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This report is one of a series of engineering and environmental 
reports planned for the U.S. Department of Energy's properties at 
Niagara Falls, New York, The report describes the essential 
geologic features of the Niagara Falls Storage Site. It is not 
intended to be a definitive statement of the engineering methods and 
designs required to obtain desired performance features for any 
permanent waste disposal at the site, Such requirements, if 
developed, will be reported separately. 
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The Niagara Falls Storage Site (NFSS) is a U.S. Department of Energy 
(DOE) surplus facility located in Lewiston Township, Niagara County, 
New York. 
of this report. The 77-ha (191-acre) site is a small portion of the 
original Lake Ontario Ordnance Works (LOOW) and was formerly used 
for uranium ore processing and radioactive waste storage and 
transshipment. It is currently being managed for DOE by the 
Advanced Technology Division of Bechtel National, Inc., (BNI), Oak 
Ridge, Tennessee, as part of the DOE Surplus Facilities Management 
Program (SFMP) established to manage and plan the ultimate 

The location of the site is shown on Figure 1 at the end 

disposition of surplus DOE-owned facilities. Portions of the former 
LOOW site and other vicinity properties are within the jurisdiction 
of the SFMP's companion DOE program, the Formerly Utilized Sites 
Remedial Action Program (FUSRAP), which evaluates former Manhattan 
Engineer District/Atomic Energy Commission (MED/AEC) sites and 
conducts remedial action activities where appropriate. 

An inventory of radioactive residues and wastes is stored at the 
NFSS. Some areas of the site have also become contaminated from 
previous burial and spills of contaminated materials, and from 
radionuclide migration along drainage pathways. A plan of the site 
is shown on Figure 2. 

The R-10 and South Dike Areas had been identified as planned 
locations for interim storage of contaminated materials from on-site 
and vicinity property cleanup activities; the Northern Disposal Area 
for the storage of a portion of the vicinity property cleanup, if 
required; and the K-65 Tower Area for temporary storage of residues 
from inside the tower. Planned storage facilities include shallow 
burial within a diked containment area. 

This report presents the results of a geological investigation by 
BNI which consisted of two phases. Phase 1 occurred during July 
1982 and included geologic mapping, geophysical surveys, and a 
limited drilling program in the vicinity of the R-10 Dike (Figure 
2). Phase 2, initiated in December 1982, included excavation of 
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test pits, geophysical surveys, drilling, observation well 
installation, and field permeability testing in the South Dike Area, 
the Northern Disposal Area, and the K-65 Tower Area. 

1.1 PURPOSE 

The purposes of the Phase 1 investigation were to document the dike 
foundation materials and to report the existence of zones of 
potentially high permeability. When zones of sand were found within 
the dike foundation area, the scope of the investigation was 
expanded to determine the extent and depth of the sand zones within 
the surficial brown clay unit. During the Phase 1 investigation, 
construction of a confining dike around the R-10 Dike Area was in 
progress. 

The purposes of the Phase 2 investigation were to determine whether 
the gray clay unit is continuous beneath the surficial brown clay 
unit at the NFSS and to extend the knowledge of site stratigraphy by 
expanding on data from previous investigations so that the 
suitability of the site for long-term storage of low-level 
radioactive wastes could be assessed. The Phase 2 investigation 
characterized the subsurface materials in areas where little or no 
data were available from earlier investigations; provided 
documentation of the depth, character, and thickness of the gray 
clay unit; and reported on the existence of sand and gravel deposits 
within the brown clay unit. Documentation of observation wells 
installed in known sand pockets in the R-10 Dike Area was also 
provided. 

1.2 PREVIOUS AND RELATED NFSS REPORTS 

Prior to the BNI Phase 1 and 2 geological investigations, Acres 
American, Inc. of Buffalo, New York prepared a report (Ref. 1) that 
presents an evaluation of the geology and hydrology of the NFSS. In 
the Acres American report the glacial sediments are divided into 
five units. In order of increasing depth, these units are: 
surficial soils and fill, brown clay, gray clay, sand and gravel, 
and red silt. 

\ 
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contaminant migration study was performed by BNI in support of 
remedial action at the site. Study details and results are 
presented in the Waste Containment Design Report for the Niagara 
Falls Storage Site (Ref. 2), which also contains the details and 
results of a site seismicity study. The work completed and reported 
in the Design Report complements the work completed during the Phase 
1 and 2 investigations. 

The Environmental Impact Statement (Ref. 3) prepared by Argonne 
National Laboratory provides an independent analysis and comparison 
of conceptual containment systems at the NFSS with alternatives at 
another humid eastern site and an arid western site. 

3 
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2.1 REGIONAL GEOLOGY 

The NFSS lies within the Central Lowland Physiographic Province, 
which is part of the Erie-Ontario Lowland and is characterized by 
topography developed on essentially undeformed Paleozoic sedimentary 
rocks from the Ordovician and Silurian Periods which were deposited 
between 400 and 450 million years ago. The rocks have a regional 
dip of less than one degree and occupy a broad basin sloping gently 
southward from the neighboring crystalline terrains of the Canadian 
Shield and the Adirondack Dome (Ref. 4 ) .  A metamorphic basement of 
gneiss has been found in wells at depths varying from approximately 
610 to 914 m (2,000 to 3,000 ft) (Ref. 5). The area was 
significantly modified by glaciers. Variable erosional resistance 
of the sedimentary rocks, combined with their gentle dip, resulted 
in a series of east-west trending escarpments and low plains 
(Ref. 6). Figure 3 presents a generalized geologic section through 
the area illustrating these features. 

The sedimentary rocks of the region consist predominantly of 
carbonates and fine clastic rocks. The uppermost bedrock in the 
vicinity of the NFSS is the Ordovician Queenston Formation, a silty 
shale or mudstone. To the south, the Niagara Escarpment is formed 
from rocks of the Medina Group (sandstone, siltstone, shale), the 
Clinton Group (limestone, dolomite, shale), and the Lockport Group 
(dolomite, limestone), which is the cap rock of the Escarpment. 
Approximately 20 miles south of the Escarpment, near Buffalo, the 
Lockport Group is overlain by the Salina Group (shale, gypsum). 

Surficial deposits cover most of the Niagara County area and are 
described and mapped in detail by Kindle and Taylor (Ref. 6). The 
deposits of'the Quaternary Period belong almost entirely to the late 
Pleistocene (approximately 12,000 years before present) and include 
glacial drift and associated lacustrine deposits. With the 
exception of minor exposures of bedrock, these deposits cover almost 
the entire area. 
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d giaciai deposits consist of till, principally from the most 

recent glaciation (late Wisconsin), and stratified drift in the form 
of kames, eskers, and sheets of outwash sand and gravel. The 
lacustrine materials were deposited on the bottoms and along the 
shores of glacial and post-glacial lakes. 

2.2 SITE GEOLOGY 

The stratigraphy and ground-water regime of the site have been 
reported previously by Acres American, Inc, (Ref. 1). That report 
forms the basis for the following sections on site stratigraphy and 
ground water. 

2.2.1 Site Stratigraphy 

The site stratigraphy includes 12 to 15 m (40 to 50 ft) of 
unconsolidated deposits overlying a thick sequence of sedimentary 
rocks. These surficial deposits are glacially derived sediments, 
which include glaciofluvial sands and gravel, dense tills, and 
glacial lacustrine clays. Beneath these deposits are shales, 
siltstones, and mudstones of the Queenston Formation. 

Six major units are identified within the interval from zero to 27 m 
(90 ft) below ground surface. In order of increasing depth, these 
units are: surficial soils and fill, brown clay, gray clay, sand 
and gravel, red silt, and bedrock of the Queenston Formation, A 

generalized stratigraphic column for the site is presented in Figure 
4. Detailed descriptions of these units from youngest to oldest are 
presented below, 

Surficial Soils and Fill* 

Soil at the site is generally a loose to medium dense, brown or 
yellowish silt with organic matter usually present in the upper 
15 cm (6 in.) (root zone). Gravel and sand are generally 

*Refer to the first page of Appendix G for an explanation of 
terms used to describe soils and rock. 
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this unit. The thickness of the surficial soils varies between 0 
and 1.5 m (5 ft), averaging 0.3 to 0.6 m (1 to 2 ft). The unit is 
generally dry to moist and occasionally saturated. The unit is 
described as fill where man-made materials (e.g.8 glass and bricks) 
and obvious signs of disturbance were encountered. 

Brown Clay Unit 

Brown clay, which is thought to be predominantly glacial till, 
underlies the surficial soils. 
submergence beneath glacial Lake Iroquois. Some lamination of the 
clay and deposition of sandy or gravelly zones within the clay 
resulted from this modification (Ref. 6). 

This unit was modified during 

Brown or reddish brown clay is predominant in this unit, and sand 
and silt are present in the form of seams, pockets, and lenses. 
Sandy gravel and gravelly sand and silt lenses are common within the 
basal portion of the unit. 
materials within the unit, for purposes of discussion it is referred 
to as the brown clay unit. 

Regardless of the variability of the 

Beneath the site the brown clay varies in thickness from 2 to 7 m (6 
to 23 ft). 
hard to medium soft. 
exhibits low to medium plasticity with increasing depth. 
dispersed throughout the clay portion of this unit. 
unit varies in classification from a clayey silt to a silty clay. 

The consistency of the clay within the unit ranges from 
The clay is dry to moist and 

Gravel is 
In general, the 

The sand, gravel, and silt lenses common within the basal portion of 
the brown clay average 0.3 to 1.5 m (1 to 5 ft) in thickness. The 
thickness .and lateral extent of these lenses vary abruptly. 
sediments in these lenses are moist to saturated and vary from loose 
to dense. 
(17.5 ft) and 6.1 m (20 ft) thick also occur within this unit. 

The 

More extensive deposits of sand and gravel, 5.3 m 
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Gray Clay Unit 

The gray clay is of lacustrine origin and was deposited in the 
deeper portions of glacial Lake Iroquois (Ref. 6 ) .  

post-depositional erosion of the unit is evident from the channels 
along its upper surface which are filled with coarser grained 
sediments of the overlying brown clay unit. 

Some 

In general, this unit is the thickest unconsolidated unit on-site, 
varying-from less than 1.5 m ( 5  ft) to about 9 m (30 ft) in 
thickness within the areas of investigation (Figure 5), and is 
characterized by gray clay that occasionally grades vertically to a 
silt and clay mixture. Gravel is dispersed throughout the unit as 
are pockets of fine to medium grained sand. Sand and gravel become 
the predominant constituents near the base of the unit. 

The overall consistency of this unit ranges from soft to medium 
soft. The clay is saturated, and sand lenses are wet to saturated. 
The clay portion of the unit is slightly to highly plastic. 

There are some lateral facies changes within the upper 0.9 to 1.5 m 
(3 to 5 ft) of the gray clay unit which typically consist of an 
increase in silt and sand content. 

Sand and Gravel Unit 

This unit consists of a mixture of sand and gravel with silt. 
On-site, the unit varies from a clean silt to a sandy gravel, is 
normally wet to saturated, and exhibits a loose to medium relative 
density. In general, the thickest portions of the unit are present 
where depressions in the bedrock surface occur (Ref. 1). The sand 
and gravel are thought to be of glaciofluvial origin. 

The sand and gravel unit is considered a major water-bearing zone 
on-site and is discussed in Subsection 2.2.2 of this report. 
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Red Silt U nit 

Poorly sorted and unstratified units such as the red silt unit are 
classified as a till. The presence of angular fragments of bedrock 
in the sandy silt matrix suggests that this till was locally derived 
and emplaced as a basal till (Ref. 1). 

The red silt unit is distinguished from the other units because of 
its color and high density. Typically, it is composed of clayey, 
gravelly silt with lesser amounts of sand. Gravel is dispersed 
through out the unit and consists of both rounded gravel and angular 
fragments of bedrock. This unit is dry to moist, overconsolidated, 
and ranges from medium to very dense. The red silt varies in 
thickness and in some locations is absent. 

Queenston Formation 

The bedrock unit at the site consists of brownish-red shales, 
siltstone and mudstone of the Queenston Formation. Within this 
formation, occasional lenses of green siltstone and shale occur in 
the rock mass. The bedrock is slightly to moderately weathered in 
the upper few feet. 

2.2.2 Ground Water 

Within 30 m (100 ft) of the ground surface, two general types of 
water-bearing materials occur. These are the bedrock of the 
Queenston Formation and select permeable zones within the overlying 
unconsolidated deposits. The water-bearing characteristics of the 
unconsolidated deposits (overburden) are presented in the following 
paragraphs. 

The two significant water-bearing zones within the overburden are 
the intermittent sand, gravel and silt lenses found in the brown 
clay unit between elevations 91.5 and 96.6 m (300 and 317 ft) m.s.1. 
and the sand and gravel unit immediately below the gray clay unit, 
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typically between elevations 82.3 and 91.4 m (270 and 300 ft) m.s.1. 
(Ref. 1). Both zones are described in the generalized geologic 
column presented in Figure 4. 

Although the lenses of gravel, sand, and silt in the brown clay unit 
are discontinuous, the sand zones in that unit are referred to as 
the upper aquifer. The sand and gravel unit between the red silt 
unit and the gray clay unit is referred to as the lower aquifer. 

Upper Aquifer 

The sand, gravel, and silt lenses encountered within the brown clay 
unit are referred to in the Acres American report (Ref. 1) as the 
upper soil aquifer. These lenses vary abruptly in thickness and 
extent, and are not considered continuous across the site. This 
lack of continuity is discussed in Section 5.0. These lenses range 
from dry to saturated. The rate of ground-water flow in the lenses 
also varies significantly from one location to another. 

Lower Aauifer 

The lower aquifer at the NFSS is the 0.9 to 2 m-thick (3 to 7 
ft-thick) sand and gravel unit found between elevation 82.3 and 
91.4 m (270 and 300 ft) m.s.1. This aquifer is confined between the 
underlying red silt unit and the overlying gray clay unit. 
quantities vary from 0 to about 40 percent of the aquifer unit. 
different locations on-site the unit may grade to sand and gravel 
with little or no clay or silt: a silt with little or no sand or 
gravel; or a mixture of sand, gravel, silt, and clay (Ref. 1). At a 
few locations the unit is absent. 

Gravel 
At 

Measurements of water levels in wells constructed during the Acres 
American, Inc. exploration program indicate that the aquifer is 
confined. Water level measurements in July 1981 show the 
potentiometric surface between 95.4 and 96.3 m (313 and 316 ft) 
m.s.l., which is 7.6 to 9.1 m (25 to 30 ft) above the top of the 
aquifer (Ref. 1). 

10 
\ 



e e n s t O n d t i o n  

The top of the Queenston Formation is weathered and fractured. 
Ground-water movement in this formation is primarily in this 
weathered zone. Water levels recorded by Bechtel in April 1983 
indicate that the ground water is confined and has a potentiometric 
surface which is an average of 11.3 m (37 ft) above the top of the 
aquifer. The confining layer for the Queenston Formation is the 
overlying red silt unit. Where this unit is absent, the Queenston 
is hydraulically connected with the lower aquifer (Ref. 1). 
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This section discusses the areas investigated and describes the 

exploration methods used in each area. 
investigated during Phase 1. 
construction of a confining dike around the R-10 Spoil Pile, where 
contaminated wastes were being stored, was in progress. Prior to 
excavation, the R-10 Dike Area was relatively flat except for the 
R-10 Pile itself, which was a mound about 3 m (10 ft) above the 
general ground surface elevation at NFSS [approximately 97 m 
(319 ft), rn.s.l.1. The R-10 Dike Area extends about 177 m (580 ft) 
north of Building 411 between Lutts Road and the Central Drainage 
Ditch. The planned location of the north portion of the R-10 Dike 
was 18 to 2 4  m (60 to 80 ft) south of the present location. The 
east portion of the R-10 Dike is centered at coordinate E 4+24 and 
the west portion at coordinate E 0+42. A dike at the south end of 
the R-10 Dike Area connects the west portion and the north end of 
Building 411. 

The R-10 Dike Area was 
During this portion of the program 

Three areas identified for future waste storage were investigated 
during Phase 2 of the program: the South Dike Area, the Northern 
Disposal Area, and the K-65 Tower Area. The locations of the four 
areas are shown in Figure 2. A summary of exploration methods used 
in each area is presented in Tables 1 and 2 at the end of this 
report. 

3.1 PHASE 1 PROGRAM 

Geologic mapping was performed at and adjacent to the proposed R-10 
dike located east, west, and north of the R-10 Spoil Pile. The 
purpose of mapping was to document the materials comprising the 
planned dike foundation. Of special interest was the existence of 
deposits of sand within the foundation limits. These deposits are 
potential pathways for water and contaminants 
R-10 Spoil Pile. 

Test pits were excavated around the perimeter 
as part of the geologic mapping. Geophysical 

moving away from the 

of the R-10 Spoil Pile 
surveys were conducted 
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techniques to attempt to determine the areal extent and depth of 
sand deposits identified during test pit excavation. 

Exploratory drilling, consisting of 22 borings, was conducted to 
further determine the thickness of selected sand deposits and also 
the depth to the underlying gray clay unit. The locations of Phase 
1 borings are shown in Figure 6 and a summary of depths to the gray 
clay unit is provided in Table 3. 

3.2 PE€ASE 2 PROGRAM 

3.2.1 South Dike Area 

The South Dike Area extends south from the end of the east R-10 
dike, west between Buildings 409 and 410 to Lutts Road, and north to 
the southern end of the west R-10 dike. This area is shown by 
hatching in Figure 7.  Nine borings were completed in this area 
totaling 65.8 linear meters (216.0 linear ft). The borings were 
located along the east, south, and west boundaries of the South Dike 
Area. Geophysical surveys using electrical resistivity, 
self-potential, and conductivity techniques were conducted around 
the perimeter of the area. Four test pits were excavated around the 
perimeter of the area and are described in Subsection 5.1.2. A 

fifth test pit, TP-29, was excavated east of and adjacent to 
Building 410 to determine the depth of fill material. A bedrock 
observation well was installed in Boring A-23A to collect data that 
would aid in determining a flow direction and hydraulic gradient 
across the site. 

Irad Gage vibrating wire piezometers were installed in two borings 
Completed between Lutts Road and Building 409. Borings A-29P and 
A-36P are 3m (10 ft) apart horizontally and each boring contains a 
single piezometer. Locations of piezometers are shown in Figure 7,  
with the postscript "P" indicating borings in which a piezometer is 
installed. 

14 
\ 



Six shallow observation wells were installed in borings completed 
around the R-10 Dike Area. 
deposits identified during R-10 dike construction. 

These wells are screened in sand 

3.2.3 Northern Disposal Area 

The Northern Disposal Area is situated south of 0 Street and north 
of the R-10 Dike Area. 
linear meters (173.0 linear ft), and 4 test pits were excavated in 
the Northern Disposal Area. 
along the east, west, and north boundaries. The geophysical surveys 
discussed in Subsection 3.2.1 were also performed around the 
perimeter of this area. A bedrock observation well was installed 
along the west boundary in Boring A-49 adjacent to Lutts Road. Irad 
Gage vibrating wire piezometers were installed along the north 
boundary in borings A-33P and A-34P. Borings A-33P and A-34P are 
3 m (10 ft) apart horizontally and each boring contains a single 
piezometer. The borings and the Northern Disposal Area are shown in 
Figure 7. 

Six borings were completed totaling 52.7 

Borings and test pits were located 

K-65 Tower Area 

The K-65 Tower Area is located in the northeast corner of the site 
and includes areas adjacent to the K-65 Tower (Building 434). The 
primary area investigated is located west of Building 434 and is 
shown in Figure 7. 

Six borings were completed totaling 54 linear meters (177.1 linear 
ft). Five borings were located along the east, south, and west 
boundaries of the area west of Building 434. The sixth boring was 
located approximately 53 m (175 ft) east of Building 434. Eleven 
test pits were excavated in the K-65 Tower Area. Nine of these are 
located in the area west of Building 434. Two test pits were 
excavated east of, and on a line normal to, Building 434. 
Geophysical surveys were conducted around the perimeter of the area 
west of Building 434, as well as parallel to the trenches east of 
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A-35, located at the southwest corner of the area west of the 
building. A single vibrating wire piezometer was installed in 
Boring A-40, located along the east boundary of this area. 
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4.1 EXPLORATION METHODS 

Several exploration methods were used to document the character of 
the R-10 dike foundation, including geologic mapping, test pits, 
geophysical surveys, and drilling. Each method is addressed in the 
following subsections. 

4.1.1 Geologic Mapping 

The areas encompassing the proposed locations for the east, west, 
and north dikes surrounding the R-10 Spoil Pile were geologically 
mapped. The map is presented as Figure 8. An explanation of the 
map is presented in Figure 9. A 6 m (20 ft) grid, which was set in 
the field, was used as the horizontal mapping control. Vertical 
control was provided by the construction procedure. The dike 
foundation was excavated to a uniform elevation of 96.6 m (317 ft) 
m.s.1. Exceptions to this were areas that were overexcavated to 
remove contaminated materials and the west dike south of Sta. 11+25, 
which was excavated to elevation 95.4 m (313 ft) m.s.1. The 
location of these areas is also shown in Figure 8. (Note: After 
these investigations were completed, the excavations for the dike 
foundations were extended to the gray clay unit.) 

Initial mapping of the R-10 Dike Area indicated the presence of 
numerous sand deposits. To determine their extent, several test 
pits were excavated. Four were excavated in the vicinity of the 
proposed north dike (Figure 8). These test pits were not mapped 
because they filled with ground water when excavated to depths of 
0.9 to 1.2 m ( 3  to 4 ft). Additional test pits were excavated in 
the vicinity of the proposed east dike. These excavations were 
limited in depth to a maximum of 0.9 to 1 m ( 3  to 3-1/2 ft) to avoid 
ground-water inflow. The east dike test pits were logged. These 
logs are presented in Appendix A. (On the test pit logs, the 
letters shown parenthetically after the material type refer to the 
geologic mapping explanation shown on Figure 9.) 
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The test pits indicated that at least some of the sand deposits 
extended below the ground-water table. In an attempt to determine 
the extent and depth of these deposits, two types of geophysical 
surveys were performed: ground penetrating radar and the electrical 
self-potential method, Harding Lawson Associates of Novato, 
California provided the geophysical equipment, conducted the 
surveys, and interpreted the results. Their report on the results 
of these surveys is provided in Appendix B. 

Ground Penetrating Radar 

Ground penetrating radar (GPR) is a geophysical technique for 
obtaining a continuous reflection profile of shallow subsurface 
features. A short pulse of electromagnetic energy is radiated into 
the ground and reflected back from interfaces caused by differences 
in the subsurface materials. Measurements of depth to specific 
interfaces are determined from the travel time of the reflected 
pulse and the velocity of radar signal propagation, The reflected 
signals depicting the subsurface conditions are graphically 
recorded, permitting preliminary interpretations in the field. 

Sources for radar signal reflection include: lithologic differences 
of rock and soil: physical differences, such as saturated versus 
unsaturated; or anomalous conditions, such as ice masses or voids. 
Reflectivity is affected by the conductivity of the materials 
penetrated and the contrast in dielectric constant between the 
materials. 

GPR instrumentation consists of a radar impulse generator, a 
transmitting/receiving antenna, a tape recorder, a graphic recorder, 
and a power converter. The antenna transmits and receives pulses as 
it is towed over the ground surface. The radar signal penetrates 
the ground and reflects off subsurface interfaces to the surface, 
where it is recorded. 
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site. One explanation for this is that the sand lenses were 
sufficiently silty and clayey that there was little contrast between 
the materials and therefore the signal reflection was similar for 
both the clay and the sand lenses. 

Electrical Self-potential Survey 

Electrical survey involves the detection of surface effects produced 
by electric current flow in the subsurface. Using the electrical 
methods, measurements can be made of the potentials, currents, and 
electro-magnetic fields that occur naturally, or are introduced 
artificially, in the earth. 

Certain natural or spontaneous potentials occurring in the 
subsurface are caused by electrochemical or mechanical activity. 
The controlling factor in all cases is underground water. These 
potentials are associated with weathering of sulfide mineral bodies, 
variation in rock properties (mineral content) at geologic contacts, 
bioelectric activity of organic material, corrosion, thermal and 
pressure gradients in underground fluids, and other phenomena of a 
similar nature, 

Background potentials are created by fluid streaming, bioelectric 
activity in vegetation, varying electrolytic concentrations in 
ground water, and other geochemical action, On the average, over 
intervals of several thousand feet, the background potentials 
usually add up to zero because they are as likely to be positive as 
negative: thus they do not interfere with survey interpretation. 

The self-potential field equipment consists of a pair of electrodes 
connected by wire to a millivoltmeter. To avoid erratic contact 
potentials, nonpolarizing electrodes are used. These consist of a 
metal immersed in a saturated solution of its own salt, such as 
copper in copper sulfate, and contained in a porous pot which allows 
the solution to leak slowly and make contact with the ground. 
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The field method used at the NFSS employed one electrode at a base 
station while the other electrode was moved to successive stations. 
The station interval used was 12.2 m (40 ft). At each station the 
potential was measured and recorded. The entire R-10 Dike Area, 
including the cleared area north of the north dike, was covered. 
The data resulting from the measurements are contoured on Plate 1 in 
Appendix B. 

The results of the self-potential survey are summarized in 
Subsection 4.2. Additional details and the contour map are included 
in the Harding Lawson report (Appendix B). 

4.1.3 Exploratory Drilling 

The test pits excavated in the vicinity of the proposed east and 
north dikes demonstrated that some of the sand deposits extend below 
the ground-water table. A drilling program was conducted to 
determine the thickness of selected sand deposits and also to 
determine the depth to the gray clay unit. The gray clay is 
considered a likely base for a clay dike. 

Twenty-two borings were completed, totaling 85.9 linear meters 
(281.7 linear ft). The borings were located in the vicinity of the 
proposed east, north, and west dikes. Locations of borings are 
shown in Figure 6; the boring logs are provided in Appendix C. 

Five locations for borings were selected by Harding Lawson 
Associates to provide correlation information needed in the analysis 
of the self-potential field data. 

4.2 FINDINGS OF THE PHASE 1 INVESTIGATION 

In the following subsections, findings related to the adequacy of 
the present waste containment design are presented. 
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4.2.1 East Dike, R-10 Dike Area 

Geologic mapping (Figure 8) revealed that sand deposits exist within 

the brown clay unit in the vicinity of the R-10 Dike Area. 
eastern portion of the R-10 Dike Area contains a concentration of 
sand deposits between coordinates S 10+80 and S 12+20. 
are principally very fine to fine and silty (S). 
parenthetically refer to material descriptions as shown on the 
explanation to the geologic map, Figure 9.) These sand deposits 
appear, on the ground surface at least, to be isolated from each 
other. 

The 

These sands 
(The letters shown 

Test pits excavated in this eastern portion confirmed that these 
sand deposits extend below surficial clay layers and below ground 
water. The test pits were limited in depth to about 1 m (3-1/2 ft) 
and minor seepage occurred in several places (Test Pits, 5, 7, and 
10). Six borings were drilled in the vicinity of the east dike. 
These borings essentially confirmed the reported stratigraphy as 
shown in Figure 4. 

An interpretation of the subsurface information in the vicinity of 
the east dike is presented in Profile B-B' in Figure 10. At Boring 
A-4 (S 11+36 E 4+38), a thick deposit of hard clayey silt with 
gravel and cobbles was encountered. This is a till in which the 
density precludes rapid ground-water movement. However, one silty 
sand lens was encountered that was saturated. 

A 1.2-m thick (4-ft thick) silty sand bed was encountered between 
2.3 and 3.5 m (7.5 and 11.5 ft) in boring A-7 ( S  9+85 E 4+40). This 
sand is located at the contact of the brown clay unit with the gray 
clay unit. The sand exhibited a gradual change in color with depth, 
from yellow-brown to pinkish gray. A 2.4-m thick (8-ft thick) sand 
deposit was encountered in Boring A-8H. This sand is the subsurface 
expression of a large sand body that exists to the northwest of 
Boring A-8H at ground surface (Figure 8). 
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4.2.2 North Dike, R-10 Dike Area 

The northern portion of the R-10 Dike Area contains isolated, small 
sand deposits similar to those mapped in the area of the east dike 
(Figure 8). However, large deposits of sand and sand and gravel 
were also mapped in the northern portion. Four test pits were 
excavated along coordinate S 8+40 in these sands and gravels, and 
the ground-water table was encountered within 1.2 m (4 ft.) of the 
ground surface, which had been graded to elevation 96.6 m (317 ft). 
Laboratory tests on water samples from these test pits indicate 
levels of radiochemical contamination above the maximum permissible 
concentration. Water levels were measured in the test pits 2 to 24 
hours after excavation. The measurements were: 

Test Pit Number Water Level (7-15-82) 
T.P. 1 314.2 
T.P. 2 313.7 
T.P. 3 313.7 
T.P. 4 312.8 

These measurements suggest that the sands exposed in Test Pits 2 and 
3 are probably connected, but those in Test Pits 1 and 4 are 
isolated, separate lenses. 

Seven borings were drilled in the north portion of the R-10 Dike 
Area (Figure 6). Five of these were requested at specific 
coordinates by Harding Lawson Associates and were used to refine 
their interpretation of the self-potential survey data. These 
borings are identified by the postscript "H". 

Profiles through the north portion of the R-10 Dike Area are 
presented in Figure 10. Of particular significance is a deep 
deposit of sand encountered in Boring A-12 ( S  8+00 E 2+20). During 
drilling, the sand ran up into the hollow-stem augers, indicating a 
pressure differential at this location. At Boring A-12 the sand is 
5.3 m (17.5 ft) thick and is probably the same deposit that was 
exposed during the excavation of Test Pit 4 (S 8+40 E 1+80). A 
water level measurement from Test Pit 4 (7-15-82) and the elevation 

\ 
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of saturated soil in Boring A-12 (7-27-82) are exactly the same, 
95.3 m (312.8 ft) m.s.l.8 indicating that they are probably 

interconnected. 

The geologic map (Figure 8) shows additional zones of sand or sand 

they are not interconnected. However, further north an Acres 
American boring, BH-64 ( S  6+25 E 2+90), shows a 2.1-m thick (7-ft 
thick) sand layer overlying the gray clay. At this location the 
upper surface of the gray clay is deep [elevation 89.8 m (294.7 ft) 
m.s,l.]. Surface geological mapping in conjunction with the sand 
layer in BH-64 suggests that a sinuous channel deposit may exist, 
extending generally northeast from Test Pit 4. 

\ and gravel north of Boring A-12 and Test Pit No. 4, At the surface 

4.2.3 West Dike, R-10 Dike Area 

The west portion of- the R-10 Dike Area contains extensive deposits 
of sand between S 9+40 and S 12+80. They are predominantly silty to 
clayey sands and gravels (G), fine to coarse sand (J), and very fine 
to silty sand (S). These sands are described in the explanation to 
the geologic map (Figure 9). 

Between S 11+10 and S 13+40, the west portion of the R-10 Dike Area 
has been excavated to elevation 95.4 m (313 ft) m.s.1. rather than 
the general foundation grade of 96.6 m (317 ft) m.s.1. In this 
area, ground water is at or very close to ground surface. In an 
area of overexcavation (to remove contaminated soil) centered at 
about S 10+80 E 0+35# water from several seeps was observed entering 
the excavation through sand deposits and from the general direction 
of the R-10 Spoil Pile. The water level was estimated at about 
elevation 95-3 m (312.5 ft) m.s.1, 

Five borings were drilled in the west portion of the R-10 Dike 
Area. Profile A-A' in Figure 10 indicates that the sand deposits in 
the area excavated to elevation 95.4 m (313 ft) m.s.1. extend from 
ground surface to the gray clay unit, North of this overexcavated 
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area, the sands appear less extensive. The elevation of the gray 
clay unit in the west portion of the R-10 Dike Area is relatively 
uniform at 93.9 to 94.4 m (308.1 to 309.7 ft) m.s.1. 

4.2.4 Analysis of Contaminant Migration 

An analysis was performed to study the potential movements of 
contaminants through the clay dike. The mathematical approach is 
based on the solution of the one-dimensional convection-diffusion 
equation. The coefficients in this equation are chosen to be 
representative of the conditions prevailing at the NFSS. The 
results of this analysis show that the initial 3.7-m (12-ft) width 
of the R-10 dike was adequate as a barrier for contaminant 
migration. The one-dimensional analysis is presented in 
Appendix D. 
been completed for the NFSS. This analysis is discussed further in 
Section 5.0 and is presented in detail in Reference 2. 

A more sophisticated numerical migration analysis has 
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5.0 PHASE 2 INVESTIGATION 

5.1 EXPLORATION METHODS 

Exploration methods used to determine the distribution of subsurface 
materials during the Phase 2 investigation were geophysical 
measurements, test pit excavation, and exploratory drilling. 
is addressed in the following subsections. 

Each 

5.1.1 Geophysical Measurements 

The Acres American, Inc. report (Ref. 1) and Phase 1 Bechtel field 
investigations indicated that sand deposits may be numerous 
throughout the site and that some extend below the ground-water 
table. In an attempt to determine the existence and depth of these 
deposits in the Phase 2 areas of investigation, three types of 
geophysical surveys were conducted: electrical resistivity, 
self-potential, and conductivity. A report on these surveys, which 
defines locations of survey lines, is included as Appendix E. The 
results of the geophysical surveys are summarized in Subsection 
5.2. Weston Geophysical Corporation of Westboro, Massachusetts 
conducted the surveys and interpreted the results. 

Electrical Resistivity 

Electrical surveying involves detection of surface effects produced 
by electric current flow in the subsurface materials. These 
electrical methods can measure potentials, currents, and magnetic 
fields which occur naturally or are introduced artificially into the 
ear th . 
Electrical resistivity employs an artificial source of current that 
is introduced into the ground through point electrodes or longline 
contacts. m e  procedure is to measure potentials at other 
electrodes in the vicinity of the current flow, and by doing so, to 
determine the effective or apparent resistivity of the subsurface 
materials. 
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Electrical resistivity measurements at the NFSS employed a Bison 
Model 2350 earth resistivity meter and vertical electrical sounding 
procedures. Vertical electrical sounding measurements are made by 
expanding the electrode spacing away from a central point. As the 
electrode spacing is increased, the effective depth of penetration 
increases. 

The spacing between electrodes used at the NFSS were 0.6, 1.5, 2.1, 
3, 6.1, 9.1, and 15.2 m (2, 5, 7, 10, 20, 30, and 50 ft). The 
configuration used has a depth penetration of approximately one half 
to one third the horizontal spacing. 

Self-potential Survey 

The self-potential method is discussed in Subsection 4.1.2. 

Conductivity 

Geologic materials have unique electric characteristics, and lateral 
variations in conductivity values indicate a change in subsurface 
conditions. The relative conductivity of subsurface materials is 
proportional to water content and dissolved salts. Therefore, 
conductivity was used to identify saturated sand and gravel and/or 
clays (high conductivity) as opposed to unsaturated sands and 
gravels (low conductivity). 

The conductivity survey was performed using a conductivity meter 
that has a self-contained dipole transmitter to generate an 
electrical source field in the subsurface. Measurements were made 
at 6.1- to 15.2-m (20- to 50-ft) intervals. For this survey the 

depth of penetration is estimated to range from 2.3 to 4.6 m (7.5 to 
15 ft). 

5.1.2 Test Pit Excavation 

The investigations performed by Bechtel in the R-10 Dike Area prior 
to the dike construction and subsequent post-construction 
documentation indicate that numerous sand and sand and gravel zones 
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exist in the basal portion of the brown clay unit. 

excavation program was initiated in conjunction with the geophysical 
surveys to determine the distribution of these sand zones in the 
North Disposal Area, the K-65 Tower Area, and the South Dike Area. 

A test pit 

Test pits were excavated to an initial depth of about 1.5 m (5 ft) 

using a Caterpillar 225 backhoe; the test pits were checked for sand 
pockets and logged (Appendix F). When no sand pockets were 
observed, the test pit was deepened to about 3.7 m (12 ft) or until 
a sand pocket was encountered. Following logging of the materials 
exposed in the test pit it was backfilled with the excavated 
material. 

5.1.3 Exploratory Drilling 

Exploratory drilling was performed to determine the thickness and 
character of sand deposits and the continuity and thickness of the 
gray clay unit. A secondary purpose of this drilling was to install 
observation wells and piezometers at selected locations. 

Borings -were advanced using hollow-stem augers. Soil samples were 
taken through the auger casing at a maximum of 1.5 rn (5 ft) apart 
using a 7 - 4  cm (2.9 in.) outer diameter (0-D.) split-barrel 

sampler. Whenever drill returns indicated a saturated zone, 
drilling was halted and soil samples were taken. 

Locations of borings and test pits are shown in Figure 7. Borings 
that include observation wells are shown with the postscript "W". 
The boring logs, which provide details of subsurface stratigraphy, 
are presented in Appendix G. Information from the Bechtel 
investigation was supplemented by boring logs from Acres American, 
Inc. (Ref. 1 and Appendix H). 

On the recommendation of Weston Geophysical, borings at two 
locations (A-30 and A-32) were selected to identify possible 
horizontal fluid movement or saturated zones. 
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5.1.4 Vibrating Wire Piezometers 

The piezometers used at the NFSS consist of a vibrating wire 
diaphragm pressure gauge. In use, pressure applied to the diaphragm 
causes it to deflect, changing the wire tension and resonant 
frequency of the wire. A readout box measures this frequency and 
displays either the period of wire vibration or a linear function of 

wire vibration, From displayed readings, pore pressure can be 
calculated. The as-built figures of piezometer installations are 
shown in Appendix I. 

5.1.5 Observation Wells 

One bedrock observation well was installed in each of the three 
areas investigated. The wells were installed so that a ground-water 
flow direction and a hydraulic gradient could be established across 
the site. Five bedrock wells, installed previously by Acres 
American, were also used to collect water level data. The as-built 
well construction data are presented in Table 4. 

Prior to recording data from the Acres American wells, each well was 
tested for possible clogging. This was done by sounding each well 
for total depth, then pouring about 15 liters (4 gal) of water into 
the well and recording the rate of decline of the excess head of 
water. 

Slow response times from wells BH-68 and BH-57 suggested that the 
well screens were clogged. Both wells were purged with compressed 
air and retested. Results of retesting showed improved response 
times for BH-68. However, very little improvement was recorded for 
BH-57. The slow response time is believed to be a result of the low 
permeability in this area, 
Table 6. 

The permeabilities are presented in 

The bedrock permeability at well BH-57 is within the same order of 
magnitude as those documented in the Acres American, 
(Ref. 1). 
about 290 m (950 ft) west of BH-57. 

Inc. report 
The closest boring extended into bedrock is A-35, located 

Constant head (packer type) 
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test results in A-35 also suggest low permeability in this area. 
Additional tests were performed on BH-57 at a later date. 
Measurements of water level recovery indicate very slow response 
time, again suggesting low formation permeability in this area. 

In addition to the bedrock observation wells, seven shallow wells 
were installed. 
was installed in the K-65 Tower Area within Boring A-41. 

Six were placed around the R-10 Dike; the seventh 

All borings for bedrock wells (except A-23) had 18-cm (7-in.) 
temporary steel casing installed to prevent cross-contamination. 
Each boring was initially advanced to the top of the gray clay unit 
and temporary casing installed. The boring was then advanced about 
1.5 m (5 ft) into the gray clay unit, followed once again by 
temporary casing. After installation of the temporary casing, the 
hole was washed to remove any contaminants that may have been 
present, and drilling continued to bedrock. 

Boring A-23, which became contaminated by surface water during 
drilling, was grouted to ground surface and abandoned. The method 
used to advance the borehole was not appropriate to prevent 
contaminated water from entering the boring. The drilling method 
used for subsequent bedrock observation wells was modified to 
prevent contaminants from entering the boring during drilling. 

Prior to abandonment of Boring A-23, a water sample was taken by 
Eberline Instrument Corporation. Results of the analysis show a 
gross alpha content of 13.0 pCi/l. Additional water samples were 
collected by Eberline from subsequent borings for bedrock wells 
(A-23A, A-35, A-49) to ensure that contaminants had not entered the 
borings. The results of water analyses are presented in 
Appendix J'. The final analysis for each well shows that the gross 
alpha content is within acceptable levels. The methods used for 
sampling and hole advancement of Boring A-23 are discussed in 

Appendix K. 
Appendix L. 

Observation well completion reports are presented in 
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5.2 FINDINGS OF PHASE 2 INVESTIGATIONS 

This section presents findings that provide input to containment 
design. Figure 11 shows the location of geologic sections in the 
South Dike and Northern Disposal Areas. Figures 12 through 16 
present the geologic sections of the two areas. Geologic sections 
in the K-65 Tower Area are presented in Figure 17. Table 6 presents 
a summary of depths to the gray clay unit. Borings and test pits 
essentially confirm the reported stratigraphy as shown in Figure 4. 

5.2.1 Brown Clay Unit 

Geophysical Surveys 

The geophysical surveys performed to delineate sand zones within the 
brown clay unit in the South Dike Area proved to be ineffective. A 
number of geophysical anomalies in the South Dike Area appeared to 
correlate with man-made features. From the available data it was 
difficult to discriminate between m_an=made-anomalies and those 
caused by subsurface conditions of interest (i.e., sand lenses or 
saturated zones). 

The resistivity and conductivity tests performed in the Northern 
Disposal Area indicated that the brown clay unit beneath this area 
is relatively uniform with lateral variations within a predominantly 
clayey material. Self-potential profiles around the Northern 
Disposal Area showed three anomalous areas (i.e.# negative 
potentials). Two were on the east side at E 4+50 S 2+20 and E 4+50 

S 4+00, and one was on the west side at E 0+40 S 4+20. These 
negative potentials are indicative of possible saturated zones. 
Borings A-30 and A-32 (Figure 6) were located at two of the three 
anomalous areas. Boring A-30 encountered saturated sand at 2 m 
(6.5 ft), whereas no saturated zones were observed to a depth of 
3.7 m (12 ft) in A-32. Sand in Boring A-30 correlates with the 
estimated effective depth of the self-potential survey method [3  m 
(10 ft)] indicated by Weston Geophysical Corp. (Appendix E). 
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High resistivity values indicative of unsaturated sand lenses were 
measured around the K-65 Tower Area at three locations; 
N 1+45 E 31+43, N 4+04 E 33+13, and N 0+50 E 32+30 (Appendix E, 
Figure 11). 
N 1+45 E 31+43 and N 4+04 E 33+13, respectively. 
encountered a saturated, fine to coarse sand at a depth of 3.7 m 
(12 ft), whereas a dry, gravelly silt lense was encountered within 
Boring A-39 at a depth of 2.7 m (8.7 ft). The occurrence of a 
saturated sand in Test Pit 17 instead of an unsaturated sand 
indicates that the resistivity method was only partially effective 

at this site. 

Test Pit 17 and Boring A-39 were located at 
Test Pit 17 

Exploratory Drilling and Test Pit Excavation 

Beneath the areas investigated by Bechtel, the brown clay unit 
varies in thickness from 2.4 to 5.8 m (8 to 19 ft). A combination 
of silt, sand, and sand and gravel deposits were encountered within 
the brown clay unit from 0.5 to 6.1 m (1.5 to 19.9 ft) below ground 
surface C97.4 to 91.1 m (319.5 to 298.8 ft m.s.l.)]. The locations 
of these deposits encountered during the Phase 2 investigation are 
shown on Figures 12 through 17, on test pit logs in Appendix F, and 
on boring logs in Appendix G. 

Red-brown silt deposits were encountered within the K-65 Tower Area 
in Borings A-38 and A-40 (Geologic Section H-H', Figure 17). These 
deposits are 1.9 m (6.3 ft) and 1.2 m (4.0 ft) thick, respectively, 
and directly overlie the gray clay unit. Because of the similar 
thicknesses and characteristics, these units are interpreted as 
continuous. 

A review of test pit logs suggests that the sand, gravel, and silt 
lenses within the brown clay unit do not represent a continuous 
aquifer across the site. Individual lenses of sand and/or gravel 
occurred adjacent to each other and at the same elevations. 
these lenses were observed to be saturated while others were dry. 
For example, Test Pits 14, 15, and 16 are located in the K-65 Tower 
Area, just south of "N" Street. Sand lenses occur in each of these 
test pits at about the same elevation. However, the sand lense in 

Some of 
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Test Pit 14 was saturated, whereas the sand lenses in Test Pits 15 
and 16 (at about the same elevation) were dry. Similar occurrences 
were observed in Test Pits 19 and 20 (K-65 Tower Area), 24 and 25 
(South Dike Area), and Test Pit 28 (South Dike Area). 

Five observation wells (A-42W, A-43W, A-45W, A-50W, and A-52W) were 

installed in coarse-grained lenses within the brown clay unit. 

Water level elevations measured in these wells on April 22, 1983 
varied from 93.3 m (306.0 ft) m.s.1. to 96.9 m (318.0 ft) m.s.1. 
(Appendix M). The difference in water levels between wells is 
relatively large over small distances, indicating that the 
coarse-grained lenses are discontinuous and are not hydraulically 
connected. 

Anomalous Materials 

Anomalous materials within the brown clay unit were observed in the 

South Dike Area in Test Pits 27 and 29. Within the northwest wall 
of Test Pit 27 (S 16+77 E 0+47), a very small pocket of sand was 
exposed at a depth of 2.1 m (6.8 ft). A liquid from an unknown 
origin flowed into the pit from the sand. It appeared to be green 
and foamed slightly as it flowed rapidly onto the pit floor, where 
it mixed with loose soil. The sand pocket from which the liquid 
issued was very small and only a few ounces of liquid flowed out. 
Safety restrictions during excavation precluded sampling this fluid. 

Test Pit 29 (S 16+10 E 3+60) was excavated to a depth of 3 m 
(10 ft). The top 1.5 m (5 ft) consisted of clay mixed with pockets 
of black silt, gray to black powdery material, pieces of stainless 
steel, processed wood, black glass, and carbon rods. Below this, 
the brown clay unit was encountered. Within the brown clay unit 
other items were noted: at Station 23, at a depth of 1.8 m (6 ft), 
a concrete pipe approximately 0.9 m (3 ft) in diameter; at 
Station 12, at a depth of 3 m (10 ft), a concrete pad: and directly 
above the concrete pad, a 20-cm (8 in.) black iron pipe. 
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Vibrating Wire Piezometers 

Two vibrating wire piezometers were installed within the brown clay 
unit, one in Boring A-36P (South Dike Area) and one in Boring A-34P 
(Northern Disposal Area). 
pore pressure readings recorded in April 1983 were 96.7 and 96.5 m 
(317.3 and 316.7 ft) m.s.l., respectively, and appeared to be at 
equilibrium. 
observation. 

Water level elevations calculated from 

Further readings are being taken to verify this 

5.2.2 Gray Clay Unit 

Exploratory Drilling 

The gray clay unit is continuous and at var,able depth beneath the 
investigated areas. During the Phase 2 investigation the top of the 
unit was encountered between 2.5 and 6.1 m (8.3 and 19.9 ft) C94.2 
to 91.1 m (309.1 to 298.8 ft) m.s.l.1 as shown in Table 6. The gray 
clay has been incised, as evidenced by channels backfilled with 
sediments from the overlying brown clay unit. The upper surface of 
the gray clay undulates with no apparent trend that could be used to 
predict the contact elevation. 

Borings advanced into the gray clay unit revealed that the upper 
1.2 m (4 ft) of this unit contain occasional isolated gravel and 
traces of coarse sand. Scattered small lenses containing sand and 
silt and varying in thickness from 0.1 m to 0.3 m (0.25 ft to 
0.85 ft) were encountered within the upper portion of this unit. 
These sand and silt lenses were encountered in Borings A-25 and A-28 
(South Dike Area), A-31 (Northern Disposal Area), and A-39 (K-65 
Tower Area). 

According to Acres American, Inc.? sand, silt, and/or gravel becomes 
the major constituent in the bottom 0.6 to 0.9 m (2 to 3 ft) of the 
gray clay unit. This appears to be the transitional zone between 
the gray clay unit and the underlying sand and gravel unit. 
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Vibratina Wire Piezometers 

A vibrating wire piezometer was installed within the gray clay unit 
in each area of investigation: A-29P (South Dike Area), A-33P 
(North Dike Area), and A-40P (K-65 Tower Area). Water levels 
calculated from pore pressure readings of the vibrating wire 
piezometers are given on Table 7. Comparison of water level 
elevations recorded on April 198 1983 and April 20, 1983 from 
piezometer pairs A-29P/A-36P and A-33P/A-34P show that the water 
levels are higher in the brown clay unit than in the gray clay unit. 

From the water level data on Table 78 it appears that the pore 
pressures acting on the piezometers had reached equilibrium by April 
19, 1983. Further readings are being taken to verify that pore 
pressures are at equilibirum and thaftxe presence of a vertical 
gradient has been established. 

5.2.3 Sand and Gravel Unit 

The sand and gravel unit encountered during the Phase 2 
investigation is 0.9 to 2.1 m (3 to 7 ft) thick and occurs between 
elevation 89.0 and 85.3 m (292 and 280 ft) m.s.1. This unit was 
sampled in three borings and typically consisted of saturated silty 
sand with up to 40 percent gravel. 

The lower aquifer discussed in Subsection 2.2.2 corresponds to the 
sand and gravel unit. Because the borings that penetrated the unit 
were completed as bedrock observation wells, no water level data 
from the sand and gravel unit are available, However, Acres 
American, Inc. (Ref. 1) reports water levels in this unit vary from 
95.4 to 96.3 m (313 to 316 ft) m.s.1. 

The sand and gravel unit is commonly present below the gray clay 
unit. Review of Acres American, Inc. boring logs (Ref. 1, 
Appendix H) indicates that 53 borings were advanced below the base 
of the grey clay unit. The sand and gravel unit is absent in 13 of 
these borings . 
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5.2.4 Bedrock Hydrogeology 

Three borings were completed into bedrock to evaluate the 
hydrogeologic characteristics of the Queenston Formation. 
head and variable head test methods were used to determine 
permeability, Test results are summarized in Table 5. 

Constant 

Measurements of water levels in wells constructed during this 
exploration program indicate that the Queenston Formation aquifer is 
confined and has a potentiometric surface an average of 11.3 m 
(37 ft) above the top of the aquifer, Hydrographs of bedrock 
observations wells are shown in Appendix M. ,Field permeability 
tests were conducted in the upper 9 m (30 ft) of the Queenston 
Formation, which includes about 3 m (10 ft) of weathered material. ____ 

The results of these tests show that the Queenston Formation has a 
permeability that ranges from 2.31 x cm/s to less than 2.27 x 

cm/s. 

In addition to permeability testing, water levels in bedrock wells 
were measured periodically to evaluate the flow direction and 
gradient. Five bedrock wells, installed by Acres American, Inc. 
were included in the periodic monitoring program. As-built 
construction data for all bedrock wells are presented in Table 4. 

Water level measurements from the eight bedrock wells have been 
contoured to provide a potentiometric surface map of the Queenston 
Formation. Measurements on April 22, 1983 were used to construct 
the map presented on Figure 18. The contoured data suggest that the 
general flow direction of ground water in the bedrock is to the 
northwest, at a gradient of 0.0016. The gradient was calculated in 
the direction of flow and over the distance indicated by the solid 
black line on Figure 18. 

The ground-water gradient presented by Acres American, Inc. 
(Ref. l), which is based on water fevel measurements between 
monitoring wells BH-15 and BH-62 taken on July 15, 1981, was 
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reported to be 0.001 to the northwest: taken to four decimal places, 
it was 0.0014. This reported gradient is similar to that presented 
above (0.0016). 

The northeast K-65 Tower Area contains conditions anomalous to the 
regional ground-water patterns discussed above. A comparison of 
bedrock water levels indicates that on four separate occasions over 
a 3-week period (March 17, 1983 to April 7, 1983) the water levels 
in Well A-35 were 0.1 to 0.3 m (0.2 to 0.9 ft) higher than those 
measured in Well BH-57. Review of lower aquifer water level data 
from observation wells BH-53 and BH-63 as reported by Acres 
American, Inc. (Ref. 1) also appears to support this anomaly. The 

difference in water levels in BH-53 and BH-63 is very small, 
however -- 0.03 to 0.009 m (0.1 to 0.03 ft). Because of the lack of 
data available (i.e., off-site pumping wells, water levels from 
existing wells, and rainfall data), there is insufficient 
information to provide an explanation for the ground-water elevation 
differences between wells. 

5.2.5 Analysis of Contaminant Migration 

A one-dimensional analysis of contaminant migration to support the 
Phase 1 geologic investigation was briefly discussed in Subsection 
4.2.4. For Phase 2, a more sophisticated numerical migration 
analysis based on input from laboratory and fieldwork was performed 
that simulated long-term storage with a clay cap covering the R-10 
Spoil Pile (Ref. 2). The results of this modeling study indicate 
that the concentration of uranium in the ground water at the NFSS 
would be vanishingly small (0 percent iso-concentration line) at 
less than 30.5 m (100 ft) from the waste pile, 1000 years after 
emplacement. Radium would travel more slowly. Additionally, the 
effect of permeable channels that may occur in the gray clay unit 
were analyzed. In a simulated model, a 15-m (50-ft) long by 15-m 
(50-ft) wide channel does not significantly modify the extent of the 
contaminant migration. 

I 
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The results of the above analysis in conjunction with the known 

geology on-site suggest that the NFSS areas investigated are 
suitable for long-term storage of low-level radioactive wastes. 
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6.0 FINDINGS 

This section summarizes the principal findings resulting from the 
investigation of the R-10 and South Dike Areas, Northern Disposal 
Area, and K-65 Tower Area. 

Sand deposits extending below the water table exist within the brown 
clay unit in all areas investigated. 
isolated lenses and also as channel deposits. 

These deposits occur as 

The gray clay unit has been incised, as evidenced by channels 
backfilled with sediments from the overlying brown clay unit. 
Consequently, the upper surface of the gray clay unit undulates with 
no apparent trend that could be used to predict contact elevations. 

Borings drilled during Bechtel investigations revealed that the 
upper 1.2 to 1.5 m (4 to 5 ft) of the gray clay unit contains traces 
of sand and gravel and occasional small sand and silt lenses. 
According to Acres American, Inc., sand, silt, or gravel becomes the 
major constituent in the transitional sand and gravel unit near the 
base of the gray clay unit. 

The gray clay unit appears to be continuous throughout the areas 
investigated. The thinnest portion [less than 1.5 m (5 ft)] of gray 
clay was encountered during dike excavation adjacent to Building 412. 

Piezometer readings indicated that water levels are higher in the 
brawn clay unit than in the gray clay unit. From the water level 
data in Table 7, it appears that the pore pressures acting on the 
piezometers had reached equilibrium by April 19, 1983. Further 
readings are being taken to verify that pore pressures are at 
equilibrium and that the presence of a vertical gradient has been 
established. 

I 

Ground-water flow within the bedrock aquifer is generally to the 
northwest. 
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The hydraulic gradient within the bedrock aquifer is similar to that 
reported by Acres American, Inc.: 0.0016 to 0.0014. 

Permeabilities within the Queenston Formation range from 2.31 x 

cm/s to less than 2.27 x cm/s. 
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7.0 CONCLUSIONS 

The sand deposits within the brown clay unit are not considered to 
be a continuous aquifer across the NFSS, but can provide pathways 
for contaminant migration from non-engineered containment areas. 

The stratigraphic data collected during construction of the R-10 
Dike appear similar to the geologic conditions encountered during 
investigation of the South Dike, Northern Disposal, and K-65 Tower 
Areas. 
model to simulate contaminant migration (Ref. 2). The results of 
the migration analysis indicate that the NFSS areas investigated by 
Bechtel are suitable for long-term storage of low-level radioactive 
waste. 

The site geologic data were used to formulate a computer 
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8.0 CONTINUING GEOTECHNICAL ACTIVITIES 

This section describes the geotechnical activities that will 
continue as remedial action at the NFSS progresses. 

To date, the potential for migration of contaminated ground water 
through sand deposits above the gray clay unit has been addressed by 
installing a cutoff wall keyed into the gray clay unit. 
construction will also address this potential, 

Future 

The gray clay unit in the bottom of the dike excavation has been 
inspected to verify that it is free of sand and silt lenses. Future 
excavations will be inspected in a similar fashion. 

Water levels in bedrock and lower aquifer observation wells and 
piezometers are being monitored to determine long-term fluctuations 
in water levels and pore pressures. The long-term monitoring of the 
piezometers will show changes in hydraulic head within the brown and 
gray clay units and indicate how these changes respond to water 
level fluctuations in the more permeable units. 

A baseline chemical and/or radiological analysis has been performed 
on water from each well in the R-10 Dike Area for future comparison 
of water quality. A similar analysis will be performed on water in 
existing observation wells on the site, 

Monitoring of water levels and water quality in the observation 
wells surrounding the R-10 dike will continue. As future 
construction is performed, a water-level and water quality 
monitoring program will be established around the waste containment 
area. 
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TABLE 1 

Boring No. 

A-1 

A-2 
A-3 

A-4 
A-5 

A-6 
A-7 

A-8H 
A-9H 
A-10 
A-11H 

A-12 
A-13H 

A-14H 
A-15 

A-16 
A-17 
A-18 
A-19 
A-20 
A-21 
A-22 

TOTAL 22 

PHASE 1 EWLORATION SUMMARY 
R-10 DIKE INVESTIGATION 

Linear Feet 

4.0 
8.0 
12.0 

20.5 
13.0 
11.0 

16.5 
12.0 
6.0 
10.0 

4.0 
20.5 
6.0 
8.0 

9 .0  

6.0 
6.0 
6.0 
42.7 
22.0 
21.0 
17.5 
281.7 

Test Pits 

TP-5 
TP-6 
TP-7 

' TP-9 

TP-10 
TP-11 
TP-12 

7 

NOTES : 

Geophysical surveys (ground penetrating radar and electrical self- 
potential) were also performed in the R-10 Dike Area. 

To convert feet to meters, multiply by 0.3048. 
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TABLE 2 

PHASE 2 EXPLORATION SUMMARY 

VIBRATING 
BORING LINEAR OBSERVATION W I R E  GEOPHYSICAL SURVEYS TEST 

ER SP EM - PITS NO. FT. WELL PIEZOMETER 

SOUTHERN DIKE AREA 

A-23 53.5* 
A-23A 78.5* 

A-24 17.0 
A-2 5 19.0 
A-2 6 19.0 
A-2 7 17.0 
A-2 8 25.0 
A-2 9 24.5 
A-3 6 16.0 

9 216.0 

xx xx xx 

X Bedrock 

X1 
X2 

TP-2 7 
TP-28 
TP-29 
TP-30 
TP-31 

1 2 5 

NORTHERN DISPOSAL AREA 

A-30 17.0 
A-31 23.0 
A-3 2 12.0 
A-33 19.0 
A-34 12.3 
A-4 9 89.7 X Bedrock 
6 173.0 1 

K-65 TOWER AREA 

X1 
X2 

xx xx xx 
TP-2 3 
TP-24 
TP-25 
TP-2 6 

A-3 5 80.1 X Bedrock 
A-3 7 18.0 
A-38 19.0 
A-39 17.0 

A-41 19.0 X Gray Clay 
A-40 24.0 X1 

6 177.1 2 1 

2 4 

* 
1 
2 

TP-13 
TP-13A 
TP-14 
TP-15 
TP-16 
TP-17 
TP-18 
TP-19 
TP-20 
TP-21 
TP-2 2 

11 

Boring A-23 abandoned at 53.5 feet. 
Piezometer installed in gray clay unit 
Piezometer installed in brown clay unit. 

Boring A-23A began at 53.5 feet. 

ER Electrical Resistivity 
SP Self-potential 
EM Conductivity 
To convert feet to meters, multiply by 0.3048. \ 
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TABLE 3 

SUMMARY OF GRAY CLAY DEPTHS -- PHASE 1 
R-10 DIKE INVESTIGATION 

Depth/Elevation 
Depth/Elevation Bottom of Gray Clay 
Top of Gray Clay Penetration (1) 

Boring No. Surface Elevation (Feet)/Feet m.s.1.) (Feet)/Feet m.s.1.) 

A-3 316.6 9.5/307.1 12.0/304.6 

316.0 20.4/295.6 20.5/295.5 A-4 

A-5 315.9 7.0/308.9 13.0/302.9 

A-6 

A-7 

316.9 

316.8 

8.8/308.1 11.0/305.9 

11.3/305.5 16.5/300.3 

A-8H 316.7 10.7/306.0 12.0/304.7 

A-10 316.2 6.8/309.4 10.0/306.2 

A-1 2 

A-14H 

316.8 

315.0 

17.5/299.3 20.5/296.3 

6.6/308.4 8.0/307.0 

A-15 316.8 7.0/309.8 9.0/307.8 

A-16 

A-1 7 

313.0 

312.7 

4.6/308.4 6.0/307 .O 

3.0/309.7 6.0/306.7 

A-18 313.0 3.3/309.7 6.0/307 .O 

A-1 9 319.9 18.5/301.4 35.5/284.4 

A-20 328.8 18.0/305.8 22.0/301.8 

A-21 315.0 9.0/306.0 21.0/294.0 

A-22 316.3 9.5/306.8 17.5/298.8 

(1) Only boring A-19 penetrated the entire thickness of the gray clay unit. 
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TABLE 4 

AS-BUILT DATA -- OBSERVATION WELLS 

Cement Elevation Depth to 
Hole .Casing Screened Screen Sand Pack Grade of Bentonite Grout Caring at Top of Top of 

Well Depth Diameter Interval Slot Size Interval Filter Seal Interval Interval Stlck-Up Caring Pock Df.cPeter/Depth 
No. (Feet*) (Inches) (Feet") (Inches) (Feetn) Sand (Feet*) (Feet") (Feet) (Feet a.r.1.) (Faat) Stool Caring 

BH-12 

BH-15 

BH-57 

68-62 

BH-68 

A-23A 

A-35 

A-41 rp 
W 

A-42 

A-43 

A-45 

A-49 

95.0 

104.5 

101.5 

98.0 

99.0 

78;5 

80.1 

19.0 

22.5 

14.0 

20.0 

90.0 

~~~ 

2 85.0 - 95.0 
2 94.5 - 104.5 

2 91.5 - 101.5 
2 88.0 - 98.0 
2 89.0 - 99.0 
2 62.1 - 71.3 
2 66.1 - 75.3 
2 12.4 - 17.0 
2 15.7 - 20.5 
2 0.4 - 13.0 
2 13.4 - 18.0 
2 75.8 - 05.0 

0.015 

0.015 

0.015 

0.015 

0.015 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

-- -- 
-- -- 

40.0 --70.5 49 

40.0 - 00.1 49 

10.0 - 19.0 44 

10.4 - 22.5 49 

7.0 - 14.0 49 

8.0 - 20.0 4Q 

46.0 - 90.0 49 

-- 0 - 44.0 1.3 

-- 0 - 54.0 1.7 

-- 0 - 49.0 1.5 

2.2 

-- 0 - 50.0 0.7 

35.0 - 40.0 0 - 35.0 2.0 

37.0 - 40.0 0 - 37.0 1.7 

8.5 - 10.0 0 - 8.5 2.6 

9.4 - 10.4 0 - 9.4 1.2 

6.0 - 7.0 0 - 6.0 2.0 

7.0 - 8.0 0 - 7.0 1.7 

30.3 - 46.0 0 - 38.3 1.3 

0 - 49.0 -- 

320.85 

320.16 

322.84 

318.60 

320.21 

321.90 

322.30 

324.00 

319.70 

320.50 

321.70 

320.00 

34.0 

47.0 

43.7 

38.0 

44.0 

40.0 

40.0 

45.9 

~ ~ 

4 Iacharl44.0 fee 

4 Inchen/54.0 fee 

4 incher/49.0 fee 

4 inchen/49.0 fee 

4 Incher/50.0 fec 

7 incher/2.8 feet 

7 Iacher/2.9 fael 

7 incher/l.l feel 

7 inchen/3.l feel 

7 inchon12.7 feel 

7 inchanl2.9 feel 

7 Incherl3.0 feet 

A-50 23.0 2 16.4 - 21.0 0.010 10.0 - 23.0 49 9.0 - 10.0 0 - 9.0 2.0  321.30 -- 7 Incher/2.7 feet 

A-51 21.0 2 14.4 - 19.0 0.010 10.0 - 21.0 49 9.0 - 10.0 0 - 9.0 1.6 321.20 -- 7 Inchen/3.0 feet 

A-52 15.0 2 8.4 - 13.0 0.010 6.0 - 15.0 4Q 5.0 - 6 . 0  0 - 5.0  1.8 321.10 -- 7 inches 2.9 feel 

*All depths are feet from ground surface. To convert feet to meters. multiply by 0.3048. 
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TABLE 5 

FIELD PERMEABILITY TEST RESULTS 

\ 

TYPE OF TEST TEST INTERVAL (FT) PERMEABILITY (cm/sec) WELL 

*BH-57 Falling Head (l) 
Falling Head ( 2, 

49.0 to 101.5 
49.0 to 101.5 

4.86 10-7 
9.68 10-7 

Falling Head 54.0 to 104.5 1.13 10-5 

Falling Head (l) 50.0 to 99.0 . 1.03 10-5 
Falling Head (2) 50.0 to 99.0 1.20 10-5 

Falling Head 40.0 to 95.0 4.99 10-7 

Falling Head 49.0 to 98.0 1.70 10-5 

*BH-15 

*BH-68 

*BH-12 

*BH-6 2 

*A-23A Rising Head 40.0 to 71.3 
Rising Head 40.0 to 71.3 

Constant Head 48.7 to 58.9 
Constant Head 54.8 to 65.0 
Constant Head 65.1 to 75.3 
Falling Head 40.0 to 75.3 

2.31 10-4 
2.31 10-4 

No Water Take(3) 
No Water Take(3) 
No Water Take(3) 
7.11 10-5 

*A-35 

Falling Head 10.1 to 17.0 1.67 10-4 A-41 

A-4 2 No Test 

7.0 to 13.0 1.0 10-3 A-4 3 Falling Head 

A-4 5 Falling Head 8.0 to 18.0 Data Inconclusive 

No Water Take( 3,  
3.28 x 
2.27 x 
No Water Take(3) 

*A49 Constant Head 
Constant Head 
Constant Head 
Constant Head 

49.3 to 59.5 
56.5 to 66.7 
66.5 to 76.7 
76.7 to 86.9 

2.17 10-4 A-50 Falling Head 10.0 to 21.0 

5.19 10-5 A-51 Falling Head 10.0 to 19.0 

A-52 Falling Head 6.0 to 13.0 Data Inconclusive 

(1) First Test 
(2) Second Test 
(3) Indicates that no detectable water flow was recorded 
(*) Bedrock Observation Wells 

To convert feet to meters, multiply by 0.3048 
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BORING 
NO. 

A-2 3 

A-24 

A-25 
A-2 6 

A-2 7 
A-2 8 

A-29 
A-30 

A-31 

A-32 

A-33 

A-3 5 

A-36 
A-3 7 
A-3 8 
A-39 

A-4 0 
A-41 
A-49 

TABLE 6 

SUMMARY OF GRAY CLAY DEPTHS - PHASE 2 
\ 

SURFACE 
ELEVATION 

(Feet m.s.1) 

319.6 

319.0 

319.0 

319.5 
320.6 

321.4 
320.2 

318.2 
317.7 

317.4 

318.0 

320.6 

320.3 

320.2 

318.7 
319.8 
321.8 

321.4 
318.7 

DEPTH/ELEVATION 
TOP OF GRAY CLAY 

(Feet)/(Feet m.s.1.) 

14.0/305.6 

14.5/304.5 

14.6/304.4 

15.4/304.1 
13.9/306.7 

19.9/301.5 
18.5/301.7 
14.2/304.0 
18.9/298.8 

8.3/309.1 
14.5/303.5 

15.5/305.1 

15.5f304.8 

14.9/305.3 
14.0/304.7 

13.0/306.8 
17.0/304.8 

14.4/307.0 
19.9/298.8 

DEPTH/ELEVATION 
BOTTOM OF GRAY CLAY 
(Feet)/(Feet m.s.1.) 

28.0/291.6 

17.0/302.0* 
19.0/300.0* 

19.0/300.5* 
17.0/303.6* 

25.0/296.4* 
24.5/295.7* 

17.0/301.2* 
23.0/294.7* 

12.0/305.4* 
19.0/299.0* 

32.5/288.1 
16.0/304.3* 

18.0/302.2* 
19.0/299.7* 

17.0/302.8* 
24.0/297.8* 

19.0/302.4* 
35.3/283.4 

S.D. - South Dike Area 
N.D. - North Disposal Area 
K-65 - K-65 Tower Area 
* Boring d i d  not penetrate entire thickness of gray clay unit. 
To convert feet t o  meters multiply by 0.3048. 

AREA 

S.D. 

S .D. 
S.D. 

S .D. 
S.D. 

S.D. 

S.D. 

N.D. 
N.D. 

N.D. 

N.D. 

K-65 
S.D. 

K-65 
K-6 5 

K-65 
K-65 

K-65 
N.D. 

- 
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TABLE 7 

WATER LEVELS/VIBRATING WIRE PIEZOMETERS 

\ 

Piezometer Number (Reference Point, Feet m.s.1.) 

Date A-36 (305.3) A-34 (307.0) A-29 (297.8) A-33 (300.0) A-40 (298.3) 

02/28/83 -- -- 299.62 -- -- 
03/01/83 -- L- 300.76 -- -- 
03 /02 /83 -- -- 301.84 300 .'02 -- 
03/03/83 -- 309.82 301.77 306.72 -- 
03 /04/8 3 312.0 310.05 301.63 310.42 -- 
03/07/83 311.35 309.86 300.94 311.80 -- 
03 /08 /83 315.58 309.93 305.84 311.76 -- 
03/09 /83 315.97 310.12 307.50 312.96 329.85 

03/10/83 316.25 310.21 308.36 313.95 319.69 

03/11/83 316.41 310.42 309.35 314.34 320.59 

04 /19 /83 317.31 316.82 314.55 314.83 318.40 

314.85 318.26 04/21/83 317.34 316.70 314.48 

Notes: 

1. 
2. 
3. 

4. 

A-36 and A-34 monitor pore pressures in brown clay unit. 
A-29, A-33, and A-40 monitor pore pressures in gray clay unit. 
Pore pressure readings obtained in the field are converted into feet 
of water by multiplying by 2.31. 
Total head (El.) = Elevation of Piezometer TIP (Reference Point) 
plus Pore Pressure (PSI x 2.31 FT/PSI). 

A- 

\ 
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ENGINEERING 
SOIL 
CLASSIFICATION* 

DESCRIPTION 

hickness 

0 ' - 5 '  

6'-23' 

11'-29' 

0'-12' 

0'-I0 

goo? 

k j o r  S o i l  Types 

& bil Type Var ia t ions o r  
J Trans i t i ona l  S o i l s  

* S o i l  C l a s s i f i c a t i o n  based on t h e  
"Un i f i ed  S o i l  C l a s s i f i c a t i o n  System' 

Brown o r  yellow-brown S i l t  w i t h  vary ing percentages o f  organic  mat ter .  
I n  many areas. t h i s  u n i t  i s  i nd i s t i ngu ishab le  fm the  u n i t  below it. 
S o i l  o f ten conta ins sand and gravel. General ly d ry  and o f  loose t o  
medium densi ty .  
t h i s  repo r t .  

Th i s  ma te r ia l  i s  c a l l e d  r u r f i c i a l  s o i l s  and fix i n  

Predominantly brom t o  red-brown Clay conta in ing s i g n i f i c a n t  amounts o f  
s i l t  and sand w i t h  l esse r  amounts o f  gravel. 
a re  o f ten  c layey S i l t .  Occasional ly e n t i r e  u n i t  i s  composed o f  clayey, 
s i l t y  Sands and/or Gravels, b u t  these a re  genera l ly  r e s t r i c t e d  t o  the  
basal area. S o i l  i s  u s u a l l y  d ry  and o f  medium r e l a t i v e  densi ty .  Th is  
ma te r ia l  i s  c a l l e d  t h e  brown c l a y  u n i t  i n  t h i s  repo r t .  

Por t ions o f  t h i s  u n i t  

Gray o r  gray-brown Clay w i t h  vary ing amounts o f  s i l t  and sand. Gravel 
i s  genera l l y  small i n  s i z e  and dispersed randomly. Occasional ly t h e  
sand, s i l t ,  o r  gravel  becomes the dominent cons t i t uen t  o f  t h e  s o i l  
espec ia l l y  i n  the  t r a n s i t i o n a l  zone a t  t he  base. Consistency i s  s o f t  
t o  medium. U n i t  i s  genera l ly  saturated and i s  s l i g h t l y  t o  moderately 
p l a s t i c .  Th is  ma te r ia l  i s  c a l l e d  the g ray  c lay  u n i t  i n  t h i s  repo r t .  

U n i t  composed predominantly o f  gray o r  brown sandy S i l t .  
a t r a n s i t i o n a l  zone, i t  can range f rom almost c lean sand t o  s i l t y  c lay.  
Gravel q u a n t i t i e s  vary from absent t o  being over 502 o f  t h e  u n i t .  Zone 
i s  s i t e  continuous w i t h  rare,  l o c a l i z e d  absences due t o  erosion. 
i s  wet. 

General ly 

U n i t  
This ma te r ia l  i s  c a l l e d  the sand and gravel  u n i t  i n  t h i s  repor t  

Red t o  red-brown c layey S i l t .  
i n  quan t i t y .  U n i t  i s  comnonly present where bedrock i s  topographica l ly  
depressed. S o i l  i s  genera l ly  d ry  and has a r e l a t i v e  dens i t y  classed 
as dense t o  very dense. 
t h i s  repo r t .  

Gravel present throughout. occas iona l l y  

This  ma te r ia l  i s  c a l l e d  the . red  s i l t  u n i - t - i n  

Queenston Formation. Red t o  brown-red Shale and S i l t s tone .  Occasional 
lenses of green s i l t s t o n e  a r e  c o m n .  Bedding i s  thin and ho r i zon ta l .  
Upper zone of rock i s  s l i g h t l y  t o  moderately weathered w i t h  some c a l c i t c  
rep lacemnt  on the  wider  fractures. Clay i s  present on some weathered 
surfaces. 

Reference: Report by Acres American hc . ,  1981. "Hydrologic and 
Geologic Character izat ion o f  t he  DOE-Niagara F a l l s  Storace Si te . "  
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Clay, silty with trace to some sand and gravel 
cobbles, brown to reddish-brown with bluish green mottf- 
ing, medium stiff to hard. Occasional organics (root 6 
stem material) in upper two feet. 

occasional 

Silt, clayey and/or clay, silty with trace to little sand, 
dark gray, medium stiff, occasional organic material. 

Sand, often silty, very fine to fine, trace coarse sand 
and gravel, reddish-brown to yellowish-brown to gray, 
loose to medium dense. 

Sand and gravel, fine to coarse, silty to clayey, brown 
to reddish-brown to yellowish-brown, medium dense. 

Clay, sandy with gravel and silty sand to clayey sand 
lenses, brown to reddish-brown, stiff to very,stiff. 

Sand, fine to coarse, trace to some silt and clay, dark 
reddish-brown to brown, loose to medium dense. 

Sand, clayey with gravel, and sandy to silty clap lenses, 
brown to reddish brown. 

Boring by Bechtel 

Boring by Acres American, Inc. 

Tee t Pit 

Dike Centerline 

Seep 
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S a G  Sand and Gravel 

I NIAGARA FALLS STORAGE S I T E  I BECHTEL 

F I G U R E  9 

EXPLANATION TO GEOLOGIC 
F’AP 



-. 

4,. 
9. fine tocoorse, silty toclayey 

<-- --- silty SAND 

16.- 
SAND - - _  r sllly SAND - - r c a n d y  SILT 

6- - 
gray silly CLAY 2 

7+00 SOUTH STATIONS 84-00 

320- 

- 310 22.- 

6 .  - 

315- 

310- 

305 - 
A 

9 +oo 

A - 6  

-I 

- 315- 

310- 

- 
305- 

I o+oo 

A-15 

brown rllly CLAY 
brawn stlly CLAY 38. 

32. - -  - - - - - _  
65- 

19. 

- - - - - - - _-- Lne lo  coarse SAND 
21. 

- _  - - - - -  - 25. 

I5 
A 

gray sllty CLAY 

I I+OO 

- 
57 

12+00 

- 

12. . . .  - 

I 3 t O C  

320 

I - 315 A-16 A 4  7 A-18 

_ .  . - U 

- 305 

300- 

395- PROFILE B- B'(L0OKING EAST) 
\ 

gray silly CLAY 

i - 300 

-295 

I +oo EAST STATIONS 2+00 3+00 4+00 5+00 EXPCANATION FOR PROFILES 
- 320 320- A-5 8 o h -  

A-I IH A-8H 

315- 

310- 

305- 

brown silly CLAY 

. ' . 

PROFILE C- C'(LO0KING NORTH) 

300- 

+ A-12 + A-9H + 
A - I 0  

+ - 
silly, clayey SAND 'I in (R*IS/LND 27 

310- 
CLAY 

-. 

-310 

- 305 -water ma1 

Chmo. In Strata 

- 300 --  Chmpr In Strata Having 
Uncaioin EIkmion 

0 5 10 

0 20 40 

SCALE - FT 

VERT. CLCY 

HORIZ. - 
PROFILES IN R-I0 DIKE 

FOUNDATION AREA 
FIGURE 10 

I I 
I 

61  



GtilD Y ORIGIN 

A-49w 4 
I 
N A - I C  

TP-23- 

A - 6  

A-42W 

A-43 W 
a 

@H-68 

TP-27. 
Ph-9- 

r 

R-I0 
SPOlL PILE 

A-23 
A 2 3 A W  LA' 'I !c==== ! i I I i  

EXPLANATION OF SYMBOLS GIVEN ON 
FIGURE 7 

A A' 
1-1 GEOLOGIC SECTION A-A' 

0 100 - 400 

50 200 
SCALE -Ff.  

NIACARA FALLS STORAGE SITE ' BECHfEL 

PHASE 2 
FIGURE 11 



32f 

31 5 

31 a 

30? 

300 

295 

290 

!85. 

!80. 

IOTE 

A Ai2 A i l  (OFFSET 10') I 

RED BROW 
RED BROWN GRAY SILTY a A Y  . - 

moW4. SILT- 

RED BROWN 
SILTY CLAY 7 SILTY CLAY .. . - 

PINKISH GRAY 
SILTY CLAY 

23 (OFFSET 80'1 
32( 

31 ! 

31 t 

305 

5W 

9 5  

!90 

'85 

80 



320 

31 5 

31 0 

30s 

300 

295. 

290. 

285. 

280. 

BH -9 
6' A-26 (OFFSET 40 ' )  

I aROuN0 SURFACE 

___----- 
- 16 W I T E  COARSE SANO - AND - -9- - --n - (FILL) 

l t  GRAVEL (R-R BALLAST) 19 

RE0 BROW 
SILTY CLAY 

27 

37 

19 

RE0 BROW 
SILTY CLAY 4 I+ 

AED,BROrm SHALE 0 
VERTICAL SCALE-FT. - 
HORlZONTAL SCALE-FT. dm 0 50 

BORIH(1 TEMINATEO AT 
53.5*(€L- 266.1 b 

-320 

-31 5 

-31 0 

305 

300 

295 

290 

285 

280 - NIAGARA FALLS 
S T W F  S ITF  BECHTEL 

I 



BH 59 A729 c' 
TP-21 A-27 I 

GROUND SURFACE 
C 

16 21 

*i' 
31 5 

RE0 BROW 
19/ f ORI 1 SILTY CLAY 

A z /  
01 

31 0- 

305- 

300- 

295- 

290- 

!85- 

!80- 

6 
IL 

2 
I 

p 
9 
W 
4 
W 

- --. 
BROW FINE :! I- SIN0 AND S ILT  

-. -. 
RED bnuwn 

SANDY SILT* 

'!&ED BROW 
SILT sl 

4 

11 1 SlLTY SAW 

RE0 BROW 
SANDY SILT 

:2 

.-+-- 
RE0 SlLTStOWE 1 1 

320 

31 5 

31 0 

305 

300 

295 

290 

!85 

!80 
0 5 N 1 ACARA t- ALLS BECHTEL 

0 50 411 BUILDING 

SI TF 
JOI m. 

r t ~ l l r  m. 

lo?€ VERTICAL SCALE-FT. - 
PRWILE YEST W 14501 

W E  FlCwK IJ FOR EXlLANATtOkO~ 5IMrOl.S 

14 
HORlZONfAL SCALE-FT. -& cEaoGIc SECTIOW c-c* 

Dan Pscdlltl  



34t 

33c 

320 

31 0 

3M 

290 

280. 

!70* 

!60- 

NIACARA FALLS 
SI TF 

D 

BECHTEL 
m. 

*r9 

M T H E R N  DISPMAL AREA 
txaoGic S E C T I ~  D-D' 

0 
HORIZONTAL SCALE-FT. -r 

TP-23 (OFFSET 8') 

14501 

15 
CIQll lc  Yo. 

,,i"6 
0' 

I GRWNO SURFACE 1 rY@ 

10 RE0 BROW RE0 BROW 9 

FINE TO COARSE 7 

BROW. VERY 

RED BROWN 
6 SILTY CLAY 

FINE SAND 
26 

22 SILTY CLAY SILTY CLAY 

- SAND 4 m 

6 $ 
11 

0 
13 

SILT. GRAVELLY 3 

PINKISH GRAY TO 
GRAY SILTY CLAY 

PINKISH GRAY TO 
GRAY SILTY CLAY 

j 4 

I 
1 
9 P I M I S H  GRAY 

SILTY GRAY 

MINQ TERMINATED AT 
90 FT (EL.229.0 F t  1 

*34t 

.33[ 

,32C 

31 0 

300 

290 

280 

Z7O 

!60 

JOT€ VERTICAL SCALE-Ff. 0 - 
SEE FIG-€ It FOR EYPLANATIOIY OF MMBOLS 



33( 

325 

320 

315 

31 0 

505 

100. 

!95- 

190- 

SI TF 

E 

BECHTEL 
~ 0 1  yo. 

E '  

0 
HORIZONTAL SCALE-FT. w-7 

A-32 A131 
A-8H 

I I 
I TP-24 (OFFSET 14'1 

GROUND SURFACE 
TP-25 (OFFSET 10'1 

I 

1 
SILTY SANO GRAVELLY 32 

BROW FINE TO + COARSE SAW 

71 

GRAY SILTY S I H )  (DRY) 

cc-c 
00- 

_c-- 

14501 

16 
yo. 

NORTHERN DISPOSAL AREA 
txaocic SECTION E-E' 

RE0 BROW 
SILTY CLAY 

GRAY CLAY 

IOTE VERTICAL SCALE-FT. SEE FIGURE II FOR EXPLANATION OF SYMbOLS 

RED BROW 
SILTY CLAY 

PINKISH GRAY 
CLAYEY SILT 

0 - 

m 
m r 

4 
P 
n 
9 

334 

32! 

32( 

$1 9 

I1 0 

105 

1m 

9s 

90 



I I 
5 5 1 2  1 3  

----__ 
5 

4- 
1 2  

1 9  

27  
29  

2 2  BROWN SILTY 

BROWN SILTY 76 BROWN SILTY & CLAY 
RED BROWN 1 6  

29  

RED BROWN 
I DRY ) SILTY CLAY SILTY CLAY CLAY 

22 3 4  

REF CLAY 

SAND a GRAVEL 

7 

5 2 

_--- 
GRAY SILTY CLAY 

\ED BROWN 
& S I L T  

4 GRAY SILTY 
CLAY m 

GRAY SILTY CLAY 

- r 

5 

2 

z 4 

I- 4 
P 

z 3 
-I 
W 4 

GRAY SILTY CLAY 3 

4 

2 

RED SILTY 
SAND. GRAVELLY7 4 

/ 
1 4  

20 
RED BROWN 
SILTY CLAY 23 (DRY I 

RE0 BROWN 5 
SILTY CLAY 

RED BROWN 1 6  
SAND. GRAVELLY 

24 BROWNSFINE 29 

--_ 45 --- 
--a. -------____ 6 2  =---- - 

27 

( 5  GRAVELLY PINKISH GRAY - / 5 

RED BROWN SILT. 24  RED BROWN- 

I 2 3 
----- 

BROWN SILTY 

1 4 - L S A N D  

RED BROWN SILT. 
GRAVELLY 

----. 

4- 

,,+ED B R W N  SILT 

1 

F F '  A i 4 0  G'  
A-35W (OFFSET 10' G BH-60 - I 14 

20 

I 
320 

31 5 

31 0 

305 

300 

295 

290 

285 

280 

275 

520 

I1 5 

51 0 

305 

300 

295 

290 

285 

280 

275 

320 

31 5 

31 0 

305 

300 

295 

290 

285 

28C 

275 

20 

11 5 

;lo 

105 

100 

!95 

!90 

!85 

28C 

t7I 

''1% 1 9  RE0 SANDY BROWN. CLAY SILTY. RE0 BROWN 
SILTY CLAY 

- - _ _ _  
RED BROWN _ _ _ -  SAND. GRAVELLY 

RED BROWN 
TO PINKISH 
GRAY SILT - - - _ _ _  

SILTY SAND 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

51 4- 
GRAY SILTY CLAY 

3 

21 .It 
*_-- :._::$- TOP OF 

62 BROWN CLAY 
SILTY 

WEATHERED REF 
SILTSTONE 

K-65 TOWER AREA 
GEOLOGIC S E C T I O N  G-G' 

RED SILTSTONE 
a SHALE K-65 TOWER AREA 

GEOLOG I C S E C T  I ON F -F ' 

0 5 10 
VERTICAL SCALE-FT. 0 5 10 

VERTICAL SCALE-FT. - I RED SILTSTONE I 
I I n 5n 1 0 0  

0 50 100 HORIZONTAL SCALE-FT. - B j i i -  1- 1 
BORING TERMINATED AT 80.1' 
(EL.240.5 F t )  HORIZONTAL SCALE-FT. 

330 

325 

320 

31 5 

31 C 

305 

30( 

291 

29( 

28! 

130 

525 

520 

31 5 

31 0 

305 

300 

295 

290 

285 

EXPLANATION FOR PROFILES 

A-23 BORING NUMBER 

151 STANDARD PENETRATION 
TEST BLOW COUNT A 7 4 0  (OFFSET 75 ' )  H' 

H 

WATER LEVEL 

CHANGE IN STRATA 

- - CHANGE m STRATA HAVING 
UNCERTAIN EXTENSION 

BOTTOM OF BORING 

-_  

-L GRAY SILTY CLAY 
GRAY SILTY CLAY 

K-65 TOWER AREA 
GEOLOGIC S E C T I O N  H-H' K-65 TOWER AREA ' 

0 5 10 
VERTICAL SCALE-FT. w-i 

0 50 I00 
HORIZONTAL SCALE-FT. m-1 

n 100 POD 400 

PROFILES THROUGH 
K-65 TOYER AREA I 



4 N 1000 - 
N 

N 200 - 

04- 

/ A-49W 
314.5 

s 200- 
- / 

- 

- 

s 1000- 

- 

- 

s 2000- 

NORTH DISPOSAL 
AREA - 

/ 
EH-68 

315.1 

- 
I I I 

w 1000 

I I I I I I I 
w200 0 E 200 

I I 
E 1000 

I I 

- - I I I I 
E 2000 

EXPLANATION: 

A A-49W - INDICATES BORING BY BECHTEL, "W"  INDICATES WELL INSTALLED. 

tB BH-57 - INDICATES BORING BY ACRES AMERICAN. 

-0- - DIRECTION OF FLY 

W T E R  L M L S  TAKEN APRIL 22, 1983. 

D 100 400 

50 200 
SCALE - F T .  

I I I I I 
E 3000 

I I I 
E 4000 

1 NIAGARA FALLS BECHTEL I STORAGE SITE 

BEDROCK WATER LEVEL 

CONTOUR MAP 

WEENSTON FORMATION 
~~ 

I I 

69 



REFERENCES 

1. Acres American Incorporated. Hydrologic and Geologic 
Characterization of the DOE-Niagara Falls Storaqe Site, 
Buffalo, NY, September 1981. 

2. Bechtel National, Inc. Waste Containment Design Report for the 
Niagara Falls Storage Site (Draft), Oak Ridge, TN, April 1984. 

3. U. S. Department of Energy. Draft Environmental Impact 
Statement: Long-term Management of the Existing Radioactive 
Wastes and Residues at the Niagara Falls Storaqe Site, (to be 
published), Washington, DC. 

4. Muller, E. H. "Quaternary Geology of New York" in The 
Quaternary of the United States, Wright, H. E. Jr. and D. G. 
Frey, Editors, Princeton University Press, 1965. 

- 

5. U.S. Army Corps of Engineering, Buffalo District. Review of 
Reports on Lake Erie-Lake Ontario Waterway, New YOrk, 
Appendix B, Geology, Soils and Materials, 1973. 

6. Kindle, E. M. and F. B. Taylor. Description of the Niagara 
Quadrangle, N . Y . ,  U . S .  Geoloqical Survey, Geological Atlas, 
Folio 190, U.S. Geological Survey, Washington, DC, 1913. 

70 
' \  



APPENDIX A 

TEST PIT LOGS (PHASE 1) 
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BECHTEL CORPORATION 
SHAFT 6 TRENCH LOG 
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BECHTEL CORPORATION 
SHAFT & TRENCH LOG 
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July 22, 1982 

3851,063.01 

Bechtel fncorporrtcd 
4 5  Fremont street 
Ban FrlnCf6~0, Californis 

Attention: W r .  Peter Mote, Geology' 

Gentlemen: 

This letter report presents the results of 8 ground pene- 
trating radar (CPR) and self-potential (SP) investfgstfon at 
the Department of Energy'6 Niigra Falls low level radioactive 
waste (LLRW) site in New York. The field work was performed 
on July 17 and 18, 1982. The objective of the respective sur- 
veys was to investigate sand lense6 rnd determine their thick- 
ness in a glacial till matrix of clay. 
retaining rtructure to rurround r n d  contain water runoff from 
the LLRF'pile depends on the thickneb6 of there sand lenses 
and whether they are crpable of acting as conduits f o r  runoff 
beneath the proposed dikes. 

The design of the 

The GPR and SP rurveys were both conducted with the 8SSiStanCe 
of Mr. C. Fred Wall of Brchtel'c Gaithersburg, Maryland, 
office. 

GPR SURVEY 

The GPR system uses radar technology to obtain a continuous 
high-resolution electromagnetic profile of the s~~surface. 
The depth of penetration is a function of the! electrical 
properties of subsurface materials and the frequency of the 
radar mtennr. The antenna, towec? over the ground, transmits 
a radar pulse 50,000 timer per second. The receiver in the 
entenns converts the electromagnetic rignal which travels near 
the speed of l i g h t ,  to an # u b i o  rignal tens of milliseconds in 
duration. The analog signal i s  displayed on rn EPC graphic 
recorder. 

- I  

B- 1 " \  



*July 23, 10e2 
3854 , O 6 L O l  
Mr. Peter Mote 
Bechtel Incorporated 
Page 2 

The GPR instrumentation was set up in a truck with the 
transmitting/receiving antenna tawed behind. 
with frequencies of 80 and 300 megahertz (MHz) were used for 
the survey. The lower frequency 80 13Hz antenna provides 
deeper penetration whereas the 300 MHz antenna provides less 
penetration but better resolution. 

Two antennas 

Numerous scans were made across the'north and east rides of 
the site to tune the GPR system and to observe the recorded 
reflection patterns in sand lens areas versus the surrounding 
clay matrix. 

A profile using the 80 MHz antenna was obtained rround the rirn 
of an excavation at the approximate location S 8+40, E 1+80. 
The excavation is a hole approximately 15 feet in diameter, 
about 5 feet deep with 2 feet of standing water at the bottom 
of the hole. Along the wall of the excavation a large sand 
lens is exposed in a clay matrix. At this locality, differen- 
tiation of the sand and clay, and detection of the base of the 
6and lens on the radar profile was not defined. A second pro- 
file was obtained over a rand lens near location S 10+20, 
E 4+60 where we were able to discern the base of the lens. 
The lens was defined as about 2-1/2 feet thick and was later 
confirmed by hand augering. 

Due to the variation in the results of the sand lens defini- 
tion at the two localities mentioned ebove, the amount of 
confidence that c o u l d  be placed in the GPR interpretation was 
not sufficient to continue its u6e for obtaining subsurface 
data for the proposed containment dike. Therefore, the survey 
was djscontinued. 

The GPR survey may have been unsucce6sful for two reasons. 
First, the ground at the site was relatively dry and therefore 
the contrast in the electrical properties between the clay and 
sand were small. The GPR method, as with nost other geophysi- 
c a l  methods, depends on contrasting properties for diffcren- 
tiating soil types. 
tigated contained admixtures of 6and and clay. 
attenuation of the radar signal, reducing penetration and 
thereby the effectiveness of the method. 

Secondr Borne of the sand lenses inves- 
Clay causes 

B- 2 
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BP SURVEY 

Self-potential $6 8 geophybical method used to measure the 
natural 8teady-state electrical field at the rurfrce of the 
earth. The movement of ground water through porous c o i l  or 
~ o c k  can generate voltages (known as streaming potentials) 
through the process of electrokinetic coupling. 
ages, measured at the ground surface8 provide information 
rbout Subburface flow. 

streaming potentials arise because of the general tendency of 
mineral grains to preferentially rdrorb negatively charged 
anions from the ground water8 leaving the water with excess 
cations and a positive charge. When water containing a net 
charge is set into motion, the resulting flow of charge Is 
equivalent to an electric current in the earth, Because the 
earth has a finite electrical resistance, the flow of this 
electric current generates the voltage6 known as streaming . 
potentials. The flow of ground water usually corresponds to a 
positive current flow, an6 streaming potentials generally will 
tend to be more negative on the upstream (high pressure) side 
of the flow, and more positive on the downstream (low pres- 
sure) side. 

These oolt- 

Secondary rtreaming potential fields can also be generated at 
boundaries between m8terirl6 having different ninerology, 
geology, electrical resistivity, or pore fluid composition. 
The total streaming potential anomaly measured in the field 
will be a combination of these primary and secondary fields. 

The 6P rurvey was conducted as a backup scrvey for the GPRm 
It was performed to help identify in plan view the presence of 
moving ground water and thus, potentially delineate porous 
(sand lenses) 8 O i l m  The streaming potentials are measured by 
placing a fixed base electrode in the soil at a central loca- 
tion while a moveable measuring electrode is carried along 
predetermined distances out from the base station. The potcn- 
tial difference between the base and measuring stations is 
then read on a millivoltmeter. This procedure i s  repeated 
until the streaming potential values have been measured over a 
specific eurvey area. 

The base 6tation for this curvey was set at Station 6 7+408 
E 3+60 near the center of the survey area, and all readings 
were referenced to this point. 
feet but in some areas it was reduced to 20 feet. 

* 

The station spacing was 40 

B- 3 
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For this survey, ground contact was made using nonpolariting 
copper-copper sulfate electrodes (Tinker 8nd Rasor Model 6 8 ) .  
Streaming potential and electrode resistance readings were 
made using a Fluke Model 8020A digital volt-ohm-aillirmmeter 
(VOM) 

Plate 1 8hows the rtation locations occupied for SP measure- 
ments, the rurvey grid network, and 6P values contoured in one 
millivolt increments. The measured voltages range from -10 to 
+12 mV or a total variation of 22 cnV over the an,tirc site. 
The site was electrically very quiet as evidenced by the 
6table re8dhgs on the voltmeter during the field rurvey. 

Generally, the SP contours show little evidence of underground 
flow across the rite. Areas of rtrong ground-water movement 
are generally .characterized by larger anomalies than we 
encountered during the survey. 
ground-water flow is regular SP contours ruch as those on the 
east side of the e i t e .  Note that east of F 4+20 fairly 
regular contours become more positive toward the stream bor- 
dering the e a s t  ride of the rurvey @tea. 
states that "ground water usually travels from negative to 
positive anomblies". There may be some ground-wsttr flow on 
the e a s t  ride of the rite, but the magnitude of the SP values 
indicates it is minimal. 

Another characteristic of 

A rule of thumb 

The north half of the site is dominated with closed or scmi- 
closed anomaly patterns. 
minimal ground-water flow is occurring and it is probably very 
localized. 
suggests they are probably related to roil type or variations 
in moisture content. 

The lack of regularity 6UggeStS 

The magnitude of the SP positive rnomalies here 

Sand lenses containing relatively more water than the sur- 
rounding clay may be the cause of the prominent SP positive 
anonalics labeled A through 0. 
approximately 8 8+40, E 1+80 (Anomaly A) has a gr~vclly rand 
exposed in its walls and there remains about two feet of 
otanding water in the hole. 
ciated with rand lenses. 
anomalies (at 5 7+8O, E 3+40 and S 7+40, E 4+60); however, 
clay 3s exposed rt the peak of Anomaly 8 .  

If possible, the following locations should be drilled to 
verify or help us refint our interpretation: 

A large hole excavated at 

Anomalies C and 0 may be asso- 
Sand $6 present at the peak of both 

B-4 
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1. S 7+80, E 3+40 - positive SP anomaly 
2. S 7+40, E 4+60 - positive SP anomaly 
3. 8 7+40, E 2+00 - negative SP anomaly 
4 0  S 7+40, E 1+10 - positive SP anomaly 
5. S 8+40, E 1+00 - negative SP anomaly 
We appreciate the opportunity to assist you with this inves- 
tigation. If you require additional information, please call. 

Yours very truly, 

HARDING LAWSON ASSOCIATES 
n 

CAR/JSN/KCB/ j d 

Attachments: Plate 1 - Contours of Streaming Potential 
2 copies submitted 

B- 5 
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APPENDIX C 

BORING LOGS (PHASE 1) 



U O I e C T  mm no. wee7 10. IOU no. 

BORING LOG FUSRAP 14501 1 1 A-1 

I 140 lbs.130 i n .  

26 

PENETRATION 
.Lows 

None 

:LNlTWM 
ICI .1 

316.3 

312.3 

1. 

C. F. Wall b 
#KIIFTD* ~ N D  cusurmnow 

bon, nedim &me. mist. 

R A Y ,  silty with traz 
with b1ue-g-m mttliq, my stiff ,  s l i w l y  

sad, mi bcn 1 mist. 

1 Boring cmpleted at 4.0 feet. 

Uiagarr F a l l s  R-10 Area 

k i l l i n g  with bllw 
;ten ag3-S. 

brstRBCOVrtROd. 

#OLE NO. 

A-1  

c-1 

. .  

' \  



140 lbs.130 i n .  - I None 

CENElRAtlON 
.LOWS 

L.V.TOON 
am.) 

314.6 

311.2 

a6.6 

t 

C. F. Y a l l  t 
. O A Y .  silty, Rd bon, w. 

yv9, vay f i re  to f ire.  silty, bon. sstuated 
-at 2.0'. 
. U Y .  s i l t ,  trae tad. stiff, red m. mist. 

mtnn of Boring at 8.0 feet. r Boriq gourcd to Ipanj nrfae. 

Niapara F a l l s  R-10 Area 

t i l l ing  wlth bllw 
;tsn ag!rs. 

HOLE NO. 

A-2 

\ 
\ 



t 

? I 

1.5 19 

1.5 13 t 2 
11' 

4 
7 8 - 

- m m m m  I' 

307.1 

334.6 

- 
I 

151 5.0 a 
7.5 1 M""""" 

CLAY. silty, trace fine to medim M. pinkish 
5 yay, my plastic, mist. 

12.0 lo-- 
Baing colpleted a 12.0 feet. / I  

I Niagrra F a l l s  R-10 Area 

killing w i t h  blla - 

.E 71 YO. 

4 

c-3 



140 lbs./30 fn. I - 
PENETRATION 

.Lows 

f 
l! 

12 I: 

None 

LLcvatlD* 
1W.l 

315.9 

312.9 

333.9 

m.9 

L 

I c. F. Hall 

kqed to 3.0' clay M i l l .  

'w. silty. wllwiish bmm. satarm. 
CLAY. silty. tram fine to cfwse sad, reddish- 
bon with ggnish mittling. mist. 

CLAY. silty. tra fine to dim sad. pirkish 
yay. satuated. plastic. 

10.0-11.1: Reddrsh kon clayey silt with SllR 
sard (till lense). 

Baing anpleted at 13.0 feet. 
Baing grartedtogand urfse. 

Nirgara Falls R-10 Area 

tilling with bllw 
5ml m. 

Mgiml netrial 
Fmn 0.0 to 3.0' 
II?IS silty SRH). 

OLE NO. 
A-5 



I , 

CLOICCT doano. W B B T ~ ~ .  wu m. 

FUSRAP 14501 1 "1 A-6 
C00nOln.T.. 

BORING LOG 
WTB 

. Njagara F a l l s  R-10 Area f 879 E 029 
BBsYn C O I I U T R O  -1LLBI =ILL man. am ~ O O B L  IOL~ miss ovmmaummmn 

( I n e m u )  

140 lbs  30 in .  I None 

ILIVATIOB 
m.1 

2 l . U -  

310.4 

308.1 

305.9 

I 

1 C.  F. Wall 

m. silty to elm, rery fine to alm-se. 
bson to p l l w  bson to red Ran. 

aAY. silty with trace fine to nediur sard, 
bpn to Rd Ran. mist. wry stiff to hard. 

W. silty, VRY fine to fine. nediun deme. 

RAY. silty, Wace fire sad. satwaud. soft. 
wry plastic, pitkish Fay. 

Baing ompleted at 11.0 fet. 

wq yoJt€d togmrd &ace. 

Nirgara Fal ls  R-10 Area 

bi l l ing with b l l a  
stan m. 

IOLE NO. 

A-6 



q- 
2 6 5  

40 16 

11 7 

6 1  

5 2  

None C. F. Wall > ~ ~ . s n i m m m  naD CULwiunow 

U Y ,  silty, traoe nedrun to amxe sad, M s h  
bmn to bon, kd, cby to sli$tly mist. 

5.3-5.4': V e l l w i s b b m  rsd. wet. 

to 9.1. M s h  gsy fmn 9.1; deme. WuatA. 

bttm of Fcwiq et 16.5 feet. I Baiq grmted to p w d  arfse. 

Niagara F a l l s  R-10 Area 

P O  -1934 Rn.2/82 (Form 1#)7o-11 

M l l i q  with b l l w  
*argffs. 

&OLE NO. 
A-7 

\ 
\ 

c-7 

_ - .  



U O I m C T  mano. wmmvao. mmuao. BORING LOG FUSRAP 14501 1 w 1 A-8H 

40 l b s ,  

.o 1.r 

.o 1.f 

.o 2.c 

65 
- 

19 
- 

21 

- 
25 

.Lows 
I U V I T I O .  

( r r .1  

316.7 

i 3 ' 3 - 9  M.0 

334.7 

I C. F. Ual l  

tbilling with hollcw 
Sm argRs. 

U Y ,  silty, with li@t fine to nediun ral 
ad fine gravel. h&d, red bw?, rby. 

~~ 

w9, fine to cnarse vith l i t t le fire ~ 8 ~ 1 ,  
trse to YR clsy ad sil t ,  bon. w y  6roe. 
&y to sligthly mist. 

satvated at 7.0'. 

WO. silty, very fine to fine. gay. with silty 
clay sesm at 0.4' to 8.5' ad 8.7' to 8.9'. 

Bxing corpleted st 12.0 feet. 

Baing gmrtedtoyumd nrfaoe. 

I 
[ HOLE NO. 

Niagara Fa l l s  R-10 Area A-8H nmnaswn: - mwcmmmi m - onmn 

PO .la34 R n . 2 1 8 2 l F ~ l 0 0 7 0 ~ l J  

' \  
C- 3 



140 lbs.130 i n .  I 

. 

. 

- 
PENETRATION 

.LOWS 

SRN). rrery fine to fine. silty to ssdy silt,  
tracenedilmto w ssd, ydlorish -to 
tm to geenish yay. wet to mist. 

QAY. silty with tra fine to come sa~. 
b-on to mish tram, mist. 

None - 
. U V I T m R  

m.1 

316.6 

312.6 

310.6 

I C. F. Yal l  

Bring onpleted at 6.0 feet. 

Wq tow &a. 

x 
Niagara F a l l s  R-10 Area 

Mlliq with bllw 
stan Slgers. 

lOLE NO. 
A-OH 

c-9 



141 

12 

4 

< 2  

5 

I 
____ 

PENtTRATlOl 
BLOWS 

one - 
LUV.TIOI 

m.1 

316.2 

312.2 

309.4 

306.2 

I C. F .  Yall 

e w9. ittle s i l t ,  fire tomdim ~ 3 y .  WE& 

I 

- yay. plastic, rstrated. 
QAY. silty, t r a  nediun to ccwse sad. pitkish 

Mq rmpletKl at 10.0 feet. 

mq puw tow nrfm. 

M l l i q  with b l l w  
!am agers. 

-0memtDn 
M t h  pyrite 5exdary 
mineralization at 3.4 
to 4.0 feet. 

OLE NO. 
A-10 

c- 10 
' \  



140 lbs./30 4 1  
~- 

CLNETRATl( 
BLOWS 

No - 
c u v m  

m 

316.1 - 

312.1 

1 C .  F. Hall 

1 

( M Y .  silty with m fine to  e~ase  
fine gravel, rl& bmJl to tm to pllprish 
h. sli#tly mist  to mist .  

mj 

Baing amplered at 4.0 feet. 

Baiq gmRed to guJxi arfaee. 

I Nirgara Fal ls  R-10 Area 
.la% R w .  2/82 l F a m  1mm. 1) 

c-11 

LE NO. 

A-llH 1 



CIOJ8CT 

FUSRAP BORING LOG 

140 lbs./30 i n .  I 

-8 no. WIemT no. a m u  no. 

14501 1 " 1 A-12 

I .  

SS 2.0 1.3 ii 
SS 12.0 11.5 

SS 2.0 1.0 

SS 2.0 1.3 

SS 1.0 0.8 

SS 1.5 1.0 

SS 1.5 0.2 

a 1.0 0.2 

1,, 
P 7 

25 12 

23 10 

11 - 
41 14 

24 15 

5 - 

None - 

316.8 

299.3 

s . 3  

I C.  F. Wall 
I I ,  

wy), fine to a m e ,  silty, cl- gdq to 
1 s i l t ,  with l i t t l e  firp -1. tram to - redlish Ron to e l l w i s h  tram. 

2-51 E 
7.5 '-4 I 

ay to 2.0 feet. 
Wet to 4.0 feet. 
satvated at 4.0 feet. 

wsh gay at 5.4 feet. 
Less cdtsive soil fron 6.0 feet. 

Brig rmplcted at 20.5 feet. 

Niigara Falls R-10 Area 
I 

+D -1PY Rew.Z/82 lFalWt0~11 

c-12 

billing with h o t l o  
wagers. 

h m i q  smd at 
ppoxinately 13.0 
Feet. bller-rodc 
Pillirg thu& 
iad. 

OLE no. 
A-12 

' \  

- . .. . . 



r 

.a - *CUT I 

I 
~ENCTRATION 

8LOWS 

None - 
LuVnTLD 

(rr.1 

315.6 

3Y3.6 

- I 

I C .  F. Yall 

C U Y ,  silty with tra to little fine to m ~ s e  

mttliq, mist. rat at 5.9'. 
sad. bm*? to reddish bmWrthIpenish 

Bring c~lpleted at 6.0 feet. 

Baiq to Qanl srfse. 

Niagara fal ls  R-10 Area 
>LE NO. 

A- 13H 



22 
- 

21 
- 

22 

- 
8 

PENETRATION 
BLOWS 

None 

315.0 

m.4 

a7.0 

1 C .  F .  Hall 
1 

CLAY. silty, l i t t le  fine tD 
gavel. bmn to M s h  bon, mist .  

JSIU, MS to c lam,  w M S ~  bmn, uet. 
'UY. silty, b. mist. 

sud md fire 

UAY, s i  ty, trace &um sud. wet. pirkish m. b 

t 
. Wiagara Falls R-10 Area 

MOLE NO. 

A-14H 

C- 14 '1 



I .  

. _. 
mm no. mnmmv me. ~ D U  no. 

FUSRAP 14501 l ” 1  A-15 
C.OI.CT 

AIL. P ~ D V  t n m i x .  mmamnaa C I R 8 l R A T . S  

BORING LOG 
rm 

140 lbs./30 i n .  I 

23 

47 

?CNETIATION 
BLOWS 

iPD -13234 Rn.Z&Z ( F a  10070-11 

None - 
UVLTIO* 

(R.1 

316.8 

309.8 

307.8 

I 

I . C. F. Wall 

CLAY, sandy, s i l t y  with l i t t l e  gravel: 
)FILL. 
CLAY, s i l t y ,  l i t t l e  f ine  t o  coarse sand. 
moist. 

Augered through gravel : 6.5-7.0 feet. 

I 

CLAY, s i l t y ,  trace f ine  t o  medium sand. 

Boring coRlpleted a t  9.0 feet. 

Boring grouted t o  ground surface. 

Niagara Falls R-10 Area 

iri l l ing w i t h  
iollcu-stem augers 

UOLE NO. 

A-15 

C-15 ‘ \  



I 140 lbs./30 in .  I None I C .  F .  Us11 

16 

11 

U V A T m U  
m.1 

313.0 

308.4 

37 .0  

l.5 A 
4 

\CLAY. silty, bm. sstuated. 
W, wry fire to rrediun, silty, btw to 
jellllwish bran. SatArntaj. 

Baiq cmpleted at 6.0 feet. 

Baing glwteclto Fanj arface. 

Nlngara Falls R-10 Area 

GPO -1931 R w . 2 ~ 2  IFam 1oom.lI 

C-16 



t 
I 

a. - ..La? 

NNETIATION 
.LOWS 

Noi - 
tWaTlOl 

1W.I 

312.7 

119.7 

3 x 7  

I C. F. H a l l  

!.5 
I CLAY. silty,  pirkish gray, soft. wy plastic, 

to OanJ &aoe. 

Niaaara F a l l s  R-10 Area 
PD . R.W. 2mz  IF^ 10070- i J 

C-17 
' \  



8 
- 

22 
- 

6 - 

I 
PLNLfRATlOl 

.LOWS 

None - 
SUVATIO 

IW.1 

313.0 - 

a 9 . 7  

37.0 

W, fine to m, c ~ y e y  to silty b ~ n  to- 
I red bmm to bluish yeen, Ssturated. 

- 2.0' to 3.3': w, clay ad silt with m 
observtble sttvam - m y  be fill. 

? - R A Y ,  silty, trllce nedim sad. pirkish gray. 
my plastic, SElft. saumted. 

3 

Boring Cenplered at 6.0 fW. 

Boring grouted to gMd M a c e .  

Niaaara Falls R-10 Area I . . -- 
PO -13234 Rtr.2m(Form lm70-11 

C- 18 

killing with bllor 
iten aprs. 

)LE NO. 

A-18 

\ \  



Drilled with 
hol low-stem augers 

3LE NO. 

A-1 9 

' c-19 ' \  



10 

- 
REF. 

R E D  
REF. 

- 
- - 

PENETRATION 
.LOWS 

I 

UC.T no. OLR no. IOICCT 

NSRAP - NFSS 

5 Gray s i l t y  CLAY r 
Red-brown SAND with gravel, wet. 

Similar; grades to  clayey SAND wi th  
gravel. wet. 

-brom clayey S ILT  with gravel, 
aminated greenish-gray s i l t  a t  
bottom. / 

I '  r 
Boring completed 8 42.7'. 
Boring grouted with bentonite cement 
t o  ground surface. 

R-10 Waste P i l e  

' 2 I A-19 

Y. no. 

A-1 9 

L 



C . O J I C T  408 80. W..T (10. (1-• I D .  

FUSRAP - NFSS 14501 1 " 1 A-20 
C00mD1IAT.m (.NU V m m  1)..1X.18.AmI(1S 

BORING LOG 
WT. 

. R-10 Waste P i l e  I 5 11+05 E 0+30 I 900 I --- 

140P/30" None 

is 2.0 

is 2.0 

is 2.0 

is 2.0 

is 2.0 

- 
& i  
! i B  

8 16 

9 12 

20 20 

3 6  

3 7  

1; 

323.8 - 

312.3 

305.8 

301.8 

I 

L. 1: Chung 

~~ 

Augered t o  12.0' through clay back f i l l .  
No sampling. hollow-stem augers 

D r i l l i n g  with 

Encountered or ig ina l  material a t  a 
depth of 11.5'. 

Brown-gray s i l t y  SAND, w i th  interbedded 
s i l t y  CLAY, trace o f  gravel. 

Gray s i l t y  CLAY, trace o f  gravel, 
medium t o  high p las t i c i t y .  

Boring completed B 22.0'. 
Boring grouted u i t h  bentonite cement to 
ground surface. 

MOLL NO. 

R-10 Waste P i l e  I A-20 I I 
YD - I S M  R~.Zt82(FamlWt0.1) 

\ '  c-21 



1 1. T. Chung 

0 0 ~ 1 ~ 1 0 1  UD -mano* 

0 
Augcred to 9.0' through clay backfill. 
No sampling. - 

- 
5 .e - - 

- 
9 - 

0.; cL Pinkish-gray silty CLAY. trace of 
gravel, plastic. - -  - 

2 - - 
3 - 

5.9 - - 
I 4 16.5'-17.5': R c d - b m  silty f i m  SAND 

- 5 

1.0 6 

- -  - - - -  - 
- - Boring conpleted C 21.0'. - 
rn Boring grouted wfth bentonite cement 
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ANALYSIS OF CONTAMINANT MIGRATION 

This section describes the methods and results of the analy- 
sis performed to study the movement of contaminants through 
the clay dike. 
lution of the one-dimensional convection-diffusion equation. 
The coefficients in this equation are chosen to be represen- 
tative of the conditions prevailing at the Niagara Falls Stor- 
age Site. 

The mathematical approach is based on the so- 

METHOD OF ANALYSIS 

The physical processes that control the movement of contami- 
nants through porous media are convection and hydrodynamic 
dispersion. Convection is the component of solute transport 
due to flowing ground water. Hydrodynamic dispersion is a 
result of mechanical mixing and molecular diffusion. Loss 
of contaminant mass can also take place because of adsorption 
by the geologic formation or engineered barriers, or by radio- 
active decay. 
dimensional and originates below the storage area at the point 
where the leachates reach the ground-water table. This sim- 
plified mathematical model is applicable to the analysis of 
contaminant transport through the geologic materials as well 
as through the clay dike. However, because the main objective 
here is to study the effectiveness of the clay dike, the equa- 
tions are applied only to that section of the contaminant path. 

The contaminant path is assumed to be one- 

The one-dimensional partial differential equation describing 
the convective-diffuse process can be written as (Ref. 1): 

ARC ac a 
at ax - a x -  R - = -  
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, .  

where: C = concentration of contaminant, 
D = hydrodynamic dispersion, 
v = average ground-water velocity, 
R = retardation factor, and 
X = radioactive decay constant. 

The dispersion coefficient, D, can be expressed as: 

D =av + Dd 

where: a = dispersivity, and 
Dd = molecular diffusion coefficient. 

The retardation factor, R, represents the retardation of the 
contaminant front due to adsorption, as it passes through the 
porous media. 
linear adsorption isotherms, this factor can be written as: 

Assuming fast and reversible processes and 

. .  
Pb R = l + - -  

& Kd ( 3 )  

where: pb = bulk density, 
E = porosity, and 
Kd = adsorption coefficient. 

The boundary and initial conditions used together with Equa- 
tion (1) are such that: 

t a 0  

c (=, t) = 0 " t 30 
c (x, 0) = 0 t >/o 

-6 t C (0, t) = Coe 
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Equation (4a) represents a source that decays exponentially 
at the origin. 
tion (4a) reduces to the step-function boundary condition. 

When the parameter, 6, is set to zero, Equa- 

The solution of Equation (1) subject to Equations (4a)-(4c) 
is given by Reference 2. 

where : 

D 
R, and 

B = -  

and where: erfc(x) = 1 - erf (x) is the complementary 
error function. 

For a constant source and no radioactive decay, Equa- 
tion (5) becomes (Ref. 3): 

For the case where contaminant movement is due to diffusion 
alone, Equation (6) is further simplified to 

C - = 1 - erfc (%) cO 
( 7 )  

D-3 
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RESULTS AND DISCUSSION 

The concentration of the unit input of contaminant was cal- 
culated as a function of time for a clay wall with a permea- 
bility equal to cm/sec, assuming an hydraulic gradient 
equal to 1.5 x and a porosity equal to 0.4. The disper- 

. sion coefficient is taken equal to cm 2 /sec. 

The thickness of the clay wall was varied between 5 and 50 feet, 
and the calculations were performed with and without retardation. 
The results of the analysis are shown in Figures D-1 and D-2 for 

and Ra226 respectively. The relative concentrations of '238 I 

contaminant calculated at the outside boundary of the clay dike, 
after 1000 years of travel time, are plotted as a function of 
wall thickness. The figures also show the results for cases in 
which retardation is taken into account, with Kd = 50 mg/l for 

Ra226 
ratio of bulk density to porosity is 4 (Ref. 3 ) .  It is apparent 
from these figures that the influence of retardation is signifi- 
cant. For example, given a 10-foot clay dike, the relative con- 
centration of U238 is reduced from 0.91 (Kd = 0) to 0.28 
(Xa = 20 mg/l) and that of Ra226 is reduced from 0.87 (Kd = 0) 
to 0.06 (Kd = 50 mg/l). 

and Kd = 20 mg/l for U238 (Ref. 41, and assuming that the 
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1.0 INTRODUCTION AND PURPOSE 

Geophysical measurements were conducted for Bechtel 

National, Inc. at the Department of Energy, Niagara Falls Site, 

Lewiston, New York. Fieldwork took place during the period of 

December 20 through 23, 1982. 

The purpose o f  these measurements was to provide 

subsurface geologic data relevant to material types and the 

existence of groundwater, 

2.0 LOCATION AND SURVEY CONTROL 

The general location of the site is shown on the "Area of 

Investigation Map" (Figure 1). This map is a segment'of the 

Bansomville. New York, United States Geological Survey 
.. 

Quadrangle Map. 

Specific lines and areas of coverage are shown on the 

enclosed topographic plan maps provided by Bechtel National, 

Inc. The locations o f  the geophysical measurements were 

referenced to horizontal control in the form of survey stakes 

marked with coordinates established by Bechtel National, fnc. 

The:specific areas and lines of coverage were designated 

by Bechtel National, Inc, 

3.0 METHODS OF INVESTIGATION 

Geophysical measurements were made using electrical 

resistivity, self-potential and conductivity (EM) procedures. 

By combining survey techniques. anomalous conditions can be . 

better evaluated since the advantages of one technique may 

outweigh the advantages of another technique depending on 

subsurface conditions. 

E- 4 \ \  
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3.1 Conductivity (EM) 

The conductivity (electromagnetic (EM)) survey was 

conducted with a Geonics EM31 non-contacting terrain 

conductivity meter. The conductivity meter has a self 

contained dipole transmitter which generates an electrical 

source field in the earth. A self contained dipole receiver 

coil converts the generated magnetic field voltage which is 

linearly related to the terrain conductivity. Measurements 

were made at 20 and 50-foot station intervals. An expanded 

discussion of the EM survey technique is included in Appendix A.  

Conductivity (inverse of resistivity) is used to identify 

zones of high conductivity indicative of saturated materials 

(sands and gravels) and/or Clay as opposed to areas of low 

conductivity indicative of unsaturated sands and gravels. 

Depth of penetration for the conductivity (EM) survey depends 

on the conductivity of the materials and the distance between 

the Sending and receiving coils on the EM instrumentation, in 

this particular case the depth of penetration is estimated to 

range from 7.5 to 15 feet. 

3.2 Electrical Resistivity 

Electrical resistivity measurements were made utilizing a 

Bison Model 2350 earth resistivity meter and vertical 

electrical sounding procedures. Vertical electrical sounding 

measurements called point tests. are made by expanding the 

electrode array away from a central point. The measured 

E-5 ' ' Wuston Geophysical 
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- resistivity values are apparent since they represent the 
average resistivity of the various layers within a half-space 

whose dimensions are defined by the electrode separation. As 

the electrode or *aei spacing increases the effective depth of 

penetration increases. 

resistivity values versus electrode spacing therefore indicates 

the variation of resistivity with depth. 

configuration was used f o r  point test measurements. A 

discussion of the Electrical Resistivity technique and 

equipment is included as Appendix B to this report. 

The electrical resistivity measurements were made using 

The resulting plot of apparent 

The Wenner electrode 

electrode Iiaii spacings of 2. 5 .  7 .  10. 20. 30. and 50 feet. 

The Wenner configuration has a depth penetration of 

approximately 1/2 to 1/3 the OaI1 spacings. however. depths of 

penetration are greatly affected by the resistances of the 

layers being measured. i.e.8 a low resistivity (conductive) 

layer will greatly reduce the depth of penetration. 

Interpretation of Wenner resistivity data is accomplished by 

computer comparison of field resistivity curves with 

theoretical resistivity models, resulting in a resistivity 

profile (depth to and values of different resistivity layers) 

at the center of the Wenner test. Reduced copies of the 

resistivity computer models have been included, for  

illustration. in Appendix 3 as Figures 8-1 through B-5. 

Resistivity values do not have a unique material correlation, 

E-5 
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however, general conclusions can be made (saturated sand and 

gravel, as opposed to unsaturated sand and gravel, top of water 

table). 

is not absolute, a number of different models may correlate 

The theoretical modeling of measured resistivity data 

with the measured data. Through a comparison process, the 

computer will determine the model which'best fits the measured 

data, thereby providing a characterization of the subsurface 

layering. Electrical resistivity depth determinations are 

based on a contrast in resistivity values. If the layering 

does not have a large contrast (for example, 96 ohm/ft to 

120 ohm/ft) then the depth of the layer interface is considered 

approximate. The higher the resistivity contrast, the more 

definitive the computer solution. 

3.3 Self Potential 

Self potential measurements were made utilizing an 

electrode array connected to a D. C. Voltmeter, a Scintrex 

Model IPR-1OA IP Receiver. Spontaneous ground potentials are 

measured as one electrode is moved to successive stations 

(40-foot station intervals) away from a fixed base electrode. 

A discussion of the self potential technique is included as 

Appendix C to this report. 

The naturally occurring voltage (spontaneous ground 

potentials) of interest in this survey are negative anomalies 

that could be associated with groundwater flow or seepage. 

Water flowing in open culverts or in shallow streams will 
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usually produce a negative anomaly but of smaller amplitude. 

Another source of negative anomalies is the biochemical 

activity of plants and trees and cultural (man-made) features. 

Positive anomalies may result from clay zones (blocking the 

flow of water) and cultural features. Depth of penetration is 

dependent on magnitude of the anomaly and cannot be directly 

calculated. In this survey, the SP data is responding to 

changes in near surface conditions, most likely within the 

upper 10 feet of material. 

3.4 Interpretation of Data From Combined Techniques 

The data from these techniques can be combined to 

determine clay zones (low resistivity, high conductivity, high 

SP), saturated sands and gravels with groundwater flow or 

seepage (low resistivity, high conductivity, low SP) or without 

groundwater flow or seepage (low resistivity, high 

conductivity, normal SP), and unsaturated sands and gravels 

(high resistivity, low conductivity, high SP). The 

short-comings of these geophysical techniques is that they all 

are electrical techniques and are effected by conductive 

materials and cultural features such a6 metallic fences and 

pipes. overhead power lines, metal tanks, concrete walls, etc. 

4.0 PRESENTATION OF RESULTS 

The result6 of the geophysical measurements are .presented 

in an area by area format according to the following table: 
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Resistivity 
Area Plan Map Data EM + SP DATA 

1 Figure 2 Figure 2 Figures 3 through 5 
2 Figure 6 Figure 6 Figures 7 and 0 
3 Figure 9 Figure 10 
4 Figure 11 Figure 11 Figures 12 and 13 
5 Figure 11 Figure 11 Figure 14 

The result6 of the electrical resistivity measurements in 

the form of resistivity values and the depth to each interface 

are presented on the topographic plan maps (Figures 2, 6, and 

11) at each of the point locations. Anomalous zones and zones 

of particular interest are indicated on the plan maps. 

5 . 0  DISCUSSION OF RESULTS 

Area 1 

Three types of measurements, resistivity, conductivity, 

and self potential, were made in Area 1. Cultural (man-made) 

features such as culverts, large tanks, buildings, etc. 

affected both the conductivity and the self potential 

measurements as noted on the profiles (Figures 3 through 5). 

These identifications are based on observed conditions in the 

field. 

positive EM response shown on Figure 5. The buried culvert 

along Line 1B (Figure 3) shows a loier response than the buried 

pipe because the culvert is parallel with the EM line of 

investigation. 

which cause anomalously high conductivity (EM) and SP 

A buried pipe along Line 1F correlates with a strong 

The position of permanent buildings and tanks 

E-9 
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measurements. are also noted on the profiles (Figures 3 

through 5). Other variations in the conductivity and SP 

measurements shown on the profiles may also be due to cultural 

features not specifically identified. For example the SP and 

conductivity (EM) data along Line 1 A  has likely been affected 

by man-made activity associated with road construction. Data 

along Line 1C and 1D ha6 probably been affected by man-made 

activities associated with the construction of the road and 

tank. However, the change in SP data along the western part of 

Line 1C may be due to a small ditch in which water drains 

westward towards a larger ditch. Since there are so many 

cultural features identified in this area, it is difficult to 

discriminate between anomalies that are due to changes in 

subsurface conditions as contrasted with those due to man-made 

conditions. 

Resistivity values and depths to interfaces as determined 

by the point test data show an irregular pattern in Area 1. 

Resistivity values generally range from 4 to 178 ohm feet. 

These varying values indicate materials that change laterally 

and vertically across this area. 

Point Test. No. 2A, attempted at the south edge of 

Building No. 410 measured high resistivity values of 2.000 to 

4.000 ohm feet indicating that this test point was probably 

conducted on fill material f o r  the building foundation. The 

resistivity values for Point Test No. 2 may a160 have been 

affected by the fill material as indicated by the value of 

1002 ohm feet for the surface layer. 

5-19 '\ 
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In the vicinity of East 460, South 1550 (Lines 1F and 1G) 

the increase in both conductivity (exclusive of buried pipe) 

and self potential may indicate an increase in degree of clay 

content in the materials or could possibly be the result of 

cultural features in the area (road and possible fill 

materials). One possible explanation for the increases and 

decreases shown on the SP and conductivity (EM) profiles is 

that the clay content is varying similarly; that the relatively 

higher values for the EM and SP at the same locations correlate 

with greater clay content and the lower values correlate with 

lesser clay content. With regard to the depth range, as 

discussed previously in this report, the changes in data are 

due t o  near surface conditions. 

With the amount of data available in the area, the extent 

of anomalies cannot be ascertained; such determination of the 

extent of an anomaly is helpful to assess whether or not the 

anomaly is due to cultural (man-made) features or other 

subsurface conditions of interest. With regard to the 

possibility of sand lenses or saturated zones in thi6 area, the 

data therefore also preclude us from determining the presence 

or absence of such features, 

Area 2 

Both the resistivity and the conductivity test performed 

in Area 2 indicate that this area is relatively uniform. The 

intermediate layer noted on the west (Line 2D). north (Line 2 A )  

and east sides (Line 2B) is thin (Point Test RT-7) or absent 
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(Point Test RT-6) on the south side of Area 2. This change in 

resistivity characteristics is undoubtedly due to a lateral 

variation within a predominantly clayey type of material. 

The self potential profiles show three possibly anomalous 

areas not indicated by the EM or resistivity measurements. two 

on the easterly side (Line 2B) at approximately South 220, and 

at South 400, and on the westerly side (Line 2D) at approxi- 

mately South 420. These negative potentials are indicative of 

possible saturated zones or fluid movement. No anomalous data 

were indicated by the conductivity (EM) or resistivity 

measurements in the vicinity of the these locations. 

A r e a  3 

30th conductivity and self potential measurements were 

conducted around the perimeter of Area 3. The southeast 

portion of this area had..many metal objects on the ground; the 

northeast portion of the area is in the vicinity of a metal 

fence; these cultural features adversely affected the data. A 

localized anomalous area was detected at approximately N300, 

El20 (along Line 3C); negative SP values may indicate a 

saturated zone or possible fluid movement. 

(EM) data along Line 3C shows some small amplitude changes 

which are likely due to minor lateral variations in near 

surface lithology. 

The conductivity 

Area 4 

Anomalously high resistivity values were measured at Point 

Test RT-19, an apparent infinite resistance at a depth of 

~ ~- 
~~ 
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10 feet. Point Test RT-20. 2.640 ohm feet at a depth of 6 feet. 

and at Point Test RT-22, 2,000 ohm feet at 2.5 feet. 

a unique identification of the material cannot be made on the 

Although 

. basis of resistivity data alone, these higher resistivity 

values are believed to be an indication of unsaturated sand 

lenses. The high conductivity (EM) and SP measurements at 

Point Test RT-19 probably indicate a clay layer overlying the 

sand lense. The presence of the clay layer is also indicated 

by an apparent resistivity value of 3 ohm-feet measured by 

Point Test RT-19. 

At 3312 East. 130 North the high conductivity (EM) and low 

SP values indicate an increase in the degree of saturation or 

moisture content which correlates with an observed low wet area. 

Area 5 

Conductivity was measured around the perimeter of Area 5 

and along a trench within the area. One self potential line 

and one resistivity point test were also conducted near the 

trench. The conductivity and SP data were affected by cultural 

features including a metal fence and an observed low wet area 

as shown on the profiles. No major anomalous zones were 

detected within Area 5. 

6.0 CONCLUSIONS 

Area 1 - A number of geophysical anomalies in this area 

appear to correlate with man-made (cultural) features. 

Accordingly. it is difficult with the available data to 

discriminate between those anomalies and ones caused by 

E-13 
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subsurface conditions of interest. A much more extensive 

program of geophysical line coverage would be necessary to help 

solve this matter and with particular reference to the presence 

or absence of sound lenses or saturaed zones. 

Area 2 - Three zones of anomalous SP data indicative of 
possible saturation or fluid movement were identified along 

Line 2B in the vicinity of South 220 and South 400. and along 

Line 4D in the vicinity of South 420. 

Area 3 - A localized anomalous zone indicative of a zone 

of saturation or possible fluid movement was detected along the 

Line 3C. 

Area 4 - Relatively high resistivity values, indicative of 
possible unsaturated sand lenses were measured at Point Tests 

RT-19, RT-20 and RT-22. 

Area 5 - No major anomalous zones were detected in this 
area. 

7.0 RECOMMENDATIONS 

Test boring6 (monitoring wells) are recommended in Area 2 

at East 450 South 220 (Line 2B) and at East 040 South 420 

(Line 2D) to identify the possible fluid movement. Self 

potential measurements obtained on a grid basis in this area 

would allow contouring of the data to better define this 

anomaly. 

In order to further evaluate geophysical anomalies such as 

along Line 3C. a more intensive program of line coverage 6houl.d 

be implemented. This would allow for delineating the extent 
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and continuity of anomalies and thereby also help to 

distinguish cultural (man-made) anomalies from subsurface 

conditions of interest. 

It is essential that some direct sampling by borings 

and/or test pits take place for fullest identifications and 

correlations. 

occurrence of sand lenses in Area 4 at Point TeSt.Locations 

A typical location of interest is the possible 

RT-19. RT-20 and RT-22. 
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APPENDIX A 

CONDUCTIVITY (EM) SURVEY 
METHOD OF INVESTIGATION 

GENERAL CONSIDERATIONS 

The conductivity (EM) survey is a method of obtaining 

shallow subsurface information through electric measurements 

made at the surface of the earth. The parameter measured with 

this technique is the apparent conductivity of the ground. 

conductivity meter has a self contained dipole transmitter 

which generates an electrical 60urce field (a circular eddy 

current loop) in the earth (Figure A-1). Each one of the 

current loops generates a magnetic field which is proportional 

to the value of the current flowing within the loop. A part of 

the magnetic field from each loop is intercepted by a self 

contained dipole receiver coil and converted to an output 

voltage which is linearly related to the terrain conductivity. 

The field instrument is calibrated to permit direct reading of 

conductivity values in millimhos per meter. 

meter has an operating frequency of 9.8 LHZ, a measurement 

precision of 22% of full scale and a measurement accuracy of 

The 

The conductivity 

- + 5 t  at 20 millimhos per meter. 

Geologic materials have unique electrical characteristics 

and lateral variations in conductivity value6 indicate a change 

in subsurface conditions. 

materials is proportional to their content of water and 

dissolved salts or ions. Accordingly, dry Sands and gravels, 

The telacive conductivity of earth 
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and massive rock formations would have low conductivity values; 

conversely. most clays and materials in a saltwater environment 

would have very high conductivity values. 

E- 32 \ \  
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APPENDIX B 

ELECTRICAL RESISTIVITY SURVEY 
METHOD OF INVESTIGATION 

General Considerations 

The electrical resistivity survey is a method of obtaining 

6hallOW subsurface information through electric measurements 

made at the surface of the earth. The basic parameter is the 

apparent resistivity determined by passing a known electric 

current between two electrodes and measuring the resulting 

voltage drop across t w o  other electrodes. Based on the 

geometric arrangement of the current and potential electrodes, 

the apparent resistivity may be calculated. The actual 

resistivity values are then determined from the layer 

thicknesses and the corresponding "apparentii resistivity 

values. 

A vertical electric profile can be obtained by increasing 

the distances between electrodes, thereby providing deeper 

penetration of the electric current. 

have differing electrical characteristics, the apparent 

resistivity values will be affected by different subsurface 

conditions. 

Since geologic materials 

The relative conductivity (inverse resistivity) of earth 

materials is proportional to the ir  content of water and 

dissolved salts or ions. 

and massive rock formations would have high resistivity values; 

conversely, moist clays and materials in a saltwater 

environment would have very low resistivity values. 

Accordingly, dry sands and gravels, 

E-35 \ \  Weskn Geophysical 
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The interpretation of electrical resistivity data is based 

upon the comparison of recorded field measurements of apparent 

resistivity and electrode separation with theoretically 

computed cases. 

Field Procedures for Data Acauisition 

Wenner Method 

One of the most widely used field arrangements of current 

and potential electrodes is known as the Wenner configuration. 

In the Wenner method four electrodes are placed in a straight 

line and are equally spaced; the two outer electrodes are 

current electrodes, I1 and I and the two inner electrodes 2 '  

are the potential electrodes, P1 and P2. 

A vertical electric profile is obtained by conducting a 

point test in which the electrode spacing is successively 

increased about a fixed point after each reading. 

By using a uniform Wenner configuration of electrodes 

(constant spacing technique) across an area, changes in 

apparent resistivity, indicative of lateral changes in 

materials, can be defined. 

Data Interpretation 

The interpretation of the resistivity data is accomplished 

by computer analysis of field data curves. The Fortran INVERSE 

program develops a model (characterization) of the subsurface 

conditions in terms of resistivity value and thickness for each 

layer by matching theoretical curves to the field data curve. 

E-36 \ \  Weston Geophysical 
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The INVERSE program accomplishes this by applying Marquardt's 

algorithm to an initial model, modifying the initial model 

until an accurate match of the field curve is obtained. 

E-37 
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APPENDIX C 

SELF-POTENTIAL 
METHOD OF INVESTIGATlON 

General Considerations 

The self-potential survey is a method of obtaining Shallow 

subsurface information through electric measurements made at 

the surface of the earth. The method involves measuring 

naturally occurring voltage differences (spontaneous ground 

potentials) between two electrodes. The equipment used f o r  

self-potential measurement consists of a pair of electrodes 

connected by wire to a millivoltmeter. 

Spontaneous ground potentials are created by fluid 

streaming, varying electrolytic concentrations in groundwater 

and other geochemical actions. Spontaneous ground potentials 

can vary greatly but generally are less than 100 millivolts and 

may be either positive or negative. Streaming potentials 

(fluid streaming) are usually negative. 

The interpretation of self-potential data is based upon the 

identification of zones of relatively positive or negative 

spontaneous ground potentials. The zones are identified by 

plotting the field measurements as profiles or a contour map. 

Field-Procedure for Data Acquisition 

Base stations are established in barren areas if possible. 

to minimize t h e  accumulation of potentials on the base station 

electrode. One electrode is fixed at the base station while 

- 

the other 16 

advantage of 

with respect 

moved to successive stations along the line. The 

this procedure is that potentials are measured 

to fixed points. 

E-45 1 

4 '  Weston Geophysical 



APPENDIX F 

TEST PIT LOGS (PHASE 2) 
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EXPLANATION FOR TEST PIT LOG 

Black, organic s i l t ,  trace coarse sand (topsoil) .  

Clay, s i l t y  w i t h .  t race t o  some sand and gravel, occasional cobles, 
brown t o  reddish-brown w i t h  b lu ish  green mottling, medium s t i f f  t o  
hard .  Occasional organics (root and stem material) i n  upper 2 feet .  

S i l t ,  clayey and/or clay, s i l t y  w i t h  t race t o  l i t t l e  sand, yellowish- 
brown, medium s t i f f ,  occasional organic material. 

Sand, often s i l ty ,  very fine t o  f ine,  trace coarse sand and gravel, 
reddish-brown t o  yellowish-brown to  gray, loose t o  medium dense. 

Sand and gravel, fine t o  coarse, s i l t y  t o  clayey, brown to  reddish- 
brown t o  yellowish-brown, medium dense. 

Clay, sandy with gravel and s i l t y  sand t o  clayey sand lenses, brown 
t o  reddish-brown, s t i f f  t o  very s t i f f .  

Sand, f ine  t o  coarse, trace s i l t ,  d a r k  reddish-brown t o  brown, loose 
t o  medium dense. 

E Sand,  clayey w i t h  gravel and sandy t o  s i l t y  clay lenses, brown t o  
reddi s h-brown. 

TP-6 Test P i t  

Q Seep 

El Test p i t  coordinate location 
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Field ldent fication o f  Soils 

EXPLANATION OF TERMS - BORING LOGS 
Field Identification o f  Rock Unified Soil Classificat 

SIEVE LIMIT 
WTER I AL FRACTIONS - UPPER 

Boulders 

Cobbles 

Mater ia l  too large t o  pass 
through an opening 8 in: square 
Material passing through an 6 In. 
square opening and re ta ined on the 
3 In. sieve 

and retained on the No. 4 sieve Fine 

and retained on the  No. 200 sieve 

Material passing the No. 200 
sieve which i s  also non-p las t ic  
tn character and exh lb l t s  l i t t l e  o r  
no strength when dr ied  

Mater ia l  passing the No. 200 sieve 
which can also be made t o  e x h i b i t  
p l a s t i c i t y  within a c e r t a i n  range 
of moisture contents and which ex- 
h i b i t s  considerable s t rength  when 
a l r  d r ied  

Gravel Mater ia l  passing the 3 in. sieve Coarse 3 in. 3/4 in. 
314 in. No. 4 
No. 4 No. 10 Sand Rater ia l  passing the  No. 4 sieve Coarse 

Hediua No. 10 No. 40 
Fine No. 40 No. 200 

S i l t  
No. 200 

Clay 

No. 200 

V l S W  
SOIL CWSIFICATION 

Upper case l e t t e r s  

ad jec t i re  used ( i f  20-502 o f  t o t a l )  
"sme' used ( i f  t h i r d  conwnent c w r i s e s  

Rajor s o i l  component 
iwo major s o i l  components = And 
Secondary component 
Th i rd  coRponent 

20-352 o f  t o t a l )  

"trace" used [ i f  < 102 of t o t a l )  
6 rave l l y  coarse t o  f i n e  SAHD, l i t t l e  s i l t ,  
t race  c lay  

Other components . l i t t l e '  used ( I f  10-202 o f  t o t a l )  

Examples 

S i l t y  medium t o  f i ne  SAND, sme gravel. 
l i t t l e  clay, t race  coarse sand and cobbles - 
GLACIAL TILL 

FIELD MNSITY WE0 OM STANOM0 PENETRATION TEST 

won COHESIVE SOILS COHESlI SOILS 
Re1 a t  i ve N&er o f  W m e r  o f  

Blws per F o o t 4  Density B l w s  per F o o t 4  consi s t m q  

Very loose s5 Very Sof t  c 3  
Loose 6 - 10 Sof t  4 - 5  
Medium Dcnse I I  - 30 Hedium S t i f f  6 - 10 

Very Oense 2 51 Very S t i f f  16 - 30 
hard 2 31 

Oense 31 - 60 S t i f f  ' 1 1  15 

ROO (Rock Qua l i t y  Designation) 

ROO i s  the sum i n  inches o f  a l l  pieces 
of core 4' I n  length and longer, divided 
by the length of core run I n  inches, 
expressed as Z. 

St ra t i f i ca t i on  

o Thinly laminated 3 m  
o Thickly laminated 3-10 ma 
o Very t h i n  s t ra t l f i ca t i on  1-3 m 
o Thin s t ra t i f i ca t i on  3-10 m 
o Medium s t ra t i f i ca t i on  10-30 m 
o Thick s t ra t i f i ca t i on  .3-1 m 
o Very th ick s t ra t l f i ca t l on  1 m 

Fracturing (Average Size o f  Pieces) 

o Hassive - 3' ( M y  contain ha i r l ine  

o S l igh t ly  fractured - I l - 3 '  
o bdera te l y  fractured - 0.5'-1' 
0 Closely fractured - 0.1'-0.5' 
o intensely fractured - 0.05'-0.1' 
o Crushed - 0.05' (Approx. 0.6") 

Fracture Coati% 

Mud. Metalic oxide, or other mineral- 
ization; indicate thickness and extent. 

Guide for Rock Oescrlptions i n  F ie ld  
Log Preparation 

cracks) 

Rock Type - Gneiss, Basalt, etc. 
Color - Gray, pink, green, etc. 
Hardness - (See hardness chart)  
Structure - S t ra t i f i ca t i on  (see 
s t ra t i f i ca t i on  chart). fo l ia t ion ,  etc. 
Yeathering - (See weathering chart) 
Colaposition - Percentage of dominant 
and accessory minerals 
Miscellaneous - Calcareous. vuggy. 
cementing material, inclusions, etc. 
Olscontinuities - Joints, faults, 
fractures, etc. with descriptions 
to  include coatings, i n f i l l i n g .  
incl inat ion,  ctc. 

Yeathering - Al terat ion 

Degree of weathering I s  determined using the 
following terminology: 

o 

o Sl ight  - Sl ight  d iscolorat ion up to  1" 

Fresh - No a l te ra t ion  or  discolorat ion,  
s l igh t  staining i n  j o in t s  may be present. 

in to  core from the j o in t ;  j o i n t s  stained 
with clay i n f l l l i n g .  

o Moderate - Signi f icant por t ion  (50%) of  
minerals i n  rock discolored or stained. 

o Severe - Host (SOZ) rock discolored o f  
stained, severe loss o f  strength; c lay 
seams, 
Decanposed - Hinerals conrpletely altered. o 

Hardness 

F ie ld  determination of rock hardness i s  per- 
formed by suing a steel kni fe blade: 

o 

o 

o 

o 

o 

o 

Very hard - Cannot be scratched w i th  
kn i fe  blade. 
Hard - Can be scratched by k n i f e  blade 
but only wi th great d i f f i cu l t y .  
Hedium hard - Can be scratched by kn i fe  
blade. 
Hedium soft  - Easily scratched by kn i fe  
blade. 
Soft - Can be gouged 1f0' t o  1/4" wi th 
kn i fe  blade. 
Very soft - Can be cut i n  ha l f  o r  nearly 
so wi th kn i fe  blade. 

Example 

Gneiss, dark green, medium soft, t h i n  
bedded, strong fo l i a t i on  para l le l  t o  
bedding, s l igh t  weathering, f rac tu re  
a t  46.3' with th in  clay f i l l i n g .  
501 feldspar, 301 quartz, and 202 b i o t i t e  
mica. scattered garnet inclusions. 

Contains 

on System (ASTM 0-24871 

Field Identification of Relative Soil Moisture Content 

CLAY SAND AND SILT - 
Dry Crumbles when remolded No color change when exposed t o  

sun o r  heat. 

Mo is t  Crumbs s t i c k  together, ' 
can be  r o l l e d  i n t o  a 
thread. 

S i g n i f i c a n t  co lo r  change upon 
exposure t o  sun or heat. 

Wet Soft, s t i c k s  t o  f i n g e r s  W i l l  hold molded shape. 

Sa tu ra ted  

d u r i n g  remold ing .  

I Free water d r a i n s  f r o m  sample. 

G- 1 



. .  - 
..O..CT 80. no. s m m s r  no. m o u  no. 

# 
POSUP 14501 1 2 A-23 

coomomarms A W L 8  cnom WORSX. mmanwsa 
BORING LOG 

BIT. 

Niagara F a l l s  Storage S i t e  S 1718.0 E 359.7 90. I -  
RILL man. A I D  m00.1, w o u  st=m o r ~ m m u m o m m p r . ]  nocn m.1 

IINCHCSI) 
BmOUn C O m C U T 8 0  DRILLSI 

2/16/83 2/21/83 Empire Soils CnE 550 9 40.0 13.5 
:on. m m c o w m m r  prjr) con. m 0 m . s  -as mLmcor  C A s a L  noumn 8~.1w.r O m m l m L .  =noun0 w ~ r m m  ICTJ om~rwim~. roc w nocn 1w.1 

1CT.I - 7.85178 1 9 319.6 71312.6 40.01279.6 
I A ~ C L .  mAm.I.m I m I O w T l C a L L  CASl lS  LRCT 1- NOIS:  0 I A . I L . M T W  L W O E O  sv : 

14011 D. Middleton 
1 ' I  

- 
3 

5 -  

:g 

0.0 t o  14.0' 
Augered 0 t o  3.0': Red b r m  end gray 
mottled. very s t i f f .  s i l t y  CLAY. t race  
organics. dry. 

Red brown. s t i f f .  s i l t y  CLAY, trace 
f i n e  gravel ,  dry 

6.7 t o  7.0': Brovn silt, moist. i 
10.0 to 10.6': 
s i l t y  CLAY, t race  f i n e  gravel. 

10.6 t o  12.0': 
u e d i m  s t i f f  s i l t y  C U Y .  moist. 

Red brown. very s t i f f .  

Red t o  pinkish gray. 

- 1  

15 u 14.0 t o  28.0' 

Pinkish gray. very sof t .  silty CLAY. 
sa tura ted .  medim t o  high p l a s t i c i t y .  

- 
25 - - Pinkish gray, very s o f t .  s i l t y  CLAY. - medium t o  high p l a s t i c i t y .  

6 - -  - 
- .  

28.0 to 34.6' 

- Red. medium dense. very f i n e  sandy 

coarse sand. trace f i n e  gravel. 

- 
30- - SILT. l i t t l e  coarae gravel. t race  

- saturated.  - 

o m  ominison; c - C I T C ~ ~ R :  0 - o r n m m  I Hiagars F a l l s  Storage S i t e  

D r i l l i n g  v i t h  9" 
O.D. hollow 
stem augers t o  
43.5'. 

Water leve l  
measured a t  7 '  
belw ground 
surface on 
2 116183. 

D r i l l e r  ind ica te  
change of 
d r i l l i n g  a t  28'. 

Driller indica te  
harder d r i l l i n g  
A t  34.6'. 

IOLE NO. 

A-23 

GPD -132% Rev.zm2 (Form 10070-1) 

G- 3 
\ 



norms on: 
marmm LmwmLs. 
. 1aTmm amvumn. 

O m i L L u n .  SIC. 

DI.C8ICIIO* .ID CLIS.YICAT(On 

C W a m A 6 T . I  OC 

279.6 40  
9 40.0 t o  5 3 . 5 ' :  Red b r m .  very dense. 
-' SILT, moist. moderately weathered. 

115 loo/ 
.4 

- f r i a b l e .  - 
ROD - - a SULE. red broM t o  green gray - 1.751 u mottling. th in ly  laminated, l amina t ime 

20% 45- N horizontal  t o  20.. general ly  f resh.  
occasional vugs. 

1 - 
45.2 t o  4 5 . 3 ' :  Crushed zone. 

4 6 . 4 :  Fracture weathered to  chy. 

49.2 t o  4 9 . 3 5 ' :  Crushed zone rock 

-' severely weathered. 

1.61 5cL R 
14% 

1 e a t h e r e d  t o  clay. 

- 2 

Boriag backfilled 
53'5$ 

Boring te rmbated  a t  5 3 . 5 ' .  
with bentonite 
p e l l e t s  53.5' 
t o  40.0 ' .  
Grouted v f t h  
bentonitelportlan 
Type I1 cement 
s lur ry  40.0' t o  
ground surface. 

G- 4 
\ 



I Observation Well 
I 
PENETRATION 

OLOWS 
UVATIOII  

In.) 

319.9 

I 

T 
I D. Middleton 

Boring augered 0 to  40 .0 ' .  

See log of Boring A-23 for log of 
uwerburden . 

Niagara Falls Storage S i t e  

iPD -15234 Rev.ZBZ(Form lW70-1) 

G- 5 

Augered with 
6 114 inch I . D .  
hollow sten 
augers to  5.0' .  

Drove 7 inch 
casing to 30.0'.  

Coring with NX 
core barrel 
through 7 inch 
casing. 

Water level 7.13 
below goad 
surface on 
3/3/83. 

HOLE NO. 

A-23A 

\ 



BORING LOG 
#om no. SMIIT no. MOLI no. 

I 14501 

CENETRATION 
I)LOWS - . 

T 

T I  
in, 

3 

3 

- 

k 

- 
3 
3 

i 
3 
4 

4 

3 

3 

4 
4 

3 

3 

3 

3 

k 
3 

4 

4 

3 
4 

3 

4 

3 

3 

- 

- 

- 

;?- 

1 

279.9 

- 

* 

40 

- 

- 

76 

40.0 t o  80.1': SILTSTONE, red brown. 
s o f t .  in tense ly  f rac tured  t o  crushed, 
moderately t o  severely veathered. 
port ions of rock veathered t o  silt. 

SILTSTONE. red b r m  v l t h  green gray 
R mottling. c lose ly  f rac tured ,  t h i n  n u bedded, f r e s h  medium s o f t .  

Lov RQD r e s u l t s  
may be result of 
cor ing through 
7 inch casing. 
Nothing i n  the  
hole t o  keep the  
rode s t r a i g h t  
and prevent the 
core b a r r e l  from 
whipping around 
during coring. 

I *I 
- 

Medium s o f t ,  c l o s e l y  t o  moderately 
f rac tured ,  f r e s h  t o  severely veathered 

R 
u 55.4 t o  55 .55 ' :  Ssverely weathered 
N rock. f a c e s  of seam veathered t o  c lay ,  

3 
crushed seam. 

- 
R 54.45: Fracture  v l t h  t h i n  f i l l i n g  Of 
u clay.  
N 

4 59.4 t o  59.5. 60.1 t o  60 .2 .  61.2 t o  61.7 
Severe weathering. veathered t o  silt. 

- 
63.5 t o  66 .0 ' :  

64.7 t o  65 .8 ' :  
silt, silt and c lay ,  no s t rength  t o  rock 

Severely veathered. rock 

Altered t o  clayey 
R crushed. 

3 .1'/ 
67% 

92 

Port ions of 
core  samples 
appeared t o  be 
vashed out. 0.57 

16% 

- 

0.67 
18% 

- 
O'l 
02 

62 

- 
68 

- 
66 

66.0 t o  67 .0 ' :  Medium bard. c lose ly  
t o  s l i g h t l y  veathered. 

68.5 t o  69 .6 ' :  Crushed. f i n e s  appear 
t o  hsve been washed out .  

69.6 t o  71 .8 ' :  
severely veathered zones, severely 

a l t e r n a t i n g  f r e s h  and 

IOL. no. 
A - 2 U  Niagara F a l l s  Storage S i t e  

G-6 



Niagara P a l l s  Storage Site BORING LOG 
PENETRATION 

BLOWS 

241.4 

8 f 
wathcred portions brokn d m  to  silt. 

73.0 to  74.3 ' :  
mixed with silt and bedrock fragments. 

Bock altered to clay 

Boring completed at  78 .5 ' .  Boring 
completed as  observation well. See 
Observation Uell Report for details.  

IPD. 13234. A Rev. 2/82 ( F m  10070 -2) 

mbm no. 

A - 2 U  

\ 
s- 7 



C.OI.CT .om no. W8.T no. m o u  no. 

BORING LOG m u  14501 1 1 A-24 
.It. 

I 

I .  

D. Uiddle tm 

DUCRI~IOII AND SuUIc iunoa  

0.0 t o  14.5' 
Augered 0 t o  3.0' 

Red brown and gray mottled, hard, I s i l t y  CLAY. t race  coarse  gravel ,  dry. 

Occasional seam of broun very f i n e  1 sandy silt. 

Red bram and gray w t t l e d .  s t i f f  
s i l t y  CLAY. trace f i n e  t o  coarse 
gravel ,  dry. c lay  content  increasing. 
becoming more p l a s t i c  with depth. 

. 14.5 t o  17.0': Pinkish gray. very 
s o f t .  s i l t y  CLAY. trace gravel .  
medium t o  high p l a s t i c i t y .  moist t o  
vet. 
Boring completed a t  17.0'. 

Niaaara F a l l s  Storage S i t e  

Dri l l ing with 
hollow stem 
sugers. 

Uater leve l  a t  
14.33' below 
ground surface 
pr ior  t o  back- 
f i l l i n g  . 

Boring grouted 
t o  ground 
surf  ace. 

K)LE NO. 

k24 

\ G- 8 

.. .. - . . ~. . .. - . .  . . .. 



33 

19 

27 

37 

I 
I 

CENETRATIOI 
.LOWS -- 

& L  
! S  
12 2t 

5 7  

7 12 

12 17 

6 8  

3 3  

1 2  

I 

B I A  - 
LUVATIC 

IW.1 

319.5 

318.9 

304.1 

300.5 

D. Middleton 

0.0 t o  0.6': Uhite. f i n e  to coarse 
SAND and f i n e  t o  coarse  GRAVEL, 1 crushed. 

140fI: 

-- 
ss : 
2" 

ss 2 
2" 

ss i 
2" 

SS i 
2" 

-- 

-- 

-- 

ss 2 
2" 

ss 2 
2" 

ss 2 
2" 

ST 2 
2" 

- 

0.6 to 15.4': 
mott led,  medium s t i f f  t o  s t i f f  s i l t y  
CLAY. t r a c e  f i n e  to coarse gravel ,  
occasional  seams of broun. very fine 
e i l t y  sand. dry. 

Red b r m  and gray 

Becoming wetter and more p l a s t i c  with 
depth. 

Red brown t o  pinkish gray, medim 
'stiff s i l t y  CLAY. medim p l a s t i c i t y ,  
moist. 

15.4 to 19.0': 
s i l t y  C U Y .  trace f i n e  t o  coarse  
gravel. medium t o  high p l a s t i c i t y ,  
moist t o  vet. 

Pinkish gray. s o f t ,  

Boring c q l e t e d  at 19.0'. 

D r i l l i n g  with 
hollow stem 
augers. 

This hole  
located on the  
absndoned r a i l -  
road bed. 

Boring grouted 
to ground eur- 
face.  

JLE NO. 

A-26 

G-10 \ 



i- 

i 

, .  

30" I 

27 9 

27 9 

39 14 

24 12 

4 2  

I 

N I A  - 
LUVA'TIOR 

(n .1  

320.6 

306.7 

303.6 

I 0.  Middleton 

I 

L 

0.0 t o  13.9' Dri l l ing  v i t h  
Augered 0 t o  2.0': 
Red brown, very s t i f f .  s i l t y  CLAY, 
t race  f i n e  gravel. dry. 

hollow stem 
augers. 

Occasional very f i n e  sandy silt seams. 
dry. 

7.0 t o  9.2': 
s i l t y  SAND. Baturated 

Red brown. very f i n e  

Lou p l a s t i c i t y ,  becoming more 
p l a s t i c  with depth. 

Water leve l  a t  
11.5' from groun 
ourface on 
2/25/03. 

Red brown t o  pinkish,  s o f t ,  s i l t y  
.CLAY. t race  gravel, occasional  
red brovn silt seams. medium 
p l a s t i c i t y ,  moist. 

13.9 t o  17.0': Pinlcish gray, very Boring grouted 
sof t .  s i l t y  CLAY, medium t o  high t o  grouud sur- 
p l a s t i c i t y ,  saturated.  face. 

Boring completed a t  17.0' 

I I HOLE NO. 
Niagara P a l l s  Storage S i t e  I A-27 

I I 

GPO -13234 Rsv.2/82 (Form 10070-1) 

\ G-11 



N / A  

PENETRATION 
.Lows 

4 

6 

LUvITIm 
1-4 

317.4 

316.4 

309.1 

305.4 

I D. Middleton 

L 0.0 t o  1.0': Black clayey SILT, roots  - dry. Topsoil. 

1.0 t o  8.3': Bed b r m  with r u s t  

s i l t y  CLAY. t r a c e  f i n e  gravel. 
occasional  very small pockets of 

brovn silt aeams. Dry. 

brown mott l ing s t i f f  t o  very s t i f f  

b r m  s i l t y  very f i n e  sand, and red 

Low p l a s t i c i t y ,  c lay content in- 
creasing.  

8.3 t o  12.0': Pinkish gray, very s o f t  
s i l t y  CLAY, t r a c e  coarse  sand, 
occasional  p iece  coarse  gravel. medium 
t o  high p l a s t i c i t y .  moist t o  w e t .  h 
Boring completed a t  12.0'. 

Niagara F a l l s  Storage S i t e  

D r i l l i n g  with 
3 314'' hollow 
stem augers. 

B i t  boulder at  
1.0'. Moved rig 
1.0' and augered 
t o  2.0'. 

Boring augered a t  
10.0'. 

Bole dry at 
completion of 
boring. 

Boring grouted t o  
ground surface.  

IOLE NO. 
A-32 

\ 

G-16 



- -  
CIO1.eI 100 no. #*..I 110. w o u  no. 

+@! 
FUSEAP 14501 1 OT 1 k33P 

C W I 0 1 1 A I . S  

BORING LOG ,.. 

1401 

s 2 .5 

s 2 1.0 

s 2 1.4 

S 2 1.3 

S 2 2 .5  

s 2 2.0 

s 2 1.8 

s 2 1.8 

u 
ms - ..Ln 

h g  I D. Hiddleton 
I I ,  

0.0 to 2.4': 
1 clayey SILT, t r a c e  f i n e  gravel ,  damp - r o o t s  present .  Topsoil. 

Black t o  brovn. s o f t ,  

- -  - 
2.4 t o  14.5': - - CLAP. t race  f i n e  t o  coarse  grave l ,  dry,  
occasional red brown silt seams. 

5 -  gravel subrouuded t o  subangular. 

Red brovn. s t i f f .  s i l t y  

- 
4 

- SILT. vet. 
- 4.7 t o  4.8': Bed b r w n .  very f i n e  sandy 

6.0 t o  6.05': R u s t  broun, clayey SILT. 
mist. 

9.8 t o  9.9': Red b r m  to brown f i n e  t a  
medim SAND pocket. w i s L  

13.0 t o  13.5': 
smdy SILT. moist. 

Rust b r w n .  very f i n e  

- 
14.5 t o  19.0': 
s o f t ,  s i l t y  C U Y .  medim to  high 

- 
p l a s t i c i t y .  moist t o  ve t .  occasional  
gray silt pockets. 

Pinkish p a y .  very 15- 

- 

Dri l l ing  w i t h  
3 314'' hollow 
stem augers. 

Boring dry p r i o r  
t o  piezometer 
i n s t a l l a t i o n .  

4 1 I I Boring completed a t  19.0'. 
Vibrating Wire Piezometer i n s t a l l e d  
in boring. sand I is 4 Q Quartzite. 
19.0 t o  18.0': Sand 
18.0' : P i e z m e t e r  I n s t a l l e d  
18.0 t o  16.5': Sand 
16.5 t o  15.2': Bentoni te  P e l l e t  Seal 
15.2 t o  0.0': Grout. Type I1 b u t .  

25 

. .  
7" surface 
casing i n s t a l l e d  . 

Aiagara F a l l s  Storage S i t e  A-33P o - o=mnewn; # - CITC*sI:  o - OIW.. - 
GPD .13234 Rav.ZAP(Fwm 10070.1) 

G-17 



C I O J 8 C T  108 10. -8.1 no. I I O U  10. 

BORING LOG POSBAP 14501 1 O1 1 A-34P 

D. Uiddleton 

I '  - 
UVAT)OII  

lW.1 

318.0 

315.5 

305.7 

?ENETRATlON 
.Lows 

12 Dri l l ing  with 
3 314" hollow 
~ t e m  augers. 

hugered t o  12.3'. 

0.0 t o  2.5': Topsoil. 
0.0 t o  0.5': 

gravel, occasional  roo ts .  damp. 
0.5 t o  2.5': 
s t i f f  clayey SILT, moist. 

Tan b r m  t o  red brown, 
, s o f t  s i l t y  CLAY, t r a c e  f i n e  t o  coarse 

Yellov brown. medim 9 

12 2.5 t o  12.3': 
very s o f t  s i l t y  CLAY. t race  f i n e  t o  
coarse  gravel ,  gravel  subangular, 
occasional very small pockets of dry 
SILT. 

Bed brown. s t i f f  t o  

12 

4 P l a s t i c i t y  and moisture content 
increases with depth. 

2 

Boring dry p r i o r  
to  piezaneter  
i n s t a l l a t i o n .  Boring c m l e t e d  at 12.3'. 

Vibrat ing Wire P i e r w e t o r  i n s t a l l e d  
in boring. 

12.3 to  11.0': 
11.0 : Piezoareter I n s t a l l e d  
11.0 t o  10.0': Sand 
10.0 t o  9.0': Bentonite P e l l e t  Seal  

4 Q Quartzite Sand 

9.0 t o  0.0': Grout, Type I1 Cement. 7" surface cas ing  
ins ta l led .  

IOLE NO. i r  
Niagara F a l l s  Storage S i t e  I A-34P 



- .. . 

0.0 to  0.9': Black t o  brawn, sof t .  
clayey SILT, trace f ine  gravel, roots - present, moist, m p s o i l .  - - 2 0.9 to  3.0': Rust brown to  tan. 
medim s t i f f ,  clayey SILT. mist .  - 3.0 to  15.5': Red brown. very s t i f f  
s i l t y  CLAY. trace f ine  t o  coarse 

3 gravel, gravel subangular t o  sub- - rounded. dry. 

Low plas t ic i ty ,  clay content increasing 
sample m i s t .  

15 15.0 t o  15.5': Olive greeu, loose. 
ery fine silty SAND, aaturated. 

15.5 t o  32.5': Pinkish gray. very 
soft .  s i l t y  CLAY. occasional piece 
of coarse gravel, r e d i m  t o  high 
p las t ic i ty ,  mist t o  wet. 

30.0 t o  32.0': 
red brwn clayey SILT, vet. 

30.0 t o  30.1': Red brovn SILT trace 
coarse sand, wet. 

Occasimal pockets of 

- 
3 0 -  - 

r - - - 
P s i l t y  SAND, saturated. 

32.5 to  35.3': Red brovn. very f ine  

35 

Niagara Falls Storage S i te  m I m=mmimom: c - ~ T C I O ~ R :  o - OTWR 

1 
SPD .13234 Rev. 2lB2 (Form l a m  - 1 I 

G- 13 

Drilling with 
3 314" hollow 
stem aguers to  
45.0'. 

Drove 7" casing 
to  35'. spun 3" 
casing to  4 6 . 0 ' .  

7" casing pushed 
to  32.5'. drove 
casing 32.5' t o  
35.0'. 

Water level a t  
25.5' on 3/4/03. 
Boring a t  40.0 ' .  

$12 t a k a  within 

casing 35.0'. 
Casing was 
neither augered, 
out nor flushed 
before s q l e  
taken. 

7" Casing with 

OLE NO. 

A-35 



- .nomcr #om no. mummr no. W O L ~  no. 

BORING LOGP m s w  I 14501 2 oc 3 A-35 

75 35 

71 

1501 

ROD 

91 2.051 
78 

9a 2.251 
46 

98 4.251 
87 

08 3.41 
77 

100 3.21 
64  

92 3.151 
60 

U 
L t l 3 . 3  - 7 

.3 35.0 t o  35.3 ' :  Red brown. very dense, - very f i n e  s i l t y  SAND, saturated.  
-, 35.5 t o  40 .0 ' :  Red brwn, very dense, 

9 /41  

- very f i n e  t o  coarse s i l t y  SAND and - f i n e  t o  coarse  GRAVEL, t race  angular - 
fragments of red s i l t s t o n e  and green 
gray siltstune. sand and gravel  grab6 

280 .6 -  40- subangular t o  subrounded. moist. - 1 4  -, - 
40.0 t o  40 .8 ' :  SILTSTONE. green gray 
hard t o  medium s o f t ,  sever ly  wathered  
crushed, por t ions  weathered t o  clayey 
silt. - 45.0 t o  45 .2 ' :  SYLTSTONE. red b r m .  

- 

6 

5 

6 

5 
4 

5 

5 

4 

4 

4 

3 

3 
2 

3 

3 
3 
4 .  
3 
3 

3 

3 
3 
3 

- 

- 

-, 

medim s o f t  
weathered bedrock 
45.2 t o  80 .1 ' :  SILTSTONE. red brovn. 
green gray mott led,  medium s o f t ,  
t h i n l y  laminated, horizontal ly  bedded 
c l o s e l y  t o  moderately fractured f resh  
t o  s w e r l y  veathered. Fizzes  v i t h  
d i l u t e  Ha. 
48.3 ' :  Fracture  with clayey silt 
f i l l i n g .  

N 
1 
- 
R 
U 
N 
2 

- 
R 
U 
N 

3 

- 
R 
U 
Ti 

4 

R 
u 
1 

- 

5 

- 
R 
U 
w 

6 

62.08 t o  62 .13 ' .  63.05 t o  63 .1 ' .  
64.0 t o  64.05 ' :  Moderately weathered 
zones of crushed rock. l i t t l e  silt. 

66.9  t o  67 .3 ' :  Severly veathered. 
crushed rock, angulsr  rock fra-ents 
range from silt size t o  coarse  gravel ,  
a l t e r e d  t o  c lay  a t  67.3 ' .  

' 51 .8  t o  52 .0 ' :  Closely fractured.  
severely veathered, veathered t o  silt. 
severe  l o s s  of s t rength.  

' 5 0 . 2  t o  t o  54.3 ' :  Severly weathered, 
weathered t o  silt. 

59.7 ' :  White coat ing on j o i n t .  

70.1 t o  7 1 . 4 ' :  Closely f rac tured ,  
t h i n  c l a y  f i l l i n g  i n  f rac tures .  

4 1 7 5 1  1 I 
IOLR no. 

A-35 

\ G-20 



BORING LOG 
I PENETRATION 

BLOWS 

I 

O I I C T  I08 no. s*e=? no. WOLI no. 

FTSRAP I 14501 3 op 3 A-35 

71.8 to  71.9': 
f raments  range frcm a i l t  s i te t o  coarst 
gravel. 
76.4': Fracture a t  10. t o  axis of 
core, white coating on fracture faces. 
77.2': 
clayey silt. 
77.85 t o  79.25': Ractures  with white 
coating on fracture faces. 

Boring terminated at 80.1'. 

Boring completed aa observation w e l l .  
See Observation Well Report fo r  
details .  

Crushed. angular rock 

Fracture v i th  thin f i l l i n g  of 

Boring pressure 
tested 48.7' to 
75.3'.  

#La no. 

A-35 

\ 

G-21 



PENETRATION 
8LOWS 

1 

3 

a 

7 

- 
5 

2 

- 

iurfacc - 
LLLVATIO 

IR.1 

320.3 

319.3 

304.8 

304.3 

I 

I D. Middletan 

0.0 t o  1.0': Topsoil. Brm and red 
b r m .  medium s t i f f .  clayey SILT, h t r a c e  f i n e  t o  coarse  gravel. roots .  

~ 

1.0 t o  15.5': Red b r m  medium s t i f f  
t o  hard s i l t y  CLAY. occasional gray 
mott l ing,  t r a c e  f i n e  t o  coarse gravel ,  
g rave l  subangular t o  subround. dry. 

- 
5 

Occasional red brovn silt seams, 
s c a t t e r e d  very small pockets of o l i v e  
green and red broun silt. - 
8.8 t o  8.9': Red brovn t o  brown. 
silt, moist.  

' 1 1 5 . 5  t o  16.0': - CLAY. medium ploa t ic i ty .  moist. 
Pinkish gray, s i l t y  L 

Boring completed a t  16.0'. 

Vibrat ing Wire Pietcmeter i n s t a l l e d  
in boring. 

16.0 t o  15.0': 
15.0: Piezometer I n s t a l l e d  
15.0 to 14.0': Sand 
14.0 t o  13.0': Bentonite P e l l e t  Seal 
13.0 t o  0.0': Grout, Type I1 Cement. 

4 Q Quartzi te  Sand 

i 
Nlagara F a l l s  Storage S i t e  

D r i l l i n g  4 t h  
3 314'' hollow 
stem augers. 

I" sur face  cas ing  
lns ta l led .  

DLE NO. 

A-36P 

6-22 \ 



10. NO. SN..T W .  I O L S  NO. C( I0ICCT 

14501 1 oc 1 A-37 BORING LOG PUSBAP 

Niagara Fa l l s  Storage S i t e  A 402.3 E 3109.5 90. 
-ILL I A I C  A 1 0  I O O C L  WOLS StXC OVSN.UmOCN@.l .OCI m.1 O T A L O C W I  

IINECIU) lc1.l 
meuu COI-LSTCO onamn 

- 3/7/83 3/7/83 enpire Soi la  QIE 45C 7 18.0 18.0 

I I 

5 1 

19 5 

27 7 

40 10 

63 12 

18 10 

7 7 

5 1 

2 313 

8 11/11 

13 14/11 

20 20121 

21 4213: 

10 8/10 

4 313 

2 313 

N /A - 
U V A T l O l  

1n .1  

320.2 

319.6 

313.5 

309.2 

305.3 

302.2 

I 

' 0 .0  t o  0.6': Topsoil. Brwn. s o f t .  
clayey SILT, trace f i n e  t o  coarse  
gravel, roots .  saturated.  

0.6 t o  6.7': Red brown. very s t i f f  t o  
hard, s i l t y  U Y .  t r a c e  f i n e  t o  coarse 
gravel ,  gravel subround t o  subangular. 
dry * 

6.7 t o  11.0': 
very dense. s i l t y ,  very f i n e  SAND. 
some f i n e  t o  coarse gravel ,  gravel  
angular t o  subround. 

6.7 t o  8.0': Hoist t o  nt. 
8.0 t o  11.0': Drv. 

Rust brown. dense t o  

11.0 t o  14.9': 
gray, s o f t .  s i l t y  CLAY, trace f i n e  t o  
coarae gravel ,  medium p l a s t i c i t y ,  
moist. 

14.0 t o  14.5': Brown. f i n e  t o  coarse 
SAND and GRAVEL, grains  angular  t o  sub- 
round. eaturated. 

Red brmm t o  pinkish 

14.9 t o  18.0': Pinkish gray, s o f t .  
s i l t y  W, medim t o  high p l a s t i c i t y .  
w e t  t o  moist. occasions1 very -11 
pockets of dry red brovn and gray silt. 

Boring completed at  18.0'. 

I r  

Dril l ing v i t h  
3 314" hollow 
stem augers. 

Boring dry p r i o r  
to  grouting. 

Boring grouted 
t o  ground sur- 
f ace. 

IOLE NO. 

Niagara F a l l s  Storage S i t e  I A-37 I 

\ 
P O  -13234 Rcw.ZBZ(Form 10070-1) 

G-23 



10.10. WS8.10. N O U  .4. 

PllsBAp 14501 1 - 1  A-30 
CDOID11ATR8 A W L .  C I 0 . I  W 0 1 1 X .  .8AI-*  

BORING LOG 
8I.S 

I N I A  I D. Uiddleton 
CLNETRATION 

BLOWS 

cuvarim 
IcI .1  

310.7 

0 t o  5.6': 
Bed b r m .  s t i f f  t o  hard. s i l t y  CLAY. 
trace f i n e  t o  coarae gravel ,  dry. 
occasional  red brovn silt seams. 
gravel  subangular. 

D r i l l i n g  with 
3 314'' hollow 
stem augero. 

7 Augered t o  17.0'. 
Sampled t o  19.0'. 

-I I 
10 

- 
12 

313.1 

311.7 

311.0 

304.7 

299.7 

Augered 0 t o  3.0' 
t o  seal augers  2 5.6 t o  7 . 0 ' :  Tan t o  brown. s i l t y .  

very f i n e  SAND. w e t .  
I from sur face  

7.0 t o  7.7': Red brovn. stiff. s i l t y  water. 
3 CLAY. 

7.7 t o  14.0': Red brovn. medium dense 
SILT, trace coarse sand. t race  f i n e  t o  
coarse  grave l ,  moist ,  gravel angular t o  
subangular. 

0 

Boring dry p r i o r  
t o  backf i l l ing .  6 

I 
1 

- 
2 

- 
1 

- 

14.0 t o  19.0': Pinkish gray. s o f t  t o  
very s o f t  s i l t y  U 4 Y .  t r a c e  coarse  
sand medim t o  high p l a s t i c i t y .  poiat ;i t o  w e t .  

Boring grouted 
to  ground sur- 
f ace. 

16.5 t o  17.0': Trace f i n e  t o  coarse 
gravel .  

Boring completed a t  19.0'. 

J I 
I HOLE NO. 

G-24 



. 5  F 38 

m. - SPLIT 

5 

2 

R. 

- 
2 

306.8 +{ 

I D. Hiddleton 

WCRIWION AND tLIUiricanoa 

0.0 t o  0.5': Topsoil. B r m .  s o f t .  
clayey SILT, trace f i n e  t o  coarse  
gravel ,  sa tura ted  r o o t s ,  woms, grass .  

0.5 t o  13.0': Red brovn. very s t i f f  
t o  hard, s i l t y  U Y .  t r a c e  coarse  
gravel ,  gravel  subangular. occasional  
red b r m  silt seam8 and very small 
o l i v e  green silt pockets. Clay 
content increases  v i t h  depth. 

7.8 t o  8.0': Brown. s i l t y .  cOarse 
SAND. w e t .  grains subangular t o  
rounded. 

8.7 t o  10.0': Red b r m .  dense. SILT. 
aome f i n e  t o  coarse  gravel ,  gravel  
subangular. dry. 

13.0 t o  17.0': Pinkish gray. s i l t y  
CLAY, medium t o  high p l a s t i c i t y .  
moist t o  vet, occasional pocket of 
red b r m  and gray silt. w e t .  

- 13.0 t o  14.3': Trace coarse sand. 
some f i n e  t o  coarse  gravel ,  moist t o  
wet. grains  subangular t o  subround. 
15.1 t o  15.35': Red brown silt 
pocket. vet. 
Boring completed a t  17.0'. 

D - D.WNl.OW; - WT6U.1): 0 - 0TW.R Niagara F a l l s  Storage S i t e  

SPD .13234 Rev. 2/82 (Form 10070-1) 

G-25 

r i l l i n g  with 
314'' hollow 

tem augers. 

ugered t o  15.0'. 

r i o r  t o  back- 
i l l i n g  va te r  
eve1 a t  12.0'. 

loring grouted t o  
wound surface. 

HOLE NO. 

A-39 



C.OJSCI I m- 
>om no. s m m m r  no. mou no. 1 14501 I 101 1 I A-40P 

1.0 20 

1.7 23 

!.O 26 

..7 27 

1 62 

..8 24 

.4 24 

.7 5 

.6 5 

.o 4 

- 
2 

- 
2 

321.2 

318.8 

314.0 

312.6 

308.8 

304.8 

302,Z 

297.8 

I 
0.0 t o  0.6 ' :  Topsoil. Brown. D r i l l i n g  v i t h  
s o f t ,  clayey SILT, t race  f i n e  t o  3 314'' hollow 

stem augers. coarse  gravel ,  roots .  moist. 

0.6 t o  7.0': 
C U Y  trace coarse gravel. gravel  

Red brovn s t i f f  s i l t y  

angular. mist. 
2.0 t o  3.0': 
moist t o  we!. 
3.0' t o  7.0 : 
Red b r m .  very s t i f f .  s i l t y  CLAY. 
t r a c e  f i n e  t o  coarse gravel ,  dry 
occasional very small p o c t r t s  of gray 

Red brown t o  tan SILT. Water leve l  a t  
21.0' p r i o r  t o  

~ : ~ ~ ~ : : ~ ~  Of 

- .  
silt,  gravel  rubangular. 3 n 7.0 t o  9.2': Bed brown. verv fine to 

~ --., -- 
coarse SAND, l i t t l e  silt. l i t t l e  f i n e  
gravel. moist. I 

CLAY, trace f i n e  gravel. subround. 
l o w  t o  medium p l a s t i c i t y .  moist. 

13.0 t o  17.0': Red b r m  t o  pinkish 
gray. medium dense. SILT. trace f i n e  
t o  coarse  sand and gravel ,  gravel  
angular t o  subround. moist t o  vet. 

- 17.0 t o  19.6': Bed b r m  t o  pinkish Piezometer - 9 gray, s o f t  s i l t y  MY. trace f i n e  I n s t a l l a t i o n :  - gravel. lw p l a s t i c i t y ,  moist t o  wet. 24.0 t o  23.5' - -  -- (4 Q Quartz Sand) 

! -' 19.6 t o  24.0': Pinkish gray, s o f t .  - -  s i l t y  CLAY. trace f i n e  gravel ,  23.5 t o  22.5' 

10 - 23.5 m - 
( P i e z m t e r  in- 
e t a l l e d )  

- medim t o  high p l a s t i c i t y ,  moist (Sand) 

- I P e l l e t  Seal) 

u t o  Yet. occasional very mall pockets 22.5 t o  21.3' 
of red  b r m  silt. saturated.  (Bentonite 

i 
Boring cuapleted a t  24.0'. 
Vibrat ing Wire Piezmeter  i n s t a l l e d  
in boring. 

1 I1 
HOLE NO. 

Niagara P a l l s  Storage S i t e  A-40P 
0 - 0mnnasom8 - r l r c m m w :  0 - O t m m n  

.G-26- \ 



1401130'' I Observation Well 

5 1  

12 4 

29 10 

22 13 

22 8 

9 5  

4 2  

3 1  

D. Middleton 

I 

DucnicTm AND u u u c i u n m  
I 
; 

1 0.0 t o  2 . 2 ' :  Topsoil. Red b r m .  
s o f t .  clayey SILT, t r a c e  f i n e  t o  
coarse  gravel ,  r o o t s .  vet. 

'' - 2.2  t o  2 . 8 ' :  Rust b r m .  clayey 

) 

- 
SILT, some f i n e  t o  coarse  gravel ,  
moist. 

2.8 t o  1 4 . 4 ' :  
6 s t i f f .  s i l t y  CLAY, t r a c e  f i n e  t o  

coarse  gravel ,  dry t o  moist ,  
occasional pockets and seams of 

6.3  t o  6 . 0 ' :  Red brovn. f i n e  s i l t y  
SAND, l i t t l e  f i n e  t o  coarse gravel. 
moist 

Red b r m ,  very 

i red b r m  silt. 

- 

14.4 t o  1 9 . 0 ' ;  
s i l t y  CLAY. medim t o  high p l a s t i c i t g  
moist t o  wet.  occasional  pockets 
of red brovn silt. vet. 

Pinkish gray, s o f t ,  

'I 
Boring completed a t  1 9 . 0 ' .  
Boring completed as observat ion 
v e l l .  See Well Completion Report 
f o r  d e t a i l s .  

Dr i l l ing  v i t h  
3 3/4" hollov 
stem augers. 

Water leve l  
3 / 1 4 / 8 3 .  

c ~ -  I Niagara F a l l s  Storage S i t e  A 4 1  D - o=nmi.om; c - mremmn; o - o r w m n  

IPD -13234 Rcv.Z/BZIForm 10070-1) 
\ 

G-27 



1 , 140#/30" 

r 
2" 

ss 
2" 

I D. Kiddleton I Observation Well 

.a 14 8 

.a 15 6 

.3 9 6 

.7 6 3 

.9 14 5 

.O 31 14 

.O 29 11 

.2 30 11 

.I 15 12 

- 314.5 
6/12 

- 
6/10 

- 
516 

313 308.0 
- 
- 
0110 

- 
7 / 1 4  

- 
5/21 

-. 
6/13 

- 
3/3 

297.2 - 

5 

0.0 t o  4.0'. 
Auger through clay b a c k f i l l .  

4.0 t o  10.5': 
s t i f f .  s i l t y  M Y .  t race  coarse  
grave l ,  occasional pockets and seams 
of red b r m  silt. moist t o  w e t .  

Red b r m  and gray, 

10.5 t o  21.3': 
dense. f i n e  t o  coarse  SAND cmd f i n e  t o  
coarse  GRAVEL. l i t t l e  brown silt. 
sa tura ted .  

Gray, medium dense t o  

Sand and gravel  angular t o  

21.3 to 22.5': 
gray s o f t .  s i l t y  M Y .  t race  coarse  h gravel .  medium p l a s t i c i t y .  -1st. 

Red brovn t o  pinkish 

Nlagara F a l l s  Storage Site 

GPO .13234 Rcv.2BZIForm 10070-1) 

Boring c o q l e t e d  a t  22.5'. 
Boring completed a8 observation will. 
See Obserrratim Well Report f o r  
d e t a i l s .  

D r i l l i n g  with 
3 314'' hollow 
stem augers. 

Water l e v e l  p r i o  
t o  observation 
well i n s t a l l a t i o  
a t  2.2'. 

Augered t o  22.5' 

IOLE NO. 
6 4 2  

\ 

G - 2 9  



1406130'' 

CLAY, t race  f i n e  sand. lw p l a s t i c i t y .  
1 moist t o  wet. 

I Observation Well 

?ENETRATlON 
BLOWS 

- 
7 

- 
5 

- 
3 

2 

- 
4 

3 
- 

- 
!LLVATlOU 

1W.l 

318.5 

315.5 

311.5 

309.1 

305.7 

304.5 

I 

D. Middleton 

Augered 0.0 t o  3.0' through c lay  
backf i l l .  

3.0 t o  7.0': 
mottled, s t i f f .  s i l t y  CLAY. trace f i n e  
t o  coarse gravel. d ry ,  layered 
texture .  

Red brovn and gray 

7 .0  t o  9 .41 ' :  Red b r m  and yel lov 
brown. medium s t i f f ,  s i l t y  CLAY. 
t race  f i n e  t o  coarse  gravel. moist. 

9.4 t o  12 .8 ' :  Gray. loose. f i n e  t o  
coarse SAND and f i n e  GRAVEL, l i t t l e  
r e d  s i l t .  sa tura ted .  

Boring campleted a t  1 4 . 0 ' .  
Boring completed as observation 
w e l l .  See Obserrratim Well Report 
f o r  d e t a i l s .  

Niagara Pa l l s  Storage S i t e  - 
IPD -13234 Rev.2182 (Form 10070-1) 

Dri l l ing  with 
3 314" hollov 
stem augers. 

Water level a t  
8 .27 ' .  augers at 
13.0 ' .  

OLE NO. 

A 4 3  

\ 
G-29 



I D. I l ldd le tm 140#/30" - 

12 

- 
18 

15 

9 

4 

CENETRATION 
OLOWS 

4 5 7/11 

6 8 l o l l  

7 7 8/11 

3 4 515 

2 2 212 

I 

L U V A t l m  
1W.l 

319.7 

316.7 

308.7 

306.7 

1 

Auger 0 t o  3.0' through clay backf i l l .  

3.0 t o  11.0': 
mott led,  s t i f f  t o  medium s t i f f ,  
silty CLAY. t r a c e  f i n e  gravel ,  dry. 

Red b r m  and gray 

Moist. 

11.0 t o  13.0': Bed b r m  t o  pinkish 
gray. s o f t .  s i l t y  CLAY. trace coarse 
sand. medium t o  high p l a s t i c i t y .  

'moist  t o  Yet. 

Boring completed a t  13.0'. 

Niagara F a l l 8  Storage S i t e  
I 

PD .13234 Rev. 2/82 IFwm lm70.11 

D r i l l i n g  with 
3 314'' hollow 
stem augers. 

Bole dry p r i o r  
t o  backf i l l ing .  

Boring grouted 
t o  ground sur- 
face.  

OLE NO. 

A-44 

G-30 



140Yl30" - 

0 

1.c  22 

1 . 9  31 

1.2 75 

1 . 2  55 

1 .4  24 

1.3 23 

2.0 5 

I Obsenat ion  Well 
I 

PENETRATION 
rnLOWS 

13 

- 
7 

- 
2 

12 1011 

11 2012 

40 3513 

23 3213 

13 1111 

13 lo/! 

2 313 

- 
LUVATIC 

I-.) 

320.0 

315.0 

312.0 

301.4 

300.0 

0.0 t o  5.0': 
b a c k f i l l ,  brown s i l t y  CLAY. 

Augered through clay 

J 

1 
5.0 t o  8.0': Red brown and gray 
mott led,  very s t i f f ,  s i l t y  CUY. 
t r a c e  f i n e  gravel ,  dry. 

z 
8.0 t o  18.6': Gray. medium dense t o  

- .  very dense very f i n e  t o  coarse  SAND 
I and f i n e  t o  coarse  GRAVEL. t r a c e  red 

silt. sand and gravel  subangular - t o  subrounded 

8.0 t o  14.9': Dry .  1 .  
i/ 

14.9 to 18.6': Saturated. 

t 
~~ 

18.6 t o  20.0': 
CLAY. trace coarse gravel ,  medim t o  
high p l a s t i c i t y .  moist t o  vet. 

Boring completed a t  20.0'. 
Boring completed a s  observation w e l l .  
See Observation Y e l l  Report f o r  
d e t a i l s .  

Red brown. s o f t  s i l t y  

D r i l l i n g  with 
3 314" hollov 
stem augers. 

Uater l e v e l  a t  
16.0' p r i o r  t o  
i n s t a l l a t i o n  of 
observat ion wel l .  

OLE NO. 

A 4 5  



- r-' 

C I O > I C T  10.10. SW8.T 10. "OL. 10. 

&5@ 
1 OC 1 A-46 m m  14501 

~ r n m o i r n ~ ~ m ~  

BORING LOG 
SIT. 

1401l30" 

17 

- 
12 

- 
10 

- 
3 

PENETRATION 
l lLOW5 

9/11 

U V A T I U  
1W.l 

318.8 

313.8 

308.4 
307.85 

302.8 

1 D. Hiddleton 
I 

I 
h g e r  0 t o  5.0' through c lay  back- 
f i l l ,  yellow brown. s i l t y  CLAY. 

5.0 t o  10.4': 
mottled, very s t i f f  s i l t y  CLAY. 
t race  f i n e  t o  coarse  grave l ,  
occasional red brown s i l t y  aeam~ 
and pockets. dry. 

Red brown and gray 

10.4 t o  10.95': Red brown. SILT, 
t race  f i n e  gravel. 

10.95 t o  16.0': 
gray. s o f t .  s i l t y  CLAY. trace coarse 

-sand. medium p l a s t i c i t y .  moist. 

12.8 t o  13.2': 
trace coarse gravel. sa tura ted .  

Red b r m  t o  pinkish 

Red brown. SILT, 

Niagara Pa l la  Storage S i t e  

D r i l l i n g  v i t h  
3 3/4" hollow 
stem augers. 

Boring augered 
t o  14.0'. sampled 
t o  16.0'. 

Boring grouted 
t o  grolmd surface 

I I 

\ 
ipD - 13234 Rev. 2B2 (Form 1m70.1 I 

G-32 



1401/30" I N/A 

U 

1.6 17 

1.4 11 

1.4 7 

! . O  4 

I 

I 
PENETRATION 

8LOWS 

- 
u v a r i u  

(W.1 

318.8 

313.8 

302.8' 

1 D. niddleton 

~ 

Augered 0' to 5' through clay backfill. 

5.0' to 16.0' 
Red b r w  and gray mottled, medium stif 
to very stiff. silty CLAY, trace fine 
gravel. dry. occasional red silt pocket 
and .seams. 

11.0' to 11.2': Brown, very fine, silt 
SAND, wet. 

12.5' to 13.1': B r w .  very fine SAWD. 
wet. 

- 13.1' to 13.4': Red b r w .  clayey S U T  

I moist. 

14' to 16': Red b r m  to pinklsh gray, 
silty CLAY. lcw to medium plasticity. 
moist to vet. 

- 

- 

I Boring completed at 16.0'. 

Drilling vith 
3 314" hollow 
stem augers. 

Auger to 14.0'. 
Sampled to 16.0'. 

Boring grouted to 
ground surface. 

I &OLE NO. 
Niagara Falls Storage Site I A 4 7  

6-33 



C m O I m C I  

F U S W  BORING LOG 

140#/30" I NIA 

108 no. smmm? no. n o u  no. 

14501 1 1 A-48 

,, 
1.5 14 3 

1.5 18 4 

1.2 10 i n  

2.0 0 2 

2.0 4 1 

3.6 21 5 

- 
E U V A T I U  

ICT.1 

319.2 - 

311.7 

306.3 
306.1 
304.9 

297.2 

I D. niddleton 

Auger 0' t o  5.0' through clay b a c k f i l l .  
Yellow b r m ,  s i l t y  U Y .  dry. 

D r i l l i n g  with 
3 1/4" hollow 
stem augers. 

-. 
Red b r m  and brown. very s t i f f ,  s i l t y  

L CLAY. t r a c e  f i n e  gravel ,  subangular. t o  backf i l l ing .  
- occasional  silt seam and pocket, dry. 

Boring dry p r i o r  

- 
7.5' t o  12.9': 

! t l ed .  s t f f f .  s i l t y  CLAY. t r a c e  f i n e  t o  
coarse  gravel ,  gravel  subangular t o  - subrounded. dry. 

Red brown and gray mot- Auger t o  20.0'. 
Sample t o  22.0'. 

coarse SAND and f i n e  GRAVEL, moist .  

sa tura ted .  

sand. medium t o  low p l a s t i c i t y .  moist. 

I 
I HOLE NO. 

\ 

G-34 



ervation Uell D. Middleton 

CUVATIOR 
IcT.1 

318.7 

317.5 

314.7 

312.2 

303.7 

298.0 

0 .U '  to 1.2' Topsoil: Yellov brovn an 
red brown. medium stiff, clayey SILT, 

]trace fine gravel, damp, roots present 
-1 

3 

1.2' to 4.0': 
mottled. very stiff, silty CLAY. trace 
fine gravel, dry. 
2.8' to 2.9': 
fine SAND, dry. 
4.0 '  to 6.5': Yellow brown. medium 
dense, very fine SAND, saturated. 

Red brown and gray 

Red brown, silty. very 

6.5' t o  15.0': Red brown with 
occasional gray mottling. very stiff. 
silty CLAY. trace coarse sand and fine 
gravel. Clayeyness and moisture con- 
tent increasing with depth. 

- - 

- 15.0' to 19.9': Red b r m .  stiff, 15 
SILT. little fine to coarse gravel. 
wet to saturated. - 

10-  - 8 - - 
20 -- 9' 

19.9' to 35.3': Pinkish gray to gray. 
- -' soft. silty CLAY. trace coarse sand. 

medium to high plasticity, moist to - wet. 

- 
25- - . 

( 

- - 

- 
30- - 

1:. 

- - 
35 - 

Drill to 45.0' 
with 3 1/4" holli 
stem augers. 

Drive 7" casing 1 
40.0' .  

Spin 3" casing tc 
46.7'. 

Augers at 17.0'. 
water level 8.1' 

Augers at 19.0' 
water level 17.0' 

\ 
GPD -13234 Rsv.2182 (Form 10070-11 

G-35 



BORING LOG ~ 

I 

sneer no. OL= 10. 101.51 10. no. 

FUSRAP , 14501 2 oc 3 A-49 

- gravel, trace coarae SAND. trace coarw - Wavel, saturated. - - - 
30.4' to 45 .9 ' :  

STONE. dry. 

Red brovn. very dense. - SILT, and angular frapents of SILT- 
40- .- 

l3 - .- - -  
- 14 

b 

45.9' to 8 9 . 7 ' :  SILTSTONE. red brovn 
vith green gray mottling, thinly 
laminated. horizontally bedded, 

to severely weathered. =dim soft to 
soft. occasional filling of pugs with 

tion of dilute ECL. 

46.9' to 47.0 ' .  48 .5 ' .  49.85' .  50.0 ' :  
Crushed rock, som weatbering to silt. 

'53.9' to 54.2 ' :  Parting along bedding 
planes, filling Of pugs. 

55.45' to 55.55 ' :  Crushed rock, no 
silt. 

59 .35 ' :  Moderately veathered. crushed 
to intensely fractured. 
62.7' to 62.75 ' :  Crushed. some 
alteration to silt. 
63.4' to 63.85': Moderate to severe 
veathering, some alteration to silt. 
64.25' to 64 .4 ' :  Moderate to severe 
veathering, contact faces altered to 
silt. 
66.2' to 66.7 ' :  Intensely fractured, 
trace alteration to milt. 

crushed to slightly fractured, fresh 

vhite substance. fizzes upon applica- 

57 .4 -  to 57.55, 58.0' t o  58.1. 59.21 to 

DL. no. 

A 4 9  

\ 

G-36 



~~ ~- 

BORING LOG 

- 

100% 

60% 

100% 

- 

CENETRATION 
BLOWS 

229.0 

- .  

n f 14501 J : VLP - '* 3 I A-49 

77.0 to  77.05': 
tate on contact faces. 

52.2' t o  0 2 . 4 ' :  
Eractured. angular fragments range from 
s i l t  s ize  to  cobbles. 

Crushed. vhite precipi- 

Crushed to  intensely 

36.9' t o  07.2 ' :  
eractured. 

36.2' t o  0 6 . 0 ' :  Vertical fracture v i th  
rhite coating on fracture faces. 

Crushed to  intensely 

Boring completed a t  90 ' .  
Boring completed as  observation ve l l .  
See Observation Well Report for  de ta i l s .  

. . 

I 

Niagara Fall6 Storage S i te  
c 

GPD-13234.A R ~ . 2 / 8 2 ( F w m  lQD70- 
\ 

G-37 

* Run 9:  Picked 
up 2.0' l e f t  
from Run 0. 

Boring pressure 
tested 09.3  t o  
06.9 feet .  

m.1 no. 

A-49 



I Obsemat im Y e l l  I D. lllddleton 140#/30" 
I_ 

?ENETIATION 
DLOWS 

- 
L U V I T l O l  

l r r . 1  

319.3 

304.3 

299.5 

296.3 

t 

Augered 0 t o  15.0'. 
f o r  A 4 8  

See boring log 

\ 

G-38 

15.0 t o  19.8': 
gray. medium s t i f f  t o  s o f t .  s i l t y  
CLAY. trace coarse sand. trace f i n e  
gravel ,  occasional red b r m  silt 
pockets and seam. mist. 

'Red brown t o  pinkish 

t 
19.8 t o  22.0': 
s i l t y  CLAY, trace course sand. 
medium t o  high p l a s t i c i t y .  w e t  to 
sa tura ted .  

19.8 t o  21.1': I sa tura ted .  

Pinkish gray, s o f t .  

Bed brown SILT. 

Boring completed a t  23.0'. 
Boring completed as observat ion w e l l .  
See Observation Well Report f o r  
d e t a i l s .  

Niagara F a l l s  Storage S i t e  

Dr i l l ing  with 
3 114" hollou 
stem augers. 

Y e t  er level 
taken on 
3118183. 16.2' 
from ground 
surf  ace. 

Sampled t o  23.0' 
Augered t o  22.0' 

DLE NO. 

A-50 



140#/30" I Observation Y e l l  

18 

- 

- 
10 

PENETRATION 
BLOWS 

GPD .la34 Rar.2B2(Form1M)70-1I 

LLVATIOU 
(W.1 

319.6 

309.3 

302 .o 

298.6 

I 

D. niddleton 

Auger 0 t o  5.0' 
Yellw b r m .  s i l t y  CLAY. 

Red brown t o  b r m .  s i l t y  C U Y .  
trace f i n e  t o  coarse gravel ,  dry 

10.3 t o  17.6': Red b r m .  medium 
s t i f f  t o  s o f t ,  s i l t y  CLAY. trace f i n e  
gravel. occasional red brown silt 
seam and pocket. mist. 

17.4 t o  17.6': 
f i n e  SAND. aaturated.  

B r m .  dense. very  

17.6 t o  21.0': 
s o f t .  s i l t y  CLAY, medium p l a s t i c i t y .  
moist t o  we t .  

Pinkish gray t o  gray. 

Boring cmple ted  at 21.0'. 
Boring completed as observat ion w e l l .  
See Observation Y e l l  Report f o r  
d e t a i l s .  

k i l l i n g  v i t h  
5 114" hollou 
i t em augers. 

Jater  l e v e l  a t  
14.8' from ground 
surface on 312118 

dater observed in 
boring a f t e r  
taking sample 
5-3. 15.0-17.0'. 

OLE NO. 

Niagara F a l l s  Storage S i t e  A-51 

\ 

G-39 



I ..LIT I 

I Observation Well 

BLOWS 

D. niddlctm 

Auger 0 to 5.0' through clay backfill, 
brovn. silty CLAY. dry. 

- - - - - - - - -  - -  
to 11.1': Gray and red brown. 

medium dense to dense. very fine to 
coarse SAND and fine GRAVEL, trace 
coarse gravel, trace silt, dry. 

11.1' to 15.0': 
silty CLAY. medium plasticity, mist. 

Red brovn. very soft, 

~~ ~~ 

Boring completed at 15.0'. 
Boring completed a8 observation well. 
See Observation Well Report for details 

Drilling with 
3 1/4" hollw 
etem augers. 

bring dry prior 
:o observation 
re11 installation. 

IOLE NO. 

A-52 

G-40 



APPENDIX H 

ACRES AMERICAN BORING LOGS 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
BUFFALO, NEW YORU 

D R I L L I N G  R E P O R T  

CUPST NLO, Inc. JOB NO. P6254.07 

PROJECT . Foundation Invest igat ion & S i t e  Characterization HOU m. BH-2 
ST€ Niagara Falls Storage S i t e  SHEETNO. 1 of 2 

COWTRACtOR: mire soils STARTED 12:00 P.Y. A p r i l  28 is81 
April 29 I#  81 fINISHfD 2:oo P.U. 

Y m o o  )OIL Hollow Stem Auger CASING OIAY. 
OF 

W I U N G  : Rocx Diamond Coring CORE DIAU. NX 

LOCATION: UTI'NDE €LEVATIONS : O A N Y  USGS 
DEPARTURE ORIU RITFORY None 

OTHER mps . B O ~ Y  of- 270.7 

W R I N G  CROUND SURFACE 318.7 
WKtAL DIP 90' ROCK SURFACE 275.7 

WATER TABLE 

- 
no. 

Brown S i l t .  orqanic  1 1  1-5- 
6-8 

OL 
#L ' 

AY 2" 0-2 12" 

AY 2" 2-4 24" 

AY ' 2" 4-6 24" 

Yellow brown s i l t ,  loose t o  
mdium, dry. 5-8- 

11- 16 CL/GM Brown Clay, poorly laminat 
w i t h  occasional gravel ,  t h  
s i l t  lenses t o  1 /2  inch  t h  
s t i f f ,  damp. 

1 

5 

3 

10 

12- 

14 

16 

6- 10- 
12-16 

t 

Y 8-10 24" 

12-16- 
15- 15 

Ir 10-4- 
3-4 I 
2-2- 
2-3 

Brown c l ay  becomes more 
s i  1 ty-gravel l y  near base. 

6 AY 

AY CL/GC. 2- 3- 
10- 3 12-14 I 22" 

Gray brown Clay, s i l t y  
containing i s o l a t e d  s i l t  
lenses and gravel throughout. 
Very s o f t ,  plastic. 1-2- 

2-2 
t- 

2-3- 
2 -2 

9 

INSPECTOR P. Barth 

LOGGED BI T. Drexhage 

H- 1 
\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

JOB WQ p6254.07 ~ I E N T  NLO, Inc. 

PROJECT Foundation Investigation & S i t e  Characterization MOLE NQ BH-2 

10 

11 

SITE - 
m m 

10 

12 

14 

16 

'8 

10 

12 

14 - 
16 

18 

.O 

- 

.2 

4 

b6 

*8 

io 

- 
- 

AY 2" 18-20 16" 2-3- 
42-34 

AY 2". 20-22 22" 4-3- 
2-3 

Niagara Falls Storage S i t e  SHEET WQ 2 O f  2 

20 

21  

22 

23 

:L/GC 
:Cant' d ) 

AY 2" 38-40 

AY 2" 40-42 

AY 2"  42-43 

DY 3" .43.0- 
48.0 

IL 

24 I' 

8"  

12" 

4.8' 

ledrock 

11 - 16- 
19-24 

24-36- 
44-34 
37-80 

RQD 
24% 

Gray-brown Clay, s i t  ty ,  
gravel throughout, wet. 
Gravelly zone a t  19-20 feet .  
Plast ic  brown clay a t  20-22 
feet . 

Clay, s i l t y  w i t h  coarse sand 
and gravel throughout. 
Saturated and very sof t .  

I 14 I AY I 2"  I 26-281 24"1 3-3- 
4-3 

I I 1 I I 

15 I AY I 2" I 28-301 24"I 2-3- +t+ 16 AY 2" 30-32 +I 4-5 

17 AY 2"  32-34 24" 4-4- I I I I I 1 4 - 4  
Red-gray S i l t ,  clayey, sandy. I 18 I AY I 2" I 34-361 24"l 2-2- 

3-3 

Red-brown S i l t ,  clayey, 
dense, containing fragments 
o f  weathered bedrock, coarse 
sand and fine grzvel . Occa- 
sional green s i l t y  zones. 

Red Si l ts tone,  containing 
1 inch green lenses. 
Horizontal bedding spaced a t  
approxi ma te ly  4 i nches . 
Joint  a t  46.5 feet a t  45' t o  
tore  axis. 

- End of Hole 48.0 Feet - 
I I 

H- 2 
\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS. 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

c u m  NLO, fnc. 300 NO. P6254.07 

PAW ECT Foundation Investigation & Si t e  Characterization HOLENO. BH-5 

SITE Niaoara Falls Storage Si te  SMEETWO. 1 of 3 

CONTRACTOR: Empire s o i l s  STARTED 3:15 P.M. June 8 1s 81 
FINISHED 2:oo P.Y. June 9 l a  81 

Y r n D  
OF 

DRIUJNG: Roc% Diamond Coring CORE DUY. NX 

SOlL Hollow Stem Auger CASING DIAY. 

UCATION: UTITUDE 
DEPARXIRE 
W R I N G  
lN IT lA1 DIP 90' 
mER ups 

ELEVATIONS: DbTUY USGS 
ORIU RITIWRY None 

o o m u  WHOLE 267.6 

OIIOUNO SURFACE 319.8 
ROCX SURFACE 273.3 

Fil l  
2 

4 CL 

6 

14 

WATER LEVEL 7/10/81 314.91 Ft .  

S A M P L E  rolmM- -mmou. COLOR, C P I Y ~ I C ~ , ~ ,  
DATER cp(to(T. N S I K I T V ' ,  B. 
wamn IPU a -IN. CTC. rrrr 

10. 'Me Pa I OLmc ( r o o  

F i l l ,  sandy, gravelly, s i l t y  A U G E R E D  
slag. Pieces t o  2 inches. 
One grab sample taken. 

Reddish-gray Clay, s i l t y ,  2 AY 2" 3-5 12" 6-6- 
sandy, occasional aravel t o  9- 12 

1 enses . 3 AY 2" . 5-7 15" 4-8- 
1 inch.' Occasional sand 

10-8 

7-9.1 f e e t  Gray-red Send 4 AY 2" 7-9 15" 8-8- 
lense,  s i l t y ,  dense, moist. 10-8 

5 AY 2" 9-11 14" 8-9- 
10-12 

Brownish-gray Clay, s i l t y ,  6 AY 2" 11-13 18" ' 10-10- 
sandy. Dense, moist. Trace 11-13 
gravel throughout. 

7 AY 2" 13-15 18" 12-14- 
16-17 

0 AY 2" 15-17 18" 12-12- 
15-12 

9 AY 2" 17-19 14" 8-12 
S M t C f l M  W T A I m C I I  

I- A U R  n - m m  a - u m  n a  .- 
I- SASW 0. -  8 - rUOnU .Lc 

H- 3 
\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

CUEWT NLO, Inc. 101 IQ P6254.07 

PROJECT Foundation Investigation & Site Characteri tation MOLE m BE-5 

\ 

Niagara Falls Storage Site -v 
3- 3 

- 
ormc - 
17-19 
19-21 

:t 
:L Gray Clay, s i l ty ,  sandy with 

trace gravel. Very soft, 
plastic. k i s t  to  wet. 

Occasional thin lenses of 
sandy Si l t  o r  s i l ty  Sand 
throughout .  

25-27 

27-29 

16" 

- 
24" 

- 
16" 

- 
24" 

- 
18 

29-31 

31-33 

33-35 

35-37 

37-39 

- 

- 
- 

2-2- 
2-3 

2-2- 
2-2 

2-2- 
1-2 

2-2- 
3-4 

Red S i l t ,  sandy w i t h  angular 
gravel, trace clay, wet. 

4- 5- 
6-7 

39-41 12"1 E- Encountered water a t  39.0 
feet. 

Sand, angular gravel, clean, 
wet. A t  44.5 feet Siltstone 
fragments. 

43-45 

45-47 24" & 25-50- 
50-60 
100/121 

RQD 
2 3% 

Red Siltstone. Slightly to  
highly weathered. 

47.2- 5.0" 
52.2 I ledrock 

\ H- 4 



ACRES AMERICAN INCORFQRATED - CONSULTING ENGl NEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

~ l u n  NLO, Inc. JOB m P6254.0: 

P~WL~LCT Foundation Investigation 8 Site Characterization MOLE m BH-5 

mm 

Bedrock 

smmm 3 OF : 
5m-: C0u)I). eoronrr,rruru 
um corrm. -, 01- 
r r ~  wss mmia. m. 

Horizontal bedded with bed 
spacing 1/2-9 inches . 
Calcite replacement a t  

Niagara Falls Storage Site 

i4 

i6 

i8 

8 A I ) C L t  

hCrl M 

(coitinu 

H- 5 
\ 



ACRES AMERJCAN INCORPORATED - CONSULTING ENGINEERS ' 
BUFFALO, NEW YORI( 

D R I L L I N G  R E P O R T  

r o . 1  

1 

2 
'-1 

3 

4 

5 

6 

7 

8 

9 

cum NLO, Inc. JOO NO. P6254.07 

PROJECT Foundation Inves t iga t ion  & S i t e  Characterization n o k  w. Bti-6 

SITE Niagara F a l l s  Storage S i t e  werm.1  o f 2  

AY 

AY 
BO 

AY 

AY 

AY 

AY 

AY 

AY 

AY 

CONTRACTOR: mi rX ail S STARTED 2:00 P.M. April 30 is81 
b Y  1 I9 81 fwISHED l:oo P.Y. 

YernOO tolL Hollow Stem Auger CASING DIAY. 

MlWN6: ROCK Diamond Coring CORE OIAY. 
of 

NX 

SC/GC 6 

LDCATION: UTITUDE 

Brown Sand, clayey, gravel ly,  
loose, wet. Percent of c lay  

ELEVATIONS: D A n U  USGS 
O R U M T F O R Y  tbne DEPARTURE 

BEARING 

OTHER DlpS 
INrnAL D(P goo 

GROUND SURFACE 320.7 
ROCK SURFAUE 275.2 
O O m Y  Of 270.2 
WATER LEVEL 5/1/81, 315.3 F t  MI 

8 . I C L C  I Q c l M T # l  

1 OH I Brown Clay, organics, topso i l  
2" I o-2 I cL/ML 

Brown Clay, s i l t y ,  sandy, 
t race gravel, dry. 9 It 

20" 
- 

- 
17" 

20" 

24" 

20 

,19" 

23" 

- 

- 

- 

- 

7 

2-3 
3- 5 

10- 7 
She1 by 
Tube 

. 5-7 3-4- 
7-6 

var i  able throughout. 

Percent o f  s i l t  increasing 
near 12 feet. 

4-5- 
5-6 

7-9 

9-11 9-11- 
15-16 

10 

11-13 6-7- 
12-14 l2 I 

13- 15 

- 
15- 17 

5-6- 
8- 10 

Brown Clay, s i l t y ,  sandy, 
cohesive, p l a s t i c ,  dense. 
Trace gravel throughout. 

1-2- 
3- 3 5 

I N S P E ~  P. Barth 

LOGGOO m f. F u l l e r  
ONE May 1981 ; /  

H- 6 \ 



ACRES AYERICAN INCORPORATEO - CONSULTING €NGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

- 

I 

, 

Q J E ~  NLO, Inc. ,100 m P6254.07 

~ E C T  Foundation Investigation Site Characterization MOLL m BH-6 

o v n l  
(ft) 

20 

32 

24 

-26 

-28 

30 

32 

-24 

-36 

3 8  

.PO- 

p2 

*p4- 

.4+ 

.,48 

50 

Niagara Falls Storage Site 

I Q L  rm 

CL 
(cont I d )  

CL/GC 

SM/ GM 

CL 

Bedrock 

Brown Clay, s i l t y ,  trace sand 
and gravel throughout,. dense. 
Cohesive, wet, plastic 

23-25 F e e t  - Sand, s i l t y ,  
containing some clay and 
gravel. Loose, very wet. 

~~ ~ ~~ ~~ ~ 

Gray-brown Clay, s i l t y ,  
sandy, trace gravel through- 
o u t .  Soft, plastic. 

Percent o f  s i l t  variable. 
Dften present as lenses. 

Brown Sand, gravelly, s i l t y  
containing some weathered 
fragments of bedrock. 
Saturated. 

Red-brown Clay, s i l t y ,  very 
dense. 

Red brown Sil tstone, 
1 aminated, thinly bedded. 
Occasional t h i n  green patches 
and shaley layers. 

End o f  Hole 50.5 Feet 

H- 7 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

OLltnR-' COLOR 1 cc*Iumm.-, 
W A m R  m. -!Urn, EDI-, 
.urn Lpu awl ,  me. 

Jark bmwn, s i l t  w i th  gravel 
and angular fragments. 

Brown t o  red-brown Clay w i th  
l i t t l e  o r  no gravel. and sand. 
Becomes sandy, s i l t y  5-7 feet.. 

c u m  NLO, Inc. JOB NO. P6254.07 

I A M C L C  c D l O U T P *  
Rfl 

aa trt.c* ULC I MWH r r e ~ ' ~  

A U G $ R E D  

N O  S A M P L E S  

1 AY 2"  3-5 12" 8-16- 
24-32 

2 AY 2" . 5-7 12" 8-10- 
19-24 

3 AY 2" 7-9 18" 26-34- 
55-63 

PROJECT Foundation Invest igat ion & S i te  Characterization HOLE a. BH-7 
S m  Niagara Fa l l s  Storage SIte SHm)ro. 1 OF 2 

CONTRACTOR: Empi re Soi 1 s STARTED 10:30 AM. Apr i l  27 I B  81 
FINISHED 4:OO A.M. Ap r i l  27 19 81 

#UL Hollow Stem Auger CASING DIAU. UrnOD 
O f  

DRICUNG: nocK Diamond Coring CORE DIAY. NX 

LOCATION: UTllUOE ELEVATIONS: DATUM USGS 
DEPARTURE 
BEARING 
INIT IAL DIP 90' 
OTHER UPS 

D R I U R A F O R M  None 
GROUND SURFACE 320.0 
ROCK SURFACE 276.0 
8OTToM'OF )(oLL 271.0 
WATER LEVEL 7/8/81, 314.0 Ft  M: 

?Ti 
? 

P 

6 

B 

10 

12 

14 

16 

LFI 

8mL rm 

iill 

CL 

3 

INSPECTOR P. Barth 
UGGED m R. Werneiswki 

H- 8 \ 



ACRES AMERICAN INCORPORATED - CONSULTING E N G i N E E R S  
B U F F A L O ,  NEW Y O R K  

D R I L L I N G  R E P O R T  

euEm NLO, Inc. JOB rr0. P6254.07 

~ E C T  Foundation Invest igat ion & S i te  Characterization HOLE NQ BH-7 
SITE Niagara Fa l l s  Storage S i te  

- 38 

- 40 

- 42 

44 - -  

- 46 

- 48 

SOIL n?e 

CL 
(cont'd) 

IL/ GM 

3edrock 

SHEET NO. 2 OF 2 

Gray-brown Clay, very sof t ,  
s i l t y ,  t race o f  sand and 
gravel throughout. 

Gray-brown Clay, sof t ,  s i l t y ,  
saturated containing coarse 
sand and f i n e  gravel through- 
out. 

Red-brown S i l t ,  sandy, 
gravelly, t race clay, very 
dense. Gravel containing 
rounded and subangul a r  
pieces up to 2 inches. 

Red S i l t s tone containing t h i n  
shaley layers and occasional 
green s i l  tstone lenses, 
Green s i l t s tone  lense 3 inche 
th ickoat  48.3 feet. Jo in ts  
a t  45 t o  core axis. 
- End o f  Hole 49.0 Feet - 

H-9 
\ 



ACRES AMERICAN INCOWORATED - CONSULTING ENGINEERS 
BUFF4L0, NEW YORK 

D R I L L I N G  R E P O R T  

R?n -OIL Tm 

(ft)  
F i l l  

? HL 

1 

5 CL 

3 

10 

12 

14 

nucum Inmo 
:: ICL 

cum NLO, Inc. 408 NO* P6254.07 

PROJECt Foundation Investigation & Si te  Characterization MOLL. NO. BH-8 

SITE Niagara Fal ls  Storage S i t e  SHEETNO. 1 of 3 

S A R T E b  9:oo A.M. April 28 I @  81 
FINISHED 3:OO P.M. Apri l  28 19 81 

CONTRACTOR: Empi re Soi Is 

YEWOO so(L Hollow Sten Auger U S I N G  DIAY. 
OF 

MILUNG: ROCK Diamond Cori ng CORE OIAM. NX 

C Q O l A T U  -?TK*. COLOR, cD*uz1ECrEI,m(IL. S . . C L C  
n n t r  

W A R *  C m T U T ,  m n ,  -, 
urn m Q um. m. no. fww* PZL 1 o m  rnb 

Gravelly material A U G d R E D  
Red-brown, S i  I t ,  clayey, 1 AY 2" 1-3 18" 6-8- 
contai n i  ng organ! cs , sand 11-14 

out. 2 AY 2" 3-5 8" 5- 17- 
lenses, t race  gravel through- -. 

15- 19 

Red- brown C1 ay contai ni ng 3 AY 2" .5-7 24" 7-14- 
t h i n  s i l t  and sand lenses up I 18-20 
t o  1/4 inch. Gravel dispersed 
throughout. Generally s t i f f  4 AY 2" 7-9 24" 26-30- 
t o  very s t i f f .  30-26 

5 AY 2" 9-11 24" 8-12- 
16-17 

6 AY 2" 11-13 24" 18-20- 
' 19-16 

7 AY 2" 13-15 24" 3-4- 
5-5 

Gray-brown t o  gray-red Clay, 8 AY 2" 15-17 12" 2-20 
s i l t y ,  sandy, gravelly, s o f t  2-3 
t o  very soft, saturated. 

9 A Y  2" 17-19 18" 5-4- 
sntm*r WWTAJ*R 

S 



I 

I 

23 

24 
~ ~~~ - 

ed Sil tstone, horizontal 25 
eddin spaced t lI2-5.fnch 
reen Zfltstone Pense 3 inchei 

ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
EUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

Q1EWT NLO, InC. Joe m P6254.07 

~ l l ~ l a r n  Foundation Investigation & S i t e  Characterization n o u  m eH-8 

AY 2" 45-47 18" 0-40- 

AY 2" 47-47.3 6" R 

52.3 22% 

60-75 

DY 3" 47.5- 5.0' RQD 

Niagara Fal ls  Storage S i t e  snEm m 2 OF 3 

CL 
(cont ' d) 

;M/ GM 

edrock 

H-11 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGl NEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

CUENT NLO, Inc. JOO m P6254.07 

PROJECT Foundation Invest igat ion a S i t e  Characterization HOLE m BH-8 
SJTE Niagara Fa l ls  Storage S i t e  

Bedrock Red Si l ts tone.  

- End o f  Hole 52.3 Feet - 

Y T C  - 
: O R  

H-12 
\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

CUEKT NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Investigation & Site Characterization nOLL NO. BH-9 

sm Niagara Falls Storage Site s l m N o . 1  w 2 

CONTRACTOR: Enpire Soils STARTED 9100 A.M. June 24 1~881 
fUJlSHEO 3:s P.U. June 24 1081 

u r n 0  SOiL Hollow Stem Auger CASINb DIAY. 
w 

MILUNG: RocI( Di amnd Coring CORE DIAU. NX 

LOCATION : U T I N D E  ELEVATIONS: O A ~ U  USGS 
DEPARTURE 
BEARING 
INITIAL #P 90' 
OTHER UR 

DRILLPUTFORM tbne 
GROUND SURFACE 321.2 

eRFICE 285.2 
SOTTOY of )KIcT 280.2 

- 
- K 
- 2 

4 

6. 

0 

10 

12 

14 

16 

Fill 

SM/SC/CL 

CL 

WATER LEVEL 7/10/81, 315.63 F t  
w I 

Clay with  trace gravel, tan.  
S i l t ,  sandy and brown Sand, 
s i l t y . .  

throughout. Damp. Medium to 
soft density. 

f 

H-13 \ 



ACRES A M E R I C A N  INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, N E W  Y O R K  

D R I L L I N G  R E P O R T  

CutNT NLO, Inc. I JOB NQ P6254.07 

I PROJECT Foundation Investigation L Si t e  Characterization HOLE NQ BH-9 
Niagara Falls Storage S i t e  

Same material. I 9 !BO 3" p 1  
4-5 

Gray-brown Clay, s i l t y ,  sanc 
t race gravel. Saturated. 
Plastic.  Soft to  very sof t .  
Some t h i n  sand lenses preser 1 

, 2 I' 
- 

2 I' 

- 
2 

- 
2 1-2 
- 
23-2 
- 
25-2' 

- 
27-2! 
- 
29-3: 

- 
31-3: 

33- 3: 

35- 36 
- 
- 

36.0- 
41.0 

- 

- 
19 
- 
24' 

- 
14' 
- 
14' 

22 'I 

18 ' I  

11" 

- 

- 

- 
- 

5.0 

- 

- 
\ 

2-1- 
2-3 

4-4- 
5-7 

M/SC 4- 16 
12-11 

Sed-brown Sand, s i l t y ,  claye 
le t .  Soft to  medium dense. 
;ray-brown Clay, s i 1  t y ,  sand L 12-11 

16-27 Jed- brown Sand, s i 1 t y  , cl aye, 
(ediwn t o  s t i f f .  Gravel 
>resent throughout. 

v sc 

2drock 

12-14, 
16- 16 

35-R 
led Si t  tstone and Shale. 
lighly weathered, becoming 
ess weathered w i t h  depth.  

I- End o f  Hole 41.0 Feet 

H-14 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
8UFFAI.Q , NEW YORK 

D R I L L I N G  R E P O R T  

CUENT NLO, Inc. JOB NO. P6254.07 

PROJEm Foundation Inves t iga t ion  & S i t e  Charac te r iza t ion  HOLE M. BH-10 
sm Niagara F a l l s  Storage S i t e  . SMEET NO. 1 OF 2 

CONTRACTDR: E m p i r e  S o i l s  STARTED 3:30 P.M. April 28 10el 
April 29 1081 FINISHED 12:15 P.Y. 

YETWO SOIL Hollow Stem Auger CASING DIAM. 
of 

D R I U N G :  ROCIC Diamond Coring CORE DIAY. NX 

U U T I O N :  UTmJDE 
DEPARTURE 
W R I N G  
INlTIAL DIP 90' 
OTHER Dm 

ELEVATIONS: DATUY USGS 
DRlLLRATFORY b e  
BROUND SURFACE 319.2 
ROCI  SURFACE 276.0 
DOTTOY w m  270.8 

DCUtRlQ: COLOR, cpIumm,mucrurl. 
m m m  axrun. M u n .  crummaa, 
WARl LI)u OI U I M .  me. 10. Irrmc. 

S i l t ,  brown, organic. 
Brown t o  red-brown Clay, 1 AY 
conta in ing  s i l t  lenses and 
sandy patches,  s t i f f .  
Occasional gravel throughout. 2 AY 

S i l  tstone fragnents.  3 AY 

7-8 Feet - Red S i l t ,  sandy, 4 AY 
s a t u r a t e d  . 

Gray-brown Clay, s i l t y ,  sandy, 
t r a c e s  o f  gravel throughout, 
s o f t ,  p l a s t i c ,  wet t o  
sa tu ra t ed .  

~~ ~ 

2" 3-5 6" 8-10- 
10- 13 

2" ,5-7 18" 18-75- 
38-29 

2" 7-9 24" 4-13- 
17-22 

2" 9-11 18" 10-13- 
19-20 

2" 11-13 24" 20-17- 
14-12 

2" 13-15 18" 5-7- 
5-5 

2" 15-17 24" 1-1- I I I 2-2 
2" 17-19 24" 2-3 

H-15 \ 



Niagara Falls Storage Site SMtETllQ 2 w 2 

I 

. 

. 
h 

CL 
(cont I d ) 

sc 

ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

~ J E M T  NLO, Inc. JOB WQ P6254.07 

PRQIECT Foundation Investigation & Site Characterization noLt ma BH-10 
UTE 

, (? 

20 

,?2 

24 

26 

- 2 8  

,30 

3 2  

3 4  

- -36 

.,38 

.PO 

3 2  

-44 - 
.>6 

,a 
50 

SN 
I I 

Red Sand, s i l t y ,  mist ,  21 A Y  
gravelly, angular, containing 
occasional fragments of 
bedrock. 22 AY 
Red S i l  tstone, weathered, 
soft ,  fr iable.  Horizontal 23 Dy 
bedding spaced a t  3-8 inches. 

Bedrock 

2" 

2" 

311 

Gray-brown Clay, s i l t y ,  
sandy gravel to  3/4 inch  
throughout. Soft and 
saturated. 

1 9 1 AY 1 il: 117-19 
124" 1 

10 AY 19-21 24" 
11- 12 I 11 1 AY I 2" 121-23 Sandy, s i l t y  21-23 Feet. 

4 I I I I 12 I AY I 2" 123-25 

Gray-brown Clay containing 
coarse sand and occasional 
gravel throughout. 

14 AY 

Gray- brown C1 ay , sandy. 17 AY 

Unit 
Gray-red Sand, clayey. 
contains a1 ternating clay 
and sand lenses which vary 19 AY 
from red t o  gray i n  color. 4 ! 

I 2o I AY I 2" 

29-31 

' 31-33 

33-35 

35-37 

37-39 

39-41 

41-43 

43-43. 

43.4- 
48.4 

10-2 1- 
22-27 

7-8- 
8-9 

8-8- 
7-8 

9- 10- 
11-11 

4-4- 
5-5 

3-3- 
4-3 

0-1- 
2-3 

18-20 

5.0 RQD'.' 
35 x 

- End o f  Hole 48.4 Feet 

H- 16 
\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

cum NLO, Inc. JOE NO. P6254.07 

WOJ€CT Foundation Investigation & Site Characterization HOLE m. BH-12 

SITE Niagara Fal l s  Storage Site S H E R W L  1 OF 3 

STARfED 9:oo A.M. May 28 IS 81  CONTRACTOR: Empire Soils 

Y Em00 SOIL 

ORILUNG : ROCU 
OF 

LOCATION: UTITUOE 
DEPARNRL 
BEARING 

OTHER OlPS 
i n m u  DIP 

0 
t o  
34 

34 
t o  
45' 

Overburden 

Bedrock 

FlNtSHED 1:OO P.Y. June 11 l a 8 1  
Hollow Stem Auger CASIMG OIAY. 4 inch 

Diamond Split Tube Coring CORE DIAM. NX 

l%WATlo(lS: D A W N  USGS 
DRILL PLATFORM None 
GROUND SURFACE 320.9 

B O ~ Y  OF n o c ~  225.9 
WATER LEVEL Jul) 

316. 

goo ROCX SURFACE %286 

a a W T t a :  COLa, T U T U = ,  roLuT#. &Wfl*c. CILCNIIIIS, Ib1~Ltl810. 
UTEMTIOI. WATER - 01 YIW. UVI*C. LOST COIL. Q*UTYO. crc. 

No samples t a  ken-augered t h r o u g h  overburden 
t o  30.0 feet. 

30.0-32.0 feet Split spoon sample. Gray 
Clay, s i l ty ,  sandy with trace of gravel. 
Very soft, mis t .  
2, 3, 4,  6. 

Penetration test  blows 

32-34.0 feet Split spoon sample. 
material w i t h  weathered s i l  tstone fragments 
33.8-34.0 feet. Penetration test  Slows 
6, 12, 18, 29. 

Same 

Augered through bedrock i n  this zone due t o  
highly weathered condition - t o  seat casing. 
4 inch diameter steel casing installed from 
0 t o  44 feet and grouted t o  the surface. 

INSPECTOR P. Earth 
LOGGED m R. Uerneiwski 

10 1s 
2 feet 
uuln 
01111 - 

A 
7 

\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YOAK 

D R I L L I N G  R E P O R T  

c L l w  NLO, Inc. JOO no. P6254.07 

m J c ~  Foundation Investigation a S i t e  Characterization noLa rm BH-12 

Dri l l ing r a t e  approximately 5 min/foot. 
rubb le  present i n  core due t o  blocking of 
barrel .  

Some 
5.0 

Average discontinuity spacing approximately 
6 Inches. 5.0 

Niagera Falls Storage S i t e  s n E n  m 2 of 3 
I 

45.0 
t o  

50.0 

Si 1 ts tone 46.0 feet 3 inches Green Si l t s tone  bed. 

S i l t s tone  w i t h  some shaley layers.  Thinly 
bedded a t  900 t o  core axis (horizontal) .  
Average discontinuity spacing 4-5 inches, 
51 i gh t l y  weathered, Green S i  1 ts tone beds 
throughout. 

98 
(46 1 

5.0 

5.0 

5;o 

50.0 
t o  

55.0 

98 
(92 1 

55.0 
t o  

60.0 

100 
(84 1 

60.0 
t o  

65.0 

65.0 
t o  

70.0 

96 
(64) 

70.0 
t o  

75.0 

Good water return. 
100 
(76) I -.  

75.0 
t o  

80.0 

Green Si l t s tone  beds occuring less 
frequently w i t h  depth. 98 

(82) 
5.0 

Slight ly  to mderately weathered. I 5.0 
80.0 

t o  
85.0 

\ H-18 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

CLIENT , NLO, Inc. . JOB m. P6254.0; 

PROJECT Foundation Invest igat ion & Si te  Invest igat ion HOLE BH-12 

tm 

am4 
lTT.1 

85.0 
t o  

90.0 

90.0 
t o  

95.0 

Niagara F a l l s  Storage S i t e  SnaO m 3 OF : 

aou TVM 

S i  1 tstone Average discontinuity spacing 5 inches. 
Some i n f i l l i n g  o f  f ractures .with c a l c i t e .  

End o f  Hole 95.0 Feet 

5.0 

H- 19 
\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS.  
BUFFILO , NEW YORK 

D R I L L I N G  R E P O R T  

cum NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Invest igat ions ii S i t e  Characterization no& No. BH-13 

SITE Niagara F a l l s  Storage S i t e  s n m  NO. 1 w 2 

CONTRACTOR: Empire So i ls  STARTED 2:30 P.M. May 4, 1981 
FINISHED 11:OO A.M. May 5, is  8 1  

Y m o o  SOIL Hollow Stem Auger CASING DIAY. 
OF 

DRILUNC: mcJc Diamond Coring CORE DIAU. NX 

LOCATION: LATITUOE ELEVATIONS: DATUY USGS 
DEPARTURE 
EEARIIIG 

OTHER OlK 
w r n a  DIP 90' 

=L tm 

CL 

CL 

CL 

Dark brown sandy Clay. 

Red brown Clay, s i l t y ,  
medium t o  s t i f f ,  dry t o  damp. 

Brown Clay, s t i f f  contain- 
i n g  t h i n  s i l t y  and sandy 
lenses 1/8 t o  1/4 inch  
th ick.  

Gray-brown Clay, s i l  ty, 
Sandy, t race  gravel through- 
out. So f t  t o  very so f t ,  wet. 

16-18 f e e t  c lay,  sandy, 
gravel ly.  

ORILLPUTFORY b l e  

ROCK SURFACE 275.3 
GROUND SURFACE 320.2 

b o m w  OFMU 267.1 
WATER LEVEL my 4, 1981 -311 

Ft. MSL 
1 

-T- 

I I 

6 AY 2" 11-13 11" 6-4- 
4-5 

7 A Y  2" 13-15 15" 4-2- 
3- 3 

8 A Y  2" 15-17 16" 6-5- 
8-4 

9 A Y  2" 17-19 14" 2-3 

H- 20 
\ 



ACRES AMERICAN INCORPORATED - CONSULTiNG ENGINEERS 
BUFFALO,  NEW Y O R K  

ma 

9 

D R I L L I N G  R E P O R T  

CUENT NLO, Inc. JOB NQ P6254.07 
PmJ ECT Foundation Investigations & Site  characterization HOLE No. BH-13 

RPC I SIZE I o c m  I r c r ~  
AY 1 2" 117-19 114" 3-3 

Niagara Falls Storage S i te  

10 

8mL m 

CL 
( Con t i  n- 
ued) A Y  2"  19-21 12" 1-2- 

3- 2 

HL 

13 

CL 

A Y  2" 25-27 11" 1-1- 
2- 1 

Bedrock 

- -  

14 

P t t m m a :  COLOR, C O N U I T L ~ . ~ ,  
W N C m  -9 M c m .  OUrrCrNc5S, 
urn uss on U l m ,  me. 

Gray- brown C1 ay , sandy, 
s i l t y ,  t race  o f  gravel 
throughout, so f t ,  wet, 
plastic.  

A Y  2" 27-29 16" 3-3- 
3- 2 

Gray €lay, sandy, s i l t y ,  
very uniform. Soft ,  wet, 
plastic.  

15 

Clay, containing s l igh t ly  
greater amounts o f  sand a t  
base o f  u n i t .  

A Y  2 "  29-31 11" 1-1- 
1-2 ~ 

clayey, gravelly. Very , Red t o  redish gray S i l t ,  

dense t o  hard. Contains 
anaular fragment< 
Red to gray, Clay sandy, 
s i l ty .wi th  1 inch gravel . 
and weathered s i l t s tone .  

H-21 \ 
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ACRES AMERICAN JNCORPORATED - CONSULTING ENGINEERS ' 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R 7  

c u m  NLO, Inc. JOB NO. P6254.07 

n o u  m. BH-14 

SHEETNO. 1 OF 2 

PROJECT 

SITE Niagara F a l l s  Storage S i t e  
Foundation Invest igat ion & S i t e  Characterization 

CONTRACTOR : Emp i re SOi 1 S S A R T E D  1 2 ~ 3 0  PY. 
FINiSHED 2:15 RY. 

YLTHOD SWL Hollow Stem Auger . C I S i N O  DiAM. 

DRIUJNC: ma Diamond Coring CORE DlAY. 
OF 

May 1 1981 
b Y  4 I @  81 

NX 

USGS 
None 

U U T I O N :  UTlTUDE 
DEPARTURE 

ELEVATIONS: OAWM 
D R U  PUTFORM 

W R I N G  
INITIAL WP 90' 
mER Dcps 

GROUND SURFACE 319.3 
m C K  SURF- 276.3 
b o m u  OF n o c ~  270.6 
WATER LEVEL 5/4/81, 314 F t  NSL 

S A M P L E  
om* 

0 
aaL rm 

Brown-black S i l t ,  loose,  orgadic. I ( A  u G k R E I OL 
CL 

- 

2 Red-brown Clay, s i l t y ,  sandy, 1 AY 2" 1-3 
dry, s t iff .  

2 AY 2" 3-5 

Red-brown Sand, gravel ly,  3 BO 3" . 5-7 
poorly s o r t e d ,  medium t o  
coarse grained. Poor recover 
f r o m  Shelby, t u b e  discarded. y ,  4 AY 2" 7-9 
Gray Clay, silty, sandy, 
trace gravel ,  s o f t ,  p l a s t i c ,  
wet. Occasional t h i n  s i l t  
1 enses. 

AY 211 9-11 

6 AY 2" 11-13 

7 BO 3" 13-15 

0 AY 2" 15-17 

!I AY - 2" 1 7 - E  

riaom I 
c. lull 0 - W  s . c w I 1 u  

P - D A m m T l a  t - O I W C  

SIIlmIS 001TAlhCR 
a -  A U a  

~ _ _ ~  ~ 

9- 10- 
8-9 

4 

6 She1 by 
Tube 

SP 

a .- 10-8- 
6-4 CL 

10 2-3- 
4-5 

6-6- 
6-6 

14 She7 by 
Tube 

16 2-2- 
2-2 

2-3 

H-22 \ 

.. - _. - .. . . . - ._ . .. . . . .. . . 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

CUENT NLO, Inc. JOB WQ P6254.07 

PROJECT Foundation Invest igat ion a Si te  Characterization HOLE NO. BH-14 

9 
10 

11 

SITE - 
c"f';T - 

10 

12 

14 

16 

18 

10 

12 

4 

16 

10 

AY 2" 17-19 24" 4-3- 
AY 2" 19-21 19" 2-3- 

4-4 

AY 2" 21-23 24" 4-7- 
6-4 

,O 

2 

19 

4 

6 .  

8 

0 - 

AY 2-3/8" 37-39 6" Denison 
A U G E R E C  

Niagara Fa l l s  Storage S i te  

CL 
(cont d )  

sw 

SM/ML 

Bedrock 

~~ 

Gray Clay, containing t h i n  
s i l t  and sand lenses t o  1/4 
inch th ick.  Soft, damp t o  
wet. 

33.0 Feet - S i l t  content 
increasing, t race gravel. 

Sand, gravelly, subangular 
fraqments. Could not d r ive  
Denlson; too gravelly. 

Red Sand, s i l t y ,  gravelly, 
f i n e  t o  very fine, very dense 
t o  hard, dry. Contains 
weathered bedrock fragments. 

~ 

Red S i  1 t s  tone, weathered, 
hor izonta l  bedding spaced 
1/2 t o  3 inches. Green 
s i  1 tstone 1 ense . 6  1 nches 
t h i c k  a t  44.5 feet. 

- End o f  Hole 48.7 Feet - 

s u m  NQ 2 OF 2 

~ 

12 I A Y  1 2" 123-25 120" I 0-1- 
3- 3 

13 I A Y  1 2" 125-27 I 18" I O - O - -  
3-4 . 

14 I A Y  I 2" 127-29 1 2 4 "  1 2-3- 
4-5 

15 I BO I 3" I 29-31 I 22" 1 Shelby- 
Tube 

16 I AY I ' 2 "  I 31-33 I 24" I 0-2- 
2-4 

17 I A Y  1 2" 1 33-35 124" 1 0-4- 
4-3 

18 I A Y  1 2" I 35-37 124"  I 0-2- 5-9 

20 I A Y  I 2" . 1.39-41 1 19" 1 10-35- 
35-50 

H-23 



ACRES AMERICAN INCORFORATED - CONSULTING ENGINEERS ' 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

c u m  NLO, Inc. JOB NO. P6254.07 

PROJECl Foundation Invest igat ion & S i t e  Character izat ion HOLE w. BH-15 
SITE Niagara F a l l s  Storage S i t e  s n m n a  1 OF 4 

CONTRACTOR: mire k i l S  STARTED 1:30 P.w. 
f l N l S H E 0  3:00 P.M. 

Y m  SOlL Hollow Stem Auger CASING DIAY. 

DRILLING : Rou Diamond Coring CORE DIAY. 
OF 

LOCILTION: UTfTUOf 
DEPARTURE 
BEARING 
m r n u  LMP goo 

ELEVATIONS: DATUY 
DRILL PUTFORY 
GROUND SURFACE 
ROCK SURFACE 

June 16, I m  81 
June 24, 19 81 

NX 

USGS 
Kone 
320.2 
273.7 
215.7 

3rown S i l t ,  clayey, sandy. I A U $ E R E . D  
Red-brown Clay, s i l t y  sandy, 1 AY 2" 1-3 12" 
trace gravel w i t h  diameters t o  
1 inch. Occasional sand 

5.5-7.2 Clean Sand, t race 

Ent i re u n i t  i s  more sandy than 

I ayen.  2 AY 2" 3-5 10" 

gravel. 3 AY 2" .5-7 18" 

wevious ly  encountered. 4 AY 2" 7-9 16" 

;ray Clay, s i l t y ,  sandy w i t h  
trace gravel. Soft  t o  medium 1 1 1:: 1 1 '-11 1 15" 
sti f fness. Occasional S i l t  

Met. 
and/or Sand lenses. Ko is t  t o  11-13 24" 

6-6- 
8-9 

5-6- 
8- 10 

~~ 

12- 15- 
17-9 

8-9- 
14-17 

4-6- 
7-8 

5-6- 
7-8 

9- 11- 
14-17 

15- 11- 
7-7 

3- 3 

~HSPECTOR P. Barth 

LOGGED m R. Werneiwski 

H-24 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

N L O ,  Inc. 

PRQ~ECT Foundation Investigation il S i t e  Characterization 
HOLE l l ~  BH-15 

s m  Niagara Falls Storage Site SHEET I# 2 OF 4 

5 - 
I 

! 

4 

6 

8 

0 - 

CL 

'M 

edrock 

-- 
21.0-22.0 Sand lense. Clean, 
wet with trace gravel. 

plastic, moist to wet. 

H-25 
\ 



ACRES AMERICAN INaRPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORX 

D R I L L I N G  R E P O R T  

CUW NLO, Inc. JOB NO. P6254.07 
PROJECT Foundation Investigation & Si te  Characterization uQ ~ ~ - 1 5  

StE Niagara Falls Storage S i te  s n m  m. 3 OF 4 

WATER TAELE 

mcnimoa. C O W ,  mrulc,rauntm.nmn.Ncnznw, FAULTIII~, 
URUWo M OI U11. U V I Y I .  LOST CQL. QBUTDla, 

Cored from 49.0 - 54.0 fee t ,  then augered 
through rock t o  54.0 feet .  4 inch diameter 
steel  casino was installed from 0 t o  54.0 feet  

CONTRACfOR : Empi re  Soft t 

YETWOO son 

ORlLUNC : m a  
OF Diamond Coring 

LCMTM nc 
Qc U (-1 

5.0 92 
( 90) 

5.0 86 
(58) 

5.0 100 
(36) 

5.0 100 
(74) 

5.0 100 
(74) 

L- 

LOCATION: U T l W  ELEY*TIONS: O A N Y  
DRILL RATFOkY 
GROUND SURFACE 
mcu SURFACE 
B O l m M  OF nocE 

- 
omw 
tm - 
49.0 

t o  
54.0 

54.5 
t o  
59.5 

59.5 
t o  
64.5 

- 

- 

- 
64.5 
t o  
69.5 - 
69.5 
t o  
74.5 - 

S i l  tstone 
and 
Shale 

w s m a  P. Barth 
LOGGED BY P,. Adams 

and grouted-to the surface. 

Red S i l  tstone and Shale. Occaslonal green 
s i l t s tone  lenses 2-3 inches thick. 

T h i n l y  bedded, horizontal, low hardness. 
Average discontinuity spacing 2-3 inches. 
S1 i g h t l y  to  moderately weathered. Some 
ca lc i te  replacement on fracture surfaces. 

Drill ra te  a t  4-5 minutes per foot. Good 
water return. 

71.0 Green Siltstone lense 4 inches thick. 

H-26 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

c u m  , NLO, Inc. JOE m. P5254.07 

C I K ) J E ~  Foundation Inves t i ga t i on  a S i t e  Character izat ion HOLE m BH-15 

S i  1 t s  tone 
and 

sm - 
oQlr* 
1CrJ - 
74.5 
t o  

79.5 - 
79.5 
t o  

84.5 - 
84.5 
t o  

89.5 - 
89.5 
t o  

94.5 

94.5 
t o  

99.5 

99.5 
to  

04.5 

- 

- 

- 

- 

Red S i l t s t o n e  and Shale as above. 

Niagara F a l l s  Storage S i t e  SHEmllQ 4 OF 4 
I 

Some c l a y  i n f i l l i n g  i n  moderately weathered 
areas. 

Shale 

D i  scon t i nu i ty s paci ng 
inches. 

86.0 - 9 inch Green S 

Discon t inu i t y  s paci ng 

increases t o  3 - 3-1/2 

l t s t o n e  lense. 

4-1/2 - 5 inches. 

Clay present on bedding planes where rock i s  
more h i g h l y  weathered. 

Hinor rubble zones due t o  mechanical a c t i o n  
o f  d r i l l i n g  

5.0  

5 .0  

5.0 

- 
5.0 

- 

H-27 
\ 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS. 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

AY 2" 0-2 18" 1-1- 
3-6 

AY 2" 2-4 18" 6-13- 
12-16 

AY 2" 4-6 19" 6-8- 
10- 20 

17-15 

AY 2" 8-10 24" 3-3- 

AY 2" 6-8 24" 10-23- 

5-6 

3-3 

4-4 

3-4 

AY 2" 10-12 24" 2-2- 

AY 2" 12-14 24" '  3-4- 

AY 2" 14-16 24" 2-4- 

AY 2" 16-18 24" 3-4- 
4-3 

400 NO. P6254.07 

n - * a m  R . c L o I ) , W  
. A - t M N U  I- b u a  

m - n I m u u M I  c- m u m  0.- 0 - C W I l L I  * 
X - O I t C U O C D  C - m Y r M  P . . 4 l u Q D l f m N  

Y - CoreAox 0 -  coat w n u  8-a- W 

MSPECTOR P. Barth ,L- /. ' j' , 
LL, 

ApwIovm .. ,! ( y s / '  

5 
DATE May 198. 

DGGEO 6T R. Adam 

CROJEC~ Foundation Investigations & S i te  Characterization n o u  w. BH-16 

SITE Niagara Fa l l s  Storage S i te  w m m 1  OF 3 

CONTRACTOR: Empire Soi ls  STARTED 3 ~ 3 0  P.M. May 12, 1981 
fWSHED 9:OO A .Y. May 15, 1981 

M E W O O  SOlL Hol 1 ow Stem Auger . CASING DIAM. of 
NX Rdclt Diamond Cori ng CORE DIAM. 

ORI~UNG: 

LOCATION: UTITuDE 
DEPARTURE 
BEARING 

QI)(ER OIK 
#ma WP 90' 

Swampy area, bo r i  ng i n  s tandi ng water 

su 

US GS ELEVATIONS: DATUM 

~ 

ML 

CL 

CL 

- 1 c t l Q :  COLOR, eomsimyc~.- 
WATER CGUlZMT. NRIUTl, -, 
urn M S  o* UIN. a. 

Yellow-brown, sandy, clayey, 
wet. 

Brown. Clay, sandy, gravelly, 
s t i f f ,  moist. 

6-8' Feet 
Brown Sand , gravelly, we1 1 
sorted. wet aravel  U Q  t o  3/41 
Gray- brown C1 ay , sandy, 
gravelly, medium t o  sof t ,  
p last ic ,  moist. 

Very p last ic ,  soft, rounded 
gravel t o  1/2 inch. 

D R U R I T F O R M  None 
GROUND SURFACE 320.9 
ROCK SURFACE 272.4 
a O m Y  267.4 

0 4 I P L t  

\ 
H-28 



11 

12 

13 

14 

15 

16 

AY 

AY 

AY 

AY 

AY 

AY 

2" 

2" 

2" 

2" 

2" 

2" 

2" 

2" 

2" 

2" 

2" 

2" 

2" 

2" 

2" 

20-22 

22-24 

24-26 

26-28 

28-30 

30-32 

32-34 

34-36 

36-38 

38-40 

40-42 

42-44 

44-46 

46-48 

48-48. ' 

17 

18 

19 

20 

21 

22 

23 

24 

25 
26 

AY 

AY 

AY 

AY 

AY 

AY 

PY 

AY 

AY 
DY 

ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

cum NLO, INC;  

~ L C I  Foundation Invest igat ions & S i t e  characterization 
400 P6254.07 

WCE m BH-16 
SITE Niagara Fal ls  Storage S i t e  WEEt m 2 O f  3 

OQnr 

( f t )  Tml 
-0 - 
24" 

- 
24" 

- 
24" 

- 
18" 

- 
24" 

- 
13" 

- 
24" 

- 
24" 

- 
24" 

- 
24 I' 

CL Gray-brown C1 ay , trace 
gravel throughout some 
coarse sand. Soft ,  wet, 
plast ic .  

, 
o-o- 
2-2 20 

22 

24 

26 

28 

30 

32 

34 

1-2- 
2-2 

3-3- 
4-3 

2-4- 
5-3 

3-3- 
3-3 

26. t o  26.5 Feet 
Sand lense, loose,  wet 

1-2- 
3-4 

1-2- 
3-3 

2-4- 
3-3 

1-3- 
4-4 

. --- -. - 
ML/SM Brown Sand, S i l t ,  and Grave 

i n  a1 te rna t ing  bands 12-16 
inches t h i c k .  Gravel bo th  
angular  and rounded u p  t o  
4 i n c h .  

36 
4-10- 
8-15 

38 
6 

~ 

o-o- 
4-10 

. --.  

Erown Sand, S i l t y ,  gravel ly  
dense, moist t o  dry. 

16" 

- 
24" 

21" 

21 " 

- 

- 

4-20- 
23-36 

22-25- 
33-54 

GM 
92 

44 - ~~ ~ 

18-23- 
25-31 

~~ ~~~ 

Brown S i l t ,  sandy, gravel ly  
Hoist  Gravel b o t h  rounded 
and angular u p  t o  Ir inch. 

GM/SM ' 26-30- 
14-169 

60/. 5 
0 RQD 50 - Bedrock Red Shale 3" b8.5- 

53.5 

H- 29 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

NLO, INC.  J O I  Cro. P6254.07 

PI~ZUECT Foundation Investigations & Site Characterizations MOLE BH-16 
Niagara Falls Storage Site 

Bedrock 

gacnmar: COiOR, 0DIYIILIcI.- 
U R I ) C D I I D n . ~ , o D I ~  
rrm LD13oIw*, a. 

Red Shale, thinly bedded, 
moderately weathered. 
Traces of calcite replaceme 
End of Hole 53.5 feet 

t n E E T I C L  3 OF 3 

3 " 

- 

H- 30 
\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGiNEERS ' 
9UFF4L0, NEW YORK 

D R I L L I N G  R E P O R T  

cum NLO, Inc. JOB no. P6254.07 

PROJECT Foundation Investigations & Site Characterization n o u  K). BH-24 

-.- . 

sm Niagara Falls Storage Site w a r m 1  of 2 

CONTRACTOR : Empi re Soi 1 s STARTED 8:OO A.M. Hay 19 I981  
FINISHED 4:30 P.M. Pay 19 I@ 81 

METnoo sok Hollow Stem Auger U S I N G  DlAM. 

DRIUINS: Rou[ Diamond Coring CORE D I M .  NX 

L O ~ f l O N  : LILTITUDE ELEVATIONS : O A N Y  USGS 

OF 

0-2 12"(  &;- 
AY I 2" 

DEPARTURE 
BEARING 
IN IT lA l  DIP goo 
OTHER DIR 

2 AY 2" 

ORUPLILTFORM None 
CROUMO SURFACE 320.3 
ROCK SURFACE 274.8 
~ o m u ' w  HCG 269.8 
WATER LEVEL 

I 

2-4 18" 4-5- 
9-18 

2 .  - 

- 4 

6 

3 

10 

12 

14 

16 

SM 

ML 

91 

SH/ GN 

Brown Sand, silty, fine to 
medium grained. 

Yellow-brown Silt, sandy, 
clayey, mist. 

Brown Sand, silty, medium 
density, moist with trace o f  
clay and gravel. Gravel 
rounded and up to 1/2 inch. 

3rown y n d ,  Clayey, silty, jravel v.  

7 I AY I 2" 114-16 122' I 8-9- 
18-12 

7 AY 2" 14-16 22' 8-9- 
18-12 

8 AY 2" 16-18 24" 5-9- 
I 6-8 

~ ~ ~ - 

8 AY 2" 16-18 24" 5-9- 
I 6-8 

C-  A U U  

H-31 

\ 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 

BUFFALO, NEW YORK 
D R I L L I N G  R E P O R T  

Q I E m  NLO, Inc. JOB wQ P6254.07 

PROJECT Foundation Investigations Site Characterization HOLE ma BH-24 
ST€ 

Mmc 

(ft)  

20 

-22 - 
24 

26 

28 

30 

32 

34 

36 

38 - -  
40 

-42 

44 

-46 

-48 

- 

* 

Niagara Falls Storage Site WEPT m 2 of 2 

mL nu 

SM/W 
(cont ' d )  

CL 

SM 

Bedrock 

grm-: coma. caBsnmm.-. 
.Lm crrmrr. rumcm. cormrry 

ma OI OLl l .  m. 

Sand, clayey, s i l ty  w i t h  9 
some gravel, moist. Poorly 
sorted. - 

JD-i 

Gray Clay, s i l ty  sandy with 
trace gravel. Soft, .. 
'plastic, moist t o  wet. 
Gravel portions often 
composed of 1/2 inch shale 
fragments. 

I 

S i l t  and sand lenses 
th,mughout . 

I 17 

Gray-brown t o  SFwn Sand, 
s i l ty ,  gravelly. Gravel 
rounded up t o  1/2 inch. 

20 
Red S i l t ,  clayey, very - 
dense t o  hard ,  moist. Some 21 
weathered shale fragments 
present. - 
Red Shale, thinly bedded, 

weathered. Green 1 ens 
1 inch thlck a t  48.0 feet. 
moderately t o  s l i g h t l y  22 

Bottom of Hole 50.5 feet. 

H-32 
\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

cum NLO, Inc. JOB ~ 0 .  P6254.07 

PROJECT Foundation Investigations S i t e  Characterization HOLE: 110. ~ ~ - 2 8  

SITE Niagara Fal ls  Storage S i t e  Jnmw 1 w 2  

CONTRACTOR: Empire Soi ls  S A R T E D  8:OO AM. May 20, Is61 
F V l l t H E D  .Y. I@ 

M N O O  m L  Hollow Stem Auger CASlNC OIAM. 

MILuN6: mcx D i  amnd Coring CORE D I M .  NX 

LOCATION : U T I N D €  EWATIONS: O A N Y  USGS 
DEPARNRE D R i U U m R Y  None 

w 

EEARINC GROUND S U R ~ C E  320.4 
INITIAL mp 90' mcu SURFACE 274.9 
OTHER DIPS BOTTOM wnou 269.4 

2 I GM/ML 
ML 

P 

6 

8 I 
JO, 

12  

14  

CL 

CL 
>6 

18 

Brown S i l t ,  sandy w i t h  
t race  gravel up t o  1/4 inch. 

Brown S i l t ,  'clayey, s t i f f ,  
moist t o  dry. Occasional 
gravel w i t h  rounded and 
subangul ar fragments. 

Brown  Clay, s i l t y ,  stiff t o  
medium, some sand' and t r ace  
gravel throughout. 

~~~ 

Gray-brown to  gray Clay, 
s i%ty ,  sandy, so f t ,  p l a s t i c ,  
moist t o  wet. 

WATER LEVEL 7/10 

2-2- 
5-11 

9-5- 
6- 10 

7-14- 
17-26 

21-30- 
38 -4 0 

10-16- 
17- 18 

5-8- 
10- 11 

9-8- 
9-8 

4-3- 
3-3 

2-3- 
2-2. 

INSPECrOR T. Fuller 
LOGGED W R. Adam 

\ 

H-33 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

maw NLO, Inc. -0 m P6254.07 

PRCIJECT Foundation Investigations 1 Site Characterization ) (OL~  wQ BH-28 

SITE 

~ 

#rm 

( f t )  - 
!O 

!2 

24 

26 

!a 

30 

32 

34 

36 

38 

10 

12 

- 

- 
14 

16 

18 

50 

Niagara Falls Storage Site 

CL 
(Contin-  
ued) 

SM/ GM 

ML 

Bedrock 

~~~ 

Gray Clay, s i l t y ,  sandy, 
plastic, mist  to  wet. 
Traces o f  gravel throughout. 

Gravel up to 1/4 inch. 

Clay becomes sandy near 
base of u n i t .  

Gray t o  brown Sand, s i l t y ,  
gravelly w i t h  clay lenses. 
Gravel up t o  1 inch present. 
Water first contacted a t  
38.5 feet. . .  

Red S i l t ,  sandy, clayey. 
Contains some angular bed- 
rock fragments up t o  1 inch. 
Very dense, dry. 

Red brown Shale and 
S i t  tstone, horizontal 
bedding spaced aPProxima tell 
3 inches. 

t n d  o t  hole 9 1  T eet .  

s ~ r r r n a . 2  w 2  

H-34 \ 



ACRES AMERICAN INCORPORATED - CONSULTING €NGINEERS ' 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

CUEPCT NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Investigation & S i t e  Characterization HOLENO. BH-29 

SITE Niagara Fal ls  Storage S i t e  SHEO NO. 1 Of  2 

- 

CONTRACTOR: Empi re Soi 1s ~ A R T E D  1:30 P.M. June 15 la81 
FINISHED 11:30 An. June 16 1981 

YETnoD 
OF 

ORILUNI: 

SOtL ti011 ow Stem Auger CASING DlAY. 

Roac Diamond Coring CORE DIAM. NX 

LOCATION: LATlTUOE ELEVATIONS : DATUY USGS 
DEPARTURE 
-RING 
INITIAL UP 90' 
OTHER Urn 

DRILL P t S m R Y  None 
GROUND SURFACE 320.1 
ROCX SURFACE 277.1 
B O r r O Y ' f f  HOLE 271.6 
WATER LEVEL 7/10/ 

Brown4lay, s i l t y ,  sandy, gra 
Tan S i l t ,  sandy, clayey, 
t race gravel up t o  1/2 inch, 
hard, dry. 

3-5 Feet - Red Sand, s i l t y ,  
cl ayey : 
Clay content increases near 
bottom o f  u n i t .  

CL Red-gray Clay, s i l t y ,  sandy, 
some gravel. k d i u m  dense, 
moist.  Occasional t h i n  s i l t  
lenses throughout u n i t .  

~- 

$ A M P L E  

18" 

12" 

12 

I - 
I - 

24 I' 

17" 

24 I' 
1 .  

15.55 F t  - 
, -- rm 

- 

5-5- 
~ 7-9 
I 

12-21- 

18- 12- 
19-25 

25-25- 
27-27 

1 21-32 

12-13- 
15-16 

~ 

16- 19- 
2 1- 16 

~ ~~ 

8-9- 
11-12 

10- 10- 
11-10 

H-35 \ 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO,  NEW YORK 

D R I L L I N G  R E P O R T  

~ P K T  NLO, Inc. 408 m P6254.07 

PROJECT Foundation Inves t iga t ion  2i S i t e  Charac te r iza t ion  n o u  m BE-29 

Red S i l t s t o n e ,  s l i g h t l y  t o  
moderately weathered. 
Horizontally bedded on a 
2 inch t o  5 inch spacing. 

-End of tkle 48.5 Feet 

SITE 

23 DY 3" . 43.5- 4.6' RQD 
48.5 8% 

om* 

0 
18 

20 

22 

?4 

?6 

28 

30 

32 

-34 

36 

-38 

40 

42 

ps - 
46 

p8 

50 

Niagara Fa l l s  Storage S i t e  s n f ~ m  2 w 2 

CL 

SM/ GI! 

Bedrock 
I 

H-36 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGlNEERS . 
BUFFALO, NEW YORK 

D R J ' L L I N O  R E P O R T  

CUbJT NLO, Inc. JOB NO. P6254.07 

PROJECT . Foundation Investigations & Si te  Characterization HOLE m. BH-30 

SITE Niagara Falls Storage S i t e  mEETW.1 OF2 

COWTRACTOR: Empire Soils STARTED 10:30 A.M. May 15 1981 
May 18 I9 81 fWtSHED 1:30 P.U. 

YETHO0 =L Hollow Stem Auger CASING DIAY. 
of 

DRIUW6 : mcu Diamond Coring CORE DIAM. NX 

LOCATION : LATWDE ELEVATIONS: DATUM USGS 
OEPARNRE D R U  P U T F O R M  Idone 
EEARIWC GROUND SURFACE 320.2 
#RIAL WP 90' ROCK SURFACE 275.1 
mER D l f f  B O m M ' *  269.2 

LEVEL 5/18/81, 

Is 

11, 

OIL rm 

F i l l  

ML 

CL 

GC 

SP/SC 

Cobbles, loose. Railroad 
Bed F i l l .  

Browi-black S i l t ,  sandy w i t h  
t race of organics, m i s t .  

Brown Clay, s i l t y ,  sandy, 
very s t i f f  t o  hard, non- 
plast ic ,  dry. Trace gravel 
throughout .  Gravel up t o  
1- 1/2 inches . 

Brown-gray Gravel, sandy, 
s i l t y ,  wet. Gravel up to  1/2 
inch. 

B r o w n  Clay, gravelly, sandy, 
moist t o  w e t ,  plactic. Grave 
UD t o  1/4 inch. 
Brown Sand, clayey, gravelly, 
mist t o  wet .  

8 A I ? L C  

15.0 F t  
__$4ft 

4-8- 
10-17 

10-17- 
18-21 

31-27- 
28-30 

10-12- 
17-19 

Oenison 

12-18- 
19-14 

10-12- 
11-14 

5-4- 
9-12 

H-37 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , NEW Y O R K  

D R I L L I N G  R E P O R T  

CUENT NLO, Inc. JOB NQ P6254.07 

PROJECT Foundation Invest igat ions 8 S i t e  Character izat ion HOLE No. BH-30 
SITE Niagara F a l l s  Storage S i t e  

CL 

GC 

SM/GM 

Bedrock 

Gray-brown t o  gray Clay, 
s i l t y ,  sandy. Medium t o  very 
s o f t  plaStfc ,  moist  t o  wet. 
Brown c o l o r  absent below 20 
feet. 

Gray Clay, sandy, so f t ,  
p l  as t i c  . 

:lay becomes sandier near 
3ase o f  u n i t .  
3rown Gravel, sandy, clayey, 
saturated. Gravel up t o  1 
inch. 

3rown Sand. gravel ly ,  s i l t y ,  
m i s t ,  very dense t o  hard. 
Zontains fragments o f  bedrock 

Red Shale, t h i n l y  bedded, 
h igh l y  weathered, so f t ,  
f r i a b l  e. 

End of  Hole 51.0 Feet 

H-38 

SHEET NO. 2 OF 2 
r 

a A Y c L I  

20-22 

7 

~ 24-26 

- 
26-28 

28-30 

30-32 

- 
32-34 

- 
34-36 

36-38 

38-40 

- 
40-42 

42-43. 

44-45 
45-46 

46-51 

1-1- 
3-4 

24" I E- 
22" 4-4- 

5-5 

24" Shel by 
Tube 

22" 2-3- 
3-2 

24" 2-3- 
4-4 - 

3- 7- 
6-12 

7-10- 
8-26 

45-51- 

\ 



~~ 

ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
BUfF410, NEW YORK 

D R I L L I N G  R E P O R T  

CUQCT NLO, Inc. JOB wo. P6254.07 

PROJECT Foundation Investigations b Si t e  characterization 110. ~ ~ - 3 2 - 1  
Niagara Falls Storage Site sm wmluo. 1 of 2 

COWTRACTOR: Empi re 9 i  I s STARTED 9:oo A .Y. Apri l  23, 10 81 
misnm 10:20 A .n. April 24, I@ 81 

U r n  901L Hollow Stem Auger CASING DlAM. None 
DCIIUNC: lKKw Diamond Coring 
of 

CORf DIAY. EIX 

LOCATION : UTiTUOE 
DEPARNRE 
8EARlNC 
INITIAL DIP 90' 

L W A T I W S :  DAWN USGS 
DRUA W T F O R Y  None 
GROUND SURfACE %318 
ROC# SURFACE %276 

mi% DIPS BOrrOY'0f)IOcL 11271 
Note: Swampy area, hole drilled i n  standing water. L M L  ~~~~r 9 :7ie:t$gL81 

~ ~~~~ 

Yellow-brown to  brown, mist 
containing fine sand. 

Brown t o  yellow brown Clay, 

st iff  

Percent o f  sand and s i l t  
variable due to  lenses. 
6.2 fee t  sandy layer  wet. 

8.2-9.2 fee t  clay, contains 
coarse sand. 

. s i l t y ,  moist, medium t o  

14 

16 

18 

CL Gray-brown C1 ay , s i 1 t y  , 
sandy, gravelly, sof t ,  
saturated. 

7-8- 
13-15 

7 - 1 5  
10-6 

15- 17 

5-5 

6-7 
2 1 3-4- 

241 :I:- 
161 :;- 

I HSPECrOR P. Batth 
L3G6ED Ef 1. Drexhage 

I 

H-39 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGi N E E R S  
BUFFALO, N E W  Y O R K  

D R I L L I N G  R E P O R T  

.a ENT NLO, Inc. JOB NQ P6254.07 
WKU ECT Froundation Investigations & Site Characterization NQ BH-32tl 

0- rn 
!O 

!2 

!4 

16 

18 

'0 

32 

- 34 

36 

SITE 

pncm-lc*: COLOR, cumsnm.sIRucwE. w m  c m ,  m c m .  EDMKTNLIS.  
T A m  LOSS 011 = I N ,  CTC. 

Gray-brown Clay, s i l t y ,  
gravelly, soft, saturated. 

22-28 feet Clay. Contains 
coarse sand and gravel up t o  
314 inch. 

S A M P L C  W F U T I O  
7CST ma rrrc s m  1 o c m  RCYJ I 

I 10 AY 2"  18-20 10" 3-2- 
5-2 

11 AY 2" 20-22 23" O-O- 
1- 1 

2-3 

2-2 

12 AY 2" 22-24 24" 2-2- 

13 AY 2"  24-26 22" 1-1- 

Niagara Falls Storage Site SHEET NQ 2 Of 2 

~~ 

CL 
(cont' d )  

;M/ GW 

k 

Bedrock 

H-40 \ 



ACRES AMERICAN INCORPO2ATED - CONSULTING ENGINEERS. 
BUFf4L0, NEW YORK 

D R I L L I N G  R E P O R T  

c u m  NLO, Inc. JOB NO. P6254.07 
- . - .  

HOLENO. BH-33 Foundation Invest igat ions & S i t e  Characterization PROJECT 

SITE Niagara Fa l l s  Storage S i t e  w m w .  1 OF 2 

COWTRACTOR: Empire Soil  STARTED 8:30 A A. A p r i l  24, ts91 
WISHED 2:45 P .Y. Apri l  27, is81 

YernOO SOlL Hollow Stem Auger CASlNC DIAY. 
of 

DRILUNO: aoclc Diamond Coring CORE DIAY. NX.- 

LDCATIOW : U T l l U D E  ELEVATIONS: DAWU USGS 
OEPARNRE 
BEPRING 
W T I A L  DIP 90' 
OTHER DIK 

- -  

ORIURITFORY None 
GROUND SURFACE 319.0 
mcx SURFACE 279.2 
B O T T O Y ' O F ~  273 
WATER LEVEL 4/27/81, 314.3 Ft 

IQL  tm 

- 
O L  

GM 
~ 

CL 

c 

CL 

_. 
Dark Brown, S i l t ,  organic,  f i l l .  
~ ~ ~ 

Ye1 low i m w n ,  gravel ,  few 
angular pieces , f i 11 . 
A1 t e rna t ing  lenses of brown 
Clay, sandy w i t h  a t r a c e  of 
gravel and brown Gravel, 
sandy. Lenses t y p i c a l l y  12 
inches t h i c k .  

Gray- brown, C1 ay . 9 

AY I 2" 1 1-3 I 15"1 3-18- 
24-13 1. 5-7 1 6 " i  8-16- 

7-9 0 10-25- 

16-11 

52-33 
I I I 

' AY 2" 9-11 15" 5-9- 
19-36 

I I 

AY I 2" I 13-151 1O"I 10-16- R 

AY I 2" 1 15-17 14" 22-33- I I 22-14 
I I I I - 

AY I 2" I 17-191 0 I 3-3 

. Y-core box 
INSPECTOR P. Barth 
LOGGED W R. Iserneiwski 

APPROVED 

DATE May 1981 

H-41 \ 



ACRES AMERlCAN INCORPORATED - CONSULTING ENGl NEERS 
BUFFALO, NEW Y O R K  

D R I L L I N G  R E P O R T  

CU ENT NLO, Inc. Joe NO. P6254.0 7 
PROJECT Foundation Invest igat ions & S i t e  Character izat ion mz ~ ~ - 3 3  

grxnimm: COLOR, COWSISTE)~C~.~UCNIIZ, 
wmn COC~VIT. m c m .  COMWNU% 
ulu msa on U I N ,  me. 

Gray -brown C1 ay , s i 1 ty , 
sandy, soft,  saturated. 
Soft t o  very sof t .  

SITE - 
O m  

(ft 1 

20 

?2 

24 

26 

28 

30 

32 

34 

36 

a 

Niagara F a l l s  Storage S i t e  

M a  

9 
10 

11 

12 

13 

14 

15 

16 

CL 
(Cont i n- 
ued) 

~ P C  SUE 

AY 2" 

AY 2 "  

AY 2" 

AY 2" 

AY 2" 

AY 2" 

AY 2" 

AY 2" 

17-19 0" 4-3 
24" 0-0- 

0-2 

3- 3 
24" 0-2- 

24" 0-1- 
2-4 

Gray brown Clay, very s o f t ,  
saturated. 

I 24" 
I 

29-33.5 Feet - Clay. Very 
soft,  saturated, some sand, 
t race o f  gravel. 

33.5 t o  base o f  u n i t  Clay, 
a l t e rna t i ng  Clay, Sand, and 
Gravel 1 enses. 

O-O- 
2-2 

Red Sand, f ine,  clayey, 
very dense, dry. Occasion- 
a l  gravel. Includes 
angular and subrounded 
fragments o f  bed rock . 

38 

10 

12 

14 

16 

-8 

i0 

S i l ts tone,  red  brown 
containing green pockets 
1 inch interspersed. 
Queenston Formation. 

sc 

Bedrock 

End o f  ho le 46.0 Feet. 

19-21 

21-2: 

23-2E 
- 

- 
25-2; 

27-25 

- 
29-31 
- 
31-31 

33-35 

35-37 

37- 39 

- 

39-40 
- 

40-45 

\ 

24" o-o- I 2-2 I 

24" I E- 

34-95 

.. 
RQO 

I 

r 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

I 
IQL rm 

Fill 

CL - 

CL 

GW/ SC! 

CL 

rmna m m m o  

cum NLO, Inc. JOB NO. P6254.07 

PROJECT Foundat ion Investigations a S i t e  Characterization nOLL K). ~ ~ - 3 4  

sm Niagara Falls Storage S i t e  --No. 1 OF 2 

CONTRACTOR: Empire Soi ls  STAR= 1:30 P.M. Apr i l  29, 1 ~ 8 1  
muis~rn 10:20 A.M. Apri l  30, 10 81  

u r n 0  SOIL Hollow Stem Auger CASING DIAU. 

DRILLING: ROCK Diamond Coring W R C  DIAU. NX 
OF 

m m m :  COLOR, QZI%-Y~.-, I A M P L I  .*mn m. -on, -. 
-mLDu0UJ*.zlt. mo. mw* U t t  1 DUm 

Deteriorated pavement and 
angular gravel ; Roadbed F i l l .  

Black Clay, s i l t y ,  sandy, 1 AY 2" 3-5 
stiff ,  dry. 4 i n c h  sand 

Red Clay, sandy, s i l t y  con- 
t a i n i n g  angular gravel t o  3/4 
i n c h .  S t i f f ,  dry t o  damp. 

e n v  a t  4 f ee t ,  dry. 

5-7 

3 80 3" 7- 9 

4 AY 2" 9-11 

5 AY 2" 11-13 

AY 211 

Gravel and Sand lense 12-14.T 
feet. 

medium s o f t ,  wet. 

---- 
Gray Clay, s i l t y ,  sandy, 6 AY 2 "  13-15 

7 AY 2" 15-17 - ---- - . _  - 

8 AY 2 "  17- 19 
8 M l - M  CDlTAlNQ 

LOCATION: W I T U O E  
DEPARTURE 
6EAAI)IC 

OTHER Dlft 
I w m L  WP goo 

4 - 
6 - 
8 - 
- 10 

12 - -  

- 14 

- 16 

18 
U 

c 
0 

* A  

INSPEC 

LOCCEI 

ELEVATIONS: OATUY USGS 
DRILL RATFORM None 
GROUND SURFACE 319.9 
ROCK SURFACE 277.8 
BOTTOM OF)(OLL 272.8 
WATER LEVEL 5/8/81, 314.1 F t  M 

10- 13- 
12-10 

10- 31- 
16-20 

She1 by 
Tube 

6-12- 
16- 18 

20-23- 
2 1- 16 

8- 5- 
5- 5 

4-4- 
5-6 
8-5 

H-43 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW Y O R K  

D R I L L I N G  R E P O R T  

aJ ENT 

PROJECT 

NLO, Inc. . joa KX P6254.G7 

Foundation Investigations L 55 t e  Characterization HOLE NQ BH-34 

Niagara Falls Storage Site SITE 

I A M C L C  

D a m  - 
17-19 
19-21 

CC 
(Contin- 
ued) 

Gray Clay, s i l t y ,  
t o  very soft ,  wet 
saturated. 

sandy, soft 
t o  

24" 
26" 
- 
- 
24" 

- 
18 

- 
24" 
- 
24 

- 
24 
- 
24 I' 

- 
18 

12" 

12" 

1 1 In 

3 

- 

- 

- 

5-7 
Shel by 
Tube 

20 

22 

24 

21-23 0- 1- 
3- 3 

2-2- 
2-3 

23-25 

25-27 26 

?8 

30 

0-2- 
2-4 

4-4- 
5- 5 

27-29 

29-31 0- 1- 
3- 3 

31-33 0-4- 
4- 5 .32 

34 

36 

Shel by 
Tube 

33-35 

32.5-33.0 Feet - Red s i l t  
layer. Clay contains trace 
of gravel near base of unit. 

Red- brown Si 1 t , gravel l y  , 
trece sand, very dense, dry. 

35-37 1-4- 
4- 9 

~ 

37-39 60-R ,38 ML 

39-41 

4-42.1 

60-R 40 
40-42.0 Feet - Contains 
weathered bedrock fragments. 20-85-R 

~~ 

Bedrock Red Siltstone, weathered, 
friable t o  43.2 feet. Become 
harder w i t h  depth, horizontal 
bedding spaced 1/4 t o  3 inche 

42.1- 
47.1 

3 In 

End of hole 47.1 
48 

50 

H-44 \ 



ACRES AMERICAN INCORPORATED = CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

C U M  NLO, Inc. JOO NO. P6254D7 
PROJECT Foundation Investigations 8 Si te  characterization no& No. ~ ~ - 3 5  

SITE Niagara Fal ls  Storage S i te  %=No. 1 of 2 

CONTRACTOR: Empire Soi ls  STARTED 9:30 AM. Apri l  27, 19 81  
FINISHED 9:30 AM. April 28, 10 8 1  

METnoD SOIL Hollow Stem Auger CISINC DIAY. 
O f  

WIUJN 6 : RocI[ Diamond Coring CORE DIAY. I 4  X 

W a T l O N :  UTITUDE 
DEPARTURE 

ELEVATIOHS: DATUY USGS 
ORUPUTFORY None 
GROUND SURFACE 318.9 
ROCX SURFACE 276.9 
8OTTDY of- 271.9 
WATER LEVEL 5/8/81, 315.4 feet 

U C I  

W R I N G  
INITIAL DIP 90' 
OTHER m e  

m 8 A l I L C  

10. twrc.1 I t L  1 O L m c  
IOL  rm 

Brown S i l t ,  organic 1-4- 
4- 3 2 

4 

6 

B 

10 

12 

14 

16 

18 - 

Brown s i l t ,  clayey, beconins 
more dense w i t h  d e p t h .  
Well sorted,  damp. 

ML 

CL 

8'  6-6- 
12- 13 

18'' 4- 3- 
6-8 

24" 15-13- 
10-11 Brown Clay containing 

occasional gravel u p  to  314 
inch throughout, s t i f f  to  
very s t i f f ,  dry t o  damp. 
Boulder encountered a t  
12.9 feet .  Hole moved 4 
f ee t  eastward and continued, 

20" 6-7- 
10-16 

24 'I 

- 
11" 

7-9- 
10- 15 

10- 
100/4 

22" 6-7- 
11-10 

T h i n  s i l t  lenses 1/8 inch 
thick occasionally 
gravelly 16-17 feet. 

10" 
- 

10- 11- 
15- 16 

INSPECTOR 

LOGGED Uf 

P. Barth 

T. Drexhage - 
DATE May 1981:' -''_ 'L 

\ H-45 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, N f W  Y O R K  , 

D R I L L I N G  R E P O R T  

Brown Clay, gravel throuahoot, 
Becoming softer, saturated a t  
20 feet. 

CU EN7 NLO, Inc. JOB NQ P6254.07 

CROJ ECT Foundation Investigations L Site Characterization HOLE NO. BH-35 

10 I AY 1 1: 1 18-20 1 24" 1 
11 AY 20-22 24" 4-5- 

20 

22 

- 

- 
24 - 
- 26 

S t i f f  Brown Clay a t  23 feet 
for 2 inches. 

Gray-brown Clay, s i l t y ,  
sandy, containing gravel t o  
3/4 inch. Very soft, wet. 

Niagara Falls Storage Site 

7-8 

12 AY 2" 22-24 24" 8-8- 
10- 10 

13 AY 2" 24-26 24" 1-1- 
2-2 

CL 
( Con t i n- 
ued) 

Gray brown Clay, s i l ty ,  soft, 
plastic. 

CL 

I 

14 AY 2" 26-28 24" 3- 3- 

2" 28-30 18" 1-2- 15 AY 

2-3 

3- 2 

16 AY 2" 30-32 24" 1-2- 
3- 3 

17 AY 2" 32-34 24" 4-3- 
3- 3 

HL 

Gray brown S i l t ,  gravelly, 
sandy, becoming sandier w i t h  
depth. Saturated. 

Red-brown S i l t ,  occasional 

weathered rock. Lower 

green lenses, very dense, 
dry. Some fragments o f  

portion shows reminant 
structure. 

Red Sil tstone, horizontal Bedrock 

18 AY 2" 34-36 24" 3-5- 
6-11 

19 AY 2" 36-38 24" 19-61- 
63-97 

20 AY 2" 38-40 24" 57-65- 
87-224 

21 AY 2"' 40-42 24" 67-66- 
57- 104 

t o  core axis. 6" green bed 
a t  44.5 f t .  . 22 DY 3" I :;::- 1 . 2 '  84% RQD 

End of hole 47.0 ft. 

\ H-46 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

C U M  NLO, lnc.  JOO NO. P6254.07 

PROJECT Foundation Investigations I S i t e  Characterization n o u  NO. ~ ~ - 3 6  

SIT€ Niagara Fa l l s  Storage S i t e  WEETNO. 1 OF 2 

C O N T R A ~ R  : Empi re Soi  1 s STARTED 9:oo A .Y. June 1 19 81 
FINISHED 3:oo p .Y. June 1 I @  81 

#nL Hollow Stem Auger CA31N6 DUN. u r n 0  
of 

w)lLUN 6 : melt Diamond Coring CORE OIAY. NX 

LDCATIOW: LATITUDE EWATIONS: D A N Y  USGS 

1 

- 2  

4 

6 

8 

10 

12 

14 

,16 

DEPARTURE 
-RING 
INITIAL DIP 90' 
OTHER UPS 

O R U P U T F O R Y  None 
GROUNO SURFACE 320.5 
ROCK SURFACE 277.2 
BOrrDY of KILE. 272.2 
WATER LEVEL 7/10/81. 315.46 F t  

Fill 1Black-red Sand, gravelly,  clay 

CL Black Clay, s i l t y ,  sandy, dry. 
L r a c e  orclanics . 

CL Red-brown Clay, s i l t y ,  sandy 
w i t h  t r a c e  gravel throughout. 

Contorted laminations and 
gray beds throughout. S t i f f  
t o  very s t i f f .  Occasional 
sand and s i l t  lenses u p  t o  
2 inches thick.  

sc/sw Tan Sand, t race  gravel,  
loose,  wet. Well sor ted.  
Clean w i t h  occasional clayey 
zones. 

I A I C L C  

E R E  5fG 7-9 

- q K z  39-80 

0" 85-71- I 40-28 

I-- 

H-47 \ 



ACRES AMERICAN INCORPORATED - CONSULTING. ENGINEERS 
BUFFALO, NEW Y O R K  

D R I L L I N G  R E P O R T  

QlEMT NLO, Inc. JOB ma P6254.07 

~ E C T  Foundation Investigation & Site Characterization MOLE BH-36 

8 A I ) P L I  

size osmc &D 

2" 17-19 10" 
2" 19-21 18" 

c o c I I * T W l  
nsr 

28-32 
10-9- 
6-4 

~~ 

Tan Sand', fine to  medium 
grai ned . 
Gray Clay, s i l t y ,  sandy, 
w i t h  some gravel t h r o u g h o u t .  
S o f t  to medium, plastic. 

. 
_ _  ~ 

, 9 AY 
10 AY 

11 AY 

2" 

2" 

2" 

31-33 24" 8-10- 
13-16 

33-35 20" 5-5- 

35-37 12" 10-12- 

6-7 

14-19 

3" 43.3- 4.3' RQD 
. 40.3 0 

STL - 
- (7 
20 - 
22 

24 

26 

28 

30 

32 

34 

Niagara Falls Storage Site $MEET WQ 2 OF 2 

sc/ sw 
(cont'd) 

ci 
2" 1 21-23 I 18" I 3-4- 

4- 3 

2" I 23-25 1 12" I 2-3- 
3- 5 

2" 1 25-27 I 24" I 2-4- 
5-5 

lensesup to  2 inches thick. 
Occasional s i l t y  and  sandy 

2" I 27-29 I 24" I 5-7- 
8- 8 

2" I 29-31 I 24" I 2-3- 
3-4 

31..0-31-.5 Feet - s i l t  lenses 16 AY I t  
36 

38 

00 

02 

- 
04 

46 

48 

Red S i l t ,  very dense t o  hard 
dry. Occasional gravel and 
sub-angular fragments of  
bedrockup to  1 inch. 2" I 37-39 1 17" 1 18-17- 

18-15 
Alternating clay and sand 
lenses present throughout, 
typically 1/2 to 1 inch 
thick. 

2" I 39-41 1 0" I :&::- 
2" I 41-43 I 10" I 37-67- 

77-80 

Bedrock Red Siltstone w i t h  occasiona 
green beds up  t o  2 inches 
thick. Hlghly weathered 
zones a t :  43.3-43.5; 
44.7-45.3; and 46.0-46.4 
feet. 

End of Hole 48.3 Feet. 
50 - I I 

H-48 
\ 



~~ 

ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
B U F F A L O ,  NEW YORK 

D R I L L I N G  R E P O R T  

C U M  NLO, Inc.  JOB NO. P6254.07 

PROJECT Foundation I n v e s t i g a t i o n s  & S i t e  C h a r a c t e r i z a t i o n  HOLE No. 94-37 

SITE Niagara F a l l s  S torage  S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: h p i r e  S o i l s  STARTED 12:30 P.Y. A p r i l  29 is81 
. FINISHED 11:45 &Y. Apri l  30 ie81 

Y M O  
of 

MILUNB: RDc)( Diamond Coring 

LOcATlOW : LIITlTUDE EL!!XATlOHS: DATUM USGS 
DEPARTURE ORIUFU~FDRN None 

sol1 Hollow Stem Auger CASING DUN.  

CORE DIAY. N X  

W R I N G  
INITIAL DIP 90' 
OTHER Up5 

OAOUND SURFACE 319.8 
ROCX SURFACE 276.6 
BOrrON Of- 271.6 
WATER LEVEL 

.6 

.8 

OL 

CL 

CL 

- I 

Dark brown, S i l t ,  organic .  1 1  1 A Y (  2" 
I I I 

Brown Clay, medium t o  s t i f f ,  
damp. Trace gravel  and 
occas iona l  s i l t .  Lenses t o  
1/8 i n c h  thick throughout.  

Clay becoming s o f t e r  a t  12 
feet. 
14.6-15.5 Feet  - Yellow- 
brcwn g rave l ,  sandy, grave l  - 
t o  1 inch. 

Gray- brown C1 ay,  r i l  ty, . 
sandy w i t h  t r a c e  gravel  
throughout.  S o f t  and - - 
pl a s t i  c. 

6 AY 2" 

1 -  BO N 0 
7 AY 2" 

UD-2 BO 3" . 

nn 
DCm [ m o  
0-2 /I6" 1 Li- 
2-4 12" 7-11- 

13-15 

4-6 122.8 I 11-8- 
10-14 

8-10124" I 
10-12 24" She1 by I ITube 

12-14/2" 1 :Fp 

16-18 18" She by 

E C  V E R Y  
4.5-1 14" 16-14- 

Tube 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

CUENT NLO, Inc. .. JOB m P6254.07 

PRQIEm Foundation Investigations S Si te  Characterization MOLE m 8H-37 
UTE - 
DQI* 

20 

22 

24 

!6 

!a 

30 

32 

- 
14 

16 

18 

- 
10 

12 

- 
-4 

*6 

- ,8 

'0 - 

Niagara Fal ls  Storage S i t e  

CL 
(cont ' d )  

ML 

SPIGP 

Bedrock 

Gray-bmwn Clay, s i l t y ,  
sandy w i t h  t race cf  gravel, 
s o f t  and p las t ic .  

Clay b bmes s i l t i e r  and 
sandier  w i t h  depth. 

Red-brown Si 1 t , sandy, 
gravelly, very dense to 
hard, wet. 

Red-brown Sand, gravelly. 
Very dense t o  hard, wet. 
Gravel up t o  1 inch clean. 

40.3-40.7 Feet - R -brown 
S i l t .  sandy, qrave%. 
Red-brown Shale, s i l t y ,  
th in ly  bedded. Two green 
zones 6 inches thick a t  
43.3 and 47.0 feet .  

End of Hole 48.2 Feet. 

H-50 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

cum NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Invest igat ions 8 S i t e  Characterization n o u  wo. BH-38 

S M m  NO. 1 OF 2 SITE Niagara Falls Storage S i t e  

CONTRACTOR: Empire S o i l s  STARTED 3:OO P A. April 22, 1981 
~ N I S H E D  3:30 P .Y. April 23, 1981 

Y M D  SOlL Hollow Stem Auger CASIUG DIAU. 
OF 

DRILUNB: ROCII Diamond Coring CORE DIAU. qx -. 

LOCATION : U T I N D E  ElEVA7lOUS : DAWU USGS 

, 2  

4 

, 6  

I , a  

10 

12 

14 

, 16 

18 

DEPARNRE 
-RING 
INITIAL DIP goo 
OTHER UPS 

D I L  rn 

CL 

ML 

ML 

CL 

~ ~~ 

Dark brown,  S i l t ,  sandy, 

L i g h t  brown S i l t ,  clayay w i t h  
some gravel ,  dry,  t r a c e  organ' 

Brown  S i l t ,  clayey, moist 
containing occasional gravel. 
Saturated zone a t  6.0 f t .  

Gray-brown Clay, s i l t y ,  sandy 
t r a c e  gravel throughout. 
Very s o f t ,  sa turated.  

DRILLRATFORM None 
GROUND SURFACE 318.1 
ROCK SURFACE 277.7 
B O m Y  0f)IOLf 272.7 
WATER LEVEL 5/8/81, 315.6 F t  E 

8 4 I C L t  

IUSPECTOR P. Barth 
LOGGED e~ R. Adam 

DATE * May 1981/ 

H-51 \ 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
B U F F A L O ,  N E W  Y O R K  

D R I L L I N G  R E P O R T  

dlENf NLO, Inc. JOB NQ P6254.07 

PROJ ECf Foundation I n v e s t i g a t i o n s  & S i t e  Characterization NQ BH-B 

SITE Niagara Fa:ls Storage S i t e  SHEET NO. 2 OF 2 

H-52 \ 



ACRES AMERICAN INCORP3RATED - CONSULTING ENGINEERS ' 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  - 
cum NLO. Inc. JOB NO. P6254 .O 

?RoJECT Foundation Inves t i ga t i ons  L S i t e  Charac ter iza t ion  BH-39 

SITE Niagara F a l l s  Storage S i t e  sHE?Two. 1 OF 2 

CONTRACTOR: Empire S o i l s  STARTEO 1:30 P .Y. May 7, 19 81 
FINISHED 12:OO P .Y. May 8, 19 81 

Y e M o O  SOIL Hollow Stem Auger CASINO OIAY. 
Of 

ORILUNC: Rou( Diamond Coring CORE OlAY. NX 

6 

7 

8 

L O U 7 l O N :  LATITUDE ELEVATIONS: OATUY 

AY 2" 11-13 17" 4-4- 
4-5 

AY 2" 13-15 5"  1-2- 
2- 3 

4- 3 
AY 2" 15-17 10" 3-4- 

10 

12 

14 

16 

DEPARTURE 
-RING 
INITIAL DIP 90' 
OTHER #pS 

.DIL rm 

Fi l l  

SM/SC 

CL 

CL 

Dark- l a c k  1 y s i l t  t ace 
oraanvcs an8 3 Inch &veT. 
Tan -Sand, s i  1 t y 7  clayey- w i t h  

m ) . y t o  2 inches, prob- 

Red-brown C1 ay , s i 1 ty , 
sandy .wi th t race  o f  gravel .  
S t i f f  t o  very s t i f f ,  d r y  t o  
damp; 

Clay, Si l ty,  sandy a t  base 
of unit.  

Gray-brown Clay, s i l t y ,  
sandy with t race  gravel. 
throughout. Soft ,  p l a s t i c ,  
and moist.  

13.2 Feet - 2 i n c h  hard  c l a y  
l a y e r  present. 

USGS 
ORUPUTFORY None 
CROUND SURFACE 318.7 
ROCK SURFACE 278.8 
DOTrDY OF- 273.8 
WATER LEVEL 7/10/81, 315.63 Ft 

MY 
# A I C L C  c D m T p *  

RIT 
no. Irrrc*I mzt  I o m  I om% 

H-53 \ 



ACRES A M E R I C A N  I N C O R P C R A T E D  - C O N S U L T I N G  E N G I N E E R S  
BUFFALO, NEW Y O R K  

D R I L L I N G  R E P O R T  

' CLIENT NLO, Inc. JOB NQ P6254.m 

PAOJ ECT Foundation Investigations i% Site Characterization K1 BH-39 

SITE 

- 36 

- 38 

- 40 

42 

44 

36 

pa 

50 

Niagara Falls Storage Site 

CL . 
(Con t in -  
ued) 

ML 

Bedrock 

Gray-brpw Clay, s i l t y ,  
sandy, trace gravel through- 
out, soft ,  moist to wet, 
plastic. 

Occasionally t h i n  sand lenses 
Clay, becones more si 1 t y  and 
gravelJy a t  base of u n i t .  

Red S i l t ,  sandy, 
very dense t o  hard, h i g h l y  
compact. Contains fragments 
of weathered bedrock. 

Red S i l  tstone, weathered 
i n  upper zone. Becomes less 
weathered w i t h  depth. 
Horizontal bedding spaced 
a t  112 to  2 inches. 

End o f  hole 44.9 Feet. 

11 

12 

13 
- 

14 

- 
15 

16 

- 
17 

18 

i s  

20 
_. 

7 

21 

- 

H-54 \ 



ACRES AMERICAN JNCORPORAED - CONSULTING ENGINEERS ' 
BUFFALO, NEW YORK 

D-R I L L I N G R E P 0 R T 

8 

9 

CUOCT NLO, I N C .  JOB NO. P6254.07 

PROJECT Foundation Investigations & Site Characterization HOLE NO. BH-40 

SITE Niagara Falls Storage Site tnmm. 1 of 2 

CONTRACTOR: Empire Soi ls  STARTED 3:oo P.Y. Pay 21 I S  81 
FINISHED 1:oo P.M. May 26 IS 81 

Y r n D  30(1 Hollow Stem Auger CASING DIAY. 

DRILUNC : mu[ Diamond Coring COREDUY. NX 
OF 

AY 2" 15-17 ?2" 0-0- 
1-1 

AY 2" 17-19 p 2 "  1-20 

LDUTION: UTTrVDt EEVATIOWS : DATUM US GS 
DEPARTURE 
%EPRINC 
INITIAL MP 90' 
OTHER BPS 

ocm 

10 

12 

14 

15 

18 - 

aaL trrc 

O L  

CL 
-- 

CL 

InSPECrOR T. Fuller 
LOGGED rn R .  Werneiwski 

\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGlNEEiZS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

CUENT NLO, INC. JOB Wa P6254.07 

WECT Foundation Investigations & Site Characterization HOLE rn BH-40 

Niagara Falls Storage Site SHEET W 2 OF 2 

Bedrock Red Siltstone, moderately 
weathered, containing 
occasional green layers t o  10 

3 inches. Horizontal bedding 
12 spaced a t  1-3 inches. 

End o f  Hole 42.8 feet. 
14 

16 

18 

i0 

so& nu 

20 A Y  

21 DY 

CL 
(cont'd) 

SC/SM 

pnchm: COLOR. C O I U I ~ ~ ~ . ~ U N I L ,  
UTZR corrm, CUSIICIR, m u m a o q  

no mm 

Gray Clay, s i l t y ,  sandy, 9 AY 

moist t o  wet. S i l t  and sand Ay 
trace gravel, soft, plastic, 

lenses approximately 2 inches 
11 AY 

thick throughout. 

YlU W OI YIN. m. 

Tan Sand,  gravel u p  t o  2 
inchs bo th  sub-angular  and 
rounded trace s i l t .  
Percentage o f  si l t  decreases 
w i t h  depth. 

\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

CLIENT NLO, Inc. JOE NO. P6254.07 
PROJECT Foundation Investigations & Si te  Characterization nok m. BH-42 

SITE Niagara Fal ls  Storage S i t e  SHEET No. 1 OF 2 

DtrrnRKl. COLOR, CQmomur,-, 
W A T U  -. h*mclm, -, 
1 4 7 r R  LdsI m U I W .  crc. 

B,Lapi$l %te~iati! w i t h  some 

Brown Clay, t race  s i l t ,  
s t i f f ,  uniform. Contains 
t h i n  s i l t y  lenses, dry. 

. 

Moisture content increases 
progressively from 8 t o  
13 feet. 

Gray Clay, s i l t y ,  so f t ,  
p l a s t i c ,  moist, p las t ic ,  

of gravel. 
generally u n i  forn w i t h  t race 

STARTED 9:30 A .Y. May 4, 1081 CONTRACTOR: Empi re  Soi 1 s 
RNISHED 9:30 A .Y. May 5, lB81 

Y r n D  SOIL Hollow Stem Auger CASING DUX. 
OF 

CuCIum S A M P L E  
- r r r r  

MO. WCC* B i t 1  D E m  rCr'0 

1 AY 2" 0-2 12" 1-1- 
5- 5 

2 AY 2" 2-4 12" 5-6- 
9- 9 

3 AY 2" 4-6 18" 5-6- 
10-11 

4 A Y  2" 6-8 18" 13-15- 
17- 12 

5 AY 2" 8-10 19" 5-5- 
13- 14 

6 AY 2" 10-12 20" 5-7- 
19- 19 

7 AY 2" 12-14 21" 19-12- 
7-6 

8 AY 2" 14-16 24" 1-1- 
2-3 

9 AY 2" 16-18 20" 3-4- 
8- 9 

ROCK Diamond Coring CORE DIAM. NX ORIUNB: 

U)UTION: LATltUOE ELEVATIOWS: DATUM USGS 
DEPARTURE 
W R I N G  
INITIAL DIP 90' 
OTHER ole 

- -  
D R l U  PUTFORM None 
GROUND SURFACE 317.5 
RQCIC SURFACE 272.3 
B O ~ Y  OFWOCT 267.3 
WATER LEVEL 

-L rn 

O L  

CL . 

CL 
6 

H-57 \ 



I .  

S A M C L ~  

ma mm sac I DCPTM acf:, 
10 AY 2" 18-20 19"  

11 Ay 2" 20-22 22" 

ACRES AMERICAN INCORPORATED - CONSULTING ENGiNEERS 
BUFFALO, NE'N Y O R K  

D R I L L I N G  R E P O R T  

ENT NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Investigations & Si te  Characterization HOLE NQ BH-42 

-~ 

cv(cTu710* 
TEST 

1-3- 
2-3 

1-1- 
2-3 

1 

SITE 

12 

Niagara Falls Storage S i t e  

Ay 2" 22-24 24" 3-3- 
3- 3 

O l r m  

0 

20 

?2 

24 

26 

?a 

30 - 
- 32 

-34 - 

3 6  

38 

40 - 
42 - 
44 

SaIL ?we 

CL 
(Contin- 
ued) 

GC 

CL 

CL/GC 

SP/GM 

ML 

Bedrock 

Gray Clay, f ine  t o  medium 
gravel throughout, s o f t ,  
p las t ic .  

Gray, gravel, clayey, sandy, 
Gravel both angular and 
rounded up t o  1-1/2 inch. 
Fbist to wet. 

Gray clay,  s i l t y ,  sandy, 
fine Gravel throughout. 

Gray t o  reddish brown Clay, 
gravelly,  szndy. Percent of 
sand increasing w i t h  depth. 

Reddish brown Sand, gravelly! 
very dense, moi$t.yith t race  

Brown t o  brownish-red. S i l t  
clayey, s t i f f ,  mist. 

Red S i l t s tone ,  s l i gh t ly  t o  
mdera t el  y weathered . 
Bedding spaced a t  approxi- 
mately 2.5  inches. 

End of  hole 50.2 feet .  

H-58 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
8UFFAL0, NEW YORK 

D R I L L I N G  R E P O R T  

c u m  NLO, Inc. JOB m. P6254.07 

PROJECT Foundation Investigations L Site characterization nou W. BH-44 

SITE Niagara Falls Storage Site s n m m  1 of 3 

CONTRACTOR: Empire Soi ls  STARTED 1 ~ 3 0  P.U. May 21, 1 9 8 1  

YEWOO SOlL Hollow Stem Auger CASING OIAM. 
FWSHED 1:30 P.Y. May 26 1@81 

OF 
DRllllNG : RocI( Diamond Coring CORE OlAY. NX 

LOCATlOW : UTlTUD€ 
DEPARTURE 

WITIAL DIP 90 
mER DIPS 

W R I N G  0 

Fill  
? 

ELEVATIONS: OATUY USGS 
ORlLL U T F Q R Y  None 
GROUND SURFACE 320.7 
RQCR SURFACE 273.2 
B O ~ Y  OFW 268.2 
WATER 

G1 ass , bricks , concrete, 
organics and topsoil .  

l 2  I A Y  
I 

Brown S i l t ,  gravelly, 3 A Y  
sandy, very s t i f f ,  dry. 

4 AY 
8-8.75 Feet - Brown Sandy 
gravel lense. 

- 5  A Y  

Brown clay,  s i l t y ,  sandy, 6 A Y  
gravelly, s t i f f  , mist 
gravel up t o  1/4 inch. . 

7 A Y  

Gray-brown Clay, s i l t y ,  8 AY 
sandy, s o f t  t o  very sof t ,  
p las t ic ,  wet. Trace of 
gravel. 9 A Y  

2" 1 0-2 I 0" I 6-10- 
10-11 

2 @I 4-6 19" '  10-13- 
17-20 

2 6-8 17" 20-30- 
35-28 

2 8-10 18" 7-8- 
8- 9 

2" 10-12 18" 7-10- 
14- 18 

2" I 12-14 121" I 13-14- 
16- 14 

2" 1 14-16 I 12" 1 2-5- 

I I 6-13 

n -  aom w 

IISPECfOR 

LOGGED BY 

T. Fuller 
R. Adam 

H- 59 
\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NE'U Y O R K  

D R I L L I N G  R E P O R T  

cu ENT NLO, Inc. Joe NO. P6254.07 

PR(u ECT Foundation Investigations a Site Characterization HOLE NQ BH-44 

Niagara Falls Storage Site 

CL 
( Con t in- 
ued) 

pncntmom: COLOR, ~ S I S T U I C I . S T ~ U C N I I L  
W A T U  CQsrcTr. rusTICm, WYC.CZ~LSS, 
urn us3 on GLIN. o c .  

Gray-brown Clay, s i l  ty, 
sandy, trace gravel through- 
out. Soft t o  very soft, 
plastic, wet. 

18-42 Feet, . 
iravel content increases. 

SHEET NO. 2 OF 3 

S A Y C L C  CCIICTRATlON rcsr 
ma mw SIZE o c m  n c n  

10 AY 2" 18-20 24" 3-2- 
3-4 

11 AY 2" 20-22 24" 1-1- 
5- 3 

H-60 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
B U F F A L O ,  NEW YORK 

D R I L L I N G  R E P O R T  . 

QIENT NLO, Inc. JW WQ P6254.07 

PRQlLCT Foundation Investigations & Site Characterization BH-44 

UTE 

54 

56 

3 8 

- 60 

Niagara Falls Storage Site s n m m  3 OF 3 
~ 

1oLTm 

Bedrock 
(Con tin- 
ued 

Shale becoming less 
weathered with depth. 
End of  hole 52.5 feet.  

H-61 

L f D  - 
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ACRES AMERJCAH INCORPORATED - CONSULTING ENGINEERS 
BUFFaLO, NEW YORK 

D R I L L I N G  R E P O R T  

CUEKT NLO, Inc. JOO NO. P6254.07 

PROJECT Foundation Invest igat ions L S i t e  Character izat ion HOLE NO. BH-45 

SITE Niagara F a l l s  Storage S i t e  s n m  No. 1 OF 2 

CONTRACTOR: Empire So i l s  S T A R E 0  1:30 P .Y. 6 ,  1981 
FINISHED 1:oo P .Y. May 7, l B 8 1  

Y N O 0  SOlL Hollow Stem Auger CASING OIAY. 

DRILUNC: ROCK Diamond Coring CERE DIAY. NX 

LOCATION: UTITUOt ELEVATIONS: DAWN USGS 

of 

DEPARTURE 
W R I N G  
INITIAL DIP 
OTHER D(pS 

SP 

CL 

CL 

ORU RITFORY None 

OOT~OY OF n u  272.1 

GROUND SURFACE 320.6 
ROCX SURFACE 277.1 

U- Brown sand, Gravel ly w i t h  
t h i n  s i l t  layers.  

D r y ,  very s t i f f  t o  hard. 
Trace gravel  throughout. 

I 5 1 A Y  
Gravel and sand content 
increasing w i t h  depth.. 6 A Y  

Gray Clay, s i l t y ,  sandy, 7 AY 
Gravel ly. Thin s i l t  lenses, 
so f t ,  p l a s t i c .  

8 A Y  

3 i n c h  s i l t  lenses a t  18 ft. ' 9 A y  

O A I C L C  

1;; 1 1-3 /I;; 1 H i t  
Stone 

3- 5 10- 14- 
16- 18 

2" . 5-7 14" 13-23- 
28-40 

2 7-9 18" 52-45- 
59-40 

2 I' 9-11 16" 8-12- 
14- 16 

2" 11-13 24" 20-22- 
18- 16 

2" 13-15 23" 2-4- 
5-6 

2" 15-17 24" 2-4- 
11-12 

2 II 17- 19 11" 10- 14- 

IWSPfCrOR P. Ear th  

UXiGED R. Werneiwski 

H-62 
\ 



Q1 ENT 

PROJECT 

10 

11 

12 

13 

20 

22 

!4 

!6 

28 

30 

32 

34 

AY 2" 19-21 24" 0-1- 
2-3 

AY 2" 21-23 19" 3-4- 
4-4 

2-3 
AY 2" 23-25 24" 0-2- 

AY 2" 25-27 15" 0-3- 
3-4 

36 

38 

40 

42 

44 

46 

48 

50 

ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW Y O R K  

D R I L L I N G  R E P O R T  

NLO, ioc. JOB NQ P6254.07 
Foundation Invest igat ions L S i t e  Character izat ion No. BH-45 

Niagara F a l l s  Storage S i t e  

CL-• 
(Contin- 
ued) 

SP 

Bedrock 

Gray Clay, s i l t y ,  sandy, 
gravel ly,  soft, wet, p l a s t i c  

Brown Sand, gravel ly,  s i l t y ,  
rounded up t o  314 inches. 
Un i t  very dense near 41-43 
feet .  Water encountered a t  
35. 

Red Si l tstone, soft, 
fri abl e , becomes 1 ess 
weathered w i th  depth. 
Horizontal bedding spaced 
1/2 t o  4 inches. 

End of hole 48.5 feet .  

SHEET No. 2 OF 2 

S A I C L I  

9 AY 17-19 11" 11-8 

14 1 AY 1 1 27-29; 18" 1 !!4; 

15 A Y  29-31 18" 
2-2 

H-63 , 



ACRES AMERICAN INCORPORATED - CONSULTING ENGlNEEiZS 
BUffALO , NEW YORK 

D R I L L I W Q  R E P O R T  

-L rm 

c 3 1 1  

CL 

CL 

-. _ .  

C U M  NLO, Inc. JOB NO. P6254.07 

315.10 Feet MSL 
8 A I C L C  Cam.t(O* -ltm COLOR, c o * ~ m m . m m ,  

W A r U  m. N I I I C I T T ,  OMCMZJ, 
U T Z R  LD+I OI UII. m. 1 nar 

10. lWW*I ULI [ 8tm m'o 

A U G E R k D  e ay w i t h  gravel and 

sandy w i t h  occasional gravel 
up t o  1/2 inch. Very dense, 

!ogbFk. 
Reddish-brown Clay, s i l t y ,  1 AY 2" 1-3 0" 100/.1 

Boul de t  

dry. Lenses o f  gray sandy 2 AY 2" 3-5 0" 18-27- 
S i l t  occasionally present. 45-48 

3 AY 2" 5-7 24" 23-27. 
28- 30 

4 AY 2" 7-9 24" 30-21- 
20- 15 

5 AY 2" 9-11 24" 8-8- 
10- 11 

6 AY 2" 11-13 18" 8-8- 
Reddish-gray t o  gray Clay, 
s i l t y ,  sandy w i t h  some 
gravel. Isolated s i l t  
lenses throughout. k i s t  t o  
wet. Soft, p las t ic .  Below 
13 feet clay color is gray. 

5-4 

7 AY 2" 13-15 24" 0-1- 
2-2 

1- 2 
8 AY 2" 15-17 24" O-O- 

9 A Y  2" 17-19 18" 2-2- 

PROJECT Foundation Investigation & S i t e  Characterization no& wo, BH-46 

SJTE Niagara Falls Storage S i te  s n m  )ro. 1 OF 3 

CONTRACTOR: Empire Soils S T A R E 0  1 0 ~ 3 0  AM. June 5 t 081 
1e 81 ~INISHED 2:45 Ru. June 8 

u r n 0  SOIL Hollow Stem Auger CASING OIAU. 
of 

ORIUJWG: ROCK Diamond Coring CORE OIAU. NX 

I&-TION: UTrrUOE ELEVATIONS: O A N Y  USGS 

2 

4 

6 

,8 

9- 

,12 

,14 

,16 

18 

LOGGED uf R. Werneiwski 
DATE June 1981 ,' 

H-64 
\ 



ACRES AMEREAN INCORPORATED - CONSULTING ENGi NEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

QIENT NLO, Inc. JOB m P6254.07 

PRQtECT 

S t E  

OQn, 

(f t  1 

-20 

-22 

-24 

26 

-2 8 

-30 

-32 

-34 

36 

gr-: CDLOR, c-aulIler.-, 
ulu uIIDII.nMncm. ODI- 
mu IpLIOnYIrn, OIC. 

Gray Clay, s i l t y ,  sandy, 
t race  gravel throughout. 
Very so f t ,  p las t ic .  . 

a A I ) P L C  -- 
m 

m a  - 1  suf IDEmC n w D  

10 AY 

1 1 I 

9 A Y - '  2" T.17-19 18" 2-3 

Foundation 

18 

Red Sand, s i l t y ,  gravelly,  
moist with t race o f  Clay. 
Gravel angular up t o  2 inches 
S i l t  1 enses present. 

19 

20 

Investigation & S i t e  

AY 

AY 

AY 

Characterization HOLE ICL BH-46 

3 8  

-40 

-42 

-44 

- 4 L  

-48 

Niagara Fal ls  Storage S i t e  S I L O  WQ 2 OF. 3 

Gray S i l t ,  sandy, gravelly,  
dense w i t h  weathered rock 
fragments. 

Red Si l  tstone, low hardness, 
highly weathered, dry. 
Horizontal bedding. 

CL 

22 AY 

. 23 AY 

24 AY 

srv SP 

25 

f lL 

DY 

Bedrock 

Angular gravel t o  3/4 inches 
present a t  23 feet .  

w"' 
28-29.2 f ee t  Gray S i l t  l ayer  14 i l A Y  

U 
34-34.5 feet red s i l t  sense. 1 17 I AY 

1 

Pi, I 19-21 1 16" I ::- 
21-23 14" 2-3- 

3-4 

2" 1 23-25 I 12'1 

2" I 25-27 I 16"l O-O- 
1-2 

2" I 27-29 I 17" I 2-4- 
8-11 

2" I 29-31 1 10'.1 0-2- 
3-4 

2" 1 33-35 I 13"( 0-7- 5- 3 

2" I 35-37 I l8"I O-O- * 12- 13 

2" 1 39-41 I 8.) 12-12- 
13-15 

2" I 41-43 1 6"l  15-19- 
21-26 

2" I 45-47 I 14"1 35-48 
57-69 

H-65 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , NEW Y O R K  

D R I L L I N G  R E P O R T  

J O I  WQ P6254.07 QIENT NLO, Inc. 

PIIC)JE~ Foundation Investigation L Site Characterization n o u  m BH-46 
SITE Niagara Falls Storage Site 

Bedrock Red Sil tstone. Slightly 
weathered. Occasional green 
Si 1 ts tone 1 ayers . 
- End o f  Hole 54.0 Feet - 

S A I ) ? L C  

H-66 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW Y O R K  

D R k L L I N G  R E P O R T  

CLIENT NLO, Inc. JOB NQ P6254.07 

PRQIECT Foundation Investigations ti Si te  Characterization HOLE NQ BH-47 
SITE: Niagara Fal ls  Storage Si te  SHEET NO. 2 OF 2 

S A Y P L L  p c a i m 9 w :  COLOR, Q I ~ S I S ~ Z K I . ~ ~ ~ ~ J R C ,  
um c m .  rumcm. ~MMNESS, 

?r v-brown Clay, s i l t y ,  Sandy 

Red s i l t  and sand, gravel, 
trace o f  clay, wet. 

W A l U  Ulf QII CIIN, CIC. 

Lh. 
- 
sut - 
2 I' 
2 I' 

- 
2" 

2 'I 
- 

- 
oc m - 

17-19 
19-21 
- 

- 
21-23 - 
23-25 

- 
25-27 

- 
27-29 

- 
29-31 

1-31.' - 

31.4- 
3 6 . 4 .  

CL 3-4 
7-13- 

24-19 
20 s:l/t.I1 

22 

24 

26 

28 

30 - 
32 -- 

34 

36 - -  

38 

Red S i l t ,  sandy, gravelly, 
very dense t o  hard, dry. 

Gravel subangular. :Bedrock 
fragments present near base 
o f  u n i t .  

29-29.6 feet  red Sand lense. 

9-R 
ugered 

R 
ugered 

it 

edrock 

12 

- 
13. 

14 
- 

- 
15 

16 
- - 

17 

AY 

- 
A Y  

- 
A Y  

- 
A Y  

A Y  
- - 

D Y  

8- R 
ugered 

68-102 
R 

8- R 
ugered 
7 -- 

RQD 15% 

Red Siltstone, highly 
weathered, occasional green 
beds. Horizontal bedding 
spaced 1/2 - 5 inches. 

End o f  Hole 36.4 F t .  

H-68 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
6UFFAL0, NEW YORK 

D R I L L I N G  R E P O R T  

4 

5 

6 
~ 

cum NLO, inc.  JOB NO. P6254.07 

PROJECT ' Foundation Invest igat ions 6 S i t e  Character izat ion HOLE NO. BH-48 

s r n  Niagara F a l l s  Storage S i t e  WELTISO. 1 w 2 

A Y  2" 

A Y  2" 

A Y  2" 

CONTRACTOR: Empire Soi ls  mARTED 1:30 P .Y. May 6, 1 * 8 1  
misnm 11:OO A .Y. b Y  7 I@ 81 

U r n 0  tolL Hol 1 ow Stem Auger CASING DlAY. 
OF 

DRIUN6: RocIl Diamond Coring CORE DlAY. NX 

7-6 

LOUTIOW : UTITUDE ELEVATIONS: DAWN USGS 

j i lt lenses throughout. 7 

OEPARnJRE 
W R l N 6  
INRIAL DIP goo 
OTHER mm 

A Y  2" 13-15 15" 5-7- 

D R U P U T F O R Y  None 
GROUND SURFACE 319.6 
ROCX WRFACE 281.1 
BOTTOM OF cK)LE 275.6 

8 

9 

4 

6 

8 

10 

12 

14 

16 

18 - 
A Y  2" 15-17 24" 1-2- 

3-3 

A Y  2" 17-19 13" 4-5 

lOIL trr( 

CL 

CL 

CL 

Brown Clay, s i l t y ,  sandy, 
organic, dry. . 1-3 

I 
12" l  4-8- 

15-18 

Red-brown Clay, s i l t y ,  sandy 
t race  gravel, dry. Contains 
occasional t h i n  S i l t  and 
Sand lenses. 

Sand lense one inch  t h i c k  a t  
11 feet. Fine t o  coarse, 
s i l ty .  

Red-gray Clay, s i l t y  sandy 
w i t h  t race gravel. Soft, 
p l a s t i c .  wet. Thin Sand and 

25-36 

24-30 
I I 

17" 26- 23- 
7-9 I I 20-20 

I I 

9-11 1 24"! 

11-13 1 24" l  

C -  A U U  

INSPECTOR P. Barth 

LDGGED BY R. Werneiwski 
OAT€ May 1 9 8 i  

H-69 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

QIENT NLO, inc. JOB K). P6254.07 

PIKIIECT Foundation Investigations L S i t e  charac te r iza t ion  MOLE WQ BH-48 
SITE 

DQI* 

, ( f t)  

2 0  

. -22 

. -24 

Niagara Fa l l s  Storage S i t e  

lolL m u  

CL 
(cont  d )  

Sbi/ML/ CL 

P?L/Gr! 

ML 

Bedrock 

pocm-: COLOR, tQYmm,-, 
Y T L R  canm. -em. a w m n r r q  
m m a  LOU 01 UIN.  oc. 

Gray Clay, S i l t y ,  sandy w i t h  
t r a c e  gravel throughout, *- 
s o f t ,  p l a s t i c ,  wet. 

Occasional t h i n  Red S i l t  
1 enses . 

S i l t ,  Sand and Clay i n  
a1 ternat ing layers;  

A1 ternat ing layers  Red Si 1 t, 
Sand, and Gravel, clayey, 
occasional cobbles. 

Red S i l t  c l a  y andy denie w i t h  weaI1e;ei rock 
f raamn ts . 
Red S i l  ts tone,  highly 
weathered i n upper hori zons , 
becoming less weathered w i t h  
depth.  Green s i l t s t o n e  bed 
from 41.4-41.6 feet. Hori- 
zontal bedding spaced a t  
1-3 inches. 

End of hole 44.0 feet. 

H-70 

SHEET KL 2 OF 2 

8 A I ) C L C  

17-19 
19-21 

21-23 

23-25 

- 
25-27 

27-29 

29-31 

11-32.' 

12.5-3 

33-:' 
38.0 

38-39 - 

39-44 

\ 

13'' 
24 I' 
- 

- 
3 

- 
24" 

- 
24" 

- 
24" 

- 
15" 

- 
24 'I 

6 'I - 

2.4' 

- 
12" - 

5.0 

- 

- 

QcrrTco* 
nsr 

5-5 
2-3- 
3-4 

- 
3-2- 
3-3 

2- 2- 
2-2 

1-2- 
2-4 

5-8- 
21-29 

2-5- 
18-35 

5-R - 

1-95-R 

ROD 
0 



A C R E S  AMERICAN INCORPORATED - CONSULTING ENGINEERS 
B U F F A L O ,  NEW YORK 

D R I L L I N G  R E f O R T  

C U M  NLO, Inc. -. 308 NO. P6254.07 

PROJECT Foundation Invest igat ions & S i t e  Character izat ion HOLE NO. BH-49 

SITE Niagara F a l l s  Storage S i t e  s n m  No. 1 of 2 

CONTRACTOR: Empire S o i l s  STARED 8:30 A.M. May 19 I 9 8 1  
flNISHf0 1:oo P.M. May 21 l a  81 

METHOD =L Hollow S t e m  Auger CASING OIAY. 
OF 

DFIIUN6: mcx Diamond Coring CORE DlAY. NX 

LOUTION : UTlTUDQ 
DEPARTURE 
BEILRINC 
INVIAL U P  90' 

ELEVATIWS: OATUU US GS 
O A U R I T F Q R Y  None 
GROUND SURFACE 318.8 
ROCK SURFACE 275.1 

WATER LEVEL 7/10/81, 314.91 F t  
P'C I 

I 
I 

Bum - 
RED 

1-3 

IQL tm 

F i l l  Brown Clay, s i l t y ,  sandy, - 
1 hard, dry. 

AY I 2" 

AY I. 2" 3- 3 

10" 4-4- 
5-10 

~~~~ 

AY 2 

AY 2" 

AY 2" 

AY 2" 

AY 2 

AY 2 

AY 2 

. 5-7 i" 
7-9 

9-11 

Sewer 1 i ne  encountered from 
8-11 feet. Bottom o f  l i n e  
11 feet. 

12 sw 
~~ ~~~ 

Yellow-brown sand, clean 
t race  gravel. Probably 

11-13 

14 

16 

18 

CL 13-15 Gray Clay, s i l t y ,  sandy, 
so f t ,  p las t i c .  Trace gravel 
dispersed throughout. 
Occasional t h i n  'Sand lenses. 

1-2- 
3-2 

1-2- 
2-2 

14" 1-2 

15-17 

17-19 P- 1 1 

lWSPECrOR P. Barth 

LOGGED FI R. Werneiwski 
DATE June 1981 .,I' 

H-71 
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SITE 

omw 
( f t )  

-2 0 

-22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

-4 2 

44 - -  
-46 . 

48 

50 

I 

ACRES AMERICAN INCORPORATED - CONSULTING ENGl NEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

CLIENT NLO, Inc. JOB NQ P6254.C.7 

PACUECT Foundation Investigations & S i t e  Characterization MOLE m 8H-49 

mrc SUE am e o  

AY 2" 17-19 14" 
AY 2" 19-21 24" 

AY 2" 21-23 24" 

TCn 

, 
1-2 
0-1- 
1-2 

2-2- 
1-2 

Niagara Falls Storage S i t e  

AY 

AY 

AY 

AY 

AY 

AY 

AY 

AY 

60 
AY 
A Y  

AY 

AY 

DY 

#L nu 

2" 

21i 

2" 

2" 

211 

2" 

2" 

2" 

2-3/8" 
2" 
2" 

2" 

2'' 

3" 

CL 

;b!/ML 

ledrock 

Gray Clay, s i l t y ,  sandy, 
t race gravel, s o f t ,  p las t ic .  
Moist t o  wet. 

Occasional gray s i l t  lenses 
throughout. 

35-37 Feet - Gray o r  red s i l t  
ind sand 1 enses . 
m e .  
Red Si  1 t, sandy , gravelly , 
rev dense tQ hard, dry. 
iighly compacted and par t i -  
i l ly cemented. Denison 
;ample fai led,  too hard t o  
:urn rods. 

Trans i ti on 

Red Si 1 t s  tone , mdera t e l  y t o  
highly weathered. Horizontal 
bedding spaced 1/2 - 4 inches 

End o f  Hole 50.9 feet. 

26-23 

2-3 

434.112" I 8-28- 
R 

45-45.1 10" b O - R  

45.9- 3.4' ROD 
50.9 1 1 9% 

H-72 \ 



ACRES AMEiZlCAN INCORPORATED - CONSULTING ENGINEERS 
B U F F A L O ,  NEW Y O R K  

D R I L L I N G  R E P O R T  

cuw NLO, Inc.  JOB NO. P6254.07 

PROJECT 

1 

noLE NO. BH-50 Foundation I n v e s t i g a t i o n s  8 S i t e  Charac ter iza t ion  

sm Niagara F a l l s  Storage S i t e  SHEET 110. 1 w 2 

STARED 2:oo P .Y. May 7, I a81 
flNlSHfD 12:oo P .Y. May 8, ta 81 

Empire S o i l s  CONTRACTOR: 

YET)(oD SOIL Hollow Stem Auger CASING DIAY.  
OF 

ORIWNC: ROCX Diamond Coring CORE DIAY. NX 

U)CATlON: LATITUDE ELEVATIONS : DATUN USGS 

"i;;", 

2 - 

-nmQ COLOR, LD*SI~YI.-.  
W A ~ T ~  cprr~n. NtTIun, cw-, 
WATER asa a u i a .  m. 

Brown t o  tan, sand, f i n e  
grained, t r a c e  c lay ,  loose, 
moist.  

D R U  PULTFORY MOne 

ROCX SURFACE 281.9 
BOrrON'Of  UU.E 273.2 

GROUND SURFACE 317.2 

8 A l P L C  mmmm 
lzlt 

no. nrC* w i t  I OE- m*' 

1 AY 2"  0-2 12" 1-2- 
4-4 

#L Twc 

2 AY 2" 2-4 7" 
Brown S i l t ,  sandy, clayey, 
w i t h  t r a c e  grave l  through- 
out, up t o  1 1/2 inch. S t i f f  
t o  very s t i f f .  

3 AY 2" 4-6 18" 

4 AY 2" 6-8 24" 

5 AY 2" 8-10 24" 

6 AY 2" 10-12 24" Rrown Clay, s i l t y ,  sandy, 

content increases a t  10 fee t .  
Gravel bo th  rounded and 

gravel 1 y , p l a s t i c .  Moisture 

7 AY 2" 12-14 19" 
angular. 

Srown S i l t ,  sandy, clayey, 8 AY 2"  14-16 15" 
w i t h  t r a c e  grave l  through- 
out.  S t i f f  t o  ve ry  s t i f f .  

. 9 AY 2"  16-18 11" 

awmw CD~TAIII- 

sc 

3-8- 
12-23 

12-13- 
12- 16 

14-20- 
20-2 1 

12-13- 
12- 16 

4-4- 
6- 9 

6-7- 
10-17 

10-11- 
13- 15 

14-23- 
40-46 

- cL---- 

ML 

H-73 
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A C R E S  A M E R I C A N  I N C O R P O R A T E D  - C O N S U L T I N G  E N G I N E E R S  
BUFFALO, N E W  Y O R K  

D R I L L I N G  R E P O R T  

QI ENT NLO, Inc. JOE NO. P6254.07 

Foisture  content var ies  

I PROJECT Foundation Investigations & S i t e  Characterization +,OLE rm ~ ~ - 5 0  

15 AY 2" 28-30 8" 

i 

- 20 

- 22 

24 - 
26 - 
28 - 
- 30 

- 32 

34 - 
- 36 

38 - - 
40 - 
42 

44 

- 46 

48 

- 

- -  

- 
50 

Niagara F a l l s  Storage S i t e  SHEET NO. 2 OF 2 

ML 

GM 

ML 

Bedrock 

Gray- brown, Si 1 t , cl ayey , 1:. 1:; 1 1: 1 18-2011S1' 
sandy, gravelly,  medium t o  
s o f t ,  plas t ic .  

20-22 24" 

Gravel up  t o  1 1/2 inch b u t  
averaging 1/2 i n c h .  

grown Gravel, sandy and 
Srown s i l t  , gravelly. Gravel 
up  t o  1/4 inch, wet. 

Red S i l t ,  sandy, dense t o  
very dense. 

Red S i l t s t o n e ,  moderately 
weathered. Horizontal 
bedding spaced approximately 
4 inches. 

End of hole 44.0 feet. 

~ _ _ _  

18-6- 
9-11 

7-7- 
8- 10 

28- 19- 
17- 14 

3-5- 
7-8 

7- 7- 
8-10 

5-7- 
9-11 

12- 17- 
24-26 

15-25- 
22- 30 

40-80-1 

m 
138/. 5 

RQ@ 
18% 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
BUFFALO, MEW YORK 

D R I L L I N G  R E P O R T  

JOB NO. P6254.07 cum NLC, Inc. 

PROJECT Foundation Inves t i ga t i on  & S i t e  Character izat ion HOLE W. BH-5OA 

SITE Niagara Falls Storage S i t e  swmm 1 OF 1 

CONTRACTOR : Empi re Soj 1s STARTED 4:30 P . M .  June 4 I 9 8 1  

Y M D  #wL Hollow Stem Auger CASING OIAM. 
OF 

DI(ILuN6: 

FINISHED 9:15 A.M. June 5 IB 8 1  

Roclt None maL: OW. 

LDe*TlW: LLITITUDE BUVATKMIS: OATUY US GS 

m 

(4) 

I 

0 

2 

4 

6 

a 

OEPARNRE 
W R I N G  
WTlAL DIP goo 
OTHER UB 

.QL tm 

SM/SP 

ML/GM 

Augered t o  13.0 feet .  No 
sampl i ng. 

Red Sand, g rave l l y  (pieces t o  
1 inch),  s i l t y ,  t race  
clay.  Dry, hard. 
S i l t  and c l a y  content 
increase w i t h  deDt h. 
Gray s i l t  laye sandy, 
t race gra;et, rnoyit . 

End o f  Hole 21.0 feet .  

O u u R I T F O R Y  None 
GROUND SURFACE 317.8 
ROCK SURFACE 
BOTTOM WnoLT 296.8 
WATER LEVEL l y  0 1981 Ju 3.4 4 f e e t  MSL 

O A I I L C  

I 
27-28 

28- 19 

L 
INSi=umm P. Barth 

LOGGED BI R. Werneiwski 
DATE June 1981 ./ 

H-75 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFF4L0, NEW YORK 

D R I L t l H G  R E P O R T  

cum NLO, Inc .  jog NO. P6254.07 

PROJECT Foundation I n v e s t i g a t i o n s  S i t e  Character i za t ion  HOG m. BH-51 

SITE Niagara Falls Storage S i te  s n m  NO. 1 of 3 

STARTED 2:oo P.M. May 26 19 81 
FINISHED A.M. May 28 19 81 

CONTRAmOR: Empi r e  Soi 1 s 

u r n 0  SOIL Hollow Stem Auger CASING DlAM. 

DRILUN6: IKIcI[ Diamond Coring CORE DIAM. NX 
OF 

LOCATION: LPTrnDE 
DEPARTURE 
BEARING 
I N f T l A l  MP 90' 

ELEVATIONS: O A N Y  USGS 
ORKLPUTFORY None 
GROUND SURFACE 319.2 
ROCX SURFACE ,274.2 

2 

I_ 

4 

6 

8 

- 10 

12 

14 

16 

18 

ML 

CL 

CL 

S o f t  t o  very s o f t ,  very  
p l a s t i c ,  moist  t o  wet. 
Gravel up t o  1/2 inch.  

s a i m r  WNTAIWR 
I- A U U  ( I -rSLII)  

H-76 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

CUEm NLO, Inc.  JOB NQ P6254.01 

HOLE NO. BH-51 P R L U ~ c T  Foundation Inves t iga t ions  & S i t e  Charac ter iza t ion  

?O 

22 

24 

26 

28 

30 

32 

- 
34 

!6 

)8 

10 

.2 

.4 

- 6 

8 

0 - 

Niagara F a l l s  Storage S i t e  

CL 
( con t ' d )  

jY /SC/SP 

Bedrock 

Gray Clay, s i l t y ,  sandy w i t h  
t r a c e  gravel. S o f t  t o  very  
sof t ,  p l a s t i c ,  moist  t o  
wet. Gravel po r t i ons  
rounded, up t o  3/4 inch. 

Becomes more granular near 
base o f  u n i t .  
Gray -red t o  red-brown sand, 
c layey ,  s i l t y ,  g rave l l y ,  
moist t o  wet. Gravel up t o  
1/2 inch. 

Red-brown Shale, s i l t y ,  
h igh ly  weathered, green bed 
12 inches t h i c k  a t  49 feet. 

SHEET NO. 2 OF 3 

8 A M C L C  

'- 

10 AY 

11 AY 

12 AY 

13 AY 

14 AY 

15 AY 

16 AY 

17 AY 

ia A Y  
I + 

21 AY 

22 AY * 

DL wh 

18-20 

20-22 

22-24 

24-26 

26-28 

28-30 

30-32 

32-34 

34-36 

36-38 

38-40 

0-41.5 
R E D  
2-43.2 
R E D  m 
m 
5.5-47 

47.0- 
52.0 

20 2-1- 

24 I' 1-1- 

24 I' 3- 3- 

24" 1-1- 

2-2 

2-3 

3- 3 

2-2 

2-3- 
9-13 

7-8- 
11-12 

1 5 - 2 6- 2 1" 
34-24 

12" 2-70-13 

H-77 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW Y O R K  

D R I L L I N G  R E P O R T  

CLIENT NLC, Inc. JOB P6254. 07 

PROJECT Foundation Investigations 8 Site  Characterization HOLE NO. BH-51 

ma 

25 

SITE - 
43 mw SUE o t m  

DY 3" 47.0- 
52.0 52 

* -  

54 

56 

Niagara Falls Storage Site 
I 

Bedrock Red-brown Shale. 

-1 End o f  Hole 52.0 feet 

SHEET NO. 3 OF 2 

I 
S A M P L E  

RQD 
0 

H-78 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
B U F F A L O ,  NEW YORK 

D R I L L I N G  R E P O R T  

2 

cum NLO, Inc. 

AY 2" 2-4 2" 6-10- 
15-19 

PROJEtr Foundation Investigat 

sm Niagara Fa l l s  Storage 

COWTRACTOR: Empire Soi l s  

-1 Hollow Stem Y m m O  
OF 

DRlLUNG: mcx Diamond Cor 

LDCATION : UTlTUOE 
DEPARmuE 
BEILRINC 

Omm UPS 
wm.1 DIP goo 

ML 

CL 

SM/SP 

CL 

308 NO. p6254.07 

ons & S i t e  Characterization ,,& no. BH-52 

S i t e  mmruo. 1 of 2 

STARTEO 11:30 A.M. May 28 1981  
FlNlSHED 1:oo P.M.  May 29 1981 

Auger U S i W C  DIAY. 

ng CORE DIAY. N X  

€LEVITIONS : OLLTUY us Gs 
DRILLPUTFORM None 
GROUUD SURFACE 319.3 
RQCK SURFACE 283.8 
e o m u  w)(oLE. 276.3 
WATERLEVEL July 10, 1981 

feet .  MSL 

Brown S i l t ,  sandy, t r a c e  
gravel , t race  organics , 
moist. 

Brown 41 ay , s i 1 ty ,  sandy , 
s l i g h t l y  p l a s t i c ,  t r a c e  
gravel throughout. S t i f f ,  
moist. 

Occasional t h i n  sand lenses. 

Brown Sand, s i l t y ,  gravel ly ,  
mist. 

Gray- brown , t o  gray C1 ay , 
s i l t y ,  sandy, moist, p l a s t i c .  
Occasional t h i n  red s i l t  
1 enses . 

- 
1 AY 7" 1-2- 

3- 9 

c. rn Y I U R  
0 - cow W I L L  Y-core .box 

IUSECTOR P. Barth 

WGGED BI R. Adam 

H-79 \ 
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i ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW Y O R K  

D R I L L I N G  R E P O R T  

.- 

CUENT N L O ,  Inc. Joe No. P6254.07 

PROJECT Foundation I nves i gat  i ons & s i t e  Character i za t i on . HOLE NO. BH-52 

SHEET NQ 2 OF 2 Niagara Falls Storage Site 

CL 

SP/SC 

IL 
ledrock 

. P U s I C r f .  Q ) U M N f s S ,  

t o  coarse. Very wet to  
saturated . 

H-80 
\ 



ACRES AMERICAN INCOftPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  b 

cum NLO, Inc. 400 NO. P6254.07 

PROJECT Foundation Investigation & Site  characterization noLLno. BH-53 

StTE Niagara Falls Storage Site s n m  NO. 1 OF 2 

CONTRACTOR: Empire Soi ls  STARTED 2:00 P .Y. June 22 la81 
FINISHED 9:30 A .Y. June 23 is81 

u r n 0  of 
DRILLING: Rou( Diamond Coring CORE DlAY. NX 

LOCILflON: LATl7UDE ELEVATIONS: OAtLlY USGS 

=L Hollow Stem Auger CASING DIAM. 

DEPARTURE 
SEARING 
INITIAL DIP 90 
OTHER UPS 

0 

DRILL M T F O R Y  None 
GROUND SURFACE 320.9 
ROCK SURFACE 382.7 
B O m W  OF K)LE 275.9 

j0 

J2 

1 4  

J6 

18 

CL 

ML/ SM 

Y l N I l C  IR*W 

-. - .- 

WATER LEVEL 7/10/81, 315.85 F t  
Vtl 

WATER COYID(T, M u n ,  CDOLLCMZI. 

Brown Clay, s i l t y ,  gravelly, 
non-plastic. Gravel disperse 
throughout. 

UXGED BI R. Tilghman 

H-81 
\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGl NEERS 
B U F F A L O ,  NEW Y O R K  

D R I L L I N G  R E P O R T  

CUENT NLO, Inc. JOI rn P6254.07 

PROJECT Foundation Investigation S Site Characterization HOLE NO. BH-53 

e 

Q g Y W ~ o * :  COLOR, m m I ~ s R m . W ~ ,  
u n n  c m .  ILISIICIW. cormcr~aq 
W r r U  LDSS 01 CAI N. O C .  

Gray Clay, s i l t y ,  sandy w i t h  
trace gravel throughout. 
Plastic, very wet. Occasional 

t h  roughou t . 
25-29 Feet - l f t t l e  o r  no 
gravel. 

t h i n  s i l t  lense present 

31.5 Feet - 3 inch Brown S i l t  
lense. 

Brown S i l t ,  sandy, gravelly, 
gravel up to 1 inch. 
Ccnsistancy o f  u n i t  varies 
from a s i l t y  Sand to  a sandy 
si1 t. 

Reddf sh-brown S i l t ,  sandy, 
gravelly, qravel i s  anqular. 
Red Siltstone and Shale. 
Highly weathered a t  surface. 
Duality improves w i t h  depth.  
Thinly bedded horizontal 1 y . 

- End of Hole 45.0 Feet 

Nfagara Falls Storage Site SHEET NO. 2 OF 2 

S A Y C L K  )MCTRATrn 

9 AY 2 "  17-19 13" 15-13. 

TLST ma rm SILL I o c m  n e a  I 

10 AY 2" 19-21 16" 3-4- 
5-4 

4-5 

3- 3 

11 AY 2" 21-23 12" 4-4- 

12 AY 2" 23-25 17" 1-2- 

13 AY 2" 25-27 14" 4-4- 
5- 6 

0- 1 

2- 3 

14 AY 2" 27-29 13" O-O- 

15 AY 2" 29-31 18" O-O- 

. 16 AY 2" 31-33 12" 3-3- 
4-4 

17 AY 2" 33-35 18" 8-91 
23-40 

18 AY 2" 35-37 24" 35-46- 
66-85 

19 AY 2" 37-38.2 33-68-1 

20 AY 2" ' 39-40 10" 35-115 
A U G ~ R E D  , 

21 DY 3" . 40.0- 5.0 RQD 
14 X 45.0 

CL 

M l  

ML 

Bedrock 

I 

H-82 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

DQhc 

(ft) 

2 

1 

5 

8 

1 0  

12 

14 

16 

1R 

c u m  NLO, INC. 308 NO. P6254.07 

WATER 

8 A U P L C  mcruma ~ I P T I Q ~  COLOR, CD*Ymrn.-, 

# n s T  .OIL- DITSEl m. M C l T f ,  B. 
10. m e 9  8ILt  I o m  rrrb WAXR mss a u t a .  me. 

01 Brown S i l t ,  clayey, organics. A U G  : R E D  
CL Brown Clay. Fine t o  coarse 1 AY 2" 13.3 17" 6-6- 

gravel dispersed t h r o u g h o u t .  7-8 
Occasionally y a y  Clay layers: 
Dry t o  damp. S t i f f .  2 BO 2-3/8" 3-5 24" Denison 

3 AY 2"  5-7 19" 8-10- 
12-14 

4 AY 2" 7-9 15" 12-14- 
16- 16 

5 AY 2" 9-11 13" 16-18- Wet a t  base o f  u n i t .  
24-35 

6 AY 2" 11-13 12" 14-9- 
SM/ SC Brown Sand, s i l t y ,  clayey. 

CL Gray-brown Clay, s i l t y ,  sandy,*- 8-6 

7 BO 3" 13-15 18" Shelby trace gravel dispersed 
throughout. Plastic. Wet. Tube 

0 AY 2" 15-17 19" 3-4- 

9 A  Y .  2 I' 17-19 17" .  4-4- 

4-3 

WIICUM rcnco tlcimts w t A t a a  

PROJtC7 Foundation Investigation & S i t e  Characterization HOLEW. BH-55 

SITE Niaaara Falls Storage S i t e  werno. 1 w 2 

CONTRACTOR: Empire Soi ls  STARTED 1o:oo AM. June 23 1e1 
FINISHED . 4 ~ 3 0  P.M. June 23 is91 

W L  Hollow Stem Auger CASINO DIUI .  YETHOD 

OlllLUNC : RocIt None #)RE DIAU. 
OF NX 

J 

H-83 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW Y O R K  

D R I L L I N G  R E P O R T  

CUENT #LO, Inc. JOB NQ P6254.07 

PROJECT Foundation Investfaation S Site Characterization HOLE NQ BH-55 

17" 
18" 

24" 

24" 

18" 

22" 

18" 

20" 

11" 

23" 

9" 

19 I' 

Niagara Fal ls  Storage S i t e  

3-3 
2-2- 
3-3 

3-5- 
5-5 

She1 by 
Tube 

4-4- 
9-9 

4-4- 
5-4 

1-2- 
1-2 

2-2- 
3-4 

0-2- 
3-5 

18-20- 
25-29 

35-47- 
115-100 

15-4 5- 
100- 100 

SITE SHEET NO. 2 OF 2 

S A M P L E  

c"fT - 
20 

!2 

!4 

!6 

!8 

30 

32 

34 

SUE - 
2 
2 

2 #I 

Gray t o  gray-brown Clay, 
s i l t y ,  sandy, t race Gravel. 

23-29 Feet - Several t h i n  
lenses of s i l t y  brown Sand 
present. 

9 
10 
- 

- 
11 

4Y 
4Y 
- 17- 19 

19-2 1 
- 

- 
21-23 

- 
23-25 

25-27 

27-29 

29-31 

31-33 

33-35 

35-37 

37-39 

39-4 1 

- 

- 

- 

C O R  

4Y 

12 30 
- 
4Y 13 

- 
14 

15 
- 

- 
16 

- 
17 

4Y 

U n i t  becomes wetter near base 

36 Gray-brown Sand, s i l t y .  
Trace medium gravel. Wet. 

~ ~~~~ 

Brown Clay, s i l t y ,  sandy. 
Very stiff to  hard, wet. 

38 

10 Red-brown weathered Si 1 tstone 
a t  bas e. 

\End o f  Hole 41  Feet / D 

- 

H-84 
\ 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

C U O I T  NLO, Inc .  JOB NO. P6254.07 

2" 

2" 

2"  

2"  

PROJECT Foundation I n v e s t i g a t i o n  & S i t e  Charac ter iza t ion  HOLE w. BH-56 

SITE Niagara F a l l s  Storage S i t e  SHEET m. 1 w 2 

C O N T R A ~ R :  Empi r e  S o i l s  STARTED 10:30 AN. June 12 1981 
FINISHED 3:30 RN. June 15 is81 

u r n 0  m L  Hollow Stem Auger CASING D I N .  
OF 

DRILUNG: Rocx None CORE OIAY. FIX 

L D a t l O N :  UTITUOE ELfVATlOWS : DATUM USGS 

0-2 14" 2-4- 
5-6 

2-4 18" 7-11- 
13- 10 

4-6 15" 23-8- 
10- 12 

16- 18 
6-8 23" 15-16- 

OEPARNRE 
-RING 
lwmu D(P 90' 

Brown-gray Clay, s i l t y .  . 
S t i f f  t o  very s t i f f ,  d r y  t o  
moist.  

O R l U  R I l n R M  None 
GROUWO SURFACE 317.4 
ROCX WRFCE 282.1 

3 AY 

I 

2 

Trace of  sand and grave l  near  
base. Gravel rounded and up 

occasional gravel  p ieces t o  
314 inch. P l a s t i c ,  damp. 

Gray Clay, s i l  ty,sandy, 

4 

7 AY 

a AY 

9 AY 

6 

8 

>I 

11 

QtnER DIPS B O m M  of noLf 282.1 
WATER LEVEL Ju ly  10, 1981 

313.66 f e e t  ESl 

ML 

CL 

CL 

Tan-brown t o  Brown-red S i l t .  I 1 1 AY 
iandy, clayey. S o f t  and dry.  
rrace o f  organics a t  1-2 f ee t .  

0 - N . c  

TI', LlO 124" 1 
10-12 24" 4-5- 

5-6 
1 I 

2" I 12-14 124" I 9-9- 
a-8 

qqq-zr- 14-13 

OATE June 198f / ' 

H-85 
\ 



ACRES A M E R I C A N  INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW Y O R K  

D R I L L I N G  R E P O R T  

a E M T  NLO, Inc. JOB WQ P6254.07 

PRWECT Foundation Investigation 1 S i t e  Characterization MOLL NO. BH-56 
Niagara Fa l l s  Storage S i t e  UTE - 

0- 

ELL 

!O 

!2 

!4 

!6 

!8 

IocTmTIQ 
nsr 

10- 12- 
18- 6 

/ 

- 
#mc - 

18-20 

20-22 

22-24 

- 

- 

24-26 

- 
26-28 

- 
28-30 

- 
30-32 

32-34 

34- 
35.3 

C O I  

- 

&O - 
16 

- 
13" 

10" 
- 

- 
17 I' 

- 
20" 

- 
17" 

CL Gray Clay, s i l t y ,  sandy, 
t r a c e  gravel throughout, 
damp. 

3-4- 
11- 12 

10- 12- 
10-9 

1-2- 
3- 3 

Gray Clay as above. Soft  t o  
very s o f t  and moist t o  wet. 

4-5- 
6- 5 

10- 11- 
12- 15 SM/SC Gray-brown Sand, sil t y ,  

:layey, gravelly.  Gravel 
rounded up t o  1/2 inch. 

30 

32 

34 

10 

- 

10 

- 
20" 

n 15 

27- 10- 
9-13 

13-24- 
37-53 

46-67- 
R ML 

Bedrock 

L 

Red S i l t s t o n e  and Shale, d ry ,  
Occasional green sil t s tone  
1 ayers  . 
- End o f  Hole 35.3 Feet 

Y O T  

- 

E D  

- 

H-86 \ 



ACRES AMERICAN INCORPORATED - CONSULTING E N G I N E E R S  
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

cum NLO , -.fnc. JOB NO. P6254.07 

PROJECT F o u n d a t i o n  I n v e s t i g a t i o n s  L Si t e  C h a r a c t e r i z a t i o n  HOLE NO. BH-57 

SITE N i a g a r a  F a l l s  S t o r a g e  S i t e  SHEETNO. 1 OF 2 

\ 

omn 
tm 

0 

t o  

50.5 

51.5 Sil t s t o n e  

t o  

56.5 

56.5 

t o  

61.5 

INSPECTOR P.  Barth 

LOGGED BT R. Werneiwski 
DATE J u n e  1981 . 

CONTRACTOR : Empi re S o i l s  STARTED 10:30 A.M. J u n e  1 19 81 I 
SOIL I 

DRILUNG: ROCK 

LOCATION : LATITUDE 
DEPARTURE 
BEARING 
INITIAL DIP 
OTHER D l f f  

Overburden  

FINISHED 9:30 PA. J u n e  4 19 81 
Hollow Stem Auger CASING DIAM. 4 i n c h  

Diamond Cor ing  CORE DIAY. NX 

ELEVATIONS: DATUM USGS 
ORILL WTFORM None 
GROUND SURFACE 321.3 

goo ROCK SURFACE 278.5 
BOTTOM OFHOLE 219.8 
WATER LEVEL 7/10/81, 315.97 F t  

MSL 

No samples  t a k e n  - a u g e r e d  t h r o u g h  o v e r b u r d e n .  
Fo r  details o n  o v e r b u r d e n  material, refer t o  
BH-63 Dri 11 i n g  Report. 

Red s a n d ,  v e r y  d e n s e ,  h i g h l y  compacted ,  

4 i n c h  diameter steel c a s i n g  i n s t a l l e d  from 
0 t o  49.0 feet and  g r o u t e d  t o  s u r f a c e .  

39.0-42.8. 

Red-brown, l a m i n a t e d ,  h o r i z o n t a l  b e d d i n g  
spaced  2-3 f n c h e s .  O c c a s i o n a l  g r e e n  beds of 
the same t e x t u r e  as r e m a i n d e r  of  the rock . 
found t h r o u g h o u t .  , c 5 a 0  (84) 

\ 
H-87 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

CLIENT NLO, -1nc. JOE NO. P6254.G7 

PROJECT Foundation Invest igat ions & S i t e  Character izat ion HOLE NO. BH-57 

Niagara F a l l s  Storage S i t e  SHEET NQ 2 OF 2 
7 

RLC 
(ROO1 

urn 
or nw 

S i l  t s tone  Red-brown, laminated, c l o s e l y  spaced bedding. 
Low hardness. Often becomes shaley. Ca lc i t e  
found throughout i n  small  nodules up t o  1/2 
inch. 

51.5 

t o  

56.5 

56.5 

t o  

71.5 

71.5 

t o  

76.5 

76.5 

t o  

B1.5 

100 
(681 

5.0 

100 
(80 1 Green bed 3 inches t h i c k  a t  70.0 feet .  5.0 

Good 

Bedd 

water re turn.  
5.0 

ng spaced 2-3 inches. 

5.0 Green bed 14  inches t h i c k  a t  78.0 feet .  

B1.5 

t o  

86.5 

100 
(78) 5 .o 

Bedding spaced approximately 3 inches. 

66.5 

t o  

91.5 
100 
(62 1 5.0 Bedding spaced 3 t o  4 inches. 

Green bed 12 'inches th i ck .  

91.5 

t o  

96.5 

96.5 

t o  
101.5 

- 

94 
(70 1 5.0 

-~ 

5.0 100 
(48 1 

- End of Borehole 101.5 feet. 

\ H-88 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

Cl locT  NLO, Inc. JOB 110. P5254.07 

PROJECT Foundation Invest igat ions & Si te  Characteri  t a t  ion HOLL)(O. BH-58 

SlTE Niagara Fa l l s  Storage S i t e  jnmwo. 1 OF 2 

CONTRACTOR : h p i  re 501 1 S SARTED 8:30 A .Y. May 12 Is81 
FIN~SHED 3:30 P .Y. Way 12 la81 

CASING OIAY. 

CORE OIAY. NX 

DATUM USGS 

301L Hollow Stem Auger U r n  
OF 

DFIILUNG : ROCK Diamond Coring 

LOCATION: U T f l W E  ELEVATIONS 
O R l U R A W O R M  NOW 
GROUND SURFACE 319.7 
ROCK SURFACE 279.7 

WATER LEVEL 7/10/81, 315.82 F t  
B O ~ M  OF nou 273.0 

HSI 

DEPARWRE 
-RING 
WITIAL DIP 90 
OTHER DIPS 

0 

Black-brown Clay, oraanic.  
Red-brown Clay, s i l t y ,  sandy, 
t r a c e  gravel throughout. 
S t i f f  -. t o  hard, dry. 

3L 
CL 2-3- 

5-7 
2 

4 

6 

8 

10 . -  

1 2- 

14 

16 

5-5- 
5- 5 

5-7- 
11-24 

18-35- 
36-31 

4-5- 
a-4 Brown Sand, gravel ly  , poorly 

so r t ed ,  dry. 
SP 

4-4- 
8- 5 Gray-brown t o  gray Clay, 

s i l t y ,  sandy, t r a c e  of 
*gravel present. Soft  of ver! 
soft,,  p l a s t i c ,  moist t o  wet. 
Occasional t h i n  s i l t  and 
sand lenses.  

CL 

1-2- 
2-2 

0-1- 
1-2 

0-0 

INSPECTOR P. Barth 

LOGGED m R. Herneinskt 
OATE 'kay 1981 / 

H-89 
\ 



16 

17 

18 

19 

AY 2" 31-33 19" 

AY 2" 33-35 24" 

AY 2" 35-37 24" 

BO 3" 37-39 0" 

21 

22 

I I 

AY 2" 4 1 d l . f  6" 

DY 3" 41.7- 4 . 1  
46.7 

ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW Y O R K  

D R I L L I N G  R E P O R T  

~ E N T  NLO, Inc. JOE NO. P6254.07 

PRCUECT Foundation Investigations h S i t e  Characterization MOLE 10. 9H-58 
Niagara Falls Storage Site SITE 

TCLSI - 
1-1 
0-1- 
1-1 

CL Gray-Clay, s i l t y .  sandy, 
t race gravel .-throughout, 
s o f t ,  plas t ic ,  mist  t o  wet. 
Very uniform. 

20 

22 

24 

26 

28 

30 

32 

34 

?6 

o-o- 
1-1 

0-1- 
2-4 

0-1- 
2-3 

0-1- 
1-2 

0-1- 
1-2 

0-1- 
2-3 

34.0-34.8 Feet - Sand 
1 ense , gravelly , clayey , 
s i l t y .  

0-1- 
2-2 

0-2- 
4-8 

38 

40 - -  
p2- 

44 

46 

ML Gray S i l t ,  sandy, clayey, wet 
t o  saturated. Denison 
sarnple - no recovery. 

Oeni son 

9-10- 
11-15 

25-R 

RQD 
0 

ML 

Sedrock Red, S i l  tstone containing 
occasional green sil tstone 
1 enses. Moderately t o  
s l igh t ly  weathered, becoming 
less weathered w i t h  depth. 

End of Hole 46.7 Feet. 
$8 

H-90 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

N L O ,  Inc .  I c u m  JOB NO. P6254.07 

PROJECT Foundation In ves t i  ga t i  ons 6 S i t e  Charac ter iza t ion  HOLENO. BH-59 

SITE Niagara F a l l s  Storage S i t e  s n m  No. 1 w 2 

CONTRACTOR: Empi r e  Soi 1 s STARTED 11:15 A.M. A p r i l  30, id1 
FINISHED 11 :30 AM. May 1, 1981 

M o n o 0  SOlL Hollow Stem Auger CASING DIAY. 

ORILUNG: RoCx Diamond Coring CORf DlAM. NX 
O f  

LOUTION : U T m D E  LLEVAtlONS : DATUM . USGS I 
I 

L 
DEPARTURE 
BEARING 
l N K l A L  DIP 90' 
OTnER UR 

DRUMTFDRM None 
GROUND SURFACE 319.5 
ROCK SURFACE 284.0 
B O ~ Y  OF- 279.0 

OL 

C L  

WATER L E V E L  J u l y  10, 1981 
315.66 f e e t  MSL 

Srown-51 ack C1 ay ,s i l  t y  ,organi 

Red-brown Clay,  s i l t y ,  sandy 
dry, s t i f f  t o  very s t i f f .  

7-9 f e e t  Red Clay lense, 
s i l t y ,  sandy, g rave l l y ,  very 
hard 

Red-brown clay,  very s t i f f  
t o  hard. 

Gray Clay, s i l t y ,  sandy, 
and grave l ,  s o f t ,  p l a s t i c .  
Occasional t h in  s i l t  lenses 
throughout. 

8 A I C L L  

no. Irrrr*l a i t t  I o c m  I m% 

* 
17-19 20" 

4-8- 
11-16 

8-11- 
14-16 

11-20- 
2 5- 30 

62-80- 
45-30 

8-10- 
20- 18 

18-18- 
13-12 

0-2- 
4- 3 

0-1- 
2-3 
4-4 

INSPECTOR P. Bar th  I LOGGED 1c1 R. Werneiwski 
DATE June 1981 / I 

\ H-91 



ACRES AMERICAN INCORPORATED - CONSULTING ENGl NEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

~ J E N T  NLO, Inc. JOI KL P6254.07 

PROJECT Foundation Investigation a Site Characterization MOLE w 5H-59 

UTE 

~ c"fT 

20 

22 

24 

2s 

28 

-30 

32 

a4 

36 

-38 

40 

-42 

44 

-46 

-48 

50 

Niagara Falls Storage Site SHEEr Na 2 w 2 

CL 

SP 

Bedrock 

Gray-brown Clay, silty,sandy 
trace gravel throughout 
Soft to  very soft,  plastic. 

30 - 30.4 S i l t ,  sandy 

Red S i l t ,  sandy, very dense, 
dry. Contains weathered 
fragments o f  bedrock. 
Red Siltstone, highly 
weathered, friable. Green 
siltstone rubble zone a t  
36.3 feet,  

End of Hole 40.5 feet. 

H-92 

S A I C L C  - 
urn 
20" 
14" 

- 
- 

15" 

7 

15" 

- 
14" 

21" 

- 
11" 

12" 

-T* 
TCH - 
4- 4 

0-1- 
2-4 

4-6- 
4-4 

0-1- 
2-4 

0-1- 
2-4 

3- 3 

0-2- 
1-4 

4-18. 
28-47 

R 

RQD 
35% 



~p 

ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, HEW YORK 

D R I L L I N G  R E P O R T  

NLO, Inc. JOB mo. P6254.07 

PROJECT Foundation Investigation & Site Characterization HOLL m. BH-60 

sm Niagara Falls Storage Site . WEETWO. 1 OF 2 

CONTRACTOR: Empire Soi ls  STARTED 1:30 P.M. May 26 19 81 

U r n  
OF 

WlLlJNb: ROCK Diamond Coring CORE DIAM. NX 

FINISHED 12:oo P.M. May 27 a1 
SOIL Hollow Stem Auger CASING DIAU. 

Tan Clay, sandy', orqanic. 
Red-brown Clay, sandy, s i l t y ,  
s t iff  t o  very s t i f f ,  dry, non 
plast ic .  Trace gravel 
throughout .  

LDUTlON: UTtlUDE ELEVATIONS: O A N Y  USGS 

1 
- 
2 

- 12 

-14 

-1 6 

DEPARTURE 
REARING 
INITIAL WP goo 
OTHER DIm 

- -  

DRILLRATFORM None 
GROUND SURFACE: 320.4 
ROCK SURFACE 280.9 
B O ~ Y  of w u  274.6 

IQL nu 

OL 
CL 

SP/GM 

CL 

U 

F 
Occasionally t h i n  Sand lenses, 4 
s i l t y .  I 

1 5  
Sand and Gravel, s i l t y ,  
clayey. Par t ia l ly  sorted, 
uet. 

1 7  
Gray-red Clay, s i l t y  sandy 
w i t h  t race gravel th roughou t .  

LTER LEVEL 7/10/81, 315.78 F t  
M f l  

0 4 I C L t  

A U G  R E D  :: 1 .  1 1-3 112'' 1 
3-5 15" 9-14- 

15-14 

L I n a  
R - M T W  W 

H-93 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

CUENT NLO, Inc. 401 WQ P6254.07 

~ E C T  Foundation Invest igat ion & S i te  Characterization HOLE m BH-60 
StL 

- (T 
0 

2 

4 

6 

8 

0 

2 

4- 

6 

8 

0- 

2 

4 

6 

8 

- 

- 

Niagara F a l l s  Storage SI te  SHEET m. 2 OF 2 

CL 

;p/GM/Gc 

1L 

ledrock 

p g e m m :  coLoa, a r u r r r * c r . s m c n ~ ~ .  
mama corrm. rurrem. coururacy 
uru LL)U 01 uin.  n c .  aa 

Gray Clay, s i l t y ,  sandy, s o f t - 3  
10 p las t ic .  Trace gravel 

throughout and occasional 
t h i n  S i l t  lenses t o  1/4 inch -- 

11 th ick.  

t 

Ifl 
?ed Sand, gravel ly,  s i l t y ,  17 
:layey, p a r t l y  sorted, m i s t .  
;ravel por t ion  rounded. 

18 
35-36 Feet - Red Clay, Sandy. 
Zed S i l t ,  Sandy, very dense -19 to hard, containing weathered 
bagmen t s  of  S i  1 t s  tone. 

- 20 
I 

led S i l  tstone, mdera te ly  t o  
i i g h l y  weathered. Horizontal 
gdding spaced 112 inch t o  
! inches. 

- End o f  Hole 45.8 Feet t 

S A I C  

2 

2 It 

2 

- 

2 

2 

2 
- 

- 
3" 

- 

- 

19-21 I 12"l 1-2- 
3-2 

31-33 I 15"l 1-2- 
3- 3 

37-39 1 O"1 R 
Auger 

9-40.81 l6"I 47-87- 
95- R 

40.8- 5.0' RQO 
45.8 0 

H-94 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
SUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

C W N T  NLO, Inc. 306 wo. P6254.07 

PROJECT Foundation Investigations L Si t e  Characterization ,,& BH-61 

SITE Niagara Fal ls  Storage S i t e  SMEEtMO. 1 w 2  

CONTRACTOR: Empire Soi ls  WARTED 11:OO A.N. May 5, 1981 
FINISHED 2:OO P.N. May 6, I9 81 

YETnoo #WL Hol 1 ow Stem Auger CASING OIAM. 
OF 

#)ILLJNC: Roac Diamond Coring CORE DlAN. NX 

LOUTIOM : UTlTUOE ELEVATIONS : DATUM USGS 
DEPARTURE D R U K I W O R Y  None 
BE*RINQ CROUNL SURFACE 316.5 
wmAL UP 90' ROCK SURFACE 275.5 
OTHER rnps B O ~ Y  of- 270.5 

WATER LEVEL 7/10/81, 313.05 F t  

S A I P L K  mamuma 

MV, 
OLxn-TIQ: eOLOR, caasIzTtyT.IRucIwL. 

W SmL tm W A n R  m. CLLmUTT, cDyc.EIIILLL, 

10. WW*I 11x1 1 D C r m  rCr'0 W A ~  LDU a a n .  CIC. 

ML/OL Brown t o  black S i l t ,  sandy, 1 AY 2" 0-2 12" 1-2- 
dry. Som organics. 5- 3 

2 AY 2" 2-4 11" 3-5- 
8- 9 

3 AY 2" 4-6 17" 6-7- 
11-15 

30-20 

19- 17 

10- 10 

CL Brown 'Clay, s i l t y ,  sandy, 
S t i f f ,  dry, non-plastic. 

4 AY 2" 6-8 19" 19-32- 

5 AY 2" 8-10 13" 9-17- 

6 AY 2" 10-12 16" 9-10- 

ML Brown S i l t ,  clayey, s t iff ,  7 AY 2" 12-14 17" 7-10- ' 

mist. Gravel up t o  1/2 inch, 7- 9 

I . 8 AY 2" 14-16 12" 2-4- 
3-4 

3- 3 

Gravelly. 

CL Gray-brown Clay, S i l t y ,  9 AY 2" 16-18 17" 2-3- 
sandy, very soft, mist. 

-~ 

H-95 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO NEW Y O R K  

D R I L L I  N G  - R E P O R T  

NLO, Inc. JOB NQ P6254.0 7 QI EN7 

PRW ECT Foundation Investigations L Site Characterization HOLE BH-61 

Brown Gravel, sandy, rounded 
up t o  1-1/2 inches. 

Red S i l t ,  gravelly, clayey, 
contains fragments of 
bedrock. Very dense t o  h a r d . - r  

Red Siltstone, shaley, 
f r iable  i n  most zones. 
Moderately to highly ' 

weathered. 

Niagara Falls Storage S i te  ' SHEET NQ 2 Of 2 

19 

20 

- 

22 

CL 
(Contin- 
ued 1 

ML 

sc 

A Y  

AY 

AY 

DY 

GP 2" 36-38 

2" 38-40 

2"  40-41 

3" . 41.0- 
46.0 

ML 

19" 27-40- I 68-100 , 

Bedrock 

24" 40-81- 1 
76- 100 

10" 4 - R  

4.7' RQD 
20% 

1 
S A Y P L C  mn'morr: COLOR, c~crumncr,mmu. 

W A T U  R U r l C r n .  COUMCTNa& 

ma RCC SIZE o c m  

10 AY 2" 18-2( 

UTU u s s  on t a m .  CTC. 

Gray-brown Clay, s i l ty ,  
sandy, trace gravel, moist. 

Gray S i l t ,  sandy, gravelly, 
very s t i f f ,  dry. Gravel 
angular up t o  1 inch. 

Becomes very dense t o  hard, 
dry a t  23 feet. 

Moist a t  28 feet .  

Wet a t  30 feet. 

I l6 

- 
22-21 

- 
24-26 

1 

AY 30- 32 

1-14- 
5-6 

27- 15- 
64-90 

40- 37 

\ 

H-96 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 

D R I L L I N G  R E P O R T  

cum NLO, Inc. JOB NO. P6254.07 
PROJECT Foundation Investigation & Site Characterization n O L ~  BH-62 

BUFFALO, NEW YORK 

SITE Niagara Falls Storage Site SHEETNO. 1 O f  2 

CONTRACTOR : Empi re Soi 1 s STARTED 1:30 P.U. May 28s I9 81 

Y-D SOIL Hollow Stem Auger CASlwC OIAY. 4 Inch 
FlNlSHED 11:oo A.M. June 12, 19 81 

OF 
CORE DlAY. N X  D R I U N G  : ROCK Diamond Coring 

LOCATION: LILTlTUM ELEVATIONS: D A N Y  USGS 

I 

DRILL RITFORU None 
CAOUNO SURFACE 315.4 
ROCU SURFACE 275.4 
BOfTOY OFHOLE 218.4 

I 

- 
DEmr 
tm 

Red Siltstone, some clay lenses. Thinly 
bedded, sl ightly weathered overall b u t  w i t h  

calcite replacement along fractures. 
occasional , highly weathered, zones w i t h  

0 
t o  

35.0 

35.0 
to  

36.0 

38.0 
t o  

49.0 

49.0 
t o  

54.0 

5.0 100 
(100) 

54.0 
t o  

59.0 
- 

5 - 0  

Overburden 

94 
(94)  

sc/st! 

Bedrock 

Siltstone 

WATER LEVEL Ju ly  10, 1981 
313.53 f e e t  FSL 

No samples taken-augered through overburden. 
For details  on overburden material, refer to  
BH-61 D r i l l i n g  Report. 

Gray Sand, trace s i l t .  2 inch Siltstone 
layer a t  36.0 feet. 
6, 8, 14, 30 for  sample a t  35-37. 37-38 Same 
material. 'Test blows 37, 100/refusal. 

Penetration t e s t  blows 

Augered through rock due t o  highly weathered 
condition. 

4 inch diameter steel casing installed f romth  
surface t o  49 feet and qroutec! t o  

Occasional calcite stringers present. 

H-97 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGiNEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  . 

CLIENT NLO, Inc.  JOB NO. P6254.07 

~ ~ ~ O J E C T  Foundation Investigation 6 Site Characterization HOLE NQ BH-62 

' SITE Niagara Falls Storage Site s n E n  w1 2 OF 2 
I 

OLmc 
1R.l 

59.0 
t o  

64.0 

64.0 
t o  

69.0 

69.0 
to  

74.0 

74.0 
t o  

79.0 

79.0 
t o  

84.0 

84.0 
t o  

89.0 

89.0 
t o  

93.0 

93.0 
t o  

98.0 

mca nu 

Si 1 tstone Occasional green S i l  tstone' layers present up 
t o  6 inches thick, 3-6 feet spacing. 

Horizontally bedded. Poor recovery this run.  

Good water return. 
minutes/ foot. 

Dri l l ing rate a t  3-5 

Poor recovery this run.  

Occasional calcite stringers. 

End o f  Hole 98.0 Feet 

\ H-98 

5.0 

5.0 

5.0 

5.0 

5..0 

5.0 

4.0 

5.0 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
bUFF4LO , NEW YORK 

D R I L L I N G  R E P O R T  

cum NLO, Inc. 408  NO. P6254.07 
PROJECT Foundation Inves t i ga t i ons  L S i t e  Charac ter iza t ion  MOLL NO. ~ ~ - 6 3  

. 

tm Niagara F a l l s  Storage S i t e  WEETNO. 1 of 2 

CONTRACTOR: Empire Soi 1 s STARTED 10:30 AN. May 5, 1981 
FINISHED 12:30 P.Y. May 6, i e  81 

METHOD 
OF 

WtlUN6: mcx Diamond Cor i  ng CORE D U M .  NX 

LOCATION: UTlTUDE ELEVATIONS: DATUY USGS 

SOlL Hol 1 ow Stem Auger CASING DIAY. 

1 

2 

DEPARTURE 
W R I N G  
l N l t l A L  UP 90' 
OfnER UPS 

I A U ~ E R E I D  

AY 2" 1-3 12" 3-2- 
4-6 

AY 2" 3-5 8" 7-12- 
13-17 

_ _  - ~~ 

D R U R I T F O R Y  None 
GROUND SURFACE 321.3 
ROCK SURFACE 276.6 
BOTTOM OF noLE 270.6 

1 

2 

:L 

I A U ~ E R E I D  

AY 2" 1-3 12" 3-2- 
4-6 

AY 2" 3-5 8" 7-12- 
13-17 

WATER LEVEL 7/10/81, 315.RPLFt 

Red-brown Clay, s i l t y ,  sandy 
t race  grave l  throughout. 

DcIcI)IcTK.I! COLOR, co*ImKI.sThlcrwE. 
.ATXI CDITDCI. -In. -, 
WATER LCIU a UIN. oc. 

Tan Clay, sandy, s i l t y  w i th  
_smmcS- 
Red-Clay, s i l t y ,  sandy, 
medium, moist.  Contains 
sandy, s i l t y  lenses 2-4 
inches t h i c k .  

9-1 1 24" 10-14- AY 211 
17-18 

6 AY 2" 11-13 4" 23-17- 
. 16-15 

I 4 I A Y  I 2" I 7-9 115" 130-38- 
40-48 

--- - 
CL Gray Clay, s i l t y ,  sandy, s o f t '  

t o  very s o f t ,  wet. Trace 
gravel  throughout. 

6 

3-3 

2-2 
8 AY 211 15-17 24" 1-2- 

I 7 I A Y  I 2" 113-15 124" 1 3-3- 

INSP€CTOR P. Ba r th  

W G G t D  W R. Werneiwski 
OAT€ May 198L/' 

\ 
H-99 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW Y O R K  

O R I L L I N G  R E P O R T  

QImT 'tJt0;Inc. . . 400 WQ P6254.07 

PRQ~ECT Foundation Invest igat ions 8 S i t e  Character ist ics HOLE m BH-63 

Niagara F a l l s  Storage S i t e  SHEETNO. 2 OF 2 #tL 

- ?z 
!O 

!2 

!4 

!6 

!a 

30 

32 

34 

36 

38 

10 

12 

14 

$6 

18 

50 

CL 
(Con t in -  
ued) 

FlL/CL/SM 

Bed rock 

with t race gravel  throughout. 
Very soft ,  wet t o  saturated, 

sorted. Gravel throughout. 

I 

\ 
H-100 



~ 

ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS. 
BUFFALO, NEW YORK 

D R I L L I N Q  R E P O R T  

CUOCT NLO, Inc. JOB HO. P6254.07 

CROJEET Foundation Investigation L S i t e  Characterization n o u w .  BH-64 

trn Niagara Falls Storage S i t e  WfDNO. 1 OF 2 

June 18 l o e l  
FINISHEO 1O:OO A.M. June 19 l a 8 1  

CONTRACTOR: Enpi r e  Soi Is STARTED 8:OO A.M. 

YElWOD SUL Hollow Stem Auger CASING DIAY. 
OF 

OFtlLUWG : mCK Diamond Coring CORE 01AY. NX 

LDULflON: UlrrUDt ELLVATIOHS: DATUM USGS 

"4;;) 

- ! 

- I 

3 

LO 

12 

14 

16 

IR 

DEPARTURE 
W R I N G  
INfflAL U P  90' 
OWER m?s 

WL 

ML 

CL 

-- 
sc/ SP 

c -  ks?m Y r N l  
0 -  C O N  W R C L  

Black and brown S i l t ,  sandy 
w i t h  t race organics. 

Yellow-brown S i l t ,  t race  c l a j  
Moist. 

Brown-gray t o  gray Clay, 
s i l t y ,  t race sand and gravel. 
Occasional layering o f  gravel 
especially near bottom o f  
u n i t .  Gravel up t o  3/4 i n c h .  

10-10.3 sandy, clayey gravel 
lense. 

Brown-yay Sand. 

DRULRITFORY None 
GROUND SURFACE 317.7 
ROCK SURFACE 274.7 
B O m Y  OF- 269.2 
WATER LEVEL 7/10/81, 315.37 F t  

MSL 
O A I C L C  

H-101 
\ 



Gray-brown Clay, s i l t y ,  
12 AY 2" 

sandy, trace gravel. Soft ~ 1 3 - - A y  
to very soft. Moist to wet. 

14 

15 

16 

17 

18 

19 

20 

21 

-. 

23 

211 

AY 2" 

AY 2" 

AY 2" 

AY 2" 
.. 

AY 2" 

AY 2" 

AY 2" 

AY 2" 

AY Z"  

DY 3" 

24 

26 

-28 

-30 

-32 

-34 

-36 - 

-38 

-40 

-42 

-44 

-46 

-48 

- 50 

ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

CLIENT NLO, Inc. JOB KL P6254.1 

PROJECT Foundation Investigation i% Site characterization HOLE WQ BH-64 

Niagara Falls Storage Site SHEET rm 2 w 

I I $ 6-7 T 10 AY 2"  
ocmc - 
18-20 iP Brown-gray Sand, gravelly 

(occasionally coarse), Dense, 
Wet to very wet. 

11 AY 2" m 20-22 

22-24 
:L 

24-26 

- 
26-28 

PI as t i  C . 

28- 30 

30- 32 

32-34 

34-36 

bd-brown to brown S i l t ,  
;andy, gravelly. Dense. 
Wist t o  wet. Occasional 
green s i l t  lenses. Sil t s tone  
fragments present. 

36- 38 

38-40 24" 28-2' I 33-4( 

40-42 

= - 
43.5- 
48.5 

- 

\ 

40-4: 

5.0' 23: 1 Bedrock Red- brown S i  1 t s  tone and 
shale. Slightly weathered. 
Horizontally bedded. 

- End o f  Hole 48.5 Feet - 

H-102 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFF4L0, NEW YORK 

D R I L L I N G  R E P O R T  

WENT NLO, Inc. JOB NO. P6254.0 7. 

PROJEm Foundation Investigation & S i t e  Characterization HOLE )rb. BH-65 

SITE Niagara Falls Storage S i t e  WerNo. 1 OF 2 

CONTRACTOR: Wire Soils STAR- 8:OO A.M. June 17 I n  81 
FWlSHED 5:OO P.M. June 17 In 81 

Y M D  SOIL Hol 1 ow Stem Auger CASING DIAY. 

DRILLING: Rouc Diamond Coring CORL DIAY. NX 

LOCATION: UTl lUDE ELNATIONS : D A N Y  USGS 

OF 

DEPARTURE 
SCARING 
UIITIAL DIP 90' 
OTHER DIPS 

DRlLLRIirrORu None 

B O ~ Y  of- 268.9 

CROUNO SURFACE 317.9 
ROCK SURFACE 274.9 

ML/ OL 

ML 

CL 

CL 

WATER LEVEL 7/10/81, 314.85 F 
M f 

1 A I C L K  mCmmcw.  COLOR, eo*umwr.-, 
WATER unman, CcISIian, -. 
DATER w a UN, me. 

Black t o  brown S i l t ,  sandy, 1 AY 2" 0-2 12" 2-3- 

Brown S i l t ,  s t i f f  and moist. U.D.  BO 3" 2-4 22" Shelby 

W 
NO. WCC@ UZt WIT* W3 

trace organics. Soft, dry. 5-5 

- _  1 Tube 

Brown-gray Clay, s i l t y ,  2 AY 2" 4-6 20" 5-8- 
sandy, trace of gravel. 13-14 
S t i f f ,  moist and non-plastic. 

3 AY 2" 6-8 20" 11-12- 
14-14 

U.D. BO 3" 8-10 12" Shelby 
2 Tube 

Gray t o  brownish-gray Clay, 4 AY 2" 10-12 18" 2-2- 
s i l t y ,  sandy w i t h  a trace o f  3-3 
gravel, soft t o  very sof t ,  
plast ic .  Gravel up t o  3/4 5 AY 2" 12-14 18" 3-30 
inch. 3- 3 

U . D q  BO 3" 14-16 2Ol' Shelby 
3 Tube 

6 AY 2" 16-18 24" 1-1- 
1- 1 

s n i m ~  C ~ T A I ~ Q  
a - iltm 

H-103 \ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

QIEm NLO, Inc. JOB n~ P6254.C7 

PRQIECT Foundation Invest igat ion & S i te  Characterization HOLE m BH-65 

UTE 

om* 

0 

Brown-red Sand, s i l t y ,  
gravel ly. Occasional 
fragments o f  underlying 
s i l ts tone,  gravel up to 3/4 
inch. 

Red-brown S i l  tstone and 
Shale. Occasional green 
s i l t s tone  layers. Moder- 

Hor izontal ly bedded. 
a t e l  y weathered. 

- End o f  Hole 49.0 Feet 

20 - 

16 AY 2" 36-38 

17 AY 2" 38-40 

18 AY 2" 40-42 

19 AY 2" 42-43. 

-20 DY 3"-- 44.0- 
49.0 

- 22 

24 - 

26 - 
28 - 

- 30 

32 - 
34 - 
36 - 
38 - -  
40 - 
42 - 
44 - 
46 - 
48 

50 

- 
- 

Niagara Fal ls  Storage S i te  SHErnrm 2 OF 2 

CL 

W S P  

Bedrock 

Gray Clay, s i l t y ,  sandy, 
gravel ly with pieces t o  3/4 
inches. Soft, mist. Sandy 
i n  areas w i th  occasional 
sand lenses. 

I 13 I AY I 2" I 30-32 
Moist t o  wet. I 14 I AY I 2" I 32-34 

I 15 I AY I 2" I 34-36 

- T m  - TIIT 
-0 

/ 

24" 1-1- 

24" 1-2- 

24" 2-1- 

1- 1 

1-2 

2-2 

24" 1-2- 
3-2 

24" 3-3- 
3-3 

2-2 
24" 1-2- 

241 E- 

2-3 

9- 10 
12 'I 10- 14- 

2 1 'I 13-19- 1 22-27 
20" 12-16- I 21-29 
15" 37- 69 * 

H-104 



ACRES AMERICAN INCORPORATED - CONSLILTING ENGINEERS ' 
BUFFALO, NEW YORg 

D R I L L I N G  R E P O R T  

C U M  NLO, Inc. 408 wo. P6254.0 7 

PROJECT Foundation Investigation S Site Characterization nourn. BH-66 

SITE Niagara Falls Storage Site w m w .  1 OF 2 

CONTRACTOR: Empire Soils STARTED 7:30 A.M. June 16 IS 8 1  
F U I I S H a  4:30 P.Y. June 16 1s 8 1  

YmmO =L tbl 1 ow Stem Auger -SING DlAY. 

DRILUNB: Rou( Diamond Coring CORL DIAY. NX 
OF 

LOCATION: UTITUOE ELEVATIONS: OATUY . USGS 
DEPARNRE 
W R I N G  
WTiM UP 90' 
OTHER UPS 

2 

4 

6- 

s 
10 

12 

14 

16 

Is 

"L . 

CL 

CL 

H-105 
\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGt NEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

Q~ENT NLO, Inc. 401 m P6254.07 

PAQ~ECT Foundation Invest igat ion 6 Site Character izat ion HOLE ma BH-66 

. 

UTE 

oQI* 

( f t )  

-20 

2 2  

-2 4 

-2 6 

-28 

-30 

-32 

-34 

-36 

-38 

40 

-42 

94 - 
46 

-48 

50 

Niagara Fa l l s  Storage S i t e  

CL 

3P/ sM/ sc 

Bedrock 

Gray clay,  s i l t y ,  sandy, 
t r a c e  gravel,  very s o f t ,  
mist t o  wet. 
Occasional s i l t y  Sand lenses 

Same material .  Gravel up t o  
1/8 inch i n  diameter. 

S o f t  t o  very s o f t ,  p l a s t i c ,  
mist. 

Red-gray t o  red-brown, Sand, 
gravel ly ,  s i l t y ,  clayey, 
wet. Gravel up to 1/4 inch. 
Base o f  u n i t  very dense, dry 
and contains  weathered 
si 1 t s tone  fragments. 

Red S i l t s t o n e ,  s l i g h t l y  
weathered to  highly 
weathered. Horizontally 
bedded. 

- End of  Hole 49.0 Feet - 

s n i n  ma 2 OF 2 

- 
ma 

10 

- 

- 
11 

12 

13 

- 

- 
- 
14 

15 

16 

- 

- 

A U G a R E D  

oy 3" 44.0- 4.3' 152 
49.0 RQD 

H- 10 6 \ 



ACRES AMERICAN INCORPORATED - CONSUlTlNG ENGINEERS 
BUFFALO,  HEW YORK 

D R I L L I N G  R E P O R T  

OLmC 

( f t  1 

.2 

4 

6 

8 . - - - .  

>O 

>2 

>4 

>6 

18 

C U M  NLO, Inc. ' JOB NO. P6254.07 

PROJECT Foundation Investigation 8 S i t e  Characterization no= m. BH-67 

sm Niagara Fal ls  Storage S i t e  w m m .  1 o f  2 

CONTRACTOR: Empi re Soi Is STARTED 8:OO An. June 30 t*81 
~ I S H E D  10:30 An. July 1 is81 

SOlL Hollow Stem Auger CASINO DIAM. 
of 

DRILuN6: Rocu Diamond Coring CORE D I M .  NX 

O A r n C L K  r O R u r c O C  DrxmmTIQ: COLOR masltTcyT.sneTue, 
m . 0 1 L t m  -ATTI -mm. rUITIun, -, 

urn LLly Q1 m*. m. 10. wrt* * t L  ocm rCrb 

F i l l  Alternating layers o f  s i l t y  1 AY 2" 0-2 5"  1-3- 
Sand, sandy S i l t ,  and sandy, 
s i l t y  Clay. Gravel present 1 

throughout. Samples appear 2 AY 2" 2-4 6" 5-3- 
d i  s t urbed . 

3- 5 

2-2 

2-2 

4 AY 2" 6-8 20" 3-3- 
14- 12 

CL Brown  Clay, s i l t y ,  sandy. 5 AY 2" 8-10 12" 1-1- 
1-2 

is coarse, loose, moist. 5-8 

3- 3 

3- 9 

3 AY 2" 4-6 12" 3-3- 

- --- - . - - - - - - - - - -  - -- - - 

SM Gray-brown Sand. s i l t y ,  sand 6 AY 2" 10-12 15" 1-3- 

7 AY 2"  12-14 24" 3-3- 
Gray Clay, s i l t y ,  sandy, CL 

8 AY 2" 14-16 22" 3-3- - t r a c e  o f  gravel. Soft t o  very 
soft. Plastic.  

More gravel this sample. 9 AY 2" 16-18 23" 11-15. 
17-9 

ELEVATIONS : DAtLlY USGS 
ORIUPUTCORY None 
GROUND SURFACE 319.9 

BOTTOM OFHOLE 270.9 
ROCK SURFACE 276.6 

WATER LEVEL 7/10/81, 315.11 F t  

INSPECTOR P. Barth 
LOGGED BY R. Adam 

June 1981 / 

H-107 
\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

CUENT NLO, Inc. JOB NQ P6254.07 

~ E C T  Foundation Investigation L Si t e  Characterization HOLE nQ BH-67 
Niagara Falls Storage S i t e  

ML 

~~ 

S i  1 ts tone/ 
Shale 

Gray Clay as above. 
Occasional s i l t y  Clay, o r  
clayey S i l t  layers present 
throughout .  

27.0-28.0 - Gray S i l t ,  clayey 

;ravel content increases near 
>ase of u n i t .  

led S i l t ,  clayey, gravelly. 
;ravel b o t h  rounded and 
ingular up t o  1 /2  inch. Very 
lense, dry. Containing t h i n  
; i l t y  Clay lenses throughout. 

led-brown Si l ts tone and shale# 
lpper 3 feet highly weathered4 
kcas ional green Si 1 tstone 
enses th roughou t .  

-'End o f  Hole 49.0 Feet'- 

H-108 
\ 

\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
OUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

C U M  NLO, Inc. JOB NO. P6254.07 

?ROJLCT Foundation Investigation L Site  Characterization no& NO. BH-68 

SITE Niagara Falls Storage Site wmm.  1 w 4 

CONTRACTOR: Empire Soils STAR- 10:30 An. July 1 I s81 
FINISHED 9:00 An. July 8 is81 

U r n  =L Hol 1 ow Stem Auger CASING 01An. 4 inch 
OF 

NX WlUN6: Diamond Coring CORE OUY. 

LOCATION: UTrntOE LLNATIONS: DATUM USGS _ _  _ 
O R I U L W O R Y  None 

mca SURFACE 275.5 
GROUND SURFACE 319.5 

60rrOU W 220.5 
WATER LEVEL 7/10/81. 315.21 F t  

8 . I C L C  p r m W # :  COLOR, cpI%m~~.-, 
m m m  m, hLniun, w, 
urn LOII sun, m. *a mPr* ULC w m  

Brown S i l t ,  clayey, trace sand 1 AY 2" 0-2 
and organics. Gravel and AQ 
concrete present. Drilled t o  . 
8.0 feet, met refusal. Moved 2 AY 2" 2-4 
hole 2 feet and started again AQ 

Fill 1-2- 
2-3 

3-2- 
3-3 - 

by augering t o  8.0 feet. 1 1 1 

3 I AY 1. 2" 1 4-6 2-3- 
2-4 I I A Q I  I 

8" - 24-R 

6-6- 
5-4 

CL 

CL 

gravel. Moist. 

3- 3- 
5-6 

12.0 Feet - Becomes slightly 6 ~y 211 10-12 
sandy. 

. 7 AY 2" 12-14 

Gray Clay, s i l t y ,  sandy, 8 AY 2" 14-16 
trace gravel. Occasional 
s i l t y  lenses. Soft t o  very 
soft .  Plastic. Gravel up t o  9 AY 2" 16-18 
1 inch. 

SI8-U O D l T A I I L I  
I- A U Q  a - r r m  

2-4- 
5-4 

2-4- 
5-4 

5-3- 
3- 3 

INSP€CTDR P. Barth 

LOGGED m R. Adam - . -  
DATE July 1981 I a 

H-109 
\ 

\ 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
B U F F h l O ,  NEW Y O R K  

D R I L L I N G  R E P O R T  

QIENT NLO, Inc. JOB rm P6254.07 

PROJECT Foundation Investigation & S i t e  Characterization noLr NQ BH-68 

50.0 

SITE - 
0- 

0 

0 

2 

4 

16 

18 

10 

12 

14 - 
16 

0 

Niagara Falls Storage S i t e  

CL 

ML 

StVGH 

Bedrock 

Gray Clay, s i l t y ,  sandy, 
t race  gravel. Very s o f t  and 
wet. Percent o f  gravel and 
si 1 t variable throughout u n i t  

Clay becomes s i l t ier  w i t h  
depth. 

S i l t ,  gravelly. Soft ,  wet. 
36.0 feet 3 i n c h  gray clay 
layer. 

Red-brown Sand, sit ty  , 
gravelly. D r y ,  dense. Grave 
consists o f  rounded gravel up 
t o  1/8 inch and angular bed- 
rock fragments. 

Instal led 4 inch  castng t o  
50.0 feet and grout to 
surface. 

Log continued on Rock 
D r i l l i n g  Report. 

S H E O  M 2 OF 4 

~~ 

10 AY 2" 18-20 24" 3-4- 
4-4 

11 AY 2" 20-22 24" 4-5- 
4-5 

3- 3 
12 AY 2" 22-24 24" 4-30 

13 I A Y  I 2" 1 24-26 124" I 3-4- 
4-5 

24 1;; I 2" 126-28 124" I 3-4- 
5-6 

15 1;; I 2" 128-30 124" I 2-2- 3- 3 

16 I A Y  I 2" I 30-32 124" I 1-2- 
2-2 

18 1;; I 2" 134-36 I 15" I 13-8 2-30 

20 1:; I 2" I 38-40 I 9" I 22-40- 
51-60 

21 I A Y  I 2" PO-41.1 20" I 36-58- 
31-R 

1 1 I I 

I l A U G B R  E D I  t 
22 I A Y  I 2" - 12-43.! 15" I 41-73- 

100 
1 1 I I I 

I W U G S R E D I  I 
I II 45.0- t i  3.9' RQD 

H-110 
\ 

\ 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
OUFFALO , MET TORK 

D R I L L I N G  R E P O R T  

Qlm NLO, Inc. JOI 10. P6254.07 

mwfff Foundation Investigation & S i t e  Characterization MOLL rn BH-08 

sm Niagara Fal ls  Storage S i t e  S M E D N a  3 w 4 

5 * 0  

COUTRACTDR: % f l s  ' STAR= 8:30 A.M. July 6 1 ~ 8 1  
nrrisnt~ 9:00 A.M. July 8 19 81 

u r n  SOIL Hollow Stem Auger C A S l M  OIAY. 4 inch  
ORILUUC : Diamond Coring CORE 01A.N. NX 
of 

ELEVATIOnS: DAWN USCS 

96 
(74) 

m 
M 

45.0 
to 
50.0 

50.0 
t o  

54.0 

54.0 
t o  
59.0 

59.0 
to 
64.0 

64.0 
to 
69.0 

own DIPS 

Si 1 ts tone and 
Shale 

O R I U C U ~ R Y  None 
C W N O  SURFACE 319.5 
m C X  SURFACE 275.5 

Red Si l ts tone and Shale. Thinly bedded, 
horizontal t o  ground surface. Occasional 
green Si l ts tone layers present. Sl ight ly  t o  
moderately weathered. Clay and/or Calcite 
replacement present on some discontinuity 
planes. Drill r a t e  approximately 3 min/foot. 

1 5.O /,s 
Becoming mre broken. Not us ing  tr iple t u b e  
barrel. 

MtE July 1981 1 - 

' \  



/ 

5 * 0  

ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  , 

CLEW NLO, Inc. J O I  W. P6254.07 

~ J E C I  Foundation Investigation & Site Characterization HOLE BH-68 

SITE Niagara Falls Storage Sfte SHEET NO. 4 O f  4 

100 
(80) 

~- 

69.0 I Siltstone and 

5.0 ' 

' * o  

to Ishale 

100 
(68) 

100 
(72) 

74.0 

74.0 
t o  
c 79.0 

79.0 
t o  

84.0 

84.0 
to 

89.0 

89.0 
t o  

94.0 

94.0 
t o  

99.0 

~ 

Same material. No green lenses this run. 

Two zones of highly weathered rock. 
replacement present. 

tubb e zones present due to  mechan 
rea kage. 

Calcite 

cal 

End o f  Hole 99.0 Feet 

H-112 

' 96' 
(80 

5.0 

\ 
\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGlNEfRS 
BUFFALO, NEW YORR 

D R I L L I N G  R E P O R T  

CUbJT NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Investigation 6 S i t e  Characterization noum. BH-69 

rm Niagara Falls Storage S i t e  sNERm1 w 2 

CONTRACTOR: Empire Soi ls  STAR- 4:OO P.U. June 30 1981 
FWISHCD 3:30 P.U. July 1 1 ~ 8 1  

u r n  #wL Hollow Stem Auger CASllJC OIAU. 
OF NX 

~ I U N C :  Rou( Diamond Coring CORE DUU. 

U C l t l O N :  UTlTUOL LLEVATKLWS: DATUM USGS 
DEPARhlRE 
W R I N G  
WlTlAL #C 90' 
m m  ups 

D R U C U T F W M  None 
GROUND SURFACE 320.4 
ROCK SURFACE 276.0 
eomu OF- 271.0 
WATER LEVEL 7/10/81, 315.50 Ft 

SM 

No recovery due to s lag  
caught i n  sampler. 

Brown Clay and Brown-black 
Sand i n  a l ternat ing layers.  
Both are s i l t y  and contain 
t race  gravel dispersed 
throughout. M o i s t  t o  wet, 
medium t o  stiff. 

8-9 Feet - Gray .Clay. 

Sand content increases toward 
bottom o f  u n i t .  

Gray-brown Sand, s i l t y ,  t r ace  
gravel. Eledium t o  dense. 
Wet t o  saturated.  

I ~ U G  E / R  E D I  I 

3 AY 2" . 5-7 20" 7-7- 
10- 10 10- 10 

12-15 
4 AY 2" 7-9 24" 6-11. 

12-15 

5 AY 2" 9-11 20" 7-10. 
10-20 

6 AY 2" 11-13 22" 35-35 
25-25 

~~ ~~ 

6 
]AY I 2" I 11-13 122" I 35-35 

25-25 -1 11; 1 1'; 113-15 122" 1 15-15 
11-23 

15-17 23" 6-20. 
13- 10 

9 I A Y  I 2" I17 -19 124" I 8-20. 

H-113 

\ 
\ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW Y O R K  

D R I L L I N G  R E P O R T  

CUENT NLO, Inc. JOO w. P€254.07 

PROJECT Foundation Investigation & Site Characterization MOLE NQ EH-69 

.. 

-OIL Twa 

s M 

C L .  

SITE 

I A U C b I  W M T I O N  ~ c n l m o * :  COLOR, c c m , o n c m , n ~ .  
tLr7 WATER C m .  CL*mCm, COMrUrNCrS, 

N O  ImcLl sut I OLmC l a m  

10 . AY 2" 19-21 19" 11-17- 

uma a s s  oa w a ,  m. 

Same material as above. 9 AY 2" 17-19 24" 25-30 

10-9 

10-9 

Gray Clay, s i l ty ,  sandy, trace 
gravel. Soft to  very soft. ll AY 2" 21-23 2111 8-11- 
Moist to  wet. Plastic. 
Occasional s i l t  lenses 
throughout unit. 12 AY 2" 23-25 24" 3-4- 

O m *  

(ftt) - 
20 . -  
22 

24 

26 

2s 

30 

32 
t 

34 

36 

6-8 

4-3 

5-5 

4-5 

13 AY 2" 25-27 24" 4-3- 

14 AY 2" 27-29 24" 2-3- 

15 AY 2" 29-31 24" 4-4- 

-38 

40 

42 

44 - 
36 

38 bccasfonal gray shale layers. 

End o# Hole 49.4 Feet 

H-114 
' \  



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
bUFF4LO , NEW YORK 

D R J L L I N Q  R E P O R T  

cum NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Investigation L Site Characterization MOLEHO. BH-70 

tm Niagara Falls Storage Site WEDNO. 1 OF 2 

CONTRACTOR: Empire Soils STARTED 2:30 P.M. June 17 i s  81 
FINISHED 12:00 P.Y. June 18 i s  81 

Y m D  #)IL Hollow Stem Auger CASING D1W. 
w 

ORWN6: aoac Di amnd Cori ng CORE DlAY. NX 

LOCATION: UtrrUOE ELEVATIONS: DATUM USGS 
DEPARTURE 
EEARINC 

OTHER Up5 
mmbL DIP 90' 

DRUMTFORU None 

~orrou'oc 274.4 

GROUND SURFACE 319.4 
ROCK SURFACE 279.4 

WATER LEVEL 7/10/81, 315.23 Ft 

12 

14 

16 

CL 

CL 

S A I P L t  mcIut# DOU(R(Q. CDLBR, mstrcuo.lT.rcru(I, 
m u m  czmwi, P ~ ~ P C I R ,  w, 
w r m  w a m u .  me. rm 

. .- 
- A L G E R E D  

Tan-brown Clay, s i l t y ,  sandy, 1 AY 2"  1-3 12" 8-8- 
trace gravel. Hard, dry .  11-14 
Occasional thin s i l t  layers. - 
Becomes softer w i t h  depth. 2 AY 2" 3-5 ia" 18-24- 
Trace organics 0-1 feet.  35-16 

. 3 AY 2" . 5-7 16" 12-19- 
26-31 

4 AY 2" 7-9 24" 26-36- 
30-18 

SmICcIY  CDlTAIBU 
C. AUm m - m r a r  1.aonlw 
I- W U I I  0 - n m c  s. CUOnLl w. 

P - W A l U a a r o n t u  X - O I L C M C D  1 - a u m  YI Y - corehox 
W S F + E ~  P. Barth 
LOGGED BY R. Werneiwski 

H-115 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW Y O R K  

I D R I L L I N G  R E P O R T  

NLO, Inc. JOB WQ P6254.07 
I 

CRQlECI Foundation Invest igat ion 8 S i t e  Character izat ion NOLE w BH-70 

SITE 

om* 

( f t )  
18 

3 0  

3 2  

-24 

26 

-28 

30 

- -32 

-34 

3b - 
3 8  

-40 - 

-42 

-?4 

-46 

-48 

50 

Niagara F a l l s  Storage S i te  SMELTIQ 2 oc 2 

SMI SC 

ML 

Bedrock 

t race  gravel, s o f t  t o  very 
s o f t ,  moist t o  wet. 

Occasional S i l t  and/or Sand 
lenses throughout. 

-End o f  Hole 45.0 Feet 

4-5- 
5-5 . 

~~ ~ 

2-2- 
3-4 

0- 1- 
2-2 

5-8- 
8- 9 

0-2- 
2-1 

3-4- 
4-6 

4- 7- 
19-35 

85 - R 
R 

75 - R 
0 
RQD 

H-116 
\ 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS . 
D U F F 4 L 0 ,  )SEW YORK 

D R I L L I N O  R E P O R T  

cum NLO, Inc. JOB NO. P6254.07 

flKUEcT Foundation Investigation & S i t e  Characterization MOUW. BH-71 

sm NiaOara Fal ls  Storage S i t e  Ulmm 1 w 4 

CONTRACTOR: Empire Soils STARTED 3:30 P.Y. June 18 19 81 
FINISHED 1:oo P.Y. June 29 19 81 

Y-0 
OF 

O U 1 U C :  Roac Diamond Coring CORE DUY. NX 

tOlL Hollow Stem Auger USllJC DlAY. 

? 

4 

6 

8 

?O- 

>2 

J4 

?6 

18 

ELEVATIONS: O A N Y  
D R U  CI 
CROUNf 

BOrrOU 
WATER 

aoca o 

CL/OL Tan-brown Clay, oraanics. A U  

CL Tan-red Clay, sandys s i l t y ,  1 AY 
t race gravel. Very dense; 

I damp 

I - 
I 5 BO 
SM Tan Sand, s i l t y .  Wet. 

~ I I V A Y  
Gray Clay, s i l t y ,  sandy, 
t race  gravel. Soft t o  very 
s o f t .  Plast ic .  

I I 
I I 

. USGS 
A ~ R Y  None 

SURFACE 318.5 
RFItE 275.5 
WttaE 218.5 
LEVEL 7/ 10/81, 314,89& 

8 A U P L C  

~~ 

G E R ~ D  
2" 1-3 18" 6-17- 

23-18 

2-3/8" 3-5 24" Denison 

2" I 7-9 I 21") 18-19- 
21-22 

1 I I 

1 2" 11-13 24" 18-28- 
* 33-31 

I 2" 13-15 24" 20-25- 
28- 12 

15-17 24" 10-8- 
5- 5 1 2" 

I I I I 
I I 

I 2" I 17-19! 2O"I 5-5- 

INSPLCTDR P. Barth 
U)CCED rn R. Werneiwski 

H-117 
Y' 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO 9 NEW VORR 

D R I L L I N G  R E P O R T  

CLIENT NLO, fnc. JOB No. P6254.07 

P R O J E ~  foundation Investigation S S i t e  Characterization HOLE WQ BH-71 I 
S I E  

omc 
1PU 

75.0 
t o  

80.0 

80.0 
t o  

85.0 

85.0 
t o  

90.0 

90.0 
t o  

92.0 

92.0 
t o  

97.0 

97.0 
t o  

100.0 

Niagara Falls Stcrage S i t e  SHEfTHO. 4 OF 4 - nn 

Si 1 tstone 
and 

Shale 

Drill r a t e  4 minutes per foot. 

Calcite replacement noted near occasional 
green si l ts tone lenses. 

Short r u n  taken t o  remove core l o s t  down 
hole f r o m  previous r u n .  

Green sil ts tone lens frequency decreases 
w i t h  depth. 

End of  Hole 100.0 Feet 

5.0 

5.0 

5.0 

2.0 

5.0 

3.0 

H-118 
' \  



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
8UfFAL0, NEW YORK 

D R I L L I N G  R E P O R T  

~ E M T  NLO, fnc. JOI ra P6254.0 7 

-Eff Foundation Investigation 8 S i t e  Characterization MOLL m BH-71 

sM/ SP 

ML 

Bedrock 

YTL 

Red Sand, s i l t y ,  gravelly. 

Red S i l t ,  t r ace  sand and 
gravel. Very dense. 

Red Si l ts tone.  S l igh t ly  t o  
moderately weathered. 
Occasional green s i l t s t o n e  
lenses throughout. 

Log Continued on Rock Drilli 
Keporc 

T) 
18 
20 

22 

24 

26 

?8 

30 

32 

-34 

I36 

-38 

40 

P2 

$4 

46 

48 

50 

Niagara Fal ls  Storage S i t e  

Gray Clay, s i l t y ,  sandy, 
t race gravel, s o f t  t o  very 
s o f t ,  p las t ic .  
Contains occasional S i l t  
lenses throughout. 
21.0-22.5 Red S i l t  lens. i 

CL 

----- 
Sit  t 
I---- 

12 

13 
- 
7 

14 

1 
I I I I 

H-119 ! 
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ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

5.0 

cum NLO, Inc. 400 w0. P6254.07 

crtOJan Foundation Investigation & Site Characterization MOLL m. BH-71 

SJTE Niagara Falls Storage Si te  S W m #  3 OF 4 

CONTRACTOR: Enpire Soils STARTED 7:20 A.M. June 25 ~ 8 1  
F l N l S H ~  1:oo P.M. June 29 1r81 

YET)(oo SQIL Hollow Stem Auger CASING DIAY. 4 inch 

miw)Ic : M K X  Diamond Coring . CORE DIAY. NX 
OF 

92 
(46)  

50.0 I Siltstone 

~~ 

"O. 

and 
to I Shale 

90 
(78) 

55.0 I 

5 * 0  

I 

100 
(54)  

55.0 
t o  

60.0 
I 

60.0 
t o  

65.0 
I ;I 

75.0 
I 
inspEmoa P. Barth 
-ED m R. Adam 

W A n R  LEVEL 7/10/81, 314.89 Ft 

Red S i l  tstone and Shale. Occasional green 
Siltstone lenses. Bedding is  horizontal. 
Average joint  spacing 2 inches. Slightly t o  
mderately uea thered. 

Clay and/or calci te  replacement present on 
some fractures. 

Joint spacing approximately 4 inches. 

Vertical fractures throughout run. 

I 

I; 5-0  (74) 

H-120 
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A C R E S  AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
BUFFALO, NEW YORK 

I D R I L L I N G  R E P O R T  - 
CUOCT NLO, Inc. JOB WO. P6254.07 

?ROJLCI Foundation Investigation & Site  Characterization n o u  NO. BH-72 

W E  Niagara Falls Storage Si te  SnEDm. 1 OF 2 

CONTRACTOR : Enpi re Soi 1 s ~JARTED 4:OO P.U. June 24 is81 
CUIISbtfD 12:oo RY. June 25 1081 

SOIL Hollow Stem Auger CASING OlAY. Y W D  
OF 

DRJLUNG: mcx None CORE DUY. 

LOCATJON: U W D E  USGS 

2 

4 

6 

8 

10 

12 

14  - 
16 

fR 

- Topsoil 

SM 

CL 

Topsoil. 
Brown Clay, s i l t y ,  sandy, 
trace gravel. S t i f f  to very 
s t i f f ,  damp. 

Poor recovery, tube discarded 
sample.put i n  core box. 

f r ied Denison 
samples. No re- 
covery. Pushed 
spoon t o  obtain 
ramp1 es . 

Brown San s i l t y ,  trace gravel. act. 
Gray Clay, s i l t y ,  sandy, 
trace gravel. Soft t o  very 
soft, mist. 

* 5- 7 

7 1 AY 1 1: 113-15 120'' 1 !if: 
8 AY 15-17 22" 

4-4 

INSPE- Barth 

LDCCED ur R. filghnan 

H-121 
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~ 

UTE 

#rm 

( f t )  

20 

#_22 . .  

24 

,_26 

2 8  

, 3 0  

-32 

-34 

3 6  

-38 

-40 

- 

42 

-46 

-48 

I 50 

ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, UfW YORK 

D R I L L I N G  R E P O R T  

CUEBIT NLO, Inc. 406 m P6254.07 

(IAQ~CCT Foundation Investigation b Sf t e  Characterization MOLE K). BH-72 

Niagara Falls Storage S i t e  SntOm. 2 OF 2 

-m 

CL 

Tam 
ir 
Shel by 

5-4- 
4-4 

3-4- 
4-6 

~~ ~~~ 

Gray Clay, s i l t y ,  sandy, 
gravel i n  small amounts dis-  
persed t h r o u g h o u t .  Saturate( 
very soft. . 

19-21 10 AY 

- 
11 
- 
AY 2 1-23 

- 
12 
- 
BO 23-25 Shel by 

Tube - 
13 
- 
AY 25-27 4-3- 

3-3 - 
14 
- 
AY 27-29 4-4- 

4-4 - 
15 
- 
AY 29-31 3-4- 

4-4 - 
16 
- 
AY 31-33 4-4- 

4- 4 - 
17 
- 
AY 33-35 0- 1- 

2-2 - 
18 
- 
AY 35-37 1- 2- 

3-4 - 
19 
- 
AY 37- 39 6-6- 

19-31 sc/ SM/SP Brown Sand, clayey, s i l t y .  
Pockets of coarse gravel 
throughout. Soft, mist. 

- 
20 
- 
AY 2" 

2 
- 
- 

Y O 1  

33-4 1 . -. 20- R 

I 
ML 

L 

Brown S i l t .  Contains frag- 
ments o f  sit tstone. . Very, 
f i rm,  dry. 

- End o f  Hole 42.0 Feet  
. 

211 AY 

~ 

41-42 - 45- 110 

C O R E D  1 
H-122 
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ACRES AYERICAN INCORPORATED - CONSULTING ENGINEERS ' 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

C U M  NLO, Inc. JOO ao. P6254.0 7 

?RwECT Foundation Inves t i ga t i on  6 S i t e  Character izat ion nou: w. BH-77 

SITE Niagara F a l l s  Storage S i t e  Wcrrwo. 1 w 2 

COWTRACTOR : Empi re Sol 1 s mARTED 1~30 EM. June 25 im81 
Cv11SHED 5:oo RY. June 25 m81 

YOKK) =L Hollow Stem Auger CASING OIAY. 

m1UNG: mu None CORE DIAY. 
OF 

Mixed F i l l  w i t h  organics and 
Yellow Radioactive Residue. 
Loose, very soft. 

LOUTIOW: U T m E  CL!%ATIOIIS: DAmY USGS 

2 AY 2" 1-3 10" 1-2- ' 

3- 3 
r 

3 AY 2" 3-5 1" 2-2- 

MPARWRE 
SEARING 

ma U R  
#ITlAL U P  goo 

-2 

4 

6 

-8 

-10 

-12 

DRtuCUlFoRY lbne 
6ROUNb SURFACE 
ROCK SURFACE 
BOrrDY OIW 
WATER TABLE 

1-2 

3-2 

1-2 

3- 3 

4 AY 2" . 5-7 5" 2-2- 

5 AY 2" 7-9 2" 2-1- 

6 AY 2" 9-11 15" 2-2- 

-. 
Color changes t o  Brown bu t  
s t i l l  contains Residue. 

ct: Brown Clay, s i l t y ,  sandy, 
t race  gravel (occasionaly 
occur ing as lenses). S t i f f  
damp. 

14 - 

7 AY 2" 11-13 18" 9-14- 
. 19-23 

8 AY 2" 13-15 18" 14-23- 
AQ 35-40 

' 9 AY 2" 15-17 24" 40-48- 
Aa 68-32 

- 16 

Fil l  . . .  

Res i due 
and 
F i l l  

INSPLODR P. B a e h  

LOGGED Bf R. Tilghman 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, U E W  YORK 

D R I L L I N G  R E P O R T  

~ E W T  NL3, Inc. JOI m P6254.07 

CRCIIECT Foundation Investigation 1 Si te  Characterization MOLE ma BH-77 

14 

15 

16 

Niagara Falls Storage S i t e  

AY 2" 25-27 17" 0-1- 
4 1- 1 

AY 2" 27-29 18" 2-3- 
AQ 3-3 

AY 2" 29-31 24" 1-2- 
p9 2-2 

f n E O H a  2 OF 2 

17 

mnu 

AY 2" 31-33 13" 2-2- 
hQ 2-3 

CL 

20" 

24" 

24" 

24" 

21" 

24" 

18" 

SM/ SP 

1-1- 
2-2 

2-2- 
3- 3 

1-2- 
2-2 

1-2- 
2-3 

5-6- 
8-14 

14-2 3- 
45-59 

35-56 
R 
85-135 

~ 

CL 

CL/WML 

Dark brown Sand, s i l t y ,  sand 
gravelly. Very wet, loose. 

G r a  -brown Clay, s i l t y  
w i  ti gravel dispersed 
throughotit. Saturated, sof t  
t o  very sof t .  

Same material. 

Alternating layers of Clay 
( s i l t y ,  sandy), Sand ( s i l t y ,  
gravelly), S i l t  (clayey, 
sandy). A l l  layers s t i f f  
and moist. 

End of  Hole 50.0 Feet 

11 AY 2" 19-21 
Ap 

#) 

AQ 

12 AY 2" 21-23 

13 AY 2" 23-25 

11-13 

2-2- 

18 I 1 2" I 33-35 I 18"l 1-2- 
2-1 

19 I 2 I 2" 135-37 

20 I "k; 2" 137-39 

I I 

26 I A Y  I 2" 149-50 

H-124 

' \  
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APPENDIX I 

PIEZOMETER COMPLETION REPORTS 

j .” 



i 

I 
Red Brovn, 
Si l ty  Clay I 

I 
I 
I 
I 

18.5' I 
I 
I 

I 
I 

S i l t y  Clay I 
I 
I 
I 

1 

Pinkish Gray , 

I 
26.5' E 

Height Of top Of .-face Using/ 
-11 u s i n g  8bwe pound 8urface 

Depth - Elm. 

2.2 f t .  322.4 

Depth of surface m e a l  belw frolrnd 
surf ace 

Type of marface m e a l :  Concrete 

1 .D .  Of 8mfUe u s i n g .  

Of 8WfaCe C u i n g :  S t L d  

Bottom of 8urface caring belw ground I- 

I 
t-- Depth of top of gravel pack k l w  

ground surface 
I 

19.0 f t .  301.2 

7.0 in .  

2.8 f t .  317.6 

20.5 f t .  299.7 

Type of gravel pack: 4 Q Sand I 
I 
I 

I 
I 
I 
I 

I-- Diameter of borehole 

?Depth t o  bottom of p ie rme te r  

I 
I 
I 
!-,Total depth of bole 

7.5 in. 

22.4 f t .  297.8 

24.5 f t .  295.7 

JOB 190. I 1 
14501 I I 

1-1 ' \  



Cr 

JOB NO. 
14501 I 

I 
I 
I 
I 

Red Brown. 
S i l t y  Clay 

13.0' 

Rust Brown, I 
Sandy S i l t  I 
13.5' I 
Red Browns 
S i l t y  Clay - 10.5' I 

I 

I 

I 
I 
I Pinkish Grays 

S i l t y  c lay  I 
I 
I 

19.0' I 
I 

b J 

a t i g h t  of top of sur face  casing/ 
-11 casing a b w t  ground sur face  

Depth of murface a d  belw ~ o u n d  

Type of murface 8 4 :  Concrete 

I.D. of Burfact using 
Type of murface casing: Steel 

S u r f A C t  

Bottom of 8urface casing below pound r- 
Dcprh of top of gravel pack below 
ground sur face  

Type of grf fe l  pack: 

I 

I 
I 
I 

1 
I 
I 

4 Q Sand 

I-- Diameter of borehole 

I I-- Ocpth t o  bottcm of pietometer 

j-, Total depth of hole 

Depth - Elm. 

2.8 f t .  320.8 

15.2 f t .  302.8 

7.0 in. 

2.2 f t .  315.8 
~ 

16.5 f t .  301.5 

7.0 in.  

18.0 f t .  300.0 

19.0 f t .  299.0 

1-2 
' \  



G r  

I 
I 
I 
I 
I 
I 
I 
I 

Brown. Si l ty  
Clay  

2.3' I 

Height Of top Of 8IUfaCe C 8 S h g /  
uell caning above ground surface 

Depth of 8urface 8eal belw ground 

Type of murfacc m e a l :  Concrete 
8lXf4Ce 

1 .D .  Of 8WfaCe C8Lhg 

Type of 8lXfaCL casing: Stee l  

Bottom of nurface casing b e l w  ground I- 

I 
+ Depth of top of gravel pack bclw 

ground surface 
I 

Depth - Elm. 

2.5 f t .  320.5 

9.0 f t .  309.0 

7.0 in. 

2.5 f t .  315.5 

10.0 f t .  308.0 

me of gravel pack: 4 Q Sand I 
I 
I 

I 
I 
I 
I 

I 

I-, Diameter of borehole 

I- h p t h  t o  bottom of pietometer 

I 
I 
L T o - 1  depth of hole 12.3 f t .  305.7 

7.0 in. 

11.0 f t .  307.0 

BE- 
GAITEE3tsBURG, MARYLAND PROJECT RJsRAp 

~ T I O N  !?lagar8 Fall6 Storage S i t e  

DATE COW- 3/3/81 OBlGEHAL DEpra 12*3' 
aspmm = 0. Mlddleton XU=-- 3/3/83 

PIEZBIETER A 4 4  
CONSTRUCTION DETAILS QlEcllED L. Sl8Vden 7/26/83 

JOB NO. 
14501 

I- 3 
'\ 



Dcpth - Elm. 

Height of top of rur face  caring/ 
u d l  carin8 abme pound su r face  2.2 f t .  322.5 

G r  
Elm 

Brovn, S i l t y  I 
Clay 

I 
I 
I 
! 
I 
I 
I 
I 
1 

I 
I 
I 
I 

15.5' I 
Pinkish Gray, I 
Si l ty  Clay 

I 
16.0' E 3 

Depth of surface H.1 belw ground 
M f A C C  13.0 f t .  307.3 

Type of rur face  ~ u l :  Concrete 

14.0 f t .  306.3 
Depth of top of wave1 pack belw 
ground rurfmce I - TJlpe of gravel pack: 4 Q sand I 

I 
I 

I 
I 
I 
I 

I-,Diameter of boreholc 7.0 in. 

15.0 f t .  305.3 I-- Depth t o  bottom of p l e roo l t e r  

I 
I 
I 
I-, Total depth of hole 16.0 f t .  300.3 

JOB 130. 
14501 

I- 4 



Ocpth - El-. 
Eeight of top of surface u i h g /  
-11 cuing abwe  f r w d  BkUfbCt 119 f t .  323.7 f \ 

Coarse Sand . 

9 . 7 '  i 

I 
S i l t y  Clay 

I 

Red Brovn, I 

13.0' 

Red Bravn t o  I 
Pinkish Gray. I 
S i l t  

I 
17.0' I 

Red Brown t o  I 
Pinkish Grayr I 
Si l ty  Clay 

I 
19.6' 1 

I 
Pinkish Gray 
S i l t y  clay I 

I 
I 
I 

!4.0' I 

Depth of surface seal belar g r m d  
surf ace 21.3 f t .  300.5 

Typo of mufacc seal: Concrete 

1.0. of surface casing 7 .0  in. 

of murface c u i n g :  

Bottom of surface caring b d w  pound 3.1 ft .  318-7 I- 

I 

I 
I 
I 

I 
I 
I 

t Depth of top of gravel pack k l w  
ground surface 22.5 f t .  299.3 

lype of gravel pack: 4 Q Sand 

7 . 0  in. I-Di-tcr of borehole 

I 23.5 f t .  298.3 -Depth to  bottom of piezometer 

I 
I 
I 
&- Total depth of hole 24.0 f t .  297.8 

PI=- A-40 
~ S T I U I C T I O N  DETAILS 

. m s p m m  D. Middleton 3/9/03 

Q~ECKP, bp L. Slapden O A ~ E  7 /26 /83  

JOB NO. I 1 
I 14501 I I 
I I I 

1-5 \ \  



APPENDIX J 

WATER ANALYSIS: 
BORINGS A-23, A-23A, A-35, A-49 



__-.- .... ....................... 

_ _  -. . Observation ..Well A-23*._ ___ _ _  ._ - _ - . 
CTl-05304 Water Collected a t  20 f t .  2/18/83 -06s a ._  . . ..... -- -_ .- . ...... ........... - ..... 
- ~. - - - -._-_ .___ - -.. . . . . . . . . . . . .  
cTI-05305 Water Collected at  32 f t .  2/18/83 a o s s  a 

CT1-05309 Water Collected at 44 f t .  2/18/83 Gross a 

-- . . . . . . .  _.  .. ___.. _ _  . . . . . . . . . . . . . .  - 

. . . . . .  - . -. - . _ - . - -. __ 
. . . . . .  . . . . . . .  .. . . .  ., .................. 

... ........ . .  ...... _.._.__. ........ 

CT145331 Final Rinse Water . ilwas QOSS a ................... 

9.7 

6.2 

280.9 

12.6 

W 

' \  



ABANDONMENT OF WELL W-23 

Boring A-23 was grouted and abandoned because the drilling 
technique used was not adequate to prevent contamination of the 
borehole. The boring was drilled with 15.9 cm (6-1/4 in.) 
hollow-stem augers. 
through the center of the auger flights and the flights act as 
casing. When advancing the hole, a center plug is installed 
within the flights so that soil does not run up through the 
hollow center. Samples were to be taken to bedrock. When 
bedrock was reached, the augers were to be advanced into the 
highly weathered, clayey top of bedrock thereby creating a seal 
between the artesian bedrock aquifer and the overburden. In 
addition, it was thought that the plastic gray clay would 
squeeze around the augers and seal off the lower aquifers. 

By this method sampling is performed 

The following is a documentation of the events that led to 
abandonment of Boring A-23: 

2/16/83: 
center plug in the auger flights. Driller did not have the 
proper equipment to use the center plug. 
were washed from the ho1.e at 12.1 m (40 ft), prior to 
coring. 

Driller augered to 12 m (40 ft) depth with no 

Drill cuttings 

2/17/83: At the direction of the site superintendent, the 
driller was required to contain all drilling fluid. 
Driller was allowed to dig a small mud pit and recirculate 
his drilling fluid. Surface soil was not to be mixed with 
drilling fluid. 

A mud pit was excavated and as the drilling fluid became 
thick,..fresh waster was added from on-site fire hydrants. 
When the mud pit became full the excess fluid was 
transferred to a 208-1 (55-gal) drum. 

K- 1 



While coring bedrock on 2/18/83 it was observed that fluid was 
piping up the annulus, between the augers and the side of the 
borehole, and running out on the ground surface. 
pumps were shut off the water level in the borehole declined, 
allowing undesirable surface water to enter the boring. 
site superintendent informed the drillers that the present 
method of drilling was not sufficient to prevent contamination 
of the borehole, The driller was to drill no deeper until the 

When the rig 

The 

\ annulus was sealed to bedrock. 

2/21/83: 
the hole. Grouting procedures required a grout mixture of 
28.4 1 (7.5 gal) of water to 1.1 kg (2.5 lb) of'bentonite 
powder and one bag of Type I1 cement. The mixture was then 
placed from the bottom of the boring to ground surface by 
the tremie method. 

The driller chose to grout the boring and abandon 

The last drilling performed in Boring A-23 was on 2/18/83 prior 
to the addition of bentonite pellets. The results of the 
analysis, as reported by Eberline, was 12.6 pCi/l. Therefore, 
it appears that during the coring of bedrock enough water was 
pumped into the boring to adequately flush out the 
contaminants, Results of the water analyses performed by 
Eberline are shown in Appendix J. 

K-4 
' \  



APPENDIX L 

OBSERVATION WELL COMPLETION REPORTS (PHASE 2) 

' \  



WECT WELL No 

OBSERVATION WELL 1" FUSW/Niagara F a l l s  Storage S i t e  
DI NO SITE C0011DWtLS 

14501 NFSS S 1700.1 E 374.1 
I t C W  SOYILEnD MEPARED W M N R E Y U  roln C O I  mEwnfYfms 

2/21/83 3/2/83 D. Middleton Ground Surf ace 

A-23, 

321.9 

Red Brown and 
Gray S t i f f  S i l t y  

Pinkish Gray Very Bentonite Mix 
Soft Silty Clay 

Red Medium Dense 
Fine Sandy Silt 

Red Brown Very 
Dense Fine Sandy S i l  

10' 
Top of Rock 

Shale 

~ m :  Sch. 40 PVC 

L- 1 
\ 



WELL Y) 
tT 

OBSERVATlON WNO UTE WELL P. FUSRAP/Niagara ODOIIDIWITO F a l l s  Storage S i t e  A-4 1 
14501 NFSS N 403.7 E 3702.2 

3 / 9 / 8 3  3 / 1 0 / 8 3  Ground Surface 
IIGW COYrLttfD I € C E I E y C c  mn 101 YE*)UlEYfWIL 

S t i f f  Clayey S i l t  

Bentonite Mix 

Red Brown Very S t i f f  
S i l t y  Clay 

WE: Sch. 40 PVC 

Pinkish Gray Soft  
S i l t y  Clay 

TWE: Sch. 40 PVC 

BOITOW OF LW, 

BOTTOM OF MOLE 

19.0 .-- 1 

- 
E U V .  

321.4 ---. 

319.3 -- - I 

12 .9 '  

11 .4 '  

, - - -  

.--- 

19.0' 
--I 

34.4' -- . 
L2,4 ' 

19.0 302.4' 
I-- -- A 

L- 3 ' \  



M C l  

DBSERVATION WELL 1" FUSRAP/Niagara F a l l s  Storage S i t e  A-42 
NO 

,/14 /8313/14 /831 D. Middleton 1 Ground Surface 

fLEV.-7WOFSURCACECAtlNG: 320*4 

319.7 

Clay B a c k f i l l  

Bentonite Mix 

Red Brown Gray S t i f f  
S i l t y  Clay 

WE: Bentonite Pellets 

Gray Medium Dense t o  
Dense Coarse Sand 
and F i n e  Gravel 

WE: Sch. 40 PVC 

21.3' 
wnou OF L W  

wlToMoF lrou 

Red B r m  Soft  s i l t y  

' \  

L- 4 



Clay B a c k f i l l  

4 

1 J 

I .  OACKC ILL UAfERlAL I. 
A 

a .  y 
W E :  Type I1 Portland Cement/ 

I a 
J m  I .  
I I 

1 1  # I  

- Bentonite Mix 
3' 

Red Brown Gray S t i f f  
S i l t y  Clay ,Il IJ RISER W I N G  

I. 1. OIA: 2'' 
,II ,', TYPE: Sch. 40 PVC 

1 1 

1 I 

a c  ,, ' 
a 1 

7.0' 

Red Brown and Yellow 
Medium S t i f f  S i l t y  
Clay 

1.4' 
Gray Loose Sand and 
Fine Gravel 

m: Sch. 40 PVC 

?.a' 
Red Brown Pinkish 
Gray Sof t  t o  Medium 

1.0' ====I==D==lt'=l=DI 
S t i f f  S i l t y  Clay mnIoywulyI 

morrou or mu ,_? 

L-5 ' \  



ELEV.-t(w OF M F * t l  C*IING: 322.1 

321.7 -ELEV.-tOCOF n u n  WING: 

I a 
1 I  8 1  BACKFILL UAfERlAL 
I 

? 

a .  WE: Type I1 Por t l and  Cement/ 
1 I 

. I  I .  
I 8 

X I  # I  

a #  , I  

- 
Bentoni te  Mix 

5' I I 

Red Brown Gray m- 
Very S t i f f  S i l t y  ,I, :, W E :  Sch. 40 PVC 

d 

I ism WING m 
S I  ) )  DlA: 2'' 

Clay I I 

8 1  I ,  .. 
8 

1 . 1  1 . 1  

~ T W E :  Bentoni te  P e l l e t s  lb 

Gray Medium t o  Very 
Dense Sand and Fine  
Gravel 

8.6' 
Red Brown Soft Silty 

mrrou OF L U D  

Bonoll o? )COLE 

L- 6 ' \  

320. I .--. 

317.1 --. 

13.0 

12.0' 

--- 
--- 

36.6' --- 



mIoJltl WELL no 

OBSERVATION WELL 1 FUSRAP/Niagara F a l l s  Storage S i t e  A-4 9 
D I N 0  SITE -lWTES 1 14501 NFSS S 236.6 E 09.5 n m n i u a  c~ln COI w u m a w n s  

Ground Surface 

S i l t s  tone 

' \  
L-7 



OBSERYATII--- _ _ _ _ _  I 
BEGUN CQHLETtD M E I M E D  I Y  RlWRlYCL roHn rm L1LUUIIUHrnS 

IDI NO SITE 

14501 NFSS S 1159.6 E 446.6 

13/18/83 D. Middleton Ground Surface I 3/17/8f - 
€LEV. -to, 06 CURFACE W I N G :  321 

f 

Yellow Brown 
S i l t y  Clay 

4 . 
1 .  B 4  BACKFILL YATfRlAL 
8 8 

I .  m: V p e  I1 Por t l and  Cement/ 
I I Bentoni te  Mix 5 '  

I I  a .  
I I 

1 I  a 4  
8 I 

Red Brown Gray A. , I  . RISER W I N G  
I 1 

Very S t i f f  t o  S t i f f 8 8  L a  OM: 211 
a *l-- 

I n  M E :  Sch. 40 PVC a t  
S i l t y  Clay 

I I 

I 8 
# I  ,, 

&: Bentoni te  P e l l e t s  

.3.1' 

4.3' 
Red Brown S i l t  

Red Brown t o  Pink- 
i s h  Gray Medium t o  -: Sch. 40 PVC 
S t i f f  t o  S o f t  S i l t y  

P inkish  Gray S o f t  
S i l t y  Clay 1.1' 

Red Brown S i l t  BoDrrOw Dc L W  

K)nw w HOLE 

' \  

L- 8 

31% 1 

116. -- 

10.: 

09.3 
--. 
--. 

12.9 .-- 

)8.3 

297.3 
296.3 

.-- 
-- -- 
---.I 



I L L L Y O  o B s E RVATI o N WELL FUSRAP/Niagara F a l l s  Storaue w t a  

Yellow Brown 

Red Brown Very 
S t i f f  S i l t y  Clay 

Sch. 40 PVC 

WE: Bentonite P e l l e t s  

Red Brown Medium 
S t i f f  t o  Sof t  
S i l t y  Clay 

m: Sch. 40 PVC 

Pinkish Gray Sof t  
S i l t y  Clay 

L-9 ' \  

.4 .-- 

.O 300.6 

.O 298.6 

.O 298.6 

-----. 
-----9 

-----. 



MC7 wLL NO 
A-52 FUSRAP/Niagara Falls Storage S i t e  

coorrOl*rTCr 
OBSERVATION WELL 1" 
l0IW SITE 

14501 NFSS S 735.7 E 300.1 
BEGW C0WLt-D M E P M E D I Y  MmEW rOln POI ~EUURLYL(IIL 

*/21/83 3/21/83 D. Middleton Ground S ;ur f ace 3, 

11. 

.5 ' 

321 .I 

WE: Type I1 Portland Cement/ 
Bentonite Mix 

Brown S i l t y  Clay 

Gray and Red 
Brown Medium 
Dense to Fine t o  
Coarse Sand and 
Fine Gravel 

. .  : 0.010" (10 s lo t )  
Red Brown Very 
Soft S i l t y  Clay 

IOnOYwtUII r-1 

) o ~ o u O I  MOLE '- 
=---------------- ----------------I 

\ \  

L-10 

319.: 
I--. 

316.1 --. 

10.9' --- 

36.3' 
.-a 

4 



APPENDIX M 

OBSERVATION WELL HYDROGRAPHS 
(PIIASE 11) 



r RBRUART APRIL 
s 10 IS !a 25 5 10 15 ?3 25 310 Is 

320 

31 5 

31 0 

320 

31 5 

31 0 

6 1D 15 ID 25 L 10 I5 25 -. .. . -. 
APRIL - fEBRUARY WRCH 

~ 

Hydrographs o f  Observation We1 1 s 

M- 1 

' \  



I wdrographs o f  Observation Yells 

M- 2 



b W 1 5 a 2 6  
RBRUARY 
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