bioremediation | bioremediation man acthlt)./— annually
Groundwater intensive portion
Site Management Plan of the facility
Alternative D: Source Removal and In-Situ Chemical Oxidation
No, due to
Yes, through Yes, through installation of a $1.144,000
source removal | source removal large number of o
Source Area Removal L L L . capital
Site Best Management Practices Yes Yes Yes Yes and in-situ and in-situ Yes Yes Yes injection points Yes Yes Yes Yes us $35.000
. . & [ chemical chemical in an activity- pius 53,
In-Situ Chemical Oxidation in S . . . . annually
oxidation oxidation intensive portion

Notes:

1. For Alternatives B, C and D, $396,000 has already been spent in implementation of Interim Remedial Measures.
2. Current annual groundwater monitoring budget.
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. Main Entrance

West Entrance
East Entrance
Rifle Range Road

. Administrative Office

Sawmill Building
Maintenance Building
Sorter Building

Oil Sheds

. Hog Fuel / Wood Chip

Storage Bins

. Saw Shop

. Timber Toter

. Silo

. Boilers

. Dry Sheds

. Dry Kiln

. Chipper

. Bander

. Planer Building

. Hula Trim

. Dip Tank Building
. Truck Shop

. Hyster Shop

. Waste Oil Shed
. Truck Scale

. Guard Shack

. Wash Rack Area

. Steam Cleaning Area

. Aboveground Fuel Tanks
. Fuel Shed

. Fuel Dispenser Islands

. Scale Shack

. Lunchroom Building

. Trailer Lift

. Ash Stockpile

. Electrical Substation
. Douglas Fir Log Desk
. Fir/Pine Log Desk

. Log Unloading Area

. Wood Waste Stockpile
. Settling Basin

. Vegetated Pond

. Railroad Tracks

. Lumber Storage Area
. Shop Retention Pond
46.
47.
48.

Debarker
Former Teepee Burner
Sprinkler Water Well

. Former Dip Tank

Location

. Employee Parking Areas
. Transport Truck Parking

Area

. Steam Cleaning Shed
. Truck Scale Storm Water

Storage Tank

. Steam Cleaner Waste

Water Underground
Storage Tank

. Bone Yard Area
. Air Compressor Shed
. Scrap Metal bins

Site plan modified from Plate 2B in Results of the Remedial Investigation for Sierra Pacific Industries -
Arcata Division Sawmills, Arcata, California, dated January 30, 2003, prepared by EnviroNet.
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