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ABSTRACT

In response to the threat to human health and the environment posed by
numerous uncontrolled hazardous waste sites across the country, new remedial
action technologies are evolving and known technologies are being retrofitted
and adapted for use in cleaning up these sites. This report identifies and
assesses the various types of site response activities which have been
implemented, are in progress, or have been proposed to date at uncontrolled
hazardous waste sites across the United States. This was accomplished
through the combined efforts of JRB Associates (JRB) and the Environmental
Law Institute {(ELI). A nationwide survey was conducted in which 395 uncon—
trolled hazardous waste sites across the U.S. were identified where some form
of remedial action was planned, ‘was presently ongoing, or has been completed.
Each of these sites was assessed and the results are presented here-in.
Based on these survey findings, JRB and ELI selected a total of 23 sites for
which detailed case study investigations have been conducted. Case study
reports for each of the 23 sites are presented. These reports include
extensive discussions of the remedial responses at each of the 23 sites with
respect to technology, cost, and institutional Fframework. JRB and ELI
maintained a specific focus for each of these parameters. JRB's primary
focus in these investigations was to assess site response activities from a
geotechnical and engineering perspective, while ELI's main objective was to
assess these remedial actions from a cost and institutional perspective.
Additionally, technological, cost, and institutional data for the 23 case
study sites are summarized in several user guidance indices.

This report was submitted in fulfillment of EPA-ELI Cooperative
Agreement CR809392 by the Environmental Law Institute and fulfillment of
Contract No. 68-03-3113, Task 39-3 by JRB Associates under the sponsorship of
the U.S. Environmental Protection Agency.
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USER GUIDANCE INDICES

This section contains two guidance indices developed to aid the use of
this document in locating specific ipformation relative to each case study.
The two indices are a technology guidance index and a National Contingency
Plan (NCP) reference index. FEach consists of a set of tables that are
organized so that the reader can quickly locate specific page numbers relative
to their topic of interest. The following discussions provide specific
instructions on the use of these indices and the information contained within

them,
TECHNOLOGY INDEX

The 23 case studies provide examples of over 35 different remedial action
technologies and also provide comparative examples of over 25 of these tech-
nologies being implemented at different sites under varying circumstances.
Comparison of both technologies and site-specific conditions will allow for
the evaluation of specific technologies based on actual performance as
recorded in the case studies with respect Lo anticipated or known conditions
of future sites. Finally, the technology indices provide a method for research
into the various implementation problems associated with the remedial actiomns.

The Technology Index presents the 23 case studies on the left side margin
with the entire list of technologies employed at these sites across the top of .
the page. By cross referencing the technologies with case studies one can

quickly find the page number in the case study discussing the various aspects

of that particular technology employed at the site. This process eliminates
excessive review of the case studies in order to obtain data on specific issues
surrounding the use of technologies in a wide range of implementation scenarios.

NCP REFERENCE INDEX

The NCP Reference Index presents information regarding the references
to provisions of the National Contingency Plan (NCP) that appear ir the
right margin of each case study. These references consist of a citatiom
to a section of the NCP along with some key works from that section, and are
intended to correlate the text of the case studies with the NCP. The
references do not imply that the NCP legally applied to the activities
discussed in the case study, nor that the NCP ahould have been followed by the
response managers. Most of the 23 responses covered by this research were
concluded before the revised NCP became final.
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The NCP Reference Index presents informantion in much the same manner
as the technology index with the exception that the 23 case studies appear
along the top of the page and the NCP references are listed along the left
side margin. The NCP reference index is used in the same way as the technology
index. By cross referencing the NCP references with case studies on can
easily locate the pages in the case studies where NCP references have been
cited.

The NCP references are designed to mote actual examples of some of the
isgues covered by the NCP, For example, if a decision maker is concerned with
whether and what type of source control remedial action should be umdertaken
at a site pursuant to section 300.(e)(2) of the NCP, he can lookup that
section in the NCP Reference Index and find references to numerous case studies
where the parties, both private and publiv, had to deal with this issue. Thus ,
the user can find concrete examples where, e.g., the population at risk (section
300.68(e)(2)(1) (A)) or hydrogeological factors (section 300.68 (e)(2){1)(D)»
were issues affecting decisions about source control measures.

The researchers have sought to reference the NCP in a consistent and
through manner. However, since this requires correlating the broad
provisions of the NCP with the narrow facts of particular case studies, the
users of this index may perceive different correlations. Netherless, it is
hoped that this index will help the user relate the NCP to actual response
actions.
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CASE STUDY REPORTS
ANONYMOUS SITE A
NORTH-CENTRAL CALIFORNIA
INTRODUCTION

Approximately 100 acres (40 ha) of surface impound-
ments containing pesticide and fertilizer wastewater is
located on the property of a large agricultural chemical
products manufacturer, which will be referred to as "Anon
A" in the following case study. The site is underlain by
relatively impervious (10~7 c¢m/sec) Bay Mud, which
prevents downward migration of wastes, but seepage and
overflow through the dikes occurred several times since
the facility opened in the early 1950's. During a heavy
100-year rainstorm in February 1980, about 3.5 million
gallons (1.3 x 10771) of fertilizer waste water
containing 2,400 mg/l ammonia was discharged into a slough
leading to the nearby Bay to prevent overtopping of the
dikes and feared dike failure.

Background

The existing 100 acre (40 ha) pond system was built
primarily in the late 1950's and early 1960's. There are
about 56 acres (23 ha) of pesticide waste-water ponds and
32 acres (13 ha) of fertilizer wastewater. Seepage
through the dikes and overflow of the ponds occurred
several times during subsequent years because of cracks in
the dikes and heavy winter rainstorms. During the early
1970's in response to these problems, Anon A repaired and
upgraded the dikes by widening and adding clay covers to
various sections of the dikes to increase their structural
strength and prevent slumping and seepage. These modi-
fications were not intended to increase overall capacity.
Until 1980, most of the releases of waste water were small
volumes, under 100 galllons (379 1) and were reported to
the California Regional Water Quality Board (WQCB).

In February 1980 a heavy, 100-year rainstorm filled
the ponds close to their capacity. A representative of
Anon A called the WQCB on February 20, 1980, reported that
the waste ponds were on the verge of overtopping the
dikes, and requested permission to discharge some waste
water to relieve the pressure on the dikes. The
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alternatives were to; (1) allow overtopping of all ponds
whiﬁh might have resulted in a 40 milliom galloa (1.5 x
10 1) discharge from complete dike failure, (2) dis-
charge to the sewer system or (3) discharge the least
hazardous wastewater to provide additional pond capacity
into which one of the more toxic wastes could be trans-
ferred. WQCB believed the latter alternative to be the
most desirable and it allowed the company to lower the
pond level of the_Fertilizer Pond by releasing 3.5 million
gallons (1.3 x 107 1) to the adjacent slough which emptied
into the Bay. Following the discharge, a Cease and Desist
Order was issued to Anon A to prevent future releases.

Synopsis of Site Response

Anon A undertook two major site response actions
following the February 1980 release and subsequent Cease
and Desist Order to increase the capacity and integrity of
its pond system:

e About 75 million gallons (2.8 x 1010 1) of waste-
water were pumped out of the fertilizer and pesti-
cide ponds and trucked to approved Class I and
Class II-1 landfills; and

e The dikes were reinforced by increasing their
thickness and height, and an ASPEMIX cut-off wall
was installed along the northern, western and
southern dikes of West Pond in 1980, and arocund
the Pertilizer Pond and Pond 2 in 1982.

This report will focus on the ASPEMIX cut-off wall because
of its innovative design and unique Sost components.

The ASPEMIX cut-off wall is an underground wall
composed of asphalt emulsion, sand, concrete and water.
The ASPEMIX material is installed much like a grout cur-
tain, with side by side injections, however, a vibrating
beam on a 80~-ton crane is used, similar to a pile driving
operation. After vibrating a specially designed I-beam,
approximately 17 feet (5m) long, into the ground and
through the Bay Mud below, ASPEMIX is injected while the
beam is withdrawn. Two-thirds of the dike perimeter
cut-off wall have been finished. The final third is
anticipated to be completed in 1983.

SITE DESCRIPTION
The Anon A site is located in northern California.
The chemical manufacturing facility occupies about 140

acres (56 ha) and can be divided into two general areas
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that are separated by Street X (see Figure 1). The area
southeast of Street consists of chemical manufacturing and
storage facilities; and office facilities and occupies
approximately 40 acres (16 ha). The remainder of the
facility property is to the northwest of Street X and is
occupied by a solar evaporation and wastewater treatment
pond system and a fertilizer plant.

Surface Characteristics

The county in which Anon A is located can be divided
into four geomorphic units based on differences in land-
form. These units are: (1) hilly to very steep uplands
within the Coastal Range, (2) terraces, fans, and flood
plains in the valleys, (3) river channels and delta over-
flow land and (4) tidal flats of the bays. The site prop-
erty lies within the latter of these units, in what was
once a tidal marsh, where the ground surface is approxi-
mately the same elevation as mean high water. Surface
drainage in the vicinity of the site is west towards a bay
which merges with the larger Bay. The smaller bay will be
referred to as "the bay" in this report.

Historically, the evaporation pond area was dissected
by numerous natural sloughs and man-made ditches through
which surface runoff passed from the east to the bay. The
main slough with which the other drainageways connected
was located just north of the present-day fertilizer
plant. Many of these former sloughs and drainage ditches
influenced the layout and configuration of the 16 existing
dikes. With the development of the fertilizer plant and
the evaporation pond system, offsite surface drainage
across the site has been diverted into constructed ditches
that direct flow to Creek X which then drains into the
bay.

The bay area 1is used by both city residents and the
the wildlife inhabiting the area. It is used for recrea-
tion, navigation, and as an industrial water supply. 1In
In addition, it is the habitat and resting area for
waterfowl and migratory birds, a habitat for shellfish and
part of numerous fish species' migration routes.

The local climate of the county is strongly influ-
enced by both topography and its proximity to San Fran-
cisco Bay. The area adjacent to the bay, in which the
site is located, is characterized by cool summers and mild
winters. The influence of marine air is refleéted in the
moderate average July temperature of 62°F (16.7°C). The
month of September brings slightly higher temperatures,
with an average of 65°F (18.3°C). During the winter
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months, temperatures will average 50°F (10°C). The annual
average temperature is approximately 58°F (14.4°C).

Late in the spring and through the summer season,
coastal fog is common in the early morning hours in areas
adjacent to the bay, usually clearing by midday. Winds
are steady and generally prevail from a south~south-
wegterly direction, at velocities between 15 and 25 knots
(24-40 km/hr) during daylight hours and decreasing to 10
knots (16 km/hr} or less in the evenings. The humidity
during winter months averages about 90 percent at night
and 70 perceant in the afternoens. During the period from
July to September the humidity is much less, averaging
about 55 percent.

Precipitation in the area is highly variable, ranging
from .05 inches (0.13 cm) during August to more than 5
inches (12.7 cm) in December. The average anaual precipi-
tation in the area is approximately 22 inches (56 cm) per
year, It has been calculated that 1 year out of 25, the
average rainfall will be 34 inches (86 cm) and 1 year out
of 100, the rainfall will average 40 inches (1 m). This
information is important in later discussions concerning
wastewater pond capacity. Precipitation in the form of
snowfall, rarely occurs in the lowland areas which include
the tidal flats where the site area is located.

The soils in the site area are members of the Reyes
series and are characterized as silty clays. The Reyes
series typically consists of very poorly drained soils in
saltwater marshes or tidal areas where there is regular
inundation by high tides. The depth from the surface of a
typical profile, is approximately 5 feet (1.5 m). The
Reyes series soils are more commonly known as Bay Mud.
Except for the pond locations on site, the Bay Mud in the
area is overlaid by a placed fill material which ranges in
thickness between 3 and 10 feet (.9 and .3 m). West of
Street X the uppermost soil unit beneath the treatment and
evaporation ponds is a dark gray silty clay that is rich
with organic matter and is highly pervious. The thickness
of the Bay Mud, which underlies the organic silty clay, in
the area west of Street X, ranges from 2.5 (.76 m) feet
below the east side of the Fertilization Pond, to 34 feet
(10 m) below the south end of the site. The Bay Mud is
not present east of Street X. In this area, the fill,
instead, is directly underlain by alluvium and the
soil-type is described as urban land,

Below the Bay Mud, there lies what is known as Older
Bay Mud which is darker in color and stiffer in texture
than the Younger Bay Mud. The thickness of the Older Bay
Mud ranges between 2 and 6 feet (.61 and 1.8 m). The
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elevation in the vicinity of the site is at or near sea
level and the slope is less than 1 percent. The soil ia
extremely moist and has a permeability between 1.4 10
cm/sec and 4.5 1077 em/sec,

The site is situated on the outskirts of a city's
northwest boundary, with numerous other industrial facil-
ities. The bay shore areas to the southwest and those
that surround the the city have been used for industrial
purposes for at least 80 years. Directly to the northwest
of the site, Creek X is fed by another creek and the
marshy areas to the north before entering the bay (see
Figure 1).

Hydrogeology

The site is located along the eastern shore of a bay.
The entire bay area is a drowned river valley within a
northwest trending structural trough formed in Franciscan
bedrock. The bay was formed when a block of bedrock, was
tilted towards the east; the uplifted western edge of the
block forming hills and the downdropped eastern edge
creating the depression which is now Bay X. Subsequent to
the downdropping of the block, material ercded from the
eastern hills and was deposited in alluvial fans to form
the gently sloping plain that borders the eastern shore-
line of the bay where the site is located.

There are four major geologic units that occur
beneath the site area and they are listed below according
to relative age, the youngest appearing first:

e Younger Bay Mud - clayey sandy silt and silty clay
with organic matter and shells

e Old Bay Mud - stiff silty clay with sand and fine
gravel

e Estuary deposits and alluvium - interfingering
estuary and alluvial fan deposits of varying ages;
silty and sandy clays with ioterbedded clayey
gravels and gravel lenses

e Franciscan bedrock - sandstones and siltstones of
the Franciscan formation,

Because the site is located near an inundated zomne,
in an area that is nearly level, the underlying subsurface
conditions reflect even minor fluctuations that occurred
in the bay water level in the way of extensive interfin-
gering of alluvial material (sediments from the surround-
ing hills) and estuarine or marine sediments. The Bay
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Muds are the most recent deposits in this alluvial-
estuarine sequence. The Bay Mud units were described in
the previous section on s0ils and will not be discussed
again in this section. The following discussion
concentrates on the alluvium and estuary deposits and
Franciscan bedrock that lie below the Bay Mud.

The texture of the alluvium is variable, ranging from
brown and grayish-brown siley clays to silty sands with
fine gravel lenses. This variability reflects two pro-
cesses that have taken place during the formation of the
alluvial fans 1in the site area. The first process
reflects the gradual erosion of the hills and slow
deposition of the eroded sediments in a series of poorly
sorted sheet wash deposits. Deposition of the coarser
gravel and sands generally occurs in the upper part of the
fan while the silts and c¢lays are deposited along the
fans' outer most flat-lying portions. The second process
involves run—off flowing through channels across the fan
surface transporting and sorting sediments, and storms
carrying coarse sediment onto the fan's distal section.

The estuary deposits consist of brownish-gray to gray
silty clays and clayey silts deposited in the quiet, shal-
low marine environment of the early bay. These clays are
often calcareous and contain shell fragments. The estuary
sediments at the site may also contain an alluvial compo-
nent due to the site's proximity to present and past bay
shorelines. Generally, a shallow, near-shore environment
receives a large influx of alluvial sands and silts, which
are reworked by tidal currents and benthic organisms.

The bedrock material underlying the alluvial-
estuarine sequence consists of sandstones and siltstones
of the Franciscan formation, It occurs at a depth of
approximately 273 feet (83 m) at the northeast corner of
the Fertilizer Pond, increasing in depth towards the
northwest and the bay.

The alluvial deposits, consisting primarily of sands
and silts with occasional gravel, constitute the principal
shallow water-bearing strata. The estuarine deposits
consist mainly of clays and organic clays and siles that
have low to very low permeabilities. Therefore, potential
ground water development for drinking water sources or
industrial uses within the site area is limited., Pres—
ently, within the site area, there is only one deep well
that was completed in the sand and gravel zones between
depths of 100 and 170 feet (30.5 and 52 m) and is used for
industrial purposes. Within a 2-mile (3 km) radius of the
site, there are only two privately owned wells registered
for domestic use. Both wells are located northeast of the
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site and were completed in sands and gravels at depths
between 175 and 240 feet (53 and 73 m).

The site location can be hydrologically characterized
as a regional discharge area. The principal source of
recharge in the area are the hills to the southeast of the
site. The predominant direction of ground water flow at
the site is from the southeast to the northwest.

The water table is generally shallow over the site
area, ranging between 2 and 8 feet (.61 and 2.4 m) below
the ground surface. The height of the ground water table
within the site area is greatly affected by the estab-
lished network of drainage ditches mentioned earlier, in
addition to the existing surface impoundments. The water
table tends to be higher in the vicinity of both the
drainage ditches and surface impoundments.

Within the sediments underlying the site, six main
water-bearing zones have been identified, based on the
interpretation of available geophysical logs and drill
hole data. Four of these zones are within 200 feet
(161 m) of the ground surface. All six zones appear to be
continuous over the site and have higher permeabilities
than the intervening silty-clay strata. The uppermost
zone, 'A', consists of placed fill and the underlying
Younger Bay Mud deposits. Potential usage of ground water
within this zone is considered very limited due to the low
permeability of the Younger Bay Mud deposits.

The five remaining zones exist at depths below this
uppermost unit and consist primarily of sand-silt-gravel
mixtures that are confined by clay strata. These units
are discussed in order of increasing depth.

Zone 'C' consists of several large discontinuous
sandy lenses within a silty-clay sequence. This zone
extends from elevations -20 to -90 feet (-6 and -27 m}
below sea level (BSL). The ground water in zone 'C' is
moderately brackish and based on drinking water standards
and chemical analyses, it is not considered potable.

The third zone, 'B', is relatively continuous and
pnderlies the site between elevations of -100 and -130
feet (-30.5 and -40 m) BSL. The water within this zone is
fresh and considered potable, The estuarine clay acqui-
clude layer bounding these zones is relatively impermeable
and expected to act as a barrier to downward migration of
contaminants.




The fourth zone, 'D', is also relatively continuous
. and occurs between elevations of =140 and -200 feet (-43
and -61 m) BSL. Like zone 'B' the water contained within
this unit is considered potable and the zone is expected
to be protected from downward migration of contaminants by
the confining clay acquiclude,

The remaining two water bearing zones, 'D' and 'E',
were not investigated during the hydrogeologic studies
conducted on site, due to the depths at which they exist.

WASTE DISPOSAL HISTORY

As previously described, the entire evaporation pond
area, which includes the wastewater treatment pond system
and the fertilizer plant, lies within a former tidal
marsh. Prior to the evaporation pond system development,
the area was traversed by numerous natural sloughs and
man-made ditches. Examination of an 1898 topographic map
of the area indicates that the northern and eastern
portions of the area were once pasture and farm land. In
addition, a trash dump was located in the northwest corner
of the site and extended into the area that is presently
occupied by Pond 3A (see Figure l1). There appears to have
been no other man-made modifications on site prior to the

. present-day facility's construction.

The fertilizer plant and evaporation pond system were
constructed during the late 1950's and early 1960's. Pre-
construction preparation of the plant area involved the
removal of several feet of soft marsh deposits, followed
by placement of compacted fill onto the underlying Younger
Bay Mud. The plant foundation was then constructed in the
placed fill. There are several parts of the facility in
the western portion of the site that are supported by
piles due to the thicker marsh deposits in this area. The
ground surface throughout the plant area is presently at
an elevation of +10 to +11 feet (3 to 3.4 m) above mean
sea level.

The facility's pond boundaries are formed by dikes 300.68(e)(3)

that were initially constructed with soils excavated from {(iii) extent
adjacent marsh areas. The 1initial elevation of these of adequacy
structures was between +8 and +10 feet (2 and 3 m) and of current
they were probably less than 10 feet (3 m) wide at the containment
base. Subsequent to their original construction, the barriers

dikes have been gradually enlarged, using borrow fill
materials of varying composition. In September 1980, all
perimeter dike embankments had been widened to at least 20
feet (6 m) at the base at an elevation equal to the
. planned maximum pond level which is +11 feet (3.4 m) for
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the majority of ponds. 1In addition, the pond side of all
exterior dikes have 2.5 feet (.8 m) additionmal height to
provide a minimum of two feet of freeboard against over—
flow by wind generated waves. In conjunction with con-
struction activities to inc¢rease the height and thickness
of the dikes to permit higher pond levels, steps were also
taken to improve their stability and leakage resistance.
These modifications are further discussed in a later
section.

The facility's present disposal/evaporation pond
system occupies 100 acres (40 ha) of land_and has a total
capacity of 150 million gallons (5.7 x 107 1). There are
a total of 14 ponds in the system which are divided into
8ix areas according to the waste-type contained in each.
The six areas are listed and described below.

® Area l: Fungicide ponds
Includes evaporation ponds 1E, 1W, 2, 3A, and BA
(bioaeration); total of 45 acres (18 ha) and used
for treatment and disposal of carbamate fungicide
wastewater consisting of primarily sodium salts
and fungicide intermediates (THPA, THPI) with
trace amounts of carbamate fungicide and solvents

e Area 2: Pesticide ponds
Includes the "Pesticide pond" and ponds B and 3E;
total of 11 acres (4.4 ha) and used for disposal
of pesticide aqueous process waste coataining
salts, some heavy metals, and pesticides

e Area 3: Fertilizer ponds
Recycle, evaporation, and borrow poads cover 21
acres (8.4 ha); wastewater contains ammonium salts
(primarily chlorides), sulfates, and nitrates

e Area 4: Storm water
West Pond covers about 11 acres (4.4 ha) and
receives rainwater runoff from the agricultural
chemical manufacturing areas., Ponds 1W, 2, and 34
may also be used to contain storm runoff, as
required. Constitueats of stormwater runoff are a
combination of materials contained in process
waste streams from the various manufacturing areas
in low concentrations

® Area 5: Spill pond

The emergency spill pond covers about 1 acre (.4
ha) and is available for spill containment
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® Area 6: Solid wastes
Approximately 13,000 cubic yards of solid waste
material from the bottom of an old evaporation
pond that no longer exists were disposed along
Pond 3E's southern boundary and along pond 3A's
eastern perimeter.

DESCRIPTION OF CONTAMINATION

The possibility of surface and ground water contami-
nation from the evaporation pond system is controlled by
the following factors:

e Thickness and permeability characteristics of the
natural sediments and/or man-made dikes and liners
that confine and underlie ponds

e Hydraulics of the pond system, i.e., pond levels

8 Local area weather conditions, i.e., wind veloc-
ity, precipitation

e Hydraulics of the near-surface ground water zone,

Although the evaporation pond system at the site had
performed relatively well over the vyears, there were
incidents which suggested that leakage and/or seepage had
occurred in the past, There were two dike areas in par-
ticular that were cause for concern. One area was located
along the west dike of West Pond and the other adjacent to
the east and west dike of the Fertilization Pond. In the
first case wastewater seepage was pumped from the adjacent
drainage ditch, collected and returned to the pond. In
the case of the Fertilization Pond, ammonia contaminated
wastewater was detected in the sloughs that run along the
south and west dike boundaries of the pond and within the
storm drain that runs along the outside of the east dike
of the pond (see Figure 1). Ammonia contamination was
estimated to be limited to the pipe bedding material along
most of the storm drain's length starting from the south-
ern headwall, which is approximately 1,500 feet (457 m).

The potential hazard of lateral wastewater seepage
was not considered high because the ground water flow
gradient was away from populated areas and the low
permeability of the underlying Bay Muds inhibited waste
migration. However, it was not until February 1980, that
the overall integrity of the site became a critical con-
cern to the public and the facility's management. During
the ?eriod February 20-22, 1980, 3.5 million gallons (1.3
x 10° 1) of ammonia-containing liquid waste was discharged
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from the plant's fertilizer waste evaporation ponds in
order to prevent overtopping of the ponds as a result of
an intense rainfall.

WQCB staff quickly decided that the ammonia-contain—
ing fertilizer water should be discharged to the bay
rather than releasing the pesticide contaminated pond
water. Alternatives were limited. Either a controlled
release was maintained or the dikes would have heen topped
and completely breached. If the latter was allowed to
occur, the spill could havebbeen as much as 40 to 50 mil-
lion gallons (1.5-1.4 x 10° 1). Biological studies were
conducted to determine the effect of the spill on marine
life in the bay by the State Regional Water Quality Con-—
trol Board and the Department of Fish and Game. Results
revealed no evidence of widespread fish kill due to the
release. Rapid dilution minimized any potential damage.
The WQCB's response tc the spill incident was an enforce—
ment action ordering that the waste evaporation ponds be
upgraded to preclude any recurrence of the discharge. At
the time the WQCB order was given, Anon A had already
retained a consultant to conduct a site study. The
objectives of the study were to: )

¢ Define the ground water regime and water quality
across the site and possible presence of contam—
ination in subsurface soils

® Evaluate the integrity (permeability and stabil-
ity) of the perimeter dikes surrounding the ponds

e Evaluate the permeability of the pond bottoms.

The study was completed in October, 1980 and a report was
submitted to WQCB.

Using the results of this study, necessary actions were
planned for improving the overall integrity of the evapor—
ation pond system. Investigative findings directly relat-—
ing to the release and seepage and leakage problems are
discussed in the remainder of this section.

The hydrogeologic study identified two usable sand-
gravel aquifers beneath the site area. These units were
referred to as zones 'B' and 'D' in the previous section
on the area's hydrogeology. The two water bearing units
are horizontally continuous and occur at approximate
depths of 130 and 175 feet (40 and 53 m) respectively.
Direction of flow of these water bearing zonmes is from
southeast to northwest. The important feature concerning
these two zomes is that they are confined by low
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permeability (10-7 cm/sec) silty-clay material that acts
as a barrier inhibiting downward migration of con-
taminants.

Contamination is absent within these two zones with
the exception of manganese, The presence of manganese
cannot be explained with existing information. The most
shallow two water bearing zones, zone C and the ground
water table zone, zone A, both contain non-potable water,
The water is brackish and exceeds federal drinking water
standards for salinity. The following constituents were
detected in high concentrations in these zones:

e Total Dissolved Solids (TDS)

e Sulfate

e Chloride

e Arsenic

e Heavy Metals (Lead, Cadmium, and Selenium)

e Lindane (one occurrence in zone A).

Concentrations of ammonia, carbamate funigicide, tetrahy-
drophthalic acid (THPA) and tetrahydrophthalimide (THPI)
were also detected, although not in quantities which
exceed EPA limits. The areal distribution of arsenic,
pesticides, and ammonia concentrations in the ground water
samples are shown in Figure 2. Generally, higher concen-—
trations were found around the treatment and evaporation
ponds when compared to samples taken -east of Street X,
particularly in the northwest corner of the site. In
summary, the uppermost two water bearing zones contain
poor quality water which was 1nitially non-potable due to
its high salt content. The lower two aquifers have high
artesian heads indicating that the silty-clax71aye£g
confining them are relatively impermeable (10 10
cm/sec), thus inhibiting vertical leachate movement.

The hydrogeologic investigation 1indicated that
downward movement of contaminants would be greatly
retarded by the impermeable muds underlying the site, as
well as the upward artesian pressure from the deeper
aquifers, lateral movement in the upper water table  zone
could occur towards the bay, away from populated areas.
The area of highest parameter concentrations appeared to
be in the near—surface zone at the northwest corner of the
site, where landfilled materials influence so0il perme-
ability. This area northwest of Pond 3A, as previously
stated, was historically a trash dump. Two former sloughs
had originally passed beneath the dikes in the northwest
area of the sites. The permeable fill material in the
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sloughs could allow rapid movement of fluids through this
corner area.

Laboratory soil chemical tests were conducted on soil
samples collected at 18 locations in the site area. The
s0il samples were composites which incorporated the upper
10 feet (3 m) of each boring, typically in two depth
increments of 0-5 feet (0-1.5 m) and 5-10 feet (1.5-3 m).

Analytical results indicated that only manganese
concentrations exceeded EPA EP toxicity limits for solid
waste. The samples tested were extracted from a boring
hole located along the eastern boundary of Pond 2,

Ammonia was present in nearly all samples tested,
with the higher concentration (115 mg/l) occurring in the
area of a farmer depository for fertilizer materials. The
areal distribution of ammonia concentrations in soil
samples collected on site are shown on Figure 3.

Carbamate fungicide was detected in soils around West
Pond, Pond 3B, the borrow pond, and along the northern
boundary of the site as shown in Figure 3. The highest
level found was 0.135 ppm which occurred in the area of
the borrow pond. Small quantities of THPI were detected
in most sample locations, along with concentrations of
THPA. The highest THPA level was 0.123 ppm.

Arsenic was detected at most sampling locations,
although no samples exceeded EP toxicity limits, The
highest concentrations were found in the borrow pond area.

On the basis of the analytical results, the upper 10
feet (3 m) of soils in the evaporation pond area contain
some significant concentrations of certain organic com-
pounds, ammonia, and arsenic. However, within the group
of parameters that have EP toxicity limits, only the limit
for manganese was exceeded at one location and, as was
previously noted, there is, to date, no valid explanation
for its presence.

Two of the five most important factors affecting the
potential for contamination in the evaporation pond area
can be coantrolled by proper design and system operation
specifications. These two factors are (1) the thickness
and permeability characteristics of the man-made dikes and
liners that confine and underlie the ponds and (2) the
hydraulics of the pond system. With well designed and
constructed perimeter dikes and liners and well plaoned
operating procedures, the remaining three factors over
which there 1s minimal control, i.e., (1) thickness and
permeability of natural sediments, (2) local area weather
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conditions and (3) the hydraulics of the near-surface
ground water zonej can be counteracted and a balance can
be achieved, so that leachate migration is minimized.

There are several reasons for potential dike integ-
rity problems at the site. Many of the perimeter dikes
bounding the ponds were originally built using highly
organic and peaty materials from marsh areas immediately
adjacent to the dikes. These soils are typically quite
permeable due to the open framework produced by the
existing roots and decaying organic constituents, In
addition, compaction of the dike material was probably the
result of shrinkage from drying and later to traffic using
the dikes as roadways. Sun and heat dried the mud, pro-
ducing shrinkage cracks within the dikes that could become
conduits for leakage. Since original construction of the
evaporation pond system, perimeter dikes adjacent to the
drainage ditch were blanketed with a clay layer that was
intended to improve stability and reduce leakage into
surrounding site areas (see Figure 4). Clay blanketing
could have caused dike failures because of the need to
trench down into the Bay Muds to create an acceptable
seal, The resulting instability would then cause the
dikes to fail in the direction of the trenches, To avoid
this situation, only very short sections of dikes were
trenched and blanketed at a time, minimizing the time a
trench section remained open. This procedure helped
minimize dike failure but created many more interfaces in
the clay thereby increasing the potential of a poor seal
within the clay lining. As a result, some sections of the
clay liner have experienced seepage problems.

The next section will discuss the most recent and

largest effort to improve the overall integrity of the

pond system and to prevent the recurrence of the February
1980 chemical spill,

PLANNING THE SITE RESPONSE

Initiation of Site Response

Formulation of the final site response program began
on April 2, 1980 when the WQCB seant a letter to Anon A
directing it to submit a techmical report by May 15, 1980
on upgrading the pond system to comply with Class I
hazardous waste disposal facility standards. On May 15,
1980 Anon A submitted information on the scope of a study
being undertaken by its consultants. On May 20, 1980 the
WQCB adopted a Cease and Desist Order (CDO) that required
Anon A to "achieve compliance with waste containment
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. requirement by October 1, 1981", and study and report on
the following items:

¢ The causes of the February 1980 discharge and
overloading of the ponds

e An interim plan of action and commitment to imple-
ment the containment necessary to cover a 25-year
rainfall during the upcoming winter rain season

e The scope and schedule for permanent improvements
to the pond system, to comply with Class I
standards.

This CDO provided the formal institutional framework for
the interim response to prepare for the rain season of

1980-1981.

To comply with the Class I  facility requirement of
containing a 100-year rainfall, a WQCB engineer determined 300.65(a)
that the, pond system would need an 87 million gallon immediate
(3.3 x 107 1) surge capacity. The particular methods and removal

materials for attaining this surge capacity were worked
out through discussions between the state, and Anon A and

its consultants. Two general means were used for this 300.65(b)(6)
interim gite response, First, about 77 million gallons immediate

. (2.9 x 10" 1) of waste water were pumped out of the ponds removal
anddisposed of at an immediate removal approved facility.
Contingency for additional disposal was arranged with the 300.68(e){(3)
facility by Anon A. Second, the perimeter dikes were (iii) adequacy
upgraded by increasing their height and width, as well as of barriers

installing an ASPEMIX cut—off wall on the outer sides of
the West Pond. The installation of the ASPEMIX wall using
the vibrating beam technique during the summer of 1980
allowed the WQCB and Anon A to assess its effectiveness so
that they consider its use for the permanent improvements
to be implemented in the future.

The final site response, formalized in Waste Dis-
charge Requirements on December 1, 1981, included two
important directives that further shaped the final site
response. The first general directive was that the dis-
posal site should be upgraded to Class II-1 standards, not
Class I standards as initially considered. This change
was recommended by a WQCB engineer in an internal memo
dated November 25, 1981 '"because the wastes pose a low
degree of hazard as concurred with by the Department of
Health 8Services, Hazardous Materials Management Branch




and since the site will be controlled regarding input and
output, "i.e., no wastes generated outside the facility
will be accepted and no discharge from the pond system to
state waters will be permitted. GClass II-1 designation
will be sufficient for the contaimment of the wastes
on-site in accordance with provisions set forth in the
California Administrative Code, Section 2511 concerning
Class II-1 disposal sites."

Second, the Order included a specific acceptance of
the proposed use of the ASPEMIX cut-off wzll for providing
lateral waste containment. Permission for using the
ASPEMIX cut—off wall was orginally requested in a March
30, 1981 letter to the WQCB. But, since tthe WQCB did not
provide that acceptance by April 12, 1981 as requested by
Anon A in order to construct during the dry season, the
construction was not carried out in 1981, The CDC was
amended to allow for a later completion date for
installation. Officials of Anon A stated that they used
the intervening year for testing to optimize the ASPEMIX
material. The implementation of the formalized permanent
site upgrading plan to bring the site into compliance with
Class II-1 facility standards began in the summer of 1982
and is expected to be completed in the summer of 1983.

Selection of Response Technologies

The WQCB worked with Anon A and its consultants to
select the necessary response technologies that would
bring the sgite into compliance with Class II-1 facility
standards. The state waste discharge requirements for
Class II-1 hazardous waste disposal facilities have two
basic elements. First, the containment structyres must
have a permeability of less than or equal to 10 = cm/sec.
Second, no discharge to public waters is permitted. These
were general goals used as criteria for selecting response
technologies. The following section discusses the factors
involved in the overall planning of the program and the
selection of specific response technologies.

The initial action taken in response to existing
conditions at the Anon A site following heavy rainfall in
1980, was the disposal of approximately 74 million gallons
(2.8 x 100 1) of wastewater to create pond system capac-—
ity. The operation was undertaken prior to the initiation
of the site response program. involving the installation of
the ASPEMIX cut-off wall. Details of the disposal opera-
tion are discussed in the "Design and Execution" sectiom.

The site response program involving the installation
of an ASPEMIX wall was organized in response to a Cease

and Desist Order issued to the facility by the WQCB, in
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May 1980, following the February 1980 release. The Order
consisted of items with which Anon A had to comply within
a specified period of time. 1Items that were included in
the Order were as follows:

e Provide adequate pond containment to prevent a
recurrence of the February 1980 discharge.

e Permanently repair the west dike of West Pond

e Conduct a technical study of the site, and based
on results, design and implement an improvement
plan for the entire site, as needed,

The basic plan of action proposed by Anon A regarding
the four points listed above entailed the following:

¢ Increase system's surge capacity to handle a
25-year rainy season

- widen certain sections of dikes
- increase pond evaporation rates
=~ transport water off-site to extent necessary

e Contingency plan to handle rainfall up to a 1 in
100 year rainy season

- take some pesticide ponds out of service and
reserve them for excessive rainfall

- transport water to offsite disposal sites
during winter

® West Pond dike repair
~ use an asphalt seepage barrier wall
e OQverall dike area improvements

—~ would be based on consultant studies already
underway.

The final actions taken to diminish the possibility
of another chemical discharge as it occurred in February
1980, generally did not involve the upgrading of the dike
areas and because the remainder of this report is focused
upon the dike upgrading activities, the means by which the
first two Order items were complied with, will not be
discussed in any further detail.

As previously stated, the main area of concern at the
time the Cease and Desist Order was issued, was the west
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dike of West Pond. The decision to use an asphalt seepage
barrier wall resulted from careful examination of several
alternatives, Table 1 describes each alternative con-
sidered, and the reasons for which it was either rejected
or accepted in the Anon A site case,

An ASPEMIX wall was installed around West Pond to
correct dike seepage problems. ASPEMIX was selected
because it appeared to be both economically and
technically superior to other alternatives.

In October, 1980, Anon A's consultants completed a
report describing the on-site hydrogeologic investigation.
This report contained evidence that there was a low-level
ammonia contamination problem in the Fertilizer Pond
slough and its tributaries. The source was identified as
being the pipe bedding material along a 42-inch (107 cm)
storm sewer drain that runs along the east side of the
Fertilizer Pond. The extent of contamination was esti-
mated to be along most of the pipe bedding length,
amounting to about 1,500 feet (457 m) in total length. A
dam—type structure was installed at the southeast corner
of the pond to 1isolate the storm sewer and any seepage
from the bedding material below it, from the main ditch
(see Figure 5). Ammonia concentrations in the slough
dropped significantly during the next 3-month period,
November 1980 through February 1981, However, data
collected over the period February 1981 to early May 1981
indicated that ammonia levels in the slough were again
increasing. The rise and fall of ammonia councentrations
continued over the course of the following year. 1In April
of 1982, it was speculated that the most recent ammonia
contamination in the slough was occurring due to the same
encroachment problem that had existed along West Pond,
i.e., the poand level was sufficiently high that wastewater
was encroaching the protective clay cap that overlies the
clay seepage barrier and directly seeping into the slough.
In May 1982, action was taken to prevent further direct
seepage into the slough from the poud. The action con-
sisted of constructing a 150-foot (46 m) ditch along the
west side of the Fertilizer Pond. The ditch acted as an
interceptor trench and the seepage fluid collected was
pumped back ianto the pond. This system, however, did not
function properly, and during the summer of 1982, addi-
tional measures were taken and two dams were built at the
southwest and northwest corners of the slough to prohibit
further contaminant movement through the drainageway.

The ASPEMIX barrier wall techanique was not officially

approved by WQCB for the Cease and Desist Order until
December, 1981. It was at this point that the facility
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TABLE 1. ALTERNATIVE REMEDIAL TECHNIQUES

Remedial Alternative

Technique Deacription

Rationale for Rejection/Acceptance

NCP
Reference

1. Bay Mud-Clay Dikes
{Re jected)

Reconatruction of dike exclu-
sively using Bay Mud

Past record of clay-soil embank-
ments on site not impressive;
continual seepage/ leakage prob-
lems caused by clay shrinkage and
cracking, and interfaces in the
clay due to comstruction in short
sections in order to minimize dike
instability

Limited Bay Mud on site due to
past recovery operations

Transport of clay from distant
source would create lapses in
placement or moisture content and
could result in flaws in the seal

With decreases in moisture
content, clay shrinks and develops
cracks; when conditions ere dry
and pond levels dry, risk is great
for cracking, especially along
higher elevations of dike

Problem of dike stability during
construction activities; dike
faiiures inevitabie

Length of time needed to complete
would have been 2 yeares

Expense high due to length of time
needed for completion

300.70(b) (1) (ii)
(B)(1)

gurface water
controls

(continued)

Source: JRB Associates

FOR PERMANENTLY UPGRADING DIKE AREAS AT ANON A FACILITY
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TABLE 1.

(continued)

Remedial Alternative

Technique Description

Rationale for RejectionfAcceptance

NCP
Reference

1.

Bay Mud-Clay Dikes
(Continued)

Cost for the wall much less than a
technique uaing clay ,

Time required to install equal
lengtha of an asphemix wali and a
clay based structure differ
greatly; the ASPEMIX wail could be
installed in half the time

Wastewater Disposal
{Accepted)

Disposal sf 74 million gallons
(2.8 x i0” 1) of wastewater at
appropriate facilitiea

Most economicaliy and technically
feasible means of bringing pond
system back into positive water
balance and provide needed surge
capacity

Soil-Bentonite and
Cement—Bentonite
Slurry Trench
Cut—off Waile
(Rejected)

Conatruction of a seepage cut-
off wall between dike and
drainageway using the slurry
trench technique; entails
excavating a trench, using a
siurry to keep the treunch

open and then backfiiling with
soil-bentonite or using the
slurry, in the case of &
cement-bentonite wall

Bentonite mixtures incompatible
with fluide in ponds

Possible site access problems,
high water table and saturated
ground conditions

Past experience manifested very
little confidence in clay barriers
of any type

High risk of dike collapse during
tranching activities

300.70{b}{1)(i11)
(AX(1)

slurry walls

(continued)
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TABLE 1.

(continued)

Remedial Alternative

Technique Description

Rationale for RejectionfAcceptance

NCP
Reference

4. Interceptor

Trenches
(Rejected)

Conatruction of trenches
between dike and drainageway
in which any seepage would
be collected and pumped back
into pond system

High water table produces poten-
tial dike stability problems

S8ite access problems due to
saturated ground conditions

Higher potential for surface water
contamination due to increase in
volume of water surrounding ponde

Requires continuous maintenance

300.70(b)(1)(ii)
(B)(2)

surface water
controls

5. Synthetic Liners
(Rejected}

Placement of liners along
inpide of pond dike walls

Pond system operations would have
been required to stop while liners
were emplaced

High potental for
ruptures/punctures along liner
seams

Great difficulty involved with
installing liners in pre-—existing
facility structures

300.70(b) (1) (iii)
(0)(3)

liners

(continued)
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TABLE 1.

(continued)

Remedial Alternative Technique Description Rationale for Rejectionf/Acceptance Nce
Reference
6., ABPEMIX Wall Installation of an ASPEMIX ASPEMIX is compatible with all 300.70(b}(1)(ili)
(Accepted) cut-off wall between dike and pond fluide (AXY(1)

drainageway; the ASPEMIX is
injected into the ground using
the vibrated beam method; and
conaiste of asphalt emulsion,
sand, cement, and water.

Laboratory testing revealed
perpgabilities rangipg between
lOrT3 cm/sec to 10 to cm/nec,

The ASPEMIX wall is relatively
plastic so g8 to realst cracking

Minimal maintenance required

slurry walls
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management finalized its plans to install an ASPEMIX wall
around the remainder of the pond site with the exception
of two relatively small areas, During the months of
August and September, 1982, a wall was ianstalled along the
west and east sides of the Fertilizer Pond (see Figure 5).
It was then projected that the remainder of the pond area
would be secured with an ASPHEMX wall during the dry
season of 1983,

Extent of Site Response

Although the site response program has not yet been
completed as of January 1983, the extent of the site
response was determined to constitute the work necessary
to bring the site into compliance with the Waste Discharge
Requirements for Class II-1 hazardous waste disposal
facilities under the California Administrative Code, which
were adopted for the site in December 1981. The two basic
requirements for Class II-1 disposal facilities are that
they allow no waste discharge to surface drainage courses
or to usable ground water, and that they provide protec—
tion from discharge during a 100-year rainfall.

The waste discharge requirements for this site
specifically stipulate that a containment structyre must
have a permeability of less than or equal to 10 ° cm/sec
and the underlying Bay Mud into which the E?rrier wall is
being keyed must have a permeability of 10 ' cm/sec. The
California Class II-1 requirement to coatain a 100-year
rainfall, is based on the dike height and stability and
the wastewater surge capacity with contingency plans f o r
additional off-site disposal if necessary.

DESIGN AND EXECUTION OF SITE RESPONSE

The first response action undertaken at the Anon A
site was the removal and disposal of 74 million gallons
(2.8 x 108 1) of wastewater from the surface impoundment
system. Because of the heavy rainstorms during 1981, a
wastewater disposal operation was undertaken by Anon A to
provide the needed surge capacity, and to bring the pond
system back into a positive water balance. Wastewater was
pumped into 5,400-gallon (20,439 1) tank trucks and
shipped to approved disposal facilites. The disposal
operation occured during the summer and fall of 1980 at a
rate of over 100 truck loads per day, and was completed on
October 16, 1980, The different wastewater types (e.g.,
fertilizer and pesticide wastewater) were disposed of at
different facilities based on their hazard category and
related statutory disposal category (see Table 2)., Since
the disposal operation was largely a straight forward
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TABLE 2.

WASTEWATER DISPOSAL OPERATION SUMMARY

Waste Type

Carbamate fungicide
wastewater

Amount

44 .6 million gallons
(1.7 x 10° 1)

Disposal Location

Collinsville, CA
Class II-1

Pesticide wastewater

9.3 million gallons
(3.5 x 107 1)

Martinez, CA
Class I

Fertilizer wastewater

20.5 million gallons
(7.7 x 107 D

Unknown
s0il reclamation

pumping, hauling and disposal operation, the primary focus
of this section is on the ASPEMIX cut~off wall,

The final compositional design of the ASPEMIX wall at
the Anon A site resulted from the interplay of several
factors. However, past experience with embankments
consisting of clay materials had a major influence on the
selection of a wall composed of a material other than
clay. In the case of the Anon A pond system, the wall
material selected is an asphalt mixture. The "ASPEMIX",
as it is termed, is a combination of asphalt emulsion,
sand, cement, and water. The exact proportion of each
constituent that was used in the mixture(s) was determined
through laboratory compatibility testing of various
asphalt mixtures and existing pond fluids. Testing was
performed over a period of 2 to 3 months. The asphalt
mixture used around the different ponds is essentially the
same, with slight variations depending upon the fluid
contained within the pond,

The parameters involved in the structural design of
the ASPEMIX barrier wall are: wall width, depth, length,
and linear configuration. The depth to which the wall
extends below the surface, the length and its linear
configuration in the case of the Anon A facility were all
dependent upon the pre—existing dikes, the geologic condi-
tions, man-made structures (both surficial and subsur-
ficial e.g., power lines, pipe systems) and the locations
of the areas in need of repair. The width or thickness of
the ASPEMIX wall was not dependent upon site conditions
but rather was pre-determined by the width of the beam
used for wall installation.

Construction of an ASPEMIX barrier wall requires the
use of one crane suspended I-beam which is connected to a
vibrator. The beam is locked in a guide frame for posi-
tioning purposes and stabilized by a hydraulic foot that
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provides guidance and aids in keeping the inserted beam
vertical. The ASPEMIX material is mixed and contained
within a small mixing plant at the rear of the beam rig
and is injected through a set of nozzles located at the
base of the vibrated beam (see Figure 6). At the comple-
tion of each panel, the rig is moved along the direction
of the wall. Every injected panel is overlapped by the
following insertion in order to ensure continuity of the
completed wall, This process is repeated until the wall
is complete. All wall installations required the use of
one beam rig.

The first ASPEMIX wall at the Anon A facility was
installed during the summer of 1980, along the north,
west, and south boundaries of West Pond. The total time
taken for installation was 6 weeks. Operations began in
the northeast corner of the pond and progressed southward
and around to the southeast cormner where the wall termi-
nates. The wall is approximately 2,000 feet (510 m) in
length, 10 inches (25 cm) in width and extends to an
average depth of 17 feet (5 m), passing vertically through
the center of the dike along the outside of the clay
seepage barrier (see Figure 7).

Pre-construction site preparation activities were
often necessary. These activities most frequently
involved widening the dike structures to enable the
ASPEMIX rig to move along the top of the dike. Dike
reinforcement involved extending the dike width to a
minimum of 25 feet (8 m). This widening process was often
selective due to the fact that some dike areas already had
a minimum width of 25 feet (8 m). When the installation
process was complete and the rig equipment removed, the
dikes were then built-up to meet dike height requirements.
Consolidation of the earthen material due to the weight of
the equipment caused the lowering of the top elevation of
the dike.

The actual wall installation process involved a great
deal of testing and visual monitoring to ensure an
effective barrier, The two most important and critical
features of the completed ASPEMIX wall are; (1) the
verticality and alignment of the beam—~injected panels and
(2) the uniform composition of the ASPEMIX across the
wall. Verticality and precise alignment of the ASPEMIX
panels is of great concern during and after installation,
because without precise alignment the chances that gaps or
windows remain within the wall are greatly increased.
During installation along West Poand a general type of
level device used to measure the angular displacement of
the beam as it was driven into the ground.
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In addition to beam verticality, there were several
other parameters relating to the character of the ASPEMIX
that required close monitoring during installation, There
were five tests performed on the asphalt mixture to ensure
that its consistency did not vary and they were as
follows:

e Mix consistency

e Fluid content (asphalt and total moisture)
e Asphalt content

e Aggregate particle size

® Stockpile moisture content.

The first two tests {(mix congistency and stockpile
moisture content) were conducted as required; at times
when, for example, material was brought in from a new
source or the appearance of the mix was slightly different
than what it should have been. The remaining three tests
(fluid content, asphalt content and aggregate particle
size) were each conducted twice daily. At the outset of
installation activities, it was necessary to monitor these
ASPEMIX characteristics as often as twice daily, however
it was the overall belief that, with time, the variability
initially observed in the ASPEMIX, over the course of a
day, would lessen, and such stringent testing would be
deemed unnecessary. This predicted decrease in variabili-
ty, however, did not occur and consequently the original
testing schedules were maintained.

As previously stated, the barrier wall installed
around the exterior portions of West Pond terminates at
the pond's southeast corner. The wall does not continue
along the southern sides of Pond 1W and the spill pond
(see Figure 5). These dike areas contain clay liners and
there has been no evidence of seepage problems in these
areas and therefore they were viewed as not requiring
additional improvements.

The construction season or dry season of 1981 passed
without any additional work being performed at the pond
site. Prior to any further installation, it was necessary
that the ASPEMIX wall technique be approved by the WQCB.
The time lapse between wall installations was primarily
due to the fact that WQCB-didn't receive the site response
plans from Anon A for review until March 30, 1981. The
WQCB wasn't able to complete its review by April 12, as
requested by Anon A in order to meet the 1981 dry season
schedule. The technique was approved in December 1981.
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At this point, final plans were made to continue the wall
along the east side of the Fertilizer Pond (see Figure 5).

Installation of the ASPEMIX wall along the east side
of the Fertilizer Pond began on July 15, 1982 and was
completed on September 25, 1982. The total time taken for
completion was approximately & weeks, the same time taken
for West Pond, Although the same amount of the time was
necessary for the two installations, there were differ-
ences between the two installation operations, and differ-
ences between the walls themselves. The Fertilizer Pond's
east side wall is 2929 feet (893 m) in length, 17 feet (5
m) in depth, and about 10 inches (25 cm) in width. The
wall extends from the southeast corner of the Fertilizer
Pond, along the railroad track for approximately 2,200
feet (670 m), and then shifts west toward the southeast
corner of the Borrow Pond where it ends. The approach
taken during the design stages of the second wall were
slightly different than those taken during the design of
the West Pond wall. 1In the second case the facility man-
agement took command of the structural design and played a
major role in the design of its composition. The facility
management in agreement with their contractor, arranged
for additional compatibility testing on various asphalt
mixtures. During the design of the West Pond wall, the
ASPEMIX testing was performed exclusively by the contrac-
tor. This degree of involvement on the part of facility
management did not result from any particular problems.
They believed that the additional testing would enhance
the quality of the final product and its effectiveness.

Operations along the east side of the Fertilizer Pond
were somewhat more complicated than those for the first
installation due to the presence of powerlines, storage
facilities, pipeways, and railways. Detailed wall design
and construction planning prior to the actual installation
were both critical in anticipating and avoiding problems
and delays that could have been caused by these struc-
tures. Several facilities were relocated and underground
pipeways and railways were moved. 1In addition, twice the
entire fertilizer plant's power was shut off so that power
lines could be relocated. Despite the extra construction
activities necessary during the second installation and
the additional 1,000 linear feet (305 m) of area to cover,
the second installation was completed in the same amount
of time as the first. The difference in completion time
between the two operations was primarily due to the fact
that during the Fertilizer Pond installation, both
contractor and facility management were working with the
experience gained from the West Pond operation and overall
organization was greatly improved.
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During the second operation two angular displacement
measurement devices were initially used simultaneously.
One device was a digital "tiltmeter" and the second
instrument consisted of a laser guidance device, At a
certain point during operations the use of the digital
tiltmeter was discontinued due to the time—consuming proc-—
ess of using it which required that the beam be stopped
for each reading. The improved laser device permitted the
continuous operation of the vibrated beam, resulting in a
faster rate of wall installation. The ASPEMIX testing
procedures for both operations, were the same.

It was 6 days after the completion of the Fertilizer
Pond's east side that installation activities began along
the pond's west side. Installation on the west side began
on September 1, 1982 and was completed on September 16,
1982. The west side wall is 1,173 feet (358 m) in length,
17 feet (5 m) in depth and approximately 10 inches (25 cm)
in width, It extends from the northwest corner of the
spill pond to the southwest corner of the Fertilizer Pond.
An ASPEMIX wall was not installed along the south side of
the Fertilizer Pond due to the fact that seepage problems
were never observed along the south dike and that studies
showed the clay liner to be intact.

All testing and monitoring procedures were similar to
those undertaken during installation along the east side.
There was one considerable difference between these two
operations. During the west side installation, approxi-
mately two~thirds of the distance down to the southwest
corner of the Fertilizer Pond where the wall was to end,
the vibrated beam rig was relocated at the southwest cor-
ner and proceeded along the dike in a northerly direction.
This change in direction was instituted due to the pres-
ence of an aerial powerline that ran perpendicular to the
line of installation. Subsequent to the change in direc-~
tion to avoid the powerline, the rig then moved northward
to meet and connect with the earlier installed segment.
Qther than the single powerline, there were no further
complications. The completion of the east wall ended the
construction activities undertaken in 1982,

The remaining exterior dikes through which an ASPEMIX
wall will be installed, include all the areas not yet dis-
cussed. The final wall to be installed will extend from
the southeast corner of the Borrow Pond and will follow
the dike areas north and then east to the northwest corner
of West Pond. Construction activities for this wall's
installation are presently scheduled to commence on July
1, 1983. The wall will be approximately 4,000 feet (1219
m) long, 17 feet (5 m ) deep and 10 inches (25 cm) wide.
The entire process is estimated to take about 6 weeks.
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Initially the remaining unfinished areas were to be
completed in 1982 following the wall installatiomn along
the east gide of the Fertilizer Pond. There were problems
with this proposal, however, due to high pond levels and
saturated ground conditions along these dike areas. The
greatest area of concern was the north side of the site.
Directly north of this boundary lies a residential area.

There was concern that heavy equipment positioned on
the saturated earthen embankments would cause a dike fail-
ure and possible pond release. The facility management
felt that the risk of dike failure and 1its potential
hazards from a dike failure was much too great to proceed
as origivally planned. For this reason the decision was
made to complete the installation along the east side of
the site and continue the remaining areas in 1983,

COST AND FUNDING

Source of Funding

The company paid for all projects costs which
amounted to a total of $10,314,276.

Selection of Contractors

The environmental/engineering consulting firm was
chosen for overall design and constructing management
because of their previous 12 years of work related to the
site. The general construction contractor was chosen for
the cut-off wall installation because they were the only
company with demoustrable experience with this type of
cut-off wall, They also provided specialized equipment
and expertise. A local construction company was subcon-
tracted to perform the installation based on their capa-
bility and competitive price.

Project Costs

Cost information on the installation of the ASPEMIX
cut-off wall during 1981 and 1982 and transportation and
disposal of the wastewater during the 1980 is given below.
The cost information was obtained verbally from the
company and its contractors, no invoices were available,

ASPEMIX Wall

The total cost for the 103,734 square feet (9,637 mz)
of ASPEMIX wall and related coanstruction during 1980 and
1982 was approximately $1.8 million. About §1.2 mil-
lion, or 68Z of this total was for the cut—-off wall
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itself. The grading of a 25 foot (8 m) staging path on
top of the dikes to facilitate the ASPEMIX wall construc-
tion, cost about $350,000. Utility alterations, including
sewer and water line reconstruction, cost about $200,000.

The unit construction cost of the 17 foot (5 m) deep
cut-off wall, excluding site preparation and ,material
testing varied from about $7/square foot ($75/m“) during
the 1980 instal&ation of about 2,000 linear feet (610 m)
or 34,000 feet® (3,159 m®), to about $14/square foot
{$150/m“) during the 1982 installat%?n of aboyt 4,100
linear feet (1,250 m) or 69,700 feet” (6,457 m"). For
most flat, unobstructed sites, costs for an ASPEMIX wall
estim%fed by the contractor at about $5/square foot
($54/m“). Two factors that resulted in increased costs
for the Anon A site were:

e Labor costs in the area are relatively high. For
example, according to the contractor, a crane
operator on this job earned $38.28/hour compared
to $510/hour 1in the Houston, Texas area. The
average hourly labor cost was $28.50/hour compared
to $5/hour in Houston.

e Equipment operation on top of the dikes was
problematic and time consuming. Descending and
remounting the dike was necessary for several
utility obstructions. This cost would be
insignificant with a flat staging area.

The low cost of $7/square foot ($75/m2) for the 1980
installation was maintained at some loss to the contractor
in order "to get a foothold in the area® market, and also
because the 1980 section was relatively easier to install
than the 1982 section. The unit cost for the final
section in 1983 is expected to be about $8-9/square foot
($86—97/m2), because of fewer obstructions and greater
experience with installations through dikes. This unit
cost will, however, depend on material costs at the time.

The component costs of the ASPEMIX wall installation
were about equally divided between three categories:
labor, equipment and materials. The daily equipment costs
were about $2,000 (other component costs were incon-
sistently available or were claimed to be properietary).
The major equipment costs were: B80-ton (73 Mt) crane -
$600/day, vibratory pile drive assembly - $600/day,
ASPEMIX wixing equipment - $500/day, and miscellaneous
support equipmeat ~ $300/day. Mobilization cost was about
$40,000.
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The direct equipment costs for measuring the verti-
cality and alignment of the beam during installation
proved to be less important than the indirect cost
resulting from their use. The laser unit cost more to
rent than the Digitilt Tiltmeter, but was less time
consuming to use. The laser alignment system rental cost
was about $1,500-2,200/month. The monthly rental cost for
the complete Digitilt Tiltmeter system, including a bore
hole sensor and readout display with connecting cable and
pulley assembly, was about $480-655/month. Despite its
lower cost, the Digitilt Tiltmeter was discontinued
because it was more time consuming to use than the laser
system.

The quality control operation costs were greatly
streamlined as Anon A gained confidence in the contractor.
During the initiation of the construction, there were more
inspectors on-site than laborers, but later the number of
inspectors was reduced significantly as QC became a
routine part of crew work. The QC testing for the compo-
gition of the ASPEMIX material was performed once a week
by a local engineering firm for a total of about $20,000.

Future costs of the ASPEMIX wall at the Anon A site
include construction of the final 4,000 feet (1219 m)
around the northeast corner of the ponds (see Figure 2)
and future monitoring. The monitoring system and its
costs have not yet been established as of January 1983,
but will be part of compliance with the site's waste
discharge requirements as a Class II-1 disposal site.
Assuging a unit cost of about $8-9/square foot ($86—
97/m”), the 17 foot (5 m) deep x 4,000 foot {1219 m) long
cut-off wall or 68,000 square feet (6,317 m”), will cost
between $544,000 and $612,000. This would bring the total
project construction cost to about $2.3-2.4 million.

Wastewater Disposal

The total cost for disposing of about 74 million
gallons (2.8 x 108 1) of various types of wastewater
during 1980 to provide extra surge capacity, was about
$8.5 million. The wastewater disposal contingency plan
for controlling surges during heavy rains was also used to
a lesser extent during 1981 and 1982, But, since this
subsequent wastewater disposal could not be quantified,
the partial list of project costs was not suvmmed in Table
3 to avoid the impression of a total project costs.

Because of its differing chemical characteristics,
and correspondingly different disposal costs, the waste-
water was separated into the following three categories:
carbamate fungicide waste, pesticide waste and fertilizer

1-40

300.68(1)
alternatives
analysis cost




waste. Disposal of this waste was on a per-gallon basis,
which included both transportation and disposal.  Costs
are detailed in Table 3. The costs for pumping equipment
and labor, and support logistics are not included because
these activities were in-house costs for Anon A and could
not quantified.

Pesticide waste was considered a State of California
Class I hazardous waste and was disposed of at a properly
licensed facility in Martinez, CA, about 15 miles (24 km)
from the site. The total cost for dispasal and transpor-
tation of 9.3 million galloms (3.5 x 10" 1) of pesticide
wastewater was about $1.4 million. The unit cost for
pesticide waste transportation and disposal was about
$0.15/gallon ($0.04/1) or $0.01/gallon/mile ($.0024/1/km).
The trucks held 5,400 gallons (20,439 1), hence the
transportation and disposal cost was about $810/truckload.

Carbamate fungicide wastewater was considered a Class
I1I-1 waste, and was disposed of at a licensed facility in
Collinsville, CA, about 50 miles (80 km) from the site,
The total Fost for the disposal of 44.6 million gallons
(1.7 x 107 1) of carbamate wastewater was about §5.2
million, The unit cost for carbamate wastewater trans-
portation and disposal was about $0.12/gallon ($.03/1) or
$.0024/gallon/mile ($.0004/1/km). The disposal and
transportation for each of the 5,400 gallon (20,439 1)
trucks was about $648,000.

Removal of the excess fertilizer wastewater involved
only transportation costs, because the water was trucked
to a U.S. EPA subsidized land reclamation project at Veale
Tract Farms in the Sacramento River delta area, At a unit
cost of $0.02~0.03/gallon ($0.00?/1), the transportation
of 20.5 million gallons (7.7 x 10° 1) of fertilizer waste-
water cost about $408,000-612,000.

The future costs for wastewater disposal include the
removal costs for future surge capacity, as needed. This
removal is part of the contingency plan for handling
future rain storms beyond the pond system capacity, and
was already used in 1981 and 1982 during heavy rainstorms,

PERFORMANCE EVALUATION

The effectiveness of the ASPEMIX walls currently
installed at the Anon A pond site, to date, has been
assessed only by means of visual inspection. No monitor-
ing well data are currently available because the
monitoring well system has recently been installed. The.
exterior portions of the dikes bounding the West Pond and
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TABLE 3. SUMMARY OF COST INFORMATYION-ANONYMOUS

SITE"A", NORTHERN SAN FRANCISCO BAY AREA, CA.

Task . Actual Estimated Funding Period of
Quanticy Expenditure Unit Cost Future Coet | Source Performance
A.Total Waste Total: Total (c) (a
Water {W.W.} 24,3 milidon gallons $8.5Imillion - Unknowmn Anon A, July-Oct. 1980
Transportation (19.6 million 1)
and Disposal
1. 5“;”““ 9.3 million gallons | ($1.395 million) 15¢/gallon (4¢/1) Unknown | Anon A, July-Oct. 1980
o : 1¢/gallon/mile
15 miles (24 Km.) (0.24/1/km)
2. Carbamate 14,6 million gallons [ ($5.23 million) 12¢/gallon (3.2£1) Unknown Anon A. July-Oct. 1980
fungicide W.w| (168.8 million 1) 0.24¢/gallon/mile
i 50 miles {80 km) (0.044/1/km)
20.5 million gallons | ($408,000-612,000) 2-3¢/gallon (0.5£/1) Anon A. July-Oct. 1980
3. Fertilizer (77.2 million 1)
W.W. (b) distance unknown
. ASPEMIX Wall and| Total: 2 Subtotal:
Related Work LQJ;IJﬂ.SﬁQL $1,784,276 - - Anon A. -
(9,637 m<)
. Dik 1 25 foot (Bm) wide ($350,000) - - A ) Intermittent
1 @ grading staging area aa non A 1980 - 1982
intermittently needed
2, Utflicy water, sewer and ($200, 000 ) - - Anon A. Intermittent
alterationg | electrical work 1980 - 1982
J. ASPEMIX Wall
{d) Installacion A A
1) 1980 34,000 Feetd (3159m2){ ($238,000) $7/foot? ($75/m2) | $544,000- non A. June-Aug. 1980
11) 1982 69,734 feet? (6478m?) | ¢ $976,276) $14/foot2 (§150/m?) | 612,000 Anon A. July~-Sept.1982
TUTAL $10.3 willion

(a) Future diuposal is a part of the heavy
rainfall contingency plan, and was used

during winer 1981

{b) 'fransportation cost only, disposal waa
free at a U.5. EPA subsidized land
reclamation protoct

(c) Excluding in-house pumping and

coats

(d) 17

feet (5m) deep

logistical




the Fertilizer Pond are, however, inspected regularly for
any signs of seepage., The results of these inspections
have been positive according to representatives from both
the facility management and WQCB. Some of the most con-
vincing evidence that the wall is performing as it should,
is the absence of seepage fluids along the boundaries of
West Pond, for it had been along these boundaries that the
past seepage problem had been most prominent and visible.

In addition to the regular inspections conducted to
ensure that there is no further seepage occurring along
the drainageway, there is a test section of the ASPEMIX
wall which can be inspected directly. The test section,
approximately 30 ft x 30 ft x 6 ft (9 m x 9 mx 2 m) is
separate from the seepage barrier and has been excavated
such that a portion of the ASPEMIX wall is visible. This
open section of wall will be used in the future for
purposes of testing the ASPEMIX material to detect any
degradation that might be occurring. In general, the
asphalt-based mixture is resistant to most chemicals, and
inorganic chemicals in particular pose no hazard to an
ASPEMIX wall's integrity and containment capability. The
~overall consensus among those involved with the site's
upgrading appears to be that the seepage problem has been
arrested, Both the state and the facility management
feel, however, that monitoring well data is necessary to
make a complete assessment of the present conditions., A
monitoring well system has recently been installed and
includes a number of wells along the three existing walls.
Only when monitoring data becomes available, will a com-
plete and thorough assessment of the wall's effectiveness
be possible.

The remedial work at the Anon A site is not yet
complete due to the combination of the site's large size
and the seasonal weather conditions in the area. The
projected completion date for the remaining wall installa-
tion activities is estimated to be mid-August 1983.
Meeting this deadline, however, will depend upon pond
levels and ground conditions at the time when activities
are to begin in July 1983.

The vibrated beam ASPEMIX method for constructing a
barrier wall is a relatively novel technique and because
it has not been extensively utilized for hazardous waste
management, there are many questions relating to its
ultimate effectiveness. Two of the greatest concerns with
ASPEMIX wall installations are: (1) the vertical align-
ment of the beam-injected ASPEMIX panels and (2) the
ability to key the panels into an impervious layer below
(unless the waste to be contained 1is floating). As
previously mentioned, it is extremely important to ensure
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that the individual panels are identically aligned and
overlap one another. If, in fact, alignment is not
identical and panels do not overlap, gaps or windows will
remain within the wall. These windows can then act as
conduits for seepage. To minimize the potential for such
openings, the process of lowering the beam into the ground
during installation must be scrutinously monitored and
checked. This aspect of the installation process is of
utmost importance and must be ensured. To provide
assurance against potential openings in the wall, the
ASPEMIX walls at the Anon A site were installed under
strict specifications and monitoring requirements. To
complement the contractor's specifications and provide
extra confidence in the final product, Anon A designed and
implemented additional process monitoring requirements.

The second concern involves the ability to key or tie
the wall into an impervious layer below. A barrier wall
that is not continuous with depth is of little use in a
situation where contaminants are able to migrate downward,
The key-in of a wall is not a concern if the waste is less
dense than water and floats on the water surface. This
aspect of a wall installation , the key-in, in the case of
the Anon A site, however, was not a major concern due to
the presence and extent of the Bay Muds below the site.
The subsurface conditions at the Anon A site are, in fact,
probably the most desirable for an ASPEMIX wall installa-
tion because clays are relatively impermeable and easily
penetrated, allowing the undisturbed passage of the beam
into the ground and easy injection of the ASPEMIX.

There are numerous site scenarios in which the
ASPEMIX barrier wall may not be applicable and prior to
any decision, a variety of factors must be considered.
The waste type{(s) to be contained is a major consideration
in deciding whether or not to install an ASPEMIX wall.
Asphalt is resistant to most chemicals, e.g., inorganic
chemicals, dilute acids, lower alcohols, glycols, and
aldehydes. However, it is not compatible with concen-
trated mineral acids, polar, and non-polar solvents, and
chlorinated, aliphatic and aromatic hydrocarbons. EKetones
will also affect asphalt, and phencls may induce slow
degradation. These are only general guidelines and any
remedial action selection process should eatail an exten-
sive compatibility testing program prior to a final
decision.

Another factor which can ultimately limit the
applicability of an ASPEMIX wall at a particular site is
the site's geclogic environment, Subsurface conditions
are critical for several reasons. In order to lower the
vibrated beam into the ground the subsurface materials
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must be granular in nature. It is virtually impossible to
penetrate hard materials with a wvibrated beam., Boulder
sized rocks are also cause for problems during installa-
tion. The other point to be made concerning geologic
conditions involves the issue of the wall key-in with an
impervious layer, The optimal conditions for this
requirement are those found at the Anon A site i.e., the
existence of penetrable and impermeable clays. In most
scenarios, the wall must be keyed into a relatively
lmpermeable layer, however, an impervious layer that is
impenetrable may produce problems in ensuring that the

wall is, in actuality, keyed-in. There 1is no method
available with which to monitor whether or not .the ASPEMIX
wall forms a seal at depth. Grouting any open areas

between the wall bottom and the impervious layer is not as
easy a solution in the case of an ASPEMIX wall as it is,
for example, in the case of a bentonite slurry wall
because it is not possible to grout through an ASPEMIX
wall. It is possible, however, to inject grout along the
sides of the wall.

The effectiveness of an ASPEMIX wall in a particular
situation, as with any other remedial measure, reflects
the extent to which the site conditions and remedial
options have been investigated and thoroughness with which
these are understood. Depending upon the site scenario,
an ASPEMIX wall can either be highly effective or it can
be entirely wrong approach to the problem. In the case of
the Anon A site, to enclose most of the pond area with an
ASPEMIX barrier appears to have been, from a technical
standpoint, the most appropriate choice, and appears to be
performing as anticipated with no reason to believe it
will perform any differently in the future,
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ANORYMOUS SITE B

NORTHERN CALIFORNIA

INTRODUCTION

A large chemical company operates a manufacturing and
packaging plant in northern California. In the fall of
1979, Company officials learned of complaints from neigh-
boring firms of bad-tasting well water. Additionally,
Company officials noted an unexpected dry-season water
discharge into a nearby bay from a storm drain at the
plant. The discharge was analyzed and found to contain
herbicides. Subsequently, the Company tested ground and
well water and discovered that, while contamination of
neighboring wells was not detected, ground water below
part of the plant's wastewater treatment system was
contaminated with solvents and several herbicides. The
Company reported the problem to the appropriate state
officials,

Background

The Company has operated at the site for over 80
years, manufacturing and packaging industrial chemicals,
and pesticides. The site is directly adjacent to a bay,
in a heavily industrial urban area., 1In 1971, the Company
constructed a system to collect and treat rainfall run—off
and rinsewater from the plant's chemical handling areas.
The system included ‘a series of tanks, ponds, carbon
columns, and a 300-foot-long (91 m) underground chemical
drain connecting a tank to a pond. For part of its length
the chemical drain closely paralleled a storm drain and a
sanitary sewer beneath Avenue "X". (See Figure 1) After
conducting a number of test borings along and between
Avenues X and Z in autumn, 1979 and finding toluene and
various herbicides in shallow ground water, Company
geologists concluded that the sources of contamination
were: seepage from the chemical drain; a buried "skimmer
tank”; a number of small chemical spills; and possibly an
unlined evaporation pond.

In January 1980, the Company presented their findings
to the State. Over the next six months, Company and State

officials further investigated the nature and extent of
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contamination and reached an agreement on response
measures that the Company was to take.

Synopsis of Site Response

Between August and November of 1980, the company took
three measures to reduce contamination at the site,
including: installing a subsurface interceptor drain,
taking out of service and decontaminating the skimmer
tank, and replacing the 300-foot (91.4 m) chemical drain.
The interceptor drain, or "French drain"™, was the major
element of the response, The drain is 261 feet (80 m)
long, and 12 to 17 feet (3.6-5.2 m) deep. It is filled
with gravel and contains a perforated pipe at the bottom
which drains into a sump. Intercepted contaminated water
is pumped from the sump through the chemical draio to the
same carbon treatment columns that treat the plant's
wastewater. The Company decommissioned the skimmer tank
by removing sludge, rinsing the tank, perforating it to
allow ground water to fill it, filling it with gravel, and
capping it with soil.

SITE DESCRIPTION

Site B, located in northern California, is situated
along the tidal flats of a bay in an industrial center,
It is approximately 82 acres (32.8 ha) in size and is
within 1500 to 2000 feet (457-610 m) of private resi-
dences. Figure 1 shows a schematic diagram of Site B.

Surface Characteristics

The region in which Site B is located maintains an
average annual temperature of 59°F (15°C). The frost—free
season is 260 to 300 days and the average annual precip-
itation is 14 to 22 inches (36-56 cm).

The site itself is relatively flat with elevations at
or near sea level in some places and between 10 and 20
feet (3.0-6,0 m) in most. The southern and eastern por-
tions of the site lie along marshland, while the southern-
most boundary is adjacent to a mudflat located in the bay.

The soils at the site are predominantly classified as
Urban Land, while those in the southeastern corner are
classified as Reyes Silty Clay. These are small areas
where 20 to 40 iaches (51-102 cm) of silty clay loam or
loams have been deposited. Generally, the entire site is
of the Clear Lake-Cropley Association. These soils are
nearly level to gently sloping, very poorly drained, and
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moderately well-drained clays on valley fill and in
coagtal valley basins. Hence, permeability is slow and
available water capacity is 0.5 to 3.0 inches (1.3-7.6
cm)., Runoff is very slow, therefore there is no hazard of
erosion. Some areas are, however, subject to inundation
during high tides. Thus, the soils are moist and the
water table is high to very high., Vegetation in this area
includes pickleweed, saltgrass, and some sedges.

Hydrogeology

A hydrogeologic investigation of the site included
soil auger borings and 1installation of ground water moni-
toring wells in the areas shown in Figures 2 and 3, These
studies revealed that surficial fill materials, as thick
as 2 feet (0.6 m) in some instances, overlie a 3 to 4—foot
(0.9-1.2 m) thick plastic to very firm and dark gray clay
layer. This clay layer eventually grades through a 2-foot
(0.6 m) interval into a light gray silty clay. This light
gray silty clay contains some pebbles and streaks of
white, crumbly sand. It is underlain by a yellow-brown,
clayey fine sand that is very clayey and firm at the top
and gradually becomes less clayey (as the sand and/or
pebble content increases) with depth. The upper clayey
interval is usually moist but not saturated. The thick-
ness of this layer of clayey sand and gravel is wvariable,
ranging from a few feet to approximately 20 feet (6.0 m).
The next layer which underlies the clayey sand and gravel
layer is a very firm, unsaturated silty clay layer. The
water bearing zone is therefore, only a few feet thick and
confined at both the top and the bottom by unsaturated
clayey beds.

Cross sections of some hand auger borings taken on
Avenue X are shown in Figure 4. As these cross sections
show, the subsurface waterials are predominantly fine-
grained with some coarser material,. The horizontal
distribution of the coarser material varies at the site.
Very little coarse material is found north of Avenue Y
(see Figure 2). A gravel and coarse sand zone however,
does exist in a southeast-northwest trend from the skimmer
tank area. This area is characterized as a fine clayey
sand with gravel lenses separated from other gravel lenses
by the fine clayey sand,

Ground water level elevations were determined for
Site B from October 1979 through December 1980. The
ground water levels for representative Wells 2 and 10 are
shown in Table 1. It is important te note that the levels
shown from August 1980 and beyond represent the ground
‘water levels that were present once the remedial action of
ground water pumping at Site B had begun. As Table 1
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TABLE 1. WATER LEVEL ELEVATIONS IN WELLS 2 AND 10
AT ANONYMOUS SITE B .

ELEVATION OF WATER ABOVE SEA LEVEL (ASL)
DATE
WELL #2 (FT. ASL) WELL #10 (FT. ASL)
16/5/79 10.0 -
10/25/79 10.125 -—
11/5/79 10.25 -—
11/20/79 10.50 —
12/15/79 10.75 -
12/25/79 11.0 —
1/5/80 11.2 ~—
1/25/80 11.5 -—
2/5/80 11.4 8.5
2/25/80 11.75 8.6
3/10/80 11.6 8.61
3/25/80 11.5 8.7
4/5/80 11.25 8.7
4/25/80 10.9 8.25
5/5/80 10.8 8.0
5/25/80 10.7 7.9 .
6/5/80 10.7 7.9
6/25/80 10.6 7.9
7/5/80 10.6 7.8
7/25/80 10.5 7.7
__________ START OF TRENCH PUMPAGE|
8/5/80 10.4 7.6
8/25/80 10.0 7.0
9/5/80 9.7 6.4
9/25/80 8.8 2.7
10/5/80 — 1.25
10/9/80 - 1.10

(Source: Modified from data from Anon B Co. Geology Dept.)




shows, there was less than 2 feet (0.6 m) of water rise
during the rainy season and by the end of July 1980, the
water level in Well 2 was only slightly above the level of
the previous October, This, along with the fact that the
water levels in Wells 1 through 5 rose only from 1.4 to
2.6 feet (0.43-0.79 m) during the rainy season, indicate
that this aquifer system is not very dynamic or responsive
to rainfall. This assumption is probably valid consider-
ing the overlying clay-confining bed and the amount of
fine-grained sediments that comprise the aquifer.

Figure 5 shows the ground water elevations of Site B
from July 1980 well readings, The ground water flows
generally southward under a slight artesian head, The
gradient flattens out to the south of Avenue Y which is
most likely because of the greater amount of gravel
present. This increases the permeability and thickness of
the water bearing zone.

WASTE DISPOSAL HISTORY

Site B is both a chemical manufacturing and a
research facility that has been in operation for over 80
years. The manufacturing facility formulates agricultural
chemicals. The research program involves the manufactur-
ing and testing of pesticides and herbicides. A schematic
diagram of the facility is shown in Figure 1.

The only on-site disposal of waste at Site B was that
of iron pyrite residues which resulted from a sulfuric
acid manufacturing process that was discontinued at the
site in 1960. According to a State official, iron oxide
residues were deposited along the Bay well above sea level
prior to 1960 and there was probably no cinder deposition
there prior to 1950.

The old cinder bed lies underneath the area where
clarification ponds 1 and 2 now lie, and extends about 100
feet (30 m) to the north of these ponds (see Figure 1).
In 1971, following a State request, Company officials
encapsulated the cinder bed area. A 2-foot (0.6 m) layer
of clay was placed atop the cinder bed area. A I-foot
(0.3 m) layer of topsoil was placed on top of the clay cap
and the entire area was seeded with grasses. State offi-
cials have determined that the o0ld cinder bed area is
stabilized and does not pose a threat to human health and
the environment.

As Figure 1 shows, a chemical drain feeds into a
carbon treatment and neutralization system just above the
Tidal Dilution Basin. This system was constructed in 1971
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at the same time that the clay cap was placed on top of
the iron cinder beds. The clarification ponds were dug
into the cinder beds at a depth which varies from 8.5 feet
to 9.5 feet (2.6-2.9 m). This is approved by the State
because the ponds are lined with Hypalon and do not have
direct contact with the cinder beds. The activated carbon
system consists of two carbon columns, each containing
12,000 pounds (5,400 kg) of activated carbon, Treated
wastewater passes from the carbon column system through
3-inch (7.6 cm) fiberglass lines into the neutralization
system. As Figure 1 shows, this neutralization system
serves to treat the wastewater from both the pilot plant
and the manufacturing facility. A lined neutralization
pond feeds into the neutralization tank which is equipped
with a pH adjustment system., Caustic is added to neu-
tralize the acid and this then feeds or overflows by
gravity to clarification pond 1 and then into clarifica-
tion pond 2. The wastewater then flows by gravity into
the upper evaporation pond and next into the lower evapor-
ation pond. The treated wastewater is released into the
Tidal Basin at discharge point 00l. Discharge into the
evaporation ponds is allowed year round. However strict
limitations to prevent overflow are applied.

After this carbon column treatment and neutralization
system was installed in 1971, a smaller carbon column
treatment system was installed at the pilot plant area
(see Figure 1) to treat contaminated storm water runoff
and rinse water from the equipment cleaning procedures,
Since there had been spills in this area throughout the
history of the plant from both pilot plant operations and
unloading of tank trucks, the ground surface contains many
contaminants. Hence, storm water runoff from this area
can by highly contaminated. The Company installed a
series of trenches around the area which feed contaminated
storm water runoff into a 50,000-gallon (189,000 1) under-
ground tank. This tank stores the stormwater runoff as
well as rinse water which has been contaminated from
cleaning the pilot plant machinery. The water from this
tank is fed through a small carbon column bed and then
into a 30,000-gallon (4,000 1) above-ground steel holding
tank. This water is then laboratory tested on-site for
contaminant concentration. If it is highly contaminated
it is shipped off-site. If it is fairly clean it is sent
to the lower carbon treatment and neutralization system
via the chemical drain. The only direct discharge of
untreated rinse water or storm water runoff into the
chemical drain is overflow from the underground tank
during extremely heavy rains.

Prior to 1971, wastewater from the pilot plant area
flowed through the chemical drain and was treated through
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a neutralization system and unlined settling ponds. Any
acid drips from manufacturing on the west side of the
plant were intercepted 1in the plant sewer system and
carried to a neutralization system, The skimmer tank was
also used as part of this process for treating wastes from
the pilot plant process area. The tank (shown in Figure
1}, which measured approximately 5 feet by 56 feet by 8
feet (1.5 x 16.8 x 2.4 m) and had a capacity of approxi-
mately 15,000 gallons (56,800 1), had an inlet and an
outlet pipe leading from the chemical drain which was
located 8 feet (2.4 m) away. Organics present in the
' process wastewater would either float to the top or settle
to the bottom of the skimmer tank depending upon their
density., The skimmed wastewater would then be directed
back into the chemical drain for treatment in the carbon
column and neutralization treatment system. The skimmer
tank was taken out of operation im October 1980 because
the Company found that chemicals were seeping from it.
The chemical drain line was disconnected from the skimmer
tank and it now only feeds pre-treated rinse water from
equipment cleaning processes, storm water runoff, and
direct overflow (during heavy rains) from the underground
storage tank in the pilot plant area, into the lower
carbon column treatment system. At the present time, no
process rinse water is run directly through the chemical
drain., Any process wastes are shipped off-site to a State
approved land disposal site., The pilot plant, formula-
tion, and handling areas are enclosed by berms to contain
spills. Any spills which occur are swept up and removed
or recovered,

DESCRIPTION OF CONTAMINATION

Between April and September of 1979, personnel at
Site B noticed a dry weather discharge into Bay Channels
near the storm drain outlet 002 (see Figure 1}. This
seemed unusual as there is not normally a discharge from
the storm drain during the dry season. Additionally,
Company officials learned of complaints about a disagree-
able taste in the water from neighboring companies' wells.
This led the Company to drill and sample from several test
wells in the area.

The sampling points were chosen based on assumptions
about where the contamination might be originating. The
most obvious source of contamination appeared to be one or
more of the three drainage lines which rum parallel to one
another along Avenue X. As Figure 1 shows, these lines
are a chemical drain, a sanitary drain, and a storm drain.
Therefore, the Company analyzed samples from the €first
water-bearing stratum at several points aloagside the
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sand-bedded pipeway containing the three parallel drainage
lines. Additional samples were taken and analyzed from
wells used by neighboring companies on Avenue Z about 250
feet (76 m) east of the chemical drainage line.

results showed

The analytical the presence of the

solvent toluene and several herbicides {referred to here
as Herbicides I, II, and III) in concentrations greater
than 0.01 ppm (parts per million) along Avenue X.

Herbicide I which had been test manufactured at the pilot
area but is no longer produced at the site, was present in
the shallow ground water at a maximum concentration of 7.4
ppm near the skimmer tank and at a concentration of 1.2
ppm north of the upper evaporation pond, Toluene was
present at a2 maximum concentration of 46 ppm and Herbicide
11 (which is presently manufactured at the pilot area) was
present at 0.87 ppm, both near the pilot plant. None of
the suspected chemicals were detected in the wells of the
neighboring companies, however the use of these wells for
drinking water has been discontinued,

In January of 1980, having completed their analyses
and determined that contamination at the site was present,
Company officials notified State
suspected ground water pollution along the eastern edge of
their facility. A series of wmeetings were then held
between Company officials and State authorities to deter-
mine the proper site response. This resulted in further
investigations as to the source and concentration of the
contaminants.

herbicide con-

storm drain. Additional
detected in the pilot plant
area. Further research revealed that 12 years previously
there was a significant spill of Herbicide I which had
been test manufactured at the pilot plant. This spill was
believed to be routed to the upper evaporation pond for
containment. The data from the hand auger (HA) samples at
locations shown in Figure 3, revealed high concentrations
of herbicides near the Herbicide II manufacturing facility
at HA-2, near the skimmer tank at HA-8, and downgradient
of HA-8 at HA-12.

These investigations determined that
tamination was found in the
levels of contaminants were

A television monitoring inspection was conducted
during August and September of L1980 along the 1800-foot
(549 m) length of the storm drain to determine if the
contamination was coming from one or more leaks in the
storm drain. The inspection determined that two joints of
the storm drain line showed some leakage, but not enough
to indicate that the drain was a significant pathway for
contaminant transport.
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Company and State officials discussed the results of
the television monitoring inspection in light of the other
sampling and site inspection results. The Company
geologist found that the path of migration of contaminants
in the ground water was southeast from the skimmer tank.
This is downgradient or in the direction of ground water
flow which correlates with the fact that the wmigration
occurred through an area of coarser, more permeable
sediments. An example of this southeasterly £flow of
contaminants in the ground water is shown in Figure 6
which shows the concentration of Herbicide IITI in the
ground water at Site B.

State and Company officials concurred that the con-
tamination was the combined result of spills in the pilot
plant area and seepage from the skimmer tank. Various
spills had occurred at the site, including the spill of
Herbicide I 12 years previously. Coataminants from these
spills had slowly moved downgradient and into the area
along Avenue X by surface runoff. The major cause for the
contamination however, appeared to be seepage from the
skimmer tank which was part of the process wastewater
treatment system described previously.

During the dry season in 1979, the contaminants found
in the storm drain along the tidal basin were the result
of skimmer tank seepage which was manifested in the storm
drain. The storm drain apparently had carried the con-
taminants along Avenue X and eventually to the monitoring
well at the NPDES permitted discharge point (storm drain
002 in Figure 1) where they were discovered.

PLANNING THE SITE RESPCONSE

Initiation of Response

Company and State officials agreed that the contamin-
ation did not pose an immediate threat to human health.
The direction of ground waste flow in the contaminated
area was southeast, toward the bay and away from any wells
or buildings. Soils in the area were predominantly clays
with relatively low permeability. Finally, no contam-
ination was detected in neighboring wells, the closest of
which were about 250 feet (76 m) northeast of the contam-
inated area., The Company and the State agreed however,
that measures should be taken to prevent further migration
of contamination that might threaten aquatic life in the
bay.
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Selection of Response Technologies

Company officials worked closely with State officials
to determine an effective plan for site  response.
Although State officials aided the Company in determining
what options were available, the final plan for corrective
action was designed by the Company and approved by the
State.
considered the following three

Company officials

options:

e Wellpoints and pumping for ground water removal
® Slurry wall containment

e Interceptor drain with carbon treatment; discon-
nect skimmer tanmk.

The Company examined wellpoint pumping as a possible
solution to the contaminated ground water problem at
Site B because this could act to lower the water table by
creating a cone of depression. Company officials deter-
mined that this was cost prohibitive.

Another consideration was that of installing a bar-
rier such as a slurry wall to isolate the area. This did
not seem feasible because of the original deposition or
iron pyrite cinders at the site. There was concern that
during construction these would be disturbed and possibly
carried into the Bay, particularly if the tide seeped in
and removed any cinder material. Company officials
realized that this did not meet with their primary
objective which was to not only contain the plume, but
also to pump out the contaminated water. A cut-off wall
would neither remove contaminated ground water, nor the
threat that contaminants might still leach into the Bay.
Further, a slurry wall was rejected because there were
indications that sand lenses were present in the aquifer.
A cut-off wall may have erroneously been keyed into sand
lenses instead of impermeable mud and would not form a
complete hydrologic barrier. Additionally, during cons-
truction, a sand lense itself could become contaminated,
again posing the risk of release of contamination into the
Bay.

The alternative selected was installation of an
interceptor drain to collect the contaminated ground water
and pump it into the carbon treatment system already in
operation at the site. This seemed to be the most feasi-
ble alternative because it would meet the objective of not
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only containing the plume, but also of removing and treat-
ing the contaminated ground water using a treatment system
that was already in place. Hence, the cost for dewatering
in this way was much lower than the cost of installing a
wellpoint system. Company officials also determined that
the best solution to the seepage problem from the skimmer
tank would be to disconnect the skimmer tank from the
chemical drainage line, pump out the materials in the
tank, ringe the tank, and finally encapsulate it.

submitted detailed
outlining the response technologies

In June of 1980 Company officials
plans to the State
which they had chosen.

Extent of Response

The State concurred with the
response measures because the actions appeared adequate
to remedy the spread of contamination. The contamination
was confined to a relatively small area near the skimmer
tank and the chemical drain, and posed no immediate
threat. Decommissioning the tank and replacing the chemi-
cal drain provided reasonable certainty that additional
chemicals would not seep into the soil, and the intercep-
tor drain seemed likely to prevent further migration of
contaminants., The State was willing to wait until these
meagsures were executed and their effectiveness evaluated
before deciding whether additional work would be required.
Since completion of the work, the State has concluded that
the Company's response actions were, in fact, adequate to
control the contamination,

Company's choice of

DESIGN AND EXECUTION OF SITE RESPONSE

Company officials
tions for iunstalling
missioning the

submitted to the State specifica-
the interceptor trench and decom-
skimmer tank. The trench was designed to
intercept contaminated ground water and direct it to a
sump with a submersible pump that would pump it into the
on-site carbon column treatment system. Once ground water
flowed 1into the trench, the resulting cone of deprassion
would 1induce additional flow of contaminated ground water
into the trench. This in addition to closing out the
skimmer tank, would then confine the migration of the con-
taminated ground water,

The most critical design consideration was the
determination of where the interceptor trench should be
installed. Trench placement (see Figure 7) was based on
the geologic investigation conducted by the Company
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geologist, The auger samples as described previously
showed predominantly fine-grained with some scattered
coarser sand and gravel deposits. The horizontal
distribution of the coarser material is variable with
little coarse material present north of Avenue Y. The
gravel deposits appear to follow a southeast-northwest
trend from the skimmer tank area. This zone contains much
clay and silt and is best described as a fine clayey sand
with gravel lenses. The Company geologist determined that
although the gravel lenses are clayey and discontinuous,
their relatively higher permeability controls ground water
flow and contaminant transport. The greatest extent of
migration was found towards the southeast (see Figure 6)
which is roughly perpendicular to the water level contours
(see Figure 5). Therefore, by installing the trench on a
southeast-northwest trend from the skimmer tank towards
Avenue Z, the most permeable zone would be dewatered along
its length. Once trench placement had been determined,
the final design plans were made.

The site response was designed to take place in two
phases: trench installation followed by skimmer tank
decommissioning. The following discussion will describe
the trench design and installation first and then the
design and implementation for decommissioning the skimmer
tank. The Company had a full-time industrial hygienist
on-site during the installation of the trench and closing
of the skimmer tank to make sure that the operation was
carried out safely and that personnel were wearing the
proper safety equipment.

The lowest end of the trench was the sump end. It
was installed near the skimmer tank so that the highest
level of contamination would be intercepted before it
would have a chance to migrate downgradient. This
location would also have the practical advantage of being
near the carbon column treatment system, minimizing the
amount of piping needed,

A diagram of the trench design is shown in Figure 8.
The original design required that the trench be 500 feet
(150 m) in length. This determination had been based on a
series of shallow wells which showed the high point of the
water table to be present at a depth between 3 and 4 feet
(0.9-1.2 m) at a distance of approximately 500 feet (150
m) along the area where the trench was to be placed. How-
ever, Company geologists conducted ground water analyses
at the same time which showed that the contaminants in the
ground water decreased significantly at distances less
than 500 feet (150 wm) from the skimmer tank, hence a
trench of 500-foot (150 m) length was not needed. Addi-
tionally, if the trench was as long as originally
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designed, it would have been almost to, or actually at,
the lower evaporating pond. The natural clay barriers of
the pond could have been damaged, inadvertently promoting
on-site contamination from the release of pond water. The
final length of the trench was 261 feet (79.6 m). Company
officials had determined that this would be sufficient for
the maximum amount of dewatering as long as the sump
system was constructed properly,

The trench was designed as Figure 8 shows, with the
drainage pipe sloping to the northwest where it empties
into a 4~foot (1.2 m) diameter sump of approximately 350
gallon (1,330 1) capacity. The sump was designed to be
float controlled and automatically pump the water up into
the lined pond which is normally used to collect and store
storm water. The nominal capacity of the pump was
designed to equal the expected initial drainage rate of 20
gallons per minute (76 lpm). The pumped water was to pass
through a totalizing flow meter in the line. Company
engineers calculated that the lined pond with a 30,000
gallon (114,000 1) capacity would initially fill up in 25
hours. Company engineers also planned to have laboratory
perscnnel sample the collected water before the pond
filled up to ensure that the pond did not contain suffi-
cient organics to deplete the carbon beds of the treatment
system. If the level of organics was substantial, then
the management could have opted to have the pumped water
hauled to a licensed disposal site. After testing, the
pond pump was to be manually started to transfer the
collected water into the chemical sewer system at 200
gallons per minute (760 lpm). The lined pond level
instrumentation was designed to be connected to the sump
pump so that the sump would automatically stop if the pond
filled up before testing was completed. Company engineers
had designed the system so that as the ground water level
stabilized, the sump pumping rate could be decreased to as
low as 200 gallons per day (760 lpd) 'if desired. Three
months after start-up, the Company was to connect the sump
pump up directly to the chemical sewer system and bypass
the lined pond. This would leave the pond free to carry
out its normal function of storm water collection,

Construction of the trench commenced ‘in August of
1980. The original design had been for the contractor to
supply the materials, however the Company purchased the
materials itself believing that this was more economical.
The contractor did provide the construction equipment and
the steel sheeting which was used for shoring up the
interceptor trench.

The trench was designed to cut through the thickness
of the water bearing zone which would allow for the
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maximum amcunt of dewatering. The sump end of the trench
was excavated to a depth of 17 feet (5.2 m). The sump
itself, 4 feet (1.2 m) in diameter, was extended to a
depth of 20 feet (6 m) so that the water collected in the
pipe would flow along the pipe and into the sump as shown
in Figure 9. The depth of the sump was determined based
on the geclogist's findings that contamination did not
exceed 15 feet (4.6 m) below the surface. This extra 5
feet (1.5 m) in depth would ensure that the contaminated
ground water was being intercepted. The far end of the
trench was excavated to a depth of 12 feet (3.7 m) in
order to provide the necessary slope for drainage along
the trench to the sump end. A layer of filter fabric,
known as Bidim, was laid on the trench bottom and a 6—-inch
(15 cm) layer of gravel was placed on the fabric. Next, a
perforated 12-inch (31 cm) concrete asbestos drain pipe
was installed. An additional layer of Bidim supported by
screening was wrapped around the drain pipe to prevent
plugging of the perforations by fine-grained sediments.
The trench was then backfilled with gravel to a depth of &
to 5 feet (1.2 - 1.5 m) below the surface. The remainder
of the trench was then backfilled with compacted clay
material.

During trench construction normal plant operations
continued. However, it became necessary to make a
significant modification to the tremch itself. When
excavating for the installation of the sump west of Avenue
X, a 4—-foot (1.2 m) thick concrete slab made it impossible
to drive the needed piling. The construction crew
attempted to offset the trench around the slab but this
meant improperly placing the piling which resulted in the
trench sides caving in. This produced an ever—-widening
trench which extended almost to the edge of Avenue X (see
Figuré 1). This resulted in the damage of approximately
30 feet (9.1 m) of the chemical drain. At that time the
Company decided to repair the 30 feet (9.1 m) of damaged
pipe. However, upon closer examination, they determined
that perhaps it would be advisable to replace the remain-—
ing 300 feet (91 m) of the chemi¢al drain. Hence, the
chemical drain was repaired from its position parallel to
the skimmer tank and south for 300 feet (91 m) (see
Figure 1). The replacement pipe, repaired by the same
contractor that installed the interceptor trench, was
8-inch (20 cm) ceramic tile sewer pipe.

To repair the caved in trench, the Company decided to
excavate caved in material and to fill the trench with
coarse gravel, thereby allowing ground water to enter the
sump from which it could be pumped into the treatment
system. This did not reduce the functional efficiency of
the interceptor trench. The trench design was modified so
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that a second sump was constructed on the east side of
Avenue X. Installation of the trench was completed in
October 1980.

The skimmer tank was taken out of operation in
October 1980 and was closed out by November 1980. Company
engineers determined that the first step for closing out
the skimmer tank would be to install a pipe along the
chemical drain which would bypass the line that leads into
and out of the skimmer from the chemical drain. Once the
bypass sewer line was installed, the skimmer tank connec-
tions were blinded off at both the skimmer tank and the
sewer manholes, The intervening pipes were disconnected
so that if later the empty skimmer tank had tended to
float due to buoyant action of ground water, there would
no longer have been any pipe connections to disturb the
integrity of the sewer line,

The accumulated sludge in the tank was analyzed so
that 1its constituents were known for proper treatment,
The Company contracted with a permitted waste hauler to
pump out the contents of the skimmer tank and haul it to
their treatment facility approximately 15 miles (9 km)
from the site. The permitted waste hauler also rinsed out
the tank to remove any residuals and also transported this
rinse water to their treatment facility. The skimmer tank
was rinsed a second time and the rinse water was pumped
into the chemical sewer for treatment in the activated
carbon system. As soon as the skimmer tank was empty, six
l-inch (2.54 cm) holes were drilled in the bottom of the
skimmer tank to collect any perched ground water, The
perched water that was present was immediately pumped into
the chemical sewer for treatment in the activated carbon
system, The skimmer tank was then filled with sand by the
same contractor that had built the interceptor trench.
The skimmer tank was then covered with local soils. Vege-
tation soon established itself in the area.

At the present time the dewatering of the trench is
continuing and both sump pumps are operating at a combined
rate of 18 to 20 gallons per minute (68-76 lpm). This
rate, equivalent to approximately 28,000 gallons per day
(106,000 lpd) is maintained steadily throughout the year
except for times when one or both of the pumps malfunc-
tion(s). The pumps each have their own discharge line
into the carbon treatment unit so that if one 1is not
operating the other can. Repair 1is usually completed
within two weeks. The only other timeg the pumps do not
operate are during heavy winter rains because the plant
treatment system can not handle the water from the
intercept trench in addition to the storm water runoff.
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Ten permanent ground water monitoring wells have been
left in place at Site B. These are checked monthly by
Company officials and reported to the State to ensure
that the dewatering system is operating properly.

COST AND FUNDING

Source of Funding

The Company paid for all investigation and response
actions at the site.

Selection of Contractors

The Company used its own geology and engineering
departments to investigate the site and design the inter-—
ceptor drain, therefore contracting was not necessary for
these elements of the response. For construction of the
trench, the Company initially requested fixed-price bids
from a number of contractors. However, all bids submitted
were far in excess of the $65,000 that the Company had
estimated the work would cost, ranging from $90,000 to
over $100,000. Consequently, the Company elected to act
as its own contractor, directly purchasing most of the
materials required for the drain and hiring an excavation
contractor on a time and materials contract. The Company
selected the excavation contractor on the basis of past
favorable experience with the firm,

Project Costs

The total cost of the investigation and remedial
actions was $268,217. The bulk of the cost, almost 80
percent, was for constructing the interceptor drain. The
remainder was for investigation, engineering, replacing
the chemical drain, and decommissioning the skimmer tank.
A summary of the costs appears in Table 2.

Site Investigation

The site investigation cost $23,974. Most of the
expenditure was for in-house work by the Company geology
department, which totalled 80 man days at $274 per day, or
$21,920. Most of the investigation took place between the
fall of 1979 and June 1980, but the geology department
also performed some data analysis during the drain con-
struction between August and November 1980. The work
included: drilling 32 soil borings, 19 with a hand auger
and 13 with a power auger; analyzing the borings; mapping
water levels and the zone of contamination; and working
with the Company engineering department on design of the
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TABLE 2, SUMMARY OF COST INFORMATION - ANONYMOUS SITE B

Eatimated Actual Estimated Funding Period of
Task Expenditure Expenditure Variance Future Cost Source Performance
Site investigation N/A $23,79% N/A N/A Company 9/79-6/80
Engineering N/A $21,177 N/A N/A Company 4/80-11/80
Intercept drain
Installation §65,000 §$207,046 +218% $150/year Company 8/80-10/80
Chemical drain N/A $ 9,000 N/A N/A Company 10/80
replacement
Closing skimmer N/A $ 7,200 N/A N/A Company 10/80
tank
TOTAL $268,217 9/79-11/80

Company Engineer, 1983)




drain. In August 1980, the Company spent $1,874 for an
outgide contractor to conduct a television inspection of
1,800 feet (549 m) of the storm drain.

Engineering

Engineering for the remedial actions cost §21,177,
all of which was in-house work by the Company engineering
department. This work included reviewing remedial alter-
natives; designing the interceptor drain; preparing bid
specifications; reviewing bids; and overseeing installa-
tion of the drain., This work took place between April and
November 1980.

Execution of Remedial Actions

The total cost of installing the interceptor drain,
replacing the chemical drain; and decommissioning the
skimmer tank was $223,246. This includes $206,523 for the
construction contractor, $9,662 for materials purchased by
the Company, $6,250 for off-site disposal of waste from
the skimmer tank, and $811 for 66.5 hours of in-house
Labor.

Since all three tasks were performed at the same time
by the same contractor, the available data do not permit
an exact breakdown of the cost of each task. However, it
is possible to make the following reasonably accurate
estimates,

Drain Installation - The bulk of the cost, about
$207,000, was for 1installation of the 261 foot long
(80 m), 12 to 17 foot deep (3.6-5.2 m) interceptor drain
and 20 foot (6 m) deep sump. This figure includes about
$197,500 for the contractor, $9,000 for materials, and
$500 for in-house labor. The contractor cost includes
labor, equipment rental, and gravel £fill, 0f the
materials cost, the largest element was $2,921 for 550
feet (168 m) of 12-inch (30 cm) pipe purchased before the
planned trench length was reduced from 500 feet (150 m) to
261 feet (80 m). Other material costs were: $1,189 for
147 feet (45 m) of 2-inch (5 cm) carbon steel pipe and
fittings, used for carrying intercepted water from the two
sumps to the treatment system; $799 for submersible pumps
and accessories; $537 for 2,700 square feet (251 m%) of
vinyl-coated wire screep for wrapping the pipe; $213 for
338 square yards (283 m”) of Monsanto C-22 permeable pipe
wrap; and other miscellaneous items.

The Company's 1initial estimate for installing the
interceptor drain was $65,000. While it is difficult to
determine why the actual cost was 218 percent more than
that figure, there were some factors that clearly added to
the cost. First, two sumps, rather than only one, had to
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be built, both with pumps and plumbing, when the first
sump excavated west of Avenue X was found to be
obstructed. Second, some steel sheet piling rented for
the trench excavation could not be removed after the
trench was completed, and had to be purchased and left in
place.

Chemical Drain Replacement - The Company paid the
construction contractor about $9,000 to replace 300 feet
{91 m) of the chemical drain with 8-inch (20 cm) ceramic
tile pipe, buried 4 feet (1.3 m) below grade along the
east side of Avenue X. This figure includes all
materials.

Decommissioning Skimmer Tank -~ The Company spent
approximately $7,200 to disconnect, clean out, backfill,
and close the 15,000 gallon (57,000 1) skimmer tank. Most
of this cost was the $6,250 spent on transportation and
disposal of sludge and rinse water at a licensed hazardous
waste landfill, There were no available data on the
quantity of waste removed. The rest of the cost was for.
in-house labor and plumbing and backfilling by the
construction contractor,

Operation and Maintenance

Operation and maintenance costs for the interceptor
trench are very low, There are no costs for treatment of
contaminated water because the water is treated in the
plant's existing treatment system, which has ample capa-
city., The cost of electricity for the two 0.5 horsepower
sump pumps is negligable. The pumps are replaced about
once per year, at a cost of about $150 each. Company
personnel monitor water levels in observation wells
monthly, which takes about 30 minutes per month.

PERFORMANCE EVALUATION

The response actions taken at Site B appear to have
been timely and effective for controlling and removing the
contaminated ground water discovered. The selection of
the interceptor trench as opposed to a wellpoint system or
a barrier wall was the most economically and technically
feasible choice in view of the past history at the site.
Additionally, the choice to decommission the skimmer tank
by removing its contents, rinsing, and then filling it in
appeared to be the best way to eliminate the source of the
contaminant problem, However, because the skimmer tank
was the primary source of the contamination, it might have
been advisable to have emptied its contents prior to or in
conjunction with, the installation of the interceptor
trench as opposed to after, so that the possibility of any
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further contaminants entering the ground water would have
been eliminated.

The interceptor trench and ground water pumping have
apparently met the objective of creating a cone of
depression intercepting and containing the contaminated
water. However data is not available to indicate whether
or not the concentration of contaminants in the ground
water has been reduced.

Hydrographs were prepared by the Company geologist.
As Table 1 shows, there was only a slight decline in water
levels from April to July 1980. Thus, the ground water
level at the end of July prior to trench construction
appeared stable. The changes in water level noted once
trench construction had begun were the result of trench
dewatering. A sharp decline in ground water levels can be
seen during the period from August to October in both
Wells 2 and 10. This indicates that the dewatering
process was indeed effective. The difference in the
change between Wells 2 and 10 is because Well 2 is 430
feet (131 m) from the trench while Well 10 is much closer
to the trench at a distance of 24 feet (7.3 m). Addi-
tionally, Figures 5, 9, and 10 show water levels prior to
construction of the trench, water levels during trench
construction, and water levels after omne and one-half
months of continuous pumpage during trench construction.
By the end of September 1980 a pronounced cone of
depression had been produced by the trench dewatering.
Water levels continued to decrease through December 1980.
Apparently the interceptor treach has succeeded in
intercepting and containing the contaminated water. 1In
order to determine whether or not the contaminant con-
centrations have decreased it would be necessary to
compare monitoring data before, during, and after trench
construction. Because this data 1is mnot available, a
complete evaluation of the system cannot be made.
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ANONYMOUS SITE C

DEPERE, WISCONSIN

INTRODUCTION

Anonymous Site C is a small chrome plating shop
located in a residential neighborhood in DePere, Wiscon—
sin, near Green Bay. In late 1978 and early 1979, the
Wisconsin Department of Natural Resources (WDNR) responded
to neighbor's complaints of spillage of liquid chromium
waste from the Anonymous Site C facility. Investigation
by the WDNR and by an engineering contractor hired by
Anonymous Site C showed that scil and shallow ground water
at the site were heavily contaminated with hexavalent
chromium, and that some contamination had migrated into a
garden adjacent to the site.

Background

Anonymous Site C has occupied the DePere site since
1971, performing custom chrome plating on industrial
machinery, From late 1978 through June 1979, the WDNR
investigated a series of complaints from neighbors
adjacent to the site reporting that Anonymous Site C
personnel were dumping yellow liquid on the ground on the
west side of the building (Figure l). The analysis of
ground water samples from the site in June 1979 indicated
hexavalent chromium contamination levels up to 1,200 mg/l.
The WDNR ordered Anonymous Site C to conduct an investiga-—
tion of the extent of s0il and ground water contamination
at the site, A preliminary investigation in .June 1979 and
a detailed investigation during July to December 1979
revealed that soil was contaminated with as much as 1,406
mg/kg of total chromium and ground water contained up to
1,440 mg/l of hexavalent chromium. The WDNR ordered
Anonymous Site C to submit a plan detailing the measures
that the company would take to remedy the contamination.
At the time of the order, all parties assumed that it
would probably be necessary to excavate and remove as much
as 600 cubic yards (460 cu. m) of soil, in addition to
contrclling the flow of surface and ground water.
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Figure 1.

Surface Characteristics and Ground Water Flow Patterns at Anonymous Site C
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In  April 1980, Anonymous Site C engineering con-
sultant, Soil Testing Services of Wisconsin (STS) sub-
mitted a plan to the state proposing construction of a
12 foot deep (4 m) interceptor drain around the two down-
gradient sides of the contaminated area, in lieu of
removing contaminated scil. The plan also proposed a dike
and an impoundment to control surface water.

The WDNR accepted the concept of the plan, but
required further sampling to ensure that the proposed
trench would extend below all contamination. Subsequent
well sampling indicated ground water contamination at
25 feet (7.6 m) beneath the ground surface. Consequently,
in August 1980 the WDNR ordered Anonymous Site C to con-
struct the trench to a depth of 25 feet (7.6 m) which
would have cost three to four times as much as the orig-
inally proposed 12 foot (4 m) depth. Anonymous Site C
rejected WDNR's order, responding that the deeper contam-
ination detected was a result of seepage through the
monitoring well casing.

During the fall of 1980, the state initiated an
enforcement action against Anonymous Site C, to bring the
company into compliance with WDNR's remedial action
requirements. The enforcement action was prompted by the
company's protest against excavating a 25-foot (4.6 m)
deep trench. The owner of Anonymous Site C, basing his
opinion on earlier test result data, claimed that contam—
ination did not extend beyond 12 feet (4 m) and a 25-foot
trench was unwarranted. 1In defense of this position the
company conducted additional soil borings and groundwater
sampling at the site and confirmed the fact that contami-
nation didn't extend beyond 12 feet (4 m). Consequently
in December 1980, WDNR approved Site C's original plan,
allowing the drain to be installed at a depth of 12 feet
(4 m).

Synposis of Site Response

The remedial actions at Anonymous Site C consisted of
two major components: ground water control and surface
water control. The ground water control was constructed
in January 1981 and consists of a 240 foot long (73 m), 12
foot deep (4 m), L-shaped subsurface drain running along
the southern and western boundaries of the Anconymous Site
C property, sloping toward a sump at the northern end. The
drain is a perforated pipe at the bottom of a gravel-
filled, clay-capped trench.

The surface water control was built in May 1981, and
consists of a 2 foot high (0.6 m) earthen dike paralleling
the trench, which diverts runoff to a 25 foot (7.6 m)
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square surface impoundment. The collected surface and
ground water 1is pumped through a sanitary sewer to the
DePere sewage treatment plant.

In addition, in July 1981, a contractor for Anonymous
Site C excavated the top 3 feet (1 m) of soil from a
garden immediately west of the trench on neighboring
residential property, and replaced it with clean topsoil.
Some of the excavated soil was added to the dike, and the
remainder was spread on the Anonymous Site C property
southwest of the plating shop.

Currently, Anonymous Site C submits quarterly surface
and ground water monitoring reports to the WDNR.

SITE DESCRIPTION

The surface characteristics and hydrology of the
Anonymous Site C site are discussed separately below.

Surface Characteristics

The company occupies approximately three acres inm a
residential community, The northern and easteran beound-
aries of the site are defined by a city street leading to
the plant entrance and a railroad track, respectively (See
Figure 1). A shallow ditch rums parallel to a 2 foot
(0.6m) berm along the western site boundary with four
residential properties abutting the site to the south and
west, Most of the land on the site is relatively flat
except for a downward 4 to 5 percent slope from the
plating shop toward the south and southwest corner of the
property,

Hydrogeology

The first 25 to 30 feet (7.6 to 9.1 m) of seil under-
lying the site consists of glacial till composed primarily
of a reddish brown silty clay laced with lenses of clayey
sand, fine sand, and €ine gravel. 1In the site area
specifically, there also exists fill material consisting
of clay chunks, and trace roots, extending to a depth of
about 5 feet. This uncontrolled fill was backfilled into
the area south southwest of the plating shop during an
unspecified period of time. The deeper zone of contami-
nation may be attributed to this fill material because it
provides a more permeable path for contaminant migration.

Beneath this layer is a layer of Galenma-Plattville

dolomite, approximately 200 feet (61 m) thick and
characterized by small horizoantal fractures which prevent
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significant downward migration of water. This formation
is also a low yielding (generally less than 10 gallons [38
1] per minute) drinking water aquifer which is tapped by
several private wells in the area. A major aquifer,
heavily used for all purposes in the area, lies beneath
the dolomite layer and is composed of Saint Peters
sandstone,

Water movement in the upper 25 feet (7.6 m) of soil
at the site generally follows the surface elevation con-
tours (See Figure 1) and, because of the uneven distribu-
tion of clays, sand, and gravel, the rate of ground water
flow would be expected to be quite variable; probably
ranging from slow to very slow to no movement at all
within short vertical sampling intervals.

WASTE DISPQSAL HISTORY

In January 1979 WDNR documented one spill of concen-
trated chromic acid plating bath from the western door of
the Anonymous Site C facility. Prior to and immediately
following that spill, local residents reported numerous
incidents of intentional dumping of chrome plating waste

in the same area, Some of these complaints included
reports of damage to the vegetation on two neighboring
properties. It is wuncertain whether any intentional

dumping actually occurred at the site, however, there was
no question that large amounts of chromium had escaped
from the plating shop and seeped into the surrounding
soil,

HISTORY OF CONTAMINATION

The Wisconsin Department of Natural Resocurces (WDNR)
was called to the site several times during 1978 by local
residents who claimed that the facility was engaged in
illegal dumping and that this dumping was damaging
neighboring lawns and gardens. During these visits, WDNR
officials were not able to document any evidence that the
dumping had actually occurred. Finally, in January 1979,
a large spill of chromic acid plating solution escaped
through the west door of the plating shop and covered much
of the southwestern corner of the site. A lot of this
spillage, described in WDNR reports as several pools of
yellow liquid mixed with snow, apparently seeped into the
ground despite efforts by Anonymous Site C employees (in
response to a WDNR request) to shovel chromium contam-
inated ice and snow back inside the plating shop where
it could melt and enter the floor drain leading to
the sanitary sewer. To minimize the migration of the
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unrecoverable chromium, WDNR officials directed Anon. Site
C to cover the entire affected area with a synthetic
liner. The WDNR also required Anon. Site C to hire a
consultant to do some preliminary soil and ground water
sampling at the site. The sampling effort, conducted in
June of 1979, included the construction of 16 shallow soil
borings (using hand augers) at between 0 and 2.5 feet (0
to 0.8 m) deep and 8 wells (also using hand augers)
between 2.5 and 3.6 feet (0.8 to 1.2 m) deep. Figure 2
shows the location of these sampling areas which were
backfilled after the sampling was complete. It should be
noted that the synthetic liner was only temporarily
removed during these investigations and that the liner
remained in place until all of the remedial actions were
completed at the site.

Hexavalent chromium in well #16 was measured at 1200
mg/l and only two (#19 and #21) of the eight sampling
wells showed no apparent chromium contamination. The
22 soil samples taken from the soil borings could not be
reliably quantified because they were not digested with
acid prior to analysis; rather, 10 grams of each sample
was leached for 24 hours with 200 ml of water., However,
the results of these soil leaching tests strongly indi-
cated chromium contamination because of the large ranges
of values obtained from samples taken within such a small
area of land. Also indicative of contamination was the
high concentrations of hexavalent chromium which is not
normally present in the natural environment.

On the basis of these preliminary findings, WDNR
required Anonymous Site C to retain a consultant to: 1)
conduct a full scale soil and groundwater study of the
site, 2) determine the areal extent of the contamina-
tion, and 3) propose possible remedial measures.

The sampling for the second investigation at the site
was conducted from July to December 1979 and involved the
drilling of 10 wells between 5 and 27.3 feet (1.5 to 8.3m)
deep and exploratory borings between 11.5 and 15.6 feet
(3.5 to 4.7 m) deep (Figure 3). Both the soil borings and
well holes were drilled with a solid stem auger attached
to a CME-55 rig mounted on a Bombardier all-terrain
vehicle. Occasionally there were problems with hole
collapse necessitating a change from the solid stem auger
to a roller bit attachment. 1In these situations, a 3 3/8
inch (8.6 cm) casing was driven to the depth of the auger
hole and the roller bit was activated using water as the
drilling fluid. After completion of each well boring a
1 1/4 inch (3.1 cm) diameter slotted PVC observation well
was installed with a 4 inch (10 cm) diameter, carbon steel
protector pipe and lock, The annulus of each well was
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Figure 2. Locations of Shallow Borings and Wells
Sampled During Preliminary Investigation
at Anonymous Site C
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Figure 3. Location of Soil Borings and Wells Constructed During
the Second Round of Sampling at Anonymous Site C
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filled first with pea gravel, then with a bentonite slurry
followed by a sand and gravel layer, another bentonite
layer, and a concrete plug at ground level, All soil
borings were backfilled with bentonite-sand mixtures,
Soil samples were taken in most of the well and bore holes
at 2.5 foot (0.8m) intervals with a split spoon sampler.

The results of this second round of soil sampling
revealed an average total chromium level in the soil of
about 190 mg/kg (dry basis). This level was determined
using agressive hydrofluoric digestions of the soil
samples to completely solubilize all the chromium bound by
the soil. The use of this method on uncontaminated soils
from the same general site area established a background
total chromium level of 60 mg/kg (dry basis). The highest
level of chromium found in the contaminated soil area was
1400 mg/kg (dry basis). Figure 4 outlines the approximate
surface area beneath which the chromium-contaminated soils
were found. The depth of the contaminated soils in this
area ranged from zero to 12 feet (3.6m) with the highest
concentrations generally occurring between 3 to 5 feet
(1 to 1.5m).

Ground water samples taken during the second round of

sampling were found to contain up to 1,511 mg/l total
chromium and 1,440 mg/l hexavalent chromium, Background
total and hexavalent chromium levels in the ground water
were measured at < 0.1 and < 0.05 mg/l, respectively., The
areal extent of ground water contamination was not deter-
mined conclusively, however the general flow of ground-
water in the area was demonstrated to be very slow due to
relatively impermeable soils. It should be noted that
seams of silty clayey sand found in the area could have
transported contaminated ground water beyond the bound-
aries of contaminated soils shown in Figure 4. However,
it is just as possible that these seams, which were
encountered in all but the dry wells, may not be con-
tinuous.

PLANNING THE SITE RESPONSE

Initiation of Response

The WDNR order to implement a remedial response at
the Anonymous Site C site was based on a potential,
rather than immediate threat to human health and the
environment posed by uncontrolled hexavalent chromium
contamination. The contaminated surface water or ground
water could have entered a storm sewer, a pathway likely
to carry the contamination a great distance from the site.
The contaminated surface water ponded on the site also
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Approximate Boundaries of the Contaminated Soil at Anonymous Site C

Figure 4.
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posed some potential for exposure to humans or animals by
direct contact.

Further, contaminated surface or ground water may
have posed some threat to vegetation near the site, A
neighbor adjacent to the Anonymous Site C property
alleged that trees and grass in her yard were killed by
chromium migrating from the site. Another neighbor, whose
garden abutted the Anonymous Site C property, feared that
her produce would be rendered inedible by the chromium.

The contaminated ground water posed no immediate
threat to drinking water supplies, since the contami-
nation was limited to a small area in soils of relatively
low permeability and all homes in the area were supplied
by the city water system.

Selection of Response Technologies

The WDNR and the Anonymous Site € were in regular
communication as the extent of contamination at the site
was being determined, During this period, it was
generally believed by both parties that all of the
chromium-contaminated so0il needed to be excavated and
removed from the site. In December of 1979, the
consultant to the Anonymous Site C determined 3that
approximately 300 to 600 cubic yards (229 to 459 M’ ) of
soil would have to be excavated and removed if this
initially-proposed option was selected. However, the
final report, submitted by the consultant in April of
1980, recommended a different remedial design option which
incltded the following compounents: '

# A ground water interceptor treanch to collect
contaminated ground water for pumpage to the city
sewage treatment plant.

® A surface impoundment to collect surface runoff
from the contaminated areas.

e Excavation of contaminated soils from a neighbor-
ing garden,

These recommendations were followed by lengthy
negotiations between officials from the state, the city,

and the Anonymous Site G.

The major issues raised during these talks centered
on:

® The relative cost and benefits of excavation and
removal vs trenching and collection
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e The appropriate depth of the interceptor trench

¢ The potential for added costs to the city
resulting from their acceptance of chromium-
contaminated water from the interceptor trench.

The excavation 1issue was resolved in favor of the
trenching and collection option because the chromium
adsorbed to the soils was primarily in the trivalent state
which is wvirtually nontoxic and immobile; therefore the
relative risks posed by the site would not have been
significantly reduced by the more costly option of soil
removal. It should be noted that this reasoning did not
apply to the chromium contaminated soils in a neighboring
garden. Here, there was additional concern over chromium
uptake by vegetables grown in the garden.

The issue of trench depth resulted from review of
ground water sampling data after the recommended remedial
response was proposed. Samples from one of these wells
indicated that the depth of contamination was about 10
feet (3m) lower than originally believed. To resolve this
issue, 3 additional soil borings were made in the area of
the suspect well. The results of these borings revealed
that seepage must have occurred from the upper soil
layers through the annular space of the well.

The issue of contaminated interceptor trench water
was resolved through a formal agreement between officials
of the city sewerage system, the Mayor, and Anonymous Site
C officials as described in the following section,

Extent of Response

The WNDR faced three issues in deciding what the
extent of the remedial action should be: -the question of
whether the soil should be excavated; the appropriate
depth of the subsurface drain; and the effluent criterion
that would determine when operation of the surface and
ground water collection systems could cease. During the
site investigation in late 1979 the WDNR assumed that, in
addition to installing some kind of ground water control,
it would probably be necessary for Anonymous Site G to
excavate as much as 600 cubic yards (459 cu. m) of contam-
inated soil and dispose of it in a licensed hazardous
waste landfill 120 miles (193 km) from the site. This
requirement would have increased the cost of the remedial
actions 500 to 1,000 percent over the cost of the remedial
actions that were finally implemented. Anonymous Site C,
a small business, probably would not have had the
resources to finance such a project.
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Upon further study, however, the WDNR concluded that,
because of the chemical properties of chromium, soil
removal would not be necessary provided a ground water
control was installed. Hexavalent chromium, the valence
state of the chromium spilled from the Anonymous Site C
shop, 1is highly toxic and mobile in water and soils.
However, as hexavalent chromium wmoves through soil, it
tends to react with organic matter or other electron
donors and is reduced to trivalent chromium, which is
readily adsorbed to the soil particles and is relatively
non-toxic. Consequently, the WDNR concluded that it was
permissible to leave the soil in place. Much of the
hexavalent chromium in the soil and ground water could be
expected to be reduced to trivalent chromium, and the
remaining hexavalent chromium could be expected to even-
tually be removed by the subsurface drain.

The second issue concerning the extent of the
remedial action was the appropriate depth of the drain.
The WDNR and the company's engineering consultant agreed
that the drain should be placed below the contaminated
zone. After the consultant submitted the remedial action
plan, there was some dispute between Anonymous Site C and
the WDNR about the actual depth of contamination. When
the WDNR concluded in December 1980 that the contamination
only extended to approximately 12 feet (4 m), Anonymous
Site C was permitted to construct the drain as originally
proposed.

Finally, the WDNR established criteria defining the
duration of operation of the surface and ground water
collection systems, Anonymous Site € is required to
continue pumping water from the sump and the surface
impoundment into the sanitary sewer until discharge
monitoring shows, in a consistent trend, that total
chromium is below 0.5 mg/l, and that hexavalent chromium
is below 0.05 mg/l. The WDNR based its criteria on
chromium discharge limits established in the Wisconsin
Pollution Discharge Elimination System (WPDES).

The remedial action plan submitted by the company's
consultant in April 1980 qualified that at 2 minimum, a
2-year pumping period would be required before ground
water levels would fall below the discharge limits. Addi-
tional time extensions would be available if groundwater
flow rates were slower than anticipated. Recent sampling
indicates that groundwater still remains highly contami-
nated, suggesting that it will be necessary to continue
the operation of the system.

3-13

300.68(e)(2)
(1)(C) hazardous
properties

300.68(e)(2)
(iii) state
approach to sim-
ilar situations




The DePere sewage treatment authority agreed to
accept the effluent from the system without pretreatment
because the chromium concentrations were low enough that
the contaminated water posed no danger of impairing the
operation of the treatment plant. Anonymous Site C signed
a contract with the city that contained a number of con-
ditions regarding the city's acceptance of the effluent,
requiring Anonymous Site C to:

e Record the quantities of water pumped into the
sanitary sewer,

® Sample the water regularly,

¢ Pay a fee for regular city inspections of the
collection system,

e Indemnify the city for any additional costs of
disposal of sludge that might result from
Anonymous Site C effluent causing the sludge to be
classified as hazardous.

DESIGN AND EXECUTION OF SITE RESPONSE

The remedial response at the Anonymous Site C site
consisted of three major components. These were:

& A groundwater interceptor trench

e A surface impoundment

¢ Soil removal at a neighboring garden.

In January 1981, the ground water interceptor trench
was constructed with a small backhoe to an average depth
of 12 feet (3.6 m) around the perimeter of the contamin-
ated area (Figure 5). This depth was estimated to be
between 2 or 3 feet (0.6 or 0.9m) below the extent of the
contaminated seoil. After excavation, the bottom of the
trench was lined with a 4 foot (1.2m) wide sheet of poly-
ethylene and 240 feet (73 m) of 6~inch (15.2¢m) diameter,
slotted PVC pipe was installed. This drain pipe was
intersected vertically at 3 locations with 4—inch (10cm)
diameter PVC sampling pipes (R~1, R-2, and R-3 in Figure
5). Each of the sampling pipes extend about 1 foot (0.3
m) below the drain pipe to ensure collection of adequate
sample volumes., The drainage pipe has an average slope of
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0.7 percent toward the 4 foot (1.2 m) diameter fiberglass
sump . The sump was placed such that the drain invert
intersects it about 3 feet (0.9 m) from its base. This
sump is periodically pumped to the nearest sewer clean—out
location through an underground connector pipe (See Figure
5).

After the drainage pipe was placed into the trench,
it was backfilled with 1 1/2 inch (3.8 cm) diameter washed
stone to the ground gurface and the stone was capped with
¢lay material.

The excavated material from the trench was Cempo™
rarily stockpiled at the southwest corner of the plating
shop prior to being used to comstruct a 2 foot (0.6 m)
high berm between the trench and the adjoining properties
along the southern border of the site. This berm was
connected to an existing berm running along the western
border of the site so that all surface water would flow
toward the surface impoundment.

The surface impoundment was completed in May 1981
using a Ford 7500 front—end loader/backhoe and was
designed to contain the runoff from a 2.5 inch (6.3 cm)
rainstorm at the site. The impoundment 1is approximately
25 feet long on each side and 4 feet deep and has a 3—inch
(7.5 cm) deep coarse gravel liner to prevent erosion. The
impoundment 1s situated about 100 feet (30 m) from the
northwest corner of the plating shop along the western
boundary of the property. The contents of the impoundment
are periodically pumped into the nearest sanitary sewer
clean-out location through an above—ground connection (See
Figure 3).

The excavation of contaminated soil from a neighbor-
ing garden (see Figure 5) was done with a Ford 7500 front-
end loader backhoeBand a pick-up truck. Approximately 300
cubic yards (230 m”) of coil were stripped from the garden
area to an average depth of 3 feet (0.9 m). The excavated
soil throughout was spread on the Anonymous Site C prop~
erty. The excavated area was then filled with topsoil.

COST AND FUNDING

Source of Funding

Anonymous Site C paid for all remedial work and
virtually all of the site investigation. The Wisconsin
Department of Justice paid for some soil sampling in
November 1980 in order to determine the appropriate depth
of the drain.
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Selection of Contractors

Anonymous Site C did not engage in a competitive con-
tractor selection process; instead they chose local
contractors who were qualified to do the work, The first
contractor selected was Foth & Van Dyke and Assoclates,
Inc., a consulting engineering firm in Green Bay,
Wisconsin. Foth and Van Dyke performed the initial site
investigation in July 1979, and continues to perform
quarterly sample analyses.

In the fall of 1979, Foth and Van Dyke referred
Anonymous Site C to Soil Testing Services of Wisconsin,
Inc., (8TS), another consulting engineering firm in Green
Bay, when it became apparent that the site investigation
and remedial design would require STS's more extensive
geotechnical expertise, STS performed further site
investigation, designed the remedial actions, and gave
Anonymous Site C technical assistance in meetings and
legal proceedings with the WDNR.

Anonymous Site C chose DeGroote Construction Company,
an excavation and construction contractor in Green Bay, to
implement STS's remedial action plan in January, May, and
July of 1981. Anonymous Site C used DeGroote, rather than
S§TS, to implement the plan because Anonymous Site C
believed that DeGroote could perform the work for a lower
cost,

Project Cost

The total cost of the investigation and remedial work
at Anonymous Site C from September 1979 to July 1981 was
approximately $23,000. In assembling the data for this
case study, it was not possible to determine the exact
cost of the work because Anonymous Site C records were not
available for review. Consequently, only a general break-
down of expenditures, based on estimates provided verbally
by persons involved in the clean-up, is possible (see
Table 1).

Site Investigation and Remedial Design

Anonymous Site C incurred approximately $15,000 in
expenses from STS between the fall of 1979 and the fall
of 1980. Of this amount, about $8,000 was for the site
investigation, including soil borings, well installation,
sampling, and interpretation of data. Design of the
surface and ground water collection system cost about
$2,000. Anonymous Site C incurred a cost of about §5,000
for the time STS spent after the remedial action plan was
submitted, helping Anonymous Site C negotiate with the
WDNR over the depth of the drain.
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TABLE 1. SUMMARY OF COST INFORMATION-ANONYMOUS SITE C, DEPERE, WISCONSIN

Task Expenditure Estimated Funding Period
Future Cost Source of

Performance
Site investigation $8,000 N/A Anon C 7/19-12/79
Remedial design $2,000 N/A Anon C 12/79-3/80
Technical assistance .
in ncgotiations w/
WDNIR $5,000 N/A Anon C 4/80-12/80
Iustallation $8,000 N/A Anon C 1/81-7/81
of drain, surface
controls
Operation and
maintenence N/A $600/ Anon C

year (a)

TOTAL $23,000 9/79-1/81

(a) Duration of operation undetermined.
Figure does not include sampling.




Foth and Van Dyke also performed some initial inves—
tigation, but an estimated of the cost of that work was
not available.

Construction of Intercept Drain and Surface Water
Diversion Systenm

DeGroote  Construction's execution of the remedial
actions cost about $8,000, This included: all labor and
materials involved excavating the 240 foot long, 12 foot
deep trench; installing the drain, sump and pump; build-
ing the dike; constructing the 25 foot square, 4 foot deep
surface impoundment; and replacing 300 cubic yards (230
cu, m) of topsoil in the neighboring garden.

Operation and Maintenance

The cost of operating and maintaining the surface and
ground water collection systems is probably less than $600
annually, excluding sample analysis. The major cost is
regular inspections by the DePere sewage treatment
authority, which are performed two or three times per
month, and cost $15 per inspection. DePere does not
charge Anonymous Site C for treatment of the effluent
because the city's sewage treatment charges are based on
water consumption, rather than on discharge.

The cost of electricity for pumping the collected
subsurface and ground water approximately 100 feet (30 m)
to the sanitary sewer is negligible. During 1981, the
sump pumps, operating intermittently for a total of 60
hours, pumped about 72,000 gallons (275,520 1) of water to
the sewer, at a rate of 20 gallons (76 1) per minute.

No cost information was available for sample
analysis. Every three months, Anonymous $ite C personnel
collect samples from eight locations in the collection
systems and monitoring wells, and deliver them to Foth and
Van Dyke, where they are analyzed for total chromium and
hexavalent chromium.

PERFORMANCE EVALUATION

WDNR now requires the Anonymous Site C to submit
quarterly monitoring reports on water samples taken from
the R-1 and R-2 sampling points, the surface impoundment,
the trench sump, and from wells 1-A, 2, 3, 5, and 16.
These monitoring data are eventually expected to show a
decline of total and hexavalent chromium at these sampling
locations.

To date however, there 1is no 1indication of a
reduction in chromium levels at any of these sampling

locations, In fact, the four sets of monitoring data
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compiled in 1982 show that hexavalent chromium levels in 3
wells have exceeded the previously detected maximum of
1,511 mg/l; reaching a new maximum chromium concentration
of 4,300 mg/l. Seven of the 12 samples taken from these
three wells in 1982 had hexavalent chromium levels above
2,500 mg/l and six of these seven were at or above 4,000
mg/l hexavalent chromium. Samples takean at R-1, R-2, and
the sump have chromium levels in the same general range as
the well samples. The surface impoundment is generally
low in chromium, usually ranging from < 0.1 mg/l to a
maximum of 0.2 mg/l. However, on occasion, levels have
been as high as 60 ppm. Although all the samples were
analyzed for both total and hexavalent chromium, virtually
all the chromium present was found to be in the hexavalent
form.

The high chromium levels found in all sampling loca-
tions except the surface impoundment, indicate that a very
long time period will be needed to flush all the chromium
from the site. This does not necessarily mean, however,
that the chosen remedial response was inadequate or was
poorly installed. Rather, the long time period needed to
restore the site probably reflects the slow and uneven
drainage in the area. It is not possible to draw a final
conclusion on whether the remedial response was sufficient
to arrest the £further escape of chromium from the area
because several more soil borings would be needed to
determine whether the sand and gravel seams in the area
are continuous; and, if so, whether they extend below the
interceptor trench. 1In any event, it can be stated with
confidence that: 1) surface water runoff from the
contaminated area has been adequately controlled and 2) if
any continucus sand or gravel seams do exist in the area,
they would not be likely to contaminate any drinking wells
or cause any other adverse exposure situation. The first
of these statements 1is supported by the past performance
of the runoff control system which consists of the berms
and the surface impoundment, It is felt by some that
supporting evidence for the second statement is found in
the local geology which includes of a 200-foot (61 m)
layer of dolomite beneath the contaminated area. Although
this is not condoned by all parties involved it is
generally felt that despite the dolomite layer being used
as a source of drinking water in the area, its alkaline
chemistry would precipitate out any chromium moving down
with the water from the upper contaminated zone. Ag
previously mentioned, the homes in the immediate area of
the Anonymous Site C site are supplied by the city water
system.
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BIOCRAFT LABORATORIES

WALDWICK, NJ

INTRODUCTION

Biocraft is a small synthetic penicillin manufac-
turing plant located on a 4.3-acre (1.72 ha) site in an
industrial park of the town of Waldwick, NJ (population
10,800) (see Figure 1). Sometime between 1972, when the
plant opened, and 1975, when the pollution problem was
discovered, two pipes leading from the plant to under-
ground waste solvent storage tanks leaked into the ground,
contaminating an area 360 feet (110 m) x 90 feet (27 m)
about 10 feet (3 m) thick. The waste solvents seeped into
a storm sewer, which flowed into a nearby creek (see
Figure 1) and also contaminated the shallow aquifer. The
pollution was suspected by local health officials as
having been responsible for a fish kill in 1973. A town
drinking water well less than a 1/4 mile away draws from
a deep aquifer. The town of Waldwick was concerned that
the high level of contamination would eventually contam-
inate the well, but the state believed that contamination
of wells was unlikely because of hydrogeology. On July 1,
1981 before the ongoing ground water decontamination oper-
ation began, a test well was installed on-site, upgradient
from the pollution source and an artificial ground water
mound. Chemical analysis revealed 85,000 ug/l acetone,
55,000 ug/l methylene chloride and 648 mg/1 COD (chemical
oxygen demand) in samples taken from this well.

Background

Between 1972, when the plant opened, and 1975, when
the pollution problem was discovered, two pipes connecting
underground waste solvent storage tanks leaked an undeter-
mined amount of butanol, acetone and methylene chloride
into the ground. The amount of leaked waste solvents is
unclear, but it could have been as much as 33,000 gallons
(125,000 1), assuming that the gauging system would not
have detected less than 50 galleons per transfer of lost
solvent and about 660 transfers, were made prior to
problem discovery. The waste solvent traveled through a
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storm sewer that ran through and in front of the site, and
led into a tributary of Allendale Brook (Rew Jersey State
stream designation FW-2 non-trout).

In the spring of 1975 the director of the Northwest
Bergen Regional Health Commission (NWBRHC) called the New
Jersey Department of Envirommental Protection (DEP) to
report an "obviously...degraded ecological condition" in
the Allendale Brook and its tributary, Hohokus Brook.
Wastes from Biocraft were suspected to be responsible for
a 1973 fish kill in a pond into which Hohokus Brook
empties. The mayor of Waldwick was concerned about the
lack of a report from the Fish and Game Commission about
the fish kill, and about the health of the children who
played in the brook.

On June 2, 1975, a representative of the Passaic—

Hackensack Basin Element of the DEP and two NWBRHC
officials performed a preliminary investigation of the
Biocraft site for possible discharges into the tributary
leading to the Allendale Brook. A storm sewer was
reported to be discharping contaminants into the tribu-
tary, based on observations of '"a strong pungent odor...in
the brook and in the sewer pipe", and a "grayish-black
algal growth covering the entire bed of the tributary down
to its junction with Allendale brook" and in the storm
sewer. The odor and the discharge flow were traced back
to the storm sewer Jjunction leading from the Biocraft
plant site, where a water sample was taken. An inspection
of the storm sewer grates showed no discernible flow
coming from above the pipe leading from Biocraft. A dye
test of the sanitary-industrial waste sewer did not reveal
any leaks into the storm sewer, that would have suggested
the presence of an underground leak or unknown connection.
A study subsequently performed by Biocraft's consultant
revealed that a leak in the lines to underground waste
solvent storage tanks was responsible for the discharge.

Synopsis of Site Response

The wunderground feed lines to the storage tanks were
sealed in the winter of 1975 and above ground feed lines
were 1installed to prevent future ground water contam—
ination. On February 13, 1976, Biocraft, with its con-
sultant Princeton Agua Science (PAS), began selectively
pumping five wells and disposing of the contaminated water
off-site at an industrial wastewater plant in Tonawanda,
- NY. An incinerator at Tricil, Ipnc. in Canada was later
used to dispose of the contaminants, and a pretreatment
facility in New Jersey also served briefly as the disposal
site. Because of the expense and problems with disposal
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site availability, Biocraft sought other alternatives such
as biodegradation, using 1in-house expertise from its
antibiotic manufacturing staff.

Biocraft initiated the currently (as of January 1983)
ongoing remedial action on June 30, 1981, using a new
new ground water collection system, on-site treatment and
reinjection 1into the ground. The contaminated ground
water is collected from a recovery well (#P13} in an
interceptor trench located on the west side of the
Biocraft building and from two shallow wells (#'s P30 and
P32A) on the west property line (see Figure 2). This
contaminated water 1is piped to settling and activation
tanks where aeration and nutrient addition accelerate the
activity of microorganisms that degrade contamipants in
the water. The treated water with elevated levels of
aerobic bacteria 1is injected into two trenches on the
southwest side of the property, upgradient from the source
of the contamination. Nine underground aeration wells
were installed along the path between the injection and
withdrawal trenches to enhance the aerobic biodegradation
in the ground water. In September 1982 air injection
through two monitoring wells was added.

SITE DESCRIPTION

Surface Characteristics

The Biocraft site 1is located in a small industrial
park in the Borough of Waldwick, Bergen County, New
Jersey.

Climate 1is typical of the northern New Jersey area.
Winter months are moderately cold with average temper—
atures of 35°F (0.56°C). The average daily minimum
temperature is 27°F (~2.8°C). Lowest recorded winter
temperature for this area was =7°F (-22°C) recorded in
Newark in 1949, Average summer temperature for the area
is 73°F (23°C) with an average daily maximum of 82°F
(28°C). The highest recorded temperature was 105°F
(37.8°C) in 1953 and 1966,

Precipitation averages 42 inches (107 cm) annually
with a range of 30 to 56 inches (76-142 cm) apnually.
Thunderstorms occur about 26 days a year predominantly in
summer. The average seasonal snowfall is 28 inches (71
em). Storms producing more than 4 inches (10 cm) of snow
occur on the average of twice per winter.

Relative humidity averages 54 percent in mid-
afternoon, with higher values at night, averaging about
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73 percent near dawn. Prevailing winds are from the

Southwest, with an average speed of 10 miles (16 km) per
hour.

The Biocraft property is about 4.3 acres (1.7 ha) in
size. It lies in a relatively flat area with slopes from
0 to 3 percent. The original topography of the surround-
ing area has been somewhat modified by regrading for
buildings, parking lots, and streets. About 30 percent of
the area of the property is paved or covered with
buildings. The area around the wmain building, roughly
10 percent of the property, is grassed. The remaining
60 percent is lightly forested with water tolerant hard-
woods and undergrowths of ferns, grasses, and sedges. The
properties to the east of the Biocraft site are pre-
dominantly covered by asphalt paving and office buildings.

Three basic soil types were found to occur in the
vicinity in a 1925 soil summary, i.e. Merrimac gravelly
loam, Papakating silt loam, and muck. Drainage for these
soil types ranges from very well drained to poorly
drained. Ponded areas were observed near the southern
property boundary indicating shallow groundwater.

The western property boundary 1is located about 350
feet east of a small creek, which flows toward the south-
west. The creek receives stormwater runoff from the
Biocraft site and from other plant sites in the indus-
trial park. The creek empties into Allendale Brook which
drains into Hohokus Creek,. Allendale Brook and Hohokus
Creek are designated by the State of New Jersey as "FW-2
Non-trout; suitable for potable, industrial, and agri-
cultural water supply; primary contact recreation; and
maintenance, migration, and propagation of natural and
established biota."

A municipal ground water well is located about 1,000
feet southeast of the contaminated area. Biocraft also
operates a deep well that is directly under the contam—
inant plume. TFigure 2 shows surface features of the
Biocraft site,

Hydrogeology

The Biocraft site 1is located in an area of unstrat-
ified and stratified drift deposited by the "Wisconsin"
Glacier and its melt waters during the Pleistocene Epoch
of the Quaternary Period. A geologic column showing the
underlying substrata at the site is shown in Figure 3.
Thin layers of silt and gravel can be found at the surface
up to 3 feet (1 m) thick in the area, presumably due to
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Figure 3. Geologic Column for the Biocraft Site.
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earlier stream deposition. In addition, regraded soils
can be found near the surface due to construction
activities,

Glacial till <(unstratified drift) underlies the
surface at a thickness of about 8 to 15 feet thick. It is
a poorly sorted mixture of boulder, cobbles, pebbles,
sand, silt, and clay. Some stratification occurs within
the till layer due to glacial meltwater deposition which
is believed to have resulted in large permeability differ-
ences around the site. Permeabilities {(hydraulie conduc-
tivities) have been calculated for five monitoring wells
from slug tests and have been found to rangegfrom 0.02 tg
36 gallons per day per square foot (9.4 x 10 - 1.7 x 10
m/s).

Approximately 40 feet of semiconsolidated silt and
fine sand underlies the till layer. Visual inspection of
the material in this deposit suggested very low perme-
ability, but no actual testing was conducted on this
strata. This formation was considered to be an aquiclude.

Brunswick Shale of the Triassic Newark Group under—
lies the site at a depth of 50 to 60 feet (17 - 20 m), and
a thickness of several hundred feet. The Brumswick
formation is the primary water supply aquifer for the
area, yielding an average of 125 gallons (473 1) per
minute for 29 wells in the area with an average well depth
of 320 feet. Primary ground water flow occurs in the
interconnecting fractures, vertical joints, and faults in
the shale, while little or nc yield is obtained in the
rock. Most of the wells of substantial yield have been
drilled to great depths in order to contact a sufficient
amount of water bearing fractures.

A municipal deep well is located in the Brumswick
formation approximately 1,000 feet southeast of the
underground discharge area. Biocraft Laboratories have
also installed a deep well (in the Brunswick Shale)
on-site to supply water to their chemical manufacturing
operation.

Cround water elevations, flow rates, and directionms
were calculated by Geraghty & Miller, Inc., Consulting
Ground Water Geologists and Hydrologists, Port Washington,
N.Y. in March, 1979. Twenty—-two wells with continuous
level recorders were used to define the ground water
regime. Figure 4 presents ground water monitoring well
locations, and typical elevations, isopleths, and flow
directions at the Biocraft site. As can be seen from
Figure 4, ground water flow is somewhat irregular in this
area, being affected by heterogeneous geology, surface
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Figure 4. Water Table Configuration at Biocraft site

{Source: Geraghty & Miller, 1979)
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cover, and possibly other factors. The configuration is
not constant but can change substantially with the season
and the amount cf precipitation.

A noticeable ground water mound is present, corre-
sponding to the south and east ends of the blacktopped
area (see Figure 2). This has been explained by the
consulting geologists to be an area of ground water
recharge due to higher relative permeabilities in the area
of well number 22 and surface characteristics conducive to
recharge (wooded rather than blacktopped).

Ground water flow from the mound is omni directional
with the major flow regimes moving towards the northwest,
northeast, and south. In November, 1980 the predominant
flow direction was to the south, confirming the variable
flow regime.

A distinct ground water flow regime trough occurs in
the northwest corner of the property, corresponding to an
area of surface coverage and higher permeability. As
shown by the flow direction lines in Figure 4, a contam-
inant plume emanating from the leak area would tend to
flow northwest toward the trough area. It 1s also
possible that the plume could travel toward the northeast
and south given the changing nature of the ground water
configuration and the fact that the area of subsurface
leakage is inside the highest isopleth in this particular
plot. '

Available monitoring well data indicates that the
average ground water depth ranges from zero to about
9 feet, depending on seasonal fluctuations. Average
ground water temperature ranges from 50°F to 54 °F
(10~12°C). Ground water velocities were calculated by
Biocraft's consultants based on the range of perme=
abil&ties [0.02 to 36 gallons per day per square foot (9.4
% 10° - 1.7 x 10° m/s)] and hydraulic gradients [0.002 to
0.03 feet per linear foot (0.0006 - 0.01 m/m)] found at
the site. Flow velocities were calculated to range from a
mayimum of 1.5 feet (0.5 m) per day to a minimum of
0.0002 feet (7 x 10 ° m) per day. Average flow velocities
on the more permeable zones were calculated to average
about 0.4 feet (0.1 m) per day. This value indicates that
the time required for ground water to travel from the leak
area to the easterm property boundary {collection point)
would be about 1 1/2 years.
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WASTE DISPOSAL HISTORY

The Biocraft site is a bulk manufacturing plant that
produces a wide variety of semi-synthetic penicillin
products including 6 aminopenicillanic acid, ampillicin
trihydrate, amoxicillin trihydrate, sodium oxacillin
monohydrate, sodium cloxacillin monohydrate, D{-)alpha-
phenylglycine methylacetoacetate potassium salt, and
D(-)-p-hydroxyphenyl glycine methylacetoacetate potassium
salts. A number of organic and inorganic raw materials
are used in the process. Organic feedstocks include
potassium penicillin G, methylene chloride, N-butyl
alcohol, acetone, methyldichloro silane, dimethyl aniline,
ethylene glycol, and ethyl chloroformate. Inorganic
chemicals used on-site include phosphorus pentachloride,
liquid nitrogen, ammonium hydroxide, and hydrochloric
acid.

Ten 10,000-gallon .(37,800 1) underground storage
tanks are located at the southeast corper of the building.
Seven tanks store virgin and recovered N-butyl alcohol,

acetone, and methylene chloride. The eighth tank holds
process wastewater which 1is periodically shipped to
Earthline Services, Newark, NJ for pretreatment. The

ninth tank holds spent solvents and centrifuge cake
washings from penicillin cleavage and includes the
following identified substances: '

Acetone

Methylene chloride
Dimethylaniline
N-hutyl alcohol
Phosphorus acid
Ethyl alcohol
Methanol

Ammonium chloride.

The tenth and 1last tank stored spent solvents from
ampicillin processing, including acetone and methylene
chloride. Stored liquids from the last two storage tanks
were trucked about twice per week to Chemical Pollution
Systems, O0ld Bridge, NJ for solvent recovery services.

The underground discharge causing the contamination
problem was traced to a leaking transfer pipe which fed
storage tank number nine, which held spent solvents and
centrifuge cake washing liquors. It is not known when the
underground line started leaking, however an estimate has
been made on the amount of material discharged from the
time the plant opened in June, 1972 to November 24, 1975,
the date when the lines were replaced. The estimate is
based on: (1)} the actual number of transfers to the
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storage tank during the above period (660); (2) a tank
gauge accuracy of 50 gallons (190 1), i.e. discrepancies
under 50 gallons (190 1) could not be detected; - and
(3) the average composition of the mixture. Biocraft
estimated guantities discharged into ground water for the
major components of the mixture, as shown in Table 1.

Trace substances included phosphorus acid, ethyl
alcohol, methanol, and ammonium chloride. Other trace
substances, later detected in the ground water which were
not clearly associated with Biocraft's processes were
heptane, octane, dissobutylene, chloroform, trichloro-
ethylene, tetrachloroethylene, benzene, toluene,
m-p-xylene, and dichloroethane.

DESCRIPTION OF CONTAMINATION

Contamination at the Biocraft site was caused by the
leaking underground lines feeding spent process solvents
to an underground storage tamk. Although it is not known
from the plant's investigatioms, contamination could have
occurred for as long as 3 years, from when the plant
opened to when the source of contamination was found and
repaired. Tt has been estimated by the plant itself that
over 285,000 pounds (130 Mt) of solvents and other organic
substances may leaked into the subsurface during this time
period. Quantity estimates of individual compounds have
been previously given in Table 1.

The contaminant plume flowed predominantly north and
portheast toward the eastern edge of the property and a
storm sewer, and also south toward the southern property
boundary. The storm sewer discharged into a small creek
which emptied into Allendale Brook. A contamination
problem was first suspected in 1973, when a fish kill
occurred in a pond receiving flow from Allendale Brook.
Subsequent inspections in 1975 revealed that the tributary
to Allendale Brook was in a degraded conditiom, charac-
terized by grayish-black algal growth. The storm sewer
was suspected of being the source of pollution, since the
same algal growth appeared in portions of the linme and an
organic odor was detected at the discharge point. Data
from sampling of the flow in the sewer indicated that
concentrations of methylene chloride, n-butyl alcohol, and
dimethyl aniline were as high as 114, 343, and 32 mg/l,
respectively. Chemical oxygen demands (COD) were found to
be as high as 7,539 mg/l. Contaminated flow from the
sewer was finally attributed to Jjoint infiltration of
grossly polluted ground water emanating from the Biocraft
site. The leaking underground transfer line was
discovered as a result of an underground tank and pipe
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TABLE 1. ESTIMATED QUANTITIES OF ORGANICS

DISCHARGED AT THE BIOCRAFT SITE
(Biocraft Laboratories, 1983)

Estimated Quantity

Substance Percent Pounds Metric tons
Methylene chloride 50 181,500 8§2.33
N-Butyl aleohol 30 66,825 30.31
Dimethyl aniline 10 26,300 11.93
Acetone 5 16,890 4.94
Water and trace substances 5 10,890 4.94
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testing program initiated by Biocraft after they were
issued a New Jersey Department of Environmental Protection
Cease (NJDEP) Administrative Order.

Six ground water monitoring wells were installed
on-site in January, 1976 under the supervision of
Princeton Aqua Science, New Brunswick, N.J. These were
2 inch (5 cm) well points with depths ranging from 10 to
15 feet (3.3 - 5 m). The maximum depth corresponds to
refusal resulting from contact with the semi-consolidated
silt/fine sand layer (see section on hydrogeology).
Monitoring data from February, 1976 to Junme 1976 for the
six wells showed ranges of concentrations of general
pollutant parameters as shown in Table 2. '

TABLE 2. RANGES OF INITIAL MONITORING WELL DATA
AT THE BIOCRAFT SITE

FEBRUARY, 1976 TO JUNE 1976

Parameter Range
pH 5.2 - 7.5
BOD 2 — 21,000 mg/1
© COD 8 — 31,000 mg/1l
TOC 2 - 9,625 mg/1l
Chloride 5 - 6,246 mg/l

In the period from June, 1976 to early in 1979, 16 addi-
tional wells (making a total of 22) were installed for
monitoring and selective pumping of contaminated ground
water. Geraghty and Miller used these 22 wells for their
investigation of hydrology and contamination at the site.
Eight of the 22 wells were drilled specifically for the
Geraghty and Miller investigation