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The former chemical waste disposal site at Love Canal

1.0 INTRODUCTION

occupies a lé6-acre rectangular plot of ground in the LaSalle
District of Niagara Falls, New York. A regional map illus-
trating its location is presented as Figure 1-1.

The site is bounded by Colvin Boulevard on the north,
99th Street on the east, Frontier Avenue on the south, and
97th Street on the west. Two roads, Read and Wheatfield
Avenues, crossed the landfill in an east-west direction. A
public elementary school, known as the 99th Street School,
occupied a portion of the land between Read and Wheatfield
Avenues and was built adjacent to the eastern boundary of the
landfill. The southermost portion of the site is approximately
1,500 feet north of the Niagara River.

The first signs of serious chemical contamination at Love
Canal became evident in 1975, and by November 1976 the fre-
quency and magnitude of the problems cited by area residents
prompted an investigation of the site by the New York State
Department of Environmental Conservation (NYSDEC). As a
result of this investigation, a barrier drain, a clay cap over
the former canal, and permanent on-site leachate treatment
facilities were completed by the end of 1979.

The primary objectives of this initial remedial construc-
tion at Love Canal were to halt further lateral contaminant
migration from the landfill, prevent runoff of contaminated
surface water, and to minimize leachate generation. A U.S.
Environmental Protection Agency (USEPA) study, released in May
1982 concluded that the barrier drain was functioning effec-
tively to halt the lateral transport of contaminants through
the soil.
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In January 1983 five engineering investigations were
initiated in areas adjacent to Love Canal. These engineering
investigations were conducted by Malcolm Pirnie, Inc. as part
of seven additional Love Canal remedial projects being admin-
istered by the NYSDEC Division of Solid Waste under a coopera-
tive agreement with the USEPA. Task Areas II, IV and VII
address contamination in adjacent storm and sanitary sewers,
while Task Areas III and VI are concerned with contaminated
sediments in Black and Bergholtz and Cayuga Creeks and in the
Niagara River near the 102nd Street storm sewer outfall. The
study area comprised of the five task areas, the area encom-
passed by the May 1980 emergency declaration, and the immediate
canal area (i.e. Rings 1 and 2 inside the fence) are illustrated
in the vicinity map presented as Figure 1-2.

This Environmental Information Document (EID) presents a
detailed contamination assessment and evaluates remedial
alternatives for Task Area II, the North Storm and Sanitary
Sewers. EIDs addressing the four other task areas have been
prepared separately.



Ay [P T PAY

\IR H)RLL BASE

(,"i//‘u/rL'

Trailer
~

L ParkiY,

Trailer

Park

\\ '\\

<5t Toind, ] NN
,\_bch /.~ /T/Jayne Park “\\U\Lt

s.

Lo
L ""is el w )
=142 "/:%-Lr—fTTL /\////l'cmro \\
g - 4' l‘%lr__,:‘l =\ S
1 _

\\

Sandy Beuach

.

H :‘:

M Abath Boad [ ]

: ~ch P

: '

: Lial 1) e . .
—_ — - —_— =

. s

s -*L"c ‘Llf ; v miow . a;o',;

DECLARATION AREA T
edi e

< CANAL_AREA I -
TASK AREA i ot e

S
‘(-L u

“kOLlNsz T \
I T ——
o . : ~ .~ ~ . \
e, N 1 ~ ~d
Ny ! RS ~
R S TR T ~o -

LOVE CANAL
SITE INVESTIGATIONS AND REMED

ACTION ALTERNATIVES
VICINITY MAP



A
2.0 PROJECT OBJECTIVES Dg*l\ FT

2.1 Overall Program

The overall objective of the project was to develop the
most environmentally sound and economically feasible remedial
action plan for any Love Canal-related contamination which has
migrated away from Rings 1 and 2. The specific work items
associated with each of the five task areas are summarized

below:

o Determination of the extent of contamination in both
storm and sanitary sewers in the task area;

o} Identification of the pathways for migration of
contaminants into and away from the task area;

o} Assessment of the contaminants in and migrating from
the task area;

o Development of remedial alternatives to prevent
further contamination of the environment from the
contamination in the task area;

o Evaluation of the implementability of each altern-
ative; and

o] Recommendation of the alternative to be implemented.

2.2 sSpecific Task Area IV Objectives

Task Area IV, South Storm and Sanitary Sewers, is generally
bounded by 102nd Street on the east, Niagara River on the
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south, 95th Street on the west and Read Avenue on the north as
is illustrated on Figure 1-2.

In addition to the general objectives stated in Section 2-1,
several additional work items have been identified for Task
Area IV and are summarized below:

0 Assess the degree of success of past remedial actions
to eliminate contaminant migration from the canal
area via storm sewers. Evaluation of the liquid/sedi-
ment partition is used for storm and sanitary sewers
to determine if contamination is residual in the
sediments from past canal leakage or in the liquid
portion indicating active contaminant migration.

o Determine if the sanitary sewer on Wheatfield Avenue
originating from the Love Canal area is actively
discharging contaminants.

o) Evaluate if significant movement of contaminants is
occurring in storm sewers during storm events.

o Determine the degree and extent of contamination of
pipe bedding materials and assess the potential of
bedding material to act as a migration pathway.

o Determine the potential for volatilization of contami-
nants in the sewers and the potential impact of
chemical volatilization upon remedial efforts.

o Develop data base to determine if sanitary sewers in
the task area are contaminated with Love Canal type
contaminants. Prior to this engineering study, -the
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EPA had sampled only one sanitary sewer in the

[T -3

Declaration Area.

Determine physical condition of manholes and sewers
which can be observed.

Qualify amounts of contaminated sediment in sewers

and manholes so that cleaning and disposal methods
and costs can be evaluated.

2-3
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3.1 Site History (summarized from EPA Monitoring Study)

3.0 BACKGROUND INFORMATION

The Love Canal landfill takes its name from wWilliam T.
Love, whose plan was to dig a power canal between the upper
and lower Niagara River to provide cheap hydroelectric power
for a proposed model industrial city. The Model City project
and partially-dug canal were abandoned before the turn of the
century. 1In 1942, the Hooker Chemicals and Plastics Corp-
oration entered into an agreement with the Niagara Power and
Development Company (then owner of the canal) to purchase
Love's unfinished canal. Hooker has acknowledged that it used
the canal between 1942 and 1953 for the disposal of at least
21,800 tons of various chemical wastes. It is also know that
the City of Niagara Falls disposed of solid wastes (mainly in
the portion of the canal bounded today by Read and Wheatfield
Avenues) in Love Canal.

Shortly after Hooker terminated disposal activities at
Love Canal in 1953 the land was acquired by the Niagara Falls
Board of Education for the purpose of constructing an elemen-
tary school on the site. 1In 1955, the 99th Street Elementary
School located adjacent to the eastern edge of the landfill on
99th Street between Read and Wheatfield Avenues was completed

and opened.

As early as 1938, a number of private residences were
located near the northeast corner of Love Canal. By 1952
approximately 6 to 10 houses existed on 99th Street (the back-
yards of these houses faced toward the active dumping in the
canal), mainly located around the central and south-central
portions of the canal. By 1962 virtually all of the 99 houses
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on 97th and 99th Streets whose backyards faced the former
canal, the so-called "Ring 1" houses, were completed. 1In
general, residential development around Love Canal occurred
primarily from the mid-1950's through the early 1970's. By
1966, all evidence of earlier excavation at the site had been
eliminated by subsequent construction activities.

In the mid 1970's a number of problems in the general
Love Canal area were noticed by residents. These problems
included: unpleasant chemical odors, oily and corrosive
residues in basement sumps, ponded surface water, physical
subsidence, and surfaced drums in the landfill itself.

Numerous investigations conducted between 1976 and 1980
showed that serious contamination and potential health risks
existed in residences adjacent to Love Canal. As a result of
these investigations and related events New York State even-
tually purchased all homes within Rings 1 and 2, and most
homes included in the May 1980 emergency declaration (the
so~called Declaration Area). These actions led to the per-
manent relocation of canal area residents and the initiation
of USEPA Love Canal environmental monitoring studies described
in Section 3.2.

Since the latter part of 1978, a series of remedial con-
struction activities have been undertaken in the Canal Area. A
leachate collection system was installed around the entire
perimeter of the former canal in order to prevent continuing
lateral migration of contaminants from the landfill. Lateral
trenches were dug from the main barrier drain trench towards
the former canal and filled with sand to hasten dewatering of
the site and to facilitate construction. A clay cap was also
installed over portions of the landfill to minimize volati-
lization of contaminants, prevent human contact with hazardous
wastes, prevent runoff of contaminated surface water, and

3-2
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to minimize the amount of precipitation infiltrating the land-
fill and thus reduce the generation of leachate. Leachate
collected on the site is treated at a permanent activated
carbon faéility which became operational at the end of 1979.
In July and August of 1982, all Ring 1 and 2 houses within the
fenced canal area were demolished to make way for a more
complete cap over the landfill.

In February of 1983, work began on a permanent cap consist-
ing of clay and synthetic materials, and on an impermeable
barrier wall to further restrict contaminant transport through
upper soil strata. More recently, in June of 1983, the 99th

Street School was also demolished to accommodate the final
cap.

3.2 USEPA Love Canal Monitoring Study

The most recent and comprehensive report on environmental
contamination, "Environmental Monitoring at Love Canal," was
published by the USEPA in May 1982. The report was based on
extensive analyses of air, water, sediment and biota samples
collected during August, September and October 1980. The
USEPA data revealed a limited pattern of environmental contami-
nation in the area immediately adjacent to the canal, probably
caused by "localized and highly selective migration of toxic
substances from the former canal to the vicinity of certain
Ring 1 houses." The data also revealed that contamination was
present in storm sewer lines which originated near the former
canal. No evidence of Love Canal-related contamination was
found in storm sewers which were isolated from direct canal
area flow.

A total of 26 sampling sites within the study area were
included in the storm sewer portion of the monitoring program.

3-3
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A pattern of direct Love Canal-related contamination was
evident in storm sewer lines connected to the sewers on 97th
and 99th Streets. Numerous compounds were detected including
chlorinated benzenes and toluenes, and several pesticides
including Lindane and other isomers of hexachlorocyclohexane
(BHC). The ranges of contaminant concentrations in storm
sewer sediments were 0 to 169 ppb, 0 to 237 ppb and 0 to 79
ppb for benzenes, toluenes and Lindane, respectively. Contami-
nant concentrations in sewer sediment samples were generally
higher than those detected in sewer water samples, and were
also generally found to decrease with increasing distance from
the canal area.

Similar to other Love Canal-related contaminants, the
presence of 2,3,7,8-tetrachlorodibenzo-p-Dioxin (2,3,7,8-TCDD)
was detected in a number of storm sewer sediment samples with
decreasing concentrations as distance from the former canal
increased. 2,3,7,8-TCDD was detected at concentrations up to
650 ppb. \

only a single sanitary sewer site at the intersection of
Wheatfield and 101lst Street was sampled during the USEPA
monitoring. This location was chosen because this section of
sanitary sewer was installed across the canal under Wheatfield
Avenue in 1957. Love Canal-related contaminants including
chlorinated benzenes, chlorinated toluenes and hexachlorocyclo-
pentadiene (C-5,6) were clearly revealed, with higher concen-
trations present in sediment samples. Since the sanitary
sewer line under Wheatfield Avenue was encompassed by the
barrier drain system in 1979 and was subsequently plugged by
the City in 1980, it was deemed likely that any contamination
present was residual from prior to 1979.
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Apart from these findings, the monitoring data revealed
no clear evidence of environmental contamination in the area
encompassed by the emergency declaration order that was directly
attributable to the migration of substances from Love Canal.
Furthermore, the data revealed that the barrier drain system
surrounding the landfill was effectively intercepting substances
migrating laterally from Love Canal, and was drawing near-sur-
face ground water back to the drains for collection and subse-
quent treatment.

3.3 Other Pertinent Reports and Findings

3.3.1 storm and Sanitary Sewers

Residences in the LaSalle District, which encompasses
the entire study area, originally used septic tanks and
tile fields to dispose of sanitary wastewater. When
storm sewers were installed prior to annexation of the
District by the City of Niagara Falls in 1927, many of
the septic systems were connected to the storm sewers.
Installation of sanitary sewers began shortly after the
annexation and continued as the area was further developed
and as needs arose (see "Report to City of Niagara Falls,
LaSalle Infiltration/Inflow Analysis," November 1975).
Most sanitary sewers in the study area are between 45 and
50 years old, except for those serving the Griffon Manor
housing development which were installed around 1973.
Shortly after the canal was filled in 1953, Read and
Wheatfield Avenues were built across the landfill. 1In
1960, the City of Niagara Falls installed a storm sewer
line under Read Avenue, which entered the canal site from
97th Street and ended in a catch basin located approximately
midway between 97th and 99th Streets. Field inspection
notes reported that only excavated soils were used to
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fill the trench. City records do not identify the construc-
tion of storm sewer laterals on Wheatfield Avenue connecting
into storm sewer lines on 97th and 99th Streets. However,
field inspection notes reported that storm sewer laterals
were built along Wheatfield Avenue from both 97th and

99th Streets, each running towards the former canal for
approximately 170 feet. As with other sewer lines installed
by the City of Niagara Falls around Love Canal, these

were also reportedly backfilled with excavated soils.

The western limits of the entire study area (Task
Areas II, IV and VII) is Lift Station No. 6. Once the
flow reaches Lift Station No. 6, there are two potential
routes to the City of Niagara Falls Wastewter Treatment
Plant. These routes are shown on Figure 3-1 and described
below.

The vast majority of the wastewater leaves Lift
Station No. 6 in a westerly direction via the gravity
sanitary sewer on Frontier Avenue. At 74th Street the
wastewater turns north and flows to Girard Avenue where
the wastewater turns west and flows to 66th Street.

At very infrequent intervals, the wastewater from
Lift Station No. 6 can overflow into Lift Station No. 1.
From Lift Station No. 1, the wastewater heads west by
gravity along Stephenson Avenue. At 66th Street, the
wastewater turns north and flows to Girard Avenue. At
the intersection of Girard Avenue and 66th Street, the
wastewater from both potential flow routes combines into
one sewer. At this point, wastewater from the northern
industrial area of the City of Niagara Falls combines
with the wastewater stream from the study area. This
industrial contribution would hinder any attempts at
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identifying specific Love Canal contaminants beyond this
point.

From Girard Avenue and 66th Street, the wastewater
flows north by gravity to John Street. At John Street,
the wastewater turns west and flows via gravity to 47th
Street and Royal Avenue at which point the Southside
Ihterceptor begins.

During dry weather conditions the wastewater in the
Southside Interceptor flows directly to the City of
Niagara Falls Wastewater Treatment Plant. During high
flow periods, normally caused during rainfall periods,
the Southside Interceptor can overflow through regulators
into the Falls Street Tunnel. The Falls Street Tunnel
flows to the Gorge Pumping Station where the wastewater
is pumped to the City of Niagara Falls Wastewater Treat-
ment Plant or bypassed directly to the Niagara River.

3.3.2 Previous Contamination Investigations

Numerous documents exist which directly or indirectly
address Love Canal, nearby inactive hazardous waste
disposal sites, and their effect on the environment. The
following summarizes the findings of these previous
reports on the extent of contamination in the study area
sewers.

o A liquid sample collected by the City in May
1980 at the 99th Street and Wheatfield sanitary
sewer indicated concentrations of 89 ppm, 22
ppm and 1.5 ppm of chlorinated benzenes (total
all species), lindane and C-4,6, respectively
(see memos from John Westendorf, chemist for
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City of Niagara Falls). These high contaminant
concentrations prompted the City to plug the
Wheatfield sanitary sewer at 99th Street in
October 1980. Subsequent samples collected

from the 1lift station influent after the Wheat-
field sanitary sewer was plugged show steadily
decreasing contaminant concentrations with a
large seasonal and weather-dependent variability.

The New York State Department of Health and
Environmental Conservation conducted an extensive
sampling program in the spring and summer of

1979 involving collection and analysis of ap-
proximately 80 storm sewer water and sediment
samples (see "Special Report to the Governor

and Legislative, Love Canal').

Results from approximately 10 locations in Task
Area IV were reported. Several locations where
Love Canal type contaminants were found once
had a direct connection to the Love Canal area.
However, quantities of contaminants were also
found on 95th Street, 102nd Street, and Frontier
Avenue west of 95th Street.

The USEPA took liquid samples from three storm
manholes on August 14-18, 1978 (see NYPHD
Document No. 49, "USEPA Study of Love Canal
Area Storm Sewers"). The manholes were at 96th
and Colvin, 100th and Colvin, and 100th and
Frontier. Trace quantities of Love Canal
contaminants were found in each sample. One of
the manholes 1s in Task Area IV. This sewer,
at the time of this sampling, had a direct
connection to the Love Canal Area.

3-8
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o] Sediment samples from three storm manholes were
sampled on May 27, 1980, by the New York State
Health Department (see "Determination of 2,3,7,8
tetrachlorodibenzo~p-dioxin in sediment samples
from the Love Canal Storm Sewers, Black and
Bergholtz Creeks"). The locations were 97th
Street and Frontier Avenue, 100th Street between
Wheatfield and Read, and 97th and Wheatfield.
Two of the three sampling locations are now
within the Love Canal Area. The remaining
location is within the Task IV area. This
sample contained 0.9 ppb of 2,3,7,8 TCDD Dioxin.

3.4 Other Abandoned Hazardous Waste Disposal Sites

Inactive hazardous waste disposal sites are believed to
be a major source of persistent chemical substances that
contribute to contamination of water supplies, fish and water-
fowl in the Niagara River and Lake Ontario. Investigations by
NYSDEC, Niagara River Toxics Project, and the Interagency Task
Force on Love Canal have identified 155 disposal sites within
three miles of the Niagara River (see "Overview of Environmental
Pollution in the Niagara Frontier, New York," USEPA 1982, and
"Hazardous Waste Disposal Sites in New York State,! NYSDEC,
1980). Several sites are located close to the study area,
thereby complicating planning for remedial activity in certain
task areas.

3.4.1 102nd Street Landfill (Olin)

The site is located between Buffalo Avenue and the
Niagara River southeast of the Love Canal. Approximately
63,000 tons of inorganic wastes and about 3,000 tons of
chlorinated organic compounds were disposed of on the



DRAFT

site between 1948 and 1970. Lindane isomers are the most
prevalent wastes of concern (see "Overview of Environmental
Pollution in the Niagara Frontier, New York," USEPA 1982,
and "Hazardous Waste Disposal Sites in New York State,"
NYSDEC, 1980).

3.4.2 102nd Street Landfill (Hooker)

The site is located adjacent to the 0Olin 102nd
Street Landfill between Buffalo Avenue and the Niagara
river east of Griffon Park. Hooker disposed of approxi-
mately 23,000 tons of predominantly inorganic wastes at
this site between 1943 and 1971. These wastes included
approximately 2,600 tons of BHC cake (including Lindane),
chlorobenzenes and other chloroganics (see "Overview of
Environmental Pollution in the Niagara Frontier, New
York," USEPA 1982, and "Hazardous Waste Disposal Sites in
New York State," NYSDEC, 1980).

Since this landfill abuts the Niagara River delta
immediately downstream of the 102nd Street storm sewer
outfall (Task Area VI), this site may be contributing
contaminants to the delta area sediments. Several sanitary
or storm sewer stubs could exit into the site.
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FIELD INVESTIGATION

General Approach

4.1.1 Storm and Sanitary Sewers

Field investigations in Task Area IV were conducted
from January 3 to January 21, and March 10 and March 11,
1983. The investigations included collection of liquid,
sediment and sewer bedding material samples; assessment
of manhole condition; estimation of sewer sediment deposi-
tion; and visual inspection of stormwater catchbasins.
Investigations were conducted by three man crews consisting
of two environmental technicians working under the direction
of an engineer.

Liquid samples were collected by submerging the
sampling container directly into the ponded or flowing
liquid, if sufficiently deep. Where this was not possible
due to flow conditions, the samples were collected in
stainless scoops and poured into the sampling containers
taking care to minimize volatilization due to agitation.
All sediment samples were collected using stainless steel
scoops and placed into the sampling containers after
manually pouring off the bulk surface liquid in the

scoop.

Liquid samples were collected by submerging the
sampling container directly into the ponded or flowing
liquid, if sufficiently deep. Where this was not possible
due to low flow conditions, the samples were collected
using stainless steel scoops and poured into the sampling
containers taking care to minimize volatilization due to
agitation. All sediment samples were collected using
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stainless steel scoops and poured into the sampling
containers after manually pouring off the bulk surface
liquid in the scoop.

The following criteria were used in selecting sample
locations:

o All storm and sanitary sewer lines originating in or
adjacent to the canal;

o) Approximately every 200 feet on straight runs, where
physically possible;

o All affected junctions and bends;
o Storm sewer outfalls to Niagara River;
o Sewer reaches suspected of being contaminated based

on visual inspection, discussions with City personnel
or previous monitoring results;

o) Known or suspected interconnections between sanitary
and storm sewers;

o] Areas of known surcharge.

All manholes on the selected sewer reaches of the task
area were opened regardless of whether or not they were sampled
to assess their condition, note pipeline material, depths,
sizes and orientation, and to record the amount of sediment
present. Storm sewer catch basins adacent to the canal area
were also inspected for odors or oily deposits to determine if
sampling was warranted.



SL1NIOd NOLLYDO1 T1dWVS LC LC
Al VIHY XSVI #
SYIMIS WHOLS HiINOS ’
$310N1S ONI¥IINIONT 3A14

WNYD 3401 /
i/ />
£
75
W \%
\
}
\ vy 9eb hm) 8t
um¢—.L @
Y/

g
QM 2¢4
1
L. A—
) @} - b
23 8% @
o w.,_‘.. ' Nxm 1°a X x )
\ /-
: \ @wTillIIAn llllllll

AVMSSIHIX3 HOJ
QINOONVEY ¥IM3IS -

<
w
4
<
-
3
2
<
o
=
o
x
w
3AY  QT3I41V3HM

!

‘STN.IIII:MI lllll .hlll!|A|| :

]
‘\ - - X >—
S \ \hov 80b 60t

\ “Is 1s10l
J P42 — e e S e —— o
\ 11 .ﬂw “1s puzol
I
- . |
=% 34N914

B N | ¥ | » 1 2 ¥ | " | ¥ | | ¥ | ) 3 1 | ] a 2 3




SL1NIOd NOILYDOT I1dNVS

~
Al v3¥y HSvL //_
SYIMIS AYYLINYS HLNOS
SI1ANLS INIYIINIONT IA1A //
TYNYD 3A07 N

-

o £sv
,m! Vi~y
m\on.wum(\\ — o\ ver{@) - £V TNy D

ELL

) - ﬁ

013141¥3HM
-=~v3yy L_.<‘z<uwuul_ ¢
[ 11 °F R

)

ISk 99t

——e—

[}
_ I
9% 1 “ X
IT v3uy _\\: . 16 3 _
WSV1 0L 4 | x ||l= = !
| _ 89¢p ﬁ + | _ —
gl _ L2 ovay “ x| '#nv
NN el i |
14
_ _ “ _ |
_ | 1] wv3uy | |
_ _ wsvi ot || |
[ ‘ Y |

-t 34N914

. | 2 1 | 2 ) ) ) | ¥y 3 1 » ] ] 1 | 3 § |



DRAFT

Strict decontamination procedures were followed in the
field to prevent cross contamination of samples by equipment
or personnel. Collection, handling and analytical techniques
utilized were in accordance with procedures established by
NYSDEC and USEPA. To ensure the integrity of the samples,
strict chain of custody protocol was also followed throughout
the course of the field investigation.

4.1.2 Bedding Material

In general, bedding material sampling locations were
spread out over the task area and chosen close to earlier
sewer sampling locations suspected of having contamination,
sewer lines orginating from the Canal Area, or sewer
lines suspected of having select granular bedding.

Each boring was supervised by an experiencediinspector,
under the immediate supervision of a Certified Professional
Geologist. Worker safety was maintained in accordance
with approved "Work and Safety Plan." The precise location
to drill was determined in the field. The manhole crews,
as part of their sampling process, painted onto the
ground surface the centerline of the sewers which intersected
the manholes to show their alignment and determined depth
to the sewer invert. The borings were located off of the
centerlines a distance of about 1 foot from the outside
edge of the sewer pipe. A 2-mil thick sheet of plastic
about 9 feet x 12 feet was centered over the boring
location with a l1-foot diameter hole through which the
boring was drilled. The boring was advanced to a pre-
determined depth approximately 12 inches below the sewer
invert with hollow stem augers with a plug in the auger
bit. The plug was removed and either a 2-inch or 3-inch
diameter, 24 inches long, split spoon sample was taken.

4-3



DRAFT

The 3-inch spoon was used in locations of known or suspected

select granular bedding material (to assure that sufficient
volume of sample was collected). In cases where the
sewer lines were larger, or where the spoon samples did
not confirm the bottom of the bedding material, a second
sample was collected and blended with the first to form a
single representative sample. Any "clean" soil from the
boring after the augers were pulled out of the ground was
swept off the plastic and tamped back down into the hole.
The top 6 inches of a boring completed in a street were
backfilled with a "ready mix" asphalt and tamped with a
140-pound hammer. Any soil suspected of containing
contamination were shoveled into 55 gallon drums for
proper disposal. Decontamination of the drilling equip-
ment and workers was done in accordance with the approved
"Work and Safety Plan.!

Task Specific Approach and Sampling Program

The storm and sanitary sewer reaches and manholes selected

for investigation in Task Area IV are shown in Figures 4-1 and

4-2 respectively. A total of 34 liquid samples, 28 sediment

samples, and 14 bedding material samples were collected during

the investigations.

4.2.1 Sanitary Sewers

Sanitary sewers previously found to be contaminated
included the intersection of Wheatfield and 99th Street
and the intersection of Wheatfield Avenue and 101lst Street
(MH 457). These locations and downstream and adjacent
sewer reaches in Task Area IV received special scrutiny
during the investigation.
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Other tributary sewers were also sampled to evaluate
the effect of sewer surcharging (via backups) caused by:

o Insufficient hydraulic capacity

o) Pipe constrictions (i.e., root intrusion or sediment
deposition)

o) Structural problems (i.e., collapsed pipe or offset
joints)

o Excessive ground water infiltration

o) Inflow (i.e., storm sewer interconnections, illegal

house connections, etc.)

4.2.2 Storm Sewers

Storm sewer reaches known or suspected of being
contaminated included the network draining the southern
end of the canal area which was actively receiving flow
from 97th and 99th Streets at the time of the dry weather
sampling. This portion.of the storm sewer system passes
under the LaSalle Expressway and traverses the 0lin 102nd
Street Landfill before discharging to the Niagara River.

Liquid samples were also collected during a storm
event on March 10 and 11, 1983 to assess contaminant
transport under increased storm sewer flows. Storm event
sampling in Task Area IV was limited to storm sewer
outfalls, including samples upstream and downstream of
the 102nd Street landfills. Based on previous studies
and observations made during the initial field investiga-
tions, outfall sampling was considered adequate to give

4-5



DRAFT
RN ..'m-%{

an indication of contaminant mobility during a storm
event.

4.2.3 Bedding Material

Eight bedding material samples were collected along
the storm sewer lines. Bedding material samples were
collected at MH Nos. 403, 406, and 409 because they were
downgradient or immediately adjacent to storm sewers
exiting the canal area and previously identified as
contaminated. These locations were most likely to show
the highest contamination if leakage was occurring from
storm sewers into the bedding material. Bedding material
samples collected near Manhole Nos. 414, 416, and 429
were adjacent to, but not directly connected to the canal
area and would indicate if any contaminants had migrated
from the canal area through the ground into the storm
sewer trenches on 95th Street and 100th Street. Bedding
material samples taken near MH Nos. 439 and 435 were
chosen to determine if granular bedding material was used
in the Griffon Manor area and along Frontier Avenue when
the LaSalle Expressway was installed.

The bedding material samples located near the sanitary
sewer lines were selected to provide sampling across the
entire task area. A location near MH 466 was chosen to
provide sampling along the main sanitary sewer interceptor
exiting the canal area from Wheatfield Avenue. This
location would be the most likely to have the highest
degree of contamination in the task area. The bedding
material samples near MH Nos. 469, 462, 454 and 458 were
located along sewer lines that are tributary to the main
interceptor. These samples would indicate if bedding
contamination was caused by surcharging conditions or
soil migration of contaminants from the canal area.

4-6
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Bedding material samples were taken near MH 450 to
determine if granular bedding material was used in the
sewer contamination along Frontier Avenue.

Physical Findings

4.3.1 Sanitary Sewers

All of the sanitary sewers in Task Area IV are
vitrified clay tile pipe with mortar joints, with most of
the sewers 20-inches in diameter. The age of the pipe is
reported to be fifty years old with some sections in the
Griffon Manor housing development of more recent construc-
tion. Sanitary manholes within Task Area IV are all of
brick and mortar construction and are approximately 4
feet in diameter.

The depth to invert of the sanitary sewers ranges
from approximately 6 feet to 14 feet below ground level,
with most of the sewers being approximately 8 feet deep.
The deepest sewer reaches are on Wheatfield Avenue between
100th and 102nd Streets. All sewage in Task Area IV
flows to Wheatfield Avenue, then to 101lst Street where it
heads northward to the Colvin Boulevard sewer.

All of the manholes and sewer pipes inspected in
this area appear to be in good condition with the exception
of the line between 101st and 102nd Street on Wheatfield
Avenue. This line seems to change diameter between
MH 457 and MH 458, which could indicate a partially
collapsed pipe in that sewer reach. No signs of past
surcharging such as high water marks or paper on manhole
walls were noted. However, discussions with City personnel
indicate that all the sanitary sewers in the task area
are subject to surcharging.

4-7
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The depth of flow in most sanitary manholes was low
during the'sampling activities, generally 2 inches or
less, depending on the slope of the particular reach
being investigated and the time of day. Five manholes
were observed to be dry or nearly dry. There was very
little debris in most of the manholes inspected. The
average depth of sediment in the pipe channels was typi-
cally one inch or less. Table 4-1 summarizes the sediment
depths in Task Area IV sanitary manholes as recorded
during the field investigation. Detailed logs of sanitary
sewer sampling and inspections are presented in supporting
documents.

4.3.2 Storm Sewers

The storm sewers in Task Area IV vary in size from 6
inches to 42 inches. Storm sewers less than 18 inches in
diameter were constructed of vitrified clay tile. All
pipes greater than 18 inches in diameter are reinforced
concrete. The depth to invert of the storm sewers varies
from approximately three feet below street level in the
Griffon Manor housing development to 10 feet below street
level along Buffalo Avenue. Most of the manholes are six
feet in diameter and constructed of brick and mortar,
except for the manholes on Frontier Avenue which are
square reinforced concrete vaults.

In order to verify the existence and location of the
storm sewers, it was necessary to smoke test the storm
sewer system on Frontier and Buffalo Avenues.

This was accomplished using 3-minute smoke bombs and
a gasoline powered blower which was situated atop MH 403.
There was no visible smoke from any of the storm sewers
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SANITARY SEWER SEDIMENT QUANTITY
IN TASK AREA IV

TABLE 4-1

Location/ Sediment Depth (in.) Location/ Sediment Depth (in.)
Manhole Channel Bench Manhole Channel Bench
450 2.0 0 450.A 0.5 0
451 0.125 0 452 0.5 2.0
453 0.125 0 454 0 0
456 0.75 0.5 457 4.5 0.5
458 2.0 0 459 4.5 1.0
460 1.0 1.0 461 0 0
462 0.50 0 463 0 1.0
463A 0.5 0 464 0.125 0.5
466 1.5 0 467 0 0
468 0.5 0 469 0 0
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which were abandoned during the relocation of Frontier
Avenue by NYSDOT. Additionally, no interconnections
between the storm and sanitary sewers were found.

The storm sewers and manholes in Task Area IV appeared
to be in very good condition with little debris in them,
although a few of the manholes had bricks and mortar from
the walls laying in the channel. The average depth of
sediment in the storm sewers was less than 2 inches.

Table 4-2 summarizes the sediment depths recorded in the
Task Area IV. Detailed logs of the storm sewer sampling
program are found in supporting documents.

4.3.3 Bedding Material - Task Area IV

Two of the storm sewer bedding material samples
showed select granular bedding. These samples were
located near Manhole Nos. 406 and 435, which are adjacent
to Frontier Avenue. Two-inch crushed stone was found in
each of these samples.

The sample near Manhole No. 406 visually appeared to
be contaminated, however, the results of the contamination
assessment did not reveal any contamination.

Samples from near Manhole Nos. 403, 414, 429 and 439
were red-brown clay with coarse granular material mixed
in. This indicates that the original trench material was
used as fill material.

Samples near Manhole Nos. 409 and 416 were laminated
red-brown clay that appeared to be undisturbed (not
bedding material). At these sampling locations, it is likely that the
which was very shallow, was dug very narrow making it
difficult to get a bedding material sample without breaking
the sewer pipe.
4-10
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TABLE 4-2

STORM SEWER SEDIMENT QUANTITY
IN TASK AREA IV

Location/ Sediment Depth (in.) Location/

Manhole Channel Bench Manhole
401 0 - 402
403 0.25 0.125 404
405 - - 406
407 1.0 - 408
409 0.125 '0.125 410
411 0.50 0 412
413 0.625 0.50 414
415 0.10 0 416
417 - - 427
428 0.625 0.50 429
430 - - 431
432 - - 433
434 - - 435
436 - - 437
438 - - , 439
440 - - 441
442 - - 443
444 1.0 0 D.I.1
D.I.2 0 0 D.I.97
D.I1.99 1.0 1.0

4-11
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Sediment Depth (in.)

Channel Bench
0 0
0 0
2.0 2.0
1.25 1.0
0 0
0 0
0.5 0.50
1.0 0.50
0.5 1.0
10.0 2.01
0.55 0.50
0 0
0.5 0
4.0 4.0
0 0
3.0 3.0
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One sanitary sample, near MH 469 showed granular
bedding material. However, the boring was made very
close to the manhole, therefore, the granular bedding may
have been for the manhole foundation.

Samples from near MH Nos. 445, 458, and 466 were
red-brown clay without lamination (appeared to be remolded
clay) and the blow counts were low indicating the clay
was used as the bedding material.

Samples from near MH 450 and MH 462 were of red-brown
clay with lamination which indicate that these samples
were not bedding material. At these locations, it appears
that the trench was narrow and the borings were outside
of the bedding material.
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The next aspect of the site investigation for the Love

5.0 ANALYTICAL METHODS

Canal involved the generation of chemical analysis data on
samples collected from the site. These data were used to
establish the presence or absence of contaminants. Further,
where contamination was indicated, the data were essential to
establish the type and magnitude of that contamination. The

use of the analytical data was for the determination of contami-
nant migration pathways, development and evaluation of alterna-
tives to deal with that presence and migration, and ultimately
to recommend remedial action alternatives to minimize impacts
from that contamination.

The challenge to the analytical laboratory was manifold:
to keep the time required to analyze a large number of samples
to a minimum; to design a program to minimize the total number
of samples; to design an analytical program which would maximize
information output on all samples while limiting detailed
quantitative analyses to only those samples indicating a need
for such work; and finally, to execute that analytical program
for maximum benefit-to-cost ratio and maximum quality.

The analytical scheme which evolved to address these
challenges was a two-phase program executed in a sequential
manner. The first phase required the "screening" of a repre-
sentative and therefore large population of samples from the
five specific task areas under study. The objective of the
screening analysis phase was to expeditiously, and inexpensively
feed back preliminary analytical data to the engineer. These
data were used as a decision-making tool to select only those
samples with a likelihood of producing significant positive
results after undergoing more costly, detailed guantitative
analysis.
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The second phase of the analytical effort was the detailed
qualitative and quantitative analysis of selected samples for
targeted and nontargeted contaminants. The analytical effort
of this phase was comprised of three parts: gqualitative and
quantitative analysis of organic compounds; quantitative
analysis for 2,3,7,8-TCDD (Dioxin); and quantitative analysis
for inorganics (toxic elemental metals).

5.1 Contaminant Screening Analysis by GC/MS

The screening of all samples from the Love Canal site was
necessary to determine the location and magnitude of contaminated
areas for more detailed study. Given the history of materials
disposed at the site, the screen had to be capable of detecting
a wide variety of different chemicals at widely varying concen-
trations. The screening approach implemented was a solvent
extraction of the sample followed by direct injection of the
extract for GC/MS (gas chromatography/mass spectrometry)
analysis. While other screening techniques were available,
they were not as informative as the extraction -- GC/MS analysis
method ultimately used.

The specific methodology involved the extraction of both
liquid and solid (sludge, soil, sediments) matrices with the
solvent hexadecane using mechanical agitation. After extrac-
tion, the solvent portion was separated from the sample and
internal standards were added to the extract. These standards
served two purposes: as retention time markers to classify
contaminants as volatile or semi-volatile components, and as a
benchmark from which estimated concentrations of contaminants
could be established.

After sample preparation, the hexadecane extract was
directly injected into the GC/MS instrument. The controlling
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GC/MS software examined the number, location (with respect to
retention time), and magnitude of contaminants present in each
sample screened.

The data output from the contaminant screening analysis
was formatted in such a way as to allow the rapid and justifi-
able selection of a subset of samples to be subjected to full
and detailed quantitative analysis. The tabular output indi-
cated the sample identification, number of volatile and/or
semi-volatile contaminants detected above a threshold value
and the concentration range of each of those contaminants. A
reconstructed ion chromatogram was also presented for each
sample.

5.2 Organic and Inorganic Analyses

5.2.1 Introduction

After completion of the contaminant screening phase
of the project, specific samples from the total population
were selected to undergo detailed and extensive chemical
analysis. This section discusses two components of that
work: quantitative and qualitative GC/MS analysis for
both target and nontarget organic compounds and instrumental
analysis of ICAP (inductively coupled argon plasma) for

toxic elemental metals.

5.2.2 GC/MS Analysis of Organics

5.2.2.1 Conceptual Approach

The analysis for organic constituents required
that specific target compounds be quantitated against
authentic calibration standards. Additionally, a
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gqualitative and semi-quantitative analysis was

carried out for any other nontarget compounds present
in the sample above a threshold level. The target
compounds were those 113 organics commonly referred

to as . the "Priority Polluants" (40 CFR 136, Appendix I).
These compounds were quantitatively analyzed as two
classes of compounds: volatiles and semivolatiles.

The nontarget compounds were any other organic
constituents present in the sample which were not a
member of the set of 113 compounds. These compounds
were qualitatively identified by comparison of the
mass spectrum of the unknown with a computer library
of over 30,000 spectra of organic chemicals. Addi-
tionally, an estimated concentration of each of
these nontarget compounds was computed.

5.2.2.2 Analytical Method

Each sample subjected to quantitative analysis
underwent two separate preparatory and instrumental
techniques: one for volatiles, and one for semi-
volatile compounds. The volatile sample preparation
differed depending on whether the sample was a
liquid or solid matrix. For liquid samples, prepara-
tion was minimal and simply involved aliquoting a
portion of the original sample into a sparging
vessel attached to the GC/MS. Appropriate surrogates
and internal standards were added to each sample to
monitor sparging efficiency and allow accurate
quantitation respectively. After sparging the
sample, the sparged constituents were trapped within
the instrument and subsequently desorbed into the GC
section of the GC/MS. Constituents were consequently
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chromatographed and then introduced into the mass
sbectrometer for generation of the mass spectral
data. After data acquisition, the mass spectra of
the components in the sample were compared to spectra
of authentic calibration standards of the priority
polluants. Spectral and retention time matches of a
sample component with a calibration standard resulted
in the subsequent identification of that component

as a priority pollutant. If such a match occurred,
that component was then quantitated using the method
of internal standard calculation.

Sample preparation for solids required a signi-
ficantly different technique due to the special

- challenges presented with solid matrices. Solids,

by defintion, are not as homogeneous as liquids.
Consequently, special efforts must be employed to
obtain as representative a solid sample as possible
for volatile analysis. The approach utilized by the
laboratory was two-fold. First, the "as-received"
solid sample was mechanically composited to present
as uniform a sample as possible to the second stage
of preparation. That stage consisted of an extraction
of the volatile constituents from the solid using
tetraglyme (tetraethylene glycol dimethyl ether).
The solid/liquid extraction was carried out by
either vortexing or sonification of the mix. As
with liquid volatiles, surrogate standards were
added prior to the extraction. An aliquot of the
tetraglyme extract was added, along with internal
standards, to 5 milliliters of water in a sparging
vessel attached to the GC/MS.

5=5
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The instrumental analysis for volatiles in
solids proceeded as previously described for volatiles
in liquids. Both utilized a 1 percent SP1000 on
6/80 mesh carbopack gas chromatographic column.

Any constituents present in the sample which
were not identified as a volatile priority pollutant
underwent a mass spectral library search to attempt
to identify that unknown constituent. The library
search was carried out if the peak of interest had a
peak height to of 25 percent or greater of the height
of the nearest internal standard (this criterion was
established to prevent searching peaks which were
components of the natural "noise" level of the
sample). If the match of the unknown peak mass
spectrum to the spectrum of the compound in the
spectral library were of high enough quality, an
estimated concentration of the tentatively identified
peak was computed by comparison of the peak height
of the nearest internal standard (of known concentra-
tion) to the peak height of the identified compound.

The second subset of the 113 priority pollutant
compounds prepared and analyzed were the semi-volatiles.
The subset is comprised of 82 compounds with different
chemical characteristics which required that two
separate extractions be undertaken to provide the
most reliable data. For liquid samples, a liquid/
liquid extraction was performed using methylene
chloride as the extraction solvent. The extraction
was carried out in a separatory funnel. The extrac-
tion process on any sample resulted in the generation
of two final extracts. The preparation involved
adding one liter of original sample to a two liter
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separatory funnel. The pH was first adjusted to 11

or greater using sodium hydroxide. Surrogate standards
and methylene chloride were then added after which

the extraction of base/neutral/pesticide compounds

was undertaken. This extract was set aside while

the pH was again adjusted to 2 or less with sulfuric
acid. Again, methylene chloride was added and the
second extraction for acid extractable compounds was
undertaken.

After the acid and base/neutral pesticide
extracts were obtained, the extracts were independently
concentrated in constant temperature water baths in
a Kuderna-Danish apparatus with an evaporative flask
and concentrator tube attached. The extracts were
concentrated to a final volume of 1 ml. After
concentration, internal standards were added to both
concentrates prior to analysis.

After sample preparation was concluded, both
concentrates underwent quantitative analysis by
GC/MS for the target priority pollutant compounds.
Further, the qualitative and semi-quantitative
analyses for nontarget compounds were accomplished
by GC/MS in conjunction with the quantitative analysis.
Unlike the sample introduction technique used for
volatile compounds, the semi-volatile compounds were
introduced to the GC/MS by directly injecting 1 micro-
liter of the concentrate into the gas chromatograph
section of the GC/MS. A separate injection was
performed for the acid fraction and the base/neutral/
pesticide fraction on different instruments tuned
and calibrated for the compounds of interest in each

5-7
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fraction. The qualitative, quantitative and semi-
quantitative instrumental analysis proceeded in the
same fashion as described for the volatile instrumental
analysis.

5.2.2.3 Data Output

The data output from the GC/MS organics analysis
was compiled into a summary data report for ease and
speed of reference. Each data report included a’
laboratory chronicle providing the history of events
which the sample underwent. For the quantitative
analysis, a compound list displayed each of the 113
target compounds. For each compound, the detection
limit achieved on that sample was displayed. If the
compound was detected at or above the detection
limit, the actual quantitated value was given along
with the scan number for that compound peak on the
reconstructed ion chromatogram.

For the library search output, the name of the
tentatively identified compound was provided if the
quality (purity) of the spectrum match was above 800
(out of a possible maximum value of 1,000). The
computed estimated concentration and scan number for
that peak was given. The organic fraction which
contained the nontargeted peak was also indicated.
Summary results are presented in Appendix A.

5.2.3 Analysis of Inorganics

5.2.3.1 Conceptual Approach

The inductively coupled argon plasma (ICAP)
instrument was utilized for the analysis of elemental

5-8
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metals except for mercury. Mercury analysis was
conducted by an automated cold vapor technique. The
elements of interest were the 13 priority pollutant
toxic metals. With the large numbers of samples
involved, high anticipated concentrations, and
varying matrices, the ICAP technique represented
both the most cost and time-effective approach to

the project. Mercury, having special physio-chemical
characteristics was best addressed with the cold
vapor technique.

5.2.3.2 Analytical Method

The sample preparation for both liquid and
solid matrices is similar. A measured volume or
mass of sample was placed into appropriate glass-
ware. The aliquot was subjected to a solution of
nitric acid which initiates the digestion of the
metals present in the sample. The digestion solution
was then taken to near dryness and the cycle was
repeated until the digestion process was completed.
The final digestion solution was then diluted with
pure water and subsequently filtered to remove
solids. The filtrate was then taken to final volume
with pure water. The prepared sample was now ready
for instrumental analysis.

The instrumental analysis was carried out using
a sequential multi-element ICAP. The procedure
involved producing an aerosol of the digestion
solution. This aerosol is then introduced into the
argon plasma torch which produces characteristic
atomic-line emission spectra if elements are present.
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When produced, the spectra are dispersed and wave-
lengths and intensities are compared to the wavelength
and intensity of authentic calibration standards.
Through this comparison, the presence and concentra-
tion of elements was established.

5.2.3.3 Data Output

The data output for the elemental metals analysis
was straightforward. A compound list of the 13 ele=-
ments of interest was prepared for each sample. The
concentration of each element detected at or above
the detection limit was provided. The detection
limit for each element was also displayed. Summary
results are presented in Appendix A.

5.2.4 2,3,7,8-TCDD (Dioxin) Analysis

5.2.4.1 Conceptual Approach

The analytical approach to the analysis for
2,3,7,8-TCDD went through several stages of evolution
before the final methodology was selected and executed.
Originally, a qualitative analysis by GC/MS was to
be performed. The analysis was to be run on a split
from the base/neutral/pesticide concentrate with
1,2,3,4-TCDD being added to the sample prior to
extraction. The split extract was to be cleaned up
to eliminate potential intereferences, then, the
concentrate would be analyzed for GC/MS in the
selected ion monitoring (SIM) mode to search specifi-
cally for ions of 2,3,7,8-TCDD. The 1,2,3,4 isomer
was to be used as a retention time marker and surrogate
for the 2,3,7,8 isomer. This technique was to
simply detect the presence or absence of the 2,3,7,8

5-10
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isomer. If detected, that sample would then undergo
a re-extraction specific to the TCDD compound and
then be subjected to quantitative GC/MS analysis.

The quantitative GC/MS technique was to be
performed by application of EPA Method 613, adapated
to accommodate solid matrices. The use of Cl isotopi-
cally labeled 2,3,7,8-TCDD was envisioned for the
internal standard while 1,2,3,4-TCDD was to be added
as a surrogate standard.

During the project time frame, Region VII,

USEPA was developing methods specific to the analysis
of TCDD in conjunction with studies they were under-
taking at Times Beach, Missouri. The methods devel-
oped were then provided to laboratories qualified by
and under contract to the EPA. One such protocol

was published in February 1983 and colloquially came
to be called the "February Protocol."

In the ensuing period, it was agreed that all
samples which displayed positive contaminant screening
reuslts and were then relegated to full quantitation
would also undergo full quantitation for TCDD. No
screening for the presence of TCDD would be performed =--
all would be quantitated.

When the final decision was received to proceed
with the quantitative analysis of TCDD, a new protocol
has been published called the "May Protocol." As it
was desired to use the most recent EPA dioxin protocol
for the Love Canal study, the May protocol was
specified. Unfortunately, the May protocol has not
been in the hands of the EPA contract laboratories
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long enough to confirm that all details of the
methodology were effective and appropriate. As
experience was gained, it was determined that the GC
column specified in the May protocol (an SP2340) was
not adequate for the analysis. A dioxin workshop
sponsored by EPA in mid-July 1983 supported this
conclusion.

Because of this fact, the Love Canal samples
were analyzed using the DB-5 column specified in the
February protocol but employing sample preparation,
cleanup, and analytical procedures specified in the
May protocol.

5.2.4.2 Analytical Method

The method employed utilizes high resolution
gas chromatography/low resolution mass spectrometry
in the SIM mode. As most samples were solid matrices,
the following discussion relates to that matrix.
Differences appropriate for water matrices will be
highlighted.

All samples were spiked with isotopically
labeled 2,3,7,8=-TCDD. The 37

Cl%O isotope was used
as a surrogate standard while 1 c

12 isotope was used
as the internal standard. After spiking, anhydrous
sodium sulfate was mixed with the sample prior to
adding a mixture of methanol and hexane. The sample
was then extracted using the jar technique with a
platform mechanical shaker. After extraction, a
phase separation was undertaken for solid samples to
obtain the final extract. This extract was then
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concentrated prior to application of any cleanup
procedures or instrumental analysis.

The method provided for the application of four
concentrate cleanup procedures in the event of
analytical interferences, difficulty with concentra-
tion, difficulty in achieving desired detection
limits, or coloration, viscosity or cloudiness of
the concentrate. The specific options included acid
and base washes, and column chromatography using
silica gel, activated alumina, or activated carbon.
The actual instrumental analysis was executed by
injecting 1 to 3 ul of concentrate into the GC/MS.
The SIM mode was used to search for specific ions of
both isotopically labelled isomers of 2,3,7,8-TCDD
and native 2,3,7,8-TCDD. If the proper ions were
observed in the proper ratio, the presence of native
2,3,7,8 was confirmed. Once confirmed, quantitation
was based on the response of native TCDD relative to
the isotopically labeled TCDD internal standard.
Method performance is assessed by monitoring the
isotopically labeled surrogate standard results.

5.2.4.3 Data Output

The data output for the TCDD analysis is straight-
forward. The compound was listed along with the
detection limit achieved on each sample. If detected
above that limit, the concentration quantitated was
given. Each sample output also displays the level
of recovery of the surrogate standard. The summary
reports for Dioxin are shown in the supporting
documents. All dioxin hits, however, are shown on
the hot spot maps of Section 6.
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Summary of Quality Assurance
and Quality Control Programs

5.4.1 Intent and Purpose of QA and QC Programs

Mead CompuChem, the analytical subcontractor, has an
established Quality Assurance Program which covers all
projects. The objective of the QA program is to provide
the desired level of data gquality for the customer. This
1s accomplished by specifying criteria for methods and
performance on samples received, and by providing appropri-
ate standards for referencing results against absolute
values. Project-specific quality control programs are
designed to determine that the criteria established for
specific methods and sample types are met. These include
control limits for blanks, spikes, duplicates, and surrogate
recoveries, as well as criteria for review of data prior
to release to customers. As part of the criteria, corrective
actions are required if data exceed control limits.

5.4.2 QA Programs in Effect for this Study

For this study, standards were prepared at the
Research Triangle Park, North Carolina (RTP) location,
tested, and shipped weekly to the Cary, Illinois facility
for organics analysis. Metals standards were prepared
and tested for use in the RTP lab. Standard Operating
Procedures were written and analysts were trained in
their use prior to sample receipt. Methods used were
evaluated for their applicability to the matrices in the
study, using approved analytical techniques referenced
above in Sections 5.2 and 5.3. Acceptance criteria for
the quality control samples associated with the study
were established and applied.
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5.4.2.1 QC Program for Screening Analysis

For the organic screening analyses, blanks,
spikes and duplicates were prepared and analyzed.
This procedure is qualitative and semi-quantitative;
it is intended to determine whether certain classes
of organic compounds are present, and the approximate
numbers and concentration levels of these classes.
Then a decision could be made to whether or not to
analyze them for particular compounds. For these
analyses, blanks were run with each set of samples
prepared to verify there was no laboratory contamina-
tion during preparation. Spiked and duplicate
samples were prepared and analyzed at the rate of
5 percent each, to verify that consistent and accurate
results were produced by the methods applied. The
spike mixtures consisted of several levels of organic
volatile and semi-volatile compounds added to samples.

5.4.2.2 QC Programs for Organic
Priority Pollutant Analyses

For analysis of volatile and semi-volatile
organic compounds using EPA-approved methods, the
quality control program specified 5 percent of
samples prepared in duplicate, 5 percent spiked, and
a blank prepared each time samples were extracted.
Calibration multipoint standards were analyzed prior
to initiating work, and at least one standard per
8-hour shift was run on each instrument used during
the study. Each instrument met a tuning calibration
specification each 8-hour shift. The spike compound
recoveries and duplicate precision were monitored
for each fraction. Surrogate compounds in 100 percent

5-15
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6.0 CONTAMINATION ASSESSMENT

The contamination assessment is a crucial element of the
investigation since it provides the basis for selection of
remedial action. Priority areas have been mapped based on the
results of the contamination assessment. "Hot spot" maps
identifying dioxin contamination have also been prepared.

The contamination assessment provides an approach whereby
a large number of samples containing a range of compounds at
varying concentrations and with differing toxicities and
persistence characteristics can be numerically evaluated. The
results of these evaluations are considered in light of the
potential for human exposure on a site-specific basis and
other contaminant-related considerations to arrive at an
estimate of the relative contamination at one sample site
compared to another.

6.1 Objective

The objective of the contamination assessment is to serve
as a decision-making tool for the selection of remedial action
alternatives. The intent is to rank or prioritize areas so
that appropriate remedial action can be recommended and not to
make an absolute determination of the risk to human health.
The utility of the approach is as a method for organizing the
large amount of analytical information, as an aid in interpreting
the significance of the analytical results and as a basis for
evaluating remedial action alternatives.

6.2 Discussion of Approach

6.2.1 Overall Concept

The contamination assessment examines, for each
sample site, the following factors:
6-1
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o Contaminants detected
o Concentrations of individual contaminants
o Toxicity of individual contaminants, represented

primarily by drinking water standards or water
quality criteria for the protection of human
health

o Persistence of individual contaminants, as
indicated by physical/chemical/biological
properties

o Factors affecting potential exposure pathways

The two conceptual components of the contamination
assessment are a toxicity assessment and an exposure
assessment. Toxicity is the ability of a chemical to
affect living orgamisms adversely and, as such, is an
intrinsic property of a contaminant. EXxposure (the
actual contact with a chemical) is affected by properties
of the contaminant(s) in question (nonsite-specific
factors) which determine persistence and mobility and by
site-specific factors (noncontaminant-specific) which
determine potential pathways of exposure. Intrinsic
properties of the contaminant(s) which determine toxicity,
and persistence have been expressed in a quantitative
manner in a "matrix" (Table 6-1). Input to the matrix
consists, for each sample, of the contaminants identified
and their concentrations. The calculations in the matrix
are completed (to account for toxicity and persistence)
resulting in a "score" for the sample. The "scores" are
then indicated on the intermediate "work maps." The expo-
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TABLE 6-1

LOVE CANAL CONTAMINATION ASSESSMENT
FOR HYPOTHETICAL SAMPLE SITE

CONCENTRATION CRITERION PERSISTENCE

SAMPLE MATRIX

PRODUCT =

CONTAMINANT ug/KG or ug/L ug/L SCORE conc./crit. x pers.
CARCINOGENS
A.BHC isomers
alpha-BHC 1000 .092 1 119565
beta-BHC 1000 .163 1 67485
delta-BHC 1000 47 11 81633
gamma-BHC 1000 .186 12 59140
A.Subtotal 327822
B.PAH
phenanthrene 1000 .028 9 321429
anthracene 1000 .028 9 321429
pyrene 1000 .028 11 392857
chrysene 1000 .028 12 428571
benzo(a)anthracene 1000 .028 12 428571
B.Subtotal 1892857
C.Monocyclic aromatics
benzene 100 6.6 6 909
hexachlorobenzene 1000 .0072 12 1666667
2,4,6-trichlorphenol 1000 12 9 750
C.Subtotal 1668326
D.Halogenated aliphatics
1,2-dichloroethane 100 9.4 6 638
1,1,1-trichloroethane 1000 2 7 3500
1,1,2,2-tetrachloroethane 100 1.7 9 5294
trichloroethylene 1000 27 7 259
tetrachloroethylene 8 7 875
carbon tetraclhloride 1 L 7 1750
chloroform 100 1.9 7 3684
bromoform 100 1.9 8 4211
trichlorofluoromethane 100 1.9 7 3684
methylene chloride 100 1.9 6 3158
hexachlorobutadiene 100 4,5 9 2000
D.Subtotal 29054
E.Miscellaneous
1,2-diphenylhydrazine 1000 422 10 23697
bis(2-chloroethyl)ether 1000 .3 8 26667
E.Subtotal 23697
CARCINOGEN SCORE: (Sum A-E Subtotals) 3941756
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CONTAMINANT
NON-CARCINOGENS

F.PAH
naphthalene
fluoranthene

G.Metals
arsenic
chromium
cadmium
antimony
mercury
lead
nickel
thallium
copper
zinc

H.Monocyclic aromatics
chlorobenzene
1,4-dichlorobenzene
1,2-dichlorbenzene
1,3-dichlorbenzene
1,2,4-trichlorobenzene
1,2,3-trichlorobenzene
1,2,3,4-tetrachlorobenzene
1,2,4,5-tetrachlorobenzene
pentachlorobenzene
ethylbenzene
toluene
phenol
2,4-dichlorophenol
pentachlorophenol
p-chlioro-m-cresol

I .Phthalates

dimethyl phthalate
diethyl phthalate

dibutyl phthalate
bis-2-ethylhexylphthalate
butylbenzyl phthalate
di-n-octyl phthalate

J.Miscellaneous
2-chloronaphthalene

NON-CARCINOGEN SCORE: (Sum F-J Subtotals)

TABLE 6-1 (Cont'd)

LOVE CANAL CONTAMINATION ASSESSMENT
FOR HYPOTHET!CAL SAMPLE SITE

CONCENTRATION CRITERION PERSISTENCE

SAMPLE MATRIX

PRODUCT =

ug/KG or ug/L ug/L SCORE conc./crit. x pers.

1000 1000 8 8
1000 42 12 286
F.Subtotal 294
1000 50 12 240
1000 50 14 280
1000 10 15 1500
1000 146 13 89
100 146 1 75342
10 50 12 240
1000 13 12 896
1000 13 15 1154
1000 1000 b4 14
1000 5000 15 3
G.Subtotal 79758
1000 480 7 15
1000 400 9 23
1000 400 9 23

1000 400 9 23
1000 100 10 100
1000 100 10 100
1000 38 10 263
1000 38 10 263
1000 74 1 149
1000 1400 6 4
1000 1350 6 4
1000 3500 7 2
1000 3090 8 3
1000 1010 13 13
1000 1010 9 9
H.Subtotal 992
1000 313000 10 0
1000 350000 1 0
1000 34000 13 0
1000 15000 13 1
1000 15000 12 1
1000 15000 14 1
1.Subtotal 3
1000 15 10 667
J.Subtotal 667
81714
4023470

TOTAL SCORE (carcinogen + non-carcinogen)

6-4



r

DRAFT

sure pathways factors and a discussion of other considera-
tions related to specific contaminants are integrated
with the maps to identify the relative hazard at each

site (or groups of sites). The final output is task area
contamination assessment maps which reflect the integration
of exposure pathway factors, sample scores and other
contaminant-related considerations. Additionally, "hot
spot" maps are created by plotting concentration data for
dioxin a contaminant of special concern. In conjunction,
the contamination assessment maps and the "hot spot!" maps
serve as the basis for determining levels of remedial
action. Figure 6-1 depicts the overall approach of the
contamination assessment.

6.2.2 The Matrix

A matrix has been developed to organize and interpret
the extensive amount of analytical data. It is used to
evaluate contaminant concentrations in terms of toxicity
and persistence in order to provide an overall numerical
value for each sampling site. An example of the matrix
is attached as Table 6-1. The individual components of
the matrix, as indicated by the column headings in Table
6-1, are explained below.

6.2.2.1 Contaminants

The left hand column is the list of "CONTAMINANTS."

Under the column heading, the word "CARCINOGENS"
appears. On the second page of the table is the
heading "NONCARCINOGENS." Contaminants are classified
into either category based upon their classification
in the EPA's 1980 Water Quality Criteria (discussed
further in 6.2.2.3); these classifications were’

6-5
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reviewed by consultants from the Department of
Environmental Medicine at the Mt. Sinai Medical
Center. Scores are computed separately for the
carcinogens and the non-carcinogens since the Water
Quality Criteria are derived differently for these
two types of contaminants.

Within each group (carcinogens and non-carcino-
gens), related contaminants are placed in groups
designated by alphabetic letters, such as "A. BHC
isomers," "B. PAH (Polynuclear Aromatic Hydrocarbons),"
etc. The matrix contains the names of all the
contaminants detected in the samples taken in the
five task areas. Only those compounds which were
identified to a confidence level of 80 percent or
greater were included in the matrix. Compounds
which were identified by a "library search" but for
which the confidence level was less than 80 percent
were not included, since contaminant identification
was less certain and the concentrations measured
were only estimates.

The resultant carcinogen and non-carcinogen
scores are added to yield a total score for the
sample. Because the criteria values for the carcino-
gens are lower than for the non-carcinogens, the
carcinogen score invariably dominates the total
score. The purpose of grouping related contaminants
within the two larger categories and calculating
subtotals is to provide a clear picture of which
contaminants are contributing most to the total
score.
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6.2.2.2 Concentration

The concentration data, in ug/kg (ppb) or ug/L
(ppb), is entered into the matrix. On the example
attached, all concentrations have been arbitrarily
set at 1000 for illustrative purposes.

6.2.2.3 Criterion

The third column heading, "CRITERION," refers,
in most cases, to the available water quality criterion
for each contaminant. Units are ug/L (ppb). For
organic contaminants, these values were taken from:

USEPA

Water Quality Criteria Documents:
Availability. Federal Register,
Vol. 45, No. 231, Nov. 28, 1980

This publication refers to criteria developed for 64
toxic pollutants or pollutant categories pursuant to
Section 304(a)(l) of the Clean Water Act. A separate
document exists for each pollutant (or pollutant
category) describing recommended maximum permissible
pollutant concentrations consistent with the protec-
tion of aquatic organisms and human health. These
criteria are not rules and have no regulatory impact.

The values entered in the "CRITERION" column
are taken directly from the EPA publication. "Criteria
for suspect or proven carcinogens are presented as
concentrations in water associated with a range of
incremental cancer risks to man...(since) there is
no scientific basis for estimating "safe" levels for
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carcinogens." '"Criteria for non-carcinogens represent
levels at which exposure to a single chemical is not
anticipated to produce adverse effects in man"

(USEPA, Water Quality Criteria Documents; Availability,
1980).

The inclusion of the criterion value serves two
purposes. First, it takes into consideration the
relative toxicity of the various contaminants; the
criteria values were derived based upon the best
toxicity information available at the time. Second,
dividing the concentration data by the criteria
values serves to '"normalize" the concentrations,
insuring that the significance of a highly toxic
contaminant does not get obscured by virtue of a
detected low concentration, or, conversely, the
significance of a minimally toxic contaminant does
not get over-emphasized by virtue of a detected high
concentration. The EPA's Water Quality Criteria
were chosen to "normalize" the concentration data
for the following reasons:

o) They are fairly recent (1980).

o) They are most applicable to exposure via water,
as opposed to Threshold Limit Values for occupa-
tional exposure via inhalation.

o They are most comprehensive in that criteria
exist for a majority of the contaminants detected.
SNARLs (Suggested No Adverse Response Level) or
ADIs (Acceptable Daily Intakes) exist for a
much more limited list of substances, and it
was necessary to have consistency in the normali-
zation procedure.

6-8
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For most of the inorganics (heavy metals) EPA
Interim Primary Drinking Water Standards exist.
These are generally identical to the EPA Water
Quality Criteria.

However, where these values differed, the
drinking water standards, which are enforceable
regulations, were selected. Drinking water standards
were not available for antimony, nickel or thallium;
water quality criteria were used for these contaminants.

It is acknowledged that the criteria used in
the matrix are for water and not sediment; however,
there are no recognized criteria or guidelines for
contaminants in sediment.

As stated, the EPA has expressed the criteria
for carcinogens as concentrations associated with an
increase in cancer risk of 10~/, 107° or 107>,
meaning one additional cancer in a population of ten
million, one million and 100,000, respectively. The
value entered in the matrix for each contaminant is
the criterion corresponding to an incremental cancer
risk of 107°.
could just as well have been the criterion for a

107% or 1077 increase in risk, since the objective

This was arbitrarily chosen, and

is to compare the contaminants relative to one

another. This is not an attempt to establish a
level of acceptable risk, which is a matter of

policy.

The human health criteria for non-carcinogens
are presented as concentrations not expected to
cause adverse effects in man. Derivation of both
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no-effect (non-carcinogen) and specified risk (carcinogen)
concentrations are based upon extrapolation from

animal toxicity or human epidemiology studies;

details of the methods used to derive the criteria

are given in "Guidelines and Methodology Used in the
Preparation of Health Effect Assessment Chapters of

the Consent Decree Water Criteria Documents, Appen-

dix C, Federal Register, Vol. 45, No. 231, Friday,
November 1980, pp. 79347-79357.

For each contaminant (carcinogen or non-carcinogen),
the EPA has expressed the criterion for the protection
of human health in two ways: 1) based upon ingestion
of contaminated water and aquatic organisms, and 2)
based upon consumption of aquatic organisms only.

The former value was selected.

There were no EPA Water Quality Criteria for
the following compounds:

naphthalene
acenaphthene
p-chloro-m-cresol
butylbenzyl phthalate
di-n-octyl phthalate
2=-chloronaphthalene

O 0O 0O 0O O o

The procedures used to determine appropriate criteria
for these compounds are discussed in the Supporting
Documents. These derived criteria values were reviewed
by consultants from the Department of Environmental
Medicine at Mt. Sinai Medical Center. The Mt. Sinai
team also recommended the use of more rigorous
criteria than the EPA's Water Quality Criteria for
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two compounds, as discussed in the Supporting Documents.

6.2.2.4 Persistence Score

The next column heading, "PERSISTENCE SCORE"
refers to the persistence score calculated for each
contaminant. This score represents the relative
environmental persistence of each contaminant based
upon its partitioning between air and water (expressed
as Henry's Law Constant), partitioning between water
and sediment/soil (expressed as the log of the
octanol: water partition coefficient) and biodegrad-
ability.

Each contaminant is rated for each of these
three factors and the ratings are summed. The
lowest possible score (least persistent contaminant)
is a 3, while the highest possible score (most
persistent contaminant) is a 15.

Various literature sources were searched for
information on the Henry's Law Constant, octanol:water
partition coefficient and biodegradability of each
contaminant. These values were calculated and/or
recorded for each contaminant, and rated as detailed
below.

o Volatility was expressed in terms of H, the
Henry's Law Constant, where

H = Partial Pressure in atmosphere, Pa

water solubility, gm'3/molecular weight

The values were rated as follows, with a 1
representing the most volatile (least persistent)
contaminant:

6-11
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Value of H Rating
J1000 1
100-999 2
10-99 3
1-9 4
Fl 5

A high octanol:water partition coefficient
indicates a high tendency to adsorb onto sedi-
ments (particularly sediments high in organic
content) and a high tendency to bioaccumulate.
The most common expression of this value is as

a logarithm, log Kow. The values were rated as
follows, with a 1 representing the least tendency
to adsorb onto sediment (least persistent):

Value of log Kow Rating
J6 6
5=5.99 5
4-4.99 4
3-3.99 3
2-2.99 2
F2 1

Biodegradability scores are based primarily

upon scores given in "Methodology for Rating

the Hazard Potential for Waste Disposal Sites,"
JRB Associates, which appears in the "National
0il and Hazardous Substances Contingency Plan,"
USEPA, 1982. Information from other sources
(Callahan, et al., 1979, Water Related Environ-
mental Fate of 129 Priority Pollutants, and
Geating, 1981, Literature Study of the Biodegrad-
ability of Chemicals in Water) was also used.

The ratings are on a scale of 1 to 4, as follows:
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Rating
Highly resistant to biodegradation 4
Resistant, but biodegradation is
known or believed to occur in
some cases 3
Amenable to biodegradation 2
Readily biodegradable 1

The ratings in each of the three categories are
added together to yield the persistence score.
Persistence scores are presented in Table 6-2.

6.2.2.5 Subtotals and Totals

As indicated on the sample matrix, subtotals
are calculated for the individual contaminant groups.
The subtotals for the carcinogen groups are added,
yielding the CARCINOGEN SCORE. The same procedure
is applied to the non-carcinogens, yielding a NON-
CARCINOGEN SCORE. These two scores are added,
yielding the TOTAL SCORE.

6.2.2.6 Matrix Output

The calculated TOTAL SCORES are represented
visually on intermediate "work maps" to provide a
pictorial indication of the matrix results. 1In the
next step, the potential pathways for contaminant
exposure are examined and other considerations
related to various contaminants in the study area.

6.2.3 Exposure Pathways

This subsection describes potential pathways
for human exposure to contaminants originating from

6-13
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TABLE 6-2

CALCULATION OF PERSISTENCE SCORES

Biodegrad-

H Log Kow ability Sum of

Contaminant H Rating Log Kow Rating _Rating Ratings
Alpha-BHC 0.595 5 3.81 3 3 "
Beta-BHC 0.016 5 3.80 3 3 11
Delta-BHC 0.031 5 4,14 4 3 12
Gamma-BHC 0.05 5 3.72 3 3 1
phenanthrene 12.52 3 4,46 4 2 9
anthracene 63.5 3 4,45 4 2 9
pyrene 0.13 5 4,92 4 2 11
chrysene est. 0.015 5 5.61 5 2 12
benzo{a)anthracene 0.011 5 5.61 5 2 12
benzene 555.2 2 2.13 2 2 6
hexachlorobenzene 172.3 2 6.18 6 LY 12
2,4,6-trichlorophenol 32.9 3 3.38 3 3 9
1,2-dichloroethane : 92.6 3 1.48 1 2 6
1,1,1-trichloroethane 3557 1 2.17 2 b4 7
1,1,2,2-tetrachloroethane 38.6 3 2,56 2 4 9
trichloroethylene 922 2 2,29 2 3 7
tetrachloroethylene 2063 1 2.88 2 4 7
carbon tetrachlioride 2351 1 2,64 2 4 7
bromoform use 106 est. 2 2.30 2 est. & 8
chloroform 343 2 1.97 1 4 7
trichiorofluoromethane 11114 1 2,53 2 4 7
hexachlorobutadiene 1044 1 3,74 3 4 8
methylene chloride 323 2 1.25 1 3 6
1,2-diphenylhydrazine "ow" est, &4 3.03 3 est. 3 10
bis(2-chloroethyl) ether 1.34 4 1.58 1 3 8
naphthalene 24,41 3 3.1 3 2 8
fluoranthene 1.03 4 5.33 5 3 12
arsenic can be impt. L 4.35 calc L} 4 12

in reducing
envir.,

chromium not impt. 5 5.23 5 4 14
cadmium not impt. 5 6.68 6 4 15
lead vol. poss. in 4 4,17 4 4 12
nickel not impt. 5 3.93 3 4 12
thallium not impt. 5 6.50 6 4 15
copper not impt. 5 5.93 5 4 14
antimony vol. poss. 4 5.7 5 4 13
mercury 1155 1 6.36 6 4 11
zinc not imp. 5 6.03 6 4 15
chlorobenzene 398 2 2.84 2 3 7
1,4-dichlorobenzene 276 2 3.38 3 4 9
197 2 3.38 3 4 9

1,2-dichliorobenzene

14
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Contaminant

1,3-dichlorobenzene
1,2,4-trichlorobenzene
1,2,3-trichlorobenzene
1,2,3,4-tetrachlorobenzene
1,2,4,5-tetrachlorobenzene
pentachlorobenzene
ethylbenzene

toluene

phenol

2,4-dichlorophenol
pentachlorophenol
p-chloro-m-cresol

dimethyl phthalate

diethyl phthalate

dibutyl phthalate

bis (2-ethyhexyl) phthalate
butyl benzyl phthalate
di-n-octyl phthalate
2-chloronaphthalene

bis (2-chloroethyl) ether

TABLE 6-2 (Cont'd)

CALCULATION OF PERSISTENCE SCORES

’g"*‘i; -\ FT

Biodegrad-

H Log Kow ability Sum of
H Rating Log Kow Rating Rating Ratings
267 2 3.38 3 4 9
144 2 4,18 4 4 10
approx. 144 est. 2 est. 4,18 est. & 4 10
approx. 567 est. 2 est. 4,93 est. &4 est. &4 10
567 2 4,93 4 est. 4 10
no data est. 2 5.63 est. 5 est. & 11
652 2 3,15 2 2 6
601 2 2.49 2 2 6
0.132 5 1.46 1 1 7
0.58 5 2.75 2 3 13
0.026 5 5.01 5 3 13
Tow est. 5 2,95 2 2 ]
est. 5 2.12 2 3 10

est. 5 3.22 3 3 1
est. 5 5.2 5 3 13
0.026 5 5.3 5 3 13
0.108 5 4.8 4 3 12
est. 5 est. 6 3 14
54.7 3 4,01 4 3 10
1.34 4 1.58 1 3 8
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the Love Canal area and identifies which of these potential
pathways appear to be active based on the sampling results.
An active pathway indicates that Love Canal-related
contaminants are presently found there and that the
transport of contaminants through this medium appears to
occur. In terms of the potential for actual human exposure
to contamination via the active pathways, this discussion
considers the theoretical worst-case potential only,
assuming no remedial action is taken.

In Task Area IV, both the sanitary and storm sewers
may serve as potential pathways for contaminant transport
and human exposure. The primary potential pathway for
exposure in the sanitary sewers is the sewer line on
101st Street flowing north from Wheatfield Avenue. This
line transports flows from all the sewer lines in Task
Area IV, including those on Wheatfield Avenue, 100th
Street and Frontier Avenue, northward into the Colvin
Boulevard sewer line in Task Area II. Exfiltration from
sewer lines to ground water or discharges into surface
waters resulting from surcharged sanitary sewer overflow
bypasses could be potential secondary pathways for contami-
nant transport and human exposure.

In Task Area IV there are two primary potential
pathways for human exposure to contaminants in the
storm sewer system. These are the 102nd Street
storm sewer outfall on the Niagara River and the
sewer outfall farther west on the Little Niagara
River. The 102nd Street outfall transverses another
chemical waste landfill as it extends south from
Buffalo Avenue. Both storm sewer discharges contribute
flows to the Niagara River, which serves as a water
supply for the City of Niagara Falls. Intake structures
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are located approximately 2.5 and 3.5 miles downstream
of the Love Canal area. To a lesser degree, another
potential pathway is exfiltration through damaged
pipes into ground water.

Based on the sampling results, the sanitary
sewer on 10lst Street is an active pathway for the
transport of contaminants from sewer lines in Task
Area IV. Contamination was detected in three sewer
sediment samples in this task area. Because a
liquid sample was found to contain Love Canal-
related organic contaminants in the 100th Street
sewer at Wheatfield Avenue (MH 466), this indicates
that the pathway is active. As such, the sewer line
provides a pathway for potential human exposure to
contamination as a result of downstream 1ift station
overflows into storm sewers.

The storm sewer sampling results indicate that
the 102nd Street outfall and the Little Niagara
River outfall are active pathways for contaminant
transport and possible human exposure. Contaminated
sediment samples were detected in area storm sewers
and two liquid samples, from drop inlets on 100th
Street, contained numerous Love Canal-related contami-
nants. The presence of contaminated ligquid samples
upstream of these outfalls indicates that the pathway
is active. The potential for human exposure via
direct or indirect skin contact or via ingestion to
contaminated sediment in the storm and sanitary
sewers 1s remote. However, since contaminats could
migrate into the surface waters in the area, as
discusssed in Section 6.3, exposure could potentially
occur via surface water pathways, as discussed in
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the report of investigations in Task Area VI. Human
exposure to contaminants in the sewers could also
potentially result from the inhalation of volatile
compounds subsequent to their partitioning from
sediment to liquid, although this possibility is
quite remote. A moderate number of samples were
found to contain contaminants considered volatile.

The sampling results indicate that exfiltration
from sanitary and storm sewer pipes to bedding
material is not an active pathway for the transport
of Love Canal-related contaminants into ground

water.

6.2.4 Other Considerations

Two groups of contaminants, the phthalate esters and
the inorganics, were found consistently in the Task IV
Study Area. Phthalate esters and inorganics were also
found in samples from outside of the influence of Love
Canal (the "upstream" samples on Black and Bergholtz
Creeks taken in conjunction with Task III investigations).
In some samples, the only compounds detected were inorganics
and phthalate esters. It was not felt that, in the
absence of other organic contaminants which are more
likely to be of Love Canal origin, and considering the
potential exposure pathways, such samples would necessitate
remedial action. An explanation of the rationale for
this decision follows.

6.2.4.1 Phthalate Esters

Three compounds belonging to a class of chemicals
known as phthalate esters or phthalic acid esters



were detected in the samples taken in the study

area. These include dibutyl phthalate, bis(2-ethyl-
hexyl) phthalate and di-n-octyl phthalate. Bis(2-ethyl-
hexyl) phthalate was detected fairly consistently
throughout the stﬁdy area, but not usually in concen-
trations exceeding the criteria value used in the
matrix for this compound. Bis(2-ethylhexyl) phthalate
was also found in the "upstream" samples taken in
Black Creek and Bergholtz Creek at concentrations
similar to those found in sampling areas potentially
influenced by Love Canal.

It is not surprising that phthalate esters were
found throughout the sampling area. They are recog-
nized to be ubiquitious in the environment. They
are used as plasticizers in building and construction,
home furnishings, clothing, cars, food wrappings and
medical supplies, and as nonplasticizers in pesticides,
cosmetics, fragrances and oils. Phthalate ester
residues in foods such as margarine, cheese and milk
may, in fact, reach 50 ppm (EPA Ambient Water Quality
Criteria for Phthalate Esters, 1980).

Phthalate esters have also been detected in
soil, water, and air and in fish flesh and animal
and human tissue. They have been detected in varied
matrices and in areas remote from industrial sites,
including the Sargasso Sea (EPA Ambient Water Quality
Criteria for Phthalate Esters, 1980).

Several factors contributed to a decision that
the presence of phthalate esters at a sampling
location did not in and of itself warrant remedial
action. These factors are:
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Presence of phthalate esters in upstream
sediment samples in Black and Bergholtz
Creeks at concentrations similar to those
found in sampling areas potentially influ-
enced by Love Canal.

Ubiquitous occurrence of phthalate esters
in the environment in general.

Phthalate esters were detected in only
eigth of the 155 liquid samples analyzed
in the various task area investigations.
Moreover, the likelihood of ingestion of
contaminated water in sewer lines 1is
remote.

Phthalate esters are believed to be capable
of absorption through the skin, which is
only a remotely potential route of exposure
for the sediment. Moreover, phthalate
esters are considered to be of a low order
of toxicity (EPA, Water Quality Criteria
for Phthalate Esters, 1980).

Inorganics (Heavy Metals)

Inorganics were found in the majority of the

samples throughout the Task IV Study Area. Concen-

trations of inorganics detected in study area sediment

samples are comparable, to a large degree, with

levels found in samples collected upstream on the

Black and Bergholtz Creeks and with levels found in

sediments in "control" areas during the EPA Monitoring
study (EPA 1982).
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Several factors contributed to a decision that
the presence of inorganic constituents at a sampling
location did not in and of itself warrant remedial
action. These factors were:

o Presence of inorganics in upstream sediment
samples in Black and Bergholtz Creeks at
concentrations similar to those found in
sampling areas potentially influenced by
Love Canal.

o Ubiquitous and natural occurrence of heavy
metals in the environment in general.

o) Heavy metals were detected in only one of
the eight liquid samples from the investiga-
tions of the various task areas for which
inorganics analyses were performed.
Moreover, the likelihood of ingestion of
contaminated water in sewer lines is
remote.

o Heavy metals, in the forms in which they
are likely to occur in the sediments, do
not present a significant concern via the
exposure route of direct or indirect skin
contact.

6.2.5 Contamination Assessment Maps

The product of the contamination assessment is a set
of contamination assessment maps (Figures 6-2 and 6-3)
for the Task IV Study Area. These maps depict areas of
relative low, medium and high priority. These rankings
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were determined by evaluating the matrix results, the
work maps, the potential exposure pathways and other
considerations. The lows, mediums and highs are relative
rankings and are used to identify areas where some form
of remedial action should be considered.

The low, medium and high rankings are defined as
follows:

o) Low: Low matrix score, indicating inorganic
compounds occurring at or near "upstream"
concentrations; organic compounds, if any, not
specifically Love Canal-related; and/or existing
contaminants appear to have minimum potential
for human exposure.

o} Medium: Intermediate matrix score, indicating
a limited number of Love Canal-related compounds
occurring at low to moderate concentrations;
and/or existing contaminants appear to have
moderate potential for human exposure.

o High: High matrix score, indicating several or
numerous Love Canal-related compounds occurring
at significant concentrations; and/or existing
contaminants appear to have a high potential
for human exposure.

6.2.6 Hot Spot Mapping

A separate "hot spot" map (Figure 6-4) has been
prepared for dioxin, a contaminant of particular concern.
The map identifies the sampling locations where this
compound was found and the concentrations detected. The

6-22
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"hot spot" maps have been used in conjunction with the
contamination assessment maps in determining appropriate
remedial measures for the task area.

Discussion of Results

6.3.1 General

This subsection explains the method used to graphically
interpolate from the contaminant assessment priority
levels at each sample location to produce the contamination
assessment maps shown on Figures 6-2 and 6-3.

Each manhole location sampled which passed the
screening analysis was designated as a high, medium or
low contamination assessment priority level based upon
the results of the quantitative analysis subjected to the
contamination assessment methodology (the matrix) previously
described in Section 6.2. Samples that did not pass or
exceed the qualitative screen are presumed not to be con-
taminated.

The convention used in preparing the contamination
assessment maps is based on the conservative assumption
that the analytical results and the associated contamina-
tion assessment priority level at each manhole or sampling
location are indicative of the level of contamination for
the entire sewer reach. Using the results of the contami-
nation assessment, the upstream and downstream sewer
reaches were shaded in each direction from a sampled
manhole up to the next manhole or sample location. If
the adjacent manhole did not show contamination, the
shading was terminated at that manhole. Where samples
obtained in adjacent manholes indicated the same level
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of contamination in each, the shading was continued at
that level. For the case where contamination levels
differ for adjacent manholes or the subsequent sample
manhole, the shading was continued at the appropriate
level to a point halfway between each location. At those
locations where quantifiable amounts of Love Canal-related
contaminants were obtained for liquid samples, the adopted
convention was to assign a high contamination assessment
priority level based on the assumption that contaminated
liquid indicates an active contaminant migration pathway
or extremely high concentrations of contaminants in the
underlying sediments.

At all sample locations with quantifiable contaminant
levels (i.e. low, medium, or high), the detailed analytical
results were re-examined to verify the contamination
assessment priority level in the context of the sample
medium (i.e. sediment, soil, or liquid).

During the Task Area IV sampling program, 14 sewer
bedding material samples, 28 dry weather storm and sanitary
sewers sediment samples, 30 dry weather storm and sanitary
sewer liquid samples, and 3 storm weather storm sewer
liquid samples were collected.

Later in this section, the nature and distribution
of contaminants and contamination migration pathways are
discussed. Primary migration pathways are defined as
those pathways which have or had a known direct connection
to a canal area sewer. Secondary migration pathways are
those pathways which are not known to be directly connected
to a canal area sewer (i.e., surcharged sewers, ground
water migration, creek flooding, etc.).
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6.3.2.1 Nature and Distribution of Contamination

6.3.2 Storm Sewer

Thirteen storm sewer sampling locations in Task
Area IV exhibited varying degrees of contamination.
Most of the contamination was found in the sediment
samples; however, two liquid samples with Love
Canal-related contamination were found.

The storm sewer samples which exhibited low
contamination assessment priority levels were found
at MH Nos. 403, 404, 416, 435, 427, and 431. The
low level contamination consisted primarily of heavy
metals and phthalates.’ In MH 431, trace quantities
of phenanthrene, anthracene, and fluoranthene were
found. These organics are derivatives of hydrocarbons
which could have come from any number of sources.

No specific Love Canal area-related contamination
was found in storm sewers designated as having low
contamination assessment priority levels.

Seven (five sediment, two liquid) stormwater
sampling points were found to contain Love Canal-
related contaminants at medium or high levels. The
five sediment sample locations are all on primary
migration pathways from the canal area. Love Canal-
related contaminants found in each of these manholes
are listed below:

o MH 412 -- High Contamination Assessment Priority
Level: BHC, hexachlorobenzene, diphenylhydrazine,
naphthalene, chlorobenzenes (mono-, di~, and
tri~-) toluene.
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o} MH 407 -- Medium Contamination Assessment
" Priority Level: Dichlorobenzene.

o MH 415 -- High Contamination Assessment Priority
Level: Fluoranthene, chlorobenzene, 2,3,7,8-TCDD.

o 99th Street and Frontier -- High Contamination
Assessment Priority Level: Phenanthrene,
anthracene, chlorobenzenes (mono-, di-, tri-),
toluene.

o 97th Street and Frontier -- High Contamination
Assessment Priority Level: Phenanthrene,
anthracene, chlorobenzene (mono-, di-, tri-),
pyrene, hexachlorobutadiene.

The two contaminated liquid samples wer found
at D.I. 1 and D.I. 2. These samples contained
dichloroethane, carbon tetrachloride, bromoform,
naphthalene, chlorobenzene, ethylbenzene and toluene.

6.3.2.2 Contamination Migration Pathways

The storm sewer system in Task Aréa IV appear
to have become contaminated through two primary
pathways and two secondary pathways as illustrated
on Figure 6-5.

Before remediation at the canal area occurred,
the storm sewer on Wheatfield Avenue exited from the
canal area into MH 415 which created a primary
pathway for Love Canal contaminants to migrate from
the canal area. This pathway explains the contamina-
tion in the sewer reaches from MH 415 to MH 409,

MH 409 to MH 407, and MH 407 to MH 406.

6-26
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A secondary pathway has been identified as the
segment of storm sewer on 100th Street between
manholes 417 and 415. This sewer reach was probably
contaminated via sump pump discharges from Ring 2
homes, via a swale which ran in a northwest to
southeast direction from the Canal toward Read
Avenue and from contaminants entering D.I. 1 and
D.I. 2. The sample results for D.I. 1 and D.I. 2 in
the vicinity of Read Avenue at 100th Street indicated
significant levels of Love Canal related compounds.
Since these drop inlets have inverts several feet
higher than the nearest storm sewer invert it is
highly unlikely that they have been contaminated via
surcharged storm sewers. Additionally, volatile
compounds were detected in liquid samples indicating
that the contamination may be of recent origin. The
contamination may be the result of lateral migration
through the soil and the brick walls of the drop
inlets.

The storm sewers on Frontier Avenue between
97th and 100th Street were probably contaminated via
this migration pathway. These sewers were actively
discharging contaminants during the sample collection
period. High levels of volatile compounds were
detected in MH 412, D.I. 97, and D.I. 99 at the time
of field sampling in January 1983. The Frontier
Avenue storm sewer which runs between these manholes
is the most highly contaminated portion of the
sewers, sanitary or storm in Task Area IV. The
storm sewers on 97th and 99th Streets were subse-
quently blocked in early March of 1983.
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A secondary pathway has been identified which
is a possible cause for the contaminated segment of
the storm sewer system on 95th Street which borders
the western edge of the canal area. This sewer
reach may have been contaminated via migration of
contaminants through fissures in the clay soil
between 97th Street and the canal or indirectly by
over and runoff. During the excavation of the tile
drain system in the southern section of the canal
area, a geologic sand lense was discovered four feet
below the surface apparently intersecting the canal
from east to west. This sand lense could possibly
extend to 95th Street causing the contamination in
the 95th Street sewers. Tile field systems on 95th
Street homes facing west may also have contributed
to contamination if any of these tile fields were
connected to the storm sewers on 95th Street.

Sanitary Sewers

6.3.3.1 Nature and Distribution of Contamination

Five sanitary sewer sampling locations in
Task Area IV exhibited varying degrees of contamina-
tion. Four of the contaminated samples were sediment
samples and the remaining sample was a liquid sample.

The sanitary sewer sediment samples which
exhibited low contamination assessment priority
levels were found at MH 464 and MH 454. The contami-
nation consisted primarily of heavy metals and
phthalates. At MH 463A, heavy metals and phthalates
were found in the liquid sample. Because no Love
Canal-related contaminants were found, this manhole



has been assigned a low contamination assessment
priority level.

Two sanitary sewer sediment samples had medium
or high contamination assessment priority levels.
MH 466, with medium priority level, contained sediments
in which BHC, hexachlorobenzene, trichloroethylene,
tetrachloroethylene, hexachlorobutadiene, dichloro-
benzene, trichlorobenzene, dichlorophenol and chloro-
cresol, were identified.

MH 457 produced the most contaminated sediment
sample in the study area. This sample contained BHC
hexachlorobenzene, trichloroethylene, tetrachloro-
ethylene, hexachlorobutadiene, dichlorobenzene,
dichlorophenol and chlorocresol.

6.3.3.2 Contamination Migration Pathways

One primary migration pathway and one secondary
pathway have been identified for the sanitary sewers
in Task Area IV. These are illustrated in Figure 6-6.

The primary migration pathway originates from
the sanitary sewer which leaves the canal area in an
easterly direction along Wheatfield Avenue. This
pathway explains the contamination in the sewer
reach from MH 466 to MH 457.

The results of the sampling program conducted
as part of this investigation revealed results which
correlate with the types of compounds detected in
the sanitary sewers sampled at 101lst Street and
Wheatfield Avenue during the EPA Monitoring Study.
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The sampling results also correlated with results of
the City sampling program (i.e., chlorinated benzenes,
toluene, C46, and BHC were among the predominant
compounds detected). The presence of contamination
in liquid samples obtained from MH 466 indicates

that active migration of contaminants via the Wheat-
field Avenue sewer was occuring at the time of the
sampling. Thsi active migration suggests that the
plug in the sewer at 99th Street may be leaking.

The concentration and variety of organic com-
pounds detected in the sewers on 100th Street generally
decreases with increasing distance to the south from
Manhole 466 at Wheatfield Avenue. The concentration
and variety of compounds detected on 10lst Street
(MH 454) is also significantly less than MH 451 at
wWheatfield Avenue to the North. There was no detected
contamination to the South (upgradient of) each of
MH 454 and MH 462. These facts suggest two conclusions:

o) The primary migration pathway for the sanitary
sewers 1in Task Area IV is eastward via Wheatfield
Avenue to MH 457 then northward along 10lst
Street to Task Area II.

o The secondary migration pathway in Task Area IV
sanitary sewers is via surcharge of the 101lst
Street sewer to Wheatfield Avenue and subsequent
surcharge to the north and south on 100th
Street and 101st Street. Discussions with City
of Niagara Falls officials confirm that the
sanitary sewers in this part of the system can
surcharge during wet weather.
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7.0 REMEDIAL ALTERNATIVES

7.1 General

Sewer rehabilitation alternatives suitable for levels of
contamination identified in previous sections range from
relatively simple remedial activities to complex combinations
of several methods. An alternative or combination of al-
ternatives suitable for one task area or sewer reach may not
be the best action for another. Each of the unit operations
which together could comprise a remedial alternative is des-
cribed below. An evaluation of these remedial actions is
presented in Section 8.

7.2 No Action

In areas of limited or no contamination and limited or no
migration potential, indicative of no significant environmental
impacts, the "no action" alternative may be appropriate.

7.3 Monitor

Periodic sampling of storm and sanitary sewer flows and
sediments at strategic locations, must be required subsequent
to any remediation in affected storm and all sanitary sewers
in the Study Area. Such post-remediation monitoring of sewers
will be necessary in order to:

o Ascertain the efficacy of sewer remediation.
o) Determine if contaminant migration from the canal

containment area to the sewers is occuring in the
future.
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o Determine if contaminant migration from sources
outside the canal containment area is occurring in
the future.

o Act as an early warning system to detect substantial

contaminant accumulation in the sewers. This would
allow for protection against the health and environ-
mental impacts of the release of and exposure to
these contaminants in the event of a remediation
failure or incomplete remedial response.

As an alternative to physical remediation measures,
periodic sampling could be performed at selected storm and
sanitary sewer reaches and storm sewer outfalls to the creeks
and river to monitor movement of contaminants. This would
obviously result in the continued migration of toxic pollutants
away from the study area. Migration would continue, until
such time that the source(s) of these contaminants has been
eliminated and naturally-occuring phenomenon, such as sediment
transport and to a lesser extent volatilization, purge contami-
nants from the sewers. While the rate of contaminant transport
is difficult, if not impossible, to ascertain and is beyond
the scope of this study, there was evidence of contaminant
migration from the Canal area nearly six years ago. It is not
unreasonable to assume that this migration will continue for
an extended period of time even after all sources of contamina-
tion have been eliminated.

The acceptability of this alternative for the storm
sewers must be evaluated in the context of the potential
impacts of this continued migration on the receiving water
bodies in Task Area II (i.e. Black Creek).
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Where contaminated storm or sanitary sewer sediment is

7.4 Abandonment In Place

found to have moved only a short distance from the canal, it
may be appropriate to cut off and/or plug that sewer line and
abandon it. This option is most appropriate in areas not
needed to support any current or future demand.

Construction worker safety considerations for this alterna-
tive would include the use of respiratory protection for
workers in manholes and/or trenches, hard hats and boots,
goggles, and disposal coveralls.

The environmental impact of abandonment in place is that
any contaminants present could migrate from their present
locations and enter the surface or groundwater in the area.
Additional hazards to construction workers excavating in-situ
contaminants in the future would also be posed by this alter-
native. '

7.5 Television Inspection and Other
Physical Inpsection Methods

7.5.1 Television Inspection (see Figure 7-1)

wWhile it is not an actual remediation measure,
television inspection is a valuable diagnostic tool used
prior to any type of sewer system repair or replacement.
Television inspection is normally used to locate sources
of infiltration such as offset joints, root intrusions,
broken or collapsed pipe, leaky laterals and service con-
nections, etc. A television camera specifically designed
for this service is pulled through the pipe section to be
examined on a sled and the problem areas located with
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respect to the manholes via the footage counter on the
T.V. cable feeder. The camera can be stopped at any time
so that still photographs may be taken of the monitoring
screen. Usually the entire inspection is recorded on
videotape for subsequent playback and review.

Prior to any remedial sewer repairs it is usually
necessary to televise the sewers to locate specific
problem areas and determine the extent of repairs which
will likely be necessary. Television inspection may also
be used to document causes of sewer surcharging and to
verify that sewers which have been blocked off in the
past are not active pathways of migration. ‘

Environmental impacts of television inspection are
temporary and minimal and can be mitigated by following
proper safety and decontamination procedures. Use of
half-face respirators, disposable gloves, shoe covers and
outer garments would be appropriate for the television
crewvs.

7.5.2 Other Physical Inspection Methods

Two other methods are commonly used to determine if
illegal connections exist or determine the water flow
direction. These methods are smoke testing and dye
testing. Smoke testing involves forcing smoke via gaso-
line-powered blowers into confined sections of sewer and
visually locating any smoke escaping from the sewer. Dye
testing involves the injection of dye into the flow
stream to determine the flow pathway.

Sewer Cleaning

The methods used to remove accumulated sediment and other

deposits from existing sewer lines are well established.

7-4
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Available sewer cleaning techniques include power rodding,
hydraulic scouring and flushing, bucket dredging, suction
cleaning with pumps or vacuums, chemical treatment, or a
combination of these methods. Access to sewer lines for

interior cleaning and repair is most commonly made through
manholes.

The choice of cleaning techniques for rehabilitating
contaminated sewer .lines depends on a number of variables

including:

o Depth of deposition

o Degree of root intrusion

o] Degree of cleanliness required

0 Extent of contamination

o Chemical and physical nature of the contaminants

o Costs and availability of different cleaning services
0 Ease of access to éontaminated areas

o Immediacy of any potential public health hazards

o Specific legal issues that may complicate a given

cleanup strategy.

Interior cleaning of contaminated pipes will facilitate
the location of structural deficiencies such as cracks, joint
failures, and collapsed pipes which ultimately may require



DRAFT

repair to prevent infiltration of contaminated soil and ground-
water and eliminate surcharging. Cleaning must also be performed
before television inspection and grouting of sewers. Figures

7-2 through 7-4 illustraté the various methods of cleaning.

7.6.1 Mechanical and Hydraulic Cleaning

Mechanical cleaning is effective in removing obstacles
such as roots, stones, corrosion nodules, grease and
sludges from sewers. In the case of sewer lines infiltrated
by contaminated runoff or leachate, interior scouring may
be necessary to loosen or remove solidified masses of
chemical residues or contaminated sediment which are then
flushed or dredged from the line. Mechanical cleaning
techniques include the use of power rodding machines
(i.e. "snakes"), which pull or push scrapers, augers, and
brushes through the obstructed line.

Hydraulic flushing of contaminated lines can be
achieved by running high-pressure cleaning nozzles into
sewer lines through manholes and flushing out contaminated
sections of the sewer. This technique is often used
after mechanical devices have cleared the line of solid
debris or loosened contaminated sediments and sludges
coating the inner surface of the pipe.

The mechanical cleaning techniques have the ad-
vantage of removing heavy root intrusions and being able
to penetrate or remove blockages from the line without
using the large quantities of water required for the
hydraulic equipment. The hydraulic flushers, however,
are more useful for moving the loosened debris to the
manhole for removal from the system.
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7.6.2 Bucket Dredging and Suction Equipment

A bucket machine can be used to dredge grit or
sediment from a sewer line. Power winches are set up
over adjacent manholes with cable connections to both
ends of the collection bucket, which is pulled through
the sewer until loaded with debris. The same technique
can be used to pull "sewer balls" or "porcupine scrapers"
through obstructed pipes.

The main advantage of using bucket cleaning equipment
is that this method can remove heavy accumulations of
solids from the manhole and deposit them into disposal
vehicles without using flushing water. One of the main
disadvantages is that significant amounts of solids and
water from the manhole can be splashed or sprayed on
workers and the area adjacent to the manhole.

Suction devices such as pumps or vacuum trucks also
may be used to remove accumulated solids from the manholes.
These devices can also be used to remove flushing water
associated with hydraulic cleaners. Manholes provide easy
access for the setup and operation of such equipment.

7.6.3 Vapor Control

Vapor control may be required in conjunction with
the above cleaning alternatives in sewer lines having
high concentrations of volatile contaminants in the
sediment. This measure is very expensive, but may be
necessary to minimize the exposure risk to workers and
area residents during sewer cleaning operations. Control
enclosures incorporating granular activated carbon adsorp-
tion equipment would be set up over the affected manholes.

7=7
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SCHEMATIC OF BUCKET MACHINE CLEANING

(Source: Hammer, 1975)
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Contaminated gases volatilized during cleaning operations
would be adsorbed on the activated carbon, thus preventing
release to the ambient atmosphere. Temporary vapor
barriers also would be installed to prevent migration of
contaminated vapor from the cleaning area.

7.6.4 Residuals Treatment, Handling and Disposal

As previously stated, cleaning equipment other than
bucket machines does not remove materials from manholes
and catchbasins, therefore a vacuum or pumping system is
needed to complement most cleaning methods. The options
for ultimate disposal of residual solids and any wash
water generated from the cleaning operation, include
dewatering at the leachate treatment facility with on-site
disposal of solids in the canal area or hauling to a
permitted commercial waste processor for dewatering and
secure burial.

7.6.4.1 On-Site Disposal

On-site disposal requires separation of the
liquid/solid fraction using a filter press, clarifiers,
or pressure filters prior to treatment of the liquid
fraction using the leachate treatment plant. The
separation of the liquid and solids is mandated by
the limitations of the leachate treatment facility
to handle solids. Problems with the air 1lift pump
in the plant claifier and plugging of the carbon
~itself could be expected without some type of solids
removal pretreatment. All solids removed would be
drummed for disposal beneath the existing clay cap
at the canal site.

7-8
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7.6.4.2 O0ff-Site Disposal

Off-site disposal would entail use of tank
trucks or similar equipment to transport all material,
solid and liquid to a local commercial waste process-
ing facility for dewatering, treatment of the liquid
fraction using granular activated carbon and drummed
disposal of the residual solids at a permitted and
NYSDEC approved hazardous waste disposal facility.
Prior to burial, the residual solids must be suffi-
ciently dewatered so that there is no free water
with the solids and the solids concentration must be
20 percent or greater.

Sewer Repair

7.7.1 Grouting

One method of in-place repair is to grout fractured
or leaky joints to seal them from groundwater infiltration
and sewage exfiltration.

Chemical grouts for sealing sewer lines are generally
acrylamide resins or silica gels, which are applied to
leaking joints from the interior following detection by
television inspection. A sealing packer is pulled through
the sewer line ahead of the closed circuit camera, which
is used to position the packer. The sealing packer 1is
then inflated at each end leaving an open pocket in the
area of the joint. Chemical grout is then pumped into
the open space under pressure and the central portion of
the packer is inflated, thereby forcing the grout through
the break or opening into the surrounding soil and sealing
the leak. After the grout has had time to set, the ends
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of the packer are deflated and the operation repeated at
the next leaky joint. The joints repaired in this manner
are usually air tested before and after the grouting
operation by forcing low pressure air into the space
between the ends of the sealing packer and observing the
drop in pressure. If the pressure drop exceeds established
limits indicating that the grout has not taken, the
grouting operation is repeated until a successful test
result is achieved. Grouting and testing of lines simul-
taneously in this manner is known as "test and seal." A
typical grouting operation is illustrated on Figure 7-5.

Environmental impacts of grouting are low as all of
the grouting work is performed below grade without the
need to excavate and disturb the surrounding area. The
grouts are inert upon curing and would not be expected to
contaminate the sewers via leaching of base compounds.
There is an exposure potential to the grout catalyst from
volatilization during the mixing of the grout; however,
the airborne concentration would be low. Use of half-face
respirators and protective clothing would mitigate any
adverse impact.

7.7.2 Pipe Relining

Relining is another method of sealing that can
inhibit infiltration and exfiltration in pipelines.
Interior lining of sewers can be performed in addition to
chemical grouting to ensure a high level of pipeline
integrity and low future risk of groundwater or leachate
infiltration. Large sections of badly cracked or deteri-
orating sewer lines can be relined with high density
polyethylene piping, a technique commonly called slip-
lining. Lengths of polyethylene pipe are fused together
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above ground and pulled into place within the pipeline
from strategically.located excavations along the existing
sewer (see Figure 7-6). Normally a sewer length of 2 to
3 manhole sections can be lined from a single excavation.
Connection of the house service lines to the new liner 1is
then accomplished using a remote cutting tool or by
excavating to install a more conventional saddle joint.

7.8 Removal and Replacement

Removal and/or replacement of sewer lines consists of
excavation under carefully controlled conditions to expose and
remove contaminated piping and bedding material for disposal
at a permitted and NYSDEC-approved hazardous waste landfill.
This option is necessary when the degree of bedding contamina-
tion is sufficiently high to preclude the no-action alternative
or when structural damage prevents the proper operation of the
recommended remedial measure. Replacement is also required if
the removed pipeline is needed for current or future service.
Removal and/or replacement is the most expensive remedial
option, but in some cases may be the only choice to assure
protection of the environment and public health.

This alternative has the most significant short-term
impact on the environment as it involves excavation in residential
neighborhoods, disruption of traffic patterns, and would
create airborne dust and noise from construction equipment.

Mitigating measures include the use of haul vehicle
covers to minimize dust during transportation of contaminated
soils, use of protective clothing by construction workers,
requiring sound limiting devices such as mufflers on all
construction equipment, and dust control measures such as
street sweeping and soil wetting on a frequent basis during
excavation.
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8.0 EVALUATION OF ALTERNATIVES

8.1 Preliminary Screening of Alternatives

A matrix analysis of the remedial alternatives is presented
as Table 8-1. The alternatives listed in the left-hand column
are arranged from top to bottom in increasing order of complexity,
i.e., no action is the least complex and removal and replacement
is the most complex. The criteria used for rating the alternatives
(highly effective, moderately effective, not effective or not
applicable) were established based on the actual physical
findings discovered during the sampling program.

Where more than one remedial measure was assigned the
same score for a particular sewer condition, other factors
must be included in evaluating the alternatives. These factors
include long and short-term environmental impacts, cost effective-
ness, worker and community safety, public acceptability,
future rehabilation plans for the area, scheduling constraints
and impact of other remedial activity.

This preliminary evaluation of each alternative is intended
to indicate the relative assessment of the usefulness of each
alternative. The suitability of each approach has been evaluated
in the context of a particular application within the task
area. Section 8.2 provides a detailed evaluation of each
alternative with respect to the environmental impacts, cost
effectiveness and other factors referenced above and provides
the unit costs used in the evaluation.

8.2 Detailed Evaluation

Each of the matrix elements will be discussed below in
terms of their specific applicability to remediation of Task
Area 1IV.
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As previously discussed, this alternative is considered

8.2.1 No Action

acceptable only in storm sewers with no past or present
contaminant indications, and where no upstream sections
were determined to be contaminated. Subject to these
limitations, the no action alternative is potentially
applicable to storm sewers on 100th Street (MH 413-444,
1000 L.F.), Read Avenue and 95th Street (MH 428-429-433,
1100 L.F.) and in the Griffon Manor area (MH 441-439,
2000 L.F.). The sanitary sewer system is considered to
be contaminated throughout Task Area IV, based on the
contamination assessment results, and will not be considered
for the no action alternative.

The long and short-term environmental impacts of no
action include the possible migration of contaminants
into the local ground and surface waters and subsequent
exposure to local residents. This alternative could also
cause contamination or recontamination of downstream
areas such as the creeks and river which may be remediated
in the future. Public acceptance of no action would
certainly be unfavorable and revitalization plans for the
neighborhood would be negatively impacted by this alterna-
tive.

Mitigating measures to reduce the negative impacts
associated with no action include the use of public
information campaigns to educate the local citizens to
the degree of potential hazard posed, and the use of
periodic monitoring to substantiate the acceptability of
no action.

8-4
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Monitoring of the storm and sanitary sewers as a

8.2.2 Monitor

separate remedial alternative has no applicability to
Task Area IV based on the results discussed in Section
6.3.

Monitoring of the storm sewers in this task area
should, however, be a significant part of the ongoing
maintenance of the canal site to assure the effectiveness
of remediation. Recommended storm sewer monitoring
locations include MH 402 and MH 435. These locations are
immediately upstream of outfall sewers shown to be major
contamination migration pathways as discussed in Section 6.3.2.

Sanitary sewer MH 457 at Wheatfield Avenue should
also be monitored periodically to determine if any contami-
nants are exfiltrating from the sewer bedding materials
or leaking from the canal area itself. Monitoring of
sanitary sewer MH 457 will serve as early warning or
verification of the sampling at downstream Lift Station
Nos. 4 and 6 in Task Area VII, which will be part of the
overall sampling program for the canal area. Recent
discoveries of contamination beyond the boundary of the
leachate collection system at Wheatfield Avenue near
99th Street indicate that contaminants could potentially
leach from the soil to the sanitary sewer on Wheatfield
Avenue and recontaminate the entire sewer system should
there be a remediation system failure. Contaminants have
migrated further than previously believed, indicating
that isolated pockets of contaminants could conceivably
continue to infiltrate the sewers from the soils in areas
beyond the existing containment. This migration would
cause further contamination of area sewers in the future,
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increasing the need for monitoring at 10lst Street and
Wheatfield Avenue.

The low level of the contaminants in the bedding
material indicates that this is just a localized phenomeon
(i.e., discrete pockets of low level contamination) and
is not a significant hazard. This assumption is supported
because the contamination was discovered below the invert
of the sanitary sewer on Wheatfield Avenue indicating
that previous exfiltration of small amounts of contamina-
tion from the sanitary sewer to the surrounding soil
through open joints or cracks in the pipes is the probable
source, as opposed to active migration through the soil.

Environmental impacts associated with monitoring are
similar to those for no action and include continued
migration of contamination as well as possible exposure
to these contaminants by workers cleaning sewers and
taking samples. Problems with adverse public reaction to
monitoring as a separate remedial alternative, possible
negative impact (contamination) on related downstream
clean-up activities and concern about what and where
contamination may be detected in the future as a result
of monitoring would also inhibit future rehabilitation of
the area.

Mitigating measures to protect the health and safety
of cleaning and or monitoring crews include use of respira-
tory and dermal protection, such as disposable footwear
and outergarments, and general safety protocol for working
in sewer and manholes.

No costs have been developed for the monitoring
program because monitoring for storm and sanitary sewers
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should be included in the entire Love Canal area monitoring
program being undertaken by the NYSDEC.

8.2.3 Abandon In Place

Abandonment in place is an effective measure following
cleaning of the sewers to remove contaminants and prevent
possible future contaminant migration. Pipes taken out
of service should be replaced with new facilities to meet
existing or future demand. As there are current residents
throughout Task Area IV, it would not be possible to
abandon storm or sanitary sewers without replacing the
sewers or moving the existing residents.

At the present time there is no clear indication of
what future land use will be in Task Area IV. Without
such evidence to show a lack of future need, abandonment
cannot be considered as an applicable alternative for
storm and sanitary sewers in Task Area IV.

Abandonment in place, if not preceded by cleaning,
would allow contamination to remain at its present location
for an intermediate time period.

Future excavation for utilities in the area and
abandoned sewers could potentially cause exposure of
construction crews to any remaining contaminants. Also,
infiltration and exfiltration through leaking joints or
cracked or broken pipe could liberate contaminants in the
future. Safety measures for construction crews working
in the vicinity of abandoned Love Canal Sewers should
include use of respiratory protection for workers in
manholes or trenches, hard hats, boots, goggles, and
disposable coveralls.

8-7
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The costs for abandoning the sewers 1n place are
very site specific depending on location number and size
of pipes, manholes, catch basins, etc., and the method
used to abandon the facilities, 1.e., sandbags, concrete
plugs, etc. |

8.2.4 Television Inspection and Other
Physical Inspection Methods

Inspection by closed circuit television has the
advantage of being easily accomplished while providing
additional information and a permanent record of the
sewer system. It is not feasible, however, unless the
sewers are cleaned as a preliminary step.

Contamination found in the storm sewer on 95th
Street (MH 431 to MH 427, 1600 1f), and the storm sewer
beneath the LaSalle Expressway (MH 406 to MH 404, 250 1f)
has created uncertainty concerning potential unknown
connections to the canal area. Additionally, there
appears to be a structural collapse of a portion of the
sanitary sewer on Wheatfield Avenue (MH 458 to MH 457,
250 1.f.) which should be investigated. Television
inspection is therefore considered as an important part
of the overall remedial effort at those locations.

Related techniques for detection of cross-connections
between storm and sanitary sewers and for tracing the
origins and terminal points of sewers not shown on the
drawings are smoke and dye testing. Smoke testing involves
forcing smoke into sewers via gasoline-powered blowers
which straddle the manholes. Smoke emissions along the
route of the pipe to help indicate alignment, pipe breaks,
leaky laterals, and connections points to other pipes and
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manholes. Dye testing is often used to verify the results
of smoke tests. Liquid dye tracer compounds are poured
into the manholes or catch basins, etc., and flushed into
the pipes using water. Detection of dyed water at adjacent
or downstream locations indicates a definite connection
between the two test points.

There is no environmental impact of television
inspection other than possible contamination of the
equipment and the clothing of members of television crew.
Use of appropriate decontamination procedures for equipment
such as swabbing with an organic solvent, and use of
respirators, gloves, goggles, and disposable garments by
personnel performing the work would mitigate the impact
of possible exposure. It is not anticipated that use of
television inspection or any physical inspection methods
will cause negative public reactions, nor interfere with
scheduling constraints, revitilization plans, or other
remedial activity.

There are no significant long term environmental
impacts of smoke or dye testing. Short term impacts
include possible momentary smoke inhalation due to base-
ments filling with smoke via sanitary sewer house laterals,
and possible dyeing of short sections of the creeks from
discharge of dyed waters via storm sewer outfalls. Both
the dye and the smoke, however, are nontoxic, and nonstaining,
and are not hazardous to human, animal or plant life.

No areas in Task Area IV have been recommended for
smoke or dye testing, however, this option may be recom-
mended if the television inspection locates connections
to which a source cannot be traced.
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The costs for television inspection have been esti-
mated at $1.40/L.F. This cost was developed by contacting
Buffalo area television inspection contractors. Smoke
and dye testing are estimated to cost $0.25/L.F. and
$0.10/L.F., respectively, if large areas (several thousand
feet) are to be tested. For small areas, the site specific
costs must be developed.

8.2.5 Sewer Cleaning

Of the three sewer cleaning alternatives examined
high pressure hydraulic flushing is the most applicable
to Task Area IV due to the slight sediment deposition and
high degree of cleanliness required. It is less effective
than mechanical methods for removing roots or extremely
adhesive solids. Since no evidence of root intrusion or
unnatural solids was found in Task Area IV and since
rodding and bucket cleaning would require flushing as a
final step, the prefered method of sewer cleaning is high
pressure hydraulic flushing. Power rodding and/or bucket
cleaning will be necessary for areas having roots or
adhesive solids, if such areas are encountered during
hydraulic cleaning.

The environmental impacts of sewer cleaning vary,
depending on the method and equipment used and location
being cleaned. The impact of using either flushing
machines or power rodding equipment is more significant
than bucket machines from the standpoint of the quantities
of residuals to be disposed of as both methods rely on
the use of flushing water to complete the operation.
Bucket machines have a potentially larger impact on the
surrounding area if proper operation procedures are not
followed. 1If the bucket machines are used to transport
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debris from the manhole directly to a disposal vehicle,
splashing of liquid, solids and slurries onto crew members
and adjacent areas could occur. The impact of using any
cleaning method which does not remove all sediment (in

this case bucket cleaning) would also be quite significant
since some of the contaminants would be left in the sewer
and could subsequently migrate to downstream locations
causing contamination or recontamination at those locations.

Mitigating measures to offset the negative impact of
sewer cleaning on cleaning crew workers include use of
respiratory and dermal protection, goggles, gloves,
boots, and disposable coveralls, etc.

Mitigating measures to avoid leaving contamination
in the pipes following cleaning includes using hydraulic
flushing following bucket cleaning or power rodding to
assure that the pipes are completely scoured.

This need to supplement mechanical cleaning methods
with flushing techniques despite the large volume of
presumably contaminated washwater generated is overwhélming
justification for recommending use of hydraulic flushing
as the primary cleaning mode.

It is not anticipated that any of the cleaning
methods evaluated if properly implemented, would create
problems in regard to public acceptance. Each cleaning
alternative would positively impact on revitalization of
the area because the contamination would be removed.

All hydraulic cleaning must be performed in the
summer or fall due to infiltration problems in the spring-
time and ice-related problems during the winter months.
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Additionally, the sequence and scheduling of cleaning
storm sewers should be coordinated with cleanup activity
in the creeks and in the Niagara River to preclude the
possibility of recontamination.

Hydraulic cleaning has been estimated at $5.50/L.F.
Bucket cleaning and power rodding are significantly more
expensive than hdyraulic cleaning and would cost approxi-
mately $7.50/L.F.

Costs of sewer cleaning were obtained from both
western New York and nationwide sewer cleaning contractors
and from the 1982 EPA Manual on Remedial Action at Hazardous
Waste Sites. These costs were than averaged to obtain
representative costs for this project.

8.2.6 Sewer Repair and Replacement

Of the two sewer repair alternatives examined (slip-
lining and gravity), slip lining is the most effective.
However, the excavation required to make house lateral
connections in sanitary sewers and the relatively high
cost of relining short sections of pipe makes slip lining
less attractive for sanitary sewers.

Grouting is not a reliable longterm alternative
because the grout can shrink or crack over time and is
not effective in sealing longitudinal cracks.

Pipe relining would be suitable for repair of long
sections of storm sewer or sanitary sewer without service
connections. However, these conditions do not exist in
Task Area IV. In the event that short sections of structur-
ally deficient sewers are encountered during remedial
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activity in Task Area IV, removal and replacement 1is
considered the most suitable alternative.

Removal and replacement of the structurally damaged
sewer 1s the most effective method of sewer rehabilitation.
This alternative removes all contamination from the site.
This alternative has the longest expected life of any
rehabilitation option.

No adverse environmental impacts would be created by
this option. All contamination would be removed from the
site if this option is chosen. All contaminated excavated
material should be disposed at a NYSDEC approved hazardous
waste facility.

The removal and replacement option would not interfere
with the operation of any other remedial task.

For estimating purposes, the costs for removal and
replacement of 10 to 15-inch diameter sewers (similar to
those found in the study area) has been at $100/1.f.

This cost was developed by review of recent bid tabulations
in the Niagara Falls area. The cost for disposal of
contaminated excavated material has been estimated at
$100/cubic yard. This cost was developed through discus-
sion with local hazardous waste disposal facility operators.

The only evidence of any structural problems involved
during the field work was in the sanitary sewer on Wheatfield

Avenue between MH 457 and MH 458, as previously mentioned.

8.2.7 Residuals Disposal

The residuals disposal alternatives evaluated include
onsite and offsite disposal. Input for evaluation of the
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alternatives was generated from discussions with NYSDEC
personnel, local hazardous waste disposal firms, and
contractors experienced in cleaning storm sewers on 97th
and 99th Streets in the winter of 1982-1983. It is
environmentally sound to consider on-site dewatering and
disposal, however the need to erect dewatering facilities,
the limited capacity of the existing leachate treatment
plant, worker safety concerns from multiple handling
cycles, and severe scheduling difficulties, make onsite
disposal unfeasible. Accordingly, offsite disposal at a
local NYSDEC approved hazardous waste disposal facilty is
considered the best method of residuals disposal.

The feasibility of segregation of liquid and solid
wastes from sewers to be cleaned which were not sampled
during the field work, was also evaluated. By segregating
and testing these wastes prior to final disposal, it
would be possible to determine if the wastes were indeed
hazardous, thereby requiring treatment of the flushing
water and burial of the solids in a secural burial facility.
If testing determined that these wastes were not hazardous,
the liquid could be discharged to the sanitary sewers and
solids landfilled in a sanitary landfill, both at significant
cost savings. However, based on the total cost savings
for the small quantity of solids involved, segregation of
the wastes is not cost effective.

The recommended method of residuals disposal at a
NYSDEC approved hazardous waste landfill should not
create any adverse environmental impacts. These landfills
have been created for the specfic purpose of providing a
long term, controlled, and environmentally safe area for
the disposal of hazardous wastes.
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The possibility exists that workers transporting
this waste could become contaminated if direct contact is
made with these wastes. However, if proper handling and
protective procedures are followed, no contamination
should occur. The waste transporting firm selected to do
the work should be a NYSDEC approved hazardous waste
transporter and should follow all of the applicable
regulations.

The costs of residual disposal have been estimated
at $0.35/galllon. These costs were developed through
discussions with hazardous waste landfill operators in
the vicinity of Niagara Falls. The costs for residual
transportation has been estimated at $1.40/1.f. This
costs was developed through discussion with sewer cleaning
and waste hauling time in the vicinity of Niagara Falls.

8.2.8 Vapor Control

Vapor control will not generally be required during
remedial activities, since only isolated pockets of
volatile contaminants were detected in Task Area IV, in
the storm sewers on Frontier Avenue at 97th and 99th
Streets. It was calculated that if gross volitilization
of contaminants were to occur during cleaning at these
locations, the airborne contaminant concentrations in and
immediately adjacent to affected manholes may exceed
permissible exposure limits established by the Occupational
Safety and Health Administration for prolonged exposure.
These high concentrations of volatile contaminants were
probably due to active migration from the canal at the
time of sampling. It is anticipated that the concentra-
tions have since decreased significantly due to disconnection
of the storm sewers in March of 1983. Prior to cleaning
any sewers in this area, air sampling for volatile
organics will be required to verify that the levels have
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decreased sufficiently to preclude the need for vapor
control measures. Additionally, all workers involved in
remedial activities will be equipped with respiratory and
dermal protection to minimize the risk of exposure to
airborne contamination.
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9.0 RECOMMENDATIONS

9.1 General

Figures 9-1 and 9-2 illustrate the recommended remediation
plan for the storm and sanitary sewers, respectively in Task
Area IV. As shown on the figures, the primary recommendation
is to utilize hydraulic flushing techniques to remove all
contaminated sediments from the storm and sanitary sewers.
Television inspection is recommended for the Task Area IV
storm and sanitary sewers in three distinct locations in order
to verify: the presence or absence of unknown connections or
pollutant migration pathways from the canal area; or the
existence and nature or suspected structural pipe damage which
may be the cause of surcharging in the area.

As shown on Figure 9-1, many of the storm sewers in Task
Area IV are recommended for remediation. Most of these storm
sewers recommended for remediation are located downgradient of
previously known connections to the canal area at 97th Street,
99th Street, and Wheatfield Avenue and were found to contain
significant levels of Love Canal-related contaminants. Several
storm sewers tributary to these pathways have also been recom-
mended for remedial action due to known or suspected surcharging
that may have transported contaminated sediment into the
tributary sewers.

As shown on Figure 9-2, all sanitary sewers in Task
Area IV are recommended for remedial action due to the sporatic
but widespread sediment contamination throughout the task
area.

9-1
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Detailed Engineering Description

9.2.1 General

The cleaning of the storm and sanitary sewer systems
should be accomplished utilizing a high velocity water
flushing machine which uses both the nozzle pressure (up
to 15,000 psi) to remove encrusted debris combined with
the force of the flow to transport the debris to the
collection manhole. The debris is actually loosened on
the initial pass of the cleaning jet while traveling
upstream from the collection manhole and transported to
the collection manhole on the return trip while the
flusher is being reeled back in. The upstream and down-
stream manholes should be plugged during the entire
cleaning operation to assure that no contaminated liquid
or sediment is transported away from the designated
collection manhole. The collection manholes should be
established in the field at a distance of 500 to 1000 feet
downstream of the flushing equipment to allow for convenient
removal of flushing water while at the same time providing
additional storage capacity to prevent surcharging of the
sewers caused by flushing operations.

Contaminated waste material flushed from the lines
should be collected and removed by using specific pipeline
intersections as '"catch manholes." Catch manholes are
isolated from the rest of the system by the use of inflatable
sewer plugs. Waste material would be transferred from
the catch manhole to transport vehicles by using submersible
pumps and vacuum nozzles. The estimated daily output for
this method of hydraulic cleaning is approximately 1000 linear
feet per day.
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An estimated 6 to 7 gallons of liquid and sediment
waste will be produced for each linear foot of sewer
hydraulic cleaned. Properly permitted and labelled
transport vehicles will haul the waste to a NYSDEC approved
and permitted hazardous waste treatment facility for
dewatering. Residual dewatered solids are to be buried
in a NYSDEC-approved secure landfill and liquid filtrate
should be treated by NYSDEC approved techniques.

During the hydraulic cleaning of the sewers in
Task Area IV, vapor controls are not expected to be
required. Most of the contaminants in Task Area IV found
are nonvolatile. 1In isolated storm and sanitary sewer
locations where relatively high quantities of volatile
compounds were found (i.e., MH 415, 412, 457, 466, 99th
and Frontier, DI-1 and DI-2) it is recommended that air
sampling for volatiles be performed before work begins in
these areas. The storm sewer drop inlets at the intersec-
tion of 99th Street and Frontier Avenue and the intersection
of 97th Street and Frontier Avenue were directly connected
to the canal area during the sampling period. Since that
time, these sewers have been cut off from the canal area.
Therefore, the possibility exists that most of the volatile
compounds may have been purged from the sewers by the
time remedial action begins.

Personnel employed to implement the remedial action
plan should follow strict personal safety and decontamina-
tion protocols similar to those presently being used for
remedial activity inside Rings 1 and 2. Workers should
be equipped with appropriate respiratory and dermal
protection, and should be trained to work in hazardous
environments. Additionally, all confined environments in
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which men will be working should be continuously monitored
for oxygen, hydrogen sulfide combustibles and volatile
chemicals.

9.2.2 Storm Sewers

An estimated 9,900 linear feet of storm sewer in
Task Area IV is recommended for clearing at the locations
identified in Figure 9-1.

Additionally, an estimated 2,200 linear feet of storm
sewer is recommended to be internally inspected by televising.
The specific storm sewer reaches designated for televising
are shown on Figure 9-1 and encompass the storm sewers
on 95th Street between Read and Frontier Avenues (i.e.,

MH 427 to MH 431) and the storm sewer which passes beneath
the LaSalle Expressway (i.e., MH 404 to MH 406) where
potential unidentified contaminant sources may exist.

Although the storm sewer reach between MH 402 and
MH 401 and the 102nd Street outfall sewer are considered
to be contaminated, no remediation is recommended at this
time. This area should not be remediated until a final
solution to remediate the 0lin 102nd Street Landfill is
complete. To remediate this sewer reach at the present
time would not be a long term solution due to the possi-
bility of recontamination from the Olin 102nd Street
Landfill. Furthermore, the recommended remediation of
the 102nd Street outfall area in the Niagara River includes
a temporary impoundment around the outfall which would
retain most of the contaminated sediment transported from
this sewer reach.

9-4
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An estimated 5,100 linear feet of sanitary sewers in
Task Area IV is recommended for cleaning at the locations

9.2.3 Sanitary Sewers

designated in Figure 9-1. Special precautions should be
followed by the cleaning contractor to prevent the surcharg-
ing of sanitary sewers into house laterals. This potential
problem should receive special consideration during the
design and construction phases of the remedial activities.

Additionally, an estimated 300 linear feet of sanitary
sewer on Wheatfield Avenue (i.e., MH 457 to 458) recommended
to be internally inspected by television, due to suspected
structural damage. At this time, removal and replacement
is not being recommended because the structural condition
of the sewer is unknown. This sewer reach and other
isolated sections of structurally-deficient sewers locations
within the task area detected during cleaning activities
should be removed and replaced if the damaged sewer
prevents proper application of the recommended remedial
measures. In the event of removal and replacement, all
contaminated pipe and excavated material should be removed
and disposed of at an NYSDEC-approved and permitted
hazardous waste disposal facility.

9.3 Estimated Cost of Remedial Action

Costs estimates (initially developed in Section 8.2) for
the various elements of the remedial action plan for Task
Area II1 are summarized in Table 9-1. Unit costs are based on
quotations obtained from sewer cleaning and waste disposal
contractors in the Western New York area.

9-5
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TABLE 9-1

RECOMMENDED REMEDIATION COSTS
TASK AREA IV - STORM AND SANITARY SEWERS

Item \ Quantity Unit Cost Total
Hydraulic Cleaning 15,000 1f $5.50/1f $ 82,500
T.V. Inspection 2,500 1f $1.50/1f 3,750
Residuals

Transportation 15,000 1f $1.40/1f 21,000
Residuals Treatment

and Disposal 105,000 gal. $0.35/gal. 36,250

(7 gal/lf).

Subtotal $143,500

Engineering, Contingency, Legal
Administrative @ 30 percent 43,200

Total $186,700
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The cost of hydraulic cleaning has been estimated at
$5.50/1f. This hydraulic cleaning is a common procedure and
can be accomplished by a number of local contractors. For
estimating purposes, it has been assumed that vapor controls
will not be necessary.

Television inspection has been estimated at $1.50/1f.
Television inspection is a common procedure and can be accom-
plished by a number of local contractors. This task should be
included in the same contract as the hydraulic cleaning thereby
giving overall coordination responsibility to one contractor.

Residuals transportation includes pumping the wastewater
from the manholes to transport vehicles which will take the
wastewater to the hazardous waste disposal facilities. This
task should be performed by the hydraulic cleaning contractor.
This task should not be bid separately because this would only
create coordination and responsibility problems among contrac-
tors. This cost has been estimated at $1.40/1f.

The costs for cleaning residuals treatment and disposal
have been combined into a total unit costs. The guantities
and associated disposal cost of dewatered solids from sewer
cleaning operations will be minimal in comparision with the
cost of dewatering the slurry and treating the filtrate waste-
water. The total cost for sewer cleaning residuals treatment
and disposal has been estimated at $0.35/gal. This price
includes the cost of the dewatered residuals solids disposal
in an NYSDEC approved and permitted secure landfill.

9.4 Implementation Schedule

The remediation of storm and sanitary sewers in Task
Area IV should begin as soon as possible to minimize further
contaminant migration and exposure potential.

9-7
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Cleaning of the storm sewers is of higher priority than
the sanitary sewers because significant amounts of contaminated
sediment in the storm sewers can migrate directly to the
Niagara River. Before remediation begins, some of the contami-
nated sediment in the sanitary sewer will likely be transported
to the City of Niagara Falls Wastewater Treatment Plant and
some of the contaminated sanitary sewer sediment could enter
the Black, Bergholtz, and/or Caguya Creeks through lift station
bypasses in Task Area VII or portable-pumped bypasses to storm
sewers within Task Area II.

The recommended remediation plan for the Niagara River at
the 102nd Street Outfall (Task Area VI) is to stabilize the
contamination in place by installing a temporary impoundment
around the 102nd Street outfall. After its construction, the
recommended impoundment will be able to retain most of the
contaminated sediment from the south storm sewers before it
reaches the main channel of the Niagara River. However, the
storm sewers tributary to the 102nd Street outfall should be
cleaned as soon as possible to minimize the amount of contami-
nants released to the river or further contaminating river
sediments beyond the proposed location of the impoundment.

The scheduling of storm cleaning operations in Task
Area IV will not interfere with cleaning operation in any

other task area.

The sanitary sewers in Task Area IV should be cleaned
before the sanitary sewers in other task areas because Task
Area IV is upstream of the other task areas.

Hydraulic flushing involves the handling of large quanti-
ties of water, therefore, hydraulic flushing should not be
scheduled during the winter months (November-March) because of
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the potential working hazards created by ice, cold weather,

and poor visibility. During the spring months (March-April),
infiltration and inflow into the sewers is greatest due to

snow melt, frequent rain, and a high ground water table.

Since it will be necessary to dispose of all residual wastewater
generated from the hydraulic cleaning operation, extraneous
flows due to infiltration will increase the total residuals
treatment cost. Consequently, the hydraulic flushing operation
is best undertaken during the months of May through October
provided this does not conflict with the remedial action
implementation schedules for the creeks and river.

9-9
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MALCOLM-PIRNIE
SUMMARY OF ANALYSIS

Detection

Page 1

Scan

Limit (ug/kg)  Number

EC
EC
EC
EC
EC

EC

EC

EC

EC

Detection

Limit (ug/qg)

1126
1205
1279
1349
1558

764

891

900

1689

Malcolm-Pirnie 1D#: IV-1011S
Location ID: MH-403
CompuChem #: 2059
ORGANICS
Compound
Fraction Number Compound Conc. (ug/kg)
Volatile None Detected
Acid LS Tetradecane 52,000
LS Pentadecane 56,000
LS Hexadecane ' 54,000
LS Heptadecane 50,000
LS Unknown 96,000
Base/Neutral/ LS Benzene,2,4-Dichloro- 8,800
Pesticide 1-Methyl-
LS Benzene,2,4-Dichloro- 9,200
1-(Chloromethyl)-
LS Benzene,2,4-Dichloro- 7,200
1-(Chloromethyl)-
LS Dodecane,1l,1'-Thiobis- 4,800
INORGANICS
Compound
Number Compound Conc. (ug/g)
102 Arsenic, Total 4.0
105 Chromium, Total 4.7
106 Copper, Total 27
107 Lead, Total 21
109 Nickel, Total 2.7
113 Zinc, Total 30

e e e el
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OO0 O0OCO



«

MALCOLM-PIRNIE
SUMMARY OF ANALYSIS

Malcolm-Pirnie ID#: IV-1012S

Location ID: MH-404

CompuChem #: 2147

ORGANICS
Compound

Fraction Number Compound
Volatile a2 Methylene Chloride
Acid LS Unknown

Base/Neutral/ 413
Pesticide

415
429
LS
LS
LS
LS
LS

INSUFFICIENT SAMPLE MATERIAL AVAILABLE TO PERFORM INORGANICS ANALYSIS.

BIS (2-Ethylhexyl)
Phthalate

Butyl Benzyl Phthalate
Di-N-Octyl Phthalate
Unknown

Eicosane

Unknown

Eicosane

Unknown

Page 1
Detection Scan
Conc. (ug/kg) Limit (ug/kg)  Number
30,000 10,000 153
560 EC 1463
200 200 1531
820 200 1421
320 200 1701
560 EC 954
720 EC 976
820 EC 1031
1,000 EC 1084
480 £EC 1134

INORGANICS
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SUMMARY OF ANALYSIS Page 1
Malcolm-Pirnie ID#: IV-1015S
Location ID: MH-407
CompuChem #: 2139
ORGANICS
Compound Detection Scan
Fraction Number Compound Conc. (ug/kg) Limit (ug/kg)  Number
Volatile 222 Methylene Chloride 7,400 2,000 161
Acid LS Pentacosane 30,000 EC 1338
LS Unknown 17,000 EC 1347
LS Unknown 28,000 EC 1356
LS Unknown 100,000 EC 1487
LS Unknown 7,000 EC 1591
Base/Neutral/ 413  BIS (2-Ethylhexyl) 18,000 4,000 1 1551
Pesticide Phthalate
LS Unknown 4,000 EC 1054
LS 1-Heptadecanol 5,100 EC 1277
INORGANICS
Compound Detection
Number Compound Conc. (ug/g) Limit (ug/g)
102 Arsenic, Total 7.5 1.0
105 Chromium, Total 4.9 1.0
106 Copper, Total 5.6 1.0
107 Lead, Total 22 1.0
109 Nickel, Total 1.2 1.0
112 Thallium, Total 2.4 1.0
113 Zinc, Total 35 1.0

1 Sample extract could not be concentrated to 0.5 ml, thus the detection limits

are higher than normal.
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SUMMARY OF ANALYSIS Page 1
Malcolm-Pirnie ID#: 1v-40108
Location ID: MH-409
CompuChem #: 2199
ORGANICS
Compound Detection Scan
Fraction Number Compound Conc. (ug/kg) Limit (ug/kg)  Number
Volatile 222 Methylene Chloride 4,500 2,000 153
Acid LS Unknown 520 EC 1240
Base/Neutral/ 413 BIS (2-Ethylhexyl) 2,100 200 1543
Pesticide Phthalate
LS Unknown 1,100 EC 1045
LS Pentacosane 1,200 EC 1484
LS Pentacosane 960 EC 1560
LS Unknown 980 EC 1651
LS Hexatriacontane 800 EC 1897
INORGANICS
Compound Detection
Number Compound Conc. (ug/g) Limit (ug/qg)
102 Arsenic, Total 18 1.0
105 Chromium, Total 5.3 1.0
106 Copper, Total 10 1.0
107 Lead, Total 16 1.0
109 Nickel, Total 7.2 1.0
112 Thallium, Total 5.8 1.0
113 Zinc, Total 28 1.0



MALCOLM-PIRNIE
SUMMARY OF ANALYSIS

Detection
Limit (ug/kg)  Number

Page 1 of 3

Scan

Malcolm-Pirnie ID#: I1v-1014S
Location ID: MH-412
CompuChem #: 2145
ORGANICS
Compound
Fraction Number Compound Conc. (ug/kg)
Volatile 207 Chlorobenzene 35,000
225 Toluene 280,000
LS Cyclohexane 35,000
LS Cyclohexane,Methyl- 18,000
LS Benzene,l1-Chloro- 2,600,000
2-Methyl-
LS Benzene,1-Chloro- 1,900,000
2-Methyl-
LS Benzene,l,4-Dichloro- 300,000
Acid LS Benzene,1-Chloro- 7,300
2-Methyl-
LS Benzene,2,4-Dichloro- 13,000
1-Methyl
LS Benzene,2,4-Dichloro- 6,100
1-(Chloromethyl)-
LS Benzene,1,1'-/0Oxybis 9,900
(Methylene)/Bis-
LS Benzene,2,4-Dichloro- 4,500

1-(Chloromethyl)-

10,000
10,000

EC
EC
EC

EC

EC

EC

EC

EC

EC

EC

680
647
369
532
892

939

986

691

870

1035

1307

1047



MALCOLM-PIRNIE
SUMMARY OF ANALYSIS

Detection

Page 2 of 3

Scan

Limit (ug/kg)  Number

Malcolm-Pirnie ID#: IV-10143
Location ID: MH-412
CompuChem #: 2145
ORGANICS, Cont'd.
Compound
Fraction Number Compound Conc. (ug/kg)
Base/Neutral/ 413 BIS (2-EthyThexyl) 12,000
Pesticide Phthalate
416 2-Chloronaphthalene 46,000
420 1,2-Dichlorobenzene 48,000
422 1,4-Dichlorobenzene 64,000
430 1,2-Diphenylhydrazine 19,000
433 Hexachlorobenzene 7,200
439 Naphthalene 11,000
446 1,2,4-Trichlorobenzene 110,000
702 Alpha-BHC 11,000
LS Benzene,2,4-Dichloro- 34,000
1-Methyl :
LS Unknown 22,000
LS Unknown 22,000
LS Unknown 26,000
LS Dodecane,1,1'-Thiobis- 26,000

4,000

4,000
4,000
4,000
4,000
4,000
4,000
4,000
4,000
EC

EC
EC
EC
EC

1

1551

952
696
676
1086
1143
816
807
1133
763

901
1024
1096
1687

1 Sample extract could not be concentrated to 0.5 ml, thus the detection limits
are higher than normal.



MALCOLM-PIRNIE
SUMMARY OF ANALYSIS

Detection
Limit (ug/qg)

Page 3 of 3

Malcolm-Pirnie ID#: 1vV-1014S
Location ID: MH-412
CompuChem #: 2145
INORGANICS
Compound
Number Compound Conc. (ug/g)

102 Arsenic, Total 5.8
105 Chromium, Total 6.7
106 Copper, Total 6.6
107 Lead, Total 18
109 Nickel, Total 17
113 Zinc, Total 43

[ e el =
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SUMMARY OF ANALYSIS Page 1
Malcolm-Pirnie ID#: IV-1017S
Location 1D: MH-415
CompuChem #: 2159
ORGANICS
Compound Detection Scan
Fraction Number Compound Conc. (ug/kg) Limit (ug/kg)  Number
Volatile 207 Chlorobenzene A 5,900 2,000 714
225 Toluene 4,400 2,000 678
Acid None Detected
Base/Neutral/ 431 Fluoranthene 4,000 4,000 1 1300
Pesticide
LS Cyclotrisiloxane, 30,000 EC 472
Hexamethyl-
LS Unknown 31,000 EC 858
LS Unknown 24,000 EC 964
LS Unknown 22,000 EC 1129
LS Unknown 18,000 EC 1308
INORGANICS
Compound Detection
Number Compound Conc. (ug/qg) Limit (ug/g)
102 Arsenic, Total 5.3 1.0
105 Chromium, Total 17 1.0
106 Copper, Total 6.1 1.0
107 Lead, Total 34 1.0
109 Nickel, Total 1.8 1.0
113 Zinc, Total 49 1.0

1

are higher than normal.

Sample extract could not be concentrated to 0.5 ml, thus the detection limits
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MALCOLM-PIRNIE
SUMMARY OF ANALYSIS

Page 1

Detection Scan
Limit (ug/kg)  Number

Malcolm-Pirnie 1D#: 1V-1018S

Location ID: MH-416

CompuChem #: 2173

ORGANICS
Compound

Fraction Number Compound Conc. (ug/kg)
Volatile None Detected
Acid None Detected

Base/Neutral/ 413

Pesticide

LS

LS

BIS (2-Ethylhexyl)
Phthalate

Cyclotrisiloxane,
Hexamethy1-

Unknown

INORGANICS

16,000

18,000

10,000

4,000 1529
EC 472
EC 1178

INSUFFICIENT SAMPLE MATERIAL AVAILABLE TO PERFORM INORGANICS ANALYSIS.

1

are higher than normal.

Sample extract could not be concentrated to 0.5 ml, thus the detection limits
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SUMMARY OF ANALYSIS Page 1
Malcolm-Pirnie ID#: I1v-40148B
Location ID: MH-416
CompuChem #: 2164
ORGANICS
Compound Detection Scan

Fraction Number Compound Conc. (ug/kg) Limit (ug/kg)  Number
Volatile None Detected
Acid LS Unknown 110 1051

LS Unknown _ 160 1314
Base/Neutral/ 413 BIS (2-Ethylhexyl) 1,400 1552
Pesticide Phthalate

INORGANICS
Compound Detection
Number Compound Conc. (ug/g) Limit (ug/q)

102 Arsenic, Total 26 1.0

104 Cadmium, Total 2.3 1.0

105 Chromium, Total 11 1.0

106 Copper, Total 12 1.0

107 Lead, Total 25 1.0

109 Nickel, Total 11 1.0

112 Thallium, Total 11 1.0

113 Zinc, Total 37 1.0



r

MALCOLM-PIRNIE
SUMMARY OF ANALYSIS

Detection

Page 1 of 2

Scan

Limit (ug/kg)  Number

Malcolm-Pirnie ID#: IV-1020S
Location 1ID: MH-427
CompuChem #: 2170
ORGANICS
Compound
Fraction Number Compound Conc. (ug/kg)
Volatile None Detected
Acid LS Unknown 7,900
LS Unknown 19,000
LS Unknown 2,600
Base/Neutral/ 413 BIS (2-Ethylhexyl) 6,000
Pesticide Phthalate
LS Cyclotrisiloxane, 56,000
Hexamethy1 -
LS Cyclotetrasiloxane, 19,000
Octamethyl-
LS Unknown 16,000
LS Unknown 26,000
LS Unknown 31,000

1

are higher than normal.

EC
EC
EC

4,000 1
EC
EC

EC
EC
EC

1171
1495
1595

1554

490

641

697
876
1147

Sample extract could not be concentrated to 0.5 ml, thus the detection Timits



MALCOLM-PIRNIE

SUMMARY QF ANALYSIS Page 2 of 2
Malcolm-Pirnie ID#: 1v-1020S
Location ID: MH-427
CompuChem #: 2170
INORGANICS
Compound Detection
Number Compound Conc. (ug/g) Limit (ug/g)
102 Arsenic, Total 14 1.0
104 Cadmium, Total 1 1.0
105 Chromium, Total 22 1.0
106 Copper, Total 14 1.0
107 Lead, Total 88 1.0
109 Nickel, Total 4.6 1.0
112 Thallium, Total 4.3 1.0
113 Zinc, Total 120 . 1.0



MALCOLM-PIRNIE

1

Indistinguishable isomers.

SUMMARY OF ANALYSIS Page 1
Malcolm-Pirnie ID#: IV-1023S
Location ID: MH-431
CompuChem #: 2221
ORGANICS
Compound Detection Scan
Fraction Number Compound Conc. (ug/kg) Limit (ug/kg) Number
Volatile None Detected
Acid LS Unknown 1,800 EC 1244
Base/Neutral/ 403 Anthracene/Phenanthrene 200 200 1170
Pesticide
413 BIS (2-Ethylhexyl) 6,600 200 1529
Phthalate
415 Butyl Benzyl Phthalate 280 200 1419
429 Di-N-Octyl Phthalate 200 200 1699
431 Fluoranthene 200 200 1307
444 Phenanthrene/Anthracene 200 200 1170
LS Unknown 1,500 EC 1039
INORGANICS
Compound a Detection
Number Compound Conc. (ug/qg) Limit (ug/q)
102 Arsenic, Total 16 1.0
105 Chromium, Total 6.3 1.0
106 Copper, Total 9.4 1.0
107 Lead, Total 66 1.0
109 Nickel, Total 4.1 1.0
112 Thallium, Total 23 1.0
113 Zinc, Total 110 1.0



s

MALCOLM-PIRNIE

SUMMARY QOF ANALYSIS Page 1
Malcolm-Pirnie ID#: 1v-1019S
Location ID: MH-435
CompuChem #: 2210
ORGANICS
Compound Detection Scan
Fraction Number Compound Conc. {ug/kg) Limit (ug/kg)  Number
Volatile None Detected
Acid LS Unknown 3,100 EC 1245
Base/Neutral/ 413 BIS (2-Ethylhexyl) 16,000 4,000 1 1529
Pesticide Phthalate
LS  Cyclotrisiloxane, 21,000 EC 473
Hexamethyl-
LS Cyclotetrasiloxane, 6,800 EC 624
Octamethyl-
LS Unknown 4,000 £C 860
LS Unknown 10,000 EC 1132
LS Unknown 5,600 EC 1179
INORGANICS
Compound Detection
Number Compound Conc. {(ug/g) Limit (ug/g)
102 Arsenic, Total 16 1.0
104 Cadmium, Total 1.3 1.0
105 Chromium, Total 17 1.0
106 Copper, Total 18 1.0
107 Lead, Total 190 1.0
109 Nickel, Total 4.9 1.0
112 Thallium, Total 9.0 1.0
113 Zinc, Total 220 1.0

1 Sample extract could not be concentrated to 0.5 ml, thus the detection limits
are higher than normal.



MALCOLM-PIRNIE

SUMMARY OF ANALYSIS Page 1
Malcolm-Pirnie ID#: 1V-40388
Location ID: MH-435
CompuChem #: 2452
ORGANICS
Compound Detection Scan
Fraction Number Compound Conc. (ug/kg) Limit (ug/kg)  Number
Yolatile None Detected
Acid None Detected
Base/Neutral/ 413 BIS (2-Ethylhexyl) 7,000 200 1523
Pesticide Phthalate
INORGANICS
Compound Detection
Number Compound Conc. (ug/q) Limit {ug/g)

113 Zinc, Total 21

1.0



MALCOLM-PIRNIE
SUMMARY OF ANALYSIS

Detection

Page 1

Scan

Limit (ug/kg)  Number

EC
EC

Detection
Limit (ug/g)

2318
2410

Malcolm-Pirnie ID#: I1V-2006S
Location ID: MH-454
CompuChem #: 2034
ORGANICS
Compound

Fraction Number Compound Conc. (ug/kg)

Volatile None Detected

Acid None Detected

Base/Neutral/ LS Unknown 600

Pesticide
LS Unknown 680

INORGANICS
Compound
Number Compound Conc. (ug/q)

102 Arsenic, Total 18
104 Cadmium, Total 1.1
105 Chromium, Total 12
106 Copper, Total 110
107 Lead, Total 73
109 Nickel, Total 6.8
112 Thallium, Total 4.0
113 Zinc, Total 150

N Y el el i e
OO0 ODODOOO



MALCOLM-PIRNIE

SUMMARY OF ANALYSIS ‘ Page 1
Malcolm-Pirnie ID#: 1V-40128B
Location ID: MH-454
CompuChem #: 2201
ORGANICS
Compound Detection Scan
Fraction Number Compound Conc. (ug/kg) Limit (ug/kg)  Number
Volatile 222 Methylene Chloride 5,900 2,000 153
Acid LS Unknown 400 EC 1240
Base/Neutral/ 413 BIS (2-Ethylhexyl) 8,000 200 1526
Pesticide Phthalate
INORGANICS
Compound Detection
Number Compound Conc. (ug/qg) Limit (ug/qg)

102 Arsenic, Total 32 1.0

104 Cadmium, Total 1.9 1.0

105 Chromium, Total 10 1.0

106 Copper, Total 14 1.0

107 Lead, Total 17 1.0

109 Nickel, Total 12 1.0

112 Thallium, Total 19 1.0

113 Zinc, Total 31 1.0
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MALCOLM-PIRNIE
SUMMARY OF ANALYSIS

Malcolm-Pirnie ID#: 1V-20013
Location ID: MH-45/
CompuChem #: 1996
ORGANICS
Compound
Fraction Number Compound
Volatile 207 Chlorobenzene
222 Methylene Chloride
225 Toluene
227 1,1,1-Trichloroethane
230 Trichlorofluoromethane
Acid LS Unknown
LS Unknown
LS Unknown
LS Unknown
LS Unknown
Base/Neutral/ 422 1,4-Dichlorobenzene
Pesticide
433 Hexachlorobenzene
434 Hexachlorobutadiene
446 1,2,4-Trichlorobenzene
702 Alpha-BHC
704 Gamma-BHC
705 Delta-BHC
1

are higher than normal.

Page 1 of 2
Detection Scan
Conc. (ug/kg) Limit (ug/kg)  Number

3,900 2,000 714
4,800 2,000 163
2,900 2,000 679
2,500 2,000 378
3,300 2,000 222
94,000 EC 932
62,000 EC 1069
100,000 EC 1115
90,000 EC 1228
64,000 EC 1491
24,000 16,000 681
85,000 16,000 1 1148
56,000 16,000 1 837
510,000 16,000 1 813
140,000 16,000 1 1138
120,000 16,000 * 1171
130,000 16,000 ! 1192

Sample extract could not be concentrated to 0.5 ml, thus the detection limits



g,

Malcolm-Pirnie ID#:

MALCOLM-PIRNIE
SUMMARY OF ANALYSIS

IV-20013S

Location ID:

MH-45/

CompuChem #:

1996

Compound

Fraction Number

ORGANICS, Cont'd.

Page 2 of 2

Detection Scan
Limit (ug/kg)  Number

Base/Neutral/ LS
Pesticide
LS

LS

LS
LS

Compound
Number

EC 896

EC 905

EC 920

EC 954

EC 1042
Detection

Limit (ug/g)

102
"104
105
106
107
109
113

Compound Conc. (ug/kg)
Unknown 98,000
Unknown 84,000
Benzene,1,2,3,5- 160,000
Tetrachloro-
Unknown 280,000
Unknown 220,000
INORGANICS
Compound Conc. {ug/g)
Arsenic, Total 4.1
Cadmium, Total 1.0
Chromium, Total 9.7
Copper, Total 51
Lead, Total 32
Nickel, Total 4.8
Zinc, Total 15

—
COOOOOO



MALCOLM-PIRNIE

SUMMARY OF ANALYSIS Page 1
Malcolm-Pirnie ID#: 1V-40138
Location ID: MH-462
CompuChem #: 2163
ORGANICS
Compound Detection Scan

Fraction Number Compound Conc. (ug/kg) Limit (ug/kg)  Number
Volatile None Detected
Acid LS Unknown 120 EC 1283

LS Unknown 93 EC 665
Base/Neutral/ 413 BIS (2-Ethylhexyl) 350 200 1519
Pesticide Phthalate

LS Unknown 180 EC 1035

LS Unknown 200 EC 1128

INORGANICS
Compound Detection
Number Compound Conc. (ug/g) Limit (ug/g)

102 Arsenic, Total 15 1.0

105 Chromium, Total 4.5 1.0

106 Copper, Total 6.9 1.0

107 Lead, Total 11 1.0

109 Nickel, Total 6.1 1.0

112 Thallium, Total 4.1 1.0

113 Zinc, Total 16 1.0



MALCOLM-PIRNIE

SUMMARY QOF ANALYSIS Page 1
Malcolm-Pirnie ID#: 1V-2005L
Location ID: 463A (100th)
CompuChem #: 2039
ORGANICS
Compound Detection Scan

Fraction Number Compound Conc. (ug/kg) Limit (ug/kg)  Number
Volatile None Detected
Acid None Detected
Base/Neutral/ 413 BIS (2-Ethylhexyl) 14,000 4,000 1 1521
Pesticide Phthalate

LS 1,2-Benzenedicarboxylic- 10,000 EC 1375

acid,2-Butoxyethylbutylester

LS Unknown 16,000 EC 1728

LS Unknown 12,000 EC 1854

LS Unknown 11,000 EC 2200

LS Unknown 16,000 EC 2408

INORGANICS
Compound Detection
Number Compound Conc. (ug/qg) Limit (ug/g)

102 Arsenic, Total 5.1 1.0

104 Cadmium, Total 1.6 1.0

105 Chromium, Total 8.2 1.0

106 Copper, Total 320 1.0

107 Lead, Total 26 1.0

109 Nickel, Total 5.6 1.0

112 Thallium, Total 4.0 1.0

113 Zinc, Total 280 1.0

1 Sample extract could not be concentrated to 0.5 ml, thus the detection limits

are higher than normal.



MALCOLM-PIRNIE

SUMMARY OF ANALYSIS Page 1
Malcoim-Pirnie ID#: 1v-2004S
Location ID: MH-464
CompuChem #: 2021
ORGANICS
Compound Detection Scan

Fraction Number Compound Conc. (ug/kg) Limit (ug/kg)  Number
Volatile 222 Methylene Chloride 5,100 2,000 155
Acid LS Unknown 28,000 EC 1171

LS Unknown 89,000 EC 1499
Base/Neutral/ LS Unknown 340,000 EC 2402
Pesticide

LS Unknown 130,000 EC 2508

INORGANICS
Compound Detection
Number Compound Conc. (ug/q) Limit (ug/g)

102 Arsenic, Total 4.0 1.0

104 Cadmium, Total 1.0 1.0

105 Chromium, Total 8.3 1.0

106 Copper, Total 70 1.0

107 Lead, Total 45 1.0

109 Nickel, Total 4.9 1.0

113 Zinc, Total 230 1.0



MALCOLM-PIRNIE

SUMMARY OF ANALYSIS Page 1 of 2
Malcolm-Pirnie ID#: IV-2003L
Location ID: MH-466
CompuChem #: 2047
ORGANICS
Compound Detection Scan
Fraction Number Compound Conc. (ug/1) Limit (ug/1) Number
Volatile 224 Tetrachloroethylene 15 10 634
229 Trichloroethylene 10 10 464
Acid 602 2,4-Dichlorophenol 63 25 943
608 P-Chloro-M-Cresol 48 25 1039
LS Unknown 66 EC 896
LS Benzene,1,2,4-Trichloro- 120 EC 956
LS Benzene,1,2,3,5- 180 EC 1140
Tetrachloro-
LS Benzene,Pentachloro- 100 EC 1254
LS Unknown 140 EC 1519
Base/Neutral/ 413 BIS (2-Ethylhexyl) 810 10 1560
Pesticide Phthalate
420 1,2-Dichlorobenzene 510 10 700
422 1,4-Dichlorobenzene 670 10 680
433 Hexach]orobenzene 270 10 1147
434 Hexachlorobutadiene 550 10 837
446 1,2,4-Trichlorobenzene 860 10 808
702 Alpha-BHC 1,500 10 1136
704 Gamma-BHC 1,200 10 1169



Malcoim-Pirnie ID#:

MALCOLM-PIRNIE
SUMMARY OF ANALYSIS

1V-2003L

Location ID:

MH-466

CompuChem #:

2047

Compound

Fraction Number

ORGANICS, Cont'd.

Page 2 of 2

Detection Scan
Limit (ug/1) Number

Base/Neutral/ 705
Pesticide
LS

LS

LS
LS
LS

Compound
Number

Compound Conc. (ug/1)

Delta-BHC 1,100

Benzene,2,4-Dichloro- 48

1-Methyl-

Benzene,2,4-Dichloro-1 60

-(Chloromethyl)-

Unknown 210

Unknown 56

Unknown 55
INORGANICS

Compound Conc. (mg/1)

10 1191

EC 765

EC 893

EC 966

EC 1047

EC 1193
Detection

Limit (mg/1)

None Detected




MALCOLM-PIRNIE

SUMMARY OF ANALYSIS Page 1 of 2
Malcolm-Pirnie ID#: IV-1030S
Location ID: 97 @ Frontier
CompuChem #: 2287
ORGANICS
Compound Detection Scan
Fraction Number Compound Conc. (ug/kg) Limit (ug/kg)  Number
Volatile None Detected
Acid 611 2,4,6-Trichlorophenol 6,000 5,000 1 1089
LS Benzene,2,4-Dichlioro- 130,000 EC 874
1-Methyl-
LS Benzene,1,2,4-Trichloro- 140,000 EC 931
LS Benzene,2,4-Dichloro- 120,000 EC 1039
1-(Chloromethyl)-
LS Unknown 200,000 EC 1116
LS Unknown 180,000 EC 1230
Base/Neutral/ 403  Anthracene/Phenanthrene 13,000 4,000 » 2 1161
Pesticide )
413 BIS (2-Ethylhexyl) 26,000 4,000 1525
Phthalate
420 1,2-Dichlorobenzene 12,000 4,000 1 679
421 1,3-Dichlorobenzene 4,400 4,000 1 653
422 1,4-Dichlorobenzene 32,000 4,000 } 658
431  Fluoranthene 4,400 4,000 ! 1302
433 Hexachlorobenzene 34,000 4,000 ! 1126
434 Hexachlorobutadiene 43,000 4,000 1 814
444  Phenanthrene/Anthracene 13,000 4,000 1> 2 1161

1 Sample extract could not be concentrated to 1.0 ml, thus the detection limits
are higher than normal.

2 Indistinguishable isomers.



MALCOLM-PIRNIE

SUMMARY OF ANALYSIS Page 2 of 2
Malcolm-Pirnie ID#: I1V-1030S
Location ID: 9/ @ Frontier
CompuChem #: 2287
ORGANICS, Cont'd.
Compound Detection Scan
Fraction Number Compound Conc. (ug/kg) Limit (ug/kg) Number
Base/Neutral/ 445  Pyrene 5,200 4,000 t 1333
Pesticide 1
446 1,2,4-Trichlorobenzene 130,000 4,000 790
703 Beta-BHC 6,800 4,000 1 1141
LS Benzene,l1,2-Dichloro- -180,000 EC 746
4-Methyl-
LS Benzene,2,4-Dichloro- 130,000 " EC 874
1-(Chloromethyl)-
LS Benzene,1,2,3,5- 130,000 £EC 898
Tetrachloro-
LS Benzene,1,2,3,5- 270,000 EC 931
Tetrachloro-
LS Benzene,Pentachloro- 210,000 EC 1020
INORGANICS
Compound Detection
Number Compound Conc. (ug/g) Limit (ug/qg)
102 Arsenic, Total 10 1.0
104 Cadmium, Total 1.6 1.0
105 Chromium, Total 21 1.0
106 Copper, Total 28 1.0
107 Lead, Total 82 1.0
109  Nickel, Total 5.6 1.0
112 Thallium, Total 2.0 1.0
113 Zinc, Total 180 1.0

1 Sample extract could not be concentrated to 0.5 ml, thus the detection Timits
are higher than normal.



-

MALCOLM-PIRNIE

SUMMARY OF ANALYSIS Page 1 of 2
Malcolm-Pirnie ID#: 1V-1029S
Location ID: 99 @ Frontier
CompuChem #: 2264
ORGANICS
Compound Detection Scan
Fraction Number Compound Conc. (ug/kg) Limit (ug/kg) Number
Volatile 207 Chlorobenzene 6,600 2,000 682
225 Toluene 8,300 2,000 649
LS  1-Pentene,2-Methyl- 19,000 EC 371
LS Cyclohexane ,Methyl- 10,000 EC 534
LS Unknown 7,700 EC 591
LS 1-Pentene,2,4,4-Trimethyl- 28,000 EC 621
LS Unknown 7,200 EC 719
Acid LS Benzene,1-Chloro-2-Methyl- 6,200 EC 698
LS Benzene,2,4-Dichloro- 9,400 EC 878
1-Methyl-
LS Benzene,2,4-Dichloro- 7,400 EC 1042
1-(Chloromethyl)- '
LS Benzene,2,4-Dichloro- 6,800 EC 1054
1-(Chloromethyl)-
LS Benzene,1,1'-/0xybis 5,000 EC 1313
(Methylene)/Bis-




Malcolm-Pirnie ID#:

MALCOLM-PIRNIE
SUMMARY OF ANALYSIS

1V-1029S

Location ID:

99 @ Frontier

CompuChem #:

2264

Compound
Fraction Number

ORGANICS, Cont'd.

Base/Neutral/ 403
Pesticide

420

422

444

446

LS

LS

LS

LS

LS

Compound
Number

102
105
106
107
109
112
113

Compound Conc. (ug/kg)
Anthracene/Phenanthrene 11,000
1,2-Dichlorobenzene 6,400
1,4-Dichlorobenzene 9,200
Phenanthrene/Anthracene 11,000
1,2,4-Trichlorobenzene 48,000
Unknown 11,000
Unknown 15,000
Unknown 14,000
Unknown 9,000
Unknown 7,000
INORGANICS
Compound Conc. (ug/g)
Arsenic, Total 4.3
Chromium, Total 5.7
Copper, Total 11
Lead, Total 100
Nickel, Total 8.5
Thallium, Total 1.5
Zinc, Total 240

Page 2 of 2
Detection Scan
Limit (ug/kg)  Number
4,000 1» 2 1161
4,000 679
4,000 658
4,000 1+ 2 1161
4,000 * 790
EC 1018
EC 1177
EC 1310
EC 1394
EC 1498
Detection
Limit (ug/g)
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1 Sample extract could not be concentrated to 0.5 ml, thus the detection limits
are higher than normal.

2 Indistinguishable isomers.



MALCOLM-PIRNIE
SUMMARY OF ANALYSIS

Malcolm-Pirnie ID#: IV-1031L
Location ID: DI-1 100 St.
CompuChem #: 2450
ORGANICS
Compound
Fraction Number Compound
Volatile 203 Benzene
205 Bromoform
206 Carbon Tetrachloride
207 Chlorobenzene
215 1,2-Dichloroethane
219 Ethylbenzene
223 1,1,2,2-Tetrachloroethane
224 Tetrachloroethylene
225 Toluene
227 1,1,1-Trichloroethane
LS Unknown
LS Butane,2-Methyl-
LS 2-Pentanone,4-Methyl-
LS Benzene,1,4-Dimethyl-
LS Unknown
Acid LS 2-Pentanone,4-Methyl-
LS 1,3,5-Cycloheptatriene
LS Benzene,1,2,4-Trimethyl-

1

Sample analysis using a 1:20 dilution.

Page 1 of 2
Detection Scan

Conc. (ug/1) Limit (ug/1) Number

980 10 479 1
21 10 571
13 10 387
14 10 710
20 10 338

740 10 766
110 10 639
10 10 639

2,900 10 673 1
13 10 375
570 EC 195
55 EC 313
95 EC 582
210 EC 897
210 EC 928
42 EC 455
13 EC 488
18 EC 754



MALCOLM-PIRNIE

SUMMARY OF ANALYSIS Page 2 of 2
Malcolm-Pirnie ID#: IV-1031L
Location ID: DT-1 100 St.
CompuChem #: 2450
ORGANICS, Cont'd.
Compound , Detection Scan
Fraction Number Compound Conc. (ug/1) Limit (ug/1) Number
Base/Neutral/ 413 BIS (2-Ethylhexyl) 1,300 20 2 1524
Pesticide Phthalate
439 Naphthalene 280 20 2 798
LS Benzene,l-Ethyl-3-Methyl- 580 EC 611
LS Benzene,l-Ethyl-2-Methyl- 420 - EC 666
LS Benzene,1,4-Diethyl- 360 EC 689
LS Unknown 320 EC 712
LS Unknown 500 EC 767
INORGANICS
Compound Detection
Number Compound Conc. (mg/1) Limit (mg/1)

None Detected

2 Sample extract could not be concentrated to 0.5 ml, thus the detection limits

are higher than normal.



MALCOLM-PIRNIE
SUMMARY OF ANALYSIS

Malcolm-Pirnie ID#: 1V-1032L
Location ID: DI-2 100 St.
CompuChem #: 24538
ORGANICS
Compound
Fraction Number Compound
Volatile 203 Benzene
215 1,2-Dichloroethane
219 Ethylbenzene
223 1,1,2,2-Tetrachloroethane
225  Toluene
LS Ethanol
LS Unknown
LS 2-Péntanone,4-Methy1-
LS Pentane,2,2,4-Trimethyl-
LS Benzene,l,4-Dimethyl-
Acid LS Unknown

Base/Neutral/ 413
Pesticide

439
LS
LS
LS
LS
LS

1

BIS (2-Ethylhexyl)
Phthalate

Naphthalene
1-Pentene,2-Methyl-
2-pentanone,4-Methyl-
1,3,5-Cycloheptatriene
Benzene,l,3-Dimethy]-

Benzene,l,3-Dimethyl-

Sample analysis using a 1:20 dilution.

Page 1 of 2
Detection Scan

Conc. (ug/1) Limit (ug/1) Number

480 10 480 1
13 10 335

640 10 765 1
25 10 637

2,300 10 672 1
17 EC 123
430 EC 189
120 EC 580
5 EC 652
7 EC 891
180 EC 727
560 10 1554
120 10 817
335 EC 333
300 EC 417
250 EC 447
260 EC 548
280 EC 571



Malcolm-Pirnie ID#:

MALCOLM-PIRNIE
SUMMARY OF ANALYSIS

IV-1032L

Location ID:

DI-2 100 St.

CompuChem #:

2458

Compound

Number Compound

INORGANICS

Detection

Conc. (mg/1) Limit (mg/1)

Page 2 of 2

None Detected
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APPENDIX B
LOVE CANAL REFERENCE DOCUMENTS

Contract Documents for the Construction of Love Canal Project 1

Site Containment System; Volume 1 of 2 Specifications; CH,M
Hill; August 1982.

Report on Completion of Facilities Plan for Flow Reduction,
August 1981; for City of Niagara Falls; by Camp, Dresser and

McKee.

Addendum Report; Chemical Contamination in the Sanitary Lift
Stations for USEPA Region II.

Survey of Chemical Contamination in Love Canal Storm Sewers;
for USEPA Region II; June 3, 1980; revised August 5, 1980.

Project-Love Canal Area Storm Sewer Decontamination Program;

for USEPA Region II; Contractor - O.H. Materials; Engineering
Consultant - Wendel Engineers, P.C.; Analytical Consultant -
Advanced Environmental Systems.

Environmental Monitoring at Love Canal, Volume 1, USEPA,
May 1982, EPA-600/4-82-030a.

HHS Evaluation of Results of Environmental Chemical Testing

Performed by EPA in the Vicinity of Love Canal; Implications

for Human Health; Further Considerations Concerning Habitability;
by Drs. Heath, Kimbrough, Liddle, Rall and Rogan; July 13,
1982.

Love Canal Remedial Action Program, Environmental Information
Document; CH,M Hill; April 1982.




Report to City of Niagara Falls on LaSalle Infiltration/Inflow

Analysis; 1975; Camp, Dresser and McKee.

Report of Investigation and Measures for Flow Reduction and

Water Pollution Control Program Completion; 1978; Camp, Dresser

and McKee.

Report to City of Niagara Falls, New York on LaSalle Infiltration/
Inflow Analysis; 1975; Camp, Dresser and McKee.

Framework for Mitigation Efforts for the Love Canal Area;
USEPA Region II; October 8, 1980.

Memo-Bedrock Monitoring Wells - Love Canal; Soils and Pumping

Information and Water Elevation; Memo from Joe Slack to Charles
Goddard, DEC. '

Earth Dimensions Inc. Reports

-~ Soils Report - Central-Northern Sectors, Love Canal

- Preliminary Soils Report - Love Canal Containment Movement
Study, March 26, 1979.

- Soils Report - Northern and Southern Sections, Love
Canal, April 30, 1979.

- Letter Report - March 5, 1979. (Over 100 soil boring
logs accompanied these reports. They were not copied,
however, they are available at CH2M Hill in Rochester.
CH2M Hill Document Control Number 107).




Sump Survey, 97th and 99th Street.

91st Street Lift Station Organics Monitoring by City of Niagara
Falls; 1980-1981.

Letter from Joe Salck, DEC to William Librizzi, EPA Region II,
July 1979 - Re: Bedrock Monitoring Wells.

Site Ranking Model for Determining Remedial Action Priorities

Among Uncontrolled Hazardous Substances Facilities; March 5,
1981; USEPA.

Rochester Drilling Company; Well Installation for Love Canal;
December 18, 1978; 25 test wells (typical well).

Special Report to the Governer and Legislature Love Canal.

NYPHD Document No. 47; Summarization of Soils/Hydrological
Data at December 14, 1978 meeting in Albany.

Meeting Summary - Ground Water Hydrology and Soil Conditions
at the Love Canal; December 14, 1978; Appendices:

"alvr - Remote Sensing Program

"B - Fred Hart Associates Report-Ground Water Contamation
mcr - Sampling Plan to Define Chemical Migration

"D - Comment on Love Canal Pollution Abatement Program

"gY - Love Canal Remedial Action Project - Project Statement

Conestoga - Rovers, August 1978.



NYPHD Document No. 29, Per Infra-red Aerial Photography for
Hydrology of Area, August 4, 1978.

Analysis of a Ground Water Contamination Incident in Niagara
Falls, New York; Fred Hart Associates; July 28, 1978.

Addendum to July 28, 1978 Report (Malcolm Pirnie Document
Control Number 1023); August 22, 1978.

Memo-Review of O.H. Materials Report; "Survey of Chemical
Contamination in Love Canal Storm Sewers'", dated June 3, 1980;
from Nicholas Kolak, DEC to Charles Goddard, DEC, August 1,
1980.

Letter-Re: Love Canal Area Storm Sewer Decontamination Program;
from Norman Nosenchuck, DEC to Kenneth Staller, EPA Region II,
May 2, 1980.

NYPHD Document No. 49; USEPA Study of Love Canal Area Storm
Sewers Chemical Analusis and Flow Measurement (Data take
August 14-18, 1978).

NYPHD Document No. 10, Quantify the Health Risks for residents
near the Canal, May 1978.

Memo - Meeting with the Love Canal Homeowners Association,
March 4, 1980, from Joseph Slack, DEC to Norman Nosenchuck,
DEC, March 6, 1980.

Hydrogeology of the Love Canal Area; November 7, 1980; by JRB
Associates, Inc.

Water Quality Criteria Documents: Availability, USEPA Federal
Register, Vol. 45, No. 231, November 28, 1980.




Methodology for Rating the Hazard Potential of Waste Disposal
Sites, JRB Associates in National 0il and Hazardous Substances
Contingency Plan, USEPA.

Water-Related Environemntal Fate of 129 Priority Pollutants,
Callahan, et. al., 1979, EPA 440/4-79-02%a and b.

Literature Study of Biodegradability of Chemicals in water,
Geating, J. 1981, EPA-600/2-81-175.

Ambient Water Quality Criteria for Phthalate Esters, USEPA 1980.

Contract Drawings - Prints - Love Canal Chemical Landfill and
Groundwater Control; Conestoga-Rovers and Associates; August 1978.

Analysis of Air Photos of 102nd Street Landfill; Cornell
University. (Air photo copies are very blurred; not useful).

Comments of Love Canal Pollution Abatement Plant from Charles
Ebert; March 7, 1979 (comments concern area within Ring 1).

NYPHD Document No. 64, Recommendations to Remove Ring 1 Homes,
March 1979.

NYPHD Document No. 15, EPA/DEC Comments on Proposed Pollution
Abatement Program (Review of Conestoga-Rovers Pollution Abatement
Plan and Calspan Venting Proposal).

DEC Letter to EPA, Region II, per Removal Actions under CERCLA
of 1980 (List of 35 sites in NYS nominated for Removal Actions
Under the Compehensive Environmental Response, Compensation
and Liability Act of 1980).



