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EXECUTIVE SUMMARY

1. Malcolm Pirnie was retained by the City of Niagara Falls to perform
a detailed assessment of Conestoga-Rovers & Associates Ltd. and
Occidental Chemical Corporation (CRA/OCC) surveys and studies
related to migration of organic contaminants from the S-Area land-
fill to the City's Water Treatment Plant (WTP) property. Malcolm
Pirnie completed an extensive review of over 60 studies, surveys and
other documents; as well as construction records and plans for the
water treatment plant.

2. CRA/OCC contend that contamination detected in the overburden below
the treatment plant property is not attributable to S-Area chemical
migration, but instead is the result of previous fill activities
undertaken by the City and others. Key CRA/OCC arguments include:

- Contaminant concentrations do not decrease steadily with
distance from the S-Area, therefore the patterns are inconsis-
tent with overburden chemical migration;

- Overburden ground water elevations indicate that the treatment
plant site is not down-gradient from the S-Area, and;

- The presence of "non-mobile" chemicals on the water treatment
plant site is evidence that contaminated fill materials were
used to reclaim parts of the Niagara River and extend the
former shoreline.

3. Re-evaluation of borehole and well data by Malcolm Pirnie strongly
suggests the existence of distinct linear depressions in the sub-
surface clay layer which were not identified in previous studies
including CRA/OCC's most recent assessment. Qne channel-Tlike
feature shows an east-to-west trend, and is generally located
between Plant A and the central Filtered Water Reservoir. This
Tinear depression corresponds roughly with the historical location
of the outfall of a 20-inch diameter wash water drain from Plant B,
which has not been previously identified. The second feature is
located immediately west of Plant A and has a north-to-south
orientation. Regular daily discharges of filter backwash wastewater
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to the river via this drain may well have created the clay
depressions by scouring action of the discharge.

The fill/alluvium which is the principal water-bearing zone in the
overburden is highly variable in texture and thickness, which would
facilitate ground water and contaminant movement in non-uniform
patterns. For example, it is quite possible that dense NAPL could
move in a downslope direction along the top of the ctlay/till
aquitard which underlies the fill, and that the clay depression and
intersection. excavations would provide pathways not identified in
previous studies. '

It is widely recognized that foundation and utility trench excava-
tions will act as preferential pathways for ground water and con-
taminant movement, particularly where backfill materials are more
permeable than the original excavated materials. The construction
records clearly show that excavations for several site structures
and pipelines extend below the original clay surface creating
channel-like depressions/troughs in the clay. Specifically, the
central Filtered Water Reservoir and the 1955 Pumping Station are
linked by three excavations for filtered water pipelines which
extend below the clay surface. The Filtered Water Reservoir itself
and pipelines connecting to the 1915 Pumping Station were also
excavated into the clay, providing another potential west-to-east
pathway for contaminant movement.

CRA/0CC's conclusion that the WTP is not hydraulically downgradient
from the S-Area is based only on recent water level survey data.
Historical information on overburden ground water levels is very
sparse; however, it is almost certain that subsurface flow patterns
were substantially altered during construction activities during the
1940s and 1950s. It is possible that dewatering of excavations
associated with construction of the Filtered Water Reservoir, 1955
Pumping Station and associated pipeline could have induced

0337-13-1110 ES-2
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significant west-to-east ground water movement along the potential
pathways discussed above.

Recommendations

1. Significant spatial gaps exist in CRA/OCC sampling locations. The
requirement for additional data is recognized by CRA/0CC who have
proposed to install a monitoring well in the area west of CW6A to
further define overburden ground water quality in that area. It is
recommended that additional inVestigatibns to be undertaken by
CRA/0CC, focus on defining the extent of the suggested linear de-
pressions in the clay surface. These depressionslshould be inves-
tigated through the use of geophysical techniques, test borings/
wells, and additional sampling.

2. CRA/0CC should direct the utility bedding 1nvestigation$ required

' under the 1984 Stipulation and Judgement toward the 48-inch rein-
forced concrete pipeline and control chamber (1943) between the 1915
Pumping Station and central Filtered Water Reservoir, the 42-inch
pipelines which connect the new Pumping Station to the Plant A
control chamber (1955), and the 49-inch hipe1ine from Plant A to the
central Reservoir (1955).

3. Thé characteristics and source of site fill materials are largely
unknown. CRA/0CC propoée to collect samples of fill materials above
the saturated zone from select areas of the site and analyze for
S-Area survey parameters. It is recommended that these samples be
distributed in a pattern which 1is cognizant of past landfilling,
construction and dewatering activities.

0337-13-1110 - ES-3
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1.0 INTRODUCTION

Malcolm Pirnie, Inc. was retained by the City of Niagara Falls to
conduct a detailed review/assessment of available reports and other
existing documentation related to migration of organic contaminants from
the S-Area Landfill to the City's water treatment plant (WTP) property.
The site location is shown in Figure 1-1 and the assessment area is shown
on Plate 1 (in pocket in back of report). This assessment was prepared
in response to the contention by Conestoga-Rovers & Associates Ltd./
Occidental Chemical Corporation (CRA/OCC) that contaminants detected in
the WTP overburden are not attributable to previous S-Area Landfill
operations but instead were present in the soil/fill materials used in
reclaiming land from the Niagara River. Key arguments presented in
CRA/OCC's 1988 assessment report titled City of Niagara Falls Drinking
Water Treatment Plant, Assessment of Overburden Chemical Migration to the

Water Treatment Plant, (pp.41-43), which 'CRA/OCC claim support this

position, are presented below.

- The concentrations of S-Area Survey Parameters in the soil at
the WTP generally indicate a trend of decreasing concentrations
in a westerly direction (i.e. toward the S-Area). This is
inconsistent with chemical migration from S-Area in the over-
burden.

- The concentrations of S-Area Survey Parameters in the ground
water at the WTP indicate that the wells exhibiting the highest
survey parameter concentrations on the WTP are typically
separated from the elevated S-Area APL (aqueous phase liquid)
plume observed along the eastern property line of the S-Area by
an area showing no survey parameters.

- From a hydrogeologic perspective of the overburden around water
the WTP is not downgradient of the S-Area and therefore, would
not be expected to receive chemicals which have migrated from
the S-Area in the ground water.

- The patterns of identified chemical presence in the soil and
water are inconsistent with the solubility, transport prop-
erties and attenuation characteristics of chemicals which would
have migrated from the S-Area.

0337-13-1110 1-1
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Fill materials were observed at the WTP property, 1nc1ud1ng one
case of non-mobile, non-aqueous phase chemical presence. The
areas of identified placement of fill on the WTP are consistent
with historical records of the southerly progression of the
Niagara River shoreline. The sources of the fill material used
to extend the WTP property are unknown.

It is evident from the survey that fill materials conta1n1ng
chemicals have, in fact, been deposited on the WTP in the
vicinity of the Fi]tered Water Reservoir and Plant A. The
chemical concentrations measured in the soil and ground water
collected in this area are consistent with the pattern that
would be expected from filling using contaminated soil.

This assessment focuses on overburden geology/hydrogeology, over-

burden and ground water analytical data and historical information, to

assess the likely source(s) and potential migration pathways for specific

contaminants detected in the WTP overburden. Specific components of

this assessment include:

Collection and compilation of available geologic and hydro-
geologic data from studies and geotechnical investigations
completed on the WTP property, as well as from historical
information (maps, plans and resident engineering reports) on
buried utilities, foundations and structures at the WTP. The
66 documents reviewed as part of this assessment have been
assigned a Source Number and are listed in Appendix A. Refer-
ences to specific reports and 1nvest1gat1ons in the following
text is by  Source Number.

Adjustment of all surveyed elevation data for boreholes,
structures, etc. to a common datum, namely that established by
0CC in 1986, and review/verification of geologic horizons from
on-site test borings as presented in CRA/0CC 1988 study report.

Preparation of a series of historical site utility plans (1915
through 1985) which correspond with major plant construction
events and preparation of plan maps of specific geologic

“horizons and cross-sections of the site. Record drawings,

plans and specifications used in preparing the historical site
plans and construction history have been assigned a Reference

Letter, and are listed in Appendix B.

Complete documentation of findings, and preparation of this
summary report.

0337-13-1110 1-2
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2.0 BACKGROUND
2.1 WATER TREATMENT PLANT CONSTRUCTION HISTORY

This historical review of the City of Niagara Falls Water Treatment
Plant (WTP) construction is based on an extensive review of engineering
plans, specifications, record drawings and reports obtained from the City
of Niagara Falls and other sources. The primary references are listed
and summarized in Appendix B. The WTP site development is illustrated on
Plates 2 through 6 which present a visual chronology of key events in the
construction history.

Circa 1915 - The City of Niégara Falls first constructed a water
treatment plant at. the present location (Buffalo Avenue and 53rd Street)
between 1908 and 1912 (Ref.B). Plate 2 shows. the plant site as it
existed around 1915. The original plant (known today as Plant B) con-
sisted of sixteen sand filters, four underground sedimentation basins,
and a one million gallon filtered water clearwell. The raw water and

filtered water pumping equipment was located in a separate building

- immediately adjacent to Plant B. Raw water was pumped to Plant B from

the Pumping Station after gravity feed from the East Branch of the
Niagara River via a 48-inch riveted-steel intake pipeline. Settled
solids and filter backwash wastewater were discharged to the Niagara
River through a 20-inch cast iron sewer located at the southwest corner
of the plant (Refs. B, N). This pipeline was not identified in previous
histories.-

Circa 1935 - Extension of the shoreline south of Plant B commenced
in the 1920s as the area was landfilled with construction rubble and
municipal waste including soil, refuse, cinders, and ash. The 20-inch
wash water drain was abandoned as f{ll activities progressed and
wastewater was diverted into a new sewer along Buffalo Avenue
(Refs. N, S). By 1935 the shoreline was extended southward as much as
750 feet (Refs. F, S). A small bay existed near the terminus of the
24-inch wash water drain, as shown on Plate 3.

0337-13-1110 2-1
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Expansion of Plant B in 1935 included improvements to the raw water
supply capability, general upgrading of plant production capacity, and
the addition of a new forebay and heating plant. The raw water supply
facilities were upgraded by construction of a bedrock intake tunnel and
vertical shoreshaft. The shoreshaft is essentially a vertical shaft
which provides access and enables raw water to be brought from the
bedrock tunnel to the surface. A 54-inch steel pipeline was installed to
connect the shoreshaft to the pump station, and the original 48-inch
intake pipeline was relegated to auxiliary use (Ref.P). Plant B was
expanded through the addition of eight rapid sand filters and underground
sedimentation basins. A 24-inch wash water drain was also installed at
the east end of Plant B which allowed discharge of filter backwash,
settled solids, and plant overflow to the Niagara River (Refs. 0, S).

Circa 1945 - Plate 4 is a plan of the WTP in 1945. Plant additions
in 1943 included a four million gallon finished-water reservoir, a
48-inch filtered water 1line and control chamber immediately south of
Plant B. The project was funded under the War Powers Act and adminis-
tered by the Federal Works Agency {(Ref. H). The parcel of land on which
the Reservoir was built was owned by the Federal Government and not
transferred to the City of Niagara Falls until 1953. A meter and control
bit was also constructed adjacent to the existing Pump Station (now Water
Department Office). In addition, a 20-inch cast iron pipeline was
constructed from the shoreshaft to the Pump Station to augment the raw
water supply, and new pumping equipment was installed at both of these
locations.

Circa 1955 - The water treatment facf1ities were expanded again
after World War II in response to significant population and industrial
growth in Niagara Falls. Expansions included a new filtration plant
(known today as Plant A), a new pumping station, and the extension of the
1935 intake tunnel (Refs. C, G, Q). Four underground mixing basins were
also added to the east end of Plant B to enhance flocculation (Ref. A).
Plant A consisted of eight rapid sand filters, four flocculation basins,
four underground sedimentation basins, a 2.5 million gallon underground

0337-13-1110 2-2
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finished-water reservoir, and a chemical pretreatment and control
building. A new 66-inch steel pipe 'was constructed from the
existing shoreshaft to the new pumping station, and the 54-inch and
20-inch raw water, pipelines were subsequently. abandoned. The 48-inch
auxiliary intake was also connected to the new pumping station for use
when the bedrock tunnel intake was not in sefvice. Wastewater from Plant
A was discharged through a 48-inch sewer extending from the south end of
the filter building to the Niagara River. The old pumping station was
converted into office and garage space for the City Water Department.

The raw water intake was extended in 1954 to the Emerald Channel
(west branch) of the Niagara River between Navy and Buckhorn Islands.
The new intake included: a) a bedrock tunnel 30 feet below the river
bottom approximately 3,400 feet long, and b) a hexagonal shaft which
extends down from the intake to the bedrock tunnel. Raw water is con-
veyed from the shoreshaft to the new pumping station via the 66-inch raw
water line. The pumping station utilizes four low-service pumps with a
combined capacity of 90 MGD to pump raw water. to Plants A and B via two
42-inch low-service discharge lines. Finished water is pumped from the
three reservoirs (Plant A, Plant B and Filtered Water Reservoir) to the
distribution system by six high-service pumps having a total capacity of
115 MGD. Plate 5 shows the WTP in 1955 after this construction was
completed.

Circa 1985 - Plate 6 shows the plant and shoreline as it existed in
1985. As shown, ‘the shoreline was extended by the State of New York an
additional 300 feet after 1955 in order to accommodate the Robert Moses
Parkway. The most recent additions to the water treatment plant occurred
in the late 1970s with the construction of wastewater handling facilities
(i.e., filter backwash and sedimentation basin sludge), and installation
of an emergency diesel generétor. The new sludge thickener and sludge
pumping station were constructed to provide equalization and thickening
of filter backwash wastewater, and recycle of supernatant to the head-
works of Plant A. The emergency generator provides complete backup
electrical capability in the event that the off-site power supply is

interrupted.

0337-13-1110 2-3



“pikaie™

2.2 PREVIOUS INVESTIGATIONS

Maico]m Pirnie completed an extensive review of the source documents
lTisted in Appendix A. A synopsis of each group of reports is presented
in Appendix C, and key findings and conclusions are discussed in the
following sections. '

Numerous test borings/well installations have been completed at the
WTP and the adjacent S-Area Landfill, as shown on Plate 1. Test borings

“completed at the WTP property prior to 1978 (i.e., after contamination

was discovered) were typically for the purpose of obtaining geotechnical
information in support of WTP construction activities. After 1978 the
emphasis shifted to identifying potentiai' environmental impacts
attributed to past S-Area Landfill disposal activities. Initial hydro-
geologic investigations of the WTP property were completed by Leggette,
Brashears and Graham, Inc. in 1979-1980 on behalf of the Department of
Justice/Environmental Protection Agency and State of New York. Similar
inveétigations were being conducted by Conestoga-Rovers & Associates Ltd.
(CRA) for Occidental Chemical Corporation (0CC) at the S-Area site
beginning in 1980. These and subsequent investigations throughout the
1980s have focused on the S-Area itself and on that portion of the WTP
property adjacent to the S-Area. Table D-1 in Appendix D provides a
summary of available test boring and monitoring well information for the
WTP property. More details on the chronology of geologic investigations
conducted at the WTP is presented in Source 52.

2.3 DATA BASE INTERPRETATION

A - number of assumptions and/or generalized observations concerning
the available data base are presented below.

Borehole Locations - It has been assumed that boreho]e/monitoring
well Tlocations presented in the original study reports are correct.
Borehole/weii' locations were scaled off the source figures/ plans and
trahsferred to Plate 1. Locations were not verified in the field

(i.e. resurveyed). Under circumstances where the boring/well location-

0337-13-1110 - 2-4
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could not be established from the source document, a default location
from CRA/OCC's 1988 report (Reference Source 61) was used.

0CC Datum - A1l ground and measuring point elevations were adjusted
to a common reference datum (OCC 1986 Datum). The 1986 OCC Datum was
chosen to enable easier comparison with elevations presented in existing
CRA/0CC documents. This involved establishing the initial elevation of
the point of interest from the source document, identifying the
app]icéb]e datum and adjusting the elevation 1in accordance with
Figure 2-1. Ground and measuring point elevations were not verified in
the field. Where it was not possible to establish the datum, a default
elevation corresponding to OCC's January 9, 1989 memorandum (J. Nichter
to R. Grassi of USEPA) was used. '

Field Procedures/Protocols - Protocols followed in boring and well

completion, equipment decontamination, and sampling and analysis of soil
and water are often not consistent between drilling programs and, in some
instances, are not specified in any great detail, particularly in the
case of sampling and analysis. It is, therefore, difficult to assess the
integrity of the well installations or the validity of the collected
sampling and analytical data presented in the older study reports which
pre-date 1988. Observations concerning the availability of information
and well completion considerations which may limit the usefulness of some
of the data are 1listed by boring/ monitoring well in Table D-2,
Appendix D.  Specific comments with respect to well completion, as
indicated in Table D-2, include:

- The screened interval for several of the monitoring wells
straddles the contact between two hydrostratigraphic units
(i.e. shallow water-bearing zone and aquitard or aquitard and
bedrock). This results, where applicable to hydrologic inter-
pretations, in composite hydraulic heads and non-representative
hydraulic conductivities.

- Seals in several of the wells are either suspect or may poten-

tially deteriorate with time. For example, many of the bedrock
wells were constructed using a method which involves grouting

0337-13-1110 2-5
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casing into a one- to two-foot "rock socket", prior to comple-
tion of the well to a deeper depth. These wells may not
completely seal off the upper weathered portion of the bedrock
and it is, therefore, possible for overburden water to move
around the- grout seal through fractured rock into the open
bedrock borehole. In other instances, the bentonite seals for
bedrock wells either straddle or are completed above the
overburden/bedrock contact, again resulting in a questionable
seal. Many of the more recently completed bedrock wells did
not wutilize bentonite seals but instead involve pressure
grouting of the annular space with a cement/bentonite slurry.
Although this method results in an effective seal, it is
conceivable that with time grout shrinkage or cracking could
allow infiltration of overburden water into the bedrock through
the well annulus.

Sampling, analytical and decontamination protocols vary between
references and on occasion have been judged by review agencies
(e.g. Sources 40 and 49) to be inadequate. Often, chemical
data reported in the references represents averaged values for
two or more sampling events rather than original data (see
Table D-2). QA/QC information in support of the chemical data
sets is seldom reported in the references. An independent
appraisal of the validity of the chemical analysis results was
not undertaken as part of this assessment.

Historical Perspective - The majority of the information available

- for the site only dates back to 1979. Conditions (i.e. ground water
Tevels and direction of flow) at the WTP property could have been signif-

icantly different during and subsequent to the period of active use of
the S-Area for disposal (i.e. 1947 through 1975).

>
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3.0 GEOLOGY AND HYDROGEQOLOGY

Information on the regional geology and hydrogeology of the Niagaré
Falls area presented in this report is summarized from S-Area Hydro-
geologic Evaluation, Geologic Testing Consultants, Ltd., August 24, 1982
(Source 37). The description of the geology and hydrogeo1ogy of the WTP
property 1is summarized from the reports titled Current Hydrogeological
Conditions, City of Niagara Falls Drinking Water Treatment Plant,
Leggette, Brashears & Graham, Inc., October 14, 1980 (Source 17) and
City of Niagara Falls Drinking Water Treatment Plant, Assessment of
Groundwater Table Contours and Geologic Conditions, Conestoga-Rovers &
Associates, June 1988 (Source 52). The interpretations contained in
these reports have been updated to include observations made during this
assessment.

3.1 REGIONAL GEOLOGY AND HYDROGEOLOGY

The regional geology of the Niagara Falls area is characterized by a
thin deposit of glacial material overlying Paleozoic sedimentary bedrock.
The glacial deposits consist of glaciolacustrine clay containing some
silt and fine sand layers, underlain by till with varying amounts of
sand, silt, clay and rock fragments. The till directly overlies the
bedrock throughout the Niagara Region. Alluvial silt, sand, and gravel
may be present locally as a thin veneer overlying the glacial deposits.

The thicknesses of the glacial deposits south of the Niagara Escarp-
ment (general area of the WTP) range from about 15 to 50 feet.

The bedrock in- the Niagara Falls area consists of dolomite, shale,
lTimestone and sandstone forming the Lockport Dolomite, Clinton and Albion
Groups, and the Queenston Formation.

In the Niagara Falls area, the water table is generally within the
overburden at a depth ranging from near surface to several feet below the
ground surface. The slope of the water table, which generally reflects
the topography, is relatively flat. The low permeability silty clay and
till 1imit regional ground water movement. Flow is expected to be

0337-13-1110 3-1
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primarily downward through these materials as.is reflected in observed
vertical gradients. This downward component of flow is expected to be
the primary source of recharge to the bedrock. Direct recharge of
surface water to the bedrock is evident in the vicinity of the Niagara
River. This phenomena is attributable to regulation of river levels and
the influence of the PASNY intake structures.

3.2 GEOLOGY OF THE WATER TREATMENT PLANT PROPERTY

The stratigraphic sequence which underlies the WTP varies from the
regional geology in that much of the property is "made ground", that is
land reclaimed from the Niagara River. Therefore, the stratigraphic
sequence from top to bottom includes a distinct fill layer, in addition
to the alluvium, glaciolacustrine clay, till, and bedrock which occurs
regionally. The depths and elevations of the major stratigraphic units
by borehole/well are presented in Table D-3, Appendix D. Geologic data
presented .in this table were compiled from the original boring logs,
wherever possible.

fjll_ - The fill consists primarily of silt, sand and grave1 of
variable origin and is 1likely to include material excavated during
various phases of WTP construction. Other fill materials identified in
the borehole logs and collectively referred to as ‘"refuse", include
cloth, bottom ash, wire, filtercake, brick, cinders, ash, wood, precipi-
tates, concrete, masonry, white material, coal, glass, shot rock, rebar,
flyash, slag, rusted metal, cardboard, ceramic or metal fragments,
fibrous material, rubber and industrial wastes. Fill thickness varies
from 0 feet in the northern part of the site, to 42 feet at BH7-80 in the
southern part of the site near the Niagara River, due to the extended
shoreline and construction of the Robert Moses Parkway. Local pockets of
thicker fill may be related to infilling of depressions in the river
bottom or to eroded channels.

A contour map showing the top of native overburden material (pre-
fill land surface condition) as determined from borehole logs is included
as Plate 7. In reviewing the borehole logs, the natural ground surface

0337-13-1110 3-2
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was determined as the top of the alluvium, or where this unit is absent,
the top of the clay/till. A layer of organic debris (muck) was noted in
some of the older geotechnical borings (Circa 1943) completed in the
vicinity of the Reservoir but was disregarded during contouring. This
Tayer of debris likely originated as sediment from the outfalls of wash
water drains (Plate 3) which conveyed sludge and backwash waste water

. from Filtration Plant B to the general area.

Based on the visual chronology presented in Plates 2 and 3 it is
apparent that between 1915 and 1935, the shoreline along the western
portion of the WTP property (south of the old Pumping Station) was
expanded southward in advance of the eastern portion of the property
(south of the Reservoir) to create a delta-like featdre in the river.
Between 1935 and 1945, landfilling occurred along the eastern side of the
"delta" in a generally north-to-south direction. Review of construction
reports for the.Reservoir indicate that at least a portion of the fill
originated as excavated soil/fill from construction of the Reservoir.
The shoreline remained relatively static until about 1955 when it was
extended an additional 300 feet southward by the State of New York to
accommodate the Robert Moses Parkway.

The Niagara River level is maintained at a long-term average of
561.95 feet +1.5 feet AMSL (OCC Datum) in the Grassy Island pool slightly
downstream of S-Area (Source 37). Assuming that this level has histori-
cally been relatively constant, the prefill river shoreline Tlikely
coincided with the 562-foot elevation shown in Plate 7.

Allyvium - A discontinuous Tlayer of river-deposited sediment
(alluvium) consisting primarily of silty sand with varying amounts of
clay, gravel, and cobbles underlies the fill at the WTP. CRA/OCC
reported that the unit ranges in thickness from 0 to 14 feet, varying
irregularly due to construction activities at the WTP.

Clay - The glaciolacustrine clay layer, a silty clay with varying
amounts of fine sand and an occasional trace of gravel ranges in thick-
ness from 0 feet at the southern part of the site (where it may have been
eroded by the river) to as much as 27 feet in B-10, in the northeastern
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corner of the site. The clay, which is relatively uniform in thickness
in the northern portion of the WTP, decreases in thickness toward the
south where it thins to extinction below the Pump Station and Filtration
Plant A of the WTP.

The top of the clay surface was re-contoured using the borehole/well
data presented in Table D-3, Appendik D. The resulting clay surface as
shown in Plate 8 is irregular, showing local mounds and depressions which
may be related to erosion of the surface by the river. As indicated
above, most of the site south of Filtration Plant B (elevation contour of
562 feet in Plate 7) was likely below the water surface prior to about
1915 (Plate 2). '

The re-contoured clay surface shows two distinct linear depressions
or channel-like features, a north-south trending depression just west of
Filtration Plant A and an east-to-west trending depression between the
Reservoir and Filtration Plant A. These two features, which appear to
converge northwest of Filtration Plant A, may be pre-landfilling embay-
ments or surface runoff channels eroded in the clay. The linear depres-
sion west of Plant A is evident in the top of clay contour plén presented
in Source 55 (Figure 4). This depression slopes southward to the Niagara
River,

The east-to-west trending depression has not been previously iden-
tified (Sources 17, 52 and 55). This difference in interpretation may be
attributed to a number of factors: the data base used in this assessment
is more comprehensive than that used previously; the locations of several
boreholes/wells have been corrected based on information from original
sources; the review of the borehole logs resulted in some modifications
to the interpretation of stratigraphic horizons (in particular but not
exclusively, the 1943 borings); and, the elevations of some of the older
borings (specifically, from 1908, 1943 and 1949) have been adjusted to
account for the present-day ground surface and to a common datum (OCC
1986 datum). Other data which support the presence of this trough or
channel-1like feature include the observed presence of a depression in the
clay surface centered on wells CW11/11A; absence of clay at borehole B-2;
area of low relief shown in the prefill ground surche (Plate 7) and the
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Circa 1935 Site Plan (Plate 3) which shows a east-west trending embayment
in the shoreline.

Till - The lowermost overburden unit at the WTP property is a till

conéisting of sandy silt, with varying amounts of clay and fine gravel.

'The till thickness varies from 0 to 15.5 feet at BH10. The till surface,

as contoured by CRA/OCC, is relatively smooth, Slopes slightly to the
south, and contains small local mounds and depressions (Source 52).

Bedrock - The uppermost bedrock unit at the site is Lockport Dolomite.
A review of the boring logs for this vreport identifies the
depth to bedrock as ranging from 25.5 feet in BH-7-49, to 51.5 feet in
BH4-80. The top of the bedrock surface dips to a low of about 536 feet
AMSL in the east-central portion of the site {(Source 52).

3.3 HYDROGEOLOGY OF THE WATER TREATMENT PLANT PROPERTY

- There are three hydrostratigraphic unité at the WTP: the fill/
alluvium water-bearing zone, clay/till aquitard, and bedrock aquifer.

Shallow Water-Bearing Zone - The uppermost, water-bearing zone is

under unconfined or water table conditions. The permeability of the
fill/alluvium is reported to range from 1x10'2 cm/sec (in alluvium at

0W260) to 3.9x10'5 cm/sec (in fill at CW-9a). Ground water flow in the

shallow water-bearing zone is, for .the most part, southward toward
discharge in the Niagara River. A ground water mound centered on the
northwestern corner of the Filtered Water Reservoir (possibly caused by
Teakage from the Reservoir and/or nearby piping) and a ground water sink
to the west of Filtration Plant B (possibly caused by leakage to the
sewer known to exist in the area) appear to have a pronounced local
influence on ground water flow. The ground water mound is an artificial
condition and could, if the leakage is eliminated or if the water level
in the Reservoir is reduced, result in ; significant change in hydraulic
head distribution across the central portion of the site. Independent
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appraisal of water levels presented in the various source documents
essentially confirms the depiction of ground water flow presented in the
CRA/OCC 1988 reports (Sources 52 and 55).

Although it is not possible to assess historical patterns of ground
water movement on the WTP property, it is recognized that excavation
activities, as part of facility expansion, were supported by dewatering
(e.g., for the construction of Filtration Plant A). These dewatering
efforts, albeit of short duration, likely had a sighificant effect on
overburden ground water flow in the past. Similarly, it is expected that
excavations and utility trenches, particularly those footed or backfilled
with granular material, will have a continuing localized effect on ground
water and contaminant movement.

Aguitard‘- The clay and till, which underlie the shallow water-
bearing zone over most of the WTP property, is relatively impermeable and

- acts as an aquitard, retarding downward movement of ground water and any

contaminants. For example, a mobile non-aqueous phase liaquid (NAPL) in
the subsurface would 1ikely pond on the surface of the clay in depres-
sions and/or move across the surface in a downslope direction.

The permeability of the clay/till aquitard is reported to be less
than 1x10'7 cm/sec. Water level measurements by CRA/OCC and others
indicate the presence of a strong downward gradient across the aquitard.
Using calculations by CRA/0CC for wells CW-9, CW-9a, CW-10, and CW-10a
(wells screened across one hydrogeologic unit only), this gradient ranges
from 0.099 ft/ft (in CW-10 and CW-10a) to 0.347 ft/ft (in CW-9 and
CW-9a).

Bedrock - Ground water flow in the underlying bedrock aquifer (the
upper 10 to 15 feet of the Lockport Dolomite) is primarily through
fractures and bedding plane openings in the upper Lockport. Flow in the
bedrock is in a northwesterly direction at the WTP, away from the Niagara
River. The direction of flow appears to be strongly influenced by the
PASNY intake structure.
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4.0 CHEMICAL PRESENCE AND MIGRATION IN OVERBURDEN
4.1 AREAL EXTENT OF CONTAMINATION

" Organic contaminants (NAPL and APL) have migrated beyond the S-Area
Landfill boundary through the overburden onto the WTP property. CRA/0CC
contends that, with the exception of the area immediate1y adiacent to
S-Area, contaminants detected on the WTP property originated with the
fill used to reclaim land from the Niagara River. This conclusion was
based on CRA/OCC observation that "chemical concentrations at the WTP are
inconsistent with expected migratory patterns from the S-Area"
(Source 55). The areal extent of NAPL, and S-Area chemical parameters in
the soil and overburden ground water (APL) is shown in Plate 9. This
Plate was prepared using historical data presented in references Sources
20, 43, 55 and 61. ‘

CRA/OCC identified NAPL and oily/iridescent sheens at a number of
Tocations in or adjacent to the WTP property (Table 25A in Source 61),
however, NAPL was noted at only two Tocations (CWl and CW2A) on WTP
property in Source 55. In order to assess the completeness of the
CRA/OCC interpretation of NAPL distribution, the geologic logs for all
boreholes/wells were reviewed to identify the potential presence of NAPL
as determined by physical appearance (black oily substance, or oily or
iridescent sheen). The criteria used in this review for idenfifying NAPL
presence from the boring logs is the same as that used by CRA/0CC
(Source 55); olfactory evidence was discounted, due to the possible use
of respirators during previous investigations. However, it should be
noted that chemical or petroleum odors were encountered in a number of
additional borings during drilling, including: O0W289, CW4a, CW5, CWé6a,
and CWl3a.

The review of borehole logs resulted in the identification of one
additional well (OW282) which may have a NAPL-like substances. An "oily
sheen" was noted in the boring log for this well at elevation 563.1. In
addition, Figure 33 in Source 55, which depicts the extent of overburden
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NAPL migration at the WTP, does not include NAPL presence noted in
Source 61 (Table 25A) at BH 106, BH 130, BH 223, O0W236, OW264, OW282 and
0W294.

The soil and ground water chemical concentration data for the WTP
property is presented on Plate 9. The concentration data presented in
Plate 9 is expressed as the summation of S-Area specific parameter
concentrations. Historical ground water chemical data compiled in Source
20 are included along with data from Source 55 in Table 4-1. The his-
torical data represent the average concentrations of the nine S$-Area
parameters, where available. In several instances, the historical data
did not include results for the full suite of S-Area parameters. Conse-
quently, the average may only represent one or two concentration values.

It is apparent from the distribution of the soil ana ground water
chemical concentration data that the majority of the elevated values are
clustered in the following areas:

- in the central portion of the site, bounded by the S-Area to
the west, Filtration Plant B to the north, and Filtration
Plant A to the south (eastern boundary undefined); and

- a narrow strip immediately to the west and south of Filtration
Plant A.

Additional chemical data are available in WTP files for water
samples collected during plant facility construction in the Reservoir-
Plant A area. For example, seepage samples (ground water) were collected
during excavation for a waste line connection between Plant A and the
sludge facility and for a raw water control valve for Filtration Plant B,
just south of the Reservoir, in July 1979 and May 1980, respectively, in
response to observed chemical odor. Analysis of the sample from the
waste line excavation by GC/MS indicated the presence of chlorobenzene
(3.1 ppb), 1,2-dichlorobenzene (64 ppb), 1,3-dichlorobenzene (2.4 ppb),
1,4-dichlorobenzene (140 ppb), trichlorobenzenes (320 ppb), C46 (2.3 ppb),
C56 (<0.05 ppb), and tetrachlorobenzenes (47 ppb). Analysis of the
control valve sample by electron capture gas chromatographyv indicated the
presence of 1,2,3,4-Tetfachlorobenzene (390 ppb), 1,2,4,5-Tetrachloro-
benzene (280 ppb), 1,2,3-Trichlorobenzene (1,350 ppb), and 1,2,4-Tri-
chlorobenzene (6,950 ppb).
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Z
GROUND WATER ANALYTICAL RESULTS FOR WATER TREATMENT PLANT WELLS
SPECIFIC PARAMETERS (ug/L) CW-1A%x ° CW-2A** CW-3A CW-4A CW-5*%% - CW-6A CW-7A CW-9A CW-10A CW-11A CW-13A
Monochlorobenzoic Acids
(long-term avg.¥) 410 2020 0
. (CRA/OCC 1988 max. value) 0 0 0 o - 0 0o - 0
Monochlorobenzene i .
(Tong-term avg.*) 2115 998 0 0 10 348 1 634 6.5 21.3 0
(CRA/0OCC 1988 max. value) 0 641 0 1220 35 0 0
Trichlorobenzenes '
(long-term avg.*) 126 1,830 7 2.1 19 797 2 63.8 2.5 1.5 4,43
(CRA/OCC 1988 max. value) - 0 0 0 49 . 0 0 : 0
. »
Tetrachlorobenzenes '
(Tong-term avg.*) 5 818 10 1 27 24,2 3 28.3 8.25 4,25 " 1.35
(CRA/0OCC 1988 max. value) : 0 0 0 18 0 0 0
Hexachlorobenzene '
(Tong-term avg.*) 0 8710 5 17 1.3 1.3 0 0 0 0 3.25
(CRA/OCC 1988 max. value) 0 : 0 0 0 0 0 0
Hexachlorobutadiene i
(long-term avg.*) 0 856 0 0 2.9 4 2 1.75 3.2 0 0.045
(CRA/0CC 1988 max. value) 0 0 0 0 0 0 0
Octachlorocyclopentene
(Tong-term avg.*) . 0 600 0 - 0 0
(CRA/0OCC 1988 max. value) ' 0 0 0 0 0 0 0
Hexachlorocyclohexanes . i
(long-term avg.*) 102.2 42 2 25 16.8 4 1 177 44,7 20.2 7.35
(CRA/OCC 1988 max. value) 0 . 0 0 67 0 0 0
PerchloropentacycTodecane .
(1ong-term avg.*) 0 10 0 1 0 0 0 0 0.1
(CRA/0OCC 1988 max. value) 0 0 0 0 0 0 0

* Long-term averages of parameter concentration values are compiled from Source 20.
** Wells CW-1A, CW-2A, and CW-5 indicate results for split samples.
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Chemical concentration data for soil/fill and ground water samples
collected from monitoring wells installed in late 1982 in the eastern
portion of the WTP property are presented in Source 47. Only three of
the nine S-Area specific parameters were analyzed (hexachlorobenzene,
hexachlorobutadiene, 1,2,4-trichlorobenzene). The reported results for
these three paraheters were generally below detection Timits. The wells
were resampled by CRA and Arthur D. Little, Inc. (Source 48), and
analyzed for S-Area Specific Parameters in July 1983. None of the speci-
fic parameters were detected in the ground water. The chemical analysis
results for both sampling programs indicate that these compounds are not
distributed widely in the soil/fill and ground water over the WTP
property. A more comprehensivé soil/fill and ground water sampling
program would be required to substantiate this interpretation.

4.2 CHEMICAL MIGRATION THROUGH OVERBURDEN

Potential mechanisms by which contaminants from the S-Area Landfill
could migrate eastward through the overburden onto WTP property include:

-~ flow of NAPL over the surface of the clay/till aquitard; and
- solute transport of contaminants with ground water.

As discussed in Section 3.2 and illustrated in Plate 8, two linear
depressions have been identified in the clay surface immediately south-
east of the Water Department Office Building, one trending east-to-west
and the other north to south. Elevated concentrations of S-Area specific
parameters from soil and ground water samples collected from boreholes/
wells completed in the vicinity of the linear depressions are consistent
with concentration patterns that would be expected if NAPL flow were to
have been channeled along these linear features in a downslope direction
(Plate 9). The presence of the network of deep interconnected founda-
tions and utility trenches in the same general area would tend to further
promote the dispersion of S-Area contaminants along the flow path and
would explain the presence of elevated concentrations of some of the
S-Area specific parameters north and east of the Filtered Water
Reservoir.
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NAPL has been observed in boreholes completed along the western edge
of the WTP property (Plate 9) in the general vicinity of the Water
Department Office Building: BH130 at an elevation of 564.6 ft and
562.1 ft; BH-102 (564.8 and 559.8 ft); and BH-103 (567.1, 564.1 and 557.1
ft). The top of the clay layer in this area which is at an elevation of
about 556 ft, slopes to the south and southeast (Plate 8). The excava-
tion for the Water Department Office Building extends below the top of
the.clay to an elevation of about 553 ft (Plate 10). Considering the
elevation difference between the observed NAPL and the clay surface, the
potential exists for NAPL, unless it is immobile, to move eastward along
the top of the clay layer to the WTP property. Flow would then be
channeled along the foundation excavation and the existing linear depres-
sions in the clay surface.

It is unlikely that the overburden APL plume present along the
western boundary of the WTP property extends very far onto the property

. from S-Area. This conclusion is based on the existing distribution of

hydraulic head and the apparent ground water mound centered on the
northwestern corner of the Reservoir. Ground water contamination ob-
served in the vicinity of the Reservoir is more likely related to contact
with and dissolution of NAPL residue or organic contaminants sorbed on
soil particles present along the linear depressions.

4.3 CONSTRUCTION INFLUENCES ON CONTAMINANT MIGRATION

It is widely recognized that foundation and utilitv trench excava-
tions will act as preferential pathways for ground water and contaminant
movement, particularly where the backfill has higher permeability than
that of the excavated material. Foundation and trench excavations are
shown in plan in Plate 6. Excavations which cut into the clay layver that
underlie the site are highlighted in Plate 10, and shown in cross-section
in Plates 11 and 12. Considering the magnitude of excavation which has
taken place at the WTP, it is probable that these excavations have had a
significant influence on both the movement and distribution of contami-
nants on the property.
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Several key site strucfures extend below the top of the clay layer
as shown in Table 4-2. These structures include the 1955 Pumping
Station, the 4 million gallon Filtered Water Reservoir, the northwest
corner of the Plant A flocculation basins, and the Water Department
Offices/Garage. These structures are linked together by numerous utility
trenches which were also excavated below the top of the clay, as sum-
marized in Table 4-3. The pumping station is linked to thé Plant A
control chamber via two east-west trending high-service suction line
trenches. NAPL could migrate northward from Plant A along the utility
bedding of the filtered water line which connects the Reservoir (south-
west corner). '

Another potential pathway of migration is between the Water Depart-
ment Offices and the northwest corner of the Reservoir. These two
structures are connected via two east-west trending filtered water line
trenches that extend through the control chamber located immediately west
of the reservoir.

Although the significance of these potential pathways has not been
addressed to date, these structures were present during the active period
of disposal at the S-Area landfill and it is conceivable that NAPL could
have moved eastward through bedding materials to the reservoir and
Plant A.

It should also be noted that most of the major structures on the WTP
property are set on pilings which extend to the till/bedrock. NAPL and
contaminated ground water could be channeled along the pilings and,

‘considering the downward gradient at the WTP, move through the clay/till

confining unit to the bedrock aquifer.
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TABLE 4-2

FOUNDATION EXCAVATION EXTENDING BELOW TOP OF CLAY

' EAST-WEST NORTH-SOUTH
DEPTH BELOW EXCAVATION EXCAVATION
TOP OF CLAY LENGTH LENGTH
STRUCTURE (ft.) (ft.) (ft.)
Plant B 1.9 - 10.0 300 210
Fire Hall 3.0 - 12.0 50 110
Control Chamber 6.9 18 20
Water Department S.4 - 8.4 110 90.
Reservoir 0.0 - 8.9 190 190
Plant A 0.0 - 3.0 60 70
Pumping Station 0.0 - 9.4 50 140
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UTILITY TRENCH EXCAVATIONS BELOW TOP OF CLAY

TABLE 4-3

\

DEPTH BELOW TRENCH TRENCH
TOP OF CLAY LENCTH WIDTH

UTILITY LOCATION (ft.) (ft.) (ft.)
12-Inch Sewer West Property Line 0.0 - 3.0 450 -3.0
Electrical Conduit Near Fire Hall 0.0 - 1.9 330 1.5
36-Inch Water Main Near Firehall 0.0 - 0.2 270 5.0
6=Inch Sewer Near Firehall 0.0 - 1.3 310 2.0
42-inch Water Mains North Property Line 3.2 420 5.5
24-1nch Sewer Near Blant B 3.6 290 4.0
2-Inch Drain Near Plant B 2.0 30 1.5
12-1nch Sewer Near Plant B 0.0 - 1.1 40 3.0
2-Inch Drain Near Plant B 0.2 10 1.5
20-inch Sewer Plant B 0.0 - 4.7 210 3.5
8-linch Sewer Near Water Dept. 0.3 70 2.0
6=-inch Sewer Near Water Dept. 0.0 - 0.3 40 2.0
48-1Inch Filtered .
Water Line Water Dept. 5.0 - 6.1 180 6.0
48~-Inch Filtered
Water Line Reservoir 6.1 - 8.0 40 6.0
48«Inch Filtered
Water. Line Reservoir 4,1 - 6.0 40 6.0
36-Inch Filtered
Water Line Water Dept. 5.1 - 6.1 180 5.0
36-Inch Filtered i
Water Lines Control Chamber 0.0 - 2.5 95 5.0
S4-1Inch Intake Water Dept. 0.0 - 7.4 210 7.5
48-Inch Filtered
Water Line Plant A 1.0 - 3.0 210 6.0
24-1nch Sewer Plant B 0.0 - 2.0 200 4.0
48-Inch High :
Service Suction Pumping Station 1.5 - 3.5 140 6.0
48-1nch High .
Service Suction Pumping Station 1.5 - 3.5 140 6.0
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5.0 CONCLUSIONS AND RECOMMENDATIONS

This assessment addresses CRA/OCC's contention that contaminants
detected on the WTP property are not attributed to previous S-Area

Landfill disposal activities, but instead were present in the fill used

in reclaiming land from the Niagara River. Conclusions and recommenda-

tions which arise from this assessment are presented below:

1)

CRA/OCC concluded (Source 55) that concentration patterns of
S-Area Survey Parameters in the soil and ground water at the
WTP are inconsistent with chemical migration from the S-Area in
the overburden. Under circumstances where the overburden
geology is relatively uniform and the major water-bearing unit
is homogeneous, this conclusion would be valid. This, however,
is not the case; the fill/alluvium which 1is the principal
water-bearing zone in the overburden is highly variable in both
texture and thickness. In addition, the surface of the under-
lying clay/till shows considerable relief. Ground water flow
and any movement of soluble contaminants would be preferen-
tially through more permeable horizons/pockets within the
fill/alluvium. Dense NAPL movement would be in a downslope
direction along the top of the clay aquitard.

This assessment of potential contaminant migration pathways has
led to the identification of linear depressions and foundation
and trench excavations in the clay aquitard surface which have
likely had, and may still be having, significant influence on
contaminant movement. These depressions would act to channel
NAPL movement in a downslope direction away from the S-Area.
Ground water in contact with NAPL residue and contaminants
sorbed on soil would subsequently dissolve various contaminant
constituents creating an APL halo. The concentration pattern
of S-Area Survey Parameters at the WTP is consistent with this
scenario of contaminant movement. The fact that CRA/OCC have
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not detected a pattern of decreasing concentrations of S-Area
parameters with distance away from the S-Area source can be
readily explained by spatial gaps in sampling locations.

It is recommended that the extent of the linear depressions in
the clay surface be further investigated through the use of a
combination of geophysical (seismic) techniques, test borings,
and sampling and analysis of soil and ground water media. If
seismic methods are employed, seismic lines should be run
perpendicular to the orientation of the linear depressions.
Considering the distribution of subsurface utilities, this is
likely only feasible southeast of the Reservoir (east of
Plant A) and south of Emergency Generator Building/Plant A.
The presence of a debression would need to be verified by
drilling. Alternatively, test borings could be completed
perpendicular to the orientations of the depressions. This
method, although more expensive, would likely result in data
which is more conclusive. It would be necessary'to space the
borings relatively close togefher (i.e. 25 to 50 feet) across:
the expected width of the feature. Additional borings may be
required to ensure that the linear feature is defined.

Fi11 samples should be selected for evaluation of mobile NAPL
and analysis S-Area Specific Parameters based on observation of
NAPL indicators.

Foundation and utility trench excavations will act as preferen-
tial pathways for ground water and .contaminant movement,
particularly where backfill materials are more permeable than
the original excavated materials. The construction records
clearly show that several site structures and pipelines extend
below the original clay surface creating channel-Tike de-
pressions/troughs in the clay. Specifically, the central
Filtered Water Reservoir and the 1955 Pumping Station are
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linked by three filtered water pipelines which extend below the
clay surface. The Filtered Water Reservoir itself and pipe-
lines connecting to the 1915 Pumping Station also extend into
the clay, providing another potential west-to-east pathway for
contaminant movement.

Utility bedding and foundation investigations should be con-
ducted along the above-cited WTP structures to assess the
presence of NAPL. There investigations should involve either
test borings or shallow excavations with select sampling of
fill based on NAPL identification criteria and subsequent
submission of samples for analysis of S-Area specific
parameters.

CRA/0CC further conclude (Source 55) that "from a hydrogeologic
perspective of the overburden ground water, the WTP is not
downgradient of the S-Area and, therefore, would not be

.- expected to receive chemicals [presumably -APL] which have

migrated from the S-Area in the ground water." With the
exception of that portion of the WTP property immediately
adjacent to S-Area, the present distribution of hydraulic heads
as measured in shallow wells on the WTP property supports this
statement. Historical information on ground water levels is,
however, lacking and it is not possible to determine whether
the present distribution of hydraulic head varies from that
between 1947 and 1975 when the S-Area Landfill was in active
use. For example, resident engineer's vreports during WTP
construction indicate that excavations were actively dewatered.
These excavations would act as ground water sinks. The
presence of a ground water mound at the northwest corner of the
Filtered Watér Reservoir is an artificial situation and could,
if leakage is eliminated or the water level in the Reservoir
reduced, result in a significant change in hydraulic head
distribution across the central portion of the site. It should
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also be noted that any NAPL residue or organic chemicals in the
soil on the WTP property will continue to act as a source of
contamination.

The solubility, transport properties and attenuation charac-
teristics of S-Area Survey Parameters have not been addressed
in this assessment.

Information on the characteristics and source of fill materials
is limited. As noted in Conclusion No. 1 above, the concentra-
tion pattern of S-Area Survey Parameters at the WTP is consis-
tent with contaminant movement along linear depressions in. the
clay surface. Contamination associated with the fill would
likely show a pattern more reflective of the progression of
landfilling on the WTP property. S-Area parameters have not
been identified in the eastern portion of the site, except in
the immediate vicinity of the Reservoir. CRA/0CC proposes to
collect samples'of fill above the saturated zone from various .
locations on the WTP property and analyze these samples for
S-Area Survey Parameters in order to better characterize the
fill. Future sampling at the site should, however, be cog-
nizant of the fact that past construction excavation and
dewatering activities on the WTP property may have distributed
contaminants in a random fashion over local parts of the WTP
property. '
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SOURCES UTILIZED IN S-AREA HYDROGEOLOGIC EVALﬂATION

SOURCE TITLE AUTHOR
1 | City of Niagara Falls Water Treatment City of Niagara Falls
Plant, The Investigatory Team, July 17,
1979
2 Niagara Falls, New York Water Treatment City of Niagara Falls

Plant Investigatory Team, Progress Report
No. 1, Time Period: August 9, 1979 -
September 21, 1979

3 Niagara Falls, New York, Water Treatment City of Niagara Falls
Plant Investigatory Team, Progress Report
No. 2, Time Period: September 24, 1979 -
November 7, 1979

4 Niagara Falls, New York Water Treatment City of Niagara Falls
Plant Investigatory Team, Progress Report
No. 3, December 11, 1979

5 Niagara Falls, New York, Water Treatment City of Niagara Falls
Plant Investigatory Team, Progress Report
No. 4, January 29, 1980

6 Niagara Falls, New York,Water Treatment City of Niagara Falls
Plant Investigatory Team, Progress Report
No. 5, March 13, 1980

7 City of Niagara Falls, New York, Water City of Niagara Falls
Treatment Plant Investigatory Teanm,
Summary Report, May 7, 1980

8 Progress Report, Shallow Ground-Water Leggette, Brashears &
Quality Investigation, Hooker Chemicals Graham, Inc.
and Plastics Corporation, Niagara Falls,
New York Plant, April 1979

9 Progress Report 2, Shallow Ground-Water Leggette, Brashears &
Quality Investigation, Hooker Chemicals Graham, Inc.
and Plastics Corporation, Niagara Falls,
New York Plant, May 1979

10 Progress Report 3, Shallow Ground-Water Leggette, Brashears &
Quality Investigation, Hooker Chemicals Graham, Inc.
and Plastics Corporation, Niagara Falls,
New York Plant, June 1979

0337-13-1 -1-



SOURCE
11

12

13

14

15

16

17

18

19

20

0337-13-1

SOURCES UTILIZED IN S-AREA HYDROGEOLOGIC EVALUATION

(continued)
TITLE

Progress Report 4, Shallow Ground-Water
Quality Investigation, Hooker Chemicals
and Plastics Corporation, Niagara Falls,
New York Plant, July 1979

Progress Report 5, Shallow Ground-Water
Quality Investigation, Hooker Chemicals
and Plastics Corporation, Niagara Falls,
New York Plant, September 1979

Progress Report 7, Shallow Ground-Water
Quality Investigation Permeability
Testing and Results, Hooker Chemicals and
Plastics Corporation, Niagara Falls, New
York Plant, March 1980

Progress Report 8, Shallow Ground-Water
Quality Investigation, Regional
Hydrogeologic Investigation of . the
Lockport Dolomite, Hooker Chemicals and
Plastics Corporation, Niagara Falls, New
York Plant, March 1980 .

Progress Report 9, Shallow Ground-Water
Quality . Investigation, Results of
Supplementary Test Drilling in the S-
Area, Hooker Chemicals and Plastics
Corporation, Niagara Falls, New York
Plant, February 1980

Current Hydrogeological Conditions, S-
Area Landfill, October 8, 1980

éurrent Hydrogeological Conditions, City
of Niagara Falls Drinking Water Treatment
Plant, October 14, 1980

Loadings from the S-Area Landfill Under
Current Conditions, October 14, 1980

Historical Review and Plant Operations,
City of Niagara Falls Drinking Water
Treatment Plant, October 14, 1980

Chemical Concentration Data, Water
Treatment Plant - Groundwater, November
1980

AUTHOR

Leggette, Brashears
Graham, Inc.

' Leggette, Brashears

Graham, Inc.

Leggette, Brashears
Graham, Inc.

Leggette, Brashears
Graham, Inc.

Leggette, Brashears
Graham, Inc.

Leggette, Brashears
Graham, Inc.

Leggette,  Brashears
Graham, Inc.

Arthur D. Little, Inc.

Conestoga-Rovers
Associates, Ltd.

Arthur D. Little, Inc.



SOURCE
21

22

23

24
25

26

27
28

29

30

31

32

0337-13-1

 SOURCES UTILIZED IN S-AREA HYDROGEOLOGIC EVALUATION

(continued)
TITLE

Average Hydraulic Gradients Used to
Calculate Ground-Water Flow Through
Clay/Till Barrier at S-Area and City
Drinking Water Treatment Plant, January
26, 1981

Conversion of Aquifer Parameter Values,
January 26, 1981

Supplementary Geologic Cross Sections in
the Vicinity of the S-Area and the City
Drinking Water Treatment Plant, January
26, 1981

S-Area Soil Samples Summary of Laboratory
Test Results, January 27, 1981

Loadings from the S-Area Landfill Under
Current Conditions, January 28, 1981

Protocol for Examination and Description
of Split-Spoon Samples used by Leggette,
Brashears & Graham, Inc. Hydrogeologists,
February 17, 1981

Surficial Geology of the Niagara Falls
Area, New York, March 3, 1981

Computer Model of the S-Area Groundwater
Regime, April 1981

Niagara Plant/Water Treatment Plant
Survey Wells Monitoring Parameter Data,
April 1981

Water Elevation Profile, Drinking Water
Treatment Plant, City of Niagara Falls,
June 1981

S-Area Groundwater Model Supplemental
Report, August 1981

Monitoring Well Installation Details,
Monitoring Well Water Elevations, Hooker
Buffalo Avenue Plant and Drinking Water
Treatment Plant, November 20, 1981

-3 -

AUTHOR

Leggette, Brashears &
Graham, Inc.

Leggette, Brashears &
Graham, Inc.

Leggette, Brashears &
Graham, Inc.

Woodward-Clyde
Consultants

Arthur D. Little, Inc.

Leggette, Brashears &
Graham, Inc.

Leggette, Brashears &
Graham, Inc. . -

Woodward-Clyde
Consultants

Arthur D. Little, Inc.

Conestoga-Rovers &
Associates, Ltd.

Woodward-Clyde
Consultants

Conestoga-Rovérs &
Associates, Ltd.



SOURCE
33

34
35
36

37
38

39

40
41

42

43

44

0337-13-1

SOURCES UTILIZED IN S-AREA HYbROGEOLOGIC EVALUATION

(continued)
TITLE

Groundwater Elevations, "S" Area and
Niagara Falls Water Treatment Plant,
January 6, 1982

1977 Borehole Logs, Sludge Thickener,
City of Niagara Falls Water Treatment
Plant, BH-B-1 through BH-B-7, June 1982

Drinking Water Treatment Plant Top of
Clay/Till Contours, Overburden
Groundwater Contours, July 1982

Hydrogeologic Conditions East of S-Area
at the Drinking Water Treatment Plant and
PASNY Property, August 11, 1982

S-Area Hydrogeologic Evaluation, August
24, 1982

Water Elevations, S-Area and Drinking
Water Treatment Plant, February 16, 1983

Investigation for Ground Water
Contamination for City of Niagara Falls,
Niagara Falls, New York, at the City Fire
Hall, April 27, 1983

Groundwater Monitoring at City of Niagara
Falls Water Treatment Plant, May 12, 1983

Background Chemical Concentration Levels,
May 1983

Groundwater Chemical Loading from the
Drinking Water Treatment Plant to the
Niagara River, June '1983

Sources of Organic Chemicals on the Water
Treatment Plant Property, June 1983

S-Area Hazardous Waste Landfill and City
of Niagara Falls Water Treatment Plant,
Niagara Falls, New York, Two-dimensional
Groundwater Flow Simulation, June 1983

AUTHOR

?

Empire Soils
Investigations, Inc.

Conestoga-Rovers &
Associates, Ltd.

Conestoga-Rovers &
Associates, Ltd.

Geologic Testing
Consultants, Ltd.

Conestoga-Rovers &
Associates, Ltd.

Clayton Environmental
Consultants, Inc.

USEPA

Arthur D. Little, Inc.

Arthur D. Little, Inc.

and Conestoga-Rovers & -
Associates, Ltd.

Arthur D. Little, Inc.

Gannett Flemming
Engineers and Planners



SOURCE
45

46

47

48

49

50

51

52

53

54

S5
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SOURCES UTILIZED IN S-AREA HYDROGEOLOGIC EVALUATION

(continued)
TITLE

Recommended Chemical Indicators for
Monitoring City of Niagara Falls Water
Treatment Plant Influent for City of
Niagara Falls, New York, July 8, 1983

Zone 2 Groundwater Quality Assessment for
City of Niagara Falls, NEw York, July 8,
1983

Ground-Water Investigation for City of
Niagara Falls, Niagara Falls, New York,
at The City Water Treatment Plant and
Surrounding Area, June 17, 1983

Drinking Water Treatment Plant Chemical
Analysis - Eastern Area, August 1983

S-Area Landfill and City of Niagara
Falls, New York, Review of Reports on
Groundwater Chemical Analyses of Eastern
Area, April 1986

Industrial Waste Contamination of A Water
Treatment Plant Site: A Case Study

Composition of S-Area Non-Aqueous Phase
Liquids

City of Niagara Falls Drinking Water

Treatment Plant, assessment of
Groundwater Table Contours and Geologic
Conditions, June 1988

City of Niagara Falls Drinking Water
Treatment Plant, Pump Station,
Hydrogeologic and
Conditions, Collection System Design
Considerations, June 1988

Assessment of NAPL Migration 'via
Underground Utility Bedding, June 1988

City of Niagara Falls Drinking Water
Treatment Plant, Assessment of Chemical
Migration in the Overburden from the S-
Area Landfill Site, June 1988

-5 -

Environmental -

AUTHOR

Clayton Environmental
Consultants, Inc.

Clayton Environmental
Consultants, Inc.

Clayton Environmental

Consultants, Inc.

Arthur D. Little, Inc.

Gannett Fleming Water

Resources Engineers,
Inc.
John R. Westendorf,

City of Niagara Falls,
New York, et al.

Arthur D. Little, Inc.

Conestoga-Rovers &
Associates, Ltd.

Conestoga-Rovers &
Associates, Ltd.

Conestoga-Rovers &
Associates, Ltd.

Conestoga-Rovers &
Associates, Ltd.



SOURCE
56

57

58

59

60

61

62

63

64

65

66
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SOURCES UTILIZED IN S-AREA HYDROGEOLOGIC EVALUATION

(continued)
TITLE

Assessment of the Extent of APL/NAPL
Migration from the S-Area in the Lockport
Bedrock, June 1988

City of Niagara Falls Drinking Water
Treatment Plant, assessment of Overburden
Chemical Migration to the Water Treatment
Plant, June 1988 '

Assessment of APL/NAPL Migration from S-
Area in the Overburden Toward the Niagara
River, July 1988

Chemical Monitoring Program, Results of
Analyses and Selection of Indicator
Compounds, July 18, 1988 ‘ '

Assessment of the Geological and
Hydrogeological Characteristics of the
Overburden Below the S-Area and Northern
Area, August 1988 ~

Information Summary Report Vol I and II,
Appendices 1 to 6, June 1988

Letter from John Nichter, Occidental
Chemical Corporation, to Rocco Grassi,
USEPA, dated December 16, 1988

Analysis of Sixteen Soil Samples from
Parcel 14, April 22, 1981

Test Borings, Proposed Hysen Warehouse,
Buffalo Avenue, Niagara Falls, NY, April
13, 1981

Analysis of Three Soil Samples, June 26,
1981

Phase IT Investigation Report, Buffalo
Avenue Site, Inactive Hazardous Waste
Site Registry No. 932080B, NYPA, December
1988 ‘

AUTHOR

Conestoga-Rovers &
Associates, Ltd.

Conestoga-Rovers &
Associates, Ltd.

Conestoga-Rovers &
Associates, Ltd.

Occidental 'Chemic$1

Corporation

Conestoga-Rovers &
Associates, Ltd.

Conestoga-Rovers' &
Associates, Ltd.

Occidental Chemical

Corporation

Advanced Environmental
Systems, Inc.

Pittsburgh
Laboratory

Testing

- Advanced Environmental

Systems, Inc.

Dames and Moore
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APENDIX B
B-1 CONSTRUCTION HISTORY REFERENCE LIST
B-2 SITE STRUCTURE CONSTRUCTION DETAILS
B-3 SITE PIPELINE CONSTRUCTION DETAILS
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TABLE B-1
CONSTRUCTION HISTORY REFERENCE LIST

Greeley and Hansen; Plans for Alterations to Existing Plant; 1953

Norwood Engineering Col; Ceneral Plans - Filter P]ant for the City of Niagara
Greeley and Hansen; Record Drawings for Construct1on of Water Treatment Plant;

City of Niagara Falls; Plans: Plans for Building for Electrical Equipment at
the Pumping Station; 1935 .

City of Niagara Falls Bureal of Engineering; Plans for the Buffalo Avenue Fire

City of Niagara Falls Bureau of Engineering; Record Drawings for the Extension
of Filter Plant No. 13 1934
Greeley and Hansen; Plans for New Pumping Station; 1950

Malcolm Pirnie, Inc.; Plans for Filtered Water Reservoir, Control Chamber, and
Meter and Control Pit; 1943

Greeley and Hansen; Plans for the Construction of the New Water Treatment
Camp, Dresser & McKee} Record Drawings for Water Treatment Plant Sludge
Camp, Dresser & McKee; Plans for the Construction of Emergency Generator
City of N1agara Falls Bureau of Water; No. 1 System F11ter Plant Plot Plan;
Creeley and Hansen; Record Drawings for 56th Street and Pine Avenue

Reinforcing Water Main; 1956

City of Niagara Falls Bureau of Engineering; Record Drawings for Heating Plant

- and Forebay Buildingj; 1935

City of Niagara Falls Contract No. 280; Secondary Water Main Layout of Pipes

City of Niagara Fa11s Bureau of Engineerings; Intake Tunnel for Filter Plant

REFERENCE
NO. REFERENCE NAME
A
B
Fallsy 1909
c
1950
D
E
Hall; 1932
F.
G
H
I
Plant; 1950
J
Disposal Facility; 1978
K
Building; 1978
L
1945
M
N
0
. and Valves; 1956
=}
No.1; 1934
Q

0337-13-1110

Creeley and Hansen; Plans for Intake Structure and Tunnel; 1950
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CNF WATER TREATMENT PLANT

NOTES:

18-Apr-89

STRUCTURE CONSTRUCTION DETAILS

'CONSTRUCTED  AREA (1) EXCAVATION (2) REFERENCE
2 20,000  557.0 (557.6) A,SH-9; B
o2 9,300  551.0 (551.6) A,SH-6; C
o195 700  566.0 (566.6) 0
e 5,000  552.0 (552.6) £
T 22,900 560.5 (561.1)  F,sH-2
ol 2,500  559.5 (560.1) O,SH-487
s 00 501.0 (501.6)  6,SH-3
Coles 9,000  501.0 (501.6) G&P,SH-3
o1eas 3,100  553.5 (554.1) W
e 500 552.0 (552.6) W
ol 9,900  562.6 (563.2)  A,SH-4
1es4 90,000  553.0 (553.6)  I,SH-13
o1ess 9,200  543.8 (544.6) G,SH-4all
1958 800  567.0 (567.6) 6,SH-37
o1 1,600  563.3 (563.9)  I,SH-8
s 2,300  559.5 (560.1)  I,SH-34
Ciese 21,000  501.0 (501.6) Q¢
w7 2,900  543.4 (544.0)  J,SH-S3
C1e1s 2,500  560.4 (561.0)  J,SH-S3
w7 3,300  570.2 (570.8) K

1. REFERS TO MAXIMUM AREA IN SQUARE FEET
2. REFERS TO DEEPEST POINT OF EXCAVATION;
CITY OF NIAGARA FALLS DATUM (OCCIDENTAL CHEMICAL CORP. DATUM)
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CITY OF NIAGARA FALLS WATER TREATHENT PLANT SITE PIPELINE CONSTRUCTION DETAILS _ {8-Apr -89
e st I T
{DESIENATION POINT POINT ! WATERIAL (1) ELEVATION  ELEVATION  PERIOD ) REFERENCE ADDITIONAL CONNENTS ;
LB-INCH STEEL PIPELINE - NIAGARR RIVER O PURP STATION | SIEEL 55,0 (554.6) 556.0 (S50.6) 1912 N-5 C,5H-5; L DESIGNATED EMERGENCY INTAKE SINCE 1935 -
: ; ABANDONDED NORTH OF NEW PUNP STATION IN 1955 |
: e REACTIVATED FOR USE IN 1983 OUE 10 S-4RCA
-INCH SITARY SENER GINHDRAIN  12-INCH SANITARY SEVER © TILE  SE3.0 (G600 S60.3 (491 1912 NS EW CSHS; b L
2K SHITARY SENER UK SINITARY SEVER ROPERTY LINE ¢ THE 960.9 (G6LS) SELO GEE) 1z WS owsoL T ;
[PRIMARY ELECTRICAL SERVICE  OLD TRAVGFORNER GUIDING  PROPERTY LIE &~ 3615 (562,00 - a2 NS Ed Gk Di L COMDULT EXTENDED FRON WATER DEPT. 10 NEWLY... 1
; : CONSTUCTED TRANSFORMER BUIDING (OLD) IN 1925
{26-INCH FILTERED WATER OLD PUNP STATION CONIROL CHWBER  © CAST (RON  SS0.5 (55.0) $56.5 (55100 1912 N-5; E-H  C,SH-S; N,SH-1  ABANDONED BY 1955
{36-INCH FILTERED WATER CONTROL CHANBER PLANT B ©OOAST RN S64.0 (S64.6) S67.0 (S67.6) 1912 N5 C,SH-S; N,SH-1 T :'
{20-INCH WASHMATER SENER PLANT B CONAGMARIVER ¢ OASTIRON  SS0.3 (SS.9) S60.0 (5E0.6) 1912 K-S B N,SH-1  ABANDONED BY 1935
{PONER SUPPLY 0LD PUNP STATION PLANT B COFIBR 566 (S61.0) 566.9 (561.9) 1912 NS EW C,SH-5; N,SH-145 RELOCATED BY 1936
e e LD PUNP STATION PLANT B P 6.6 561,20 - 1912 KS; E-0  C,SH-S; N,SH-15 o
16-NCH SARITARY SEVER OLD PUNP STATION BROPERTY LIEE | TILE  S7 (563.D) S62.3 (563.9) 1912 ns €, 5H-5; L
{24~ INCH RATERNALN OLD PUNP STATION B-INCH WATERAIN | CAST IROK  566.3 (564.9) §66.3 (566.9) 1912 N-S C,H-5; L EXTENDED WESTHARD 70 36-INCH WATERWAIN
[9-INCH WATER MR 20-UCH WTERIAIN 6-INCH WATERMAIN ¢ CAST IRON_ S66.0 (S66.6) 5667 (567,91 1912 Vs ashe e T :'
{24-1KCH WATERMAIN. 24-INCH WATERNAIN B-INH WATERMIN ¢ CAST IRDN 566.3 (S60.9) 66,9 GG6.9) 1912 £-¥ e
13- INCH WATER MALN BoINCH VTERMAIN  PLANT B {OOSTIRON  S66.0 (S66.6) 5667 (S6LD) 1912 €W C,SH-445; A,SH-8
136+ INCH WATERMAIN 0LD PUNP STATION PRIPERTY LINE | CAST IRON  S63.8 (364.4) 566.8 (S67.4) 1912 NS C,SH-5;
{5 INCH SANITARY SENER BT 6-INCH SANITARY SENER ¢ me - - 912 BN OGRS i
Eas-mcu FILTERED WATER (D PUN STATION  CONROL CHANBER  § ST IRON  $59.8 (560,00 S62.8 (6300 1912 WS; BV C,SH-5; WS-l EASI-NEST SECTION ABANDDNED BY 1955
3smcunu£a£numsa CONTROL CHANBER PLANT B ST IRON S6LS (S0 S6.5 (SES. 1912 NS C,5H-5; N,SH-1
l::l-INCH DRAIN CONDUIT MNHOLE  G-INCH SANITARY SEMER | TILE  560.9 (S61.9) S60.2 (56180 1912 e oS, Rm T
{4-1NCH RAIN WTERMIN MNOLE  6-INCH SANITARY SENER | TILE  560.9 (S6L.9) S61.2 (S6L®) 1912 e osgrs T :'
DN RN VATERMAIN WAMAOLE  12-INCH SANLTARY SEMER §  TILE 509 (S61.5) 561.2 (S61.8) 1912 €4 C,SH4; F,SH1
{4~ INCH WATERMAIN 8- INCH WATERNAIN PLANT B me - - 1912 N§; E-6 C,5H-5; N,SH-1
F16-INCH UATERRAIN 36-INCH WATERMAIN PROPERIY LINE  § CAST IRON  SE0.0 (364.4) 6.6 (56741 1923 E-W C,5H-5; L; D I
124-INCH VATERWAIN 0l e sTaTION 36-INCH WATERMAIN | CAST IRON  564.3 (564.9) 566.3 (S66.9) 1923 eV ose NGO T ;

BASED ON WATER TREATMENT PLANT SITE PLAN - CIRCA 1985



CITY OF NIAGARA FALLS WATER TREATHENT PLANT SITE PIPELINE CONSTRUCTION DETAILS

18-Apr -89,
e st M mem)  ooM o osmenon memnon T ',
iDESIGNATION POINT POINT ! MATERIAL (1)  ELEVATION ELEVATION PERIOD &) REFERENCE ADDITIOKAL COMNENTS ;
SR ILD TRANSFORIER BUIDING  6-DICH SNITARY SEWER | TILE 560.6 (560,01 So01 6o 15 b T
{24-INCH SANITARY SEER FOREBAY/HEATING BUILDING PROPERIYLINE DOTIE S60.6 (S60.0) 52,4 (563.00 PRE-1936 N-§ C,SH-4; 0,5H-1
{36-INCH RAN WATER LINE 0L PUNP STATION  46-INCH RAM WATER LINE | CAST IRON  565.6 (S66.2) SG.6 (569.0)  19% N-S; E-4  CSH-S; 0,581  EAST-VEST SECTION ABANODNED Y 1955
154~ INCH STEEL PIFELINE SHORE SHAFT WATER DEPARTNENT ¢ STEEL  $50.6 (551.2) 355.1 (555.7) 1936 _ N-5 CSHG; O,5H-1  ABANODNED BY 1955
{35 INCH RAW WATER LINE LD PURP STATION  46-INCH RAV WATER LINE © CAST IRON  S65.6 (S66.2) 606 (S63.00 1906 WS; E4  CSH-; O,Sh-1  EAST-WEST SECTION ABANONED 81 1955 :
18- INCH SANITARY SEVER YARD DRAIN G-INCH SMITARY SEMER | TILE 5627 (S63.2) 563.4 (564.0) 1936 E-N C,5H-5; L
{6-INCH SANLTARY SENER - G-INCH SANITARY SENER  12-INCH SANITARY SEWER §  TILE  562.7 (S63.3) 562.2 (560.8) 19% . E¥ C,SH-5; L
2mcumm ------------ CONDUIT MANHOLE 8-INCH SANITARY SENER | CAST IRON  564.0 (564.6) 564, (565.) 193 E-N oss T
18- INCH SANLTARY SENER 2-INCH DRAIN 24-INCH SENER DOTHE 560 (5606 SE47 (565.3) 193 N-§ C,5H-5; N,SH-1 saOONED BY 1955
14-INCH DRAIN CONDUIT MANHOLE 12-INCH SENER D OOAST IRON 62,0 (S62.6) 562.3 (562.9) 193 E-N {,SH-4 T
:I;;!;Ei-l-l;AIERHMN . 8-INCH UATERNAIN PLANT B | OAST IRON  566.0 (566.6) S66.1 (566.7) 193 N-S; E-N C,SH-6; 0,54-1 T
BINCH SANITARY SEWER FIREHALL 24-INCH SEWER T;L-E 561.9 (362.5) 562.6 (563.2) 19% U G T
H4-INCH WATERMAIN PROPERTY LINE PLANT 8 D OAST IRV 569.0 (569.6) 569.3 (569.9) 1936 NS C,SH-6; F,SH-7
124-INCH WASWWATER SEVER - PLANT B NIAGARA RIVER Lokt n;nu 562.0 (5626) 564.0 (564.6) 1936 N-§ J,SH-1; F,SH-7  SECTIONS REPLACED-!;Y Rzlumkcglg-ét;r;&;zuz By 1955
:.2o-mm-i-nummnv INTAKE SHORE SHAFT VATER DEPARTHENT ¢ CASY-;RON 5;;.-;_2554.8) 565.8 (566.4) . K-S H Aam;t;m Wi
148-INCH HIGH SERVICE SUCTION VATER DEPARTHENT CONTROL CHAMBER REINF. CONC. 554.0 (556.6) 556.0 (350.6) 1945 E-W H ABANDONED BY 1955
4emcunumn WATER - RESERVOIR CONTROL CHAMBER -REINF. CONC. 554.0 (554.6) 558.0-;;;8.6) 1945 Eu H ABANDONED BY 1955
L49-INCH FILTERED WATER Cﬂl;;l;(-li-(-:HAHBER - _;Eszavm ! REINF. CONC. 556.0 (536.6)  560.0 (560.6) 1945 £-W H ABANDONED BY 1955
166-INCH RAH WATER LINE SHORE SHAFT PUPING STATION ! m-STEEL 546.5 (547.1) 5520 (552.6) 55 EN s,sns, — USE [N 1983 DUE 10 CONTAMINATION
SOINCHFLOUD RELIEFSEHER PUNPING STATION umsm RIVER :I-REINF. CONC. 560.9 (361.5) 565.9 (566.5) 1955 B N-5 a0 T :
481NCHSEHER ------------- PLANT A 60-NCH FLODD SEVER ¢ REINF, CONC. 5599 (560.5) 563.9 (564.5) 1955 £ g0
42|ucu LOW SERVICE DISCHARGE  PUMPING STATION PLANT A ! REIN CONC.  S68.8 (569.4) 2.3 5.9 1955 r;:s; ey o0
421NLHLUH SERVICE DISCHARGE  PUNPING STATION PLANT A {REIN. CONC. S60.8 (569.4) 572.3 (72,9 1955 N-S5; £ L0
4alucuu|su SERVICE sucm;r; ----- PLANT 4 PUNPING STATION ! REINF. CONC. 550.9 (351.1) 554.5 (555.1) 1955 EW oses0 T
::48-INCH HIGH SERVICE SUCTION PLANT PUNPING STATION | REINF. CONC. 550.5 (551.1) 554.-; (555.1) 1955 E-N Gso
L42- INCH NATERMAIN PURPING STATION 36-INCH WATERWAIN ¢ REINF. CONC. S68.8 (569.4) 572.3 (572.9) 1935 v E,-:;u-s; 0, I

BASED ON WATER TREATNENT PLANT SITE PLAN - CIRCA 1985



CITV O RIAGARA TALLS WATER TREATAENT PLANT SITE PIPELIND CONSTRUCTION DETAILS 8-Apr )
o swi W wwo oo oewoo woes T o o
{DESIGNAT ION POINT POINT ! MATERIAL (1) ELEVATION ELEVAT[ON PERIOD 3 REFERENCE ADDITIONAL COMMENTS :
P . PURPING STATION 3-DNCH WATERIADY £ RENF. COKC, 64,0 (566,61 $67.5 (368.1) 1955 NS ,SH-6; o
aEmicn coouts PUNPING STATION. RN N S0 D) S GRS N e G e ;
N2 i SERIGE PG STATION  0L0 PP STATION £ R COKG, 0.1 5100 ST G rws  ws aws T ;
T FUPING STAION12-INH SITARY SEWR © 05T 1 5690 50060 S0 10 w0 v e eees T :
e - wEN s DU RO S06 GLD Se oo s e T 5
[L6-INCH WASHWATER LINE PLANT A nwra DOOASTIRON 5643 (S64.9) 5657 (566.9) 1955 N-S C,SH-5; 0 - T
H-INCH FILTERED WATER BT WSOR R UG S50 (5.6 S0 G566 195 N6 E4 e 0 T 5
{26-INCH FILTERED WATER BT 4 CONTROL CHMBER ¢ REINF. CONC. 55,5 (557.2) 50,5 (560.1) 1955 N-S Gees;o T
HB-INCH AW WATER LINE PLANT A 36-INCH RAM VATER LINES | REINF. CONC. §68.2 (S6B.8) 72,2 572.8) 195 N-S €, SH-5; 0
8- INCH SANITARY SEVER PLANT A 12-INCH SANITARY SEWER | CAST IRON  568.2 (6.8 SE8.9 (560.5 195 N-S; E-H Lo T
120-1NCH VS WATER LINE T WSHNIER TN REN. O SO GG SO0 06 U Ed nen o :
{18-INCH WASH WATER LINE PLANT B 24-IKCH VASH WATER LINE | CAST IRON 66,8 (567.4 SIS 1% NS A,SH-3; 0 I
ook coNDuIT r_lANH[]LE-m L2-1NCH SANLTARY SEWER ¢ cAST RON 58,3 (568.9 SR6 (589.0) 1958 s c,sus, 0 T --------
2-INOH SITARY SEVER OOWHSHRS RPN GOS0 S0 G5 00 GRS ws e T e :
[AB-INCH RAY WATER LINE 36-INCH A WATER LINES PLANT B REINF, CONC. 560.0 (560.6) S64.0 (564.6) 1955 £ A SH-3; 0
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Sources

Sources

Brief Descriptions of Contents of
Sources Used in S-Area Hydrogeologic Evaluation

1-7:

description of water plant construction history.

description of contamination of potable water supply discovered
in 1978, and actions taken to remediate system.

sampling data for raw and finished river water, and sediment,
in river intake system.

regional overburden and bedrock ground water contour maps
presented (from LBG, date unknown).

sample results primarily for finished water.

8-15:

well construction details.

boring logs.

geologic cross-sections.

water table and bedrock ground water contour maps (maps
constructed with data from two days, however).

pH, alkalinity, chloride, conductivity, TOC data as they wait
for wells to "stabilize".

both Hooker (S-Area) and WTP are addressed.

recovery well system described. -

sieve analyses.

pumping test data, including transmissivity and permeability
calculations.

discussion of regional hydrogeology of Lockport Dolomite.
isopach map of confining clay and till.

contour maps of geologic units.

geology and hydrogeology of area are covered.

Source 16:

"no new data from what are presented in sources 8-15.

ground water contour maps based on July 18, 1980, data, but.
these data are not presented.

S-Area is focus.

geology and hydrogeology are covered.

hydrologic mass balance of S-Area is calculated.

Source 17:

essentially identical to Source 16, except one or two cross-
sections are different.

ground water contour maps based on July 18, 1980, data, but
these data are not presented.

WTP 1is focus.

geology and hydrogeology are covered.

hydrologic mass balance of WTP is calculated.

1



Source

Source

i

Source

Source

Source

Source

18:

describes loading calculations of organic chemicals from S-Area
site through N, S, E & W boundaries of S-Area in overburden, as
well as 1oad1ng from overburden into bedrock.

-average overburden concentrations in 5 overburden wells and 3
bedrock wells are presented and used in Toading calculations.
effect of chemical migration on water quality in the mixing zone
of the Niagara River. :
maximum contaminant concentrations in Niagara River 5, 10, and
20m from shore are given.

data on river water quality 55 ft from shore, 500 ft west of
53rd Street, are given, meant to characterize Niagara River
concentrat1ons due to flow from WTP property.

19: _

provides history of construction of WTP, similar to that given
in Source 1.
20

presents ground water analytical data on samples collected by
Hooker, EPA or NYS (analyzed by 6 different laboratories) for
several wells at WTP.

no attempt to interpret results.
21:

average hydraulic gradients calculated u§ing a grid format over
Hooker and WTP areas, so that ground water flow through
clay/till unit may be calculated.
22:

units which LBG uses to express permeab111ty and transm1ss1v1ty
are explained (gpd/ft and cm/sec, and gpd/ft and cm 2/sec,
respectively); conversion formulas are given.
23: |

four north-south geologic cross-sections through Hooker and the
WTP are given.

cross-sections are supplemental to those presented in Sources
16 and 17.

no interpretation given, other than the observation that the
subsurface conditions are similar in both areas.



Source 24:

six soil samples from S-Area are analyzed for natural water
content, liquid 1imit, plastic limit, and permeability; some
are also analyzed for unit dry weight, specific gravity and
grain size.

Source 25:

similar to Source 18; appears to be recalculation of organics
loading (estimates now slightly higher although data identical
to that presented in Source 18) and additional calculation of
metals loading.

Source 26:

gross description of four 1lithologic units encountered at
Hooker, WTP, and Robert Moses Parkway (fill, sand and siilt,
clay, till).

protocol used to describe recovered sp11t spoon samples is
presented.

Source 27:

description of depositional history of overburden sediments in the area,
and relation of regional deposition to what kinds of sediment are seen
at Hooker and the WTP.

discussion of location of old shoreline on Hooker and WTP propert1es,
and effect on thicknesses of naturally depos1ted sediments in those
areas.

five references on regional surficial geology cited.

Source 28:

computer model was used to simulate the effects on the S-Area water
table aquifer of 1) barrier wall, 2) clay cap, and 3) tile drain to
south, west, and east of S-Area. - ‘

calculated were the drop in water level, how much of the water in
storage was removed, the head direction, and when the system reaches
hydraulic stabilization.

Source 29

limited chemical data co]]ected for overburden and bedrock wells at
Hooker, WTP and Robert Moses Parkway; sampling conducted from December
1978 to March 1980, to determine whether wells had stabilized;

parameters analyzed are pH, ch10r1de, conduct1v1ty, alkalinity, tota]
organic carbon, and total organic halides.



Source 30:

ground water elevation data for .April 3, 1981, for wells on WTP
property; plant water elevations in reservoirs, tanks, and piping also
included; Niagara River elevation included.

Source 31:

addendum to Source 28, presenting input data upon which initial computer
model was based, and a model simulation which assumes that the tiil
discontinuity in the southwest corner of the S-Area is not sealed; the
initial model had assumed it was sealed.

the new simulation showed that, at steady state after the remedial
program is initiated, there 1is an upward head from bedrock to
overburden; the absence of a seal would not adversely affect the
conta1nment capability of the remedial program.

Source 32:

Source

some monitoring will 1nsta11at1on details for wells installed on Hooker

and WTP properties.
nineteen sets of water 1eve1 elevations for those wells, but s1xteen of

- those sets collected over period of several days.

33:

water level data frdm some of wells located at Hooker, WTP, and Robert
Moses Parkway.

Source 34:

boring logs for seven boreholes installed at WTP in 1977, not as part
of S-Area investigation.

Source 35:

elevation of top of clay/till layer at WTP given; this information also

contoured. _
ground water contolir map for overburden aquifer at WTP on May 11, 1982,
is included.

Source 36:

brief presentation of past and present dr1111ng programs at the WTP and
PASNY properties.

1958 shoreline indicated.

geologic stratigraphy on the areas descr1bed 4
permeabilities, ground water levels measured and included in discussion
of hydrogeology.

ground water contour map showing divides (suspect) presented.



Source

Source

Source

Source

Source

Source

37:

interpretation of geology, hydrogeology, and contaminant migration at
Hooker and WTP, based on existing data collected by other consultants.
evaluation of the reliability of much of the data is included.
permeability data.

indicated which wells are screened across overburden and bedrock.

some water quality data.

ground water contour maps are presented, but with data collected on more
than one day.

38:

‘ground water levels for January 19, 1983, for wells at Hooker and WTP.
overburden ground water contour map constructed with these data for WTP.

39:

»

two monitoring wells installed next to fire hall .located on WTP
property, northeast of S-Area.

fire hall basement sediment and these two wells sampled and analyzed.
air samples in fire hall basement collected and analyzed.

some of components exceeded standards, especially in well closest to S-
Area.

source of contamination unidentified, as it was outside the scope of the

investigation.
40:

EPA observed and commented on CEC’s sampling procedures for Wells B-1
to B-12. on the WTP property.

split samples were taken and analyzed by EPA’s laboratory.

two sets of data are included and compared.

very minimal interpretation of results is included.

4]1:

surface concentrations and ambient air quality of various locations in
world are presented, and health data associated with those levels for
specific groups of chemicals are discussed; these data are then applied
to chemical concentration criteria proposed in the S-Area health and
safety program.

42: . (

ground water flow to Niagara River from WTP and the relative chemical

loading are estimated.
only average ground water chemical concentrations from these des1gnated
regions of the WTP and adJacent Niagara River are presented.



Source

Source

Source

43:

evaluation of the sources of chemical contamination of the WTP concludes
that some of the chemicals that are there do not stem from the S-Area
(namely, polynuclear aromatic hydrocarbons and phthalates).

average well concentrations given, no dates, no information on number
of samples averaged.

44

a two-dimensional ground water flow model is developed for the S-Area
and is compared to previous models developed by Woodward- C]yde and
NYSDEC.

numerous data sources used but not completely documented.

model designed for use in ana1y21ng effectiveness of remedial measures,
gradients, stabilization times, etc.

approximate overburden permeability data presented in graph format.

45:

recommendations made for additional indicator parameters based on
knowledge of materials disposed at S-Area, composition of S-Area NAPL,
and average well concentrations.

original primary list (to be analyzed monthly or tri-monthly) included
pH, conductivity, TOC, TOH, monochlorobenzoic acids, monochlorobenzene,
trichlorobenzenes, tetrachlorobenzenes, hexachlorobenzene,
hexachlorobutadiene, octach]orocyc]opentene hexachlorocyclohexanes, and
perch]oropentacyc]odecane

additional primary parameters include benzene, carbon tetrachloride,
phenolic compounds, bis (2-ethylhexyl) phthalate, lead, and mercury.
additional secondary parameters (to be analyzed semi-annually or
annually) are toluene, trichloroethylene, 1,1,2,2-tetrachloroethylene,
cadmium, copper, and chromium.

optional list (semi-annual or annual analysis) includes
anthracene/phenanthrene, fluoranthene, pyrene, chrysene, benzo (a)
anthracene, benzo (b) fluoranthene, benzo (a) pyrene, indeno (1,2,3-c,d)
pyrene, and benzo (g,h,i) perylene

Source 46:

focus is on "Zone 2" of WTP (central portion).

evaluation of sources of contamination at WTP.

chlorinated benzenes and related chloro-organics originate from S-Area.
metals originate from S-Area, but possibly also from WTP fill.
polycyclic aromatic hydrocarbons not linked to S-Area and could be from
WTP fill.

average well concentrations given.



Source 47:

- twelve monitoring wells installed (B-1 to B-12) at WTP.

- ground water samples collected December 7, 1982, and January 23, 1983.

- some heavy metals exceeded standards.

- low Tlevels of organic solvents, pesticides, and phthalates were
detected. _

- S-Area and fill material identified as possible contamination sources,
but no firm conclusions drawn.

- soil and ground water analytical data are presented.

Source 48:

- Wells B-1 to B-12 at WTP resampled on July 21, 1983, and analyzed for
priority pollutant organics and metals as well as S-Area indicator
parameters.

- water level data during four-day period of bailing.

- analytical results included; one field blank.

Source 49:

- EPA evaluation of validity of chemical data from several previous
sampling events (by CEC, EPA, and ADL). '

- CEC, EPA, and ADL used different sampling and preservation techniques,
analytical protocols, and quality assurance; therefore, it is difficult
to draw any comparisons between these results.

- two potential contamination sources are S-Area and WTP fill.

- whether remediation of Eastern Area is necessary is uncertain.

- additional sampling and analysis is recommended.

- analytical results are presented.

Source 50:

- history of WTP, the discovery of contamination in the drinking water
system, and remedial measures taken to correct it and avoid future
contamination. .

Source 51:
- composition (by percent) of NAPL at S-Area (8 samples).
Source 52:

- WTP construction history presented.

- geology and hydrogeology of WTP discussed.

- ground water contour maps produced.

- ground water elevations for several dates are given.

- ground water mounds exist near Filtered Water Reservoir and 100 feet
west of Filtration Plant B.

- immediately west of Filtration Plant B is ground water sink.

- buildings and 80 percent of underground utilities are below water table.

- overall ground water flow at WTP is toward south.

7



Source

Source

Source

53:

geology and hydrogeology of pump station area at WTP are discussed.
permeability test data are presented.
remedial actions are discussed.

54:

excavations of underground utility bedding performed to determine
whether they have served as conduits for NAPL migration.

report written before investigation complete; Hooker area investigated,
but not yet WTP. :

no chemical data presented.

cite that many of utilities are above NAPL plume, do not intersect
plume, and were backfilled with compacted native soil.

therefore concluded that most of utilities are not pathways for NAPL
migration.

three beddings containing NAPL are thought to be easily remediated by
planned/modified remedial action plan.

55:

assessment of chemical migration through overburden onto WTP from S-Area
identify that S-Area parameters are present in soil and ground water at
WTP.

NAPL is at extreme western limit of WTP.

concentrations of S-Area parameters decrease toward west.

lack of continuity (east-west) in APL plume, interpreted as not
indicative of chemical migration from S-Area to central portion of WTP.
WTP not hydrogeologically downgradient of S-Area and, therefore, would
not have been contaminated by S-Area ground water.

observed fill materials on WTP.

portions of remedial collection systems now deemed unnecessary.

soil and water quality data are presented.

Source 56:

provides review of studies conducted to date in bedrock to assess amount
of chemical migration from S-Area.

APL and NAPL have migrated into bedrock from S-Area, including under the
Niagara River. -
deepest NAPL detected was 163 feet below ground surface, below which is
an aquitard.

major portion of APL plume is within NAPL plume.

deepest APL detected was 171 feet below ground surface.

analytical data given, dates unknown, samples collected during drilling.
no remedial action proposed yet.

Source 57:

identical to Source 55.



Source

Source

Source

58:

assess APL/NAPL migration in overburden to Niagara River from S-Area.
-analytical data included. .

S-Area parameters were found in overburden adjacent to Niagara River.
parameters are migrating via APL.

generally no S-Area parameters detected east of 53" Street.

concludes that some APL and NAPL have migrated in overburden toward
Niagara River into area not addressed by proposed S-Area containment
system.

59:

contains analytical results for selection of S-Area indicator chemicals.
selection based on presence in NAPL, frequency of occurrence in APL, APL
concentration, and Koc.

indicator chemicals selected include vinyl chloride monomer, 1,2-
dichloroethene (total), trichloroethylene, tetrachloroethylene,
chlorobenzene, chlorobenzoic acids, 1,2,3-trichlorobenzene, 1,2,4-
trichlorobenzene, 1,2,3,4-tetrachlorobenzene, 1,2,4,5-
tetrachlorobenzene, hexachlorobutadiene, hexachlorocyclopentadiene, and
octachlorocyclopentene.

60:

assesses Hooker geology and hydrogeology.

contains ground water elevations.

S-Area has confining layer discontinuity which has been defined.
modelling of remedial design on ground water.

all permeability test results on confining clay layer were less than the
1x1077 cm/sec criteria for a confining layer.

permeability test results.

grain size analyses.

Source 61:

Volume 1 -

history of site.

monitoring well and soil boring installation procedures.

pump testing procedures.

identification of NAPL.

utility bedding investigation (as in Source 54).

analytical results in soil and ground water.

description of area geology and hydrogeology.

report meant to describe field procedures and results; no
interpretations or conclusions.

Volume 2

plates.



Source 61: continued

Appendix 1 _
- overburden well and boring logs.

overburden well construction details.
utility bedding excavation logs.

Appendix 2

bedrock well logs.
bedrock well construction details.
pump test results.

Appendix 3

boring and well logs and construction details from previous
investigations. '
water level data.

Appendix 4

documentation of well development.
temperature, pH, and conductivity during development and stabilization.

Appendix 5
- grain size analysis, Atterberg limits, and permeability test results.

Appendix 6

analytical results for soil and ground water samples.

Source 62:

boring logs for three holes are enclosed.

Source 63:

analytical results from sixteen soil samples collected from six soil
borings on the PASNY property are included; trichlorobenzenes,
tetrachlorobenzenes, hexachlorobutadiene, and hexachlorocyclopentadiene
were analyzed and found present in thirteen of the samples; a boring
location map is provided.

Source 64:

\

boring Togs and location map for the six borings cited in Source 63 are
presented.

Source 65;

analytical results from three soil samples from additional boring
(additional to series of six borings which were installed and analyzed
two months earlier) on PASNY property are included; trichlorobenzenes,
tetrachlorobenzenes, and hexachlorobutadiene were analyzed and found to
be present in two of the three samples; a boring location map is

10



provided.
Source 66:

- contour maps of chromium and barium concentrations in overburden aquifer
at the PASNY property are provided. v

- logs and location maps for three borings and fifteen wells are included. .

- location maps included for thirteen shallow soil sampling points and
nine USGS test borings from 1982 - 1983.

11
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APPENDIX D

SUMMARY OF TEST BORING/MONITORING WELL DATA
FOR WATER TREATMENT PLANT PROPERTY
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D-1

SUMMARY OF TEST BORINGS/MONITORING WELL DATA
FOR WATER TREATMENT PLANT PROPERTY

D-1 summarizes research efforts for the various wells, boreholes,
and excavations on, or near, the Water Treatment Plant property. Each
section of D-1 presents the following information for the sampling point.
Included are the type, location, and material sampled for each point. In
addition, the depth of material sampled, ground elevation, and chemical
analyses information is included. The sources and comments of water
quality sampling dates comprise the remainder of D-1.

0337-13-1110
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TABLE D-1
SUMMARY OF TEST BORING/MONITORING NELL DATA
FOR WATER TREATMENT PLANT PROPERTY

SANPLING POINT TYPE ~ LOCATION GEQLOGY DEPTH GR.ELEV ANALS  QA/QC  WHEN . BY WHON  SOURCES COMMENTS AND WATER QUALITY SAMPLING DATES

NS-16 Well  Hooker Bedrock 31-36 370.7 Yes No 3N LBS 8,18,25,32, (See B-1); puaping test data; average value froa 7
33,37,36,38, samples between 2/16/79 and 9/27/79; (eetals
45,92,56,38, 3 sasples); 21980, ?1982 averages; 4/11/79,4/18/79,
60,61 6/12/79, 9/6/19; pereeability test data

NS-16a Well Hooker Fill, Till 6-26 570.8 Yes No 1122119 LB6 8,13,18,25, (See B-1); perseability test data; average value froe
32,33,35,36, 8 samples betveen 2/16/79 and 9/27/79 (setals,2 sasples);
37,30,52,58, 71380, ?1982 averages
60,61

WS-t7 Well  Hooker Bedrock 33-30 §72.0 Yes No 228119 LB6 0,19,24,25, (See B-1); average value fros 8 samples betveen 2/16/79
: ’ 32,33,37,45, and 9/27/79 (aetals, 3 samples); physical testing data;
96,58,60,61 71980, 71982 averages; 4/18/79,6/12/19, 1/12/19, 916119,
9/26/19,9/21119; peraeability test data

§S-17a Well  Hooker Fill, Clay 1-2 572.3 Yes No 122119 LB6 8,19,25,32, (See B-1); average value from 8 sasples betveen 2/16/79
’ 33,35,36,37, and 9/21/19 (setals, 3 samples); 71980, ?1982 averages;
18,52,58,60, permeability test data
61

HS-18 Well  Hooker - Bedrock 33-38 1.6 Yes M. 22279 LBS ,10,24,25, (See B-1); value from | saspie betveen 2/16/79 and
32,33,37,56, 9/21179; physical testing data; 71980, 71982 averages;
38,60,61 perseability test data

WS-18a Weil  Hooker ) Fill ' -1 s Yes No 11231719 LBG 8,18,25,32, (See B-1); average value froa 7 sasples between 2/16/79
' ) 33,35,36,37, and 9/27/79 (eetals, 2 sasples); 71980, 21982 averages;
38,52,58,60, perseability test data
61

HS-44a Well  Off Buffalo Avenue Silt, Clay 4.5-9.3 9733 No No 6/1119 LB6 10,11,32,36, (See B-1); pumping test data; perseability test data
38,58,60,61

H5-45a Rell  Hooker fill, Sand, Clay 4.5-19.5 571.9 No No NN LB6 9,10,11,12,  {See B-1); puaping test data; peraesability test data

32,35,36,38,
52,38,60,61

¥S-46a Reil Hooker ¥ill, Clay 3.9-16 573.0 No No /1779 LBS 10,11,32,33, (See 8-1); pusping test data; perseability test data
35, 36, 38, 52,
58,60,61

WS-47a ‘ ' Nell Hooker fill, Sand 1-21 85723 No No . 6/5/19 v -LB6 10,11,32,33, [(See B-1); pusping test data; perseability test data

Note: Depth and Ground Elevation in feet (1986 Occidental Datus). \
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TABLE D-1
SUMMARY OF TEST BORING/MONITORINS WELL DATA
FOR umg TREATMENT PLANT PROPERTY
SANPLING POINT TYPE  LOCATION 6EOLOGY DEPTH GR.ELEV ANALS  QA/QC  WHEN BY ®HO®  SOURCES COMNENTS AND WATER QUALITY SAMPLING DATES
35,36,38,52,
58,60,61
CH-t Well  53rd Street Bedrock 32.5-37.5 9570.9  Yes No 4/6/79 LB6 8,30,32,33, (See B-1); pusping test data; perseability test data;
35,38,56,58, 3/7/88
39,60,61
CW-1a Well  53rd Street fFill 3-13 369.9  VYes No 3/28/19 LB6 8,20,30,32, (See B-1); pusping test data; 4/11/79,4/18/19,4/19/79,

33,35,36,37, 6/12/79,9/26/79;71980,21982 averages;averages,unknown
39,46,52,53, dates; permeability test data
58,60,61

CN-1b Well  53rd Street Sand 14-24 569.9  Yes No 3/28/19 LB6 8,13,20,30, (See B-1); pusping test data; perseability test data;
' ) 32,33,35,37, 4/18/79,4/19/79,6/12/79,9/26/79;21980,71982 averages;
38,46,52,53, averages,unknovn dates
58,60,61

C¥-2a Kell  wIP fill, Sand, Clay 4.5-19.5  §70.5 Yes No 313119 LB 8,30,32,33, (See B-1); 3/21/79,4/18/19,4/19/79,6/12/19,71/11119,
" 35,36,37,38, 7/12/79,9/26/79;1980,21982 averages; averages,
46,52,53,38, unknoun dates; permeability test data
60,61

CH-3a Well  wip fFill, Clay 0-10 57t.2  VYes No 319118 - L86 8,20,30,32, (See B-1); 3/21/79,4/18/79,4/19/79,6/12/79,9/26/19;
: 33,35,36,37, ?1980,71982 averages; 3/24/88; averages, unknovn dates;
38,46,52,53, perseability test data
55,57,38,60,
- 61

CH-4a Well  wIP Fill, Clay 3.5-8.5  971.5 Yes No 39119 LB 8,20,30,32, (See B-1); 3/71/19,4/18/19,4/19/79,6/12/79; ?1980,?1982
33,35,36,37, averages;averages, unknovn dates; perseability test data
38, 46, 53,58,
60,61

tu-5 Nell  WiP Bedrock 31-42 376.1  Yes No 3N LBS 8,26,30,32, (See B-1); 3/21/79,4/11/79,4/18/79,4/19/79,6/12/79,
33,35,37,38, 9/6/79,9/26/79; 71980, 71982 averages; perseability
96,58,60,61 test data

CH-6 Well  WIP Clay, Till, Bedrock  ~ 34-37 5754  No Mo S/8/79 LBG 9,10,11,30,  (See B-1)

. 32,33,35,38,
32,98,60,61
CH-6a ’ Rell  WIP - Fill 6-16 315.4  Yes No 3/8/19 LB6 8,20,30,32, (See B-1); 3/21/79,4/11/79,4/18/79,4/19/79,6/12/19,

33,35,36,37, 7/11/79,7/12/79,9/26/79; ?71980,71982 averages; 3/7/88;
39,46,32,35, averages, unknovn dates

Note: Depth and Ground Elevation in feet (1986 Occidental Datus),
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TABLE D-1
SUNMARY OF TEST BORING/MONITORING WELL DATA
FOR WATER TREATMENT PLANT PROPERTY

SANPLING POINT TYPE  LOCATION GEQLOSY OEPTH 6R.ELEV ANALS  QA/QC  WHEN BY WHOM  SOURCES COMMENTS AND WATER QUALITY SAMPLING DATES
97,58, 60,61
CH-6b ’ Nell  WTP o Fill, Sand, Silt, Clay 17-22 §75.4  VYes Ko 3/8/19 LB6 . 8,30,32,33, (See B-1); 3/10/88; ?1980,71982 averages; averages,
35,37,38,46, unknown dates; perseability test data
52,33,95,97,
38, 60,61
CH-7 Nell WP Bedrock 30.5-35.5 §70.7  Yes No 319119 LB 8,20,30,32, (See B-1); 3/21/79,4/18/79,4/19/79,6/12/19,9/6/19,
. 33,35,37,38, 9/26/79; ?1980,71982 averages; 3/2/88
52,58, 59,60
61
CH-7a Well  WIP fFill, Clay 3.5-13.5  570.7  Yes No 319119 LBG 9,20,30,32, (See B-1); 3/21/19,4/18/19,4/19/19,6/12179,9/26/19;

33,35,36,37, ?1980,71982 averages; 3/2/88; averages, unknown dates;
38,46,52,53, perscability test data

95,57, 58,60,

61

CH-8a Nell  WIP ill 13.9-33.5 577.2  Yes No Jnam LB6 8,20,30,32,  (See B-1); 3/21/79,4/11/79,4/18/79,4/19/19,6/12/19;
33,35,36,37, ?1980,71982 averages; averages, unknown dates;
38,46,52,53, perseability test data
58, 60,61

CN-9 - Well  WIP Bedrock 33-38 §72.3 No No s LBs 9,10,11,30, (See B-1); perseability test data
32,33,35, 38,
52,96,58,60,
61

CN-9a Well  wIP fFill 6.5-16.5 9572.3 Yes No /2019 LB6 9,10,11,30,  (See B-1); ?1980,71982 averages; 3/3/88; averages
32,33,35,36, unknovn dates; perseability test data
37,38,46,52,
53,55,57,38,

60,61

CH-10 Well  WIP Bedrock 37-42 576.9  Yes No /1519 L86 9,10,11,30, (See B-1); 3/4/88
32,33,35,38,
52,58,99,60,
61

Ci-10a Well  WIP Fitl, Sand 6,5-26.5 976.9  Yes No 3151719 LB6 9,10,11,30,  (See B-1); ?71980,21982 averages; 3/4/88; averages,
32,33,35,38, unknown dates; peraeability test data
38,52,53,55, '
57,98,60,61

Note: Depth and Ground Elevation in feet (1986 Occidental Datua).
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SANPLING POINT - TYPE LOCATION GEOLOSY DEPTH 6R.ELEV ANALS  @A/GC  WHEN BY WHON  SOURCES CONMENTS AND WATER QUALITY SAMPLING DATES
CN-11 Well NIP Bedrock 36-41 314.6 No No /3119 LBG 10,11,30,32, (See B-1); pusping test data
33,35, 36,38,
60,6!
Ck-11a Wetl  WIP Fill, Sand, Clay 11-26 574.6  VYes No 5/24119 LB6 10,11,30,32, (See B-1); pusping test data; ?1980,71982 averages;
. 33,35,36,37, 3/3/80; averages, unknpwn dates; perseability test data
38, 46,352,353, ’
93,597,598, 60,
61
CH-13 Well  WTP Till, Bedrock 35.5-40.5 573.7  VYes No 6/6/79 LB6 10,11,30,32, (See 8-1); pumping test data; perseability test data;
33,35,38,56, 3/2/88
59,59,60,61
CH-13a Nell  WIP Fill 1.5-16.5 573.7  VYes No 6/7/79 LB6 10,11,30,32, (See B-1); pusping test data; ?1980,71982 averages;
33,35,36,37, 3/8/88; averages, unknown dates; permeability test data
39,46, 53,55,
- 57,58, 60,61
§§-Pilot Well WiP Bedrock 4.5-n  ? No No 5/16/19 LBS 10,11, 14 (See B-1); pusping test data
55-1 ¥ell  33rd Street Bedrock 46.5-54.6 - 571,0 No No 6/3/19 LB 10,11,56,50, {(See B-1); pumping test data; permeability test data
60,61
$5-2 Well  53rd Street Bedrock 35-70 370.9 No No 6/21119 L86 10,11,56,38, (See B-1); pusping test data; permeability test data
60,61 ’
TRN-1 Well N of Robert Moses Pkwy Bedrock 33-69 ? o No ? LBG 12,14 {See B-1)
TRH-13 Well  Hooker fill, Sand, Clay 0-719 ? No No ? LB 12,13 (See B-1); pueping test data; perseability test data
181-08 Boring WIP Alluvius, Clay, Till 30 372.2 No No 1908 Plant draving
182-08 Boring WIP Alluvius, Clay, Iill. 24.6 363.6 Xo No 1908 Plant draving
BH-1-77 Boring WTP Fill, Silt, 37 4.9 No No 10/24/11 £Sl 34,52,58,60,
Clay and Sand b1
BH-2-77 Boring WIP fill, Silt, 20 9.9 Mo No 10/24/77 €51 ~ 34,52,58,60,
Clay and Sand 61
BH-3-17 Boring WIP Fill, Silt, ki 568.8 Mo Ko 10721177 €Sl 34,52, 58,60,
Clay and Sand 61
BH-4-77 Boring WTP Fill, Silt, 33.5 568.6 No No 10721111 211 34,52,58,60,

Note: Depth and Ground Elevation in feet (1986 Occidental Datua).
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SUNMARY OF 1EST BORING/NONITORING WELL DATA
FOR WATER TREATMENT PLANT PROPERTY
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SANPLING POINT TYPE  LOCATION GECLOGY DEPTH GR.ELEV ANALS  A/QC  WHEN BY WHOM  SOURCES COMMENTS AND WATER QUALITY SANPLING DATES
Clay and Sand 61
‘BH-5-71 Boring WIP Fill, Silt, 34 969.2 No No to/24/m ESI 34,52,58, 60,
Clay and Sand ’ 61
BK-6-77 Boring WIP Fill, Silt, 30 373.9 No No 10/24/17 ES1 34,52,58, 60,
- Clay and Sand 6t
BH-7-17 Boring WIP fFill, Silt, 3 575.9 No No 10/21411 ESI 34,52,58,60,
Clay and Sand . 6t
BH-1A-08 Boring WIP Overburden, Bedrock 235.5 -+ 568.9 No No 1908 ? 35,92,38,60,
61
BH1B-43 Boring WIP Overburden, Bedrock [X]] 568.8 No Ro 1943 ? 35, 52,58, 60,
: : 61
BH2B-43 Boring WIP QOverburden, Bedrock €33 §10.2 No Mo 1943 ? 35,352, 58,60,
61
BH3B-43 Boring WIP Overburden, Bedrock [ X1} 369.8 No No 1943 ? 35,52, 58,60,
6!
BH4B-43 Boring WIP Overburden, Bedrock €30.5 569.3 No No 1943 ? 35, 52,38, 60,
61
BH3IB-43 Boring WIP Overburden, Bedrock lL.5 960.3 No No 1943 ? 35, 92,58, 60,
: 61
BH3-43 Boring WIP Overburden 26 364.6 No No 1943 ? 35,92,61
BH1-49 Boring WIP Overburden, Bedrock 831 369.7 No No 1949 ? 35,52,58,60,
bt
BH2-49 Boring WTP Overburden, Bedrock 32 368.7 No No 1949 ? 33,92,58,60,
61
BH3-49 Boring WNIP Overburden, Bedrock 34 570.6 No No 1949 ? 35, 32,58, 60,
61
BHé-49 Boring WIP Overburden, Bedrock 842 a7 No No 1949 ? 35,52,38, 60,
61
BH3-49 Boring WIP Overburden, Bedrock 843 570.6 No No 1949 ? 35,92,99,60,
' ' 61

‘Note: Depth and Ground Elevation in feet (1986 Occidental Datus),
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TABLE D-1

SUNMARY OF TEST BORING/MONITORING WELL DATA
FOR WATER TREATMENT PLANT PROPERTY

SAMPLING POINT . TYPE - LOCATION ‘ 6EOLOGY DEPTH GR.ELEV ANALS  0A/GC  WHEN BY WHOM  SOURCES COMMENTS AND WATER QUALITY SAMPLING DATES

BH6-49 Boring WIP ) Overburden, Bedrock (1] 372.5 No “No 1949 ? 35,352, 58, 60,
' 61

BH7-49 Boring WTP Overburden, Bedrock 034 7.8 No No 1949 ?, 35,392, 50, 60,
61
BH12-25 Boring NTP ? ? 514.2 No No 1925 ? 35
BH12-26 Boring WP ? ? 573.0 No No 1926 ? - 3
BH12-27 Boring KIP ? ? 572.1 No - Mo 1927 ? 3
BH12-28 . Boring WNTP ' ? ? 376.9 No No 1928 ? Kb}
BH12-29 Boring WIP ? ? 4.7 No No 1929 ? 33
BR12-30 'Boring wrp ? ) ? 538.0 No No 1930 ? Kh]
BHI2-3t Boring WIP ? ? 568.0 No No 193t ? 35

BH1-80 Boring S of WIP Overburden, Bedrock 4.5 386.9 No No 1/11/80 CRA 35,352, 38,60,
: 61

BH2-80 Boring S of WIP Overburden, Bedrock 3.3 569.0 No No 1/21/80 CRA 35,52, 538,60,
* 61

BH3-80 Boring S of WIP Overburden, Bedrock 3 368.3 No No 1/22/80 CRA 35,52, 58,60,
’ 31

8H4-80 Boring S of WIP Overburden, Bedrock A 32.3 388.4 No No 1/23/80 CRA 33,92,58,60,
. 6t

BH3-80 Boring S of WIP Overburden 35.2 514.4 No No 1/125/80 CRA 35, 92,58, 60,

. C 61 ’

BH6-80 Boring S of WIP GOverburden 3B 374.3 No No 1/25/80 CRA 35,52, 38, 60,
1}

BH7-80 Boring S of WIP Overburden 250.9 588.1 No Ko 1/29/80 CRA 35,52,98,60,
: b1

/ .
B-t . Nell  WiP Sand and Silt 29-34 . 572,55 Yes No 12/1182 %3 38,40,47,48, Water level data; 1/24/82; 12/7/82; 1/23/83; 1/26/83;
R . 49,52,58,60, 7/21/83; sand and silt sample fros 25-27 ft. analyzed

61

Note: Depth and Ground Elevation in feet (1986 Occidental Datus).
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TABLE D-1
SUMMARY OF TEST BORING/NONITORING MELL DATA
FOR WATER TREATMENT PLANT PROPERTY

SANPLING POINT TYPE  LOCATION GECLOGY DEPTH GR.ELEV ANALS  QA/GC  WHEN BY NHOM  SOURCES COMMENTS AND WATER QUALITY SAMPLING DATES
8-2 Well  WiP 7Sand and Silt 19-24 513.43  Yes No 12/8/82 CEC 38,40,47,48, Water level data; 1/24/82; 12/1/82; 1/23/83; 1/26/83;
' 49,32,38,60, 7/21/83; sand and silt sasple froa 15-17 ft. analyzed
61
8-3 Well  wIpP Clay, Till 26.5-31.5 569.17 Yes No 12/11/82 CEC 38,40,47,48, Water level data; 1/24/82; 12/1/82; 1/23/83; 1/26/83;
: 49,52,58,60, 7/21/83; clay saaple from 20-22 {t. analyzed
61
B-4 Well WP Clay, Till 29-3¢ 570.371 Yes No 12/13/92 CeC 38,40,47,48, WVater level data; 1/24/82; 12/7/82; 1/23/83; 1/26/83;

49,58,60,61  7/21/83; clay sasple from 25-27 ft. analyzed

B-5 Hell  wiP Sand and Silt 5-10 572,67 Yes = Mo 12/11/82 CEC 38,40,47,48, dater level data; 1/24/82; l2l7/92;' 1/23/83; 1/26/83;
49,52,38,60, 7/21/83; clay sample froa 10-12 ft. analyzed
61 .

B-6 Nell WP ) Sand and Silt 17-22 371.46 - Yes %o 1219182 CeC 38,40,47,48, Water level data; 1/24/82; 12/1/82; 1/23/83; 1/26/83;
49,52,38,60, 7/21/83; sand and silt sasple from 20-22 ft. analyzed
61
B-7 Nell  WIP Clay, Till 31.5-36.5 §72.93 VYes Yo 12/182 CEC 38,40,47,48, MNater level data; 1/24/82; 12/1/82; 1/23/83; 1/26/83;
: . 49,58,60,61 7/21/83; clay sasple fros 30-32 ft. analyzed

B-8 ) Well I Clay, Till . 29-34 570,99  VYes No 12/10/82 Cec 38,40,47,48, Mater level data; 1/24/82; 12/7/82; 1/23/83; 1/26/83;

Yes- 49,58,60,61 7/21/83; ash sample froa 5-7 ft. analyzed; clay and silt
(Source 40) sasple from 10-12 ft. analyzed
-
B-9 Well  wIP Fill, Clay 1-12 568.89 Yes No 12/11/82 Cec 38,40,47,48, Water level d-ta; 1/24/82; 12/1/82; 1/23/83; 1/26/83;

49,58,60,61  7/21/83; clay sasple from 10-12 ft. analyzed

B-10 Well  WiP Alay, Till 28-3 1321 Yes

o 12/14/82 Cec 38,40,47,48, Water level data; 1/24/82; 12/1/82; 1/23/83; 1/26/83;
49,52,58,60, 7/21/83; clay sample fros 25-27 ft. analyzed
61

o 12/14/82 CEC 38,40,47,48, Vater level data; 1/24/82; 12/7/82; 1/23/83; 1/26/83;
49,52,58,60, 7/21/83; sand and silt saspie fros 5-7 ft. analyzed
61

B-11 Nell  WIP Said and Silt, 2Clay 3-10 572,21 Yes

8-12 Well  wIP Sand and Silt, 31-36 573.43  VYes No 12182 CEC 38,40,47,48, WNater level data; 1/24/82; 12/7/82; 1/23/83; 1/26/83;
Clay, Till 49,52,58,60, 7/21/83; clay sasple fros 30-32 ft. analyzed
61 ‘

Note: Depth and Ground Elevation in feet (1986 Occidental Datus).
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SUNMARY OF TEST BORING/MONITORING WELL DATA
FOR WATER TREATMENT PLANT PROPERTY

SAMPLING POINT TYPE . LOCATION GEQLOSY DEPTH 6R.ELEV ANALS  QA/GC  WHEN BY NHON  SOURCES CONKENTS AND WATER QUALITY SAMPLING DATES
FH-1 Well  WiP Overburden ? ? Yes No 143 CEC k3] Week of 1/23/83
F4-2 Well  wip ' Dverburden ? ? Yes No 1/83 CEC K}} Week of 1/23/83
S-1 Grab  WIP . Sur face Soil ? ? Yes No 12/82 CEC 47
5-2 Grab WP Sur face Soil ? - ? Yes No 12/82 CEC 4
5-3 Grab  NIP Surface Soil ? ? Yes No 12/82 CEC 4
5-4 Grab  WNIP Surface Soil ? ? Yes No 12/82 CeC 4
$-9 ) Grab  WIP Surface Soil ? ? Yes No 12/82 CEC 9
S-6 Grab  WIP Sur face Soil ? ? Yes No 12/82 CEC 49
A-l Exca-  53rd Street Gravel, Sand ‘ ‘ 2 ? Ko No 21988 CRA 54,61
vation )
A-2 Exca-  53rd Street Gravel, Sand, Silt 2 ? No No 21988 CRA 54,61
vation
B-3 Exca-  53rd Street Gravel, Sand [ ? No KXo 71988 CRA 34,61
vation ’ ’
B-6 Exca-  53rd Street and Clay, 6ravel 6.5 ? No No 21988 CRA 54,61
vation Adass Avenue
B-8 Exca-  Hooker Gravel, Clay 10.5 ? ? ? ? CRA 54,61
vation
B-25 Exca- 5 of Rodert Moses Pkwy Gravel 10.5 ? ? ? 71988 CRA 34,61
vation
B-26 Exca- § of Robert Moses Pkwy Gravel, Sand 10.5 ? ? ? 71988 CRA 34,61
vation
B-27 Exca- S of Robert Moses Pkwy Gravel 6.5 ? ? ? 21988 CRA 34,61
vation
B-28 Exca-  § of Robert Moses Pkwy Gravel [ ? ? ? 71988 CRA 54,61
vation
0N200 ¥ell (114 Bedrock - 204.3 572.8 Yes No 10/5/87 CRA 36,58,59,60, 9/28/87;vater level data; pumping test data;
(grouted) ’ 61 6 intervals tested 8/26/87-9/28/87

Note: Depth and Bround Elevation in feet (1986 Occidental Datus).
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" GEOLOGY DEPTH 6R.ELEV ANALS  GA/QC  WHEN BY WHOM  SOURCES COMNENTS AND WATER QUALITY SAMPLING DATES
0Wz01 Well ure Bedrock 203.8 368.9 Yes No  10/22/07 CRA 56,58,59,60 Physical testing data; grain size data; vater
(grouted) level data; pusping test data; 5 intervals tested
10/8/87-10/14/87
o
%202 Well S of WIP Bedrock 127-206.8 S71.5 Yes M /11787 CRA 36,58,59,60  Water level data; pusping test data; S intervals
tested 10/27/87-11/11/87
oW210 Nell  Hooker Bedrock 136.7-169.4 571.1  Yes No 12/8/87 CRA 36,58,59,60  Physical testing data; grain size data; vater level data;
203.1 total pusping test data; 6 intervals tested 11/14/87-12/3/87
oN211 Well  wrp Bedrock 2040 510.6 Yes No  10/28/87 CRA 33,96,58,59, Physical testing data; grain size data; vater level data;
(grouted) 60 pusping test data; 3 intervals tested 10/12/87-10/20/87
oN2135 Well  wrp Bedrock 14-171 - §75.1 Yes No 12721187 CRA 36,58,59,60 Water level data; nﬁlpinq test data; 4 intervals testeq
: 206.0 total 12/9/87-12/16/87
ow2te Nell  wrp Bedrock 136-170.5 572.3 Yes No  2/15/88 CRA 36,58,59,60  Water level data; pusping test data; 7 intervals tested
198.3 total 1/21/88-2/10/88
w220 Well  wip Bedrock -61.1 5724 N Mo 11/23/81 CRA 38,60,61 Water level data
w221 Vell 5 of yIP Bedrock 33.3-63.3  570.4 No N 7721187 CRA 58,60,61 Nater level data
w226 Well  wIp " Bedrock B.4-63 5719 No M 1272981 CRA 38,60,61 Hater level data
w227 Nell  WiIp Bedrock 35.6-66.1 574.0 No N 138 CRA 56,60,61  Water level data
08234 . Well P Bedrock 32.5-63  569.8 No N 71387 CRA 58, 60,61 Yater level data
D235 Well  wip Bedrock 32.5-67.8 570.8 No No 719787 CRA 33,58,60,61  Mater level data
o236 Well  wrp Bedrock 39.5-69.9 §77.0 .o N 77187 R 33,59,60,61  Water level data
08260 Well S of wIp Sand 19.1-24.1 568.4 Yes No 6/10/87 CRA 32,55,57,58, 4/19/88; vater level data; pereeability test data
60,61
ow261 Well S of TP Silt and Sand 22.8-27.8  569.5 Yes No  6/15/87 CRA 32,55, 597,38, 4/22/88; vater level data; permeability test data
60,61
0¥262 Well S of NIP Silt and Sand 27.4-32.4 S14.5 Yes No  6/12/87 CRA 52,§5,57,58, 4/19/89; vater level data; pereeability test data
‘ 60,61
0N263 Well  §of NIP Silt and Sand 21-26 371.0 Yes No 6/17/87 CRA 52,35,57,58  4/22/88; vater level dats; perseability test data
60,61
Note: Depth and Ground Elevation in feet (1985 Occidental Datus).
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SUNMARY OF TEST BORING/NONITORING WELL DATA
FOR WATER TREATMENT PLANT PROPERTY

SANPLING POINT TYPE  LOCATION 6E0LOGY DEPTH GR.ELEV ANALS  QA/OC  WHEN BY WHOM  SOURCES COMMENTS AND WATER QUALITY SAMPLING DATES
N264 Well S of WIP Fill, Silt and Sand 6-21 568.4 Yes No  4/30/87 CRA 92,55,57,38, 9/3/88; vater level data; perseability test data
' 60,61
0W265 Well S of WIP Silt and Sand 24,9-29.9 314.5 Yes No  4/24/87 CRA 92,99,57,58, 4/21/88; vater level data; permeability test data
’ 60,61
w274 Well  MTP Silt, Clay 3.5-8.5 92,1 Yes No  5/1/87 CRA §2,35,57,58, 3/18/88; vater level data
60,61
w27 Well  WIP Fill, Silt and Clay 49 570.5 Yes Mo 6/10/87 CRA §2,93,57,58, 3/15/88; water level data
60,61
w276 Nell  WiP fFill, Silt and Clay 3.5-8.5  9N.3 Yes No  5/15/87 CRA 32,93,57,58, 3/11/88; water level data; 5/12/87 soil sasple 4-8 ft.
60,61 '
on Well  wIP . Fill, Silt and Clay 3.9-0.9 510.2 Yes No 6/12/87 CRA §2,95,57,38, 3/14/88; vater level data; 5/13/87 soil sample 4-8 ft.
60,61
0W278 Well  WIP Fill, Silt and Clay 1.3-12.3  570.5 Yes Mo 5/8/87 CRA 52,95,57,58, 3/15/88; vater level data; 5/12/87 soil sasple 4-10 ft,
60,61
w2719 Well  WIP Fill, Silt and Clay 3.5-8.5  570.3 Yes Mo V/12/87 CRA 92,55,57,59, 3/24/88; vater level data; 5/1/87 soil sasple 2-8 ft.
60,61
%280 T Mell  wIP Clay and Silt 4.1-9.1  969.9 Yes No 5/13/87 CRA 52,95,57,38, 3/25/88; water level data; 6/9/87 soil sasple 6-8 ft.
60,61
w28t Well  WIP Silt and Clay 49 §70.3 Yeos M S8 CRA 52,95,57,58, 3/22/88; vater level data; 5/15/87 soil sasple 4-8 ft.
60,61
0W282 Well WP Fill, Silt and Sand, 5.7-12.71 S Yes No 5/12/87 CRA 52,35,57,38, 3/11/87; vater level data;6/11/87 soil sasple 2.5-5.2 ft.
Silt and Clay 60,61
w283 Well WP Fill, Silt and Clay  8.5-13.5 1§17 Yes No 6/4/87 CRA 92,55,57,58, 3/14/88; vater level data; perseability test data;
60,61 5/1/87 soil sample 4-8 ft.
w284 Nell  WIP Fill, Silt and Clay =~ 4-9 969.9 - Yes No 6/1/87 CRA 32,%5,57,58, 3/22/88; vater level data; 6/3/87 soil sasple 6-14 ft.
60,61
w283 Well  WIP Fill, Silt and Clay 3.3-10.3  569.8 Yes No 5/12/87 CRA §2,95,57,58, 1/23/88; 6/1/87 soil sasple 6-8ft; vater level data;
60,61 5/11/87 soil sasple 4-8 ft.
0W286 Nell  WIP Fill, Sitt and Clay 6.2-11.2  570.7 Yes No 5/14/87 CRA 52,55,57,58, 3/23/88; vater level data; 6/5/87 soil sasple 6-20.8 ft.
60,6t

Note: Depth and Ground Elevation in feet (1986 Occidental Datus),
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) TABLE D-1
SUMHARY OF TEST BORING/NONITORING WELL DATA
FOR WATER TREATNENT PLANT PROPERTY

SAMPLING POINT TYPE  LOCATION GEOLOGY DEPTH 6R.ELEV ANALS  OA/QC NHEN BY WHON ' SOURCES CONNENTS AND WATER QUALITY SANPLING DATES

w287 Nell  WIP . Fill, Silt and Sand 9.8-20.8 514.2 Yes No  2/19/88 CRA 32,55,37,38, 3/25/88; vater level data; peraeability test dats;
60,61 5/8/87 soil sample b-14 ft.

0288 Well  WIP Silt and Sand 8.5-13.5 972.2 Yes No  5/12/87 CRA 32,33,35,57, 3/10/88; vater level data; S/15/87 soil sasple 7-18 ft.
58, 60,61 .

0n289 Well  wIpP ' Fill, Silt and Sand 8-18 5713.1 Yes No 5/18/87 CRA 32,33,35,57, 3/10/68; vater level data; 6/15/87 soil sasple 8-20 ft.
58, 60,61

0u290 Nell  wIP Sand 14.8-19.8 574.8 Yes No 6/17/07 CRA 52,55,51,58, 3/20/88; vater level data; 6/18/87 soil sasple 2-19.8 ft.
60,61

w29 Nell  NIP Fill, Sand, . 8.3-20.5 5744 Yes No  6/23/87 CRA 32,35,37,58, 3/24/88; vater level data; 5/18/87 soil sample 14-34 ft.

’ Silt and Clay 60,61

w292 Well WP Sand, Silt and Clay 28.3-33.3 §76.0 Yes No 5/22/687 CRA 32,33,55,57, 3/8/88; vater level data; perseability test data;

’ 38,60,61 5/19/87 soil sample 9-34 ft.

04293 Well  WIP Sand . 25.5-30.9 575.6 Yes No 5/22/81 CRA 32,35,57,58, 3/9/88; vater level data; peraeability test data;
60,61 3/21/87 soil sasple 12-30 ft.; 5/2B/87 soil sasple

30-32 ft.

06294 . Well WP Siit,Sand and Gravel 25-30 54,6 Yes Mo 3/29/87 CRA 32,35,97,58, 3/9/88; vater level data; perseability test data;
60,61 3/8/87 soil sasple b-12 ft, :

Bi100 ~ Boring Hooker ‘ Overbyrden 3.5 571.9 No %o 2/9/81 CRA 38,60,61 Physical testing data; grain size data

BH101 ’ Boring Hooker : Overburden 32.5 .2 Mo No  5/21107 CRA 38,60,61 Physical testing data; grain size data

BH#102 Boring §3rd Street Overburden 33.8 St.8 No No  5/26/87 CRA 58,60, 61 Physical testing data; grain size data

BH103 Boring 353rd Street Overburden .1 5721 No  5/26/87 CRA 98, 60,61 Physical testing data; grain size data

BH104 Boring 353rd Street Overburden 3.4 572.5 Mo No  5/26/87 CRA . 36,60,61 Physical testing data; grain size data

BH10S Boring 53rd Street Overburden 3.1 372.1 o No  3/9/87 CRA 58,60,61 Physical testing data; grain size data

BH106 Boring S53rd Street Overburden 3.1 S71.6 No - Mo 3/6/87 CRA 33,60,61 - Physical testing data; grain size data

BH107 Boring 33rd Street Overburden 3.1 . No No  3/5/87 CRA §3,60,61 Physical testing data; grain size data

BH108 Boring 353rd Street Overburden 31.6 510.7 No No  3/4/87 CRA 33,60,61 Physical testing data; grain size data

BH109 Boring 53rd Street Overburden 3.3 - 970.1 No No 3/3/87 CRA 33,60,61 Physical testing data; grain size data

@

Note: Depth and Ground Elevation in feet (1986 Occidental Datus).
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TABLE 0-t
SUMMARY OF TEST BORING/MONJTORING WELL DATA
FOR WATER TREATMENT PLANT PROPERTY

SAMPLING POINT TYPE  LOCATION GEOLOGY DEPTH GR.ELEV ANALS  QA/OC  WHEN BY WHOM  SOURCES COMNENTS AND WATER QUALITY SAMPLING DATES
BHL10 Boring S3rd Street ) Overburden 3.4 969.5 No No  2/27/87 CRA 38,60,61 Physical testing data; grain size data
BHI11 Boring 33rd Street Overburden .4 568.7 No No 2/26/87 CRA 58,60,61 Physical testing data; grain size data
BH130 Boring Hooker Overburden 32.8 ST No Mo 3/10/87 CRA 98, 60,61 Physical testing data; grain size data
BH222 Boring “IP Overburden 20.0 §75.2 No No  3/31/88 CRA ~58,60,61 '

BH223 Boring WIP - QOverburden 20.0 574.8 No No 3/31/88 CRA 58,60,6t

BH277 Boring WIP ? ‘ 2-10 ? Yes o ? . CRA 55,57,61 1/14/87 soil

BH286 Boring WIP ' ? 4-8 ? Yes No ? CRA 93,97,61 3/13/87 soil

BH2%1 . Boring WIP ‘ ? 2-18.4 ? Yes No ? CRA 95, 57,61 1/14/07 soil

NOTE:

CEC = Clayton Environsental Consultants, Inc.
CRA = Conestoga-Rovers Associates, Ltd.

ESI = Eepire Soils lnvestigations, lac.

LB6 = Leggette, Brashears & Grahas

WTP = Water Treatsent Plant i

N=Nor th
§=5outh

Note: Depth and Ground Elevation in feet (1986 Occidental Datum).
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D-2

LIMITS ON TEST BORING/MONITORING WELL DATA
FOR THE WATER TREATMENT PLANT PROPERTY

D-2 summarizes the well construction and chemical analyses details
for the various wells, boreholes, and excavations on, or near, the Water
Treatment Plant property. Each section of D-2 highlights the limits of
information known for the borings/wells, including whether or not a well
seal is suspect and the number of non-average chemical analyses performed
on a sample.

0337-13-1110



LINITS ON TEST BORING/MORITORING WELL DATA
FOR THE WATER TREATMENT PLANT PROPERTY

-------------- WELL CONSTBOCTION----------------- --------CHEMICAL AWALYSES--------
Boring/ Screen  Well Sample Average Numb.
¥ell Location Elev.  Depth  Strat. Comstr. MNulti  Seal Yo Date Yalues Of Non-
fo. Uoknown Unknown Unknown Unknown Unkmown UOnits  Suspect Analys. Unknown Only Avg.

Analys.

¥S-16 X X
¥5-16a X X
¥s-17 X X
¥5-17a X X
N5-18 : X X X
¥5-18a , {
¥5-44a X X
¥5-45a S 1
¥5-46a X X
W5-47a ‘ X
CH-1 , ‘ 1 1
CN-1a . X X i
eN-1b : \ X X 5
CR-2a X b X 10
CN-Ja X X x 1
CN-4a X X X 5
CN-5 : X X 9
CK-6 X X
(N-6a 4 X 14
CN-6b X X X 1
C¥-1 ’ X Cx 7

-~ 3/29/88  Page |



. Boring/ ‘ Screen Well Sample Average Humb.

Nell Location Elev.  Depth  Strat. Constr. MNulti Seal - No Date Values Of Non-

No. Unknown Onknown Unknown Unknown Unknown Units  Suspect Analys. Unkmown Only Avg.
Analys.

CH-Ta A ' X X X 1.
C¥-8a X X 1
CW-§ X 4

CW-9a ' | X X 1
oh-10 : 1 : 1
CN-10 o | | o r 1
ov-11 . X X

(W-11a , X b X 1
Cw-13 4 : -1
Oh-132 | z '
55-Pilot : X X

55-1 ‘ X | | X

§8-2 X X

-1 X 4 X X

TBN-1a x X ¢

TB1-08 - ‘ X

1B2-08 | | X

BE-1-71

BE-2-77

BE-3-77

BE-4-77

BE-5-77

BE-6-77

BE-7-77

3/29/89  Page 2



Boring/ ' Screen  Well Sample

Nell Location Elev. Depth  Strat. Comstr. Multi  Seal Fo Date

Average Numb.
Values Of Non-

No. Unknown Unknown Unknown Unknown Unknown Units  Suspect Analys. Unkmown Only Avg.

Analys.

BH-1A-08
BH1B-43
BE2B-43

© BHIB-43

BE4B-43

BE5B-43

BE3-43

BH1-48

BH2-49

BH3-48

BH4-49

BHS-49

BHG-49

BHT-49

BE12-25 X L
BH12-26 1 X
BH12-27 X X X
B12-28 - 1 1 1

_ BH12-29 b X X

BH12-30 X 1 X
BE12-31 X ; X
BH1-80
BE2-80

BH3-80

3/29/89  Page d



-------------- WELL CONSTROCTION----------------- --------CHENICAL ANALYSES--------
| Boring/ Screen  Well Saaple Average Numd.
Nell Location Elev.  Depth  Strat. Conmstr. Multi  Seal Yo Date Values 0f HNon-
No. Unknown UOnknown Onknown Onknown Onknown Units  Suspect Analys. UOnkmown Only Avg.
Analys.
BE4-80
BH5-80
BHG-80
BE7-80 X
B-1 X 3
B-2 i A . X 3
B3 x x 3
B-4 X | 3
B-5 ' X -3
B-6 X 3
B;7 . - 4 3
B-B: X 3
B-9 r X 3
B-10 ‘ X 3
B-11 ‘ _ X ' X o 3
B-12 : A X ' X 3
Fi-1 | X X X
FB-2 1 H X | X
0w200 _ 1
0N201 | X
oW202 | | x
- ON210 X
owz11 ' X
w215 ‘ ) X

3/29/89  Page d



-------------- WELL CONSTROCTION-------------uuuu =-=-----CHEMICAL ANALYSES--------
Boring/ Screen  Well Sample Average Nuamb.
Well Location Elev.  Depth  Strat. Comstr. Multi  Seal No Date Values Of Non-
No. Unknown Unknown Unkmown Unknown UOnknown Units Suspect Analys. Onknown (Only Avg.
) Analys.
ON216 I
oN220 ‘ o x
w221 X
0N226 | ‘ X
oN227 \ o x
0234 ‘ X
0N235 B x
- ON236 ' | x
0N260 1
OW261 1
0N262 . | 1
w263 1 |
0w264 | 1
ON265 ' 1
ON2T4 5 o 1
w275 . X 1
OR276 , o 1
oN217 . X : - 1
w278 b 1
w279 X ' 1
w280 ‘ 1
w281 ' ‘ | 1
0w282 ' X | 1
0N283 | : X 1

3/29/89  Page 5



-------------- WELL CONSTRUCTION--------~-------- --------CHENICAL ANALYSES--------
Boring/ ' Screen  Well Sample Average Numb.
Nell Location Elev.  Depth  Strat. Constr. Multi  Seal o Date Values Of Non-
No. Unknown Unknown OUnknown Unknown Unknown Units  Suspect Analys. Onknown Only Avg.

' ‘ fnalys.
0W284 ’ x !
ON285 | . 1 1
0W286 4 1
ON28T ' ~ ' 1
ON288 | 1
oN89- | | | 1
0W290 - ' ' 1
0N281 . ‘ ‘ 1
0N292 | X | 1
0N293 ) 1
0N294 : 1
BE100
BA101
BH102
33163
BA104
BE10S
BH106
BE107
BA108
BH109
BR110
BEL11
BE130

3/29/89  Page 6



-------------- WELL CONSTROCTION-~------=-=-eu--- --------CHEMICAL ANALYSES--------
Boring/ Screen  Well Sample Average HNuamb.
Nell Location Blev.  Depth  Strat. Constr. MNulti  Seal No Date Values 0f Non-
No. Unknown UOnknown Opknomn Unknown Unknown Onits  Suspect Analys. OUnknown Only Avg.
Analys.
BE222
_ BH223
BH277 X X X
BH286 X X X
BH291 X X b4
Hote: Excavations and surface soil sample series S-1 to 5-6 not included.
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D-3

STRATIGRAPHIC SUMMARY FOR TEST BORINGS/MONITORING WELLS
FOR WATER TREATMENT PLANT PROPERTY

Over the years, more than 150 monitoring wells and boreholes have
been installed on or near the Water Treatment Plant property for the
purpose of defining local geology, hydrogeology, and soil conditions.
Table D-3 summarizes the stratigraphic data base obtained from the
various well and borehole installations. Each section of the table
presents depth and elevation of each stratigraphic unit encountered and
observations of NAPL.

0337-13-1110
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APPENDIX 0-3

STRATIGRAPHIC SUMNARY FOR TEST BORINGS/MONITORING WELLS
FOR WATER TREATMENT PLANT PROPERTY

10 0F BASE OF BORING/

BASE OF FILL BASE OF GARBAGE ALUVIUN T0P OF CLAY  THICKNESS T0P OF TILL . THICKNESS T0P OF BEDROCK SCREENED INTERVAL NAPL
Ground OF CLAY  ---------m--em- OF TIWL-

NELL # Elev. Depth  Elev. Depth Ele_v. Depth Elev. Depth  Elev. (Feet) Depth  Elev. (Feet) Depth  Elev. Depth Elev. Depth  Elev,
NS-16 570.7 24 546.7 7.5 963.2 - -- - 14 6.7 7 3 539.7 3 §39.7
k3 9347
WS-16a §70.8 24 546.8 1.9 3.3 T - - - 4 546.8 3 -- 6 564.8
2% 544.8

NS-17 in il 1 9 363 - Fil 5t 10 k)| Ml 2 n 339 n 339 10 362

. 38 334 12 360
NS-17a .3 2 %13 9 963.3 -- 2 5913 1.5 -- - - 7 963.3
2 §50.3

NS-18 571.6 1.5 3541 - -- 17.5  354.1 15,5 - - 33 538.6 33 538.6 32 3539.6
38 §33.6
NS-18a .9 17,5 554.4 - - 1.5 934.4 0.3 -- - -- 7 369.9
17 54,9
WS-44a §73.5 - -- 0 9§3.5 9.5 964 I - - - 4.3 369
9.3 364

NS-45a 5719 12 §99.9 12 599.9 12 599.9 15 §%6.9 6 -- - - 4.5 367.4 13.5 5584

19.5 592.4 15 556.9

) 19 3529
+ WS-46a mn 2 in 2 in -- 6 367 12 -2 in [} - : 5.9 367.5
16 957
WS-47a° 972.3 12 560.3 -- 12 560.3 21 9.3 LS - - - 7 363.3
g n 945.3

Cu-1 570.9 20 550.9 8 5629 20 550.9 -- -- 28.5 42,4 3 .9 939.4 32.5 538.4 30.5  540.4
3.5 533.4
Ci-la 969.9 13.5  356.4 1.5 562.4 -- - - -- -- -- 3 366.9
13 §96.9
CN-tb 369.9 1.9 356.4 1.5 962.4 13.5  556.4 -- ’ -- 4 5.9 1.9 -- 14 993.9

i} 345.9
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APPENDIX 0-3

STRATIGRAPHIC SUMMARY FOR TEST BORINGS/MONITORING WELLS
FOR WATER TREATMENT PLANT PROPERTY

T0P OF BASE OF BORING/
BASE OF FILL BASE OF GARBAGE AUVIUS T0P OF CLAY  THICKNESS T0P OF TILL  THICKNESS T0P OF BEDROCK SCREENED [NTERVAL NAPL
Ground OF CLAY  --==--=-mmeemme OF TILL
WELL ¢ Elev. Depth  Elev. Depth  Elev, Depth  Elev. Depth  Elev. (Feet) Depth  Elev. (Feet) Depth  Elev, Depth Elev. Depth Elev.
CH-2a 570.3 9 315 9- 561.5 9 361.5 17.5 553 2 -- - - 4.5 366 7yes
19.5 1
v-3a Nn.2 9 562.2 1.5 569.7 -- 9 3562.2 3 - - -- ¢ 1.2
10 361.2
CH-4a §7L.9 6 565.9 6 963.3 -- 6 963.9 3 - -- -- 3.5 368
8.5 363
CN-5 376.1 32,5 43.6 21 §49.1 - - -- 32,5 M6 4.5 TN k1 939.1
42 334.1
Cu-6 75,4 - 16 §59.4 16 §59.4 16 959.4 2.5 3549 13 3.9 .9 2.3 3% 339.¢ k1] Ml
ki 938.4
CN-ba §75.4 16 55%.4 16 559.4 -- -- -- - - -- 6 969.4
‘ 16 559.4
Ch-6b 575.4 16 §39.4 16 559.4 16 559.4 2.5 5.9 1.5 - -- -- 17 558.4
N : n 533.4
cN-7 3107 12 §58.7 12 558.7 - 12 538.7 18,9 -- - 30.5  540.2 30.5 40,2
3.9 535.2
CW-7a 570.7 12 338.7 12 538.7 -- 12 558.7 1.5 - -- -- 3.5 367.2
13.5 557.2
CN-8a 11,2 1.5 969.7 7.5 569.7 1.9 569.7 -- - - - - 13.5 363.7
' 33.5 3.7
-9 §72.3 16,5 395.8 16.5 555.8 -- 16.5 333.8 13.9 30 2.3 3 3 N3 n 539.3
k] 934.3
C¥-9a 972.3 16.5 9§55.8 16.5 355.8 - -- -- -- -- - 6.9 565.8
16.5 595.0
cu-10 576.9 15 961.9 12 564.9 15 561.9 6.5 950.4 9.5 3k 540.9 i 7 .9 n 539.9 °
42 534.9
CN-10a 576.9 13 561.9 12 364.9 - 15 961.9 - -- -- - - 6.5 970.4

26.5 530.4
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APPENDLY D-3

STRATIERAPHIC SUMMARY FOR TEST BORINGS/MONITORING WELLS
FOR WATER TREATMENT PLANT PROPERTY

0P OF . BASE OF BORING/
BASE OF FILL BASE OF GARBAGE ALUVIUN TOP OF CLAY  THICKNESS TOP OF TILL  THICKNESS TOP OF BEDROCK SCREENED INTERVAL NAPL
6round OF CLAY  —-----omemme-es 0F TILL : - :
NELL ¢ Elev. Depth  Elev, Depth  Elev. Depth  Elev, Depth  Elev. (Feet) Depth  Elev. (Feet) Depth Elev, Depth Elev, Depth  Elev,
oN-11 374.6 18.5 3%6.1 18.5  336.1 18.3  3%.1 5.5 M.l 10.5 - - 36 330.6 3 338.6
4 §33.6
CH-11a 574.6 18,5 556.1 18,9 556.1 18.5 356.1 25,5 391 9 - - -- i 563.6
26 348.6
Cu-13 373.7 16,5 597.2 13.5  560.2 - 16.9 597.2 16.5 3 0.7 3 » g 35,3 338.2
40.5 §33.2
CH-13a M7 16,5 957.2 13.5 960.2 -- -- -- -- -- - 1.9 372.2
16.5 997.2
SS-Pilot ? 2 ? 8 ? 20 ? -- ? - 2.9 ? 3 3.5 ? .9 ?
. n ?
$S-1 i 2 §51 8 363 2 351 - - 8.9 M5 3 3.9 3.3 46.5 4.5 30.5 540.5
4.6 516.4
§8-2 570.9 20 §50.9 8 9562.9 20 550.9 - ' -- 8.5 M4 3 3.9 3.4 35 915.9 30,5 540.4
: 10 500.9
VRU;I ' ? ? ? ? 2, ? ? ? ? ? ? - ? ? n ? kx} ?
69
+TRN-1a ERY ? . ? ? 12 ? 13.3 ? 2.5 - ' -- -- 7 ?
19 ?
181-08 $72.2 -- . -- 0 §72.2 2.8 969.4 25.9 8.7 $43.5 1.3 30 542.2 ? ?
182-08 365.6 -- -- 0 3563.6 6 3539.6 16 2 Wb 2.6 4.6 41 ? ?
BH-1-77 .9 17 5919 17 9.9 - 17 597.9 2 - -- -- 37 337.9
BH-2-77 569.9 ' 9 560.9 9 9560.9 9 3560.9 17.5  592.4 2.9 - - - ' 20 549.9 .
BH-3-77 568.8 3.5 965.3 3.5 965.3 3.5 965.3 9.5 9§59.3 10.5 29.5 §39.3 3.3 - kx} §35.8
BH-4-77 60,6 7 316 7 561.6 7 %16 1.5 3611 2.9 29 539.6 4.5 -~ 33.5 533.1

BH-5-71 569.2 6.5 562.7 6.5 562.7 6.9 962.7 8.5 560.7 20.5 29 540.2 3 -- Kl 535.2
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APPENDIY 0-3

STRATIGRAPHIC SUNNARY FOR TEST BORINGS/NOMITORING MELLS N
FOR WATER TREATMENT PLANT PROPERTY

T0P OF ' BASE OF BORING/
BASE OF FILL - BASE OF GARBAGE ALUVIUN TOP OF CLAY  THICKNESS T0P OF TILL  THICKNESS TOP OF BEDROCK SCREEMED INTERVAL NAPL
6round OF CLAY  —-—moemememeee OF TILL
NELL # Elev. Depth  Elev. Depth  Elev. Depth  Elev. Depth  Elev. (Feet) Depth  Elev. (Feet) Depth  Elev, Depth Elev. Depth  Elev,
BH-6-17  §73.9 16 557.9 16 557.9 16 5579 - - - - - £ 543.9
BH-7-17 575.9 18 557.9 18 557.9 18 552.9 -- -- 33 42,9 2 - 33 340.9
BH-1A-08  568.9 4.5 964.4 -- -- 45 644 25 29.5  53%9.¢ "2 3.y 5314 35.9 §33.4
BH-1B-43  568.8 - - 0 568.8 6.5 562.3 215 28 0.8 0.5 28.5 540.3 k]| 537.8
BH-28-43  §70.2 ° 10 560.2 .10 560.2 10 560.2 14 556.2 15.5 9.5 540.7 1 30.9  §39.7 3 331.2
BH-3B-43  569.8 - - 0 969.8 13 556.8 18 31 538.8 1 N 5.8 kx} 536.8
BH-48-43  569.3 - -~ 0 569.3 8 961.3 2 -- - 29 540.3 30.9 538.8
f

BH-3B-43  568.3 5 363.3 - 3 963.3 7 S61.3 2 3 539.3 1 30 538.3 3.5 336.8 N
B3-43  'S6e.6 - - 0 364.6 4 960.6 22.4 2% 538.6 0.9 7.3 $31.3 2 538.6
BH-1-49 369.7 9 560.7 9 560.7 -- - 2 -- -- 9 540.7 k)| 538.7
Bi-2-49 364.7 i §s.7 10.5 558.2 - . - 19 - -- 30 538.7 k74 536.7
BH-3-49 570.6 10 360.6 10 560.6 10 360.6 16 554.6 1.9 2.9 M7 4 31.9  538.7 34 336.6
BH-4-49 .7 17 §54.7 17 534.7 -- - 1 8 5437 3.9 3.9 §39.8 ? 529.7
BH-5-49 570.6 10 560.6 10 560.6 10 560.6 20 550.6 9.9 29.9 540.7 3.1 33 336 43 927.6
BH-6-49 3723 11.8  560.7 11.8  560.7 11.8  560.7 4.8 5417 H 29.8  542.7 3 32.8  §39.7 [X] 329.5
BH-7-49  571.8 - -- 0 571.8 - 26,5 26.5 545.3 2 28.5 543.3 k] 337.8

BH12-25 374.2 ? ? ? ? ? ? ? ? ? ? ? 7 2.2 ? ?
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APPENDIX §-3

STRATIGRAPHIC SUMMARY FOR TEST BORINGS/MONITORING WELLS
FOR WATER TREATMENT PLANT PROPERTY

0P OF BASE DF BORING/

BASE Of FILL BASE (F GARBAGE ALUVIUN T0P OF CLAY  THICKNESS T0P OF TILL  THICKNESS TOP OF BEDROCK SCREENED [NTERVAL NAPL
6round OF CLAY  ~---meomcmeeee OF TILL

WELL # Elev. Depth  Elev. Depth  Elev. Depth  Elev. Depth Elev. (Feet) Depth  Elev. (Feet) Depth  Elev. Depth Elev, Depth  Elev.
BHI2-26 73 ? ? ? ? ? ? ? ? ? ? ? kl} 39 ? ?
BH12-27 372.1 ? 2 ? ? ? ? ? ? ? ? ? 3k 53.1 ? ?
BHI2-28 §76.9 ? ? ? ? ? ? ? ? ? ? ? 3.7 545.2 ? ?
BH12-29 374.7 ? ? : ? ? ? ? ? ? ? ? ? 24 550.7 ? ?
BH12-30 . 358 ? ? ? ? ? ? ? ? ? ? ? 25 bxx} ? ?
BH12-31 368 ? ? ? ? ? ? ? ? ? ? ? 5.2 2.8 ? ?
BH-1-80 386.9 39 1.9 ¥ 9 3 5419 - -- ? 5“.9 2 “ 2.9 “.s 2.4
BH-2-80 69 19 550 19 550 19 550 -- -- 2 M7 1 n 336 4.3 934.7
BH-3-80 568.3 A 1.3 21 541.3 A 547.3 -- ’ -- 22 546.3 8 30 538.3 3l 537.3

BH-4-80 388.4 37 S5t.4 37 551.4 37 351.4 -- ’ - 4 M4 6.9 3.9 536.9 2.5 535.9 21 567.4

36 952.4
BH-5-80 .4 29 5.4 29 9454 -- -~ -- 29 M54 6 -- 35.2 §39.2
BH-6-80 974.3 21 §93.3 21 553.3 U 8833 - - 28 346.3 7 - 35 339.3
BH-7-80 560.1 42 46,1 42 346.1 -- -~ -- 42 §46.1 8 - 30.9 331.2
B-1 572.6 7 563.6 ? ? 7. 563.6 -- -- 35.5 83t I - 29 543.6
k1) 538.6
B-2 313.43 12 561.43 12 961,43 12 561.43 - -- -- -- -- 19 394,43
- 24 349.43
B-3 369.2 9 560.2 ? ? -~ 9 560.2 20.5 2.5 9397 3 -- 26.3 5421
31.5 531.7
B-4 570.4 8 562.4 ? ? -- 8 562.4 2 30 5404 4.5 - 23 541.4
kL] 536.4
B-3 §72.7 -- -- 0 372.7 1 363.7 ] - -, -- 3 367.7
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APPENDIX D-3

STRATIGRAPHIC SUNMARY FOR TEST BORINGS/NONITORING WELLS
FOR WATER TREATMENT PLANT PROPERTY

TOP OF . ’ BASE Of BORING/
BASE OF FILL BASE OF GARBAGE ALUVILN TGP OF CLAY  THICKNESS T0P OF TILL  THICKNESS TOP OF BEDROCK SCREENED INTERVAL " NAPL
Ground COF CLAY  —memcoommme e OF TILL

NELL & Elev. Depth  Elev. Depth  Elev. Depth  Elev. Depth Elev. (Feet) Depth  Elev. (Feet) - Depth Elev. Depth Elev.  Depth Elev.
10 562.7
B-6 571,95 12 599.5 - . 12 §59.5 - -- - ° - - 17 3.5
2 549.5
B-7 §72.93 15 §97.93 ? ? 15 557.93 22 §50.93 11.5 3.5 3.4 6 - 3.5 341,43
: ’ 36.5 536.43
8-8 s 7 564 7 564 - 7 564 u 3t 540 6 - 29 42
M. 37
8-9 568.9 7 9t.9 ? ? -- 7 §61.9 5 -- - ) 7 361.9
12 396.9
B-10 i -- -- -- 20 3.2 27 2] §46.21 1 -= 8 35.21
3 340.21
B-11 7.2 - -- 0 .21 . 7 %35.21 ] -~ -- - H 367.21
10 362.21

B-12 373.43 " 16 597.43 ? ? 16 557.'43 30 543.43 3. 33 540.43 6 - 3 502.43‘

3 337.43
FH-1 ? ? ? ? 7 ? ? ? ? 7 ? ? ? ? ] ? ?
FH-2 ? ? 2 ? ? ? ? ? ? 7 ? 7 7 ? ? ? ?
w200 572.9 3 969.8 -- 3 569.8 8~ 364.8 ) 18 26 546.8 309 3.8 2043 368.5
~ Dw201 368.9 7 3#L.9 1 3561.9 -~ 1 3561.9 21.5 28,5 40.4 | 9.5 §39.4 205.8 363.1
0N202 7.5 T 20 851,95 20 95L.5 -- - 2.3 343 10.5° 7 8345 127 444.5
’ ' . 206.8 364.7
w210 .t 9 S62.1 q 1 9570.1 9 3621 . 1 560.1 19.9 - -- 32.5 538.6 136.7 434.4
. . ’ 169.4 401.7
ov211 570.6 19 351.6 19 3551.6 13 §51.6 19.5  551.1 8.3 8 5426 3 3 8396 0 204 366.6
oN215 579.1 17 §38.1 17 558.1 17 §58.1 19 55%6.1 11.5 30.5 544.6 6.9 37 538.1 154 421.1

i 404.1
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STRATIGRAPHIC SUMMARY FOR TEST BORINGS/MONITORING WELLS
FOR WATER TREATMENT PLANT PROPERTY
10P OF BASE OF BORING/
BASE OF FILL BASE OF GARBAGE ALUVIUN T0P OF CLAY  THICKNESS TOP OF TILL  THICKNESS TOP OF BEDROCK SCREENED INTERVAL NAPL
Ground OF CLAY  --------=moem- OF TILL

WELL # Elev, Depth  Elev. Depth Elev. Depth  Elev. Oepth  Elev. (Feet) Depth  Elev. (Feet) Depth  Elev. Depth Elev, Depth Elev.
o216 572.3 2 570.3 -- 2 9703 7 563.3 17.9 4.5 1.8 6 30.5 541.8 136 436.3
170.5 401.0
W220 §72.4 1 §71.4 - 1 9714 8 564.4 2 30 542.4 0.1 30.1  542.3 k]| 1.4
6l.1 11,3
w21 570.4 20 350.4 20 550.4 20 550.4 -~ . -- 28 42.4 3.3 3.5 §38.9 3.3 537.1
63.3 507.1
0N226 1.9 8 363.9 8 363.9 -- 8 563.9 .5 32,5 939.4 H 32.7  §39.2 33.4 §38.5
63 508.9
w227 i 17 b)) 17 W 17 357 - -- 30 b1 [} K1} M40 35.6 §38.4

66.1 507.9 -

w234 569.8 8 561.8 8 9561.8 -- 8 3561.8 1 29  540.8 3.5 2.5 533 32.5 §37.3
63 306.8
082335 570.8 9 561.8 9 361.8 9 561.8 14 556.8 15.5 2.5 1.3 2 I O 5 32.5 §30.3
67.8 303

w236 s 18 359 18 59 18 %9 29.5  941.5 4.3 k) 43 3.5 37,5 939.% 3.5 332.5 13 362

: © 69.9 307,14 2 354
0N260 368.4 13 §55.4 13 555.4 13 355.4 24 5444 2 26 2.4 f.S 8.5 §39.9 349.3
4.1 34,3
w261 569.9 20 549.5 20 549.5 20 549.3 == - 8 541.3 3.5 -- 2.8 §46.7
21.8 3.7

0W262 374.5 17.5 357 17.% 857 17.5 37 -- -- 32,5 42 1.3 -- 27.4 1.1 10 564.5

32.4 §42.1 16 558.5
0W263 N 20 51 2 381 2 351 -- - -- - -~ i 350
2% 545

0W264 568.4 6.3 351.9 12,5  935.9 6.5 §5L.9 - - 21 1.5 2.5 §35.9 6 562.4 15 333.4

2 547.4
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APPENDIX D-3 °

STRATIGRAPHIC SUMMARY FOR TEST BORINGS/MONITORING MELLS
FOR WATER TREATMENT PLANT PROPERTY

1ap oF : BASE OF BORING/
BASE OF FILL BASE Of GARBAGE ALUVIUN T0P OF CLAY  THICKNESS T0P Of TILL  THICKNESS TOP OF BEDROCK SCREEMED INTERVAL . NAPL
Ground - OF CLAY  —~omeeomeeees OF TILL

NELL & Elev, Depth  Elev. Depth  Elev. Depth  Elev. Depth  Elev. (Feet) Depth  Elev. (Feet) Depth  Elev. Depth Elev.. Depth  Elev.
0N265 SI4.5 16.5 358 16.5 558 16.5 558 -- - 30 5445 6.3 - 1.9 549.6
29.9 4.6
w274 5721 2§01 -- 2 510.1 1 565.1 1 24 348.1 8.9 -- 3.3 368.6
8.5 363.6
oW275 570.5 1 3563.5 6 564.5 -- . 1 3563.5 20.3 .5 bix] 4.3 32 53.5 4 366,35
9 361.5
0W276 5719 1.5 564 6.3 363 -- 1.5 564 21.5 29 §$42.5 4 -- 1.5 368
. 8.3 63
o277 510.2 8 562.2 8 §62.2 - 8 §62,2 it 23 51,2 3.3 -~ 3.9 366.3
8.9 361.3
0N278 5705 8.5 562 -- 8.3 362 I 9359.5 19 30 540.5 3 -- 1.3 363.2
12.3 358.2
oN279 §70.5 8 962.5 -- -- 8 2.5 - 2.5 2.5 2 kR 3.5 bx} ] 3.5 %7
8.5 §62
0§280 369.9 2 %%67.9 -- 2 561.9 8 561.9 2 8 5.9 2 -~ 4.1 365.8
9.1 360.8
o8l §70.3 -- -- 4 566.3 4 966.3 11.5 5.5 4.8 4.5 - 4 366.3
9 361.3

w282 M. 10 361.1 10 S61.1 10 S6l.1 12 §59.1 18 - 30 5419 3 -- a7 365.4 8 3563.1
' 12.7 358.4
%283 3.7 1.5 560.2 6.9 565.2 -- 1.5 560.2 18,5 30 4.7 2 -- 8.5 363.2
13.5 358.2
04284 369.6 6 963.6 -- -- 6 963.6 23 29 540.6 { -- [} 363.6
9 560.6
09285 569.8 1 562.8 4 565.8 - 7 562.8 20,5 27.5 5423 { 28.5 541.3 5.3 564.5
10.3 559.5

0286 570.7 3.9 565.2 5.3 965.2 3.5- 565,2 7 563.7 A 28 542,71 3 -- 6.2 364.9
1.2 359.5
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APPENDIX D-3
L]
STRATIGRAPHIC SUMMARY FOR TEST BORINGS/MONITORING WELLS
FOR WATER TREATMENT PLANT PROPERTY
10° OF BASE OF BORINS/
BASE OF FILL DASE OF GARBAGE ALUVIUN T0P OF CLAY  THICKNESS T0P OF TILL . THICKNESS TOP OF BEDROCK SCREENED INTERVAL NAPL
Sround © OF CLAY  ----meerommeeee OF TILL
NELL ¢ Elev, Depth  Elev. Depth Eiev. Depth Elev. Depth Elev. (Feet) Depth Elev. (Feet) Depth  Elev. Depth Elev. Depth  Elev,
oN28? .2 18 396.2 18 556.2 18 556.2 2.5 9§93.7 13.5 3¢ 540.2 2 ¥ 538.2 9.8 364.4
20.8 §53.4
ouzes 572.2 8 564.2 5.5 566.7 8 964.2 14 558.2 1.5 3.5 540.7 2.5 -- 8.5 963.7
: ’ 13.5 550.7
0n289 7.t 12 961.1 12 31.1 12 3611 t7.5 §33.6 ) 3.5 §39.6 1.3 - 8 963.1
18 355.1
N2%0 '514.8 145 560.3 14.5  560.3 145 360.3 19.5 555.3 13.5 3 .8 - 3 -- 14.8 360
19.8 555
w291 3744 14 560.4 4 560.4 14 560.4 20 3544 i4 3 HM0.4 3] - 8.3 366. 1
) 20.3 553.9
0W292 576 2 354 2 55 2 b K1} 42 0.1 .1 M9 1.9 ¥ 340 28.3 1.1
’ 33.3 42,7
#0293 §75.6 23 §90.6 25 550.6 25 950.6 KT (L) | HO UL 3 -~ 3.5 350.t
30.9 5.1
0N294 M6 20 554.6 " 334.6 20 §34.6 -- -- N ML6 [} - o) 549.6 15 §99.6
’ 30 4.6 17 551.6
BH100 Sn.g 8 363.8 8 363.8 8 363.8 8.5 §63.3 2 30.5 L3 - 3 3.9 5383 33.5 338.3
BH104 M.2 9 62,2 1.5 563.1 9 4562.2 10 561.2 19.5 2.9 1.7 3 3.5 §38.7 32.9 538.7
BH102 .8 9 562.8 9 3562.8 9 562.8 13.5 3§98.3 19.5 33 53.8 | ¢ 537.8 3.9 §38 7 564.8
' 12 559.8
BH103 372.t 1 3l.1 6.3 965.6 'll $61.1 . 16 996.1 17 KO N { 4 538.1 u.1 538 5 §67.1
B8 964.1
15 557.1
BH104 572.5 13 999.5 13 359.5 13 559.5 16.9 9% 15.5 32 §40.5 1.9 3.3 kX3 33.4 .t 14 558.9
16 556.3

BH105 2.1 13 559.t 12.5  559.6 13 559.1 7 M H 32 0.1 1 KX I XL N 3.1 339 12.5  §559.6
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APPENDIX D-3 : !

SIilAHGRAPHlC SUNMARY £OR TEST BORINGS/MOMITORING WELLS
FOR WATER TREATMENT PLANT PROPERTY

T0P OF BASE OF BORING/
BASE OF FILL BASE OF GARBAGE ALUVIUN T0P OF CLAY  THICKNESS *  T0P OF TILL  THICKNESS TOP OF BEDROCK SCREENED INTERVAL NAPL
Ground OF CLAY  —---eeoooooee oF TIL

. NELL 8 Elev. Depth  Elev, Depth  Elev, Depth  Elev. Depth  Elev. (Feet) Depth  Elev. (Feet) Depth  Elev. Depth Elev. Depth - Elev.
BH106 7.6 20 951.6 20 551.6 20 951.6 -- - 9 26 4 3 9386 3.1 §38.5 It 560.6
BH107 n.t 13 556.1 15 © 556.1 15 556.1 26,5 4.6 0.5 21 ML 6 3§31 33.1 538 10.5 560.6
’ 13 538.1
19 552.1
BHIOB  570.7 125 588.2  12.5 §%8.2 12.§ $58.2 - -- 21 3.7 4.5 3.5 §39.2 3.6 9.t 1.5 963.2
. 10 560.7
14 556.7
20 550.7
BH109 570.1 1.5 537.6 12,9 $597.6 . 12.5 $557.6 - - 16 5.1  15.5 3.5 538.6 3.3 538.8 10 560.1
BH110 389.3 12,5 357 b 963.9 12.5 97 - - B M5 6.9 3.5 538 3.4 §38.1 12 §57.5
BHILL 368.7 1 9.7 1 587.71 1 597.7 -- - 2% 342.7 3.9 3.5 3.2 34 §37.3 9 9.7
: . 10.5 558.2
BH130 N 7 %41 - 6 963.1 1 S64.1 11 560.1 19 30 M. 3 3 538.1 32.8 338.3 6.5 364.6
) ' 9 362.1

BH222 §75.2 18 §92.2 16 559.2 18 597.2 - -- - -- - 20 555.2
BH223 .8 18 556.8 18 556.8 18 556.8 o - - - - 2 4.8 15 999.8
BH277 ? ? ? ? ? ? ? ? ? ? ? ? ? 2 ? ? ? ? ?
BH286 ? ? ? - ? ? 7. ? - ? ? ? ? ? ? .7 ? ? ? ? ?
BH29t ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 2 2
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STRATIGRAPHIC SUNMARY FOR TEST BORINGS/NONITORING WELLS
FOR WATER TREATNENT PLANT PROPERTY

T0P OF
BASE 0F FILL BASE OF GARBAGE ALUVIUN T0P OF CLAY  FHICKNESS TOP OF TILL  THICKNESS TOP OF BEDROCK

Bround oo PO OF CLAY oo OF TIL  woeomeeemee

WELL ¢ Elev, Depth  Eley. ‘ Depth - Eley. Depth  Eley, Depth  Elev, (Feet) Depth  Eley. (Feet) Depth Eiev.
Notes: Clay frequently has silt, sand and gravel tayers.
Stratigraphic sequence, froa top to bottos, is noreally 1ill/alluviull(lay/till/b!dvotk.
== = Mot encountered
= Seduente not as usval

Depths of strata taken fros original boring lags,

21-Apr-89
BASE OF BORING/
SCREENED INTERVAL NAPL
Depth Elev. Depth  Eley,

Elevations of strata (1986 Occidental Datua) calculated froa ground elevations recorded in Source 61, except for B-1 to B-12, which vere calculated from information

in Sources 47 ang 61.
Elevations for 1908, 1943 and 1949 borings have been corrected for present day, vith exception of base of boring,

Depths and thicknesses in feet,

*Garbage® includes “cloth, bottoa aéh, vire, filtercake, brick, cinders, Sasonry, white aaterial, coal, glass, shot rock, rebar, flyash, slag, rusted setal, cardboard,

cerasic or setal fragsents, fidrous saterial, rubber, ash, vood, precipitates, concrete, and industria) vastes®,
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