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1 EXECUTIVE SUMMARY

On behalf of Industrial Asphalt, Kleinfelder has performed a feasibility study (FS) to
recommend remedial actions for soil and ground water affected by petroleum hydrocarbons
and PCBs at the facility at 52 El Charro Road, Pleasanton, Alameda County, California.

The FS was a decision-making process involving the following steps:

The conceptual model of subsurface chemical fate and transport developed during the
recent remedial investigation (RI) was reexamined in order to assess the likely
environmental fate and migration of petroleum hydrocarbons and PCBs found in the,

subsurface at the Industrial Asphalt site.

Objectives of the remedial actions were arrived at by examining site characteristics,
conceptual subsurface model, exposure pathways, land use, and actual and anticipated

regulatory actions.

General response actions for attaining remedial objectives were listed and evaluated.

For the selected general response action, technology alternatives for remedial measures
were developed and assessed for applicability to the Industrial Asphalt site.

Technology alternatives which passed this initial assessment were subsequently

evaluated against specific screening criteria.

The recommended remedy which passed the screening evaluation was described.

(155)10-10-1682-07/170-134 1 Copyright 1991 Kleinfelder, Inc.
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Kleinfelder has made the following findings:

The objectives of remedial actions are: (1) to reduce the r_flgt_)_i_li_ty‘.of---petroleum
hydrocarbons and PCBs present in the subsurface; and (%) to reduce the amount of
 these chemicals in the subsurface.

For soil, a no-action approach is the recommended general response action., There is
an insignificant threat of exposure to human or ecological receptors to chemicals in the
soil matrix at the Industrial Asphalt facility. The no-action alternative for soil would
likely require a permit for Waste Discharge Requirements (WDR) from the State of
California Regional Water Quality Control Board (RWQCB).

For ground water, hydrodynamic control and treatment and disposal are the general
response actions recommended for attaining remedial objectives.

Extraction of ground water through a line of extraction wells is the recommended
technology alternative for hydrodynamic control.

Treatment of extracted ground water by granular activated carbon (GAC) and discharge
of treated water to the surface water body adjacent to the Industrial Asphalt facility are
the recommended technology alternatives for treatment and disposal. This disposal
option would likely require a National Pollutant Discharge Elimination System
(NPDES) permit from RWQCB.

Recycling GAC in the onsite asphalt manufacturing process is the recommended
method for disposing spent GAC.

The following issues and data needs should be addressed before the selected remedy can be
implemented:

Computer modeling of hydrogeologic conditions should be done to evaluate: (1}

flowrates of extracted ground water; (2) capture zones of ground water extraction
wells; and (3) sizing of ground water treatment system equipment.

(155)10-10-1682-07/170-134 2 Copyright 1991 Kleinfelder, Inc.
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Additional ground water chemistry data is needed to evaluate the necessity of
pretreatment upstream of the GAC system (e.g., softening to prevent formation of
scale).

A study of leachability of chemicals from soil should be completed in order to
demonstrate that the no-action alternative for the soil operable unit is acceptable, and to

assess the timetable for final cleanup of the ground water operable unit.

Options for disposal of treated ground water will require further discussions with the
property owner and relevant regulatory agencies.

(155)10-10-1682-07/170-134 3 Copyright 1991 Kleinfelder, Inc.



BH KLEINFELDER

2 BACKGROUND

2.1  SITE LOCATION AND DESCRIPTION

The Industrial Asphalt facility is located at 52 El Charro Road, Pleasanton, Alameda County,
California, near the northwest corner of the intersection of East Stanley Boulevard and El
Charro Road. The facility is situated in the Livermore Valley, approximately two miles south
of Interstate 580 and 1.5 miles west of the Livermore Airport. Plate 1 is a site location map.

Industrial Asphalt runs its operations on part of a 177 acre. parcel leased from the Jamieson
Company, 501 El Charro Road, Pleasanton. The parcel is identified by the Alameda County
Planning Department as Map Book #946, Block #1350, Parcel #5. The facility property and
the surrounding area are zoned A (agricultural), though gravel quarrying is the predominant
land use. The A zoning designation specifies a maximum population density of one residence
per 100 acres. The nearest urban residential areas to the Industrial Asphalt facility are located
approximately one mile west in the City of Pleasanton.

Plate 2 shows land uses adopted by the Alameda County Planning Department for the area
near the Industrial Asphalt facility (Alameda County, 1987). Land use for the Industrial
Asphalt facility and vicinity is for gravel and sand quarries. The area has been designated a
significant regional mineral resource area under the California Surface Mining and
Reclamation Act. Quarry operators in the area are granted long-term operating permits by the
Alameda County Planning Department and must submit reclamation plans for long-term
restoration. The Industrial Asphalt facility is located on a parcel of land which is permitted by
Alameda County for gravel quarry operations; Jamieson Company holds the permit which runs
through December 31, 2030 (Alameda County, 1987).

The Livermore Valley is generally surrounded by hilly to mountainous terrain. Topography of
the Industrial Asphalt facility is nearly level, with a slight downward slope from the southwest
corner to the northeast corner of the site. The approximate elevations range from 380 feet
above mean sea level in the southwest corner to 376 feet above mean sea level in the northeast
corner. There is no surface drainage system at the Industrial Asphalt facility.

(155)10-10-1682-07/170-134 4 Copyright 1991 Kieinfelder, Inc.
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Ground water at the Industrial Asphalt facility is located in the Livermore Valley Basin, as
defined by the California Regional Water Quality Control Board, San Francisco Bay Region
(RWQCB). The Livermore Valley Basin has been subdivided by the California Department of
Water Resources based on fault traces and hydrologic discontinuities, so that the Industrial
Asphalt facility is located in the Amador Subbasin (USGS, 1985). RWQCB has assigned the
following beneficial uses of ground water for the Livermore Valley Basin: municipal supply,
industrial process supply, industrial service supply, and agricultural supply (RWQCB, 1986).

The major surface water stream in the vicinity is Arroyo Mocho, located approximately 1500
feet east of the Industrial Asphalt facility. Arroyo Valle is located dpproximately 0.5 miles
south-southeast of the facility. Streamflows in Arroyo Mocho and Arroyo Valle vary due to
climatic (seasonal) effects. Also, reaches of both streams in the vicinity of the Industrial
Asphalt facility are used for ground water recharge by the Alameda County Flood Control and
Water Conservation District, Zone 7 (ACFCWCD). Sources of water used in these recharge
operations include the South Bay aqueduct of the California State Water Project and
dewatering operations at various local gravel pits. A surface water impoundment (estimated
capacity = 200 million gallons), used by Jamieson for storage of process water for gravel
washing operations, is located immediately north of the Industrial Asphalt facility.

Climate of the area is semi-arid. Summers are relatively hot and dry and winters are cool and
moist; the region has received below-average rainfall for the past four winters. Temperature
inversions are common during the summer due to presence of high pressure systems west of
the Pacific Coast. The bowl-shaped topography of the Livermore Valley tends to restrict
mixing and horizontal movement of air (Alameda County, 1987).

2.2  HISTORY OF SITE ACTIVITIES

Industrial Asphalt currently operates an asphalt manufacturing plant at the facility. The
company started its operations at the site in 1963. The site was previously undeveloped land.
Plate 3 is a site plan showing current facility features, including above ground tanks for asphalt
storage, truck scales, aggregate storage facilities, mixing areas, and office buildings. The site
is heavily impacted by truck traffic.

(155)10-10-1682-07/170-134 5 Copyright 1991 Kleinfelder, Inc.
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From 1963 to 1986, Industrial operated eight underground storage tanks (USTS) for storage of
asphalt and diesel fuel (used as burner fuel inthe asphalt batch plant). Plate 3 shows the

location of the former UST area. The dimensions of the UST cavity were approximately 80 ft

(east-west) by 60 ft (north-south) by 15 ft below grade. The cav ce around the tanks
contained 1/4 to 1/2 inch pea gravel Six }tanks were used fof asph t storage (capacities:
6,400 gal, 14,120 gal, 6,870 gal, 12, 430 gal 2 X 5,634 gal). Two of these were excavated in
February 1987, and the other four were excavated in September 1987 (Kleinfelder 1983a).
Two tanks used for diesel fuel storage (capacities: 4,920 gal, 6,700 gal) were excavated in
February 1987.

There are currently no underground tanks at the Industrial Asphalt facility. After 1984,
natural gas replaced diesel fuel to feed burners. Asphalt is trucked to the site. There are no
reported underground pipelines or other potential subsurface sources of petrochemicals or
PCBs onsite. A small concrete pad is used for machinery maintenance, including changing
motor oil. Waste oil is drummed and shipped for disposal offsite. There is no reported use of
chlorinated solvents.

2.3  HISTORY OF SITE INVESTIGATIONS AND REMOVAL ACTIONS

Diesel fuel was reportedly observed in the bottom of the UST cavity during removal of diesel
fuel storage tanks in February 1987. Free product was recovered from the bottom of the UST
cavity and disposed of at a Class I landfill facility. Analysis of a sample of free product
indicated th i i 1 illi .
indica e presence of polychlorinated biphenyls (‘PCBs)Vat 2 parts per million (ppm)

In March @", Kleinfelder initiated environmental investigations of the subsurface on behalf
of Industrial Asphalt, ___‘Sg_hsgil borings were completed in and around the UST cavity.
Analyses of soil samples collected from borings installed at the north edge of the cavity
indicated diesel fuel and PCBs (respective maximum concentrations = 4,600 ppm, 0.073 ppm)

down to 45 feet below grade (Kleinfelder, 1987a).

(155)10-10-1682-07/170-134 6 Copyright 1991 Kleinfelder, Inc.
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WA

to monitor ground water quality near the UST cavity: ater was encountere_d at “

approximate@eet below ground surface; wells were sgree ned from approx1matelk60 to. 90
\)orth of the tank cavity, and

diesel fuel and PCBs were detected in water samples collected-from wells east and west of the

UST cavity. Monthly sampling of the wells was initiated (Kleinfelder, 1987b). N\w .3 0 u

feet below gra Floatmg product was encountered i

In September 1987, the four remaining underground tanks were removed. Analyses of soil
samples collected from the excavation sidewalls and bottom indicated that clean soi{l__,waﬁﬁ
reached at the northern edge of the excavation at 15 feet below grade. Approximately 700
yards of affected soil were excavated, stockpiled, and subsequently recycled throug&lh‘he/
Industrial Asphalt process. The excavation was backfilled with clean fill and ﬁmshed w1th
asphalt concrete (Kleinfelder, 1988a).

In the spring of 198 f’ﬁ;; dditional monitoring wells (MW-4 through MW-8) were installed.
Depth to water was approximately 80 feet below grade; screened intervals generally ranged
from 70 to 110 feet below grade. Anal ses of ground water samples indicated that diesel fuel
chemicals had spread apprommatel%éijet both east (MW-7) and west (MW-8), an{

feet south (MW-6) from the former vity. PCBs had spread approximately 20 feet soutl
(MW-3) of the UST cavity. Monthly sampling of all wells was performed during summer

- 1988 (Kleinfelder, 1988b).

From August 198_§ to March 1989 monitoring wells MW-1 through MW-3 were sampled
roughly blmonthly ‘and MW-4 through MW-7 monthly. Free product was encountered
intermittently in wells MW-1, MW-2, MW-3, MW-4 and MW-S. Two gallons of product
were skimmed from MW-2 and MW-8 in August 1988. Analyses of ground water samples
indicated that PCBs had migrated approximately 350 feet west of the UST cavity (MW-8)

(Kleinfelder, 1989a). l \

_InMay, 1989, the Alameda County Department of Environmenta! Health (ACDEH) requested
“That Industrial Asphalt define the extent of contamination and submit a plan for remediation.
ACDEH also requested that onsite wells be analyzed for benzene, ethylbenzene, toluene, and
xylenes {BETX).

(155)10-10-1682-07/170-134 7 Copyright 1991 Kleinfelder, Inc.
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In July, 1989, monitoring wells MW-9, MW-10, and MW-11 were installed. Screened
intervals for MW-9 and MW-10 were approximately 80-110 feet below grade; water was
encountered at approximately 80 feet below grade. The screened interval for MW-11 was 55-
75 feet below grade; MW-11 was designed specifically to monitor free product. -Analyses of
soil samples collected during well installation indicated that deep (75 feet below grade) soil

, Zones. h,ad been impacted with petroleum hydrocarbons as far as 240 Teéréast (MW-9) and 160
a ‘feet wesb (MW 10) of the former UST cavity. BETX analyses of ground water samples

collected from MW-4, MW-5, MW-6, MW-7, and MW-8 indicated no detectable
concentrations, though petroleum hydrocarbons were detected in MW-7 and MW &

4-—‘"'

In August, 1989, onsite wells were sampled except for MW-1, MW-2, MW-3, and MW-11,

“which were dry. The ground water sampling round indicated that: (1) no detectable spreading

of diesel fuel or PCBs had occurred since spring 1988; (2) petroleum hydrocarbons were not
detected in samples from MW-6 and MW-7, where previous sampling rounds had indicated

~ that water in these areas had been affected; (3) petroleum hydrocarbons were not detected in
- samples from MW-9 or MW-10, though soil samples collected during well instaliation at 75
;! feet below grade did contain petroleum hydrocarbons; and (4) no free product was encountered

in any well. These phenomena may be attributed to the fact that the approximate level of
ground water had decreased from 82 feet below grade in spring 1988 to 93 feet below grade in
summer 1989 (Kleinfelder, 1989b). Monthly sampling rounds of all onsite wells were initiated
in August, 1989.

In November, 1989, ACDEH requested that Industrial Asphalt perform site characterization

and remedial action. ACDEH a]so stipulated that "hydrocarbon and PCB levels in soils must
be reduced to a pomt that they will not further degrade groundwater quahty in any way", and
also, "hydrocarbon and PCB levels in groundwater must be reducad 6 non-detect. "

In January 1990, Kleinfelder, on behalf of Industrial Asphalt, prepared a Remedial
Investigation/Remedial ‘Action Plan. The plan was subsequently submitted to ACDEH
(Kleinfelder, 1990a).

In February 1990, Kleinfelder commenced field activities related to the Remedial Investigation
(RI). Fourteen soil borings were drilled and sampled. Water was encountered at depths
generally greater than 90 feet below grade. Three borings were completed as monitoring wells

(155)10-10-1682-07/170-134 8 Copyright 1991 Kleinfelder, Inc.
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MW-14 through MW-16 with screened intervals lower than 90 feet below grad¢. MW-13 was
completed as an extraction well with a screened interval from 76 to 116 feehbelow grade.
MW-11 was abandoned. Approximately 300 cy of affected soil and 700 cy of
overburden were removed from an area bordering the former UST cavity on the north; the
affected soil was recycled through the asphalt process.

| During the RI, a soil sample collected from boring SB-4 aj 61 feet below grade, which

contained diesel petroleum hydrocarbons at 370 ppm and PCBs at 0.11 ppm, was analyzed
using EPA Method 8270 to detect polyaromatic hydrocarbons typically associated with diesel
fuel (see Section 4.1.1). However, no analytes were detected.

Sections 3.3 and 3.4 of the RI summarize findings concerning extent of affected soil and
ground water; the RI report should also be referenced for detailed descriptions of regional and
site conditions, hydrogeological features, well construction logs, analytical laboratory reports,
etc. (Kleinfelder, 1990c).

Monthly sampling of monitoring wells continued through June 1990. Bimonthly sampling then
continued through December 1990. |

In January 1991, approximately 1000 cy of affected soil were excavated from an area west of
the RI excavation. The soil was recycled in the asphalt batch process onsite. The excavation
was backfilled with clean fill and finished at the surface with asphalt concrete.

In February 1991, ACDEH stipulated that ground water cleanup should achieve "MCLs and
below levels that could result in a one-in-a-million cancer risk." At a May 15, 1991 meeting
between ACEDEH, RWQCB, Industrial Asphalt, and Klieinfelder, it was agreed that the
feasibility of remediating the site would be fully assessed.

Quarterly sampling of all ground water monitoring wells onsite is ongoing. The sampling
round conducted in April 1991, indicated the following chemicals were present in ground
water samples collected from the noted wells: benzene in MW-2 (0.0007 ppm) and MW-3
(0.0009 ppm), ethylbenzene in MW-3 (0.006 ppm), toluene in MW-14 (0.0007 ppm), and
xylenes in MW-3 (0.003 ppm). This was the first time BETX had been detected during
sampling rounds at the site.

(155)10-10-1682-07/170-134 9 Copyright 1991 Kleinfelder, Inc.
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Plate 4 shows a site plan with locations of soil borings installed during the RI, all onsite
monitoring wells, and limits of excavated soil. Table 1 shows construction details for the
monitoring wells. Table 2 shows results of the April 1991 ground water sampling round.

(155)10-10-1682-(7/170-134 10 Copyright 1991 Kleinfelder, Inc.
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3 SITE CHARACTERISTICS

This chapter summarizes data gathered during previous subsurface environmental
investigations, including the RI recently completed by Kleinfelder.

3.1 REGIONAL HYDROGEOLOGY OF THE LIVERMORE VALLEY

- The ground water basin in the Livermore Valley is composed of alluvial deposits with varying
depths; the depths range from less than 100 feet in the eastern part of the Valley to
approximately 400 feet in areas east of Pleasanton. Water-bearing zones in the alluvium are
composed of gravel, sand, and clay, and are moderately permeable. There are confining beds
of silty clays at varying depths throughout the valley. These beds are extensive enough in
certain areas to allow identification of totally separate aquifers. The direction of ground water
flow in the Livermore Valley ground water basin is generally northwest.

The Livermore Valley alluvial deposits are underlain and are bordered on the south by the
Livermore formation of Pliocene and Pleistocene age, composed of moderately permeable
deposits of sand, gravel, and clay. The Valley alluvial deposits are bordered on the north by
the Tassajara formation of Pliocene age, composed primarily of sandstone and claystone with
low permeability. Both the Livermore and Tassajara formations are approximately 4,000 to
5,000 feet thick. Wells completed in these formations are generally of low yield and produce
moderately poor quality sodium bicarbonate water (USGS, 1985).

There are several production wells within a one-mile radius of the Industrial Asphalt facility,
generally used for water supply for gravel pit operations. The screened intervals of these
supply wells are at varying depths, most between 100 and 350 feet below ground surface. The
wwﬁmaﬁy two miles to the east of the site
\yighin the city limits of the City of Livermore (Kleinfelder, 1989b). Table 3 shows details of -
"'s:ﬂﬁJTy wells within a one-mile radius of the Industrial Asphalt facility. Plate 5 shows

locations of supply wells.
Lo/ e T

-

(155)10-10-1682-07/170-134 11 Copyright 1991 Kleinfelder, Inc.
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3.2  SITE-SPECIFIC HYDROGEOLOGY

Stratigraphy generally resembles an alluvial fan deposit, with interfingered beds containing
varying amounts of clay, silt, sand, and gravel. Fine-grained material (silty clay and silt),
identified as fill, is found to varying depths (60 feet maximum) below ground surface.
Unconsolidated silty-clayey gravel deposits are found below the fill material to depths of 130
feet below ground surface.

Interfingered with the silty-clayey gravel deposits are discontinuous water-bearing zones of
silty-sandy gravel, typically found at 90 to 110 feet below ground surface. At some locations
(SB-5), the gravel becomes increasingly clayey with depth; this clayey gravel has been
identified as having aquitard properties. At other locations (near soil borings SB-1, SB-9, and
MW-14) a four foot thick layer of silt is found at 110 feet below ground surface. This deposit
has also been classified as having aquitard properties. At 120 feet below ground surface, a
deeper water-bearing zone is found; the water-bearing deposits contain amounts of sand and
gravel that increase with depth. Onsite borings have not advanced deeper than 130 ft below
grade.

The horizontal direction of ground water flow is generally to the northeast, though flow
towards the north has been observed. The level of ground water was approximately 75 feet
below grade in September 1987; the most recent ground water survey indicates that the level
is approximately 90 feet below grade (Kleinfelder 1991b). Both the horizontal flow direction
and level of ground water appear to be affected by seasonal variations, operations at nearby

water supply wells, and recharge operations at Arroyo Mocho.

MW-13 was designed as an extraction well with a screened interval from 76 to 116 feet below
ground surface. Data collected from a pumping test of this well conducted during the RI were
analyzed; average transmissivity and storativity values were calculated to be 2,500 gpd/ft (330
ftz/day) and 0.0017, respectively., During the test, a sustained yield of 2.5 gpm was
maintained with 15 feet of drawdown. Estimates of capture zone dimensions for this pumping
rate are 23 ft in the downgradient direction with a width of 145 ft (Kleinfelder, 1990c).

(155)10-10-1682-07/170-134 12 Copyright 1991 Kleinfelder, Inc.
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P

Using the calculated transmissivity value and assuming the upper water-bearing zone is 20 ft
thick, the hydraulic conductivity is 1.2 x 102 ft/min (5.8 x 103 cm/sec); with an observed
gradient of 0.035 and an assumed effective porosity of 0.3, the estimated ground water flow
rate in the upper water-bearing zone is approximatel)izit@gy.

i

3.3 EXTENT AND AMOUNT OF AFFECTED SOIL

Petroleum hydrocarbons and PCBs were detected during RI soil sampling activities (maximum
concentration TPH (diesel) = 490 ppm at SB-1, 30 ft below grade, maximum concentration
PCBs = 120 ppb at SB-3, 45 ft below grade). Plate 6 shows the areal extent of soil affected
with hydrocarbons with depth-weighted average concentrations at each borehole. Plate 7
shows the areal extent of soil affected with PCBs. Plate 8 shows scaled vertical cross-sections
which intersect the former UST cavity, illustrating subsurface conditions and the vertical
variations of deposits of hydrocarbons. Plate 9 shows the identical cross-sections to illustrate
PCBs in the soil matrix. As shown, zones of affected soil are typically encountered from 50 to
85 feet below ground surface.

Estimates of amounts of petroleum hydrocarbons and PCBs in soil as presented in the RI have
been refined to take into account vertical variations.
For an approximate area of soil affected with petroleum hydrocarbons of 115,000 ft2
and a zone of affected soil 20 ft thick, the total affected volume is 85,000 cy (127,500
tons). Assuming an average concentration of petroleum hydrocarbons at 40 mg/kg
(ppm), the approximate amount of petroleum hydrocarbons in soil is 10,000 lbs.

S

For an approximate area of soil affected with PCBs of 5,600 ft2 and a zone of affected
soil 10 ft thick, the total affected volume is 950 cy (1,400 tons). Assuming an average
concentration of PCBs at 0.020 mg/kg (ppm), the approximate amount of PCBs in soil
is 0.06 1bs.

3.4 EXTENT OF AFFECTED GROUND WATER

Plate 10 shows the areal extent of petroleum hydrocarbons in ground water, based on the
sampling round conducted in April 1991. The average concentration of petroleum
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hydrocarbons in ground water was estimated in the RI to be approximately 40 mg/l {(ppm).
Plate 11 shows the areal extent of PCBs in ground water, based on the sampling round
conducted in April 1991, The average concentration of PCBs in ground water was estimated

in the RI to be 0.02 mg/l (ppm) (Kleinfelder, 1990¢).

Tt should be noted that concentrations of both petroleum hydrocarbons and PCBs detected in
samples collected from wells differ significantly depending on screened interval depth. Table
4 shows results of the two most recent sampling rounds for four sets of paired wells, along
with the screened intervals for each well. Paired wells are located approximately 15 feet from
each other, and differ by their screened interval depths. The wells with screened intervals at
60-80 ft below grade have concentrations of hydrocarbons and PCBs orders of magnitude
higher than wells with screened intervals at lower depths (80-110 ft below grade). This
phenomenon may indicate that petroleum hydrocarbons and PCBs migrate in a relatively thin

zone near the ground water surface.

The total amount of petroleum hydrocarbons in ground water is estimated at 0.5 kilograms,
assuming an average concentration of 40 mg/1, an affected area of 84,000 ft2, a water-bearing
zone thickness of 20 feet, and a total porosity of 0.35. The estimated volume of affected

ground water is 4.5 million gallons.

The Industrial Asphalt site has been classified as having two distinct water-bearing zones.
"First water” has been encountered during the most recent drilling operations at approximately
85 feet below grade. At some areas of the site, a clayey gravel layer has been encountered at
approximately 110 feet below ground surface; at other areas, 2 silt layer has been encountered
at this approximate depth. As noted earlier, these deposits are apparent aquitards and serve as
confining layers to lower water-bearing zone(s); the apparent aquitards are present at

approximately 120 feet below ground surface.

There are no wells currently monitoring water-bearing zone(s) beneath the noted aquitard.
However, extensive sampling of the subsurface indicates that soil found at depths greater than
90 feet has generally not been affected by either petroleum hydrocarbons or PCBs. Some
monitoring wells have yielded water samples containing no detectable hydrocarbons, though
soil samples collected during installation of the wells indicated affected soil zones above the
ground water. Also, water samples collected from paired monitoring wells with different
screened intervals indicate that the zone of affected ground water is relatively thin.
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4 SUMMARY OF CONCEPTUAL MODEL AND SITE RISKS

4.1 CONCEPTUAL MODEL OF SUBSURFACE FATE AND TRANSPORT

This section readdresses the conceptual model of environmental fate and transport (migration)
of chemicals in the subsurface at the Industrial Asphalt facility originally presented in the RI
report (Kleinfelder, 1990c, Chapter 10).

4.1.1 Chemicals of Concern

Diesel fuel was reportedly released into the subsurface at Industrial Asphalt during normal
operation of a UST farm. There have been no reported releases of asphalt. Petroleum
hydrocarbons detected in laboratory analyses of soil and ground water collected at the site have
been identified as diesel fuel, oil and grease. Trained personnel at state-certified
environmental laboratories have stated that the analyses reporting oil and grease could actually
be reporting diesel fuel compounds, as there are typical overlaps in the detection
chromatographs of these analyses. PCBs have also been detected in samples of soil, ground
water, and free product collected at the Industrial Asphalt facility.

Diesel fuel is a mixture of more than 200 hydrocarbons generally consisting of molecules with
eight to fourteen carbon atoms, Diesel fuel is a brown, slightly viscous fluid; it 1s
considerably less volatile than gasoline, four to five times more viscous than gasoline, and
slightly lighter than water. PCBs, or polychlorobiphenyls, are a group of chlorinated organic
compounds. PCBs are generally highly viscous, non-volatile liquids at ambient temperatures.
Water solubilities of PCBs decrease with increasing chlorination, and have been reported to
range from 0.04 to 0.2 ppm. PCBs are heavier than water and are generally regarded as
immobile and persistent in the subsurface.

Table 5 shows a typical composition of hydrocarbon classifications in diesel fuel. Table 6
shows selected constituents of diesel fuel and No. 2 fuel oil (which is similar to diesel), and
their concentration ranges. Also shown are chemical and physical properties (e.g., Henry’s
constants, molecular weights, water solubilities, organic carbon and octanol/water partitioning
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coefficients, and volatilities) for these chemicals and for PCBs. These properties affect
environmental fate and transport of these substances and selection of appropriate treatment
technologies.

4.1.2 Fate and Transport of Chemicals of Concern

During the release of diesel fuel into the subsurface at the Industrial Asphalt facility, diesel
chemicals may have existed as four states or phases in the soil and ground water environment,
namely, vapor phase, non-aqueous phase liquid (NAPL), dissolved phase, and adsorbed phase.
The portion of diesel chemicals currently existing in the vapor phase is likely to be negligible
due to the facts that: (1) fresh diesel has not been released to the subsurface since 1985; (2)
volatile chemicals make up only a small fraction of typical diesel; and (3) volatile chemicals
are likely to have evaporated and dispersed during the time period subsequent to the release.
For current conditions at the Industrial Asphalt facility, it is likely that diesel chemicals exist
in the remaining three phases.

Diesel chemicals have specific gravities less than water; diesel fuel will tend to float on the
surface of the first water encountered in the soil column., Water-soluble petroleum
hydrocarbons will dissolve into ground water. Sampling rounds of soil and ground water at
the Industrial Asphalt facility indicate that a plume of ground water affected with petroleum
hydrocarbons has developed in the saturated zone, generally along the direction(s) of ground
water flow, and that transfer of water-soluble diesel chemicals into ground water has likely
occurred in a relatively thin zone near the surface of ground water. Operations at nearby
supply wells and recharge facilities significantly impact the subsurface hydraulics, including
potentiometric gradient, direction of ground water flow, and level of ground water.

Sampling rounds also indicate that PCBs, generally regarded as immobile, are present in
ground water as far as 300 feet from the former UST cavity (MW-8). It is likely that PCBs
have been transported through the subsurface environment with dissolved diesel chemicals due
to cosolvent effects (EPA, 1989).

" Dissolved petroleum hydrocarbons and PCBs adsorb to soil particles when they come in
contact with organic matter or clay particles in the soil matrix. Adsorbed chemicals are
redissolved when ground water comes into contact with the affected soil; i.e., the soil acts as a

"secondary source".
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Scientific literature describes biotransformation of petroleum hydrocarbons by microorganisms
attached to soil surfaces, though chlorinated organics seem less prone to biotransformation.
Biotransformation will reduce amounts of chemicals in the subsurface over time.

4.2 EXPOSURE PATHWAYS AT THE INDUSTRIAL ASPHALT SITE

Potential exposure pathways of human and environmental receptors to chemicals that have
been characterized in the subsurface at the Industrial Asphalt facility were evaluated in the RI.
The pathways are reevaluated in the following sections.

4.2.1 Exposure Pathway by Soil

A potential exposure pathway exists when receptors come into contact with or ingest affected
soil. At the Industrial Asphalt facility, there is no significant exposure pathway by direct
contact with or ingestion of affected soil under normal facility operations due to the following:
(1) shallow soil affected with diesel fuel and PCBs has been removed during excavation
activities; (2) there are extensive paved areas at the site; and (3) access to the site is limited.

4.2.2 Exposure Pathway by Ground Water

A potential exposure pathway exists when receptors come into contact with or ingest affected
water. Though sampling rounds indicate that diesel fuel chemicals and PCBs at the Industrial
Asphalt site have migrated through ground water, there is little likelihood of short-term
exposure to human or environmental receptors due to the following: (1) hydrogeology
indicates that the surface water impoundment north of the facility is a recharging source for
ground water; and (2) analyses of water samples collected from the supply well at the
Jamieson site, located approximately 1000 feet from the former UST cavity at the Industrial
Asphalt facility, indicated that no diesel fuel chemicals have impacted water quality. The
baseline risk assessment conducted in the RI indicated that chemicals typically associated with
diesel fuel (i.e., benzene and naphthalene) could potentially reach the Jamieson well over the
long term; ground water is a potentially significant exposure pathway (Kleinfelder, 1990c).
Plate 12 shows a conceptual model for this exposure pathway.
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4.2.3 Exposure to Vapors

A potential exposure pathway exists when receptors inhale chemical vapors. For reasons
explained in Section 4.1.2, vapor phase chemicals are unlikely to be present in the subsurface
at the Industrial Asphalt facility. At the Industrial Asphalt site, exposure to vapor phase
chemicals is not considered significant due to the following: (1) there is extensive paving at the
facility; (2) dispersive effects of vapor migration through a soil miatrix; and (3) access to the
site is limited.

4.3 SUMMARY OF IMPACTS TO HUMAN HEALTH AND THE ENVIRONMENT

Table 7 shows health-based criteria established for the chemicals typically found in diesel fuel
and for PCBs. The criteria are explained in Section 6.4. It should be noted that none of the
listed chemicals have been detected in samples of soil or ground water at concentrations
exceeding the health-based criteria.

The baseline risk assessment presented in the RI report indicated that chemicals typically found
in diesel fuel could potentially reach the supply well (Well 14A2, Table 3) at the Jamieson
facility east of the Industrial Asphalt site, but that insignificant impacts to human health or the
environment would exist {Kleinfelder, 1990c).
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5 INTRODUCTION TO THE FEASIBILITY STUDY

The purpose of the feasibility study (FS) is to arrive at the most appropriate method(s) for
remedial actions for soil and ground water cleanup at the Industrial Asphalt site; the FS also
provides a basis for setting final cleanup goals. The FS was developed in accordance with
guidance documents issued by the State of California Department of Health Services (DHS)
and the United States Environmental Protection Agency (EPA), and is consistent with the
Remedial Investigation/Remedial Action Pian, submitted to Industrial Asphalt on January 15,
1990 (Kleinfelder, 1990a).

Plates 13 and 14 illustrate the overall decision-making processes and the methods of selecting
technologies that meet remedial objectives for soil and ground water, respectively. General
response actions were listed and evaluated against site-specific features of the Industrial
Asphalt facility and anticipated regulatory actions. For each viable general response action,
alternative technologies for remedial actions were developed and assessed for applicability to
the Industrial Asphalt site. Technology alternatives which passed this assessment were
subsequently evaluated against specific screening criteria, and final selections for
~ recommended remed;al actions were made.

Chapter 6 describes potential "applicable or relevant and appropriate requirements” (ARARs)
which may influence regulatory actions, and includes a historical review of decisions
concerning cleanup at similarly affected sites. Chapter 7 describes the objectives of remedial
actions for the Industrial Asphalt facility, based on regulatory concerns, land use,
environmental fate and transport, and exposure pathways; general response actions that are
appropriate for meeting the objectives are also presented.

Screening criteria to evaluate alternatives are presented in Chapter 8. In Chapter 9,
technology alternatives are screened against selected criteria to arrive at the most feasible
technologies. Chapter 10 describes the recommended technologies. Chapter 11 lists current
data requirements that will need to be addressed before recommended remedial technologies
can be implemented.
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6 IDENTIFICATION OF POTENTIAL ARARS

ARARs are “applicable or relevant and appropriate requirements" which may influence the
selection of remedial measures and the development of final cleanup goals. This section
describes potential ARARs for the Industrial Asphalt site, based on anticipated regulatory
actions.

6.1 IDENTIFICATION OF HAZARDOUS MATERIALS
6.1.1 TTLCsand STLCs

Title 22 of the California Code of Regulations (CCR) includes lists of TTLCs (Total Threshold
Limit Concentrations) and STLCs (Soluble Threshold Limit Concentrations) established by the
State of California Department of Health Services (DHS) for classification of hazardous
materials. Any solid material that contains concentrations of a chemical exceeding the TTLC
is automatically classified as a hazardous material by DHS. STLCs are related to the Waste
Extraction Test (WET), also described in Title 22. If the WET produces an extract that
contains concentrations of a chemical exceeding the STLC, the source material (i.e., solid
material) is automatically classified as a hazardous material by DHS.  Hazardous materials are
subject to DHS requirements for handling, treatment and disposal.

Of the chemicals found in the subsurface at the Industrial Asphalt site, PCBs have a listed
TTLC of 50 mg/kg (ppm) and a listed STLC of 5 mg/l (ppm). Soil and ground water
sampling rounds conducted at the Industrial Asphalt site have not detected PCB concentrations
in these ranges,

6.1.2 TCLP Program

Part 261 of 40 CFR (Code of Federal Regulations) describes the TCLP (Toxicity
Characteristic and Leachate Procedure) program established by EPA to identify hazardous
materials. Materials classified as hazardous by EPA are subject to regulations under Subtitle C
of the Resource Conservation and Recovery Act (RCRA).
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The TCLP is a laboratory procedure specified by EPA and is an attempt to model worst case
leachate conditions in a subsurface environment. If a material (e.g., soil) undergoes the TCLP
procedure and concentrations in the extract exceed those listed in Part 261, the material is
classified as hazardous.

Of the chemicals found in the subsurface at the Industrial Asphalt site, only benzene has a
listed TCLP criteria of 0.5 mg/l. Soil at the Industrial Asphalt site would not qualify as
hazardous based on the TCLP criteria, if one assumes that benzene concentrations in ground
water will not increase over time. This assumption may be reasonable for the Industrial
Asphalt site in that no recent spills or leaks of chemicals have been reported, the USTs were
abandoned in 1987, and benzene biodegrades in typical subsurface environments (EPA, 1988).

6.2 CLEANUP GOALS FOR SOIL

The South Bay Toxics Division of RWQCB, San Francisco Bay Region, typically sets a
concentration of 1 ppm (mg/kg) for volatile organic chemicals and 10 ppm for base-neutral
organic chemicals as cleanup goals at sites where little is known about chemical behavior in
the soil. (The majority of diesel fuel chemicals qualify as base-neutral organics.) These
concentrations empirically represent no impacts to water quality (RWQCB, 1988).

As an alternative to these specific concentrations, RWQCB recommends using site specific
data concerning leachability and attenuation (retardation) of chemicals in soil in order to assess
future impacts to ground water and to establish site specific cleanup goals for soil. At the
Industrial Asphalt facility, specific data could be obtained in order to calculate leachability and

attenuation (retardation) of chemicals in the soil so that final cleanup goals may be set. See
Section 11 - Data Requirements.

6.3 CLEANUP GOALS FOR GROUND WATER
6.3.1 San Francisco Bay Basin Plan

RWQCB adopted a Water Quality Control Plan (Basin Plan) for the San Francisco Bay Region
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on December 17, 1986. The plan identifies water quality objectives and beneficial uses of
South San Francisco Bay and contiguous surface and ground water. RWQCB has identified
the following beneficial uses for ground water underlying and adjacent to the Industrial
Asphalt site:

Municipal and Domestic Water Supply
Agricultural Water Supply

Industrial Service Water Supply
Industrial Process Water Supply

The Basin Plan also states, “It shall be prohibited to discharge all conservative toxic and
deleterious substances, above those levels which can be achieved by a program acceptable fo
the Board, to waters of the Basin."

The Basin Plan cites a Nondegradation Policy expressed in State Water Resources Control
Board Resolution 68-16. The policy is quoted below:

"Whenever the existing quality of water is better than the quality established in policies as of
the date on which such policies become effective, such existing high quality will be maintained
until it has been demonstrated to the State that any change will be consistent with maximum
benefit to the people of the State, will not unreasonably affect present and anticipated
beneficial use of such water, and will not result in water quality less than that prescribed in the
policies.”

RWQCB draws on the policies described above to make decisions regarding ground water
cleanup activities and to establish ground water cleanup standards.

6.4 HEALTH-BASED CRITERIA

As previously mentioned, ACDEH has stipulated that ground water cleanup should achieve
"MCLs and below levels that could result in a one-in-a-million cancer risk." MCLs and other
health-based criteria are described in this section, including those criteria relating to cancer
risks. Table 7 shows the limited available health-based creiteria established for diesel fuel
chemicals and for PCBs. '
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6.4.1 MCLs

EPA and DHS have established MCLs (Maximum Contaminant Levels) for certain chemicals
and water quality parameters. The standards are enforceable by DHS on water suppliers.
Primary MCLs are derived from health-based criteria and economic and technological factors
related to the feasibility of attaining and detecting these concentrations in water supply
systems. Secondary MCLs are not health-based criteria but are derived from human welfare
considergtions such as tasteorodor. \ )/<

EPA recommends that MCLs are generally not appropriate for ground water cleanup goals to X i3
sites where a supply well would never be placed and ground water would thus never be % ‘R
consumed (EPA, 1988c). MCLs are typically enforced by RWQCB as limitations on ground /) i)y(”ﬁ

\  water treatment system discharges in NPDES and WDR permits. \ ’

P

6.4.2 Oral Slope Factor

EPA has established oral slope factors for selected chemicals. Oral slope factors relate to
carcinogenic (cancer-causing) health effects, and are typically the result of applying a low-dose
extrapolation procedure to results of laboratory animal experiments or human epidemiological
studies. Oral slope factors are used in conjunction with risk assessments; the chronic (long-
term) rate of chemical uptake experienced by a receptor and the oral slope factor for the
chemical are used in the following equation to calculate cancer risk due to the chemical:

7 7
Risk = 1 - exp{-CDI X SF) mry s P
where: ) wﬁﬂ
Risk = a unitless probability of an individual developing cancer
exp = the exponential function
CDI = chronic daily chemical uptake averaged over 70 years in mg/kg-day
SF = slope factor in (mg/kg-day)-1
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6.4.3 Reference Dose

EPA has established reference doses (RfDs) for selected chemicals. RfDs relate to non-
carcinogenic health impacts, and are established based on laboratory animal or human
epidemiological studies. As with the other health-based criteria, RfDs are used in conjunction
with risk assessments; when a receptor experiences a chemical uptake rate which exceeds the
RfD, a negative health impact is likely.

6.4.4 AALs

DHS has established AALs (Applied Action Levels) for certain chemicals. AALs are health-
based criteria and used in conjunction with the California Site Mitigation Decision Tree (DHS,
1986) to assess the potential of risks due to exposure to chemicals in the environment. AALs
are specific for health affect (e.g., carcinogen, pulmonary toxin), media of exposure (e.g., air,
water, soil), and receptor (e.g., human, fish).

It should be noted that the condition where a chemical concentration in a soil or ground water
sample exceeds the specific AAL does not necessarily imply a negative health impact. Health
impacts can only be quantified after the possible exposure to the chemical is quantified, as in a
formal health risk assessment.

6.5 DISPOSAL OF TREATED WATER

RWQCB is mandated to prescribe requirements for any proposed discharge, whether the
receiving waters are surface or subsurface waters. These requirements "must implement water
quality control plans and must take into consideration the beneficial uses to be protected, the
water quality objectives reasonably required for that purpose, other waste discharges, and the
need to prevent nuisance".

Typically, RWQCB will require a Waste Discharge Requirements (WDR) permit for disposal
into the subsurface, and an NPDES permit for disposal to a surface water or a storm sewer. If
subsurface disposal includes injection wells, requirements as mandated by EPA Criteria and
Standards for the Underground Injection Control Program, 40 CFR Parts 144, 145 and 146,
will apply (see 7.7.3).

)
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6.5.1 WDR Permit

The Porter-Cologne Water Quality Control Act of the State of California stipulates that Waste
Discharge Requirements (WDR) be administered by RWQCB in order to "ensure reasonable
protection of beneficial uses (of water) and the prevention of nuisance”.

RWQCB also stipulates that when contaminated soil cannot be remediated, an application for a
WDR permit may be required. Should the application be accepted and a permit issued, long-
term ground water monitoring would be required.

6.5.2 NPDES Permit

The National Pollutant Discharge Elimination System (NPDES) permit program is part of the
Federal Clean Water Act and is intended to reduce or eliminate point source pollution from
industrial, municipal, commercial, and agricultural discharges. The program is now
administered in California by RWQUCB.

The Clean Water Act stipulates that the NPDES permit process be used as a mechanism for
imposing on point source polluters uniform national effluent limitations and national
performance standards which the EPA Office of Water and Waste Management is required to

- promulgate. In cases where effluent limitations or standard regulations have not been
promulgated for a particular discharger, effluent limits will be set according to available and
economically feasible abatement technology. ;

NPDES permits are issued on a-case-by-case basis only. The Clean Water Act stipulates that
if established national effluent limits do not reduce pollutants enough to meet ambient water
quality standards set by the State or EPA, the permit will impose more stringent effluent
limitations as are necessary to meet water quality standards.

For the Industrial Asphalt site, an NPDES permit would be required for disposal of treated
ground water to a surface water body, or to a storm sewer, which usually flows to a surface

water body.
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6.5.3 EPA Underground Injection Control Program

If disposal wells are used for injecting treated ground water back into the subsurface,
trol Program will apply. A well is defined

requirements from the Underground Injection Con

as "a bored, drilled or driven shaft, or a dug hole, whose depth is greater than the largest
surface dimension”. Ground water recharge wells qualify as Class V injection wells and
would be subject to construction and permitting criteria described in 40 CFR Parts 144-146.

6.6 PCBs

of compounds and are specifically addressed in the California Code
22, Division 4, Chapter 30, and in the Federal Toxic Substances
ulations), Part 761, Subparts CandD. A
S ppm PCB is classified as a
e Industrial Asphalt

PCBs are a special group
of Regulations (CCR), Title
Control Act (TSCA), 40 CFR (Code of Federal Reg
solid with less than 50 ppm PCB or liquid waste with less than
nonhazardous material, Sampling rounds of soil and ground water at th

facility indicate that PCB concentrations are in nonhazardous ranges.
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7 REMEDIAL OBJECTIVES AND GENERAL RESPONSE ACTIONS

7.1 REMEDIAL OBJECTIVES

Remedial objectives for soil and ground water at Industrial Asphalt site should be site-specific
and consider:

type of chemical present

land use

volume and location of affected soil

subsurface environmental chemical fate and transport model
possible human and environmental receptors

regulatory actions.

Based on these factors, remedial objectives for the Industrial Asphalt facility are: (1) to reduce
the mobility of petroleum hydrocarbons and PCBs present in the subsurface; and (2) to reduce

the amount of petroleum hydrocarbons and PCBs present in the subsurface.

Final cleanup goals for affected soil and ground water should be addressed after some period
of remedial activity when the effectiveness of remedial actions.can be assessed.

7.2  GENERAL RESPONSE ACTIONS

General response actions address remedial objectives and typically offer a range of distinct
options for remedial measures (EPA, 1989).

7.2.1 General Response Actions for Soil Remediation
As previously described, there are approximately 85,000 cy (127,500 tons) of soil affected

with petroleum hydrocarbons and PCBs at the Industrial Asphalt facility spread out over
approximately 120,000 square feet. The estimated average concentration of petroleum
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hydrocarbons is 40 ppm; the estimated average concentration of PCBs in soil is 0.02 ppm.
The affected soil is encountered at depths of no less than thirty and up to ninety feet below
ground surface.

The following general response actions were evaluated for soil remediation at the Industrial
Asphalt facility:

No Action

Institutional Control
Source Control

Removal of Affected Soil
In Situ Treatment

7.2.1.1 No Action

A "no action* response means that the soil would be left "as is". The conceptual model of the
Industrial Asphalt subsurface indicates that the only environmental migration pathway of diesel
chemicals and PCBs is by ground water. There are no other migration pathways or exposure
pathways for human or environmental receptors to the chemicals in the Industrial Asphalt
subsurface.

The no-action response is consistent with the stated remedial objectives of Section 7.1, though
regulatory agencies would likely require long-term ground water monitoring and periedic soil
sampling. RWQCB would likely require a permit for Waste Discharge Requirements (WDR)
mandating a containment system that will prevent migration of chemicals in the subsurface.

7.2.1.2 Institutional Controls

The no-action response would leave affected soil affected with petroleum hydrocarbons and
PCBs in place at depths greater than 30 feet below grade. Institutional controls (such as deed
restrictions which would limit uses of the site to prevent possible future exposure to affected
soil) would be unnecessary, given the depth of affected soil zones.
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7.2.1.3 Source Control

All USTs and related piping, the original sources of petroleum hydrocarbons and PCBs in the
subsurface at the Industrial Asphalt facility, were removed in 1987. Free product and
approximately 3000 cy of affected soil have also been removed.

The conceptual model of the Industrial Asphalt subsurface indicates that affected soil is acting
as a secondary source of petroleum hydrocarbons and PCBs which dissolve into ground water.
The areal extent and the depth of affected soil zones preclude isolation technologies such as
capping or slurry walls.

7.2.1.4 Removal of Affected Soil

Approximately 3,000 cy of affected soil surrounding and at the bottom of the UST cavity has
been excavated. Subsurface investigations indicate that approximately 85,000 cy (127,500
tons) of affected soil remain at the Industrial Asphalt facility, overlain by approximately
165,000 cy (250,000 tons) of clean overburden. Affected soil is encountered at depths greater

_than thinty and up to ninety feet below ground surface. Excavation would entail moving
substantial site facilities including buildings, truck scales, silos, and storage tanks; all
Industrial Asphalt operations, as well as operations at the adjacent Jamieson gravel quarry,
would be ceased.

Removal of affected soil is not a feasible option.

7.2.1.5 In Situ Treatment
In situ treatment refers to treating affected soil in place, without removal. Several technology

alternatives for in situ soil treatment are briefly described and evaluated for the Industrial
Asphalt facility.
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7.2.1.5a Soil Washing

In situ soil washing invoives flushing affected soil by injecting solutions of surfactants
(detergents) or oxidants.  This technology requires soil with relatively high porosity,
hydrodynamic control of ground water, and extraction and treatment of ground water which

contains spent washing solution and solubilized contaminants.

Soil types generally encountered at the Industrial Asphalt facility have low permeabilities.
Affected soil zones are found over a large area and are relatively deep below ground surface.
These characteristics would preclude soil washing as an effective remediation method.

7.2.1.5b Steam Injection

Steam is introduced through injection wells, causing chemicals to desorb from the soil matrix
and enter a vapor phase. A vacuum is then applied to the ground through extraction wells.
Steam and vapor phase chemicals are removed through the wells to a treatment system above

ground.

This technology requires soil with relatively high porosity, hydrodynamic control of ground
water, and extraction and treatment of ground water which may contain steam condensate and
solubilized contaminants. Steam injection would not be an effective remediation method for
the Industrial Asphalt facility due to the soil types and large areal extent of affected soil.

7.2.1.5¢ Enhanced or Augmented Bioremediation

Enhanced bioremediation entails injecting solutions containing nutrients into the subsurface to
stimulate growth of naturally occurring soil microbes, resulting in greater rate of natural
microbial breakdown of contaminants. Augmented bioremediation entails injecting solutions
containing nutrients and microbes which have been developed specifically for the contaminant

present in the soil.

These technologies require soil with relatively high porosity, hydrodynamic control of ground
water, and extraction and treatment of ground water which may contain nutrients and
microbial breakdown products; the technologies would be ineffective for the Industrial Asphalt

site.

(155)10-10-1682-07/170-134 30 Copyright 1991 Kleinfelder, Inc.




B KLEINFELDER

7.2.1.5d Mixing for Solidification, Stabilization, and Fixation

Wide augers (up to 36 in) have been used for in situ soil mixing at depths up to 150 ft.
Pozzolanic additives have been used to solidify and encapsulate contaminants. NB
N

Y

This technology is relatively expensive and would not be feasible for the Industrial alt
due to the significant areal extent of affected soil zones. \r\}x Q)*

= N
7.2.2 General Response Actions for Ground Water Remediation Q\ \5\
Affected ground water is encountered under a large area of the Industrial Asphalt facility
(Plate 10). The following general response actions were evaluated for ground water

remediation at the Industrial Asphalt facility:

No Action/Monitoring
Institutional Control
Hydrodynamic Control
In-Situ Treatment
Treatment and Disposal

7.2.2.1 No Action/Monitoring

A no action response means that ground water would be left "as is”. Subsurface investigations
and the conceptual model of the Industrial Asphalt subsurface indicate that petroleum
hydrocarbons and PCBs in ground water have migrated and will continue to migrate. The no-

action alternative is therefore not consistent with stated remedial objectives.

7.2.2.2 Institutional Control
Institutional controls to reduce chance of exposure 10 chemicals in ground water, such as deed
restrictions prohibiting the installation of supply wells, would do nothing to prevent migration

of chemicals in ground water and would not be consistent with stated remedial objectives.
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7.2.2.3 Hydrodynamic Control

Hydrodynamic control refers to measures that contain affected ground water. The conceptual
model of the Industrial Asphalt subsurface indicates that hydrodynamic control is necessary to
reduce migration of petroleum hydrocarbons and PCBs. Technologies for hydrodynamic
control of affected ground water include: (1) isolation with slurry walls; and (2) extraction
with wells or interceptor trenches or both.

For the Industrial Asphalt facility, slurry walls are not feasible due to the significant areal
extent of affected ground water. Extraction appears to be a viable method of hydrodynamic
control. Physical constraints and significant depth to affected ground water at the Industrial
Asphalt facility would preclude interceptor trenches for extraction. Extraction wells are the
recommended method for containing affected ground water at the Industrial Asphalt facility.

7.2.2.4 In Situ Treatment of Ground Water

In situ treatment alternatives involve the injection of chemical or biological components which
react with and breakdown chemicals in ground water. In situ treatment typically requires
relatively porous soils so that distribution of active components through the subsurface is
possible.

In situ treatment would not be feasible for the Industrial Asphalt facility due to low soil
porosity and significant areal extent of affected ground water.

7.2.2.5 Treatment and Disposal of Extracted Ground Water

Hydrodynamic control will be achieved by extracting ground water. Concentrations of
petroleum hydrocarbons and PCBs in extracted ground water will warrant treatment and
subsequent disposal. Treatment to remove petroleum hydrocarbons and PCBs from ground
water is consistent with stated remedial objectives. Technology alternatives for treating
extracted ground water and for disposal of treated water are briefly described here.
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7.2.2.5a Granular Activated Carbon (GAC)

Adsorption by GAC is a widely-used technology for removing organic chemicals from ground
water, Adsorption occurs when an organic molecule is brought to the activated carbon surface
and held by physical forces. Generally, the quantity of organic compounds that can be
adsorbed is a function of the type and concentration of the compound in the water and the
surface area of the carbon. Factors that affect the efficiency of activated carbon for removal
of organic compounds in ground water include molecular size of the compound and its
solubility in water.

Petroleum hydrocarbons and PCBs are prone to removal by GAC; treatment by GAC is further
evaluated in Section 9.1.

7.2.2.5b Ultraviolet/Chemical Oxidation

This technology destroys organic compounds using ultraviolet light (UV) in conjunction with a
chemical oxidizers such as ozone or hydrogen peroxide (HpO). UV light reacts with
oxidizers to form hydroxyl radicals which decompose organic compounds.  Organic
compounds are decomposed to carbon dioxide (CO»), water, and inorganic salts,

UV/chemical oxidation has been demonstrated to breakdown petroleum hydrocarbons and
PCBs and is further evaluated in Section 9.2,

7.2.2.5¢ Ultraviolet-Photolysis

This alternative uses a different UV lamp design than UV/chemical oxidation. High intensity
pulsed UV light reacts diréctly with organic compounds, which are decomposed to carbon
dioxide (CO9), water, and inorganic salts. Relatively small amounts of oxidizers may be used
to bolster decomposition rates.

UV-photolysis has been demonstrated to breakdown petroleum hydrocarbons and PCBs and is
further evaluated in Section 9.3.
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7.2.2.5d Options for Disposal of Treated Water

Usage rate of process water at the Industrial Asphalt facility is less than 100 gpd. The
ceed the onsite use, making disposal

anticipated ground water extraction flowrates €X
necessary. Options for discharge of treated water at the Industrial Asphalt facility are:

1. Onsite injection or infiltration to the subsurface
2. Discharge to storm sewer or surface water body

Technology alternatives for injection or infiltration are (1) injection wells for injection under

pressure; and (2) an infiltration galley or trench, typically consisting of a network of slotted

pipe in a gravel bed to provide for gravity flow. A subsurface zone of cobbles or coarse

gravels is typically required for either of these technologies to succeed. No subsurface zone of

this type has been discovered during environmental investigations at the Industrial Asphalt site.

Disposal by discharge to a surface water body appears to be the most feasible option. There is
a surface water impoundment immediately north of the Industrial Asphalt facility. Access to
this water body is probable. This option may require 2 National Pollutant Discharge

Elimination System permit (NPDES) issued by RWQCB.

No further screening of disposal options will be included in this document.
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$ IDENTIFICATION AND DEVELOPMENT OF SCREENING CRITERIA

The next step in the FS process is the identification and development of screening criteria for
evaluating remedial technologies. The EPA typically uses nine screening criteria for
Superfund sites. The criteria provide a comprehensive evaluation framework for comparing

technology alternatives. The nine EPA criteria are:

Short-term effectiveness

Long-term effectiveness and permanence

Reduction of toxicity, mobility, or volume
Implementability

Cost

Compliance with ARARs

Overall protection of human health and the environment
State acceptance

Community acceptance (EPA, 1988b)

- BE-CE BN e

Criteria 1, 2, 3, and 7 have been incorporated into one effectiveness category. Criteria 6, 8,
and 9 have been incorporated into one compliance category. Thus, the screening criteria used
in this FS are: implementability, effectiveness, compliance with ARARs, and cost.

The following design basis was used for screening technology alternatives for treating ground
water, based on site characterization and anticipated regulatory actions:

extraction flowrate = 20 gpm

concentration of petroleum hydrocarbons in treatment system influent = 40 ppm
concentration of petroleum hydrocarbons in system effluent = 1 ppm (97.5% removal)
concentrations of PCBs in treatment system influent = 0.02 ppm

concentration of PCBs in effluent = 0.0005 ppm (97.5% removal).
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8.1 IMPLEMENTABILITY

Implementability of a technology alternative for ground water treatment consists of evaluating
appropriateness and physical constraints. Access to the subsurface and space for treatment
system equipment may be limiting factors. The selected remedial technology for ground water
should conform to physical parameters of the Industrial Asphalt facility.

8.2 EFFECTIVENESS

Criteria for evaluating effectiveness of an alternative for ground water treatment is the removal
of chemicals. Effectiveness will also consider containment of affected ground water, treatable
flow rate, and proven applications of the technology for removing chemical$ from ground
water. Effectiveness includes evaluating worker safety during installation and operation of the
system, and both short-term and long-term effectiveness. ("Short-term" refers to five years or

less. "Long-term" refers to five to twenty years.)
8.3 COMPLIANCE WITH ARARS

Considerations of compliance of technology alternatives for treatment of ground water are
similar to those for treatment of soil. During remedial construction and operation, compliance
with relevant health and safety regulations must be met to protect the health of remediation
workers and personnel at the facility and the general public. The treatment system should
attain cleanup criteria for treatment system effluent, and should not adversely impact the
quality of water bodies receiving disposed water.

8.4 COST

Capital and long-term operating costs of technology alternatives for treatment of ground water
were estimated for comparison purposes only. Costs were based on experience and
manufacturers’ quotations, using the design basis previously described. Capital design costs
for design and permitting of each technology alternative were assumed to be equal. Operating
costs for sampling and analysis of each technology alternative were also assumed to be equal.

Table 9 presents operating and maintenance costs. Present worth of operating costs at five and
ten years was added to capital costs for total comparison, presented in Table 10,
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9 SCREENING OF REMEDIAL TECHNOLOGY ALTERNATIVES

This chapter evaluates the feasibility of various technologies for treating ground water to
remove chemicals. Issues concerning extraction of ground water and disposal of treated water
have been addressed in previous sections of this document and are identical for each treatment
technology.

Each alternative will be rated +1, 0, or -1 as follows:

+1  indicates an alternative that meets a remedial objective as specified by a specific

criterion,

0 indicates an alternative that may meet a specific criterion but requires further study.

-1 indicates an alternative that will not meet the remedial objectives specified by a given
criterion.

Table 11 summarizes the screening procedure and shows the ratings of alternative technologies
" for ground water treatment.

9.1 GRANULAR ACTIVATED CARBON (GAC)

Plate 15 shows a flow diagram for a GAC system. Extracted ground water passes through a
filter to remove sediments and a UV sanitizing light to reduce biological fouling. Process
water then enters the GAC system, typically two GAC drums operated in series. When the
primary carbon drum is exhausted, either by fouling or by saturation, valves are manually
operated so that the second drum becomes the primary. Exhausted carbon is replaced with

virgin or regenerated carbon.
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Maintenance requirements include periodic servicing of the cannisters o exchange exhausted
carbon. The carbon may be slurry-pumped to and from permanently installed cannisters or
whole cannisters may be exchanged.

Size of the GAC system is dependant on type and concentrations of chemicals in the influent.
Usage rates are estimated based on adsorption isotherms, influent concentrations, and
flowrates. A 100 percent safety factor is typically used for GAC systems.

GAC must be disposed after it is spent due to microbial fouling or saturation of adsorptive
sites.  For typical remediation projects, a carbon replacement service contract can be
negotiated for replacing and regenerating spent GAC, thereby reducing costs of purchasing
virgin carbon. However, conversations with carbon service vendors indicate that due to the
presence of PCBs in extracted ground water, typical regeneration is not possible. Options for
offsite disposal would entail transport of GAC to a Class I landfill or to a permitted
incinerator, representing substantial costs and environmental risks associated with handling and

transport.

A possible disposal option for spent GAC is onsite recycling in the asphalt manufacturing
process.  State and local health departments have historically approved recycling of affected
soil at the Industrial Asphalt facility. Preliminary calculations indicate that for a GAC drum
containing 1000 Ibs GAC, the concentration of PCBs would be approximately 0.01 lbs per
1000 Ibs GAC, or 10 ppm; this concentration is less than hazardous criteria. The following
evaluation of the GAC alternative assumes onsite disposal.

9.1.1 Implementability

Installation of the GAC system will have minimal impact on operations at the Industrial
Asphalt facility. GAC systems do not require a large area and could be located anywhere
onsite. There are no moving parts in the GAC system. Should spent GAC be recycled onsite,

maintenance would include slurry-pumping the GAC into the asphalt mixer and replacing spent
GAC.

GAC is given a +1 rating for implementability.
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9.1.2 Effectiveness

The use of GAC in removing organic chemicals from water is a proven technology. A GAC
system could be sized to remove 100% of petroleum hydrocarbons and PCBs from extracted
ground water at the Industrial Asphalt facility.

GAC is given a +1 rating for effectiveness.
0.1.3 Compliance with ARARs

GAC systems are a proven technology for removing organic chemicals from water to

nondetectable concentrations in the system effluent.
GAC is given a +1 rating for compliance.

9.1.4 Cost

Capital costs for equipment and installation are relatively low (Table 9). Substantial costs are
incurred during labor intensive changeover of carbon and replacement of the carbon itself. Tt
should be noted that cost estimates for GAC shown in Table 9 assume disposal of GAC by
onsite recycling; offsite disposal and transport would be a significant cost.

GAC is given a 0 rating for cost.

9.2. UV/CHEMICAL OXIDATION

Plate 16 shows a process flow diagram for a typical ground water remediation system using
UV/chemical oxidation (UV/oxidation). Extracted ground water first passes through a filter
and then is mixed with hydrogen peroxide in a static mixer. The process water then enters a
reactor vessel where it is subjected to UV light and mixed with ozone. Ozone is produced
onsite with an ozone generator and an air dryer. Peroxide and ozone produce hydroxyl
radicals in the water; the hydroxl radicals attack organic compounds, converting them to
carbon dioxide, water and inorganic salts. The UV light excites the organic molecules so they

are more readily attacked.

(155)10-10-1682-07/170-134 39 Copyright 1991 Kleinfelder, Inc.




B KLEINFELDER

9.2.1 Implementability

Installation of the UV/oxidation system would have minimal impact on operations at the
Industrial Asphalt facility. A typical UV/oxidation system is supplied as a skid-mounted
operating unit with associated tanks, pumps, valves and controls.

Maintenance includes periodic cleaning and replacement of UV lamps and maintenance of the
ozone generator and air dryer. Replenishment of hydrogen peroxide is typically done through
a service contract with the equipment vendor. The equipment does not take up a large area
and could be located anywhere onsite. Systems are not difficult to operate after a short

training period.
UV/oxidation is given a +1 rating for implementability.

9.2.2 Effectiveness

The use of peroxide and ozone as oxidizing agents is a proven technology used by water
suppliers. The use of UV/oxidation to remediate ground water is a relatively recent application
of this technology with little proven track record. Theoretically, a UV/oxidation system could
be designed to provide 100% destruction of chemicals in extracted ground water at the
Industrial Asphalt site, though treatability tests would be required to fully evaluate

effectiveness of this alternative.

UV/oxidation is given a 0 rating for effectiveness.

9.2.3 Compliance with ARARs

Compliance with effluent limitations would be assessed after analyzing treatability test results.

Vapor emissions from UV/oxidation technology are minimal. BAAQMD must be notified if
emissions are exhausted to atmosphere, though carbon dioxide emissions produced by this

technology are currently not regulated.

(155)10-10-1682-07/170-134 40 Copyright 1991 Kleinfelder, Inc.




BH KLEINFELDER

UV/oxidation is given a 0 rating for compliance.

9.2.4 Cost

Capital costs for equipment are substantial (see Table 9). There are also significant costs
related to maintenance (e.g., lamp cleaning and replacement).

UV/oxidation is given a 0 rating for costs.

9.3  UV-PHOTOLYSIS

Plate 17 shows a process flow diagram for a typical ground water remediation system using
UV-photolysis. Extracted ground water first passes through a filter and then enters the reactor
vessel(s) where it is subjected to high intensity pulsed UV light. The UV light decomposes
organic compounds to carbon dioxide, inorganic salts, and water. A GAC drum is shown as a
polisher to remove any remaining compounds prior to discharge.

9.3.1 Implementability

Installation of the UV-photolysis system would have minimal impact on operations at the
Industrial Asphalt facility. A typical system is supplied as a skid-mounted operating unit with
associated vessels, pumps, valves and controls. Maintenance includes periodic c_leaning and
replacement of UV lamps. Lamp replacement and other maintenance may be contracted with
the equipment manufacturer. The equipment does not take up a large area and could be
located anywhere onsite. Systems are not difficult to operate after a short training period.

UV-photolysis is given a +1 rating for implementability.

0.3.2 Effectiveness

The use of UV-photolysis is a relatively recent application of this technology with little proven
track record. Theoretically, a UV-photolysis system could be designed to provide 100%
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destruction of chemicals in extracted ground water at the Industrial Asphalt site, though

treatability tests would be required to fully evaluate effectiveness of this alternative.
UV-photolysis is given a 0 rating for effectiveness.

9.3.3 Compliance with ARARs

Compliance with effluent limitations would be assessed after analyzing treatability test results.

Vapor emissions from UV-photolysis technology are insignificant. Emissions of carbon

dioxide which would be produced by this technology are currently not regulated.
UV-photolysis is given a 0 for compliance.

9.3.4 Cost

Capital costs for equipment are relatively moderate; there are significant costs related to lamp

replacement.

UV-photolysis is give a 0 rating for cost.
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10 DESCRIPTION OF RECOMMENDED REMEDY

The recommended remedy for attaining remedial objectives at the Industrial Asphalt facility
includes: (1) extraction wells to pump ground water; (2) a GAC system to treat extracted
ground water; (3) discharging treated water to the surface water impoundment north of the
facility; (4) recycling spent GAC through the onsite asphaJt batch manufacturing process.

1

1

i

i

i

i

I It is assumed that a flowrate of two gpm will be sustainable from a properly designed
extraction well; computer modeling will help in locating wells to effectively achieve

I hydrodynamic control of affected water (see Section 11.1). Wells would be constructed to
intercept ground water in the upper water-bearing zone (i.e., 85-110 feet below grade). Table

I 12 shows estimated capture zone dimensions for various flowrates based on the pumping test
conducted during the RI. Plate 18 shows the site with possible locations of extraction wells

I and treatment system. Electric submersible pumps with automatic level controls wounld pump
water to the treatment system which could be located on a small concrete pad located at the

' northern edge of the facility. Treated water would be discharged to a pipe running down to
the adjacent surface water impoundment.

i

i

i

1

1

i

i

1

The recommended remedy would attain stated remedial objectives. Extraction of ground water
will provide hydrodynamic control of the site, thereby reducing the mobility of petroleum
hydrocarbons and PCBs through ground water. Treating extracted water with GAC will
remove petroleum hydrocarbons and PCBs from the water, thereby reducing the amount of
these chemicals in the subsurface.
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11 DATA REQUIREMENTS

There are data requirements which should be addressed prior to implementing the
recommended remedy. This section describes those data needs; activities that would address
these needs could take place concurrently with preliminary design of the recommended
technology.

11.1 COMPUTER MODELING

Computer modeling of the site should be done to assess locations of extraction wells.
Placement of extraction wells is a critical portion of designing an extraction system that will
attain hydrodynamic control of affected water at the Industrial Asphalt facility.

Computer modeling is also helpful is assessing extraction flowrates and drawdown in the
shallow water-bearing zone; extraction well designs and sizes of treatment system equipment
are dependent on estimated flowrates.

11.2 WATER QUALITY

Inorganic water parameters such as bicarbonate alkalinity, calcium and magnesium hardness,
and total suspended solids should be analyzed to assess the necessity of pretreatment to protect
the GAC system. This data could be obtained during regularly scheduled sampling rounds.
11.3 LEACHABILITY

Leachability of petroleum hydrocarbons and PCBs from soil to ground water and retardation of
these chemicals in soil should be assessed to estimate final cleanup goals of ground water.

After final cleanup goals have been established, the full lifetime of the remediation project can
be estimated.
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Data on leachability can be obtained by running Toxicity Characteristic Leaching Potential
(TCLP) tests on soil samples. This sampling could possibly take place during installation of
extraction wells.

11.4 NPDES PERMIT
The NPDES permitting process for discharging treated water to the surface water
impoundment north of the Industrial Asphalt facility will necessarily include estimates of

extraction flowrates. Negotiations with the property owner (Jamieson) should be initiated to
fully assess the possibility of implementing this disposal option.
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12 LIMITATIONS

This report may be used only by the client, only for the purposes stated, and within a
reasonable time from its issuance. Land use, site conditions (both onsite and offsite) or other
factors may change over time, and additional work may be required with the passage of time.
Any party other than the client who wishes to use this report shall notify Kleinfelder of such
intended use by executing the "Application for Authorization to Use" which follows this
document. Based on the intended use of the report, Kleinfelder may require that additional
work be performed and that an updated report be issued. Non-compliance with any of these
requirements by the client or anyone else will release Kleinfelder from any liability resulting
from the use of this report by any unauthorized party.

It should be recognized that definition and evaluation of hydrogeologic, geologic, and
environmental conditions is a complex and inexact science. Hydrogeologic and geologic
conditions can change seasonally, with time, and due to future onsite or adjacent land use.
The information in this report is presented with an incomplete knowledge of the environmental
and subsurface conditions present and conditions may be present which are unknown or went
undetected due to the limited scope of our studies. More extensive studies, including
additional subsurface investigations, can be conducted to further reduce the uncertainties
beyond the level associated with this study.

Kleinfelder has conducted this feasibility study with the generally accepted standards of care

which exist in Northern California at the time the work was performed. No other
representations, expressed or implied, and no warranty or guarantee is included or intended.
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TABLE 1

MONITORING WELL CONSTRUCTION DATA
INDUSTRIAL ASPHALT FACILITY

Total Top of Screen Well Slot Screen/Casing Top of Type of Depth of Completion
Well Depth! Casing? Interval® Diameter* Size Material® Filter Pack3  Filter Pack  Well Seal’ Date
No. (443) (® 4y (inch) (inch) (f) (ft)
MW-1 88 379.41 58-88 2 0.020 PVC/PVC 56 #3 53 JUNE 1987
MW-2 90 379.80 65-90 4 0.020 PVC/PVC 62 #3 59 JULY 1987
MW-3 90 378.54 65-90 4 0.020 PVC/PVC 62 #3 59 JULY 1987
MW-4 95 376.26 55-95 4 0.020 PVC/PVC 52 #3 48 MARCH 1988
MW-5 110 382.55 57-107 4 0.020 PVC/PVC 53 #3 49 MARCH 1988
MW-6 109 379.15 69-109 4 0.020 PVC/PVC 64 2/12 61 JUNE 1988
MW-7 109 378.94 69-109 4 0.020 PVC/PVC 64 #3 61 JUNE 1988
MW-8 . 109 378.56 69-109 4 0.020 PVC/PVC 64 2/12 61 JUNE 1988
MW-9 108 377.40 78-108 4 0.020 PVC/PVC 75.4 212 70 JULY 1989
MW-10 111 . 378.04 g1-111 4 0.020 PVC/PVC 78.2 2/12 73 JULY 193¢
MW-116 75 379.02 55-75 2 0.040 PVC/PVC 53 LA 51 JULY 1989
Mw-137 116 380.21 76-116 6 0.045 SS/PVC 64 MA 62 AUGUST 1990
MW-14 114.5 380.09 99.5-114.5 4 0.020 PVC/PYC 96.5 2M 94 JUNE 1990
MW-15 117 378.12 97-117 4 0.020 PVC/PVC o4 M 91 JUNE 1990
MW-16 110 379.65 90-110 4 0.020 PVC/PVC 86.5 2M 83.5 JUNE 1990
NOTES:
1 Total depth of borehole below ground surface
2 Elevation in feet above mean sea level (USGS Datum)
3 Depth below ground surface
4 Nominal casing/screen diameter
5 PVC - Polyvinyl Chloride plastic (Schedule 40), SS - stainless steel
6 Well abandoned on 8 August 1990
7 Extraction well

MA Medium aquarium sand
#2M  No. 2 Monterey sand
#3 No. 3 Monterey sand
LA Lonestar aquarium sand

@ IR KLEINFELDER
(155)10-10-1682-07/170-134 T-1 Copyright 1991 Kleinfelder, In¢.



TABLE 24 B KLEINFELDER
RESULTS OF GROUND WATER SAMPLING, APRIL 1991

INDUSTRIAL ASFHALT FACILITY
(concentrations in ppm}

Total Depth (’ﬁ Ground W& r Product

Monitorin Depth  Water Elcvation Thickness  TPH TPH as il Total Hy,
Well B (feet) (feety (fee) (Feet) Dicsell)  Wase 01®  pCBs® Gmuﬁ 0 oot
MW-1 8 73.69 305.72 SHEEN 40 27 ND a1 74
MW-2 90 72.00 107.80 SHEEN 44 35 0.005 150 130
MW-3 90 72.34 306.20 SHEEN 19 14 0.0008 34 30
MW-4 95 70 305.55 NE 0.7 9.7 ND 11 6
MW-5 110 78.57 303.98 NE ND ND ND ND ND
MW-§ 109 NC NA NA NT NT NT NT NT
MW-7 109 73.07 305.87 NE 0.5 ND ND 1 ND
MW-§ 109 72.82 305.74 NE 4.1 48 0.0008 15 11
MW-9 108 NC NA NA NT NT NT NT NT
| MW-10 i1 72.02 306.02 NE 3 ND ND 4 1
Mw-113) NA NA NA NA NA NA NA NA NA
MW-1 3(9) 116 73.62 306.59 SHEEN 07 ND ND ND ND
MW-14 1145 74.27 305.82 NE ND ND ND ND ND
MW-15 117 73.03 305.09 NE 0.5 ND ND 2 1
MW-16 110 73.27 306.38 NE ND 0.5 ND 09 ND
14a2(12) UNK UNK UNK UNK ND ND ND ND ND
G NA 1.5 301.5() Na NA NA NA NA NA
1) Below top of casing
2} Feet above mean sea level (USGS Datum)
& Laboratory detection limits - 0,05 ppm
4) Laboratory detection limit - 0.1 ppm
5) Laboratory detection limit - 0.0003 ppm
(6) ) Reading on the staff gage
7 Surface water elevation in the pit
8) Well abandoned on August 8, 1990
®) Extraction weil
10y Laboratory detection limit - 0.5 ppm
(an Lsboratory detzction lmit - 0.5 ppm
(12) Jamicson Well
TPH Total Petroleum Hydrocarbons
PCBs Polychlorinated Biphenyls (Aroclor 1260)
NE Nol Excountered
ND Not Detected at or above laboratory detection limits
NA Not Aaplicable
sG Staff Gage
NC Not Acessible
NT Not Tested
UNK Unknown
(155)10-10-1682-07/170-134 T-2 Copyright 1991 Kleinfelder, Inc.




TABLE 2B

RESULTS OF GROUND WATER SAMPLING, APRIL 1991
INDUSTRIAL ASPHALT FACILITY

[

KLEINFELDER

Monitoring Benzene(l Toluene Ethylbenzene® Xylenes(®
Well
MW-1 ND ND ND ND
MW-2 0.0007 ND ND ND
MW-3 0.0009 ND 0.006 0.003
MW-4 ND ND ND ND
MW.-5 ND ND ND ND
MW-6 NT NT NT NT
MW-7 ND ND ND ND
MW-§ ND ND 0.003 ND
MW-9 NT NT NT NT
MW-1G ND ND ND ND
MW-13 ND ND ND ND
MW-14 ND 0.0007 ND ND
MW-15 ND ND ND ND
MW-16 ND ND ND ND
14A2 ND ND ND ND

Notes:

Concentrations in ppm

(1} Laboratory detection limit - 0.0005 ppm

(2} Laboratory detection limit - 0.0002 ppm

(155)10-10-1682-07/170-134 T3 Copyright 1991 Kleinfelder, Inc.




TABLE 2C B KLEINFELDER

RESULTS OF GROUND WATER SAMPLING, APRIL 1991
HALOGENATED ORGANICS()
INDUSTRIAL ASPHALT FACILITY

Monitoring 1,1-DCA 1,2-DCE TCFM vC
Well
MW-1 ND ND | ND ND
MW-2 ND ND ND ND
MW-3 0.002 ND 0.001 0.008
MwW-4 ND ND ND ND
MW-5 ND ND ND ND
MW-6 NT NT NT _ NT
MW-7 ND ND ND ND
MW-B.V ND 0.001 ND ND
MW-9 NT NT NT NT
MW-10 ND ND ND ND
MW-13 ND ND ND ND
MW-14 : ND ND ND ND
MW-15 ND ND ND ND
MW-16 ND ND ND ND
14A2 ND ND ND ND
Notes:

Concentrations in ppm

(1) Laboratory detection limits - 0.5 ppm
NT Not Tested

1,1 - DCA = 1,1 Dichloroethane

1,2 - DCE = 1,2 Dichloroethene

TCFM Trichlorochloromethane

vC Viny! Chloride

14A2 Jamieson Well

(155)10-10-1682-07/170-134 T-4 Copyright 1991 Kleinfelder, Inc.



TABLE 3 I KLEINFELDER

DATA FOR WATER SUPPLY WELLS
IN THE VICINITY OF INDUSTRIAL ASPHALT FACILITY

Approximate
Well Township Use(s)? Total Perforation Distance from
No.! Range Depth? Interval4 I.A. Facility
Section (ft) (ft) (ft)
11H1 3S/1E/11  Irrigation 303 223-231,262-295 5250(N)
11P4 3§/1E/11  Domestic 150 UN 2100 (NNW)
12A1 3S8/1E/12  Not Used 98 UN 5250 (NE)
12Q3 3S/1E/12  Monitoring 95 UN 5100 (NE)
12P5 3S/1E/12  Irrigation 346 262-290,315-326, 4700(NE)
336-346
13E1 3S/1E/13  Monitoring a7 92-97 250(E)
13G1 3S/1E/13  Not Used 331 UN 950(E)
13K1 3S/1E/13  Not Used 750 180-200,220-260, 5000(SE)
300-340,380-420,
460-500,640-660
13K2 38/1E/13  Not Used 600 UN 4900(SE)
13K2 3S8/1E/13  Not Used 652 UN 5500(SE)
14A2 13/1E/14  Domestic 220 135-160,170-205 800(NE)
1411 13/1E/14  Industrial 654 110-122,158-170 1750(SSE)
182-194,200-206
14K2 13/1E/14  Industrial 508 120-181,187-245, 2050(S)
14P1 13/1E/14  Not Used 48 UN 4500(SW)
14G1 13/1E/14  Industrial 500 150-300,350-500 950(SWW)
14F3 13/1E/14  Industrial 535 200-250,250-533 1400(SWW)
1513 13/1E/15  Domestic 196 154-184 4700(SWW)
23D3 13/1E/23  Domestic 288 ND 4800(SW)
23D2 13/1E/23 Not Used(?) 157 UN 5000(SW)
23C1 13/1E/23  Not Used UN UN 4650(SSW)
23C2 13/1E/23  Irrigation 280 UN 4950(SSW)
23B2 13/1E/23  Irrigation UN UN 4900(S)
23H1 13/1E/23  Irrigation 200 UN 5280(S)

This list is compiled from the Alameda County Flood Control and Water Conservation District - Zone
7 files. Accuracy of this information has not been verified in the field. Specific weldl construction
details and location should be confirmed by direct observation.

UN
1

2
3
4

(155)10-10-1682-07/170-134 T-5

Unknown

Well numbers are based on well numbering syhstem used by ACFCWCDd - Zone 7

Primary uses of water, as designated by owner, driller or ACFCWCD - Zone 7 personnel
Depth below gradfe (land surface datum) of completed well, as reported by driller or agency
staff

Interval in which well casing is perforated in feet below land surface; in some wells this may
be the interval between the bottom of the solid casing and the maximum depth.

Copyright 1991 Kleinfelder, Inc.



TABLE 4

RECENT SAMPLING RESULTS OF PAIRED MONITORING WELLS
INDUSTRIAL ASPHALT FACILITY

January 1991 April 1991

Screened Depth to Total Depth to Total

Interval Ground Water  Hydrocarbons*  PCBs Ground Water Hydrocarbons PCBs
Well No. (ft Below Grade) (ft below grade) (ppm) (ppm) (ft below grade) (ppm) (ppm)
MW-1 58-88 71.8 173 0.0096 73.7 74 ND
MW-13 76-116 72.0 0.7 ND 73.6 - ND ND
MW-2 65-90 73.4 340 0.0058 72.0 - 130 0.0051
MW-14 99.5-114.5 71.8 0.8 ND 74.3 ND ND
MW-3 65-90 71.6 760 0.0073 72.3 30 0.0008
MW-16 90-110 70.2 0.7 ND 73.2 ND ND

* = Sum of TPH as diesel and TPH as waste oil

(155)10-10-1682-07/170-134 T-6 colS KLEINELDER 1.



I KLEINFELDER

TABLE §

TYPICAL COMPOSITION OF DIESEL FUEL
BY HYDROCARBON CLASSIFICATIONS

. Compound Weight Per Cent
Straight-chain Paraffins and Isoparaffins 37-43
l Cycloparaffins
mono- 23
i di- 8
tri- 2
I total 26-33
Aromatics
I (substituted benzenes and polyaromatic hydrocarbons (PAHS))
alkybenzenes G
indans and tetralins 5
l dinaphthenobenzenes 1
alkylnapthalenes 6
biphenyls, etc. 2
l fluorenes, napthalenes, etc. 1-3
tricyclic aromatics 1
benzene 47 parts per million
I Total 23-28
l (155)10-10-1682-07/170-134 T-7 Copyright 1991 Kleinfelder, Inc.




TABLE 6

Chemical and Physical Properties of Constituents of
Diesel Fuel and No. 2 Fuel Oil and PCBs

Concentration
Range in  Molecular Water Vapor Henry’s Law
No.2 Fuel Oil Weight Solubility Pressure Constant Kot

Chemical CASRN (ppm)*"?  (grams/mole) (mg/1) (mm Hg) {atm-m>/mole) (ml/g) Log K™
Yolatile Organics
Benzene 71-43-2 6-82 78 1.8 x 10° 9.5 x 10! 5.6 x10? 83 2.1
Ethylbenzene 100-41-4 100-800 106 1.5x 102 7.0 6.4 x 10?2 1,100 3.2
Toluene 108-88-3 100-800 92 5.3x 102 2.8 x 10! 6.4x10° 300 2.9
Xylene® 1330-20-7  100-800 106 2.0x 102 1.0x 10 7.0x 103 240 33
Polycyclie Aromatic Hydrocarbons
benzo(a)pyrene 50-32-8 0.001-0.6 252 1.2x10? 5.6 x 107 1.6 x w6 5.500,000 6.1
benzanthracene 56-55-3  0.01-1.2 228 5.7 x 107 22x10% 1.2x 10 20,000 5.6
chrysene 218-01-9 1.4 228 1.8x10? 6.4x10° 1.0x 10¢ 1,380,000 5.6
cresol 1319-77-3 54 108 3.1x10¢ 2.4 x 10+ 1.0x 104 500 2.0
methylnaphthalene 1321-94-4 5,700 - 9,100 R = - : e - -
2-methylnaphthalene 91-57-6 6,700 142 == - -— - —
paphthalene 91-20-3 2,730 128 3.0x10" 1 mmat53° 3.3
phenanthrene 85-01-8 1,500 178 1.0 6.8 x 104 1.6 x 104 14,000 4.5
phenol 108-95-2 6.8 94 93x 10 3.4x 10! 4.5x 107 14.2 1.5
quinoline 91-22-5 9.2 129 6.0x104 1 mm at60° - 2.0
Polychlorinated

Biphenyls @ 1336-36-3 - 328 3.1x10? 7.7 x 103 1.1 x10* 530,000 6.0

NOTES:

CASRN Chemical Abstract Service Registry Number.

ppm  Parts per million.

4 Stone, 1990.

2 Entries for xylenes are for mixtures of three isomers.

3 Polychlorinated biphenyls are not a typical component of diesel or fuel 0il. They are included here because they have been detected in samples of
diesel fuel product collected at the Industrial Asphalt site.

(4) K. = organic carbon partitioning coefficient,

@ (5) K. = octanol/water partitioning coefficient.

B kLeiNFELDER
(155)10-10-1682-07/170-134 T-8 Copyright 1991 Kleinfelder, Inc.



TABLE 7

Available Health-Base Criteria Established for
Diesel Fuel Chemicals and for PCBs

B KLEINFELDER

AAL® AAL®
Oral Oral for Human for Fresh
MCL® Slope Factor Reference Dose Receptors Water Receptors

Chemical (mg/) {(mg/kg-day) (mg/kg-day) (mg/l) (mg/l)
benzene 0.001 0.029 - 0.0002 0.001
ethylbenzene 0.680 -— 0.1 2 -
toluene - — 0.3 2 0.09
xylenes 1.75 - 2 2 0.04
benzo(aypyrene -— - - 0.00009 -
fluoranthene --- . 004 0.020 —_
naphthalene — - — 0.020 0.6
PCBs 0.0005® 1.7 - -— -
1) MCL = Maximum Contaminant Level
{2) AAL = Applied Action Level
3) EPA-proposed MCL for decachlorobiphenyl
(155)10-10-1682-07/170-134 T-9 Copyright 1991 Kleinfelder, Inc.



BXE KLEINFELDER

TABLE 8
General Response Actions
and Representative Technologies
Soil Response Actions Appropriate Technology Alternatives
No Action/Monitoring Yes -—
Institutional Control No -
Source Control No —
Total Soil Removal No -
In-Situ Treatment No —
Ground Water Actions Appropriate Technology Alternatives
No Action/Moniforing No -
Institutional Control No —
Hydrodynamic Control Yes Extraction
Treatment and Disposal Yes GAC
UV/Chemical Oxidation
UV-Photolysis
In-Situ Treatment No -
(155)10-10-1682-07/170-134 T-10 Copyright 1991 Kleinfelder, Inc.



TABLE 9

Capital and Operating Cost Comparison
for Ground Water Treatment Alternatives

(20 gpm flow rate)

IR KLEINFELDER

GAC UV/Chemical UV-Photolysis
Oxidation
Capital Costs
Equipment 40,000 210,600 120,000
Construction 25,000 35,000 35,000
Total 65,000 245,000 155,000
Operating Costs - Annual
Electrical --- 10,000 10,000
GAC Replacement 35,000 - -
Maintenance (equipment andlabor) 15,000 20,000 20,000
Total 50,0600 30,000 30,000
All Costs in Dollar Amounts.
(155)10-10-1682-07/170-134 T-11 Copyright 1991 Kleinfelder, Inc.




B KLEINFELDER
TABLE 10

Total Cost Comparison for
Ground Water Treatment Alternatives

GAC UV/Oxidation UV-Photolysis

Capital Costs 65,000 245,000 155,000
Operating Costs 190,000 115,000 115,000

(5 years)
Operating Costs 305,000 185,000 185,000

(10 years)
Total Costs 255,000 360,000 270,000

(5 years) '
Total Costs 370,000 430,000 340,000

(10 years)
All Costs in Dollar Amounts.
(155)10-10-1682-07/170-134 T-12 Copyright 1991 Kleinfelder, Inc.



B KLEINFELDER

TABLE 11

SCREENING MATRIX OF GROUND WATER
TREATMENT TECHNOLOGY ALTERNATIVES

Ground Water Implementabijlity Effectiveness Compliance Cost Sum
Technology

GAC +1 +1 +1 0 +3
UV/Chemical

Oxidation +1 0 0 0 1
UV/Photolysis +1 0 0 0 1

(155)10-10-1682-07/170-134 T-13 Copyright 1991 Kleinfelder, Inc.




B KLEINFELDER

TABLE 12

CAPTURE ZONE DIMENSIONS(1)
INDUSTRIAL ASPHALT FACILITY

Pumping Distance - Maximum Width
Rate (gpm) To Stagnation of Capture Zone
Point (feet)(®) (feet)

1.0 9 56

1.5 13 82

2.0 18 113

2.6 23 145
Notes:

k. For well MW-13 as pumping well. Assumptions: transmissivity=2,500 gpd/ft,
thickness of water bearing zone=20 ft, potentiometric gradient=0.035 feet/foot.

2. Downgradient extent of capture zone.

(155)10-10-1682-07/170-134 T-14 Copyright 1991 Kleinfelder, Inc.
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APPENDIX A
WATER QUALITY GOALS
HUMAN HEALg’gl?&ND WELFARE
(As Published by the California Regional Water Quality Control Board)

Reference: A Compilation of Water Quality Goals, RWQCB,
Central Valley Region, February 1991




ORGANIC CONSTITUENTS
WATER QUALITY GOALS — HUMAN HEALTH AND WELFARE
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810 - J
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Adicaty 1 1100} 10 L] 0210.2{7 L] 23121}
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Adicaty siloride ag (1o 1 {100} i ‘ o
Aldtiin 0.0% 0.3{10day B8) oo 0000074} DO0Z (92,661 0.009
Armingn 5 ]
Ariine . ‘ ]
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Axinphot metty 7.5
Arohanreng 5 3 ] =
Baygon )
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Bentazon hi:] — 20 ) ———— )]
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Bonrens VISt we 200 {10-day) a8 068 1{A)
Benyansy, chiosinated
Benzenes, -0
Bonrenss, trickiore
Benric 0.000% ooz L]
Banpenet, dichion- [T ]]
. Banrofbjfloosaithens 0.2¢ {100} 2ev0 (100} 0.0028 (41) @
Sunrarihers 0.24 (100 tero (100 £.0078 (41} 82)
Banzo(g hpervione 00028 (47) 0}
Enazofalprane 0.2t o paea {100) 0.03 0.0028 {41} B2
B o7 500 (7-day A 0.5 0.0092 2.3
bota-BHC 03 S0 {7-dny.A7) 0.5 0.0T6) b.12
gamma-GHE (Lindane) 47 026030 0.2 (%) 02 SO0 (7-d5y A 03 00188 0.0{C) 0.05¢
Gata BHC . 500 {74ny A3)
"schnical. BHG 500 {1-dey) ot on1Z3
Bls(Z. chiorpethyl) athes .15 003 0.42
Y 00 7K
2-chigroxoprogryt) aihed
mmmn ather e o0 0.00000378
Broemact - I 175 Icy
Bromochioramethate %0 (68)
Bromodichloromsthane 100 (199 4001 4300 [T41,7.88) a9 0.3 [02.68)
Qromoloem oons 2000 {10-d#y,64) 0.1%
Bromomethiane w o o)
& Bromophenyl phany] ether
Butachior o N
1.3 Buladine 02
Butylte x0 ©
2 100t [100) 10G {1000 — )
Coptan 60 L B3
Cabant [ 1}: 514 o)
Cobolusn 1/ 045 L] oo I — e
Caibon woachioriie 08/ 8 Yoo T07300 (7y,7] | 200 (7-00) 25 o4 o.:l%ii rx3
Cabinin »e o,
Catachol — 2200 R4-v)
Thigranben 00 175G i (]
Chiondwre Q728003 on0 03) a0 {10-dny) 02% 0.00048 003 B2 oo
Chiarobentsns »oopey | ot ) o 23121 a8 2

-
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ORCANIC CONSTITUENTS
WATER QUALITY GOALS — HUMAN HEALTH AND WELFARE
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2Chioonaphthalens ——
2. Chiorophenct 43 (65) o (3]
3 Chiorophenol G.t
A-Chiocophengl — 0!
Chioropicrin ] a7 12140 {7}
3Chicmpropens . L
Chioeothaton) X0 [10-d2y) 15002
2.Chiaraitkoens %0 [i]
4.Chiorotisioste . =0 0o om
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Disromochiommethang 100 {19 - 20 {60) 18, 18] 08
Toutyl pivhalaie 4 (100) 2er0 {100) 70 =] 34000
Dicarta 200 ars o
Dichiorscetic ack) 2 {68} 17814200 o)
D 6 (65 €)
1,2-Dichioicbenzent €004 {90 0% (100} a00 (7% 13007 0 00 300 128) © 400 (24}
1,3-Dichkrobanzene 5008 {100 _soo¢om | oo 1 20 1 €00 _ o 40012
1.4-Oxhirobentens 51 758 Y] 75 E) 94 125) 0 © 400 [24)
2,7 -Dichloobenziding 03 o031 (52
Dichioroducrmathans 3000 5600 [7-da) | 819 1Y
1, 1. Dichiomethane _ €}
1.2-Dichioroethane 08/ 5 T 700 {10-day) & 054 04 (B2 o
1,1-Dk! e 8% T 1 100 0003 0.0002 [C)
cia-1.2-Dichiorpothyiens 81 70903} 0 (83) 70 [7]]
wans-1,2-Dichlorouthylans 107 1001(9Y) 100 ($3) 00 )
Dichioramethans 5% [100) om0 [100) & 1500 {3 5000 (7-0=¢) ) (4] 583
2,3 Dichiofoptronol 0.04
2.4-Dichioropkanol 20 (o) 200G/7000 {7) m 090 6l
23 DicNomehenc]_ 23
2,6-Cictiorophanci g 02
2,4-Tichiorophenal 84 [ L1605 — >
L.2:Dichloropropay SH63 furo 0
1,3.Dichlompropens 0% 3 (FG-4mp . 02{52) 045 7
fichiorvos
Dlatdria 003 0.3 (10.day) o02 |__opooor | OOM[EH | 000
Diosel 08 100 {10-day)
Diethyhexyl) adpam S00% (100} 500 (100) 500 ©
Dit2-sthyhamyl) phthgiste A745100) Borp (100 20 L. 3(82,65) 24 15,000
Diatiyl A3{100) zoro (100) []] 30000
Discp oy matel phosghorets 600
Dimethosty 150
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ORGANIC CONSTITUENTS
WATER QUALITY GOALS — HUMAN HEALTH AND WELFARE
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ORGANIC CONSTITUENTS
WATER QUALITY GOALS — HUMAN HEALTH AND WELFARE

Caillomi
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N . o.0r 00008
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Picioram 500 (100) 509 (100) 500 1050 oot (]
Poinenaadbobenss | 0580108 2or0 (108) - aw___m_s____Mn_;t%,m_ 0.18
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ORGANIC CONSTITUENTS
WATER QUALITY GOALS — HUMAN HEALTH AND WELFARE
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Trichkroacetidstvyde, by st S0(68 {0)
TrChIGIoACHic Boid 200 (68} 0112017 ©)
Trichlerpacetonkrie 50 (10-cay 8H)
Trichigrion ‘ 2618017
1.2.4-Tnchiorobenzene {100 2(100) ¢ 1]
1,.5 Trichlorsbenzene: 40 im
1,1, 1-Trchioroethans 200 200 00 0] 12 {21} 18,400
1.1, 2 Trichiorowihane R 158 (100 a{100) a [T 0.8{C)
Trichionethylens [TCE) ) 00 20 27 182 1521}
Trichiorotiuoromathans 150 200 800t (7.day) 019 [0 -
2,45 Trchiorophano! 2600 1
2.4,8-Trichior ophenot 2500 {1-dzy) 5 12 @25y 2
§,2 3-Trichioropropans _ ]
1,1,2-Vrichicrsr 1,22 voruethans 1200
Tritiratin - 5 o0 8
Tilntroghycarol 5
Teinrophenot 200 (T-day)
Trirsrototuene (TNT) 2 1<)
Trittdon 7
Ursthane [X
Vinyl chiaride o5y oo 10480 (Fyn2) .15 2 oMS A) 1.1
":' ; is) 1750¢ ¥t 10,000 (90 30,000 % L]
Zuam s

}

CRGANICS Page5 Values are in pgfl (pph) unless ctherwise indicated. Numbers in parentheses indicate footrotes. Fchruary 1991
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FOOTNOTES

For sxpostre of 7 days or e,

For sxpoeure of 10 days o less, .
For axpostoe of 24 hours or less.,
For“nger-tect” exposurs (7 years or lesy, EPA).

; suificient
Probabie human carsinogen; Irmited
Probabie homen cacinogen: sufficient exidence irom animal studiss; nG o Inadequate homan data,
mmmwmmmmmm nO human data,

Nol ciassitad as to fumen cardnogenicity; no dain or IRadecuAe svidence.
Evidence of non-cacinogenicRy for umans,

For hardnses In mo! a8 CaGO, crfterion = o{0.B4TIMIrdness]]+0.0606) pi¥; som tnorganks pages 6 & 13,

Vaive basad on hardness of 40 mg; vakee Increasss, with Increasing hardnsss,

Varies trom 1.4 10 2.4 mgh with uie fempacature; soe Tiie 22, CCR, 564430, Takis 4,

For dissoived chiorde associatnd with xodiuny crtarion probably wid nof be adequaimiy pratect ve when
ehlonde la associaied with polagsicm, caiciam, or magnesiuny, rether than sodiom.

Tazicky,
Pontavalon) arsanic [As{V]] aifads on plas,
Calodated for chitd / lor adull,
Acvivory; Retarenos (1,
wmshm-mm.mum}.&nmmmmmun
For haténess i mgA a8 CaCO3, criterion « of0. 7852in(hardness)]-1.490) yg#; see inorganios pages 6A 7.
Cﬁlﬂhn-onmstp")dlmm
Use for total ehromiuen if valenos srnown,
Critarion = o1 005{pH)-5.290] ppA.
Catcutstad froen CCR, Tiole 22, Division2, Asicies 7 anet f ragulatony levaely aspueming 2 Bers/day waise
eruwmm«mm
Datarmined by GA Heatth & Welare Agercy reguiation ool It poee & risk of cancer through ingestion,
Texichy 10 ons spocies of fish after 2600 hourt of exposse,
Mortatity in & fich spacies giied 30 day exposum,
Estimatad prolective value; Ratarence 11,
Foe total trihalomethures (suem of hromeliorm, bromedichiorametians, chiomiom & ghzomochioromethane};

Fot sum ol chixtinated beny
rmwmasnmmdmum

For som of dichiorobentened.

1980 SNARL; to be reviewsd In the luture.

National Ambiset Water Quality Criserion; Rueleraroe 13,
For sum ol dichioroethylaces,

For sumal dichiotopropanes.

For havdnoss I /) as CaGO?, critedon - o{1, 128Mktharénmss)]-2.626) pg/t; s8s norganics pages 6 A 7.
Flavor kmpalement I 3 fish speCios oocum,

MovtaMy by sarfy Ha stages of afish speciss occum,

Fex Industial supply crltetia ces Raterancs 13,

phosphons.
. Forsum of polynuties aromatic

1970 World Heath Organization (WHD) Evropean Standerds for drinking water based on the composhe
arwiyshs of fuoranthens, berzolslpyrens, benzolg b peryiens, beneoltiiuoranthens,

banto{i)tioranthens, and indenno(1
For sumof berizens haxachiyide leomen.
Calcimied from corn oll gevage snimel stody 7 from drinking water anbral stody.

For sum of chlorinmed

naphthalenes,
Fox hardoss In g se CaC02, eritadon = of1,72[nihardness) )} 0.57) pot; ees incrganics pages B4 12,
For sum of 00T, DOD, and ODE.

Based on expoture Brough water only 7 tooogh witer and feh; Raterancs 11,

FOOTNOTES

8333 3353333983852302288322288
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333832382838338288

For hadreas in mp/ sa CaCOD, trierion » ¢{0.0 190 afhardness)]+ 1,581} pof; ses inorganios pages 8 & 8.
Forsuin of oRrosarinas,

Gukdance lovel: Retersncs 7; asxurmed taislive sowecs contribufion of $0% [rom derking wats.,

For sm of udosthers.

Chronic SNART wog seimutad to be 100-Sold lower thae tha lsted M-hoot walus In calculating this fevel.
For hkardness In mgf iz CaCOD, um-:maawmmmnamm son Inorganics pages 6 4 8,
Acteptable Fanidue Limh i drinking watar under the Faderal Incacticids, Fungicide, and Findenticids Act.
For pH betwenrn: 8.5 and 9.0,

For hardress in ng? se CaCO2, erterdon: = o{0.854 5 n{hardness)]-1.465) pgil; ses Inorganics pages 6 8 9.
Bazed on kepona,

For hardnaes in mgA se CaC00, critetion « o{0.5422{In{hardnass))- 1454} ggA; tae Inorganice pages 6 4 9.
For hangrwras 1y engA st CaC0), celiadion » of 1.27in{herdnexs)]-4. 704) pol; kee Incrganics pages B & 10,
Fiw hardness i rngh as CaC0), ariieton = of 12731 in(hardnecs |} 1 460) pofi; sae [norganics pages 6 & 10,

For Asochior 1260,
Al pH 8.0, cavad 50% reduction by geowth of yasting sodieys saimon n 56—ty tesl,
:q@muuwmmumwumnm.nﬁmmmnm

Recommended lavel: Upper lovel = 500 mgt: Stat-tarm level » 600 mpA,

Recommanded lwal; Upper lwval » 1600; Short-term level » 2200,

Ratammandad tval, Unpet levol » 1000; Shovt-term leval » 1500 mpf,

For “TCOD edquivalens” mmadawomuzammmmwmm
concantrations multiphiad by theis itva U.8. EPA

Y Eq y Facion,

anﬁwmm“&hnnmmw

For hardnass in mgh a8 CaCO3, crdenion = o{0.8460{Infhardnessifs 1.1645) pp!: s Ingrpanica pages 6 8 1.
For the suim of oxythiordane and alpha and garmema Bomerns of chilordana, chilordens and nanachior,

A decreass In the rornbe of algal colls ocours,

Adverse siincts on 2 fish species sxposed for 168 days,

Fot hardnass In mgi as CaCOY, crisrion « of0.B460(n{hardness)]+3.3612) pgl; soe norganks pages 6 & 11,
For sum ol nonchiovinated phenalic compoonds,

Fot sum of chiorinmad phenolio Compaunds,

For sum o nlirophwnols.

Expressed as nirogen,

For teta) chiodne segidual; for intermitant chilorine soucas sae Aalatancs 20, Chapter IV, Tatle 8.

Sos Relomnoe 13,

For sum of 3.3-Dichlorcbenzidine arf ity salts,

Eitactive July 1002,

For the ivalen! torm,

Proposed.
7.mmmmmbmwmtom
Racommanded level; not yet (nemally proposed.
snm.lw TR0 mh'mmmwm.m- 10,000 pg! {ae N).
VMMNMWWWMMMIM.
A decachiombiphonyt; eflacive July 1592,

For molecyios with 80 perosrd chiodne of gramter by moleculsr weight,

MCL, vicies with alr tmperaturs; £ 597 *F - 2.4 mg#; 53.8 10 88.3 °F - 2.2 mgh; 584 10 638 °F - 20 mn;
19 704 F - LA Mg 70 N2°F « 1.6 mgA 79310008 F - 1.4 mgl,

Inckios Radiom 228 but exokodes Redon and Ueaniom,

12) Unionirad srymdnla conobrirations ; crieris based on total arvnonia ate shows o vdiganics page 5.

For sum of bromolonm, bromomethane, cioromethane, dtromochioromeihang, &hd bromodichioromethens,
rointmure lves,

February 1991
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