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E. I. du Pont de Nemours and Company
Chemicals and Pigments

Buffalo Avenue and 26th Street
Niagara Falls, New York 14302

Attention: “Mr. Bev Adams
Manager, Environmental Affairs

Re: Geologic Report, Neéco Park
Niagara Falls, New York

Gentlemen:

In accordance with your request, Woodward-Clyde Consultants (WCC) is
pleased to present the Geologic Report for Necco Park, Niagara Falls, New York. This report
presents all the monitoring well, hydrogeologic, and geologic data collected during the drilling
phase of the off-site investigation. These data were interpreted by WCC with respect to the
geologic conditions within the study area. An interpretive report which will comprehensively
characterize the geologie, hydrogeologic and contaminant conditions in the study area will be
issued when sufficient groundwater chemxstry data have been collected.

We appreciate the opportunity to work with Du Pont on the Necco Park
Project. : : ' '

‘Very truly yours,

WOODWARD-CLYDE CONSULTANTS

R/ e v

Andrew H. Leitzinger
Assistant Project Geologist

Kelly R. McIntosh
Project Scientist

AHL/KRM/kes/WM-5T

ce: T, Fargb
' W. Porter
F. Waller

Consuiting Engineers. Geologists
and Environmental Scientists

Offices in Other Principal Cities . o . '
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EXECUTIVE SUMMARY

‘Du Pont is conducting an off-site investigation in the vicinitj of Necco Park in
accordance with the Necco Park Consent Decree (Appendix I, Section 111, Installation of New
GroundWater Monitoring Wells). During 1985 through 1987, seventy-eight monitoring wells
were installed in the vicinity of Necco Park. These monitoring wells supplement over one-
hundred monitoring wells previously installed at or near the site, expanding the boundaries of
the Necco Park investigations. This report presents the data collected during the ‘drilling

phase of the off-site investigation and g‘eoldgic interpretation of these data.
The following data are presented in this report:

Monitoring Well Diagrams

Monitoring Well Construction Details

Survey Results ‘

Grout Seal Hydrostatic Head Test Results

In Situ Hydraulic Conductivity Test Results

Slug Test Hydraulic Conductivity Results

Bedrock Core aﬁd Overburden Description Logs

Geologic Data (Formation Thickness and Contact Elevations)

© 0 0 © 06 ©6 0o o o

Fracture Frequency Plots

The overburden in the study area consists of natural. and :man-emplaced
material (fill). Mueh of the natural overbﬁrden, consisting of giacial till and glaciolacustrine
sediments, has been disturbed or removed. 'Within. the glaciolacustrine sediments an upper
glaciolacustrine unit and a lower glaciolacustrine unit are distinguishable. In some locations,
perched water was observed at the contact between these two units. OVerb_urden generally
thickens to the southeast in the étudy area, and thickness ranges from less than 2 feet to

greater than 22 feet. The overburden saturated thickness has been designated the A-zone.

The top of the Lockport Formation is represented by the top of bedrock. Field
observations indicate that the top of bedrock is not highly weathered within the study area,
suggesting a substantial regolith zone does not exist in the area. Thickness of the Lockport
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Formation in the study area averaged 147.6 feet, and ranged between 142 feet and 151 feet.
The attitude of bedding, identified at all levels of the Lockport Formation, averaged 0.5 of a
degree S45E, and was found to vary consistently from northwest to 'southeast across the site.
Viewed areally, these variations in bedding dip attitude constitute an identifiable northeast
trending structure affecting the'bedrock within the study area.

Bedding plane fracture zones have been identified based on field observations
during drilling, bedrock core examination and hydraulic conductivity test results. Theser
fracture zones were found to have limited and definable areal extent within the study area and
are designated the B- through G-zones. Beddihg plane fracture zones B through F exist solely
within the Oak Orchard Member of the Lockport Formation. The G-zone has been subdivided
into three fracture zones. The Gj-zone is present in the Eramosa Member of the Lockport
Formation. The ‘Gg-zone and G3-zone can be present in either the Goat Island Member or the
Gasport member of. the Lockbort Formation. The contact between the Lockport Formation
and the underlying Rochester Shale is designated the J-zone. ‘

Vertical fracturing in the study area has been investigated. The principal joint
fracture direction is approximately N65E - N75°E based on bedrock exposure observations
along the PASNY Conduits and along the. recently constructed Niachlor Brine Pipeline.

Secondary and tertiary joint fracture directionals have been identified.

The geologic study of the Necco Park area provides direct and indirect
evidence for a N60CE trending, high angle fault crossing the study area. The structure is
believed to be related to a northeast trending zone of high transmissivity and increased
vertical fracturing which was identified and studied by the US Geological Survey. Evidence
identified includes breccia, slickensides and bedding offset. The fault may be represented in
the study area by two or more parallel fault planes. Homoclinal‘folding is believed to have
occurred as a result of the same compressional stress which caused the faulting. A degree of
vertical fracturing higher than the regional average appears to be associated with this
structure. The increased vertical fracturing may serve as a connection between the upper
water-bearing zones of the Lockport Formation. The impact of the fault structure on

groundwater flow in the D-zone and below could not be ascertained.
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Regarding hydrogeology, WCC concludes the following: (1) circulation fluid
losses during drilling were generally consistent with the results of hydraulic ‘conducti\;ity tests;.
(2) a drop in hydraulie cohductivity of several orders of magnitude is apparent in the C-zone
over a horizontal distance of approxim'ately 300 feet near the south perimeter of Necco Park,
and may be related to the fault structure (3) estimated Go- and Gg-zone hydraulic
conducthty values are relatively high within the apparent areal distribution of these zones;

and (4) the J-zone was found to be impermeable (estimated hydraulic conducthty less than
1x1074 cm/sec) throughout the study area.
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1.0 INTRODUCTION

Du Pont is conducting an off-site investigation in the vicinity of Neeco Park in
accordance with the Necco Park Consent Decree (Appendix I, Section IIl, Installation of New
Groundwater Monitoring Wells). During 1985 through 1987:seventy-eight (78) additional
monitoring wells were installed in the Necco Park area. These monitoring wells supplement
over 100 previously installed monitoring wells at or near the site and expand the boundaries of
the Necco Park study area. The installation of these monitoring wells represents the third

phase of exploratory drilling since subsurface investigations began in 1982.

For the pufposes of this report, the phase of drilling and monitoring well
installation prévided for under the Necco Park Consent Decree which spans the years 1985,
1986, and 1987, is referred to as the off-site investigation. Previous investigation phases
conducted dufing 1983 and 1984 are referred to as the initial and supplemental investigation

phases, respectively.
1.1  OBJECTIVE

The off-site investigation phase is ongoing. The purpose of this Geologic
Report is to present all the monitoring well, hydrogeologic, and geologic data collected during
the drilling phase of the off-site investigation, and.to interpret these data with respect to the

geologic conditions within the study area. An interpretive report which will comprehensively

characterize the geologic, hydrogeologic, and contaminant conditions in the study area will be

issued when sufficient groundwater chemistry and hydraulic data have been collected. The
present report does not characterize groundwater flow, groundwater chemistry or contaminant
transport.

1.2 BACKGROUND

. The Du Pont Necco Park site, which encompasses about 24 acres, is bordered
on the south by the CECOS Waste Management Facilities and to the north and east .by BFI
sanitary landfill operations (Figure 1). The property bordering on the west is the. Conrail
(Niagaré Junction Railway Co.) right-of-way. The Necco Park site had been used for
landfilling operations from the late 1930's until the landfill was closed in 1977. Deposited in ’
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this land-fil_l were industrial wastes and large quantities of flyash, building and sodium cell
rubble, and miscellaneous dismantlement waste (including segregated asbestos). The industrial
wastes consist of material from processes operated at the Du Pont Niagara Plant during that
period. The wastes included cell bath (barium, caleium and sodium chlorides), discarded cell
rubble, chloromethane, chloroethane and adiponitrile process residues and tars,
polyvinylacetate alcohol process residues and off-grade products, TerathaneR process filter
cloths with filter aid, polymer and caleium salts.

" Beneath Necco Park there exist three geologic units which are of relevance to

‘ this study: namely, unconsolidated overburden, Lockport Formation and Rochester Shale

Formation. The overburden consists primarily of natural glacial till, glaciolacustrine silts and
clays and man—emplaced fill (Figure 2). The Lockport Formation consists of approximately
145 feet of relafively competenf dolomite bedrock which is subdivided into five prineipal
members: the Oak Orchafd, Eramosa, Goat Island, Gasport and DeCew. Beneath the Lockport
Formation lies the Rochester Shale. This unit consists of shale, dolomitic shale, and shaley
limestone (Figure 3).

Hydrogeologic conditions at the site were evaluated in the initial and
supplemental investigations. These investigations indicated that groundwater flow beneath the
site. occurs in the overburden under unconfined conditions, and in separate bedding plane
fracture zones in the dolomite bedrock of the Lockport Formation. Letter designations
assighed to these principal water-bearing zones are: A-zone for the saturated thickness of the
overburden; and B-, C-, CD-, D-, E-, F-, and G-zones for the identified Lockport Formation
bedding plane fracture zones. The DeCew/Rochester shale contact is designated the J-zone
(Figure 4).

2.0 OFF-SITE MONITORING WELL INSTALLATION PROGRAM

Monitoring Wells Installed: As part of the off -site 1nvest1gatlon phase,
seventy eight (78) additional VH-Series monitoring wells were installed between July of 1985
and July of 1987 (Table 1). The locations of these monitoring wells are presented on Figure 5

along with previously installed monitoring well locations. Monitoring well clusters were
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located as specified by agreement between the USEPA and Du Pont, based on access and
monitoring considerations. The number and depths of monitoring wells installed at a given
cluster location was determined based on the snte specific hydrogeologic conditions
encountered dunng drilling.

Study Area Boundaries: The off-site investigation area is defined by the
monitoring well distribution. Figure 1 shows the boundaries of the off-site investigation based
on the monitoring well clusters installed. Pine Avenue forms the southern boundary,
Interstate 190 forms the eaetern boundary, an east-west line at ap_proximately 600 feet north
of the northern Necco Park perimeter forms the northern boundary end a north-south line
originating at the intersection of Pine Avenue and Packard Road forms the western boundary. |

The area enclosed by these boundaries is referred to in this report as the study area.

Monitoring Well Installation Proceduros. Momtormg wells were installed

‘accordlng to procedures developed by WCC and agreed upon by Du Pont and the USEPA.

These procedures are provided in this report (Volume II, Appendix A, Necco Park Drilling
Specifications, WCC, August 1986). Below is a general description of monitoring well
installation procedures. ‘ ' '

The monitoring wells at Necco Park were installed in the overburden and
primary watevr-bearing fractures of the Lockport Formation. Hollow-stem auger, rotary
drilling and NX coring techniques were used to install monitoring‘ wells ranging in depth from
less than 20 feet to greater than 170 feet. Water was the drilling fluid used during bedrock
drilling and coring.

Overburden monitoring wells were 1nstalled through a hollow-stem auger or

'temporary casing. A 4-1/2 inch O.D., 20 slot stainless steel well sereen and 4-1/2 inch O. D.,

carbon steel riser pipe were placed in each borehole. A sand pack was placed to one foot
above the top of the screen. A one foot bentonite seal was placed above the sand pack. The

remainder of the annulus was filled by tremie with a cement or cement/bentomte mlxture
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Bedrock monitoring wells were installed using a 6-5/8 inch O.D. surface casing
set into bedrock, and a 4-1/2 inch O.D. monitoring well casing set in a 5-5/8 inch to 6-1/4 inch
hole extending down to the top of the monitored interval. Casing lengths were constructed of
carbon steel and coupled typically with screw threads and occasionally with butt welds. Each
casing was pressure grouted from the base of the éasing unless conditions pre\)ented this, in
which case tremie grouting methods were used. If grout return was not achieved, then grout
was applied to ‘the annulus from the outside of the casing, as necessary. Grout mixtures were
either neat cement or cement/bentonite. The majority of the monitoring wells wereAgrouted

using a neat cement mixture. After grout set was achieved, the well was extended below the

" monitoring well casing by coring and reaming to a 3-7/8 inch diameter.

Special procedures were developed and applied as émendments to the Necco
Park Drilling Specifications as the program progressed. Procedures were developed for
-hydrostatic testing of grout seals during the installation process. - The purpose- of the
hydrostatic tests was to evaluate the integrity of the seal between the bottom of the well
casing and the grout. Test procedures were also developed for in-situ assessment of hydraulic
conductivity of an interval of bedrock during the drilling process. These tests were conducted
using constant pressure and/or constant head procedures. Results of all tests were recorded.
Fluorescent tracer dye (Rhodamine WT) was used in an effort to track the influence of lost
circulation fluid in the formation fractures. Drilling fluids spiked with Rhodamine WT to a
concentration of 100 ppb were used during bedrock drilling after June of 1986. At each cluster
location continuous bedrock core samples were obtained. éhortly after the beginning of the
program, a mandatory two-foot overlap between cored intervals at different well locations in
a cluster was implemented. | ’

All monitoring wells were installed under the supervision of a qualified
engineer/geologist. After installation, monitoring wells were developed accofding to the
Necco Park Drilling Specifications. Geographic and vertical control was provided by ‘a
licensed surveyor. Most monitoring wells were subjected to sirigle well hydraulic conductivity

testing (slug tests) following well development.
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3.0 METHODS OF GEOLOGIC DATA ACQUISITION AND DATA PRESENTATION

This section describes the methods used in the geologic inv'estigatfon and
presents the geologic data collected. ’

3.1 MONITORING WELL RECORDS

Records wer'e kept by a qualified engineer/geologist of all relevant details of
monitoring well construction. Records of monitoring well construction data are pre'se'nted as
‘Report of Monitoring Well Diagrams (Volume II, Appendix B). Measurements included as
depths below ground surface in tenths of feet are: top of bédrock, bottom of surface casing,
bottom of well casing, well bottom, Atop of screened interval and fracture zone. Casing
diameters are presented in inches. All monitoring weli construction details were converted to
elevation above mean sea level using the USLS datum (Table 2). Survey results includirig top
of casing elevations, ground surface elevations and coordinate locations are presented in
Table 3. The results of final grout seal hydrostatic tests for bedrock wells are presented on
Table 4.

3.2 IN SITU HYDRAULIC CONDUCTIVITY TESTS
As discussed previously, insitu hydraulic conductivity tests were often
conducted after drilling cored intervals in which no circulation fluid loss was recorded. The .
results of these tests are listed in Table 5. ‘

3.3 SINGLE WELL HYDRAULIC CONDUCTIVITY TESTS (Slug Tests)

After completion of well development at a monitoring well cluster, single well
hydraulic conductivity tests were performed to provide additional information on bedrock
hydraulie conductivity. The tests were conducted by applying or rerhoving an instantaneous
charge (head loss or gain) on a monitoring well ‘and recording resultant drop or rise in
hydrostatic head on a chart recorder. Data obtained in the field from these tests were used to

estimate hydraulic conduectivity values in em/sec (Bouwer and Rice, 1976; Cooper et
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al (1967)). Nearly all monitoring wells were tested in this manner. The estimated hydraulic
conductivity values were presented on Table 6. ‘

3.4 GEOLOGIC RECORDS

Split—spooh samples of the overburden and continuous bedrock core sAamples
were obtained from each drilling location and logged by a qualified geologist to provide a'
record of site geolbgy. These logs are included in Volume II, Appendix C. Care was taken to
insure that lithologic detail of bedrock was recorded. Standard logging procedures were

modified to provide for accurate "formation specific" detail. Consistency and completenes§ in

‘record taking were maintained throughout the logging program. The information on each log

include:

Core Run Designétion

Rock Quality Designati.on' (RQD)
Percent Run RecoVery
Stratigraphiec Change. Depths
Formational and Member Confacts
Rock Type Description

Fractﬁre Frequency

Fracture Depth and Relative Dip

© 0 0 0 0.0 0 o o

Percentage Circulatior‘l‘Fluid Losses and Depth

For consistency, bedrock cores obtained from previously installed monitoring wells in expanded
clusters were relogged as deécribed_ above. New logs for old core from expanded monitoring.
well clusters VH—129, VH—130, VH-143, VH-145, and VH-146 and previously existing well
clusters VH-112, VH-136, and VH-141 are also included in Volume II, Appendix C.

4.0 INTERPRETIVE GEOLOGIC DATA PRESENTATION

—

The geologic and hydrogeologic data presented in the previous section were

used to construct maps, diagrams, plots and cross-sections for interpretation of the geology of |
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the study area. The following key figures are presented in this section so that the reader may
become familiar with them. Each figure will be referenced and discussed in detail in t'ollowmg
sectlons

Geolog’ié Cross-Sections: Ceologic cross-sections were constructed based on
bedrock cores and overburden data converted from depth below ground surface to elevation.
Ten cross-section lines (A-A' through J-J") transect the study area (Figure 6). Geologic cross-
sections are presented in Figures 7 to 13. Cross-sections showing monitored interval and‘
estimated hydraullc conductivity were also constructed (Figures 14 to 20).

Structure Contour Maps: Structure contour maps illustrate the upper surface
of geologic features in map (plan) view. Structure contour maps were éonstructed of the top
of bedrock, top of oolite bed (a marker horizon in fhe Oak Orchard Member), top of Eramosa
Member, top of Goat Island Me'mber, top of Gasport Member, top of DeCew Member: and top
of Rochester Shale (Figures 21 through 27). Structure contour maps or distribution maps weré :
also constructed of the major bedding plane fracture zones (Figures 28 through 35).
) lsdpach Maps: Isopach maps (equal thickness maps) display contours of the
thickness of a geologic structure or unit. Isopach maps of the overburden and Lockport
Formation in the study area are presented on Figures 36 through 38.

Hydraulie Conduétivity Contour Maps: Estimated hydraulic co'nduétivity
values derived from slug test data were plotted and/or contoured for most of the water-
bearing zones within the study area. These maps show "water-bearing areas" based on the

1x104 cm/sec hydraulie eonductivity eriterion for water béaring intervals (Figures 39 to 54).

" Fracture Frequency Plots: Fracture frequency per vertical foot was
determined from inspection of bedrock core from each monitoring well cluster location.

Fracture frequency plots for all new or expanded clusters installed during the off-site

[investigation are provided in Volume II, Appendix D. ,

3
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5.0 REGIONAL GEOLOGY ‘

The regional geology of the Niagara Falls area relevant to the Necco Park
investigation is presented in this section. Descriptions of the overburden, Lockport Formation
and Rochester Shale are included. '

5.1 OVERBURDEN STRATIGRAPHY

The overburden materials in the Niagara Falls area consist of predominantly
natural sands, silts and clays, and man-deposited miscellaneous fill. Figure 2 presents a
typical section of overburden in the Niagara Falls area. '

A one to five foot thickness of glacial till generally occurs at the base of the
overburden. Glaclal till contains very poorly sorted sands, snlts, clays and gravels. The till in
the Nlagara Falls area was deposited near the end of the Wisconsinan Glaciation during the
Pleistocene Epoch. The tills in the vicinity of Necco Park are charactemstlcally stiff red clays
with varying amounts of sand, silt and gravel. Above the till there is usually a variable
thickness of glaciolacustrine lake sediments consisting of sand, silt and clay deposited about
12,000 years before present as the continental ice sheets retreated northward. Phese
sediments, commonly represented as varved (banded) silts and clays, were deposited in

temporary lakes which formed at ‘the ice front (proglacial lakes). Additional sediments were

_later deposited when a large post—glacial lake formed on the flatland between the Niagara and

Onondaga Escarpments. This lake (Lake Tonawanda) stretched for over fifty miles to the east
of the Niagara Falls area (Tesmer 1981). A one to two foot thickness of fopsoil overlies the
glaciolacustrine sediments in undisturbed regions. Since much of the Niagara Falls area has
been dlsturbed by human actlvmes, many areas exist where sectlons of natural overburden

have been removed and/or replaced with miscellaneous fill material.

!
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5.2 LOCKPORT FORMATION STRATIGRAPHY

The Middle Silurian Lockport Formationl, consisting of approximately 140 feet

of relatively competent dolomite lies beneath the overburden in the Niagara Falls area. This

unit thickens to the southeast and thins to the west towards the Niagara Gorge, and to the

north towards the Niagara Escarpment. The Lockport Formation, which has also been referred
to as the Lockport Dolomite (or Dolostone), can be subdivided into five principal' members: the
Oak Orchard, Eramosa, Goat Island, Gasport and DeCew Members (Zenger 1962). The
Lockport Formation is primarily dolomitic and characterized generally by brownish—gréy-to
dark gray color, medium granularity, medium to thick bedding, stylolites, carbonaceous
partings, vugs and poorly preserved fossils. The Lockport is subdivided into its five prinecipal
members based on variations within this general description (Zengér 1962). A stratigraphie
column showing the Lockport Formation is provided on Figure 3. ‘

Oak Orchard Member: ’i‘he Oak Orchard Member, the uppermost and thickest
member of the Lockport Formation, ranges from approximately 80 feet to 120 feet in
thickness in the Niagara Falls area. It is brownish-gray to dark gray, fipé to medium grained,
thin to thick bedded, saccharoidal, bituminous dolomite with stylolites, carbonaceous partings,
vugs, minor occurrenceé of stromatolites, oolites and tabulate coral fossils. The Oak Orchard
exhibits the greatest degree of variability of the Lockport Formation members being shaley
and thin bedded in sections and massive in other sections.

The thickness of dolomite, which in this report is referred to as the Lockport
Formation, has been classified both as a formation and as a group. Tesmer (1981) uses
nomenclature adopted by the New York State Geological Survey and defines the unit
as a group consisting of four separate formations: The Oak Orchard, Eramosa, Goat
Island and Gasport Formations. The DeCew dolostone (dolomite) is not grouped with
the Lockport Group, on the basis that there exists a non-conformity at the top of the
DeCew indicating a hiatus in sedimentation. Zenger (1962) classifies the Lockport as a
formation with the Oak Orchard, Eramosa, Goat Island, Gasport and DeCew as
principal members. Dr. Carlton Brett of the University of Rochester concurs with
Zenger, however, he classifies the DeCew as a separate formation. Brett indicated"
that no official classification has been accepted and that either nomenclature may be
used so long as references are cited (Telecon February 2, 1987). For the purposes of
this study the stratigraphic classification for the Lockport Formation adopted by
Zenger will be used.
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Eramosa Member: The Eramosa Member, 16 to 18 feet thiek in the Niagara
Falls area, underlies the Oak Orchard Member. This unit is generally medium to dark-gray,
fine grained, thin to medium bedded argillaceous and bituminous dolomlte, with many shale
partings, gypsum vugs, and some stylolites (Zenger, 1962). The contact between the Oak

Orchard Member and the Eramosa member is characteristically sharp in the Niagara Falls
area.

Goat Island Member: The Goat Island Member,_ occurring beneath the
Eramosa, is generally 19°to 25 feet in thickness in the Niagara Falls area. Generally the Goat .
Island is light olive-gray to brownish-gray, medium-grained, thick-bedded, saccharoidal
dolomite, with abundant chert nodules (near the top), stylolites, carbonaceous partings, and .
some vugs containing gypsum, calcife, and sphalerite (Zenger 1962). The contact between the

Eramosa and the Goat Island is conformable and is characterlzed by gradual lightening 4n color
over a two foot thickness. . -

Gasport Member: Below the Goat Island Member is the approximately 15 to 30
feet thick Gasport Member Because the Gasport ocecurs as a complex of different facies, this
member tends to exhibit a high degree of variability between geographic localities. . The
Gasport is predommantly olive-gray to brownish-gray, coarse grained, medium to thick bedded,
fossil-fragmental, crinoidial limestone or dolomite (Zenger, 1962). However, due to localized
facies changes, this member can appear as dark gray, fine gramed argxllaceous dolomite with
sporadic crinoid fragments. The contact between the Goat Island and the Gasport Member is
conformable (Zenger, 1962). However, because of local facies relationships between the top of
the Gasport and the bottom of the Goat Island it is often difficult to 1dent1fy The combined

thlckness of the Goat Island and Gasport Members, however, is generally constant.

DeCew Member: The DeCew Member underlles the Gasport Member and
overlies the Rochester Shale. The DeCew is ‘described as medxum-gray to medium dark-gray,
fine-grained, thin-to thick-bedded and massive argillaceous dolomite. Thicknesses range from
8 to 10 feet in the Niagara Falls area. The-contact between the DeCew and the Gasport
Member is characteristically abrupt in the Niagara Falls area, and is marked by a change from
the massive crinoidial basal conglomerate of the Gasport member to the fine-textured
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argillaceous dolomite of the DeCew (Zenger, 1962). Tesmer (1981) separates this unit from

the Lockport Formation on the grodnds that a non-conformity exists between the DeCew and

“the Gasport indicating a break in sedimentation. However, Zenger (1962) notes that the non-

conformity occurs locally and that the contact between the DeCew and Gasport is

conformable at other localities.
5.3 ROCHESTER SHALE STRATIGRAPHY

The Rochester Shale Formation lies below the DeCéw Member and is typically
55 to 65 feet thick in the Niagara Falls area. It is described as dark bluish ‘to brownish gray,
calcareous shale with occasional argillaceous limestone layers. The upper Rochester Shale

tends to be more dolomitic than the lower, especially at the contact with the DeCew. This

. contact, although gradational at most loéations, tends to be more abrupt and undulating in the

Niagara Falls area. This has been attributed to localized channeling at the top of Rechester
Shale in the Niagara Falls area prior to the deposition of the DeCew Member (Tesmer 1981).
The maximum depth of investigétion for this study was limited to the top 10 feet of the
Rochester Shale. |

5.4 REGIONAL STRUCTURAL GEOLOGY

' A south-dipping homocline,‘which affects the Paleozoic rocks of western and
southern New York, is the dominant structural feature in the Lockport Formation, as well as in
the sedimentary formations beneath it. Bedding dips are characteristically gentle. The dip
has been calculated to be 29 feet per mile at'Niagara Falls (Zenger, 1962).

Local deviations in the dominant regional stf‘uct'ure do occur, and may be
attributed to monociinal flexures and faulting. A large scale, tectonically related, structural
pattern is believed to affect the rocks of western New York (Yager and Kappel, 1987). The
nature and significance of this pattern will be discussed in greater detail in Section 8.0.

Joints, high angle to vertical fractures related to regional stress patterns, are

- common in the Lockport Formation. ‘These joints are probably most open or developed in the
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upper part of the Lockport Formation, where a relatively high degree of weathering has

occurred (Johnston, 1964). Where dissolutioned, these joints may serve as conduits for \)ertical ‘

and horizontal movement of groundwater between bedding plane fractures. The prominent
sets of vertical joints in the Niagara Falls area are oriented N65°E and N30°OW (Johnéton,
1964). Near the bedrock surface, joints tend to be open and well developed; however, they
become relatively tight and poorly developed at depth (Miller and Kappel, 1987). The
incidence or frequency of vertical fractures may vary with depth between areas. Studles
conducted by the U.S. Geologlcal Survey suggest that vertical fracture frequency may increase
along' regional structural lineaments (Yager and Kappel 1987). These lineaments, are related
to the large scale structural pattern mentioned above.

Bedding plane fractures, near horizontal fractures parallel to formation
bedding, are distributed throughout the Lockport Formation. Bedding plane fracture zones are 1

believed to transmit the majority of the groundwater flow in the Lockport Formation

(Johnston, 1965, Miller and Kappel, 1987, Yager and Kappel, 1987). Several conditions are

needed for a water-bearing bedding plane fracture zone to develop. First, variations in

lithology must be present which facilitate differential responses to weathering, solutioning,

stress and strain factors. Secondly, tectonic or isostatic rebound related stresses create

breaks or fractures along the pre-determined zones of weakness. Thirdly, groundwater flowmg
through these fissures cause solutioning (i.e., w1demng) of the fractures until transmissivity
becomes sxgmfxcant In the Lockport Formation, horxzontal bedding plane fracture zones tend
to lie within particular stratlgraphxc intervals.

6.0  GEOLOGY OF THE STUDY AREA

A large amount of geologic data has been obtained during the off-site
investigation at Necco Park. . Over two thousand feet of bedrock core have been studied in
detail to improve the understanding of the geology and hydrogeology of the study area. A
detailed description, based on these data, of the lithology, stratigraphy, structure and fracture °
properties of _the relevant geologic units within the study area is presented below.
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6.1  OVERBURDEN

The overburden within the study area consists of natural and man- emplaced
matenal (Figure 2). It was observed durmg drilling that much of the natural overburden w1thmv |
the study area has been disturbed or removed by human ectivity. Although natural overburden
wes observed, in general, fill has replaced much of the natural materials. Where fill materials
ocecur, the thickness of natural material depends on the depth of excavation or disturbance
prior to fill emplacement. No areas were observed where fill was emplaced directly on tdp of‘
non-disturbed natural overburden. The depth and areal distribution of fill within the study
area has not been accurétely delineated. Geologic cross-sections A-A' through J-J' (Figures 7
through 13) include interpretations of overburden based on available data. Due to the variable '
nature of the overburden, adequate correlation of dverburderi lithology between observation
points was not possible. It is likely that the quantity of fill and natural materials within the
overburden varies considerably throughout the study area. ‘ .

Based on sampling records, the natural overburden in the study area (excl‘uding
surficial soils), may be sub-divided into two primary units§ glaciolacustrine and glacial till.
The glaciolacustrine may be divided into two sub-units. The lower glaciolacustrine unit,
consists primarily of compacted clays with fine silt interbeds or varves., The upper
glaciolacustrine unit is typicaily orange fo yellow clayey sandy silt. The interface between the
lower and upper glamolacustrme sub-units is often the site of perched water represented by a

‘1 to 1.5 foot saturated thxckness

The glacial till observed below the glaciolachstrine sediments in the study area
is typically a red, silty, sandy, gravelly clay. The ‘contact between the till and the lower
glaciolacustrine unit is uéually apparent when sand and gravel becomes mixed with the clay. In
places, large boulders have been encountered (a few feet above the top of bedrock) whxlel
augering through the till.
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Overburden thicknesses vary considerably within the boundaries of the study
area. Thicknesses range from less than 2 feet in the southwest to greater than 22 feet in the
southeast. An isopach map of the overburden (which does not include recently landfilled areas)
shows general thickening occurs toward the southeast (Figures 36 and 3~7). Since the surface
topography in the area is relatively flat, the thickening of the o'verburden corrésponds to the
dip of the bedrock surface. -

6.2 LOCEPORT FORMATION

Stratigraphic and lithologic data from the study of bedrock core obtained
during monitoring ‘well_installation revealed that all Lockport Formation members fit the
general lithdlogic descriptions provided in Section 5.2 (Figure 3). The elevations of key marker
horizons and the top of rbck are provided in Tables 7 énd 8. The Oak Orchard Member was
studied in detail to characterize the relationship between bedding orientatioh‘, lithologic
variation and major fracture zone positioning. The lithology of the Oak Orchard was found to
vary from massive competent units 10 to 15 feet in thickness to thinly bedded argillaceous
units 3 to 5 feet thick. The upper Oak Orchard (the upper 15 feet) was characteristically
'thinly bedded stromatolitic and oolitic dolomite while the lower Oak Orchard varied from
massive to thinly bedded units. Of the lower four members of the Lockport Formation, the
greatest degree of lithologic variability between drilling locations occurred in the Gasport
Member. The upper half of the Gasport Member varied from light-gray, relatively massive,
crinoidial dolomite to dark-gray, thinly bedded, argillaceous dolomite with very sporadic
crinoid fossils. This variability can be attributed to relatively small scale facies changeé

between isolated reef structures.

Four key marker horizons were identified within the Lockport Formation.
Marker horizons are widespread and identifiable stratigraphic beds selected for use in

preparing structure contour maps or other maps which emﬁhasize the nature or attitude of a

- plane or surface. Near the top of the Oak Orchard, an oolite bed was identified at all drilling

locations. This horizon provides an indication of the upper Lockport Formation bedding
orientation, and occurs within 1.5 feet above or below the B-zone fractures. Other marker

horizons within the Lockport Formation which provide reliable bedding plane orientation data
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are the top of Eramosa, top of Goat Island and top of DeCew Members. The top of the

Gasport Member is not considered a key marker horizon because of its high degree of

'variability. Detailed graphic representations of the lithology of the Lockport Formation

within the study area are provided on Cross-Sections A-A' through J-J' (Figures 7 to 13).

The average thickness of the Lockport Formation within the study area based
on available datais 148 feet (Table 9). Thicknesses (including the DeCew) range from 142 feet
at location VH-112 to 151 feet at location VH-153. Generally, Lockport Formation thicknesses
increase toward the southeast in the study area. However, locally increased thlckemng was
observed in the area near location VH-147 and VH-148 (Figure 38). Thickness vanatlons within
the Lockport Formation are not unexpected and are most likely caused by a gain of upper Oak
Orchard Member to the southgast and/or variations in the DeCew/Rochester Shale contact.

-Lockport Formation member thicknesses were determined ’based on core
inspgction (Table 10). Oak Orchard Member thicknesses ranged between 74.1 to 80.5 feet and
averaged 77.3 feet. The variation is primarily due to changes in the top of rock and thickening
.towards the southeast. Eramosa Member thicknesses ranged between 13.7 and 20.5 feet and
averaged 16.5 feet. ,The Goat Island and Gasport Member thicknesses were more variable than
other Lockport Formation -Members. Generally where one member thickened, the other
thinned and vice-versa. The combined thicknesses exhibited a much lower degree -.of
variability. The Goat Island Member thicknesses rangéd between 21.2 and 33.5 feet and
averaged 26.8 feet. The Gasport .Member thicknesses ranged between 9.1 and 25.4 feet and
averaged 16.6 feet. However, the combined Goat Island/Gasport member thicknesses ranged
between 42.1 and 47.3 feet and averaged 44.6 feet. DeCew Member thicknesses ranged
between 8.1 and 12.5 feet and averaged 9.9 feet.

6.2.1 LOCKPORT FORMATION BEDDING STRUCTURE

Top of Lockport Formation (Top of Bedrock): The top of the Lockport '
Formation within the study area is represented by the top of bedrock. Part of the upper Oak
Orchard Member has been removed by erosional processes, most recently by the scouring

action of the Wisconsinan ice sheets during the Pleistocene epoch. The top of bedrock
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reflects the differential weathering whichbccurred during this period and also reflects the -

orientation of formation bedding.

The top of rock was usually identified by auger refusal during hollow stem
auger drilling. At nearly every drilling location within the study area, the top of bedrock was
relatively unweathered. Direct observations at the extensive Niachlor excavations within the

study area confirmed these relatively intact conditions at the top of bedrock. These

~observations indicate that a substantial regolith zone does not exist at the top of rock in the

Necco Park area. A structure contour map was constructed for the top of bedrock (Figure 21).
In the northwest study area, the top of bedrock dips S60CE at approximately 0.7 degrées. In
the southeast section of the study area, the top of rock dips 0.2 degrees towards the south.
Apparent dips of top of rock are shown on cross-sections A-A' through-J-J' (Figures 7 through
13). o ’ .

Top of Members and Marker Horizons: Bedding plane structure and orientation
of the Lockport Formation can be illustrated through structure contour maps of the key
marker horizons previously discussed (Figurés 22, 23, 24, and 26). The top of Gasport,. not
considered a good marker horizon, was mapped for completeness (Figure 25). Bedding . plane
orientation is generally characterized by gentle dip. Average dip angle and direction is
approximately 0.5 of a degree in a S45C0F d‘irection. Bedding planés strike predominantly
N60CE. Important variations exist on a smaller scale within the study area. Each structure
contour map (excluding the top of Gasport map) may be sub-divided into three separate areas
where bedding stru-cture is similar. The northwestern area has a bedding dip angle of
approximately 0.6 of a degree; the central area has a bedding dip angle of approximately 1.0

~ degree; and the southeastern area has a bedding dip angle of approximately 0.2 of a degree.

The top of oolite bed structure contour map (Figure 22) provides evidence which suggests that
beddmg dip direction in the east section of the study area trends in a more southerly dxrect:on,
than the rocks to the northwest

It would appear, based on‘ the structure contour maps alone, that the changes -
in dip angle represent a gentle fold structure. However, additional evidence, including
identification of breccia, bedding offset and slickensides indicates that the structure is related



o= \

\._/

Woodward-Clyde Consultants

-17-

to high angle faulting (see Figure 59). The evidence for the existence of faulting will be
discussed in detail in Section 8.0. Apparent dips of the top of rock, oolite bed, and Lockport
Formation members are shown on Cross-Sections A-A' through J-J' (Figures 7 to 13).

6.3 TOP OF ROCHESTER SHALE FORMATION

The Rochester Shale Forma'tion, which underlies the Lockport Formation A
within the study area, was penetrated at thirteen drilling locations. The top of the Rochester
Shale ‘is considered to be the fifth principal marker horizon within the study area. The
attitude of bedding of the Rochester Shale along Cross-Sections A-A' through J-J' are provided
on Figures 7 to 13. Based on core inspection, the upper Rochester Shale consists
predominantly of dolomitie shale in the study area. The contact between the DeCew Member
and the Rochester Shale was observed as being either relatively abrupt or gradatlonal This
variation is believed. to be the result of localized channellzatlon shortly after the:time of
deposition (Zenger, 1962). A strueture contour map of the top of the Rochester Shale reveals
that the bedding strike and dip conform with the attitude of the overlying Lockport Formation .
(Figure 27). This mdlcates that the structural! deformation affectmg the Lockport Formation
also affects the Rochester Shale. '

7.0 HYDROGEOLOGY OF THE STUDY AREA

This section discusses the relationship between the geology of the study area
and groundwater flow

7.1. FRACTURE ZONE CHARACTERIZATION

Groond&eter flow through the Lockport Formation in the Necco Park study
area occurs through horizontal water-bearing bedding plane fracture zones. This was reported
by Johnston (1964) based on observations along the exposed walls of the NYPA Conduits which
cut through the Lockport Formation west of the study area. Johnston identified seven water-
bearing zones, each consisting of either a single open bedding plane or an interval of rock
layers containing several open bedding planes. Although the concept of separate and
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: hydrologically distinet fracture zones has been an issue of dispute in the [.st, the United

States Geological Survey (USGS) concurs with Johnston (Miller and Kappel, 1987). A similar
series of bedding plane fracture zones at Necco Park (Figure 4) was delineated by WCC in the
initial and supplemental site investigations (WCC, 1984). The areal extent of each zone, the

'relat_ionship of each zone to bedding, and the influence of vertical fractures are discussed

below.

The identification of water-bearing fracture zones was based on field
observations during drilling, bedrock core examination, and hydraulie conductivity test results.
Circulation fluid losses (expressed as percent water loss) during drilling provided the initial
qualitative data. Core observation was used to verify the depth of a fracture zone. Uéually a
weathered fracture or series of fractures was observed at approximately the same depth as the
noted circulation fluid losses. Moderate to high hydraulic conductivity test results (greater
than 1 x 1074 cm/sec)' usually corresponded to.wé.ter-bearing fracture zones where water loss
was observed. Low hydraulic conductivity values (less than or equal to 1 x 10”4 em/sec)
usually corresponded to intervals where no circulation loss was observed. The depth of
dccurre_nce of a certain fracture zone was predictable based on data obtained during the
extensive drillihg associated with the initial and supplemental investigations at Necco Park.
The primary water-beari(ng fracture zones present in the study area, designated the B- through

G-zones are discussed below.

B-ZONE: The uppermost water-bearing bedding plané fracture zone in the
Lockport Formation within the study area is designated the B-zone. It generally exists
approximately four feet below the top of rock and 10 feet above the C-zone. A fracture
elevation contour map was constructed for the B-zone based on all data obtained to date
(Figure 28). The B-zone dips mainly southeast at én average angle of 0.6 of a degree.
Projectio'ns'of this fracture zone to the northwest suggest that it sub-crops within the study
area in the vicinity of VH-156 cluster. It is prdbable that this sub—crob area represents a
groundwater recharge area for the B-zone. The B-zone is recharged elsewhere through
vertical fractures. Similar sub-crop areas may exist for fracture zones C through F further
northwest of the study area. The B-zone was not observed in the southeastern study area.
This may be related to the fault structure, to be discussed in Section 8.0 of this report. A
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relationship between the B-zone and the oolite bed discussed in Section 6.2 is apparent. The

B-zone usually occurs within 1.5 feet above or below the relatively porous oolite bed.

C-ZONE: The C-zone generally oceurs approxlmately 10 feet below the B-
zone. A structure contour map for the C-zone shows the apparent distribution of the C- -zZone
based on previous and current hydrogeologic data (Figure 29). This zone dips to the southeast
with bedding at an angle of approximately 0.7 of a degree. This zone was not observed within
the southeastern half of the study area based on nine observation points. Low slug test
hydraulie conductivity results support observatxons during drilling and core inspection. The

distribution of the C-zone may be influenced by the fault structure.

CD-ZONE: The CD-zone occurs as a series of mtermedxate beddmg plane

fracture zones which occur between the C-zone and D-zone beddmg plane fractures. In this

'study, all CD-zone .fractures are considered a single zone, even though in some places two

distinguishable CD fracture zones ocecur together. For example, at monitoring well cluster
VH-136, CD; and CDg fractures were identified. @ CD-zone fractures appear to be
concentrated in the northern half of the study area (Figure 30), and are mostly absent in the
southern half of the study area. The greatest presence of CD-zone fractures is in the western
Necco Park site area where monitoring wells VH-116 CD; and CDg, VH-136CD; and CDg, VH-
137CD and VH-143CD have been installed. Cross section E-E' (Figure 11) indicates that a

series of CD-zone fractures exist which descend in stair-step fashion towards the south.

" WCC has concluded that CD-zone fractures are not areally extensive and are

4d1scont1nuous within the study area. The fractures may serve as intermediate groundwater

flow pathways between the C- and D-zones. The CD-zone fractures are generally present
northwest of the fault structure. -

D-ZONE: The D-zone generally occurs approximately 30 feet below the C-
zone. The areal distribution of this fracture zone is illustrated on Figure 31. The D-zone is

well represented in the northern half of the study area, but is poorly represented in the

southern half. Approximate dip angle is 0.7 of a degree to the southeast. Since the D- and E-

zones tend to be very close to one another (5 to 10 feet), discretion was used when assigning
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a zone designation to either of these fractures. In locations where both of these zones are

present,A indications are that they may be hydraulically connected based on proximity and
.similar hydraulic heads.

E-ZONE: The E-zone usually occurs 5 to 10 feet below the D-zone. The
distribution for this zone is presented on Figure 32. The E-zone has not been observed in the
southwestern corner of the study area and does not océur at other isolated locations (e.g., .VH-
129, VH-130, VH-143). It is inferred that the presence of this water-bearing zone, although
widespread throughout the study area, tends to be locally discontinuous. The approximate dip

angle of this fracture zone is 0.4 of a degree to the southeast.

F-ZONE: The F-zone occurs approximately 17 feet below the D-zone and/or 7
feet below the E-zone. The areal distribution for this fracture zone is presented on Figure 33.
The F-zone dips towards the southeast at approximately 0.7 of a degree. The F-zonehas not

been observed in the southwest and southeast sections of the study area.

" G-ZONE: Prior to the off-site investigation, a fracture zone (given the
designation G-zone) was identified as existing approximately 60 feet below the F-zone and 30
feet above the top of the Rochester Shale. This zone was identified at cluster locations VH-
136 and VH-141 during the supplemeri.tal sit.e investigation. More recent data obtained during
the off-site investigation indicates the existence of two water-bearing fracture zones in the
Lockport Formation below the bottom of the Oak Orchard Member and above the top of the
Rochester Shale. A third, much leés continuous, fracture zone was identified at cluster
locations VH-147 and VH-153.

As a result of new findings, the G-zone (defined in the context of this report
as the water-bearing thickness of bedrock below the bottom of fhe Oak Orchard and above the
top of the Rochester Shale) was sub-divided into three separate fracture zones, G, Gg, and
G3. The G zone was identified in the Eramosa Member at locations VH-147 and VH-153 and
occurred 20 and A26 feet above the Gg-zone respectively. This zone was not noted in other

cluster locations and is not considered a major water-bearing zone.
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The Gga-zone was encountered at seven monitoring well cluster locations
within the study area. The G-zone fractures previously identified at VH-136 and VH-141 Have
been reclassified as Gg-zone fractures based on stratigraphic position relative to other newly
identified Gg-zone fractures. The Gg-zone has the largest known distribution of the G-zone
series (Figure 34), but still its distribution is limited. This zone appears to be absent in the
southern study area (based on observations at locations VH-146, VH-148, aﬁd VH-150) and in
the northwestern study area. (based on VH-156 and VH-143). The Gg-zone generally dips
toward the southeast at approximately 0.6 of a-dégree. In the east section of the study area,
however, the Gg-zone appears to be dipping towards the north at approximately 0.3 of a
degree. This fracture zone appears most commonly in the lower Goat Island Member or upper
Gasport Member. ' '

'A' third G-zone fracture, designated G3, has been identified at approximately
14 feet below the Gg-zone at several drilling locations (VH-130, VH-145, VH-147 and VH-153).
This zone is not represented in the. northern and southern study areas based on data from eight
drilling locations (Figure 35). .The Gg-zone most commonly exists in the upper to middle
Gasport Member. It dips at approximately 0.6 of a degree to the southeast in the western
study area and approximately 0.2 of a degree to the north-northeast in the eastern study area.

The G-3 zone is the deepest water-bearing zone in the Lockport Formation

-encountered in the Necco Park investigations.

J-ZONE (Top of Rochester Shale): The J-zone is defined as the interface
between the DeCew Member of the Lockport Formation and thé Rochester Shale (Figure 27).
The J-zone has been penetrated at 13 locations in the study area. It has been determined that _
the J-zone does not coincide with a major water-bearing fracture zone. The J-zone exhibited
very low hydraulic conductivity test results and circulation water loss was not noted during

drilling (with the exception of VH-143J where a 50 percent circulation fluid loss was noted).

VERTICAL FRACTURING: Vertical fracturing represents the least
documented aspect of the structural geology of the study area. All drilling thus far at Necco

Park has been vertical, therefore, the incidence of intersecting vertical or near-vertical
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fractures has been uncommon. Johnston (1964) identified the major joint fracture orientations
in the area as N659E and N30°W. These orientations were observed in rock exposures along
‘the NYPA conduits. A study of bedrock exposures along Pine Avenue during the construction
of the Niachlor Brine Pipeline in 1986 indicated a local principal joint fracture direction of
N750E, a secondary direction of N60°W, and a tertiary direction of N20°W (Volume II,
Appendix E). ' |

Vertical fractures are expected to be most developed or open within the upper
20 to 30 feet of bedrock. These fractures serve as vertical conduits of groundwéter flow

betweenlwater-bearing bedding plane fracture zones, and transmit water horizontally as well.

The incidence or frequency of vertical fractures within the study area is not
well documented. However, locally higher vertical fracture frequenéy can be inferred-along or
near the fault structure mentioned in Section 6.2.1. This increased vertical fractoring is
expressed by localized high hydraulie conduectivity and apparent hydraulic connection between

water-bearing zones. A further discussion of these phenomena is provided in Section 8.0.

FRACTURE FREQUENCY: Fracture frequency (number of fractures per.
vertical foot) was determined dufing inspection of bedrock cbre from each monitoring well
cluster installed as part of the off-site investigation. Fracture fréquencies were plotted
versus depth below ground surface to coméare changes in observed fracture frequency with
changes in lithology and depth (Volume II, Appendix D). In this way the relationship between

fracture frequené'y and the positioning of the major water-bearing bedding plane fractures was
examined.’

In general, there'appears to be relatively high fracture frequencies at depths
were circulation fluid lossés were noted. . However, there were a few instances where a
fracture zone was represented by only one large open fracture. There were also instan'ces
where' high observed fracture frequency coincided with no water-bearing fracture zone.
Because of this inconsistency, observed fracture frequency is not the best indication of water-

bearing characteristics or capabilities of bedrock intervals. Fractures observed in core
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represent a combination of open water-bearing fractures, tight argillaceous partings, joint
fractures, and (if not recognized in the field) artificial breaks caused during the drilling
process. For example, relatively impermeable areas which exhibit many argillaceous partings

usually exhibit high observed fracture frequency, but do not coincide with water-bearing
fractures. ‘

7.2 HYDROLOGIC DATA

Hydrologic data including circulation wéter loss percentages and in-situ
hydraulic conductivity test results were obtained during drilling operations. Hydraulic
conductivity values were estimated from slug tests performed following well developmenf.
Hydraulic conductivities were estimated using the methods published by Bouwer and Rice
(1976) and Cooper et al (1967). The thicknesses used in these calculations were the length of
open hole (bedrock wells) or screened interval (overburden wells). Therefore resultinc
hydraulic conductivities for the bedrock wells are descriptive of an equivalent unit with a

thickness equal to the open hole interval of the well. These data were used to identify water-

~ bearing zones in conformance with the acceptedcriteria (estimated hydraulic conductivitygreater

than 1 x 104 em/sec).

Circulation fluid loss percentages represent estimated values obtained under
highly variable field and drilling conditions. Generally circulation fluid loss percentages
correlate with a range of estimated hydraulic conduectivity values. In monitoring wells where
100 percent circulation fluid losses were noted, estimated hydraulic conductivities ranged
between 1 x 10~3 ¢m/see and 1 em/sec. Circulation fluid losses ranging from 50 to 90 percent
corresponded to hydraulic- conductivity values rar{ging between' 1x1074 em/sec and 1 x 10-1
cm/sec. Circulation fluid losses ranging from 10 to 50 percent corresponded'to a range of -
hydraﬁlic conductivity values between 1 x 10°8 em/sec and 1x 1074 em/sec. At monitoring
wells where no circulation fluid losses were noted, hydraulic conductivities were generally
betweén 1x10"7 ecm/sec and 1 x 10~4 em/sec: In-situ hydrauliec conductivity values compared
favorably with slug test hydraulie conductivity values (Tables 5 and 6). '
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Monitored intervals in each new monitoring well installed as part of the off-
site investigation were asvsigned water-bearing zone designat‘ions. These designations were
based on the depth and positioning of the fracture or intervai in relation to the positioning of
established fracture zones in previously installed clusters. In monitoring wells where
circulation fluid losses and relatively high hydraulic conductivities were noted,'water-bearing
zone designations were based on the stratigraphic position of the fracture relative to marker
horizons and established fractures in nearby monitoring wells. Examination of geologic cross-
sections aided in these determinations. In monitoring wells where no circulation fluid losses or
fractures were noted, and results of hydraulie conduetivity tests were low, zone designations
were determined by comparing the open-hole interval to equivalent' stratigraphie intervals
established by cross-section analysis. As an example, the open interval in monitoring well VH-
145F exhlblted no circulation fluid loss, had no observed fracture zone and had a measured
hydraullc conducthty of 3 x 1079 cm/sec. This open interval is not water-bearing based on
accepted criteria. Therefore, it was assigned a zone designation based on the equivalent
stratigraphic interval spanned by the open-hole. In this case, the interval spanned is that in
which the F-zone com monly occurs (e.g., at VH-112 and VH-141, cross-section F-F', Figures 11
and 18). |

In this manner, water- bearmg zone designations were made for monitoring
wells not exhibiting water-bearing propertles to maintain consistency in the monitoring
program. Occasionally, open-hole mtervals were found to overlap two equivalent stratigraphic
intervals. These intervals usually exhibited low hydraulic conductivities and no ecirculation
fluid losses. An example of this situation is monitoring well VH-152BC, which has an open-
hole interval which covers the equivalent stratigraphic interval for the B-and C-zones. In

- another example, monitoring wells designated GJ cover both the stratigraphié equivalents of

the G- and J-zones. Table 11 lists all Necco Park monitoring wells and corresponding

_monitored zones.

Hydraulie conductivity contour maps were constructed for zones A through J
based primarily on slug test values. The purposes of constructing these maps were to illustrate
hydraulic conductivity variation for each zone in thhe stud.y area and to note any patterns.
Segregations were made on most maps based on the 1x 10~4 em/sec hydraulic conductivity

criterion for water-bearing zones. These segregations result in a simplified distribution



- — - —

5 mm A mm os e

Woodward-Clyde Consuitants -
-925-

pattern for the major water-bearing zones within the study area based solely on the accepted
water-bearing criteria (Figures 39 to 54).

The A-zone hydraulic conductivities were contoured (Figure 39). However due
to the highly variable nature of the overburden fill materials, segregations based on the
hydraulic conductivity criterion are not appropriate. The B-zone is generally non water-
bearing in the southern half of the study area and water-bearing in the northern :.alf (Figures
40 and 41). The C-zone is not represented as a water—bearing zone in the south and east study
area. C-zone estimated hydraulic conductivities are highest in the northern and western study
area. There is an apparent drop in estimated hydraulic conductivity of several orders of
magnitude in the C-zone over a horizontal distance of 300 to 400 feet near the southern
perimeter of Necco Park (Figures 42 and 43). The possible significance of this change will be
discussed in Section 8.0. The estimated hydraulic conductivities for the CD-zone--(where
present) are relaﬁvely high (Figure 44). Hydraulic conductivities in the D-zone exceed the
10-4 em/sec criterion throughout much of the study area with the exception of the extreme
southern boundary (Figures 45 and 46). The E-zone also exhibits hydraulic conductivities above
the 10~4 cm/sec criteria throughout much of the study area. Low hydraulic conductivity
regions in the E-zone exist along the southwest and northern borders of the study area (Figures
47 and 48). The F-zone appears to be water-bearing in the north, west, east and southeast
study areas. A relatively impermeable area of the F-zone is indicated in the central and
southern study areas (Figures 49 and 50). No hydraulic conductivity contour ~map was
constructed for the G-zone. Gj hydraulic conductivities of 2.5 x 10~2 and 4.8 x 10°4 cm/sec'
were obtamed for monitoring wells VH-147G; and VH- 153F/G1 respectively (Figure 51). A
permeable area in the Gg-zone trends northeast/southwest across the study area reflecting the
distribution pattern for the Gg-zone. Non-permeable areas in the Gg-zone were found in the
northwest and southeast study area (Figures 52 and 53). Gg-zone hydraulic conductivity
contours were not constructed, however a hydrauliec conductivity distribution for the Ga-zone
is provided on Figure 51. Hydraulic conductivities for the G3-zone ranged from 2.5 x 10-2
em/sec to 7.0 x 107! em/sec at VH-153G3 and VH-147G3, respectively.

A hydraulic conductivity distribution map for the J-zone was constructed

(Figure 54). At no tested location within.the study area were hydraulic conductivities for the
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J-zone above the 10~4 cm/sec water-bearing criteria. Monitoring well VH-145J exhibited a |
slug test hydraulic conductivity value of 5.0 x 10-4 cm/see, which can be attributed to a
section of relatively permeable lower Gasport Member existing in the open hole However, an
in situ hydraulic conductlvxty test which isolated the J-zone in this monitoring well yielded a
value of 7.5 x 10~ em/sec. Based on these data, the DeCew/Rochester Shale contact does not

appear to represent a significant water-bearing zone in the study area.

8.0 FAULT CHARACTERIZATION

As a result of the geologlc study at Necco Park, ev1dence has been gathered to
delmeate a fault related geologic structure in the bedrock beneath the Necco Park study area.

.The structure, identified based on inspection of bedrock core and eross-sectional analyses, is

believed to be dii'egtly related to a northeast trending (N55CE) zone of high transmissivity
identified by Johnston (USGS 1964) and studied more recently by Yager and Kappel (1987).

8.1 U.S. GEOLOGICAL SURVEY STUDIES

‘Richard H. Johnston (1964), studied the hydrogeology of the Lockport
Dolomite during the construction of the NYPA conduits and noted that high yield production
wells in the Niagara Falls area were isolated within a relatively narrow northeast trending
band (Figure 55). Well yields cited by Johnston were as high as 2000 gpm from a formation

+ (Lockport Dolomite) which was otherwise considered a minor aquifer. Well yields away from

this band averaged approximately one order of magnitude less. Johnston suggested that this

band of high yield wells represented a zone of high transmissivity associated with increased
vertical fracturing.

The identified band of high yield wells intersects the NYPA conduits near
Royal Avenue. At this location, an area of compound jointing (or vertical fracturing) was
observed during construction. The vertical fracturing was observed on both sides of the
conduit excavation. This became an area of trench wall failure. This was the only location
where the excavation walls failed during construction. A high yield dewatering well installed
at Royal Avenue was pumped for over one month before this area was dewatered, indicating
very high transmissivity. (Telecon with Richard Yager, USGS, July 1, 1987.). -
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) AAt the time of this writing the USGS is continuing their study of the lineament
as part of an Interagency Agreement with the U.S. Environmental Protection Agency (USEPA)
to investigate regional groundwater flow in the Niagara Falls area. Preliminary results of this
study have been made available which provide more information on the nature of the
lineament. A structure contour map of the base of the Rochester Shale south of Niagara Falls
in Canada is provided which indicates a lineament trending northeast and intersecting Niagara
Falls near the zone of high transmissivity noted by Johnston (Figure 56) (Yager and Kappel
1987). This structural lineament is believed to be related to a much larger scale structural
system of lineaments which occurs throughout western.Ontario and western New York
(B.V. Sanford et. al. 1985) (Figure 57). These lineaments are interpreted to be faults with
displacement ranging from 10 to 100 feet. The faults, assumed to be related to basement
structures, dissect the rock mass into blocks which have been tilted in response to tectonic

events. The faults are believed to have formed very long ago (as early as Silurian .times);

- however the lineaments appear to be the loci of modern day stress relief in the form of

seismic events. - Seismic data recorded between 1970 and 1986 include five events with

epicenters along the line of the projected lineament (Yager and Kappel 1987), (Figure 58).

The USGS has conducted surface resistivity surveys at two sites along the
projected lineament northeast of the Niagara Falls airport. The results of the study suggest
that there is a much higher incidence of .vertical fracturing along the lineament. A drilling
program was initiated by the USGS in the fall of 1987 to attempt to intersect the structure by
bedrock core drilling at fhe site of the resistivity survey. The USGS have taken interest in the
Necco Park study and were permitted to inspect Necco Park bedrock core. Preliminary results
of the USGS drilling program indicate a high incidence of healed vertical fractures at the
drilling locations along the.lineament (Personal Correspondence, William Kappel 1988).

8.2 WOODWARD-CLYDE CONSULTANTS STUDIES

The zone of high transmissivity identified by Johnston and the projected
lineament proposed by Yager and. Kappel traverse the study area. Inspection of bedrock core
and interpretation of cross-sections and structure contour maps indicate the presence of a
geologic fault striking approximately N55°-60CE through the study area in the Lockport
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Formation and Rochester Shale (Figure 59). The following sections present evidence for the
fault, interpretations of fault position, géologic history and possible effect on the control of
groundwater flow within the study area.

8.2.1 INDIRECT EVIDENCE

Structure contour maps of the fivé principal” marker horizons discussed in
Section 6.0 reveal a N60CE trending structure underneath the site area, which is represented
by an apparent increase in formation bedding dip angle (Figures 22, 23, 24, 26, and 27). This

structure can be described a monocline. The structure is parallel to the zone of high

- transmissivity and subparallel to the lineament recorded at the base of the Rochester Shale in

Canada southwest of Niagara Falls, New York. The structure, if projected towards the
southwest, intersects the NYPA conduits near the location of the Royal Avenue conduit trench-
failure and the high yield dewatering well. This structure when considered with supporting
evidence is interpreted to be fault related. '

Apparent bedding offset along the structure can be inferred through cross-
section analysis. The offset is interpreted when bedding dip trends are projected toward the
structure. This offset is inferred in four of the eight cross-sections which interseet the
structure. The greatest degree of offset is seen on cross-section H to H' (Figure 12),
approaching 7 to 10 feet at the Rochester Shale/Decew Contact. Offsets can be also inferred
at the Decew/Gasport, Gasport/Goat Island, Goat Island/Eramosa, and Eramosa/Oak Orchard
Member contacts on several cross-sections. The observed offset appears to form the border of
two separate structural blocks. The northwestern block is interpreted to have moved upwards
relative to the southeastern block.

- 8.2.2 DIRECT EVIDENCE

Direct observable evidence for faulting within the study area was found in
bedrock core from monitoring well eluster locations VH-146 and VH-130, both located near the
axis of the structure described above. At these two locations, intervals cont_aining slickenside

surfaces and/or breccia were observed. In VH-146D slickensides were observed at 52 feet and
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a brecciéted zone was found between 54 feet and 58 feet. In core from VH—130G; at depths of
approximately 125 feet and in the interval between 136 and 144 feet, five slickenside surfaces
and a section of breccia were noted. The slickensides occurred most_commoniy on high angle
fractures in close proximity to the brecciated sections. The breccia zones were
characteristically healed with secondary mineralizatibn of gypsum and calcite. ' The breccia
zone observed at VH-146 occurred in the Oak Orchard Member and the breccia zone observed
at VH-130 occurred in the Gasport Member.

At both locations, the breccia zones were markedly different from other core
sections inspected. However, separate sections of breccia in core from VH-130G appear to
have had different origins. Certain sections are most likely carbonate breccias of sedimentary
origin, while other sections appear to have a tectonic overprint. It is not clear why the two
types of breccia 6ccur within such close stratigraphic proximity. Sanford et. al. has theorized
that the fault lineaments of western New York and southwestern Ontario were active during
depositién. These syndepositional tectonic movements may have contributed to the fo'rmation
and position of pinnacle reef structures observed along similar lineaments (Figure 60) along the
upthrust scarps at the edges of the faulted crustal blocks (Sanford et. al. 1985). This may

explain the. close proximity of fault related breccia and slickenside surfaces with carbonate

breccia observed at VH-130G. It is unclear whether the breccia section observed in core from 7

VH-146D is of tectonic or sedimentary origin.

In VH-130G the affected interval was accompanied by very high drilling fluid
circulation losses and high estimated hydraulic conductivity. Slickensides were also found at
monitoring locations VH-129D, VH-129J, VH-130J, and VH-151B. However, no evidence of
breccia was observed at these locations. Well developed slickensides observed in core from

VH-130J within the DeCew Member indicate reverse movement.

There was no conclusive evidence of repeated or missing stratigraphic sections
in bedrock core from either VH-146 or VH-130, suggesting that these core sections are
proximal to, but do not penetrate a major plane of bedding offset. However, it would be

difficult to differentiate between sections within members of .the Lockport Formation if a

repeated section did ocecur.
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8.3 ’INTERPRETATIONS OF FAULT POSITION

The position of faulting underneath the study area has been inferred largely
based on observations described above. At least two interpretations are possible based on the
avaijlable data. The faulting may be represented by one plane on which most of the observed
offset has oceurred, or by two or more closely spaced parallel or sub-parallel fault planes. In
the first interpretation, a single fault plane is positioned just northwest of monitoring well
clusters VH-130 and VH-146. The major fault plane is not intersected at either VH-130 or
VH-146. A second mterpretatlon is based on the concept of at least two fault planes at VH-
146D and VH-130G (Figure 61).

It is possible that a fault system along a lineament of this magnitude is much
more complicated than the relatxvely simple models which are presented here. The offset
observed may be expressed in a series of smaller scale parallel faults which have not been
intersected during drilling. It is probable, however, that the faulting occurs at or very near
monitoring well clusters VH-130 and VH-146 and strikes in a N60OE direction. ’

Monoclinal folding is likely closely related to the faulting observed at Necco
Park. Evaluations of structure contéur‘maps suggest that downwarping of rock beds has
occurred northwest of the fault. If a fold was the first expression of strain of the rock
relative to compresswnal stress, faulting occurred later when a crmcal stress was reached.
High angle reverse faulting of this nature is believed to begm at great depth, with fold
deformatxon preceding faulting in an upwardly progressive manner. At a point, above which
faulting no longer occurs, only a fold is represented. Offsets tend to be greatest at depth with
the lowest amount of offset represented closer to the surface (Telecon Richard Yager, 'LlSGS) .
(Figure 62). The small amount of data available, the low degree of bedding offset ‘and
superimposed monoclinal folding have contributed to the difficulty involved with
interpretétibn of the fault within the study area. Angled bedrock coring to be performed near
the fault in 1988 should provide additional data on this feature.
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Data suggest a high angle (75 to 95 degrees) northwest dipping fault plane.
Fault dip angle and direction have not been quantified. The extent or existence of faulted

bedrock beyond the boundaries of the study area can not be determined based on available
data. ’ A .

8.4 GEOLOGIC HISTORY OF FAULTING

There is evidence for at least three stages of deformation along the fault at
Necco Park. The first stage, monoelinal folding, is represented by the apparent downwarping
of rock beds‘ northwest of the fault. A second stage involving the initial faulting episodes is
represented by the healed fault breccia observed. The healed 'nat'ure of the fauljc breccia

- suggests it occurred very long ago, possibly as early as the Silurian or Devonian periods. As

discussed in Section 8.2, Sanford et. al. (1985) have hypothesized that synvdepositienal tectonic
activity has occurred along many fracture lineaments in western New 'York‘and southwestern
Ontario. A third stage of deformation is characterized by reactivation of the old fault plane
as evidenced by brittle deformation features such as the slickensides observed. This later
stage may have occurred in the recent geologic past. Seismic events along the lineamenf
indicate ‘that contemporary stress relief may be occurring. 4

8.5 ' EFFECTS OF:FAULT ON VERTICAL FRACTURE FREQUENCY AND
WATER-BEARING ZONE DISTRIBUTION

It is believed that the degree of vertical fracturing associated with the fault
related lineament within the study area is higher than the regional a\}efage. The actual
density and orientation of these fractures is not known, however vertical fractures oriented
approximately N60°E would most likely be associated with the faulting. It is probable that
this relatively b‘high density of vertical fracturing associated with the fault provides vertical
pathways through which the downward flow of grofmdwater can ocecur. As a result, the degree
of hydraulic connection between certain water-bearing _zone‘s.appea'ris to be higher near the

fault. For example, the C-zone and D-zone static water levels are similar in the vicinity of

the fault.
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The existence of increased vertical fracturing associated with the fault
appears ‘to have had an effect on the distribution of certain water-bearing bedding'plane
fracture zones within the study area; most notably the B- and C-zones. Neither of these zones
is well represented southeast of the' fault. The water-bearing C-zone is apparently
discontinued at the approximéte location of the fault. Southeast of this boundary, estimated
hydraulic conductivities for the C-zone are on the average much lower (Figure 63). A

In the B- and C-zones it is inferred that, althodgh there was a lithologic and
tectonic/isqstatic predetermination for the formation of substantial C and B water-bearing
fracture zones southeast of the fault boundary, these intervals were evidently isolated from
the higher volume of groundwater flow from up-gradient recharge areas. This occurred
through a combination of beddmg offset, and a higher density vertlcal fracturlng which
allowed groundwater to move to successively lower fracture zones such as the D-zone. The
apparent result is less solutioning of bedding plane fractures' southeast of the fault. The
impact. of the fault on tﬁe areal extent of water-bearing capability for the deeper zones is not
known,

Static water levels, obtained when the recovery system was temporarily shut
down, indicate nonhomogeneity near the fault. Monthly groundwater measurements, normally
obtained while the recovery system is operational, suggest anisotropy in the B- and C-zones.
An anisotropic response to pumping from the recovery wells was also observed during aqu1fer
tests conducted by WCC in 1984 and 1987. These tests showed that the drawdown response of
the B- and C-zones to withdrawal from recovery well 52 was higher along the fault. This

suggests a linear flow component near this structure (linear flow to a vertical planar

groundwater sink).

9.0 ADDITIONAL STUDIES

This section discusses additional studies which were conducted as part of the
off-site investigation.

9.1 BEDROCK THIN-SECTIONS

- Bedrock thin-sections were made of selected bedrock intervals from core
obtained at monitoring well cluster location VH-148. These sections were dyed to reveal
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porosity and calcite/dolomite ratios and were observed using a polarizing microscope.
Presently, no conclusions have been drawn regarding this information, howéver; the sections
will be available for future study if needed.

9.2 AERIAL SURVEY AﬁD TOPOGRAPHIC MAPPING

In April 1986 an aerial survey was flown over the Necco Park/CECOS Area.
From these photographs a detailed topographic map was constructed. This map includés
relevant geographic features and ground surface elevation contours in one foot (where
possible) intervals (Figure 65).

10.0 SUMMARY AND CONCLUSIONS

An off-site investigation was conducted in which seventy-eight (78) additional
monitoring wells were installed in an expanded study area. Geologic and hydrogeologic data
obtained during the investigation were used characterize the hydrogeologic and geologic
conditions within the study area. Monitoring well records, in situ hydraulic conductivity test

results, single well hydraulic conductivity tests results, and geologic records are presented and
discussed in this report. '

The overburden was found to consist of natural and man-emplaced material,
The natural material consisted primarily of glacial till and glaciolacustrine sediments. The
man-emplaced material consisted of a wide variety of materials. Much of the natural
overburden had been disfurbed, removed or altered: Overburden generally thickened to the
southeast in the study area. |

~ Generally, the Lockport Formation members and the top part of the Rochester
Shale fit the descriptions given in the discussion of regional geology. However, key
observations were noted. For example, marker horizons were identified in the Lockport
Formation and at the Top of the Rochester Shale which gave reference points around which
beddihg structure and fracture positioning could be identified. U;ing this information detailed
cross-sections and structure contour maps were constructed to illustrate these relationships.
The attitude of bedding was identified at all levels of the Lockport Formation and was found
to vary cdnsistently from northwest to southeast across the site. Viewed areally, these
variations in bedding dip attitude constitute an identifiable northeast. trending structure
affecting the bedrock within the study area. ’ '
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Beddihg plane fracture zones were identified from field observations during
drilling, bedrock core examination and hydraulic conductivity test results. Circulation fluid
losses were compared with estimated hydraulic conductivity values. A detailed description of
the primary water-bearing fracture zones within the study area was presented. Bedding plane
fracture zones B through F were found to exist solely within the Oak Orchard Member of the
Lockport Formation. The B-zone was found to be closely related to the .uppermost marker
horizon, the oolite bed. -~ The G-zone was subdivvided into one intermediate, relatively
discontinuous water-bearing fracture zone designated the G1-zone, and two primary water-
bearing bedding plane fracture zones designated the G- and G3-zones.

Vertical fracturing and fracture frequency were discussed. The principal joint
fracture direction was found to be approximately N65 - 75CE based on bedrock exposure
observations along the NYPA Conduits a'nd'along the recently constructed Niachlor Brine
Pipeline. Secondary and tertiary joint fracture directionals were also identified. Fracture
frequency, as observed in bedrock core, was caleulated per foot and plotted. These data were
compared relative to the positioning of the major water-bearing fracture zones. Although
good correlat-ions were noted (i.e., water-bearing zones usually- coi‘responded to increased

observed fracture frequency) situations were observed which did not fit the general rule.

Hydrologic data obtained for monitored intervals during and after monitoring
well installation were presented in detail. Hydraulic conductivity contour maps were
constructed for water-bearing zones A through J to illustrate appai‘ent hydraulic conductivity
varietion ‘for each zone within the study area. WCC concludes the following from the

hydrologic evaluation:

1) Generally circulation fluids loss percentages (during drilling) correspond to a
range of estimated hydraulic conductivity values. '

2) A four orders ofV magnitude drop in estimated hydraulie econduectivity in the C-

" zone over a horizontal distance of 300 - 400 feet near the south perimeter of

Necco Park was noted. This is possibly related to a northeast trending fault
structure found to be crossing the study area.
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3) Estimated Gg- and Gé-zone hydraulie conductivity values were relatively high
within the known areal distribution of these zones.

4) The J-zone was found to be of low permeability throughout the study area.

Estimated hydraulic conductivities were below the water-bearing criterion of
1x10-4 em/sec.

As a result of the geologic study at Neceo Park, evidence was identified which
suggests a fault related geologic structure in the bedrock within the study area. The structure
is believed to be directly related to a northeast trending zone of high transmissivity identified
and studied by the USGS. The zone of high transmissivity is believed to be related to: a
structural lineament identified in the Rochester Shale south of Niagara Falls in Canada; local
seismic events; and a large scale structural system of basement faults which occurs ‘throughout
western Ontario, Canada and western New York State. Increased vertical fracturing is
believed to be associated with the lineament.

Evidence used to identify f.auiting included slickensides, brececia and bedding
offset. The fault may be represented by at least two parallel fault planes, which appear to
affect the Lockport Formation and Rochester Shale. Monoclinal folding is believed to have
occurréd as a result of the same stréss which caused the faulting. The fault appears to have
had several generations of activity as evidenced by healed breccia and slickensides. A greater
degree of vertical fracturing is believed to be aésociafed with the fault as evidenced by the
USGS findings, and various phenomena observed within the study area ihcluding hydraulic head
siAmilarities between zones near the fault, a linear N60CE nonhomogeneity in the piezometric

surface of the B-zone and C-zone, and directional responses to pumping.

Vertical fracturing associated with the fault appears to have had an cffeet on
the distribution of several of the major water-bearing fracture zones within the study area,
most notably the B-zone and the C-zone. The increased vertical fracturing probably serves as
a hydraulic connection between certain fracture zones. This has subsequently caused the
hydraulic isolation of equivalent bedrock intervals southeast of the fault from natural
upgradient recharge areas. The impact of the faulit on groundwater flov«} in the D-zone and
below remains largely unknown.
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Additional = studies were conducted as part of the off-site geologic
investigation including thin section analysis, aerial photography and topographic mapping.

11.0 LIMITATIONS

The findings 'and conclusions presented in this report are based on
interpretations developedv from available geologic and hydrogeologic data. These findings and
conclusions are subject-to confirmation and/or revision when/if additional information
becomes available. Best efforts were made to accurately delmeate the geology w1th1n the
study area and relate it to reglonal information. '

WM-5T
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TABLE 1

MONITORING WELLS INSTALLED DURING
OFF-SITE INVESTIGATION PHASE
JULY 1985 - JULY 1987

. - - ;. - . i
4 - = 2 ;

+ Well Renamed Since Installation.

- Neceo Park
VH-129D (New)- VH-149A "VH-156A
VH-129E VH-149B VH-156C+
VH-129F VH-149C VH-156C (grouted)
VH-129G VH-149D "VH-156D
VH-1294 VH-156E
VH-150A VH-156F
VH-130F VH-150B . VH-156G
VH-130G VH-150C VH-156J
VH-130J VH-150E+
VH-150F
VH-143CD VH-150GJ
VH-143D
VH-143F VH-151A
VH-143G VH-151B
- VH-143J VH-151C
VH-145A VH-152A
VH-145B VH-152BC
VH-145E VH-152CD
VH-145F .
VH-145G9 VH-153A
VH-145G3 VH-153B
VH-1454 VH-153C
VH-153D
VH-146A VH-153E .
VH-146F VH-153F/G1+
- VH-146GJ VH-153Gg
' VH-153G3
VH-147B VH-153d
VH-147C ‘
VH-147D VH-154A
VH-147F VH-154B+
VH-147G VH-154D
VH-147Gg VH-154E+
VH-147G3 ,
VH-147J VH-155A
: VH-155C+
VH-148B VH-155CD
VH-148C VH-155D
VH-148D VH-155E+
VH-148F VH-155E(R)+
VH-148G+
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TABLE 2 .
ELL - CONSTRUCHON DETALLS
FOR HONIIORING WELLS INSTALLED 1985-1987
NECCO PARK; NIAGARA FALLS: NEW YORK

MON1TORING MONITORED GROUND TOP OF CASING OVERBURDEN TOP OF ROCK OPEN HOLE - FRACTURE BOTTOM % LOST
WELLS ZONE ELEVATION ELEVATION +  THICKNESS ELEVATION ELEVATION ELEVATION ELEVATION CIRCULATION
Vh- 1290 (NEW) 0 517.23 5080.47 21.50 5585.73 518.03 513.23 508.23 50.00
VH-129E E 577.49 580.42 21.00 99549 : 508.99 508 49 495,49 50.00
VH-129F f 577.81 980.19 - 21.50 995.31 . 596.81 4.21 584.21 20.00
VH-129G 62 977.% . 580.80 - 21,20 596.36 483.96 655 16/&67 16 43714 70.00
VH-129) J 577.63 5680.79 21.10 556.53 4371.23 §01.23 0.00
VH-130F F 577.23 580.682 16.50 540.73 512.73 . 492.73 0.00
VH-1306 GZ863 .12 580.46 16.00 981.12 493.12 652.12/567.52! 433.12 100.00
VH-130) J 976.99 580.65 17.00 540.99 431.99 NF 403.99 0.00
VH-143CD D1 584,40 587.59 - 6.50 577.90 561.40 557.40 . 953.40 100.00
VH-1430 0 583.60- 587.25 1.70 976.10 952.80 538.40 934.40 100.00
VH-143F F 583.90 587.21 . 8.30 | - 975.40 529.10 521.70 514.10 100.00
VH-1436 G 583.90 587.37 9.50 574.40 485.40 NF 445.40 0.00
VH-143) J 583.80 587.18 10.50 1573.30 433.80 430.60 423.80 50.00
VH-1454 A 572.60 975.85 20.00 552.40 967.460 NA 552.40 A
VH-1458 8 572.30 575.47 20.00 552.30 950.30 NF 5462.30 0
VH-145€ E 572.680 975.94 20.00 952.80 510.30 505.80 500.80 80.00
VH-145F F 573.00 576.06 21.00 952.00 501.00 481.10
VH-14562 62 972.70 975.83 22.00 950.70 480.70 449.20 439.20 100.00
VH-14563 63 572.40 575.78 20.50 552.10 493.10 437.10 427.10 100.00
VH-145J 68) 972.50 975.465 20.00 952.50 427.00 NF 397.00 10.00
VH-146A 572.65 576.12 12.00 560.465 565.85 NA 960.485 NA
VH-144F F 572.75 $75.78 1270 940.05 512.55 S06.44 i 496 .46 - 80.00
VH-1466J GJ i 572.7% 575.98 : 12.60 - 560.16 496.32 . NF 403.26 0.00
VH-1478 B . 578.30 81.71 . 1.40 576.70 C 900 ©572.40 985.90 :
VH-147C € 578.50 581.88 1.80 576.70 565.40 563.70 559.00 100.00
VH-1470 0 578.00 561.46 1.30 976.70 553.50 531.50 526.00
VH-147F F 578.00 981.57 1.30 576.70 526.00 NF 496.00
VH-147G1 Gt 977.90 581.55 1.40 976.90 §95.90 487.40 477.40 100.00
VH-14762 62 578.30 581.40 1.40 576.70- 477.60 466.80 4§57.60
VH-14763 63 578.00 581.42 1.50 575.50 457.80 453.30 441.80 100.00
VH-147) J 978.10 5681.33 2.10 576.00 441.60 NF §20.90 0.0
VH-1488 8 974.00 976.48 1.50 972.50 949.80 548.460 559.90 100.00
VH-148C C 573.70 576.468 2.50 571.20 959.90 558.10 548.10 100.00
VH-1480 0 573.00 976.36 1.50 571.50 947.80 NF 522.680 0.00
VH-148F F 572.80 576.24 1.50 571.30 520.50 ~NF 500.50 0.00
VH-1486+ G 573.50 976.95 2.40 570.90 500.80 NF 453.50 0.00
VH-149A A 972.80 576.24 16.60 556.00 566.60 NA 9596.60 NA
VH-1498 8 572.90 976.28 16.20 556.70 556.20 592.40 543.70 0.00
VH-149C € 572.90 576.52 17.20 555.70 543.80 513.80 0.00
VH-1490 0 572.90 976 .66 17.20 995.70 514.00 513.30 503.80 0.00
VH-150A A 572.89 575.70 16.40 556.49 568.49 NA 556.49 NA
VH-1508 8 572.88 576.11 17.20 955.48 953.48 553.18 548.18 40.00
VH-150C C 573.02 576.19 17.20 555 82 548.32 528.32 0.00
NA = NOT APPLICABLE ’ Co *

NF = NO FRACTURE

NM = NOT MENTIONEQ

ALL MEASUREMENTS IN FEET

¥ = ALSQ FRACTURES AT 437.52 AND 435. 62
+ VELL RENAMED



’ : S TABLE 2 (CONT)
. . . . WELL CONSTRUCTION DETAILS
) FOR _MONITORING WELLS INSTALLED .1985-1987
NECCO PARK, NIAGARA FALLS, NEW YORK

HOuEEEEING HO%}T{ERED : GROUND TOP OF CASING - QVERBURDEN TOP OF ROCK OPEN HOLE -FRACTURE BOTTOM

% LOST
ELEVATION ELEVATION THICKNESS ELEVATION ELEVATION ELEVATION ELEVATION CIRCULATION

VH-190E+ - E 573.06 576.31 17.20 955.86 528.36 512.36/510.76 506.36 . 20.00
VH-150F F 572.87 975.99 16.50 996.17 505.97 501.57 485.97. 5.00
VH-1506J- 6J 513.29 576.63 17.30 955.99 486.59 NF 406.59 ) 0.00
VH-151A A 973.12 572.95 . 19.50 950.75 587.71 NA 853. 71 . NA
VH-1518 B 573.98 573.33 20.10 593.48 551 .48 NF. - 543.48 0.00
VH-151C C 973.3% 913.10 22.40 950.75 943.25 §37.35 525.75 10
VH-1524 A 573.60 977.02 21.80 551.80 965.90 ) . 551.90 NA
VH-1528C 8C 513.40 575.80 21.40 992.00 © o 550.00 ‘NF 532.00 - 0.00
VH-152(0 D 573.20 576.70 20.80 - 952.40 532.40 NF 517.40 0.00
VH-1534 A 572.680 576.09 | 17.20 995.460 586.60 NA 595.40 NA
VH-1538 B S12.90 - 576.14 19.30 - 553.60 551.40 . NF . 532.40 1o
VH-153C C S11.90 575.72 18.50 553.40 53t1.40 - NF S11.40 0.00
VH-1530 0 i 572.70 576.41 19.00 . 553.710 512.20 . 504.70° L (. 100.00
VH-193E £ 572.90 576.43 19.50 553.40 499.40 498.40 492.40 100.00
VH-153F /G1+ Fi61 . : 573.40 576.90- : 19.50 . 553.90 492.90 474.90 ’ §67.90 : 0.00 -
VH-15362 62 572.70 976.17 - 19.50 : 553.20 © 48020 448.20 437.70 100.00
VH-15363 63 572.40 576.01 19.80 552.80 437.40 - 433.10 423.10 50.00
VR-153) J 572.40 975.91 18.00 556.40 §23.10 NF 396.90 0.00
VH-154A A 572.60 576.45 15.30 557.30 567.30 957.30 NA
VH-1548+ 8 $73.30 577.01 15.70 597.60 955.40 545.60 935.40 10
VH-1540 0 573.00 976.46 15.40 557.40 535.30 NF 515.30
VH-154E+ E 972.70 976.42 16.00 594.70 515.30 S00.40 495.40 90.00
VH-155A A 971.70 S78.79 14.40 557.30 562.30 - 957.30 NA
VH-155(+ C 51.70 974.81 14.30 997.40 555.40 543.70 536.70 GAIN
VH-155C0 0] 571.60- 974 .81 14.40 957.20 538.50 NF 522.50 .00
VH-1550 0 571.60 576.79 14.40 557.20 522.50 08.60 100.00
VH-155€+ £ 571.60 574.90 14.50 557.10 508.60 S06.4/500.7 488.40 100.00
VH-155ER+ E 571.60 574.99 15.80 557.00 508.50 488.80
VH-156A A 590.40 594.00 9.80 560.60 585.60 NA 580.60
VH-195C+ C 590.80 594.24 9.80 581.00 979.50 573.10 568.00 100.00
VH-1560 0 591.30 594.69 10.80 580.50 $53.50 538.70 534.30 100.00
VH-154E £ 591.40 59.87 10.00 5681.4 934.40 931.70 926.70 70.00
VH-156F F 591.30 998.79 10.40 580.90 526.60 522.80 511.40 50.00
VH-1946 6 591.30 594.70 7.40 '583.90- 511.460 F 451.40 0.00
VH-156J J 591.00 594.42 8.00 583.00 451.30 NF §32.00 0.00

NA = NOT APPLICABLE

NF = NO FRACTURE

“NM = NOT MENTIONED

- ALL MEASUREMENTS IN FEET
-+ WELL RENANED
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Table 3
Elevations and Coordinates(1) for
Necco Park Monitoring Wells Installed
(1985-1987)
Necco Park, Niagara Falls, N.Y.

Well Top Casing Ground North oSt
Number Elevation Elevation Coordinate Coordinate
i VH-129D(NEW) 580.47 577.23 1500.80 3506.28 |
i VH-129E - 580.42 577.49 1500.56 3521.15 |
| VH-129F 581.19 577.81 1498.87 © 3539.46 |
| VH-129G 580.80 577.56 1498.35 3554.04 |
| VH-129J - 580.75 ~ 577.63 1498.38 3571.44 |
| VH-130F 580.82 577.23 1571.63 3044.00 |
| VH-130G ' 580.46 577.12 1573.54 3030.82 |
| VH-130J 580.65 576.99 . 1577 .43 3008.67 |
{ VH-143CD . 587.59 584.40. ©.2210.70 2188.12 |
| VH-143D 587.25 ] 583.80 2194.37 2187.20 |
| VH-143F 587.21 583.90 - 2177.57 2187.00 |
| VH-143G 587.37 583.90 2160.40 2186.23 |
| VH-143J 587.18 583.80 2131.23 2183.21 |
| VH-145A ‘ 575.85 i 572.60 761.60 3860.94 |
| VH-145B 575.47 572.30 762.96 3752.65 |
| VH-145E 575.94 572.80 762.76 3847.49 |
| VH-145F ' 576.06 573.00 .762.96 3828.09 |
i VH-145G2 575.83 - 872.70 762.16 3808.96 |
| VH-145G3 S 575.178 ) 572.60 762.29 3790.16 |
| VH-145J 575.65 572.50 762.50 3769.78 |
| VH-146A 576.12 572.65 1003.67 - 2233.33 |
| VH-146F 575.78 572.75 . 1002.23 2261.99 |
| VH-146GJ 575.98 572.176 1002.85 2248.11 |
| VH-147B 581.71 578.30 1123.23 470.19 |
| VH-147C 581.88 578.50 1128.73 4 453.79 |
| VH-147D 581.46 578.00 1117.55 485.33 |
| VH-147F 581.57 578.00 1113.06 "503.10 |
i VH-147G1 581.55 - 577.90 1106.72 ~527.05 |
| VH-147G2 581.60 578.30 1102.99 547.11 |
| VH-147G3 . 581.42 578.00 1098.78 562.29 |
| VH-147J - : 581.33 578.10 1092.31 579.08 |
| VH-148B 576.68 574.00 927.51 1252.16 |
| VH-148C 576.68 573.70 925.07 1270.83 |
| VH-148D ‘ 576.36 573.00 941.82 1263.51 |
| VH-148F 576.24 572.80 938.79 1285.83 |
| VH-148G+ 576.55 573.50 921.24 1295.96 |
| VH-149A 576.26 572.80 575.49 - 2414.08 |
| VH-149B 576.28 572.90 580.82 2426.37 |
| VH-149C 576.52 572.90 594.18 2427.87 |
i VH-149D ) 576.46 572.90 608.41 2429.39 |

(1) from Soderholm Engineering, 1987
(+) Well renamed
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Téble 3 (continued)

Well Top Casing Ground - North East
Number. Elevation Elevation Coordinate Coordinate
| VH-150A 575.70 572.89 893.03 2834.09 |
I VH-150B : 576.11 572.88 891.88 2848.66 |
i VH-150C 576.19 573.02 890.74 2863.73 |
| VH-150E+ . 576.31 573.06 889.30 2878.85 |
| VH-150F 575.99 - 572.67 890.50 2895.26 !
| VH-150GJ 576.63 573.29 886.56 - 2908.97 |
I VH-151A 572.95 573.21 -26.21 3369.68 |
I VH-151C 573.18 573.35 -24.40 3353.61 |
| VH-152A 577.02 573.60 18.89 4703.34 |
| VH-152BC 576.80 573.40 22.87 4687.20 |
} VH-152CD 576.170 573.20 26.173 © 4669.87 |
| VH-153A : 576.09 572.80 830.88 5359.00 |
| VH-153B 576.16 572.90 846.25 5376.41 |
| VH-153C ‘ 575.72 . 571.90 829.07 5370.88 |
| VH-153D 576.41 572.70 836.12 5379.47 |
| VH-153E . 576.43 572.90 v 838.38 5366.93 |
| VH-153F/Gi+ . 576.90 . 573.40 852.64 5384 .36~ |
| VH-153G2 576.17 572.70 842.21 5386.83 |
| VH-153G3 576.01 572.60 852.36 5397.97 |
| VH-153J 575.91 572.60 861.38 5409.86 |
| VH-154A 576.45 572.60 1212.98 5753.61 |
| VH-154B+ 577.01 573.30 1187.02 5736.19 |
{ VH-154D ' 576.46 573.00 1196.22 5741.79 |
| VH-154E+ 576.42 572.70 1204.42 5746.96 |
i VH-155A" 574.79 571.70 1873.62 6269.44 |
| VH-155C+ 574.81 571.70 1905.83 6296.22 |
| VH-155CD" 574.81 571.60 1896.32 ~ 6288.77 |
| VH-155D ' . 574.79 571.60 1890.23 6282.99 |
| VH-155E+ : 574.90 571.60 1882.22 6276.87 |
| VH-155E(R) + 574,99 571.80 1845.70 6248.74 |
| VH-156A 594.00 590.40  2535.66 782.48 |
| VH-156C+ 594.24 590.80 2545.18 799.66 |
i VH-156D 594.69 591.30 2559.10 823.90 |
| VH-156E 594.87 591.40 2579.35 825,72 |
| VH-156F : 594 .79 591.30 2572.96 844.22 |
| VH=156G 594.70 " 591.30 2594 .25 847.70 i
i !

VH-156J ‘ 594.42 591.00 2587.36 867.23

(1) from Soderholm Engineering, 1987
(+) Well renamed
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. TABLE 5

INSITU PERMEABILITY TESTS
HYDROSTATIC HEAD METHOD

NECCO PARK
1987
: HYDRAULIC INTERVAL
WELL CONDUCTIVITY TESTED
. NUMBER (CM/SEC) ’ (FEET)
VH-129D(NEW) .1.20E-3 ' 9.8 (59.2' - 69.0')
VH-129E 5.10E-4 . 10 (68.5' - 78.5')
VH-129F 1.40E-4 9.9 (81.0' - 90.9')
VH-129G 1.20E-2 10 }93.6' - 103.6';
VH-129G 3.70E-8 ' . 20 (93.6' - 113.86'
VH-129G 4.20E-5 . o 30 (93.6' - 123.6';
VH-129G 1.30E-4 40 (93.6' - 133.6'
VH-129J 1.40E-6 ' 10 (140.4' - 150.4'
VH-129J 3.80E-7 20 (140.4' - 160.4'
VH-129J 5.00E-7 - 30 (140.4' - 170.4'
VH-130F 1.20E-6 10 (64.5' - 74.5'
VH-130F 4.10E-6 : 20 (64.5' - 84.5'
VH-130G 4.60E-7 10 (84.5' - 94.5'
‘"VH-130G 8.00E-7 : ‘20 (84.5' - 104.5")
VH-130G 2.30E-6 30 (84.5' - 114.5'
VH-130G 2.70E-7 40 (84.5' - 124.5'
" VH-130G 6.30E-4 4 50 (84.5' - 134.5'
VH-130J 2.30E-7 10 (145' - 155')
VH-130J 4.80E-6 ' 20 (145' - 165")
VH-145F 4.40E-6 20 (72' - 92')
VH-145G2 6.10E-7 20 (92' --112")
VH-145J 1.46E-4 20 (145.5' - 165.5')
VH-146GJ 9.00E-6. 10 (76.2' - 86.2'{
VH-146GJ 1.00E-6 20 (76.2' - 96.2'
- VH-146GJ 3.70E-7 . 30 (76.2' - 106.2'
© VH-146GJ 5.30E-7 ' 40 (76.2' - 116.2'
VH-146GJ 9.20E-6 50 (76.2' - 126.2'
VH-146GJ 8.40E-7 : 60 (76.2' - 136.2'
VH-146GJ 1.30E-5 70 (76.2' - 146.2'
VH-146GJ 1.00E-5 : 80 (76.2' - '156.2'
VH-146GJ 2.50E-6 99.3 (76.2' - 169.5')
VH-147J 2.35E-6 42.8 (92' - 134.8"')
VH-148D 4.10E-4 10 (25.2' - 35.2'
VH-148F 2.60E-6 ' 20 (52.2' - 72.2'
VH-148G+ 8.70E-7 20 (72.2' - 92.2'
VH-148G+ 3.00E-6 40 (72.2' - 112.2';
VH-148G+ 5.20E-8 60 (72.2' - 132.2'

+ WELL RENAMED



WELL
NUMBER

VH-148G+
VH-148G+
VH-150C
VH-150C
VH-150E+
VH-150E+
VH-150F
VH-150F
VH-150GJ
VH-150GJ
VH-150GJ
VH-150GJ
VH-150GJ

"VH-150GJ
- VH-150GJ

VH-150GJ
VH-150GJ
VH-151B
VH-151C
VH-151C
VH-153B
VH-153C
VH-153F/G+
VH-153J
VH-154B+
VH-154B+

. VH-154D

VH-154D
VH-155E+
VH—155E$R)+
VH-156C
VH-156G
VH-156G
VH-156G

© VH-156J

+ WELL RENAMED

GROUTED)

TABLE 5(CONTINUED)

"INSITU PERMEABILITY TESTS
HYDROSTATIC HEAD METHOD (CONT.)

NECCO PARK
1987

HYDRAULIC

CONDUCTIVITY

(CM/SEC)

.10E-6
.30E-5
.40E-7
.20E-5
.20E-6
.60E-4
.60E-5
.40E-5
.20E-7
.50E-7
.T0E-7
.40E-6
.90E-17
.90E-7
.29E-7
.90E-7
.30E-7
.80E-6
.90E-6
.7T0E-6
.05E-4
.54E-5
.50E-4
.TS5E-6
.886E-5
.42E-5
.40E-4
.S50E-2
.7T0E-7 -
.00E-4
.30E-6
.00E-6
.00E-5
.00E-5
.90E-17

HNDQ e =S -QRDONNLROWRR<INOND AN NOCR BN -0

INTERVAL
TESTED
(FEET)

80 }72.2'
72.2'
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[
W
&
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«

WELL
NUMBER

VH-156C (GROUTED)
VH-156G
VH-148G+
VH-148G+
VH-148G+
VH-145J

. VH-145J
- VH-148J

VH-146GJ
VH-146GJ
VH-146GJ
VH-146GJ
VH-1306G
VH-129G
VH-129G
VH-129G
VH-129J
VH-130J
VH-150GJ
VH-150GJ
VH-150GJ
VH-150GJ

+ WELL RENAMED

- TABLE 5 (CONT.)
INSITU PERMEABILITY TEST

PACKER METHOD
NECCO PARK
1987

AVERAGE
HYDRAULIC

CONDUCTIVITY

(CM/SEC)

~0.00
.94E-6
.30E-7
.56E-5
.35E-7
0.00
.67E-6
.00E-86
.40E-8
0.00
0.00
0.00
0.00
.11E-3
.04E-4
.43E-6
.40E-7
.84E-7
.30E-7
.20E-7
0.00
0.00

®a WO

WO I~

INTERVAL

TESTED
(FEET)

15

40

20 (92.2' - 112')

21 (111.2' - 132.2'
20 (137.2' - 157.2'
12 {163.5' - 175.5'
26 (149.5' - 175.5'
30 (145.5' - 175.5'
18.3 (96.2' - 114.5')
20 (114.5' - 134.5'
20 (134.5' - 154.5'
15 {154.5' - 169.5'
20 (104' - 124')

10 (113.6' - 123.6';
19 (113.8' -.132.6'
7.8 (132.68' - 140.4')
16 (160.4' - 176.4')
10 (163' - 173')

20 (106.7' - 126.7"
20 (126.7' - 146.7'
ig 146.7' - 166.7'

161.7' - 177.7"




: . SLUG TEST - . o

HYDRAULIC CONDUCTIVITIES
FOR MONITORING WELLS INSTALLED

i 1985-1987
MON1 TORING HYDRAUL IC PERCENT DRILLING - MONITOR ING HYORAUL1C PERCENT DRILL ING
MELL CONDLCTIVITY WATER LOSS WELL CONDUCTIVITY VATER L0SS

“VH-129D(NEW) 4.1 x 10-3 ‘ 50 - VH-150A © 2.2 x 10-4 NA
VH-129€ 3.8 x 10-4 50 ~ VH-1508 7.9 x 10-2 &0
VH-129F 1.0 x 10-6 20 S VH-150C 2.3x10-5 ]
VH-1296 : 9.3 x 10-3 R : VK-150E+ 5.1 x 10-6 20
VH-129 1.7 x 10-5 ] ’ VH-150F 9.1 x 10-6 5
VH-130F < 1.0 x 10-6 , 0 ’ VH-1506J 2'5 x 10-6 0
VH-1306 . ) 1.0 x 10-0 100 VH-1514 1.4 x 10-3° NA
W13 4.6 x 10-6 0 VH-1518 € 1.0 x 10-6 0
VH-143C0 1.1 x 10+ 100 VH-151C 1.3 x 10-3 10
VH-1430 2.7 x 10-3 100 VH-1524" 7.5 x 10-4 NA
VH-143F 9.1 x 10-3 100 VH-1528C C7.0 x 10-4 0
VH-1436 9.9 x 10-4 0 VH-152CD ¢ 1.0 x 10-6 0
VH-143) € 1.0 x 10-b S0 v VH-153A 2.6 X 10-4 NA
VH-1454 1.4 x 10-4 . NA VH-1538 1.5 x 10-4 10
VH-1458 . € 1.0 x 10-6 0 VH-153C 2.4 x 10-5 0
VH-145€ 1.5 x 10-3 80 © VH-153D 1.9 x 10-1 100
VH-145F "33 10-5 : 0 . VH-153E " 4.0 x 10-0 100
VH-14562 . , 2.0 x 10-2 100 VH-1S3F /614 4.8 x 10-4 0
VH-14563 > 1.0 x 100 160 “ VH-15362. 2.9 x 10-2 100
VH-1454 . 5.0 x 10-4 10 " WH-15363 - 2.5x10-2 . S0
VH-1464 - o ¢ 1.0 x 10-4 NA VH-153J 2.8 x 1064 ]
VH-146F 3.3 % 10-3 80 VH-156A 68 x 10-4 NA
VH-164G) 4.5 x 10-6 0 : VH-1548+ 6.1 x10-6 10
VH-1478 ND : <10 VH-154D . 7.4 x 10-5 0
VH-147C 3.6 x 10-3 1111 VH-154E+ 1:2 x 101 90

" VH-147D 8.5 x 10-5 (o VH-1554 1.0 X 10-6 . NA
WH-187F 8.1 x 104 0 ‘ VH-155C+ > 1.0 x 10-0 GAIN
VH-14761 2.5 x 10-2 100 VH-155CD ' 3.8 x 10-3 0
VH-14762 8.6 x 10-3 st . VH-1550 2.1x10-2 100
VH-16763 7.0 x 10-0 100 VH-155E+ ¢1.0x 106 100
YH-14) 2.5 x 10-4 0 VH-15SERY 5.3 x 10-4 0
VH-1488 2.0 « 10-3 100 . VH-156A ND NA
VH-148C 7.1 x 10-2 S VH-154C+ 1.9 x 10-2 100
VH-148D © 2.1 x 10-3 0 VH-156D © 2.1 x 10-t 100
UH-186F ¢ 1.0 x 10-4 -0 VH-154€ 1.1 x 10-4 70
VH-1486+ 9.0 x 10-4 0 © VH-1S6F 2.5 x 10-4 .50
VH-1494 1.4 x 10-¢ Mo VH-1566 . 1.0 x 186 ' 0 -
VH-1498 € 1.0 x 10-8 : 0 VH-156) 1.9 x 10-7 0 -
VH-149C - 4.5 X 10-4 0 '
VH-1490 1.2 X 10-5 0 '

(1) ALL HYORAULIC CONDUCTIVITIES IN CM/SEC
¥ = [NSITU HYDRAULIC CONDUCTIVITY
NA = NOT APPLICABLE
ND = NO DATA
+ = WELL RENAMED-




TABLE 7
LOCKPORT FORMATION MEMBER CONTACT ELEVATIONS
o GEOLOGIC REPORT
NECCO PARK, NIAGARA FALLS, NEW YORK

MONITORING 00/ER ER/GI GI/GP - GP/DC 4 DC/RS
WELL CLUSTER :

-VH-112 479.40, : ND 431.80- ' 417.70 408.00

VH-129 479.76 461.96 : 436.96 418.83 . 407.53
VH-130 486.52 . - 568.72 447.52 421.99 - 412.39
. VH-136 ’ 496 .30 . 479.50 . 451.00 435.40 425.20
VH-141 : 484 .90 i : ND ) 432.10 ‘ 423:90 - 414.20
VH-143 500.50 ] 482.80 456.60 438.170 430.60
VH-145 . 474.90 461.20 433.60. 413.70 404.70
VH-146 485.01 464 .46 ) 438.56 ' 424 .16 414.16
VH-147 . 497.90 ) 481.30 459.80 ' 435.90 425.90
VH-148 ‘ : 491.00 476.00 © 447.00 430.00 420.80
VH-150 477 .99 . 461.29 . 435.59 416.89 407 .49
VH-153 472.70 456.20 1432.60 412.90 . 402 .40
VH-156 ' 509.30 ' 494 .80 461.30 449.00 ‘ 436.50
00/ER = OAK ORCHARD /ERAMOSA CONTACT

ER/GI = ERAMOSA / GOAT ISLAND CONTACT

GI/GP = GOAT ISLAND / GASPORT CONTACT

GP/DC = GASPORT / DECEW CONTACT

DC/RS = DECEW / ROCHESTER SHALE CONTACT -
ALL MEASUREMENTS ARE IN FEET ABOVE MEAN SEA LEVEL (MSL)
'ND = NO DATA ‘

necgeold.sav



TOP OF ROCK AND OOLITE BED ELEVATIONS
GEOLOGIC REPORT

TABLE 8

NECCO PARK, VIAGARA FALLS, NEW YORK

MONITORING
WELL CLUSTER

VH-111
VH-112
VH-116
VH-127
VH-129 .
VH-130
"VH-136
VH-137
VH-139
VH-141
VH-143
VH-145
VH-146
VH-147
VH-148
VH-149
VH-150
VH-151
VH-152
VH-153
VH-154
VH-155
VH-156

TOP OF(1)
ROCK

565.
556.
.70
559.
5567.
.20
573.
564.
555.
558.
576.
.30
561.
- 876.

571

561

- - 551

571

557

581

30
00

70
74

90
30
60
60
90

10

80
.00
556.
~ 555.
5583.
552.
553.
.60
557.
.80

00
68
48
30
40

40

TOP OF
OOLITE BED

560.
550.
569.
556.
552.
555.
.40
560.
550.
556.
.40
544.
557.
569.
564
. 550.
549.
543.
542.
542.
547.
549.
578.

567

574

(1) SOME VALUES REPRESENT AVERAGES

ALL MEASUREMENTS IN FEET ABOVE MEAN SEA LEVEL (MSL)

A:NECGEO4 . SAV

70 -

60

94

24

30

20
10
10

30
30

30"

60
90
68
08
60
90
30
70
80

40



TABLE 9

LOCKPORT FORMATION THICKNESSES*

GEOLOGIC REPORT

NECCO PARK, NIAGARA FALLS, NEW YORK

MONITORING WELL
CLUSTER

VH-112
VH-129
VH-130
 VH-136
VH-141
VH-143
VH-145
VH-146
VH-147
VH-148
VH-150
VH-153

VH-156

AVERAGE
THICKNESS

* INCLUDES DECEW THICKNESS
NECLPFT.SAV

THICKNESS
(FEET)

148.

149.

149.

147

145.
142.
147,
146.
150.
150.
148.

152.

147

147

30
70

00

.70

00

60
80
00
10
10
50

20

.40

.60



TABLE 10 .
LOCKPORT FORMATION MEMBER THICKNESSES
GEOLOGIC REPORT
NECCO PARK, NIAGARA FALLS, NEW YORK

MONITORING 0AK ERAMOSA GOAT GASPORT DECEW GASPORT +
WELL ORCHARD - . ISLAND GOAT ISLAND
VH-112 ND ND ND 14.10 - 9.70 ND
VH-129 77.80 16.80 25.00 ° -18.20 : 12.00 43.40
VH-130 : 74.10 17.80 21.20 . 25.40 10.00 46.60
VH-136 75.70 ’ 16.80 . 28.50 15.10 10.40 43.60
VH-141 ND ND ND 9.10 9.70 ND
VH-143 : .. 77.90 17.175 .- 26.15 17.80 8.10 43.50
VH-145 v 76.30 13.70 . 27.50 . 19.80 9.00 47.30
VH-146 75.70 ' 20.50 26.50 15.60 9.00 42.10
VH-147 78.50 e 17.00 21.20 ) 24.00 10.00 45.20
VH-148 80.50 15.00 29.00 ‘ 17.00 ‘ 10.20 46.00
VH-150 77.70 16.70 25.70 18.70 9.40 44.40
VH-153 80.50 16.50 23.50 ) 19.70 10.50 43.20
VH-156 , 73.00 14.50 ~ 33.50 o 12.00 12.50 45.50
AVERAGE: . .
THICKNESS 77.30 16.50 26.80 16.60 9.90 44.60
ND=NO DATA

ALL MEASUREMENTS IN FEET

NECGEQ2.SAV



]

—

MONITORING
WELL -

VH-105C+
VH-105CD+
VH-105D
VH-1118B
VH-111D
VH-112A
VH-112B
VH-112C
VH-112D
VH-112F
VH-112J
VH-1148B
VH-115B
VH-115C
VH-115D
VH-1168
VH-116CD1+
VH-116CD2+
VH-117A
VH-117C
VH-117E
VH-118B
VH-119B
VH-1208B
VH-123B
VH-123C
VH-123D
VH-127C

MONITORED
ZONE

-

TABLE 11

MONITORING WELLS AND MONITORED ZONE

MONITORING
WELL

VH-128A
VH-1298
VH-129C
VH-129D
VH-129D(NEW)
VH-129E
VH-129F
VH-129G
VH-129J
VH-130B
VH-130C
VH-130D
VH-130F
VH-1306
VH-130J
VH-131A
VH-136B
VH-136C
VH-136CD1
VH-136CD2
VH-136D
VH-136E
VH-136F
VH-136G
VH-136J
VH-137A
VH-137B
VH-137C
VH-137CD
VH-137D
VH-138B
VH-138C
VH-138A
VH-1398B
VH-139C
VH-1390
VH-140A
VH-1408B
VH-140C
VH-140E+
VH-141B
VH-141C
VH-141CD
VH-1410

NECCO PARK
NIAGARA FALLS, NEW YORK

MONITORED MONITORING"
ZONE WELL

VH-141E
VH-141F
VH-1416
VH-141J
VH-142A
VH-142B
VH~-142C
VH-143A
VH-143B
VH-143C
VH-143CD
VH-143D
. VH-143F
G2&G3 VH-1436
J - VH-143J
A VH-145A
B VH-145B
c VH-145C
CD1 VH-145D
‘cD2 VH-14SE
VH-145F
VH-145G2
VH-14563
VH-145J
VH-146A
VH-146C
VH-146E+
VH-146F
VH-146GJ
VH-147B
VH-147C
VH-147D
VH-147F
VH-147G1
VH-14762
VH-147G3
VH-147J
VH-148B"
VH-148C
VH-148D -
VH~-148F
VH-148G+
VH-149A
VH-1498B
VH-149C
VH-149D

DORLCOTMMODODO®D P
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o
z
e

~n

[=]
-

m::nmonnw»c.m-nmo
H .

oo
Z 2z
T

s
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* WELL GROUTED TO BELOW B-ZONE
** TOP OF BEDROCK WELL
(NF) = NO FRACTURE
+ WELL RENAMED

MONITORED
ZONE

~

(=}
-

z
m

G&J (NF)
A
C(NF)
E
F
GJ

MONITORING
WELL

VH-153E

VH-153F/Gi+

VH-153G2
VH-153G3
VH~153J
VH-154A"
VH-154B+
VH-1540
VH-154E+
VH-155A
VH-15SC+

« VH-155CD

VH-155D
VH-155E+
VH-155E+
VH-156A
VH-156C+
VH-1560
VH-156E
VH-156F
VH-1566
VH-156J

MONITORED
ZONE

A
8
C(NF)
£ -

F
GJ(NF
A
B(NF)
C(NF)
A

BC{NF)

CD(NF)
A
B(NF)
C(NF)
)

E
F~G1{NF)
G2

63

{NF)

CcommoOrmmo
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