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SUMMARY 

This report describes the geotechnical investigation, design, 
and construction of a test adit which was built to support the 
Defense Nuclear Agency's Underground Technology Program experiments 
for predicting the effects of conventional munitions on tunnels. 

The geotechnical investigation includes preconstruction 
geologic exploration, geologic mapping, gas detection, and soil and 
rock hydrology. The information provided is also the result of on- 
site inspection, quality control review, and instrumentation of 
ground support areas, all performed during the course of 
construction. 

The contractor's methods of construction are also examined, as 
are the remedial methods taken when methane gas was encountered 
during the course of construction. 
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PREFACE 

This report documents work performed as part of the DNA. 
Underground Technology Program, and was funded under contract 
DNA001-92-C-0051. The DNA Project Managers were Major Curt Krieser 
and Paul Senseny. The Army Corps of Engineers, Louisville District, 
inspectors were Mr. Tony Hamblin and Mr. Steve Duncan. The 
Waterways Experiment Station (WES) Site Manager was Mr. David Ward. 

For Lachel and Associates: Mr. James E. Beck was in charge of 
overall project management; Mr. Lawrence Eckert and Mr. Ghailan 
Alsayab provided the geologic and tunnel engine-ring field work; 
Mr. Dennis Lachel and.Mr. Rich Linamen provided the off-site tunnel 
engineering support; and Mr. Gunnar J. Radel reviewed and edited 
the final report. 

Detailed information on the preconstruction geologic 
explorations and investigations can be found in Volumes 2 and 3 of 
the "Solicitation for Underground Technology Program, Test Adit 
Construction, 1992" which contains the Geotechnical .Design Summary 
Report prepared by Lachel and Associates. 

IV 



CONVERSION  TABLE 

Conversion factors for U.S.  Customary to «trie (SI) units of «nasurwnent. 

MULTIPLY    ►   BY    ► TO GET 
DIVIDE TO CZT     < 

angstrom 1.000 000 X E -10 meters (m) 

atmosphere (norm»!) 1.013 25   X E +2 kilo pascal (kPa) 

bar 1.000 000 X E *2 kilo pascal (kPa) 

barn 1.000 000 X E -28 meter2 (ra2) 

British thermal unit (thermoehsmleal) 1.054 350 X E +3 joule (J) 

calorie (thermochemlcal) 4.184 000 Joule (J) 

mega Joule/m2 (HJ/m2) eal (thernochamlcal/cm ) 4.184 000 X E -2 

curl» 3.700 000 X E *1 ■g1ga beequerel (G8q) 

degree (angle) 1.745 329 X E -2 radian (rad) 

degree Fahrenheit tk - (t°f + 459.67)/1.d degree kelvln (K) 

electron volt T.5U2 19   X E -19 Joule (J) 

org i.ocean x E -7 Jcule (J) 

erg/seccr^ 1.000 000 X E -7 watt (H) 

foot 3.048 000 X E -1 meter (m) 

foot-pound-force 1.355 818 Joule (J) 

gallon (U.S.   liquid) 3.785 412 X E -3 meter3 (m3) 

Inch 2.S40 000 X E -2 meter (m) 

Jerk 1.000 000 X E +9 Joule (J) 

joule/kilogram (J/kg) radiation dose 
absorbed 1.000 000 Gray (Gy) 

kilotons 4.183 terajoules 

kip (1000 Ibf) 4.448 222X E *3 newton (N)' 

k1p/1nch2 (ks1) 6.894 757 X E +3 kilo pascal (kPa) 

ktap 1.000 000 X E +2 newton-second/nT (N-s/m) 

micron 1.000 000 X E -6 mater (m) 

mil 2.540 000 X E -5 meter (m) 

mile (International) 1.609 344 X E -f3 meter (m) 

ounce 2.834 952 X E -2 kilogram (kg) 

pound-force (lbs avoirdupois) 4.448 222 newton (N) 

pound-force Inch 1.129 848 X E -1 newton-meter (N'ai) 

pound-force/Inch 1.751 268 X E +2 newton/meter (N/m) 

pound-force/foot 4.788 026 X E -2 kilo pascal (kPa) 

pound-force/inch    (ps1) 6.894 757 kilo pascal (kPa) 

pound-mass (lbm avoirdupois) 4.535 924 X E -1 kilogram (kg) 
5 

pound-mass-foot    (moment of Inertia) 4.214 011 X E -2 kilogram-meter2 (kg'm2) 

pound-mass/foot 1.601 846 X E +1 kilogram/meter3 <kg/m3) 

rad (radiation dose absorbed) 1.000 000 X E -2 —Gray (Gy) 

roentgen 2.579 760 X E -4 coulomb/kilogram (C/kg) 

shake 1.000 000 X E -8 second (s) 

slug 1.459 390 X E +1 kilogram (kg) 

torr (em Hg,  0° C) 1.333 22   X E -1 kilo pascal (kPa) 

■The beequerel  (Bq) 1s the SI unit of radioactivity;  1 Bq • 1 
••The Gray (GY) 1s the SI unit of absorbed radiation. 

it/s. 
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SECTION 1 

INTRODUCTION 

1.1 UNDERGROUND TECHNOLOGY PROGRAM. 

The Underground Technology Program (UTP) is a part of the 
Government's continuing research to evaluate the lethality 
effects of dynamic loads on underground structures, and to 
develop a high-confidence method for predicting these effects. 
This method is being developed through both theoretical and 
analytical activities, combined with field tests and experimental 
activities. This research is sponsored by the Defense Nuclear 
Agency (DNA). 

1.2 TEST ADIT CONSTRUCTION. 

As part of the overall Underground Technology Program, DNA is 
developing an underground high explosive test bed at the Rodgers 
Hollow Area, Fort Knox, Kentucky, to support field tests and 
experimental activities. The test adit construction contract is 
the first phase in developing the test bed. Rodgers Hollow is 
located on the Fort Knox Military Reservation approximately 7.4 
miles west-southwest of Shepherdsville, Kentucky, in Bullitt 
County. The Rodgers Hollow geographic coordinates are 37° 56' 
57.40308" North and 85° 50' 34.56814" West at an elevation 
approximately 490 feet above mean sea level (MSL). The site 
location plan is shown in Figure 1-1 . 

The test adit was constructed by W. L. Hailey and Company, Inc. 
of Nashville, Tennessee under U.S. Army Corps of Engineers 
contract DACA27-92-R-0003 administered by the U.S. Army Corps of 
Engineers, Louisville District. LACHEL and Associates, Inc. of 
Golden, Colorado performed the tunnel design, prepared the 
contract drawings and specifications, and provided onsite 
geotechnical assistance during the construction period. The U.S. 
Army Corps of Engineers Waterways Experimental Station (WES) 
provided overall program management for the UTP and site 
management of the Rodgers Hollow test site. 

1.3  REPORT ORGANIZATION. 

This report is divided into six sections and appendices. This 
introduction (Section 1) is followed by a description of the test 
adit construction project (Section 2) and changes to the original 
adit design. Section 3 describes the geology and hydrology of the 
Rodgers Hollow site. Section 4 describes construction methods and 



production rates. Section 5 describes the tunnel instrumentation, 
and Section 6 is a list of references. The Appendices A through D 
contain the geologic core logs, rock test results, geologic maps, 
and photographs, respectively. 



Figure 2-1. Project Site Plan. 



SECTION 2 

PROJECT DESCRIPTION 

2 .1  GENERAL - 

The UTP Test Adit Construction contract was designed to provide 
access to the test bed located in the Louisville Formation, 
approximately 300 feet below the floor of Rodgers Hollow. The 
major items of work required by the contract included surface 
site work, one flood protection structure, 36 feet of cut-anc- 
cover portal structure, 3,035 feet of 12 foot by 12 foot adit, 
100 feet of 8 foot by 8 foot adit, four enlargements m tunnel 
cross section, and electrical, ventilation and dewatermg 
systems. 

A Request for Proposals (RFP) was issued in May, 1992, which 
required the submission of a two-part proposal, Technical and 
Cost, in separate envelopes. The cost proposal was a firm fixed 
price based on contractor developed unit prices for a schedule or 
bid items included in«the RFP. The proposals were evaluated first 
on technical merit, and then on cost. A total of ten proposals 
were received in June, 1992, ranging in value from a low of $3.8 
million to a high of $8.0 million. After evaluating the Technical 
Proposals, establishing a competitive range, and determining tue 
most advantageous proposal to the Government, a contract was 
awarded to W. L. bailey & Co., Inc. in July 1992, for an 
approximate value of $4,665,000. 

2.2  AS-BID PROJECT CONFIGURATION. 

2.2.1  Site Work . 

As part of the test adit construction, the contractor was 
required to provide and upgrade surface site facilities. Included 
in this item are the upgrading of the gravel road m Rodgers 
Hollow, providing office trailers, parking areas, contractor s 
laydown areas, clearing and grubbing for the portal, mucK 
disposal, the installation of sediment control tanks, and 6,800 
feet of surface discharge water line. Figure 2-1 shows 
the original site layout. Also included in this item of work was 
the providing of normal site services and maintenance such as 
furnishing potable water, sewage disposal, trash removal, guard 
service, the cleaning of offices and yard areas, and the supply 
and distribution of electrical power on surface. 
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2.2.2  Portal Structures 

The portal to the test adit is comprised of two sections, a flood 
protection structure, and a cut-and-cover tunnel section, as shown 
in Figure 2-2 opposite. The flood protection structure, from 
Station 0+31 to Station 0+58, is a U-shaped reinforced concrete 
structure with removable timber stop logs (shown on Figure 2-3 on 
the next page). During normal operation of the site, the stop logs 
are removed and the structure provides unimpeded access to the 
portal. During flood events of the Salt River basin, the stop logs 
are installed in the cast-in-place guides, and an temporary earth 
dike is constructed in front of the stop logs to provide flood 
protection for the tunnel adit for a 50 year flood. When the stop 
logs are in place, access to the tunnel for both men and tunnel 
utilities is provided via the open area between the stop logs and 
the concrete portal at Station 0+58. 

The cut-and-cover portal structure, from Station 0+58 to Station 
0+94, consists of a 6 inch thick wire reinforced shotcrete with 
horseshoe shaped, steel arch sections (W6x25s) 4 feet on_center and 
a 1 foot thick reinforced concrete slab at the tunnel invert. The 
outside of the structure is coated with an asphaltic dampproofing. 
A 6 inch perforated drain pipe is provided at the base of the wall 
on either side to prevent surface water from entering the tunnel. 
Figure 2-4, which follows, provides details of the structure. The 
portal was constructed in an open cut in the side of_the hill and 
backfilled with structural material prior to commencing tunneling 
operations. 

2.2.3.  MAIN ADIT . 

The main adit consists of 2,935 feet of 12 foot wide by 13 foot 
high, straight legged, horseshoe-shaped tunnel which commences at 
Station 0+94 and progresses downgrade on a 10 per cent slope to 
Station 30+29. It penetrates completely through the New Providence 
and New Albany Shales and terminates in the middle of the 
Louisville Formation, 286 feet below the portal elevation and 
approximately 458 feet below the top of the hill (see Figure 2-5 on 
page 9 ). The main adit alignment consists of two tangent sections, 
at bearings S31°06'53"E and N39°18'46"E, and a 250 foot radius 
curve. 

A total of four widened areas or bays were required to be excavated 
within the main adit. The tunnel width increased to 17 feet in the 
bay areas to accommodate permanent electrical and mechanical 
equipment. Two of these bays were for electrical transformers and 
circuit panels, which are located at Station 15+00 and Station 
29+73, and offset to the right of tunnel centerline. The other two 
bays contain dewaterir-.g sump boxes and pumps and are located at 
Station 14+56 and Station 30+17, and are offset to the left of the 
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tunnel centerline. The design configuration of the main adit 
included a 12 inch thick gravel invert and a permanent lining of 2 
inches of shotcrete in the shale formations, and chain link fabric 
in the top 120° of the crown in the limestone formations. 

2.2.4 Calibration Adit and Drift. 

The calibration adit forms a Y-intersection with the main adit at 
Station 28+00 and progresses on a S80°41'14"E bearing away from the 
main adit. This adit is a 12 foot wide by 13 foot high tunnel 
similar in cross section and configuration to the main adit and 
extends from Station C 0+00 to C 1+00. At Station C 1+00, the cross 
section reduces to an 8 foot wide by 8 foot high drift which 
continues to the termination of the drift at Station C 2+00. The 
drift is not lined with shotcrete or chain link fabric, nor does it 
have a gravel invert. 

2.2.5 Ground Support . 

The design of the permanent tunnel support was based on data 
obtained through the geotechnical explorations conducted at the 
site as detailed in Section II of the GEOTECHNICAL DESIGN SUMMARY 
REPORT (Reference 2 ) included in Vol. 2 of the "Solicitation for 
the Underground Technology Program Test Adit Construction", and 
summarized in Section 3 of this report. The primary basis for the 
design of tunnel support was the Norwegian Geotechnical Institute 
(NGI) Q-system which is a quantitative design method based on the 
evaluation of hundreds of tunnels. The method considers a variety 
of parameters that are known to affect tunnel stability. 

The initial ground support calculations, based on the data obtained 
during the geotechnical investigation, indicated that the 
formations to be excavated (the New Providence Shale, the New 
Albany Shale, and the Louisville Carbonate) required only minimal 
support, for example, spot bolting in localized areas. However, it 
is recognized that even the best geotechnical investigation can 
only identify those features which are intersected by the borings, 
and that subsurface conditions between borings may vary 
considerably. Therefore, it was decided to provide four tunnel 
support designs in the contract to accommodate the likely 
variations in ground conditions which might be encountered during 
construction. As the tunnel was excavated, the actual ground 
conditions encountered were evaluated by a geotechnical engineer 
familiar with the design requirements, and the most appropriate 
tunnel support design was selected for each region. This approach 
allows the contractor the greatest flexibility in constructing the 
tunnel while affording the owner the lowest cost alternative based 
on the actual conditions encountered. 

10 



1-1 
0 a a 
3 

0) 
c 
c 
3 

i 
I 

SJ 

3 
C7> 

•H 

2 

z in 
O Ui 

" ? u < 
V% K 

*   I 
3 

11 



In determining the permanent ground support requirements, the rock 
mass characteristics developed during the _ geotechnical 
investigation were the primary factors considered in the design. 
However, additional factors such as extent of weathering, proximity 
to the surface, material durability, and dynamic loading from_the 
future test events were also considered in determining the final 
support requirements. Based on the evaluation of rock mass 
characteristics and future use of the site, four types of tunnel 
support were selected for use in the contract. The support methods 
included: Type I Support, spot rock bolts (Number 8 by 8 foot long) 
with a 2 inch minimum thickness of non-reinforced shotcrete; Type 
II Support, pattern rock dowels (No. 8 by 8 foot long) with a 2 
inch minimum thickness of non-reinforced shotcrete; Type III 
Support, pattern rock dowels (No. 8 by 8 foot long at 4 foot on 
center) with chain link fabric in the top 120° of crown; and Type 
IV Support, W6x25 steel sets at 4 foot center-to-center spacing. 
While the exact locations for each type of support were not 
determined at the time of bid, the contract provided an estimate of 
the quantity of each type for bidding purposes. These ground 
support methods are depicted in Figure 2-6,(Type I and II) and 
Figure 2-7 on the following page, (Type III and IV). 

In addition to the main adit support designs detailed above, 
permanent ground support designs for the two transformer bays, two 
sump bays and the Calibration Adit intersection were specified m 
the contract. This consisted of pattern rock bolts (No. 8 by 10- 
foot long 4 foot on center)and a 2 inch thickness of non-reinforced 
shotcrete for the four bays, and a 4 inch thickness of wire 
reinforced shotcrete for the Calibration Adit intersection. 

In the shale formations, the anticipated primary failure mode was 
the deterioration of the rock surface due to moisture loss, 
commonly referred to as air slaking, which causes the rock to ravel 
(disintegrate into pieces). To prevent this deterioration, a 2 inch 
minimum thickness of shotcrete was specified throughout the shale 
formations, and it was necessary to seal the shale with shotcrete 
within 24 hours of exposure to the atmosphere. In order to 
facilitate the tunnel advance and reduce the cost of the project, 
the specifications allowed the shale to be covered with a air- 
excluding sealant within the first 24 hours of exposure to 
temporarily protect the rock surface from deterioration or air 
slaking. The permanent shotcrete lining was then applied some 
distance behind the advancing face, effectively removing it from 
the daily mining cycle and allowing the contractor to utilize a 
separate and more efficient operation. 

12 
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2.2.6.  Electrical and Mechanical Systems . 

The contract included a permanent electrical power distribution and 
lighting system for both the surface and underground work areas. 
This system included the 1,000 kVA main substation located above 
the adit portal. The system also included transformers and 
distribution systems for the contractor's yard area and the tunnel 
services. The tunnel system consisted of three substations each 
comprised of a transformer and power distribution panels. One 
substation was located together with the main substation on 
surface, and the other two substations were installed in 
enlargements in the main adit at Station 15+00 and Station 29+73. 

The permanent mechanical systems included a tunnel ventilation 
system, and a dewatering collection and discharge system. The 
tunnel ventilation system included two 42-inch diameter, 75 
horsepower axial vane fans and approximately 3,100 linear feet of 
42 inch diameter steel vent line. The dewatering system included: 
four 2,800 gallon sumps, two located at the portal, and two located 
in the tunnel at Stations 14+56 and 30+17; six submersible pumps, 
and approximately 3,100 linear feet of 6 inch diameter steel 
discharge line.    ; 

2.3  CHANGES DURING CONSTRUCTION . 

While there were a number of minor changes during the course of the 
contract, there were only four substantial changes which affected 
the final configuration of the project. Of these four significant 
changes, two were contractor initiated, one was Owner initiated, 
and one was due to differing site conditions. 

2.3.1 Contractor Initiated Changes. 

The first contractor initiated change dealt with the 6 inch 
discharge line from the adit portal to the Salt River. The contract 
required that a 6 inch spiral weld steel pipe with Victaulic 
couplings be installed on the ground surface from the portal to a 
discharge point in the Salt River, which the contractor was 
required to maintain during the life of the contract. The 
contractor proposed changing this to a buried 6 inch PVC pipe in 
place of the above ground steel pipe. While the installation cost 
to bury the line was higher than the above ground installation 
cost, there were savings in material and line maintenance 
expenditures realized for the duration of the contract, and for 
future contracts as well. This made the revision virtually a no- 
cost change for the Government and it was accepted on that basis. 
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The second contractor initiated change involved substituting a 6 
inch thick wire reinforced concrete invert in the shale formations 
for the 1 foot thick gravel ..invert specified. The contractor 
proposed this revision as a no-cost change, noting that the 
increased cost for the concrete invert would be ofrset by a savings 
in increased mining Droduction and reduced maintenance of the 
tunnel invert. The change to a concrete invert m the shale 
formations was accepted by the Government. 

2.3.2 Owner Initiated Change . 

As plans for the overall test configuration for the UTP test bed 
were developed further, the Government found it necessary to 
relocate the Calibration Adit to accommodate the overall test 
objectives for the UTP. The Government initiated a design change 
which relocated the Calibration Adit from Station 2 8+00 with a 
bearing of S80°41'14"E to Station 24+64 with a bearing or 
N35°41'14"W. The change also eliminated the 100 feet of 8 foot by 
8 foot drift and replaced it with a additional 100 feet of 12 root 
by 13 foot drift and 10 feet of 10 foot diameter shaft. Figure 2-8 
shows the alionment changes and Figure 2-9 on the next page 
depicts the Calibration Adit arid Charge Shart.derails. 

This change was negotiated with the contractor, but it was never 
imDlemented due to the more sweeping changes m the scope of the 
project necessitated by the differing site condition at Station 
18+54. 

2.3.3 Differing Site Condition . 

On June 25, 1993, when the tunnel heading was at Station 18+54, 
detectable levels of methane gas were encountered. The contractor 
immediately ceased mining operations, withdrew the roadheader from 
the face, and instituted a gas monitoring program to determine the 
extent of the gas inflow. Over the course of the next several days, 
the gas monitoring program indicated that while the flow of 
exolosive gas was sporadic, varying from zero to greater than 20 
Dercent of the Lower Explosive Limit (LEL) of methane, it was 
continuing, and exceeded the OSHA limits. This necessitated^ 
change in classification of the tunnel from "non-gassy" to "gassy". 
The revision in tunnel classification required that the mining 
eauipment, ventilation equipment, and electrical equipment be 
changed to comply with the more stringent requirements ror gassy 
tunnels. Over the next several months, various alternate plans to 
continue the project were evaluated on the basis of UTP 
requirements, safety compliance, constructibility, and cost and 
schedule impacts. 
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A 'ventilation expert from the Bureau of Mines, and additional 
safety personnel" from the DNA Field Command, Las Vegas, were 
brought in to assist in the development of the alternate plans for 
the completion of the test adit construction contract. Based on an 
evaluation of the alternate plans available, and an extensive 
review of the overall UTP requirements, DNA directed that the adit 
construction be terminated at Station 18+54. DNA also directed_that 
the gas producing portion of the tunnel had to be sealed with a 
containment plug and pressure grouting, similar to that utilized at 
the Nevada Test Site (NTS), and that a 12 foot wide by 13 foot high 
test adit be constructed Darallel to and below the existing mam 
adit. As a result of this determination, the following changes were 
implemented: 

1. The existing ventilation system was upgraded _ by 
replacing the non-explosion-proof fan with an explosion- 
proof fan. 

2 A continuous gas monitoring system with remote sensors 
was installed and interlocked to the tunnel lighting anc 
mine power feed systems. 

3. The gas inflow was isolated from the work area with 
concrete slab and vent pipes connected to a main vent 
line. Figure 2-10 . on the next page shows this 
arrangement. 

4. A containment plug was installed from Station 17+70 to 
Station 18+00 utilizing the NTS grout mix and a pressure 
grout containment plug (see Figure 2-10). 

5. 524 feet of a 12 foot wide by 13 foot high test adit was 
constructed starting at the main adit Station 16+00 and 
progressed on a 0.5 percent slope up and back toward the 
portal on a parallel heading, 100 feet north of the main 
adit. Figure* 2-11, which follows, provides an as-built 
plan and profile for this revision. 

6. The main adit from Station 18+54 to Station 30+29 was 
deleted. 

7. The electrical substation at Station 29+73 was deleted 
and the permanent electrical distribution in the tunnel 
was revised. 

8. The dewatering sump at Station 30+17 was eliminated and 
the 6-inch tunnel "discharge line was terminated at the 
dewatering sump at Station 15+00. . 

9 . The Revised Calibration Adit at Station 24+54 and charge 
shaft was deleted. 
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SECTION 3 

GEOLOGY 

3.1  GENERAL SITE AREA . 

The UTP project area lies beneath a ridgeline and immediately east 
of a small tributary valley to the Salt River on the northern end 
of Ft. Knox. A map is provided in Figure 3-1, as well as earlier 
in Figure 1-1. The portal for the adit was excavated on the 
lower hillslope of the ridgeline, just above the slope break to the 
valley, which is called Rodgers Hollow. The Rodgers Hollow area as 
characterized by a relatively flat valley floor surrounded by hills 
on three sides. The area is drained by a small unnamed creek that 
branches into two forks in the northern portion of the hollow. This 
creek flows into the Salt River approximately 0.6 miles southwest 
of the entrance of Rodgers Hollow. 

The overburden material in Rodgers Hollow consists of quaternary 
alluvium and lacustrine deposits; generally light-tan to dark-brown 
silts and clays with varying amounts of sand, gravel, and rock 
fragments. Zones of gray to olive-gray silty clays are commonly 
encountered in an intermix with the brownish material. The 
overburden slopes toward the drainageway in the hollow and 
nominally parallels the ground surface contours. In many areas of 
Rodgers Hollow, the water table is 2 to 6 feet below the ground 
surface. 

The bedrock at the portal elevation is shale that is" a part of the 
Mississippian-age Borden formation. The portal was constructed at 
the boundary between the upper shale member of _ the Borden 
Formation, the Nancy Member, and the underlying New Providence 
Shale Member (see Figure 3-2 on the next page). At this site, the 
Nancy and New Providence Members are essentially indistinguishable, 
although the silt content of the Nancy Shale is known to be 
slightly higher than that of the finer grained, underlying New 
Providence Shale. The general hillslope, above the slope break to 
the valley, has a minimal soil profile and a weathered zone 
approximately 20 to 30 feet thick. Because the New Providence and 
Nancy Members of the Borden Formation are so impervious to water, 
the depth of weathering usually does not exceed 30 feet below the 
ground surface. 

The Nancy Member Shale base lies at the portal elevation and is 
approximately 150 feet thick, so that under the main portion of the 
ridgeline, the Nancy Shale overlies the adit for a considerable 
thickness. The New Providence Member Shale continues 180 feet 
beneath the portal. Another 80 feet of shale thickness, the New 
Albany Shale, exists below the New Providence, making the total 
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aggregate thickness of shale above and below the portal elevation 
greater than 300 feet. Beneath the New Albany are the initial test 
target carbonates of the Louisville Formation. 

The uppermost hillsloDes, just below the ridge line, are also 
predominantly shale, yet they actually classified as shaley 
siltstone with minor beds of limestones, dolometic siltstones, 
shales, and sandstones. The materials are of the Upper Borden 
Formation (Muldraugh Member). The ridge-capping materials consist 
of the Harrodsburg and the overlying Salem Formations. All the 
hillslope and ridgeline materials are of Mississippian age. The 
stratigraphic relationship and thicknesses of the rocks of this 
area of Ft. Knox are shown in the stratigraphic column on Figure 
3-2 opposite. 

The valleys bordering the test site ridge have been formed by 
erosional Drocesses of the tributary streams; however, the valleys 
in the vicinity of the test site have also been affected by a major 
glacier advance during the Illinoisan Ice Age which occurred 
approximately 200,000 years ago. Glaciers advanced to within 50 
miles of the site area. The advance, along with the climate effects 
associated with the glacial period, caused substantial erosion and 
alteration to the existing drainage of the area, including the 
rerouting of the ancestral Ohio River from a more northerly 
position to the one now currently occupied (Reference 1 ) as shown 
in Figure 3-3 on the next page. 

The ice advance caused the pooling of water in many very large 
areas, including a' huge temporary lake in the vicinity of 
Louisville, which encompassed Rodgers Hollow and the nearby 
valleys. This led to the deposition of some very low-strength 
lacustrine (lake bed) silty clay units in the valleys. The weak 
lacustrine deposits associated with the valleys were not a factor 
in the adit design and construction because they exist at 
elevations below the portal, and are present only within the valley 
boundaries. 

3.2  ADIT GEOLOGY . 

A geologic profile along the adit centerline is shown in Figure 3-4 
which follows. The adit portal materials consist of the basal Nancy 
Member Shales and upper New Providence Shales of the Borden 
Formation. As the adit penetrates deeper, the New Providence Shale, 
while appearing lithologically quite consistent, has a gradual 
decrease" in the fine-grained, granular quartz content with 
increasing depth. The contact with the underlying New Albany Shale 
is obvious, as it is where the dark gray shales of the New 
Providence give way abruptly to the dark brown shales of the New 
Albany. The New Albany is a more competent shale than the New 
Providence, although it is less dense because of the high 
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Figure  3-3.    Maximum Advanca of Glaciers  In 
Ft.  Knox Revion. 
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percentage of kerogen (organic material) it contains. 

Below the New Albany there is an equally recognizable transition to 
the important carbonate (limestones and dolomites) section of the 
test horizon. The uppermost carbonate formation is the 
Jeffersonville limestone which varies in thickness through the test 
area from 6 to 9 feet. Beneath the Jeffersonville is the 100 feet 
thick Louisville Carbonate Formation. The Louisville is difficult 
to distinguish from the overlying Jeffersonville, unless it is 
tested by applying hydrochloric acid. The Jeffersonville is mostly 
limestone (calcite (CaC03)) while the Louisville is predominately 
dolomite (Ca, MgC03). However, there are zones within the 
Louisville which are rich in calcite and can be classified as 
limestone, hence, the term Louisville Carbonate was chosen. 

Since the adit was never intended to penetrate below the Louisville 
Formation, the deeper formations (Laurel, Osgood, and Brassfield), 
which were penetrated by the exploratory borings, are not described 
herein. 

3.3  FIELD EXPLORATION PROGRÄM . 

The geotechnical characterization of the UTP project site consisted 
of field explorations and testing. The purpose of the explorations 
was to provide the factual data to characterize the site for 
testing purposes, and to identify the geotechnical conditions 
expected during excavation of the portal and adit, including the 
geologic formations, rock type and condition, and the anticipated 
ground water conditions which had to be addressed. To accomplish 
this task, four geologic exploration techniques were used: core 
drilling; hydrologic testing and water sampling; geophysical 
logging; and formation gas detection. 

The exploration activity was chronologically subdivided into four 
different phases. These were: 1) site-selection, 2) adit lay-out, 
3) groundwater monitoring and testing, and 4) formation gas 
detection. Ft. Knox was only one of a number of sites considered 
during Phase 1, site selection, and the last of this work was 
accomplished during calendar year 1990. Phases 2, 3 and 4 were 
accomplished only for the Rodgers Hollow site, and were conducted 
concurrently during the calendar year 1991. Additional exploration 
activities classified under phases 2 and 3 were conducted during 
the construction of the test adit in the calendar years 1992 and 
1993. 
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3.3.1 Core Drilling . 

A total of 15 NQ and NX core borings were drilled and logged as 
part of the preconstruction exploratory program developed for the 
UTP. During the site selection (Phase 1) of this project, two 
borings, FK-1 and FK-2 were cored with NQ wireline equipment, each 
to a depth of 500 feet. This work was performed under contract for 
WES using a Failing 500 drill rig. Site-specific explorations 
(Phase 2) to lay out the adit and define the anticipated tunneling 
conditions included borings CB-1, CB-3, CB-4, CB-5, CB-6, and CB-7 
(boring CB-2 was not drilled). Explorations conducted to define the 
conditions at the portal location included one vertical and one 
angle boring, designated PV and PH respectively. All of the Phase 
2 drilling was performed by U.S. Army Corps of Engineers drill 
crews. Five additional borings, GWMH-1, GWMH-2, GWMH-3, GWMH-3A, 
and GWMH-4 were cored as part of Phase 3 groundwater monitoring 
program. All of these holes were drilled by the Corps of Engineers 
using HQ wireline equipment. Boring GWMH-3A was logged only by the 
geophysical surveys, and GWMH-4 was not logged at all. 

During the Test Adit Construction phase of the UTP, an additional 
exploratory program was carried out in December 1992, and in May 
19 93, in which a total of 9 additional borings were drilled and 
logged. Piezometers were later installed in five of these borings 
(P-l, p-2, CS-5, CS-6, and CS-7) and in two of the previous borings 
(GWMH-2 and GWMH-4). The boring locations are shown on Figure 3-5 
on the opposite page and the logs of the borings are presented in 
Appendix A. 

3.3.2 Geologic Discontinuities . 

Based on data obtained from the preconstruction exploratory borings 
and other available geologic data available, it was concluded that 
no faults or shears would be encountered. It was also concluded 
that bedding plane joints, which are horizontal to moderately 
inclined, would comprise the majority of joints encountered. 

Discontinuities in the New Providence Shale are typically planar, 
tight to moderately tight, horizontally oriented (0° to 10 ) with 
smooth to slightly rough surfaces and with a few occurrences of 
soft clay fillings. The discontinuities are mostly unweathered. 
The New Albany Shale, on the other hand, has steeper 
discontinuities (0° to 40°), with occasional calcite and pyrite 
fillings. The joints are planar, slightly rough to rough-surfaced, 
moderately tight to tight, and unweathered. The Louisville 
Carbonate Formation typically has a higher frequency of 
discontinuities than both the New Providence and New Albany Shales. 
Discontinuities here are steeper (0° to 50°), and are open. Calcite 
fillings are frequent along the joints. Weathering of 
discontinuities in the Louisville Carbonate Formation is more 
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evident. 

Geologie mapping of main and test adits confirmed the exploratory 
data obtained for the New Providence Shale. In accordance with the 
exploratory data, no shears or faults were encountered and only 
five open and bentonite-filled joints were encountered. All of 
these were encountered in the first 141 feet of main adit, close to 
portal (Station 0+94 to Station 2+34). Every one of these 
discontinuities were transverse and vertically oriented (252 to 
263° Azimuth strike and 75° to 85° NW dip direction). 

There were four bedding planes encountered in the main adit at 
Station 4+55, Station 16+07, Station 16+55, and Station 17+62. 
Their measured Azimuth strikes ranged from 305° to 335 ' except for 
the bedding plane at Station 17+65 which had a 285° Azimuth strike. 
Dip angles for these planes were 6.5° to 9° NW direction except for 
the plane at Station 17+65 which had a SW dip direction. 

Since all of the explorations, other than portal boring PH, were 
drilled vertically, exploratory data would be biased against high- 
angle fractures, and the exploratory borings data for the New 
Albany Shale and the' Louisville Carbonate Formation may not be 
representative of what might be encountered in the adit when 
tunneling into these strata. 

3.3.3  Hydraulic Testing and Water Sampling . 

The UTP site-selection criteria required that the final 
experimental test bed be located in a water-saturated, carbonate 
rock. The hydrologic properties of the Louisville Formation are 
important characteristics, not only for test bed predictions, but 
also for anticipating ground water conditions during construction. 
To that end, a program to establish and define the hydrologic 
nature of the site was developed and consisted of: 

1. Constant head tests using downhole packer injection to 
establish rates of flow and hydraulic conductivity by 
depth interval. 

2. Water sampling to determine water quality. 

3. A long-term (25-hour) pump test to determine the ability 
to draw down the primary aquifer at the site (Louisville 
Carbonate Formation). 

The injection (pump in) tests were conducted in seven of the NQ 
boreholes to determine the volume of water required to maintain a 
constant head. 
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Table 3-1. Summary of Aquifer Water Quality . 

ANALYSIS 

Conductivity 

ph 

Total Alkalinity 

Chloride 

Calcium 

Magnesxum 

Sodium 

Hardness (CaC03) 

Total Dissolved Solids 

RESULTS 

27,000 micro-omhs 

7.01 

456 

11,535 mg/1 

588 mg/1 

336 mg/1 

5,620 mg/1 

2,820 mg/1 

16,500 mg/1 
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Determining the quality of the groundwater present in the 
Louisville Formation was an important consideration in the planning 
of the UTÜ Test Adit Project. An uncontaminated water sample was 
obtained from boring CB-6 and chemically tested. The results of the 
laboratory test are reported in Appendix B.3 of the GEOTECHNICAx, 
DESIGN SUMMARY REPORT (Reference 2 ) and are provided in Table -3-1. 
Due to the high chloride content of the groundwater, it 
was necessary to make special provisions in the contract to pipe 
the tunnel discharge water to the Salt River and to specify minimum 
dilution factors for its discharge into the river. 

The long term pump test was performed using a large diameter 
boring, denoted as borehole GTB-1. An 8-1/2 inch diameter hole^was 
drilled with an air hammer to a depth of 102 feet, and a 6 inch 
diameter PVC piDe was set in place and sealed with Bentonite. The 
remainder of the hole was then drilled with a 6 inch diameter air 
hammer button bit to a total depth of 640 feet. Detailed results of 
this test were reported in Appendix B.2, Volume 4 of the 
"Solicitation For underground Technology Program Test Adit 
Construction" (Reference 3 ) Tables 3-2 and 3-3 on the following 
page summarize the results from the active and passive pumping 
phases of the pump test performed at boring GTB-1. 

3ased on the data obtained through the hydraulic testing program 
conducted at the site, it was established that the porosity m the 
car-bonate material, known in many situations to be laterally 
variable, exists only on a minor scale in the immediate vicinity of 
the Louisville Carbonate Formation of interest. Furthermore, the 
Louisville Formation water reservoir could be considered isotropic 
in proDerties and in extent. The two distinct porosity zones of the 
Louisville Carbonate Formation, the upper and the lower porosity 
zone, aDDear to be both laterally continuous (at least in the area 
of the "program borings), as suggested by their presence m each 
well of the pump test program. Also, only partial water level 
recovery was achieved in a 24 hour period after pumping. This 
suggests that the extent of the aquifer is limited. 

Usinq the characterized coefficient of transmissibility in the 
vicinity of borings GTB-1 and GWMH-2 as 750 to 1120 gpd/ft (100 to 
15 0 ftVday/foot), as reported in Appendix B.2, Volume 4 of the 
"Solicitation For Underground Technology Program Test Adit 
Construction" (Reference 3 ) and using 74 feet as the nominal 
aquifer thickness, the equivalent hydraulic conductivity would be 
1.35 to 2.03 ft/day. Assuming a steady-state drainage for both the 
borehole and the adit under a constant water head of 270 ft, the 
tunnel was estimated to produce about 510 to 766 Ft3 of water per 
day per foot of length in the aquifer (see Appendix B.2). This 
translates to aDDroximately 2.6 to 4.0 gpd per foot of adit. Since 
the adit was designed to have a 10 percent downward grade, the 74 
feet of aouifer translates to approximately 740 feet of aquifer 
zone penetration. The resulting total flow within the Louisville 
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Table  3-2 

WFT.T.   TEST 

GWMH-2 

GWMH-4 

CB-5 

CB-6 

FK-1 

GWMH-1 

CB-7 

GWMH-3A 

Coefficients of transmissibility and storage, 
Active Pumping Phase GTB-1. 

RANGE   FROM 
GTB-1    (FT) 

121 

320 

540 

960 

1250 

1520 

1590 

2090 

COEF   TRANS    (T) 
GPP/FT 

676 

1650 

663 

539 

499 

580 

434 

868 

COEF   STORAGE 
131 
3.60 

1.34 

1.75 

1.90 

1.53 

0.92 

0.61 

0.48 

Table 3-3 Coefficients of transmissibility and storage, 
Passive Recovery Phase GTB-1. 

WTTT.T./TEST 

GWMH-2 

GWMH-4 

CB-5 

CB-6 

FK-1 

GWMH-1 

CB-7 

COEF TRANS m, GPP/FT 

729 

1600 

1422 

1307 

937 

904 

1114 



aquifer was calculated to be 1,925 to 2,960 gallons per day. 

3.3.4 Geophysical Surveys . 

Geophysical wireline logging' was conducted in each of the core 
borings drilled at the site in the preconstruction exploration 
phase, except for the portal area borings (PV and PH) and the air 
drilled boring (GTB-1). Various types of geophysical logs were 
performed during this program. All logs were run in the open hole 
within several months of the completion of the drilling of each 
hole. The types of log runs, the principle of measurement, the 
recorded parameters of each log type, and the results of the 
logging are summarized in Section V of the GEOTECHNICAL DESIGN 
SUMMARY REPORT (Reference 2   ). 

3.3.5 Formation Gas Detection . 

m an attenrot to detect the possible presence of formation 
hydrocarbon and/or hydrogen sulfide (H2S) gases, a "mud logging- 
unit was employed during the air drilling of boring GTB-1 in July, 
1991, to monitor the returning air stream in order to determine 
the presence and concentration of either or both of the gases. 

The hydrocarbon gas detection involved the use of two instruments, 
a"total hydrocarbon gas detector, and a gas Chromatograph unit. 
The total hydrocarbon gas detector that was utilized on the UTP 
logging is commonly referred to as a thermal conductivity detector 
(TCD). This unit provides a continuous measurement of the presence 
and level of total combustible gases either within the flow 
stream, as in the case of air drilling, or emanating out of 
solution from the recirculating mud stream. The gas Chromatograph, 
uses discrete samples, separating the mixture into its component 
gases, and then samples each component. In this way the device can 
determine the type, such as methane (CH<), ethane (C2HS), propane 
(C3H3), butane and/or isobutane (C4H10), and pentane (C5H12), and 
concentration of each component gas within. Methane (CH<) gas was 
detected in borehole GTB-1. The total hydrocarbon gas 
concentration was measured and recorded, as well as an independent 
methane concentration level. The results are presented m Figure 
3-6 on the following page. 

Figure 3-6 also shows the data recorded from the hydrocarbon gas 
detectors adjacent to the lithologic log and stratigraphic column. 
There was no gas was detected through the entire Borden Shale 
section of the hole. The first detection of gas corresponds with 
the drill bit penetration into the top of the organically rich New 
Albany Shale, and the sustained high readings matched almost 
perfectly with the interval within the New Albany Shale which has 
the highest natural gamma ray activity on the geophysical log. In 
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Figure  3-6.   Formation Gas  Log  for 
Boring GTB-1. 
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previous studies, this interval has been shown to possess the 
highest organic material content in the form of kerogen as well 
(Reference 7.2 in GEOTECH REPORT). Samples of this material have 
been triaxially tested in the laboratory and have been observed to 
release hydrocarbon gas after testing. Based on the formation gas 
detection operation, it was determined that small quantities of 
methane (CH4) gas may be encountered as the adit is driven through 
the upper portion of the New Albany Shale. 

The presence of hydrogen sulfide (H2S) gas in the UTP adit was 
another concern since it could represent a serious hazard to 
personnel. In an attempt to detect the presence and measure levels 
of hydrogen sulfide gas, two types of sensors, one active (Metal 
Oxide Detector) and one passive (Lead Acetate Paper), were 
employed to monitor the exit air stream while drilling borehole 
GTB-1. The data obtained from that monitoring program is displayed 
adjacent to the lithologic log and stratigraphic column in Figure 
3-6 It can be clearly seen that the occurrance of H2S 
corresponds to the upper porosity zone in the Louisville 
Formation. 

The formation gas monitoring project resulted in the detection of 
both hydrocarbon and hydrogen sulfide gases. Each was identified 
in distinct and isolated intervals. 

During construction of main adit, methane (CH4) gas was encountered 
in the top 2 to 3 feet of the New Albany Shale, as gas perculated 
from two 0.1-inch wide, calcite filled, open vertical joints m 
the New Albany Shale in the adit invert at approximate station 
18+50. Analysis of the air/gas samples taken revealed that the 
emitted gas was 9 8 percent methane (CH<) with the remainder being 
Drimarily carbon dioxide (C02) and ethane (C2HS). Concentrations for 
sanroles taken at adit face were 24 ppm of CH, on the left side, 463 
and* 155 pom CH4 at center (2 samples), and 64 ppm CH4 at right 
side. Hydrogen sulfide gas was not encountered, since no tunneling 
in the Louisville Carbonate Formation was performed. 

3.4  UNDERGROUND GEOLOGIC MAPPING . 

The Full Periphery Method (developed by the U.S. Corps of 
Engineers) was adopted for mapping the underground geology 
encountered in the excavation of the adit. The mapping indicated 
that the New Providence Shale was massive _ with_ few 
discontinuities. Five vertically oriented, bentonite filled joints 
were encountered in the first 50 feet of the main adit excavation. 
Another set of tight, mostly vertical joints was encountered 
between Station 2+29 and Station 2+35. As noted in Section 3.3.2, 
There were four bedding planes encountered in the main adit at 
Station 4+55, Station 16+07, Station 16+55, and Station 17+62. 
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Cobble-size siderite intrusions occurred frequently throughtout 
the New Providence Shale and one 8 inch thick siderite dike was 
encountered in the main adit from Station 15+64 to Station 16+54 
and continued on in the test" adit to Station C 3+10. The New 
Providence Shale started displaying organic laminar deposition 
patterns at about Station 15+00, where shale started to have 
horizontal bands of olive-green to grayish green coloration that 
became increasingly dominating and distinct as excavation advanced 
deeper into the New Providence Shale towards interface with the 
dark brown colored New Albany Shale (encountered at Station 
15+34).  Detailed geologic maps are presented in Appendix C. 

3.5  SITE HYDROGEOLOGY . 

The test site selection criteria required a saturated carbonate 
section at the test depth, therefore, a discussion of the 
hydrology of area becomes necessary to complete the description of 
the geology of site area. Two hydrologic regimes are discussed, 
the soil water, and the water within the rock units. Please refer 
to Section 3.3.3, Hydraulic Testing and Water Sampling, for 
details of hydrological testing performed for the UTP. 

3.5.1 Soil Water . 

The valleys contain a shallow perched water table. Boreholes 
drilled at various locations within the Rodgers Hollow area, below 
the grade change controlled by the weathering of the rock slopes, 
all indicated the presence of the shallow water table. The 
recorded piezometric levels showed a remarkable seasonal 
dependence. For example, the water table at a site a small 
distance up the valley from the portal area had been observed at 
a depth of 2 to 4 feet below the surface in February to April, and 
as deep as 9 or 10 feet in August through early November. This 
perched aquifer exists only at elevations within the valley proper 
and below the portal elevation, so that it should not be a factor 
in either portal construction or within the adit. 

3.5.2 Rock Hydrology . 

The hydrology of the rock materials affects the design parameters 
of the adit construction. For the purposes of this discussion, 
the rock hydrology will be divided into three zones: the Shale 
Zone; the Louisville Carbonate Zone; and the Deep Zone, i.e. the 
Waldron Formation into the Laurel Dolomite (Laurel Zone). 
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3.5.2.1 Shale Hydrology. All of the shale units encountered above 
the Louisville Carbonate give evidence of 100 percent water 
saturation. However, no noticeable water flow has been encountered 
while drilling within the Borden or New Albany Shales. Thus, from 
a hydrologic engineering standpoint, only minor water seepage 
would be expected while tunneling through the shales. 

3.5.2.2 Louisville Carbonate Hydrology. Two zones of water flow 
within the Louisville Carbonate have been detected and 
hydrologically tested. The upper zone is variable in thickness, 
but the base of the zone lies 35 to 40 feet below the base of the 
New Albany Shale. This zone is identified as the major water 
producing zone of the site. The lower water-bearing zone of the 
Louisville lies approximately 20 feet above the underlying Waldron 
Shale. This zone is also variable in thickness and permeability, 
but can generally be classified as less water-productive than the 
upper zone. 

3.5.2.3 Deep (Laurel) Hydrology. The only recognized potential 
water zone below, the' Louisville Carbonate at the site is a zone 
within the Laurel Dolomite. There is relatively little known about 
this zone since it lies below the depth of interest for testing. 
Where this formation was penetrated by boreholes, it was found 
that it is located about 15 feet below the base of the Waldron 
Shale at approximately the 650 feet depth (as encountered in 
boreholes CB-5 and CB-6). The fluid conductivity/temperature 
geophysical logs do not demonstrate significant fluid entry from 
this zone, although the reservoir properties suggest it could be 
a water-bearing strata of minor to intermediate importance. 

3.6  HYDROLOGIC MONITORING . 

A total of seven piezometers were installed in 1993 during 
construction of the test adit by the WES crew at boreholes GWMH-4, 
GTB-1, P-l, P-2, CS-5, CS-6, and CS-7 to monitor the water table 
in the Louisville Formation Reservoir, prior to and during the 
penetration of the main adit. The data collected provided quick 
and accurate feedback on depletability, drainage profiles, and the 
pressure drop of the reservoir as the main adit was constructed, 
and also provided the means necessary to determine if remedial 
steps were needed to be implimented so that the saturation of the 
Carbonate Formation could be maintained as required by the test 
parameters. A.profile of a typical piezometer installation is 
shown in Figure 3-7 at left, and the locations of the piezometers 
are shown in Figure 3-8 on the next page. 
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SECTION 4 

CONSTRUCTION METHODS 

4.1  GENERAL . 

A Request for Proposals (RFP), Solicitation No. DACA27-92-R-003 
Underground Technology Program, Test Adit Construction, was issued 
in May, 1992 by the U.S. Army Engineer District, Louisville. A 
total of. ten proposals were received in June, 1992 and, after 
evaluation of the proposals, a contract was awarded in July, 1992 
to W.L. Hailey & Co., Inc. of Nashville, Tennessee. The contract 
provided for a one year construction period for the completion of 
the test adit and all appurtenant features of the permanent work. 

The contractor began mobilization at the site in early August, 
1992 and completed the initial site work, office set up, and site 
preparation, on October 20, 1992. Portal construction commenced 
on October 13, 1992, with the clearing of the portal area and the 
backfill of the structure was completed on December 23, 1992. 
Tunnel excavation commenced on December 28, 1992, and progressed 
to Station 18+54 on June 25, 1993, at which time methane gas was 
encountered in the heading and the tunnel excavation was halted. 
Work in the tunnel resumed on November 8, 1993, with the 
installation of vent line hangers in the main adit. The gas 
collection system was installed between November 15 to November 
18, 1993 and the containment plug was constructed between November 
22, 1993 and February 28, 1994. The test adit was excavated 
concurrently with the containment plug construction between 
November 22, 1993, and February 11, 1994. The balance of the 
contract work, electrical, mechanical, invert placement, shotcrete 
lining and final tunnel clean up was performed from March 1, 1994 
through May 7, 1994. 

4.2  PORTAL CONSTRUCTION . 

The portal construction involved an open cut excavation of both 
overburden and shale. The overburden material was excavated using 
a dozer, loader, and dump trucks. The side slopes of the 
overburden excavation were laid back, thereby eliminating the need 
for the support of excavation structure. The shale cut was 
excavated utilizing drill and blast methods to break the rock, and 
a loader and dump trucks to excavate the shot rock. The side 
slopes of the rock cut were excavated with a slight outward batter 
to eliminate the need for any rock support. 
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After completion of the excavation, the steel ribs (W6x25s) were 
installed and the concrete invert poured. The 6 inch thick wire 
reinforced shotcrete was then, placed between the ribs and the 
structure was backfilled. The reinforced concrete D-Wall structure 
was built by normal cast-in-place methods with wood forms. 

4.3  ADIT EXCAVATION . 

Tunneling operations commenced on December 28, 19 92, at Station 
0+94 using a Voest-Alpine Roadheader to mine the shale, and a pair 
of 5 cubic yard Eimco low profile mine trucks were used for muck 
removal. The contractor selected this type of equipment for 
excavating the the shales because it provided a more continuous 
mining operation. This method significantly reduced 
over excavation, and eliminated many of the safety hazards that are 
inherent in a drill and blast operation. 

Throughout the tunnel excavation, the contractor mined the 
required cross section with minimal variance, and maintained line 
and grade well within tolerances. The roadheader and heading crews 
limited overexcavation and minimized the disturbance to the rock 
beyond design line. However, the actual advance rates for the 
roadheader operation never approached the anticipated_rates. The 
estimated production rates for the roadheader excavation were an 
average of 15 linear feet of advance per 8 hour shift after an 
initial startup period. The contractor was prepared to mine two 
shifts per day and use a third shift to install ground support and 
tunnel utilities, as well as maintain the mining - equipment. In 
this way, he had planned to mine and support an average of 30 
linear feet per day, or 150 linear feet of tunnel per five day 
work week. 

In the period from December 28, 1992 to June 25, 1993, the 
contractor worked a total of 141 days and mined 1,760 linear feet 
of adit. The overall average for this period was 12.5 feet per day 
and 67.7 feet per week. There were only six weeks in which 
production levels exceeded 100 feet per week, and the best weekly 
production was 165 feet. At left, Figure 4-1, provides the weekly 
advance rates for the first twenty-six weeks. The rates for the 
remainder of the project may be found on the following page. Of 
the total 141 day project duration, the contractor was able to 
mine on 89 days, and lost a total of 52 days for the following 
reasons: 13 days were spent on ground support installation; 12 
days due to equipment breakdowns; 12 days for concrete operations 
on the invert,- 8 days for ventilation system installation; and 7 
days due to inclement weather. 

On June 25, 1993, methane gas was detected in the tunnel at 
Station 18+54. The quantity and duration of the gas entering the 
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tunnel was sufficient to require that the tunnel be re-classified 
as a "gassy" tunnel. Mining operations were discontinued for a 
period of 23 weeks while alternate plans were developed to deal 
with the gassy conditions. As noted in Section 2.3.3, Differing 
Site Condition, the decision was made to terminate the main adit 
at Station 18+54, seal the tunnel with a gas containment plug from 
Station 17+70 to Station 18+00, and to realign the test adit to 
remain totally within the New Providence Shale. 

The test adit was excavated from Station C 0+06 to C 5+24 during 
the period of November 22, 1993 to February 11, 1994 and utilized 
the same equipment and methods as the main adit, unlike the main 
adit, the test adit was excavated essentially on a single shift 
basis, four days per week. The average production rate for the 518 
linear feet of tunnel was 13 feet per day on a single shift basis, 
which is more than twice the advance rate achieved in the main 
adit. Figure 4-1, Chart 2 of 2, at left shows the weekly advance 
rates in the test adit. 

4.4  GROUND SUPPORT . 

As discussed in Section 2.2.5, Ground Support, there were four 
types of ground support provided for the contract, with the 
determination of which type to employ, made in the field as the 
excavation progressed. As anticipated, the New Providence Shale 
was massive and competent, and required very little direct ground 
support. A total of six steel sets were installed at the beginning 
of the adit from Station 0+94 to Station 1+18. A total of twenty- 
two rock bolts and twelve rock dowels were installed in the main 
adit from Station 1+22 to Station 2+36. The permanent support for 
the sump bay (Station 14+54) and transformer bay (Station 15+16) 
consisted of a total of 101 rock bolts, and the support of the 
adit intersection (Station 16+00) consisted of seventy-two rock 
dowels. 

The only area of the main adit which required a substantial number 
of rock dowels was from Station 16+56 to Station 18+46. In this 
reach of the tunnel, the New Providence Shale had a tendency to 
spall and ravel at crown of tunnel when the heading face advanced 
two tunnel diameters further. As the excavation progressed, the 
New Providence Shale became more organic and displayed planar, 
thin, lamination layers at crown, beginning at Station 15+02. At 
approximately Station 16+60, spalling of rock from crown started 
occurring more frequently, and the size of the spalled rock 
fragments increased to approximately 1 foot wide by 2 foot long 
and 2 to 3 inches thick. Even though the shale formation was still 
massive and structurally self-supporting, the spalling posed a 
safety hazard to the workmen in the heading, and the contractor 
was directed to install rock dowels from Station 16+56 to the 
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Table 4-1. Summary of UTP-Permanent Support Utilized. 

ADIT STATION TYPE OF SUPPORT TNSTAT.T.KT) 

0+94 to 1+18 Steel ribs (6 ea) 

1+22 to 1+33 Spot rock dowels (16 ea) 

1+45 to 1+51 Spot rock bolts (12 ea) 

2+32 to 2+36 Spot rock bolts (6 ea) 

5+68 to 5+80 Spot rock bolts 

14+35 to 15+38 (Sump Bay) Patterned rock bolts (47 ea) 

14+93 to 15+38 (Transformer 
Bay) 

Patterned rock bolts (57 ea) 

15+80 to 16+20 and C 0+12 to C 
0+21 (Intersection)' 

Patterned rock bolts (72 ea ) 

16+56 to 18+46 Patterned rock bolts (212 ea) 
(with wire mesh from 17+58 to 
18+44) 
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face, located at Station 17+35, before any further advance of the 
heading. The contractor was also directed to have rock dowels 
installed within 15 feet of the face at all times. Therefore, 
patterned rock dowels were installed from Station 16+5 6 to Station 
18+46. Table 4-1 lists, the different support systems used and 
their location in test adit. 

All rock bolts and rock dowels were fully resin-encapsulated 
Number 8 threaded rebar, Grade 60 steel. The typical bolt/dowel 
length was 8 feet except for a number of 10 foot long bolts which 
were used at the sump and transformer bays and at the adit 
intersection. 

While the adits required only minimal direct ground support for 
safety and stability, the New Providence Shale did require a 
shotcrete lining to permanently seal the excavated surface to 
prevent long-term deterioration of the shale due to air slaking. 
A nominal 2-inch thickness of shotcrete was applied throughout_the 
entire length of both the main and test adits, and a 4 inch 
thickness was applied to the intersection area of the two adits. 

4.5  GROUNDWATER OCCURRENCES . 

The only measurable water inflow encountered during tunneling was 
at the top of the New Albany Shale at Station 18+50. While the 
water inflow, estimated at less than 5 gpm, presented no problem 
to the excavation, the water was accompanied by methane gas. The 
imDact of the methane gas is discussed in detail in Section 2.3.3, 
Differing Site Condition. 
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SECTION 5 

TUNNEL INSTRUMENTATION 

5.1 TAPE EXTENSOMETERS . 

A total of six sets (four points each) of convergence points were 
provided in the bid schedule. These convergence points were to be 
installed as needed in the main and calibration adits to monitor 
movements of the tunnel lining in areas where the geological 
conditions warranted. Due to the massive nature of the New 
Providence Shale, only one set was required, and the instrument 
was installed in the main adit at Station 1+20 to monitor any 
movement close to the portal. A total of four readings were taken 
in the period from February 3, to February 8, 1993. The data 
obtained from these readings indicated that the movements were 
negligible and stabilized quickly. 

5.2  SINGLE POINT BOREHOLE EXTENSOMETERS . 

None of the six sets of Single Point 
(SPBXs) that were provided for in the con 
the New Providence Shale, and none were installed. 

None of the six sets of Single Point Borehole Extensometers 
(SPBXs) that were provided for in the contract were required m 
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bwu    »WOSIA.    &     V«.»s    Vo  Vila 

fvv   s«.   v-^>-   y\* 

O.TOLV.     1(     pOTOVki        >-)\\V 

A-29 

%con 
■tcov. 

•OX  Oi 
SAMfU 

NO. 
f  

■an        -t> 

rMbi«, 

R«cov».      vo-z. 

v««s.  or««.: 

S^S-S -   SMT 

Rtcou vo-\ ' 

■"i/S""* 1S36-A O« 1110-l-liQI) •*e I«M or-m-Mi 



DIUIING LOG (Coo» iku*t) HotoNc.   g-S-H 

aAsmc*naN or «COM 
tfCOV. 

en 

•ox 01 
lAMttl 

5fcf-*: /eL»Tf8^   s^r.a- yu 
5*5-8 - «CM        p»««»» 

"  / 
-_z 
EZZ 

sin f?)      57*- 58C 

-"T zjn »-** 

u 

yoJ^ «.A S14- s - 5 7S -T 

»~4     sic   ^>      C N»»^v 

A-30 

o-T.  -     s ' 

R»COM.        \o 

BM FOtM |«3^* «X XJIO-MMII •f»0  IM» Ot******«*! 



DRILLING LOO (Cant Shoot) 
uumiwei HOU 

No.    Ct-H 

/ 

cuu*ic*noN or aumuu 

Pun Qo)    S8t-  S.TC-1. 

3«J    Vo       V»*<^\iV   y**\ 
U.S.      -i\\V      N.c~v«>    .(. 

P,,„CII)       Sfi^l -&><>"* 

S«\fc.L- Col. 6       &•■—*- 

U.S.   AS    «Vx»Jc    j   %~.»\V 

f\V    C.2.«T     Crrt     ^«.Vi 

Z.   \0T0\tV».    tOCVt    1SM.«i 

fco«..-»,  —  t©c,-S 

vjWv«.      V>«*^\V       CAW.*«.^ 

xot.W    V»     Vrtob-  . 

«COM 
IICOV. 

A-31 

»ox ot 
1AMFU ItMtmtmm,. ■ tiTST'M 

Oet    «.v.««»- 

«»WiW. •»M    *«a«^. 

■V<«»A «VA          \*'\ 

(5, *.»«.« ^    co«»-.** >>~ 

W*v\ . K>-i.   atv , «vi. 

UV.-^ ^«V«.*c\      V«k«4 

fc-T- s i^e, v»\— 

v»-U . i   V»o */. 

B«e»0. \o. 2. 

D-7: 
UJ.L. . 

RtCO\J. 

*>"<©   fin. 

\.t».l'    T«MA. 

MO FOtM IM*_A    f* ilio-l-lltii 
JIM 47 '•"w—** 

a^o IM« or-Ma-Mi 



DULLING LOG (Cant $»»••») OS-*\ 

OAtmotnoN or MAIHUU «eon 
Mcev. 

«ox o« 
SAMM 

MO. 
r 

tot-4- ^n f/zj    tooi.au.-r 

^C\CT\««-«.\«A    -rock. 

fl/n (/?)      *^-7- l2i.gr 

fcVfc.T — 4*A- i        SAW«. 

pi«,VtOM*   TV.W    ( CCN~«Jt 

«jc«^-   V-S. 

(ii.At.7~/ Eutt Ot)    Lu-tr-csctT 

-U2 T. A-32 

Vo 

BMU°*M   1136-A      «« "JO-MMI) .»>IM.0r.u..M> 

R«c«vl-     <e»-a 

Rtca* «*-«V 



DMUING LOG (Conf Shoot) 
■iVAneM w« «1 

Hol« No.   €.<-, -H 

IUVAIWN 

CiZ~Z 

■jc 

OAttnCAnoN or MAIHUU 

n\     COT«.   ( v.« . 

ICOtl 
IICOV. 

toi ©■ 
lAMfll 

NO. 
f 

 fiur.0*)   43*.«r- tMj.jr 

••r    T 

 1  

9,« 4.  o»-t 

4*.S"- z 
77 a 

tfS-'&S 2z 

O-T.     -   Z 

4-5q_ Ä4\o-S 

U.S.      «««.»«. 

SV.AÄ«.    1, 

SoH 

A-33 
MO FOtM |g3^_A    '** tiio-hitoti mw9 »••» or-•»-•« 



A-34 



r*-f BORING   NO. 
Project J2_Zjf  
Date:Start   f(!f/f}   finny***-**/*/11 
Location N lt*r,*'t //,//**■        P &?t yft^r, fy 
Drilling Anmney  6»yUr 6**-,  '_ 
Drillar J?c SifoL.Lss Inspector /»rr**r 

DriB   Type     F$t(fo(jAtäJHßf&' 6fir/r 

Instrumentation   Installed. 
Surface Elevation  
Datum lor Surface B.  

7*/,/' Z 

Dritt Uatmaif*^  1X'Jtf(    2JP7^z. 
Thickness  Of Oimrivifrtton 1f'f" 
Depth DrUed Into Uncle io%?' 
Total Dapth of RnHnn CHf.f 
Dir. of Boring_JL_VorL indbmd        nmg 

ELEV. 

2EK 

\tihlz 

I - 

I - 

SOL CLASSIFICATION 

SURFACE COVER 

J 
fin/t//fA fi^M/)fi 6mm/t4 AtJ, 

fih7/mm ff/fr (y- f?J 

Act/ft ftn/J'<A ß*■*#•*, ') 

I 

I'. 

« 

r- 

/■ 

/fi- 

zz. 

Zl- 

*\ 

Zfl 

fry,   tot/Mff-b 
Zr1t/i'*/n ff/fr* 

SYMBOLS:   V- WATER LEVEL AT COMPLETION 
▼"  

I 
C 

ZflL 

Cft 

tzf 

ORL FORM 1202 
1 Jura 1988 

WATER LEVEL HOURS AFTER COMPLETION 

LABORATORY RESULTS 
AND 

REMARKS 

. 

1% " 7?/c^e **** 

W 

z°.r.S, A * W S 

£,// 2,f drifts fr/. 
7# MC   y &"<'%**"• 

Pi-,'//.    £-/ur/*« 

Cat'/if 

C»f(   »*rrr/ 

^s/cT 
Szv "if jpn&if 

SHEET _L OF IL L. *L$5 

> - PARTIAL LOSS OF DRILL FLUID 
>> - TOTAL LOSS OF DRILL FLUID 

BORING NO. sr-r 



BORING   NO. 
Probet At, 7Z r, 

cr-r 
DatezStart        /   / 
Location N 
Drilling Agency. 
Driller  
Dritt   Type 

.Comphta. 
 £  

-U- 
Instrumentation Installed. 
Surface S»wtfton____ 
Datum for Surface B.  

.Inspector. 

Drill Method.  
Thickness of Overburden. 
Depth Drilled Into Aac*__ 
Total Depth of Boring___ 
Or.  Of Boring Vmrt 

ELEV. 

<*'-'*■ 

SOL CLASSIFICATION 

23- 

2/- 

SURFACE COVER 

O 
P 
< 
o 
LL 

s 
«a 

ZZdl 

LABORATORY RESULTS 
AND 

REMARKS 

% 

\ 

\&£ 

fH 

b7- 

if- 

1 
"~ fJfU£t £*fft*™*-* 

Lt£»myi r*Pfä 00**.MM/, 
17- 

3Tl 

bet 
SYMBOLS:   £ WATER LEVEL AT COMPLETION 
„H. ™„..   *" WATER LEVEL H0URS AFTER COMPLETION ORL FORM 1202 , *   „- 
1 June 1888 SHEET 2.  QFU. «  A-36 

> - PARTIAL LOSS OF DRILL FLUID 
>> - TOTAL LOSS OF DRILL FLUID 

BORING NO.   <rr-r 



BORING   NO. 
Project fa  Tt ft 
Date-Start _ 
Location AL 

tf-f Instrumentation    Installed- 
Surface Elevation  

J-JL 
 £  

J-L Datum lor Surface £L 

Drittng Agency- 
Driller  
DrBI   Typ» 
Drill MettxxL— 

.Inspector. 

Thickness of Overburden. 
Depth Drtted Into Aocfc_ 
Total Depth of Boring. 
Or.  Of Bering Vert 

ELEV. 

6ÜU 

':SH 

•IV 
'iff 

\re;t 

-stt 

ft-. 

il\ 

»- 

&-. 

vr-m 

til 

st- 

«■! 

rr. 

It- 

J*Q 
SOU. CLASSIFICATION 

SURFACE COVER 

g 
E 
5> 
CO 

3 
8 
3 

! 2 

LABORATORY RESULTS 
AND 

REMARKS 

f/^j 
SYMBOLS:   T? WATER LEVEL AT COMPLETION 

▼" WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 
1 June 1986 SHEET _2_ OF 11 L.^^ 

> 
» 

■ PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

BORING NO.   tr-r 



BORING   NO. rr-r 
Project __ 
Date:Start. 
Location N. 

thX ft  
Instrumentation   Installed. 
Suriaee BevaHon  

_£ Complete. 
 £_ 

±J- Datum for Surface B~ 

DnWng Agency. 
Driller  
DriU   Type  
Dm Method. 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into Rock  
Total Depth of Boring. 
Dir. of Boring Vert 

■x 

'JH 

:j?fA 

:5H 

ELEV. 

13- 

#1 

StiALE, //£»# AhS/ty 
Hi\trf*fi*rM)  0/-,. 

M 

72.-. 

x\ 

SOU. CLASSIFICATION 

SURFACE COVER 

%r  *,**.-*#,„/ f"*   - 

O 

u 
E 
53 

8 
CO 

111 n 
aal 
CD «o a Mil 

CO 
CO 

•3 
o 
5 LABORATORY RESULTS 

AND 
REMARKS 

r/z/ 

SYMBOLS:   V WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 Jur» 1988 

> 
» 

■ PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

SHEET JL OF 11 SHEL A-38      BORING NO. Mz£- 



BORING   NO. 
Project Mi T, Pr 
Data:Start- 
Location AL 

ff-f Instrumentation    Installed. 
Surface Elevation  

J-L. . Complete. 
 £  

/   / Datum for Surface EL 

Drilling Agency. 
Driller  
Drill   Typ» 
Dritt Method_ 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into flocfc— 
Total Depth Of Baring 
Dir.  Of Baring Vert 

T 
ELEV. 

UAL & 

JncttnetL -Deg 

SOL CLASSIFICATION 

SURFACE COVER 

0) 
w 

LABORATORY RESULTS 
AND 

REMARKS 

\$H 
"-. 

f>\ 

n- 
f-r- 

- 

fo-m 

1t\ 

17- 

ff-- 

ffl 

(00 
5:  V' SYMBOLS:   ?■ WATER LEVEL AT COMPLETION 

WATER LEVEL 
ORL FORM 1202 
1 June 1988 

HOURS AFTER COMPLETION 

SHEET _£_ OF 12 SI A-39 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO.   cf-f 



BORING   NO. tf-<r 
Profeet  
Date-Start _ 
Location N. 

Vrf,r 
Instrumentation   Instated. 
Surface Ssvatton_____ 

/  / .Complete. 
 P  

J-L. Datum tor Surface SL 

Drilling Agency. 
Dritter  
DrBI   Typ» 
Dritt MettKxL- 

. Inspector. 

Thickness of Overburden. 
Depth Drilled Into Rock  
Total Depth of Boring. 
Dir. Of ftv*»g Vert 

ELEV. 

mL 7&. 

0/1 

»I- 

to- 

fitl 

its- 

It7- 

///- 

la- 

in- 

»r- 

in- 

i/a 

Ineäntt Peg 

SOU. CLASSIFICATION 

SURFACE COVER 

LABORATORY RESULTS 
AND 

REMARKS 

[ 

SYMBOLS: V WATER LEVEL AT COMPLETION 
T- WATER LEVEL 

ORL FORM 1202 
1 June 1988 

HOURS AFTER COMPLETION 

SHEET JL OF UL Sh . /V^O 

> 
>> 

• PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

BORING NO.   Cf-f 



BORING   NO. 
Project tf< Ttf< 
Date:Start_ 
Location W_ 

'■<S Instrumentation    Installed.. 

Surface Bevatkm^.  

J-JL .ComptetB. 
 £  

JUL Datum for Surface EL 

Drilling Agency. 
Driller  

Drill   Typ* 
Driü MattooL- 

. Inspector. 

Thickness of Overburden. 
Depth Drilled Into flocfc. 
Total Depth Of Rnring 
Dir. Of Boring Vert 

T 
ELEV. 

itLL 

a/- 

m- 

ati 

ml 

/2rC 

afi 

'*: 

SOIL CLASSIFICATION 

SURFACE COVER 

< a 
u. 
55 
CO 

i 
s 
<0 
a 

2 

LABORATORY RESULTS 

AND 
REMARKS 

Li 

1 

i 

SYMBOLS:   V WATER LEVEL AT COMPLETION 
WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 

> 
» 

• PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

SHEET_2_OF 1L 1.0-9$ BORING NO. tf-r 



BORING 
Project  
DatKStart. 
Location N_ 

JUL 

NO. rr-r ■ Instrumentation   InatalleoL 
Surface BevaUon.  

. Complete. 
 £  

±-L Datum tor Surface EL. 

Drilling Agency. 
Drtter  
Drtt 

.Inspector. 
Typ»- 

Dm Method. 
Thickness of Overburden. 
Depth Otttad Into «odfc_ 
Total Depth Of Bering 
Dt. of ftvfrg        v~* 

ELEV. 

lüß 
SOfl. CLASSIFICATION 

SURFACE COVER 

LABORATORY RESULTS 
AND 

REMARKS 

\SM 

tit 

m\ 

ifh 

Ht-m 

'ill 

mi 

*/- 

**: 

'*£ 

ffi 

ft- 

3 
-I 

SYMBOLS:   V WATER LEVEL AT COMPLETION 
_L 

OIL. 
ruf; 

WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 
1 June 1988 

> 
» 

• PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

SHEET _j£ OF H SI  A-42 BORING NO.   sr-r 



BORING    NO. 
Surface Beva 
Datum forSut 

Mnn 

nata-Slnrt ._ /_,/  Camplat»         /   / >*■«•« 
Locution N                                    P 
nrllBnn Aaancv 

z 
o 

i 
£ 

3 
8 
to a 

s z 
5 
e 
ui a. 
«a 

s 
CO R

E
C

O
V

E
R

Y
/R

Q
D

 

S
A

M
P

LE
 N

U
M

B
E

R
 

S
A

M
P

LE
 T

Y
P

E
 

8? 
*s 
S 3        LABORATORY RESULTS 
5 J                         AND 
g }3                    REMARKS 

if 

0rf/tor Innpantor 
Drill    TVDB 

/Vffl   Umthad 
Thickness t it  Onuhiirrlan 
tenth DrBlmrl Into A«*,.,.  
Total n*pth of Onring 
Dir. of Bortna Vert. Inclined Deo 

ELEV. 
t    ui 

Q 

SOIL CLASSIFICATION 

rw^ SURFACE COVER 
/# 

'7 &<- -^ 

~- 

• 

■ 

I7f\ 

l7£ 

/ / 

. 

™ 

™ 

,7j± 

>7f 

-m 

I7£ - 

- 

- 

■ /7f* 
£A" 
0   3 'f»*>/o f,,*, 

-m 

■ >7jl 

'. fcH 1 • 
i 

C 
1 

SYMBOLS:   V- WATER LEVEL AT COMPLETION                                                       >- PARTIAL LOSS OF DRILL FLUID 
▼" WATER LEVEL HOURS AFTER COMPLETION                        » - TOTAL LOSS OF DRILL FLUID 

'KW202              SHEET _f_ OFLL S A-43           BORING NO.   <rr 



BORING 
Project  
Data:Start_ 
Location N_ 

/   / 

NO. ££=£. Instrumentation    Installed. 
Surface Bevatfon  

.Complete. 
 £  

J-J- Datum for Surface £L 

Drifting Agency. 
Driller  
DrBI    Type 
Drtt MethotL— 
Thickness of Overburden. 
Depth Drilled Into Rock  
Total Depth of Boring.  
Dir. Of ftvfog Vert IncSnmrl 

ELEV. 

nid. 

-Deg 

SOL CLASSIFICATION 

SURFACE COVER 

LABORATORY RESULTS 
AND 

REMARKS 

r 

r 

•4M   ff.£ 

f-L- 

vr-m 

**i 

tt,C 

**• 

(X- 

,'ff- 

l_L 
SYMBOLS:   ^ WATER LEVEL AT COMPLETION 

▼- WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 
1 June 1988 

> 
>> 

SHEET ML OF 21 SH_A^4 BORING NO. 

PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

<rr-r 



BORING   NO. 
Project if- 7", t°. 
Date:Start^ 
Location N. 

rr-r Instrumentation    Installed. 
Suriace £fevatton_  

J-JL .Complete. 
 £  

±J- Datum for Suriace EL 

Drilling Agency. 
DrWer  
Drill   Typ* 
Dritt Method— 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into Rock.. 
Total Depth Of Baring 
Dir.  Of Boring Vart. 

T ELEV. 

SÜL. Sr 

JJeg 

SOIL CLASSIFICATION 

SURFACE COVER 

M 

3 
s 
m 
3 

LABORATORY RESULTS 
AND 

REMARKS 

lot. 
m 

- |Z*)J 

7*r- 

SYMBOLS:   V^ WATER LEVEL AT COMPLETION 
1 

ORL FORM 1202 
1 June 1988 

WATER LEVEL HOURS AFTER COMPLETION 

SHEET JLL OF 21:  A-45 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO.   cr-r 



BORING   NO. 
Project  
Date:Start- 
Location N_ 

Instrumentation    Installed- 
Surface Bavation  

/   / .Complete. 
 £  

JLL. Datum for Surface S.. 

Drilling Agency- 
Driller  
Drill    Typa 
Drill Method— 

IftSOQGtQt 

Thickness of Overburden. 
Depth Drilled Into float— 
Total Depth Of Bering 
Dir.  Of Boring Vmrt 

X ELEV. 

2tUl 
* 

SOIL CLASSIFICATION 

SURFACE COVER 

LABORATORY RESULTS 
AND 

REMARKS 

'ft* 

221- 

L22l 

W~ 

22T- 

- U^- 

'- Vel 

VH 

>.?r- 

or- 

ui- 

SYMBOLS:   X? WATER LEVEL AT COMPLETION 
▼• WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 ,, - A   .e 
1 June 1988 SHEET JL OF 21 SHI   A-40 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO.   cr-r    ■ 



BORING   NO. rx-f 
Pnjoct __ 
Date/Start _ 
Location AL 

J-L 
(J- T-0 

Instrumentation    Installed. 
Surface Elevation—  

.Complete. 
 £  

JUL Datum for Surface EL 

Drilling Agency^. 
Driller  
Drill   Type  
Dritt Method.  
Thickness of Overburden. 

.Inspector. 

Depth Drilled Into Rock. 
Total Depth Of Boring 
Dir.  Of Bering Vmrt. 

■an  
JneOfwcL -D* 

ELEV. 

tUltL & 
SOU. CLASSIFICATION 

SURFACE COVER 

lit 

*£. 

*-. 

ir(~. 

UK 

in: 

m 

V7- 
m 

3 c 
n 
to 

3 
§ 

LABORATORY RESULTS 
AND 

REMARKS 

SYMBOLS: 

ORL FORM 1202 
1 June 1988 

V- WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

SHEET JLL OF JJL 5  A-47 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO.   rr-r 



BORING   NO. 
Project 'J   T-f 
DataiStatt      /  / Camptet». 
Location N £  
Drilling Agency.  
Driller Inspector  
Dritt   Type  
Drill Method  
Thickness of Overburden  
Depth Dttted Into Rock.  
Total Depth of Boring.  
Dir.  Of Borkig Vart 

T 

rr-f Instrumentation    InstaBecL 
Surface Fi***tkwi 

/ / Datum tor Surface £L 

ELEV. 
Iff./ 

SOU. CLASSIFICATION 

SURFACE COVER 

M 
CO 

s 
en 
3 

LABORATORY RESULTS 
AND 

REMARKS 

• 2 38 

2C 

'■sb 

\ 

"i 

iz. 

'■ 

I &7- 

\W1 
SYMBOLS:   V- WATER LEVEL AT COMPLETION 

▼• WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 _ ,, .   .« 
1 June 1988 SHEET JZL OF JA Sh   A-*»0 

> - PARTIAL LOSS OF DRILL FLUID 
>> - TOTAL LOSS OF DRILL FLUID 

BORING NO.   trr-s- 



BORING   NO. cs-r 
Project  
Data:Start- 
location AL 

/  / 
y   Z /*r 

.Complete. 
 £  

J-L 

Instrumentation    Installed. 
Surface Elevation  
Datum tor Surface B  

Drilling Agency. 
Driller  
Dritt   Type^^. 
Drill Methods. 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into floefc_ 
Total Depth Of Boring 
Dir.  Of Rming Vart. 

T 
ELEV. 

WL 
8r 

-D* 

SOU. CLASSIFICATION 

SURFACE COVER 

i 

8 
CO 
3 

LABORATORY RESULTS 
AND 

REMARKS 

rrt- 

#2- 

If-Ü 

Vrl~. 

97- 

*^. 

110- 

IV- 

nii 

irj-m 

>n-m 

iH- 

itr\ 

2rh. 

2t£ 
SYMBOLS:   V WATER LEVEL AT COMPLETION 

▼- WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 
1 June 1988 SHEET JLL OF 11. S..^Tj® 

> 
» 

PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

BORING NO.   ff-s 



BORING   NO. tt-f 
Project  
Data:Start^. 
Location N_ 

J-L 
JL-ZL4. 

Instrumentation   Installed. 
Surface Devmtion  

.Complete. 
 £  

J-L Datum for Surface flL. 

DrBOng Agency. 
Driller  
DriB   Type 
DrBI AtethocL— 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into floöt_ 
Total Depth Of Boring 
Dt.  Of Boring Vert 

ELEV. 

MJl 
SOU. CLASSIFICATION 

SURFACE COVER 

LABORATORY RESULTS 
AND 

REMARKS 

L 

too. 

Vt\ 

»% 

yi-. 

m\ 

A 
irr-m 

ml 

J/r- 

Jüt 
SYMBOLS:   T? WATER LEVEL AT COMPLETION 

▼" WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 ., ,, A  en 
1 June 1988 SHEET J£. OF ij_ Sfc_£?T3U 

> - PARTIAL LOSS OF DRILL FLUID 
>> - TOTAL LOSS OF DRILL FLUID 

BORING MO-   *f-f 



BORING   NO 
Project 
Date:Start 
Location N. 
Drilling Agency. 
Driller 
Drill   Type. 
Drill Method. 

<r-r Instrumentation    Installed. 
Surface Elevation.. 

SYMBOLS: £ WATER LEVEL AT COMPLETION 

ORL FORM 1202 
1 June 1988 

WATER LEVEL HOURS AFTER COMPLETION 

SHEET JZOFILL. A:!? 

> PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

BORING NO.   ^rrf 



BORING 
Protect  
DatatStart. 
Location N. 

J-L 

NO.  . <r-r 
.Complete. 
 £  

J-JL 

Instrumentation   Installed. 
Surface Elevation  
Datum for Surface B  

DnWng Agency. 
Dritter  
Drill   typ» 
Drill Method— 

.Inspector. 

Thickness of Overburden. 
Depth Drilled boo flocfc__ 
Total Depth of Boring. 
Dir.  Of Boring VmtL 

ELEV. 

1ML 
SOU. CLASSIFICATION 

SURFACE COVER 

U 

LABORATORY RESULTS 
AND 

REMARKS 

Tfff 

Til 

}t/- 

)t£ 

)tf-m 

iru. 

ttz: 

Iff- 

ir/-m 

1 

SYMBOLS:   V WATER LEVEL AT COMPLETION 
▼- WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 Jun« 1988 SHEET Jl. OF 2L-»   A_52 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO.   rr-*  



BORING 

Date:Start 
Location N. 
Drilling Agency. 
Driller 
Drill   Type. 
Drill Method. 

Instrumentation    Installed. 
Surface Elevation. 

SYMBOLS:   V WATER LEVEL AT COMPLETION 

ORL FORM 1202 
1 June 1988 

WATER LEVEL HOURS AFTER COMPLETION 
> 

>> 
• PARTIAL LOSS OF DRILL FLUID 

TOTAL LOSS OF DRILL FLUID 

SHEET ML OF H.S.. A-53 BORING NO.   <r<-r 



BORING 
Project ___ 
Date:Start. 
Location /V_ 

/   / 

NO.   _ 
U< 7, f< 

ff-7 Instrumentation    Installed. 
Surface Elevation  

.Complete. 
 £  

J-L Datum for Surface £L 

Drilling Agency. 
Driller  
Drill   Type 
Drtt Method— 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into /?«*__ 
Total Depth of Boring. 
Dir. of fty*»g v*rt 

T 
ELEV. 

72/,/ 

SOO. CLASSIFICATION 

iti- 

Jt3~ 

iff- 

in— 

HZ- 

1f*Z 

lf7z 

wi 

iffZ 

mi 

SURFACE COVER 

3 
s 
to 

LABORATORY RESULTS 
AND 

REMARKS 

SYMBOLS:   V- WATER LEVEL AT COMPLETION 
▼■ WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 SHEET J£ OF 22 SH   A-54 

> 
>> 

• PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

BORING MO-   c^s- 



BORING 
Project  
Date:Start_ 
Location N_ 

NO. fs-r 
l£- 

Instrumentation    Installed. 
Surface Elevation  

J-L .Completa. 
 £  

J-L Datum tor Surface £L 

Drilling Agency. 
Driller  
DrW   Type 
Drill Method— 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into floefc. 
Total Depth Of Bnring 
Dir.  Of Bring VarL 

X ELEV. 

ML 

-D«ff 

SOU. CLASSIFICATION 
SURFACE COVER 

3 

LABORATORY RESULTS 
AND 

REMARKS 

w- 

itf-m 

I*7-. 

<rrt- 

111- 

9/f- 

syzs^ 

V_ WATER LEVEL AT COMPLETION SYMBOLS:   _ 
WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 , , , •?    A-55 
1.JUIM 1988 SHEET 2L OF 11 -~J*? 

> - PARTIAL LOSS OF DRILL FLUID 
>> - TOTAL LOSS OF DRILL FLUID 

BORING NO. cr-r 



BORING   NO. t<-r 
Project 
Data:Start 
Location N. 
Drilling Agency. 
Driller 
Drill   Type. 
Dritt Method. 

«< T,r*t 

Instrumentation    Installed. 
Surface BevaHon. 

1*. 

SYMBOLS:   2 WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 SHEET Al OF Ü SH_A-56 BORING   NO. 

PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

■cs-r. 



BORING 
Project  
Data:Start. 

NO. cs-f Instrumentation    Installed. 
Surface Elevation  

J-JL ftnmptoM /   / Datum for Surface S.. 

Location N  
Drilling Agency. 
Driller  
Drill   Type  
Drill MetfweL— 

.Inspector. 

Thickness of Overburden. 
Depth Drttled Into Rock  
Total Depth of Boring— 
Dir. * Bring Vert 

T 
ELEV. 

2IAL JLI 

ml 

mi 

yrA 
**\ 

*cl 

w 

fill 

rrrl 

SOD. CLASSIFICATION 

SURFACE COVER 

I 
C 
55 
CD 

8 
«0 
3 

s 
a 
5 

LABORATORY RESULTS 

AND 
REMARKS 

SYMBOLS: V WATER LEVEL AT COMPLETION 
▼• WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 SHEET 21 OF 31    A_57 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO. 'cr-s- 



BORING 
Project __ 
0«M.-Start_ 
location AL 

J-L 

NO. rf-r Instrumentation    Installed. 

Suite* gayatfon  
.Complete. 
 g ■ 

/ / Octum for Surface fiL 

Agency. 
Driller  
Ort/   Typ» 
Orfff MatfiooL— 
Thickness of Overburden. 

■ Depth Drilled Into Äodfc— 
Total Depth of Boring— 
Dir. of a™*«! V"L 

1 
ELEV. 

;y///j 

SOIL CLASSIFICATION 

SURFACE COVER 

z 
o 

< u 
«9 
(0 

s 
as 

LABORATORY RESULTS 

AND 
REMARKS 

9ft~. 

YfMC 

¥/2r- 

**: 

**~ 

fftL 

Ü2Z 

Xy/n ~ t'ryfUi ///* 

SYMBOLS:   ^ WATER LEVEL AT COMP'jmON 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 SHEET i^OFÜl^? 

> - PARTIAL LOSS OF DRILL FLUID 
>>- TOTAL LOSS OF DRILL FLUID 

BORING MO-   r<-r 



* 

BORING   NO.   . 

0att:Stvf_ 
Location AL 

fä-f Instrumentation    Installed. 
Surface Elevation  

±J- nnmplatm 1   1 Datum tor Surface a. 

Drilling Agency. 
Driller  
Dritt   Typ* 
Drill Method— 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into /»«*__ 

IZLil 

Total Depth Of Boring 
Dir.  Of Boring Vmrt 

X 
J*B 

ELEV. SOU. CLASSIFICATION 

*** 

fly" /»• 

SURFACE COVER 

S 
ill 

LABORATORY RESULTS 
AND 

REMARKS 

'St 

<-**,+ ö-fit*Von 
-iff- 

itr- 
• - &l**A^e* <■ 

•tti- 

»it 

. f.'tf-f V*j 

' —Iftttli 

toetfi 

M    / ASM* 

tn<tf> 

TL'/iJy Li/»,'**/*/, ftfTYc 

S//ff tit/It   L</>fef   *nJ 

3:   V SYMBOLS:   V- WATER LEVEL AT COMPLETION 
WATER LEVEL 

ORL FORM 1202 
1 June 1988 

*' 

N 

N 

f# - fAo/% 

ft»«/ f/*7 

/tec irt' 
Lift 0.0' 

Ti'fn < 

MH0- /7;w 

/ 1J2J   2W£ 
^7.*/   2-/1,7 

z       ?£Z? 2J3J. 
<lFJj    2.11,2. 

lr*-tl<t> tXefmr* Iff, 

/ln/i/ 7$  Run £ 

ffun 2 
CortJ 16,3 
ftec  10,3 

'lofS 0.0 

T,'*t 

tout/   ß^yt 

r;ir - 

Efir    ". 

IM} 
7J/,7 

HOURS AFTER COMPLETION 

SHEET 2£ OF 21 !_. ^TÜ? 

> 
» 

PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

BORING NO. _X^1 



BORING   NO. cf-r 
Pro/set __ 
Date:Start_ 
Location AL 

Instrumentation    Installed. 
Surface "■»*»' 

J-L. .Complete. 
 £  

J-J- Datum tor Surface EL 

Drilling Agency. 
Driller  
Drill   Typ» 

.Inspector. 

Method.  
Thickness of Overburden. 
Depth Drilled Into flodc_ 
Total Depth Of Bering 
Dt.  Of Boring Vmrt 

< o 
C 
S 
0 

3 
s 

LABORATORY RESULTS 
AND 

REMARKS 

1 — 6l*cfi 

Ml 

&L- 

:#?,r: 
rri- 

4 ^/httfi 

?A':*i 

Ml' 

'.Li 

•/hitA £-f4     ( JrfffritoSftf-tLfitfrfmt) 

vt--, 

j££ 
SYMBOLS:   V- WATER LEVEL AT COMPLETION 

▼" WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 
1 June 1988- 

N 

N 

r * 

/? un 3 
Cored' /Or 3 
fttc   /0,1 
Losj 0-0 

Tlmt /o:t0-'}!2-0 

Wktt(f    Otfik     E/f, 

f 

7 

? 

#*<.   /0,L 

/>**S 0,6 

> 
» 

sHEET^opils» A-60 BORING NO. 

■ PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

<?r- r 



BORING   NO. 
Project K- Tit*, 
Date:Start- 
Location AL 

riff Instrumentation    Instated. 
Surface Elevation  

/  / .Complete. 
 E  

JU- Datum tor Surface S_ 

Drilling Agency. 
Driller  
Drtt   Typ» 
Drill Methods. 

.Inspector. 

Thickness of Overburden. 
Depth Drttled Into floc*_ 
Total Depth Of Hiring 
Dir.  Of Boring Vert 

SOU. CLASSIFICATION 

SURFACE COVER 

< o 
C 
n 

s 

LABORATORY RESULTS 
AND 

REMARKS 

~u 

'Ls 

;-fUt &«;*<,* j//> 

or-- /W 6-t* 

DC 

w- 

Of- 

0f-m 

fit: 

v/ form Za/irf  flytt>/,'tt<i) 

Met A ^-fff 

'.-titt/l 

m- 

S3X- 

1IC- 

flttd 6-*t 

asJLc 

W-J^ Hfl t-i* 

SYMBOLS:   V- WATER LEVEL AT COMPLETION 
▼" WATER LEVEL 

ORL FORM 1202 
1 June 1988 

t 

^ 
X 

** 

4 

\ 

3 

/Ire /ÄJ 

L*i$ 0.0 

T/mc /2; 7 r-'/?;//    - 

Aec/0.2. 
Usi 0,0 

HOURS AFTER COMPLETION 

SHEET 22OF 32 .^*? 

> 
» 

■ PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

BORING NO.   *r>r 



BORING   NO.  _ 
Project tit 7<f' 
Da»:Start_ 
Location AL 

-ZJC Instrumentation    Installed. 
Surface £tovatfan_  

.AX .Co/npM». 
 £  

JL-£. Datum for Surftet £L 

OriH&jff Agency. 
Drtter  
Orff   Typ* 

.Inspector. 

DriB Method. 
Thickness of Overburden. 
Depth Drilled Into Rock— 
Total Depth of ftv*y 
Ofc of BoringL—Vart. 

ELEV. 

"Z£7? 

& 

SOIL CLASSIFICATION 
SURFACE COVER 

"Ls 

i\ 9 
A ■rTTct" 

m 

rrf. 

-SaUffa flitcA 
<IUTT*K 

ßf0kn 

LDL_ 1/trtSn/ fiu&rt 

7      **i>- t/ropu 

-<zf 

Wr?' 

'■ml 

frt-     "/ 

• S0O*t* 
| (t'Tt 

V.firimf £/** 

f4Z*4lM4*. ßjfl 

*T\> 

-***.*+ ^^ 
L      mi     * 

W'-tt; 

o 

s 
CO 
3 

Nl 

s 

i. 

LABORATORY RESULTS 
AND 

REMARKS 

/?-/. 7 

fiec. /*.T 

Lat{ 0,0 ' 

0* faff pre ft'efti'- 

0*t0r fj»t*.   frrefri-*    '. 

L«tf a// Jr.'/i ~*/rr 

SYMBOLS:   V- WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 SHEET 1£TOF II SH   A-62 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO. rr-f 



BORING   NO.   . 
Project "■ T.fi. 

sf-r Instrumentation   Installed^ 
Surface £tovatfan__  

Date:Start. 
Location N  
Drilling Agency. 
Dritter  

J-J- .Complete. 
 E  

2JL Datum tor Surface £L 

.Inspector. 
Dritt   Type— 
Drill Method. 
Thickness of Overburden. 
Depth Drilled Into flodt_ 
Total Depth of Boring. 
Dt. of Boring—Vert 

ELEV. 

25Z2 
SOIL CLASSIFICATION 

SURFACE COVER 

ftl.—S'ty 

—Jo 
K o 

5 LABORATORY RESULTS 
AND 

REMARKS 

-JMJL 

~im' 

Hs 

—£*/>£ ffi>'l 
r#z 

-W 

• - Ctrt ft* 

1>J. -ftltdi"* 

jH ft"" 

JrJ»* -JH40/ 

^ 

\ 

M 
** 

^ 

AM 1 
CtrJ W, ? ' 

rffc  *>>1 
less 0.0 

T/Alt 
/tier-/*:?] 

*nr - 
R*n/0 

/ftc    til 
t-*t1 0,0 

7/4tt 

l/L.     • 

SYMBOLS:   V WATER LEVEL AT COMPLETION 
▼" WATER LEVEL 

ORL FORM 1202 
1 June 1988 

HOURS AFTER COMPLETION 

SHEET2£0FÜ:  A^3 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO. __ 



BORING   NO. 
Project. torfr 7, 
DatacStart. 
Location N  
Drilling Agency. 
Dritter  

J^ZL. 

J-JL . Complete. 
 p  

J-L 

UiSDQGtQt 

Dritt   Type  
Dritt Method,  
Thickness of Overburden, 
Depth Drittad Into Rock— 
Total Depth of Boring— 
Dir.  Of R"ri»Q Vert 

ELEV. 

tu,/- 

Us 

# 

m- 
\ -*■#£•" •'«** *t* f/fjJ2' 

fu- 

ns. 

SOU. CLASSIFICATION 

SURFACE COVER 

mSHLtrtUrtt/r 

^.fllun 

SrtO.02.' 

sn- 

rri- 

frr- 

-iHUm.'**«'}"' 

— /rircl (-<» 

'.-Sty 

ffr- 
I-mutt** 
Z-ftv ■sHi*«iMca//> 

**-&%*' 

'inS 

MIL 

2 -flint *-t0 

ffr^ "-ß/?m*.i 

trtfi.tL 

l„t' —flltti 
Jfrt- zSry 

Instrumentation    Installed. 
Surface BevaOon. 
Datum lor Surface EL 

< 
u 
E 
35 
CD 

3 
3 
CO 

\ 

I 

LABORATORY RESULTS 
AND 

REMARKS 

Act /Ö./ 

T/'mt 

Am*/I 
tsrtj ill 
Arc   ill 
Utj 0,0 

SYMBOLS:   V- WATER LEVEL AT COMPLETION 
▼- WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 

>-PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

SHEET M. OF 21 »J£$*        BORING NO.  tr-< 



BORING   NO. rr-f 
Project  
Date:Start^ 
Location W_ 

JL-L. 
A* 7<<*< 

Instrumentation   btstattecL 
Surface Bevaoon  

.Complete. 
 £  

±J- Oatum for Surface B.. 

Drilling Agency. 
Dritter  
Drill   7ype__ 

.Inspector. 

Drill Method. 
Thickness of Overburden. 
Depth Drilled Into flodt__ 
Total Depth of BoringL— 
Or. of «~*y van. 

ELEV. 

£LiL ja. 

SOU. CLASSIFICATION 

SURFACE COVER 

z o 

i 
c z 

8 
S 

si 

LABORATORY RESULTS 
AND 

REMARKS 

:4&£L 
j=* 

^ 

»74 

w 

-*V 
"^/n*tk 6-co 

';£*£''**  f'wfoKfit. 
^ui    r/,„ 1tft^ ?z/ • 

-t7lu.A 

ttr- 
=ÄX- 

f<V- 

: £-5 

Aü 

fi/ffiftn 

ßifiOe* 

V7- 

**■- 

vi- 

es* J^2 S-M **/' 

i/l--m,tA t-,* 

-Li 

-Sty 
-flitch 

s/f£s«;40t fi/fi 

•f/flmminit a/p 

(f7- 

•tHt.0/' 

■Siy 

■XtA/F.'/U^f 

,} -ftt*Url0—r#£**:«* 

• -flY  ftHf.er' 

± 

\ 

S 

^ 

fftc (0*1 

1-OfS 0,0 

V?.    • 
/f*4   If Wi 

foe to,i 

f»«e    TrttmiA  Stefan 

SYMBOLS:   V WATER LEVEL AT COMPLETION 
▼-WATER LEVEL 

ORL FORM 1202 
1 June 1988 

HOURS AFTER COMPLETION 

SHEET IZ. OF li «.^®? 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO-   <r-f 



BORING   NO.  _ 
Project Ü > Tf. 
DatKStart- 
Location AL 

riff Instrumentation    Instated. 
Surfte» Bevaoon  

MJL .Completa. 
 £  

/  / Datum lor Surface SL 

Drilling Agency. 
Drtter  
DnV   Typa 
Drtt AtotfJOöL— 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into floe*_ 
Total Depth of Boring. 
Dir. of Boring—Vert 

ELEV. 

~7TH 
SOIL CLASSIFICATION 

SURFACE COVER 

o 
5 
o 
E 
5 
«a 

3 
8 

HI 

LABORATORY RESULTS 
ANO 

REMARKS 

ttt.r 2T . —m„i 

2tdl 
o/- 

cm- 

•L 

"7r,rr*zx 

Lb 

2fJL 

£'t~ ?a,7'-71'7' 

&•-,  Ctm„fy/Tf 
ML 

Tr*/iTff'*n ikt/iev/ 

-//•_«/ 

• —tt\tt X 

CitZ _ /Tin i 4dL 

\0*t 
Z "2lh*»J 

CVl 

nt- 

Mm/ft,  Llftf 6+»y6 

. ./nun 

üA_ 

i 

^ 
^ 

^ 
a 

e/i- 
erf 

ton*/    0<flft   £A„ 

'      €17./     7*2- 1 
/£> 

It 

iz. 
tV'l    tt.f 

6£L\ 
ft«*/& *'/$ 
£tre// /0./ 
ftec /$,/ 

SYMBOLS:   V- WATER LEVEL AT COMPLETION 
▼• WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 JUJiB 1988 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

SHEET 1AOFÜSH_A^6 BORING   NO.      £<"T 



BODING   NO. <t-f 
Project  
liata-Stmrt        /   / 

Location N  

ttt/tr 
Instrumentation    Installed. 
Surface Bevatlon  

.Complete. 
 £  

JU- Datum tor Surface £/.. 

Drilling Agency. 
Drtter  
Drill   Type 
Dm Method— 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into Rode 
Total Depth Of Boring 
Dir.  Of Boring Vmtt. JncBnecL -Deg 

ELEV. 

TÜH 
SOIL CLASSIFICATION 

SURFACE COVER 

LABORATORY RESULTS 
AND 

REMARKS 

12A 

~*T\ Y 

\§pl 
t*i- - flltcit-ee 

■-JUL 

»% "•~ft\ttA£-c» 

<i£ 
:-fiY 

.flittl 

!YC- ß.t,tf. 

I 

S:  2 ' SYMBOLS:   V WATER LEVEL AT COMPLETION 
WATER LEVEL 

ORL FORM 1202 
1 June 1988 

i 

HOURS AFTER COMPLETION 

SHEET JiOF.£L .A:*7 

> - PARTIAL LOSS OF DRILL FLUID 
>> - TOTAL LOSS OF DRILL FLUID 

BORING NO. rr-f 



A-68 



BOFUNQ   NO. 
Project IIüLLL. 

ZZuL. 

±J- Data.-Stmrt t   /IT/fl    nnnpltm   
Location N /(tfrr 't  #,//** F F* ^ , 
DrBBna Aaencv      A?.,/,.    /?*. r  
Dritter ^^r  f-f/f-t// fay«^   />*****, 
Drill   Tut»     >>//&,   &A 

Instrumentation   Installed. 
Surface Bevation_ -7/*^ 
Daum for Surface fiL 

<■*"<" 

Drill Method I**** VZ'Jtf 2Jf-~S~r 
Thickness Of Ovarbunian *r'6/,a' 
Depth DriBed Into /?«*_ 
Total Depth Of Bnrlnp 
Dir. of 8ortng_Z_Vert 

ELEV. 

u?.r 
£**■*' 

-.7/Zf 
mz. 

~-7or3' 

SOU. CLASSIFICATION 

SURFACE COVER 
£ruf/irS .   6-„>~e./(t>-asFT 

o 

I 
E 
3 
M 

3 
8 

•m 

I 

fo.1'- t.r) 

G"n/>1   fle/m/n frffif ?J 

(IS- Mfi'J 

// 
\ 

LABORATORY RESULTS 
AND 

REMARKS 

§11 

til 

ß\ 

yj 

til 

>?1 

yl 

'i'- 

SYMBOLS: 

ORL FORM 1202 
1 June 1988 

WATER LEVEL AT COMPLETION 
WATER LEVEL HOURS AFTER COMPLETION 

Ifr'Tn^ fitter 

fit6,   •&"   J-r/O-tt of     - 
if ft,     /ffM-'ct'fi 

1*' 

Mr in* 4 surftet fr/ 

2fCf 
ff 3 r^ my? 

tJ'AfcJ/Os,'// r/s f     • 

f't ATX (K/A, /, ,,     _ 

Äfft e>f rwt/n, 
1. /2J" 

> - PARTIAL LOSS OF DRILL FLUID 
>> - TOTAL LOSS OF DRILL FLUID 

SHEET ±.1*21 si A-69        BORING NO. cr-t 



BORING 
Project __ 

LoeattonAL 

NO. rc-c 
J-L. .Complete. 

 £  
JUL 

Instrumentation    Installed. 

Surface Bevanon  
Datum for Surface n 

Drilling Agency- 

Driller  
Drill   Typ* 

DnH Mathod_ 

VtSOQGXQf 

Thickness of Overburden. 
Depth Drtted Into flocfc_ 
Total Depth of Rnrfag 

Dir. of ftv*»p V»* 

r 
ELEV. 

tfftff' 

SOU. CLASSIFICATION 

SURFACE COVER 

2 
5 LABORATORY RESULTS 

AND 

REMARKS 

12. 

2/J 

*/■: 

?r- 

- 
;7^ 

?ri 

\ 

SYMBOLS:   ^ WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOL'RS AFTER COMPLETION 

ORL FORM 1202 - j7 A_7n 
1 Juno 198fl SHEET _r=. OF 11 SHE  *WU 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO. Cf-6 



BORING 
Project  
Datm.-Start        /   / 

NO. 1£=L. 

Location H„ 
.Complete. 
 £  

J-L. 
Instrumentation   Installed. 
Surface Elevation  
Datum tor Surface B.  

Drilling Agency. 
Driller  
Drill    Type 

.Inspector. 

Drill Method,  
Thickness of Overburden.. 
Depth DriBed Into /?«*__ 
Total Depth of Bortng^_ 
Dir. of Bortng__VorL . 

ELEV. 

JnetnedL—Dog 

t?*~r 

•j.tt,r 
'f* 

ft- 

if. 

9f- 

rrl 

rr-m 

7- 

tiPti. 
SYMBOLS: 

UL 

SOU. CLASSIFICATION 

SURFACE COVER 

I 
s 
3 
s 
CO 

TfM, 
MAIS. I,'ftf6-~y, 

2 
S a 

LABORATORY RESULTS 
AND 

REMARKS 

ORL FORM 1202 
1 June 1988 

i:   £ WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

SHEET J-OFIIS.^:?1 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO. cf~ £ 



BORING   NO. az£. 
Project  
Date-Start _ 
Location AL 

-£^Z2L 
J-L .Complete. 

 £  
/  / 

Instrumentation    Installed. 
Surface Bevation  
Datum for Surface EL 

Drilling Agency. 
Driller  
Drill    Type 
Dritt Method— 
Thickness of Overburden. 
Depth Drtted Into float- 
Total Depth of Boring 
Or.  Of Boring Vmrt 
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LABORATORY RESULTS 
AND 

REMARKS 
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SYMBOLS: 

711 

7<£ 

7A 

4-4 f/   <*/,'*/' </„/r *W 
2; WATER LEVEL AT COMPLETION 
T- WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 SHEET _I OF Ü SHE-A-72 BORING   NO. 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

rs-& 
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g 3        LABORATORY RESULTS 
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g jl                    REMARKS 
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SYMBOLS:   V WATER LEVEL AT COMPLETION                                                       >-PARTIAL LOSS OF DRILL FLUID 
T- WATER LEVEL HOURS AFTER COMPLETION                      > > - TOTAL LOSS OF DRILL FLUID 

1 Jane 1983                           SHEET _£ OF .11 SI  A-73               BORING  NO.    CJ-6 



BORING 
Project .^_ 
DatxStart^ 
Location N_ 

-LJL 

NO. tr-c Instrumentation   Installed. 
Surface Elevation  

.Complete. 
 £  

JUL Datum for Surface SL 

DrBBng Agency. 
Driller  
Dritt   Typ» 
Dritt Method.  
Thickness of Overburden. 
Depth Dritad Into AodL. 
Total Depth Of Boring 
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T 

.Inspector. 

ELEV. 

6/2.r 
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LABORATORY RESULTS 
AND 

REMARKS 

/'£ 

t/ol 

///l 

f/zz 
fnl 

f/yi 

■ 

</;2 

ur-m 

'ML 
SYMBOLS:   V- WATER LEVEL AT COMPLETION 

▼" WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 s ,, A_7* 
1 June 1988 SHEET _1_ OF JJ. SMLJr~,H 

> 
» 

• PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

BORING NO. r<r- 



BORING 
Project  
Date:Start_ 
Location N_ 

J-L. 

NO. £?-* 

.Complete. 
 £  
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Instrumentation    Installed. 
Surface Bevation_  

.latum tor Surface El.  

Drilling Agency- 
Driller  
Drill   "Type 
Drill Method__ 
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Thickness of Overburden. 
Depth Drilled Into flocfc- 
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Or.  Of Boring Vmri 
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SYMBOLS:   V WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

SHEETi.OFUs A-75 BORING NO. _r <--, 



BORING 
Project __ 
Data-Start _ 
Location N_ 

JLJ- 

NO.   . sf-& Instrumentation    Installed- 
Surface Station  
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±JL Datum tor Surface £L 

Drilling Agency— 
Driller  
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Dritt Method.  
Thickness of Overburden. 
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SYMBOLS:   ^ WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 ^        . _ A -c 
1 June 1986 SHEET _£_ OF 1L SHI   A-76 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO. _ 
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SYMBOLS:   V WATER LEVEL AT COMPLETION                                                       > . PARTIAL LOSS OF DRILL FLUID 
T- WATER LEVEL HOURS AFTER COMPLETION                        » - TOTAL LOSS OF DRILL FLUID 

?ftnÄ1202              SHEET JL OF 11 s A-77          BORING NO. rc.{ 



BORING 
Project  
Deta:Start_ 
Location N  
Drilling Agency. 
Driller  
Dritt   Typ» 
Dritt MethotL— 

NO.   . Cf-6 Instrumentation    InstatteoL 
Surface Elevation  

JUL . Complete. 
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JLA. Datum tor Surface EL 

Thickness of Overburden. 
Depth DrOad Into Rock— 
Total Depth Of Boring 
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SURFACE COVER 

< 
u 
E 
5 
as 

3 
8 

LABORATORY RESULTS 
AND 

REMARKS 

/ft. 
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lz± 
5:   2' WATER LEVEL AT COMPLETION 

! 

SYMBOLS:   _ 
WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 ,, , ■, A_-TO 
1 June 1988 SHEFT   /"OF  7 i SHI   M-/Ö 

> 
>> 

PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

SHI BORING NO. _ 



BORING 
Project __ 
Oaia:S>twr_ 
Location AL 

NO. 
U.T.A 

Cf-6 Instrumentation   Installed. 
Surface Elevation  

J-L . Complete. 
 £  

2-L Datum for Surface S.. 

Drilling Agency- 
DriUer  
Drill   Type- 
Drill Method— 

.Inspector. 

Thickness of Overburden. 
Depth Drtted Into Rocfc— 
Total Depth Of Boring 
Or. Of Boring Vart 
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SOIL CLASSIFICATION 

SURFACE COVER 

LABORATORY RESULTS 
AND 

REMARKS 
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SYMBOLS:   V WATER LEVEL AT COMPLETION 
▼■ WATER LEVEL 

ORL FORM 1202 
1 June 1968 

HOURS AFTER COMPLETION 

SHEET JL OF JLZ SI-  ^-79 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO. <T- 



BORING   NO. Z£=«L 
Project  
Data:Start_ 
Location H. 

Instrumentation   Installed. 
Surface Bevatlon  

J-JL .Complete. 
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/  / Datum lor Surface S_ 
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SYMBOLS:   V WATER LEVEL AT COMPLETION 

▼" WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 ,. ~7 A-flf» 
1 Jur» 1988 SHEET J±L OF ±L SHL-fy0" 

> 
>> 

• PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

BORING NO. /T- .' 



Instrumentation    Installed. 
Surface Bavatton. 

Data:Start 
Location N. 
Drilling Agency. 
Driller 
Drill   Type. 
Drill Method. 

SYMBOLS:   V WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 SHEET^LOFÜJ  A-81 

> 
» 

• PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

BORING NO. L <■-<: 



BORING   NO. 
Project fJ,f,f, 
Date:Start_ 
Location N_ 

rt-t Instrumentation    Installed- 
Surface BmmOon  

-L-L .Complete. 
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±J- Datum for Surface £L 

Drilling Agency.. 
Driller  
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.Inspector. 
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Dritt Method. 
Thickness of Overburden. 
Depth Dritted Into floefc— 
Total Depth Of Boring 
Dir.  Of Boring Vmrt 
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SYMBOLS:   ^ WATER LEVEL AT COMPLETION 
T- WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 

> 
» 

• PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

SHEET IT OF Ü SHE  A-82 BORING   NO.    ^'C 
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/   / Datum for Surface EL 
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SYMBOLS:   V- WATER LEVEL AT COMPLETION 

▼" WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 ,~        ->zi   A-83 
Uune1988 SHEET IL. OF 12. SLzH 

> - PARTIAL LOSS OF DRILL FLUID 
>>- TOTAL LOSS OF DRILL FLUID 

BORING NO. r/v 



BORING 
Prolect  
DataiStart         /   / 
Location N.  

NO. £f-C Instrumentation    Installed. 
Surface Elevation  

.Complete. 
 £  

J-L Datum for Surface £L 

Drilling Agency. 
Dritter  
Dritt   Typm 
Drill Method— 

.Inspector. 

Thickness of Overburden. 
Depth Drttad Into flodt_ 
Total Depth Of Boring 
DlT.  Of Boring Vmrt 
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SOL CLASSIFICATION 

SURFACE COVER 
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LABORATORY RESULTS 
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REMARKS 

SYMBOLS:   S? WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 

> - PARTIAL LOSS OF DRILL FLUID 
>> - TOTAL LOSS OF DRILL FLUID 

SHEET^l0FÜSHE_A-84 BORING   NO.    Cf-£ 
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Project  
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SYMBOLS: 

ORL FORM 1202 
1 June 1988 

WATER LEVEL AT COMPLETION 
WATER LEVEL HOURS AFTER COMPLETION 

SHEET 12- OF _H S. .^Tf5 

> - PARTIAL LOSS OF DRILL FLUID 
>>- TOTAL LOSS OF DRILL FLUID 

BORING NO. sr-£ 



BORING   NO. 
Project f/< Zr /*<■ 
DateiSt 
Location N. 
Drilling Agency. 
Driller 

Cf-£ 
Instrumentation    Installed. 
Surface Bevatlon. 

SYMBOLS: 

ORL FORM 1202 
1 June 1988 

WATER LEVEL AT COMPLETION 
WATER LEVEL HOURS AFTER COMPLETION 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

SHEET /L OF Ü SHE. A-86 BORING   NO.    ^ <*'^ 



BORING 
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Date:Start_ 
Location H. 

J-L. 

NO. 
tfrTr'fr 

£f< Instrumentation   Installed. 
Surface Elevation  

.Complete. 
 £  

/   / Datum for Surface B.. 

Drilling Agency- 
Dritter  
Drill   Type 
Drill MftfxML. 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into flodt_ 
Total Depth Of Boring 
Dir. Of Boring Vmrt 
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REMARKS 

SYMBOLS:   V WATER LEVEL AT COMPiinON 
T- WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 

> 
» 

PARTIAL LOSS OF DR'U. FLUID 
TOTAL LOSS OF DRILl FLUID 

sHEET^oFÜs A-87 BORING NO. _H 



BORING 
PfOjeCt ___„ 
D*te:Start_ 
Location N_ 

NO. rf-c Instrumentation    Installed. 

Surface Bevaoon  

±JL .Complete. 

 £  
-LJ- Datum tor Surface B.. 

Drilling Agency. 

Driller  
Drill   Typ» 

DnTi Method— 

.Inspector. 

Thickness of Overburden. 

Depth DriBed Into flodt_ 
Total Depth Of Boring 
Dir.  Of Soring Vmrt. 
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SYMBOLS:   V WATER LEVEL AT COMPLETION 

T- WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 , ^        ,-j        A-88 
1 June 1988 SHEET Z£ OF <Z SKjLT!?0 

> - PARTIAL LOSS OF DRILL FLUID 
>> - TOTAL LOSS OF DRILL FLUID 

BORING NO._^£ 



BORING   NO. K-£ Instrumentation   Installed. 
Suriaoe BevatkxL. 

Location N. 
Drilling Agency. 
Driller 
DnV   Type, 
DriB Method 
Thickness of Overburden. 
Depth DriBed Into Rock. 
Total Depth of Boring. 
Dir. of Boring V~t 

T 

SYMBOLS: 

ORL FORM 1202 
1 June 1986 

2 WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

SHEET£/ OF31 si. A-89 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO. re- £ 



BORING Instrumentation    Installed. 
Surftet Bwation. 

SYMBOLS:   V- WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

SHEET21 OFII SH_A:90       BORING NO.  sr-c 



BORING   NO. 

Date-.Start 
Location N. 
Drilling Agency. 
Driller 
Dritt   Type. 

cs-c 
Instrumentation   Installed. 
Surface Elevation. 

SYMBOLS:   V WATER LEVEL AT COMPLETION 
T- WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 „ . «   -., 
1 June 1988 SHEET21 OF Ji -.**"?■ 

> - PARTIAL LOSS OF DRILL FLUID 
»- TOTAL LOSS OF DRILL FLUID 

BORING NO.  tr-i 
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DatoStart- 
Location ML 
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JLIJL. 

rr-tZ Instrumentation    Installed. 
Surface Bevanon  
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J-L Datum lor Surface &_ 
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Drill AtetfweL- 

.Inspector« 
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Or.  Of Bnring Vart. 
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SYMBOLS:   ^ WATER LEVEL AT COMPLETION 

▼" WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 ,«        , -, A QO 
1 June 1968 SHEET 22. OF JLl SH_/*r'^ 

> - PARTIAL LOSS OF DRILL FLUID 
>> - TOTAL LOSS OF DRILL FLUID 

BORING NO.   '<-<? ■ 



BORING 
Project'  
Date-Start. 
Location N„ 

J-L. 

NO. 
HZ'. 

c<-£ 

.Complete. 
 £  

J-L. 

Instrumentatton   Installed. 
Surface Elevation  
Datum for Surface B.  

Drilling Agency- 
Driller  
Dritt   7>pe__ 
Drill MatfwoL- 

. Inspector. 

Thickness of Overburden. 
Depth Drilled Into flocfc— 
Total Depth Of Rnring 
Dir.  Of Boring Vert. 

X ELEV. 
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SOU. CLASSIFICATION 

SURFACE COVER 

LABORATORY RESULTS 
AND 

REMARKS 
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SYMBOLS: 

1 
£ WATER LEVEL AT COMPLETION 
T- WATER LEVEL 

i 
1 

1 

ffy -ffy/t/sVz 
Tf - 7.;» / 

oof-4'/,*,% 

fir-  S/fftfat 

ORL FORM 1202 
1 Jut» 1988 

HOURS AFTER COMPLETION 

SHEET 2£ OF H _ ^L?? 

> 
» 

• PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

BORING NO.   rr-£ 



BORING   NO. 
Ao/Bcf'___ /n TtPt. 
Date:Start_ 
Location W_ 

fr-£ Instrumentation    Installed. 
Surface Elevation  

JL-L .Complete. 
£  

/   / Datum tor Surface £L 

Drilling Agency. 
Driller  
Drill   Typ* 
Drill Method— 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into flodc_ 
Total Depth of Boring 
Dir.  Of Boring Vmrt 

T 
J*0 

ELEV. 

Z££_ 
fit. 

SOL CLASSIFICATION 

SURFACE COVER 
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LABORATORY RESULTS 
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SYMBOLS:   V- WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 , .        -,-, A-Q4 
1 June 1988 SHEET Zi_ OF 13. SKJL1« 

u 

fj7.1     2<?''7 
$£7J   2ä££. 

M% %,£, /,£ *r/i 

nun 2    £are// to 

fire  t*r £*tf'.0' 
Tlm< //.'20-/W 
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W'i~ '*,/„ ft,.':,* 
Av/l   3    Caret/ &0 

Ret T,0    l»v 0,0 

Wir**/ _ 

&     7ui'  Tu? 

> - PARTIAL LOSS OF DRILL FLUID 
>>- TOTAL LOSS OF DRILL FLUID 

BORING NO. 



BORING   NO. 
Project   Mt Z? 
Date:Start_ 
Location AL 

rf-fi Instrumentation    Installed. 
Surface Bevatton  

JLJ- . Complete. 
 £  

-LJ- Datum lor.Surface S.. 

Drilling Agency. 
Dritter  
Drill    Typa 

.Inspector. 

Drill Method. 
Thickness of Overburden. 
Depth Drilled Into Rock- 
Total Depth Of Boring 
Dir.  Of Boring Mart 

X 
-De» 

ELEV. 

•mg. Sr 
SOIL CLASSIFICATION 

SURFACE COVER 

O 

5 
8 
5 

1 
8 
CO 

LABORATORY RESULTS 
AND 

REMARKS 

'116$' 

'■Li 

711- 

T2Z- 

JHtcfi       t%r** f 

tn,3 
Q£ 

-rt7 

./M«tA 

Q&- 

ll-S 

■fllte/i tt*/<y J-imesS*** 
-Shk 

pastor+,, 

lt\— KerJ/tMÜtrz 
B/fi 

Z - /n<e A 6-ee 

'. —fJ/.«m/4<n 
f73- 

:^T 
rrr- 

ft£ 

Wtt.^ 

*- fllt-tA fat 

^ 

SYMBOLS:   V WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 7-7        2-,      A-Q^ 
1 June 1888 SHEET /_Z OF Z2. 1.._. - 

^ 
£ 

Trace   *f //ye/rosorb/«;' 

'a   JxTrtae/ir///' 

fie1 /■ /beff i*if  r/-<-/" 

for j*£&/■*>/< *"'//' 
Li'mrf Tfa* 

£oret//6,/' 

file    /*>>'' 

Los< 0.0  ■   ■ 

7;*«. /t;i"- 'I'-?*    : 

/00 7*-fr<rftr 4tt,'/> 

fi*nf 
C*r*//0,/ 
Ate/A/ 

7)MC   F:3'-f:0<? 

r% &■///,* faff Me 

frarfat'rtt/i 

fV Kr rt "fa™ 1 ff/tf/ff 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO.   fr- c 



BUHING 

Location N. 
Drilling Agency. 
Dritter 
Drill 

Instrumentation   InstatteaL 
Surface StvtttaflL 

Hs 

-ZS-ty 

.'Sty 

I — flirt 4 

''"Iff* 

if%C> 

r   ■ *:-*»* 

'-/fie. 

Uf 
Mum/«« 

f\ 

C [r/V/TJtA/  

SYMBOLS:   £ WATER LEVEL AT COMPLETION  

ORL FORM 12^2 WATER "^ — HOURS *™ «f™» 

70 7» %/>f*r /f,-w,. 

f.r rr<7    ff fiitr.'.s 

A«n 7 

ORL FORM 1202 
1 June 1988 

> - PARTIAL LOSS OF DRILL FLUID 
>>- TOTAL LOSS OF DRILL FLUID  nwvn.-r.sn^ritiiuN »- TOTAL LOSS OF I 

SHEET si OF n SH.^:96       BORING NO. _£ ■r- s 



BORING   NO. 
Project H, 77tfi 

Cf-C Instrumentation   Installed. 
Surface BevaOon. 

Location N  
.Complete. 
 £  

/  / Datum lor Surface SL 

Drilling Agency. 
Driller  
Drill   Type. 

.Inspector. 

Drill Method.  
Thickness of Overburden. 
Depth Drilled Into Rock- 
Total Depth of Boring 
Dir. Of Boring Vert 

X ELEV. 

vfzr E SOU. CLASSIFICATION 
SURFACE COVER 5 suwi 

• i.SAi.i/hiA* t    FIT? 

z 
2 

I 
5 
CO 

2 

23 
LABORATORY RESULTS 

AND 
REMARKS 

■J-r 

Eft* 

Tf 

*/ 

A- 
\J3Z? 

~^-fAUm/Mt 

.f-fyf'/ 

7T- 

\    k¥ 

&z __ ßjfi 0fi,n MM*! 
•iffy 

- -SAjLtm,'n4t 

— fAInn,'*** 

^ 

f?u/i <T 
for///hO 

t?rc   V<0 ■  ■ 

T/n e   .'j-';t> -/i -:j 

C*rr   c>uf*f ffirc 

Runt 

ft«   /*'/ 

T;«,I /Yr//-/v;M 
Occtrff/f*«/ ?*/* //*»ff 

SYMBOLS:   V WATER LEVEL AT COMPLETION 
▼" WATER LEVEL 

ORL FORM 1202 
1 June 1988 

HOURS AFTER COMPLETION 

SHEET 1L OF H SI  ^-97 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO. c-c 



BORING   NO.      rr-c 
Project' U,fiP, 
fUm-Start /   / 

Instrumentation    Installed. 
Surface Pi»u»fkm 

Location N  
Drilling Agency- 
Driller  

.Complete. 
 £  

J-L Datum for Surface £L 

IflSOQGBQf 

Drtt   7yp«_ 
Drill Method. 
Thickness of Overburden. 
Depth Drilled Into flocfc_ 
Total Depth Of Unring 
Dir.  Of Bering Vmrt 

ELEV. 

wr 

^••z/ritd 

SOL CLASSIFICATION 

SURFACE COVER 

8 

LABORATORY RESULTS 
AND 

REMARKS 

\U 

I 

tfz- ' —S4 LSm. i4 Ism.'tut 

•rni/u-c 

%*)1 —Mrr-f- 

Hi* 

7?24-//f 6,02. ' f 

,.      ft **/'/>!,eJ, 

; -fia.ift'7 

7971 *nu«:„t 

Y?tLzftY 

W*)' 

<*ft/\ 

'.-Ma,*/' 

if 

1 
N 

SYMBOLS:   ^ WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 2A        , . A.QR 
1 June 1988 SHEET ±£. OF 22 SH-f?-570 

ftmr rf fare .#* *t'f 

5'fire 

C/rr '*  A*" $ "*'■ 

tin/1 /0 

/t'/rif 

{»fr 6*f-arrfpr£ 

KUAII 

fire r,r 
l*ff 0,0' 

T/'<n< 

fire/ /*2' 
/rW /0,i' 

Loff 0,0' 

> - PARTIAL LOSS OF DRILL FLUID 
>> - TOTAL LOSS OF DRILL FLUID 

BORING NO. _ /-. * 



BORING   NO.   . 
Project'    Mr?.?,. 
Date:Start„ 
Location AL 

(S-C Instrumentation   Installed. 
Surface BevatkxL.  

±-L . Complete. 
E  

/   / Datum tor Surface EL 

Drilling Agency. 
Driller  
Drill   Typ» 
Drill MethorL— 

.Inspector. 

Thickness of Overburden. 
Depth Drtted into Rock  
Total Depth of Borkig. 
Dir.  Of Bnrfng Mart J*Q 

ELEV. 

72ZE 
SOIL CLASSIFICATION 

SURFACE COVER 

ui 

LABORATORY RESULTS 
AND 

REMARKS 

~ih fi/fi So,r ffi,'« 
> SA £sm/*a « 

\L* 

-Sty 

-Siy 

■#&*, 

zML 

-Ls 

Sty ■ 

- — Sh£.**n'*tL 
'.-fry 

(0?--ftl fleet 

>*~&'i brf        £/r, 
|S^XftA*i».    .     W7,L      /of,-6 

2 —Cm J>.'/J 
{//■ 

f/2- 

<ß-.-ß/Pfyr 

<?7,r 

■-C) 

ZZT" Ctfe ft Set- 

-upa*** 

; -ß/fi 0fir« 

i/i- 

9r- 

04- 

•i*t^-CtrxSfi,'ei 

fhUm.'ntt fletJi 

Z ~ C*'c fyi'i 

■*£*"*  «Ml* 
Z!lL.m.th 

fAr/fff*frei ?*>/>«** *'"/• 

Typt f?.0'/J f/<± 

fa/* 

far/">Z 
fire /M' 

7^,f /£"/•-/?.'** 

('ore   ff**   tOi^'Tv 
(07,2   aft* f'S r   r'vr 

Oel'l/tt CÄ*/ifr  Cr' &'/< 
An/,rtf f4i'f/'/if »,.J r» .,:-, 

faff  6»ff   Or /*■<,„ 

ft "r  ffi'/if 

Ate   /0.0 
Loffff.O 

T.'me n.'Yff -/Jilt     ~. 

SYMBOLS:   V WATER LEVEL AT COMPLETION 
▼* WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 ,, ?-.   A-99 
1 June 1988 SHEET JLL OF Is. ~JL.- 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO.  rc-c 



BORING   NO. 
Project  
Date:Stan_ 
Location W_ 

it, A r. 
X£z£- Instrumentation   InstaBetL 

Surface Ssvalton  

J-L .Complete. 
 £  

JUL Datum tor Surface EL 

Drilling Agency. 
Driller  
Drill   fyp» 
Drill MettuxL— 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into Äodfe_ 
Total Depth of BoringL— 
Or. of BantogL-—-Vert 

ELEV. 

ur 
SOU. CLASSIFICATION 

SURFACE COVER 

LABORATORY RESULTS 
AND 

REMARKS 

00 ffy 

•ift fr.'« 

Q3- 

Qfr 

f i2£l 

«Ci 

**:- 

'-fl.l' 

~M 

/3/fi 

i?J*^ — #>teS) 

•y- 5A t,^ 0,0r-af0j' 

,/lleeA 

(lv»le/rt* ft'/e ) 

'*£?"'    fHALf,   Arl^re, 

2 — Aett 

^ 
5 

VQ POM .if/ I* Or 

titme'f/* *'"''I 

■7/C 

faff 
fact 1,9' 

io<50>0 

y***S      Or/lift     t/r* 
>*mft/r 

£31.1      ~7f~1    . 
f     cm 

iU<l 
7£Z 
7C.6 

fire  /A? 
t-'ff 0,0 

Vmt mi*-//:/» 

SYMBOLS:   V- WATER LEVEL AT COMPLETION 
▼- WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1968 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

sHEETiioFüsH A-100      BORING NO- cf-t 



BORING   NO. 
Protect' Mt % Pi 
Date:Start„ 
Location N. 

j^L 

JL-L . Complete. 
 £  

J-JL. 

Instrumentation    Installed. 
Surface Elevation  
Dalian for Surface B  

Drilling Agency. 
DrWer  
Drill   Type  
Drill Method— 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into Aocfc_ 
Total Depth of Boring. 
Dt. Of Boring Vert -Deo 
ELEV. 

2ZE 

6n 

HA 

SOU. CLASSinCATION 

SURFACE COVER 

2 
5 

3 
8 
M 

LABORATORY RESULTS 
AND 

REMARKS 

SH 

'2ML 

~0ol 

'•664' 

(if. 

:*!l 

:s7i 

- Mttt\ fty 

Iffy   0CC#ff,'*/!*/ ffyb/r'ti 
4*J 0*sk 6*/,/? 

6,0,/t; 

_l_ 

t 
St/n/o/r 
ye fcpfh       F/r y  _ 

to tjrj 

SYMBOLS:   V WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 ,, ,,    A.101 
1 June 1988 SHEET _££ OF 12 '- A *01 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO.  /y-g 



A-102 



BORSMG 
Project. 
Date:StartjL 
Location 

NO.   . rf7 

tjLJÄLl 
rL-OOCSel 

Drilling Agency  
Drillmr ./,, ft*'/..,// 
Drill   Typ»       FkM. 

■/T/ *3   rümpft»   7//Z/CT1 

Instrumentation   Installed  
Surface Elevation 7*S,f 
Datum lor-Suriace EL 

■ P  ^/ S* fy 

9* jtr"rt' 
r-/<r orm Typ» rr.;/.», ++,/,M,,r„ f + -' 

DnH UaH^H 4 X'p* V# '4,*. IX- ~ 
Thickness of Overburden 7 4.0' 
Depth DriBed Into Rock_ 
Total Depth of Boring 
Dt.  Of Boring    r   Vart. 

-I£Z-ZT 
6X<7' 
JncBned___Deg 

ELEV. 

^£. 

• 7tfrf 

■yphf 

3\ 

SOIL CLASSIFICATION 
SURFACE COVER 

ft/ff(cr-f) 

I 
s 
3 
s 
0) 
9 

Cv-r) 

'•M/S 

?\ 

?i 
to. 

/yi 

if. 

/?■ 

If- 

Ü 

//'/ rrti/tr «/ctr*t 

(r~'f) 

flieht, ft;ff 

SYMBOLS: 

ORL FORM 1202 
1 June 1988 

WATER LEVEL AT COMPLETION 
WATER LEVEL HOURS AFTER COMPLETION 

LABORATORY RESULTS 
AND 

REMARKS 

1 %-" 7?.'c*s>< A*//,^ 
/3/tf* * Jss/Ar-f 

fr* fr fi'XC  It 

2 fr far r/, ;/<'■/ 

MJr'ntj S/ Joy 2. SO 2. 

4«s/ 3/£ ''Ytfy'iffrj/* : 

'iff-fofarfaf 

'T-X/fac 

bjf 1 

c'ti.rrVt-fvt-    ] 
2., ftf flfS-<?■"">-. 

Cr?r-tM,7')    ~i 

2,9?"7Af^ *■""*. '• 

> 
» 

• PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

SHEET_AOF JL s. A-103        BORING NO. rr-7 



BOR5MG   NO. 
Project U,7~£ 
DatvStart- 
Location N. 

J-JL .Complete. 
 £  

/   / 
Instrumentation    Installed. 
Surface Bmmtion  
Datum for Surface £L 

Drilling Agency. 
Driller  
DM    Typa 
Dritt Method— 

.Inspector. 

Thickness of Overburden. 
Depth DriOed kito Rock— 
Total Depth of Boring 
Dir. of Boring—.Vert 

ELEV. 

mi 
20. 

27- 

//■ 

92. 

:Kt? 

//* 

i7- 

r~ 
*f. 

■fi> • 

SOL CLASSIFICATION 
SURFACE COVER 

2 
3 
c 
s 
ce 

3 
8 a 
3 

s — o 

LABORATORY RESULTS 
AND 

REMARKS 

--,,. T,0,fl, 

I 

SYMBOLS:   ^ WATER LEVEL AT COMPLETION 
▼■ WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 , „, -   „_. 
1. June 1988 SHEET _£_ OF Jü SH! A-104 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO.    (r-7 



BORSNG   NO. 
Project M> XP. 
Date:Start- 
Location AL 

Instrumentation    Installed. 
Surface Elevation  

JU- .Complete. 
 £  

J-L- Datum tor Surface S_ 

DnTBng Agency. 
Driller  
Drill   Type—— 
DrU Method— 

.Inspector. 

Thickness of Overburden. 
Depth Drtted Into fl«*_ 
Total Depth of Boring^— 
Or.  Of Bering Vmrt 

ELEV. 

0&2. 

Hfl 

1i 

SOU. CLASSIFICATION 

SURFACE COVER 

•ff 

ft- 

fil 

I m 

&-. 

'•JSM. 

f?l 

rr- 

ST. 

ft- 

c£*r fro*  1" 

LABORATORY RESULTS 
AND 

REMARKS 

h'-fTh 

SYMBOLS: 

ORL FORM 1202 
1 June 1988 

ftW*> 
WATER LEVEL AT COMPLETION 
WATER LEVEL HOURS AFTER COMPLETION 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

SHEETXOF^SM05 BORING NO.     Cf~ 7 



BORiNG 
Project  
DatoStart- 
Location N. 

J-JL. 

NO. 

. Complete. 
 £  

JLL. 

Instrumentation    Installed. 
Surtaca Bevattoru-  
Datum tor Surtaca &_ 

Drilling Agency. 
Driller  
DriB   Typ» 
Drill MethotL— 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into floefc— 
Total Depth of Boring. 
Dir.  Of Baring Vmrt. 

ELEV. 

&£&. 
SOL CLASSIFICATION 

SURFACE COVER 

en 
CO 

3 
8 
OS 9 

LABORATORY RESULTS 
AND 

REMARKS 

:% 

•6Y& 

tt- 

#■: 

C1-. 

C7-m 
- 

-i 70 

7fz. 

7J. 

7T4 

7f- 

*\ 

71-. 

it 

Ccc-m 
/Tie//* m £-t6-'»yf   f'Ma 

far/,   rf 0e{*ffi>'to*/ 

U 3 - V7Y'} 

SYMBOLS:   'C1 WATER LEVEL AT COMPLETION 
▼■ WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 L,        ~7 A-106 
1 June 1988 SHEET _L OF JL. SHI C7_,UD 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO.   Q"-7 



BORiNG   NO.   _ 
Pro**    a.TTS 

Instrumentation    Installed. 
Surface Elevation. 

Location N. 
Drilling Agency. 
Driller 
Drill   Type. 
Drill Method. 
Thickness of Overburden, 
Depth Drilled Into Rock. 
Total Depth of Boring. 
Dir. of Boring___VerL 

T 

S: SL^IS^S-ATC?yp!^TI0N 
ORL FORM 1202 
1 June 1988 

WATER LEVEL HOURS AFTER COMPLETION > 
» 

SHEET X OF 21 ^A-i07 BORING NO. 

■ PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

Cf-7 



BORING   NO. rr-7 Instrumentation    Installed. 
Surfe» Elevation  

Date:Start. 
Location N  
Drilling Agency. 
Dritter  
MB     Typ» 

/   / .Complete. 
 E  

/   / Datum for Surface EL 

.Inspector« 

Dritt Method.  
Thickness of Overburden. 

Depth Drilled Into ÄodL_ 
Total Depth Of Boring 

Dir.  Of Boring Vmrt 

ELEV. 

(did. Sr 
SOU. CLASSIFICATION 

SURFACE COVER 

< 
u 
C 
55 
CO 

8 
«0 

LABORATORY RESULTS 

AND 

REMARKS 

L 

'*- 

; 
ff/-m 

//^ 

221 
SYMBOLS:   V WATER LEVEL AT COMPLETION 

▼" WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 , ty A-108 
1 June 1988 SHEET _i_ OF 2± SHL^7. '"° 

> 
>> 

• PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

BORING NO. _£ <r- 7 



BOR3MG    MO.         rf-7 
Project 
Date.-Sl 

u. TA Surface Bern 
Datum for Su 

lUon  

\mrt          /    /              Comnlrt»          /   / trlace &   

Location N F 

z 
o 
p 

I 
8 
3 
8 
«0 
3 

§ 
Z 
2 
S a 

* 
s 

ce 
O   111 g g u 
5 zC 
8! 3S 
O  E « 
Ö33 w  <« 
Co« 

m 

OriOnr 
Drill    7MM 

Inxnaetor                 ...    ..... 

§ 3        LABORATORY RESULTS 

Z «                         AHD 

[ g p                    REMARKS 

Pffll   /Jathnd_ _ 
Thickness of Overburden  
nnntrt Drtterl Into Honk 
Tntml Dmnih of Boring 
nir   nf Boring           Vert.             IneHnad          Dag 

O g 
ELEV. 

& 
SOIL CLASSIFICATION 

«hC.9 SURFACE COVER 
• &. 

'- w- 

'- 

* 

■ 

'- • 

/ 

/ 

■^ 

®i -j 

Wi -m 

m 

'*i 

-m 

/fp- 
• 

SYMBOLS:   V WATER LEVEL AT COMPLETION                                                       >-PARTIAL LOSS OF DRILL FLUID 
T- WATER LEVEL HOURS AFTER COMPLETION                        » - TOTAL LOSS OF DRILL FLUID 

?3uLÄ1202                 SHEET^OFXaM09           BORING NO. _^w_ 



BORflNG   NO.   . 
Ptafaet M- ^^- 
DatKStart 
Location N. 
DrüBng Agency. 
Drttar 

<r-7 Instrumentation    Installed. 
Surface Elevation. 

SYMBOLS:   V- WATER LEVEL AT COMPLEnON 
▼" WATEH LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 ?- 
f    ( 1 JU1M 1988 SHEET. .OF. ?ZS.A-110 

> ■ PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

BORING NO.   sr-7 



BUHJNCi    NU. 
Project #f f./

0. 
g-f 

Date-Start        /   / 
Location AL 

.Complete. 
 £  

J-L 
Inatrumentatlon   Installed. 
Surface BevaUorL.  
Datum for Surface B.  

Drilling Agency. 
Dritter  
Drill   Typ» 
Dritt MethocL— 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into floc*_ 
Total Depth Of Boring 
Dir. Of Boring Vmrt 

ELEV. 

£%2_ & 

t 

'Hz 

vr- 

mi 

'7/2 

<7ti 

</ji 

ofi 

I 
C 

S 

SOU. CLASSIFICATION 

SURFACE COVER 

S 
CO 
9 

8 
a 

LABORATORY RESULTS 
AND 

REMARKS 

SYMBOLS:   V WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 * _,       .   ..... 
1June1988 SHEET   7    QF J2_ « A-111 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO. -2. 



UUK2NG NO.         rf ' '? 
Project t,.r./> 
DatoStmrt         f /           Complmt» / / 
Location N F 
DnVhm Anmncv 
Drill»- 

firm    Tun» 
 inspector  

rum   Umthed 

Thlcknaaa  of Oumrbummn 

n*nth Dritte* Into Peck 

Instrumentation    Installed. 
Surface Elevation  
Datum for Surface £L 

Total Depth Of Banna 
Dir.  Of Banna Vmrt 

ELEV. 

S2H2. 
* 

n- 

>?j- 

#£ 

\ 

'fi- 

,fzr. 

SOL CLASSIFICATION 

SURFACE COVER 

< LABORATORY RESULTS 
AND 

REMARKS 

SYMBOLS:   ^ WATER LEVEL AT COMPLETION 
▼- WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 .        z, A-110 
1 June 1988 SHEET _£_. OF 2i. SHE_??_ ' ** 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO.   st-? 



BORING   NO.  . 
Project tteZt 

ff'7 Instrumentation   Installed. 
Surface Elevation. 

Location N. 
Drittng Agency. 
Driller 
Drill   Type. 
DrM Method. 

SYMBOLS:   j£ WATER LEVEL AT COMPLETION 

ORL FORM 1202 
1 June 1988 

WATER LEVEL HOURS AFTER COMPLETION 

SHEET^OFi£SA:113 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO. cf-7 



BORING   NO.   . 
Project ^ 7.^' 
DataiStart- 
Location AL 

'f-y Instrumentation    Installed- 
Surface Bevaaon  

/  / Complete. 

 £  
J-L. Datum for Surface £L 

DrilBnq Agency. 
Driller  
Drill   Typ» 

Drill MatfioaL— 

.Inspector. 

Thickness of Overburden. 

Depth Drilled Into Rock— 
Total Depth Of Boring 
Or.  Of Bering Vmrt. 

ELEV. 

W2L ui 
SOU. CLASSIFICATION 

SURFACE COVER 

s 
o 

0) 
CO 

3 
8 a 
9 

3 
o 

I "I 

LABORATORY RESULTS 
AND 

REMARKS 

72/. 

tziL 

721- 

Z2V- 

H 

7301 

y~ 

ll2~ 

n£ 

u£ 

UCl 

J 

\>V«r 

SYMBOLS:   V- WATER LEVEL AT COMPLETION 
▼- WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 /,        2? A-114 
1 June 1968 SHEET Jd. OF 2±L SHLL:- 

> - PARTIAL LOSS OF DRILL FLUID 
>> - TOTAL LOSS OF DRILL FLUID 

BORING NO. re- 



OUJtINti 
Prefect  
DatmStart^ 
Location N_ 

/  / 

NU. < -/ Instrumentation   Installed. 
Surtaca rTmimllnn 

.Completa. 
 £  

-U- Datum for Surface £L 

Drilling Agency— 
Driller . 
Dritt   Type  
Drill Method  
Thickness of Overburden. 
Depth Drilled Into Aoe*_ 

MlSDQGtDt 

Total Depth Of Bering 
Or.  Of Boring Mart 

ELEV. 

m± 
2& 

in- 

He 

VfC- 
- 

«/- 

y?- 

VT- 

2ff- 

Vf. 

ML 

SOU. CLASSIFICATION 

SURFACE COVER 

ill 

LABORATORY RESULTS 
AND 

REMARKS 

X 
SYMBOLS:   V- WATER LEVEL AT COMPLETION 

▼" WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 /-, ,,   A 11«* 
1JUIW1988 SHEET _ OF _Z£   ATJ.lD 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING MO.   r<r-7 



BORING 
Project  

Location AL 
XX 

NO. rr-7 

. CompJWs. 
 £  

XX 

Instrumentation   Installed. 

Datum lor Surface " 

OrO&ng Agency. 
Drtter  
OrtW   Typo  
DrW Method—, 

.Inspector« 

Thickness of Overburden 
Depot Drttad into Rock— 
Tott/ Depffj of 5orino__ 
Or. tf Sarfr>s__Vwt 

x 
ELEV. 

HVC1 

SOIL CLASSIFICATION 

SURFACE COVER 

o 
5 u 
C 
5 

3 
8 
CO 
3 

g 13 

LABORATORY RESULTS 
AND 

REMARKS 

32 

*i 
VI- 

77JÖ 

TZ-, 

vrl 

\>ttr 
SYMBOLS: V- WATER LEVEL AT COMPLETION 

▼• WATER LEVEL HOURS AFTER COMPLETION 
> - PARTIAL LOSS OF DRILL FLUID 

» - TOTAL LOSS OF DRILL FLUID 
ORL FORM 1202 
1 Jura 1988 SHEET Xt OF il SHE A-116 BORING   NO-     <?-? 



BORING   NO. 
Project  
Date:Start. 
Location N  
Drilling Agency. 
Driller  
Drill   Typ* 
Drill Methods 

1-J- 
«,r<t 

rr-7 Instrumentation    Installed. 
Surface Elevation  

.Complete. 
 £  

J-JL Datum lor Surface EL 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into Rock— 
Total Depth of Boring. 
Dir. Of Boring Vart. 

ELEV. 

X&fL 
SOU. CLASSIFICATION 

SURFACE COVER 

LABORATORY RESULTS 
AND 

REMARKS 

1&. 

m- 

m~. 

V7± 

Hff- 

tf-7- 

2fOZ 

It/2 

lf2-m 

»£ 

■fffZ 

Tta 

V71 

WS. 

132. 
SYMBOLS:   V WATER LEVEL AT COMPLETION 

▼- WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 /<r        2>       A117 
1 Juns 1988 SHEET _lL OF _2£. S> A" • < ' 

> 
» 

■ PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

BORING NO.   rr-7 



BORING   NO. 
Protect a, 7>/°< 
Date;StBrt_ 
Location N. 

£f"7 Instrumentation    btstaBetL 
Surtax Elevation^.  

/   / .Compktto. 
 £  

±JL Datum tor Suriace SL 

OrfflZng -4ffsncy__ 
D/fflsr  
Onlff   Type  
Drill Method.  
Thickness of Overburden. 
Depth DriBad Into Rock— 

.Inspector. 

r/tftf 

Total Depth of Boring. 
Dir. of Boring—Vert. 

T ELEV. 
& 

v/l 

ml 

Ml 

wl 

vfl 

ml 

wi 

vri 

f/fil 

v/z 

mi 

V71 

wi 

Vfl 

w, 

i/7-1 

Vt\ 

Vfl 

12* 

SOU. CLASSIFICATION 

SURFACE COVER 

3 c 
s 
OB 

3 
8 

LABORATORY RESULTS 
AND 

REMARKS 

_L 
SYMBOLS:   V- WATER LEVEL AT COMPLETION 

▼- WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 
1 June 1988 

> 
» 

• PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

SHEETAOFJ2_ SH^HS      BORING NO. CT-7 



BORING   NO.       /r-7 Inttnimanftinn     InatallmH 
Hitrhtn» FlmmHon Project 

DataiStart. 
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Dritter 
Dritt 

Inspector 

Drill   Umthnri 
Thtcknmsa  af Ouarhimian      _, 
Danth HrStarf Irrt» Hock 
Total Dmath of Boring 
nir   of Rnring           Vmrt.             IncBnmd          Dap 

ELEV. SOU. CLASSIFICATION 

1&A w .a SURFACE COVER 

'- 
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» 
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mi 
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SYMBOLS:   V- WATER LEVEL AT COMPLETION                                                       >. PARTIAL LOSS OF DRILL FLUID 

T- WATER LEVEL HOURS AFTER COMPLETION                        > > - TOTAL LOSS OF DRILL FLUID 

1Jurw1988                             SHEET ZZ OF i2 L^L1.19                BORING   NO.    /T~   ~7 



BORING 
PfO/UCt ^__ 
DatKStart- 
Location N_ 

J-L. 

NO. ^-7 Instrumentation    Installed. 
Surface Bevaßon  

.Complete. 
 £  

J-L Datum for Surfaea S- 

DrBBng Agency. 
Dritter  
Drill   Typm 
Drill AfathoeL— 
Thleknaas of Overburden. 
Depth Drilled km floc*__ 
rota/ Oaptfl Of Boring 
Or.  Of Boring Mart 

ELEV. 

7/7..4 

if/- 

SOU. CLASSIFICATION 

SURFACE COVER 

< o 
E 
5 
09 

3 
ui 

LABORATORY RESULTS 
AND 

REMARKS 

L 

^ 

,f2z 

SYMBOLS:   ^ WATER LEVEL AT COMPLETION 
▼- WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 JtllM 1988 

> - PARTIAL LOSS OF DRILL FLUID 
>> - TOTAL LOSS OF DRILL FLUID 

SHEETjrOFJ2 SH,A-.120       BORING NO. £f-7 



BORING 
Project  
Date:Start_ 
Location W_ 

.Z.Z. 

NO. <r-7 Instrumentation    Installed. 
Surface Elevation—  

.Complete. 
 £  

J-L Datum for Surface B^ 

Drilling Agency. 
Driller  
Drill   Typ» 
Dritt Method— 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into /?«*__ 
Total Depth of Raring 
Dir. of Boring—J/erL 

ELEV. 

TM. w. 
SOU. CLASSIFICATION 

SURFACE COVER 

I 
s 111 

LABORATORY RESULTS 
AND 

REMARKS 

Vll 

wi 

Vfl 

?»1 

w-z 

1721 

BT-m 

1*1 

v?i 

17f. 

1711 

SYMBOLS:   V_ WATER LEVEL AT COMPLETION 

ORL FORM 1202 
1 Jum 1988 

WATER LEVEL HOURS AFTER COMPLETION 
> 

» 
• PARTIAL LOSS OF DRILL FLUID 

TOTAL LOSS OF DRILL FLUID 

SHEET il OF ii»A*21        BORING NO.  r<-y 



BORING   NO.      /v-7 
p/n/*'* 

Location N.  

JLlZ- 
Instrumentation   Installed. 
Surfte« Otvaifan  

.Camptet». 
 e.  

J-L Datum tor Surface EL 

Drilling Agency. 
Driller  
Drtt   Type^— 
Drtt Method— 

wtSO&GXQt 

Thickness of Overburden. 
Depth Drilled Into flodc_ 
Total Depth of Boring. 
Dir. Of Boring Mart. 

X ELEV. 

3X&. 
SOU. CLASSIFICATION 

SURFACE COVER 

o 

s 

LABORATORY RESULTS 
AND 

REMARKS 

iff: 

-      w- 

m 

SYMBOLS:   V- WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 ,  .       j -, A.100 
1 June 1988 SHEET 2± OF i±. SHE^r1 ^ 

> 
» 

• PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

BORING NO. {', 7 



BORING 
Project  
Daft-Starr _ 
Location AL 

NO.  _ 
"- T.fl. 

'<-? 

J-J- . Compute. 
 £  

J-J- 

Instrumentatton   Installed. 
Surface Elevation  
Datum tor Surface B  

Drilling Agency. 
Driller  
Drill   Type 
Dritt Method— 

.Inspector. 

Thickness of Overburden. 
Depth DriOed Into Rock— 
Total Depth of Boring— 
Dir.  Of Boring Vert 

ELEV. 

Met W 

Jieg 

SOIL CLASSIFICATION 

SURFACE COVER 

z 
o 

i 
5 
co 

3 
8 n 
3 

II) 

LABORATORY RESULTS 
AND 

REMARKS 

itt- 

L_U 
SYMBOLS:   V WATER LEVEL AT COMPLETION 

▼" WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 
1 Juna 1988 SHEETS OF J^jA-123 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO. _ s- 7 



BORING 
Project  
OatrStart. 
Location H. 

NO. 
r.A 

s<r-7 
_&_ 

J-J- .Comolete. 
 £  

/   / 

Instrumentation 
Surface 
Datum tor Surtaca EL 

Installed,  

DrBBng Agency. 

DrWer  
DrM   Tw* 

ZSZ&. 

Drtü Method.  
Thickness of Overburden. 

Depth Drttad Into flodL__ 
Total Depth of Baring 
Dir.  Of Bering Vert 

I i 
ELEV.      " SOL CLASSIFICATION 

SURFACE COVER 

ce 
«0 

a 
5 

5 

I 
z 
9 
O 
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LABORATORY RESULTS 

AND 
REMARKS 

rf/f 

1» 

»7- 

•L7L1 

»/- 
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W- 

fH- 
'/?f- 

Srf-f-Za  flle/r'u/n ftar*/, 

<*/Pec f//^Yiimt £-f/i<ri 

\ 

SYMBOLS:   V- WATER LEVEL AT COMPLETION 
▼- WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

SHEET21 OFJ2:SHIA-124       BORING NO-   c<-7 



BORING   NO. 
Project W' Tr* 
Data:Start      (  / 

_££ - V Instrumentation   Instilled. 
Surface Elevation  

Location AL 

Complete, 
£  

/  / Datum tor Surface B.. 

DrWng Agency. 
Driller  
DrW   Type  
Dritt MethtxL— 

.Inspector. 

Thickness of Overburden. 
Depth Drilled Into flocfc_ 
Total Depth of Boring. 
Dir. of «"ring Vart 

•x 
ELEV. 

2£&L & 

li/- 

m- 

**: 

vr/~ 

SOIL CLASSIFICATION 

SURFACE COVER 

O 

5 o 
C s 
M 

3 a 

LABORATORY RESULTS 
AND 

REMARKS 

SYMBOLS:   V- WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 SHEET Zl OF j[£<S.*2l1 ?5 

> - PARTIAL LOSS OF DRILL FLUID 
>>- TOTAL LOSS OF DRILL FLUID 

BORING NO.  r<~7 ■ 



BORING   NO. 
Project bit 7ifir 
DatacStart- 
Location fL 

.<r-y Instrumentation    Installed. 
Surface Bevation  

J-L- . Complete. 
 £  

1-JL Datum for Surface EL 

DrWng Agency. 
Dritter  
Dritt   Typ» 

.Inspector. 

Ortt Method.  
Thldamss of Overburden. 
Depth Drtted into flocfc__ 
Total Depth of Boring. 
Dir. Of Bering Vmrt 

T ELEV. 

l%* 

SOU. CLASSIFICATION 
SURFACE COVER 

8 c 
s 

1 
8 
CO 
s 

5g 
B 
O 

LABORATORY RESULTS 
AND 

REMARKS 

Itfl 

171L 

.1 

0,/   =.    O'/t/Hi'f..- 

ft   =   fj*/r 

ß/fi      -        fi,/S/»<P   '"■■! 

-co 

SYMBOLS:   V WATER LEVEL AT COMPLETION 
T- WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 ,/,      ;; A-126 
1 June 1988 SHEET Jj. OF Z±r SHEl/\ ' *° 

> 
» 

• PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

BORING NO.___ 



BORING   NO. r?-7 
Project  
DatKStart— 
Location AL. 

J-J- 
titT,/- 

.Complete. 
 £  

jU- 

Instrumemaoon    mstallecL.  
Surfte* BavatlotL.  
Datum for Surface B  

Drilling Agency. 
Drtter  
Drill. Type  
DOS Method— 

.Inspector. 

Thickness of Overburden. 
Depth DriOed Into Rock.— 
Total Depth of Boring. 
Dt. of Boring ,—Vert 

T 
ELEV. 

12EL 

zW 

■Mt 

zaW 

m-m 

im 

Yft£ 

<fä-m 

vtr- 

SOIL CLASSIFICATION 

SURFACE COVER 

at tfr/n//ir/ tfef r & f0*r 
Care taneS £ya   fitnj 

care 6*rrt/ 

SJZrf   ZfrCerc 
2 L&v/V/r #>** 4 

mut        toff fb /Xt/Z/t/fi for*/, 

'. J~6/v/r//i d?f//( **</ /yrtfi /laid} 
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\ 

I \ 

LABORATORY RESULTS 
AND 

REMARKS 

Corf  if l/tfy   fa" 

ßerrt/i   //le /A/itroaml 
trout'ne f/a /.■ / ■■> ^>.v . 

fray/A 
fa 
I 

<ifZef   201,0 

/fun I 
CorrS 1, f ■: c/i''' 

i / mc 

////•- /2 :-■>■> 

8 of fern sfAf/r ,   , 

SYMBOLS:   V- WATER LEVEL AT COMPLETION 
▼- WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 Jum 1988 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

SHEETS OF J^A-127 BORING NO. __ 



BORING   NO.   _ 
Project f<fr Ttfi 

f<~7 Instrumentation 
Surtax» Bevatkm. 

nmtm-St*rt /    / 
Location N  

.Complete. 
 £  

J-L. Datum (or Surface £L 

Drilling Agency. 
Dritter  
Drill   Typ» 
Dritt Method— 

.Inspactof. 

Thickness of Overburden. 
Depth Drilled Into AodL— 
Total Depth of florfrjg__ 
Or.  Of Boring Vmrt 

ELEV. 

MdL & 
SOU. CLASSIFICATION 

SURFACE COVER 

LABORATORY RESULTS 
AND 

REMARKS 

ja? 

lb/A 
j—TV 

rm. 

Is" -Brtkt* fllreti 
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vJ^J 7xrc{r/-'f0/i n'//r £'**&* e 
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f~vy ,"; U0.0/ 
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\ 
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f/f)i-f    / ?'' ?C~ . '/.■i'y'i'-' 

"Xn/itr harrt/ffi'i->>; ? 

/trftAc/« r 7v c.f'' '■' 
tore b'rrt/saif/A* 
pear tere rrrj/v, 

Conet/"fm* 

Cart/ f, 1 
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4 

SYMBOLS:   V- WATER LEVEL AT COMPLETION 
T- WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 

> 
» 

PARTIAL LOSS OF DRILL FLUID 
TOTAL LOSS OF DRILL FLUID 

SHEETüOFJ^SHA-128 BORING NO. 



BORING   NO. <-f-7 
Project  
Dato:Start- 
Location N„ 

titTifi 
Instrumentation    Installed. 
Surface Elevation  

J-J- . Complete. 
 £  

JUL Datum for Surface £L 

Drilling Agency. 
Driller  
Dritt   Type— 

IflSQQCXOf 

Dritt Method. 
Thickness of Overburden. 
Depth Drilled into Rock— 
Total Depth of Boring  
Or. of Boring—Vert J*g 

ELEV. 

mi 
SOIL CLASSIFICATION 

SURFACE COVER 

53 
LABORATORY RESULTS 

AND 
REMARKS 

:M 
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SYMBOLS:   V- WATER LEVEL AT COMPLETION 

▼" WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 
1 Jum 1988 SHEET il OF 2£  A-129 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING MO-   cf-7 



BORING   NO.        £<-7 
Project- fr' 7?/% 
Data:Start       t   t Complete — 
Location (4— £  

J-L 

Drilling Agency. 
Driller  
Drill   Type. 
Dritt  Method. 
Thickness of Overburden. 
Depth Drtted Into floefc— 
Total Depth of flaring 
Dir. of Bortngi___Vi«rt. 

ELEV. 

2SI 
• —fitrsA 

Jiff- -/nui 

'.L< 

SOU. CLASSIFICATION 

SURFACE COVER 

.ßi(> 
\6r~h'c *//?■** "furz 

\h 

[ML 

Ui 

XT- 

~/*rc4 fAjL»/T)J<* r 

7 SA£f<mA4 c. 

-fA04} 
-^-SA^atil<ts f fl}fc /, 

O+p+A       SA, 
Z-t/m 

rfjr 
WA1 

Instrumentation 
Surface l"l,"*>*'" 
Datum tor Surface EL 

E 
5 

CO 
CO 

— o 

\ 
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it 

N 

LABORATORY RESULTS 
ANO 

REMARKS 

ft ufl f 

/?,<■   fff.'i 

Uli   ü.t? 

iJ   s    ■'<  / 

to,,/ /o. Z 

l°fC    /o- "z- 

T/mt <?;/£>- f/?7    " 

2<?&  /?*.'//r*?~*/?'f;SrtL 

tfif tPt/t>r j 
SYMBOLS:   ^ WATER LEVEL AT COMPLETION 

▼- WATER LEVEL HOURS AFTER COMPLETION 
ORL FORM 1202 
1 June 1988 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

SHEET2£OFJ^SHA-130       BORING NO._££_Z. 



BORING   NO.      -c*-7 
Project—. 1— 
DatKSmit       f   f Completa L-L 
Location N. 
Drilling Agency. 
Driller  
DriB   Type. 

.Inspector. 

Dritt Method. 
Thickness of Overburden. 
Depth Drilled Into Rock.— 
Total Depth of Boring, 
Ofr. of Sonlna—Vft 

SJX^^e*t^tfVt 

£*rc ffiS/, ft 0,0^ 

ELEV. 

If/,4  la I SURFACE COVER" 

7^ 

a 

"- 0£~&y 0P"l 

QZL 

SOB. CLASSIFICATION 

Ofi** ... ., 

rxi- €/fi0/) tA 

^J . — Vtrti'e*/' ic*m*r**rt fy*/i 

ff£ 4&  f»t fß/n 0./cWt Us5 

AT»/'    TZj' 

'--f* Y 
1 StfL. — fi/fi 0f r*  fff/„ /,',„ 

Instrumentation   Instt/toeL 
Surface Stvatfan_  
Datum lor Surface S_ 

I 
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5 LABORATORY RESULTS 

AND 
REMARKS 
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Arc      /*, / 

SYMBOLS:   Sr WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1988 SHEET 21 OF i4-A:13.1 

> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 

BORING NO. 



BORING   NO.  _ 
Project H, Tffi 
DaiatStart. 
Location N_ 

££zZ- Instrumentation    Instated.. 
Surface Dwaflon—  

J-JL .Complete. 
 £  

JUL. Datum for Surface SL 

Drilling Agency. 
DnHaat  
Drtt'  Typ» 

.Inspector. 

Drtt Method. 
Thickness of Overburden. 
Depth DrUed km Rock— 
Total Depth of Boring. 
Dt. of ««fag        Vert 

ELEV. SOIL CLASSIFICATION 

SURFACE COVER 

a» « 

8 

LABORATORY RESULTS 

AND 

REMARKS 
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■ffy *,aj'fj 

mi- ft o. W/n«/, 
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v£ 
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■■Sty 

-Z. filth 
•fA£*/n//l*1 

:^& fTytsr, 
-ffi/ 

3 

SYMBOLS:   X? WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 
1 June 1968 

\ 

rft//j JZ. 

let 0.0 

fitrr, /jf 

£***//%?' 
ti'C    1,t 
£*tf t,0 

7''*t /V/'ff-t'iytt 
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> - PARTIAL LOSS OF DRILL FLUID 
» - TOTAL LOSS OF DRILL FLUID 
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BORIMG   NO. 
Protect (ft Tfl°f 

£$-7 Instrumentation    Installed. 
Surface BevatkxL.  

Date:Start      /  f 
Location H.  £  

J-L Datum for Surface S_ 

Drilling Agency. 
Driller.  
Dritt   Type  
Drtt Method— 

„Inspector. 

Thickness of Overburden. 
Depth DriBed Into flocfc_ 
Total Depth of Boring. 
Dir. of «""fag        Vart 

ELEV. 

OuL 
SOU. CLASSIFICATION 

SURFACE COVER 

(ßl - t/fiStfmfoMJsf Art4 

/££ li_ /*-£ Ä>/f /»* 

I 

III 

LABORATORY RESULTS 
AND 

REMARKS 

T4 

«r- 
•Ifaj 

~^lWfi*« &/**/,„ 

^tfi"«''<ww 

•S-fy 

I — Cart }0t* 

-      '" *-*/*l'*rr/llf*4 

: - 6/P tyf4£*m/*»r Mr,/ 
Off 

t 

■<fc 

/fünf/ 

latf 0,0 

A«* ff 
Cos,//£>, 7 
Ar£    /o,7 
4~fft 0,0 

SYMBOLS:   V WATER LEVEL AT COMPLETION 
▼■ WATER LEVEL HOURS AFTER 

ORL FORM 1202 7/        -x, 
1 June 1988 SHEET JL OF 2± 5. 

COMPLETION 

A-133 

> - PARTIAL LOSS OF DRILL FLUID 
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BODING   NO.  _ 
pw/«a__ (it f,i & 
DatKStMrt L-L 

t*-7 

Location N  
DrWng Agancy- 
Drttar  

.Complata. J-J- 

Instrumantatlon 
Surftet Bavation. 
Datum for Surfte» &. 

. Inspector. 
Drtt   7>pa__ 
Drtt Method. 
Thickness of Owburdan. 
Dapth Drtttd Into Rock.  
Total Dapth of Boring. 

7 W-. 

' q£.Z"u4     MSI' — bit- "»—. *i /,j,f/ 

n£ 

•12.1 

-1M 

-77.7' 

;-/H/f4 

Of- 

HfmMw    ft*/; 

~/flr*n 
C2L- f//#£.£, OarJctsr« 

«a- 

vf 

-fi,/ 

■ iff,?.' 
0Z 

££ 

0£ 

'ML 

• /riftA 

■ w • 7 ' 

Ctrz 

-/Href) 

"^Offf'ie fort 

-flint 

8.0,/+, 

'sty TV tr, 

\ 

SYMBOLS:   V- WATER LEVEL AT COMPLETION 
▼" WATER LEVEL HOURS AFTER COMPLETION 

ORL FORM 1202 , y  ne ? > „ A-134 1 Jum 1988 SHEET JA. OF JA. SI «"»   "*^T 

* 

s 

LABORATORY RESULTS 
AND 

REMARKS 

fire    {»• ¥     rMr 

£**f 0,0 

4e*ifl4/£i>  0*fi&   E/rt/ 

CJf. 7    7T,l ' U 

/Z. 

13 

6/T,7   7JU 

flit     713 

> - PARTIAL LOSS OF DRILL FLUII 
>> - TOTAL LOSS OF DRILL FLUID 
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Rock Test Results 
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Table 4.3 

SUMMARY OF RESULTS OF TENSILE TESTS ON SHALE CORES 
FROM UTP BORINGS CB-1, CB-3, AND CB-4 (UPDATED 6/17/91) 

Indirect Direct 
Wet Water Dry Tenaile Tcaiüe 

Boring      Depth DU. Ht Load Weight Death? Content Density Strength SncBgib 

No.         (feet) (In.) (In.) (lb.) (pai) (pel) (*) (peQ (pri) (prf> 

CB-1       17555 1.762 0564 1506 9752 1575 413 1515 564.4 - 

19050 1.763 0561 1007 9651 157.4 415 1511 378.4 — 
20650 1.760 1028 960 10453 1591 413 1525 3445 - 
22055 1.759 0567 908 9657 1571 455 1511 3395 - ■ 

36145 1.760 0559 608 96.71 1575 454 1511 2295 - 
27955 1.762 1500 599 10255 159.4 457 1525 216.4 - 
27955 1.757 0582 808 10019 1605 414 1535 2981 — 
28550 1757 0533 880 9553 1615 359 1555 3415 - 
29155 1.756 0589 735 10058 1601 175 1545 269.4 - 
29410 1.761 0538 653 9553 1591 355 1531 2517 — 

29525 1.751 «5« 762 95.41 1601 411 1535 2941 — 

29955 1.757 0577 626 9912 1595 412 1535 2321 — 

304.70 L759 0578 494 10359 165.7 358 1595 1825 — 

30950 1.763 0587 662 8959 1585 459 1517 2695 — 

30950 1.759 1500 708 10158 1592 3.78 1535 2561 — 

CB-3        330.40 1748 0541 1134 9412 1585 412 1525 4385 - 

34555 1762 1005 1171 10251 1595   „ 450 1525 4215 — 
36050 1.763 0569 1180 9756 1575 452 1505 439.7 - 
37455 1.759 0592 1370 100.73 1591 4.48 152.4 4995 - 
39010 1759 1002 1624 10258 1605 454 1535 5865 — 
405.05 1762 0556 726 9659 1575 458 1505 2745 — 
41150 1728 O901 563 89.19 1605 418 1541 2301 - 
41450 1758 0589 1071 10114 1605 452 1535 3921 - 
42015 1.761 1.062 1271 10955 1615 351 155.4 432.7 - 
42550 1.761 0553 1162 9753 1605 458 1535 4405 - 
430.40 1.759 1.035 1198 106.18 1605 4.42 154.0 4185 - 
43550 1.760 1.070 1316 108.72 159.1 450 1525 4445 - 
44050 1.762 0.979 2949 8256 1315 159 1291 10885 - 
445.10 1.763 1.005 2931 93.67 1455 150 1435 10531 - 
450.70 1.765 1556 3866 95.18 1405 1.10 1385 13205 - 
465.05 1.763 1503 2078 9753 1515 2.01 1485 748.1 - 
479.40 1.762 0.961 2514 8857 143.7 212 140.7 9451 — 

(3-4        36650 1565 1000 944 «417 159.4 416 1525 3221 - 

380.15 1564 0.998 1125 11419 1595 199 153.7 385.0 - 
39510 1768 1505 898 110.07 170.0 356 164.4 321.7 - 
409.45 1.762 0.972 1343 99.19 159.4 4.41 152.7 4991 - 
424.10 1.767 0594 1143 102.72 1605 451 1535 4145 - 
435.00 1.776 4546 14 45353 1605 3.05 155.7 - 10 
43950 1.773 0593 3394 89.42 1385 1.40 1375 12275 — 
44352 1773 4505 279.4 37351 1335 100 1325 - 1131 
45615 1772 4132 153.7 39313 1435 116 1415 - 625 
456.70 1.771 0557 1815 9156 148.4 175 1455 6815 - 
461.70 1770 1010 2042 9653 148M 147 1465 7271 - 
466.10 1.774 0.989 2006 94.45 1471 140 1451 7275 - 
47050 1.773 1514 2504 99.78 1515 211 1485 886.7 — 
47550 1.769 4110 2571 40156 147.7 157 1445 — 1045 

47550 1770 1522 2441 9751 1475 154 1445 8591 - 
48050 1758 0587 2405 10121 1605 251 1565 8825 — 
48650 1.770 0540 1815 8953 1465 153 1445 6945 - 
48650 1.769 4.139 2355 396.44 1485 185 1455 - 955 
491.10 1.770 0.968 2296 9752 1551 Z4S 1515 853.1 — 
49555 1.767 4135 261.7 440.13 1615 170 1571 - 106.7 

500.00 1.771 1.016 2568 «029 1465 213 1435 9085 — 
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Figure 4.7 

Tenisle Strength Tests, Boring CB-1 
BORING: CB-1 

0 

o 
0 

■*> 

a. o o 

240 

Ten» iIe Strength,   pe i 
200 400 600 800 

IbU • - - » 

160 

- 
o 

200 
o 

220 0 

INDIRECT 
TENSILE 
STRENGTHS 

1000 

2B0 o.     o 

CD B-29 

320 L 



Figure 4.8 
Tensile Strength Tests, Boring CB-3 
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Tensile Strength Tests,  Boring CB-4 

BORING:   CB-4 
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Figure  4.10 

Composite  Plot  of Strength Test Data for CB-1,   CB-2,and CB-4 
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TABLE 4.4 

QUANTITATIVE X-RAY DIFFRACTION ANALYSIS 

Hole* Depth (ft) Formation Oay-% Qrtz-% Fldspr-% Calc-% Dolo-% Other-%* 

CB-6 429.9 N. Prov. 5 23 3 <1 5 68 
CB-6 453.2 N. Albany 12 19 7 <1 <1 72 
CB-6 536.0 Louisville 1 1 . • 98 1 
CB-4 426.0 N. Prov. 12 23 7 <1 <1 68 
CB-4 460.2 N. Albany 9 28 7 <1 1 62 
CB-4 521.8 Jfsnvl 1 1 • 78 20 1 
CB-4 555.5 Louisville 1 2 • <1 97 1 

* Other represents all "other* material not detected by X-ray diffraction analysis, 

e.g. organics and amorphous material such as glass 
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UTPP001 

Figure D-1. Sump Bay. 

UTPP002 

Figure D-2. Transformer bay (looking in). 
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UTPP003 

Figure D-3. Transformer Bay. 

UTPP004 

Figure D-4. Intersection (CaL Adit to Left). 
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UTPP005 

Figure D-5 Intersection (Cal. Adit to Lett) 
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UTPP006 

Figure D-6 Test Adit Looking Towards Plug 
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UTPP007 

Figure D-7 Plug's Upper Face 

UTPP008 

Figure D-8 Typical Electric Switch for Water 
Pump at Bulkhead 
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UTPP009 

Figure D-9 Test Adit at Sta. 17+00 

UTPP010 

Figure D-10 Test Adit Intersection with Cal. Adit 
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UTPP011 

Figure D-11 Plug (Upper Bulkhead with Fill-Bleed 
Lines Shown) 

UTPP012 

Figure D-12 Gas Monitor at Plug 
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UTPP013 

Figure D-13 Cal. Adit (Looking from Intersection) 

UTPP014 

Figure D-14 Cal. Adit 
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UTPP015 

Figure D-15 Cal. Adit (Looking towards its 
Terminal Station) 

UTPP016 

Figure D-16 Intersection (Looking from Cal. Adit) 
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UTPP017 

Figure D-17 Gas Warning/Monitor Siren and Light 

UTPP018 

Figure D-18 Transfer Bay 
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Figure D-19 Electric Controls and Gas Monitor Box 

UTPP019 

UTPPO20 

Figure D-20 Sump Tank at Sump Bay 
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UTPP021 

Figure D-21 Sump Bay 

UTPP022 

Figure D-22 Test Adit 
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UTPP023 

Figure D-23 Access Road to Rodgers Hollow 
(Portal on Left) 
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UTPP024 

Figure D-24 Plug During Construction. Shown are Pressure 
Grout Pipes with Gas Checks (Plates) and 

4" Dia. Bleed Lines 
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UTPP02S 

Figure D-25 Front (Upper) Bulkhead with Fill 
and Bleed Line Penetrations 

UTPP026 

Figure D-26 Finished Rear (Lower) Bulkhead from 
Inside Plug 
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UTPP027 

Figure D-27 Back of Lower Bulkhead Prior to completion. 
Shown are Supports and Access Opening 
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UTPP028 

Figure D-28 Gas (Methane) Seepage at Sta. 18+50 
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UTPP029 

Figure D-29 Interface Bewteen New Providence Shale 
(Top) and New Albany Shale (Bottom) 

at Sta. 18+54 
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UTPP030 

Figure D-30 Yard (Storage) Area on Site 
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UTPP031 

Figure D-31 Rock Bolt Installation 

UTPP032 

Figure D-32 Access Road to Site (Portal on Right) 
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UTPP033 

Figure D-33 Gas Bleed Line with Valve Penetrating 
Upper (Front) Bulkhead 

UTPP034 

Figure Q-34 Gas Seepage at Sta. 18+50 
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UTPP035 

Figure D-35 Piezometer Monitoring Assembly P-1 

UTPP036 

Figure D-36 Portal Showing Final Vent Exhaust and Electrical Substation on 
Top (Stack Removed Recently for Safety Reasons) 

D-20 



;, /W^..-y^»>v.. ■■„>: 
UTPP037 

Figure D-37 Sump Tanks Outside Tunnel Delivering Water Pumped Out 
of Tunnel to Dewatering Line Going to Salt River 

UTPP038 

Jobsite Entrance Signs 
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