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EXECUTN'E SUMMARY

This report Presents findings on the condition of ground water quality, and on the

potential for offsite transPort of chemicals in ground water at the two Buf falo

Avenue plants in Niagara Falls, New York. Archived historical, hydrogeologicalt

and analytical data have been synthesized into a base for this assessment.

Olin's operations have qualitatively changed little over the century-long history of

these facilities, centering around the electrolytic production of caustic soda and

chlorine from rock salt using various modifications of the mercury-cell/chlor-

alkali process. Several organic chemicals, including benzene, chlorobenzene'

trichlorobenzene, trichlorophenol, and BHC (hexachlorocyclohexane) were used or

manufactured in a small part of the Plant 2 facility between 1950 and 1956.

The OIin plants lie on or near the crest of an isolated bedrock ridge. Unconsoli-

dated soils overlying the bedrock range in thickness from 4 to 13 feet across the

two plants. Although most of the overburden hasbeen modified by excavation and

fill, f ine-grained glacial lake sediments and more recent marsh deposits charac-

terize undisturbed remnants of the original soil sequence. Ground water occurs at

j to lO feet below the surface in the overburden and flows radially from the

bedrock crest toward Gill Creek on the east and the UPPer Niagara River to the

south (See Sections 3.1r 4.2, and 4.4).

The overburden is underlain by more than 150 feet'of the Lockport dolomite.

Four signif icant water-bearing horizont¿l bedding plane fracture zones have been

identified on adjacent DuPont properties within the uPPer 100 feet of the

Lockport, and can be expeited beneath the Olin Plants. These zones are

identified as the B-, CD-, D- and F-Zones (See Sections 3.2 and 4.3)'

A system of ten monitoring wells was installed in the Alundum Road-Gill Creek

(ARGC) section in lg7g. Five wells were installed in the unconsolidated

overburden and f ive in the upper l0 feet of the bedrock (See Section 4.1).

Ir,lercury, organic compounds used in BHC production, and BHC are detected at

cumulative concentrations averaging less than l0 parts per million (ppm) in both

I
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overburden and shallow bedrock ground water beneath the ARGC section of

Plant 2. Mean concentrations in the overburden are about half of those in samples

from the shallow bedrock (See Section 5.3).

Analytical data from shallow soil borings show that with the exception of BHC,

potentially Olin derived organic compounds were not detected in plant site soils

outside of the ARGC section. Elevated concentrations of mercury were found

inside and outside of the ARGC section, as were lower levels of the coal

derivatives flouranthene, phenanthrene and pyrene (See Section 5.2).

Chlorinated phenolics, benzene, chlorobenzene, and BHC, all potentially Olin-
derived compounds found in ground water beneath the ARGC section, are also

present at very jow concentrations in untreated ground water produced by the

cooling water wells on Plant l.

The primary factor influencing ground water flow west of Gill Creek in the
bedrock aquifers is the rate of pumping from the Olin cooling water supply wells.

Ground water withdrawal from these wells currently averages a minimum of

500 gpm and is sufficient to create cones of depression within each of the
principal water-bearing bedrock bedding planes which extend to the vicinity of
Gill Creek.

The Olin production wells and treatment system have formed a part of the DuPont

ground water remediation program since February 1985. Approximately 50 lbs per

day of organic compounds are removed from the discharge of these wells using an

activated carbon treatment system. Removal rates for potentially Olin-derived

organic compounds from the production well capture zone are calculated to be as

high as 0.13 lbs/day for benzene, chlorobenzene, and BHC, and up to 0.20 lbs/day

for the phenolics. Non-Olin sources for these compounds exist in the Buffalo
Avenue industrial corridor, but offsite data indicate that, regardless of source,

these compounds locally have a limited vertical distribution, being largely
confined to the overburden and uppermost bedrock B-Zone (See Sections 6.0 and

6.1).

l¡
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It is not possible to precisely define the extent of hydraulic influence of the Olin

production wells on the Olin plants with the existing data base. It is likely,

however, that both Olin plants probably fall within the CD-Zone cone of

depression. The cone is believed to be less extensive in the B-Zone and may not

include all of the ARGC section (See Section 5.4).

The relatively low concentrations of organic compounds present in the ARGC

combined with the influence of Olin ground water withdrawal suggest that

migration of Olin-derived chemicals from the Olin plants is not significantly

affecting ground water quality on a regional scale. Although a regional ground

u,ater gradient exists for transport from the area east of Gill Creek toward the

NYPA conduits, the principal potential ARGC Olin compounds, with the exception

of BHC, do not appear in U. S. Geological Survey (USGS) monitoring well data

from the Olin side of the conduits (See Section 6.2).

Potentjal loadings of organic compounds to Gill Creek from the overburden were

calculated using the mean concentration levels from the ARGC deeper well data,

and ground water flow estimates obtained from a simple water budget model. A
loadings rante of between 0.56 and 0.24 lbs/day has been calculated, which is

similar to earlier estimates developed using hydrogeological methods. Such a

loading is on the same order as the estimated rate of removal by the Olin

production wells (5ee Section 6.3).

llr
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IJI INTRODUCTION

The Olin Corporatio¡ (Olin)r under its present name' and earlier as the Olin-

Mathieson Chemical Corporation, the Mathieson Chemical Company, and the

Castner Electrotytic Company, has manufactured chemical products in Niagara

Falls, New York, since 1897. Production has occurred at two plant sites located

south of Buffalo Avenue approximately 1000 feet north of the Upper Niagara

River (see Figure l).

A map showing the two plants in more det¿il is given in Figure 2. The smaller

(6 acre) western Plant I site is separated from Plant 2 by Chemical Road and by

300 feet of property owned by E.l. DuPont de Nemours and Company (DuPont).

Plant 2 (16 acres) is divided into two sections by Alundum Road (private). This

operating plant is bounded by Adams Avenue and DuPont to the south and, on the

east, by the bed of Gill Creek, a small channelized stream f lowing into the Upper

Niagara River.

Olin's principal business in Niagara Falls has always centered around the

electrolytic production of chlorine and caustic soda from rock salt (sodium

chloride) using various modifications of the mercury-cell/chlor-alkali Process.

Mercury cells were once operated on both plant sites, but have been confined to

Plant 2 f.or the past 30 years. Plant I has been largely inactive since the

shutdown of calcium hypochlorite (HTH TM ¡ production in September 1982 and is

presently used only for warehousing and ground water treatment.

Despite the historical predominance of inorganic chemical production at Olin's

Niagara Falls locations, sevéral organic chemicals, including trichlorobenzene'

trichlorophenol, and BHC (hexachlorocyclohexane), were manufactured in the

section of Plant 2 between Alundum Road and Gill Creek between 1950 and 1956.

Olin investigations conducted since 1978 have documented the Presence of

mercury and a variety of organic chemicals at parts-per-billion (ppb) to Parts-Per-

million (ppm) concentrations in soils and shallow ground water at Plant 2r and in

cooling water produced from deeper wells at Plant l. Since May 1984' Olin has

Page l-l
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treated ground water withdrawn from the bedrock production wells using

activated carbon. DuPont entered into an atreement with Olin in February 1985

under which Olinrs production wells and treatment system are operated as part of

DuPont's ground water remediation protram.

DuPont has conducted ground water studies since 1983, and has made this

information available to public agencies. DuPont data form tt¡e basis for much of

this report and are gratefully acknowledged.

In the early 1980's, the EPA commissioned an effort to estimate individual facility

chemical contibutions to the Niagara River directly, and via ground water

infiltration to the Fall Street Tunnel (Koszalka, et. al., 1985). These two routes

are described in more detail later. Both this study and a more recent one

conducted for the City of Niagara Falls (O'Brien and Gere, 1987) have claimed a

potential for offsite chemical migration in ground water from the Olin Buffalo

Avenue plants.

l.l AssessmentObiectives

The purpose of this assessment was to evaluate Olin's impact on ground water and

surface water quality based on currently available data. The objectives are, first,

to apply existing information effectively to narrow offsite loading estimates to a

useful range and, second, to identify any necessary investitatory stePs which Olin

might take to resolve remaining questions about the nature of migration.

This report focuses on these objectives by comprehensively documenting current

ground water conditions at ttie two Olin plant sites, and by clearly defining the

limitations of existing baseline information. Specificallyr the information

summarized and evaluated falls into the following six categories.

l.
2.

3.

Present knowledge of the extent of plant soils conditions.

Present knowledge of the extent of shallow ground water quality.

Present knowledge of the extent of deeper ground water quality.

Page l-2
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An evaluation of the Potent¡al for lateral off site migration of

chemicals.

An evaluation of the effects of the Olin production well on ground

water quality beneath Olin plants.

ldentification of data gaps.6

1.2 Assessment Stratesy

Much information about chemicals in soils and ground water at the Olin locations

has been amassed over the past decade. Additional work on the dynamics of the

local and regional ground water systems has been done by Olin, DuPont, and

various government agencies, including the U. S. Geological Survey (USGS). Most

of this information can be found in public reports and open files. Relevant data

collected by Olin have now been systematically collated and evaluated by

Woodward-Clyde Consultants (WCC), and are presented here in a form which

permits an assessment of onsite conditions and of fsite loadings.

This assessment has been based, wherever possible, on primary sources and

independent analytical approaches. These are summarized below.

o Archived aerial photograPhs dating back to 1938 have been analyzed to

provide location information for act¡vities which may be linked to

ob se rv ed chemical distr ib utions.

o Analytical information has been extracted, along with relevant QA/QC

data, from original laboratory rePorts. These data have been placed in

a relational compúter data base (HAZWASTE) which allows reference

and permits data retrieval in a variety of formats. A description of

the analytical data base, followed by a complete listing of the datar is

included in Appendix A. All samples included in the data base include

a report reference code. This reference code can be used to identify

the original laboratory rePort from which any analytical result is

derived. A complete collection of the original laboratory rePorts with

matching reference codes, is provided in Appendix D.

Page l-3
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o Geological and hydrologic information developed during earlier

investigations have been evaluated. Complete copies of pertinent Olin

reports, including well logs, are collated in Appendix B.

o The locations and elevations of all available sewer system and

catchment basin manways and stubs have been placed on a comPuter

data base in order to permit ready access to information on possible

man-made contaminant migration routes. A description of this data

base and a listing are provided in Appendix C.

The two plant sites have been remapped using low-altitude' high-

resolution, black and white controlled stereo imagery. This permits

discrimination of surface drainage Pattems' as well as Present building

and pavemen t boundaries.

o The new map base has been utilized to ortanize all existing geologic'

chemical and subsurface utility information according to location.

This approach facilitates coherent Presentation of information

contained in the various data bases in a range of map overlay formats.

o The most current USGS and DuPont geological and hydrological data

have been combined with information developed by Olin to provide a

more comprehensive understanding of subsurface flow regimes.

Subsurface flow estimates in the upper water-bearing zone have been

independently assessed using a simple water balance model developed

by the USDA Soil Conservation Service (SCS 1975).

o Investigative strategies are suggested to close specific data gaPs

identif ied as part of the assessment Process.

Some preliminary information is required before the primary obiectives can be

directly addressed. Specif ically, the next section starts with a review of past and

present operat¡ons at the two Olin plants. Then, the aquifer systems in the

o

o
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Niagara Falls region, and the various large-scale influences which affect them are

described from the regional hydrogeological literature.

The main body of the report is directed toward what Olin, DuPont and USGS

investigations have shown with respect to ground water dynamics and contaminant

levels in the immediate vicinity of the Olin plant sites. The organization follows

the six objectives outlined previously, covering sequentially the condition of the

soil, shallow ground veater, and deeper (bedrock) ground water for specif ic

contaminant classes. Subsequent sections contain an analysis of the potential for

offsite contaminant migration and an evaluation of the effectiveness of existing

remediation efforts.

The report concludes with a synthesis of the state of existing knowledge and the

identif ication of key subjects requiring further investigation.

Page l-5
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Z.O PLANT HTSTORY

Apart from üre Saltville, Virginia, works, Olin's Niagara Falls plants are üre oldest

Olin facilities presently in operation. Thomas Mathieson, üre founder of Olin

Corporation, came to Niagara Falls along with many other industrialists in the

1890's to take advantage of the abundant electrical power available from the first
commercial altemating current hydroelecric plant built in North America. He

constructed a mercury cell room on the Plant I site and initiated production of

chlorine and caustic soda under the name of the Castner Electrolytic Company in

November 1t97. The f irst cell room was built on the northern part of the site just

south of Buffalo Avenue as the remainder of the property consisted of low-lying

marshlands.

The Plant 2 site was acquired incrementally between l90l and 1942, although

parts'ì¡/ere leased before this from Niagara Mohawk. The part of Plant 2 from the

present cell room east to Gill Creek was the last section incorporated and was

previously the location of Norton and Star Electrode.

The demand for land south of Buffalo Avenue led to large-scale reclamation

efforts by DuPont and others. This resulted in filling of the former marshes and a

gradual southward extension of the shoreline out into what was once the river bed.

As a result, the river bank now lies nearly 1000 feet south of Adams Avenue, the

southem boundary of the Otin properties. The last 50,years of this filling Process'

which ended with the construction of the Robert Moses Parkway, are documented

in a series of aerial photographs taken in 1938, 1963, 1970, 1972, and 1988' and

reproduced in this report as Plates Lt2r3r 4, and 5, respectively.

Three other important developments can be seen in this photographic time

seguence. First, attention is drawn to the area of the Plant 2 site between Gill

Creek and Alundum Road which is vacant in the 1938 photograph' but shows at

least five buildings in the t963 image. Two of these buildings were tied to Olin's

brief venture into organic chemical production in the 1950's. The cluster of tanks

which f irst appear in the northeastern corner of this area in the 1963 photograph

are settling tanks associated with the chlor-alkali operation.

Page 2-l
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The rest of the two plant sites were heavily developed by t938. In fact, the
second most obvious change in the l93E-63 sequence, which is also apparent in the
1963'70 interval, is the removal of large buildings in the northwestern quadrant of
Plant 2. These changes were a consequence of the early 1960's conversion of
chlor-alkali processing from rocking cells to more efficient stat¡onary amalgam
cells.

The third major change visible in the photo time-series is the appearance of track
sidings and a large tank between 1972 and l98E in the previously cleared area
west of Alundum Road at Plant 2. These facilities u,ere constructed in 1986 as
part of the joint Olin/DuPont Niachtor Chloralkali project.

2.1 Operations

¿Ll Olin's principal Niagara operations have
qualitatively changed little since start-up nearly a century ago" Caustic soda
(sodium hydroxide) and chlorine continue to be produced from sodium chloride
brine by electrolysis in mercury cells. In the modern chlor/alkali cells located in
the one remaining cell room at Plant 2 (see Figure 3), mercury flows by gravity in
a thin layer along the bottom of a steel electrolyzer trough and serves as the
cathode in the electrolytic cell. The brine flows on top of the mercury. The
sodium/mercury amalgam formed is removed at the end of the cell. It then goes
to a decomPoser where it is reacted with water to form caustic soda. The
denuded mercury is then collected in a sump from wtiich it is returned to the top
of the electrolyzer to begin the cycle again. Chlorine gas collects in the cell
chamber above the anodes and goes from there to the cooling, drying, and
liquefaction part of the plant.,

Insoluble brine impurities collect to form a "brine mud" at the bottom of settling
tanks. This mud, which may contain up to 50 ppm mercury, must be periodically
removed and constitutes the primary waste product of the chlor-alkali process.
Mud is accumulated in a concrete tank east of Alundum Road (see Figure 3) until
it has dewatered sufficiently to be loaded onto trucks for offsite disposal. Water
decanted from the waste is collected and recycled to the production process.
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Waste handling occurs under the provisions of Resource Conservation and

Recovery Act (RCRA) Permit No. NYDo02123461.

Several products have been developed as side-streams of the chlor-alkali process

at the Plant 2 location. Sodium methylate has been produced since l94l in
reactors combining sodium and methyl alcohol, and, since October 1986,

potassium hydroxide has been added to the product line.

Sodium chlorite production was initiated in l94l using recycled sulfuric acid from

the chlorine drying towers. The Olin Niagara plant is currently the only

commercial sodium chlorite facility in the United States.

2.1.2 Calcium H chlorite HTH TM rinator Calcium hypochlorite

was produced between 1927 and 1982. Shut-down of this operation marked the
end of active chemical production at Plant l.

2.1.3 Svnthetic Ammonia. Synthetic ammonia was produced for the first time in
North America at the Olin Plant I location in 1922, but was discontinued in 1962,

2.1.4 Pesticide Organics. Olin began producing organic pesticides in the eastern
section of Plant 2lying between Alundum Road and Gill Creek in 1950. Specific
chemicals produced were benzene hexachloride (BHC), trichlorobenzene, and

trichl orophenol.

BHC operations were begun 1950. ln 1955, efforts were undertaken to upgrade

the tamma isomer of the saleable product. Building No. 75, located in the
southern part of the Alundum Road-Gill Creek area (ARGC), was the center for
this work (see Figure 3). An explosion on August 6, 1956, destroyed most of the
building, and resulted in termination of BHC production. The eastern part of
No. 75 has since been rebuilt, but a concrete slab extending west of the existing
structure still marks the location of the section destroyed.

Trichlorobenzene was produced from 1950 to 1956, and trichlorophenol from 1954

to 1956, in Building No. 97 located adjacent to Alundum Road in the eastern
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portion of the ARGC area (see Figure 3). These operations were linked to the

BHC project and were discontinued shortly after the explosion.

2.1.5 Other Discontinued Products. Other Olin Niagara products that have been

discontinued include bleaching powder (1t97-1945), tin tetrachloride (1906), sulfur

monochloride (1908), diglycolic dihydrizide (GX, 1957-1959), and OMSET (1957-

r959).

2.2 Water Supply

From the beginning, Olin's Buffalo Avenue chlor-alkali works required an abundant

supply of fresh water for cooling and liquefying the chlorine tas produced.

Initially, this demand was met solely by pumping from the river. It was found,

however, that cooling efficiency was compromised by the wide seasonal tempera-

ture range of the river water. A search for a water supply with a more constant

year-round temperature led to the drilling of several wells on the Plant I and

Plant 2 properties in the 1930's. No informat¡on other than location is available

for the wells drilled at Plant 2, however, installation and testing of the Plant I

wells are described in some detail in a 1947 report included with the geologic data

in Appendix B. The Plant 2 wells did not produce in sufficient quantity and u'ere

not used extensively.

The two wells presently in use are Z4-inch diamete¡ wells drilled in 1947 to a

depth of 125 feet. They are spaced approximately l5 feet apart along a north-
south line. They are located in a pump house on the eastern margin of the Plant I
site (see Figure 3) and have been successfully pumped at a combined rate in
excess ot 2500 gallons/minute (gpm). They currently produce \r,ater at an average

rate of 750 gpm because of reduced demand and provide approximately ?5% of the

cooling water used at Plant 2.

Due to the large concentrations of organics contained in ground water withdrawn

by the production wells and discharged from the cooling towers, Olin initiated
activated carbon treatment in l9E4 as a condition for permitting under the State

Pollution Discharge Elimination System (SPDES). In 1985, DuPont entered into an
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atreement with Olin such that Olin now operates its production wells and

treatment facility as a part of DuPont's ground water remediation protram.

Approximately 50 lbs of organic compounds are removed each day from ground
water by the Olin water treatment system.

2.1 Areas of Concern

Plant areas likely to be most affected by the activities described above are

expected to be linked to present or past building locations identified on Figure 3.
The locations of former organics production facilities in the ARGC makes this
entire area one of particular importance.

Mercury cell operations have been widely distributed across the northern parts of
both plant sites for nearly a century (see Figure 3). The "brine mud" handling
operations in the northeastern part of the ARGC section constitute an additional
possible source of mercury.

Since 1978, regulatory attent¡on has been directed at several other areas. Olin
reviewed its Past waste disposal pract¡ces at that time, in response to a

questionnaire circulated by the Interatency Task Force. Olin reported that in
September 1957 and July 1958 approximately 264 cubic yards of brine mud

containing uP to 50 ppm mercury were used as fill in two locations at Plant 2, and
in one Jocation at Plant l. These sites are identified in Figure 4 as the Building
No. 13 and Building No. 46 sites, both on Plant 2r.and the Gas Holder site on

Plant l.

On the basis of this information, the New York Department of Environmental
Conservation (NYDEC) designated the entire plant 2 facility in December l9g5 as

an "lnactive Hazardous Waste Disposal Siter' (DEC Site No. gSZOiI-b). The plant
was alleged by NYDEC to pose a "significant threat to the public health or
environment." Olin has since supplied NYDEC with information showing that the
Building No. l3location was excavated to a foot or more in 1978, and to treater
depths in I986. The boundaries and depths of these excavations are shown in
Figure 5. The Building No. 46 and Gas Holder locations have been paved with
asphalt.

Page 2-5



Woodrvard. Clyde Consultants

Two additional Plant 2 locations, also shown on Figure 4, designated the Pond and

Disposal Well, were placed on the list pending development of additional informa-

tion (DEC Site Nos. 932038 and 932037, respectively).

The location designated as the Pond was a temporary earthen impoundment

reportedly used for two to three months in 1970 to receive recycled overflow
water from the cell room during upgrading of the waste water treatment
equipment. This overflow water is presumed to have contained mercury at

concentrations between 0.5 and 1.0 ppm. Very little is known about this

impoundment except its approximate location adjacent to the cell room. No

evidence of such a pond is visible in aerial photographs frorñ late June 1970

(Plate 3) or from May 1972 (Plate 4). Much of the area thought to have been

occupied by this pond was excavated to bedrock during construction of the

Niachlor caustic storage facility in 1986 (see Figure 5).

The Disposal Well site (DEC Site No. 932037) is an abandoned Plant 2 water well
which was used during the period between 1963 and 1977 to dispose of an

estimated 130,000 tons of an end liquor consisting of water (60-65o,ö, sulfuric acid
(30oio'), and sodium chlorite (5-107o). The liquor was discharged to the well with a

gravity feed. No information exists concerning the construction of this well, but
it is presumed to have been drilled in the 1930's or 40's, and to be similar to other
Olin exploratory water wells (125 feet deep). This well has been covered with a

concrete pad. The site is presently a Class 4 site properly closed; requires

continued management on the NYDEC site registry.

Coal was used in the past at the Olin plants along with coal tars, at adjacent
plants (Great Lakes Carbon and Carborundum), and at companies which preceded

Olin at the Plant 2 location (Star Electrode, Norton). Coal tar derivatives or

polynuclear aromatic hydrocarbons (PAH) are found, both in the vicinity of former
stockpiles and loadint areas, and are ubiquitous in the Niagara Falls area. Coal

piles and handling areas are thought to have been located at various times in the
ARGC section, around the two obsolete plant boilerhouses shown in Figure 4, and

along adjacent railroad sidings.
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'.0 
REGIONAL HYDROGEOLOGY

Ground water recharge, movement, and discharge in the Niagara Falls area is

af fected by both natr.¡ral and man-made factors. The characteristics of the soils

and rock underlying the plant sites affect the rate at which chemicals introduced

at the surface are mobilÞed in the uppermost water bearing zone. The degree to

which this zone is connected with lower-lying permeable layers govems the

potential for vertical migration. Excavation and filling activities affect soil

properties in the upper l0 fee¿ At greater depths, the horizontal and vertical

transmissivity of the strata are determined by the depositional and diagenetic

history.

A complex sequence of geologic events has resulted in the placement of two

sedimentary units of very different ages, origins, and characteristics in direct

contact in the Niagara Falls area. A veneer of unconsolidated Pleistocene glacial

till and fine-grained lake bottom sediments less than 20'000 years old overlie 80

ro 158 feet of dolomite bedrock deposited as limestone in the Middle Silurian

period (350 million years before present (BP)). Water moves through the glacial

deposits at rates determined by the local texture of the unconsolidated sediment

matrix. The dolomite, however, is essentially impermeable excePt where

dissolution channels have developed along horizontal bedding planes or through

vertical fractures and joints. A 60-foot thick sequence of impermeable

calcareous shale, the Rochester Formation, underlies the Lockport, and seParates

lower-lying aquifers from those connected with the Surface. Exclusive of man-

emplaced fill, the Pleistocene glacial deposits and the Lockport bedrock are the

only two unirs of interest here. The thickness, Iithology' and hydraulic

characteristics of the deposits underlying the Niagara Falls area have been

extensively snrdied by the USGS (Maslia and Sohnston, 1982) and are summarized

in Figure 6.

3.1 Glacial Deposits

Prior to excavation and filling activities associated with development of the

Plant I and 2 sites, glacial deposits occurred beneath both locations. Remnants of
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these deposits may still be found in some undisturbed areas, particularly where

ü¡e overburden sequence is thicker, as at Plant l.

Continental ice mt¡sses moved souür across the Niagara Falls region during the

most recent Wisconsin glacial advance, The ice sheet plucked loose and

weathered rock from the bedrock zurface and removed unconsolidated deposits

remaining from earlier glacial and inter-glacial periods. During the retreat of the

ice approximately l2'OOO years BP, these glacially transPorted materials' or tillt
collected in unstratified, unsorted deposits. In some places, these materials have

been reworked into better sorted alluvial deposits by glacial outwash streams.

Elsewhere, they remain as originally deposited and may contain the full suite of

sediment sÞes, from boulders to clay. The permeability of the unsorted deposits

is typically low, with hydraulic conductivities of less than 0.5 feet/day. Gravel or

sand-rich alluvial deposits are more permeable and may exhibit higher

conductiv itie s.

The re¡.eating ice left large accumulations of till blocking northward drainage

from the ancestral Lake Erie. Lowlands south of the Niagara escarPmen tt

including the Niagara Falls area, were inundated by a large water body which has

been named Lake Tonawanda. Sandy beach deposits associated with the margins

of this lake are found at places to the north of the OIin location where the

bedrock protrudes above the present 585-foot MSL contour line (Calkin and Brett,

1978). Relatively fine-grained sediments were deposited in deeper waters at

places with lower bedrock elevationsr as at the olin lotation (560 feet MsL)'

Calkin and Brett (1978) describe the glacial sedimentary sequence which was

exposed during excavations for a new sewage treatment plant approximately

1000 feet west of the olin Plant I site. They found a basal till unit of stony, silty

sand in contact with the striated bedrock slrface. The till was overlain by a redt

varued silt and clay deposit which is believed to have formed in a glacial outwash

lake predating Lake Tonawanda. A mottled, silty, f ine-sand and silt unit found

above this deposit is ascribed to the period of Lake Tonawanda. This unit fined

upward to a woody peat with sand stringers. This peat is believed to have formed

in the same marsh environment which characterized the northern bank of the

Upper Niagara River prior to reclamation in the last century'
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Undisturbed overburden soils on the Olin plant sites can be expected to exhibit the

same textural diversity encountered at the sewage treatment plant location. The

thickness of the overburden, however, is largely toverned by the topography of
the top of the bedrock surface. It thickens up to 4t feet over bedrock swales and

valleys, and thins to just a few feet on the crests of bedrock ridges (Miller and

Kappel, t986). This topography is shown in Figure 7. It should be noted that the
OIin plants are located above an isolated local bedrock high situated on the
western flank of a north-south trending bedrock valley.

3.2 Bedrock

The Lockport Dolomite provides most of the ground water used in the Niagara

Falls area and is the source of the cooling water pumped by olin. The upper
l5 feet of the bedrock has been repeatedly exposed to weathering, and to flexure
associated with tectonic processes and glacial rebound. This zone is
characterized by an abundance of vertical joints and passageways for water along
bedding planes. Water-bearing bedding planes and vertical fractures are also

found less frequently at greater depths.

Bedding planes follow the 23 to 29 feet/mile slope of the rop of the bedrock
surface south from a high at the Niagara escarpment (Figure 7). Johnston (1962)

examined the bedding planes exposed in the upper 100 feet of the Lockport during
excavation for the conduits of the New York Power Authority (NYPA) Niagara
Power Project. Twin conduits placed in these excavations now conduct water
northward from the river for four miles to a pumped-storage hydroelectric
facility. The conduit intakes are located2OOO feet east of the Plant 2 site.

Johnston (196Ð noted $,ater seeping from seven thinly-bedded zones interspersed
through the generally massive dolomite. These zones are shown in a stratigraphic
cross-section reproduced in Figure E. Johnston (1962', also observed numerous
vertical joints exposed on the rock face. He found that while some had been

widened by solution, most were tight and incapable of transmittint water. Joints
in the uPPer l5 feet of the bedrock had been widened by solution but were filled
with fine-grained mud.
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Despite the presence of vertical connections between distinct Lockport aquifers,

piezometric levels meas¡red in adjacent wells screened in progressively lower

water-bearing zones show a step-wise decrease in elevation. Sohnston (1962)

found that when a well was drilled through the uppermost water-bearing zone, the

water level measured in the well initially rose, but then remained roughly

constant until a second water-bearing zone was encountered. Then the water

level abnrptly declined to the piezometic level more representative of the lower

zone. Each rrrater bearing zone may, t'herefore, be considered a seParate confined

aquifer, in that vertical permeability through joints and fractt¡res is greatly

exceeded by horÞontal permeability along bedding planes. Ground water has the

potential to move downward from upper to lower zones wherever vertical

connections exist as the hydraulic head decreases with the depth of the water-

bearing zone.

Well yields in the Lockport, though higher than in the overburden, are typically

quite low, ranging from l0 to 100 gpm (Johnston, 1964). Hydraulic conductivities

range from I to 1,000 feet/day (MC, 1986). Near the river, however, induced

infiltration augments well yields. The USGS (Yager and Kappel, 1987) sutgest

that deep basin faulting associated with tectonic plate movements (Sanford, et.

al., 1985) may be responsible for a band of high yielding wells which starts at Olin

and appears to trend northeast away from the river. Yager and Kappel (1987)

note that this trend follows the orientation of the predominant joint set. (N7OoE

to NSOoE). Such a feature might locally affect infiltration and recharge by

increasing fractr.lre density and the width of joint openings along its strike. The

nature of this strucûJre has not been confirmed.

3.3 Reeional In fluences on Ground Water Flow

Man-made and nah.¡ral factors affect the rate and direction of ground water

movement through the overburden soils and bedrock. Some of these influences

have been ment¡oned earlier, but are described more fully here.

3.3.1 Natural Factors. The USGS (Miller and Kappel, 1986) has attemPted to

reconstruct the probable pattern of regional ground water flow in the overburden
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and upper weaürered section of the Lockport prior to major human alteration.

This interpretation is depicted on the map shown in Figure 9 and should be

compared u/ith the bedrock topography shown in Figure 7. The basic pattem is

one of flow away from recharge zones located on bedrock highs to discharge

bor¡ndaries at the Upper Niagara River on the south, and the Niagara River Gorge

to the west. Flow in the vicinity of the plant site is thought to have originally

been from north to souüt, toward the river.

This interpretation differs substantiatly from an earlier reconstruction proposed

by Johnston (1964) wt¡ich srggested that flow in the southem part of the city

moved north and west across the Olin location from the Upper Niagara River

around the falls to discharge into the Niagara Gorge. It is now known that the

Niagara Gorge influences flow only locally in a I to 2 mile wide band in the

westem part of the c¡ty.

The rate of regional ground water flow through the Niagara Falls region Prior to

significant human inf luences was determined primarily by rainfall and snowmelt

recharge through the soil to the water table. Precipitation in Niagara Falls

averages 30 inches/year and is fairly evenly distributed throughout the year.

USGS well records indicate, horvever, that ground water levels exhibit a more

seasonal fluctuation. Most infiltration and recharge occurs between November

and April, when evaporat¡on from the soil surface and uPtake by vegetation is

reduced (Miller and Kappel, 1986). This recharge occurs despite the accumulation

of snow between December and March. It appears that the occurrence of rapid

thaws during this interval may actually contribute to recharte.

j.3.2 Human Influences. Several major projects undertaken since the onset of

industrialization have altered ground water flow regimes in üte overburden and

upper Lockport. Some of the effects of these modifications can be seen in a

recent potentiometric surface and flow map constructed by the USGS (Yager and

Kappel, 1987), and reproduced in Figure 10.

The single factor which outweighs all others in the vicinity of the plant sites, but

which is hardly discernable on the regional flow map (Figure l0), is the cone of
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depression developed under the Buffalo Avenue plants by the withdrawal of

industrial cocling water at Plant l. Today, Olin pumps at a rate of between 500

and t000 gpm from one of the two dosely spaced supply wells. For most of the

forty years since these wells were installed, however, cooling water demand was

higher and both of these wells were used simultaneously to deliver water at

combined rates up to 51000 gpm.

Oün's Plant I wells are the only industrial supply wells currently active south of

Buffalo Avenue and west of the NYPA conduits. Other wells on both the Olin and

DuPont properties are known, however, to have been used at least through the

I940's. A DuPont report given in Appendix B describes the ef fects of

interferences between Olin and DuPont wells act¡ve during the late 1940's.

A comparison of Figure l0 with Figure 9 indicates that flow directions have

changed relatively little over the past century in the western part of the city

between the gorge and the bedrock ridge. The position of the ground water divide

associated with this ridge is also relatively unchanged. East from this divide,

however, the flow regime has been altered profoundly.

['here ground water previously flowed down the east flank of the ridge, and then

south toward the river, it now moves westward toward a discharge point located

one mile northeast of the Olin location along the NYPA Niagara River Power

Project corridor. Ground water flow also convertes on this corridor from the

east. The map depicts flow in the area of the Olin plants as being north and east,

away from the river. It might be incorrectly concluded on the basis of this

generalized depiction (Figure l0), which does not show the Olin cone of depression

that construction of the NYPA facility has reversed regional ground water flow

across the plant location.

This regional flow is reported to be directed toward the intersection of the NYPA

conduit excavations and the Falls Street Tunnel (FST) (O'Brien and Gere, lgEZ).

The FST is a 3.5 mile long, unlined tunnel which was bored east-west through the

upper part of the Lockport in the early 1900's to carry sewate and storm water to
a treatment plant in the Niagara River Gorge below the falls (see Figure l0). A

vertical section showing the path of this tunnel through the Lockport, and its
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retationship to the NYPA conduit excavation is shown in Figure lla. The cross-

section *rows that the FST rises into Úre uppermost weathered zone of the

Lockport at approximately the same location that it crosses the buried NYPA

condt¡its.

Sewage and industrial flows were diverted from the FST in 1985r leaving the

tunnel to carry only "clear'r storm water flow directly to the Niagara River.

Recent studies have slrown, however, that approximately 9 million-gallons-perday

(mgd) of ground water, in addition to storm runoff, enters the FST. Most of this

infiltration is believed to occur through failed gaskets between the concrete pipe

sections installed above the NYPA conduits (O'Brien and Gere, l9E7). A diagram

showing the crossing and the points of infiltration in more detail is given in

Figure I I b.

Because the ground water entering the FST is contaminated with volatile organic

pollutants, the FST now constitr.:tes a source of contamination to the lower

Niagara River. According to USEPA and NYDEC, it must be treated by the city.

The total volatile organic pollutant loading from the FST has been estimated at' 20

to 50 lbs/day (O'Brien and Gere, 1987).

The subsurface area drained by the NYPA conduits is not precisely known.

O'Brien and Gere (i987) concluded that the organic Pollutants entering the FST

might be derived from as many as27 chemical plants and waste disposal facilities

located within an ll sguare mile area surrounding the NYPA corridor, the FST'

and associated feeder tunnels (Figure l2). All of the sites indicated, with the

exception of three, are located east of the NYPA corridor. Olin's Plant 2 is one

of the three potential sources identified to the west. DuPont is a second, and

Solvent Chemical, a former chlorinated benzene production facility located east

of Gill Creek, is the third.

The creation of a major new discharge point in the vicinity of the FST crossing is

the most important influence of the NYPA project on ground water flow in the

Niagara Falls area. Another change associated with this project is the creat¡on of

a signif icant recharge area northeast of the city. Recharge occurs there through

Page 3-7



Woodrrard. Clyde Gonsulta nts

the unlined bottom of the large pumped-storage reservoir west of the northern

terminus of the condr¡its. lt is unlikely, however, that this recharge signif icantly

influmces the Olin plant area as it appears that little ground water crosses the

NYPA corridor (Koszalka, eL al.r l98r).

Other effects of the NYPA proiect on the Upper Niagara River are not aPParent

on potentiometric maps. A gated structrre which partially crosses the river

downstream of the Olin location can be seen in Figure 12. The gates in this

structure are closed on a retular schedule to raise water levels uPstream and

thereby increase the rate at which water is diverted to the NYPA Power plants.

During the tourist season, between April I and October 3lr it is mandated that at

least lOO,0OO cubic-feet-per-second (cfs) out of a total peak river flow of

2O4,OOO cfs must be allowed to pass over the falls during daylight hours. At night'

and during the rest of the year, flow over the falls can be reduced to 50'000 cfs.

At these times, as much as 75o/o of the total flow of the river may be diverted

through conduits to hydroelectic plants. This diversion schedule results in 2-foot

daily and seasonal fluctuations in river state adjacent to the Olin plants. These

"tides" are transmitted to the bedrock ground water system. lnvestigations

conducted by Woodward-Clyde Consultants (WCC) on the DuPont plant have

shown that water levels in bedrock wells located as much as 1500 feet from the

river rise and fall in phase with the river, but with damped excursion amplitudes

(wcc, 1983).
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4J LOCAL HYDROGEOLOGY

Hydrogeological information specific to the Olin plants has been developed by

drilling and testing wells installed on or near ttre Olin property. The combined

Olin and DuPont well network is shown in Figure 13.

4.1 Monitorine Wells

Approximately 70 ground water monitoring wells have been installed by DuPont in

clusters located on several DuPont properties surrounding the Olin plants. The

DuPont clusters include overburden wells with the bottom of the screened interval

screened at the interface between the unconsolidated soils and the top of bedrock.

This uppermost Bround water-bearing stran¡m is DuPontrs rrArr Zone. Additional

wells in each cluster monitor the bedrock and are oPen to successively deeper

bedding plane water-bearing zones in the upper 100 feet of the Lockport

formation. A diagram showing typical construction of the DuPont wells is

presented in Figure 14.

Olin has installed ten monitoring wells in the eastem part of Plant 2 between

Alundum Road and Gill Creek. The installation and testing of these wells is

described in a report by Harza Engineering 0979a) which is included in

AppendixB. The Olin wells are of two types, as is also slrown in Figure 14, and

appear to monitor somewhat different strata than do the A-Zone DuPont wells.

Five of the borings (BH-2, BH-5, BH-6, BH-8, BH-9) lvere advanced to the top of

the bedrock. Well points were then installed with the bottom of the screened

interval perched on the bedrock. The remaining five Olin monitoring wells (BH-l'

BH-3, BH-4, BH-7, BH-10) were drilled between 6 and l0 feet into the bedrock

and installed as shown in Figure 14.

The fracture zone classification of bedrock wells in the Niagara Falls area must

be established with care. The Otin wells have generally been aszumed to be

A-Zone or regolith wells. However, it appears from the log of BH-l' which is

shown in Figure 15, that this well may actually monitor DuPontfs B fractr¡re zone

rather than the overburden. The B-Zone of the bedrock is operationally picked by
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DuPont's geologists as the first bedrock fracture zone encountered in which fluid

circulation is lost. A significant fracture zone was Penetrated by the bit

approximately 3 feet into the bedrock during drilling for BH- I ' and fluid

circulation was lost at this point. No mention of similar fracn¡re zones appears in

any of the other Olin logs.

The local topotraphy of the bedrock zurface developed from the logs of Olin and

DuPont wells, and from those of shallow borings, is slrown in Figure 16. The

geological characteristics of the plant site overburden and bedrock are considered

separately below.

4.2 Overburden

A comparison of the local bedrock topography with the regional bedrock surface

depicted in Figure 7 shows that the Olin plant lies on or close'to the crest of an

isolated bedrock high which trends northwest-southeast across Plant 2. Maximum

bedrock elevation on the Olin property is approximately 566 feet above \'tSL and

is found close to Buffalo Avenue in the north{entral part of Plant 2 just west of

the active cell room. The top of the bedrock drops in all directions from this

point, except possibly to the northwest, at a slope of approximately I ft/100 ft.

The ground surface across the two plants is essentially without relief, and, as is

shown in Figure 2, lies at a uniform elevation of approximately 571feet MSL.

Consequently, the thickness of the overburden ranges from 4 to 13 feet across the

two plant sites.

Harza Engineering (.1979a, 1979ù describe the stratigraphy exposed in an 8-foot

deep trench excavated at Plant l, and in cores obtained during the drilling for the

wells in the ARGC section. Locations of the trench and wells are shown in

Figure 13.

The stratigraphic sequence exposed in the Plant I trench is shown in Figure 17 and

appears to correspond to the upper part of the section described by Calkin and

Brett (1978) from the sewage treatment plant excavation 1000 feet to the west.

The major dif ference is that no till was encountered in the Plant I trench.
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lnstead, approximately 4 feet of mottled clayey silt deposits directly overlie the

bedrock. These are lake deposits which may be correlated to the Lake Tonawanda

unit identified by Calkin and Brett (197S). As was observed at the treatment
plant site, the lake deposits become more organic toward the top of the unit
indicating a transition to a marshy depositional environment. Harza Engineering
(1979b) interpret the abundance of plant roots at the top of the marsh deposit as

the position of the original ground surface prior to industrial development. The

rooted surface was overlain by 3 feet of coarse-trained rubble placed to bring the
surface up to its present grade.

Geologic information from the drilling of wells at the Plant 2 site is less

extensive. A log from BH-3, Iocated at the southeastern corner of the plant,

shows that bedrock was encountered at close to I feet below grade (see

Figure l5). Instead of lake deposits, however, 3.5 feet of poorly-sorted sandy

gravel overlies the bedrock at this location. It, in turn, is overlain by 4 feet of
clayey siit. One foot of gravel fill brings the section up to grade. Because of the
proximity of this well to Gill Creek, it is likely that the sandy gravel in contacr
with the bedrock is partially reworked till, and that the fine-grained sediment

above it is flood deposition f rom the stream.

The locations of a series of soil borings made in l9E5 are shown in Figure 31.

These borings were advanced to bedrock and logs were constructed. The logs,

reproduced in Appendix B, show that virtually all of the much thinner overburden

sequence in the northern and central parts of Plant 2 is either fill or soils

reworked by excavation. Sands and silts predominate but gravel and brick
fragments were found in most cores.

Ground water occurs in the overburden at 5 to l0 feet below grade. Estimated

permeabilities in the olin wells ranged from 50 to 0.1 gpd/ftl 
(Harza, 1979a)'

A-Zone permeabilities calculated from slug tests by WCC (1983) on the DuPont

wells tend to be much higher, ranging from lo0o to l0o gpd/îtz. Some of the
aPParent difference between the Olin and DuPont permeabilities can probably be

attributed to the different well construction techniques used (see Figure l4).
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Harza Engineering (1979a) constructed a piezometric map for the Olin wells which

is *rown in Figure 18. This map indicates southeasterly flow toward Gill Creek

across the soufiem portion of the ARGC section of Plant 2. Olin Monitor

Vells BH-2, BH-5, and BH-10 were plugged and abandoned in 1986 to permit

construction of a railroad siding for the Niachlor project (Figure 5). Monthly

piezometric readings for the complete Olin monitor well network were, however,

tabulated by Olin (1986) for 1983, 1984, and 19E5, and are included in Appendix B.

Hydrographs for this period were constructed from mean ground water elevations

in all the Olin wells and are plotted in Figure 19. These hydrographs show that

overburden ground rrrater elevations generally increase in the colder months.

Piezometric plots developed from this daA indicate that ground water flow

direction throughout the three years of record is well represented by the Harza

piezomeric surface shown in Figure 18.

The usefulness of the Olin piezometic information is greatly augmented by

A-Zone elevations meazured in the DuPont wells. A representative map from

June 1985 is shown in Figure 20 and indicates that a local ground water high is

located in the western section of Plant 2. It can be inferred that A-Zone ground

ìyarer florvs from this recharge point radially toward discharge boundaries at Gill

Creek on the east and the Niagara River on the south. This pattern is the reverse

of the northeasterly regional flow shown in Figure l0-

Recharge over the bedrock high mapped in Figure 16 influences flow in the

overburden over the Olin and west DuPont plant areas. This is true despite

signif icant ground water withdrawal from deeper bedrock aquifers by the Olin

production wells. lndeed, analyses of two pump tests by WCC (1983' 1986) sugtest

that withdrawal from the confined bedrock aquifers has only minor ef fects on the

relatively unconfined overburden ground water regime. lt should be notedt

however, that this unconf ined zone would not be expected to respond to sl¡ort-

term changes in pumping. A response in an unconfined unit requires dewatering,

which is a slow process compared to the Pres$re resPonses meas.¡red in the

confined bedrock zones.
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The relationship between bedrock topography and overburden ground water

elerations is sl'rown by two plots in Figure 21. The first of tfrese (Figure 2la)

shows the relationship in DuPont's A-Zone wells monitored on a single date. It
can be seen that ground water elevations generally track the top of the bedrock

surface. A similar plot generaæd using ground water elevations averaged over

the trree years of monthly records for the Olin wells shows ü¡e same general

trend but with marked departures for the two northernmost wells, BH-l and

BH-4. It has been suggested earlier that BH-4 may monitor a lower bedrock

aquifer, but the anomalously low ground water elevations found in BH-l cannot be

similarly explained. Harza Engineering (1979a) sugtestd that the low elevations

observed in these two wells may be due to the proximity of a large city sewer

main which is excavated into the bedrock just north of the plant boundary and

runs down Buffalo Avenue. lndeed, the departure from predicted ground water

elevation shown in Figure 2lb could well be due to the presence of such a line

drain. The potential influences of man-made passageways such as the Buffalo

Avenue sewer, is discussed in more detail in Section 4.4 below.

4.3 Bedrock

The two Olin production wells at Plant I are.the only true bedrock wells on the

Olin property. These are 24-inch diameter wells cased llom 25 to 28 feet below

grade (536 feet MSL), and open to the bedrock down to a llO-foot total depth.

The design of both wells is similar and is shown in logs developed from down-hole

television inspections carried out in 1978, The report and logs from these

inspections are included in Appendix B.

A large number of bedrock wells designed to monitor specific bedding plane

fractr:re zones have been installed at the DuPont locations *rown in Figure 13.

Much can be inferred about bedrock ground water flow beneath the Olin plant by

examining DuPont information developed during drilling and testing of these

wells.

Detailed logs of fractr¡re frequency were maintained during the drilling of all the

DuPont wells and were plotted for each well cluster (WCC, 1983). As bedding
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planes dip with approximately the same slope as the bedrock, major laterally

continuous bedding plane fracture zones tend to occur at similar spacings from

the top of the Lockport, and, in some cases, may be carried between wells.

Fractr¡re frequencies averaged over 5-foot intervals from the top of bedrock were

computed for each of the 15 well clusters from which detailed information is

available. The mean fract¡re frequency for all clusters at each interval has been

reduced to the histogram shown in Figure 22. Standard deviations are also shown

for each interval and prwide a meas.¡re of the variability in fracn¡re frequency

between well clusters. Fracture zones with a high degree of lateral continuity

exhibit similar fracture densities at similar depth intervals in all clusters and are

indicated by relatively low standard deviations.

Examination of this diagram leads to two important observations. First, while it
is clear that the highest fracture frequency occurs in the uPPer 5 feet of the

bedrock, some fractures are found in all intervals within the 100-foot section

analyzed. Second, zones with a very high fractt¡re frequency occur at depth, as in

the intervals between 50 and 65 feet, but tend to be characterized by high

standard deviations. Th¡s implies that the locations of these fracture zones are

less predictable from well to well. Higher standard deviations are, therefore,

indicative of a lower degree of lateral continuity. Such zones may be of lesser

importance in conducting ground \r/ater than the magnitude of the fracture

frequency would sugtest.

DuPont's investigations have led to the identification of four important water-

bearing fracnrre zones beneath the overburden A-Zone discussed. These have

been designated B, CD, D, and F, respectively on Figure 22. These zones are

indicated in Figure 23 on north-south (C-C') and east-west (B-B') geologic cross-

sections constructed from the DuPont wells by VCC (1983). Though they do not

cross üre Olin plant locations directly, these cross-sections provide a general

indication of the depths at wh¡ch the various important bedrock zones may be

found at Olin. The B-Zone should be present generally within 15 to 20 feet of the

ground s.¡rface. The CD-, D-, and F-Zones would be expected to occur at dePths

of.35r 55, and 85 feet, resPectivelY.
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The reports of the television inspections from the Olin production wells

(AppendixB) show that considerable variability can be expected even in wells

locaæd 15 feet apart. Static water level in these wells was observed to be

?2 teet below grade. The inspections were made without interrupting pumping by

altemating withdrawal from the two wells to permit insertion of the camera in

tlre inactive well. Fractures which *¡owed evidence of significant water flow in

the open rock below the casing were observed at 57 and 70 feetbelow grade in the

north well, and at 47 and 70 feet below grade in the south well. These fracture

positions would nominally appear to correspond to the Þ and F-Zones identified

by DuPont.

Piezometric maps produced by WCC (1986) for each of the B-r CD-r D-, and

F-Zones from elevation data collected in June 1985 are reproduced as Figures24,

25,26, and 27, respectively. Mean ground water elevations for each of these

zones decrease with the depth of the zone monitored, as was in¡tially observed in

the Lockport by Johnston (1962). A potential, therefore, exists for downward

ground water movement from upper to lower zones. Otherwise, these maPs are

qualitatively similar in two important respects. First, they all show evidence of a

cone of depression created by the Olin ground water withdrawal at Plant l.
Ground water moves fro,.n the river toward this point of discharge. Second, an

apparent ground water divide occurs in the vicinity of Gill Creek. Ground water

contours east of the creek indicate a flow to the northeast which probably

corresponds to the regional regime. The extent of the cone of depression and the

effects of Olin pumpate on the ground water divide arè discussed in more detail in

Section 4.5 below.

Meaningful permeability and transmissivity estimates are difficult to develop for

the fractr¡red bedrock medium as flow paths through a crevice network bear little

relationship to distances between wells. Furthermore, it is difficult to estimate

the effective thickness of a bedding plane aquifer' wcc (1983) estimated

permeability coefficients from slug test results by assuming that each bedding

plane aquifer was confined and I foot in thickness. Permeabilities calculated in

this way decreased with the depth of the fracture zone from 2lrOOO gpdlft? in the

B-Zone to around 100 gpd/f t2 in ü¡e F-Zone'
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VCC (1986) conducted a pump test by analyzing the effects of stePPing uP

production from the Olin wells. Although the locations of the uppermost

significant fracture zone identified by the television inspection is at a nominal

D-Zone location, snrdy of the effects of a packer installed in the south well at

55 feet below grade strow that althorgh all bedrock zones respond to pumping'

most fluid withdrawal occurs from the CD-Zone. Modifications in the rate of

withdrawal are transmitted virtually instantaneously through all of the fracture

zones as a presslre response raûrer than as a direct consequence of the

dewatering of the media.

Hydraulic heads in the B- through F-Zones were found to decrease throuthout the

v/est DuPont plant as the rate of withdrawal was increased. A discharge of

500 gpm was found to create a cone of depression which extended east as far as

Gill Creek. Greater pumping rates might extend the boundary of this zone of

influence farther to the east. The westem or northern boundaries of this zone of

inf luence extend unknown distances beyond the limits of the monitor well

network. The extent of the cone of depression developed by ground water

withdrawal at Plant I is discussed in more detail in Section 4.5 below.

Effects of increased pumpage on the A-Zone could not be distinguished from the

far greater influences of precipitation recharge and changes in the stage of Gill

Creek. It appears likely that the major effect of bedrock withdrawal on the

overburden is to increase the rate of leakage to the.bedrock, but this has never

been measured. It is also likely that this leakage is not uniform across the plant

sites as most of the uppermost vertical natural fractures tend to be filled with

fine-grained sediments (Johnston, 196Ð. Excavations like that for the Buffalo

Avenue sewer may play an important role as is discussed in the next section.

4,4 Man-i\{ade Passag,eways

The Olin plant facilities are serviced by a number of subzurface utilities which

may act to influence hydrogeologic flow conditions and provide pathways for

chemical migration. Most notable of these are the clear water and sanitary

sewers located on Olin's Plant I and the large municipal sewers which follow the
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Buffalo Avenue right-of-way adjacent to the plant sites. All Old Plant 2 sewers

are plugged. Existing Plant 2 sewers are now above grade.

A significant body of information is available regarding the existing clear water

and saniary sewers on the two Olin Niagara plant sites. This information

orþinates from a series of design drawings prepared by Hibbard Engineers and is

included in Appendix C where it has been collated in a computerized database.

Summary reportsprepared from this database are also presented in Appendix C.

The computer database of plant site sewer information was designed to aid in the

evaluation of these feaûlresrimpact on the shallow ground water flow regime and

identification of zurface water drainage routes. As such, ryecific data which are

currently contained in the database (as summarized in Appendix C), or which may

be added through f ield investigation include:

identification of i3 separate plant site sewer systems and their

general location at plan t site;

accesses to these systems classified by UPe (manhole or catchment

basin);

invert and s.¡rface elevations of access points; and,

the number, diameter, direction, invert elevations, and destination of

any stubs leaving tl¡ese accesses.

The two plant sites are serviced by 13 sanitary and.clear water sewer systems

identified in Table l. These systems each drain specific areas of the res?ective

plant sites. When plant site coordinate data and field verification information

become available for individuãl accesses, this information can be added to the

database. Subsequent comparisons of topographic drainage areas and flow within

specific sewers can help to characterize recharge rates. Comparisons of f ield

verified invert elevations with local top of bedrock elevations and water table

elevations will focus the extent of futr¡re investigatory efforts on those sewers

which could affect the shallow hydrogeologic flow regimes.

o

o

o

o
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Available historical data indicate that the large municipal sewers beneath Buffalo

Avenue impact the shallow ground rrrater flow regime. DuPont Monitoring Vell

Cluters 20 and 22 Figure 13) are installed on either side of Buffalo Avenue and

have been regularly monitored. Both clusters contain wells screened in the

overburden (A-Zone) and upper bedrock @-Zone). A-Zone wells in each of these

clusters have been repeatedly reported as dry in praniws sùJdies, suttest¡nt the

proximity of a significant ground water sink.

Along the path of Buffalo Avenue from Gill Crcek to u¡Êst of Pl¡ant l, top of

bedrock elevations rante between ,58.0 feet and 566.0 feet (Figure 16). Data

conta¡ned in Appendix C indicate that üre invcrts of the Buf falo Avenue se$,ers at

places where the plant systems tie-in range trom 554.7 to 5573 as shown in

I a,ble l.

As the invert elevations indicate, these sewers are excavated through the

overburden and some distance into rock. These excavations, therefore, have the

potential to act both as pathways from the A-Zone to the B-Zone, and as a line

drain for lateral transport of water from the system.

Cross-sect.ions provided in the 1979 report by Harza are reconstructed in

Figure 2E (Harza, 1979a). These cross-sections show the overburden, top of rock'

and bedrock/warer level relationship that existed at that time. The cross-sections

are oriented north to south approximately paralleling Gill Creek. We have

extended these cross-sections northward across. Buffalo Avenue to show

conceptually the potential influence which these installations can be expected to

apply to the shallow flow regime at the site.

The current impact of these sewers is not known, and constitutes a data gap which

must be addressed. lt is known that portions of the sanitary sewer have been slip-

lined in recent years, thus the conceptual relationship *rown on Figure 28 may not

be an accurate representation of current conditions.
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4J OIin Ground water Withdrawal

Olin obtains plant cooling water from two production wells located l5 feet apart

in a pumphorse on the cestern margin of the Plant I property (Figure 3).

Although they have been pumped simultaneously in the past at a combined raæ in

excess of 5000 gpm, currcrit ayerate production is750 g>m úre to tower demand,

and is typically withdrawn from one wcll at a time. Production watcr is trcated

using an act¡vated carbon system prior to usc at the Olin plant. Spcnt trcated

cooling u¡ater is discharged to the sanitary sewer system under an SPDES permit.

DuPont has contracted with Olin to incorporarc Olinrs grornd water production

and treatment system into a ground water remediation protram for the DuPont

Niagara plant south of Olin. On DuPont property, WCC (1986) has mapped cones

of depression in the bedrock aquifers occurring in the B- through F-Zones wt¡ich

are attributable to Olin ground water withdrau¡al. The cxtent of Útis cone is

dependent on the rate of ground water withdrawal at the time of sampling (WCC,

le86).

The extent of the cones cannot be precisely determined in the piezometic

s¡rfaces of the B- through F-Zones *¡own in Figures 24, 25t ?6 and 27. ln all

cases, the eastem ground water divide on the DuPont property occurs somewhat

to the west of Gill Creek, but typically within 500 feet of ü¡e stream channel.

The most extensive effect of the Olin withdrawal on the DuPont plant is observed

in the CD-Zone.

Bedrock monitoring well daa do not exist for defining üre cxtent of hydraulic

influence of the Olin production rrælls on the ARGC area. An estirnate can be

made, however, by assuming simplistically that flow to the production well is

radial, that the bedrock aquifers are rclatively homogeneous and isotropic, and

that they may be characterized by hydraulic propert¡es similar to those estimated

from the DuPont investigations.

Recent B- and CD-Zone piezomeric data (lür quarter, 1987) from the Dt¡Pont

monitoring well network are mapped ¡n Figures ?9 and 30, resPectively.

I

I
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Numbercd flow zones are delimited by solid lines indicating flow divides. Using

üre pranirusly stated ass.rmptions, the flow divides dsreloped from the DuPont

data have been extcnded as da$ed lines across the Olin property. Based on this

interpretalion, Flow Zone I in the B-Zone, and Flow Zones l, 2 and 3 in the

CD-Zone would appear to lic within the cone of deprcssion produced by the Olin

¡ælls.

The CD-Zone extrapolated flow divide which marks the postulated eastern margin

of ground rrater movement toward the production well lies very close to G¡ll

Creek. lt is estimated in this rnay ü¡at the cone of depression in the CD-Zone

includes virtrally all of Plant 2. The cone is somewhat less extensive in the

B-Zone, and may have an eastem boundary which falls within the ARGC section,

a few hundred feet west of Gill Creek.

It is estimated, using assumed values for gradientand transmissivity of 0.0025 and

l0-3 ftz/sec, respectively, that B-Zone flow from Plant 2 to the Plant I produc-

tion wells is on the order of 0.0013 ft3/sec, or 0.56 gpm. Flow in the CD-Zone is

much greater as both gradient and transmissivity are considerably higher, 0.01 and

¡9-2, respectively. A yield of 0.05 ttSlsec, or 22,4 gpm, is calculated for this

zone. These flow estimates were obtained using Darcy's [¿w and assuming

passage across an imaginary flow plane along Chemical Road between Buffalo and

Adams Avenues (500-foot cross-sect¡on).

It is possible that most or all of Plant I lies within the B- and CD-Zone

production well cone, but the extent cannot be determined without onsite well

data. DuPont overburden (A-Zone) wells proximal to the production wells and the

Buffalo Avenue sewer quite oTtcn yield no rvater for samples. This observation

indicates that the water table in this area may be affected by induced leakage to

the bedrock or to sewers and other backfilled excavations.
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5.0 CHEMTCT.¡S 

'RESENT 
ON THE OLIN 

'LANT 
SITES

ser¡erat olin investigations condrrcted since rgTgrthough undertaken for purposesnot directjy related to tround water 
"*..rr.nl, n"u. yietded usefur informatjonabout the type and cxtent of organic and inorganic cfiemicals at the BuffaloAvenue locations' Thc nnjority of the anatyticar data for soirs rvas acquired as ares¡lt of testing to determinc the eritability of cxcavatd maËriars for offsitedisposat' shallow ground *'ater samples obtained from the ARGc wells have beenaralyzed pcriodically as Part of olints votuntary monitorint program to evaruatePotential loadints to Gill creek, a lrrface water conduit to the Niagara River.organic cf¡emical concentrations have arso been monitored before and after

;::tlt"t 
in waler PumPed from üre production wells as reguired by olin,s spDEs

å! Data Base

A data base containing all of the soil and strallow ground water analyticar resurts,as well as the appropriate laboratory report references, detection limits, rocatjonsand dates rvas comPiled using the wcc HAzwAsTE software. This softwarepermits compuÈtion of basic satistics and ready transration to ot'rer formats forteneration of graphics or higher level statistics. The finar daa base incrudedup*ards of 300 parameters for which at reast one anarysis had been run.complete listings for soirand ground water sampres are incruded in Appendix A.

A complete set of tt¡e original laboratory reports trom wr,icr, ürese 6þ1¿ yerecollated is provided in Appendix D. whire at anaryses met every appricabrequality control standard appliêabre to üre protram under *,hich it u¡as origiæyyrun (sPDEs, RcRA), ürese standards varied between protrams and over tide. Asa reellt' it is not appropriate to srbject üre wide variety of anatyticar dataused inthis report to recentry deveroped ground water QA/Q. standards. rnrtead, arcference code has been prwided with cvery sample report incruded h thedatabase. This code allows refere
assessment of any singre varue. 

lnce to the appropriate laboratory report for
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Thc ARGC shallow ground water wells monitor a specific part of the Olin plant

sites. Analytical results for soils are available which cover a larger area and most

of the priority pol¡utants. These data are obtained from shallow soil boring
protrams conducted first in 1982 with the USGS, and then in l9E5-86 as part of
the Niachlor project. Thesc data have bcen used to evaluate the
representativeness of the ARGC ground s,ater information for thc rest of the
plant sites. This approach is justified on the basis of the conservative assumption
that if chemicals are present in the soils, they may also be present in ground
rrater.

The maiority of the soil samples outside of these two borint protrams r¡,ere

analyzed using the EP TOX leachate procedure as mandated by Olin policy for all
excavated materials scheduled for offsite disposal. These results can be used to
assess the relative mobility of mercury compounds present, but cannot be

correlated with total mercury concentrat¡ons in soils. Results of samples

collected from the wall of a trench excavated in plant I (Harza, Ig79ù provide an

indication of the vertical distribution of mercury in the overburden which cannot
be ascertained from the depth composited boring samples.

One to four rounds of shallow ground water samples have been collected f rom the
ARGC wells each year since installation in 1978. A complete GC/MS scan,
inc.luding the volatile organic fraction, was conducted by OIin on samples obtained
from these wells in 1979 (Report 0021 in Appendix D). The results of thjs set of
analyses showed that mercury, BHC, and several compounds associated w¡th the
BHC process were present at ppb to ppm concentrations. Volatile organic
compounds whjch could not be related to Olin act¡vities were also f ound.

Calculations of the rate at which compounds originating in the ARGC overburden
could seep into Gill Creek indicated that the potent¡al for significant ¡mpacr to
the Niagara River was small (Harza, l97ga; Vendel, tgtl).

Subsequent ground water samples were analyzcd for a lcss extensive suite of
specific organic compounds. These included the chlorophenols, BHC, and for
mercury and some other inorganic chemicals. Halogenated organic and volatile
halogenated organic scans employing an electron capture detector (ECD) were run
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as a s,¡bstitute for other compound specific analyses. Specific compo.rnds in the

¡¡ite covered by the ECD scan cannot be identified, and the resr¡lts are not

cqtsidered quantitative. ECD res.¡lts are not øraluated in the following

dirussioq but are tabulatcd in the databasc and E¡mmary tables.

The analytical time-series for ARGC ground s'atcr is most complete for BHC.

The drlorophenol data are also extensive, but ere more difficult to inærpret as

deæction limits ranged from 2 b 200 ppb, *trile the isomeric rcsolution increased

steadily over the decade of record. As a rçs¡lq, isomcrs initially groçed were

later isolated and rcported individually.

The most voluminous analytical data arc from the Olin production wells. Between

1978 and May 1984, when the activated carbon treatment system came on-line,

water samples were collected weekly at the well head and analyzed for volatile

organics, and less frequently for non-volatile compounds. Samples are now

collected on a guarterly basis to establish the effectiveness of the treatment

system under Olin's SPDES program. Analytical sets from 1980 and 1983 which

include both volatile and non-volatile priority pollutants are included in
Appendix A. The rezults of this production well analytical program prior to l9E3

are included in a report (Olin, 1983) which is attached in Appendix B of this

report. More recent results, which include soñ€ norì-volatile compounds, have

been checked for quality control and abulated by WCC for DuPont on a quarterly

basis. Results from the third and fourth quarters of 1987 and the first quarter of

1988 are also provided in Appendix A. '

Soil and sl¡allow ground water parameters were separated into three major

classes, according to whethér they were (l) positively identified aS pISlI,
(2) possiblv present, or (3) positively identified as.p¡!g.!g4 in plant site soils or

shallow ground u¡ater. The logic used to develop the target parameter list is

shown in Table 4. Parameters positively identified in plant site soils and/or

ground water constitute the first three of the six parameter classes Crown. The

last three classes include parameters which have been observed in Olin production

well water and/or are of regional cxtent in the bedrock aquifers. Superscripts

indicate which of these potential contaminants are associated with Olin processes,

products and operation s.
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A tailored version of this parameter list was used for this initial assessment and is

fiown with the soils data in Table 5. This list consists of. 33 separate parameters

divided inO five subdivisions: metals (mercury), base/neufal extactable
oryanics (dichloroberìzeneE trid¡loroberìzenes and polynuclear aromatics GAH)),

acid exùactable organics (phenolics)r volatile organicq, and pesticide organics

(BHC).

Summary stat¡stics were computed for these paramet€rs to discriminate (t) tre
spat¡al distribution of contaminants in plant siæ soils and *tallow ground water,

(2) temporal concenûation trendq and (3) concentration ranges to be used in

determining of fsite loadings. These statistics were developed using two

approaches. The first is a yery conservative assumption that once quantified, all

subsequent nondetect parameters are actually present at half of the detection

limit. A second set of means were calculated assuming the other extreme, that

non-detects are not present at all (zero value). With the excePtions of BHC and

mercury, which were quantified in most soil and shallow ground water samples,

non-detects play an important, and, in many cases, an unrealistic role in the

interpretat.ion of Olin data set using the first approach. For several parameters,

detection limits decreased over the course of the sampling protram, leading to an

apparent decrease in mean values with time which may not reflect acn:al

conditions. A comparison of the conservative and zero value statistics provides

one indication of the relative importance for different Parameters.

5.2 So i ls

Analytical resulrs from 19 soil borings obained at l2 locations in Plant 2 are

summarized in Table 4. Target pactmeter res.¡lts for each boring extracted from

the data base are included in Appendix A. As is shown in Table 4, non-detects

const¡tute in excess of half of all vatues included in this s¡mmary for all

parameters except mercury and BHCr st¡ttesting ttat these are the only

contaminants with a widespread distribution in Plant 2 soils. The importance of

non-detects varies with the paramcter, as can be seen in the differences in the

means calculated using the two methods (Figure 4).
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The distribution of total mercury in Plant 2 soils is shown in Figure 31. Despite

total mercury concentrations averaging 50 ppm, but ranging as high as 204 ppm,

EP Tox mercury levels averaged less than 0.01 ppm, indicating that the mercury

compounds present have a relatively low solubility or conversely, a high affinity
for the soil. Such a conclusion is supported by analytical results developed by

Harza (t979b) from the Plant I trench excavation discussed earlicr (Figure l7).
Total mercury concentrations in excess of I ppm were found to be confined to the

upper 2 feet of fill, and to decrease rapidly $r¡th depth. The total mercury

distribution shows no coherent spatial pattern a¡rd is known to be associated with
rrhot spots." Two locations are shown in Figure 3l where small quantities of

elemental mercury beads were discovered during Niachlor excavation work for the

large caustic storage tank west of the active cell room. The soils in these areas

have been excavated and disposed of offsite in secure landfills as provided by the

long-standing Olin policy.

Total BHC, which is the sum of the alpha, beta, delta, and gamma isomers,

averaged 0.1 ppm for the Plant 2 soils for either method of calculation, with the

alpha and beta isomers making up approximately 70o,'o of the total. The

distribution of total BHC at the Plant 2 soil boring locations is shown in Figure 32.

Highest concentrations were found adjacent to the slab formerly occupied by the

BHC production facility (SB8r-7, 0.2 ppm), and lowest values on the western

margin of Plant 2.

Base/neutral extractab,le organics were considered ìn two groups, one made up of

three dichlorobenzene isomers and lr2r4-trichlorobenzene, and a second which

includes the PAH's flouranthene, phenanthrene, and pyrene. For the di-,
trichlorobenzene group, no values were guantified in the 1982 soil boring protram

at a detection limit of 2 ppm. Totals for this parameter group were, however,

found to range up to 0.5 ppm in the t9E5-E6 sampling program when lower

detection limits were attained. The distribution of the sum of the

dichlorobenzenes and trichlorobenzenes in the various borings is shown in

Figure 33. Concentrations were again highest in SBt5-7 at the BHC pad and

appear to diminish to the north and west.

I

\

I
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Samptes were analyzed tor the PAH compornds only during the 1982 boring

program, and again tre detection limit was 2 PPm. A quantifiable value was

obained only at SB82-2 at the cnd of the rail spur in the far s,estern part of

Plant 2, as is strou¡n in Figure 34. No information is available from the ARGC

section.

No deæctions were recorded for the target chlorinatcd phcnolics at any of the

soil boring locations. The distribution of detection limits applicable at each

sample site is shown in Figure 35.

The volatile organics rezults from the two soil boring protrams are very important

to this assessment because shallow grornd water samples were analyzed for this

fraction on only one occasion. Reference to Table 4 shows that the most

commonly encountered volatile organics were methylene chlorider toluene,

tetrachloroethene, and trichloroethylene, all compounds which are not linked to

specific Olin products, processes or operations. Highest concentrations were

observed for trichloroethylene (42 ppm), tetachloroethene (28 pPm)r and

chloroform (ll ppm), while l,l 1212-tetrachloroethane, I rl rl-trichloroethane, and

vinyl chloride were not detected.

Benzene and chlorobenzene t¡rere used or produced in quantity in the ARGC

section of Plant 2 during the lg'Ors, and were found to be present æ years later in

Plant 2 soils. Maximum values recorded for benzene and chlorobenzene were 7

and 9 ppm, respecrively. The distribution of the s'lm of these two Potentially

Olin-derived compounds is shown in Figure 36, and *rows that detectable

concentrations are found only in the ARGC section.

It is more difficult to explain the distribution of the remainder of the tartet

volatile organic compounds. Tlese too occur predominantly in the Alunó¡m Road-

Gill Creek samples, as is shown in Figure 37, but were atso detected in rclatively

low concentrations at other locations across the Plant 2 site.
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5.3 Shallow Ground Water

The shallow ground water data, though based on a larger number of sampling
events than the soils data, is less complete with respect to the number of

Parameters systematically monitored. The best data are available for mercury
ar¡d BHC. The chlorinated phenolics data arc also extensive though subject to a
variable detection Iimit and ctranges in isomeric resolution.

For the remainder of the target paremctcrs, reliancc must be placed on a singte

set of analytical results from lgTg (Report 0021, Appendix D). Of the 33

Parameters in the tartet list, 20 are represented by a single result from this
sampling date (Table 5).

Four shallow overburden wells, and four deeper regolith wells are adequately

represented in the sample pool. Shallow well BH-2 rilas monitored only
intermittently as it was normally dry, but BH-5 provides coverage of the shallow
zone in this cluster which includes BH-10 as the deeper member. No shallow well
is associated with BH-4 or BH-l on the northern plant boundary, and no deeper
well is available at the BH-9 location on the southern boundary. The remaining
wells occur in three pairs. BH-z, BH-5, and BH-10 were decommissioned in 1986,

and thus monitor a shorter time interval than the others.

Ground water samples were collected from two more or less distinct lithologic
zones' thus results from the deep wells and shallow'wells are reported separately
in the summary provided in Table 5. Means have been calculated using the two
alternative methods of dealing with non-detects as was discussed earlier. As
these two results differ significantly only for the chlorophenols, a single value is
reported below for other parameters.

Mean mercury concentrations in ground water samples from both deep and shallow
wells ranged from 0.003 to 0.1E6 ppm and did not differ significantly with depth.
The highest mean concentration was observed in BH-4 along the northern plant
margin, as is shown in Figure 38.
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Total BHC concentrations averaged I ppm in the deep wells and 0.2 ppm in the

shaltow wells. The difference between the two zones was accentuated by the high

values observed in deep well BH-3 located in the southeastern part of the ARGC

section (4.6 ppm), as is shown in Figure 39. In contrast, the two deep wells in the

northern part of tlre section, BH-l and BH-4, were characterized by mean values

nearly two orders of magnitude lower.

The BHC data were sufficiently complete and free of non-detects to analyze for
temporal trends. Given that BHC production occurred over a rclatively short

period of time and n¡as abruptly terminated more than 30 years ago in 1956, a

decline in values over the nine years of record might be expected. In fact, two

different patterns are observed which are illustrated in Figure 40 by records from

BH-7 and BH-3. All wells north of the BHC production site show a steady decline

similar to that seen in BH-7, while those to the south and east show no distinct
trend, as in BH-3.

Dichlorobenzenes were not detected in the 1979 samples analyzed, but the

detection limits are not known. The 1,2,4-trichlorobenzene isomer was quantified

in samples taken at the same time and was found to average 0.1 ppm in the

shallow wells and 1.7 ppm in the deeper wells. The spatial distributjon is shown in

Figure 4l and shows the highest value, 4.5 ppm, to be associated with deep

lr{onitor Well BH-l in the northeastern section of the plant.

In contrast to trichlorobenzene, PAH's detected in the 1979 samples were an order

of magnitude higher in the shallow wells than in the deeper wells, averaging

0.2 ppm and 0.01 ppm in the lwo zones, respectively. The highest mean

concentrations are found in the shallow wells along Gill Creek, as can be seen in

Figure 42.

The majority of the chlorinated phenolics data consist of non-detects which were

included in the statistics shown in Table 5, first, at half of the detection limit
and, second, at a zero value. The relative importance of non-detects for each of

the chlorophenol isomers ranges from 6t to 93 percent in the data from all wells.

The 2r4r5-, 2r314-trichlorophenol grouping has the lowest incidence of non-detects
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and is the most commonly çantified group analyzed in both shallow and deep

vells. The least commonly quantified chlorophenol isomers are

2,4,6-trichlorophenol (93% ¡D)r 2-chlorophenol (S4% ND) and

2 13 15 16 -tetrachlorophenol (t2%).

Mean concentrat¡ons for ¡ll chlorinated phenolics calculated using the first
method were 0.6t and l.t3 ppm, respcctively, for thc shallow and deeper wells.
Means using the second method were slightly lower, 0.60 and 1.76 ppm,
respectively, for the shailow and deepcr wells. Thc most significant effect of
including non-detects is observed when the relative contribution of the 2r4r5-, and

Zr3rl-trichlorophenol isomers is considered. This single troup makes up more than
70 percent of the concentration of all chlorinated phenolics actually quantified
(Method 2), but only around 50 percent of the total when non-detecrs are included
at half the detection limit (Method t).

concentrations of ?r4r5-r 2r3r4-tr¡chlorophenol isomers in excess of 5 ppm were
quantified in both shallow and deeper ground water zones. The remaining
chlorophenols, where detected, are present at far lower concentrations. Data for
phenol itself are restricted to the 1979 sampling date and indicate concentrations
of less than 0.1 ppm

The spatial distribution of total chlorinated phenolics is shown in Figure 43.

These compounds do not appear to show any systematic variation w¡th respect to
the two depth zones monitored. Concentratiohs are, however, highest in
wells BH-7 and BH-t which are closest to the former production facility. Lowest
concentrations are observed in the northernmost wells.

Volatile organics data for the shallow ground water are available only from the

1979 sampling round. A comparison of Tables 4 and 5 shows that with the
exception of methylcne chloride, all of the non-Olin compounds which were
identified in plant soils are also present in the shallow ground water, though at
very low concentrations ( 0.1 ppm).
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Bcnzene and drlorobenzene r/ere quantified at concentations in the deeper wells

of up to 9 and 2 ppm, respectively. The distribution of the srm of ü¡ese two

potentially Olinderived compotnds is shown in Figure 44. Benzene and

d¡lorober¿ene concentrations in excess of I ppm were fo¡nd only in the deeper

wells along Gilt Creek. Converscly, üre rernaining non-Olin volatile organics are

more important in the intcrior of the ARGC section, as is shown in Figure 45.

5.4 Production Vell Ground TVater

The ARGC shatlow ground water wclls do not monitor the decper.bedrock aquifers

wl¡ich are mosr af fected by the pumping of the Olin production wells. It is knownt

however, that compounds identified in soils and shallow ground water from the

ARGC secrion, including several of those potentially derived from Olin products,

processes and operations, are found at ppb concentrations in unteated well water

produced for cooling at the Plant I pumpharse. Olin treats this water with

activated carbon under an agreement with DuPont in which this system is

incorporated in DuPont's g,round uater remediation Program.

A breakdown of the organic compounds detected in untreated production well

water berween 1979 and 19E3, ranked in order of decreasing concentration' ¡s

provided in Table 6. No chlorinated phenolics appear on this 32 compound listr but

chlorobenzene, benzene, and BHC are ranked 14, 16, and 77, res?ectively. These

chemicals may have entered the upper bedrock water-bearing zones from the

overburden in the dissolved phase and migrated to tre west along one or more

bedding plane fractt¡re systems.

A selection of product¡on well'analytical resrltsbetween 1980 and l98t is given in

Table 7 tor the target parameter list. This table *rould be compared with that

tenerated from the ARGC wells. For all compornds shown excePt benzene'

chloroberøene, phenolics, and BHC, concentrations are higher in the production

well data than in the ARGC data. Benzene, chlorobenzene, phenolicq and BHCt

nñich cot¡ld have originated in Olin products' Processes or operationE are Present

in untreated ground water at levels below or very c¡ose to the analytical detection

limit. Mean concentrations for all of the listed tarBet Parameters have been
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calculated from the limited daabase shown in Table 7. A conservative approach

has been taken in that values reported as below minimum detection are included

at half the detection limit, if they have ever been quantif ied.
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6.0 SOLUTE TRANSPORT

The data presented in the liast section *row that mercury and PAH's are present in

plant site soils, and to a þsser degree in straltow ground water. These

cúrtåminants have a retatively low potential for widespread dispersal, howeverr as

they appear to be retained hrgely in üre upper part of üre orerburden abo¿e tåe

water table (Harza, 1979b). Thc potentiat for continuing PAH and mercury

introdrrction to tround and sJrface waters has been reduced by the excavation,

removal and replacement of rcils in thc ccntal part of Plant 2 and along Gill

Creek (Fþure 5).

Concern for offsite contaminant migration is therefore focused on the organics

produced in the ARGC section of Plant 2 more than 30 years ago. Low levels of

benzene, chlorobenzene, trichlorobcnzene, trichlorophenol, and BHC are still

present in the shallow ground ìyater beneath this area. Because the wells were

designed to monitor a limited area along Gill Creek, few conclusions about the

potential for of fsite contaminant transport can be drawn solely from information

developed by the ARGC monitoring well network. Relevant analytical data are'

however, also available from the Olin production wells, as was discussed above,

and from the DuPont well clusters. This informat¡on and the extensive literature

on overburden and bedrock hydrogeology greatly augment the usefulness of the

ARGC data, and provide a start¡ng point for assessing the transPort Potential of

the compounds of concern.

Direct evidence of the offsite occurrence of benzene, chlorobenzene, phenolicst

and BHC is available in analyticat res¡lts from DuPont well clusters (VCCr l9E3).

A map of benzene concentratÍons from samples taken in October 1983 is shown in

Figure 46. Berzene was detected in A- and B-Zone wells only in the area east of

Gill Creek closest to the Solvent Chemical site. Analytical data from wells on

this facility indicate ü¡at benzene concentrations beneath this site range from 1.6

to 170 ppm (O,Brien and Gere, l9E7). This site may be a source for the benzene

distribution noted in the DuPont wells.
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Chbrobenzene concentations in DuPont wells on the same sampling date are

*rown in Figure 47, and *¡ow the same vertical and lateral extent observed for

benzae. O'Brien and C'ere (1987) neport ground water chlorobenzene

concentBtions from the Soþent Chemicalsite ranging from l¿ to ll0 ppm.

It is only with respect to phenolics and BHC that DuPont wells both east and west

of Gill Creek Crow detectable lcnrels of possible ARGC compounds. The

distribution of total recorerable phenolics in Dt¡Pont wells is shown in Figure 48.

'Toal recorerable phenolics' is a gencric groupiry wtrich can irrlude many

compolnds in addition to the drlorinaæd phenolics potentially associated with

Olin's activities in the ARGC section. Here again, other sources may be irwolved

as phenolics \yere not detecæd in Dt¡Pont well clusters closest to the ARGCr but

were instead, highest to the east of Gill Creelc West of Gill Creeþ phenolics

ìvere present atppb concentrations in the A- and B-Zones only, excePt in one well

ad jacent to G¡ll Creek, where the contamination eppears to extend to the

CD-Zone.

The distribution of total BHC in the DuPont wells is provided in Figure 49. It
should be noted that the concentration data presented in this figure are in ppb'

rarher than ppm. Virtually all DuPont wells sampled on the October 1983 date

show detectable levels of BHC in the A- and B-Zonesr but the highest

concentation measured, 499 ppb, was obtained from a CD-Zone sample in one

well adjacent to Gill Creek (DuPont Cluster t). This is the same well that yielded

phenolics from the CD-Zone.

BHC is widely distributed in the Buffalo Avenue industrial corridor, and Potential

sources other than the Olin ARGC sector exist in this area (Koszalka, eL al.,

l9E5; O'Brien and Gere, 19871. The offsite chemical daa from the DuPont wells

do not suggest any simple tranÐort paths originating in the ARGc section. It

does, however, raise a number of questions about the potential for solute

dispersion both in the sr-ùs¡rfacc and via Gill Creek which can only be resolved by

analytical daA from additional monitoring wells on Olin property.
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One very important point which can be drawn from the DuPont data, however, is

that the potentially Olin-derived compounds appear to be largely restricted to the
overburden and the uppermost water-bearing bedrock zones. This observation

suggests that the scope of future investigations will probably be narrowed to the
A-, B-, and CD-Zones.

6.1 Effects of Olin Production Wells

Phenolics (induding chlorinated phenols), benzene, chlorobenzene and BHC are

present at very low levels in untreated production well rrater, however, the

effects of the production wells in removing these compounds from the bedrock

ground water system should not be underestimated. Using the mean levels for
these compounds shown in Table 5, and assuming a 500 gpm production rate,
removal rates from the production well capture zone could be as high as

0.t3 lbs/day (49lbs/yr) for benzene, chlorobenzene and BHC, and up to
0.20 Jbs/day (74 lbs/yr) for the chlorinated phenolics.

A removal rate of potential Olin compounds on the order of 0.5 lbs/day represents

I percent of the approximately 50 lbs of total organic chemicals currently
w.ithdrawn each day by the Olin well as part of the DuPont remediation program.

The removal of Olin derived chemicals from ground water beneath the ARGC area

by the Olin production wells could have been considerably greater in the past,

however, when (l) pumping rates were higher, (2) the solute source fresher, and

(3) the cone of depression was not limited by the interfering regional influence of

the flow toward the NYPA conduits (1950-6Ð.

It is possible that offsite sources contribute to the chlorinated phenolics, benzene,

chlorobenzene and BHC reaching the production wells. It is certain, however,

that ground water withdrawal from the Olin production wells has served, and

continues to serve as a significant factor for the containment and removal of any

Olin-derived chemicals from ground water. More precise guantification of the

current importance of this factor awaits further investigation.
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62 Falls Street Tunnel Loadines

krærest has recently focuscd on thc possibility that Olin-derived contaminants

may be contributing to the high oryanics loadings noted in the FST. Analytical

daA from thrce USGS wells, NFB-llr 12, and 13, bcaæd in the immediate

vicinity of the FST-NYPA conû¡it crossing, arc p¡esented in TableE (rçroduced

from OrBrien and Gere, l9t7). The positionsof these wells are shown in Figure l2

lnd are very important to the interpretation of the Chemical data.

The largest variety and highest concenÈations of organic compornds \r'ere found

in ground water samples from Monitor Vells NFB-ll and NFB-12 wtrich are

locaæd on the east side of the TIYPA conduits, the side farthest from the Olin

plants. The variety and concentrations of compornds fot¡nd ¡n NFB-l3r the well

closest to the oin locations, were far less' Ko=alka, eL al' (1985) ascribed this

difference in water quality on the two sides of the conduits to ü¡e fact that

ground water converges on the conduits from east and west, but does not flow

across the conduits. This suggests that the solutes being transported toward the

NyPA-FST crossing from tlre west would be prevented from migrating beneath

the discharge area east toward wells NFB-ll and NFB-12.

Benzene, chlorobenzene, and trichlorobenzene were not detected in USGS well

NFB-13 on the Olin side of the conduits, while ürey were quantified in USGS wells

NFB-Il and NFB-IZ on the opposite, eastem side. Chlorophenols were not

reported in any of the wells, but BHC was found in alt ütree.

Although a regional ground water gradient exists which sJggests the Potential for

transport from the area rilest of Gill Creek toward the NYPA condr:its, direct

evidence that potentially Olinderived solutes originating in this area are reaching

the FST through this route is lacking. Many factors, Particularly adsorption and

dispersion, typically reduce solute transPort velocities below ürat of an I'ideal

tracern moving with the grornd water velocity (Mercer, et. al., l9E5).

In order for dissolved compounds originating on Olin's Buffalo Avenue plants to

reach the FST at the NFB-13 location, two aszumptions must be made without

Page 6-4



I
ft

I
¿
at

I

Woodward. Clyde Consultants

supporting data. First, it must be assumed that these solutes have escaped

@pture by the Olin production wells. Second, these compounds must have crossed

the Gill Creek area and migrated a minimum of 0.5 miles to the northeast over

the 25 year period since 1963 when the NYPA conduits are presumed to have

begun affecting regional ground water flow.

Additional information on solute transport is clearly needed to explain why

benzene and chlorobenzene, at least, which are known to have a non-Olin source

between Gill Creek and the conduits (Otsricn and Gere, t9E7) do not appear in

USGS well NFB-13. Such informat¡on for the potentially Olin derived compounds

can be developed from studies on the Olin properties.

6.3 Gill Creek Loadinss

Given the relatively low concentrations of organic compounds present in the

ARGC, it seems unlikely that migration of Olin-derived chemicals from the Olin

plant impacts ground water quality on a regional scale. Although direct analytical

data are lacking, chemicals could move through the overburden in the ARGC

section to Gill Creek. Using the mean concentration levels conservatively

calculated for ARGC shallow ground water in Table 5, and ground water flow

estjmates in the overburden, it is possible to est¡mate offsite loadings to Gill

Creek.

S'endel Engineers (l9El, included in Appendix B) estimated ARGC loadings to Gill

Creek at between 0.05 and 2.4 tbs/day based on the analytical database available

at thar rime, and hydraulic conductivity values developed by Harza (1979a) from

single well slug tests. Given the h¡th degree of uncertainty surroundint any

hydrogeological characterization of the heteroteneous overburden soils in the

ARGC, an effort is made here to tenerate ground water flow volumes across the

ARGC which do not depend on such estimates.

The water budget model used is described in Tcchnical Release No.55 of the Soil

Conservation Service U975) titled "Urban Hydrology for Small Vatersheds."

Empirical curves given in this publication permit calculation of infiltration from
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precipitation data in areas like the Buffalo Avenue plant sites which are largely

covered by buildings, roads and other impervious structures. The basic

components of the model are shown in Figure 50.

Infiltration was calculated for the arca of the bcdrock high within the 560 feet
MSL contour both on the Olin plants and immediately to the north (Figure 50). As

has been shown previously, this arca is a local rccharge point for the A-Zone

ground water system. The boundaries of this recharte area wcre est¡mated from

the USGS bedrock topography map in Figure 7 and from the more detailed

information in Figure 16. The plant sites are estimated to receivc recharge from

an area north of the Buf f alo Avenue boundary of approximately 12 acres

$29 1254 square feet).

Examination of the most recent aerial photos shows that approximately 54o/o ot
the recharte area is paved or covered by impervious structures which drain to
storm sewers. It was conservatively assumed that the remainder of the watershed

area is characterized by gravel covered soils with the highest possible infiltration
potential.

Monthly precipitation data at Buffalo for 1983, 1984, and 1985 were obtained

from the National Weather Service. A continuous record of monthly ground water

e.levatjons for the ARGC wells is available for these years. Ground water

elevation in the ARGC wells rises and falls depending on the rate of recharge

from precipitation. It was found that the Buffalo monthly precipitation data

could be used to pred¡ct mean ground water elevations for the ARGC wells if it
was assumed that 50% of precipitation (snowfall) during the winter months of

December through February was carried over to the following month.

lnfiltration was calculated from the corrected precipitation data and plotted

against ARGC ground water clevations for cach of the three ycars of record, as is

shown in Figure 51.

The perimeter of the two plant sites was partitioned into sections characterized
by net inflow and net outflow based on bedrock topography (Figure 50). Inflow
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takes place across approximalely 55o,'o of the Buffalo Avenue boundary while

outflow occurs across the remainder of the perimeter which, for simplicity,
includes the DuPont Buffalo Avenue facility north of Adams Avenue. Infiltration
directly to the plant area is added to the water volume cntering from the north.
This total is used to estimate outflow on the assumpt¡on that overburden ground

water volume remains relatively static on an annual basis, that is, that the sum of
inflow and direct recharge is balanced by outflow. It was further conservatively

assumed that no losses to lower bedrock zones occur.

The volume of total overburden gror.rnd water outflow from the Olin plants was

calculated on a yearly and daily basis and is shown in Table 9. To obtain an initial
estimate of potent¡al outflow to Gill Creek, outflow volume was divided by the

total length of the perimeter across which outf¡orv occurs, and then multiplied by

the length of the Gill Creek boundary. A-Zone ground water flow to Gill Creek,
assuming unif orm flow across all segments of the outflow perimeter, was

estimated to be on the order of E30 cubic feet/day.

This model was then refined further to eccount for the effect of the apparent
bedrock crest/ground water divide on the Plant 2 site which can be expected to
result in non-uniform flow across the outflow perimeter. The assumed position of
this divide is sketched on Figure 50. A divide w¡th th¡s configuration would cause

outfiow to be part¡tioned as shown in Table l0 and reduce A-Zone flow to Gill
Creek to a value on the order of 350 cubic feet/day. .

Total organic concentration for the ARGC deep well ground water over the 1979-

1987 period of record was conservatively cstimated (Method l) in Table 5 to be

9.2 ppm. Using the tr/o Gill Creek outflow volumc est¡mates as upper and lower

bounds, A-Zone offsite organic loadings to Gill Creek of between 0.24 and

0.56 lbs/day were calculated assuming a specific gravity of 1.2 for the organics.

These values fall in the middle of the range of 0.05 to 2.45lbs/day originally
proposed by Vendel Engineers (t9El).

Agreement between est¡mates calculated using two cntirely different approaches

increases conf,idence that Gill Creek loadings from the Olin plant are actually
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krpwn to w¡thin an order of magnitude. It should be noted that the water budget

calculated here is a first approximation which can be improred with the addition

of more exact information concerning land use and the bo¡ndaries of the recharge

area. lt is also a conservative estimate which is more likely to be revised

downwa rd than uprrra rd.

As shown in Table 10, the urôÈr budget model permits calculation of outflow

volume across setments of the or¡tflow perimcter oürer ü¡an that adjaccnt to Gill

Creek. No ground \rater quality data arc available for areas outside of thc ARGC

sect¡on, so estimates of of fsiæ loadings for the areas draincd by these setments

were not attempted. It should be noted, however, trat outflow volumes for these

areas would be significantly reduced if further investigations establi*r that the

Buffalo Avenue sewer backfill is intercepting flow from the recharye area north

of Buf falo Avenue.
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7T' DATA LIMITATION; AND POSSIBLE INYESTIGATÍYE STRATEGIES

One important purpose of this assessment is to sewe as a baseline document to

guide futr¡re investigative work on ground water conditions at the Olin Buffalo

Aventrc plants. Questions are raised at ser¿e¡al points wt¡ich can only be ansrræred

through acquisition of additional onsite data. Here we attemPt to identify the

most important of these daA limiAtionE and to suggest irwestigative approaches

vhich are likely to provide answers.

o The full configuration of dte cone of depression developed by the Olin

production u¡etls in the upperbedrock zones is not known. The need to

evaluate the locations of the ground water divide in the ARGC section

must asslme a high priority and will require installation of a limited

number of well clusters extending at least into the CD-Zone in the

east part of Plant 2 and perhaps immediately to the east of Gill Creek.

Such wells will also sera/e to define the vertical and lateral eastern

limits of potentially Olin-derived compounds in the ARGC section.

o It has been assumed in several Parts of ttris rePort that hydrogeologic

parameters developed from the DuPont investigations can be directly

applied to the Olin plant sites. In reality, these ProPerties show

considerable variability from fractr¡re zone to fracû¡re zone and from

one location to another. It is important that onCe a monitoring

capability is developed that a PumP test Protram be undertaken to

provide better estimates of hydrogeologic ProPerties across the Olin

plant sites area.

o The importance of the Olin production wells in withdrawing organic

compounds from the ARGC section cannot be fully analuated without

some bedrock monitoring capability along üte assumed transport path

to the production wells. Analytical and hydrogeologic data from well

clusters þcaæd between the ARGC and the production wells can

provide solute transPort dynamics information which will also be

useful in assessing the potential for migration outside of the

production well caPure zone.
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Gill Creek ser.res as a discharge botndary for the A-Zone' as a

potential ¡¡rface T,atÊr conduit for diçersion of ARGC-derived

solutes, and as a potential bedrock recharge borndary. The relative

importance of cach of ürese three roles has not been established.

Investigation of these qucstions witl probably invotve phcement of

piezometers along boür east and uæst bankq and üre simultaneous

monitoring of grourrd water and crcek clevations o/er a time inærual

of several dayr

Sufficient anidence is avaibble to suttest ülat tfie Buffalo Avenue

s€wer passageway may be an important influence on grotnd water flow

in at þast the A- and B-Zones. Further investigation of the role of

this large deeply excavated Passag,e as a Potential line-drain should

assume a high priority. Such work could involve placement of north-

south transects consisting of three piezometers or piezometer clusters

across the Buffalo Avenue right+f-way. Monitoring of srch a
piezometer system would help determine whether A-Zone recharge

can move across Buffalo Avenue onto the plant sites from the unpaved

area to the north.

A well calibrated water budget for the Olin plant sites could provide

better estimates of offsite loadings from the A-Zone, and, combined

with additional hydrogeologic information, could form a basis for

estimating seepage to the B-Zone. A first steP in developing this

capability would be to obtain more detailed information on how much

of the recharte area is actually covered by impervious $rfaces within

sewer catchment systems. The April l9tE map created as Part of this

assessment is a good base st¡ich cor¡ld be further ref ined with a ground

sutvey. As mentioned above, a Buffalo Avenue sewer investigation

would also contribute to üris cf fort

Data collated in this report (Figure 5) suggest that most of the areas

identif ied by the NYDEC as brine sludge disposal zones have acnrally
o
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been excavated to depths sufficient to remove any mercury containing

materiat wtrich may have been spread on the srrface in the 1950's. A

limited soil boring Protram directed specifically at these areas, the

Building 13 location, and üre pond siÞ could se¡Ye to resolve concems

about continuing mercury contamination in these zones.
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t.0 coNclustoNs

This report presents findings on the condition of ground s,ater quality, and on the

potential for offsite transport of clremicals in grornd water at the two Buffalo

Aver¡ue plants in Niagara Falls, New York. Th¡s assessment has been based on

local and regional grolnd $,ater flow datq supplemented with historical informa-

tion about plant çerations and available analytical resrlts from site soils and

ground water smples.

Olinrs operat¡ons have changed l¡ttle orer the centrry-long history of these

facilitieq centering around the electrolytic production of caustic soda and

chlorine from rock salt using various modifications of the mercury<ell/chlor-

alkali process. A portion of the cooling water for this process is obtained from

two ground water supply wells located on Plant l. Since February 1985, these

production wells and Olints activated carbon system for treating ground water

withdrawn have been incorporated in the ground water remediation program being

conducted by the adjacent DuPont facility.

Despite the predominance of inorganic chemical production at the Buffalo Avenue

plants, several organic chemicals, including benzene, chlorobenzene, trichloro-

benzene, and tr¡chlorophenol were used or manufacn¡red between 1950 and 1956

in a small area of the Plant 2 facility. These chemicals were used in the Alundum

Road-Gill Creek (ARGC) area as part of a program.to rnanufacùrre the pesticide

hexachlorocyc lohexane (BHC).

Ground water monitoring wells were installed in the ARGC section in 1978 to

explore the possibil¡ty that dremicals associated with the BHC operation were

present in ground water. Five wells u/ere installed to monitor the unconsolidated

orerburden and an additional five to monitor tlre upper 6 to l0 feet of the

bed rock.

Analytical resrlts from samples obtained n 1979 Crowed several chemicals not

attributable to Olin operations at concentrations ranging uP to 0.2 ppm. Benzene,

one of the chemicals used in the ARGC section, was found at mean concentral¡ons
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of 0J6 ppm in the shallow wells, and 3.69 ppm in the deeper wells. Similar results

for ct¡lcrobenzene and tricfrlorobenzene *¡ow concentrations of 0.02 ppm and

0.13 p'pm, respectively, in the strallow wells; and 0.72 and 1.65 ppm in the deeper

rælls using üre conservat¡ve method of calculating means.

Far more extensive reE¡tts are available for the chlorophenols and BHCr for which

analyses have been run two þ four timcs a year since 1979. More tt¡an 75 percent

of the res.¡lts verc below analytical limits of detection. The most significant

effect of including non-detects ¡s obsewed wt¡en the relative contribution of the

2r4þ and 2r3r4-trichlorophenol isomers is considered. This single chemical grouP

makes up more than 70 percent of the concentration of all chlorinated phenolics

actualty quant¡fied (Method 2), but only around 50 percent of the total when non-

detects are included at half the detection limit (Method l). Mean concentrations

for all chlorinated phenolics calculated using the first method were 0.6E and

133 ppm, respectively, for the shallow and deeper wells. Means using $re second

method were sLightly lower,0.60 and 1.76 ppm, resPectively, for the shallow and

deeper wells.

ln contast to the chlorinated phenolics, non-detects play a small role in the BHC

data. Total BHC concentrations in the ARGC wells averaged 0.23 and 0.99 ppmt

respectively, in the shallow and deeper wells.

In s¡mmary, Olin ground water analytical data show.that üìe organic compounds

used in the BHC production process, as well as BHC itself, are Present in both

overburden and shallow bedrock ground water beneath the ARGC sect¡on of

Plant 2. lllean concentrations in the overburden are about half of those found in

the shallow bedrock. In addition to the oryanics, mercury was also found in

samples from these wells at concentations averaging 0.02 ppm in the shallow

rrælls, and 0.06 ppm in üre deçer wells.

Analytical data from shallow soil borings were examined to determine whether

âreas of the Olin plants other than the ARGC might have been affected by

organic chemical production. With the exception of BHCr potentially Olin-derived

organic compounds were not found in plant site soils outside of the ARGC section.
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5oÎl mercury concentrations in excess of l0 ppm wère found inside and outside of
the ARGC, as were lower lcvels of the coal derivatives flouranthene,
phenanthrene and pyrene.

The Olin plants lie on or ncar thc crcst of an isolated bedrock high. Unconsoli-

dated soils overlying the bedrock range in thickness from 4 to l3 feet across the
two plants. Much of the overburden has been modified by excavation and fill, but

fine-grained glacial lake scdiments and more rcccnt marsh deposits characterize
r¡¡disturbed remnants of the original soil sequence. Ground water is found in the

overburden soils at depths of 5 to l0 feet below the ground surface.

The overburden is underlain by more than 150 feet of the Lockport dolomite.

Examination of the logs of the Plant I production wells and those of monitor wells
drilled on adjacent DuPont properties indicate the presence of significant water-
bearing horizontal bedding plane fracture zones in the otherwise low permeability
dolomite. Four of these zones have been identified by DuPont geologists within
the upper 100 feet of the Lockport, and can be expected beneath the Olin plants

at depths of approximately 15, 35, 55, and t5 feet below the ground surface.

Despite the presence of vertical joints and fractures connecting these zones, each

exhibits the properties of a separate confined aquifer.

Data from overburden wells such as those in the ARGC section suggest that
tocalized recharge from precipitation over the bedrock crest is the principa.l

source of ground water above the bedrock (A-Zone) on the Olin plant sites.
Ground water appears to move radially from the bedrock crest toward discharge

borr¡daries at G¡ll Creek on the east and the Upper Niagara River to the south.

The backfilled sewer excavation which follows Buffalo Avenue is deeply incised
into the bedrock and may serve as a line drain receiving discharge from the

overburden and perhaps the upper bedrock zone (B-Zone).

The rate of pumping from the Olin cooling s,ater supply wclls is the primary
factor influencing ground water flow west of Gill Creek in the bedrock ryater-

bearing zone. Ground water withdrawal from these wells currently ranges from

500 to 950 gpm and is sufficient to create cones of depression within each of the
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principal water-bearing bedding planes which extend to the vicinity of Gill Creek,

at least on the DuPont property. Ground water within the radius of the cone of

depression tends to flow toward the discharge point at the production wells.

Chemical compounds which are ç,ithdrawn with the water from the ,production
well are removed via activated carbon treatment. Outside of the cone of
depression formed by production wcll withdrawal, post-1963 bedrock ground water

flow appears to be largely toward the northeast, away from the Niagara River,
and toward the intersection of the NYPA conduits and the Falls Street tunnels.

The extent of hydraulic influence of the Olin production wells on the Olin plants

cannot be precisely defined on the basis of existing data. Extrapolating from

DuPont dala, however, it is possible to cstimate the approximate limits of the

cone of depression in the two uppermost bedrock aquifers, the B- and CD-Zones.

It is likely that both Olin plants fall within the CD-Zone cone of depression. The

cone is believed to be smaller in the B-Zone, however, and may not include all of
the ARGC section of Plant 2.

Non-Olin sources for chemicals used in the ARGC section of Plant 2 are found in
the Buffalo Avenue industrial corridor, but offsite data indicate that, regardless

of source, these compounds have a limited vertical distribution, being largely
confined to the overburden and uppermost bedrock B-Zone.

Phenolics, benzene, chlorobenzene and BHC are also found at very low levels in
untreated production well water from Plant l. Because of the high rate of
discharge (greater than 500 tpm), however, removal rates for these compounds

from the production well capture zone could be as high as 0.13 lbs/day for
benzene, chlorobenzene, and BHC, and up to 0.20 lbs/day for the phenolics. A
total removal rate of these potent¡al Olin compounds on the order of 0.5 tbs/day
would represent about I percent of the approximately 50 lbs of organic chemicals

currently removed by the activated carbon treatmcnt system each day as part of
the DuPont ground water remediation program. Ground water withdrawal by Olin

serves as a significant factor for the containment and removal of compounds of

both Olin and non-Olin origins from beneath the Buffalo Avenue plant sites.

i

(

I
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Interest has reccntly focused on the possibility that Olin-derivcd chemicals may

have escaped capture by the Olin production wells and be contributing to organics

loadings noted in the Falls Street Tunnel. Although a regional ground water
gradient ex¡sts which suttests a potential for transport from the area east of Gill
Creek toward the NYPAÆalls Street Tunncl intersection, USGS monitoring well
data from the Olin side of the conduits do not support the conclusion that
chemicals used by Olin in the ARGC section have reached this point of discharge.

The relatively low concentrations of organic compounds present in the ARGC

suttest that migration of Olin-derivcd chemicals from the Olin plants is unlikely
to impact ground water quality on a regionat scale. Organics moving through the

overburden in the ARGC section are, howeyer, cxpected to locally affect water

quality in Gill Creek. Potential loadings of organics to Gill Creek were calculated
using the mean concentration levels calculated from the ARGC deeper well data,

and ground water flow estimates in the A-Zone overburden from a simple water

budget model. A range of between 0.56 and 0.24 lbs/day is proposed, which is
similar to earlier estimates developed by hydrogeological methods. Such a loading

is on the same order as the estimated rate of removal of chemicals used in the
ARGC section by the Olin production wells.

A better understanding of the location of ground water divides in the bedrock

zones is necessary to carry further this assessment of Olin's potential impact on

regional ground water quality. Similarly, the importance of the Olin production
wells in wjthdrawing organic compounds used by Olin in the ARGC section cannot

be precisely evaluated without onsite bedrock monitoring capabilities. Both of
these data limitations can be resolved by an investigation which includes

installation of a limited numbcr of additional monitoring well clusters at Olin to
provide hydrogeologic and analytical data on thc A-, B- and CD-Zones.
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I ÎÀBLE 1

Sanitary and Clear gtater Sever Systens:
olin Buffalo Àvenue Plants*

Plant 1
1S
lCW
2et{
2ct{(OLD)
2S
3S
9S

Plant 2
3gt{
4ew
6S
7S
8S
5S

ÎÀBLE 2

Characteristics of Buffalo Avenue Sewer
Connections*

Sewer Svstem
4CW
7S
2Cl^l
3S
2S
1S

Access No.
uH114
uH113
l,tH8 0
MH79
uH97'
MH95

Invert Elevation Connection Tyoe
556.62 48in. Stor¡t
555.42 38in.Sanitary
560.72 60in.Sanitary
557.78 24in.Sanitary
557.41 2Oin.Sanítary
556.63 20in.Sanitary

* Refer to drawings in Àppendix C
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Clrss I
Pos i ti ve
Soll/ltWr

Prod. Wel12

þgttlve

Possi bl e

:

Table 3
CLASSIFICATIOII OF PARAÎIETERS DETECTED AT THE OLIf, PTATT SITE

Clcss 2 Closs 5 Class 4 Clccs 5 Clcss 6Positlve Posftive Posltfve Posltlve Poslttve
solvmw sotvtlw Prcd, well Prod. well :
þgatlve llggatlve ügglt&g þgatlve Nêgrtive:

: Prod. wsll : SolVrlw :
Possible Posslble Possfble Posslble Posslble

Prod werl : sotvrlw . tlll;riï]'

}trÎÄts
!f¿nr¡¡¡d

tá¡E/NlfiR¡l 8ElrßvQLârE E8

I 2,4. ThcÌ¡lo rD bc¡ue¡u J

t,2-DicÞ.lo¡oberuc¡t¿4
1,3-Dcl¡.broben:eruq
l.¡t Dæl¡brobc¡z¿¡¿4

H¿xæl¡b¡oÞ¿rpc¡t4

2€Ì¡broph¿¡rola
3,4-CÌ¡Jo¡ollr¡ol4

Z,3- 2,4- 2,íÐ¡cllorcDþrpt4
3,4DrcllorogÞro14

2,1,5 -,2,3,4-Tt1Ê,ÌrJorcplrcro{

2,3,5- 2,,3,6-T\1ÊÏ¡þ¡oDþnoF
2,3 ,4 ,S- 2 ,3 ,4,ó-1¿tn¡lrto¡oDÞn¡l{

2,3,5,6-TcsæÀlo¡oDù¿nol4

IEBllC¡DE8
at¡la-BHÇJ
lca.EtlCr
dCI¡.8}iC3
¡anør.DllC3

?OI.Nr[.E8,
BaDg¡¡t!'

Oüo¡oÞc¡u¡n¡3
Cbla¡forrnS

lJ-Dicàb¡ætÞruS
litnc¡¡roct¡n¡S,6
Tticàb¡æù>lD¡¿5

YbylCÌ¡lo¡llc5
l, I 2 2-Trtncl¡loorOa¡¡S,6

t,t .?-Tltc!¡b¡uù¡n¡S,ó

t,l,l.lËbbæct!rys-
Cr¡b¡ T¡tn¡Dbüt¡J,¡

MrthyÞrr Cbbriô¡S
loluan¡

Haxæùlo¡obut¡Aic¡u5
Hc:æhlo¡ortlu¡r

Plou¡urtlrc¡u
PÞ¡¡¡¡ù¡¡tn¡

PYrrn¡

Dþthyþbtù¡lse
Dbctytpbt¡sbu

NaDhtl¡¡l¡u
Pcn¡¡ lrlo¡o Þrnqt i¿ ru Þ

Tctr¡l¡lorobr¡adÞn¡5

PL¿ro¡a

E¡onodisl¡¡eþnrth¡nc
t,l-D¡cl¡lorotÙ!ræ
ÞntlshbrÊù¡!¡¡Ê

Sotl or llonltor lvell (wcter) Somples from 0ltn Plcnt 2.

Productlon Well Wcter Samples from 0ìln Plcnt l.
Used or produced tn Quontttg bg 0lln (mercurg at both plants, organtcs ontg ot Plônt 2 site)
Potentiol Bg-Product, 0lln Plont 2 stte.
Prooucts or Eg-Products of Non-oltn Processes'
Used in Non-Productfon Quantttles ot 0lln'
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TAsLE 4

PLAT{Î 2 SOILS ANALYTICAL DATA

Note. È1can ( | ) tncludês nofFd.tocts (ND) at 0.5 ctctcction llrntt.
Itcan (2) tncludcs non-dctcct6 (ND) ¡s zcro valuc (0).

PLAi{Î 2 S0rLS (PPn)
NETALS

IIERCURY (ÎOTAL)
. NERCURY (EPTOX)

BASE/NEUÎRAL TXTRACT

I , Z.D ICHLOROBENZENE

I , 3-D tCHLoRoBENZENE

I !¡I-DICHLOROBENZENT
FLOURANTHENE

PHENAI{THRENE

PYRENE

I, Z, 4-TF tCHL0RoBENZENE

AC ID IXTRACT

?-CHLONOPHENOL

?,3- ,2,1- ,? ,5-D I CHL0RoPHEN0L

5,4-DtCHL0RoPHEN0L
?,1 ,3- ,?,3, 4-TR I CHL0RoPHEN0L

2, 3, 5- , 2, 3, 6-TR t CitL oRoPHENoL

2 , 4, 6-'r R T CHL 0RoPHENoL

2343-, 2 34 6-TETRACHLOROPHENOL

2 , 3, 5, 6-TETRACitL oRoPHEN0L

PHENOL

VOLAT I LES

BENZENE

CARBON TETRACHLOR IDE

CHLOROBENZENE

CHLOROFORM

I , 2-D ICHLOROETHTNE

HETHYLTNE CHLORIDE
1, 1,2,2-TETRACHLOROETHANE

TETRACHLOROETHENT

lOLUENE
I, I, t-TRtCHLoROETHANE

TR I CHLOROETHYLENT

VINYL CHLORIDE

PEST IC IDES

l'tEAN( I ) mEAN(2) tlAx Xo. Samplcs ¡ N.D.

¡t9. E7 ¡t9. E3

0.0066 0.00õ3

0.727
0.??7

0.727 0

ll
il

r00
r00

201
0.07

(2. 0

<2.0

7,02
0. 074
t.69 

.

il.3
| .07
t ,07
(0.5
?7,9
3.2
(0. 5
fl.8
(0.5

E

l{

r00

100

tz
7t

0.5r 3
0.5.t4
0.6u
t.t35
t.4r7
r .3E3
0. rE3

0.0t z
0.013
0.1l7
0.6
0.583
0.55
0.1l6

EE

62
ôE

63
ô3
E3

7t

t7
t?
t7
6

6

6

t7

r35
3rE
E

6

5

3

E53

.0

.0

0.
0.
t.
3.
3.
t

0.

<2

<z

0
0

60

il

l1
lt
t4
t4
l,{
l¡l
t4
l.l
l¡t
tl
l¡t
tl

71

93
71

7l
e6
37
r00
37
6q
t00
37
r00

ALPHA BHC O.O3E5
BETA BHC O.O{93

DELTA BHC O.OOA3
6Ar1t1A DHC 0.0069

BHC (ALL tSorlERS) 0.103

t.26
0. r57
I . ¡126

t.t?7
0.221
0.502
0. r45
5. E5?
r. r 13

0. r45
5.5r
0. t.t5

r. il5
0.005
I .281
r .086
0.il4
0.094
0
1. to7
0.96E
0
5. ¡t92

0

0.03E2 0

0.0193 0

0.0076 0

0.006 0

0. r0tI

{
2

041

025

l{
tt
lt
tl

7
0

57
7



pbenoli 0.0198 0.0198 0.037 0.0069 0.0069 0.017
i,ã:óicntorobcnzener HD llD llD ND ND Nt
liuorantl¡ener O.OO3? 0.0037 O.O08 0.0932 0'0932 O.al.r
Pàcn¡nthrencr O.OO51 O.OO5O 0.018 0.0?06 0.0706 0.30r
Pyrencr O.OO22 O.OO22 O.Ooa 0.0623 0.0623 0.269
irlrf:frfcblorobenzcner 1.652{ 1.652{ a.518 O.1299 0.1299 O.6IC

ÎÀBLE 5
Che¡lcal¡ ln Grounduatcr:

Alundr¡¡ nd-Clll Crcck Scctlon
(Concantrttlons ln PPu)

tND DccP ucllr
tlctn ( 1) llcan (2 ) !lÀ)(

Par¡¡eter

CHI.ORINÀÎED PTÍENOLICS S

2-Chlorophenol
, ! -2, I -2, 5-Dichl oro¡lhenol

-Dichlorophenol
, 5-2, 3, I -lrlchlorophcnol
, 3-2, 3, 6-Trlchl orophenol
,6-lrichlorophenol
, 1,3-2, 3, l, 6-letrachloro-

Benzener
Carbon letraehlorider
Chlorobenzener
Chlorofo¡¡r
1,2-DÍchloroethener
llethylene Chlorlder
1, t, 2, 2-letrachloroethaner
letrachloroethener
loluener
l, l, 1-lrlchloroethaner
lrlchloroethylener
Vinyl Chloride

( le79-le87 )

thallou ïcllr
üetn ( 1) rcan (2 ) llÐ(

8¡l
77
?8
68
81
93

o. 011 0
o.0275
o. ll06
1.3133
o.0497
o. 0{ 12

o.0068
o.0198
o.1019
1.3026
0.0389
0.0339

o.230
o. t20
1.500

20. t30
1. {00
3.300

o.0200
o.0202
o.0545
0.1802
o.0630
o. 0169

0.0137
o.0118
o.0399
o.3720
o.053 I
o. o079

o.30(
O.08,
0.67(
7.30{
2.90(
0.10t

phenol 79 0.2132
2 .3-,5,G-Tetrachloro¡rhenol 82 O. 0653
8UB-1O1ÀL(Chlorophenole) .... .......1.8348

BENZENE HEXÀCHIþRIDE:
ÀlPha BHc o.a226
Beta BHc 0.0593
Delta BHC 0.1956
Gau¡ra BHC O. 3092
suB-1oTÀL(BHC)............... .0.9867

3 .6892
ND

0.7230
0. 19{ 6
0.0086

ND
ND

0.0191
0.00{ 1

ND
0.0160

ND

0.2000 2.100 0.08{9 0.0699
0.05t8 1.600 0.0376 0.0281
1.?587... . ...... . ...0.6773...0.596¿l

o.0719
o.028{
o.0489
o. 08{ 1

..o.2333

t.10,
1.27

O. a¡¡
o.06
1. {0
o. 60

0.r226 18.000 0.0719
0. 0593 3 . 070 O. 028¡l
0.1956 a.200 0.0¿190
0.3092 17.000 0.08{2
0.99670........ o....0.2335.

3.6892
llD

0.7220
0.19{6
0. 0086

llD
ND

0. 0191
0. 00{ 1

HD
0. 0160

ND

e.869
ND

1.38 5
0.360
o. 160

llD
ND

0.039
0.014

ND
o. 016

ND

o. 3556
ND

0.0246
o.o742
0.0482

ND
!¡D

0. 014 4
0.0022

llD
0.0{1¡¡

ND

0. 3556
ND

o. 02{ 6
o.o7 42
o.0482

ND
ND

0.01¿l{
0.0022

ND
o. 0{ 14

ND

1.26
N

0.05
0.21
o.22

li
li

0.03
o. 0c

tt
o. 1€

li

lotaI
IIOTE:

(Organic¡ + llercurT) ......o.. 9.2227 9.1{50............. 1.83{{ 1.?719

üean(l)-- üean fnclude¡ non-ô.t.ct¡ (llD) ¡t 0.5 dctcctlon
ll¡tt.

tlean (2 ) -- llean lncludc¡ non-de toctl (llD) ¡t lcro
concentratlon.r Slnglc date - itanuâry t9?9
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TASLE 6

nt{BtR 0F
ltltts DtlEcllÐ/7

CHLOR¡ItAlED
SOLYENfr fiuFACînt(6)

oLJN PRæUCnoî.¡ WELT.S 1978 - 1983
sua{ARy 0F oRGAi{lc coÌtlAlr¡ttÂt¿Ts@)(Totrl tl¡¡abcr of Cmrglct! Chrrrcllritrtion¡ - 7)

(Ortr Ttrrough Fr¡ru¡ry 1983)

CO.IPOUT¡D

rlrlrult
YALUE
(ppb )

OLIN
USAGE

I . I .2.2-lctnch I or.octh¡nr
Tttr¡chl orotthcnt
lri chl oroethcnc
Dl chl orocth:ncs
Chì orofonn

260
28s
265
e69
2r3

¿6887
¡6000
¡.000
2006
1.00

lnotm
fnorn
fnorn
fnom
fnün

(t)
(t)

lnt¡nnd'l¡t:
Pt¡tluct/8v-Produ ct
Pr oduct
Produc!/3v-Product
Product

C¡rton htrrchlo¡idc
lQthyìrna Chìorìde
lkthtnoì
Ylnyì Chìoridc
1.1.1-1ri chl ororth!n?

282
108

r(
z?7
202

5

¡200
670
485
440
¡40

(2)

(3 )

Ínorn Co-Prlduct
f norn Pr¡duc!/ By.P¡96r/ç¡
fnorn Product
tcì l:v:d 8y-Pr.oduct
Bcll:vcd ty-Product

I . I .?-1 ri ch ì oro!thrnr
Xcx¡chl oroethanc
lri c¡'l orof 'l uororìe thenr
Ionochl oroben¡¡ne
Tctr¡ch'l orobut! d'i !nr

106

r(7)
46

,,

2

29
53 Bc'llcvro 3y-Pro6ucr
.6 Knorn to bG Prtsrnt
27
24 (2)

22.2 fnom lntlrrrrdl¡tr

BÊntcne
Etny I benzrnt
D'locty 1 phlhr I r t?
I'lcx¡ shI oro- I.3 . -but¡di cne
Prntach'l orobu tadi Êne

t
2
6
2

33
2

¡9
t8

(2)

¡E
t6
.4l3

(5 )
B¿l{cvcd 8y-Product
Xnorn to bc Prrscnt

D'l chl ororth¡nc
Pen!rchì oroethanc
Di i soocty'l ptrth¡ lat:
frl chl orobrnlrnc
Ph¡nanthrtnt/ Anthr! crñ!

t l0
8.6
5.9

5
a

3
3
6
3

(5)
(2 )

Pyrenr
!HC (hc¡¡chlorocyclohc¡¡nc )
foì urne
Di octy I r dJ pr tc
0i chl orobcntcncg

¿l

a

2

1.21
l.E
1.7
t.2

5
3

-i
2

(5)

(2)

(1)

Fl uor¡nthcnc
ll:¡rchl orob¿n¡cnc

I

I
I
¡ !cì l:vtd 8y-Pr.oduct (a )

I
2
3
ô

5

6
7

fñown to hrv! bccn ug?di ¡mìlr non-productloñ qutntity.
Usêd or groducrd ln qurñtlty rt Plrnt 2 ¡ltc.
U3Êd iñ qurntltyr pr3t rñd grr¡lnt, at Pìrnt 2 ¡ltc.
Pot:nti¡'l Þy-grcduct¡ Pltnt 2 ¡ltC.
Prrstnct of both phthrlttrs and adlpttrs tt lr¡3t Þartttlly dut to coñt¡nlñrt'lon ln tnllysis.
llon-0'ì in p?oc!s9!s.
Corngound f?oñ all lg? ¡rnpìc tdcñtiftGd ai d'lchlorodifluoroæth¡nc.

!!f!, Congounds drtÊctld on one occls1on only rnó not qurñtitrtrd or qutntitlttd ¡1.1 pgb h¡vc bcen onittcd

DLc/Yrp
./1t/83



TÀBLE 7
Target Conpounds In Productlon Hell Sanpler

(Concentrations in ppn)Þ

North
tlel I

s/L6/80

<o. o10
o. o30

<o. o10
o. 351

<o. olo
<o. olo

o. 351
o. 016

<o. o10
o.764

<o. o10
<o. o10

o. 670
<o.010

<o. o10

<o. o10
<o. o10
<o. o10
<o. o10

North
ïelI
e/28/81

<o. ooa{
o. o47

<o. 006
2. OOO

o. 180
<o. oo28

o. 120
o.970

o. oo52
0.930
o. o29

SouÈh
tlell
7/to/87

<o. 020
<o. o10
<o.020

O. ¡l4o
<o. o20
<o. 020
o.120
o.130
o. 025
o.300

<0. 020
<o. o10
o.570

<o. o20

o. oo58
o. oo58
<o. ooo5
<o. ooo5

o. oo50
o. o183

<o. oo20
o.2020

<o. oo20
<o. oo20
o.(¡1l5
o.1200
o. 07la
o. {9lo
o. 0026
o. o17a
l. 3loo
o. 0757

South
lfell
ttl5/87

<o.ooo5
<o. ooo5
<o. ooo5
<o.ooo5

South
lloll
t/26/88

<o. ooo5
<o. ooo5
<o. ooo5
<o. ooo5

o. oo32
o. o28 I

<o. oo20
o. ?500

<o. oo20
<o. oo20
<o. oo10

o. 08Ì3
o. o793
o.3700

<o. oo20
<o. oo10

o. 61 10
o. ol58

o. ooar
o. o18l
O. OO¡lO
o.7500
o. ooa 3
o. ooa 3
o.1326
o.0697
o. 0601
o.5796
o. oo4?
o. 0066
o.8302
o. o33 I

all¡an

O. OO2,l
o. oo23
o. oo15
o. oo13

Paraneter

Eenzene
Carbon Tetrachlorlde
Chlorobenzene
Chlorofom
1, 2-Dlchlorbezene
1, {-Dichlorobenzene
1, 2-DichloroeÈhene
llethylene Chloride
L, L, 2, 2-Tetrachloroethane
Tetrachloroethene
loluene
l, 1, l-Trlchloroethane
lrlchloroethylene
Vinyl Chlorlde

Total Phenollcg

Àlpha BHC
Beta BHC
Delta BHC
Gan¡a BHC

<0.050 <0.0500 <0.0500 0.0200

o. ooo7l
o. oooo2
o. 00016
o. ooo59

r rleaa thanr valuee lncluded at o.5 detection llnlt.
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TASLE 8

one¡nlc coi¡PottlDs lN t sGS wELts

ADJACENT TO THE FALIS STREET TUNNEL - NYPA CROSSING

xFB- tl NFB-12 NFB- 13

Priority Pollutant

Organie Coupounds

Volatiles

Benzene
Chlorofor¡t
Ethylbenzene
letrachloroethYlene
Toluene
l, 2 trans-dichloroethYlene
lrichloroethYlene
Trichlorof Iu oroneth ane

Se¡ri Volatiles

Bis (2 ethYlhexYl) Phthalate
Buty Ib en zYlePhthalate
Chlorobenzene
1,2 dÍchlorobenzene
1,3 dichlorobenzene
1r¡t dÍchlorobenzene
Di-N-butylphthalate
Di-N-oetYlPhthalate
Hexachlorobenzene
Naphthalene
Nitrobenzene
!,2, 4 trichloroþenzene

t:o
5.6

L1
34

1r¡000
LT

13
36
15
15
18
10
l7

250

lraoo
15

1.4
8.8
2.2
2.4
2.6

l.{
3.4
3.?

10
61
35
33
30
65
18

27

9.4

0.09

0.?g
o:2 s

LT
LT

LT

0.47
31

8.5
11

L1

Pesticides

Àlpha BHC
Beta BHC
Endosulfan
Heptachlor
tindane

(TABLE 3.8 FROM OBRIEN AI'ID GERE 1987)

0.¡¡ 4
0.26

LT
LT

1. ¡l
1. ¡l

0.13

À11 rcsults in !g/L
Not detected

LT Less than the laboratory's quantification li¡nit
NÀ Not analYzed



Year

ÎABLE 9
À-Zone Ground l{ater Outflow

From The Niagara Cheuical Plant

Total Infiltration lotal outflow
Depth (f,t/yrl (tl.-r /ytl

lotal OutfLow
(ft3,zaay)

1983
1984
1985

1983-1985
avera9e

194 1-1980
average

1. 268
L.242
1. 355

1.288

L.279

1, 9go ,636
1r949r818
2 rlz? ,2L7

2 rO22 r o34

2 ,OO7 r 9o5

5454
5342
5828

5540

5501

Outflow
Segrment

TÀBLE 10
t{ater Budget Results

À-Zone Outflow Across Perimeter Segiments

fnfiltration lota1 Total Load
Rate Outflow DeeP Wells

l{ean ( 1) Mean (2 )
(tt/Ytl (cu. ft,zday) . (tbsrzdaY)

lotal Load
Shallow l{e1ls
l{ean(1) Mean(2)

(Ibsr¿daY)

Buffalo Àve.

cill Creek

South

Southwest

L.279

1.279

L.279

L.279

311

350

2323

25L6

0.179

o. 201

NA

NÀ

o.L77

o. 199

NÀ

NÀ

0.0355

0.0399

NÀ

NA

0.0343

0. 0386

NÀ

NÀ
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f c.p.r. FIGURE O

)ß tp.
As Noted

I5/26/EEG

WOODWARD
Conolthg F-nglnacrr.

-CLYDE CONSULTANTS
Gcologlrtr ond Entùonmcntd Sclørtl¡t¡

ol.t]l ooRFoRATlo]l
NIAGARA FALLg, NEW YORK

GROUND WATER ASSESSMENÎ
PAST 

'.ND 
PRESE}IT PL/\N1 gPg¡fTIONS

TRICT{LOROEENZENE,
TRICI{LOROF'HENOL BRINE SLI.ÐGE

HAHDTINO AREA

FORMER Hg C€LL ROOMS
PRODI cTloll
Bt ILDING (No. 971

AcTlvE Hg CELL ROOM

t-Jl
a

¡tt¡ 
^ìa

UU¡T,

-l L

c

A:
A

u a 0.

l

o

PLANT I BOILEHHOUSE :]

a U
a

PLAI{T 2 BI}ILERHOUSE
BHC BUILDING (No. 75)

LEGEND:

A

A

PRODUCTION WELLS

MONITORING WELLS

SCATE IN FEET

¡....1 I I

o t00 2.n

8H-

FIGURE 3
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EIGURE 6 --Taterbearlne characterlstlce of unconsolldated deo

(Mastla and Johnston, 1982)

Laminated clay and sllt and
thln beds of flne sand.

Hfxture of bouldere anrl
pebblee ln a maÈrf x of santl ,
sllt, and clay.

oslte and bedrock ln the ltyde Park area.

I Thlckness I

Waterbearl.ng unlt I (feet) I lf tnologlc deecrlptlon

,(þ20

tt
I t{aterbearlng characterlstlcs I ltydraullc Dropertles
I

I Cfay and sllte have low
I permeablltty and yleld ltttle
I water.

I

I

I

I

Und lffe rent lated
lake deposfts

Glacfal ttll
( "lla rd pan" )

0-10 l^later occrrrs princtpally
tlrl-n sand lenses fn tl,ll
"washed zone" at the top

llydraullc conduc-
tlvfty range: 0.0014
ro 0.27 f.tldU.

Average tr¿rns-
mlsslvltv 1s 300
t&tdiU probable
hydraullc conduc-
tivlty range: 10
ftld (upper 15 feet)
to I ft/d (lower
part)"

Unknowtr. llydraullc
conductlvfty assurned
to be 2 to 3 orders
of uragnltude less
than Èhat of

ln
and a
of

I the bedrock. I

-T-- I
Lockport Dolomlte 90-130

Rochester Shale 60-I-- |

Ðark-gray to graylsh-brown
nasstve to thln bedded
dolomfte, locally conEalnlng
algal reefs, small masses of
gypsum, llmestone, and shaly
beds at base.

Dark-gray calcareous shale.

Only lmportant aqulfer lrr
Niagara talle 8E€âo Ground
water occurs prlnclpally ln
waterbearlng zones parallel
to beddlng whtch are nuch more
perneable than the surroundfng
rock. The upper l0 to 15 teet
ls the most permeable lnterval
and contalns vertlcal Jolnts
and snall cavltíes formed by
solutlon of gypsum. lJell
ylelds l0

I mosÈly.

Very low permeablltty shaie.
Ylelds no sfgnlflcant water to
wel ls.

Lock ort Dolonrlte.

!¡asea on well-recovery test datâ from Conestoga-Rovers Assocfates.

3/¡osed on steady-state analysls of 18,000-'foot sectfon of dewatered condult penetratlng the Lockport Dolomtte;
averag,e gradlent (0,017 fElft) and average purnplng raÈe (1r400,000 gal/d) (Johnston, 1964).
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