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1 - INTRODUCTION 

1.1 - General 

The Niagara Falls Storage Site (NFSS) is a 190-acre tract of land in Niagara 

County, New York. It is located near the town of Lewiston, New York, which is 

approximately 10 miles north of the city of Niagara Falls, 15 miles west of the 
city of Lockport and 4.5 miles south of Lake Ontario. The location of the NFSS 

is shown in Figure 1-1. 

The site, which is owned by the Department of Energy (DOE) and operated by NLO, 
Incorporated (NLO), is part of the original Lake Ontario Ordnance Works (LOOW) 
and is used for the storage of low-level radioactive wastes owned by the United 

States and African Metals Corporation, a foreign supplier of uranium ore. The 

storage of these wastes over the past 40 years has resulted in the contamination 
of onsite areas and offsite drainage ditches with both heavy metals and radio
logical contaminants. As a result of that contamination, remedial measures are 

being performed as part of the Formerly Utilized Site Remedial Action Program 
(FUSRAP) and Surplus Facilities Management Program. Under this program, DOE has 

funded a number of investigative projects at the NFSS. These projects are in
tended to evaluate both the natural environment and onsite structures in order 
to develop remedial measures that will reduce both the existing contaminant 
levels and the potential for additional contamination. 

As the operator of the NFSS, NLO has the responsibility for managing these pro
grams. In order to better understand the subsurface conditions at the site, NLO 

retained Acres American Incorporated (Acres), Buffalo, New York, to evaluate the 
site's geology and hydrology. This report, entitled "Hydrologic and Geologic 
Characterization of the Niagara Falls Storage Site," has been prepared by Acres 
under subcontract Document S-1071-NF. The report summarizes the information, 
analyses, and conclusions compiled or developed from historic data and informa
tion generated during the 1981 Project Activities. 
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-~ 1.2 - Site History 
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\ 

In the early 1940s, the Department of the Army established the LUUW for the pro

duction of explosives. This facility originally consisted of a 5,000-acre tract 
of land in Niagara County, New York, that was reduced to 1,511 acres in early to 

mid-1940s. In 1944, as a result of activity changes at the facility, the Army 
turned LOOW over to the General Services Administration (GSA). Later that year, 

the GSA transferred the property to the Manhatten Engineering District, which 
later became the Atomic Energy Commission (AEC). From 1944 to the mid-1950s, 
portions of the LOOW site were used for the storage and transhipment of pitch
blende residues from uranium extraction operations and for the disposal of 

radioactive wastes from a number of facilities (Battelle, 1980). 

At the time of disposal, several of these wastes had sufficient value to warrant 
storage and, to date, remain the property of African Metals Corporation. Some. 

of these wastes were removed from the facility prior to the sale of certain por
tions of the site. The sale of these tracts reduced the site to its current 

I size of 190 acres. Wastes now on the site include both wastes stored in onsite 
structures and other wastes not previously removed. For 12 years, from 1953 to 
1959 and from 1965 to 1971, an old steam boiler plant was used for the produc
tion of Boron 10. After 1971, the facility was gutted and equipment disposed of 
as surplus materials. Since 1972, NLO has had responsibility for maintenance 
and surveillance of the NFSS which is now identified as a surplus facility under 

the responsibility of the DOE Remedial Action Program Office (Battelle, 1980). 

1.3 - Remedial Activities 

As a result of the history of waste disposal activities at the LOOW site, some 
contamination of both onsite and offsite areas has been detected in soil, 
groundwater, and surface waters. The location of contaminated areas is shown in 
Figure 1.2, and the areas are listed in Tables 1.1 and 1.2. 

In order to contain the movement of contaminants, a program was undertaken in 

_AC_R_E_S_A_M_E_R_IC_A_N_I_N_CO_R_P_O_R_AT_E_D __________________________________________ IRlml 
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LEGEND 

• SOIL BORING 
o 
• 
e 

DEEP SOIL MONITORING WELL 
SHALLOW SOIL MONITORING 
WELL 
ROCK MONITORING WELL 
NFSS SITE BOUNDARY 
RESTRICTED ACCESS AREAS 
MAJOR DRAINAGE DITCHES 
DIRECTION OF SURFACE 
WATER FLOW 

MAJOR AREAS OF 
CONTAMINATION OR WASTE 
DISPOSAL 

AREAS WHERE SURFACE 
RADIOACTIVITY EXCEEDS 
BACKGROUND LEVELS 

PROPOSED STORAGE PAD 
AREAS 

LIST OF STRUCTURES 

401 - DISMANTLED BOILER a 
( BORON) PLANT BLDGS . 

402 - INFIRMARY BLDG. 
403 - OFFICE a GARAGE 
408 - COOLING TOWER BLDG. 
409 - ORIGINAL FIRE RESERVOIR 

(UNUSED) 
410 - F-32 a MIDDLESEX SAND 

STORAGE 
411 - L -30 RESIDUE STORAGE 
412 - ACCELERATOR BLDG. 
413 - L -50 RESIDUE STORAGE 
414 - L -50 RESIDUE STORAGE 
416 - GATE HOUSE 
423 - MOTOR VEHICLE GARAGE 
430 - SUPPLIES WAREHOUSE 
434 - SILO 
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. \ i F==::J....-------------------l 

FIGURE 1.2 
CONTAMINATED AREA 

LOCATION MAP 

SEPTEMBER 30,1981 
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TABLE 1.1* 

1965 INVENTORY OF WASTES AT THE DOE-NIAGARA FALLS STORAGE 
SITE AND CURRENT STORAGE CONDITIONS 

Residue 

K-65 

L-30 

L-50 

F-32 

R-10 

R-10 
Iron Cake 

MadaEn 
Residue 

Rust Pile 

Middlesex 
Sands 

P-54 

P-56 

Navy 
Materials 

Carbon, slag 
graphite, 
glass, debris 

Eshmated 
Amount 
(tons) 

3,891 

8,227 

1,878 

138 

8,235 

150 

? 

? 

2 

37 

58 

? 

? 

*(Battelle, 1980) 

ACRES AMERICAN INCORPORATED 

Eshmated 
Uranium 
(lbs) 

10,982 

40,641 

4,113 

2,941 

20,258 

1,130 

? 

? 

176 

740 

2,412 

? 

? 

Storage 
Location 

1965 

Building 434 

Building 411 

Buil dings 41 2, 
413, 414 

Recarbonation 
Pit 

North of 
Building 411 

North of 
Building 411 

North ,of 
Building 411 

North of 
Building 410 

Building 410 

Thaw Building 

Building 410 

Northeast of 
R-1o Area 

Southeast of 
Building 409 

Storage 
Status 
1980 

Unchanged 

Unchanged 

Buildings 413, 
414; 3 drums from 
41 2 moved to 411 

Unchanged 

Unchanged 

Unchanged 

Unchanged 

Unchanged 

Unchanged 

No longer onsite 

No longer in 
Building 410; or 
onsite 

Only 1 drum re
maining 

Residual debris 
remains 

----------------------------------------------------------------- iiJ 
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Location 

Bldg 411 &: area 
to the north 

New naval waste 
area northcentral 
portion of site 

Between West 
Patrol &: Lutts 
Roads near north 
perimeter 

South to south
east of bldg 409 
east of Lutts 
Road 

East of central 
ditch &: west of 
Campbell Street 

South of Bldg 
401 

South of West 
Patrol and East 
of West Ditch 

East of McArthur 
Road at north
east site boundary 

Railroad bed west 
of Castle Garden 
Road 

"(Battelle, 1980) 
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TABLE 1.2" 

CONTAMINATED AREAS AT NFSS 

SizZ (yds ) 

37,500 

28,000 

11,000,! 

400 

? 

2,500 

833 

2 

10 

Rad~ological 
Characterization 

(beta-gamma) 

0.6 to 4mR/hr 

0.2 to 4mR/hr 

Origin of 
Contamination 

R-10 residues 

Construction wastes 
(originally held 
drum waste, soil &: 
concrete pads) 

background to 2mR/hr ? 
spots to 70mR/hr 

0.1 to 0.65mR/hr Metallurgical scrap 

0.1 to 0.5mR/hr Superficial--probable 

0.2 to 2mR/hr 

1 to 2mR/hr 

8mR/hr 

Background to 
8mR/hr 

spillage from rail
road 

Slurry pond fill 
from Boron-10 isotope 
separation-unknown 
origin. 

? 

Unknown origin 

Railroad bed-
spillage 

A __ C_R_E_S __ A_M_E_R_IC __ A_N __ IN_C_O_R __ PO __ R_AT __ E_D _____________________________________________________ II~IRI 
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1972 to clean up some areas. This program included the movement of approxi

mately 15,000 cubic yards (yd 3)of contaminated material from the central 

drainage ditch and other miscellaneous areas to the R-I0 residue storage area. 

More recently, a number of investigative studies have been undertaken to examine 
the extent of onsite and offsite contamination, the physical characteristics of 
the site, and the structural integrity of onsite storage structures. The most 
recent investigation was performed by Battelle Memorial Institute. In that in
vestigation, the extent and potential hazard from both radionuclide and chemical 
contaminants were evaluted for both onsite and offsite areas. 

1.4 - Project Objectives 

The objectives of the project were as follows: 

(1) To evaluate the geologic and hydrologic characteristics of the NFSS. 

) (2) To evaluate the physical characteristics and engineering properties of soil 
and rock beneath the proposed contaminant storage pad areas 1, 2, and 3 
(shown in Figure 1.2) and near existing structures designated for remedial 
work. 

(3) To install a groundwater monitoring system from which groundwater quality 
could be monitored. 

(4) To collect intact soil and rock samples which could be used for radio
logical testing by NLO or the Oak Ridge National Laboratory (ORNL). 

(5) To supervise field activities. 

(6) To prepare a characterization report which would document historic data and 

information collected during the 1981 project activities . 

ACRES AMERICAN INCORPORATED • ---------------------------------------------------------------
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(7) To provide information on engineering properties of soils near the K-65 
tower and buildings 413/414 for engineering analyses. 

A _C_R_E_S __ AM __ ER_IC_A_N __ IN_C_O_R_P_O_RA_T_E_D ____________________________________________ llllml 
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2 - SUMMARY AND RECOMMENDATIONS 

2.1 - Summary 

This report summarizes the analyses and interpretation of information compiled 
during the investigations. Because of the limited information available on the 
subsurface conditions at NFSS prior to this investigation, a large portion of 
the project effort was involved in field activities and laboratory testing. As 
a result of this activity, the informational base for the geologic and hydro

geologic characteristics of the site was substantially increased. Major con

clusions reached during this investigation are summarized below. 

(1) The site stratigraphy includes approximately 50 feet of soil deposits over
lying bedrock. These soil deposits consist primarily of silts and clays 

with lesser amounts of sand and gravel. Bedrock consists of shales and 
siltstones of the Queenston Formation. Within the area, the Queenston is 

) thought to be approximately 900 feet thick. 

(2) Three water-bearing strata occur onsite and include 2 soil aquifers, the 

upper and the lower, and the upper few feet of the Queenston Formation. 

(3) The upper soil aquifer consists of areally discontinuous lenses of silty 
sands which are typically 1 to 4 feet thick. The lower soil aquifer pri
marily consists of a brown sandy silt or silty sand with lesser amounts of 
gravel. Beneath the site, the lower-soil aquifer is confined by two 
impermeable units, areally extensive, and has a piezometric surface 
approximately 25 to 30 feet above the top of the lower soil aquifer. 

(4) The upper few feet of the ~ueenston Formation are more weathered and frac
tured than lower portions of the Formation. This weathered and fractured 

zone is considered to be the most significant zone of groundwater flow 
within the Queenston. Measured ;n situ permeabilities in unweathered rock 

ACRES AMERICAN INCORPORATED I A~lm I 
~--~---------------------------------------------------
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beneath this zone range between 5 x 10-5 and 2 x 10-7 centi

meters per second (cm/sec). 

10 

(5) The thickness of the lower soil aquifer varies with the undulations in the 

bedrock surface. Where bedrock ;s at a lower elevation, both the thickness 
of the aquifer increases and the proportion of sand and gravel is greater. 

(6) Groundwater flow across the site is to the northwest. Groundwater gradi
ents within major water-bearing strata are as follows: 

Water-Bearing Strata 
Upper Soil Aquifer 
Lower Soil Aquifer 
Queenston Formation 

Gradient 
.003 

.001 

.001 

(7) Soil deposits overlying bedrock contain several, thick, 'clay sequences 

which restrict the vertical movement of groundwater. The rate of ground
water flow vertically through these deposits was calculated to be approxi
mately 0.025 feet per year. 

(8) The rate of horizontal flow within the lower soil aquifer was calculated to 
be approximately 0.03 feet per year. 

(9) The measured in situ permeability of the upper soil aquifer ranged between 
2 x 10-5 and 2 x 10-6 cm/sec, while the in situ permeability of the 
lower soil aquifer ranges between 1 x 10-4 and 9 x 10-6 cm/sec. 

(10) The lower soil aquifer and the upper portions of the Queenston Formation 
are hydraulically connected and probably function as a single aquifer at 
locations where the red silt unit is absent. 

(11) Groundwater analyses performed by ORNL indicate that the groundwater from 
the Queenston Formation is highly mineralized. Water within the soil 

_AC_R_E_S_A_M_E_R_IC_A_N_I_N_CO_R_P_O_R_AT_E_D __________________________________________ llllml 
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aquifers is less mineralized but of low quality as a potable water source 
because of high sulfate concentrations. 

2.2 - Recommendations 

Major recommendations developed as a result of this investigation are: 

(1) The existing data base at the NFSS should be upgraded by establishing 
monitoring programs for groundwater and surface water. These programs 

should include the periodic monitoring of groundwater levels, surface water 
flows, and water quality in both surface and groundwaters. Proposed pro
grams for surface water, ditch sediment, and groundwater are outlined in 
detail in the "Draft Status Report for the water Retention/Treatment 

Facility' (Acres, 1981). 

(2 ) ~ecause of the variability of subsurface conditions over short, horizontal 
distances, additional data on the engineering properties of soils should be 

collected if existing structures are modified or new structures are con

structed onsite. 

_AC_R_E_S __ AM __ ER_IC_A_N __ IN_C_O_R_P_O_RA_T_E_D ____________________________________________ II~lml 
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3 - INVESTIGATIVE PROCEDURES AND METHODOLOGY 

In order to accomplish the objectives listed, Acres initiated project activities 
in the spring of 19B1. The following subsections document the procedures and 

methodology used for the literature review, field investigations, laboratory 
testing, and data analyses. 

3.1 - Literature Review 

In developing the data base for the geologic and hydrologic site characteriza

tion, Acres compiled information from or contacted the following federal, state, 
and local agencies: 

( 1) U.S. Geological Survey 

(2) New York St ate Department of Environmental Conservation 

(3 ) Ni agara County Department of Health 

(4) U.S. Soil Conservation Service 

In addition to government documents, several site-specific documents provided 

useful historic information and are listed in the bibliography. This compila
tion of information formed the basis on which the 19B1 activities were devel
oped. 

3.2 - Field Investigation 

3.2.1 - General 

The sUbsurface investigation at the NFSS was undertaken to characterize 

_AC_R_E_S_A_M_E_R_IC_A_N_I_N_C_O_RP_O_R_A_TE_D __________________________________________ Iulml 
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the geology, to evaluate the engineering properties of the soil over
burden, and to assess the hydrogeologic regime. A total of 69 investi
gative boreholes were drilled during the spring of 1981. Of these 69 

borings, 52 were continuously sampled to bedrock; 14 were drilled and in
termittently sampled to a maximum depth of 24 feet; 3 were augered and in
termittently sampled to the top of rock; and 6 were cored 50 feet into 

bedrock. Upon completion of drilling and in situ testing activities, 22 

borings were grouted to the surface. The other 47 boreholes were con
verted to groundwater monitoring wells after drilling and testing were 
completed. These wells were installed into 3 different geologic horizons 

and were divided into 31 deep-soil monitoring wells, 11 shallow-soil moni
toring wells, and 5 rock monitoring wells. 

The location of all boreholes is shown in Figure 3.1, while the details of 

the drilling and sampling program are presented in Table 3.1. During 

drilling, 'all soil samples were visually inspected and classified, using 

the Unified Soil Classification (Figure 3.2). Geologic logs for all bore
holes are presented in Appendix A. 

In subsequent sections, the discussion of the drilling program is divided 

into the four major borehole types: (1) soil borings, (2) shallow-soil 
monitoring wells, (3) deep-soil monitoring wells, and (4) rock borings. 

3.2.2 - Soil Borings 

Twenty-two boreholes were drilled solely to evaluate subsurface soils and 
to obtain intact samples for laboratory testing. A majority of these 
boreholes were drilled in the proposed storage pad areas 1, 2, and 3 

(located in Figure 1.2), in the R-I0 storage and near storage structures 
(Buildings 434 and 413/414). These borings were augered and continuously 
sampled to the top of bedrock, and then cored 5 feet into rock in order to 
verify the presence and condition of the bedrock. After completion of 

drilling, a 3-inch PVC pipe was temporarily installed in several of these 

_AC_R_E_S_A_M_E_R_IC_A_N_I_N_C_O_RP_O_R_A_TE_D ___________________________________________ Iulml 
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413 - L -50 RESIDUE STORAGE 
414 - L -50 RESIDUE STORAGE 
416 - GATE HOUSE 
423 - MOTOR VEHICLE GARAGE 
430 - SUPPLIES WAREHOUSE 
434 - SILO 

BOO 1000 
i 

SCALE IN FEET 

[iii] NLO,INC_ 

A
POm FERNALD, OHIO 
UUld r--------N-F~----S-IT-E-C-H-A-R-AQE---R-iZ-AT-iO-N------~ 

FIGURE 3-' 
BOREHOLE LOCATION MAP 

SEPTEMBER 30,1981 

DATE: 
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BH-2 X m 
~ BII-5 X n BI1-6 X X l> z BH-7 X 
Z 011-0 X 
(") BII-9 X X 
0 BII-lO X 
~ BII-12 X " 0 BH-1J X 
~ 
l> BB-14 X X 
-t 011-15 X m 
C B11-15A X 

BII-16 X 
DfI-24 X X 
BH-28 X 
BH-29 X 
ml-lO X X 
Oll-JOA X 
BA-32 X 
DfI-l2-1 X 
BII-33 X 
BFI-34 X X 
BU-J5 X 
011-36 X 
BH-36A X 
BH-37 X X 
BH-38 X 
BH-39 X 
BH-40 X 
BU-40A X 
BA-42 X 
BH-44 X 
BII-45 X 
BA 46 X 
BI1-47 X 
BH-47A X 
SA 48 X 
BII-49 X 

-.-/ 

TABLE l.l 

SUMMARY or fiELD SAMPLING AND TESTING PERfORMED IN INDIVIDUAL BOREHOLES 
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TABLE 3.1 

SUMMARY OF FIELD SAMPLING AND TESTING PERFORMED IN INDIVIDUAL BOREHOLES (Continued) 

SPT* ~ 
Borehole Split Rock Rising Head Falling Head Rock Gamma 

Number Spoon Undisturbed Coring Permeability Permeability Permeability Logging Abandoned Grouted 

BH-49A X X 
BH-50 X X X X 
BH-50A X X 
SH-51 X X X 
BH-52 X X X 
BH-53 X X X 
BH-55 X X X 
BH-56 X X 
BH-57 X X 
BH-SB X X X X 
BH-5BA X X 
BH-59 X X X 
BH 60 X X X X 
BH-61 X X X 
BH-62 X X 
BH-63 X X X 
BH-64 X X X 
BH-64A X X X 
BH-64B X X 
BH-65 X X X 
BH-66 X X X X 
BH-67 X X X 
BH-6B X X X 
BH-6BA X X X 
BH-69 X X X 
BH-70 X X X 
BH-71 X X X X X X 
BH-71A 
BH-72 X X X 
BH-74 X X 
BH-75 X X 
BH-77 X X 

*Standard Penetration Tests 

' ......... - / 

Deep Shallow 
Soil Soil Rock 
Well Well Well 

X 
X 

X 
X 
X 
X 

X 
X 

X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 
X 

X 
X 

X 
X 
X 

X 
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MAJOR SOIL GROUPS IGRAPH 
SYM 

LET 
SYM TYPICAL DESCRIPTIONS 

COARSE GRAINED 
SOILS (PRIMARILY 
SANDS AND GRAVELS 
OR SAND - GRAVEL 
MIXTURES) 

FINE GRAINED SOILS 
(PRIMARILY CLAY, 
SILT OR CLAY, SILT 
MIXTURES) 

GW 

CLEAN GRAVELS 

GP 

GRAVELS WITH GM 

WEll. - GRADED GRAVELS, GRAVEL-SAND MIXTURES, 
LITTLE OR NO FINES 

POORLY-GRADED GRAVELS,GRAVEL-SAND 
MIXTURES, LITTLE OR NO FINES 

SILTY GRAVELS, GRAVEL-SAND - SILT MIXTURES 
HIGH PERCENT OFtH,~f-,I.,.f __ -+ ____________ --I 
CLAY AND / OR ~ 
SILT ~ GC 

SW 
CLEAN SAND 

SP 

CLAYEY GRAVELS, GRAVEL- SAND-CLAY MIXTURES 

WEll. - GRADED SANDS, GRAVELLY SANDS, LITTLE 
OR NO FINES 

POORLY - GRADED SANDS, GRAVELLY SANDS, 
LITTLE OR NO FINES 

SANDS WITH SM SILTY SANDS, SAND -SILT MIXTURES 

HIGH PERCENT _OF"Zrirt~~I-----------1 
CLAY AND / OR f:ii 
SILT SC CLAYEY SANDS, SAND-CLAY MIXTURES 

ML 

WITH LOW L1aUID V / "/ CL 

, 
INORGANIC SILTS AND VERY FINE SANDS, ROCK 
FLOUR, SILTY OR CLAYEY FINE SANDS OR CLAYEY 
SILTS WITH VERY LOW PLASTICITY 

INORGANIC CLAYS OF LOW TO MEDIUM PLASTICITY, 
GRAVELLY CLAYS, SANDY CLAYS, SILTY CLAYS, 
LEAN CLAYS 

SILTS AND CLAYS VV /~ 

LIMITS /, 
~~~+-----+-----------------------------~ 

I: I OL 
II I 

MH 

WITH HIGH CH 

ORGANIC SILTS AND ORGANIC SILTY CLAYS OF 
LOW PLASTICITY 

INORGANIC SILTS, MICACEOUS OR DIATOMACEOUS 
FINE SAND OR SILTY SOILS 

INORGANIC CLAYS OF HIGH PLASTICITY, FAT CLAYS 
SILTS AND CLAYS. 

L1aUID LIMITS ~ 
~~~----~------------------------~ 

~ OH 

ORGANIC SOILS PT 

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY, 
ORGANIC SILTS 

PEAT, HUMUS, SWAMP SOILS WITH HIGH ORGANIC 
CONTENTS 

NOTE: DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS 

IPom FERNALD, OHIO 
• 

NLO, INC. 

IIUOld I---N- F- S- S-· ;,..SI.=T;,..E.:....;..C-=H;.::A..!.R-=A~C..:...T-=E;,..R-IZ-A-T-I O-N-----f 

FIGURE 3.2 
UNIFIED SOIL CLASSIFICATION 

SEPTEMBER 30,1981 
DATE: 
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boreholes to keep them open for subsequent gamma logging. Upon completion 
of all logging activities, the PVC pipe was removed and all borings were 
grouted to the surface to prevent the migration of either surface water or 

groundwater along the borehole. 

3.2.3 - Deep-Soil Monitoring Wells 

Thirty-one boreholes were drilled onsite and converted into deep-soil 
monitoring wells. A majority of these wells were drilled to a depth of 
approximately 50 feet and screened to monitor the sandy silt/silty sand 
aquifer areally present over most of the site between elevations 276 and 
299 feet MSL. They were located so that groundwater gradients and water 
quality can be monitored along the site boundary, around the R-lO area, 
and adjacent to the proposed pad areas. A generalized schematic of the 
well construction is shown in Figure 3.3, while the construction details 

for individual wells are presented in Appendix D. 

3.2.4 - Shallow Soil Monitoring Wells 

Shallow~soil monitoring wells were installed to monitor intermittent sand 

lenses encountered between 29.6 and 31.5 feet during the drilling of ad
jacent deeper borings. During drilling of these borings, soil samples 

were taken only as necessary to verify the zone for well-screen installa
tion. In total, 11 shallow monitoring wells were installed adjacent to 

either deep-soil or rock monitoring wells. These wells had their screened 
intervals between elevation 300 and 315 feet MSL and serve as a point for 

monitoring groundwater within that interval. A generalized diagram illus
trating the construction details for the wells is shown in Figure 3.4. 
Construction details for individual wells are presented in Appendix D. 

_AC_R_E_S_A_M_E_R_IC_A_N_I_N_C_O_RP_O_R_A_TE_D __________________________________________ II~lml 
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3.2.5 - Rock Boreholes and Monitoring Wells 

Six boreholes (BH-12, 15, 57, 62, 68~ and 71) were augered through the 
soil overburden and cored 50 feet into rock. The purposes of these bore
holes were to evaluate the physical characteristics of the Queenston For
mation across the site; to provide boreholes in which the in situ permea
bility of the rock could be tested; and to provide holes in which 2-inch 
monitoring wells could be installed. Except for BH-71, which was con
verted into a deep-soil monitoring well, all rock boreholes were converted 
into rock monitoring wells. Most of these wells were located near deep
soil monitoring wells in order to compare the hydraulic response of the 
two aquifers with time~ and were constructed as shown in Figure 3.5. The 
details of installation for individual wells are presented in Appendix D. 

3.2.6 - Field Permeability Testing 

The in situ permeability of both soil and rock was determined by using 
several field permeability tests. These tests examined a larger portion 
of the rock or soil units than was examined by laboratory permeability 

testing and served as a check for laboratory test data. Values obtained 
were used to evaluate rate of groundwater flow and the potential for move
ments of contaminant in the subsurface regime. A summary of field perm
eability testing is presented in Table 3.2. 

- Soil Permeability 

Soil permeability was determined in 18 boreholes, using two variable 

head permeability test methods. In general, falling head tests were 
performed during the drilling of individual boreholes, while rising head 
tests were performed in monitoring wells after completion. The purpose 
of the testing was to examine variations in both the vertical and hori

zontal permeability at the NFSS site. In these tests, the water level 

• -------------------------------------------------------------------------------------------
ACRES AMERICAN INCORPORATED 
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TABLE 3.2 

SUMMARY Of fIELD PERMEABILITY TESTING 

T:r:!e of Test 
Borehole Ris~ng Fa hng Rock Test Interval 

Number Head Head Permeabilit:r: (Depth-Feet) --
BH-12 X 48.5 - 59.5 

X 59.5 - 70.5 
X 70.5 - 81.5 
X 81.5 - 92.5 

BH-15 X 56.5 - 67.5 
X 67.5 - 78.5 
X 78.5 - 89.5 
X 89.5 - 100.5 

BH-30A X 13.1 - 18.0 
BH-38 X 11.0 
BH-39 X 27.2 - 41.8 
BH-40 X 15.2 

X 25.0 
X 21.8 - 36.5 

BH-40A X 10.9 - 15.7 
BH-45 X 31.6 - 45.4 
BH-47 X 16.3 - 31.0 
BH-48 X 11.0 
BH-49 X 13.0 
BH-49A X 13.6 - 18.5 
BH-50 X 24.8 - 38.3 
BH-50A X 14.1 - 19.0 
BH-57 X 54.5 - 65.5 

X 60.5 - 71.5 
\ X 71.5 - 82.5 
) X 82.5 - 93.5 

BH-58 X 28.4 - 42.7 
BH-58A X 13.1 - 18.0 
BH-60 X 25.8 - 40.5 
BH-62 X 50.0 - 61.0 

X 61.0 - 72.0 
X 72.0 - 83.0 
X 83.0 - 94.0 

BH-66 X 33.4 - 42.6 
BH-68 X 54.5 - 65.5 

X 61.5 - 72.5 
X 72.5 - 83.5 
X 83.5 - 94.5 

BH-68A X 11.6 - 16.3 
BH-71 X 11.0 

X 55.0 - 66.0 
X 66.0 - 77.0 
X 77.0 - 88.0 
X 88.0 - 99.0 

_A_CR_E_S __ A_M_E_R_IC_A_N __ IN_C_O_R_P_O_R_A_T_E_D _______________________________________________ 11~lml 
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in the well or standpipe was raised or lowered from equilibrium and al
lowed to recover while readings were taken of the water level over time. 
Analyses were performed according to the procedures outlined in NAVFACDM-7 

(U.S. Department of the Navy, 1971). 

- Rock Permeability 

Rock permeability was determined in six boreholes, using packer test pro

cedures. These tests were performed over II-foot intervals and were used 

to define the permeability within the upper 50 feet of the Queenston 

Formation. Tests were performed and analyzed according to the procedure 
outlined in the Earth Manual (U.S. Department of Interior, 1980). 

3.3 - Laboratory Soils Testing 

A laboratory soils-testing program was performed on intact soil samples from 

the NFSS to determine the engineering properties of the soil. A total of 
20 intact samples from 10 boreholes were tested. A number of tests were 

performed on each sample and included: particle-size analysis, Atterberg 
limits, natural moisture content, specific gravity, unit weight, void ratio, 

triaxial compression, permeability, and consolidation. A summary of the 
tests performed on specific samples is documented in Table 3.3, while the 
details for individual tests are described below. 

- Particle-Size Analysis 

A total of 33 particle-size analyses were performed in accordance with 
ASTM 0422-63. Representative samples from various soil strata were tested 
to aid in identification and classification and to provide a basis for 
estimating the permeabilities of granular soils. The results of these 

tests are shown graphically in Appendix C. 

_AC_R_E_S_A_M_E_R_'C_A_N_'_N_C_O_RP_O_R_A_TE_D ___________________________________________ II~lml 
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TABLE 3.3 

:I> 
0 

SUMMARY or LABORATORY TESTING PROGRAM 
:0 
m Sample Moisture Specirlc UnIt Void Triaxial en (r eel) Gradation At.lerburg Content Gravity Weight RatIo Compression Permeability Consolidation 
:I> 
!: 

BII-6 m 
:!:! 3-5 2* 2 2 2 2 2 2 2 
0 27-29 :I> z 31-33 2 2 2 2 2 2 2 

z 
BH-9 0 

0 7-9 2 2 2 2 1 1 2 1 1 
:0 17-19 2 2 2 2 2 2 2 1 2 " 0 
:0 

BH-14 :I> 
-t 1 ~-15 m 
c 29-31 2 2 2 2 2 2 2 

37-38.5 1 1 1 1 

BH-24 
4-6 2 2 2 2 2 2 2 2 

20-22 

BH-30 
10-12 
18-20 
28-30 2 2 2 2 2 2 2 2 

BH-34 
7-9 2 2 2 2 

19-21 
H-35 

BH-37 
10-12 2 2 2 2 2 
16-1B 
24-26 2 2 2 2 2 

BH-55 
3-5 2 2 2 2 2 1 2 1 1 

J}-15 2 2 2 2 2 1 1 1 1 
23-25 2 2 2 2 2 1 2 1 1 

BH-65 
2-4 1 1 1 1 1 1 1 
8-10 1 1 1 1 1 1 1 

14-16 1 1 1 1 1 1 1 
N 

BU-71 U1 

IJ 
3-5 1 1 1 I 1 1 1 
9-11 1 1 1 1 1 1 1 

19-21 1 1 1 1 1 1 1 

* 2 = nunber or tests perrormed 
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- Atterberg Limits 

A total of 33 sets of Atterberg Limits (i.e., liquid limit and plastic 
limit) were performed in accordance with ASTM 0423-66 and 0424-59. The 
Atterberg Limits were performed on samples from various depths to aid in 

the identification and classification of the different soil strata. 

- Natural Moisture Content 

The natural moisture content was determined for 33 samples in accordance 
with ASTM D2216-71. 

- Specific Gravity 

A total of 33 specific gravities were determined for soil samples at vari
ous depths in accordance with ASTM 0854-58. This index test was used t6 

identify and classify different soils. 

- Unit Weight 

A total of 33 unit weights were determined for intact soil samples at var

ious depths in accordance with EM 1110-2-1906 (U.S. Dept. of Interior, 
1980). 

- Void Ratio 

A total of 32 initial void ratios were determined for various intact soil 

samples in accordance with EM-1110-2-1906, (U.S. Dept. of Interior, 1980). 
The void ratio was determined for use in the calculation of the soil 
settlement characteristics. 

_AC_R_E_S_A_M_E_R_IC_AN __ IN_C_O_R_P_OR_A_T_E_D ______________ ~ ________________________ Iulul 
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- Triaxial Compression 

Ten intact soil samples were tested for triaxial compression in the uncon

solidated, undrained state in accordance with ASTM 02850-70. The triaxial 
compression tests were used for calculating strength properties, strain to 

failure, bearing capacity, and the elastic modulus for the soil. These 
data were used to evaluate the stability of foundations beneath onsite 
structures. 

- Permeability 

A total of 28 constant head permeability tests were performed on intact 

soil samples in accordance with EM 1110-2-1906 (U.S. uept. of Interior, 
1980). These tests were performed to determine the ability of the soils 
to transmit water, the rate of movement of contaminants in the subsurface 

regime, and the degree of contaminant isolation provided by site soils. 

- Consolidation 

A total of 29 intact soil samples were tested in consolidation in accord
ance with ASTM 02435-70. These tests were performed to determine the com
pressibility and the settlement characteristics of the soil for calcu
lating the settlement of site structures. 

3.4 - Water Quality Sampling and Analyses 

Groundwater samples were taken from 16 wells at the NFSS for laboratory analysis 
by ORNL. The objectives of this sampling and testing include: (1) characteriza
tion of radionuclide content and macrochemistry of samples from various sites; 
(2) measurement of radionuclide mobility/ absorption properties; and (3) acquis
ition, evaluation, and recommendation of natural or synthetic inorganic mate

rials for engineering evaluation. Prior to sampling, all wells were bailed and 

A _C_R_E_S_A_M_E_R_IC_A_N_I_N_CO_R_P_O_R_AT_E_D __________________________________________ IA~lml 
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allowed to recharge to insure that representative groundwater samples were 
) obtained. Deep-soil well and rock well samples were taken by pumping. 

Shallow-soil well samples were obtained by both pumping and bailing techniques. 
The pump and bailer used for sampling were washed with distilled water prior to 
sampling each well to prevent the transfer of contaminants from one well to 
another. The pH of all samples was taken at the time of sampling. The 
groundwater samples were then transferred to the ORNL in Oak Ridge, Tennessee, 
where the analyses were performed for the following parameters: 

pH Al SU4-2 

Alkalinity Fe Cl-

Mg Mn HC03-
Ca Mo C03-2 

Sr Si K 

Sa P 

Na F-

jThe results of these analyses are discussed in Section 7.3 - Hydrochemistry. 
j 
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4 - TOPOGRAPHY AND CLIMATE 

4.1 - Topography 

The region around NFSS is characterized by relatively flat to very gently roll

ing terrain and is part of the Ontario Plain. The presence of the Niagara Es
carpment approximately 2 miles south of the area provides the only major relief 
feature in the area. The escarpment is a northward-facing bluff separating the 

Ontario Plain to the north from the Huron Plain to the south. North of the es
carpment, the ground surface and underlying bedrock surface slope toward Lake 

Ontario at a rate of approximately 20 feet per mile. The area is dissected by a 
few northeast-southwest trending valleys formed by the action of the major 
drainages. Except for the northern portion, which is slightly higher, the re
lief at NFSS is relatively level. Elevations across the site range between 315 
and 320 feet MSL. Lower elevations correspond with man-made drainage ditches 

which cross the site in east-west and north-south directions. 

4.2 - Climate 

A humid, continental type climate prevails for all of Niagara County and is 
characterized by warm summers and long, cold winters. Many of the extreme 
changes in temperature are dampened by the effect of Lakes Erie and Ontario 

which tend to cool the air in summer and warm it in winter. The average yearly 
precipitation is 32.6 inches, which is fairly evenly distributed throughout the 
year except for the winters which usually receive slightly less precipitation. 
The nearest weather station to NFSS having a full reporting capability is in 

Lockport, New York, approximately 12 miles away. Table 4.1 presents a compila
tion of the meteorological data from both the Lockport station and the Lewiston 
station. 

A _C_R_E_S_A_M_E_R_IC_A_N_I_N_CO_R_P_O_R_AT_E_D __________________________________________ Iulml 
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TABLE 4.1 

RANGE OF TEMPERATURE AND PRECIPITATION IN NIAGARA COUNTY 

Temperature, -~ Prec~p~tat~on In. 
Average Average 
Daily Daily Average 

Month Maximum Minimum Total Snow 

January 32 17 2.5 15 
February 34 18 2.5 13 
March 41 24 2.4 10 
April 55 35 3.0 2 
May 67 45 3.1 Trace 
June 77 55 2.4 --
July 82 60 2.9 --
August 80 59 3.2 --
September 73 51 2.7 --
October 62 42 2.7 Trace 
November 48 33 2.8 5 
December 36 22 2.4 11 

YEAR 57 38 32.6 56 

(HIGGINS, 1972) 

Meteorological data for a short historical period is available from 
a weather-recording station located onsite. 

30 
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5 - SURFACE WATER HYDROLOGY 

5.1 - Regional Surface Water Hydrology 

Streams located within Niagara County are part of the St. Lawrence River Basin. 
In northern Niagara County, streams flow north, ultimately emptying into Lake 
Ontario. In the southern portion of the county above the Niagara Escarpment, 

surface water flows south into Tonawanda Creek which discharges into the Niagara 
River (USGS, 1978). 

5.2 - Site Surface Water Hydrology 

Surface water flows across the NFSS in 3 major drainage ditches: the Central 

Drainage Ditch, the West Ditch, and the S-31 ditch. These drainages, which are 
shown in Figure 5.1, discharge into the Central Ditch which flows northward 

emptying into Four Mile Creek and ultimately into Lake Ontario. 

The Central Drainage Ditch is a channelized ditch approximately 10-15 feet deep; 
10-20 feet wide at the bottom; 40-50 feet wide at the top; and 3 miles long 
from its origin at the south end of the site to its confluence with Four Mile 

Creek. The West Ditch is smaller than the Central Drainage Ditch and drains the 
northwest corner of the site; prior to joining the Central Drainage Ditch north 
of the site. The drainage area at the northern site perimeter is 45 acres for 

the West Drainage Ditch and 370 acres for the Central Drainage Ditch. 

The only major offsite contributor to flow across the site is the S-31 Ditch 
which drains an offsite drainage area of approximately 2UO acres. Modern Dis

posal has proposed a plan to develop the upstream area of this drainage. The 
proposed development will alter the upstream hydrology and increase the peak 

storm discharge; however, exact changes in the peak storm discharge are unknown 

at present. The current 100-year flood level onsite NFSS has been calculated to 
be approximately 319 feet MSL, which is approximately two feet above existing 

ground elevation. 

_AC_R_E_S_A_M_E_R_IC_A_N_I_N_CO_R_P_O_R_AT_E_D __________________________________________ llllml 



33 

6 - GEOLOGY 

6.1 - Regional Geology 

Niagara County and the NFSS are located near the southern shore of Lake Ontario 
in the Erie-Ontario Lowlands physiographic province. This province is bordered 
by the Tug Hill Plateau and Adirondack Highlands to the east, the Canadian 
Shield to the north, and the Appalachian Upland to the south. The lowlands are 

characterized by low relief and features that have resulted from glacial activ

ity. The region has been locally weathered and has undergone erosion in recent 

times. 

Rock outcrops are generally limited to the areas around Niagara Falls and areas 

east of the site along the Niagara Escarpment. The escarpment, which is the 
, 

major structural feature in the area, marks a major stratigraphic change (see 
Figure 6.1). South of the escarpment, there are approximately 1,000 feet of 

Silurian-age (approximately 430 million years ago) sedimentary rocks which occur 
in the general section. North of the escarpment, these formations are absent 

with the section beginning at the Ordovician-age (approximately 500 million 
years ago) Queenston shale. The Queenston, which is a member of the Medina 

Group, underlies the NFSS to a depth of approximately 900 feet. It is underlain 
by a thick sequence of Ordovician-age shales and limestones. 

6.2 - Site Geology 

6.2.1 - General 

The near surface geology of the NFSS was investigated during the 1981 

drilling program. Information obtained during this program shows that the 
stratigraphy includes 50 feet of soil deposits overlying a thick suite of 

sedimentary rocks. These soil deposits are primarily glacially derived 
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sediments which include glaciofluvial sands and gravel, dense tills, and 
glacial lacustrine clays. Beneath the soil deposits are shales and silt

stones of the Queenston Formation. During site investigations, no 
structural discontinuities were identified. 

In subsequent sections, the site geology will be divided into two major 
sections which include: (1) site stratigraphy, and (2) the engineering 

properties of soils. 

6.2.2 - Stratigraphy 

Six major stratigraphic units were identified within the interval from 

zero to 100 feet below ground surface. In order of increasing depth, 
these units are: surficial soils and fill, brown clay, gray clay and 
silt, brown sand and gravels, red silt, and bedrock consisting of the 
Queenston Formation. A generalized stratigraphlc column for the site is 

presented in Figure 6.2. Detailed descriptions of these stratigraphic 
units are presented below: 

(a) Surficial Soils and Fill 

This soil is generally a brown or yellowish silt with organics 

usually present in the upper six inches (root zone). Gravel and sand 
are usually present but rarely constitute more than 40 percent of the 
soil. The thickness of these silts range between zero and five feet, 
with the average being one to two feet. The unit is generally dry, 

although frequently wetted by precipitation. Relative density is in 

the range of loose to medium. Often this zone is indistinguishable 

from the clay below it. Where obvious signs of disturbance are seen, 
(i.e., concrete, bricks, glass, etc.), the unit is described as a 
fi 11 . 
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DESCRIPTION 

Brown or yellow-brown Silt with varying percentages of organics. In 
many areas, this unit is indistinguishable from the unit below it. Soil 
often contains sand and gravel. Generally dry and of loose to medium 
density. 

Predominantly brown to red-brown Clay containing significant amounts of 
silt and sand with lesser amounts of gravel. Portions of this unit 
are often clayey Silt. Occasionally entire unit is composed of clayey, 
silty Sands and/or Gravels, but these are generally restricted to the 
basal area. Soil is usually dry and of medium relative density. 

Gray or gray-brown Clay with varying amounts I'f silt and sand. Gravel 
is generally small in size and dispersed randomly. Occasionally the 
sand, silt, or gravel becomes the dominent constituent of the soil 
especially in the transitirnal zone at the base. Cunsistency is soft 
to medium. Unit is generally saturated and is slightly to moderately 
plastic. 

Uni t composed predominantly of gray or brown sandy Sil t. Gener,~lly a 
transitional zone, it can range from almost clean sand to silty clay. 
Gravel quantities vary from absent to being over 50% of the unit. Zone 
is site continuous with rare, localized absences due to erosion. Unit 
is wet. 

Red to red-brown clayey Silt. Gravel present throughout, occasionally 
in quantity. Unit is commonly present where bedrock is topographically 
depressed. Soil is generally dry and has a relative density classed 
as dense to very dense. 

Queenston Formation. Red to brown-red Shale and Siltstone. Occasional 
lenses of greeti siltstone are cornmon. Bedding is thin and horizontal. 
Upper zone of rock is slightly to muderately weathered with some calcite 
replacement on the wider fractures. Clay is present on some weathered 
surfaces. 
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These surficial sediments are indicative of a lacustrine or low
energy alluvial deposit. The small, low ridges, which constitute 
most of the onsite topographic relief, are probably beach ridges 

formed as the lake levels changed in response to increased drainage 
of the lake. There has been some recent erosion and reworking of 

this unit, and parts of it have been disturbed by past site-construc

tion activities. 

(b) Brown Clay 

Brown or reddish brown clay predominates in this stratigraphic unit 

although significant amounts of sand and silt are usually present. 
Gravel is dispersed throughout but constitutes a lesser percentage 

than the other grain sizes. In general, the unit ranges in classifi
cation from a clayey silt to a silty clay. Sandy gravel or gravelly 

sand lenses are common, especi'ally in the basal area of the soil 

where they may equal up to 1/3 of the total thickness of the unit. 
This soil is generally dry and of medium relative density. Beneath 
the site, this unit varies in thickness from 6 to 23 feet. As the 

result of localized changes in depositional environments, this soil 
grades from brown clay to clayey silt, to silty sand. The basal zone 
of this soil has localized coarser sediments. This coarse basal zone 
is identified as the upper soil aquifer which is discussed further in 

Section 7.2 - Site Hydrogeology. 

The brown clay is thought to be predominantly a ground moraine. This 

unit exhibits some laminations which indicates that it was probably 
deposited in shallow water that may have been pooled. Sandy or 

gravelly zones were probably deposited in a fairly high-energy 
alluvial environment, probably glacial outwash channels. 
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(c) Gray Cl ay 

This unit is the thickest soil unit onsite and is characterized by 

gray clay which occasionally grades to a silt and clay mixture. 
Within the clay unit, lenses of fine to medium grained sand are 
common, together with varying quantities of gravel. The gravel is 

usually fine to medium-sized and dispersed throughout. Sands and 
gravels become the predominant constituent of the unit near the base 
where they sometimes become clean and lighter colored. 

The overall consistency of this unit ranges from soft to medium. The 
clay is saturated, and the gravel and/or sand lenses are wet to very 
wet. The soil exhibits slight to high plasticity. 

This is the most homogeneous unit on the site. There is some lateral 
facies changes but they are of a minor nature and typically consist 
of an increase in silt content. 

The gray clay appears to be of lacustrine origin and was deposited in 
a low-energy environment. Some erosion of this unit occurred later, 
as evidenced by channeling and filling by coarse-grained material 

wi th i n the un it. 

(d) Sands and Gravels 

This unit is commonly present below the gray clay. It is absent only 

in areas where the gray clay is exceptionally thick or bedrock rises. 

This unit consists of a mixture of the coarser grained sediments in

cluding sands and gravels with silt. Onsite, this unit ranges from a 
fairly clean silt to a sandy gravel. The unit is normally wet to 

very wet and has a loose to medium relative density. In general, the 
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thickest portions of this unit are present where depressions in the 
bedrock surface occur. These coarse gravel sediments are thought to 

be of glacial-fluvial origin. 

Soils in this zone are considered a major water-bearing unit on site 

and are discussed further in Section 7.2 - Site Hydrogeology. 

(e) Red Silt 

This unit is easily distinguishable from the other units because of 
its red color and its very dense nature. Typically, it is composed 
of clayey, gravelly silt with lesser amounts of sand. Gravel found 

within the unit consists of both rounded gravel and angular fragments 

of bedrock. This unit is generally dry to moist with a relative 
density ranging from medium to very dense. 

The topography of this unit varies with that of the bedrock surface. 

The red silt has been eroded away on a relatively uniform elevation 
with the local deeper erosion caused by channeling of glacial melt 

waters. In some locations this unit is absent. 

Poorly sorted and unstratified units such as the red silt are classi
fied 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 lodgment till. Generally, this type of till is very 

dense and overconsolidated. 

(f) Queenston Formation 

The underlying bedrock consists of red shales and siltstones of the 
Queenston Formation. Within this formation, occasional lenses of 

green siltstone and shale are interbedded in the rock mass. The bed
rock is slightly to moderately weathered near the soil interface. 
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Below the interface weathering decreases with depth. The top six 

inches to two feet are highly fractured. At lower depths many frac
tures have been filled in with either clay or calcite precipitated 

from groundwater. 

6.2.3 - Spatial Distribution of Major Stratigraphic Units 

Geologic information obtained from individual boreholes was used to de
velop a 3-dimensional panel diagram (Figure 6.3) to illustrate the lateral 

and vertical trends within major geologic units across the NFSS. 

As shown by this diagram, the brown clay and gray clay are present beneath 
the entire NFSS site and the adjacent Modern Disposal Landfill property. 

Above these clays, surficial soils are present over most of the site but 
are locally absent along the southern portion of the site. These surfi-, 
cial soils were probably eroded or not deposited because of a gradual in
crease in the elevation of all soil units to the south. Beneath the gray 

clay, the brown sand and gravels fluctuate in thickness over the red silt. 
In general, where bedrock elevations are lower, the brown sands and 

gravels are thicker. This is shown by comparing Figure 6.4, Bedrock Con
tour Map, with Figure 6.5, Isopach of the Lower Soil Aquifer. Beneath 

this granular unit, the red silt is found. The red silt unit is generally 
thicker along the southern portions of the site but is absent in the east 
central and northeastern portions of the site. 

In order to examine more detailed stratigraphic transitions between and 
within major stratigraphic units, four cross-sections were prepared. The 

location of these cross-sections are shown in Figure 6.6 and are designat
ed as A-AI, 8-BI, C-CI, and 0-0 1

• Cross-section A-AI is aligned in an 
east-west direction and parallels the northern portion of the property. 
Cross-sections 8-8 1 and 0-0 1 cross the site diagonally, while C-CI runs in 

a north-south direction. These cross-sections are presented in Figures 
6.7 and 6.8. 
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The stratigraphy depicted in these cross-sections is a complex interlay
ered sequence of soil deposits overlying an undulating bedrock surface. 
Throughout these figures, isolated sand lenses and abrupt lateral transi
tions occur. These transitions and lenses indicate energy changes within 
depositional environments. Because of these transitions, the physical 
characteristics of major units frequently vary from one location to 
another. 

6.3 - Engineering Properties of Site Soils 

The engineering properties of the major soil units were determined by performing· 

laboratory tests on undisturbed soil samples from selected borings. The results 

of these tests are summarized in Tables 6.1, 6.2, 6.3, and Appendix F. 

Table 6.1 contains a summary of the index property test, while Table 6.2 con

tains the results of undrained triaxial compression, constant head permeability, 
and one dimensional consolidation test. Selected engineering characteristics of 

the brown clay and gray clay units are presented in Table 6.3. Appendix F con
tains plots of particle-size distribution and consolidation test results. In 

the subsequent section, estimates of the foundation performance of the major 
soil units encountered at the site are presented. These estimates are based on 
field and laboratory test results from the 1981 investigations. 

Surficial Soils and Fill - This unit consists of topsoil, miscellaneous fill, 
and organic soils and was found at varying thickness on the site. With the 
presence of organics and rubble, the surficial soils will not be suitable be

neath foundations and should be overexcavated and replaced with suitable com
pacted backfill. Since these deposits vary erratically in depth and distribu
tion, it will be important that the fill and organic soils are removed for their 

full depth as part of the site preparation. Overexcavation should be provided 

beneath all pavement areas, embankments, and pond linings as well as structure 

foundations. Two particle-size distributions for surficial soils are presented 
in Figure 6.9. 
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Table 6.1 

LABORATORY TEST DATA SUMMARY - INDEX PROPERTIES OF SOILS 

Average AEEer6erg [imlEs UmfIed 
Sample Natural Plasb- Specific Soil 
Depth Water Liquid Plastic city Gravity Classi-

Bodng Sample Interval Content Limit Limit Index of Sol ids fication 
Number Designation ( ft) w(r.) wL w~ I~ G Symbol Soils Descdption 

BH-6 6254-BO-1A 3-5 16 28 16 12 2.68 CL Brown fine to coarse sandy clay, trace fine gravel 
-lB 3-5 17 33 17 16 2.73 CL " " 
-3A 31-33 23 J2 17 15 2.73 CL Gray silty clay, trace fine to coarse sand, trace fine gravel 
-3B 31-33 22 32 17 15 2.69 CL " " 

8H-9 6254-BO-13B 7-9 18 33 18 15 2.7') CL Brown silty clay, trace fine to coarse sand and gravel 
-1.3C 7-9 18 36 19 17 2.72 CL " " 
-14A 17-19 27 35 19 16 2.73 Cl Brow silty clay, trace fine sand 
-14B 17-19 30 39 20 19 2.73 CL " " 

BH-14 6254-BO-5A 29-31 34 42 22 20 2.77 Cl Gray silty clay, trace fine to coarse sand 
-5B 29-31 43 55 25 30 2.82 CH Gray clay, some silt, trace fine sand and grave] 
-6A 37-38.5 18 14 4 2.75 CL-ML Red clayey silt, some fine to coarse sand, trace fine gravel 

BH-24 6254-BO-18A 4-6 1.3 18 16 2 2.67 ML Brown clayey silt, some fine to coarse sand, trace fine grave] 
-18C 4-6 1') 18 17 1 2.68 ML Brown fine to coarse sandy silt, trace fine to coarse gravel 

BH-30 6254-BO-17A 2B-30 25 34 18 16 2.67 CL Gray silty clay, some fine to coarse sand, trace fine grave] 
-17B 28-30 28 37 20 17 2.66 CL " " 

BH-34 62'>4-BO-7A 7-9 36 18 18 2.71 CL Brown silty clay, some fine to coarse sand, trace fine grave] 
-7C 7-9 17 37 18 19 2.69 CL " " 

BH-37 62 54-BO-1 OA 10-12 19 32 17 1'> 2.75 CL Brown silty clay, some fine to coarse sand, trace fine gravel 
-lOB 10-12 16 30 16 14 2.69 CL " " 
-12B 24-26 37 40 20 20 2.73 CL Gray silty clay, trace fine to coarse sand 
-12C 24-26 24 35 18 17 2.7S CL Gray silty clay, some fine to coarse sand and gravel 

BH-'>5 6254-BO-20A 3-5 16 35 18 17 2.73 CL Brown silty clay, some fine to coarse sand and gravel 
-20C 3-5 15 36 19 17 2.73 CL Brown silty clay, trace fine to coarse sand, trace fine gravel 
-21A 13-15 19 23 14 9 2.76 CL Gray silty clay, some fine to coarse sand, trace fine gravel 
-21B 13-15 21 31 17 14 2.76 CL Gray silty clay, some fine to coarse sand and gravel 
-22A 23-25 27 48 23 25 2.73 CL Gray silty clay, trace fine to coarse sand 
-22C 23-25 24 40 20 20 2.69 CL " " 

BH-65 6254-BO- 23B 2-4 16 39 19 20 2.70 CL Brown silty clay, some fine sand, trace medium to coarse sand 
-24A 8-10 23 38 18 20 2.69 Cl Brown silty clay, some fine to coarse sand and grave] 
-25A 14-16 23 33 18 15 2.71 CL Gray silty clay, trace fine to coarse sand, trace fine gravel 

BH-71 6254-BO-26A 3-5 18 41 20 21 2.70 CL Brown silty clay, trace fine to coarse sand and gravel 
-27B 9-11 22 36 18 18 2.67 CL Brown silty clay, trace fine to coarse sand 
-28A 19-21 22 22 15 7 2.77 CL-ML Gray clayey silt , some fine to coarse sand, trace fine gravel 
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Table 6.2 

LABORATORY TEST DATA SUMMARY - ENGINEERING PROPERTIES OF SOILS 

One IhmenslonaI ~onsoI laa£ IOn 
Unified EffecE- VOla 

Sample Soil Natural Specific Degree Initial Dry ive Over- Precon- Compres- Ratio at 
Depth Classi- Water Grav ity of Sat- Void Unit burden solidation sian Swelling Start of 

Boring Sample Interval fication Content of Sol ids uration Ratio Weight Stress Stress Index Index Swelling 
Number Designation (ft) Symbol w(%) G 5(%) eo r (pcf) Pe(tsf) Pc(tsf) Cc Cs es 

BH-6 6254-BO-1A 3-5 CL 15.4 2.68 89 0.463 114 0.26 6.0 0.13 0.020 0.331 
-lB 3-5 CL 17.4 2.73 81 0.585 108 0.26 3.4 0.16 0.035 0.371 
-3A 31-35 CL 22.7 2.73 97 0.628 104 1.21 3.1 0.23 0.065 0.364 
-3B 31-35 CL 22.0 2.69 100 0.592 106 1.21 3.0 0.20 0.050 0.397 

BH-9 6254-BO-13B 7-9 CL lB.5 2.75 93 0.545 111 0.44 4.6 0.16 0.045 0.389 
-13C 7-9 CL 
-14A 17-19 CL 27.1 2.73 100 0.730 99 0.77 4.0 0.20 0.040 0.547 
-14B 17-19 CL 27.3 2.73 91 0.814 94 0.77 2.7 0.30 0.075 0.464 

BH-14 6254-BO-5A 29-31 CL 29.2 2.77 99 0.813 95 1.14 1.9 0.24 0.060 0.535 
-5B 29-31 CH 42.5 2.82 98 1.224 79 1.14 2.4 1.00 0.140 0.512 

BH-24 6254-BO-18A 4-6 ML 13.0 2.67 95 0.384 122 0.32 5.6 0.05 0.010 0.307 
-18C 4-6 ML 14.5 2.68 90 0.429 117 0.32 4.0 0.055 0.010 0.358 

BH-30 62 54-BO-17 A 28-30 CL 25.3 2.67 95 0.710 98 1.11 2.4 0.27 0.080 0.368 
-178 28-30 CL 28.5 2.66 101 0.746 95 1.11 3.0 0.29 0.070 0.467 

BH-34 6254-BO-7C 7-9 CL 

BH-37 6254-BO-l0A 10-12 CL 18.7 2.75 95 0.546 I'll 0.50 4.4 0.15 0.035 0.397 
-lOB 10-12 CL 
-12B 24-26 CL 37.2 2.73 102 0.997 8..6 0.95 2.5 0.325 0.136 0.654 
-12C 24-26 CL 

BH-55 6254-BO-20A 3-5 CL 15.7 2.73 88 0.486 115 0.26 5.2 0.13 0.060 0.362 
-20C 3-5 CL 
-21A 13-15 CL 
-21B 13-15 CL 19.8 2.76 96 0.567 1'10 0.58 2.4 0.20 0.035 0.299 
-22A 23-25 CL 23.7 2.73 100 0.647 104 0.90 2.3 0.22 0.065 0.343 
-22C 23-25 CL 

BH-65 6254-BO-23B 2-4 CL 15.8 2.70 96 0.447 117 0.19 3.0 0.09 0.030 0.353 
-24A 8-10 CL 23.5 2.69 100 0.632 103 0.39 2.4 0.19 0.055 0.433 
-25A 14-16 CL 23.3 2.71 96 0.655 102 0.59 1.7 0.19 0.040 0.405 

BH-71 6254-BO-26A 3-5 CL 18.8 2.70 100 0.508 '112 0.26 7.0 0.19 0.060 0.381 
-27B 9-11 CL 22.9 2.67 101 0.599 104 0.45 3.0 0.16 0.085 0.395 
-28A 19-21 CL-ML 23.6 2.77 91 0.708 101 0.78 2.0 0.25 0.050 0.386 
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Table 6.2 

LABORATORY TEST DATA SUMMARY - ENGINEERING PROPERTIES Of SOILS (Cont'd.) 

Undrained Com ressive Stren th Constant Head Permeabilit Tests 
Unl Ie Shear Con In-

Shear Confin-
ample Soil Natural Specific Dry Unit Strength ing Strain Natural Specific Dry Test Coefficient 

Depth Classi- Water Gravity Weight ",- "C3 Pressure Rate Water Gravity Unit Pressure of Permea-
Boring Sample Interval fication Content of Solids '( ~ "(3 in/ Content of Solids Weight Head bility 
Number Designation (Ft) S~mbol W (l\I) G (~cF) (~sF) (~sF) in/min wU~) G y(~cF) 6H(~si) (cm/sec) 

BH-6 6254-BO-1A 3-5 CL 50 3.5 x 10-8 
-1B 3-5 CL 15.8 2.73 107 50 6.3 x 10-8 
-3A 31-35 CL 

x 10-8 -3B 31-35 CL 21.2 2.69 107 50 2.8 

BH-9 6254-BO-13B 7-9 CL 17 .4 2.75 111 50 9.4 x 10-9 
-13C 7-9 CL 17.6 2.73 10 3,720 864 0.01 
-14A 17-19 CL 26.1 2.73 96 1,650 2,016 0.01 

10-8 -14B 17-19 CL 30.6 2.73 93 991 4,320 0.01 31.4 2.73 91 50 1. 3 x 

BH-14 6254-BO-5A 29-31 CL 37.7 2.77 82 50 1.4 x 10-8 
-5B 29-31 CH 

BH-24 6254-BO-16A 4-6 ML 13.3 2.67 121 Invalid test 
-18C 4-6 ML 

BH-30 6254-BO-17A 28-30 CL 25.1 2.67 102 50 3.2 x 10-6 
-17B 26-30 CL 26.7 2.66 97 50 5.4 x 10-8 

BH-34 6254-BO-7C 7-9 CL 16.7 2.69 121 50 8.7 x 10-9 

BH-37 6254-BO-10A 10-12 CL 
10-6 -10B 10-12 CL 16.4 2.69 105 50 2.2 x 

-12B 24-26 CL 
-12C 24-26 CL 23.6 2.75 103 50 2.0 x 10-8 

BH-55 6254-BO-20A 3-5 CL 16.8 2.73 113 4,266 432 0.01 
-20C 3-5 CL 14.9 2.73 119 3,739 432 0.01 16.0 2.73 103 50 7.6 x 10-9 
-21A 13-15 CL 19.2 2.76 103 680 1,584 0.01 

10- 7 -21B 13-15 CL 21.2 2.76 106 50 1.3 x 
-22B 23-25 CL 30.9 2.73 90 962 2,736 0.01 
-22C 23-25 CL 23.5 2.69 104 778 2,736 0.01 35.6 2.69 85 50 4.3 x 10-8 

BH-65 6254-BO-23B 2-4 CL 17 .6 2.70 114 50 4.2 x 10-9 
-24A 8-10 CL 23.2 2.69 101 50 1.7 x 10-8 
-25A 14-16 CL 24.2 2.71 92 50 2.2 x 10- 7 

BH-71 6254-BO-26A 3-5 CL 17.1 2.70 115 50 6.6 x 10-9 
-27B 9-11 CL 20.9 2.67 97 50 1.9 x 10- 7 
-28A 19-21 CL-ML 20.0 2.77 109 50 1.2 x 10- 7 
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Table 6.3 

RANGE OF VALUES OF ENGINEERING PROPERTIES FOR THE BROWN CLAY AND GRAY CLAY UNITS 

Test 
Parameter 

Coefficient of 
Perrneabi 1 ity 

k (ern/sec) 

Dry Unit Weight 
y (lbs/cf) 

Standard Penetration 
Resistance - blows/ft 

Moisture Content 
w (%) 

Undrai ned Shear 
StrenythLj-T3 /2 (PSF) 

Preconsolidation 
Stress, Pc-Tsf 

Compression Index, Cc 

BROWN CLAY 
Range of 
Values Median Value 

4 x 10-9 to 4 x 10-8 

2 x 10-7 

108 to 122 114 

10 to 47 32 

13.0 to 27.2 18.9 

9~1 to 4,268 2,603 

3.0 to 7.0 4.56 

0.05 to 0.20 0.l3 

GRAY CLAY 

Range of Values Median Value 

1 x 10-8 to 8 x 10-8 

2 x 10-7 

79 to 107 9H 

3 to 211 10 

1~.2 to 4~.5 ~7.2 

680 to 962 820 

1. 7 to 3.6 2.49 

O.lY to 1. 00 0.30 

j 
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Brown Clay - Underlying the fill and the topsoil are silty to sandy brown clays 
that primarily comprise glacial material. The clays are interbedded locally 
with layers and lenses of sand and gravel that contain groundwater at depths of 
4 to 6 feet below the ground surface. The unit varies from 6 to 23 feet in 

thickness as shown on the geologic cross-sections A-A' through 0-0'. Particle
size distributions for the brown clay are presented in Figure 6.9. 

Based on the results of laboratory undrained, shear-strength tests shown in 

Tables 6.2 and 6.3 and the standard penetration resistance values contained in 
the boring logs (Appendix A), the undrained shear strength of the silty to sandy 

brown clay is in the range of about 1.0 to 4.3 kips/square foot (kips/sq.ft.). 
Assuming a factor of safety of 1.0, the corresponding ultimate bearing capacity 

for the design of spread footings supported on top of this clay would be in the 
range of 2.8 to 11.8 tons/sq. ft. 

In cases where the footing size exceeds the thickness of the underlying stiff 

clay, the bearing pressure of such footings will be determined in part by the 
) underlying medium silty gray clay which is of lower bearing strength. In such 

/ 

cases, a separate analysis should be performed to determine the bearing pressure 

for the specific foundation and subsurface soil conditions. 

The stiff silty to sandy brown clays are relatively impermeable with measured 

coefficient of permeability of about 10-7 to 10-8 cm/sec. The sand and 
gravel layers, however, are relatively permeable and water-bearing. As a re
sult, all excavations extending into the sand and gravel layers located below 
the groundwater table should be performed in a dry condition. The settlement of 

footings constructed in a dry excavation are estimated not to exceed one inch 
and will result from recompression. 

Gray Clay - These soils consist of water-deposited, stratified silty to fine 

sandy gray clays which contain lenses of fine sand. This clay unit varies in 

thickness from about 11 to 29 feet and was encountered in all borings drilled 
onsite. The stratum is below the groundwater table and the clays are saturated. 
The moisture content of those soils is very high. 

for the gray clay are presented in Figure 6.10. 
Particle-size distributions 
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The undrained shear strength of the clay~ .05qu' based on the laboratory tri
axial compression tests, varies from about 0.68 to 0.96 kips/sq.ft. Assuming a 

factor of safety of 1.0~ the corresponding ultimate bearing capacity for the de
sign of spread footings within this unit would be in the range of 1.9 to 2.6 

tons/sq.ft. For the case where the foundation size exceeds the thickness of the 
overlying brown clay layer, the design of spread footings or mat foundations 

bearing within the overlying stiff brown clay unit will be determined in part by 

the strength of the gray clay unit. Because of the relatively low bearing 

capacity of the gray clay, all large foundation areas supporting heavy, concen
trated loads will be required to be supported on piles bearing below this 

stratum. 

Based on the laboratory consolidation test results shown in Table 6.2, the 
medium silty to sandy clay of this unit are relatively high in compressibility 

with preconsolidation stresses varying from about 0.7 to 2.0 tons/sq.ft. above 
the existing effective overburden soil pressure. The compression index values, 

which define the compressibility of the clay above the preconsolidation stress 
range, vary from about 0.20 to 1.0. As a result of these tests, foundation 

loads or loads from earth embankments and fill which increase the soil stress by 
0.7 tons/sq.ft. in excess of the existing effective overburden pressure will in
duce long-term settlements caused by virgin consolidation of the clay. As an 
example, a foundation load transmitting a stress of 1.0 ton/sq.ft. to the under

lying clay layer may result in settlements of about 5 inches. All loadings be
low the preconsolidation stress will result in recompression only. Settlements 
resulting from recompression are generally small, about 10 to 20 percent of the 
settlements which result when the soil preconsolidation stress is exceeded. De

tailed settlement estimates should be performed for the design of structures in 
which the stresses transmitted to the underlying medium gray clay unit exceed 
the preconsolidation stress of this clay. 

Dense Sands, Gravels, and Red Silt - These soils are thought to be of glacial
fluvial origin. Their distribution and thickness above the bedrock varied 
across the site and were absent in limited areas where the gray clay is thicker 
or the bedrock is higher. The sands and gravels were found to be a major 

_AC_R_E_S_A_M_E_R_IC_A_N __ IN_C_O_RP_O_R_A_TE_D __________________________________________ IHlml 
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water-bearing unit underlying the site. The coefficients of permeability for 

these granular deposits are on the order of 10-4 to 10-6 cm/sec. A 
particle-size distribution for the red silt is presented in Figure 6.10. 

Because of their depth, density, and low compressibility, these soils will have 

a negligible influence on the bearing capacity of spread footings of embankment 
fills supported above the overlying clay strata. However, the sand and gravel 
unit represents the major water-bearing unit underlying the site, and the design 
and construction of spoils impoundment facilities at the site should preclude 
any direct communication from the facility into the underlying sand and gravel 
soils. The continuity of the overlying medium silty clay stratum should be in

sured by plugging any open boreholes, piezometers, or abandoned wells that may 
exist within the limits of the proposed impoundment facility. 

End-bearing piles with allowable design loads in the range of 50 to 80 tons per 
pile could be driven into these soils for the support of heavy foundation loads. 

End-bearing piles or excavated piers, with design bearing loads in excess of 80 

) tons per pile, would have to be carried to the underlying shale and siltstone 
bedrock generally from 40 to 50 feet below the ground surface. 

_AC_R_E_S_A_M_E_R_IC_A_N_I_N_C_O_RP_O_R_A_TE_D __________________________________________ II~lml 
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7 - HYDROGEOLOGY 

7.1 - Regional Hydrogeology 

7.1.1 - General 

Within Niagara County, groundwater is present within both Pleistocene soil 
deposits and the underlying Silurian and Ordovician bedrock. The more 
productive aquifers are generally found in bedrock formations, although 
soil deposits are capable of supplying adequate groundwater for domestic 
uses. 

Groundwater movement in soil deposits is predominantly intergranular, 
while in bedrock strata, groundwater movement is primarily the result of 
secondar'y permeability developed along fractures or bedding planes. In' 
general, the water quality of the soil and rock aquifer reflect the per
meability of the units and the availability of recharge from meteoric 

waters. Where recharge is restricted because of the permeability of the 
unit or overlying units, the concentration of dissolved solids within the 
water is usually higher. 

In subsequent sections, the characteristics of the major water-bearing 
units are discussed. 

7.1.2 - Bedrock Aquifers 

The regional bedrock strata is divided into three major units: the Lock
port Dolomite, the Clinton and Albion Groups, and the Queenston Formation. 

Of these three units, the Lockport Dolomite is the most prolific aquifer, 
while the Queenston Formations are the least prolific. North of the 

Niagara Escarpment and underlying the NFSS, the Clinton and Albion Groups 
and the Lockport Dolomite are absent. In this area the Queenston Forma
tion is the major bedrock aquifer. 

iii] 
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As described in Section 6, the Queenston formation consists of shales and 
siltstones which are generally less permeable than other surrounding bed
rock aquifers. The major zone of groundwater movement is the weathered 

and fractured zone located in the upper few feet of the formation. Well 
yields from the Queenston shale-siltstone are typically less than 7 gpm; 
however, in unweathered portions of the formation, well-yields are esti

mated to be less than 1 gpm (Johnston, 1964). 

Water within the Queenston Formation is moderately to highly mineralized. 
The total dissolved solids (TDS) concentration within the water averages 
2,600 ppm and ranges between 533 and 8,920 ppm. The higher levels of TDS 

are largely attributed to elevated levels of sodium, calcium, and chlor

ides in connate waters within the formation (Johnston, 1964). 

7.1.3 - Soil Deposits 

Soil deposits within Niagara County primarily consist of clays or silts 

with lenses of sands and gravels. They are not considered an important 
source of water because of their low permeability and limited areal ex
tent. 

Well yields for these deposits vary, but generally range from less than 1 
gpm for clays and silts to 200 gpm for a few sands and gravel deposits. 
In general, the chemical characteristic of the water is dependent on the 

permeability of the material, the depositional environment, and the avail
ability of recharge. Where permeable sand and gravels receive adequate 
recharge, the water is less mineralized than in clay deposits where it is 
subject to limited recharge. Water quality within soil deposits is gen

erally less mineralized than bedrock aquifers (Johnston, 1964). 
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7.2 - Site Hydrogeology 

7.2.1 - General 

The hydrogeologic investigation at NFSS was directed toward examining the 
upper 100 feet of the site stratigraphy. Within that stratigraphic inter
val, the two types of water-bearing strata that exist include shale and 
siltstone bedrock of the Queenston Formation and the soil overburden. 
Both the Lockport Dolomite and the Clinton and Albion Groups are not 
present at the NFSS. 

In subsequent sections, the hydrogeology of both the overburden soils and 
the Queenston Formation and the hydrochemistry of both water-bearing 
strata and the potential for contaminant migration will be discussed in 

more detail. 

7.2.2 - Soil Overburden 

As described in Section 6, the two most significant water-bearing zones 
within the soil overburden onsite include the intermittent brown sand 
lenses found between elevations 300 and 315 feet MSL and the brown sand

silt typically found between elevations 270 and 300 feet MSL. Both units 
are described in the generalization geologic column presented in Figure 

6.2. For the purposes of this discussion, the intermittent sand zones are 
referred to as upper soil aquifer, while the lower brown sand-silt is 
referred to as the lower soil aquifer. 

- Upper Soil Aquifer 

The intermittent sand lenses were encountered during the drilling of 

deeper boreholes and found mostly in the central portion of the site. 

They averaged about one to four feet thick but may approach a thickness 

ACRES AMERICAN INCORPORATED 
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of nine feet as encountered in Borehole No. 36. During drilling, the 
thickness and location of these lenses was found to vary abruptly. At 

several locations where adjacent deeper boreholes had encountered shal
low sand lenses, shallow boreholes, drilled 5 to 10 feet away from the 
deeper boreholes failed to encounter any sand at the same elevation. 
The water content in these units also varied, ranging from dry to sat
urated. 

Because of these variations, these upper sand lenses are not considered 
a continuous aquifer across the site. Rather, they probably represent a 
series of isolated lenses or a series of lenticular stream channel de
posits. Where encountered on the site, these lenses provide a potential 
pathway for contaminant movement and an initial interval where the depth 

of contaminant migration could be evaluated via monitoring wells. Be
cause of the variability of these units, the rate of groundwater flow in 

the lenses may vary significantly from one location to another. 

Monitoring wells installed in these lenses during the 1981 site investi
gation were monitored periodically throughout the field effort. Water 
level data for these wells are presented in Table 7.1. The data 

indicate that water levels in the wells on the eastern portion of the 
site were generally higher relative to the wells on the western portion 

of the site. However, at a few locations, levels were substantially 
higher or lower than adjacent wells. These situations were observed in 
Well 648 where water levels were high and in Well 15 where water levels 
were low. These variations may reflect variations in recharge or in the 

time required for stabilization within these wells. Because of the 
short period of measurement, the exact nature of these fluctuations are 
not known and require further monitoring. 

• -----------------------------------------------------------------ACRES AMERICAN INCORPORATED 
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TABLE 7.1 

SUMMARY OF GROUNDWATER ELEVATIONS* FOR THE UPPER SOIL AQUIFER 

FEET (MSL) 

D ATE S 
Well No. 6-4-81 6-8-81 6-10-81 6-15-81 6-22-81 6-24-81 6-29-81 7-2-81 7-10-81 7-15-81 

BH-15A 305.10 312.73 311.42 

BH-30A 314.2 314.2 315.30 314.99 314.22 314.20 314.00 

BH-36A 315.13 315.2 315.5 315.56 315.67 315.96 315.99 316.04 315.85 

BH-40A 315.80 315.8 315.3 315.10 315.62 315.66 315.13 314.71 313.81 

BH-47A 317.4 317.3 316.93 317.26 315.27 315.89 

BH-49A 312.2 311.4 311.88 312.28 311.84 311.92 311.58 

8H-50A 314.0 315.5 314.82 315.23 313.58 313.45 312.53 

BH-58A 320.70 309.5 313.53 313.92 314.82 314.97 

BH-64B 315.01 317.22 315.84 315.42 314.24 

BH-68A 311.69 311.33 

8H-71A 314.54 313.52 312.84 

* Because of the short time period in which these wells were monitored, and the fluctuations observed in some 
wells, monitoring should be continued to establish long-term water level fluctuations. The greatest accuracy 
for water level measurements is generally accepted to be + 0.04 feet. 

_AC_R_E_S __ A_M_E_R_'C_A_N __ '_N_C_O_R_P_O_R_AT_E_D _________________________________________________ IA~lml 



62 

In order to evaluate the in situ permeability of the upper soil zone 
field permeability tests were performed. These tests indicate that the 
in situ permeability of these upper soil zones ranged between 

2 x 10-5 and 2 x 10-6 cm/sec and are summarized in Table 7.2. 

Only limited water quality data are available for these shallow wells 
and will be discussed in a subsequent section on hydrochemistry. 

- Lower Soil Aquifer 

The lower soil aquifer is approximately 3 to 7 feet thick and is found 

between elevation 270 and 300 feet MSL. This aquifer typically consists 
of a sandy silt, although at different locations onsite the unit may 

grade into 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. At a few locations'this unit is absent. 

The thickness of the unit varies across the site, as illustrated by the 

isopach of the lower aquifer, Figure 6.5. As shown on the map, the 
thickest portion of the aquifer is roughly located in an area between 

Borehole No. 64-B and 63. The thickness of this unit corresponds to un
dulations in the bedrock topography shown in Figure 6.4. In general, 
where the bedrock is at a lower elevation, the aquifer is thicker. By 
comparing Figures 6.4 and 6.5, with the cross-sections (Figures 6.7 to 
6.8), it appears that the transition from granular deposits to fine 

grained deposits generally occurs where bedrock is higher. 

Confining units for the lower soil aquifer include the plastic gray clay 

above and the red till below. In general, the gray clay above the aqui
fer provides a significant barrier to the vertical migration of meteoric 
water into the aquifer. Permeabilities in this overlying clay were 

evaluated by both field and laboratory testing and found to range 
between 1 x 10-4 and 1.4 x 10-8 cm/sec. 
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TABLE 7.2 

SUMMARY OF FIELD PERMEABILITY TESTING IN THE UPPER SOIL HORIZONS 

Test Type of Test 
Borehole Interval Soil R1s1ng faJllng Permeability*~ 

(feet) Number Classification* Head Head 

BH-30A 13.1-18.0 Clay with occasional sand lensef X 

BH-38 11.0 Silt/Clay interface X 

BH-40 15.2 Sand X 

BH-40 25.0 Fine to med. sand clay interfacE X 

BH-40A 10.9-15.7 Clay with occasional sand lensef X 

BH-48 11.0 Very thin sand lens in clay X 

BH-49 13.0 Sand/clay interface X 

BH-49A 13.6-18.5 Clay with silty sand 15.5-17 .0' X 

BH-50A 14.1-19.0 Sand with occasional silt zones X 

BH-58A 13.1-18.0 Clay with silt zone 12.8-13.0' X 

BH-68A 11.6-16.3 Clay with occasional sand zones 

5-7 inches thick X 

BH-71 11.0 Silty sand X 

* For Detailed Soil Stratigraphy and Classification, see Boring Logs Appendix A. 
** Permeabilities calculated according to procedures outlined in NAVFAC DM-7 

(U.S. Department of the Navy, 1971). 

" 

cm/sec 

7 x 10 
-5 

No take 

No take 

2 x 10-5 

3 x 10 
-5 

No take 

7 x 10 
-5 

2 x 10-6 

4 x 10 
-6 

7 x 10-6 

5 x 10-6 

3 x 10 
-5 

Date of 
Test 

6/11/81 

4/22/81 

5/21/81 

5/22/81 

6/3/81 

5/12/81 

5/19/81 

6/9/81 

6/10/81 

6/5/81 

7/10/81 

6/19/81 

Duration 
Hr:min. 

1 :41 

17: 10 

0:05 

0:28 

2:07 

15: 15 

0:41 

65:46 

49:32 

1 :00 

0:35 

1 :09 

Comments 

Thin lens within 
clay layer 

Thin sand lens 
.2 feet 

Very thin sand 
lens 

CTI 
W 



~ 
} 

64 

Below the aquifer at most locations, a dense red till is present that 
restricts the downward migration of water. This unit was found to be 
dry at most locations, which substantiates its function as a confining 
unit over most of the site. However, this till unit is absent at sever

al locations across the site. Where absent, the aquifer is situated on 
bedrock, forming a single aquifer that includes both the sand deposits 
and the upper portion of the bedrock which is weathered and fractured. 

During the 1981 field investigations, 31 monitoring wells were installed 
in this aquifer. Water-level measurements taken in these wells are pre
sented in Table 7.3 and show that the aquifer is confined, has a piez
ometric surface approximately 25 to 30 feet above the top of the 

aquifer, and flows from southeast to northwest. The piezometric sur
face for the lower aquifer, presented in Figure 7.1, shows that the 

groundwater gradient across the site between monitoring wells 47 and 61 
is 0.001. 

In order to examine the permeability of the aquifer field, permeability 
tests (rising head tests) were performed in most monitoring wells. 
These tests are summarized on Table 7.4 and indicate the in situ per
meability of the unit ranges between 1 x 10-4 to 9 x 10-6 

cm/sec. 

These low permeability values, along with geologic logs, indicate that 
the aquifer contains a considerable amount of silts and, to a lesser 
degree, clays. These fine grained materials reduce the permeability of 
the aquifer. 

The quality of groundwater from this aquifer will be discussed in Sec
tion 7.3 - Hydrochemistry. 

7.2.3 - Queenston Formation 

In general, groundwater movement within this Queenston Formation is prim
arily in weathered and fractured zones near the top of rock. As discussed 
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TABLE 7.3 
SUMMARY OF WATER ELEVATIoNS* FOR THE LOWER SOIL AQUIFER 

FEET (MSL) 

D ATE 

65 

Well No. 5-6-81 5-7-81 5-8-81 5-11-81 5-12-81 5-13-81 5-14-81 5-15-81 5-18-81 5-19-81 5-20-81 5-21-81 5-22-81 5-26-81 5-28-81 6-1-81 6-4-81 6-8-81 6-10-81 6-15-81 6-22-81 6-24-81 6-29-81 7-2-81 7-10-81 7-15-81 

BH-5 

BH-9 

BH-16 

BH-28 

BH-29 

BH-36 

BH-39 

BH-40 

BH-44 

BH-45 

BH-46 

BH-47 

BH-48 

BH-49 

BH-5o 

BH-51 

BH-52 

BH-53 

BH-56 

BH-58 

BH-59 

BH-6o 

BH-61 

BH-63 

BH-64 

BH-65 
BH-66 

BH-67 

BH-69 

BH-70 

BH-71 

315.1 

314.8 314.8 

315.2 315.2 

312.7 312.8 

315.1 315.3 

315.1 

314.7 

315.4 

315.3 

312.9 

315.2 

315.2 

314.9 

314.9 

315.4 

315.4 

312.9 

315.3 

315.2 

314.9 

313.8 

315.4 

315.4 

313.0 

315.3 

315.2 

314.8 

313.9 

315.4 

315.3 

313.0 

315.3 

314.7 

315.2 

314.9 

315.5 

313.9 

315.4 

315.3 

313.0 

315.4 

314.7 

315.2 

314.8 

317 .4 

315.5 

313.9 

315.4 

315.4 

313.0 

315.4 

314.8 

315.3 

314.9 

317 • 5 

315.5 

314.0 

315.5 

315.4 

313.0 

315.4 

314.8 

315.3 

314.9 

317 .6 

315.5 

314.0 

315.5 

315.4 

313.0 

315.4 

314.8 

314.8 

315.3 

314.9 

317.6 

315.5 

313.9 

315.4 

315.4 

313.0 

315.4 

314.8 

315.0 

315.3 

315.5 

314.9 

315.0 

317 .4 

315.6 

314.7 

314.0 

315.6 

315.5 

313.1 

315.4 

314.9 

315.0 

315.4 

315.5 

314.9 

315.0 

317.4 

315.7 

314.7 

314.1 

315.0 

315.5 

315.5 

315.2 

313.1 

315.5 

* Because of the short time period in which these wells were monitored, all wells should continue to be monitored to establish long-term 
water level fluctuations. The greatest accuracy for water level measurements is generally accepted to be ~ 0.04 feet. 

314.95 314.99 315.0 

315.01 315.06 315.2 

315.58 315.3 

315.48 315.53 315.5 

315.52 315.54 315.5 

314.90 314.97 315.0 

315.10 315.26 315.1 

317.58 317.91 317.3 

315.67 315.75 315.7 

314.81 314.82 314.7 314.8 

313.98 314.01 314.0 

315.31 315.39 315.3 

315.51 315.6 

315.60 315.70 315.6 

315.53 315.55 

315.57 315.58 315.6 

313.12 313.2 

315.59 315.61 315.6 

314.9 

315.0 

315.1 

315.4 

315.6 

315.6 

315.0 

315.2 

315.2 

317.0 

315.7 

314.8 

314.0 

315.4 

315.6 

315.8 

315.5 

315.6 

313.1 

315.7 

315.05 315.00 314.94 314.87 314.91 314.85 

315.83 

315.22 315.12 

315.34 315.23 

315.67 315.62 

315.70 315.63 315.52 

314.93 315.01 314.85 

315.17 315.10 315.07 

315.52 315.55 315.42 

315.70 315.74 315.54 315.46 315.46 315.27 

315.74 315.73 315.65 315.63 315.63 315.60 

315.66 315.71 315.65 315.63 315.64 315.49 

315.26 315.12 314.95 315.00 314.83 

315.39 315.38 315.25 315.26 315.25 315.14 

315.23 315.20 

317.05 317.39 

315.09 315.10 314.96 

316.93 316.71 316.20 

315.96 315.89 315.78 315.80 315.86 315.68 

314.95 314.95 314.80 314.91 314.63 

313.35 313.96 313.92 313.87 313.86 313.63 

315.62 315.55 

315.86 315.84 

315.91 

314.15 314.44 

315.44 315.47 315.26 

315.75 315.71 315.50 

315.79 315.85 315.66 

313.80 313.66 313.20 

315.87 316.85 315.73 315.72 315.82 315.67 

315.72 315.71 

315.92 315.83 

313.18 313.11 

315.92 315.91 

314.85 316.70 

314.69 314.96 
315.00 314.94 

315.41 

314.00 

315.56 315.66 315.53 

315.75 315.78 315.61 

313.02 313.05 312.72 

315.72 315.82 315.56 

315.73 315.37 314.32 

314.80 314.85 314.78 
314.50 314.85 314.67 

315.65 315.11 314.97 

316.08 315.50 315.36 

315.20 315.23 315.15 

314.88 314.89 314.75 
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Table 7.4 
SUMMARY OF FIELD PERMEABILITY TESTING IN THE lOWER SOIL AQUIFER 

Test Type of Test 
Borehole Interval Soil Rlslng TaHlng Permeabi I ity* Date of 
Number (Feet) Cl ass i Fieat ion* Head ~Iead em/sec Test 

BfI-39 27.2-41.8 C1 ay, I 
-5 

5/'12/81 silt, weathered bedrock X 3 x 10 

BIi-40 2'1. 8-36. 5 Cl ay and sand I 
-4 

6/2/81 X 1 x 10 

I3H-45 3'1.6-45.4 C] ay, sand, weathered bedrock X I 2 x 10 
-5 

5/'14/81 

16.3-3'1.0 I' -5 
6/4/81 BIl-47 Clay, sand and sill y sand X 4 x 10 

BIi-50 24.8-3B.3 Silt, gravel, wealhered bedrock I X I 5 x 10-5 
5/'13/81 

011-58 28.4-42.7 Cl ay, I 4 x 
-5 

5/'14/81 sand, silt X 10 

BU-60 25.8-40.5 Cl ay, sand, silty sand X 
1 

1 x 10 
-5 

6/1/81 

BH-66 33.4-42.6 Clay, sand, silty sand X 9 x 10 
-6 

7/1/81 

* For Detailed Soil Slratigraphy and Classificat ion, see Boring Logs Appendix A • 
•• Permeabilities calculaled aeeordin~ to procedures oullined in NAVFAC DM-7 

(U.S. Departmenl of the Navy, 19n • 

Duration Comments 
Hr:min. 

4: 1 0 

1:00 

7:00 

0:49 

0:23 

2: 36 

0:20 

20:26 
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in previous sections, the Queenston is hydraulically interconnected with 
the lower soil aquifer where the confining red till unit is absent. 

In order to evaluate the hydrogeologic characteristics of the Queenston 

Formation, 6 borings were extended 50 feet in to rock and then permeabil
ity tested. These tests, which are summarized in Table 7.5, show that the 
Queenston has a permeability ranging between 1 x 10-5 and 2 x 
10-7 cm/sec. Summary sheets for permeability testing in rock are pre
sented in Appendix E. 

In addition to permeability testing, water levels in rock wells were moni
tored periodically to evaluate the flow direction and gradient. These 

measurements are summarized in Table 7.6 and indicate that groundwater 
flows within the bedrock is to the northwest at a gradient of 0.001 (based 
on July 15, 1981, water level measurements between monitoring wells 15 and 
62). 

During this investigation, only limited water quality information was 
collected and is discussed in the section on hydrochemistry. 

7.3 - Hydrochemistry 

7.3.1 - Historic Data 

The quality of groundwaters within Niagara County is highly variable, de
pending on the geologic strata that water is withdrawn from and the qual
ity of recharge available to a particular strata. Because only limited 
water quality analyses were performed during this investigation, recent 
analyses from adjacent properties provide additional information on 
groundwater quality. 
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Table 7.5 
SUMMARY or FIELD PERMEABILITY TESTING 

IN THE QUEENSTON FORMATION* 

69 

Borehole 
Number 

Vertical Depth of 
Test Interval (feet) 

Coefficient of Permeability** 
(em/sec) 

BH-12 48.5 to 59.5 
59.5 to 70.5 
70.5 to 81.5 
81.5 to 92.5 

BH-15 56.5 to 67.5 
67.5 to 78.5 
78.5 to 89.5 
89.5 to 100.5 

BH-57 54.5 to 65.5 
60.5 to 71.5 
71.5 to 82.5 
82.5 to 93.5 

BH-62 50.0 to 61.0 
61.0 to 72.0 
72.0 to 83.0 
83.0 to 94.0 

BH-68 54.5 to 65.5 
61.5 to 72.5 
72.5 to 83.5 
83.5 to 94.5 

BH-71 55.0 to 66.0 
66.0 to 77.0 
77.0 to 88.0 
88.0 to 99.0 

* For Detailed Rock Stratigraphy and Classification, 
see Boring Logs Appendix A. 

2 x 10-5 
2 x 10-6 
1 x 10-6 
6 x 10-7 

5 x 10-5 
5 x 10-5 
1 x 10-5 
2 x 10-5 

2 x 10-7 
9 x 10-7 
4 x 10-6 

No detectable flow 

2 x 10-6 
3 x 10-5 
2 x 10-5 
2 x 10-5 

2 x 10-7 
2 x 10-6 
2 x 10-6 
1 x 10-6 

4 x 10-5 
2 x 10-5 
2 x 10-5 
2 x 10-5 

** Permeabilities calculated according to procedures outlined in the Earth 
Manual (U.S. Department of the Interior, 1974). 

_A_C_R_ES __ A_M __ E_R_IC_A_N __ IN_C_O __ R_P_O_R_AT_E_D ____________________________________________________ II~lml 



70 

Table 7.6 

SUMMARY OF WATER ELEVATIONS IN THE QUEENSTON FORMATION* 

FEET (MSL) 

0 A T E. 
Well No. 6-8-81 6-15-81 6-22-81 6-24-81 6-29-81 

BH-12 316.1 316.22 316.19 

BH-15 315.27 

BH-57 315.4 315.6 315.86 315.84 

BH-62 312.6 312.80 312.75 

BH-68 

*Because of the short time period in which test wells were monitored, all 
monitored to establish long-term water level fluctuations. The greatest 
measurements is accepted to be +0.04 feet. 

7-2-81 7-10-81 7-15-81 

316.00 316.02 315.93 

315.26 315.18 315.16 

315.59 315.97 315.60 

312.50 312.53 312.27 

315.21 315.18 

wells should continue to be 
accuracy for water level 
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Important sources of recent water quality data in the vicinity of the 

NFSS include the Engineering Report on the Modern Oisposal Landfill 
(Wehran, 1979) and the Hydrogeological Evaluation of the Chem-Trol 
Property (Wehran, 1977). Although other groundwater quality data exist, 

these sources of information were not used because of discrepancies in the 
sample collection, sample analyses, or the depth and construction of wells 
sampled. 

In both reports, the groundwater analyzed came from an interval which 

includes the lower soil aquifer, the red till, and upper portions of the 
Queenston Formation. The data for the Chem-Trol Property (located north 

of the NFSS site) were developed during 1977 and are presented in Table 
7.7. Analyses for the Modern Landfill property (located east of the NFSS 

site) were performed during 1979 and are presented in Table 7.8. 

Based on this information, water quality in the lower soil aquifer -
Queenston Formation is highly mineralized and poor as a drinking source. 

The major chemical constituents which are present in high concentrations 
and contribute to the poor quality include chloride, sulfate, iron, and 

manganese. The mineral content in these waters is thought to be a result 

of the mixing of connate water with recharge from upper strata. In 
general, where less recharge is available, the groundwater quality is 
thought to be of poorer quality. 

7.3.2 - Site Hydrochemistry 

Water quality sampling and analyses were performed once during this inves

tigation. These samples were collected by ORNL in July 1981 and were 
analyzed for 17 chemical parameters. Wells sampled included: 5 upper 
soil monitoring wells, 8 lower soil monitoring wells, and 3 rock wells. 
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TABLE 7.7 

GROUNDWATER QUALITY DATA* FOR THE CHEM-TRoL FACILITY 

Parameter 

pH 
Specific Gravity 
Specific Conductance (micromhos/cm ® 25°C) 
Total Carbon (ppm) 
Total Inorganic Carbon (ppm) 
Total Organic Carbon (ppm) 
Total Dissolved Solids (ppm) 
Chemical Oxygen Demand (ppm) 
Chloride (ppm) 
Boron (ppm) 
Cadmium (ppm) 
Cobalt (ppm) 
Chromium (ppm) 
Copper (ppm) 
Iron (ppm) 
Nickel (ppm) 
Manganese (ppm) 
Zinc (ppm) 
Selenium (ppm) 
Arsenic (p;Jm) 
Mercury (ppm) 
SuI fate (ppm) 

(WEHRAN, 1977) 

Maximum 
Value 

8.6 
1.022 

4400 
176 

47 
148 

4920 
426.5 

1586 
1.46 

<0.01 
0.03 
0.03 
1.2 

15.4 
0.15 

11.0 
3.5 
0.009 
0.005 
0.001 

1060 

Minimun 
Value 

7.7 
1.001 

370 
18 

5 
o 

420 
<40 

34 
0.13 

<0.01 
<0.01 
<0.01 
<0.01 
0.14 

<0.01 
0.13 
0.08 

<0.005 
<0.003 
<0.001 

475 

* Samples collected from an interval which includes the lower soil aquifer, 
the red till and the upper portions of the Queenston Formation. 
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TABLE 7.8 

GROUNDWATER QUALITY DATA* FOR THE MODERN DISPOSAL LANDFILL PROPERTY 

Parameter 

pH 
Chloride (ppm) 
Specific Conductance (micromhos/cm ® 25°C) 
Total Organic Carbon (ppm) 
Total Solid Iron (ppm) 
Ammonia (ppm) 
Nitrates (ppm) 
Nitrites (ppm) 
5-Day Biochemical Oxygen Demand (ppm) 
Chemical Oxygen Demand (ppm) 
Total Kjeldahl Nitrogen (ppm) 
Sulfates (ppm) 
Aluminum (ppm) 
Arsenic (ppm) 
Trivalent Chromium (ppm) 
Hexavalent Chromium (ppm) 
Copper (ppm) 
Lead (ppm) 
Mercury (ppm) 
Potassium (ppm) 
Sodium (ppm) 
Methylene Blue Active Substances (ppm) 
Phenols (ppm) 
Calcium (ppm) 
Silver (ppm) 
Total Coliform (MPN/100 ml) 
Alkalinity (pH = 4.5) (ppm CaC03) 
Total Solids (ppm) 
True Color (Pt/Co Units) 
Total Hardness (ppm)(CaC03) 
Total Phosphorus (ppm) 

(WEHRAN,1979) 

Max~mum 
Value 

8.43 
457 

5480 
430 

0.15 
4.5 
1.14 
0.01 

420 
475 
230 

2840 
0.4 

.031 
<0.003 
<0.01 
0.003 
0.11 
0.5 

46 
1000 

3.8 
0.014 

340 
0.007 

2400 
2773 

146000 
15 

6340 
0.022 

Minimum 
Value 

7.80 
16.2 

1150 
6.5 
0.02 
0.26 

<0.01 
<0.01 
4.2 

32.7 
0.83 

320 
0.2 

< .0015 
<0.002 
<0.01 
<0.002 
<0.02 
<0.5 
fl.2 

20 
<1.5 
<0.003 
40 
<0.002 

<20 
68.4 

2033 
2.5 

680 
<0.001 

73 

• Samples collected from an interval which includes the lower soil aquifer, the 
red till and the upper portions of the Queenston Formation. 
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Analyses for these samples are presented in Tables 7.9 and 7.10. The 
sodium and calcium concentrations observed in the data indicate that the 
groundwater in the soil overburden is less mineralized and softer than 
groundwater in rock. Groundwater in upper soil zones and the lower soil 
aquifer appear similar in water quality except for alkalinity which is 

lower in the deep soil aquifer. The differences in alkalinity within 

these zones are unexplained. 

Groundwater in the soil aquifers and the Queenston Formation is mineral

ized and of low quality as a drinking water source. Groundwater in soil 
aquifers is less mineralized than groundwater in the Queenston Formation, 
but contains high concentrations of sulfate, calcium, and magnesium. 
Groundwater in the Queenston Formation is highly mineralized because of 

high concentrations of sulfate, chloride, calcium, and sodium. Without 

treatment, groundwater at the site would exceed New York State criteria 
for a potable groundwater source for at least one parameter. 

\ 7.4 - Potential for Contaminant Migration 
) 

As a result of site investigations, three potential avenues for the migration of 
radiological and chemical contaminants offsite were identified and include: 

(1) Surface water resulting from overland flow to site drainage ditches; 

(2) Leachate migrating vertically into the shallow soil aquifer and then migra

ting horizontally offsite; and 
(3) Leachate migrating vertically into the deep soil aquifer and then migrating 

horizontally offsite. 

The rate of contaminant migration offsite via surface water depends on: 

(1) the velocity of water movement overland in the drainage ditches; 
(2) the proximity of the spill to major drainages; 
(3) the physical and chemical characteristics of the surface water. 
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TABLE 7.9 
;' 

pH AND ALKALINITY DATA FOR GROUNDWATER AT NFSS 

Well Type Start~ng Alkahn~ty (ppm) 
Number of Well pH Carbonate Bicarbonate TotaPI 

Pumped Samples 

BH-30A Shallow soil 7.45 0 460 460 
BH-40A 7.34 0 417 417 
BH-47A 7.65 36 294 330 
BH-50A 7.74 26 377 403 
BH-64B 7.61 36 334 360 

BH-16 Deep soil 7.76 16 116 132 
BH-40 7.71 10 90 100 
BH-47 7.43 30 280 310 
BH-50 7.91 14 64 78 
BH-59 7.84 26 121 147 
BH-61 7.83 14 105 119 
BH-63 7.94 12 61 73 
BH-64 7.71 26 311 337 

BH-12 Rock 7.89 10 33 43 
BH-57 7.43 12 44 56 
BH-62 7.93 10 34 44 

Bailed Samples 

BH-30A Shallow soil 7.46 36 59 95 
\ BH-40A 7.34 0 306 306 
J BH-47A 8.05 8 35 43 

BH-50A 7.76 20 252 272 
BH-64B 7.89 10 83 93 

aNo hydroxide 
( ORNL, 1981) 

was detected in any sample. 

+Data collected and analyzed by ORNL as part of research activities on the 
migration of low level radionuclides. 
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Well 
Number 

BH-30A 

BH-4oA 

BH-47A 

BH-50A 

BH-64B 

BH-16 

BH-40 

BII-59 

BI-I-61 

BH-63 

BU-64 

BH-12 

BH-s7 

BU-6Z 

Shallow soil 

Deep Soil 

Rock 

(ORNL, 1981) 

Mg 

78 

110 

74 

54 

96 

88 

70 

122 

86 

68 

86 

96 

86 

Ca 

64 

146 

90 

62 

76 

100 

154 

220 

146 

76 

144 

160 

68 

40 )300 

46 )300 

12 >300 

Sr 

0.95 

2.9 

2.3 

2.0 

1.4 

3.5 

5.1 

5.8 

4.6 

2.8 

4.6 

4.2 

2.4 

7.2 

7.0 

6.4 

TABLE 7.10 

GROlJNDWArER QUALITY DATA AT NFSS* 

Concentration (ppm) 

Ba Na Al Fe Mn Mo 

0.041 (0.5 (0.01 <0.01 0.13 <0.010 

0.030 (O.S 0.12 0.01 0.003 0.016 

0.038 120 0.02 <0.01 0.15 0.030 

0.058 <0.5 <0.01 <0.01 0.25 0.013 

0.033 (O.S <0.01 (0.01 0.11 (0.010 

0.058 49 0.06 <0.01 0.51 

0.044 (0.5 0.12 (0.01 0.12 

0.027 150 0.26 0.01 0.25 

0.069 20 0.09 (0.01 0.65 

0.052 <0.5 <0.01 <0.01 0.14 

0.053 J8 0.08 (0.01 0.05 

0.024 56 0.12 (0.01 0.24 

0.040 (0.5 0.01 (0.01 0.04 

0.020 

0.026 

0.008 

950 0.33 (0.01 0.43 

650 0.29 (0.01 0.55 

200 0.22 (0.01 0.40 

0.042 

0.021 

0.018 

0.027 

0.020 

0.023 

0.16 

0.015 

0.022 

0.021 

0.0'13 

Si p 

4.7 0.10 

-2 
504--

270 

5.7 0.21 920 

4.6 0.18 1,050 

4.0 (0.01 720 

6.1 (0.01 510 

4.3 

4.8 

6.2 

4.2 

4.7 

5.7 

4.0 

5.6 

0.14 1,070 

0.06 980 

0.13 1,870 

0.14 1,120 

0.08 600 

0.12 1,130 

0.11 1,020 

0.11 480 

Cl F K 

17 0.6 1.8 

13 0.2 5.0 

100 0 4 10.9 

57 0.4 4.8 

19 0.2 3.2 

50 0.5 6.9 

72 0.3 8.4 

190 0.3 17.2 

750.4 9.1 

28 0.3 7.6 

660.311.8 

150 0.3 12.7 

21 0.3 8.5 

1.6 0.10 2,410 2,700 0.8 59 

1.2 0.10 1,460 2,200 0.6 56 

2.1 (0.01 2,360 180 0.7 35 

* Dala collected and analyzed by ORNL as part of research activit ies on migrat ion of low level radionucl ides. 
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8ecause these conditions can vary over the site, and the flow conditions and 
water quality in onsite ditches may vary greatly over short time periods, the 
migration of contaminants via surface water cannot be quantifiea. 

Within the subsurface regime, the migration of contaminants would be slower than 
via surface. If contaminants entered the subsurface, the greatest horizontal 

migration would be expected in either the upper soil aquifer or the lower soil 
aquifer. However the vertical migration of contaminants into these aquifers 

would be restricted by clays present above both the upper soil and lower soil 
aquifers. 

The upper soil aquifer appears to consist of isolated sand lenses prevalent in 

the central portion of the site. However, it is possible that interconnected 
lenses of sands with a small percentage of fine materials may exist. Because of 

occurrence of these sands and the uncertainty concerning their continuity and 
areal extent, calculations on the migration of contaminants within these lenses 

were not performed. 

In order to examine the potential for the vertical migration of contaminants 
into the lower soil aquifer and the horizontal migration of these contaminants 

in the lower soil aquifer, it was assumed that contaminants migrated with the 

water and were not retarded or diluted along the path of migration. In addition 
to this assumption, several other conservative assumptions were used in these 
estimates. 

In order to evaluate the potential for the vertical migration down to the lower 

soil aquifer and horizontally in the lower soil aquifer, an estimate of ground
water flow was performed. In this evaluation the soil stratigraphy was divided 

into its m~or units. Each stratigraphic unit was then assigned an average 
permeability based on field and laboratory test data. The rate of groundwater 
movement was evaluated using the Darcy Formula: 
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Where: 
v = kI 

K = Soi 1 Permeability 
I = Hydrau1i c Gradient 
V = Ve locity 

For this analysis it was assumed that: 

(1) The retention of water resulting from capillary action is negligible. 

(2) Permeabi1ities for major stratigraphic units are uniform throughout the 
soi 1. 

(3) The hydraulic gradient is one. 

(4) Average permeability for the brown clay and gray clay were 3 x 10~8 

cm/sec and 2 x 10-8 cm/sec, respectively. 

Based upon the formentioned assumptions and the soil permeabi1ities, the time 
necessary for water to migrate a distance of 34 feet from the ground surface to 
the lower soi 1 aquifer was calculated to be 1400 years. 

In a similar calculation the horizontal migration of groundwater within the 
lower soil aquifer was calculated using the Darcy formula. Assumptions used in 
this calculation included: 

(1) The representative horizontal permeabi lity of this aquifer is 4 x 10-5 

cm/sec. 
(2) The hydraulic gradient in the aquifer is 7 x 10-4. 
(3) The permeability of the aquifer is uniform beneath the site. 
(4) The time of movement is one year. 
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Under these assumptions, the rate of flow would be approximately 0.03 feet per 

year. In other words, it would take groundwater in the lower soil aquifer near 
Boring No. 34, approximately 57,000 years to travel northwest 1,700 feet to 

reach the property boundary. 

The calculations made are sensitive to the permeability and the hydraulic 
gradient used. If lower hydraulic gradients or permeability were used, the 
groundwater velocity would decrease and the time of travel would increase. 
Conversely, if higher gradients or permeabilities were used, then the velocity 
would increase and time of travel would decrease. It is apparent from these 
calculations that the rate of groundwater flow in the soil overburden is slow 
and would significantly restrict the migration of contaminants offsite in 
groundwater. 

In conclusion, the most rapid movement of contaminants at the NFSS would be via 
I 

surface waters. In the subsurface regime, the migration of contaminants would 
be restricted by the discontinuous nature of the upper soil aquifer, the low 

permeability clays overlying both the lower and upper soil aquifers and the high 
percentage of fine-grained materials present within both the upper and lower 
soil aquifers. 
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8 - GLOSSARY OF TERMS 

ALLUVIAL: 

AQUIFER: 

(Sedimentary definition) deposited 

water 

A geologic unit that contains suff 

by a stream or running 

icient saturated permeab 

materi a1 to conduct groundwater and to yield economical l y 

significant quantities of water t o  wells and springs. 

In th is  report the definition i s  loosely defined t o  include 

any permeable water-bearing unit onsite. 

CONNATE WATER : Water entrapped i n  the interst ices of a sedimentary or ex- 

trusive igneous rock at the time of  i t s  deposition. 

CONS I STENCY: The relat ive ease with which cohesive soil can be deformed. 

I t  i s  related to the standard penetration tes t s  performed 
during dr i l l ing as follows: 

FACIES: 

GLACIAL : 

Very soft - less than 2 blows per foot 
Soft - 2 t o  4 blows per foot 
Medium - 4 to 8 blows per foot 
Stiff  - 8 t o  15 blows per foot 

Very s t i f f  - 15 to 30 blows per foot 
Hard - more than 30 blows per foot 

An exclusive, mappable, and areally restricted part of a de- 

fined stratigraphic body, such as a stratum or group of 
s t ra ta  differing i n  lithographic character. 

Pertaining to distinctive features and materials produced by 
or derived from glaciers and ice sheets. 
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GLACIOFLUVIAL: Pertaining t o  streams flowing from glaciers  or t o  the depos- 
'\, i t s  made by such streams. 
i' 

GLACIOLACUSTRINE: Pertaining to ,  derived from, or deposited in gl aci a1 1 akes . 

GROUND MORAINE: The materi a1 deposited from a glacier  on the ground surface 

over which the glacier  has moved. 

HYDROGEOLOGIC: Pertaining to  subsurface waters and related geologic aspects 

of surf ace waters. 

I SOPACH: A 1 ine drawn on a map through points of equal thickness. 

LACUSTRINE: Pertaining to,  produced by, or formed in a 1 ake or 1 akes. 

METEORIC WATER: Pertaining t o  water of  ' recent atmospheric origin.  ' 

\ ORDOVICIAN: The second ear l  i e s t  period of the  Paleozoic era ,  general l y  

considered to  be the span of time between 500 and 430-440 

million years ago. 

OUTWASH : 

OVERBURDEN:  

Sand and gravel removed or "washed outg from a glacier  by 

meltwater streams and deposited in front  of or beyond the 
terminal moraine or the margin of an active glacier .  

The s o i l ,  s i l t ,  sand, gravel, or other unconsolidated 

materi a1 overlying bedrock. 

PHYSIOGRAPHIC A region a l l  parts of which are similar in geologic s t ruc ture  

PROVINCE : and climate and which consequently has had a unified geomor- 
phic history.  
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PIEZOMETRIC 
\ 

/' 
SURFACE : 

PLEISTOCENE: 

An imaginary surf  ace representing the  s t a t i c  head of grqund- 
water and defined by the  level  t o  which the  water wil l  r i s e  

i n  a well. 

An epoch of the  Quaternary period, a f t e r  t he  Pliocene of t he  

Te r t i a ry  and before t h e  Holocene, which covered the span of 
time between 1.8 and 0.001 m i  11 ion years ago. 

RELATIVE DENSITY: A measure of the  densi ty  of non-cohesive s o i l s .  I t  i s  
re1 ated to  the  standard penetrat ion t e s t s  performed during 
d r i l l i n g :  

Very loose - l e s s  than 4 blows per foot  
Loose - 9 t o  10 blows per foot  
Medium - 10 t o  30 blows per foot  
Dense - 30 t o  50 blows per foot  
Very dense - more than 50 blows per foot  

) 

SILURIAN: 

STRATIGRAPHY: 

STRATUM : 

TILL: 

A period of t he  Paleozoic, thought to  have covered the span 
of time betwen 430-440 and 395 mi l l ion  years ago. 

That branch of geology which t r e a t s  the formation, composi- 
t i o n ,  sequence, and cor re la t ion  of the  s t r a t i f i e d  rocks as 
par t  of the  e a r t h ' s  c ru s t .  

A t abu la r  or shee t - l ike  mass, or a s i ng l e  and d i s t i n c t  layer  
of homogeneous or gradational  sedimentary materi a1 (consol i - 
dated rock or unconsolidated e a r t h )  of any thickness.  

Non-sorted, non-s t ra t i f i ed  sediment ca r r ied  or deposited by a 
gl a c i e r .  
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APPENDIX A - 
BOREHOLE LOGS 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , HEW YORK 

D R I L L I N G  R E P O R T  

CUENT NLO, I nc .  JOB NO. P6254.07 

PROJECT Foundation I n v e s t i g a t i o n  & S i t e  Charac te r i za t ion  HOLE HO. B H - 2  

S~TE Niagara Fa1 1s Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empire S o i l s  STARTED 12:00 P.M. A p r i l  28 1 9  8 1  
FIN.ISHED 2:00 P.M. A p r i l  29 1s 8 1  

M ETHOO SOl 1 Hall OW Stem Auger CASING DIAM. 
OF 

DRILUNG : ROCK D i  amnd Coring CORE DIAM. N X 

LOCATION: LATITUDE 
DEPARTURE 
BEARING 
INITIAL DIP go0 
OTHER MPS 

ELNATIONS : DATUM USGS 
DRIU PLATFORM None 
GROUNO SURFACE 318.7 
ROCK SURFACE 275.7 
B O m M O F H O C E  270.7 
WATER TA8LE 

P - wrsn 

OESUWfTKIW: COLOR, cwS~STeuCr.SnwCNftE.  
WATER CWEHT, PLlSTIClTY, COYPACtlPm. 
WATER LOSS O11 UdN. ETC. 

Brown S i l t ,  o rganic  

Ye1 low brown s i l t ,  loose t o  - 
medium, dry.  

Brown Clay, poo r l y  laminated 
w i t h  occasional  gravel ,  t h i n  
s i l t  lenses t o  112 i nch  t h i c k ,  
s t i f f ,  damp. 

Brown c l a y  becomes more 
s i  1  t y -g rave l  l y  near base. 

Gray brown Clay, s i l t y  
con ta in i ng  i s o l a t e d  s i l t  
lenses and gravel  throughout.  -- 
Very s o f t ,  p l a s t i c .  

INSPECTOR P. Bar th  

LOGGED EW T. Drexhage 

PE#CfnATrm 
TEST 

1-5- 
6-8 

5-8- 
11-16 

6-10- 
12-16 

12-16- 
15- 15 

10-4- 
3-4 

2-2- 
2-3 

2-3- 
10-3 

1-2- 
2-2 

2-3- 
2-2 

RLt'D 

12" 

24" 

24,, 

24"  

24" 

12" 

22" 

24" 

24" 

110. 

1 

-- 

4 

5 

6 

7 

8 

9 

AY 

2 A Y  

Ay 

AY 

AY 

AY 

AY 

AY 

AY 

S A M P L E  

SIZE 

2" 

2" 

2,, 

2"  

2 "  

2 "  

2" 

2 "  

2"  

1 D E W  

0-2 

2-4 

4.-6 

6-8 

8-10 

10-12 

12-14 

14-16 

16-18 



ACRES AMERICAN INCORPORATED - CONSULTING 
BUFFALO , NEW Y O R K  

D R I L L I N G  R E P O R T  

~ E C T  Foundation Invest igat ion & S i t e  Character izat ion 

SITE Niagara Fal ls  Storage S i t e  

ENGi NEERS 

JOE HO. 

HOLE NO. 

SHEET M. 

pes~mmo*: COLOR, COUSSTWX, sTmmum. 
#TLR C Q m W I ,  PL*Sncm, CWRYTN€ss. - 
I*TU LOSSORUIW.  CTC. ma 

bay-brown Cl ay , s i 1 t y  , 10 
]rave1 throughout, wet. 
i ravel ly zone a t  19-20 f e e t .  - 
' l a s t i c  brown c lay  a t  20-22 11 
Feet. 

l a y ,  s i l t y  with coarse sand 
md gravel throughout. 
iaturated and very s o f t .  

ted-gray S i l t ,  c layey,  sandy. 18 

led-brown Si 1 t ,  clayey,  
lense, containing fragments 
~f weathered bedrock, coarse 
;and and f i n e  gravel .  Occa- 
iional green s i  1 t y  zones. 

- - 

led S i l  t s tone ,  containing 
. inch green lenses.  
lori zontal bedding spaced a t  
~pproximately 4 i nches . 
loint a t  46.5 f e e t  a t  45' t o  
:ore ax is .  

- End of  Hole 48.0 Feet - 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , NEW Y O R K  

D R ~ L L I N G  R E P O R T  

PROJECT Foundation Invest igat ion & S i t e  Characterization HOLE HO. BH-5 

SITE Niaaara Fal ls  Storage S i t e  SHEET MO. 1 OF 3 

CONTRACTOR : Empi r e  Soi 1 s STARTED 3:15 P.M. June 8 1 9  81 
FINISHED 2:00 P.M. June 9 19 81 

M m o o  SOIL Hollow Stem Auger CASING D I A U .  
O F  

DRILLING : Rocx Diamond Coring CORE D I A Y .  N X 

LO'CATION : LATITUDE 
DEPARTURE 
BEARING 
INITIAL DIP 90' 
OTHER Dl65 

ELEVAT ICHIS : DATUM USGS 
DRILL PLATFORM None 
GROUND SURFACE 319.8 
ROCK SURFACE 2 7 3.3 
~ O ~ M ' O F H O C E  267.6 
WATER LEVEL 7/10/81 314.9.1 Ft. 

M L  

OEXmPTK*I: COLOR, CMISIZ~LNCY.STRVCN~S, S A M P L E  
#pTn SOIL m WATER a * m ~ ~ ,  PUST~C~TY, P, mLTRAT*WI 

WATER W 01) W I N ,  tlC. 
TEST 

( f t )  no. me* SIZE 1 ~KTLO 

Fi l l  F i  11, sandy, gravel l y  , s i 1 ty  A U G E R E  D 
s lag .  Pieces t o  2 inches. 
One grab sampl e taken. 

? C L Reddish-gray Clay, s i  1 ty ,  2 AY 2" 3-5 12" 6-6- 
sandy, occasional aravel t o  9- 12 
1 inch.' Occasional sand 

3 1 enses . 3 AY 2 "  5-7 15" 4-8- 
10-8 

3 7-9.1 f e e t  Gray-red Sand 4 AY 2" 7-9 15" 8-8- 
lense ,  s i  1 t y ,  dense, moist. 10-8 

LO 5 AY 2" 9-11 14" 8-9- 
10- 12 

12 CL Brownish-gray Clay, s i l t y ,  6 AY 2" 11-13 18" 10-10- 
sandy. Dense, moist. Trace 11-13 
gravel throughout. 

14 7 AY 2" 13-15 18" 12-14- 
16- 17 

16 8 AY 2" 15-17 18" 12-12- 
15- 12 

18 9 AY 2" 17-19 14"  8-12 
L IYPUNC Y L T W  SMlPPI(16 CCUTAIWU 

*A-SMNM c - AUQER w - INSERT R - CLOTH US ,- 
e - THIW uu NEE r - wrsn ~ - m e  s - NWIUI ,w 
c - PISXI( SUCLU - WATER amm n m  z - Q I L U R ~  
o - c o a  m R L L  a - JAR Y -, c o r e ,  d ox 

INSPcCfoff P, Barth 

LOGGED R. bferneiws k i  
D A T E  



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

.CUENT NLO, I ~ c .  JOB NO. P6254.07 

PROJECT Foundation Investigation & Site Characterization HOLE m. BH-5 
1 

Niagara Falls Storage Site 

oclcrumar: COLOR, ~ ~ , s T R u c I w l L ,  
WTER CPWTPII, PLISTICfTY. OWPKTNRS. 
WTER LOStoaUlN. ETC. 

Gray Clay, s i l t y ,  sandy with 
trace gravel. Very so f t ,  
plastic.  Moist t o  wet. 

Occasional thin lenses of 
sandy Si 1 t or s i l t y  Sand 
throughout. 

- -  - 

Red Si 1 t ,  sandy with angular 
gravel, trace clay, wet. 

Encountered water a t  39.0 
feet.  

Sand, angular gravel, clean, 
wet. A t  44.5 feet  Sil tstone 
fragments. 

Red Siltstone. Slightly t o  
highly weathered. 

n a  nrr SUE DEPTH n n ' o  
, 

9 , A Y  2 "  17-19 14" 12-10 



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 m P6254.07 

~ E C T  Foundation Investigation & Site Characterization HOLE m. BH-5 

SITE Niagara Falls Storage Site 

Bedrock Horizontal bedded with bed 
spaci n g  1/2-9 inches. 

Calcite replacement a t  
50.5-51.0 inches. / 

'End of Hole 52.2 ~eet.' 

SHEET NO. 3 OF 3 

SUE - 
t i  nuec 



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  

CuEM N L O y  Inc. ~ o e  NO. P6254.07 

PROJECT Foundation Investigation & Si t e  Characterization HOLE NO. B H- 6 

SITE Niagara Falls Storage Site S H ~  NO. 1 OF 2 

CONTRACTOR : Empi re Soi 1 s STARTED 2 :00 P.M. April 30 1981 
FINISHED l:00 P.M. May 1 1981 

MEMOO SO~L Hol low Stem Auger CASING DIAY. 
OF 

DRILLING: ROCK Diamond Coring CORE DIAY. NX 

LOCATION : LATITUDE 
DEPARTURE 
W R I N G  
INlTlAL DIP go0 
OTHER MF5 

ELEVATIONS : DATUM USGS 
DRILL PLATFORM None 
GROUND SURFACE 320.7 
ROCKSURFACE 275.2 
e o m r u  OF HOCE 270.2 
WATER LEVEL 5/1/81, 315.3 . F t  MS 

#stll~rorr: COLOR, amusT€m. miuCrwK. 
WATER c m ,  PUSTICITY, ~MUTXSS, 
WATER L D t S 4 0 U I M ,  m. 

Brown Clay, organics , topsoil . 
Brown Clay, s i l t y ,  sandy, 
t race  gravel, dry. 

- - 

Brown Sand, clayey, gravelly, 
loose, wet. Percent of clay 
variable throughout. 

Percent o f  s i l t  increasing 
near 12 feet .  

Brown Clay, s i l t y ,  sandy, 
cohesive, p las t ic ,  dense. 
Trace gravel throughout. 

10-7 
She1 by 
Tube 

B - TNlN UAU NEE 0-NEE t - CUOCfUl ow 
c - WPLER P . WATU ammrrnu z - DISCMOLD 
D - COM WREL a - Q W U R  , - - Y-core bo 

INSPECTOR P.  Barth 
APPRWED 

WGGED BY T. Fuller 
" '  DATE May 1981 



ACRES AMERICAN INCORPORATED - CONSULTING ENGl NEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

WENT FILO, Inc. J O ~  NO. P6254.07 

PROJECT Foundation Investigation & Si t e  Characterization HOLE NO. BH-6 

Niagara Falls Storage S i te  SITE 

o m  
( f t  ) 

2 0 

2 2 

SHEET NO. 2 OF 2 

- 

SOIL TTPZ 

2 4 - 

2 6 

CL 
(cont ' d)  

CL/GC 

SM/ GM 

28 

30 

32 

34 

36 

38 . 

-30- 

42 

-34- 

4+ 

48 

Bedrock 

Brown Clay, s i l t y ,  trace sand 
3nd gravel throughout, dense. 
Cohesive, wet, p las t ic  

23-25 Feet - Sand, s i l t y ,  
:ontaining some clay and 
gravel . Loose, very wet. 

Gray- brown Cl ay , s i 1 ty  , 
sandy, trace gravel through- 
3 u t .  Soft, p las t ic .  

Percent of s i l t  variable. 
l f ten present as lenses. 

3rown Sand, gravelly, s i l t y  
:ontaining some weathered 
fragments of bedrock. 
Saturated. 

Red-brown Clay, s i l t y ,  very 
dense. 
- .- - 

Red brown Sil tstone, 
1 arninated, thinly bedded. 
Occasional thin green patches 
and shaley layers.  

End of Hole 50.5 Feet 



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 & Si te  Characterization HOLE HO. BH-7 

SITE Niagara Falls Storage S i te  SHEE~ NO. 1 OF 2 

CONTRACTOR: Empi re Soi 1 s STARTED 10: 30 A.M. April 27 IS 8 1  
FIN~SHEO 4 :00 A.M. April 27 IS 8 1  

M I3HOD Sol L Hollow Stem Auger CASING DIAY. 
OF 

DRILUNG: ROCK Diamond Coring CORE DIAN. N X 

LOCATION: U T I N D E  ELEVATIONS: DATUM USGS 
DEPARTURE 
W R I N G  
INITIAL DIP 90' 
OTHER DIPS 

DRILL PUTFORM None 
GROUND SURFACE 320.0 
ROCK SURFACE 276.0 
BOITOM'OF WE 271.0 
WATER LEVEL 7/8/81, 314.0 ,Ft M: 

m P T K * ( :  COLOR, C W S l S E N C Y , f T R u C N ~ ,  S A M P L E  
WATER CQITEWI, Pumcrrr ,  cwp*cmri, 
WATER LOSS O I ~  UIN. ETC. ma. lrrrr*l SIZE I asmc 

Fill  Dark brown, s i l t  with grave1 
and angular fragments. 

Brown t o  red-brown Clay w i t h  1 AY 2 "  3-5 
1 i t t l e  or no gravel. and sand. 
Becomes sandy, s i l t y  5-7 feet.-. 

2 AY 2 "  . 5 - 7  

4 

Red brown Clay, sandy. 4 AY 2 "  9 -11  
Becomes s l igh t ly  sof te r  a t  9 
feet .  Gravel to  1/2  inch. 

5 AY 2" 11-13. 
Occasional t h i n  sand lenses. 

Red brown Clay, gravelly, damp 6 AY 2 "  13-15 
t o  moist, more sandy a t  16.5 
feet .  

I I I I I I 

Cl wn Clav .  I 8 I AY I 7"  1 17-19 1 15" 1 5-5- 
~ W W O  M(EInW SMICPIMG COIITAIMER 

* A - S I U T ~ U ~ €  E - A U Q U  W - INSEXr R-CLOTH W 
I - ~ n t m  MU TUW f - r rsn 0 - W E  s - cumw w 
c - ?I- UILU - I A ~  c t m m  n m  r . D I ~ U R D ~  
o - COW WREL o - 0~19  JAR Y-core ,do)( 

INSPEC~OR P. Barth 

LOGGED BT R. blernei swki 
DATE May 1981 



ACRES A M E R I C A N  I N C O R P O R A T E D  - CONSULTlNG ENGINEERS 
.- BUFFALO , NEW Y O R K  

D R I L L I N G  R E P O R T  

CLIENT NLO, Inc. Joe NO. P6254.07 

PROJECT Foundation Investigation & Si te  Characterization HOLE NO. BH-7 1 
SITE: Ni agara Fa1 1 s Storage Si te  SHEET NO. 2 OF 2 

- - 

:L 
(cont ' d )  

Bedrock 

- -- - - -  

DESCRIPTION: COLOR, CONSISTENC~, S T R U ~ R E .  
WATER C m ,  PLASTICITY. COUPACTNE59, 
WATER LOSS OR GAl N , ETC. 

Gray-brown Clay, very s o f t ,  
s i1  t y ,  t race of sand and 
gravel throughout. 

Gray-brown Clay, s o f t ,  s i l t y ,  
saturated containing coarse 
sand and f ine  gravel through- 
out. 

-~ - 

Red-brown S i  1 t ,  sandy, 
gravelly, t race clay, very 
dense. Gravel .containing 
rounded and subangular 
pieces up to  2 inches. 

Red Sil  tstone containing thin 
shaley layers and occasional 
green si 1 tstone lenses, 
Green s i l t s t one  lense 3 inche 
thickoat 48.3 feet .  Joints  
a t  45 to  core axis. 
- End o f  Hole 49.0 Feet - 

S A Y  P . L E  PENORATION 

TEST 
na 1 ~ P E  I SIZE I DEPTH I RET'D 



ACRES AMERICAN INCORPORATED - CONSULT1 NG ENGINEERS 
BUFFALO , NEW Y O R K  

D R I L L I N G  R E P O R T  

W E N T  NLO,  Inc. JOBNO. P6254.07 

PROJ ECT Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. BH-8 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 1 OF 3 

CONTRACTOR: Empi r e  S0i 1 S STARTED 9:00 A.M. April 28 1 9  81 
FINISHED 3:00 P.M. April 28 19 81 

M ETHOO SOIL H0l low Stem Auger CASING DIAM. 
OF 

DRILLING: ROCK Diamond Coring CORE DIAY. N X 

LOCATION : UTlTUOE ELEVATIONS : DATUM USGS 
DEPARTURE 
BEARING 
INITIAL DIP 90' 
OTHER WPS 

DRILL PUTFORM None 
GROUND SURFACE 319.5 
ROCK SURFACE 272 2 
B O r r O M O F H U X  267.2 
WATER UEVEL 5/8/81, 313.5.Ft.  

F i l l  Gravelly material  A U G d R E D  

ML Red- brown, 5 i  1 t , clayey,  1 A Y  2" 1-3 
containing organics ,  sand 
lenses ,  t r a c e  gravel through- - 
out .  2 AY 2" 3-5. 

Red-brown Clay containing 3 A Y  2" .5-7 
t h i n  s i l t  and sand lenses  up 
t o  1/4 inch. Gravel dispersed 
throughout. General 1y s t i  f f  4 AY 2" 7-9 
t o  very s t i f f .  

C L Gray-brown t o  gray-red C l  ay , 8 AY 2" 15-17 12" 2-2- 
s i l t y  , sandy, gravel ly ,  s o f t  2-3 
t o  very s o f t ,  sa tura ted .  

9 A Y  2" 17-19 18" 5-4- 
I*YPUWO Y C T ~  snlm(r0 O~TAIWER * A -  SPUT T U ~  L-  AUOU ~d - I M S ~  R - QOTU MO 
a - r n t w  uu TUW F -  r u n  O - T W L  s - rrtor~u pi- 
c - r- WCCER c - WATU amrrwrnm t - O I ~ U R O ~ D  
D - C O M  U R L L  0 - 0- JAR . Y - c o d  box 

INSPECTOR P. Barth 
APPROVED 

LOGGEDBI R. Werneiwski 
DATE 



ACRES AMERICAN INCORPORATED - CONSULTING ENGl NEERS 
BUFFALO, N E W  YORK 

D R I L L I N G  R E P O R T  

WENT NLO,  Inc. Joe NO. P6254.07 

PROJECT Foundation Investigation & Site Characterization HOLE NO. BH-8 

Niagara Falls Storage Site 

Dacmmo*: COLOR, urcs~sf~m. mnmu~s. 
WATU C c u r c m ,  ~ I C I I I .  QYWICTNLSI. 
WATER w O a U I N .  m. 

Gray brown Clay, very so f t ,  
very plastic to  liquid. 
Contains s i l t ,  sand and 
gravel throughout; saturated. 

Clay , gray, sof t ,  brown color 
absent to 39 feet.  

31-33 Feet - clay, slightly 
firmer and s t i l l  contains 
gravel. 

Clay, gray, very sof t ,  
saturated. Sand and gravel 
throughout. 

Sand, S i l t ,  and Gravel in 
alternating layers up t o  
18 inches. Gravel sub- 
angular. up to  1/2 inch. 

Red Si 1 tstone, horizontal 
eddin spaced. t 1/2-5.inch 

k e e n  Bil tstone Tense 3 i nche - . - -. . - - - 

thick a t  50.5 feet.  

SHEET NO. 2 OF 3 

S A M P L E  I l o *  



ACRES AMERICAN INCORPORATED - CONSULTING ENGl NEERS 
BUFFALO, NEW Y O R K  

D R I L L I N G  R E P O R T  

CUENT NLO,  Inc. J O ~  NO. P6254.07 

PROJECT Foundation I n v e s t i g a t i o n  & S i t e  C h a r a c t e r i z a t i o n  HOLE NO. BH-8 

SITE Niagara Fa1 1s S t o r a g e  Si t c  

Bedrock 

pcmmorr: COLOR, cortwsrrmr, tnnrcrua, 
WTER UWMT, M C I I I .  QWRETII- 
WATER UJSS 01 -1 11. ETC. 

Red S i l  t s t o n e .  

- End o f  Hole 52.3 F e e t  - 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  ~ E P O R T  

cum NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Investigation & Si te  Characterization HOLE NO. BH-9 

SITE Niagara Falls Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empi r e  Soi 1s STARTED 9:00 A.M. June 24 1981 
FINISHED 3:30 P.M. June 24 1981 

Y M O  SOIL Hollow Stem Auger CASING OIAM. 
OF 

MILLING: ROCK Diamond Coring CORE OIAY. NX 

LOCATION : LATlTUDE ELEVATIONS : DATUM USGS 
DEPARTURE 
SEARING 
rNrrlnL ow 90' 
OTHER MPS 

D R I U  PLATFORM None 
GROUNO SURFACE 321.2 
ROCK SURFACE 285.2 
B O ~ M ' O F  HOLE 280.2 
WATER LEVEL 7/10/8.l, 315.63 F t  

F i l l  

-PTlad: COLOR, COHSISTENCY. SmUCmJR€. 
WATEn COIFNCT, PUSTICIn,  tWP*crn€ss, 
WATER LOSS Q1 GAIN, m. 

Red Sand, organic. 

A1 ternating layers of brown 
Clay with t race  gravel , tan. 
Si 1 t ,  sandy and brown Sand, 
s i l t y .  , 

Brown Clay, s i l t y ,  sandy, 
t race  of gravel dispersed 
throughout. Damp. Medi urn t o  
sof t  density. 

S A M ?  - 
SIZE - 

A U G 

2"  

3 -5  14" 6-7- 
9-11 

. 5-7 20" 18-22- 
23-30 

7-9 24" Denison 

Q - GUS JAR Y -co re b d t  

INSPECTOR P. Barth 
AFQRWED 

UGGEo BY R .  Ti1 ghman c 
DATE June 1981 



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  

CLIENT NLO, Inc. J O B  NO. P6254.07 

PRCJECT Foundation Investigation & Site Characterization HOLE NO. BH-9 

SITE Niagara Falls Storage Site SHEET NO. 2 OF 2 

SOIL TYPE I C L  DtSCRIPTION: COLOR, CONSISTENCY, STRUClURE. 
WATER COhlZNT, PLASTICITY. COY PACTNESS. 
WATER U S S  OR GAIN, ETC. 

Same material. 

Gray-brown Clay , s i  1 ty , sandy 
trace gravel. Saturated. 
Plastic. Soft t o  very soft .  
Some t h i n  sand lenses present 

Red- brown Sand, s i  1 ty , cl ayey .- 
Medium to s t i f f . .  Gravel 
present throughout. 17 

36 18 

Bedrock Red S i  1 tstone and Shal e. 
38 Highly weathered,. becoming 

less weathered with depth. 19 



ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS ' 
BUFFALO, NEW YORK 

D R ~ L L I N G  R E P O R T  

cum NLO, Inc.  Joe  NO. P6254.07 

PROJ ECT Foundation I n v e s t i g a t i o n  & S i t e  C h a r a c t e r i z a t i o n  HOLE 'NO. BH- 10 

SITE Niagara Fa1 1 s  S to rage  S i t e  , SHEET NO. 1 OF 2 

CONT RACTOR: Empi r e  Soi 1 s  STAR~ED 3:30 P.M. Apr i l  28 1081 
RNlSHED 12: 15 P.M. Apri l  29 I981 

Y m o o  sot L Hollow Stem Auger CASING DIAM. 
OF 

DRIUNG: ROCK Diamond Coring CORE DIAM. N X 

LOCATION : U T I N D E  ELEVATIONS: D A N M  USGS 
DEPARNRE 
BEARING 
INITIAL DIP 90' 
OTHER MPS 

DRIU PLATFORM None 
GROUNO SURFACE 319.2 
RoCK SURFACE 2 76.0 
B O T ~ M  'OF HOLE 270.8 

- - - -- - - -- - -- 

Si 1 t , brown, o rgan i  c. 

Brown t o  red-brown Clay,  1 
c o n t a i n i n g  s i l t  l e n s e s  and 
sandy p a t c h e s ,  s t i f f .  - 
Occasional  g rave l  throughout .  2 

Si 1  ts tone  f ragments .  t; 
7-8 Fee t  - Red Si 1  t , sandy,  4 
s a t u r a t e d .  

Gravel , S i l  t ,  Sand, and Clay 5 
i n  a1 t e r n a t i n g  l a y e r s  1 t o  12 
inches  t h i c k .  All hor izons  - 
wet t o  s a t u r a t e d .  Well s o r t e d  6 

Gray-brown Clay , s i 1  t y  , sandy,  
t r a c e s  o f  grave l  th roughout ,  
s o f t ,  p l a s t i c ,  wet t o  
s a t u r a t e d .  

6 -  TWIN uu TU# F - w ~ s n  O - T ~ M L  t - RIOCILM a&. 
C-~(S~DIUCCU c - W A ~  C O W ~ ~ W T ~ N  
o - CORE WREL o - CUII J*R t : ' z r ' ybo  x 

INSPECTOR P. Barth 
APPROVED 

LOGGED BI R. Werneiwski 
DATE May 1981 



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  

WENT N L O ,  Inc. JOB NO. P6254.07 

~ E C T  Foundation Investi  gation & Si t e  Characterizat-ion HOLE NO. BH-10 

Niagara Fa l l s  Storage S i t e  SHEET NO. 2 OF 2 1 

CL 
(cont  ' d )  

SC 

SM 

Bed rock 

Gray- brown Cl ay , s i 1 t y  , 
sandy gravel t o  3/4 inch 
throughout. Soft  and 
sa tu ra t ed .  

Sandy, s i l t y  21-23 Feet. 

Gray-brown Clay containing 
coarse sand and occasional 
gravel throughout. 

Gray-brown Clay , sandy. 

Gray-red Sand, clayey. Unit 
contains a1 t e r n a t i  ng c l ay  
and sand lenses which vary 
from red t o  gray i n  co lor .  

Red Sand, s i l t y ,  moist, 
g ravel ly ,  angular ,  containing 
occasional fragments of  

Red Si 1 t s tone ,  weathered, 
s o f t ,  f r i a b l e .  Horizontal 
bedding spaced a t  3-8 inches, 

- End of  Hole 48.4 Feet 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

CLI OCT NLO, Inc. ~ 0 8  NO. P6254.07 

PROJECT Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. BH- 12 

SITE Niagara Falls Storage S i t e  SHEET NO. 1 OF 3 

CONTRACTOR: Empi r e  Soi 1 s STARTED 9:00 A.M. May 28 IS 81 

Y ETHOO SOIL 
OF 

DRILLING : ROCK 

FINISHED l :00 P.M. June 11 1 9 8 1  
Holl ow Stem Auger CASING DIAM. 4 inch 

Diamond Spl i t  Tube Coring CORE OIAM. NX 

LOCATION : L A 1  IlUOE 
DEPARTURE 
BEARING 
INITIAL DIP 
OTHER DIPS 

ELEVATIONS: DATUM USGS 
DRIU PLATFORM None 
GROUND SURFACE 320.9 

90' ROCK SURFACE %286 
e o r r o M  OF HOLE 225.9 

1 Overburden 

Bedrock 

OESCRlPTIOn : COLOR, TUTURE. FWIllOa. J(WNTIWC, fRKTMIWO, FAULTING. 
MllERATH)II. WATER LOSS OR UIN.  UVINQ. LOST CO(IE, QYENtlNQ, LTC. 

No samples taken-augered through overburden 
to  30.0 f e e t .  

30.0-32.0 f e e t  S p l i t  spoon sample. Gray 
Clay, s i l t y ,  sandy w i t h  t r a c e  of  gravel.  
Very s o f t ,  moist. Penetration t e s t  blows 
2, 3, 4, 6. 

32-34.0 f e e t  S p l i t  spoon sample. Same 
materi a1 w i t h  weathered s i  1 t s tone  fragments 
33.8-34.0 f e e t .  Penetration t e s t  blows 
6 ,  12, 18, 29. 

Augered through bedrock in this zone due t o  
highly weathered condition .to s e a t  casing. 
4 inch diameter s t e e l  casing i n s t a l l e d  from 
0 t o  44 f e e t  and grouted t o  the  surface.  

10 1s 
2 feet  
LEN6TH 
OFllWl 

RLC 
(RQO) 

LOGGED BY 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

CLIENT N O ,  Inc. JOB NO. P6254.07 

PROJECT Foundation Investigation & Site  Characterization HOLE NO. BH-12 

SITE Niagara Falls Storage Site SHEET NO. 2 OF 3 

45.0 I Si 1 tstone 46.0 feet 3 inches Green Sil tstone bed. 

Sil tstone with some shaley layers. Thinly 
bedded a t  900 t o  core axis (horizontal ) .  
Average discontinuity spacing 4-5 inches. 
Slightly weathered, Green Siltstone beds 
throughout, 

Drill ing rate  approximately 5 min/foot. Some 
rubble present in core due to  blocking of 
barrel. 

Average discontinuity spacing approximately 
6 inches. 

Good water return. 

Green Siltstone beds occuring less 
frequently with depth. 

Slightly t o  moderately .weathered. 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

CLIENT \LO, I~c. ~ 0 %  NO. P6254.07 

PROJECT Foundation 1nvest igat . ion & S i t e  I n v e s t i g a t i o n  HOLE NO. BH- 12 

SITE Niagara F a l l s  Storage S i t e  SHEET NO. 3 OF 3 

Si 1 t s t o n e  Average d i s c o n t i n u i t y  spacing 5 inches.  
Some i n f i l l  i n g  o f  f r a c t u r e s  w i t h  c a l c i t e .  

End o f  Hole 95.0 Feet 

u n m i  
OF RUM 

REC 
(ROO) 



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. 

PROJECT Foundation Inves t iga t ions  & S i t e  Character izat ion HOLE NO. BH-13 

SITE Niagara Fa1 1s Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empi r e  Soi 1 s STARTED 2:  30 P .M. May 4 ,  I 981 
FINISHED 11:OO A.M. May 5 ,  IS 81 

M m o o  sol L Hol low Stem Auger CASING DIAY. 
OF 

DRILLING: m a  D i  amond Coring CORE DIAY. N X . .  

LO'CATION : U T I N D E  
DEPARTURE 
BEARING 
1NrrlAL MP 90' 
OTHER Dl= 

ELEVATIONS : O A N M  USGS 
DRIU PLATFORM None 
GROUND SURFACE 320.2 
ROCK SURFACE 275.3 
eomM OFHOLE 267.1 

49F, 1 " L "  

WATER LEVEL May 4, 1981 ~ 3 1 1  
F t .  MSL 

I I 

DCEXXI~~IW: COLOR, ~us~~ucr.rrrrucrunC, 
WATER CCMEW, PusnClTY,  aMclw€SS, 
WATER L D S S O R U I N ,  m. I( a. 

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- 
ing th in  s i l t y  and sandy 
lenses 1/8 t o  1/4 inch 
th i ck .  

Gray -brown C l  ay , s i 1 t y ,  
sandy, t r a c e  gravel through- 
out.  So f t  t o  very s o f t ,  wet. 

16-18. f e e t  c l a y ,  sandy, 
grave1 l y  . 

sntmm cac: 
E - AUOCR W - IMSEW 
F - wrsn o - w a  - W A r n  CO 

a -@US U 

I NSPECTOR P. Barth 
APPRQVED 

LOGGED BY R. Werneiws k i  
DATE May 198 



- 

ACRES AMERICAN INCORPORATED - CONSULTING E N G i  NEERS 
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  

CU ENT NLO, Inc. joa NO. P6254.07 

PROJECT Foundation Invest igat ions & S i t e  Character izat ion HOLE NO. BH-13 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 2 OF 2 

C L 
(Conti n -  
ued) 

Bedrock 

- -  

Gray- brown Clay , sandy, 
s i l t y ,  t r a c e  of gravel 
throughout, s o f t ,  wet,  
p l a s t i c .  

Gray Clay, sandy, s i l t y ,  
very uniform. S o f t ,  wet, 
p l a s t i c .  

Clay, containing s l i g h t l y  
g rea t e r  amounts of sand a t  .- 

base of  uni t .  
. . . . . . . . , . . , . . . . , . . 

Red t o  red ish .gray  Si1 t, 
clayey,, gravel ly.  Very 
dense t o  hard. Contains 35-48. 
anaul a r  f r a a w t s  
Red t o  gray, Clay sandy, 2 1  Ay 2" 41-43 18" 18-21- 
s.ilty,with 1 inch gravel 26-30 
and weathered s i  1 t s tone .  

22 A Y  . 2" 43-45 6"  27-85- 
99-R 

73 A Y  7 "  45-47 0 'I 85-R A 

4 U G E R E D  

24 A Y  2" 47-48 8"  
ggmg8 

Red S i l t s t o n e ,  weathered, 
horizontal  bedding' spaced 
a t  2 t o  3 inches'. 25 D Y  3" 48..1- 5.0 RQD 
End o f  hole 53.1 k t .  53.1 0 

J 



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  

CUEKT NLO, Inc. JOB NO. P6254.07 

PROJ ECT Foundation Invest igat ion & S i t e  Characterization HOLE HO. BH-14 

s17E Niagara Fa1 1 s s torage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empi r e  S0i 1 s STARTED 12 : 30 P M .  May 1 1 081 
FINISHED 2:15 RY. May 4 1981 

M mHOD SO1 L Holl .0~ Stem Auger CASING DIAM. 
OF 

DRILLING: ROCK Diamond Coring CORE DlAY. NX 

LOCATION : LATITUDE ELEVATIONS: DATUM USGS 
DEPARTURE 
BEARING 
I N ~ ~ I A L  DIP 90' 
OTHER MPS 

D R l U  PLATFORM None 
GROUND SURFACE 319.3 
RoCK SURFACE 276.3 
B O ~ M ' O F H O L E  270.6 
WATER LEVEL 5/4/81, 314 F t  MSL 

m n  

(st) 

2 - 

4 

6 

8 -- 

10 

12 

14 

16 

18 

Red-brown Clay, s i l t y ,  sandy, 

Red-brown Sand, gravelly, 1 3 BO 
poorly sor ted ,  medium t o  
coarse grained. Poor recovery 
from Shelby, tube discarded. , 4 AY 

Gray Clay, s i l t y ,  sandy, 
t r a c e  gravel ,  s o f t ,  p l a s t i c ,  Ay wet. Occasional t h i n  s i l t  
1 enses. 

6 AY 

7 BO 

mmfXHl - =ST 
m'D 

10" 2-3- 
5-7 

12" 9-10- 
8-9 

9" She1 by 
Tube 

24" 10-8- 
6-4 

6-6 

Tube 

INSPECmR P. Barth 

~ G G E D ~  R. Werneiwski 
APPROVED 

May 1981 



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. JOE NO. P6254.07 

PROJECT Foundation Investigation & Site Characterization HOLE NO. BH-14 

Niagara Falls Storage Si te  SHEET NO. 2 OF 2 

SOIL TYPE 

Bedrock 

OESCRI~~ON: COLOR, CONSISTEH~~,  ~ ~ ~ ~ U C T U R E ,  S A Y P L E  PENETRATION 
WATER C O h T W r .  PIASTICllY. COY PACTNESS, TEST 
WATER LOSS OR GAIN. ETC. na 1 ~ P E  1 SIZE I DEPTH I RET'D 

Gray Clay, containing thin 
s i l t  and sand lenses to 1/4 
inch thick. Soft, damp to 
wet. 

33.0 Feet - S i l t  content 
increasing, trace gravel . 

Sand, gravelly, subangular 
fragments. Could not drive 
Denxson ; too gravelly . 
Red Sand, s i l t y ,  gravelly, 
fine to  very fine, very dense 
30 hard, dry. Contains 
weathered bedrock fragments. 

Red Si 1 tstone, weathered, 
horizontal bedding spaced 
1/2 t o  3 inches. Green 
si  1 tstone 1 ense. 6 inches 
thick a t  44.5 feet. 

. .  . .  - End o f . ~ o l e  48.7 Feet - 

ROD 
0 



ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS ' 
BUFFALO , HEW YORK 

D R I L L l H G  R E P O R T  

CUENT NLO, Inc.  JOBNO.  P6254.07 

PROJ ECT Foundation I n v e s t i g a t i o n  & S i t e  Cha rac te r i za t i on  HOLE NO. BH- 15 

SITE Niagara Fa1 1s Storage S i  t e  SHEET NO. 1 OF 4 

CONTRACTOR : Empi r e  Soi 1 s STARTED 1:30 P . M .  June 16, 19 8 1  
FINISHED :0° June 24, 19 81  

Y E M O D  Sol L H0l1 OW Stem Auger CASING DIAM. 
OF N X 

DRIWNG:  ROC% Diamnd  Coring CORE DIAY.  

LOCATION: U T I T U O E  ELEVATIONS : DATUM USGs 
DEPARTURE ORIU PLATFORM t h e  
BEARING GROUND SURFACE 320.2 
INITIAL DIP go0 ROCKSURFACE 273.7 
OTHER BPS B O ~ M ' O F H O L E  215.7 

WATER LEVELS Ju l y  10 1981 
315.18 tt MSL 

INSPECTOR P. Ba r th  
APPROYE0 

LOGGED er R. Werneiwski 
June 1981 

DE~~Y~ICIIOU: COLOR, COI)SI-ENCY, ~TRVCNRL, 
WATER COrrPCT. PUJTICITY,  QWP*CTM€SS, 
WATER LOSS a? U I N ,  m. 

Brown S i l t ,  clayey, sandy. 

Red-brown Clay, s i l t y  sandy, 
t r a c e  g rave l  w i t h  diameters t o  
1 inch.  Occasional sand 
1 ayers. 

6.5-7.2 Clean Sand, t r a c e  
g rave l  . 
E n t i r e  u n i t  i s  more sandy than- 
p r e v i o u s l y  encountered. 

Gray Clay, s i l t y ,  sandy w i t h  
t r a c e  g rave l .  S o f t  t o  medi urn 
s t i f f n e s s .  Occasional S i l t  - 
and/or Sand lenses. Mo i s t  t o  
wet. 

tnlmm 
E- A W U  W - I a S m  ~ - a o f n  MO 
C - WASM 0 - T U W  s - R I O C I U  w- - WATER TIN 

a - 4- JAR z Y - c o r  - -?' box 

TEST 

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 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

orm 

1-3 

3-5 

5-7 

7-9 

9-11 

11-13 

13-15 

15-17 

17-19 

mb 

12" 

10" 

18" 

16" 

15" 

24" 

24" 

18" 

24" 

S A M P L E  

w q  SIZE 

A Y  

AY 

AY 

AY 

AY 

AY 

AY 

AY 

AY 
CCUTAIMER 

A U G E R E D  
2 "  

2" 

2" 

2" 

2" 

2" 

2 "  

2" 

2" 



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 N L O ,  Inc. Joe P6254.07 

WECT Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. BH-15 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 2 OF 4 I 

SM 

Bedrock 

mwwwm: COLOR, C I I W S T E M C Y , ~ ~ .  S A M P L E  
urn cormrr. m c m .  c w # n n ~ ~ ~ ,  . 
WATER LCISSORGAIN, n c .  na I TYPE 1 SUE I D C m  

Gray Clay a s  above. 9 I A Y ~  2" (17-19  
I I I 

wet w i t h  t r ace  gravel . 
21.0-22.0 Sand lense.  Clean, 

Gray Clay as above. Sof t ,  
p l a s t i c ,  moist t o  wet. 

Red S i l t ,  sandy, clayey. 
Loose, -wet. Some gravel .  

Gray-red s i l t ,  sandy, I lg I A Y  1 '211 ~~~;~~ gravel ly ,  clayey. Moist. 
Occasional s i l  t s tone  
fragments. 

20 AY 

Red S i l t s tone .  Sl 
moderately weathered. 
bedded. 

R E D 



ACRES AMERICAN INCORWRATED - CONSULTING ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

CUENT NLO, Inc.  J O ~ H O .  P6254.07 

PROJECT Foundation Invest igat ion & S i t e  Character izat ion NO. B ~ - 1 5  

SITE Niagara Fa1 1  s  Storage S i t e  SHEET NO. 3 OF 4 

CONTRACTOR : Empi r e  Soi 1  s  STARTED 3:00 P . ~ .  June 22, l9 81 
FINISHED z o o  P .M. June 24, 19 81 

CASING DIAM. 4 inch 

Diamond Coring CORE DIAM. NX 

Y E M O O  SOIL 
OF 

DRILLING : ROCK 

LOCATION : LATINO€ 
DEPARTURE 
BEARING 
INITIAL Dl? 
OTHER DIPS 

ELEVATIONS: DATUM 
D R I U  PUTFORM 
GROUND SURFACE 
ROCK SURFACE 
B O r n M  OF HOLE 
WATER TABLE 

Si l  t s tone  
49.0 and 

to Shale 

54.0 

INSPECTOR P.  Barth 

-RIPTION: COLOR, TffTUM.FOU*THW(~W)IUTlM.NCTWI(W9, FAULTlN6. 
ALTERATION. WATER LOSS OR U I U ,  CAVIYO. LOST C-, Q Y M T I N 6 ,  ETC. 

Cored from 49.0 - 54.0 f e e t ,  then augered 
through rock t o  54.0 f e e t .  4  inch diameter 
s t e e l  casing was i n s t a l l e d  from 0 t o  54.0 feel 
and grouted t o  the  sur face .  

Red Si l  t s tone  and Shale. Occasional green 
s i l  t s tone  1  enses 2-3 inches th i ck .  

Thinly bedded, hor izonta l ,  1 ow hardness. 
Average d iscont inui ty  spacing 2 - 3  inches. 
S l i g h t l y  t o  moderately weathered. Some 
c a l c i t e  replacement on f r a c t u r e  sur faces .  

Dri l l  r a t e  a t  4-5 minutes per foot .  Good 
water re turn .  

71.0 Green S i l t s t o n e  lense  4  inches th i ck .  

DATE June 1981 / 5 

LEWBTn REC 
W W  (nQ0) 

5.0 92 . 

(90) 

5.0 86 
(58) 

5.0 100 
(36) 



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. J O E  NO. P6254.07 

p R o J ~ c r  Foundation Investigation & Site Characterization HOLE NO. BH-15 

S l lE Niagara Falls Storage Site SHEET NO. 4 OF 4 

l f f .1 ROCK TYPE 

Shale 

79.5 

D ~ R l ? T l O N  : COW& TEXTURE ,FCUATlON, JOlwTlW3, ~ ~ l N S ,  FAULTlNe, 
ALTLRATIOW, WATER LOSS W GAIN, U V l M O ,  LOST CORE, C N E N T I N G ,  E X .  

Red Sil tstone and  Shale as above. 

Some clay inf i l l ing  in moderately weathered 
areas. 

Discontinuity spacing increases t o  3 - 3-112 
inches. 

86.0 - 9 inch Green Siltstone lense. 

Discontinuity spacing 4-112 - 5 inches. 

Clay present on bedding planes where rock i s  
nore highly weathered. 

Yinor rubble zones due t o  mechanical action 
3f dr i l l ing 

End of Hole 104.5 Feet 

O F  RUN (RQOJ 1 



- 

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. doe NO. P6254 .07 

PROJECT Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. BH-15A 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 1 OF 1 

CONTRACTOR: Empi r e  Soi 1 s STARTED 11:15 A.M. Ju ly  2 I 9 8 1  
FINISHED 12 :00 P .M. Ju ly  2 19 81  

M O H 0 0  SOIL H o ~  1  OW Stem Auger CASING DIAM. 
OF 

MZIUJNG: ROCU None CORE DtAM. 

LOCATION: UTITUDE ELEVATIONS : DATUM USGS 
DEPARTURE 
BEARING 
lnrrm DIP 90' 
OTHER Dl= 

DRlU  PLATFORM None 
GROUND SURFACE 319.5 
ROCK SURFACE 
BO~TOM.OF HOLE 304.5 
WATER LEVEL 7/10/8l, 312.73 F t  ~ S 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  

N L O ,  INC. - CLlENT JOB NO. P6254.07 

PROJECT Foundation Invest igat ions & S i t e  Character izat ion HOLE NO. BH-16 

SITE Niagara Fa1 1 s Storage Si t e  SHEET NO. 1 OF 3 I 
CONTRACTOR: Empi re Soi 1 s STARTED 3: 30 P .M. May 12, i s 8 1  

FINISHED 9 :00 A .Y. May 15,  1981 
SOIL H o ~  1 OW Stem Auger CASING DIAIY. M ETHOO 

OF -, .. 

ORIUJNG: ROCK Diamond Cori ng CORE DlAY. N X  . 

LOCATION: UTITUOE 
DEPARTURE 
BEARING 
INrrlAL DIP 90' 
OTHER Dl= 

ELEVATIONS : DATUM US GS 
D R l U  PLATFORM None 
GROUNO SURFACE 320.9 
ROCK SURFACE 272.4 
B O ~ M ' O F H O L E  ,767.4 

NOTE: Swampy area ,  boring i n  standing water WATER LEVEL 7/10/.81, 315.0 
7 

Yellow-brown, sandy, clayey, 
wet. -: 

I 

Brown Clay, sandy, gravel l y  , 3 Ay 2" 4-6 
s t i f f ,  moist. 

i 

6-8-.'Eet . - 4 Ay 2" 6-8 
Brown Sand, gravelTy, we1 1 
sor ted .  wet aravel up t o  3/4" 
Gray-brown Clay , sandy, 5 AY 2" 8-10 
gravel ly ,  medium t o  s o f t ,  
plast ic;  moist. 

Very p l a s t i c ,  s o f t ,  rounded 
gravel t o  1/2 inch. 

AY 

I - THIN mu NEE . t - wrsn 0 - TUIE S - NWILU v 
C - CISIPn SLYPLIll ? - WATER Q)llfD(T TIN I - O I I U R O E C  
D - CORE WREL Q - QLISS JAR y - Core/Box 

l NSPECTOR P. Barth 

LOGGED 67 R. Adams 
DATE May 198 



ptsmm~: COLOR, UWISTENCV,~UCTURG I S A M P L E  

r) 

Gray-brown Clay, t r ace  
gravel throughout some 
coarse sand. Sof t ,  wet, 
p l a s t i c .  . . 

ACRES AMERICAN INCORPORATED - CONSULTING ENGl NEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

WENT NLO, INC. JOB NO. P6254.07 

PROJECT Foundation Investigations & S i t e  Characterization HOLE W. BH-16 

SITE Niagara Fa1 1  s Storage Si t e  SHEET NO. 2 OF 3 

'26; t o  26.5 Feet 
sand 1  ense, Toose, w e t  

o m  
, ( f t )  

-- ----- 

Brown Sand, S i l t ,  and Gravel 
in  a l t e rna t ing  bands 12716 
inches th ick .  Gravel both 
angular and rounded u p  t o  
% inch. 

.. -- 

Brown Sand, S i l t y ,  grave 
dense, moist t o  dry. 

-- 

Brown S i l t ,  sandy, gravel ly .  24 
Moist Gravel both rounded 

1 I A Y ~  2" 

and angular up  t o  $ inch. 

Bedrock Red Shale 126 1 ~ y 1  3" 6.0'1 0 R Q D  ] 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

~ ~ E F J T  NLO, INC. J O ~  MO. P6254.07 

PROJECT Foundation Inves t iga t ions  & S i t e  Character izat ions HOLE NO. BH-16 

SITE Niagara Fa l l s  Storage S i t e  

WHL T V U  

Red Shale,  t h in ly  bedded, 
moderately weathered. 
Traces of ca l  c i  t e  ..rep1 acemer 
End of Hole 53.5 f e e t  

- 

9Fscmmorc: COLOR, c o m a m ' c r n . ~ ,  
WAm C m v U r .  P L * m C l W .  Q ) Y ~ I T ~ W E S &  
Urn OllUIU. m. 

Bedrock 

SUE - 
3" 

& 

TEST - 
0 RQD 



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  N L O y  Inc. ~ o e  NO. ~ 6 2 5 4 . 0  7 

PROJECT Foundation Invest igat ions & S i t e  Character izat ion HOLE m). BH-24 

SITE Niagara Fa l l s  Storage S i t e  s u m  NO. 1 OF 2 

CONTRACTOR : Empi r e  Soi 1 s STARTED 8:00 A.M. May 19 19 81 
FINISHED 4:30 P.M. May 19 19 8 1  

Y !EWOO SOIL Hall OW Stem Auger CASING DIAY. 
OF 

DRILLING: ROCK D i  amond Coring CORE DIAY. NX 

LOCATION: LATITUDE ELEVATIONS: DATUM USGS 
DEPARTURE 
BEARING 
INITIAL DIP 90' 
OTHER DlPS 

DRILL U~FORM None 
GROUND SURFACE 320.3 
ROCK SURFACE 274.8 

=rtm: COLOR, cowslm?m,rrrructuRc, 
WATER CUlEMT. PL*STICIm, CW-, 
WATER ~ O R U I Y .  m. 

Brown s a i d ,  s i l t y ,  f i n e  t o  
medi um grained . 1 '  
Ye1 !:ow-brown J i  1 t , sandy, 
clayey, moist. I 
~ r o w n  Sand, s i l t y ,  medium 
dens i ty ,  moist w i t h  t r a c e  of 
c l ay  and gravel .  Gravel 
rounded and up t o  1/2 inch. 

8 
Brown and, Clayey, s i l t y ,  T p-avel Y .  

S Y P U Y G  YETMOD S W P P l S  CO)(TAIWER 
* A -  S P U I N E  E - AUO- W - I W S W  R - QOTW M f  

B - T ~ I W  uu NIE F - WASH O - N M  s - PUORLY EM 
c - rmm YYPLER P - WATTR CO~TEKT nw z - OIOCLROLD 
D - CORE B M R E L  Q - Q L A t S  JAR . Y-core' box 

INSPECTOR T. Ful ler  
APPROVED , 

LOGGED m R.  Adarns 
I 

DATE June 1981 



ACRES AMERICAN l NCORPORATED - CONSULTING ENGl NEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

CLIENT NLO, Inc. JOE m. P6254.07 

PROJECT Foundation Investigations & Si t e  Characterization HOLE NO. BH-24 

SITE Niagara Falls Storage S i t e  SHEET NO. 2 OF 2 I 
- - 

SM/ GM 
(cont ' d )  

Bedrock 

sand, clayey, s i l t y  w i t h  
some gravel, moist. Poorly 
sorted. 

Gray Clay, S i  1 t y  sandy. with 
t race  grayel. Soft,  :- 

.p las t ic ,  moist to  wet. 
Gravel portions often 
composed of 1/2 inch shale 
fragments'. 

Si l  t and sand 1 enses 
throughout. -. 

Gray-brown t c  brown Sand, 
s i l t y ,  gravelly Gravel 
rounded up to  1 /2  inch. 

Red S i l t ,  clayey, very 
dense t o  hard, moist. Some 
weathered shale fragments 
present. 

Red Shale, th inly  bedded, 
moderately to  s l  ight ly  
weathered. Green 7 ens 
1 inch thick a t  48.0 f ee t .  

Bottom of Hole 50.5 fee t .  
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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 M  NLO, Inc. ~ 0 1 3 ~ 0 .  P6254.07 

PROJECT Foundation Invest igat ions & S i t e  Character izat ion HOLE NO. BH-28 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR : Empire S0i 1 s STARTED 8:00 .A.M. May 20, 1981 
FINISHED .M. 19 

Y m o o  SOIL Hol 1 ow Stem Auger CASING DIAY. 
OF 

~ I L U N G  : ROCK Diamond Coring CORE DIAY. NX 

LOCATION : LATlNDE 
DEPARTURE 
-RING 
INITIAL WP go0 
OTHER D(PS 

ELNATlONS : DATUM USGS 
ORIU PLATFORM None 
GROUND SURFACE 320.4 
ROCK SURFACE 274.9 
eonou w HOLE 269.4 
WATER LEVEL 7110181, 315.10 F t  

c e m t  

( f t )  

2 

9 

6 

3 

1 0. 

12 

14 

16 

18 

* A -  SRK NOE E - AUOU M - IIISEIIT R - a o f n  MC 
8 - TMIM uu TUBE F - WASH o - NIL s - NWIU ,a& 
C - Cl- S U R E R  ? - WATER awrrrrr TlM x - DICURO~D 
D - CORE BARREL Q -6- JAR Y-core , h x  

I NSPECTOR T. Ful le r  

LOGGED BY R .  Adams AWWED , g//&&/'fly - / . 
DATE May 1981 

m L  TWE 

GMIML 

ML 

C L  

C L 

SAYPUWC YETMOO 

r4SI 

ratLTMrYm 
TEST 

2-2- 
5-11 

9-5- 
6- 10 

7-14- 
17-26 

21-30- 
38-40 

10-16- 
17- 18 

5-8- 
10-11 

9-8- 
9-8 

4-3- 
3-3 

2-3- 
2 -2 

. . .  

#scmmor: COLOR, c o w s l r n r n . ~ l r r ,  
WATER CQ(IDTr. P U S n W T T ,  COYC*CtWSS, 
WATER mss orr ~ I M ,  m. 

Brown S i l t ,  sandy w i t h  
t r a c e  -.. gravel up t o  1/4 inch. - 

~ r o ~ ~ - ~ i l t ,  -clayey, s t i f f ,  
moist' t o  dry. Occasional 
gravel w i t h  rounded and 
subangular fragments. 

Brown Clay, s i l t y ,  s t i f f  t o  
medi urn, some sand' and t r a c e  
gravel throughout. 

Gray-brown t o  gray Clay, 
sliht'y, sandy, s o f t ,  p l a s t i c ,  
moist t o  wet. 

SWIPP~W 

m'D 

16" 

18" 

19" 

16" 

24" 

22" 

24" 

21" 

15" 

MO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Mrm 

0-2 

2-4 

4-6 

6-8 

8-10 

10-12 

12-14 

14-16 

16-18 

mle* 

AY 

AY 

A Y  

AY 

AY 

AY- 

AY 

AY 

AY 

CO*TAIUER 

S A Y C L C  

SlZL 

2" 

2" 

2" 

2" 

2" 

2" 

2" 

2 "  

2" 



ACRES AMERICAN INCORPORATED - CONSULTING ENGl NEERS 
BUFFALO, NEW YORK 

0 R I  C L I N G  R E P O R T  

CU ENT NLO, I ~ c .  Joe P6254.0 7 

PRWECT Foundation Investigations & Site  Characterization HOLE NO. BH-28 

SITE 

o m  
( f t )  

20 

2 2 

2 4 

2 6 

2 8 

30 

32 

-34 

36 

38 

40 

42 - 

4 4 

4 6 

48 

50 

Niagara Falls Storage Si te  SHEET ~a 2 OF 2 

CL 
(Contin- 
ued ) 

. . .  

Bedrock 

Gray Clay, s i l t y ,  sandy, 
plas t ic ,  moist t o  wet. 
Traces of gravel throughout. 

Gravel up to  1/4 inch. 

Clay becomes sandy near I 18 
base o f  u n i t .  L 

Gray t o  brown Sand, s i l t y ,  
gravelly with clay lenses. 
Gravel up t o  1 inch present. 
Water f i r s t  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. 

- 
- 23 

Red brown Shale and 
Sil tstone,  horizontal 
bedding spaced approximately 
3 inches, 

I 

t n d  o t  hole 5 1  t e e t .  

S A M P L E  rowrrwtlcm 
w 

mCL SUE OCmC l&D 
2 

AY .2" 18-20 18" 0-1- 
. . . . . . . . . . . . . . . . . . . . . . .  2-3 

AY 2" 20-22 19" 1-1- 
. . . . . . . . . . . . . . . . . . . . . .  .2-2 

;: 46-51 3.7 RQD 

1 1 4445. 1 18" 1 "-72- 
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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  

cum NLO ,. 'Inc ... 

PROJECT Foundation Investigation & Site  Characterization HOLE NO. BH-29 

s m  Niagara Falls Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empi re Soi 1 s STARED 1: 30 P.M. June 15 1081 
FINISH~D 11: 30 AM. June 16 1981 

METHOO SOIL Holl ow Stem Auger CASING OWM. 
OF 

DRILLING: ROCK Diamond CO ri ng CORE OIAY. NX 

U)'CATlON : UTITUOE ELEVATIONS : DATUM USGS 
DEPARWRE 
BEARfNG 
INITIAL OW 90' 
OTHER UPS 

0 R l U  PLATFORM None 
GROUND SURFACE 320.1 
ROCK SURFACE 277.1 
B O ~ T O M ' O F H ~ ~ E  271.6 
WATER LEVEL 7/10/81, 315.55 F t  

S A M P L E  

uza ( o m  

U G E B E D  
2" 1-3 

Brown-Clay, s i l t y ,  sandy,:gra 

Tan Si 1 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 of unit . 
Red-gray Clay, s i 1 t y  , sandy, 
some grave?, Medium dense, 
moist. Occasional t h i n  s i l t  
lenses throughout u n i t .  

B - THIN W U  TUBE 
C - PlSXII LLYPLER 
0 - CORE M R E L  

0 - N B E  S - F U O f l U  +S 
? - WATER TIN Z - D I S U R O E r  
Q - GUS JAR Y - rnrd H;nx 

INSPECTOR P. Barth 

LOGGED BY R .  Werneiwski ,vF-7-- 
DATE June 1981 J. K', 



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. doe mr P6254.0 7 
I 

PROJECT Foundation Investigation & Site  Characterization HOLE m BH-29 I 
SITE 

D m  

( f t l  
18 

2 0 

2 2 

24 

26 

- - 

- 7 

Niagara Falls Storage S i te  SHEET no. 2 OF i 

Gray Clay, s i l t y ,  sandy, 
t race  gravel. Soft to very 
so f t .  Moist to wet,  p las t ic  

SM/GM Red Sand, s i l t y ,  clayey, 
gravelly. Rounded and - 

angular gravel up to  1 inch. 
U n i t  wet. Water encountered 
a t  35 feet .  

MLIGM Red S i l t ,  sandy, gravelly. 
Dense to  very dense and 
moist to  wet. Occasional 
s i  1 tstone fragments through- 
out. 

moderately weathered. 
Horizontally bedded on a 
2 inch to  5 inch spacing. 

4 End of Hole 48.5 Feet - 



ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS ' 
BUFFALO , NEW YORK 

D R ~ L L I N Q  R E P O R T  
- 

CUENT NLO, Inc. JOB NO. P6254.0F 

PROJECT Foundation Inves t iga t ions  & S i t e  Character izat ion HOLE NO. BH-30 

SITE Niagara Fal ls  Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empire So i l s  STARTED 10 3 0  A.M. May 15 1 9  81 
FINISHED 1 :30 P.M. May 18 I9 81 

Y m D  Sol L Hollow Stem Auger CASING DIAM. 
OF 

DRILLING: ROW Diamond Coring CORE DIAY. NX 

LOCATION : LATlTUDE 
DEPARTURE 
W R I N G  
INfflAL DIP 90' 
OTHER DlPS 

ELEVATIONS: D A N M  USGS 
O R l U  U m R M  None 
GROUND SURFACE 320.2 
ROCKSURFACE 275.1 
B O ~ ~ M ' O F H O C E  269.2 
WATER 

WATER amTDm, PL)Snclne tWCICNEfO* 

Cobbles, loose.  Railroad 
Bed F i l l .  

Brow$-black S i l t ,  sandy w i t h  1 
t r a c e  of  organics ,  moist. 

Brown 'Clay, s i l t y ,  sandy, 2 
v e r y ' s t i f f  t o  hard, non- 
p l a s t i c ,  dry. Trace gravel - 
throughout. Gravel up t o  3 
1- 1/2 inches . - 

UD- 1 

inch. 

Brown Clay , gravel ly  , sandy, 
moist t o  wet, p l a c t i c .  Grave 
UP t o  114 ~ n = h . - ~ -  1 1 Brown Sand, clayey,  gravel ly ,  
moist t o  wet. 

LEVEL 5/18 

S A Y C L E  

SIZE o m  

A U G E R E  

2" 2-4 

2" 4-6 

2" 6-8 

2" 8-10 

2-3/8" 10-12 

2" 12-14 

2" 14-16 

2" 16-18 

Q - S U S I  JAR Y-core t%x 

INSPECTOR T. Full e r  
APPROVED 

U G G E D  R .  Adams 
OAT E May 1981 



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. Joe NO. P6254.0.7 

PROJECT Foundation Invest igat ions & S i t e  Characterization HOLE NO. BH-30 

SITE Niagara Falls  Storage S i t e  SHEET NO. 2 OF 2 

o m  
( f t )  

2 0 

2 2 

24 

2 6 

2 8 

30 

32 

3 4 

3 6 

38 

40 

4 2 

4 4 - 

4 6 - 

48 - 

50 

SOIL m 

C L 

GC 

SM/GM 

Bedrock 

goscnrmon: COLOR, CONSISTENC~, mucru~r.  
W A n R  CONTMT, P L M I C I W t  COMPACTNESS. 
WATER LOSS OR GAI N . ETC. 

Gray-brown t o  gray Clay, 
s i l t y ,  sandy. Medium t o  very 
s o f t  plaftkc,  moist t o  wet. 
Brown color  absent below 20 
f ee t .  

Gray Clay, sandy, s o f t ,  
p l a s t i c .  

Clay becomes sandier  near 
base of uni t .  

Brown Gravel, sandy, clayey, 
saturated' up to 
inch. 

Brown Sand, gravel ly ,  s i l t y ,  
moist, very dense t o  hard. 
Contains fragments o f  bedrock.. 

1 9  

Red Shale, th in ly  bedded, 
highly weathered, s o f t ,  
f r i a b l e .  

End of Hole 51.0 Feet 

PlENflRO;TION 
TEST 

Shelby 
Tube 

1-1- 
3-4 

3-7- 
9-10 

1-3- 
4-4 

4-4- 
5-5 

She1 by 
Tube 

2-3- 
3-2 

2-3- 
4-4 - 

1-1- 
3- 5 

3-7- 
6-12 

7-10- 
8-26 

29-25- 
25-41 

45-51- 
67-R 

73-R 

80-R 

RQG 
7 % 

NQ 

JD-2 

8 

9 

10 

11 

UD-3 

12 

13 

14 

15 

16 

17 

18 

20 

2 1  

TIPE 

BO 

AY 

AY 

AY 

AY 

BO 

AY 

AY 

AY 

AY 

AY 

AY 

AY 

AY 

AY 

DY 

S A M P L E  

SIZE 

3" 

2"  

2" 

2" 

2 "  

3" 

2" 

2" 

2" 

2" 

211 

2" 

2"  

2" 

2" 

3" 

DEPTH 

18-20 

20-22 

22-24 

24-26 

26-28 

28-30 

30-32 

32-34 

34-36 

36-38 

38-40 

40-42 

42-43.E18" 

44-45 

45-46 

46-51 

I 

RET'D 

24" 

24" 

19" 

24" 

22" 

24" 

22" 

24" 

24" 

24" 

15" 

15" 

12" 

12" 

4.5 



ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS ' 
BUFFALO , NEW YORU ' 

D R ~ L L I N G  R E P O R T  

I PROJECT Foundation Inves t iga t ions  & S i t e  Character izat ion HOLE NO, BH-30A 

I sm Niagara F a l l s  Storage S i t e  SHEET NO. 1 OF 1 

CONTRACTOR: Empi r e  So4 1  s  STARTED 2:  30 P .M. June 4 I 081 
FINISHED 3 3 0  P .Y. June 4 1981 

M m o o  SOIL Hollow Stem Auger CASING DIAY. 
OF 

MIIUJNG: ROC% None CORE DIAY. 

LOCATION: LATITUDE 
DEPARTURE 
W R I N G  
INITIAL DIP 90' 
OTHER UPS 

ELEVATIONS : DATUM USGS 
D R t u  PLATFORM None 
GROUND SURFACE 320.3 
ROCK SURFACE 
e o m u ' w m  301.3 
WATER - LEVEL 7/ 10/81 

INSPECTOR P. B a r t h  

LOGGED BY R. Werneiws k i  
APPROVED 

DATE 



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 

PRO J ECT Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. BH-32 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 1 OF 1 

CONTRACTOR: Empi r e  So i l s  STARTED 3:00 P.M. April 22 19 81 
FINISHED 4: 00 P.M. April 22 19 8 1  

M ~ D  SOIL Hol 1 ow Stem Auger CASING DIAM. 
OF 

DRlUNG : ROCK None CORE DIAY. 

USGS LOCATION : UTlfLIDE ELEVATIONS : DATUM 
DEPARlURE 
BEARING 
INITIAL DIP 90' 
OTHER D l 6  

Very low blow counts,  very 
poor sample recovery. Hole 
was abandoned a t  14.0 f e e t ,  
moved s l i g h t l y  north and 
r e d r i l  l e d  a s  BH-32-1. 

I The samples from BH-32 were 
discarded a f t e r  the complet io~ 

DRILL WUFORM None 
GROUND SURFACE %318 
ROCK SURFACE 
e o m u  .OF HOLE %304 
WATER LEVEL 4/22/81, 318 F t  MS 



- - 

ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

CLIENT NLO, I nc .  ~ o e  NO. P6254.07. 

PROJECT Foundation I n v e s t i g a t i o n s  & S i t e  Cha rac te r i za t i on  HOLE NO. BH-32-1 

s m  Niagara F a l l s  Storage S i t e  
SHEET NO. 1 OF 2 

CONTRACTOR: Empire Soi 1s STARED 9:00 A .M. A p r i l  23, I S  8 1  
FINISHED 10:20 A .M. A p r i l  24, I9 8 1  

METHOD SOll H o l l  ow Stem Auger CASING OIAM. None 
OF 

DRILLING: ROCK D i  amond Coring CORE DIAY. NX 

LO'CATION : LATITUDE 
DEPARTURE 
BEARiNG 
INITIAL DIP 90' 

ELEVATIONS : DATUM USGS 
DRIU PLATFORM None 
GROUND SURFACE ~ 3 1 8  
ROCU SURFACE ~ 2 7 0  

OTHER BPS % O ~ T O M ' O F H ~ ~ E  $271 

Note: Swampy area, h o l e  d r i l l e d  i n  s tand ing  water.  wAT" !JWEL 
Water  l e v e l  May 8: 
1981, 318 ft MSL 

1 

Sandy- 

CL 

uScn1?TK*I: COLOR, C O W S l m W l . m o C N R L .  S A Y C L L  
WATER tQmWT, P U S l C l T Y ,  COYWCTIIEES. 
WATER WSS OR GAIN. Elf. 

Yellow-brown t o  brown, mo is t  
con ta in i ng  f i n e  sand. 

I 

Brown t o  ye1 low brown Clay, 2 A Y 1  211 i 2-4 
- s i l t y ,  moist ,  medium t o  
s t i f f  

Perc'ent o f  sand and s i l t  
v a r i a b l e  due t o  lenses. 
6.2 f e e t  sandy l a y e r  wet. 

8.2-9,2 fee t  c lay ,  con ta ins  
coarse sand. 

14 
C L Gray- bvown C l  ay , s i  1 t y  , 8 A Y  2" 2- 1- 

L 6 sandy, g r a v e l l y ,  s o f t ,  3- 5 
saturated.  

9 A Y  2"  16-18 12" 2-2- 
L 8 2-4 

- - -- -- -- - -- - 

SAYWWC  YET^ snlmw CO((TAIM~ * A -  SPUT NW E - AWER n - I M S ~  R - a o t n  u c  ,* 
B - THIN uu NIIC F - wrsn o - TUIE s - RJO~UI IUG 
C - Plm U H R E R  - WATER -TENT TIM 7, - O I W A O E D  
D - CORE WREL a - c u s s  UR , , Y - c o r e  box 

l N S P E C ~ R  P .  Bar th  
AFFRWED 

LDGGED EY T. Drexhage p 
DATE May 1281 ' 



ACRES AMERICAN INCORPORATED - CONSULTING ENGi NEERS 
.- BUFFALO , NEW Y O R K  - 

D R I L L I N G  R E P O R T  

.W ENT NLO, I ~ c .  JOB NO. P6254.07 

PROJECT Froundation Investigations & Si te  Characterization NO. BH-32: 1 

Niagara Falls Storage S i te  SHEET NO. 2 OF 2 

C L 
(cont ' d) 

ML 

Bedrock 

otscrrlmon: COLOR, CONSISTEN~~.~UCTUUE, S A Y  P - L L  
WATER COHlhCT, PLASTICm. COMPACTNESS, 
warn LOSS OR GAI n . ETC. NQ ( TYPE ( SIZE [ OEPTH 

Gray-brown Clay, s i l t y ,  10 AY 2" 18-20 
gravelly, so f t ,  saturated. 

22-28 f ee t  Clay. Contains 
coarse sand and gravel up t o  
3/4 inch.  

24-26 

Brown t o  red brown, Gravel 
S i l ty  and Sand containing 

1 18 I A Y .  1 ,  1'; 1 34-36. 

some s t i f f  clay. Rounded 
fragments. 19 AY 36-38 

- 
Red brown, S i l t ,  very dense, 
occasional bedrock fragments, 
dry t o  damp, gravel sub- 
angular. 1- 
Red Sil tstone,  laminated, 22 AY 2 "  42-42. 

bedding 1.5-2" thick,  
containing green s i l t y  lenses, 23 Dy 3" .42 .2-  6" green s i l t  bed 46.2- 47.2 
46.7 ft. 

End of hole 47.2 Feet 

23" O-O- 
1- 1 

24" 2-2- 
2-3 

22" 1-1- 
2-2 

21" 2-3- 
2-3 

24" 0-1- 
1-1 

24" 0-3- 
3-2 

1.9" RQD 

t 



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  Ni-0, h c  . . .. ' kc 40% NO. P6254.07 . , 

PROJECT Foundation I nves t i ga t i ons  & S i  t e  Cha rac te r i za t i on  
HOLE NO. BH-33 

SITE Niagara F a l l s  Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empi r e  Soi 1  STARTED 8:30 A .M. A p r i l  24, 1081 
~NISHED 2 :45 P .M. A p r i l  27, 1981 

MRHOO SOIL Hol low Stem Auger CASING DIAM. 
OF 

DRILLING: ROCX Diamond Coring CORE DIAM. fur - :---- 1 

LOCATION: U T I N O E  ELEVATIONS : D A n M  USGS 
DEPARTURE 
BEARING 
INITIAL DIP go0 
OTHER MeS 

ORIU PUTFORM None 
GROUND SURFACE 319.0 
~ C X  SURFACE 279.2 
BOTTOM'OFHOLE 273 
WATER LEVEL 4/27/81, 314..3 F t  

I - THIN uu TUOL F - WASH o - NEE I - RJO~UL w I 
C - Pt5101 S W R E R  - WATER C W T W  TIN z . O I S C A R O E ~  
D - COM WREL Q - e u s  JAR Y-core b'ox 

I NSPECTOR P. Bar th  I 
LOGGED BY R. Werneiwski Mm%xm J K & y  ./ * - w' L 

DATE May 1981 1 

-- 

ceicmn~cu: COLOR, cows~mm,mrucru~~, 
WATER CONTENT, PUSTICIT?, COUMCTUESS, 
WATER LDU a OIIN, ETC. 

Dark Brown, S i l t L o r g a n i c ,  f i '  

Ye1 1 ow -brown, g rave l  , few 
angular  pieces, f i l l .  

A l t e r n a t i n g  lenses o f  brown 
Clay, sandy w i t h  a  t r a c e  o f  
g rave l  and brown Gravel, 
sandy. Lenses t y p i c a l l y  12 
inches t h i c k .  

Gray-brown, Clay. 
snlmm 

E - AWU N - INSERT R - aom u s  I 

PQ(mfYm 
w 

3-18- 
24- 1 3  

7-12- 
25-39 

8-16- 
16-11 

10-25- 
52-33 

5-9- 
19- 36 

8-8- 
9- 11 

10-16- 
R 

22-33- 
22- 14 - 
3-3 

no. 
1. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

rrx* 

AY 

AY 

AY 

AY 

AY 

AY 

AY 

A Y  

AY 
C D * T w n a  

S A M P L E  

1 rmb 

15" 

24" 

6" 

0 

15" 

24" 

10" 

14" 

0 

slzr I o m  

A U G d R E D  

2" 

2" 

2" 

2"  

2"  

2" 

2 "  

2"  

2" 

1-3 

3-5 

5-7 

7-9 

9-11 

11-13 

13-15 

15-17 

17-19 
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ACRES AMERICAN 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  
- .  

Ctl ENT N L O ,  h c .  Joe NO. P6254.0 7 

PROJECT Foundation Investigations & Si te  Characterization NO. BH-33 

SITE 

- 
o m  

_o 

-20 

22 

?4 

26 

28 

30 

32 

-34 

36 

Niagara Falls  Storage Si te  

(Contin- 
ued) 

. 

-- - - -  - -- 

orscRIPrron: COLOR, CONSISTENCY, m u c r u ~ a .  
WATER CONTEM. U S I C i T Y ,  CQMMCTNESS, 
WATER USSORGAlN. E X .  

Gray -brown Clay , s i 1 ty , 
sandy, so f t ,  saturated,  
Soft t o  very sof t .  

Gray brown Clay, very so f t ,  
saturated. 

. 

29-33.5 Feet - Clay. Very 
so f t ,  saturated,  some sand, 
t race  o f  gravel . 
33.5 t o  base of u n i t  Clay, 
a1 ternating Clay , Sand, and 
Gravel lenses. 

Red Sand, f ine ,  clayey, 
very dense, dry. Occasion- 
al  gravel. Includes 
angular and subrounded 
fragments of  bedrock. 

1 

4 2 Bedrock Si 1 ts tone, red brown 
containing green pockets 
1 inch interspersed. 

44 Queenston Formation. 

46. +I End of hol e 46.0 Feet. 

SHEET NO. 2 OF 2 I 
-- 

S A M P L E  PENETRATION 
TLS 7 

4-3 

o-o- 
0- 2 

0-2- 
3- 3 

0- 1- 
2-4 

0- 0- 
2-2 

o-o- 
2-2 

0-3- 
5- 7 

0- 0- 
1- 5 

2- 13- 
2 1- 19 

6- 13- 
28-48 

2 1-49- 
34-95 

30- R 

0 .-. 

RQD 

J 



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. J o e  NO. P6254.07 

PROJ ECT ~oundat ion Investigations & Si te  Characterization Ho'E NO. BH-34 

SITE Niagara Fa1 1s Storage S i te  SHEET NO. 1 OF 2 

CONTRACTOR: Empire Soils STARTED 1: 30 P.M. April 29, 1981 
FINISHED 10: 20 A.M. April 30, jg 81 

MEMOO SO~L Hol low Stem Auger CASING OIAU. 
OF 

OR~UNG: ROW Diamond Coring CORE DIAM. N X 

LOCATION : LATlfUDE ELEVATIONS: DATUM USGS 
DEPARTURE 
BEARING 
INITIAL MP go0 
OTHER DIPS 

DRILL PLATFORM None 
GROUND SURFACE 319.9 
ROCU SURFACE 277.8 
B O ~ M ' O F  HOCE 272.8 
WATER LEVEL 5/8/81, 314.1. F t  M. 

Fi l l  Deteriorated pavement and 
angular gravel ; Roadbed F i l l .  

.. . 

.. .. :: .- .. . .- 
CL-. . A B ~ & - ~ c ~  ay, . s i 1 t y , ~ & l Y Y ~  - -  - - 

s t i f f ,  dry. 4 inch sand 
ense a t  4 f ee t ,  dry. 

CL Red Clay, sandy, s i l t y  ion- 
taining angular gravel to  314 
inch. S t i f f ,  dry to damp. 

GW/SbI Gravel and Sand lense 12-14.2 
f ee t .  

CL . Gray Clay, s i l t y ,  sandy, 
medium so f t ,  wet ,  

SAYWNS YETK)O SWIPP(ff i  CO(ITAINER 
* A - S M N M  E - AIRLR N - INSERT R - u o r n  MQ 
I - THIN uu NW F - msn o - NIE s - PUOFILY MG 
C - P t m  SURER - WATER COIITEWT TIM 
0 - CORE W R E L  Q - f US JAR 

1 NSPECTOR P .  Barth 

LOGGED BY R .  Werneiws k i  
DATE May 1981 



.- 
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  

CU ENT NtO, Inc. joe NO. P6254.07 

PROJECT Foundation Invest igat ions & S i t e  Characterization HOLE NO. BH-34 

I SITE Niagara Falls  Storage S i t e  SHEET NO. 2 OF 2 

SOIL rw€ 

cc 
(Conti n- 
ued) ' 

ML 

Bedrock 

a ~ s c ~ ~ m o n :  COLOR, CON~I$TENC~.STRUCNRE. 
WATER COMEM, u s n c m ,  COMFWTNESS. 
W N E R  IS93 OR GAIN . ETC. 

Gray Clay, s i l t y ,  sandy, s o f t  
to  very s o f t ,  wet t o  
saturated.  

- ..- 
-- 

32.5-33.0 Fee t - Red s i l t  
layer. Clay contains t r ace  
of  gravel near base of  u n i t .  . 

S A M P L E  

ma ~ P E  SIZE DEPTH 

8 AY 2 "  17-19 
9 AY 3" 19-21 

t r a c e  sand, very dense, dry. 

40-42.0 Feet - Contains 
weathered bedrock fragments. 20 Ay 2" 44-42.! 

Red S i  1 tstone , weathered, 
f r i a b l e  t o  43.2 feet .  Becomes 
harder w i t h  depth, horizontal 21 DY 3" 42.1- 
bedding spaced 114 t o  3 inches 47.1 

WI Tube 



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. JOB NO. P6254.07 

PROJECT Foundation Investigations & Si te  Characterization NO. BH-35 

SITE Ni agara Fa1 1 s Storage Si t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empire Soils  STARTED 9:30 A.M. Apri 1 27, 1 s  81 
FINISHED 9: 30 A.M. Apri  1 28, 1 9  81 

M OH00 SOIL H o ~  low Stem Auger CASING DIAM. 
OF 

DR~WNG: ROCK Diamond Coring CORE DIAY. W X 

LOCAT ION: LATlfLlOE ELEVATIONS : D A l U M  USGS 
DEPARTURE 
BEARING 
INITIAL DIP go0 
OTHER MeS 

ORIU PLATFORM None 
GROUND SURFACE 318.9 
ROCU SURFACE 276.9 
e o n - o u ' o ~ ~ o l ~  271.9 
WATER LEVEL 5/8/81., 315.4 .feet MC I 

S4YWMC YETWOD 

A - SPLm N I E  
0 - TWIN U A U  NM 
C - P m  Y Y P L E R  
0 - CORE EMUEL 

Brown S i l t ,  organic 

Brown s i 1 t, clayey , becomi ng 
more dense with depth. 
Well sorted,  damp. 

-- 

Brown Clay containing 
occasional gravel u p  to 3/4 
inch throughout, s t i f f  t o  
very s t i f f ,  dry t o  damp. 
Boulder encountered a t  
12 .9 fee t .  Holemoved4 
fee t  eastward and continued, 

Thin s i l t  lenses 1/8 inch 
thick occasionally 
gravelly 16- 17 feet .  

mt 
wo. lnrr*l sazt I orm I m ' ~  

SWlPP(IK QmTAlWER 

w - IWSW R - Q O T ~  ma 
0 - TUIE S - PUOfILY B M ,  
? - WATER COWTENT T l W  Z - DISCARDED /' 
P - GUS JAR Y - r n r d h n u  

l NSPECTOR 

LOGGED BY 

P. Barth 

T .  Drexhage 
DATE May1981 



.- 
ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 

BUFFALO , NEW YORK , 
D R I  L L l N G  R E P O R T  

cu ENT NLO, Inc. doe NO. P6254.07 

PROJECT Foundation Investigations & Si t e  Characterization HOLE NO. BH-35 

SITE Niagara Fa1 1 s Storage S i t e  

Bedrock 

- 

DESCRIPTION: COLOR, CONSISTENCI, STRUiXURE 
WATLR COHIEM, PLASTICITI, COMPACTNESS. 
WATER LOSS OR G4I  N I E X .  

- 

Brown Clay, gravel throughoul 
Becoming so f t e r ,  saturated af 
20 fee t .  

S t i f f  Brown Clay a t  23 f ee t  
f o r  2 inches. 

Gray-brown Clay, si  1 t y ,  
sandy, 'containing gravel t o  
3/4 inch. Very s o f t ,  wet. 

Gray brown Clay,. s i ' l ty ,  s o f t ,  
p las t i c .  

Gray brown S i l t ,  gravelly, 
sandy, becoming sandier with 
d e p t h .  Saturated. 

Red-brown Si 1 t, occasional 
green lenses, very dense, 
dry. Some fragments of 
weathered rock. Lower 
portion shows rerni nant 
s t ructure .  

Red S i l t s tone ,  horizontal 
bedding. Two jo ints  a t  45' 
to  core axis.  6"  green bed 
a t  44.5 f t .  

End of hole. 47.0 f t .  

SHEET NO. 2 OF 2 

2 84% R Q D  T 



ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  
., -. 

NLO, I ~ c .  cum JOB NO. ~6254.07 

PROJECT Foundation Inves t iga t ions  & S i t e  Character izat ion HOLE NO. BH-36 

SITE Niagara Fal ls  Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empire Soi 1 s STARED 9:00 A .M. June 1 19 81 
FINISHED 3:00 P .Y. June 1 I9 81 

CASING DIAY. 

CORE DIAM. N X  

: DATUM USGS 

Y r n O  SOlL Hollow Stem Auger 
OF 

DRILLING: ROCK Diamond Coring 

LOCATION: UTITUDE 
DEPARTURE 
BEARING 
INITIAL U P  90' 
OTHER DIPS 

ELEVATIONS 

~ ~ ~ n ~ r n a r :  COLOR, cows~mwcr,m=. 
WAlER CQYIDCT. P u s n C l l Y ,  Cow-, 
WATER LDSf OR UIU. m. 

F i l l  Blackjred.'Sand, gravel l y  , clay 

CL Black'lClay, s i l t y ,  sandy, dry. 
Trace: organi cs  . 

C L Red-brown Clay, s i l t y ,  sandy 
w i t h  t r a c e  gravel throughout. 

Contor'ted 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  l enses  u p  t o  
2 inches th i ck .  

Tan Sand, t r a c e  gravel ,  
loose,  wet. Well so r t ed .  
Clean with occasional clayey 
zones. 

D R l U  PUTFORM None 
GROUNO SURFACE 320.5 
ROCK SURFACE 2 77.2 
B O m M  OF HOCE 272.2 
WATER LEVEL 7/10/81, 315.46 F t  

TCST 
NO. T Y e *  SIZE D m  mr'o 

Y e  A U C E R E D  
1 AY 2" 1-3 12" 6-7- 

7- 9 

2 AY 2" 3-5 18" 12-20- 
AQ 26-32 

I I 

YYPUWE METWW] SMlPPl(IC COWTAINLR 

* A -  SRITTUM L - AUSER W - IWSaCT R - a o l n  MG 
8 - THIN uu NEE F - whsn o - WOE s - RJWILY B+S 
C - PIS1DII S U R E R  P - WATER COW- TIN Z - DISCAROCD' 
D - CORE W R E L  Q - C U S S  JAR Y -core box / / 

INSPECTOR P .  Barth 

t.aGGED 8~ R .  Werneiwski 
DATE May1981 



ACRES AMERICAN INCORPORATED - CONSULTING ENGi NEERS 
BUFFALO, NEW YORK 

0 R I L L I N G  R E P O R T  

CLIENT NLO, I ~ c .  JOB NO. P6254.07 

PROJECT Foundation Inves t i ga t i on  & S i t e  Cha rac t e r i z a t i on  HOLE mz BH-36 

SITE Niagara F a l l s  S torage  S i t e  

p c 3 c m m m  COLOR, coarsrrm,-. 
urn c#rorr. Rlsncnr. anrmcTnas, 
WRI) ~ O R O * l M .  m. 

Tan sand, f i n e  t o  medi urn : 
g ra i  ned. 

Gray Clay, s i l t y ,  sandy, 
w i t h  some gravel throughout.  
S o f t  t o  medium, p l a s t i c .  

Occasional s i l t y  and sandy 
l en se s  up t o  2 inches  t h i c k .  

3i.0-31.5 Fe.et - s i l t  l e n s e s  

Red S i l t ,  ve ry  dense t o  hard 
d ry .  Occasional gravel and 
sub-angul a r  fragments o f  
bedrock up t o  1 inch.  

A1 t e r n a t i n g  c l ay  and sand 
l en se s  p r e sen t  throughout ,  
t y p i c a l l y  1 /2  t o  1 inch 
th ick .  

- - 

Red S i l t s t o n e  w i t h  occasiona '  
green beds u p  t o  2 inches  
t h i c k .  Highly weathered 
zones a t :  43.3-43.5;  
44.7-45.3; and 46.0-46.4 
f e e t .  

End of  Hole 48.3 Feet .  

SHEET NO. 2 OF 2 I 



ACRES AMERICAN INCORPORATED - CONSULTING . ENGINEERS 
BUFFALO , NEW YORK 

I 

D R I L L I N G  R E P O R T  

C u m  NLO, Inc. JOB NO. P6254.0 7. 

PROJECT Foundation Inves t iga t ion  & S i t e  Character izat ion HOLE NO. BH-36A 

SITE Niagara Fal ls  Storage S i t e  SHEET NO. 1 OF 1 

C O N T R A ~ O R :  Empi r e  Soi 1 s STARED 10:OO k ~ .  June 3 IS 81 
FINISHED 2: 30 P.M. June 3 19 81 

METHOO SOIL Hollow Stem Auger CASiNG DIAY. 
OF 

DRlUJNO : ROCK None CORE DIAY. 

LOCATION: LATtTUDE ELEVATIONS : DATUM USGS 
DEPARTURE 
W R I N G  
INITIAL DIP 90' 
OTHER DIPS 

-moot: COLOR, cfm~~srr~C~,mumu~E,  
WATER tOTTPTT. PUJTICIn.  CWC*Cr)lQD. 

Augered t o  10.0 f e e t .  No 
sampl -. ing . 

Reddish brown Clay, s i l t y ,  
sandy, with t r a c e  gravel .  
S t i f f  and dry. 

Gray Clay, s i l t y ,  sandy, 
t r a c e  gravel . Moist. 
Occasional sandy s i l t  lenses 
throughout. 

End of Hole 21.0 f e e t .  

- - 

O R I L L P U ~ R M  None 
GROUNO SURFACE 320.5 
ROCK SURFACE 
eomu 'OF H ~ C E  299.5 
WATER LE'dEL 7/10/81, 316.04 F t  

MS L 

s MIPUN6 COMTIINER 
M - IMSW R - ~ O T W  MI 
0 - N E E  s - PVof ILM a& 
? - WATER C O W W  TIN Z - Olt t* IOED/*  
a - f u s s  JAR / 9 

INSPECTOR P. Barth 

WGGED BT R. Iderneiws k i  
OAT E June 1981 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
BUfFALO , NEW YORK 

D R I L L I N G  R E P O R T  
.- 

CLIENT NLO, I ~ c .  J O ~  NO. P6254.07. 

PROJECT Foundation Inves t iga t ions  81 S i t e  Character izat ion HOLE NO. BH-37 

SITE Niagara Fal ls  Storage S i t e  . SHEET NO. 1 OF 2 

CONTRACTOR : Empi r e  Soi 1 s STARTED 12:30 P.M. April 29 I ~ 8 1  
FINISHED 11 : 45 A.M. April 30 1981 

YMD SO~L Hollow Stem Auger CASING DIAY. 
OF 

DRILUNG : ROCK Diamond Coring CORE OIAM. NX . 

LOCAT ION : LATlNDE ELEVATIONS : D A N M  USGS 
DEPARTURE 
BEARING 
INITIAL DIP 90' 
OTHER DIPS 

DRIU PLATFORM None 
GROUND SURFACE 319.8 
ROCK SURFACE 276.6 
8 0 m u ' o ~  HOLE '271.6 
WATER LEVEL 

Dark brown, S i l t ,  organic.  

Brown Clay, medium t o  s t i f f ,  
damp. Trace gravel and 
occasional s i  1 t. Lenses - t o  
1/8 inch th ick  throughout. 

a I r u C L E  

wo. ITIPS*~ a t r z  I DERM 

Clay becoming s o f t e r  a t  12 
f e e t .  

14.6-15.5 Feet - Yellow- 
brcwn gravel ,  sandy, gravel 
t o  1 inch. 

C L Gray-brown Clay , s i  1 ty, - 
sandy with t r a c e  gravel 
throughout. Sof t  and ' ' 

1 p l a s t i c .  1 1 I I 

24" ITube Shelby 

iTpT Tube 

S Y P U W C  Y E l W  S~IPPIW COWTAIWW 
* A -  SUIT TUBE E - A U O U  W - IWSERT R - CLOTH OAO 

I - THIN UU N O 6  . F - WASH 0 - TUBE 1 - PUOnLM S15 
C - PlfTO( - R E *  
D - COUC W R E L  Q - S U S  JAR 

INSPECTOR P .  Barth 
APeROYED 

LOGGED W T. Drexhage 
T. Fuller  OATE May1981 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , NEW YORK 

D R I  C L I N G  R E P O R T  

CLIENT NLO, Inc. - . . JOB NO. P6254.07 

PAarEff Foundation Investigations & Si t e  Characterization HOLE NO. BH-37 

Niagara Falls Storage S i t e  SHEET NO. 2 OF 2 SITE 

CL 
(cont ' d )  

Bedrock 

~s~mmar: COLOR, -,-, S A U P L C  
IlrRII CQIIOIT, P C M I C I W ,  CWCLCTIIQa, 

pe=lmT10(( 
TfSl 

I*TLI~ LDIS OIIUII, m. na n?c uzs orm WD 
, 

Gray-brown Cl ay , s i  1 t y  , 8 At 2" 18-20 24" 2-2- 
sandy w i t h  t race  o f  gravel, 3-2 
s o f t  and plas t ic .  

9 AY 2" 20-22 24" 2-3- 
4-3 

10 AY 2" 22-24 24" 3-3- 
4-4 

UD-3 BO 3" 24-26 22" Shelby 
Tube 

11 AY 2" 26-28 22" ----- 

12 AY 2" 28-30 15" 1-2- 
4- 5 

Clay becomes s i  1 t i e r  and 1 3  AY 2" 30-32 22" 2-4- 
sandier w i t h  depth. 7-8 

~, 14 AY 2" 32-34 23" 9-12- 
Red-brown Si 1 t, sandy, 8- 9 
gravelly, very dense to  
hard, wet. 15 AY 2" 34-36 10" 8-16- 

17-18 

- - - 
-- _- - 16 AY 2" 36-38 14" 30-31- 

- - 47-62 
- .  . 

, 17 AY 2" 38-40 18" 18-30- 
Red-brown Sand, gravel ly . 37-46 

Very dense t o  hard, wet. 
Gravel up to 1 inch clean. 18  AY 2"  40-42 17" 17-20- 

30-47 
40.3-40.7 Feet - Rpy-brown 
S i l t ,  sandy, wave y. 19 AY 2" 42-43.2 18" 80-75-R 

Red-brown Shal e ,  s i  1 t y  , 
thinly bedded. Two green 
zones 6 inches thick a t  
43.3 and 47.8 fee t .  20 D Y  3" 4 3 . 2 - 4 . 5 '  RQD 

48.2 7 % 

End of Hole 48.2 Feet. 



- - - - 

ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

C U E M  NLO, Inc. - J O ~  NO. P6254.07 

PROJECT Foundation Invest igat ions & S i t e  Character izat ion HOLE NO. BH-38 

SITE Niagara Fal l s  Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empi re   SO^ 1 s START= 3:00 P .M. April 22, 1981 
FINISHED 3 : 3 0 P  .M. April 23, 1981 

YmHOD SOIL Hol 1 ow Stem Auger CASING DIAY. 
OF -- 

DRILLING: ROCK Diamond Coring CORE DIAY. --%I;--- , . - - - 
* .  

LOCATION : LATITUDE ELRIATIONS : DATUM USGS 
DEPARTURE D R l U  PLATFORM None 
-RING GROUND SURFACE 318.1 
I N m A L D l P  90' ROCK SURFACE 277.7 
OTHER D(PS ~ o ~ T O M ' O F H O ~ E  272.7 

WATER LEVEL 5/8/8.1, 315.6 Ft  ! 

oacmrtw: COLOR, amwmm, mat, 
WATER COCTO(T. P u s r l C I T I ,  -, 
. A m  LOIS OR U I M ,  m. 

Dark brown, 5 i  1 t ,  sandy, 

~ightllbrown J i  1 t, ciayay w i t h  
some 'gravel , dry, t r a c e  organi 

- 

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 ,  s a tu ra t ed .  

U N r n  
R - cmrn MO 
1 - PUOFILY w 

ITEWT T I M  7. - DISCARDED,' 

INSPECTOR P. Barth 

LOGGED BT R. Adam 
DATE ' May 1981/ 



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  

QJ ENT NLO, h c .  JOB NO. P6254.,07. 

PROJECT Foundation Investigations & S i t e  Characterization HOLE NO. BH-38 

SITE Niagara Fa'ls Storage S i t e  SHEET NO. 2 OF 2 

Bedrock 

OESCRIP~ON: COLOR, CONSIS~NCY. STRUCTURE. S A Y  P - L E  F+E~LTRATION 
-- -- 

WATER LOSS OR GAI W ,  ETC. t i ~  I ~ W E  1 SIZE 
1 

Gray t o  graytbrown Clay, 9 AY '211 
s i l t y ,  sand, gravel through- 
out ,  sa tura ted ,  very s o f t .  . .r 1 10 1 A Y  1. 2j1 
Amount of gravel i s  variable 
throughout-uni t. l--44-- 
24-30 Feet - Gray Clay, no 
gravel . .. -. .. l--44-- 

. .. . .  . . . - .- .- . . 

30-.33 Feet - S i  1 t content 
incveasing. 

dry. Gravel both rounded 
and angular up t o  1 inch. 

38-38.9 Feet - 1/2 t o  1 inch 
gravel w i t h  t r a c e  c lay .  

.Red Sha le  . 
t races  o f  clay in  weathered 
zones, bedding spaced 2.5 21 D Y  3" 

24" O-O- 
2-2 

0" 0-1- 
3-3 

24" o-o- 
0- 3 

24" 0-2- 
11-13 



-- 

ACRES AMERICAN INCORP3RATED - CONSULTING ENGINEERS ' 
BUfFALO , NEW YORK 

D R I L L I N G  R E P O R T  - 
cutm NLO, Inc. Joe NO. P6254.O 7j 

PROJECT Foundation Investigations & Si te  Characterization NO. BH-39 

SITE Niagara Falls Storage Si te  SHEET NO. 1 OF 2 

CONTRACTOR: Empi re S0i 1 s STARED 1: 30 P A. May 7,  I S  81 
flNlSHED 12: 00 P .Y. May 8,  19 81 

Y m o o  SO~L Hollow Stem Auger CASING OIAY. 
OF 

I)CHLUNG : ROC(< Diamond Coring CORE DIAY. NX 

LOUTION: LATITUDE ELEVATIONS : DATUM USGS 
DEPARNRE 
REARING 
INITIAL DIP 90' 
OTHER D l 6  

Es3 lCTKW:  COLOR, COwstSTEWEI,SrrWCN~, 
r)lL ML V A E R  cmlvm. P u m C I l Y ,  CW-, 

W 4 E R  LDtf mutw. me. 

Fil l  Dark-Black- 1 y s i l t  t ace 
orqan~cs  an$ !! inch . c&ver. . 

C L  Red-brown Cl ay , s i 1 ty , 
sandy , w i t h  t race of gravel. 
S t i f f  to  very s t i f f ,  dry t o  
damp. 

Clay, S i l t y ,  sandy a t  base 
of u n i t .  

Gray-brown Cl ay, s i 1 ty , 
sandy with t race  grav.el . 
throughout. Soft ,  p las t ic ,  

13.2 Feet - 2 inch hard clay 
layer present. 

ORIU PLATFORM None 
GROUND SURFACE 318.7 
ROCK SURFACE 278.8 
eorrov OFHOLE 273.8 
WATER LEVEL 7/10/81, 315.63 F t  

MSI 

I NSPECTOR P. Barth 

LOGGED 07 R. Werneiwski 
DATE May 1994 ' 



.> 
ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 

BUFFALO, NEW Y O R K  
D R I L L J N G  R E P O R T  , 

CU ENT NLO, I ~ c .  JOB NO. P6254.0# 

PROJECT Foundation Investigations & Site  Characterization H o L ~  BH-39 

Niagara Falls Storage S i te  

SOIL m 

CL' . 
(Contin- 
ued) . 

Bedrock 

Gray- b-yow.. Clay ;-.s-i?'ty.;. :. 
sandy trace gravel .through- 
out, s o f t ,  m i s t  to  wet, 
p las t ic .  

Occasional ly  t h i n  sand lenses 
Clay, becomes more s i 1 ty  and 
grave.1ly a t  base of u n i t .  

-. --. 

Red S i l t ,  sandy, 
very dense t o  hard, highly 
compact. Contains fragments 
of weathered bedrock. 

Red Sil tstone,  weathered 
in upper zone. Becomes less 

.weathered with depth. 
Horizontal bedding spaced 
a t  112 t o  2 inches. 

End of hole 44.9 Feet. 

SHEET NO. 2 OF 2 

S A M P L E  P M ~ R A T I O W  

23-25 1 18" 1 O-O- 
1- 1 

27-29 18" O-O- I I 
29-31 1 16" 1 O-O- 

1- 3 



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.  

PROJECT Foundation Invest igat ions & S i t e  Character izat ion 

SITE Niagara Fa l l s  Storage S i t e  

CONTRACTOR: Empi r e  Soi 1 s STARTED 3:OO P.M. 
FINISHED 1 :00 P.M. 

SOIL H0ll OW Stem Auger CASING DIAM. 

Rocx Diamond Coring CORE DIAY. 

Joe NO. P6254.07 

SHEET NO. 1 OF 2 

May 21  1 9  81 
May 26 19.81 

: LATITUDE ELEVATIONS: DATUM us Gs 
DEPARNRE 
=RING 
INITIAL DIP 90' 
OTHER MPS 

8 - M I M  UU N I E  . 
C - flm 6WPLER 
0 - CORE W R E L  

m~mO(: COLOR, ~ ~ U ~ N C Y , S T M I C T U ~ E ,  
WATER m, PL*FZICIlY, -, 
**El LDSt OR U I W ,  m. 

Tan-gray c l ay ,  s i l t y  , sandy, 
t r a c e  gravel throughout. 
Medium t o  s t i f f ,  dry.  Grave' 
up t o  1% inch. 

- ~ - - ~~ - ~ -- ~p 

Gray c lay ,  s i l t y ,  sandy, sofl  
t o  very s o f t ,  moist t o  wet. 
Trace gravel throughout. 
Occasional s i l t  and sand 
1 enses throughout. 

DRILL RATFORM None 
GROUND SURFACE 318 .2  
ROCK SURFACE 280.6  
B O ~ M ' O F  HOLE 275.6 
WATER LEVEL 7 / lO /8 l ,  31 5.64  f t  

S A Y P L L  rUIrn&rnI( 
YEST 

0 .  I srzr I o t m  I ~ n b  

0 - N E E  f - P U W I U I  B*E 
C - WATER QWlZNT TIM Z - OISCARDED ' 
Q - SUSS JAR Y-Core BCYX 

INSPECTOR T. F u ~  1 e r  

WGGED BT R .  Werneiwski 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , NEW YORK 

0 R I L L I N G  R E P O R T  

WENT NLO, INC. Joe NO. P6254.07 

~ E C T  Foundation I n v e s t i g a t i o n s  & S i t e  Cha rac te r i za t i on  HOLE NO. BH-40 

Niagara Fal.1 s Storage S i t e  SHEET NQ 2 OF 2 SITE 

- 
o m  
( f t )  - 

! 0 

! 2  

14 

6  

8 

0 

2 

4 

6 

8- 

0 

2 

4 

6 

8 

0 - 

CL 
(con t ' d) 

Gray Clay , s  i 1 t y  , sandy, 
t r a c e  g rave l ,  s o f t ,  p ~ a s t i c , / T  
m o i s t  ' t o  wet. S i l t  and sand 
1  enses approx imate ly  2 inche  
t h i c k  throughout.  11. . AY  . . 2!1. 

- 

Tan Sand, grave l  up t o  2 
inchs  bo th  sub-angular and 
rounded t race-  s  i 1 t, 
Percentage o f  s i l t  decreases 
w i t h  depth. 

L 119 ' 20 I AY AY 2" 2" 

Bedrock Red S i l t s t o n e ,  moderately 
weathered, con ta i n i ng  
occas ional  green l a y e r s  t o  
3 inches. Hor i zon ta l  bedding 2 1  DY 3" 
spaced a t  1-3 inches. 

End o f  Hole 42.8 f e e t .  

37.8- '4 .0 '  RQD 
42.8 0 



cum 

PROJECT 

SITE 

CONTRACTOR 

Y M D  
OF 

ORlLUNG : 

LO%ClTlON : 

ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS ' 
BUFFALO , NEW YORK 

D R ~ L L I N G  R E P O R T  
- --? - *. 

NLO, Inc .  J O ~  NO. P6254.07 

Foundation I n v e s t i g a t i o n s  & S i t e  Cha rac te r i za t i on  HOLE NO. BH-40A 

Niagara F a l l s  Storage S i t e  SHEET NO. 1 OF 1 

Empire S o i l s  STARTED 2:15 P.M. June 2 I9 81 
FINISHED 3 :00 P.M. June 2 I 9  81 

SOIL . HOI IOW Stem Auger CASING OIAM. 

ROC% None CORE OIAY. 

LATITUDE ELEVATIONS : DATUM USGS 
DEPARTURE DRILL PUTFORM None 
BEARING GROUND SURFACE 3 18.0 
INITIAL DIP 90' ROCK SURFACE 
OTHER DIPS ~ O ~ ~ M . O F H O L E  302.0 

WATER LEVEL. 7/10/81, 314.71 F t  
MS I 

~ESCRWTK*I: COLOR, C D ~ ~ S I ~ W C I ,  mwcmuZ, S A Y C L E  
OOlL rrrr r n r n T 4 0 W  

W A r n  COmwT, PUSTICITY, CDYIUSMSI, 
WATER LDU OII Ul W , m. TEST 

NO. * SIZE DCPTN RCb 

Augered t o  1 4 . 0  feet .  No 
sampl i ng .  

aYPUWS M n I M )  * A -  SPLIT N E E  E - AUOER 
6 - THIN r*u NIE F - rhsn 
C - C l m  fLYPLLR 
0 - CORE BARREL 

SMif'PILH Q)IITAlWER 
N - INSERT R - CLOTH MC 
0 - TUBE s - PUWILN w - WATER COI(TEMT nw Z - DISCARDED 
Q - C U S S  JAR / 

DATE June 1 9 8 1  



ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS ' 
BUFFALO , NEW Y O R I  

D R I L L I N G  R E P O R T  

c u m  N L O y  Inc. 

PROJ Em Foundation Invest igat ions & S i t e  Characterization 

SITE Niagara Fa1 1s  Storage S i t e  

CONTRACTOR: Empi re  Soi 1 s STARTED 
flNlSHED 

MEMO0 Sol L Hol 1 ow Stem Auger 
OF 

DRILLING : ROCK Diamond Coring 

LO'CATION : LATITUDE 
DEPARNRE 
BEARING 
INITIAL DIP 90' 
OTHER DIPS 

ELEVATIONS 

9:30 A .M. 
9:30 A .M. 
CASING DIAY. 

CORE DIAY. 

: DATUM 
DRILL PLATFORM 
GROUND SURFACE 
ROCK SURFACE 
BOTTOM 'OF HOCE 
WATER LEVEL 

SHEET NO. 1 OF 2 

USGS 
None 
317.5 
272.3 
267.3 

Brown Clay, t r a c e  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 f ee t .  

F - WASH o - W E  s - R l O n L Y  w , 
C - CISTDII SUmER ? - WATLR -TENT TIN Z - OISCIROED 
o - CORE WREL Q - GLASS JAR Y - core b6x 

W P T K I Y :  COLOR, CDIISISTENCY, STRUCTURE, 
WATER m. M C l T Y ,  COYP.CMSS, 
WATER LOSS OR U I W ,  EIC. 

Bl ack .Cl a ~ ~ ~ 5 r f J f ~ !  with some 
orqani c 

Gray Clay, s i l t y ,  s o f t ,  
p l a s t i c ,  moist, p l a s t i c ,  
generally uni forn with t r ace  
of gravel.  

SWlPPlM 

I NSPECTOR P .  Barth 

LOGGED W R.  Adam 
DATE May 1981 ,,/ 

E - AWU w - IWSERT R - a o ~ n  s*o 

WWLTMTYm 
tcm 

1-1- 
5- 5 

5-6- 
9-9 

5-6- 
10- 11 

13-15- 
17- 12 

5-5- 
13- 14 

5-7- 
19- 19 

19-12- 
7-6 

1-1- 
2 - 3 

3-4- 
8-9  

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

me* 

A Y  

AY 

AY 

AY 

AY 

AY 

AY 

AY 

AY 

QmTAlNLR 

m b  

12" 

12" 

18" 

18" 

19"  

20" 

21" 

24" 

20" 

S A M P L E  

SIZE 

2"  

2" 

2" 

2 "  

2" 

2"  

2 "  

2 "  

2 "  

DCmc 

0-2 

2-4 

4-6 

6-8 

8-10 

10-12 

12-14 

14-16 

16-18 



.& 
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 NLO, Inc. JOB NO. ~6254 .07  

PROJECT Foundation Investigations & S i t e  Characterization HOLE NO. BH-42 

Niagara Fal l s  Storage S i t e  SHEET NO. 2 OF 2 

SOIL TI= 

C L 
(Conti n -  
ued) . 

GC 

CL 

CL/GC 

SP/GM 

ML . 

Bedrock 

D E S C R I ~ ~ N :  COLOR, CONSIST EN^, s r ~ u c r u ~ ,  
WATER COHTEM, PLASTICI77, COMFKTNESS, 
WATER LOSS OR GAI N. ETC. 

gravel throughout, s o f t ,  
p l a s t i c .  

Gray Clay, f i n e  t o  medium 10 AY 2" 

11 AY 2" 

7 

Gray, gravel ,  clayey, sandy, 16 A Y  2" 
Gravel both angular and 
rounded up t o  1-1/2 inch. 
Moist to wet. 17 A Y  2" 

- 
Gray c lay ,  s i l t y ,  sandy, 
f i n e  gravel throughout. 18 . A Y  . 2 "  

Gray t o  reddish brown C l  ay , 
gravelly,  sandy. Percent of 
sand increasing with depth. 

clayey, s t i f f ,  moist, 

Red Sil  t s tone ,  s l i g h t l y  t o  
moderately weathered. 
Bedding spaced a t  approxi - 
rnately 2 .5  inches. 24 D Y  3" 

End of hole 50.2 f e e t .  1 1 1  

& TEST 



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 & S i t e  Characterization HOLE M. BH-44 

SITE Niagara Fal ls  Storage S i t e   SHE^ NO. 1 OF 3 

CONTRACTOR : Empi r e  Soi 1 s STARTED 1 : 30 P.M. May 21, 1 9 8 1  
FINISHED 1: 30 P.M. May26 I981 

M ETHOO SOIL Hol 1 ow Stem Auger CASING OIAY. 
OF 

DRILLING : ~ C K  Diamond Coring CORE DlAM. NX 

LO'CATION: UTITUDE 
DEPARTURE 
BEARING 0 
INnlAL DIP 90 
OTHER UPS 

ELEVATIONS : DATUM USGS 
DRILL PUTFORM None 
GROUNO SURFACE 320.7 
ROCK SURFACE 273.2 
e o m w  'OF HOLE 268.2 
WATER LEVEL 4~.lYodO+e!?~h~ 

Y Y P U M C  YETWOO 5n lpp lm COYTIIWU * A -  SPLIT TUBE E - AIPCU II - INSERT R - a w n  BAS 
I - THIN UALL TUBE F - WASH 0 - TUBE s - FUOFILY w 
C - PI- SAMPLER 8 - WATER COnEWT TIM Z - O I W A D E D  
0 - CORE W R E L  9 - C U S t  JAR Y - c o r e h o x  

l NSPECTOR T. Ful ler  

LOGGED BY R. Adams 
DATE 

-14 

Cft)  

I 

0 

2 

4 

6 

a 

SOIL TYPE 

Fi 11 

ML 

CL/GC 

C L 

oacrr~rrwm: COLOR, cowas~~wcr, m e ,  
W~TER UMEHT, PUSTICI~, cwrrcrmss, 
w 4 m  wf a t u ~ w .  m. 

Glass, br icks,  concrete,  
organics and topsoi 1 .  

a Brown S i l t ,  gravel ly,  
sandy, very s t i f f ,  dry. 

8-8.75 Feet - Brown Sandy 
gravel 1 ense. 

Brown c lay ,  s i l t y ,  sandy, 
gravel ly,  s t i f f ,  moist 
gravel up t o  1/4 inch. 

Gray-brown Clay, s i l  t y ,  
sandy, s o f t  t o  very s o f t ,  
p l a s t i c ,  wet. Trace of  
gravel . 

MO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

o m  

0-2 

2-4 

4-6 

6-8 

8-10 

10-12 

12-14 

14-16 

16-18 

mb 

0 "  

0" 

19" 

17" 

18" 

18" 

21" 

12" 

24" 

me* 

A Y  

A Y  

A Y  

A Y  

A Y  

A Y  

A Y  

A Y  

A Y  

S A Y C L L  

SIZE 

2" 

2" 

2" 

2" 

2" 

2" 

2 "  

2 "  

2" 



ACRES AMERICAN INCORPORATED - CONSULTING ENGI 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. JOB NO. ~6254.01 

PROJECT Foundation Investigations & S i t e  Characterization HOLE NO. BH-44 

Niagara Falls  Storage S i t e  
- - -  

SOIL -m?€ 

- -- 

C L 
(Contin- 
ued) . 

T i l l  

Bedrock 

Gray-brown Clay, s i1 t y ,  
sandy, t r a c e  gravel through- 
out.  Soft to  very s o f t ,  
p lagt ic ,  wet. 

38-42 Feet, 
Gravel content increases. 

Red S i l t ,  clayey, with t r ace  
gravel.  Very dense t o  hard 

Red, s i l  ts tone-shale,  highly 
weathered, low hardness, 
bedding a t  900 t o  core axis .  

S A U P . L E  PENLtRATlON 
TEST 

no l TYPE I SIZE I DEPTH I R E ~ D  

2 "  1 40-42 1 17" I~ ropped  
Rods 

24 A Y 2 "  46-47. d 18" 58-79- 
130 

25 DY 3" 47.5- 5 . 0 '  RQD 
50.5 0 

--- 



ACRES AM ERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

cu ENT NtO,  Inc. ~ o e  NO. P6254.07 

PROJECT Foundation Investigations & Site  Characterization BH-44 

SlTE N i  agara Fa1 1 s Storage S i te  SHEET NO. 3 OF 3 

Bedrock 
(Conti n- 
ued ) 

qFscPmOlr: COLOR, c a U l m ! r n , ~ .  
U T E a C Q I I P ( e , ~ C m . Q ) Y C * C T Y ~  
mRI) ~ O a U I W ,  m. 

Shale becoming 1 ess 
weathered w i t h  depth. 
End of hole 52.5 f ee t .  



ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS 
BUFFALO , NEW YORK 

D R ~ L C I H G  R E P O R T  

C U M  NLO, Inc. JOB NO. P6254.07 

PROJ ECT Foundation Inves t iga t ions  & S i t e  Character izat ion HOLE NO. BH-45 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empi r e  Soi 1 s STARTED 1: 30 P .M. May 6, I 9 8 1  
flNlSHEo 1 :00 P .Id. May 7, 1981  

M ETHOO SOIL Hol 1 ow Stem Auger CASING DIAIY. 
Of 

DRIUJNB: ROCK Diamond Coring CORE DIAM. N X 

LOCATION : LATIWOE ELEVATIONS: DATUM USGS 
OEPARNRE DRIU KATFORM None 
-RING GROUND SURFACE 320.6 
I N ~ A L  DIP go' ROCKSURFACE 277.1 
OTHER Dl= B O ~ M  OF HOLE 272.1 

WATER - 
L 3 R . 1 5  e J Yeet l y  1 BSL 1981 

DQIfn 

( f t  ) 

2 

4 

6 

8 

10 

12 

14 

16 

18 

* A - S R J T N M  E - AUOZR M - IMSEIII R - QOTH MG 
I -  IN uu TUBE F - WASH o - NIE s - PUWILM a& 
C - PtJIOI( WPLU P - WATER QWrrWT TIM Z - 01-AOED 
D - CORE WREL Q - GUS AIR Y - core,box 

S a L  rn 

S P 

C L  

C L 

UMPUNC METWO 

ESXICTK*(: COLOR, CWUSE~CY. r ~ m r ~ ~ m ~ ,  
*AER CUfENT, P U S I C I T I ,  tWC*CrWESS, 
WATER WSS OR U I N ,  LJC. 

Brown sand, gravel ly w i t h  
t h i n  s i l t  l ayers .  

Red-brown Clay, s i l t y ,  sandy. 
Dry, very s t i f f  t o  hard. 
Trace gravel throughout. 

Gravel and sand content 
increasing w i t h  depth. 

Gray Clay, s i l t y ,  sandy, 
gravel ly.  Thin s i l t  l enses ,  
s o f t ,  p l a s t i c .  

3 inch s i l t  lenses a t  18 f t .  
s n ~ m ~  

P M c T n A t r O W  
T a T  

Hit 
Stone 

10-14- 
16- 18 

13-23- 
28-40 

52-45- 
59-40 

8-12- 
14- 16 

20-22- 
18- 16 

2-4- 
5-6 

2-4- 
11- 12 

10-14- 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

S A M P L E  

o m  

A U G E R E  

1-3 

3-5 

5-7 

7-9 

9-11 

11-13 

13-15 

15-17 

17-19 

AY 

AY 

AY 

A Y  

A Y  

A Y  

A Y  

A Y  

A y  
CO~~TAINER 

mLO 

I 

0" 

12" 

14" 

18" 

16" 

24" 

23" 

24" 

11" 

SIZL 

2"  

2 "  

2 "  

2 "  

2"  

2 "  

2 "  

2" 

211 



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  

CU ENT NLO, h c .  ~ 0 0  NO. P6254.07 

PROJECT Foundation Investigations & Si t e  Characterization NO- BH-45 

Niagara Falls Storage Si te  

SOIL nPe 

CL- 
(Contin- 
ued) . 

S P 

Bedrock 

OFSCRlPnON: COLOR, C O N S l S T E H C Y , S R U ~ R E ,  
WATER CUCQbT, PLASTICITY. COMPACTNESS. 
W A m  LOSS OR tPl N, ETC. 

Gray Clay, s i l t y ,  sandy, 
gravelly, s o f t ,  wet, p las t ic  

Brown Sand, gravelly, s i l  t y ,  
rounded up to  3/4 inches. 
U n i t  very dense near 41-43 
fee t .  Water encountered a t  
35. 

Red S i  1 t s tone,  soft. ,  
f r i ab le ,  becomes less  
weathered w i t h  depth. 
Horizontal bedding spaced 
1 / 2  t o  4 inches. 

End.of hole 48.5 fee t .  

SHEET NO. 2 OF 2 

S A M P L E  P€NORATlON 

3-4 

27-29 18" 4-4- 
4-4 

29-31 18" 0-1- 
2-2 

31-33 24" 1-2- 
2-3 

33-35 24" O-O- 
1- 2 

35-37 6" 8-11 
26-29 

37-39 14" 15-15- 
17- 19 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS ' 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  
-- 

C U E M  NLO, Inc. JOE NO. P6254.07' 

PRO J Em Foundat ion Invest igat ion & S i t e  Character izat ion HOLE NO. BH-46 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 1 OF 3 

CONTRACTOR : Empi re So i 1 s  STAR^ 10 : 30. AM. June 5 r 981 
F ~ N ~ S H E ~  2:45 P.M. June 8 1081 

METHOD sac Hol low Stem Auger CASINO DIAY. 
OF 

~RIWNG: ROCK Diamond Coring CORE DIAY. N X 

LOCATION : UTlTUDE ELEVATIONS : DATUM USGS 
DEPARTURE ORIU PLA~~ORM None 
=RING GROUND SURFACE 319.9 
INITIAL WP 90' ROCK SURFACE 274.6 
OTHER DlFS B O ~ M  OF HOCE 265.9 

WATER LEVEL Ju ly  10, 1981, 

rrPrn 

(ft 1 

2 

4 

6 

8 

10 

12 

14 

16 

18 

* A -  S P L ~  TUBE E - AUQLR M - lNS€Rl R - QDTM M O  
B - THIN UU TUlK F - W A S H  0-TIME S - P U O f l W  BAS 
c - PISSOII URLR c - W A ~  cuufnrr nw z - OISCARDED / 
o - CORE ~ R E L  a - GUS JAR Y - Co re ,BOX 

INSPECTOR P. Barth I 

~ G G E D  BT R.  Werneiwskj 
DATE June 1981 

1 

r)(L tm 

Fill 

CL 

C L 

SAYPUWO YETWO 

oc*rmrtm: COLOR, cowstmm.rrmrcsunc, 
WATER ccWT€m, pL*mCl 'n ,  cowsmss,  
W N E R  U I U O R U I M ,  Trr. 

e ' ay w l t h  gravel and 
Slb4As.  
Reddish-brown Clay, s i l t y ,  
sandy with occasional gravel 
up t o  1/2 inch. Very dense, 
dry. Lenses o f  gray sandy 
Si 1 t occasional l y  present .  

Reddish-gray t o  gray Clay, 
s i l t y ,  sandy w i t h  some 
gravel . I so la ted  s i l  t 
lenses throughout. Moist t o  
wet. So f t ,  p l a s t i c .  Below 
13 f e e t  c lay color  i s  gray. 

INIPP(N6 

MSL 
PmnRATmN 

mt 

100/.1 
Boulder 

18-27- 
45-48 

23-27- 
28- 30 

30-21- 
20- 15 

8-8- 
10- 11 

8-8- 
5-4 

0-1- 
2-2 

0-0- 
1- 2 

2-2- 

315.10 Feet 

no. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

me* 

AY 

A Y  

AY 

AY 

AY 

A Y  

AY 

AY 

AY 
CO(TAIM€R 

m b  

0" 

0" 

24" 

24" 

24" 

18" 

24" 

24" 

18" 

S A M P L E  

SIZE 1 O C ~  

A U G E R C ' D  
2" 

2" 

2" 

2" 

2" 

2" 

2" 

2 "  

2" 

1-3 

3-5 

5-7 

7-9 

9-11 

11-13 

13-15 

15-17 

17-19 



ACRES AMERICAN INCORPORATED - CONSULTING ENGl NEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

CLIENT FILO, Inc. doe P6254.07 

~ E C T  Foundation Investigation & Site  Characterization HOLE w. BH-46 

Niagara Falls Storage S i te  SHEET m. 2 OF 3 

Gray Clay, s i l t y ,  sandy, 
trace gravel throughout. 
Very so f t ,  p las t ic .  . 

Angular gravel t o  314 inches 
present a t  23 feet .  

28-29.2 f ee t  Gray S i l t  layer 14 n- 
34-34.5 f ee t  red s i l t  sense. i l7 1 A Y  

Red Sand, s i l t y ,  cyavelly, 
moist with t race  of Clay. 
Gravel angular up to  2 inche 
Si1 t 1 enses Dresent. 

Gray Si1 t ,  sandy, gravelly, 22 AY 
dense with weathered rock 

ML 

Bedrock 

fragments. I 

23 AY 
Red Si 1 tstone,  1 ow hardness, 
highly weathered, dry. 
Horizontal bedding. 



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 NO. P6254.07 

PROJECT Foundation Investigation & Si te  Characterization HOLE NO. BH-46 

SITE Niagara Fa1 1s Storage S i te  SHEET NO. 3 OF 3 

Bedrock Red Sil  tstone. Slightly 25 DY 
weathered. Occasional green (cor t ' d  
Si1 ts tone 1 ayers. 

- End of Hole 54.0 Feet 

I 



ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

CLIENT NLOy 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  Cha rac te r i za t i on  HOLE NO, BH-47 

SITE Niagara F a l l s  Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empi r e  Soi 1 s STARTU) 8: 30 A .M. May 18 19  81 
FINISHED 5 :00 P .M. May 18 19 81 

M m H 0 0  SOIL Hol low Stem Auger CASING DIAY. 
OF 

DRILLING: ROC% Diamond Cor ing CORE DIAM. NX 

LO'CATION : WTINDE ELEVATIONS : DATUM USGS 
DEPARTURE ORIU PLATFORM None 
BEARING GROUND SURFACE 319.6 
INITIAL DIP 90' ROCK SURFACE 288.2 
OTHER UPS BORDM 'OF HOLE 283.2 

WATER LEVEL 7/10/81, 316.71 
f e e t  MSL 

w C t K * I :  COLOR, CDwSlrnwcr, muCrurrL, $ * U P  
WATER CmTEn. PL*STICITY, muMcmEs. 
WATER LOSS W U6 M, EX. NO. Iw**~  UZL 

Red-brown Clay, s i l t y  sandy, 
very  s t i f f  t o  hard, d ry .  
Some organ ics  i n  t he  upper 
hor izons . l - -LJ - -  

Red-gray t o  gray Clay, s i l t y ,  
sandy w i t h  t r a c e  o f  g rave l .  
One i n c h  s i l t  lenses p resen t  
throughout.  111 

Below 15 f e e t  c l ay ,  mo i s t  t o  
wet, s o f t ,  p l a s t i c .  

SAUPUWC YETmo * A - SPLIT TUIE 
8 - TnlM WALL TUBE 
C - PlS1PI U R E R  
0 - C D M  W R E L  

SMlf f lN6 CC*TAoIER 
II - I W S W  R - QOTM BAG 
0 - NO€ S - PuWILM E+ 
C - WATER -TENT TlU Z - DISCAROE6 
0 - C U S S  JAR Y - CO& box 

WGGED BT R. Werneiwski 
DATE May 1981 ,/ 



ACRES AMERICAN 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  

CLIENT NLO, Iiic. ~ o e  NO. P6254.07 

PROJECT Foundation Investigations & Site  Characterization HOLE NO. BH-47 

Niagara Falls Storage S i te  SHEET NO. 2 O F  2 

S A M P L E  

6 

SOIL TlPE 

SITE 

Dm) 
20 

22 

24 

26 

2 8 

30 

32 - 

3 4 

36 - - 

- 3 8 

lr +brown Clay, s i l t y ,  sandy - $oh. 1 9  

Red s i l t  and sand, gravel , 1 10 

Red S i l t ,  sandy, gravelly, 
very dense t o  hard, dry. ugered 

R 
ugered 

8- R 
ugered 

68- 102 
R 

8- R 
ugered 
-R -- 

RQD 15% 

Gravel subangular. :Bedrock 
fragments present near base 
of u n i t .  

29-29.6 f ee t  red Sand lense. 

weathered, occasional green 
beds. Horizontal bedding 
spaced 112 - 5 inches. 

End of Hole 36.4 F t .  t 



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. JOB NO. P6254.07 

PROJECT Foundation I n v e s t i g a t i o n s  & S i t e  Charac te r i za t ion  HOLE NO. BH-47A 

SITE Ni agara. Fa1 1 s Storage S i  t e  SHEET NO. 1 OF 1 

CONTRACTOR: Empi r e  Soi 1 s STARTED 9:30 P.M. June 4 1 9  8 1  
FINISHED 10:30 P.M. June 4 - 19 81 

MmlOO sol1 Hollow Stem Auger CASING OIAY. 
OF 

DRILUN B : ROCK None CORE DIAY. 

INSPECTOR P. Barth 

LOGGED BY R. Werneiwski 
DATE 

- .  

LOCATION: LATlTUOE ELEVATIONS : DATUM USGS 
DEPARTURE DRILL PLATFORM None 
BEARING GROUND SURFAFE 319.6 
INITIAL MP 90' ROCK SURFACE 
OTHER MPS BORDM OF HOLE 300.6 

WATER LEVEL 7/10/81, 315.27 F t  

Fj 

t 

1 

3 

! 0 

.2 

.4 

.6 

.8 

'0 

' 2  

' 4  

'6 

* A -  SPUTNM E - AUOER M -  INS^ R - QOTM MQ 
B - THIN mu TUIE F - WASH o - TUBE s - RIOCILY a& , 
c -  PI^ S*LIPCLR - WATER a m w  nw z - OISUROEO 
0 - C O M  M R L L  0 - G U S  JAR / 

=L rm 

C L 

MYPUWU YETMOO 

MSI 

PWOAITwm 
W s T  

8-8- 
9- 10 

10-8- 
6- 4 
4-4- 
7-8 
4-4- 
5-6 

S A M P L E  oaar~rrlcu: COLOR, ~ ~ ~ ~ ~ I ~ K Y , Z T R U C N ~ ,  
WATER COmWI. PLISIICITI, -CIWIS, 
WATER LOU OR W l N ,  E X .  

Augered t o  10.0 fee t .  No 
sampling. 

Gray t o  red-gray, Clay, 
s i  1 ty, sandy w i t h  t r a c e  of  - 
g ravel .  Mois t  throughout.  
Occasional S i l t  and Satid 
lenses below 15.6 f e e t .  

End o f  Hole 19.0 f e e t .  

SMlPPIW6 

mrb NO. 

1 

2 

3 

4 

T * M ~  

AQ 

AQ 

AQ 

AQ 

WUTAIMFR 

l ac  

A U G K R E D  

0- 

2 "  

2 "  

2 "  

2 "  

10-12 

12-14 

14-16 

16-18 

A U G E R E C  

12" 

24" 

12" 

18" 



-- ~~ - - - ~ - - -- - - - 

ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS ' 
BUFFALO , NEW YORK 

D R ~ L L I N G  R E P O R T  

CLIENT NLO, I~c. J O ~  NO. P6254.07 

PROJ ECT Foundation I nves t i ga t i ons  & S i t e  Charac te r i za t ion  HOLE NO. BH-48 

SITE Niagara Fa1 1s Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR : Empire So i l s  STARTED 1:30 P . M .  May 6, 1 9  8 1  
FINISHED 11 :OO A .Y. May 7 19 8 1  

Mml lOD SOIL H o ~  1 OW Stem Auger CASING DIAM. 
OF 

DUIUJNB: ROCK Diamond Cor i  ng CORE DIAM. FIX 

LOCATION : LATlTUOE ELEVATIONS : DATUM USGS 
DEPARTURE 
W R I N G  
IwrrlaL DIP 90' 
OTHER DIPS 

DRIU PUTFORM None 
GROUND SURFACE 319.6 
ROCK SURFACE 281.1 
BoTTOM'OFHOCE 275.6 
WATER TABLE \!%P13i8.1(6 1 10 ~k MSL 

#~cnlmac: COLOR, cowslmwcr, mnrcru~~~ 
WAER m. PUSTICITY, CW#CTYEES, 
WATER LDU OR U I N .  m. 

Brown Clay, s i l t y ,  sandy, 
organic,  d ry .  

Rkd-brown Clay, s i  1  ty, sandy 
t r a c e  gravel ,  dry.  Contains 
occasional  t h i n  S i l t  and 
Sand lenses. 

Sand lense one i n c h  t h i c k  a t  
11 feet.  F ine  t o  coarse, 
s i l t y .  

C L Red-gray Clay, s i l t y  sandy 
w i t h  t r a c e  gravel .  Soft, 
p l a s t i c ,  wet. Thin Sand and 
S i l t  lenses throughout. 

l NSPECTOR 

LDGGED EY 

P.  Bar th  

R. Wernei ws k i  
DATE May 198f 



ACRES AMERICAN INCORPORATED - CONSULTING ENGl NEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

WENT NLO, Inc .  Joe m. P6254.07 

~ E C T  Foundation Investigations & Si t e  Characterization HOLE NO. BH-48 

SITE - 
o m  

0 

20 

! 2 

!4 

!6 

!8 

10 

Niagara Falls Storage S i te  SHEET NO. 2 OF 2 

SOIL Tm 

C L 
(cont ' d) 

SCi/ML/ C L  

~ m m :  COLOR, - m , ~ .  S A M P L E  
Urn cowmn, Pumcm. cour*cswau. 
~ L l l ~ 0 1 ) U I I .  m. 

1 . -  I . -  . -- 

Gray Clay, S i l t y ,  sandy w i t h  9 A Y 2" 17-19 
trace gravel throughout, 

- 
so f t ,  p las t ic ,  wet. 10 A Y 2" 19-21 

Occasional t h i n  Red S i l t  
1 enses . 

9- 
a1 ternat i  ng 1 ayers; 15 A Y  2" 29-31 

12 
ML/GF? Alternating layers Red S i l t ,  16 A y  2" 51-32.1 

Sand, and Gravel , clayey, 
occasional cobbles. 17 A Y  2" 32.5-3 

14 

16 ML Red, S i l t  c la  y,  sandy D Y  3" 33-':' dense WI t h  wealkred rock 
fragments. 

38.0 

18 Bedrock Red Sil  tstone, highly 
weathered in upper horizons , 
becoming 1 ess weathered with , 18 AY 2" 38-39 
depth. Green s i l t s tone  bed 
from 41.4-41.6 fee t .  Hori- 
zontal beddi ng spaced a t  
1-3 inches. DY 3" 39-44 

.4 . End of hole 44.0 fee t .  

I8 

0 



ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

CUEM NL0;- Inc: Joe NO. P6254.07 

PROJ Em Foundation I n v e s t i g a t i o n s  & S i t e  Cha rac te r i za t i on  HOLE No. BH-49 

SITE Niagara F a l l s  Storage S i t e  SHEET No. 1 OF 2 

CONTRACTOR: Empi r e  Soi  1 s STARTED 8:30 .A.M. May 19 I S  8 1  
FINISHED . 1 :00 P.M.. May 21 IS 81 

METHOD SOIL Hall ow Stem Auger CASING OlAM. 
OF 

MIILLINQ: ROC% Diamond Cor ing CORE OIAY. N X 

LOCATION: LPT1llJOE ELEVATIONS : DATUM USGS 
DEPARTURE 
BEARING 
INrtlAL MP 90' 
OTHER UPS 

- - 

F i l l  

DRlUPUTFORM None 
GROUND SURFACE 318.8 
ROCK SURFACE 27 5.1 
BO~TOM'W t 4 a . E  267.9 
WATER LEVEL 7/10/81, 314.91 Ft 

ocsa~rrlow: COLOR, amnmwcr, srnumulrr. S A M P L E  
rrm cormrr. m u n ,  couwcmn, 
WATER LOSS a U I W .  CTC. 

-. 

Sewer l i n e  encountered from 
8-11 f e e t .  Bottom o f  1 i n e  
11 f e e t .  

d ispersed throughout.  
Occasional t h i n  'Sand lenses. 

sn1mw6 ~Q(TAI)IER 
E - AWLR w - INSERT R - a o ~ n  I 

a - WIN uu TUX F - WASH o -NO€ J - RIOFIU B& 
C - PlSrrJII Y l l R E A  # - WATER -TENT TIM Z - OISCAROLD 
D - CORE BARREL Q - G U S J A R  Y-core/box 

INSPECTOR P .  Bar th  

LOGGED BY R. Werneiws k i  
DATE June 1981 , 



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. J O ~  ta P 6 2 5 4 . 0  

PFKIJECT Foundation Invest igat ions & S i t e  Character izat ion HOLE mx BH-49 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 2 OF 2 I 
-- ~ ~ 

CL 

SM/ ML 

Bedrock 

Gray Clay, s i l t y ,  sandy, 
t r a c e  gravel ,  s o f t ,  p l a s t i c .  
Moist t o  wet. 

Occasional gray si 1 t 1 enses 
throughout. 

35-37 Feet - Gray o r  red s i l t  18  AY 
and sand 1 enses . Transi t i on  

2" 

zone. 
Red S i l t ,  sandy, gravel ly ,  
very dense t o  hard, dry. 
Highly compacted and p a r t i  - 
31 ly  cemented. Denison 
sample f a i l e d ,  too hard t o  
turn rods. 

Red S i l t s t o n e ,  moderately t o  
highly weathered. Horizontal 24 AY 
bedding spaced 112 - 4 inches 

33-35 24" O-O- 
2-3 

35-37 12" 8-8- 
14-15 

37-39 13" 19-23- 
35-48 

39-40 8" Denison 
40-41 12" 40-75 

41-42. 5 12" 43-56- 
91- 

43-44.4 12"  8- 2 8- 
R 

45-45. !J 10" 70-R 



-- -- pp -p - - - - 

ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS ' 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

CupCT NLO, Inc. joe NO, P6254.07 

PRO J ECT Foundation Invest igat ions & S i t e  Characterization HOLE NO. BH-49A 

SITE Niagara Fal ls  Storage S i t e  SHEET NO. 1 OF 1 

CONTRACTOR: Empi r e  Soi 1 s STARTED 12:30P.~. June 4 I S  81 
FINISHED 1 :30 P.M. June 4 I9 81 

M m D  SOIL H o ~  1 OW Stem Auger CASING DIAM. 
OF 

DRILUNG : ROC% None CORE DIAY. 

LOCATION : LATITUDE 
DEPARTURE 
BEARING 
INITIAL DIP 90' 
OTHER aPs 

ELEVATIONS : DATUM USGS 
DRILL PUTFORM NO ne 
GROUND SURFACE 318.8 
ROCK SURFACE 
B O ~ M ' O F  HOLE 299.8 

snlmm WTAIWER 
w - INSERT a - QOTM MG 
0 - N I E  S - RJOfILW a& 
? - WATER COWTENT nu Z - DISCAROOD 
0 - G U S  JAR /, 

WATER LEVEL July 10 1981 

' I 

INSPECTOR P. Barth 
APQRWED . 4 

LOGGED BY R .  Werneiwski 
DATE June 1981 , I  

) 

I 

> 

3 

LO 

.2  

.4 

.6 

.8 

10 

! 2 

14 

! 6 

SOIL TWe 

c L 

S M 

C L 

oacmrrloc: COLOR, c o w s l m w c ~ . m l a .  
WATER CD(TTD(T, P U S I W T T ,  -, 
WATER L W ~  OR UIM, m. 

Augered t o  10.0 f e e t .  No 
sampl ing. 

Red-brown Clay, s i l t y ,  sandy, 
t r ace  gravel . Medium t o  
s t i f f ,  dry. 

Tan Sand, s i l t y ,  wet. 

Gray Clay, s i l t y ,  sandy, 
t r ace  gravel . Sof t ,  moist 

MSL 

P m c T R A M  
EST 

7-7- 
8-9 
8-8- 
8-8 
9-19- 

35-70 
12-18- 
12-10 

End o f  Hole 19.0 f e e t .  

311.92 f e e t  

mrb 

22" 

12" 

15" 

16" 
. 

NO. 

1 

2 

3 

4 

wrr* 

AQ 

AQ 

A0 

AQ 

S A M P L E  

SIZE 

A U G E R E  

2" 

2" 

2" 

2" 

o m  

D 

10-12 

12-14 

14-16 

16-18 

A ! ! G d R E D  
i 
I 



ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS ' 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

NLO, Inc. C U M  JOB NO. P6254.07 

Foundation Invest igat ions & S i t e  Character izat ion PAOJ ECT HOLE NO. 8 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 1 

CONTRACTOR : Empire Soi l s  STARTED 2:OO P .M. May 7, 
RNISHED 12 :00 P .M. May 8, 

METHOD SOIL H o ~  low Stem Auger CASING DIAY. 
OF 

DRILLING: ROCU Diamond Coring CORE DIAY. N X  

LOCATION : LATITUDE 
DEPARTURE 
BEARING 
IwrrlaL DIP 90' 
OTHER MPS 

ELEVATIONS : DATUM USGS 
DRILL PUTFORM None 
GROUND SURFACE 317.2 
ROCK SURFACE 281.9 
B O ~ M ' O F H O L E  273.2 
WATER LEVEL J l y  10 1981 

3Y3.86 f e e t  MSL 
S A M P L E  

Brown t o  t an ,  sand, f i n e  1 
grained, t r a c e  c lay  , loose, 
moist. - 

2 

Brown S i l t ,  sandy, clayey, 
with t r a c e  gravel through- 
out;up t o  1 1 /2  inch; 
t o  very s t i f f .  

Srown Clay, s i l t y ,  sandy, 
gravel ly ,  p l a s t i c .  Moisture 
content increases a t  10  f e e t .  
Gravel both rounded and 
angul a r .  

Brown S i l t ,  sandy, clayey,  
with t r a c e  gravel through- 

Q - G U S  JAR Y-core/box 

I NSPECTOR P.  Ba r th  

~ G G E D  BY R .  Adams 
DATE 

/ 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
.- BUFFALO , N E W  Y O R K  

0 R I L L I N G  R E P O R T  

CU ENT NLO, I ~ c .  joe NO. ~6254.07 

PROJECT Foundation Invest igat ions & S i t e  Characterization HOLE NO. BH-50 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 2 OF 2 

~ESCRIPT~JN: COLOR, C O N S I S T E N C ~ , ~ U ~ R E .  
WATER CO(rmYT, PLASIICTTY, C O M W N E S S ,  
WATER LOSS OR N. FTC. 

SOIL rn 
o(% I TEST 

I 
TIPE I SIZE 

Gray- brown, Si 1 t , cl  ayey , 
sandy, gravel ly ,  medium t o  
s o f t ,  p l a s t i c .  

Gravel up t o  1 1/2 inch but 
averaging 1 / 2  inch. 

Moisture content varies  
within un i t .  

1 

Srown Gravel, sandy and 
Brown s i  1 t , gravel 1 y . Gravel 
u p  t o  1/4 inch, wet. 

E R E 

36- 36. ! 

E R E  

38-38.! 
E R E  - 

39-44 

Red S i l t ,  sandy, dense t o  
very dense. 

Bedrock t -- --- -- -- 

Red S i l  t s tone ,  moderately 
weathered. Horizontal 
bedding spaced approximately 
4 inches. 

End of hole 44.0 f e e t .  



ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS ' 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

CUENT NLC, Inc. J O ~  NO. P6254.07 

PROJECT Foundation I n v e s t i g a t i o n  & S i t e  Cha rac te r i za t i on  HOLE NO. BH-50A 

SITE Niagara Fa1 1s Storage S i t e  SHEET NO. 1 OF 1 

CONTRACTOR: Empire Soi 1 s STARTED 4 : 30 P .Y. June 4 I 981 
FINISHED 9: 15 A .M. June 5 19 8 1  

METHO0 SOIL Hol low Stem Auger CASING DIAM. 
OF 

DRILLINO: ROCK None CORE DIAY. 

LO'CATION : UTITUDE ELEVATIONS : DATUM us G s  
DEPARTURE 
BEARING 
INITIAL DIP go0 
OTHER MeS 

D R I L L U ~ ~ O R M  None 
GROUND SURFACE 317.8 
ROCK SURFACE 
B O ~ M ' O F  HOCE 296.8 
WATER LEVEL $i l y  3.45 10 f e e t  1981 MSL 

* A - SPLIT NIE E -  AWER a - INSERT R - QOTH MO 
a - THIN WALL NIE F - WASH o - nee  s - PUOFILM ,a& 
c - C~SIOII WPLER c - WATER CDIITEWT nw z - OISCARDBO 
D - CORE m R E L  9 - G U S  JAR / 

INSPECTOR P. Bar th  

LOGGED EY R. Werneiwski 



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 

PROJ EcT 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, BH-51 

SITE Niagara F a l l s  S to rage  S i t e  S n a T  NO. 1 OF 3 

CONTRACTOR: S o i l s  STARED :0° . P . ~ .  May 26 19 81 
FINISHED lo z30 A.M. May 28 . l o  8 1  

SOIL Hollow Stem Auger CASING OIAY. 
OF 

DRILLING : ROCK Diamond Coring CORE DIAY. N X 

LOCATION : LATITUDE ELEVATIONS : DATUM USGS 
DEPARTURE 
BEARING 
INITIAL DIP 90' 
OTHER D(PS 

DRIU PLATFORM None 
GROUND SURFACE 319.2 
ROCK SURFACE 274.2 
BO~TDM'OFHOLE 267.2 

,981 
!t MSL 

onatrrm: COLOR, ams~mwcr.srmrcsunc, 
Y)IL m W A T d  COTrDCT, PUSnCITY, tWPKfYESS, 

WATER LOSS a U I M ,  ETC. 

ML Brown-tan s i l t ,  sandy,  dense 
t o  ve ry  dense ,  f i n e  g r a i n e d ,  

I 
j d r y ,  t r a c e  o r g a n i c s  . 

Brown .Clay, s i l t y ,  sandy,  
s t i f f  t o  ve ry  s t i f f ,  d r y  
t r a c e s  o f  gravel  throughout .  

Gray-brown t o  gray Clay, 
s i l t y ,  sandy,  g r a v e l l y .  
S o f t  t o  very  s o f t ,  ve ry  
p l a s t i c ,  mois t  t o  wet. 
Gravel up t o  1 /2  inch .  

SHlrnNG COI(TAI*ER 
w - INSERT R - a o f n  MC 
0 - TUBE S - PUWIW W 
P - W A ~ R  C I W ~  nm Z - OlSCARDaD 
P - C U S  JAR / 

INSPECTOR P .  Barth 

LOGGED BY R .  Adams 
DATE May 1981 / ' 



- - - --- - - -- - 

.- 
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 NO. P6254.01 

p m E C r  Foundation I n v e s t i g a t i o n s  & S i t e  Cha rac te r i za t i on  HOLE NO. BH-51 

Niagara F a l l s  Storage S i t e  SHEET NO. 2 OF 3 SITE 

SOIL rn 1 TEST 

C L 
(con t ' d  ) 

- - - - - - - - - 

Gray Clay, s i l t y ,  sandy w i t h  
t r a c e  g rave l .  S o f t  t o  ve ry  
so f t ,  p l a s t i c ,  mo is t  t o  
wet. Gravel p o r t i o n s  
rounded, up t o  314 inch .  

Becomes more g ranu la r  near 
base . o f  u n i t .  

Gray - r e d  t o  red-brown sand, 
c layey  , s i l t y ,  g r a v e l l y ,  
mo i s t  t o  wet. 
1 / 2  i n ch .  

Bedrock Red-brown Shale, s i l t y  , 
h i g h l y  weathered, green bed 
1 2  inches t h i c k  a t  49 fee t .  



.- 
ACRES AM ERIC A N  INCORPORATED - CONSULTING ENGi NEERS 

BUFFALO, N E W  Y O R K  
D R I L L I N G  R E P O R T  

CLIENT 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  Cha rac te r i za t i on  HOLE NO. BH-51 

SHEET NO. 3 O F  3 Niagara F a l l s  Storage S i t e  SITE 

SOIL W E  

Bedrock 

pESCRlPTlUN: COLOR, CONStSTENCT,STRlJlXlJRE, 
WATER COHIPCT, PLASTtCJlY, COMPACTNESS. 
WATER LOSS OR GAIN, E X .  

Red-brown Shale. 

End o f  Hole 52.0 f e e t  

PEEIETRATION 
TEST 

RQD 
0 



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 & S i t e  Characterization HOLE NO. BH-52 

SITE Niagara Fal ls  Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empire So i l s  STARTED 11 :30 A.M. May 28 19 8 1  
FINISHED 1:00 P .Y. May 29 IS 81 

M r n 0 D  SOIL Holl ow Stem Auger CASING DIAU. 
OF 

M~LLING: ROCK Diamond Coring CORE DIAY. N X 

LOCATION : LATITUDE ELEVATIONS : DATUM us Gs 
DEPARTURE 
BEARING 
INITIAL DIP 90' 
O W E R  MeS 

WATCR LOU OR U I N ,  EX. 

Brow S i l t ,  sandy, t r a c e  
gravel , t r ace  organics , 
moist. 

CL Brown ,Clay, s i l t y ,  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 .  

SM/SP Brown Sand, s i l t y ,  gravel ly ,  
moist. 

Gray-brown t o  gray Clay, 
s i l t y ,  sandy, moist,  p l a s t i c .  
Occasional th in  red s i l t  
1 enses . 

ORILL PLATFORM None 
GROUND SURFACE 319.3 
RoCK SURFACE 283.8 
B O ~ M ' O F  276.3 
WATER LEVEL 

1 



,- 

ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , N E W  Y O 9 K  

D R I L L I N G  R E P O R T  

WENT NLO, Inc. JOE NO. P6254.07 

PROJECT Foundation Invesigat ions & S i t e  Character izat ion HOLE NO. BH-52 

SITE Niagara Fa l l s  Storage S i t e  

Bedrock 

j6 =I= 

DESCRIPTION: COLOR, CONSISTENCY, SWCIUUIE, 
WATER CWEW, PLPSTICIT?, COMPACTXESS, 
WATER USS OR CPl N. R-C. 

Gray- brown t o  gray Cl ay , . 
sandy, s i l t y ,  moist,  p l a s t i c .  
Trace gravel u p  t o  112 inch. 

Sand and gravel content  
increases near base of  u n i t .  

Brown: Sand, gravel ly ,  cl ayey . 
Gravel portion rounded t o  
2 inches, sand portion medium 
t o  coarse. Very wet t o  
sa tu ra t ed .  

Red S i  1 t WI t h  weathered S I  l t- 
stone fraaments . 
Red S i l  t s t o n e ,  c layey,  highly 

to  moderately weathered, s o f t  
f r i a b l e .  Contains occasion- 
a l l y  green s i  1 t s tone  1 enses 
approximately 2 inches th i ck .  

End of Hole 43.0 f e e t  

SHEET NO. 2 OF 2 I 
S A M P L E  



ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  
I 

cum NLOy Inc. JOB NO. P6254.07 

PROJECT Foundation Inves t i ga t i on  & S i t e  Charac ter iza t ion  HOLE NO. BH-53 

SITE Niagara F a l l s  Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empire S o i l s  STARTED 2:00 P.M. June22  1981 
FINISHED 9:30 A .Y. June 23 1981 

M ETHOD SOIL Hol low Stem Auger CASING DIAM. 
OF 

DRILLING : ROW Diamond Coring CORE DIAM. NX 

LOCATION : LATITUDE ELEVATIONS: DATUM USGS 
DEPARTURE DRILL PCATFORM None 
BEARING GROUND SURFACE 320.9 
INITIAL DIP 90' ROCK SURFACE 382.7 
OTHER DlB B O ~ ~ ~ M . O F H O L E  275.9 

WATER LEVEL 7/10/81, 315.85 F t  

- - - WATER COW= TIN z - DISCARDED,/ 
Q - QLIQ JAR - Y-core bo/x 

INSPECTOR P .  Barth 

LOGGED BY R. T i 1  ghrnan 

OSCIWTIOU: COLOR, caw%mm,mutmnc, 
WATER WNlENT. PL*SnUlY, Q)YP*CTN€S, 
W A ~  LO~S OR UIN,  m. 

Brown Clay, s i l t y ,  g rave l l y ,  
non-pl a s t i  c. Gravel dispersed 
throughout. 

Percent gravel decreases near 
base o f  u n i t .  

Brown S i l t ,  sandy, g rave l l y ,  
gravel up t o  1/2 inch. 

snlmm 
E - AUQER N - INSERT R - CLOTH 8AC 
F - WASH o - TUBE s - PUWILY a& 

m m T m  
TEST 

5-5- 
7-9 

21-35 
41-50 

9-14- 
20-23 

32- R 

13-21 
28-2 1 

14-19- 
16- 14 

8-12- 
14- 17 

19-21- 
20- 18 

10-10- 

S A M P L E  

SIZE 

A U G  

2"  

2" 

2" 

2" 

A U G  

2 "  

2" 

2" 

2 "  

2 "  

orm 

I R E D  

1-3 

3-5 

5-7 

7-7.9 

: R E D  

9-11 

11-13 

13-15 

15-17 

17-19 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

m'o 

21" 

18" 

22" 

21" 

16" 

13" 

18" 

13" 

me* 

A Y  

AY 

AY 

AY 

AY 

AY 

AY 

AY 

AY 
C ~ T A I M E R  



. - 
A C R E S  A M E R I C A N  INCORPORATED - CONSULTING ENGINEERS 

BUFFALO, NEW Y O R K  8 

D R I L L I N G  R E P O R T  

CUENT NLO, Inc. JOB NO. P6254.07 

PRoJEcr Foundation Investigation & Si te  Characterization HOLE NO. BH-53 

SITE Niagara Fa1 1s Storage S i t e  SHEET NO. 2 OF 2 1 
SOIL npz 

Bedrock 

~ e s c ~ ~ ~ r r o n :  COLOR, cousisrrncr. mucrunr. 
WATER CONTeCT, PLASICtlY. U)MP&CTHUS, 
WATER LDSS OR GAIN . ETC. 

Gray Clay, s i l t y ,  sandy w i t h  10 
trace gravel throughout. 
PI a s t i c ,  very wet. Occasional - 
thin s i l t  lense present 11 
throughout. - 

12 
25-29 Feet - L i t t l e  o r  no 
gravel . - 

31.5 Feet - 3 inch Brown S i l t  - 
1 ense. 14 

Brown S i l t ,  sandy, gravelly, 
gravel u p  t o  1 inch. 
Consistancy o f  unit varies 
from a s i l t y  Sand t o  a sandy 
Si1 t. 

Reddish-brown S i l t ,  sandy, 
ravel i s  a n  u lar .  

Red Si l ts tone a n d  Shale. 
Highly weathered a t  surface. 
Quali ty improves-with depth. 
Thinly bedded horizontally. 

S A M P L E  



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. . . ~ o e  NO. P6254.07 

PRO J ECT Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. BH-55 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 1 OF 

CONTRACTOR : Emp i re So i 1 s STARTED 10:00 A.M. J u n e 2 3  1081 
FINISHED 4:30 P.M. June 23 1981 

YETK)D SOIL H o ~  low Stem Auger CASING DIAY. 
OF NX 

DRlUJNG: ROCK None CORE DIAY. 

: LATITUDE 
DEPARTURE 
BEARING 
INITIAL DIP 90' 
OTHER BPS 

ELEVATIONS : DATUM USGS 
DRILL RATFORM None 
GROUNO SURFACE 320.6 
ROCK SURFACE 28 1.6 
e o r s o v o ~ w u  279.6 
WATER 

~ ~ ~ I c I H J ) ( :  COLOR, cons~mwcr.nnucrva, 
WATER CO(TOIT, P u m C I l Y ,  couwmEs, 
W A r n  LDU OA SAIW, m. 

3rown Si 1 t ,  clayey, organics  . 
Brown Clay. Fine t o  coarse 1 AY 
gravel dispersed throughout. 
Occasional l y  gray Clay 1 ayers  .- 
Dry t o  damp. S t i f f .  2 80 Deni son 

det a t  base o f  un i t .  5 A Y  

Brown Sand, s i l t y ,  clayey. 

Gray-brown Clay , s i 1 t y  , sandy, 
t race  gravel dispersed 
throughout. P l a s t i c .  Wet. 

She1 by 
Tube 

E - AWER II - i w s m  n - QOTM MC 
I - TMIY wu TUBE F - WASH 0 - N I E  s - PUOFILY w 
C - PI- -?LEU - WATLR ccwmn nw z - OISCAROED 
0 - CORE WREL a - G U S  .JAR Y-core hox 

INSPECTOR P .  Bar th  

LOGGED BT R.  Ti 1 ghman AWRWED u / Lh$$!f,L 
DATE ~ u n e '  1981 



-- -- - - - -- -- - - --- - -  

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  

C U E M  NLO,  Inc. JOB NO. P6254.07 

PROJECT Foundation Invest igat ion & S i t e  Character izat ion HOLE HO. BH-64 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empi re Soi 1 s STARTED 8 : 0 0 A . ~ .  June 18 1981 
FINISHED 10:OO A.M. J u n e 1 9  1981 

METHOD Sol L H0l 1 OW Stem Auger CASING DIAM. 
OF 

ORILIJNG : ROCK Di amond Coring CORE DIAY. N X 

LOCAT ION : LATITUDE ELEVATIONS : DATUM USGS 
DEPARTURE 
BEARING 
INITIAL DIP 90' 
OTHER MPS 

wcll~mor: COLOR, cv~s~s~~wcr.mucrunC, 
WATER C m ,  PUSnClV, C M n n w E s t ,  
WATER Loss ORCI IW,  m. 

- -  - -- 

Black and brown S i l t ,  sandy 
w i t h  t r ace  organics.  

Ye1 low-brown S i  1 t ,  t r a c e  c l  a j  
Moist. 

Brown-gray t o  gray Clay, 
s i l t y ,  t r a c e  sand and gravel.  
Occasional 1 ayeri  ng of  gravel 
espec ia l ly  near bottom of 
u n i t .  Gravel up t o  314 inch. 

10-10.3 sandy, clayey gravel 
1 ense. 

Brown-arav Sand. 

DRIU PCA~FORM None 
GROUND SURFACE 317.7 
ROCK SURFACE 274.7 
BO~TOM'OFKKE 269.2 
WATER LEVEL 7/10/81, 315.37 F t  

MSL 
I 

R - CLOTH M O  
s - PUffILM D M  

c -WATER amtmrnn z - OISURDLD I 

o - O M  UR Y - c o r e h o x  

INSPECTOR P. Barth 
APPROVED 

LOGGED BY R.  Adam 
DATE June 1981 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , N E W  YORK 

D R I L L I N G  R E P O R T  

CLIENT NLO,  I ~ c .  JOE ~a P6254.07 

WECT Foundation Investigation & Site Characterization HOLE No. BH-64 

SITE 

o m  

( f t )  
18 

20 

22 

Niagara Fa1 1s Storage S i te  

Bedrock 

Brown-gray Sand, gravel l y  
(occasional ly coarse),  Dense 
Wet to very wet. 

Gray-brown Clay, s i l  ty  , 
sandy, trace gravel. Soft 
to  very sof t .  Moist to  wet. 
Plastic.  

Red-brown to  brown Si 1 t, 
sandy, gravelly. Dense. 
b i s t  to  wet. Occasional 
green si 1 t 1 enses . Si 1 tstone 
fragments present. 

Red- brown S i  1 t s  tone and 
shale. Sl i ghtly weathered. 
Horizontal ly  bedded. 

- End of Hole 48.5 Feet - 

SHEET NO. 2 OF 2 I 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

CUEHT NLO, Inc .  JOB NO. P6254.07 

PROJ ECT Foundation I n v e s t i g a t i o n  & S i t e  Cha rac te r i za t i on  HOLE HO. BH-64A 

SITE Niagara F a l l s  Storage S i t e  SHEET NO. 1 OF 1 

CONTRACTOR: Empi r e  Soi 1 s STARTED 9:30 A.M. June 19 1 9 8 1  
FINISHED 10: 15 A.M. June 19 19 8 1  

M m o o  SOIL H o l l  ow Stem Auger CASING DIAM. 
OF 

DRIUING: ROCK None CORE OIAY. 

LOCATION: LATITUDE 
DEPARTURE 
EEARtNG 
INITIAL DIP 90' 
OTHER UPS 

ELEVATIONS : DATUM USGS 
D R l u  PLAT~ORY None 
GROUND SURFACE ~ 3 1 8  
ROCK SURFACE 
B O ~ M  OF HOCE ~ 2 9 5  

8 -  ~ I I I  s u m a c .  r - WASH o - met s . NOALY w 
C -  C l c r g  -Pun C - W A T U  CO(lmCT TlN Z - DISCARDED 
D - C O M  W R E L  0 - 4- JAR Y-core .dox 

WATER TABLE 

INSPEC~OR P. Barth 

LOGGED gl R. Adams 

oescmrrlar: COLOR, cbwslmrm. rrrrucrunc. 
WATER comwf, PUSnUTI, COYMCTNESS, 
WATER LbZr OR U l M .  m. 

lugered - no samples taken. 

Gray-brown c lay ,  s i l t y ,  sandy, 
t r a c e  grave l ,  s o f t ,  p l a s t i c ,  
mois t .  

- End o f  Ho le  23.0 Feet 

DATE June 1981 . / 

P E M ~ A T ~ Y  
=ST 

4-3- 
3- 2 

2-4- 
3- 1 

1-1- 
3- 2 

2-3- 
4- 3 

I M ' O  

24" 

18" 

24" 

18"  

NO. 

1 

2 

3 

4 

TIW* 

AY 

AY 

AY 

AY 

S A M P L E  

SlZL 

A U G E R E D  

2 "  

2 "  

2 "  

2 "  

D C m c  

15-17 

17-19 

19-21 

21-23 



ACRES AMERICAN INCORPORATED - CONSULTING E N G l  NEERS 
BUFFALO, NEW Y O R K  

D R I L L I N G  R E P O R T  

W E N T  N L O y  Inc. J O B  NO. P6254.07 

PROJECT Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. BH-55 

Niagara Fal ls  Storage S i t e  SHEET NO. 2 OF 2 I 
DESCRIPTION: COLOR, CONSISTENCY, STRUCTURE. 

WATER CONTENT. FLASfIClTf, COMPACTNESS. 
WATER LOSS OR GAIN, n c .  

S A M P L E  

Gray t o  gray-brown Clay, 
s i l t y ,  sandy, t r a c e  gravel .  

23-29 Feet - Several t h in  
lenses of  s i l t y  brown Sand 
present .  

She1 by 
Tube 

U n i t  becomes wet te r  near base 

Gray-brown Sand, s i l  t y .  
Trace medi urn gravel .  Wet. 

Brown Clay, si  1 t y ,  sandy. 
Very s t i f f  t o  hard, wet. 

Red-brown weathered Si 1 t s tone  
a t  base. 

. /  \End o f  Hole 41 Feet 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , N E W  YORK 

D R I L L I N G  R E P O R T  

CUENT NLO, Inc. JOB NO. P6254.07 

PRO J ECT Foundation Invest igat ion & S i t e  Character izat ion HOLE hK). BH-56 

SITE Niagara Fa1 1s Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR : Empi r e  Soi 1 s STARTED 10 : 3 0  AM. June 12 1981 
FINISHED 3: 30 EM. June 15 1981 

M m o o  Sol L Holl ow Stem Auger CASING DIAM. 
OF 

DRIWNG: ROC# None CORE DIAIY. N X 

LOCATION : LATITUDE 
DEPARTURE 
BEARING 
INITIAL DIP 90' 
OTHER Dl= 

ELEVATIONS : DATUM USGS 
DRILL PLATFORM None 
GROUND SURFACE 317.4 
ROCK SURFACE 282.1 

LEVEL - 
1 A Y P  

July 10, 1981 
313.66 f e e t  MSL 

Tan-brown t o  Brown-red S i l  t , 
sandy, clayey. - Soft  and dry. 
Trace-of organics  a t  1-2 f e e t .  

Brown-gray Cl ay , s i 1 t y  . 
S t i f f  t o  very s t i f f ,  dry t o  

Trace of  sand and gravel near 7 
base. Gravel rounded and u p  
t o  1/16 inch -  

Gray Clay, s i l  ty,sandy, 8 
occasional gravel pieces t o  
3/4 inch. P l a s t i c ,  damp. - 

Q - QUS JAR I - .  box 

INSPECTOR P *  Barth 

LOGGED BY R. Adam 
DATE June 198f 



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 NLO,  Inc. JOB HO. P6254.07 

PROJECT Foundation Investigation & Site  Characterization HOLE NO. BH-56 

Niagara Falls Storage S i te  SHEET NO. 2 O F  2 

S A M P L E  

Gray Clay, s i l t y ,  sandy, 
trace gravel throughout, 
damp. 

Gray Clay as above. Soft t o  
very so f t  and moist t o  wet. 

Gray-brown Sand, s i 1 ty  , 
clayey, gravelly. Gravel 
rounded up t o  112 inch. 

M L Red Wave! S S l t , g r  rounied velly,dry up t o  178 ewe .  ~ n c h  

Bedrock Red Sil  tstone and Shale, dry. 
Occasional green s i  1 tstone 
1 ayers . 

End of Hole 35.3 Feet 

N O T  



ACRES AMERICAN INCORPORATED - CONSULTING 'ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

C U E M  N L O ,  Inc.  JOB NO. P6254.07 

PROJECT Foundation Inves t i ga t ions  & S i t e  Character izat ion HOLENO. BH-58 

Niagara Fa l l s  Storage S i t e  SITE W E E 7  NO. 1 OF 2 

CONTRACTOR: Empire So i l s  STARTED 8:30 A .M. May 12 re81 
FINISHED 3 :30 P .Y. May 12  I a81 

M ETHOO SOIL Hal 1 ow Stem Auger CASING DIAY. 
OF 

MZILUNG : ROCK Diamond Coring CORE DIAY. N X 

LO'CATION: LATITUDE ELEVATIONS: DATUM USGS 
OEPARNRE 
BEARING 
Inrr lnL arp 90' 
OTHER BPS 

D R I U  FIATFORM None 
GROUND SURFACE 319.7 
ROCKSURFACE 279.7 
e o m v  OFHOCE 273.0 

Black-brown Clay, organic .  

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.  - - 

I E R E D  

1-3 12" 2-3- 
5- 7 

3- 5 6" 5-5- 
5-5 

. 5-7 9" 5-7- 
11-24 

7-9 7" 18-35- 
36-31 

9-11 12" 4-5- 
8-4 Brown Sand, g r ave l ly ,  poorly 

s o r t e d ,  dry. 

Gray-brown t o  gray Clay, 
s i  1 t y ,  sandy, t r a c e  of 
-gravel present .  Sof t  o f  verj 
s o f t ,  p l a s t i c ,  moist t o  wet. 
Occasional t h in  s i l t  and 
sand lenses .  

E - AUOtR W - IWSERI R -  aOnt 840 
F - wrsn 0-n~m s - NMLY w 

c - WATER mmi~ nn z - OISCAROID 
o - QLIII JAR Y-core .gox 

INSPECTOR P .  Barth 

LOGGED BY R. Werneiwski 
DATE ' kay1981 / 



- -- - 

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  

CLI EM NLO ,-:hc. JOB NO. P6254.07 

PROJECT Foundation Inves t iga t ions  & S i t e  Character izat ion HOLE NO. BH-57 

SITE Niagara Fa l l s  Storage S i t e  SHEETNO. 1 OF 2 

CONTRACTOR : Empi r e  Soi 1 s  STARTED 10 : 30 A .M. June 1 19 81 

METHOD SOIL 
OF 

DRILLING : ROCK 

LOCATION: LATITUDE 
DEPARTURE 
BEARING 
lNlTlAL DIP 
OTHER OlPS 

Overburden 

Si 1 t s tone  

INSPECTOR P .  Barth 

LOGGED BY R .. 

FINISHED 9:30 P . M .  June 4 19 81 
Hol 1 ow Stem Auger CASING OIAM. 4 inch 

Diamond coring , CORE DIAM. N X  

ELEVATIONS: DATUM USGS 
DRILL PLATFORM None 
GROUND SURFACE 32 1.3 
~ C K  SURFACE 278.5 
BOTTOM O F  HOLE 219.8 

DESCRIPTION : COLOR, TEXTURE. FOUATIOH, JOINTING, FRACrURlNG, FAULT1 NG. 
ALTERATION. WATER U S S  OR GAIN. CAVlN6, LOST CORE. CEMENTING, E X .  

No samples taken - augered through overburden. 
For d e t a l l s  on overburden m a t e r ~ a l ,  r e f e r  t o  
BH-63 Dri l l i ng  Report. 

Red sand, very dense, highly compacted, 
39.0-42.8. 
4 inch diameter s t e e l  casing i n s t a l l e d  from 
0 t o  49.0 f e e t  and grouted t o  sur face .  

- --- 

ied- brown, 1 ami nated , horizontal bedding 
spaced 2-3  inches.  Occasional green beds of 
the same t ex tu re  as  remainder of t he  rock 
found throughout. , 

- 
LENGTH 
OF RUN - 

5.0 

REC' 
(ROD) 



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  

CLIENT NLO,  -1nc. - JOE NO. P6254.07 

PROJECT Foundation Investigations & Si t e  Characterization H O L E  NO. BH-57 

tjiagara Fa1 1 s Storage S i te  SHEET NO. 2 OF 2 1 

DEPTH 
IFT.1 

ROCK TYPE 

Sil  ts tone 

DESCRIPTION : COLOR, T W R E ,  FWATION. JOINTING, FRACTURING, FAULTING, LENGTH R EC 
ALTERATION. WATER IDS OR GAIN,. CAVING. LOST CORE. CEMENTING, ETC. I OF RUN I LIQD) I 

Red-brown, 1 aminated, closely spaced bedding. 
Low hardness ,. Often becomes shal ey . Calcite 
found throughout i n  small nodules up to  1 /2  
inch. 

Green bed 3 inches thick a t  70.0 feet .  

Good water return. 

Bedding spaced 2-3  inches. 

Green bed 1 4  inches thick a t  78.0 fee t .  

Bedd ing spaced approximate ly  3 inches. 

Bedding spaced 3 t o  4 inches. 



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  

I :CLIENT N L O y  I ~ c .  JOE NO. P6254.0 7 

PROJECT Foundation Investigations & Site Characterization HOLE NO. BH-58 

SITE Niagara Falls Storage Site s H E n  NO. 2 OF 1 

Bedrock 

Gray-Clay, s i l t y ,  sandy, 
trace gravel ;khr%ughout, 
sof t ,  plast ic ,  moist to wet. 
~ery 'uni  form. - 

34.0-34.8 'Feet - Sand 
1 ense, gravelly , clayey 
si  1 ty. 

- - -  - - 

Gray S i l t ,  sandy, clayey, wet 
to  saturated. Denison 
samle - no recovery. - 1 20 1 AY 1 2" 1 39-41 
Red S i l t ,  very dense., dry, ' . 

Red, Siltstone containing 
- 21 AY 2" 41-41. 

occasional green s i l  tstone 
1 enses. Moderately t o  
s l ight ly weathered, becoming 22 D Y  3" 41.7- 
less weathered w i t h  depth. 46.7 

End of Hole 46.7 Feet. m 

PQICllblrTW)(I 

TEST 

, 
1-1 

0-1- 
1-1 

O-O- 
1-1 

0-1- 
2-4 

0-1- 
2-3 

0-1- 
1-2 

o-i-  
1-2 

0-1- 
2-3 

0-1- 
2-2 

0-2- 
4-8 

Denf son 

9-10- 
11-15 

25-R , 

RQD 
0 

m ? f O  

10" 

18" 

24" 

16" 

19" 

18" 

ziH 

19" 

24" 

24" 

18" 

6" 

* 

4.1' 



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  

Joe NO. P6254.07 

PROJECT Foundation Invest igat ions & Si t e  Character izat ion HOLE NO. B H - ~ ~ A  

SITE Niagara Fa1 1s Storage S i t e  SHEET NO. 1 OF 1 

CONTRACTOR: Em~i r e  S0i 1 s STARTED 2 : 30 P.M. June 3 
F I H I S H E ~  3 :  30 P.M. June 3 1 9  8 1  

M ~ O D  SOIL Hollow Stem Auger CASING DIAM. 
OF 

DRILLlNG : ROC% None CORE DIAM. 

LOCATION : LATITUDE ELEVATIONS: DATUM USGS 
DEPARTURE DRILL PCATFORM None 
BEARING GROUND SURFACE 319.7 
lnrrln~ DIP 90' m c K  SURFACE 
OTHER DIPS eonoru OF HOLE 300.7 

WATER LEVEL 7/lO/81, 314.82 F 
MSI 

I 

-mm: COLOR, CvNslmwCI, m a .  
DLPnr YIlL tM WATER CUfENT, PUSlCIm, CW-, 

WATER LSSS OR WIN, m. no. ]nccq 

I 

I Augered to  9.0 f e e t .  No 
sampl i nq . I I 

10 C L Red-gray Cl ay , s i  1 t y ,  sandy, 1 AQ 

12 t r a c e  gravel .  Darp and s o f t . -  
12.8-13.0 Red S i l t  tense. AQ 

14 3 AQ 

Gray Clay, s i l t y ,  sandy, 
t r a c e  gravel .  Sof t ,  moist. 
16.8-17.0 Red S i l t  lense. 

20 End of Hole 19.0 f e e t .  

S A M P L E  

Y Z T a x _ ] - = -  

SLYPUN0 Y n m O  snlmm COWTAIWLR 
* A - S M N #  c - AUQ~CR M - ~ m m  R - a o t n  MU 

0 - ~ I W  uu NW F - WASH o - n ~ w  s - PUWILM & 
C - mITP( -PLLII c - WATU mmtr nw t - O I ~ 1 1 0 0 0  
0 - C O M  W R E L  Q - O U Q  J M  / 

INSPECTOR P .  Barth 

LOGGED BY R. Werneiwski 
DATE June 1981 



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  

cum N L O ,  Inc.  JOB NO. P6254.07 

SITE Niagara Fa1 1  s  S torage  S i t e  

CONTRACTOR : Empi r e  Soi 1 s  STARTED 
FINISHED 

M m o o  SOIL Hollow Stem Auger 
OF 

ORILllNG : ROCK Diamond Coring 

PROJECT Foundation Inves t i ga t i ons  & S i t e  Charac te r iza t ion  HOLE HO. BH-59 

SHEET NO. 1 OF 

11:15 A.M. April 30,  1981 
11:30 AM. May 1, 1081 
CASING OIAM. 

CORE DIAY.  N X 

: DATUM US GS 
ORIU PLATFORM None 
GROUND SURFACE 319.5 
ROCK SURFACE 284.0 

LOCATION: L A T I N O €  
DEPARTURE 
BEARING 
INr r lAL  MP 90' 
OTHER MPS 

ELEVATIONS 

e o r r o m ~ o ~ ~ o c ~  279.0 
WATER LEVEL J u l y  10 ,  1981 

315.66 f e e t  MSL 

o - CORL WREL Q - OLAS JU - , l( - core,box 

INSPECTOR P.  Barth 

LOGGED, ar R .  Wernei ws k i  

S A M P L E  
WATER COmWT, PLISTICIm. w, 
WATER OR GAIN, m. 

Red-brown Cl ay , 

7-9 f e e t  Red Clay l e n s e ,  
s i l t y ,  sandy, g r a v e l l y ,  very 

DATE June 1981 / 

hard 

Red-brown c l a y ,  very s t i f f  
t o  hard.  

5 

6 

Ay 

AY 

Gray Clay, s i l t y ,  sandy, 
and gravel  , s o f t ,  p l a s t i c .  
Occasional t h i n  s i l t  1  enses  
throughout.  

AY 

AY 

AY 

7 

8 

9 

2" 

2" 

2" 

2" 

2"  

9-11 

11-13 

13-15 

15-17 

17-19 

11" 

12" 

46-30 

8-10- 
20-18 

18-18- 
13-12 

9" 

6" 

20" 

0-2- 
4- 3  

0-1- 
2-3 

4-4 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO, NEW Y O R K  

', D R I  C L I N G  R E P O R T  

.CLIENT NLO,  Inc. ~ o e  NO. P6254.07 

PROJECT Foundation Invest igat ion & S i t e  Characterization HOLE NO. BH-59 

Niagara Fa l l s  Storage S i t e  SHEET NO. 2 OF 2 

r I I 
p c m m a r :  COLOR, amssmm. -. 

SOIL TICC WATER CQYIEIII. PLISTICRI. QWCICTWESS, 
WATER LD3S ma1 W. n c .  

CL Gray-brown Clay, s i l t y , sandy  9 A Y  
t r a c e  gravel throughout 
Sof t  t o  very s o f t ,  p l a s t i c .  10 AY 

: 

S P Sand 1/2 f ch gravell{,dry t h i c  . Some ,Gravel weather- up 16 AY 
ed bearock fragments. 

ML Red S i l t ,  sandy, very dense, 
dry. Contains weathered 
fragments o f  

Bedrock Red S i l  t s t o n e ,  highly - .  

1 weathered, f r i a b l e .  Green I 1 
sf  1 t s tone  -rubble zone a t  
'36.3 f ee t ,  19 D Y  

- End of Hole 40.5 f e e t .  



ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS ' 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

C U E M  NLO, Inc. 400 NO. P6254.07 

PROJECT Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. BH-60 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empire s o i l s  STARTED 1:30 P M .  May 26 I S  81 
FINISHED 12 :00 PM. May 27 19 81 

YETHO0 SOIL Hollow Stem Auger CASING DIAY. 
OF 

DRILLING: ROCK Diamond Coring CORE DIAIY. NX 

LOCATION : LP.TlTUDE ELEVATIONS: D A N M  USGS 
DEPARTURE 
BEARlNG 
INITIAL DIP 90' 
OTHER MPS 

DRIU PLATFORM None 
GROUND SURFACE 320.4 
ROCK SURFACE 280.9 
 OFHOLE HOLE 274.6 

Tan Clay, sandy', organic.  1 1 I A  U G 
I 

Red- brown Clay, sandy, si 1 t y  , 
s t i f f  t o  very s t i f f ,  dry,  non 
p l a s t i c .  Trace gravel 
throughout. 

Occasionally t h i n  Sand lenses ,  
s i l t y .  

Sand a n d  Gravel , s i l  t y  , 
clayey. P a r t i a l l y  so r t ed ,  
wet. 

Gray-red Clay, s i l t y  sandy 
w i t h .  t r a c e  gravel throughout. I *  I A Y  / 

L - AUOU I - INSERT R - aotn  u e  
F - r u n  o - WOE s. PUOC~LU w 

P - WARR ammm nu r . ol+noro 
Q - Q L A S J A R  ,. Y-cord box 

INSPECTOR P. Barth 

 lo^^^^ R. Werneiwski 



ACRES AMERICAN INCORPORATED - CONSULTING ENGi NEERS 
BUFFALO , NEW Y O R K  

D R I L L I N G  R E P O R T  

. UENT NLO, Inc. JOB m>. P6254.07 

~ E C T  Foundation Inves t iga t ion  & S i t e  Charac te r iza t ion  HOLE w. BH-60 

Niagara Fa l l s  Storage S i t e  SHEET NO. 2 OF 2 SITE 

-: COLOR, ~ N S S ~ ~ , ~ ~ ,  
U T ~ R  CDW~~)TC. ~ u n c m ,  clru#cm- 
r*TU ~ O a U I M ,  LTC. ("7 

!O 

! 2 

! 4 

! 6 

!8 

30 

32 

34- 

36 

$8 

co- 

C 2 

I4 

I6 

!8 

- 

Gray Clay, s i l t y ,  sandy, s o f t  
p l a s t i c .  Trace gravel 
throughout and occasional 
t h i n  S i l t  lenses  t o  1/4 inch 
th i ck .  

Red Sand, g r a v e . 1 1 ~ ~  s i l t y  , 
clayey, p a r t l y  s o r t e d ,  moist. 
Gravel por t ion  rounded. 

35-36 Feet - Red Clay, Sandy. 

Red S i l t ,  Sandy, very dense 
t o  hard, containing weathered 
fragments o f  S i l t s t o n e .  

Auger L 
Red S i l  t s t one ,  moderately t o  
highly weathered. Horizontal 
bedding spaced 112 inch to  
2 inches.  

Bedrock 

- End o f  Hole 45.8 Feet - 



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  

cum NLO, Inc.  

PROJECT Foundation I nves t i ga t i ons  & S i t e  c h a r a c t e r i z a t i o n  HOL WO. 8 ~ - 6 1  

SITE Niagara Fa1 1s Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empi r e  Soi 1 s  STARTED 11:00 A.M. May 5, I S  8 1  
FINISHED 2 100 P.M. May 6, 19 8 1  

Y m o o  SOIL Hol 1  ow Stem Auger CASING DIAM. 
OF 

DRILLING: ROC% Diamond Coring CORE DIAU. NX 

LOCATION : LATITUDE 
DEPARTURE 
BEARING 
INITIAL DIP 90' 
OTHER Dl- 

ELEVATIONS : DATUM USGS 
DRILLPLATFORM None 
GROUND SURFACE 316.5 
ROCK SURFACE 275.5 
B O ~ M O F H O C E  270.5 
WATER LEVEL 7/10/81, 3 1 3 . 0 5 F t  

#Pnr 

( f t )  

2 - 

4 - 

6 - 

8 - 

10 - 

12 - 

14 - 

16 - 

18 

* A - S M N W  E -  AWCR w - I M S ~  R - QOTH BAG 
B - MIW UU NM F - .AM 0 - N ( K  1 - WWIU W 
c - ~tsrow WPLLR - WATER CD(ITUT nu z - O I S C A R O L ~ ~  
0 - COW! W R C L  0 - O U S  JAR Y-core, box 

INSPECTOR P. Bar th  
APPROYED 

UDGGED BY R. Adams 
DATE May 19? 

SOIL m 

ML/ OL 

C t  

ML 

C L  

U N W Q  YETMW) 

. . -  
MCI 

wrcmmol: COLOR, cows~mrm.snrurru~, S A W P L E  
WATER CCMENT, PUSTICITY, CWMETIILSS, 

?QtLTIUtlOC( 

*Ann mss OR U I W .  m. w 
no. rref SIZE o m  m'a 

Brown t o  b lack S i l t ,  sandy, 1 AY 2" 0-2 12" 1-2- 
dry .  Some organics.  5- 3 

- 
\ 

2 AY 2" 2-4 11" 3-5- 
8- 9 

Brown 'clay, s i l t y ,  sandy, 3 AY 2" 4-6 17" 6-7- 

S t i f f ,  dry, non-p las t i c .  11- 15 

4 AY 2" 6-8 19" 19-32- 
30-20 

5 AY 2" 8-10 13" 9-17- 
19- 17 

6 AY 2" 10-12 16" 9-10- 
10- 10 

Brown S i l t ,  c layey, s t i f f ,  7 AY 2"  12-14 17" 7-10- 
moist .  Gravel up t o  1/2 i n c h ,  7- 9 
Grave l l y .  

, 8 AY 2" 14-16 12" 2-4- 
3- 4 

Gray-brown C l  ay , s i  1  ty, 9 AY 2"  16-18 17" 2-3- 
sandy, very  s o f t ,  moist .  3- 3 

SMIR((IC COWTAIWCR 



C U  ENT 

PROJECT 

SITE 

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. J O B  NO. P6254.0 7 

Foundation Invest igat ions & S i t e  Character izat ion HOLE NO. BH-61 

Niagara Fa l l s  Storage S i t e  SHEET NO. 2 OF 2 

(Contin- 20 1 ued) . 

DESCRIPTION: COLOR, CONSISTENCI, SrRUCNRE, 
WATER COHTPCT. P L A S I C l l T .  COMPACTNESS, 
WATER U S S  OR GAIN. E X .  

Gray-brown Clay , s i l t y  , 
sandy, t r a c e  gravel ,  moist. 

Gray S i l t ;  sandy, gravel ly , 
very s t i f f ,  dry. Gravel 
angular up t o  1 inch. 

Becomes very dense t o  hard, I l3 
dry a t  23  f e e t .  

- 

I 

Moist a t  28 f e e t .  

Wet . a t  30 f e e t .  

Gray-brown Sand, medium t o  
f i n e  grained, t r a c e  c l ay ,  
sa tura ted .  

Brown Gravel , sandy, rounded 19 
up t o  1-112 inches. I - 

Red Si 1 t , gravel ly , clayey , 
contains fragments of 
bedrock. . Very dense t o  hard. 

Red Si 1 t s tone ,  shal ey, 
f r i a b l e  in most zones. 
Moderately t o  highly 
weathered. 

End of  hole 46.0 f ee t .  t 



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. joem>. P6254.07 

PROJECT Foundation Investigation & Si te  Characterization HOLE NO. BH-62 

SITE Niagara Falls Storage S i te  SHEETNO. 1 OF 2 

CONTRACTOR : Empi r e  Soi 1 s STARTED 1: 30 P.M. May28, 1 9 8 1  
FINISHED 11:00 A . M .  June 12, 81 

Y E W D  SOIL Hol 1 ow Stem Auger CASING DIAM. 4 Inch 
OF 

DRILLING : ROCK Diamond Coring CORE DIAM. N X  

LOCATION : LATITUDE 
DEPARTURE 
BEARING 0 
INITIAL DIP 90 
OTHER DlfJS 

ELEVATIONS: DATUM USGs 
DRILL PLATFORM None 
GROUND SURFACE 316.4 
ROCK SURFACE 275.4 
e o m M  OFHOLE 218.4 

1981 
ee t  t4SL 

0 Overburden No samples taken-augered through overburden. 

to For detai 1 s on overburden material , refer  to  
BH-61 Drilling Report. 

35.0 

Gray Sand, trace s i l t .  2 inch Si l ts tone 
layer a t  36.0 feet .  Penetration t e s t  blows 
6,  8 ,  14, 30:for  sample a t  35-37. 37-38 Same 
material. Test blows 37, 100/refusal. 

38.0 Bedrock Augered through rock due t o  highly weathered 

t 0 
condition. I I 

49.0 4 inch diameter steel  casing ins ta l led from t h  
surface to  49 feet  and qroutec! to  

Red Si l ts tone,  some clay lenses. Thinly 
bedded, s l igh t ly  weathered overall b u t  w i t h  
occasional , highly weathered, zones w i t h  
ca lc i te  rep1 acement along fractures.  

.- -. 

Occasional ca lc i te  s t r ingers  present. 

INSPECTOR P. Barth 

DATE -June 1981 /'. 



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 

PROJECT Foundation Investigation & Site Characterization HOLE NO. BH-62 

SITE Niagara Fa1 1s Storage Site SHEET NO. 2 OF 2 

o n c ~ ~ r n o n  : COLOR, T U N R E ,  ~ a u r ~ o n , ~ o ~ n r ~ f f i ,  m m ~ f f i ,  r ~ u ~ ~ t n e .  AEC 
ALTERAT,,. WATER LOSS OR GAW.CAVlM~.  LO, ,E. W E W T I W 8 ,  FfC. 1 "4 ,ROO, 

Occasional green Siltstone layers present up  
to  6 inches thick, 3-6 feet  spacing. 5.0 96 

(57) 

Horizontally bedded. Poor recovery th is  r u n .  1 5.0 1 58 

Good water return. Drilling rate a t  3-5 
minutes/foot. 

Poor recovery this  r u n .  

Occas i ona 1 calci te  stringers. 

End of Hole 98.0 Feet I 



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 NO. P6254.07 

PROJ ECT Foundation Investigations & Si te  Characterization HOLE NO. BH-63 

SITE Niagara Fa1 1s Storage S i t e  s u m  NO. 1 OF 2 

CONTRACTOR : Empi r e  Soi 1 s STARTED 10:30 AM. May 5 ,  1081 
FINISHED 12: 30 P.M. May 6 ,  IS 81 

~ 1 m o  SOL Hollow Stem Auger CASING DIAY. 
OF 

DRILUNG : ROCK Diamond Cori ng CORE DIAM. N X 

LIXATION : LATITUDE ELEVATIONS : DATUM USGS 
DEPARWRE 
BEARING 
INITIAL DIP 90' 
OTHER MPS 

w t T K Y :  COLOR, F o w S I S f E m r . ~ ~ ,  
W A E R  ccumrr, PL*SIIcin, awMcmc%, 
WATER UKf 011 GAIN, ETC. 

Tan Clay, sandy, s i l t y  w i t h  
organics. 

Red-Clay, s i l t y ,  sandy, 
medium, moist. Contains 
sandy, s i l t y  lenses 2-4 
inches thick. 

Red-brown Cl ay , s i  1 ty  , sandy 
t race  gravel throughout. 

.6 C L Gray Clay, s i l  ty,-.sandy, s o f t  
t o  very s o f t ,  wet. Trace 
gravel throughout. 

DRILL P!ATFORM None 
GROUND SURFACE 321.3 
ROCK SURFACE 276.6 
eomm OFHOLE 270.6 
WATERLEVEL 7/10/81, 315.82 F t  

F.1 S L 

ZLYCUWO YETWX) snlmm amrrcwm 
* A - ¶ M N #  E -  A m  W - INSERT R - CLOTH UQ 

B - MIW uu NW C .  WASH o -N(N s - CUOFIUI w 
c - ~~SIPI SMCLLR 0 - I A ~  awmmnw z - OISCARDED / -  

o - corn mat% a - u w  JAR ~ - c o r e  b v k  
I NSPECTOR P. Barth 

APPROVED 
LOGGED BY R. Werneiws k i  

DATE May 198 



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  
-- 

WENT NLO, Inc. ' 
doe rm P6254.07 

PROJECT Foundation Invest igat ions & S i t e  Charac te r i s t i c s  HOLE mx BH-63 

Niagara Fa l l s  Storage S i t e  SHEET NO. 2 OF 2 SITE 

pscmmar:  COLOR, ~ m s n m . s m m m .  
WATER c m ,  P L U I I C r n ,  Q ) Y P L C T W ~ 4  
.*lU LD53 oa UI*. m. 

Pmm)rnow 
TEST 

C L 
(Contin- 
ued ) 

Gray 
w i t h  
Very 

Clay, s i l t y ,  sandy 
t r a c e  gravel throughout. 
s o f t ,  wet t o  sa tu ra t ed ,  

12 A Y .  $ 

Gray Sand, S i l t  i n  a l t e r -  
na t ing  l aye r s  2-12 inches 
th ick .  .Wet t o  sa tu ra t ed ,  
sor ted .  Gravel throughout. 

R d Cla Si t and Sand in 
a?terna$;nci 1 a- errs dry,  ver! - . .  - - - - 

nse w i t h  weathered bedro 

Red Si 1 ts tone. hori Bedrock 
bedding spaced 1-3 inches. 
Green s i l  t s tone  bed 3 inches 
th ick  a t  50.4 f e e t .  

End of hole 50.7 f e e t  



ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS 
BUFFALO , NEW Y O R K  

D R ~ L L I N G  R E P O R T  

cum NLO, Inc. JOB NO. P6254.0 7 

PRO J ECT Foundation Invest igat ion & S i t e  Characterization HOLE NO. BH-64B 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 1 OF 1 

CONTRACTOR: Empi r e  Soi 1 s  STARTED 11:00 A . M .  June 19 1 9 8 1  
f lNlSHED 11:00 A.M. June 22 1981 

M m o o  sol1 Hol low Stem Auger CASING DIAM. 
OF 

DRILLING: ROCK None CORE DIAM. 

LOCATION : LATITUDE ELEVATIONS : DATUM USGS 
DEPARTURE DRILL PLATFORM 
BEARING GROUND SURFACE %318 
INITIAL DIP 90' ROCK SURFACE 
OTHER MeS E O ~ M  ' OF HOCE $2 94 

WATER LEVEL 7/10/81, 315.4 Ft  
MSI 

I 
oaanrrm: COLOR, cows6'nw-r. w n c ,  

(";;i * A l l 3  c m ,  P u z n C l r r ,  couprcnr€ss, 
WATER G 5 S  Q) U I N ,  ETC. 

- 
W 0. 

0 Augered -_ no samples taken. 
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  

PROJECT Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. BH-65 

SITE Niagara Fa1 1s Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empi re Soi 1 s STARTED 8:00 A.M. June 17 1 9 8 1  
FINISHED 5: 00 P.M. J u n e 1 7  1 9 8 1  

Y m o o  SOlL Hol 1 ow Stem Auger CASING DIAM. 
OF 

DRIWNG: ROCK Diamond Coring CORE DIAM. N X 

LOCATION: LATITUDE ELEVATIONS : DATUM USGS 
DEPARTURE DRU PLATFORM None 
BEARING GROUND !SURFACE 317.9 
INrrlAL DIP 90' ROCK SURFACE 274.9 
OTHER UPS B O ~ ~ M O F H O L E  268.9 

WATER L E V E L  7/10/81, 314.85 F t  

OLPrn 

( ft  ) 

2 

4 

6 

8 

10 

12 

1 4  

16 

18 

*A-SCUTNCX E -  AWU ~l - INSERT I) - QOTU MO 
8 - T ~ I W  ULL TUIL F - WASM O-TUOC s - PUWILM MG 
C - P l s a  f*YPLEI) P - WATER mmrr nu Z - OISCARDED 
0 - CORL -RIEL P - QUS JAR d Y - core ox 

INSPEC~OR P. Earth 
APPROVED 

WGGED BT R. Adam 
DATE June 1981 1 

SOIL rn 

ML/OL 

M L 

C L 

CL 

SYPUIIQ YETHOD 

##RImIOL: COLOR, cocrSlST€mr, m a ,  
WATER COIIEWI, PUSTICITI ,  COMPACTNESS, 
WATER LDtS OR U I W .  LTr, 

B l a c k t o b r o w n S i l t , s a n d y ,  
t r a c e  organics.  Sof t ,  dry. 

B r o w n s i l t ,  s t i f f a n d m o i s t .  - -  
-- - 

.Brown-gray Clay, s i l t y ,  
sandy, t r a c e  of gravel . 
S t i f f ,  moist and non-plast ic .  

Gray t o  brownish-gray Clay, 
s i l t y ,  sandy w i t h  a t r a c e  of 
gravel ,  s o f t  t o  very s o f t ,  
p l a s t i c .  Gravel up t o  3/4 
inch. 

s n l m l l ~  

MCI 

#)(LTIUl!lon 
TEST 

2-3- 
5-5 

2 z U S h e l b y  
Tube 

5-8- 
13-14 

11-12- 
14-14 

1 2 " S h e l b ~  
Tube 

2-2- 
3-3 

3-3- 
3- 3 

2OHShelby 
Tube 

1-1- 
1- 1 

NO. 

1 

U . D .  
1 

2 

- 
3 

U . D . B O  
2 

4 

5 

U . D . B O  
3 

6 

D m  

0-2 

2-4 

4-6 

6-8 

8-10 

10-12 

12-14 

14-16 

16-18 

m'o 

12" 

20" 

20" 

18" 

18" 

24" 

n?C* 

AY 

BO 

AY 

AY 

AY 

AY 

AY 

CO((TAIWLR 

S A Y P L t  

SIZE 

2" 

3" 

2" 

2" 

5" 

2" 

2" 

3" 

2" 



ACRES AMEAlCAN INCORPORATED - CONSULT1 NG ENGl NEERS 
BUFFALO, NEW Y O R K  

D R I L L I N G  R E P O R T  

CLIENT NLO, Inc. JOB m P6254.G7 

PFKXIECT Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. BH-65 

SITE Niagara Fal l s  Storage S i t e  SHEET NO. 2 OF 2 

Gray Clay, s i l t y ,  sandy, 
gravel ly  w i t h  pieces t o  3/4 
inches.. So f t ,  m o i s t .  Sandy 
i n  a r eas  with occasional 
sand lenses .  

. - --._ _ .  

. . 
.. .. 

, -- 
. . .  A Y 

.- . . . . .  ... 

Moist t o  wet. 

Brown-red Sand, s i 1 t y  , 
gravel l y  . Occasional 
fragments of underlying 
s i l  t s tone ,  gravel up t o  314 

19 AY 2" 42-43. 

Bedrock Red-brown Si1 t s t o n e  and 
Shale. Occasional green 
s i l t s t o n e  layers .  Moder- 
a t e l y  weathered. -20 07 3"-  44.0- 4.3'  
Horizontally bedded. 49.0 

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

- End of Hole 49.0 Feet 
I I I I I 



ACRES AMERICAN l NCORPORATED - CONSULT1 NG ' ENGINEERS 
BUFFALO , N E W  YORK 

D R ~ L L I H G  R E P O R T  

PROJECT Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. 8H-66 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR; Empi re Soi 1 s STARTED 7:30 A.M. June 16 I S  81 
FINISHED 4:30 P.M. June 16 IS 81 

M ETHOO SOIL Holl OW Stem Auger CASING OIAM. 
OF 

DRILLING: ROCK Diamond Coring CORE DIAY. N X 

LOCATION : LATlTUOE 
DEPARTURE 
BEARING 
INKlAL DIP 90' 
OTHER Dl65 

ELEVATIONS : DATUM USGS 
ORlU PUTFORM None 
GROUND SURFACE 318.2 
ROCK SURFACE 275.2 
~ ~ ~ ~ O F H O C E  269.2 
WATER LEVEL 7/10/81, 314.85 Ft  

-mow: COLOR, ~ S I S ~ E N C Y .  m e .  S A M P L E  
SOIL TY?E WATER CCWENT, P U S l C l l Y ,  mMCTWS,  

mmtMI 

Ki TEST 
WATER LOU UIN. m. WO. me* UZE orm I m ' o  

ML an-brown $1 1 t ,  sandy, t r ace  A y  roan1 cs. 2" 0-2 18" 2-3- 
2 ML Ye1 low-brown S i l t ,  sandy, 4-5 

clayey, moist. - 2 AY 2" 2-4 16" 3-3- 

1 
7-9 

3 AY 2" 4-6 22" 6-9- 

5 AQ 13- 15 

C L Red-brown Clay, s i l t y  ; sandy 4 AY 2" 6-8 19" 18-17- 

3 
with t r a c e  gravel .  18- 16 
Occasional t h i  n si 1 t lenses 
present. Generally gti f f  5 A Y  2" 8-10 20" 4-4- 

10 
and moist. AQ 5- 5 

6 AY 2"  10-12 20" 2-2- 

12 
C L  Gray-brown Clay, s i l t y ,  4-5 

sandy w i t h  a t r a c e  of 
rounded gravel .  Sof t  t o  7 -Ay  2 "  12-14 22" 4-3- 

14 very s o f t ,  sa tura ted .  AQ 4-4 

8 AY 2" 14-16 23" 1-2- 

16 
2- 2 

9 AY 2" 16-18 21" 2-5- 

18 
6-4 

LIYCUOQ Ym)*W) SMIPCIWB CQIT1IIIL11 
*A-SCUT'NW L -  AWCR W - INSEICT R - Q O T ~  M# 

a - WIN YU met t - w ~ s n  o - NE s - N ~ U I  BAG 
c - c ( s ~ #  SIYRLR - WATU -TENT TIN z - o~ruaoro,, 
D - CORE W R E L  P - QUS JAR r Y - core/ box 

INSPECTOR P. Barth 

LOGGED BY R. Adam 
DATE June 1981 



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  

WENT NLO, Inc. Joe NO. P6254.07 

PROJECT Foundation Inves t iga t ion  & S i t e  Character izat ion HOLE NO. BH-66 

Niagara Fa1 1s Storage S i t e  SHEET NO. 2 OF 2 

Bed rock 

Gray c l a y ,  s i l t y ,  sandy, 
t r a c e  gravel ,  very s o f t ,  10 AY 2 "  18-20 24" 1-1- 

m i s t  t o  wet. AQ 2-2 I / / 2"  1 20-22 / 24" / 1-1- Occasional s i  1 ty  Sand 1 enses . 11 AY 
2-2 

Same mater ia l .  Grave 
1/8 inch i n  diameter. 

So f t  t o  very s o f t ,  p l a s t i c ,  
moist. 

- 19 AY 
Red-gray t o  red-brown, Sand, 
gravel ly ,  s i l t y ,  clayey, 
wet. Gravel up t o  1 /4  inch. 20 AY 
Base of  u n i t  very dense, dry,  
and contains weathered 
s i  1 t s tone  fragments. 2 1  A Y  

Red S i l  t s t o n e ,  s l  i g h t l y  
weathered t o  highly 
weathered. Horizontally 
bedded. 2 3  DY 

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

- End o f  Hole 49.0 Feet 



ACRES AMERICAN 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  

CLIENT NLO, Inc. J o e  NO. P6254.07 

PROJ ECT Foundation Invest igat ion & S i t e  Character izat ion HOLE ~ b .  BH-67 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 1 OF 

CONTRACTOR: Empi r e  S0i 1 S STARTED 8:00 AM.  June 30 1981 
FINISHED 10:30 AM. Ju ly  1 1981 

M m o o  SOIL Hol low Stem Auger CASING D I A Y .  
OF 

DRILLING : ROCK Diamond Coring CORE N A Y .  NX 

LOCATION: LATITUDE 
DEPARTURE 
BEARING 
INITIAL DIP go0 
OTHER UPS 

ELEVATIONS : DATUM USGS 
DRILL PLATFORM None 
GROUND SURFACE 319.9 
ROCK SURFACE 2 76.6 
B O ~ M ' O F  HOLE 270.9 
WATER LEVEL 7/10/81, 315.11 F t  

APPROVED 

OATE June 1981 

oa+mnloc: COLOR, cbwstrrrxr. ~ R C ,  
WATER QIRUCT, PUSTICIT?, CWWCTYEZS, 
WNER LDSS W U I N ,  ETC. 

Alternat ing l aye r s  of s i l t y  
Sand, sandy S i l t ,  and sandy, 
s i l t y  Clay. Gravel present  
throughout. Samples appear 
dis turbed.  

. - - - - - - - - - - - - - -  
Brown Clay, s i l t y ,  sandy. 

Gray-brown Sand. S i l t y ,  sand 
i s  coarse,  loose, moist. 

Gray Clay, s i l t y ,  sandy, 
t r a c e  of gravel .  S o f t  t o  very 
s o f t .  P l a s t i c .  

More gravel t h i s  sample. 

snlmw 
E - AUOUI M -  INS^ R - aotn  ~e 
F - WASU 0 -TUM s - rUofIU 

c - WARR a m w  nrr z - OIWROCD 

?CMflMTSN 
w 

1-3- 
3- 5 

5-3- 
2-2 

3-3- 
2-2 

3-3- 
14- 12 

1-1- 
1- 2 

1-3- 
5-8 

3-3- 
3-3 

3-3- 
3- 9 

11-15- 
17- 9 

no. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

TYPE* 

AY 

AY 

A Y  

AY 

AY 

A Y  

AY 

AY 

AY 

COIITAIYU 

m b  

5" 

6" 

12" 

20" 

12" 

15" 

24" 

22" 

23" 

S & Y C L L  

SIZE 

2" 

2" 

2" 

2" 

2" 

2" 

2" 

2" 

2" 

orm 

0-2 

2-4 

4-6 

6-8 

8-10 

10-12 

12-14 

14-16 

16-18 



ACRES AMERICAN INCORPORATED - CONSULTING ENGl NEERS 
BUFFALO , N E W  Y O R K  

D R I L L I N G  R E P O R T  

CLIENT NLO,  Inc. J O E  NO. P6254.07 

PROJECT Foundation Invest igat ion & S i t e  Characterization HOLE NO. BH-67 

SITE 

o m  

0 

!O 

!2 

14 

16 

!8 

jo 

12 

14 

16 

Niagara Fal l s  Storage S i t e  SHEET NO. 2 OF 2 I 
SOIL TYPE 

DESCRI.-~ON: COLOR, CONSISTENCY.SRU~UR~. S A M P L E  PENElRATlON 
WATER CCfffEhT, PLASTICITI. COYPPSTNESS, TEST 
WATER LDSS OR CAI N. ETC. n a  ~ P E  SIZE DEPTH R ~ ' D  

Gray Clay as  above. 10 AY 2" 18-20 22" 3-4- 
Occasional s i l t y  Clay, or 4-3 
clayey S i l t  layers  present 
throughout. 11 AY 2 "  20-22 24" 4-4- 

4-5 

12 AY 2" 22-24 24" 5-7- 
7- 6 

13 AY 2" 24-26 24" 3-4- 

27.0-28.0 - Gray S i l t ,  clayey 

Gravel con t e n t  increases near 
base of  unit .  

angular up t o  1/2 inch. Very 
dense, dry. Containing t h i n  
s i l t y  Glay lenses throughout. 

- ' ~ n d  of' Hole 49.0 Feet - 
.. 



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  

C t l E M  NLO, Inc.  JOB NO. P6254.07 

PROJ ECT Foundation I n v e s t i g a t i o n  & S i t e  Charac te r i za t ion  HOLE NO. BH-68 

SITE Niagara Fa1 1s Storage S i t e  SHEET NO. 1 OF 4 

CONTRACTOR: Empi r e  Soi 1  s  STARTED 10 :30 AM. J u l y  1 I 981 
FINISHED 9:00 AM. J u l y  8 19 8 1 

M E M O D  SOIL Hollow Stem Auger CASING DlAM. 4 i n c h  
OF 

DRILLING : ROCK Diamond Coring CORE DIAM. N X 

UICATION: LATlTUDE 
DEPARTURE 
W R I N G  
INITIAL DIP go0 
OTHER BPS 

ELEVATIONS : DATUM USGS 
D R l U  PLATFORM None 
GROUND SURFACE 319.5 
ROCK SURFACE 2 75.5 
BOTTOM OF HOCE 220.5 
WATER LEVEL 7/10/81, 315.21 F t  

ocpcmrrm: COLOR, cowws~~wcr ,miucn~~~~ ,  S A M P L E  
DLPtn m L  TYP€ WATER COCTDCT. PURIUTY, CWMCnESS, MumrJon 

( f t )  WATER LOSS OR U I N ,  m. no. me* r m  o m  IM'D 
nsT 

F i  1  1  B r o w n S i l t , c l a y e y ,  t r a c e s a n d  1 AY 2" 0-2 9"  1-2- 

2 and organics.  Gravel and AQ 2-3 
concrete present.  D r i  1  1  ed t o  
8.0 feet, met re fusa l .  Moved 2 AY 2" 2-4 11" 3-2- 

4 h o l e  2 f e e t  and s t a r t e d  again AQ 3- 3 
by auger ing t o  8.0 f ee t .  

3 AY 2" 4-6 6" 2-3- 
6 A  Q 2-4 

4 AY 2" 6-6.7 8"  24-R 

8 A U G  : R E D  

CL Tan-brown Clay, s i l t y ,  t r a c e  5 AY 2" 8-10 12" 6-6- 

10 gravel .  Moist .  AQ 5-4 

12.0 Feet - Becomes s l i g h t l y  6 ~ y  2'1 10-12 22" 3-3- 

12 
sandy. 5-6 

7 AY 2" 12-14 14" 2-4- 

14 5-4 

C L Gray Clay, s i l t y ,  sandy, 8 AY 2" 14-16 14" 2-4- 

16 t r a c e  gravel .  Occasional 5-4 
s i l t y  lenses. S o f t  t o  very 
s o f t .  P las t i c .  Gravel up t o  9 AY 2" 16-18 19" 5-3- 

L8 1 inch .  3-3 

S M P U W O  Mm)*)O SWCCIM C O N T A I Y ~  
* A - S P W T U W  E - AWEU w . INSERT R - aofn MO 

8 - THIN UU N W  F - WASM 0-TIME S - R I O f l U  
c - CISIDII SURER -WATER ammnw t - D I ~ R O L O ,  
D - C O W  W R E L  Q - O W  JAR 

INSPECTOR P. Bar th  
APPROYEO 

UGGED EW R. Adams I 



( 

Niagara Falls Storage S i t e  

. - 
ACRES A M E R I C A N  I N C O R P O R A T E D  - CONSULTING E N G I N E E R S  

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  

CUENT NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Investigation & S i t e  Characterization HOLE NO. BH-68 

( f t )  
SOIL nP€ 

- 

Bedrock 

2 0 

2 2 

2 4 

2 6 

28 

30 

32 

34 

36 

38 

40 

32 

44 

4 r  

48 

,50 

p p p p p  - 

OESCRlPnON: COLOR, CONSISTENCY, nRUCTURE, 
WATER COMM, PLASTICIlT. COMPACTNESS, 
WATER LDSS OR GAIN. ETC. 

Gray Clay, s i l t y ,  sandy, 
t r a c e  gravel.  Very s o f t  and 
wet. Percent of  gravel and 
si 1 t variable throughout u n i t  

Clay becomes s i l t i e r  with 
depth. 

S i l t ,  gravelly.  Soft ,  wet. 
36.0 f e e t  3 inch gray clay 
1 ayer . 
Red- brown Sand, s i  1 ty  , 
gravel 1 y. Dry ,' dense. Grave 
consis ts  of rounded gravel up 
to  1/8 inch and angular bed- 
rock fragments. 

Ins ta l  led  4 inch casing t o  
50.0 f e e t  and grout t o  
surface. 

Log continued on Rock 
Dri 11 i ng Report. 

SHEET NO. 2 OF 4 I 

23 DY 3" 45.0- 3.9' RQD 
50.0 . 0 



-- - -- - 

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 Inves t i ga t i on  & S i  t e  Charac ter iza t ion  HOLE m. BH-68 

s i n  Niagara F a l l s  Storage S i t e  S H ~  NO. 3 OF 4 

CONTRACTOR : Empi r e  Soi 1 s 'STARTED 8:30 A.M. Ju l y  6 19 8 1  
RNISHED 9:00 A.M. J u l y  8 19 8 1  

M ETHOO SOIL Hollow Stem Auger CASING DIAM. 4 i nch  
OF 

DRILLING : ROCK Diamond Coring CORE DIAM. N X 

LOCATION : LATITUOE 
DEPARTURE 
BEARING 0 
INITIAL DIP 90 
OTHER DIPS 

45.0 1 S i l  t s tone and 
to I Shale 

ELEVATIONS: DATUM USGS 
D R l U  PLATFORM None 
GROUNO SURFACE 319.5 
ROCK SURFACE 275.5 
BOTTOM OF HOLE 220.5 
WATER LEVEL 7/10/81, 315.21 F t  

"';L 
I 1 

Red S i l  t s tone  and Shale. T h i n l y  bedded, 
ho r i zon ta l  t o  ground surface. Occasional 
green S i l  t s tone l aye rs  present.  S l i g h t l y  t o  
moderately weathered. Clay and/or C a l c i t e  
replacement present on some d i s c o n t i n u i t y  
planes. D r i  11 r a t e  approximately 3 min/ foot .  

Becoming more broken. Not us ing t r i p l e  tube I I . - 
ba r re l .  

DATE J u l y 1 9 8 1  .I 



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 

PROJEC~ Foundation Investigation & Si t e  Characterization HOLE NO. BH-68 

S!TE Niagara Falls Storage S i t e  SHEET NO. I! OF 4 

Same material.  No green lenses t h i s  r u n .  I 

Two zones of highly weathered rock. Calci te 
replacement present. 5.0 

Rubble zones present due t o  mechanical I 
breakage . 

End o f  Hole 99.0 Feet 



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  

CUEKT N L O y  Inc. joe  NO. P6254.07 

I PROJECT Foundation Invest i  gation & S i t e  Character izat ion HOLE NO. BH-68A 

I Niagara Fa l l s  Storage S i t e  SHEET NO. 1 OF 1 

CONTRACTOR: Empi r e  Soi 1 s STARTED 1:00 P.M. July 2 I 081 
FINISHED 2:00 P.M. Ju ly  2 1981 

M m o o  sol L Hol low Stem Auger CASING DIAM. 
OF 

MZIWNG: ROC% None CORE DIAM. 

DEPARTURE 
BEARING 
INKIAL DIP 90' 
OTHER MPS 

L O ' U T  ION : LATITUDE ELEVATIONS: DATUM USGS 

un i f i ed )  WATER US OR UIN, EX. 

Augered t o  7.0 f e e t .  No 
sampl i ng. 

. - - - -  --------------- 
C L 1 Red-brown Clay, s i l t y  , sandy 

w i t h  coarse gravel i n t e r -  
spersed throughout. 

5 inch lense o f  brown Sand 
with coarse gravel pockets. 

End of  Hole 17.0 Feet- 

DRILL PLATFORM None 
GROUND SURFACE 319.2 ' 
ROCK SURFACE 
eomrw .OF HOCE 302.2 ' 
WATER LEVEL 7/10/81, 311.69 F t  

1 A Y C L L  



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. J O ~  NO. P6254.07 

PROJECT Foundation Investi gation & Si te  Characterization HOLE NO. BH-69 

SITE Niagara Falls Storage S i te  SHEET NO. 1 OF 2 

CONTRACTOR : Empi re Soi 1 s STARTED 4:00 P.M.  June 30 1981 
FINISHED 3:30 P.M. July 1 19 8 1  

Y ETHOO SOI L Hol 1 ow Stem Auger CASING DIAM. 
OF N X  

DRIwNO: ROCK Diamond Coring CORE DIAU. 

LOCATION: LATITUDE ELEVATIONS : DATUM USGS 
OEPLIRWRE 
BEARING 
INrl'lAL DIP 90' 
OTHER DIPS 

D R l U  PLATFORM None 
GROUND SURFACE 320.4 
RoCX SURFACE 276.0 
e o r r o w . o ~  H ~ C E  271.0 
WATER LEVEL 7/10/81, 315.50 Ft 

No recovery due to  s lag 
caught i n  sampler. --------------- 
Brown Clay and Brown-black 
Sand i n  a l ternat ing layers.  
Both i re  s i l t y  and contain 
t race  gravel dispersed 
throughout. Moist t o  wet, 
medium to  s t i f f .  

8-9 Feet - Gray Clay. 

Sand content increases toward 
bottom of u n i t .  

-- - - -- 

Gray-brown Sand, s i l t y ,  t race  
gravel. Medi um t o  dense. 
Wet t o  saturated.  

A U G E R E D  

1 AY 2"  1-3 0" 12-6- 
5-7 

B - THIN w TuDc F - wun 0 - N =  s - NWIU w 
e -  nnar ucru P - WAM - n u  z - oIwnocD 
o - CORC BMRCL a -6- JU Y-core tfox 

I N S P E ~ R  P. Barth 
APPROVED 

LOGGED BT R. Ti1 ghman , 4 
DATE July 1981 / / 



.- 
ACRES A M E R I C A N  INCORPORATED - CONSULTING ENGl 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  

WENT N L O y  I ~ c .  ~ 0 %  NO. P6254.07 

PROJECT Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. BH-69 

Niagara Fal ls  Storage S i t e  SHEET NO. 2 OF 2 

SOIL TYPE 

Same material a s  above. 

Gray Clay, s i l t y ,  sandy, tracc 
gravel .  Soft  t o  very s o f t .  
Moist t o  wet. P l a s t i c .  
Occasi onal s i  1 t 1 enses 
throughout u n i t .  ' .  

S i l t  and sand contents  in-  
c rease  near bottom. 

Red-brown Sand, s i 1 t y ,  
gravel ly ,  t r a c e  c lay .  Sof t  t c  
medi urn dens i ty .  Wet t o  
sa tu ra t ed .  

Red-brown Si 1 t ,  sandy, 
gravel ly.  Very s t i f f  t o  hard. 
Damp t o  moist. . 

43.0-44.4 Feet - Angular 
fragments of bedrock present .  

Red Si 1 tstone/Shal e, Top 10 
inches highly weathered. 
Horizontal beddi ng. 
Occasional gray sha le  layers .  

- ' End o f  Hole 49.4 Feet - 



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  
-- I CUEPiT NLO, I ~ c .  400 NO. P6254.07 

PROJECT Foundation Invest igat ion & S i t e  Characterization HOLE NO. BH-70 

SITE Niagara Fal l s  Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empi r e  Soi 1 s  STARTED 2:30 P.M. J u n e 1 7  1 9 8 1  
FlNlSHED 12:00 P.M. June 18 19 8 1  

M ETHOO SOIL Hall OW Stem Auger CASlNG DlAY. 
OF 

D R I U N G  : ROCK D i  amnd C0ri ng CORE DIAM. N X 

DEPARTURE 
BEARING 
INITIAL DIP 90' 
OTHER Dl= 

LOCATION: LATITUDE E L N A T  IONS : DATUM USGS 

Tan-brown Clay, s i l t y ,  sandy 
t r a c e  gravel.  Hard, dry. 
Occasional t h i n  s i l t  l ayers .  
Becomes s o f t e r  w i t h  depth. 
Trace organics 0-1 f e e t .  

Gray Clay, s i l t y ,  sandy with 
t r a c e  gravel.  Sof t  t o  very 
s o f t ,  moist t o  wet. 

L. - rue- 
F - wAsn 

DRU PUTFORM None 
GROUND SURFACE 319.4 
ROCK SURFACE 279.4 
B O ~ M  'OF HOLE 274.4 
WATER LEVEL 7/10/81, 315.,23Ft 

S A M P L E  



ACRES A M E R I C A N  INCORPORATED - CONSULTING ENGl NEERS 

.CUENT NLO, Inc 

BUFFALO, NEW Y O R K  
D R I L L I N G  R E P O R T  

JOB NO. P6254.07 

~ E C T  Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. BH-70 

Niagara Fa l l s  Storage S i t e  SHEET NO. 2 OF 2 
4 

qgsmmow: COLOR, a m s c s r r m , m r .  
WAm -, PLMICITI .  Q)YPLCTIIas. 
WTLR ms!# 011 U I N .  Ett. 

Bedrock 

Gray Clay, s i l t y ,  sandy, 
t r a c e  gravel ,  s o f t  t o  very 
s o f t ,  moist t o  wet. 

Occasional S i l t  and/or Sand 11 
1 enses throughout. I 

Red,+ra.y si 1 t , . clayey; s i  1 t y  , 
t race:  .. gmyel.. - ' 

- 
18 

Red S i l t ,  sandy, clayey, 
t r a c e  gravel.  Hard, damp. 

- 
Occasional fragments of 19 

s i  1 t s tone  throughout. - 
Red S i l  t s tone  with occasional- 

' 

20 

l enses  o f  areen s i l t s t o n e .  
~ o d e r a t e l ~ ~ w e a t h e r e d .  
Horizontal l y  bedded. 

- End of Hole 45.0 Feet 



-- --- - 

ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

I CUEM NLO,  I ~ c .  JOB NO. P6254.07 

I PROJECT Foundation Inves t i ga t ion  & S i t e  Charac te r iza t ion  HOLE NO. Bti-71 

I Fliagara Fall  s Storage S i t e  SHEET NO. 1 OF 4 

CONTRACTOR : Empi re  S0i 1s STARTED 3:30 P.M. June 18 1 9 8 1  
FINISHED l : 0 0  P.M. June 29 19 81 

M m 0 0  Sol L H o ~  low Stem Auger CASING DIAM. 
OF 

DRILLING: ROCK Diamond Coring CORE OIAM. N X  

LOCATION : LATlTUOE 
DEPARTURE 
BEARING 
INITIAL DIP 90' 
OTHER MPS 

ELEVATIONS : DATUM USGS 
DRILL PLATFORM None 
GROUND SURFACE 318.5 
ROCK SURFACE 275.5 
BOTTOM O F  HOCE 2 18.5 - ~ 

WATER LEVEL 7/10/81, 314,89 F1 
MSI 

-- 

OLSQ)ICTK*I: COLOR, ~ D ~ S I S E N C Y . ~ ~ ~ ~ U R E .  S A M P L E  
WATER t X U E N l .  PUfTICIm, QWMCTMCS, 
I A r n  LDU 0 1 I U l N .  ETC. 

 an-brown clay,  o r aan i c s .  A l  

Tan-red Clay, sandy, s i l t y ,  1 AY 
t r a c e  grave l .  Very dense; 
damp, 

2 BO 
BY 

5 BO 

.Tan Sand, s i l t y .  Wet. 

-- 

Gray C l  ay , s i  1 t y  , sandy, 
t r a c e  g rave l .  So f t  t o  very 
s o f t .  P l a s t i c .  

22"  Denison 



ACRES AMERICAN INCORPORATED - CONSULTING ENGl NEERS 
BUFFALO , NEW Y O R K  

0 R I L L I N G  R E P O R T  

CLIENT NLO, h c .  J O ~  MO. P6254.0 7 

PROJECT Foundation I n v e s t i g a t i o n  & S i t e  Charac te r i za t ion  HOLE NO. BH-71 

SITE Niagara F a l l s  Storage S i t e  SHEET NO. 2 OF I 

C L 

- - - - -  
S i l t  
- - - - -  

- - - - -  
S i l t  

SM/ SP 

Bedrock 

Gray Clay, s i l t y ,  sandy, 
t r a c e  g rave l ,  s o f t  t o  very  
s o f t ,  p l a s t i c .  
Contains occasional  S i l t  
1 enses throughout. 
21.0-22.5 Red S i l t  lens.  

> . . - 
- 

28.0-29.0 Gray S i l t  lense.. 

pacmmac: COLOR, cumsm~rn, sn)ucrurq. 
*Urn uwnaR. pl*sncnr. amPrrNEs6, 
WATER mssoaurn, m. 

Red Sand, s i l t y ,  g rave l l y .  

Red S i l t ,  t r a c e  sand and 
g rave l  . Very dense. 

Red S i l t s t o n e .  S l i g h t l y  t o  
moderately weathered. 
Occasional green s i  1 t s t o n e  
1 enses throughout. 

- 
Keport 

Log Continued on Rock D r i l l  i r  

PEMnII*TIO* 
TEST 

6-7: 

Shelby 
Tube 

2-3- 
5-3 

3-3- 
4-5 

4-4- 
8-9 

16-11- 
9- 6 

2-2- 
4-4 

2-4- 
6-7 

0-0- 
2-2 

0-5- 
6-8 

7-15- 
35-33 

35-65- 
75- R 

R 

30-60- K-- 
I. 

45-54- R 

ma 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21  

22 

, 

23 

g 

S A M P L E  

~ l r ~  UZL I wpm I &D 

J 

AY 

BO 

A Y  

AY 

A Y  

AY 

AY 

A Y  

AY 

AY 

A Y  

AY 

AY 

AY 

A Y  

' 2"  ' 17-19 1 20" 

24" 3" 19-21 

2"  

2"  

2"  

2 "  

2" 

2"  

2" 

2" 

2" 

2" 

2" 

A J G E R E D  
2" 

A J G E R E D  
2"  

21-23 18" 

23-25 24" 

25-27 24" 

27-29 16" 

29-31 24" 

31-33 24" 

33-35 24" 

35-37 24" 

37-39 20" 

39-41 24" 

$1-41.21 6"  

( 
$3-44.4 18" 

I 
1.5-46.5 16" 

I 



ACRES AH€ RlCAN INCORPORATED - CONSULTING ENGINEERS 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

cum N L O y  Inc. JOB NO. P6254.07 

PROJECT Foundation Investigation & Site  Characterization HOLE NO. BH-71 

SITE Niagara Falls Storage Site SHEET NO. 3 OF 4 

CONTRACTOR : Empi re S0i 1 s STARTED 7: 20 A.M.  June 25 1981 
RNISHED 1:00 P.M. June 29 1981 

M EMD SOIL Holl ow Stem Auger CASING OIAM. 4 inch 
OF 

ORIUNG : ROCK Di amond Cori ng  CORE DIAM. N X 

LOCAT ION : LATITUDE ELEVATIONS : DATUM USGS 
OEPARNRE 
BEARING 
INITIAL DIP 90' 
OTHER DIPS 

ROCK n# 

Si 1 tstone 
and 

Shale 

INSPECTOR P. Barth 

LOGGED 8Y R. Adams 

O R l u  PLATFORM None 
GROUNO SURFACE 318.5 
ROCK SURFACE 275.5 
BOTTOM OF HOLE 2 18.5 
WATER LEVEL 7/10/81, 314.89 Ft 

~ ~ R I P ~ O I ( :  COLOR, TUNRE. FOUATW. mmma, ~MCTIMIW, FAULTIMC. 
UYZRATHWI. WATER LW5 OR U I W .  U V l M 4 ,  LOST CORE, CEYMTlMO, €K. 

Red Sil tstone and Shale. Occasional green 
S i  1 tstone 1 enses . Bedding is  horizontal . 
Average j o i n t  spacing 2 inches. Slightly t o  
moderately Neathered. 

Clay and/or ca l c i t e  replacement present on 
some fractures.  

Joint  spacing approximately 4 inches. 

Vertical fractures th roughou t  run .  



ACRES AMERICAN INCORPORATED - CONSULTING ENGINEERS - 
BUFFALO , NEW YORK 

D R I L L I N G  R E P O R T  

CLIENT NLO, h c .  JOB NO. P6254.07 

PROJECT Foundation Investigation & Site Characterization HOLE NO. BH-71 

Niagara Falls Storage Site SHEET NO. 4 OF 4 

Sil tstone 
and 

Shale 

Drill rate 4 minutes per foot. 

Calcite replacement noted near occasional 
green s i  1 tstone 1 enses. 

Short run taken to remove core lost  down 
hole from previous run. 

Green' s i  1 tstone 1 ens frequency decreases 
with depth. 



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 

PROJ ECT Foundation Investigation & Si t e  Characterization HOLE NO. BH- 71A 

SITE Niagara Falls Storage S i t e  SHEET MO. 1 OF 1 

CONTRACTOR : Empi re S0i 1 s STARTED P.M. June29 1981 
FINISHED 2:30 P.M. June 29 1981 

Y ETHOD SOIL H o ~  1 OW Stem Auger CASING DIAY. 
OF 

M I U J N G :  ROC% None CORE DIAM. . . 
. . -  

LOCATIOH : LATITUOE ELEVATIONS : DATUM USGS 
DEPARTURE 
REARING 
INITIAL DIP go0 
OTHER UPS 

1 0-9.3 Augered 

No Standard Penetration Tests 
performed i n  t h i s  hole. 

Brown S i l t ,  clayey, hard and 
dry. 

S P Brown Sand, t race  gravel, 
medium density. 

- - 

Gray Clay, s o f t ,  p l a s t i c  and 
moist. 

End o f  Hole 15.0 Feet - 

DRIU PLATFORM None 
GROUND SURFACE 318.8 
ROCK SURFACE 
e o m v  WHOLE 303.8 
WATER LEVEL 313.52 F t  

MSL 
L 



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  

CuEM NLO, Inc. 
- 

J08 NO. P6254.07 

PROJ ECT Foundation Invest igat ion & S i t e  Character izat ion HOLE 140. BH-72 

SITE Niagara Fa l l s  Storage S i t e  SHEET NO. 1 OF 2 

CONTRACTOR: Empi r e  S0i 1 s STARTED 4 ~ 0 0  P . M .  June 24 I 9 8 1  
FINISHED 12 :00 P.M. June 25 1 9 8 1  

M ETHOO SOIL H0l 1 OW Stem Auger CASING DIALI. 
OF 

.MILUNG : ROCK None CORE DIAM. 

LOCATION : LATITUDE ELEVATIONS : DATUM USGS 
DEPARTURE 
BEARING 
INITIAL MP go0 
OTHER MPS 

Topsoil - 

D R l U  PUTFORM None 
GROUND SURFACE 
ROCK SURFACE 
BOTTOM 'OF HOLE 
WATER TA8LE 

Denison 

- - -  
Topsoil . 
Brown Clay, s i l t y ,  sandy, 
t r a c e  gravel .  S t i f f  t o  very 
s t i f f ,  damp. 

Poor recovery, tube discarded, 
samplea put in  core box. 

Tried Deni son 
samples. No re- 
covery . Pushed 
spoon t o  obtain 
sampl es . 

Brown San s i l t y ,  t r a c e  
gravel .  I&. 
Gray Clay, s i l t y ,  sandy, 
t r a c e  gravel.  Sof t  t o  very 
s o f t ,  moist. 

S H l W l M  

Denison 

Shelby 
Tube 

E - AINU M - INSERT R - a o ~ n  MQ 
r - wlrsn o - TWL s - RIOCIU w 

P - WATER COW~CT nw z - 01-ROLO / 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Q - QU5 JAR , Y - core/6ox 

INSPECTOR Barth 

U G G E D  BY R. T i  1 ghman 
0 ATE June 1981 - 

A U ~ E R E D  

1-3 

3-5 

5-7 

7-9 

9-11 

11-13 

13-15 

15-17 

17-19 

AY 

BO 
BY 

AY 

AY 

BO 
A Y 

BO 

AY 

AY 

BO 
CO*TAlWOI 

0"  

8"  

12" 

24" 

0" 

23" 

20" 

22" 

22" 

2" 

2-3/8" 

2" 

2" 

2-3/8" 

3" 

2" 

2" 

3" 



ACRES AMERICAN INCORPORATED - CONSULTING ENGl NEERS 
BUFFALO, NEW YORK 

D R I L L I N G  R E P O R T  

WENT N L O y  Inc. JOR rn P6254.07 

PROJECT Foundation Invest igat ion & S i t e  Cha.racterization HOLE NO. BH-72 

SITE Niagara Fal l s  Storage S i t e  SHEET NO. 2 OF 2 

Gray clay,  s i l t y ,  sandy, 
gravel i n  small amounts dis-  
persed throughout. Saturatec 
very s o f t .  

Brown Sand, clayey, s i l t y .  
Pockets of  coarse gravel 
throughout. Sof t ,  moist. 

Brown S i l t .  Contains frag- 
ments of s i  l ts tone.  , Very 
firm, dry. 

- End o f  Hole 42.0 9' Feet 

BO 3" 23-25 15" Shelby 
Tube 

AY 2" 25-27 17" 4-3- 
3- 3 

AY 2" 27-29 23" 4-4- 
4-4 

AY 2" 29-31 23" 3-4- 
4-4 

AY 2"  35-37 22" 1-2- 
3- 4 

AY 2" 37-39 24" 6-6- 
19-31 

AY 2 "  39-41 10" 20-R -- 

A Y  2 "  41-42 12" 45-110 

N O T  C O R E D  



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.  JOB NO. P6254.0 7 

PROJ ECT Foundation I n v e s t i g a t i o n  & S i t e  Cha rac te r i za t i on  HOLE NO. BH-74 

SITE Niagara F a l l s  Storage S i t e  SHEET NO. 1 OF 1 

CONTRACTOR: Empi r e  S0i 1 s STARTED 11 :00 AM. J u n e 2 6  1 9 8 1  
FINISHED 12:30 P.M. June 26 1 9 8 1  

METHOO SOIL Hol low Stem Auger CASING DIAM. 
OF 

DR~UNG: ROCK None CORE D~AH.  

LOCATION: LATITUDE ELEVATIONS: DATUM USGS 
DEPARTURE DRIU U ~ R M  None 
BEARING GROUND SURFACE 
INITIAL DIP 90' ROCK SURFACE 
OTHER DIPS BOTTOM O F  HOLE 

WATER TABLE 

I wcnlmot: COLOR, W S I . S E ~ .  Smmu~E, S A M P L E  
DOcL M WATER CONTENT. PLISTIWTY, CWMCTYLSS, 

WAT- LOS~ OR UIN, m. NO. /TYPCt( SIZE I DLFw 

F i  1 1 , predomi n a t e l  y C l  ay 
w i t h  some organics  and 

I I1 A Y 1  2 "  1 0-2 

I a rave l .  - 
I 

Resi due 1 Radi o a c t i  ve Resi due. *Hol e 1 3 1 A Y 1 - 2 "  1 4 - 6  

was moved 3 f e e t  eas t  when 
concrete  was encountered a t  Ay 2 u  4 .0- feet .  6-8 

Ye1 low Sand-resi due. Mo is t  
and f i r m .  

6 AY 2"  10-12 

CL Brown Clay, g rave l l y ,  t r a c e  , Ay . 2,, 12-14 s i l t  and sand. S t i f f ,  damp. 

End o f  Hole 14.0 Feet 

INSPECTOR P. Barth  

UGGED BI R. Tilghman 
APPROVED 



ACRES AMERICAN INCORPORATED - CONSULTING ' ENGINEERS 
BUFFALO , N E W  YORK 

D R I L L I N G  R E P O R T  

CUEW N i O ,  Inci JOB NO. P6254.0 7 

PROJ ECT Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. BH-75 

SITE Niagara Fa l l s  Storage S i t e  SHEFT NO. 1 OF 1 

CONTRACTOR: Empi r e  S0i 1 s STARTED 9:30 A . M .  June 26 1981 
FlNlSHED 10: 30 A .M. June 26 1981 

Y m o o  sol L Hol 1 ow Stem Auger CASING OIAIY. 
OF 

DRILUNG: ROCK None CORE DIAY. 

LOCATION : LATITUDE ELEVATIONS : DATUM USGS 
DEPARTURE 
BEARING 
INITIAL DIP 90' 
OTHER DlPS 

D R I U P L A ~ R M  None 
GROUND WRFACE 
ROCK SURFACE 
BOTTOM ' OF HOLE 
WATER TABLE 

Ies i due 

~ W I W :  COLOR, cow~lmwcr.smumn~, S A M P L E  
WATER CFIYTPTT. PC*RICIlY, COYWCfWrS,  

FuCrnAT- 

WATER Wt 00 U I M .  m. Tm 
NO. ne* SIZE ~vrn m'u 

Fi 11. Predominately Clay 1 AY 2" 0-2 16" 4-6- 
with organics  and gravel .  8-9 

2 AY 2" 2-4 16" 8-8- 
10-8 

3 AY 2"  4-6 5" 6-7- 
6-6 

Radioactive residue,  ye1 low 
. 

4 AY 2"  6-8 15" 7-6- 

sand. 5-5 

I 

Brown Clay, s i l t y  w i t h  t r a c e  ' A y  2" 14-16 24" 24-29- 
gravel .  S t i f f ,  moist. 35-37 

- End- o f  Hole-1-6.0.Feet- 

s&Yt'uWC Y m m  
* A - S U T U W  E - A U Q U  

B - r n l ~  uu TUBE . t - WASH 
C - ?VI# S U R E R  
0 - C O M  U R L L  

- 

snlrclrn CO~~~AIMER 
Y . IWSLIIT R - uofn  ma 
0 - T w E  s - Rloflul s*s 
? - WATER QmrrWT TIM Z - OtWI IDCD 
a - ous JAR * , Y - c o r d  box 

INSPECTOR P. Barth 

WGGED BY R. T i  1 ghman 



ACRES AMERICAN INCORPORATED - CONSULTiNG ENGINEERS 
BUFFALO , HEW Y O R K  

D R I L L I N G  R E P O R T  

1 C L E M  NLO, I ~ c .  JOB NO. P6254.0 1 

I PROJECT Foundation Investigation & Site Characterization HOLE HO. BH-77 

I Niagara Fa1 1s Storage Si te  s n m  NO. 1 OF 2 

CONTRACTOR: Empi re Soi 1 s STARTED 1:30 P.M. June 25 1981 
FINISHED 5:00 RY. June 25 1981  

M ETHOD Sol L Holl ow Stem Auger CASING DIAM. 
O F  

DRILLING: ROCK None CORE DIAY.  

LOCATION: LATITUOE 
DEPARTURE 
W R I N G  
INITIAL DIP 90' 
OTHER MPS 

DCPrn 00(L TYPE 

( f t )  
F i l l  

2 Res i due 
and 
F i l l  

4 - 

6 - 

8 - 

- 10 

- 12 

- 14 CCL 

ELEVATIONS : DATUM USGS 
DRILL PCATFORY None 
GROUND SURFACE 
ROCK SURFACE 
BOTTOM OF HOLE 
WATER TABLE 

-n~or: COLOR, cwstmm. ~ ~ U F E .  a A m C L E  
WATER CONTENT. PCISnCITI, -, ?CIILTR*TIOW 

WATER LWt OR U I N ,  ETC. 
TzsT 

NO. .~lPl?* SIZE DEPTH W'D 

~i xed F i  11 w i t h  organics . 1 AY 2" 0 -1  12" 8-12 

M i x e d F i l l w i t h o r g a n i c s a n d  2 AY 2" 1-3 10" 1-2- 
Ye1 low .Radioacti ve Residue. 3- 3 
Loose, very sof t .  

3 AY 2" 3-5 1" 2-2- 
1-2 

4 AY 2" 5-7 5"  2-2- 
3-2 

5 AY 2" 7-9 2" 2-1- 
1-2 

6 AY 2" 9-11 15" 2-2- 
3- 3 

Color changes to  Brown b u t  7 AY 2" 11-13 18" 9-14- 
s t i l l  contains Residue. 19-23 

Brown Clay, s i l t y ,  sandy, 8 AY 2"  13-15 18" 14-23- 
t race gravel (occasionaly AQ 35-40 
occuring as lenses). St i f f  
damp. 9 AY 2" 15-17 24" 40-48- 

AQ 68- 32 

10 AY 2" 17-19 23" 1 10-13 
sncpmwu a w t ~ ~ r l P A Q  
N - INSERT R - CLOTH SAQ 



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  NLC, I ~ c .  JOB MO. P6254.07 

PROJECT Foundation I n v e s t i g a t i o n  & Si t e  C h a r a c t e r i z a t i o n  HOLE NO. BH-77 

Niagara F a l l s  S to rage  S i t e  SHEET NO. 2 OF 1 

Dark brown Sand, s i l t y ,  sand 11 A? 2 "  19-21 8" 8-9- 
g r a v e l l y .  Very wet ,  l o o s e .  1 AQ 

11-13 

throughout .  Saturated, s o f t  
t o  very  s o f t .  

I I I I I I 
End o f  Hole 50.0 Feet 26 1 A Y I  2" 149-501 1 85-1351 



APPENDIX B - 
ROCK SUMMARY LOGS 



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  

BEDROCK LOGS 

H O L E  NO. BH-12 DATE June 1981 
LOCATION Niagara F a l l s  S to rage  S i t e  

REMARKS 

Overburden con- 
s i s t i n g  mainly of 
s i l t s  and c l a y s  
w i t h  l e s s e r  
amounts o f  g r a v e l  
and sand. 

Weathered bedrock.  
Augered dur ing  
d r i l l i n g .  

S i l t s t o n e ,  r e d ,  
t h i n l y  bedded w i t h  
some s h a l e  l e n s e s  
and green s i l t s t o n t  
l e n s e s .  Core 
s l i g h t l y  t o  
moderately 
weathered. 

- Overburden 

- Bedrock 

- S i l t s t o n e  



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  

BEDROCK LOGS 

HOLE NO. BH-12 ,,ATE June 198 1 
LOCATION Niagara F a l l s  S to rage  S i t e  

REMARKS A 

~ o i n t  spac ing  
'L 4 inches .  - 

J o i n t  spac ing  
2 i n c h e s .  Some - 

c a l c i t e  rep lace-  
ment p r e s e n t .  

- S i l t s t o n e  

End of Hole 95.0 Fee t .  



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  

BEDROCK LOGS 

H O L E  NO. BH-15 D A T E A U ~ .  1981 
LOCATION Niagara F a l l s  S to rage  S i t e  

- 
c: 
LL 

I - 
z 

PERMEABILITY NUMBER OF 
C a 

REM4RKS A 
v 

Clay p r e s e n t  on 
some d i s  c o n t i n u i -  
t i e s  where r o c k  i s  
more h i g h l y  
weathered.  

Minor r u b b l e  zone 
due t o  mechanical  
a c t i o n  dur ing  
d r i l l i n g .  

S i l t -  
s t o n e  

End of Hole 104.5 F e e t .  



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  

BEDROCK LOGS 

H O L E  NO. BH-15 DATE Aug. 1981 
LOCATION Niagara F a l l s  S to rage  S i t e  

REMARKS 

Overburden con- 
s i s t i n g  mainly  of 
s i l t s  and c l a y s  
w i t h  l e s s e r  
amounts of g r a v e l  
and sand.  

S i l t s t o n e ,  r e d ,  
t h i n l y  bedded. 
Occasional  green 
s h a l e  and s i l t -  
s t o n e  l e n s e s .  
S l i g h t l y  t o  moder- 
a t e l y  weathered.  

Over- 
burden 

S i l t -  
s t o n e  



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  

BEDROCK LOGS 

H O L E  NO. BH-57 DATE June 1981 
LOCATION Niagara F a l l s  Storage S i t e  

REMARKS 

0vBrburd.en 
c o n s i s t i n g  mainly 
of s i l t  s.':and c l a y s  
w i t h  l e s s e r  amount 
of g r a v e l  and sand 

Weathered bedrock 

S i l t s t o n e ,  r e d ,  
h o r i z o n t a l l y  bedde 
wi th  o c c a s i o n a l  
green s i l t s t o n e  
u n i t s .  Core 
s l i g h t l y  t o  
moderate ly  
weathered.  

- Overburden 

S i l t s t o n e  



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  

BEDROCK LOGS 

HOLE NO. BH-57 DATE June  1981 
LOCAT~ON Niagara F s l l s  S to rage  S i t e  

2 Green S i l t s t o n e  
l e n s e .  

6 z 

Note: S i l t s t o n e  
o f t e n  becomes 
sha ley  . 

- 
I 
I- P 

3 Green S i l t s t o n e  
l e n s e .  

End of Hole 101.5 f 

PERMEABILITY 
( x )  cm/rec, 

S i l t s t o n e  

e t  . 

xu 
U b  

R.O.0 '10 
NUMBER OF 

FRAqFZZS PER 



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  

BEDROCK LOGS 

H O L E  NO. RH-67 DATE J~JIEXW 
LOCATION Nianara F a l l s  Storage S i t e  

Overburden 

Bedrock 

S i l t s t o n e  



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  

BEDROCK LOGS 

HOLE NO. BH-62 ,,,, June 1981 
LOCATION N i a g a r a  F a l l s  S t o r a g e  S i t e  

Feet. 



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  

BEDROCK LOGS 

HOLE NO. BH-68 DATE Aug. 198 1 
LOCATION Niagara F a l l s  S t o r a g e  S i t e  

Over- 
burden  

Bedroc 

. S i l t -  
s t o n e  



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  

BEDROCK LOGS 

HOLE NO. EH-68 DATE Aug. 198 1 
LOCATION N i a g a r a  F a l l s  S t o r a g e  S i t e  

REMARKS A v I 
Some c l a y  
o c c a s i o n a l l y  
p r e s e n t  d u e  t o  
w e a t h e r i n g  a l o n g  
j o i n t s .  C a l c i t e  
r e p l a c e m e n t  r a r e l y  
p r e s e n t .  - S i l t -  - 
End of Hole 99.0 F e e t .  



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  

BEDROCK LOGS 

HOLE NO. BH-71 DATE Aug. 1981 
LOCATION Nia~ara Falls S t o r a g e  S i t e  

Over: 
Burden- 

- Bedrock 

stone 



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  

BEDROCK LOGS 

H O L E  NO. EH-71 DATE Aug. 1981 
Niaga ra  F a l l s  S t o r a g e  S i t e  

End of  Hole  100.0 F e  

REMARKS 

v- 

Clay a n d / o r  c a l c i t e  
r ep lacemen t  p r e s e n t  
on some f r a c t u r e s .  Silt- 

s t o n e  

e t .  

- 





APPENDIX C - 
CORE DETAIL REPORTS 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

(CORE DETAILS) 
CLIENT NLO, Inc. JOB NO. P6254.07 
PROJECT Foundation Investigation & Site Characterization HW NO. BH-12 

Niagara Fa1 1s Storage Site SHEET NO. 1 O f  9 

(JOINT, FAULT, BEDDING. PLANES, CLEAVAGE, 
LINEATION ) 

Bedding plane, t ight ,  sl ightly 
weathe red. 

Fracture, part open, sl  ightly 
weathered. 

Fracture, open, s l ight ly weathered. 

Fracture, part open, slightly 
weathered. 

Fracture, part open, sl ightly 
weathered. 

Fracture, p a r t  open, slightly 
weathered. 

Bedding plane, part open, sl  ightly 
weathered. 
Fracture, rehealed, s l ight ly 
weathered. 

Fracture, reheal ed, sl  i ghtly 
weathered. 

Fracture, part open. 

Rubble, calci te  replacement. 

Fracture, part open, s l  ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, moderately 
weathered. 

Bedding plane, t ight ,  sl i ghtly 
weathered. 





ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
MZlUING REQORT 

(CORE DETAJLSI 
CLIENT NLO,  Inc. JOBNO. P6254.07 
PROJECT Foundation Investigation & Si t e  Characterization H- NQ BH-12 
SITE Niagara Falls Storage Si te  SHEET Na 3 Of 9 

DISCOMINUITY 
(JOINT, FAULT, BEDOING. PLANES, CLEAVAGE, 
LINEATION ) 

Fracture, part open, hi ghly 
weathered. 

Highly weathered clay tone. 

Bedding plane, t i g h t ,  s l  
weathered. 

Fracture, par t  open, s l  i 
weathered. 

Bedding plane, t i gh t ,  s l  
weathered. 

i ghtly 

ghtly 

ightly 

Bedding plane, t 
weathered. 

Rubbl e.  

Bedding plane, t i  
weathered. 

ght, s l igh t ly  

ght, s l igh t ly  

Fracture, par t  open, s l  ightly 
weathered. 

Rubble. 

Jo in t ,  t i gh t ,  s l i gh t l y  weathered, 
cal c i t e  rep1 acement. 

Jo in t ,  part  open, s l  ightly weathered, 

Fracture, part  open, moderately 
weathered. 

Fracture, part  open, moderately 
weathered. 

rlLCNAL 
ANGLE 

C= CARBONATE H3 HEMATITE K= CHUWllTE + *' BR= BROWN 





ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

(CORE DETAILS) 
CLIENT NLO, Inc. JOB NO. P6254.07 
P ~ E C T  Foundation Investigation & Site Characterization H- NQ BH-12 

Niagara Fa1 1s Storage Site 

(JOINT. FAULT. BEDDING PLANES. CLEAVAGE. 

Bedding plane, t ight ,  sl  ightly 
weathered. 

Fracture, part open, moderately 
weathered, calci te  replacement. 

Fracture, part open, moderately 
weathered. 

Bedding pl ane, t i  g h t  , sl  i ghtly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Bedding plane, t i gh t ,  s l ight ly 
weathered. 

Fracture, part open, sl  i ghtly 
weathered. 

Bedding plane, t ight ,  sl  ightly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Beddi ng plane, part open, s 1 i g h t  ly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t i gh t ,  sl ightly 
weathered. 

Bedding plane, part open, s l ight ly 
weathered. 

C: CARBONATE H = HEMATITE K= CHlBRlTE + + BR: BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
ORlLLlNG REWRT 

(CORE DETAILS) 
~ - PROJECT ~oundation Investigation Si te  Characterization Hw Na BH- 12 

Niagara Falls Storage Site SHEET NO. 6 OF 9 

MSCOMINUll'Y 
(JOINT, FAULT, BEDDING. PLANES, CLEAVAGE, 
LlNEATlON ) 

Bedding plane, part open, s l ight ly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Rubble . 

Fracture, moderately weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Bedding plane, t ight , sl  ightly 
weathered. 

Fracture, part open, moderately 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Fracture, part open, s l  ightly 
weathered. 

Bedding plane, t ight , sl i ghtly 
weathered. 

Fracture, part open, slightly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Rubble zone. 

C= C A R W N A E  tl= HEMATITE K- CHLDRlfE + + BR= BROWN 



ACRES AMERlCAN INCORPORATED - BUFFALO, NEW YORK 
DRIUING REPORT 

PROJECT Foundation Investigation & Site Characterization HW N(X BH- 12 
SITE - 

Ern 
( FT. ) 

- 
83.7- 
83.9 

84.5 

84.8 

84.9- 
85.3 

85.2 

85.5 

85.8 

86.6 

86.7 

86.8 

86.9 

87.3 

87.5 

87.7- 
87.8 

88.2 

- 

Niagara Falls Storage Site 

OlSCONTlNUlTY 
(JOINT, FAULT, EDOING. PLANES, CLEAVAGE, 
LlNEATlON 1 

Rubble zone. 

Fracture, part open, moderately 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Rubble zone. 

Fracture, part open, s l ight ly 
weathered, calci te  rep1 acement. 

Bedding plane, t ight ,  s l ight ly 
weathered, calci te  replacement. 

Bedding plane, t ight ,  s l ight ly 
weathered, calcite replacement. 

Fracture, part open, s l ight ly 
weathered. 

Fracture, open, slightly weathered. 

Fracture, part open, moderately 
weathered. 

Fracture, part open, moderately 
weathered. 

Fracture, part open, moderately 
weathered, calci te  replacement. 

Bedding plane, t ight ,  s l ight ly 
weathered, calci te  replacement. 

Rubble zone - 0 . 1 ' .  

Fracture, part open, moderately 
weathered, calci te  replacement. 

C: CARBONATE H= HEMATITE K= CHLMllTE + + BR= BROWN 

SHEET NO. 7 OF 



DRILLING REPORT 
(COCIE OETAJLS) 

UlENT NLO, Pnc. JOB NO. P6254.07 
PRAlECT Foundation Investigation & Site Characterization H U  NQ BH-12 

Niagara Falls Storage Site 
- - --- - 

OlSCOMnNUlPI 
(JOINT, FAULT, BEOOING PLANES, CLEAVAGE, 
LINEATION ) 

Fracture, part open, moderately 
weathered, calci te  replacement. 

Fracture, part open, moderately 
weathered, calci te  rep1 acement. 

Bedding plane, t ight ,  sl  ightly 
weathered, calcite replacement. 

Bedding plane, t ight ,  sl ightly 
weathered, calcite rep1 acement. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Rubble zone - 0.3' .  

Bedding plane, t i gh t ,  s l ight ly 
weathered. 

Bedding plane, part open, s l ight ly 
weathered. 

Bedding plane, part open 
weathered. 

Bedding plane, t ight ,  sl  
weathered. 

, sl ight ly 

i ght ly 

Fracture, t ight ,  s l ight ly weathered. 

Bedding plane, part open, s l ight ly 
weathered. 

Fracture, part open, sl  i ghtly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

SHEET Na 8 OF 9 I 

C =  CARBONATE Hz HEMATITE K= CHLORITE + + BR= BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
ORlUlNG REPORT 

. - -  
CllENT NLO Inc. 
PROJECT Foundation Investigation & Site Characterication HU NQ BH-12 I 

Niagara Falls Storage Site 

DEPTH 
( FT. 1. 

MINT, FAULT, BEDDING. PLANES, CLEAVAGE, 
LINEATION 1 

- - - 

Fracture, part open, sl ightly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
. - 

CLIENT NLO, Inc. 

DRlLLlNG REPORT 

PROJECT Foundation Investigation & Si t e  Characterization . HOLE NO- BH-15 
Niagara Falls  Storage Si te  SHEET NO. 1 OF 8 

(JOINT, FAULT, BEDDING PLANES, CLEAVAGE, 
LINEATION ) 

Rubbl e. 

Fracture, par t  open, s l igh t ly  
weathered. 

Fracture, open, s l igh t ly  weathered. 

Bedding plane, par t  open, s l i gh t l y  
weathered. 

Bedding plane, par t  open, s l i gh t l y  
weat he red. 

Bedding plane, t i g h t ,  s l igh t ly  
weathered. 

Bedding plane, t i g h t ,  s l  ightly 
weathered. 

Fracture, part  open, moderately 
weathered. 

Bedding plane, part  open, s l  ight ly  
weathered. 

Fracture, par t  open, moderately 
weathered. 

Fracture, par t  open, s l  ightly 
weathered. 

Rubble. 

Fracture, part open, s l igh t ly  
weathered. 

Fracture, part open, s l  ightly 
weathered. 

Fracture, part open, s l i gh t l y  
weathered.' 

:=CARBONATE H= HEMATITE K- CHLORITE + + BR- BROWN 

DESCRIPTION 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPOKT 

(CORE DETAILS ) 

PROJECT Foundation Investigation & Site Characterization HOLE NO. BH- 15 
SITE Niagara Falls Storage Si te  SHEET NO. 2 OF 8 

(JOINT, FAULT, BEDDING PLANES, CLEAVAGE, 
LINEATION ) 

Fracture, open, slightly weathered, 
c a l c ~ t e .  
Fracture, part open, moderately 
weathered. 

Rubble, clayey - 0.4' .  

Bedding plane, t ight ,  s l  i ghtly 
weathered. 

Rubble 0.5 ' with calci te .  

Fracture, part open, sl ightly 
weathered. 

Rubble - 0.'3'. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, slightly 
weathered. 

Fracture, part open, slightly 
weathered. 

Fracture, part open, sl ightly 
weathered. 

Fracture, t ight ,  sl ightly weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, sl i ghtly 
weathered. 

DESCRIPTION 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

(CORE DETAILS) 
CLIENT N L O y  Iric. JOB NO. ~6254.07 
PROJECT Foundation Investigation & Site Characterization HOLE NCl BH-15 

Niagara Falls Storage Site SHEET NO. 3 OF 8 

DISCONTINUITY 
(JOINT, FAULT, BEDDING PLANES, CLEAVAGE, 
LINEATION ) 

Fracture, part open, moderately 
weathered. 

Fracture, part open, slightly 
weathered. 

Bedding plane, part open, s l ight ly 
weathered. 

Bedding plane, t ight ,  s l  i ghtly , 
weathered. 

Fracture, part open, sl ightly 
weathered. 

Bedding plane, part open, slightly 
weathered. 

Fracture, part open, s l  i ghtly 
weathered. . 

Fracture, part open, slightly 
weathered. 

Fracture, part open, s l ight ly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Bedding plane, part open, slightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, slightly 
weathered. 

Fracture, open, moderately wea 

Fracture, part open, slightly 
weathered.. 

thered. 

C= CARBONATE H= HEMATlTE K= CHLORITE + + BR- BROWN 

DESCRIPTION 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

CLIENT NLO, Inc. JOB NO. P6254.07 
PROJECT Foundation Investigation & Si t e  Characterization HOG NQ BH- 15 

Niagara Fa1 lS Storage Si te  SHEET Na 4 OF 8 

(JOINT, FAULT, BEDDING PLANES. CLEAVAGE, 

Bedding plane, t i gh t ,  s l igh t ly  
weathered. 

Fracture, part open, s l igh t ly  
weathered. 

Bedding pl ane, t i gh t  , s l  i ghtly 
weathered. 

Fracture, part  open, moderately 
weathered. 

Bedding plane, t i gh t ,  s l igh t ly  
weathered. 

Bedding plane, t i gh t ,  s l  ightly 
weathered. 

Fracture, par t  open, s l igh t ly  
weathered. 

Rubble - 0 .1 ' .  

Fracture, part open, s l i gh t l y  
weathered. 

Bedding plane, t i gh t ,  s l igh t ly  
weathered. 

Fracture, pa r t  open, s l i gh t l y  
weathered. 

Fracture, pa r t  open, s l  ightly 
weathered. 

Fracture, t i g h t ,  s l i gh t l y  weathered. 

Fracture, part open, moderately 
weathered. 

Beddi ng pl ane, t i  ght , s l  ightly 
weathered. 

C= CARBONATE H =  HEMATITE K= CHUHllTE + + 8R- BROWN 

DESCRIPTION 
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ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
ORlLLlNG REPORT 

(CORE DETAILS) 
CLIENT NLO,  I ~ c .  300 NO. P6254. 07 
PROJECT Foundation Investigation & Site Characterization HOCE NO. BH-15 

Niagara Falls Storage Site SHEET Na 6 OF 8 

Ern 
( FT. 

(JOINT, FAULT, BEDDING. PLANES, CLEAVAGE, 
LINEATION 1 

Fracture, part open, slightly 
weathered. 

Bedding plane, part open, s l ight ly 
weathered. 

Fracture, part open, sl  i ghtly 
weathered. 

Fracture, part open, slightly 
weathered. 

Fracture, t ight ,  sl ightly weathered. 

Fracture, part open, slightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight , sl  i ghtly 
weathered. 

Bedding plane, t i gh t ,  s l ight ly 
weathered. 

Bedding plane, t ight ,  s l  i ghtly 
weathered. 

Bedding plane, part open, slightly 
weathered. 

Fracture, part open, sl  i ghtly 
weathered. 

Fracture, t ight ,  s l ight ly weathered. 

Fracture, part open, s l  ightly 
weathered. 

:= CARBONATE HI HEYLCtlTE K= C H U T E  + + BR= BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 

CLIENT N L O y  Inc. 

DR1LLING REPORT 
(CORE DETAILS) 

PROJECT Foundation Investigation & Si t e  Characterization HOLE NO. BH-15 
Niagara Falls Storage S i t e  SHEET NQ 7 OF 8 

(JOINT, FAULT, BEDOING PLANES, CLEAVAGE, 
LINEATION ) 

Fracture, par t  open, s l  i ghtly 
weathered. 

Bedding plane, t igh t .  

Fracture, part  open. 

Bedding plane, t igh t .  

Fracture, par t  open. 

Fracture, t i gh t .  

Fracture, part open. 

Bedding plane, t i g h t .  

Bedding pl ane, t igh t  . 
Fracture, part open. 

Bedding plane, t i  g h t  . 
Bedding plane, t i gh t .  

Bedding plane, t i gh t .  

Bedding plane, t i gh t ,  s l i gh t l y  
weathered. 

Fracture, part  open, moderately 
weathered. 

Bedding plane, t igh t ,  s l igh t ly  
weathered. 

Fracture, t i g h t ,  s l i gh t l y  weathered. 

Fracture, part  open, moderately 
weathered. 

Fracture, pa r t ,  open, s l igh t ly  
weathered. 

C= CARBONATE Hr HEMATITE K: CHURITE + + 8R= 8ROWN + GY = GRAY 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
ORlUlNG REPORT 

UlENT N L O , .  Inc .  
PROJECT Foundation I n v e s t i g a t i o n  & S i t e  C h a r a c t e r i z a t i o n  H- N a  BH-15 
SITE - 

( FT. 1 

- 
97.0 

97.2 

97.4 

98.0 

98.2 

98.3  

98.8 

L01.8 

101.9 

L02.2- 
102.3 

102.9 

L03.0 

103.5 

103.7 

Niagara F a l l s  S to rage  S i t e  SHEET NO. 8 Of 8 

OlSCOMlNUlTY 
(JOINT, FAULT, 8E001NG. PLANES, CLEAVAGE, 
LINEATION ) 

-- - - -- 

F r a c t u r e ,  t i g h t ,  s l  i g h t l y  weathered.  

F r a c t u r e ,  t i g h t ,  s l i g h t l y  weathered.  

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

F r a c t u r e ,  p a r t  open, sl i g h t l y  
weathered.  

F r a c t u r e ,  reheal  e d ,  moderate ly  
weathered.  

F r a c t u r e ,  t i g h t ,  s l i g h t l y  weathered.  

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

F r a c t u r e ,  p a r t  open, s l  i g h t l y  
weathered.  

F r a c t u r e ,  p a r t  open, s l i g h t l y  
weathered.  

Rubble - 0 . 1 ' .  

F r a c t u r e ,  p a r t  open,  s l i g h t l y  
weathered.  

F r a c t u r e ,  p a r t  open, s l i g h t l y  
weathered.  

Bedding p l a n e ,  p a r t  open, s l i g h t l y  
weathered.  

Bedding p l a n e ,  p a r t  open,  s l i g h t l y  
weathered.  

C= CARBONATE Hz HEMATITE K= CHUtRITE + + BR= BROWN +GV : GRAY 

w 
ANGLE 1 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

(CORE DETAILS) 
CLIENT N L O y  Inc. JOB NO. P6254.07 
PROJECT Foundation Investigation & Site Characterization HOLE NO. BH-57 
SITE - 

DEmH 
(FT. 

SHEET NO. 1 OF7  Niagara Falls Storage Site 

A r n A L  
ANGLE 

DESCRIP' 
(JOINT, FAULT, BEDDING PLANES, CLEAVAGE, 
LINEATION ) 

Fracture, part open, sl ightly 
weathered. 

Rubble - 0.1 ' .  

Rubble - 0.1 ' .  

Bedding pl ane, part open, moderately 
weathered. 

Beddi ng plane, part open, moderately 
weathered, calci te  rep1 acement. 

Bedding plane, part open, moderately 
weathered. 

Bedding plane, t ight ,  sl.ightly 
weathered. 

Bedding pla'ne, part open, sl ightly 
weathered. 

Bedding plane. 

Bedding plane, part open, slightly 
weathered. 

Rubble - 0.1 ' .  

Joint, part open, sl i ghtly weathered, 
calci te  replacement. 

Bedding pl ane, t i  g h t  . 
Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight.  

C= CARBONATE H= HEMATITE K= CHLORITE + + BR= BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

t CORE DETAILS 
CLIENT . NLO Inc. JOB NO. P6254.07 
PROJECT Foundation Investigation & Site Characterization HOLE NO. BH-57 

SITE 
7 

DEiTH 
( FT. 1 

57.6 

57.7 

58.0 

58.6 

58.9 

59.2 

59.4 

60.1 

60.2 

60.6 

61.8 

61.9 

62.1 

62.2 

62.3 

62.5 

62.7 

62.9 

Niagara Falls Storage Site SHEET NO. 2 OF 7 I 
DISCONTINUITY 

(JOINT, FAULT, BEDDING PLANES, CLEAVAGE, 
LINEATION ) 

DESCRIPTION 

Bedding plane, part open. 

Bedding plane, t ight .  

Bedding plane, part open. 

Bedding p lane ,par t  open, calci te  
repl acement . 
Bedding plane,. part open, calci te  
repl acement. 

Bedding plane, pa~rt  open, calci te  
repl acement . 
Rubble, calci te  replacement. 

Bedding plane, t ight.  

Rubble. 

Bedding plane, t i  g h t .  

Bedding plane, t ight ,  calci te  stain 
repl acement . 
Bedding plane, part open, s l  i ghtly 
weathered. 

Bedding plane, t ight.  

Bedding plane, t ight.  

Bedding plane, part open, slightly 
weathered, calci te  throughout. 

Bedding plane, part open, slightly 
weathered, calci te  throughout. 

Bedding plane, part open, calci te  
throughout. 

Bedding plane, open, slightly 
weathered. 

C=CARBONATE H= HEMATITE K= CHLORITE + + BR= BROWN 



DRILLING REPORT 
(CORE DETAILS 

CLIENT NLO, Inc. JOB NO. P6254.07 
PROJECT Foundation Investigation & Si te  Characterization HOLE NO. BH-57 

SHEET NO. 3 OF 7 Niagara Fa1 1s Storage Si t e  SITE 

DISCONTINUITY 
(JOINT, FAULT, BEDDING PLANES, CLEAVAGE, 
LINEATION 

Rubbl e.  

Fracture, pa r t  open. 

Fracture, t igh t  , s l  i ghl t l y  weathered. 

Bedding plane, part  open, s l  i ghtly 
weathered. 

Fracture, part  open, s l i gh t l y  
weathered. 

Bedding pl ane, part  open, s l i gh t l y  
weathered. 

Rubble - 0.1 ' .  

Bedding plane, part  open, s l i gh t l y  
weathered. : 

Fracture, part  open, s l i gh t l y  
weathered. 

Fracture, part  open, sl  i 
weathered. 

Rubble - 0.1' . 
Bedding plane, t i g h t ,  s l  
weathered. 

ghtly 

i ghtly 

Fracture, part  open, s l  ightly 
weathered. 

Fracture, part  open, s l  i ghtly 
weathered. 

Bedding plane, t i g h t ,  s l i gh t l y  
weathered. 

Fracture, open. 

C: CARBONATE Hz HEMATITE K= CHLORITE + + BR- BROWN 

DESCRIPTION 

PNGLE rl 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

CLIENT NLO, Inc. JOB NO. P6254.07 
PROJECT Foundation Investigation & Site Characterization HOLE NO. BH-57 
SITE SHEET NO. 4 OF 7 Niagara Fa1 1s Storage Site 

DISCONTINUITY 
(JOINT, FAULT, BEDDING PLANES, CLEAVAGE, 
LINEATION 

DESCRIPTION 

Fracture, p a r t  open, s l  i ghtly 
weathered. 

Bedding plane, part open, slightly 
weathered, calci te  rep1 acement. 

Fracture, part open, slightly 
weathered. 

Fracture, part open, s l ight  
weathered. 

1 ightly Bedding plane, part open, s 
weathered. 

Fracture, part open, slightly 
weathered. . 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, slightly 
weathered. 

Bedding plane, part open, sl ightly 
weathered. 

Bedding plane, part open, slightly 
weathered. 

Bedding plane, t ight .  

Rubble - 0.2 ' .  

Bedding plane, t ight .  

Bedding plane, t ight .  

Bedding plane, t ight .  

C= CARBONATE H= HEMATITE K: CHLORITE + + BR= BROWN + GY = GRAY 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

CLIENT f:LO, Inc; 
PROJECT Foundation Investigation & Si t e  Characterization HOLE NO. OH-57 

Niagara Falls Storage Si te  

DlSCONTlNUlTY 
(JOINT, FAULT, BEDDING PLANES, CLEAVAGE, 
LINEATION 1 

Fracture, par t  open, s l igh t ly  
weathered. 

Fracture, par t  open, s l  i ghtly 
weathered. 

Bedding plane, t i gh t ,  s l i gh t l y  
weathered, c a l c i t e  replacement. 

Fracture, part open, s l  ightly 
weathered, c a l c i t e  replacement. 

Fracture, t i g h t ,  s l i gh t l y  weathered, 
c a l c i t e  repl acement. 

Fracture, part open, s l igh t ly  
weathered. 

Fracture, part  open, s l  i ghtly 
weathered, ,ca lc i te  repl acement. 

Fracture, part  open, s l  ightly.  
weathered, c a l c i t e  replacement. 

Bedding plane, part open, s l i gh t l y  
weathered. 

Bedding plane, part  open, s l i gh t l y  
weathered. 

Beddi ng pl ane , part  open, s l  i ghtl y 
weathered. 

Fracture, part open, s l  ight ly  
weathered. 

Fracture, t i g h t ,  s l  - .. ightly-weathered. - 

Fracture, t i gh t  , sl ight ly  weathered. 

Fracture, part open, s l i gh t l y  
weathered. 

Fracture, open, moderately weathered. 

SHEET NO. 5 OF 

C=CARBONATE H= HEMATITE K= CHLORITE + + BR= BROWN 

DESCRIPTION 
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ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRiLLlNG REPORT 

(CORE DETAILS 
CLJENT . NLO, Inc. 
PROJECT Foundation Investigation & Site Characterization HOLE NO. BE-57 
SITE - 

D E r n  
( FT. 1 

SHEET NO. 7 OF 7 Niagara Fa1 1s Storage Site 

DISCONTINUITY 
(JOINT, FAULT, BEDDING PLANES, CLEAVAGE, 
LINEATION ) 

DESCRIPTION 

Beddi ng pl ane , part open, s l  i ghtl y 
weathered. 

Bedding plane, part open, s l ight ly 
weathered. 

Fracture, open, moderately weathered. 

Fracture, part open, sl ightly 
weathered. 

Bedding plane, part open, slightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, pa r t  open, sl ightly 
weathered. 

Fracture, part open, sl i ghtly 
weathered. 

Fracture, part open, slightly 
weathered. 

Fracture, part open, sl i ghtly 
weathered. 

Bedding plane, t i gh t ,  sl ightly 
weathered. 

Rubble - 0.9 ' .  

Rubble - 0.1' . 

Rubble 

C= CARBONATE H= HEMATITE K= CHLORITE + + BR: 8ROWN 



ACRES AMERICAN lNCORPORATED - BUFFALO, NEW YORK 
DRIUING REPORT 

CLIENT . NLO, I n c .  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 i t e  C h a r a c t e r i z a t i o n  . HOLE NO. BH-62 

N i a g a r a  F a l l s  S t o r a g e  S i t e  SHEET NO. 1 OF 4 

OEmH 
( FT. 

DISCONTINUITY 
(JOINT, FAULT, BEDDING PLANES, CLEAVAGE, 
LlNEATlON ) 

F r a c t u r e ,  t i g h t ,  h i g h l y  w e a t h e r e d ,  
r u b b l e .  

F r a c t u r e ,  t i  g h t  , h i g h l y  w e a t h e r e d .  

Bedding p l a n e ,  t i g h t .  

F r a c t u r e ,  t i g h t .  

J o i n t ,  p a r t  open  

Bedding  p l a n e ,  t i g h t ,  p a r t  o p e n .  

Bedding p l  a n e ,  t i  g h t .  

Bedding  p l a n e ,  p a r t  o p e n .  

F r a c t u r e ,  t i g h t .  

Bedding pl a n e ,  t i g h t ,  h i g h l y  
w e a t h e r e d ,  r u b b l e .  

Bedding  p l a n e ,  t i g h t ,  s l i g h t l y  
w e a t h e r e d .  

Bedding  p l a n e ,  t i g h t  . 
Bedding  p l a n e  , t i  g h t  . 
Bedding  p l  a n e ,  t i  g h t .  

Bedding  p l a n e ,  t i g h t .  

Bedding p l a n e ,  p a r t  o p e n .  

F r a c t u r e ,  t i g h t .  

F r a c t u r e ,  t i g h t .  

C= CARBONATE H= HEMATITE K= CHLORITE + + BR- BROWN + GY = GRAY 

DESCRIPTION 



- - - - 

ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

.- .-- .- 

CLIENT MLO, I n c .  JOB NO. P6254.0 7 
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 i t e  C h a r a c t e r i z a t i o n  HOLE NO. BH-62 
SiTE 

DEPTH 
(FT.1 

63.0 

63.5 

67.2 

67.25 

67.35 

67.8 

67.9 

68.0 

71.6 

72.1 

72.9 

74.1 

74.8 

75.2- 
75.3 

75.45 

75.65 

81.4 

82.2 

83.7  

84.4 

N i a g a r a  Fa1 1 s  s t o r a g e  S i t e  SHEET NO. 2 OF 4 
- -- 

DISCONTINUITY DESCRIPTION 
(JOINT, FAULT, BEDDING PLANES, CLEAVAGE 
LINEATION ) 

J o i n t ,  t i g h t .  

F r a c t u r e  , t i  g h t  . 
Bedding  p l a n e .  

Bedding  p l a n e ,  t i g h t .  

Bedding  p l a n e ,  t i g h t .  

Bedding  p l a n e ,  t i g h t ,  s l i g h t l y  
w e a t h e r e d .  

Bedding  p l a n e ,  t i g h t .  

Bedding  p l a n e ,  t i g h t .  

F r a c t u r e ,  t i g h t .  

Bedding  p l a n e ,  p a r t  o p e n .  

Bedding  p l a n e ,  p a r t  open .  

Bedding  p l a n e ,  t i  g h t .  

Bedding  p l a n e ,  t i g h t ,  s l i g h t l y  
w e a t h e r e d .  

Bedding  p l a n e ,  o p e n ,  h i g h l y  w e a t h e r e d  
r u b b l e .  

Bedding  p l a n e ,  t i g h t  , h i  g h l y  w e a t h e r e l  

Bedding  p l a n e ,  o p e n ,  m o d e r a t e l y  
w e a t h e r e d .  

Bedding  p l a n e ,  t i g h t .  

Bedding  p l a n e ,  p a r t  o p e n .  

Bedding  p l a n e ,  t i g h t .  

F r a c t u r e ,  p a r t  o p e n ,  m o d e r a t e l y  
w e a t h e r e d .  

C= CARBONATE H: HEMATITE K= CHLORITE + + BR = BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

(CORE DETAILS) 
CLIENT NLO, I ~ c .  Joe No- P6254.07 
PROJECT Foundation I n v e s t i g a t i o n  & S i t e  C h a r a c t e r i z a t i o n  HOLE NO. ~ ~ - 6 2  
SITE Niagara F a l l s  S t o r a g e  S i t e  

DISCONTINUITY 
(JOINT, FAULT, BEDDING PLANES, CLEAVAGE, 
LINEATION ) 

Bedding pl .ane,  t i g h t ,  modera te ly  
weathered.  

Bedding p l a n e ,  t i g h t ,  modera te ly  
weathered.  

Bedding p lane ,  t i g h t ,  modera te ly  
weathered.  

J o i n t ,  p a r t  open. 

F r a c t u r e ,  p a r t  open. 

F r a c t u r e ,  p a r t  open, 

Bedding p l a n e ,  p a r t  open, modera te ly  
weathered.  

Bedding p l a n e ,  t i g h t .  

Bedding p l a n e ,  t i g h t .  

F r a c t u r e ,  t i g h t .  

Bedding p l a n e ,  t i g h t ,  

Bedding p l a n e ,  p a r t  open, h i g h l y  
weathered.  

Beddinq p l a n e ,  p a r t  open. 

F r a c t u r e ,  t i g h t .  

Bedding p l a n e ,  t i g h t .  

Bedding p l a n e ,  t i g h t .  

Bedding p l a n e ,  t i g h t .  

Bedding p l a n e ,  t i g h t .  

Bedding p l a n e ,  t i g h t .  

C= CAREONATE H- HEMATITE K= CHLORITE + + BR- BROWN 

SHEET NO. 3 OF 4 

DESCRIPTION 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRlUlNG REPORT 

t CORE DETAILS 
CLIENT NLO, I n c .  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 i t e  C h a r a c t e r i z a t i o n  HOLE NO. BH-62 
SITE N i a g a r a  Fa1 1 s  S t o r a g e  S i t e  SHEET NO. 4 OF 4 

I DISCONTINUITY 

I (JOINT, FAULT, BEDDING PLANES, CLEAVAGE, 
DEPTH LINEATION) 

Bedding  p l a n e ,  p a r t  o p e n ,  m o d e r a t e l y  
w e a t h e r e d .  

Bedding p l a n e ,  t i g h t ,  h i g h l y  
w e a t h e r e d ,  r u b b l e .  

Bedding  p l a n e ,  t i g h t .  

Bedding  p l a n e ,  t i g h t .  

Bedding p l a n e ,  p a r t  o p e n .  

Bedding  p l a n e ,  p a r t  o p e n .  

Bedding  p l a n e ,  p a r t  o p e n ,  m o d e r a t e l y  
w e a t h e r e d .  

Bedding  p l a n e ,  o p e n ,  m o d e r a t e l y  
w e a t h e r e d .  

Bedding p l a n e ,  p a . r t  o p e n ,  s l i g h t l y  
w e a t h e r e d .  

C= CARBONATE ti= HEMATITE K= CHLORITE + + BR- BROWN 

DESCRIPTION 

AUTUAL 
ANGLE 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

(CORE DETAILS 1 
CLIENT NLO, Inc. JOB NO. P6254.07 
PROJECT Foundation Investigation & Site Characterization HOCE NQ BH-68 
SITE - 

OEm 
(FT.) 

- 
50.3 

50.5 

50.6 

50.7 

50.8 

51.0 

51.3 

51.6 

52.3 

52.6 

53.1 

53.3 

53.5 

53.6 

Niagara Falls Storage Site SHEET Na 1 Of 12 

DISCONTINUITY 
(JOINT, FAULT, BEDDING PLANES, c ~ ~ A v A ~  
LINEATION 1 

~ ~~~ ~- ~ 

Fracture, part open, slightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, sl ightly 
weathered. 

Bedding plane, part open, slightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, part open, slightly 
weathered. 

Bedding plane, t ight ,  s1 ightly 
weathered. 

Fracture, part open, moderately 
weathered. 

Fracture, part open, s l  ightly 
weathered. 

Fracture, part open, s l  i ghtly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

C= CARBONATE H= HEMATITE K= C H W T E  + + BR- BROWN 

WrUAL 
PNGLE 
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ACRES AMERICAN INCORfORATED - BUFFALO, NEW YOFZK 
ORlUlNG REPORT 

(CORE DETAILS) 
UlENT N L O y  Inc .  JOB NO. P6254.07 
PROJECT Foundation I n v e s t i g a t i o n  & S i t e  C h a r a c t e r i z a t i o n  .HOLE NQ BH-68 
SITE - 

DEPTH 
(FT.1 

- 
57.4  

57.6 

57.8  

58.0 

58.2 

58.7 

59.4 

59.5 

59.6 

59.7  

59.9 

60.2 

60.4 

60.6 

61.0 

Niagara F a l l s  S to rage  S i t e  SHEET NO. 3 OF 12 

(X)INT. FAULT. BEDOING PLANES. CLEAVAGE. 

F r a c t u r e ,  t i g h t ,  s l i g h t l y  weathered.  

F r a c t u r e ,  p a r t  open, s l i g h t l y  
weathered.  

F r a c t u r e  p a r t  open, s l i g h t l y  
weathered.  

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

F r a c t u r e ,  p a r t  open,  s 1  i g h t l y  
weathered.  

F r a c t u r e ,  p a r t  open, s l i g h t l y  
weathered.  

F r a c t u r e ,  p a r t  open, s l i g h t l y  
weathered.  

F r a c t u r e ,  t i g h t ,  s l i g h t l y  weathered.  

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

Bedding p lane ,  p a r t  open, s l i g h t l y  
weathered,  c a l c i t e .  

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

F r a c t u r e ,  t i g h t ,  s l i g h t l y  weathered.  

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

C= CARBONATE H3 HEMATITE K= C H m T E  + + 8R= BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YQRK 
ORlUlNG REPORT 

(CORE DETAILS) 
CLIEW NLO, 1nc. JOB NO. P6254 .07 
PROJECT Foundation Investigation & Site Characterization H- NO. BH-68 

Niagara Fa1 1s Storage Site SHEET NO. 4 OF 12 

(JOINT, FAULT, ~EOOING PLLINES, CLEAVAGE, 
LINEATION 

Fracture, part open, slightly 
weathered. 

Fracture, part open, s l  ightly 
weathered. 

Rubble zone. 

Fracture, part open, slightly 
weathered. 

Fracture, part open, sl  ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Bedding plane, t ight ,  s l igh t ly  
weathered. 

Fracture, part open, s l  i ghtly 
weathered. 

Bedding plane, s l ight ly weathered. 

Fracture, part open, sl  i ghtly 
weathered. 

Fracture, part open, s l ight ly 
weathered. 

Bedding plane, t ight ,  sl  ightly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

C= CARBONATE H= HEMATITE K= CHLORITE ++ BR- BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRlUlNG REPORT 

(CORE DETAILS) 
CLIENT NLO, Inc. ~ 0 8 ~ 0 .  P6254.07 
PROJECT ~oundation Investigation & Si te  Characterization HOLE NQ BH-68 

Niagara Falls Storage Site SHEET NO. 5 OF 12 
-- - - - - - 

OlSCOMlNUlTY 
(JOINT, FAULT, BEDOING PLANES, CLEAVAGE, 
LlNEATION 1 

Fracture, part open, moderately 
weathered. 

Fracture, part open, moderately 
weathered. 

Fracture, part open, slightly 
weathered. 

Fracture, part open, moderately 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, slightly 
weathered. 

Rubble zone. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Rubble zone, sl ightly weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, sl ightly 
weathered. 

Rubble zone. 

Fracture, part open, sl ightly 
weathered. 

SCRIP 
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ACRES AMERlCAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

(CORE DETAILS) 
CLIENT NLO, Inc. JOB NO. P6254.07 
Pf70,tEff Foundation Investigation & Site  Characterization HOCE N a  BH-68 

Niagara Falls Storage Site SHEET NQ 7 OF 
-- 

OISCOH~NUI~Y 
(JOINT, FAULT, BE001NG PLANES, CLEAVAGE, 
LINEATION ) DEPTH 

( FT. ) 

- 
75.2 

76.0 

76.8 

77.1 

77.3 

77.5 

77.6 

77.8 

78.0 

78.2 

78.3 

78.7 

78.9 

79.1 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, s l  ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open; slightly 
weathered. 

Fracture, part open, slightly 
weathered. 

Fracture, part open, sl i ghtly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Fracture, part open, s l ight ly 
weathered. 

Bedding plane, t ight ,  s l  i ghtly 
weathered. 

Fracture, part open, sl ightly 
weathered. 

Fracture, part open, moderately 
weathered. 

Fracture, part open, moderately 
weathered. 

Fracture, part open, s l ight ly 
weathered. 



- 

ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

(CORE DETAILS) 
CLIENT NLO,  Inc. JOBNO. P6254.07 
PROJECT Foundation Investigation & Site Characterization HU NO. BH-68 

Niagara Falls storage Site 

(X)INT. FAULT. BEDOING PLANES. CLEAVAGE. 

Fracture, part open, slightly 
weathered. 

Fracture, part open, moderately 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, sl ightly 
weathered. 

Fracture, part open, sl i ghtly 
weathered. 

Clayey rubble -zone. 

Bedding plane, part open, slightly 
weathered. 

Fracture, part open, s l  i ghtly 
weathered. 

Fracture, part open, slightly 
weathered. 

Bedding plane, t ight ,  moderately 
weathered. 

Bedding plane, t ight ,  moderately 
weathered. 

Clayey rubble zone. 

Fracture, part open, moderately 
weathered. 

Fracture, part open, sl ightly 
weathered. 

C= CARWATE M= HEMATITE K= W W T E  + + ER= BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
ORlUlNG REPORT 

(CORE DETAILS) 
CLIENT HLO, Inc. 308 NO. P6254 
PROJECT Foundation Investigation & Site Characterization HOLE NO. BH-68 

Niagara Fa1 1s Storage Site SHEETNO. 9 Of 12 1 

(JOINT, FAULT, BEDDING. PLANES, CLEAVAGE, 
UNEATION 1 

Bedding plane, tight,  slightly 
weathered. 

Fracture, part open, sl ightly 
weathered. 

Rubble zone. 

Fracture, part open, sl ightly 
weathered. 

Fracture, part open, sl ightly 
weathered. 

Bedding plane, t ight ,  slightly 
weathered. 

Fracture, tight, slightly 
weathered. 

Fracture, part open, sl ightly 
weathered. 

Fracture, part open, sl ightly 
weathered. 

Fracture, part open, sl ightly 
weathered. 

Fracture, part open, sl i ghtly 
weathered. 

Bedding plane, tight,  s1 ightly 
weathered. 

Fracture, part open, sl ightly 
weathered. 

Bedding plane, tight, slightly 
weathered. 

Bedding plane, tight,  slightly 
weathered. 

:=CARBONATE H= HEMATITE K= C H W E  + + 8 R =  BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

(CORE DETAILS) 
CLIENT NLO, Inc. JOB NO. P6254.07 
PROJECT Foundation Investigation & Site Characterization HOLE N a  BH-68 
SITE - 

DEm 
(FT.1 

Niagara Falls Storage Site 

(JOINT, FAULT, BEDOING. PLANES, CLEAVAGE, 
LINEATION ) 

Fracture, part open, sl ightly 
weathered. 

Bedding plane, t ight,  sl ightly 
weathered. 

Fracture, part open, slightly 
weathered. 

Fracture, part open, sl i ghtly 
weathered. 

Bedding plane, part open, slightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, sl ightly 
weathered. 

Fracture, t ight ,  sl ightly weathered. 

Fracture, part open, sl ightly 
weathered. 

Fracture, part open, slightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, s l  i ghtly 
weathered. 

Fracture, part open, s l  ightly 
weathered. 

Fracture, part open, slightly 
weathered. 

Fracture, part open, s l  i ghtly 
weathered. 

C= CARBONATE H: HEMATITE K: C H W T E  + + BR- BROWN 

SHEET Na 10 Of 12 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
ORlUlNG REPORT 

(CORE DETAILS) 
CLIENT NLO, Inc. JOBNO. P6254.07 
PROJECT Foundation Investigation & Site Characterization HOLE NO. BH-68 

Niagara Falls Storage Site SHEET W 11 O f  12 1 
D I ~ N U I T Y  

(JOINT, FAULT, BEDOING PLANES, CLEAVAGE, 
LINEATION 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t i g h t ,  s l ightly 
weathered. 

Fracture, part open, s l i  ghtly 
weathered. 

Fracture, part open, s l ight  
weathered. 

Fracture, part open, s l  i g h t  

i g h t  

weathered. 

Bedding plane, t ight ,  s 
weathered. 

Fracture, part open, sl  
weathered. 

Fracture, part open, s l  
weathered. 

ightly 

ightly 

Fracture, part open, sl  ightly 
weathered. 

Fracture, t ight ,  rehealed, sl  
weathered. 

Fracture, part open, s l ight ly 
weathered, calci te .  

Fracture, part open, sl  ightly 
weathered, calcite.  

ightly 

Rubble zone, calcite.  

Fracture, part open, sl  ightly 
weathered. 

C: CARBONATE H: HELlATllE K= C H m l E  + + BR= BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

(CORE DETAILS) 
CLIENT NLO, Inc. JOB NO. P6254.07 
PROJECT Foundation Investigation & Site Characterization HOLE NO. BH-68 I 

SITE Niagara Falls Storage Site 

(JOINT, FAULT, BEOOING PLANES, CLEAVAGE, 
LINEATION ) 

Bedding plane, tight,  sl ightly 
weathered. 

Bedding plane, t ight ,  slightly 
weathered. 

Fracture, part open, slightly 
weathered. 

Bedding plane, tight,  slight 
weathered. 

Bedding plane, t ight ,  slight 
weathered. 

Fracture, part open, slightly 
weathered. 

C= CARBONATE H= HEMATITE K= CHISRITE + + 8R= BROWN +GY = GRAY 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
ORlUiNG REPORT 

CLIENT NLO, Inc. 
P ~ E C T  Foundation Investigation & Site  Characterization HOE NO. BH-71 

Niagara Falls Storage Site SHEET Na 1 OF 

(JOINT, FAULT, BEDOING PLANES. CLEAVAGE, 

Bedding p 
weathered 

Fracture, 

Fracture, 

lane, t ight ,  sl ightly 

open, moderately weathered 

part open, slightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Joint,  part open, moderately 
weathered. 

Rubble zone - 0.1' .  

Bedding plane, t ight ,  s l ight ly 
weathered. 

Bedding plane, t ight ,  sl  ightly 
weathered. 

Rubble zone - 0 .4 ' .  

Bedding plane, part open, slightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Rubble zone. 

Bedding plane, part open, s l  ightly 
weathered. 

C: CARBONATE Hr HEMATITE K: CHUWTE + + BR+ BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 1 
ORlLLlNG REPORT 

(CORE DETAILS) 
CLIENT NLO, Inc. JOB NO. P6254.07 
PROJECT Foundation Investigation & Site Characterization HOCE NQ BH-71 

Niagara Falls Storage Site SHEET NQ 

M~QN~NUITY 
(JOINT, FAULT, BEDOING PLANES, CLEAVAGE, 
LINEATION 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Fracture, part open, s l  ightly 
weathered. 

Bedding plane, t ight ,  sl  ightly 
weathered. 

Bedding plane, t i gh t ,  s l ight ly 
weathered. 

Bedding plane, t ight ,  sl  i ghtly 
weathered. 

Fracture, part open, moderately 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Clay zone, rehealed areas. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, moderately 
weathered. 

Fracture, part open, moderately 
weathered. 

Bedding plane, t i gh t ,  sl ightly 
weathered. 

Fracture, part open, sl  ightly 
weathered. 

Bedding plane, t ight ,  sl  ightly 
weathered. 

C= CARBONATE HI HEMATITE K= CHURITE + + BR= BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

(CORE DETAILS) 
CLIENT N L O y  1nc. JOB NO. P6254.07 
PROJECT Foundation Investigation & Si te  Characterization HOLE N a  BH-71 

Niagara Fa1 1 s Storaqe Si te  

(JOINT, FAULT, EDOING PLANES, CLEAVAGE, 
LINEATION ) 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Fracture, open, s l  i ghtly weathered. 

Fracture, part open, s l  ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, moderately 
weathered. 

Fracture, part open, s l  ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, moderately 
weathered. 

Fracture, t f g h t ,  moderately 
weathered. 

Rubble zone - 0.1 ' .  

Bedding pl ane, part open, sl  i ghtly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Eedding plane, part open, slightly 
weathered. 

C= CARBONATE H= HEMATITE K= C)(L[WTE ++El?= BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
ORlUlNG REPORT 

(CORE DETAILS) 
CLIENT NLO, Inc. 
P W E ~  Foundation Investigation & Site  Characterization HOE NQ BH-71 

Niagara Falls Storage Site SHEET W. 4 OF 8 

(X)INT, FAULT, BEDOING PLANES. CLEAVAGE, 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, s l  i ghtly 
weathered. 

Fracture, part open, slightly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, part open, s l ight ly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Fracture, part open, moderately 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Fracture, part open, slightly 
weathered. 

Fracture, part open, s l  i ghtly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

C- CARBONATE H: HEMATIE K= CH-TE + + 8 R =  BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

(CORE DETAtLS) 
CLIENT NLO, Inc .  JOB NO. P6254.07 
PROJECT Foundation I n v e s t i g a t i o n  & S i t e  C h a r a c t e r i z a t i o n  HOLE NQ BH-71 
SITE Niagara F a l l s  S to rage  S i t e  SHEET NO. 5 OF 8 

RIP 
(30(NT, FAULT, BEDOING. PUNES, CLEAVAGE, 
LlNEATlON 1 

Rubble zone - 1 . 2 ' .  

Bedding p l a n e ,  t i g h t ,  s l  i g h t l y  
weathered.  

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

Rubble zone - 1.1'. 

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

Bedding p lane .  

Bedding p lane .  

F r a c t u r e .  

Bedding p lane .  

Bedding p lane .  

Bedding p lane .  

Bedding p 1 ane  . 
Bedding p lane .  

F r a c t u r e .  

F r a c t u r e .  

F r a c t u r e .  

Beddi ng pl ane .  

Beddi ng p lane .  

F r a c t u r e .  

F r a c t u r e .  

+ + BR= BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
ORlUlNG REPORT 

CLIENT N L O y  Inc. 
PROJECT Foundation Investi gation & Si te  Characterization HOCE NO. BH-71 

Niagara Falls Storage Site SHEET NO. 6 OF 8 

(X)(NT, FAULT, BEDOING PLANES, CLEAVAGE, 
LINEATION 1 

Bedding plane, t ight ,  sl ightly 
weathered. 

Fracture, part open, slightly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Fracture, part open, s l  i ghtl y 
weathered. 

Fracture, t ight ,  moderately 
weathered. 

Bedding plane, t i g h t ,  s l  i ghtly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Rubble zone. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

Bedding plane, t ight ,  s l ight ly 
weathered. 

Bedding plane, t ight ,  sl ightly 
weathered. 

C-CARBONATE H a  HEMATITE K= C H W E  + + BR- BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

(CORE DETAILS1 
CLIENT NLO, Inc .  JOB NO. P6254.07 
PROJECT Foundation I n v e s t i g a t i o n  & S i t e  C h a r a c t e r i z a t i o n  HOLE NO. BH-71 I I 

Niagara F a l l s  S to rage  S i t e  

(JOINT, FAULT, BEDDING PLANES, CLEAVAGE, ' 
LINEATION 

Bedding p lane ,  t i g h t ,  moderate ly  
weathered.  

Rubble zone. 

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

Bedding p l a n e ,  t i g h t ,  sl i g h t l y  
weathered.  

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

F r a c t u r e ,  p a r t  open, s l i g h t l y  
weathered.  

Rubble zone. 

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

F r a c t u r e ,  p a r t  open, s l i g h t l y  
weathered.  

F r a c t u r e ,  p a r t  open, s l i g h t l y  
weathered.  

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

Bedding p lane ,  t i g h t ,  s l i g h t l y  
weathered.  

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

C=CARBO)JATE H= HEMATITE K= CHCOFWTE + + BR= BROWN 



ACRES AMERICAN INCORPORATED - BUFFALO, NEW YORK 
DRILLING REPORT 

(CORE DETAILS) 
CLIENT NLO, Inc .  X)B NO. P62 54.07 
PROJECT Foundation I n v e s t i g a t i o n  & S i t e  C h a r a c t e r i z a t i o n  HOLE NO. BH-71 

Niagara F a l l s  S to rage  S i t e  

(JOINT, FAULT, BEDDING. PLLINES, CLEAVAGE, 
LINEATION 

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

Bedding p l a n e ,  t i g h t ,  s l i g h t l y  
weathered.  

F r a c t u r e ,  
weathered 

Bedding p 
weathered 

F r a c t u r e ,  

Bedding pl  
weathered.  

p a r t  open,  moderate ly  

ane ,  p a r t  open, s l i g h t l y  

t i g h t ,  s l i g h t l y  weathered.  

ane, t i g h t ,  sl i g h t l y  

Bedding p lane ,  t i g h t ,  
weathered.  

Bedding p l a n e ,  s l i g h t  

Bedding p l a n e ,  s l  i g h t  

s l i g h t l y  

l y  weathered.  

l y  weathered.  

F r a c t u r e ,  moderate ly  weathered.  

F r a c t u r e ,  s l i g h t l y  weathered.  

Bedding p lane ,  s l i g h t l y  weathered.  

C=CARKMATE Hz HEMATITE K: C H W E  ++ BA= BROWN 



APPENDIX D - 
COMSTRUCTION DETAILS FOR MONITORING WELLS 











APPENDIX E - 
SUMMARY SHEET FOR WATER PRESSURE TESTING I N  ROCK 



1 ACRES AMERICAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 

CLIENT N L O ,  Inc. JOB NO. P6254.07 

PROJECT Foundation Invest igat ion & S i t e  Characteri  zat ion HOLE NO. BH-12 

SITE Niagara Fa l l s  Storage S i t e  TEST NO. 1 

TEST GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECTTOY PRESSURE TIME RATE HEAD PERMEABILITY 

- 5 
k average = 2 X 10 cm/sec. 



I fe[[ / ACRES AMERICAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Investigation & Si te Characterization HOLE NO. BH-12 

SITE Niagara Falls Storage s i t e  TEST NO. 2 

TEST GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECTION PRESSURE TIME RATE H EAn PERMEABILITY 

TOP 3OTTOM 
DEPTH DEPTH 

(FT) ( PSI (MIA) (GPM) ( FT) (CM/SEC) 

59.5 70.5 12 5 0 37.77 None 

None 

k average = 2 X cmlsec. 



C 11 ENT 

PROJECT 

S ITE 

I ACRES AMERICAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 

NLO, Inc. JOB NO. P6254.07 

Foundation Investigation & Site  Characterization HOLE NO. BH-12 

Niagara Falls  Storage S i te  TEST NO. 3 

TEST GAUGE. ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECT? 014 PRESSURE TIME RATE H EAQ PERMEABILITY 

70.5 81.5 14 5 0 42.39 None - 
28 5 0 74.73 None 

4 1 5 0.174 104.76 7 X lo-6 

28 5 0.002 74.73 1 x 

'14 5 0 42.39 None 

k average = 1 X crnlsec. 



I AEB 1 ACRES AMERICAN INCORPORATED 

.WATER PRESSURE TEST IN ROCK 

CLIENT NLO, Inc. J O B  NO. P6254.07 

PROJECT Foundation Invest igat ion & S i t e  Characterization HOLE NO. BH-12 

SITE Niagara Fal l s  Storage S i t e  TEST NO. 4 

TEST GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECTION PRESSURE TIME RATE HEAD PERMEAB ILIN 

81.5 92.5 15 5 0 43.70 None 

None 

k average = 6 X cm/sec. 



IMI ACRES AMERlCAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO, Inc .  JOB NO. P6254.07 

PROJECT Foundation I n v e s t i g a t i o n  & S i t e  C h a r a c t e r i z a t i o n  HOLE N0.3H-15 

SITE Niagara Fa1 1s Storage S i t e  TEST NO. 1 

TEST GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECT1 ON PRESSURE TIME RATE HEAD. PERMEABILITY 

k average = 5 X crn/sec. 



!A[U I ACRES AMERICAN INCOR WRATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO, Inc.  ,JOB NO. P6254.07 

PROJECT Foundation Inves t i ga t i on  & S i t e  Cha rac t e r i z a t i on  HOLE NO. BH- 15 

S ITE Niagara Fa1 1s Storage S i t e  TEST NO. 2 

TEST GAUGE. ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECTION ' PRESSURE TIME RATE HEAD PERMEABILITY 

k average = 5 X loe5 cm/sec. 



ml ACRES AMERICAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Invest igat ion & -S i te  Character izat ion HOLE NO. BH-15 

SITE Niagara Fa l l s  Storage S i t e  TEST'NO. 3 

TEST GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECTION PRESSURE TIME RATE HEAD PERMEAB I LITY 

k average = 1 X 1 0 ' ~  crn/sec. 



ACRES AMERICAN INCORPORATED 
. . .  

WATER PRESSURE TEST IN ROCK 

CLIENT NLO, h c .  

PROJECT Foundation Investigation & Site  Characterization 

SITE Niagara Falls Storage S i te  

JOB NO. P6254.07 

HOLE NO. BH-15 

TEST NO. 4 

TEST GAUGE ELAPSED 
SECTION PRESSURE TIME 

FLOW PRESSURE 
RATE HEAD 

COEFFICIENT OF 
PERMEAB I LIN 

k average = 2 X 1 0 ' ~  crn/sec. 



I i[i# 1 ACRES AMERICAN INCOR WRATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Investigation & Site Characterization HOLE NO. BH-57 

SITE Niagara F a l l s  Storage Site TEST NO. 1 

TEST GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECTION . PRESSURE TIME RATE H €AD PERMEAB I LITY 

54.5 65.5 11 5 0 36.16 None 

22 5 0 61.57 ' None 

11 5 0 36.16 None 

k average = 2 X lo - '  cm/sec. 



I ACRES AMERICAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. BH-57 

SITE Niagara Fa l l s  Storage S i t e  TEST NO. 2 

TEST GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECTION . PRESSURE TIME RATE H EAD PERMEABILIN 

60.5 71.5 12. 5 0 37.47 None 

2 4 5 0.044 65.19 3 X lo-6 

3 6 5 0.028 92.91 1 X lo-6 

24 5 0.004 65.19 . 3 x 

' 12 5 0 37.47 0 

k average = 9 X cm/sec. 



AMERICAN INCORPORATED 

CLIENT NLO, Inc. 

WATER PRESSURE TEST IN ROCK 

JOB NO. P 6 2 5 4 . 0 7  

PROJECT Foundation Investigation & Si t e  Characterization HOLE NO. BH-57 

SITE Niagara Falls Storage Si te  TEST NO. 3 

T E S T  GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECTION . PRESSURE T I M E  RATE H €AD PERMEABILITY 

k average = 4 X crnlsec. 



I # l I  ACRES AMERICAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO,  Inc .  JOB NO. P6254.07 

PROJECT Foundation I n v e s t i g a t i o n  & S i t e  C h a r a c t e r i z a t i o n  HOLE PO. BH-57 

SITE Niagara Fa1 I s  S t o r a ~ e  S i t e  TEST NO. 4 

TEST GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECTION . PRESSURE TIME RATE HEAD PERMEAB I L I T  

None 

None 

None 

None 

None 

k average  = 0 cm/sec. 



IAE1lBJ ACRES AMERICAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 
, 

CLIENT NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Inves t iga t ion  & S i  t e  Character izat ion HOLE NO. BH-62 

SITE Niagara Fa l l s  Storage S i t e  ' TEST NO. 1 

TEST GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECTION PRESSURE TIME RATE HEAR PERMEABILITY 

10 5 0 32.60 None 

k average = 2 X lon6 cm/sec. 



I ~[[i / ACRES AMERICAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO, Inc .  JOB NO. P6254 .  07 

PROJECT Foundation I n v e s t i g a t i o n  & S i t e  Cha rac te r i za t i on  HOLE NO. BH-62 

SITE Niagara F a l l s  Storage S i t e  TEST NO. 2 

TEST . GAUGE EUPSED FLOW PRESSURE COEFFICIENT OF 
SECTION PRESSURE TIME RATE HEAD. PERMEABILITY 

k average = 3 X cm/sec. 



IRel I ACRES AMERICAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. BH-62 

SITE Niagara Fa l l s  Storage S i t e  TEST NO. 3 

TEST GAUGE. ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECT? ON PRESSURE TIME RATE HEAD PERMEABILITY 

k average = 2 X cm/sec. 



I iINl I ACRES AMERICAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO, Inc .  . JOB NO. P6254.07 

PROJECT Foundation I n v e s t i g a t i o n  & S i t e  Cha rac te r i za t i on  HOLE NO. BH-62 

SITE Niagara F a l l s  Storage S i t e  TEST NO. 4 

TEST GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECTION PRESSURE TIME RATE HEAR PERMEAB ILITl 

k average = 2 X cm/sec. 



AMERICAN INCORPORATED 

CLIENT NLO, Inc. 

WATER PRESSURE TEST IN ROCK 

JOB NO. P6254.07 

PROJECT Foundation Investigation & Site  Characterization HOLE NO. BH-68 

s ITE Pliagara Fa1 1 s Storage S i te  TEST NO. 1 

TEST GAUGE ELAPSED FLOW P RESS U RE COEFFICIENT OF 
SECTION . PRESSURE TIME RATE H €AD PERMEAB I LITY 

TOP BOITOM 
DEPTH DEPTH 

( FT) (PSI )  ( M I N I  ( G W  ( FT) (CMISEC) 

22 5 0 58.32 . None 

'11 5 0 32.91 None 

k average = 2 X crn/sec. 



l R e l  I ACRES AMERICAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Investigation & Si te  Characterization HOLE NO. BH-68 

SITE Niagara Fa1 1s Storage Si te  TEST NO. 2 

TEST GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECT1 ON PRESSURE TIME RATE HEAD PERMEAB I L I N  

- - ~ - - -  ~ ~ -p~ ~- ~p~ ~ - ~ 

61.5 72.5 12 5 0.006 35.22 8 .X lo - '  

2 4 5 0.024 62.94 2 X l o - 6  

3 5 5 0.142 88.35 7 X l o - 6  

2 4 5 0 62.94 ' None 

'12 5 0 35.22 None 

k average = 2 X cm/sec. 



I lEMS I ACRES AMERICAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO,  Inc. JOB NO. P6254.07 

PROJECT Foundation Investigation & Site  Characterization HOLE NO. BH-68 

SITE Niagara Falls Storage Si te  TEST NO. 3 

TEST . GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECTION PRESSURE TIME RATE H EAQ PERMEAB I LITY 

2 8 5 0.056 73.18 3 X l o - 6  

'14 5 0 40.84 None 

k average = 2 X 1 0 ' ~  crn/sec. 



ACRES AMERICAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Invest igat ion & S i t e  Character izat ion HOLE NO. BH-68 

SITE Niagara Fa l l s  Storage S i t e  TEST NO. 4 

TEST . GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECTI ON PRESSURE TIME RATE H €An PERMEAB ILITY 

- 6 k average = 1 X 10 cm/sec. 



1 ACRES AMERICAN INCOWORATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO, Inc .  JOB NO. P6254.07 

PROJECT Foundation I n v e s t i g a t i o n  & S i t e  Cha rac te r i za t i on  HOLE NO. BH-71 

S ITE Niagara Fa1 1s Storage S i t e  TEST NO. 1 

TEST . GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECT1 ON PRESSURE TIME RATE HEAD PERMEAB ILITY 

k average = 4 X 1 0 ' ~  cmlsec. 



I Ill# 1 ACRES AMERICAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO,  Inc .  JOB NO. P6254.07 

PROJECT Foundation I n v e s t i g a t i o n  & S i t e  C h a r a c t e r i z a t i o n  HOLE NO. BH-71 

SITE Niagara F a l l s  S t o r a g e  s i t e  TEST NO. 2 

TEST GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECT1 ON PRESSURE TIME RATE HEAD PERMEABILITY 

k ave rage  = 2 X loe5 cm/sec. 



111681 ACRES AMERICAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO, Inc .  JOB NO. P6254.07 

PROJECT Foundation I n v e s t i g a t i o n  & S i t e  C h a r a c t e r i z a t i o n  HOLE NO. BH-71 

SITE Niagara F a l l s  S t o r a g e  S i t e  TEST NO. 3 

TEST GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECTION- . PRESSURE TIME RATE H EAD PERMEAB I LIN 

k average  = 2 X cm/sec. 



/CAB I ACRES AMERICAN INCORPORATED 

WATER PRESSURE TEST IN ROCK 

CLIENT NLO, Inc. JOB NO. P6254.07 

PROJECT Foundation Invest igat ion & S i t e  Characterization HOLE NO. BH-71 

SITE Niagara Fal l s  Storage S i t e  TEST NO. 4 

TEST GAUGE ELAPSED FLOW PRESSURE COEFFICIENT OF 
SECTION . PRESSURE TIME RATE HEAD PERMEAB I LITY 

k average = 2 X lo-' cm/sec. 



APPENDIX F -  

LABORATORY TEST RESULTS ON S O I L  



APPENDIX F-1 

PARTICLE SIZE ANALYSES 







I U.S. STANDARD SIEVE S I Z E  

COBBLES 
GRAVEL 

COARSE I F I N E  

UNIFIED SOIL 
CLASSIFICATION 
SYSTEM 

SAND 

COARSE 1 MEDIUM I F l NE 
SILT OR CLAY 









U.S. STANDARD SIEVE S lZE  

10 1 .o 0.1 
GRAIN SlZE IN MILLIMETERS 

UNIFIED SOIL 
CLASSIFICATION 
SYSTEM 

COBBLES 

LAB TEST NO. 

$254 - 3 - 5 
5254-3-26 

GRAVEL 

COARSE I FINE 

BORING NO. 

BH-34 
BH-34 

GRADATION ANALYSIS C U R V E S  

SAND 

COARSE 1 MEDIUM I FINE 

SAMPLE NO. 

6254-~0-7(A:  

NFSS - SITE CHARACTERIZATION 
FILE: (DATE: September 30, 1981 

SILT OR CLAY 

DEPTH 

7-9 

CURVE SYMBOL 

0 
6254-BO-7(C' A 7-9 

CLASSIFICATION 

CL BUFFALO, NEW YORK 

ACRES AMERICAN INCORPORATED 

C L NLO, INC. FERNALD, OHIO 







I U.S. STANDARD SIEVE S IZE  

10 1 .o 0.1 
GRAIN SIZE IN MILLIMETERS 

GRAVEL SAND UNIFIED SOIL 
COBBLES SILT OR CLAY CLASSIFICATION 

COARSE I F I N E  COARSE [ MEDIUM I FINE SYSTEM 









U.S. STANDARD SIEVE S I Z E  

LAB TEST NO. BORING NO. SAMPLE NO. DEPTH ICURVE  SYMBOL^ CLASSIFICATION ACRES AMERICAN INCORPORATED 

NLO, INC. FERNALD,OHlO 
NFSS - SITE CHARACTERIZATION 

UNIFIED SOIL 
CLASSIFICATION 
SYSTEM 

COBBLES 

GRADATION ANALYSIS CU'RVES FILE: IDATE : S e ~ t e m b e r  30, 1981 

GRAVEL 

COARSE I F I N E  
SAND 

COARSE 1 MEDIUM I FINE 
SILT OR CLAY 





APPENDIX F-2 

CONSOLIDATION TEST RESULTS 



PRESSURE T S F  

SOIL DESCRIPTION Medium g ray  s i l  t y  c l a y ,  t r a c e  f - c  sand, t r a c e  f. g r a v e l  ( cL )  . 

1 0.592 ( 1  EFFECTIVE OVERBURDE 
NATURAL W.C. - '10 1 22 0 /I INITIAL VOID RATIO 

PRES. - Po -TSF 7 1.21 

)I F lNALVOlDRATlO / 0.511 11 PRECONSOLI DATION 
PRES. - PC - TSF 1 3.0 

PLASTIC LIMIT- WP 1 SPECIFIC GRAVITY 1 2.69 I I COMPRESSlON 
INOEX - Cc 1 0.20 

PLASTICITY INDEX- PI 1 15 I I DRY UNIT WT.-PCF I I SWELLING 1 106 INDEX -CS 

CON SOL1 DATl ON TEST m 

LIQUIDITY INDEX 
F(WC - W p  

WL - WP 

NIAGARA FALLS STORAGE SITE - NLO, INC, . 

BORINGNO. BH-6 SAMPLENO. 3B DEPTH-FT. 31-33 DATE OF TEST^/^^/^^ 

I 

a. 33 / INITIAL DEGREE 
OF SATURATION- O h  

VOID RATIO AT START 
OF REBOUND 100 0.397 



PRESSURE T S F  

SOIL DESCRIPTION S t i f f  brown c - f  sandy c lay ,  t r a c e  f .  gravel (CL). 

NATURAL W.C. - O/o 1 1 7.4 I/ IN IT IAL VOID RATIO 1 0.585 ( 1  EFFECTIVE OVERBURDE~ 0.26 
PRES. - Po - TSF 

LIQUID L IM IT  - W L  I/ F INAL  VOID RATIO 1 1  PRECONSOLI DATION / 33 1 0.466 PRES. - PC - TSF 1 3.4 

PLASTIC L IM IT -  WP 1 17 / (  SPECIFIC GRAVITY 1 2.73 11 COMPRESSION 
I I NOEX - Cc  

PIASTICITY I NDEX-PI 1 6 DRY UNIT WTrPCF  SWELLING I lo8 INDEX-Cs  0.035 

LIQUIDITY INDEX 
NWC - W p  I N lT lAL  DEGREE VOID RATIO AT START 

WL - WP 0.03 OF SATURATION- % 81 OF REBOUND 0.371 

CONSOLIDATION TEST 

NIAGARA FALLS STORAGE SITE - NLO,  INC. 
BORINGNO. BH-6 SAMPLENO.  1B OEPTH - FT. 3-5 DATE OFTEST 6/23/81 



0.2 0.3 0.5 0.7 1.0 2.0 4.0 8 10 . 

PRESSURE T S F  

SOIL DESCRIPTION S t i f f  brown C-f sandy c l ay ,  t r a c e  f .  gravel ( C L ) .  
-- - 

NATURAL w.c. - '10 1 15.4 11 l N l r l n L  vole RATIO 1 0.463 1 )  EFFECTIVE OVERBURDE 
PRES. - PO - TSF 

LIQUID LIMIT - W L  1 1  FINALVOIDRATIO 1 0.384 11 PRECONSOLI DATION 
PRES. - PC - TSF 

1 6.0 

PLASTIC LIMIT - WP 1 l 6  
11 SPECIFIC GRAVITY 

COMPRESSION 
INDEX - Cc j 0.13 

PLASTICITY INDEX- PI 1 12 1 1  ORY UNIT W T - P C F  1 1 1  SWELLING 
INDEX - Cs 

1 0 .020 

NIAGARA FALLS STORAGE SITE - NLO, INC. 
BORING NO. BH-6 SAMPLE NO. 1A DEPTH - FT. 3-5 DATE OF TEST 8/18/81 

LIQUIDITY INDEX 
NWC - W? 

WL - WP 

CONSOLIDATION TEST m 

l NITIAL DEGREE 
OF SATURATION - Ol0 

-' ' O5 89 VOID RATIO AT START 
OF REBOUND 

0.331 



PRESSURE 

NIAGARA FALLS STORAGE S I T E  - NLO, INC. 

BORINGNO. BH-6 SAMPLENO. 3A DEPTH - FT. 31 -33 DATE OF TEST 5/ 29/81 

SOIL DESCRIPTION Medi urn gray s i  1 ty c l a y ,  t r a c e  f - c  sand, t r a c e  f .  g rave l  (CL) . 

NATURAL W.C. - O/o 

LIQUID LIMIT - W L  

PLASTIC LIMIT - WP 

PLASTICITY INDEX- PI 

LIQUIDITY INDEX 
GWC - WP 

WL - WP 

CONSOLIDATION TEST n 

22.7 

32 

17 

1 5 

0.38 

INITIAL VOID RATIO 

FINAL VOID RATIO 

SPEClf lC GRAVITY 

DRY UNIT WT;-PCF 

l NlTlAL DEGREE 
OF SATURATION - 

0.628 

0.524 

2.73 

lo4 

97 

EFFECTIVE OVERBURDEh 
PRES. - PO -TSF 

PRECONSOLI DATION 
PRES. - PC - TSF 

COMPRESSION 
INDEX - Cc 

SWELLING 
INDEX-cs  

VOID RATIO AT START 

1.21 

3.1 

0.23 

0.065 

OF REBOUND 1 0.364 



L 

0.1 0.2 0.3 0.5 0.7 1.0 2.0 4.0 8 10 2 0  30 50 7 0  100 

PRESSURE TSF 

SOIL DESCRIPTION S t i f f  brown s i l t y  c lay ,  t r a c e  f - c  sand and gravel (CL). 

NATURAL W.C. - '10 I( INITIAL VOID RATIO I 0.545 11 EFFECTIVE OVERBUROE 1 18.5 PRES. - m -TSF 7 0.44 

LIQUID LIMIT - WL 1 33 1 1  FINAL VOID RATIO 1 0.501 I I PRECONSOLI DATION 1 4.6 
PRES. - PC - TSF 

PLASTIC LIMIT- WP 1 18 1 1  SPECIFIC GRAVITY 1 2.75 I I COMPRESSION 
INDEX - Cc 

PLASTICITY INDEX- PI 1 l 5  I I DRY UNIT WT.-PCF 1 I /  SWELLING 
INDEX - Cs 

LIQUIDITY INDEX 
NWC - WP 0.03 INITIAL DEGREE 9  3 VOID RATIO AT START 0.389 

WL - WP OF SATURATION - '10 OF REBOUND 

CONSOLIDATION TEST 
NIAGARA FALLS STORAGE SITE - NLO,  INC. 

BORING NO. BH-g SAMPLE NO. 136 DEPTH-FT. 7 - 9  DATE OF TEST 8/ 7/81 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 4.0 8 10 2 0  3 X) 70 100 

PRESSURE T S F  

SOIL DESCRIPTION Medium brown si 1 ty  clay, t r a c e  fine sand (CL)  . 

NATURAL W.C. - % INITIAL VOID RAT10 0.730 
EFFECTIVE OVERBURDEk 

27.1 PRES. - Po -TSF 0.77 

LIQUID LIMIT - WL 3 5 FI NAL VOID RATIO 0.653 PRECONSOLI DATION 4.0 
PRES. - PC - TSF 

PLASTIC LIMIT- W P  I/ SPECIFIC GRAVITY 1 2 . 7 3  11 COMPRESSION 
INDEX - Cc 

PLASTICITY I NDEX- PI 1 6 I I DRY UNIT WT,-PCF I 99 1 1  SWELLING 
INDEX - Cs 

LIQUIDITY INDEX 
N.W.C. - WP l NlTlAL DEGREE 

100 
VOlD RATIO AT START 

0.50 OF SATURATION- OF REBOUND 0.547 
WL - WP 

CONSOLIDATION TEST n 
NIAGARA FALLS STORAGE S I T E  - NLO, INC- 

BORINGNO. BH-9 SAMPLENO. 14A DEPTH - FT. 17-1 9 DATE OF TEST 7/7/81 



PRESSURE TSF 

SOIL DESCRIPTION Medium brown s i  1 t y  c lay ,  t r a c e  f i n e  sand (CL) . 

NATURAL w.c.- '10 7 1 7 . 3  0.814 11 EFFECTIVE OvEReuRoE - " 1 . 7 7  
PRES. - Po-TSF 

LIQUID LIMIT - WL 1 39 11F lNALVOlDRAT lO 1 0 . 6 8 5  I I PRECONSOLI PRES. - PC - TSF DATION 1 2.7 

PLASTIC LIMIT- W P  I 2o 
/I SPECIFIC GRAVITY 1 2 . 7 3  11 COMPRESSION 

INDEX - Cc 

PLASTICITY I NDEX- PI 
SWELLING 
INDEX - Cs 

NIAGARA FALLS STORAGE S I T E  - NLO, INC.' 

BORING NO. BH-9 SAMPLE NO. 14B DEPTH - FT. 17-1 9 DATE OF ~ ~ ~ ~ 7 / 2 7 / 8 1  

LIQUIDITY INDEX 
N.W.C. - WP 
WL - WP 

CON SOL1 OAT1 ON TEST m 

0 ~ 3 ~  
l NlTlAL DEGREE 
OFSATURATION-O/o 9 1 

VOID RATIO AT START 
OF REBOUND 0.464 



1 .O 2.0 4.0 

PRESSURE T S F  

SOIL DESCRIPTION Medium gray silty clay, trace f-c sand (CL). 

1 1  INITIAL VOlD RATIO I I EFFECTIVE OVERBURDE 
NATURAL W.C. - O/o 1 29. 1 0.813 PRIES. - PO - TsF 1.14 

LIQUID LIMIT - WL 1 42 1 1  FINALVOIDRATIO /  0.687 1 1  PRECONSOLI DATION 
PRES. - PC - TSF 

1  1.9 

PLASTIC LIMIT- WP 

PLASTICITY l NDEX- PI 

LIQUIDITY INDEX 
N.W.C. - WP 
WL - WP 

2 2 

20 

CONSOLIDATION TEST 

NIAGARA FALLS STORAGE SITE - NLO, INC. 

BORING NO. BH-14 SAMPLE NO. DEPTH - FT. 29-31 DATE OF TEST 811 9/81 

0.36 

SPECIFIC GRAVITY 

DRY UNIT WT;PCF 

INITIAL DEGREE 
OF SATURATION- O/O 

2.77 

9 5 

9 9 

COMPRESSION 
INDEX - cc 
SWELLING 
INDEX - Cs 

0.24 

0.060 

VOID RATIO AT START 
OF REBOUND 0.535 



PRESSURE T S F  

I SOIL DE~CRIPTION Medi um g r a y  c l a y ,  some s i  1 t , t r a c e  f. sand and gravel  (CH) . 

NIAGARA FALLS STORAGE SITE - NLOy INC. 

BORING NO. ~ ~ 1 - 1 1 1  SAMPLE NO. 5 R DEPTH-FT.  29-31 DATE OFTEST 5/29/81 

1 .14 

2.4 

1 .oo 

0.140 

0.512 

NATURAL W.C. - O/o 

LIQUID LIMIT - WL 

PLASTIC LIMIT- WP 

PUSTICI~! INDEX- PI 

LIQUIDITY INDEX 
N.W.C. - WP 

WL - WP 

CONSOLIDATION TEST m 

42.5 

5 5 

2 5 

30 

58 

INITIAL VOID RATIO 

FINAL VOID RATIO 

SPECIFIC GRAVITY 

DRY UNIT WT.-PCF 

INITIAL DEGREE 
OF SATURATION - 

1 224 

0.843 

2.82 

79 

98 

EFFECTIVE OVERBURDEN 
PRIES.- PO-TSF 

PRECONSOLI DATION 
PRES. - PC - TSF 

COMPRESSION 
INDEX - Cc 

SWELLING 
INDEX - Cs 

VOlD RATIO AT START 
OF REBOUND 



PRESSURE T S F  

SOIL DESCRIPTION S t i  ff brown clayey s i  1 t, some f - c  sand, t r a c e  f. g r a v e l  (ML) . 

NIAGAPA FALLS STORAGE S I T E  - NLO, I N C .  

BORING NO. 6H-24 SAMPLE NO. 18A DEPTH - FT. 4- 6 DATE OF TEST 8/18/81 

NATURAL W.C.-'/o 

LIQUID LIMIT - WL 

PLASTIC LIMIT- WP 

PLASTICIM INDEX- PI 

L lQUlD lM INDEX 
N.W.C. - WP 
WL - WP 

CONSOLl OATION TEST n 

13.0 

18 

16 

2 

-1.5 

INITIAL VOID RATIO 

FINAL VOID RATIO 

SPECIFIC GRAVITY 

DRY UNIT WT,-PCF 

l NlTlAL DEGREE 
0 F SATU RAT1 0 N - O/O 

EFFECTIVE OVERBURDEN 
PRES. - PO - TSF 

PRECONSOLI DATION 
PRES. - PC - TSF 

COMPRESSION 
INDEX - Cc 

SWEUING 
INDEX -Cs 

VOlO RAT10 AT START 
OF REBOUND 

0.384 

0 321 

2 -67  

22 

95 

0.32 

5.6 

0.05 

0.010 

0.307 



PRESSURE T S F  

SOIL DESCRIPTION S t i f f  brown f - c  sandy s i l t ,  t r a c e  f - c  gravel (ML) . 

NIAGARA FALLS STORAGE SITE - NLO,  INC. 

BORING NO. BH-24 SAMPLE NO. 18C DEPTH - FT. 4- 6 DATE OF TEST 8/  18/81 

NATURAL W.C. - % 

LIQUID LIMIT - W L  

PLASTICLIMIT-WP 

PLASTICITY INDEX- PI 

LIQUIDITY INDEX 
N.W.C. - WP 

WL - WP 

CONSOLIDATION T E S T  n 

14.5 

18 

17 

1 

-2.5 

INITIAL VOID RATIO 

FINAL VOID RATIO 

SPECIFIC GRAVITY 

DRY UNIT WT--PCF 

INITIAL DEGREE 
OF SATURATION - 01' 

EFFECTIVE OVERBURDEh 
PRES.- Po-TSF 

PRECONSOLI DATION 
PRES. - PC - TSF 

COMPRESSION 
INDEX - CC 

INDEX-CS 
SWELLING 

VOID RATIO AT START 
OF REBOUND 

0-  429 

0.376 

2.68 

90 

0.32 

4.0 

0.055 

0.010 

0.358 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 4.0 

PRESSURE T S F  

SOIL DESCRIPTION . Medium gray s i l t y  c lay,  some f - c  sand, t r a c e s  f. g r a v e l  (CL) . 
- - 

NATURALw.C.-'10 1 25.3 11 INITIAL VOID RATlO 1 0.710 

PLASTICITY INDEX- PI 11 DRY UNIT WT;PCF 
I 
I 98 

LIQUID LIMIT - WL 

PLASTIC LIMIT - WP 

EFFECTIVE OVERBURDE 
PRES. - Po -TSF Ei 1.11 

3 4 

18 

LlQUlDl lY INDEX 
N.W.C. - WP 

Wc - WP 

PRECONSOLI DATION 
PRES. - PC - TSF 

COMPRESSION 
INDEX - Cc 

SWELLING 
INDEX -Cs 

FI NAL VOI D RATIO 

SPECIFIC GRAVITY 

CONSOLIDATION TEST 

0.46 VOID RATIO AT START 0 3 68 
OF REBOUND 

0.566 

2.67 

NIAGARA FALLS STORAGE SITE - NLO, I N C .  

BORING NO. pH-30 SAMPLE NO. 17A DEPTH - FT. 28-30 OATE OF TEST 8/18/81 

INITIAL DEGREE 
OF SATURATION - '10 

9 5 



PRESSURE TSF 

SOlLDESCRlPTlON Medium gray silty clay, some f-c sand, trace f. gravel (CL). 

LIQUID LIMIT - WL 1 37 11 FINAL VOID RATIO I 0.640 11 PRECONSOLI DATION 
PRES. - PC - TSF 

1 3.0 

NATURAL W.C. - '10 

PLASTIC LIMIT- WI 1 20 11 SPECIFIC GRAVITY 1 2.66 11 COMPRESSION 
INDEX - Cc 1 0.29 

P u s n c l n  INDEX- PI 1 17 
11 DRY UNIT WT>-F'CF 1 95 11 SWELLING 

INDEX - Cs 1 0.070 

28.5 INITIAL VOID RATIO 

LIQUIDITY INDEX 
N.WC.- WP 
WL - WP 

0.746 

CONSOLIDATION TEST 

NIAGARA FALLS STORAGE SITE - NLO, INC. 
BORING NO. BK-30 SAMPLE NO. 170 DEPTH - FT. 28-30 OATE OF TEST 8/19/81 

0.50 

EFFECTIVE OVERBURDEN 
PRES.-PO-TSF 

l NlTlAL DEGREE 
0 F S ATU RAT1 0 N - O/' 

1 . l l  

1 01 VOlO RATIO AT START 
OF REBOUND 

0.467 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 4.0 8 10 2 0  30 50 7 0  100 

PRESSURE T S F  

SOIL DESCRIPTION S t i f f  brown s i l t y  clay, some f-c sand, t r a c e  f .  g rave l  (CL). 
-- - -- - -- 

NATURAL W.C.-O/O 1 , 8 * 7  11 INITIAL VOID RATIO ~EFFECTIVE OVERBUROE 1 0.546 PRIES.-A-TSF 0.50 

LIQUID LIMIT - W L  1 32 1 1  FINAL VOID RATIO 1 0.490 11 PRECONSOLI DATION 1 4.4 
PRES. - PC - TSF 

PLASTIC LIMIT- W P  11 SPECIFIC GRAVITY II COMPRESSION 1 17 1 2.75 INDEX - cc 1 0.15 

PLASTICITY INDEX- PI  1 1 1  DRY UNIT WT;PCF 1 11 SWELLING 
INDEX - Cs 

1 0.035 

LIQUIDITY INDEX 
N.W.C. - WP I I INITIAL DEGREE 1 95 11 VOID RATIO AT START 

w, - WD 1 0.11 OF SATURATION- '10 OF REBOUND 1 0.397 

CONSOLIDATION TEST 

NIAGARA FALLS STORAGE S ITE - NLO, I N C .  
BORING NO. BH-37 SAMPLE NO. 10A DEPTH - FT. 10-12 DATE OF TEST 5/29/81 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 4.0 8 10 2 0  30 50 7C 

PRESSURE T S F  

SOIL DESCRIPTION Medium gray s i  1 ty c lay,  t r a c e  f - c  sand (CL) . 

NATURALW.C.-O,o 1 37.2 11 INITIAL VOID RATIO 
11 EFFEC~VE OVERBURDE~ O. 95 1 0.997 PRIES.-h-TSF 

LIQUID LIMIT - WL 1 40 
1) FINAL vole RATIO 1 0.903 11 PREs..- PC - TsF 1 2.5 PRECONSOLI DATION 

PLASTIC LIMIT- WP 1 20 1 1  SPEClFlC GRAVITY I 2 -73  11 COMPRESSION 
INDEX - Cc 

PLASTICITY INDEX- PI /I DRY UNIT WT,-PCF II SWELL1 NG 1 20 INDEX -Cs 

LIQUIDITY INDEX 
N.W.C. - WP 
WL - WP 

CONSOLIDATION TEST 
NIAGARA FALLS STORAGE SITE - NLO, I N C .  

8ORlNG NO. pH-37 SAMPLE NO. 12B DEPTH - FT. 24-26 DATE OF TEST 711 9/81 

0.86 
l NlTlAL DEGREE 
OF SATURATION - O2 

VOID RATIO AT START 
OF REBOUND 0.654 



PRESSURE T S F  

SOIL DESCRlPflON S t i f f  brown s i  1 ty c l a y ,  some f - c  sand and g r a v e l  (CL) . 
NATURAL W.C. s % 1 15.7 

11 INITIAL VOlD RATIO 1 0.486 

LIQUID LIMIT -WL 1 35 
11 F~NAL VOID RATIO 1 0.471 

PLASTIC LIMIT - WP / 18 1 1  SPECIFIC GRAVITY 1 2.73 

PLASTICITY INDEX- PI 1 17 
11 DRY UNIT WT.-PCF I 

CONSOLIDATION TEST 

I 

L IQUIDIN INOEX 
N.W.C. - WP 

WL - WP 1 -0.16 

EFFECTIVE OVERBURDEN 
PRES. - PO - TSF 

PRECONSOLI DATION 
PRES. - PC - TSF 

l NITIAL DEGREE 
OF SATURATION - 01' 

NIAGARA FALLS STORAGE S ITE  - NLO, INC. 

BORING NO. BH-55 SAMPLE NO. 20A DEPTH-FT. 3-5 
, . -. 

DATE OFTES-T 7/8/81 - 

0.26 

5.2 
. . . .  . . . . . . . . . . . . . . . . .  

COMPRESSION 
INOEX - Cc 

. . . .  - 
SWELLING 
INDEX -CS 

. . . . . .  
VOlD RATIO AT START 
OF REBOUND 
. . . . . . . .  

88 

- 

0.13 
. . . . . .  - . 

0.060 
.. . . . . . . . . . . . . .  

0.362 
. . . . . . . . . . . . . . . . . . .  

I .- I 



PRESSURE T S F  

SOIL DESCRIPTION S t i f f  gray s i  1 t y  c lay,  some f-c sand and g r a v e l  (CL) . 

NATIJRALW.C.-Of'a 1 19.8 / /  INITIAL VOID RAT10 
11 EFFECTIVE OVERBURDE 1 0.567 PRES.-PO-TSF hf 0.58 

LIQUID LIMIT - W L  1 31 11 FINAL VOID RATIO 1 0.399 11 PRECONSOLI DATION PRES. - PC - TSF 
1 2 . 4  

PLASTIC LIMIT- WP 

PLASTICITY INDEX- PI 

NIAGARA FALLS STORAGE SITE - NLO, INC. 
BORINGNO. BH-55 SAMPLENO. 21B DEPTH - FT. 1 3 4  5 DATE OF TEST 7/8/81 

LIQUIDITY INDEX 
N.W.C. - WP 

WL - WP 

17 

1 4 

CONSOLI DATl ON TEST n 

0.17 

SPECIFIC GRAVITY 

DRY UNIT WT,-PCF 

INITIAL DEGREE 
OF SATURATION - 01, 

2.76 
. . .  

96 

COMPRESSION 
INDEX - Cc 

. 

SWELL1 NG 
INDEX-cs 

0.20 
. . . . . . . . 

0.035 

VOlD RATIO AT START 
OF REBOUND 0.299 



PRESSURE T S F  

SOIL DEScRlPTlON S t i f f  gray s i l t y  clay, trace f - c  sand (CL). 

NATURAL W.C. - Oj0 INITIAL VOID RATIO 
EFFECTIVE OVERBURDEN 

23.7 0.647 PRES. - PO -TSF 0,90 

LIQUID LIMIT - WL F1 NAL VOID RATlO 
PRECONSOLI DATION 

48 0.504 PRES. - PC - TSF 2.3 
. . 

PLASTIC LIMIT- WP 23 SPECIFIC GRAVITY 2.73 COMPRESSION 
I NDEX - Cc 

0.22 

PUSTICITY INDEX-PI 25 DRY UNIT WT;.PCF SWELLING 
lo4 INDEX-Cs 0.065 

LIQUIDITY INDEX 
N.W.C. - WP l NlTlAL DEGREE VOID RATIO AT START 

WL - WP 
0.03 OF SATURATION- '10 loo OF REBOUND 0.343 

CONSOLIDATION TEST 

I NIAGARA FALLS STORAGE SITE - NLO, INC. 

I EORING NO RH-55 SAMPLE NO. 22A OEPTH - FT. 23-2 5 DATE OF EST 7/8/81 



....................... .. . . , .  . . . . . . .  

SOIL DESCRIPTION S t i f f  brown s i l  ty  cTay , some f . sand, t r a d e .  in-c- sand; (CL)  . 
................. ... . . . . . . . . . . . . .  . - .............. .- . . .  - - . . . . . . . . . . . . . . . . . . . . .  

PLASTIC LIMIT- WP 1 1,g CQMPRESSION 
INDEX - Cc 1 0.09 

NATURAL W.C. - % 

LIQUID LIMIT - W L  PREC~WSOL;I~&TION . . 
3 9 FI N ~ L  VOID: R~#o .  0. -42.9 p&@ .- pi.-  fsf: 3.0. . . .  . , .  _ . . . . . . . . .  _ _  .....-.. _ _ _ _  . .  . . . . . . . . . .  

CONSOLIDATION TEST 

15.8 

PUSTICITY I NOEX- PI 

LIQUIDITY INDEX 
N.W.C. - WP 
WL - WP 

INITIAL VOlO' RATIO 
. .  , 

20 DRY UNIT WT.-PCF 6..030' 
. . . . . . .  . . . . . . . . . . . . . . . .  ..... . . . . . . . .  .- 

-o. I,6: 
, . . ,. , , . . . - . . . . .  . .  . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0,447 

_ _ _  . . . . . . . . .  . . . . .  _ 
INITIAL 6~6dEE' 
OF s ~ ~ w ( A ~ 1 0 ~ -  0j0 

. . . . . . . .  

EFFECTIVE: 0 v m i ; r ~ ~  

PRES. - m , -TSF . -, .......... 

-. - .,- .- "~ 

....%. 1.9 . . . . . .  

9 6  
. . . . . . . . . . . . . . .  

~ 0 1 ~  RATIO A T ' S ~ ~ R T  
, 

. . . . . . . . . -  
0, 353 

. . .  



PRESSURE TSF 

SOIL DESCRIPTION Medium brown s i l t y  clay,  some f l c  sand and gravel ( C L )  . 

LIQUID UMIT - WL 1 38 11 RNAL VOID RATIO 1 0.566 11 PRECONSOLI OATION 
PRIES. - PC - TSF 

1 2.4 

PLASTICITY I NOEX- PI 11 DRY UNIT WT,-PCF INDEX - cs 1 0.055 1 103 11 SWELLING 

LIQUIDITY INDEX 
N.W C. - WP 

WL - WP 

CON SOW OAT1 ON TEST 
NIAGARA F A L L S  STORAGE S I T E  - NLO, INC. 

BORING NO. BH-65 SAMPLE NO. 24A DEPTH - FT. 8- 10 DAE OF EST 7/16/81 

0.28 
l NlTlAL DEGREE 
OF SATURATION - '10 O0 

VOlD dATl0 AT START 
OF REBOUND 0.433 



SOIL DESCRIPTION Medium gray s i l t y  clay, trace f-c sand, t race  f .  grave l  (CL). 

NATURAL W.C. - % INITIAL VOID RATIO 
EFFECTIVE OVERBURDEN 

23.3 0.655 PRES. - m-TSF 0.59 

LIQUID LIMIT - WL 33 RNAL VOID RATIO 0.518 PRES.-PC-TSF 1.7 PRECONSOLI DATION 

PLASTIC UMIT- WP 18 SPECIFIC GRAVITY 2.71 COMPRESSION 0.19 
INDEX - Cc 

PLASTICITY INDEX- PI 1 5 DRY UNIT WT,-PCF SWELLING 
102 INDEX-Cs 0.040 

LIQUIDITY INDEX 
N.W.C. - WP INITIAL DEGREE 96 VOIDRATIOATSTART 0.405 

WL - WP 
35 

OF SATURATION - % OF REBOUND 

CONSOLIDATION TEST 
NIAGARA FALLS STORAGE SITE - NLO, INC. 

BORING NO. RH-65 SAMPLE NO. 25A DEPTH - FT. 14-1 6 DATE OF fE~~8/26/81 



PRESSURE TSF 

SOIL DESCRIPTION S t i f f  brown s i l t y  c l ay ,  t r a c e  f -c sand and gravel ( C L )  . 

11 INITIAL VOID RATIO 1 0.508 1 )  EFFECTIVE OVERBURDE 
PRES. - Po - TSF 7 0.26 

LlQUlD LIMIT - W L  1 41 
11 FINAL VOID RATIO 1 0.535 ( 1  PRECOFtSOLl DATION 

PRES. - PC - TSF 1 7.0 

PLASTIC LIMIT- WP 2 0 SPECIFIC GRAVITY 2.70 COMPRESSION 
INDEX - Cc 0.19 

PLASTICITY INDEX- PI 21 DRY UNIT WT.-PCF SWELLING 
112 INOEX -CS 0.060 

LIQUIDITY INDEX 
N.W.C. - WP -0.06 I N.lT IAL DEGREE 1 00 VOID RATIO AT START 0 381 
WL - Wf OF SATURATION - O/o OF REBOUND 

CONSOLIDATION TEST 
NIAGARA FALLS STORAGE SITE - NLO, INC. 

BORING NO. BH-71 SAMPLE NO. 26A DEPTH - FT. 3-5 DATE OF TEST 8/26/81 



PRESSURE T S F  

I SOIL DESCRIPTION Medium brown s i  1 ty c lay,  t r a c e  f - c  sand (CL) . 
. . . . 

NATURAL W.C.- 2.2.9 INITIAL VOlD RATIO 0.599 

11 FINAL VOlD RATIO 1 0.500 

I PLASTIC LIMIT- WI, 1 18 
11 SPECIFIC GRAVITY 1 2.67 

I P L i Z s T l c l n  INoEx-P, /I DRY UNIT wT;PcF 1 104 

L l a u l o l n  INDEX 
N.W.C. - WP INITIAL DEGREE 

WI - WP 0.27 OF SATURATION - O/O 
101 .. - .. . I 1 I I 

- .  
CONSOLIDATION TEST 

EFFECnVEOVERBURDEN 
PRES. - Po -TSF 0.45 

PRECONSOLI DATION 
PRES. - PC - TSF 

3.0 

COMPRESSION 
INDEX - cc 0.16 

SWElLlNG 
INDEX - Cs 0.085 

VOID RATIO AT START 
OF REBOUND 1 0.395 

NIAGARA FALLS STORAGE SITE - NLO, INC. 
BORING NO. BH-71 SAMPLE NO. 27B 

. , - ,  . 
DEPTH - FT. 9-1 1 DATE OF TEST 8/26/81 



PRESSURE T S F  

I SOIL D ~ C R ~ P T ~ O N  Medi urn gray  c layey  s i  1 t, some f -c sand, t r a c e  f. g rave l  (CL-ML) . 

EFFECTIVE OVERBURDEh 
NATURAL W.C. - % INITIAL VOID RATIO 

23.6 0,708 PRES. - Po-TSF 0.78 
PRECONSOLI DATlON 

LlQUlD LIMIT - WL 22 FINAL VOID RATIO 0.579 PRES-PC-TSF 2.0 

SPECIFIC GRAVITY 
COMPRESSION 

PLASTIC LIMIT - WP 15 2.77 INDEX - cc 0.25 

DAY UNIT WT.-PCF 
SWELLING 

PLASTICITY I NDEX-PI 7 101 INDEX - cs 0.050 
LIQUIDITY 1 NDEX INITIAL DEGREE VOID RATIO AT START 0.386 
NWC - W P  

WL - WP OFSATURATION-O/O 
OF REBOUND 

CONSOLIDATION TEST 

NIAGARA FALLS STORAGE SITE - NLO; INC. 

BORING NO BH-71 SAMPLE NO. 28A DEPTH - FT. 19-21 DATE OF TEST 8/26/81 
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