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Dear Mr. Jackson:

At your request we have completed the Baseline Geotechnical Investigation for
the Subsurface Disposal of Millwaste. The report contains geotechnical design
criteria to consider in the preparation of the final subsurface disposal pit design
and plans. Desian criteria are concentrated in the area of the proposed Sagebrush-
Tablestakes pit; however, information is also included for the proposed Bullrush
area.

In addition to the baseline data, preliminary design alternatives have been
prepared based upon our evaluation of the data generated by this report. Design
alternatives are presented in Appendix E.

Upon completion of discussion of design alternatives with Federal-American
Partners staff we are ready to proceed with the final design phase of the project.

If further consultation regarding the contents of this report is reguired,
or if we can be of further assistance, please do not hesitate to contact us.
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SCOPE OF INVESTIGATION

This report presents the results of a baseline geotechnical investigation
conducted to delineate subsurface conditions for the porposed subsurface
disposal of uranium millwaste at the Federal-American Partners Gas Hills
Project, Gas Hills Mining District, Fremont County, Wyoming. This investiga-
tion has been conducted to define geologic and hydrologic conditions, and
material properties that are pertinant to the geotechnical design of a dispos-
al system that will meet current NRC (Nuclear Regulatory Commission) licensing
requirements for below-grade uranium millwaste impoundments. The major
aeotechnical design criteria that have been gathered during this investigation

include the following:

Foundation and sidewall permeabilities

Tailina and remolded overburden permeabilities

Physical Groundwater conditions

Surface water hydrology

Overall qgeologic conditions

Settlement characteristics of tailing and remolded overburden

This report includes geotechnical data for the proposed Bullrush and
Sagebrush-Tablestakes pit areas, however, it is our understanding that the
Sagebrush-Tablestakes area is intended for immediate use. Preliminary subsur-
face disposal design alternatives for the Sagebrush-Tablestakes area are
included in the repcrt. This report has been written for use as supporting
technical data in the final pit disposal plan.

Factual data gathered during the field and laboratory work are summarized
in Appendices A through D. Conceptual pit disposal sections are presented in

Appendix E.



PROPOSED PIT REQUIREMENTS, LOCATION & TOPOGRAPHY

Federal -American Partners currently processes approximately 1,000 tons of
uranium ore per day and intends to increase its milling capacity to 4,000 tons
per day within the next 2 years. In order to dispose of the increased mill-
waste volume in an environmentally safe manner, and in accordance with NRC
requirements, a subsurface disposal site is required. A pit life of 10 years
is desired requiring a volume of approximately 7.4 million cubic yards.

The disposal site under consideration will be located in an abandoned
open pit mine. This investigation addresses two potential pit disposal areas,
the proposed Bullrush and Sagebrush-Tablestakes pits. The Sagebrush-
Tablestakes pit will be used for disposal in the near future as pit excavation
is currently in progress. The total Sagebrush-Tablestakes pit volume will be
approximately 15 million cubic yards The Sagebrush-Tablestakes pit limits
are presented on Plate 3. The pit is located in the south 1/2 of Section 32,
Township 33 North, Range 90 West of the 6th principal meridian, Puddle Springs
Quadrangle, Fremont County, Wyoming. More specifically, the proposed site is
located approximately 0.8 miles west and south of the Federal-American Part-
ners mill site.

Natural topoagraphy of the site consists of rolling hills and small inter-
mittent drainages., however, much of the original topography has been modified
by mining activity. Previously mined out pits have been backfilled to the
northeast and northwest of the Bullrush area. Open pits and pits being
currently mined are located tq the south and southwest of the proposed
Sagebrush-Tablestakes pit and to the west and northwest of the prcposed

Bullrush pit. Refer to Plate 1 for the site topography.



AREA GEOLOGY

The Gas Hills area is located in the southern portion of the Wind River
Basin adjacent to the northern part of the Sweetwater uplift. Beaver Divide
marks the southern most extention of the Wind River Basin and 1is located
approximately three miles south of the Federal-American Partners mill site.

Lithologies encountered durina this investigation are part of the Wind
Kiver Formation. The geologic materials at the site were derived from two
episodes of the Sweetwater uplift. During the first episode, in late Cret-
aceous time, coarse grained material was deposited north of the Gas Hills area
in the deeper portions of the Wind River Basin. As the basin became filled
with sediments fine grained sands and silts were deposited in the Gas Hills
area. The second episode of Sweetwater uplift, in early Eocene times, resulted
in erosion of a portion of the fine arained sands and silts followed by a
rapid deposition of new coarse grained material in the Gas Hills area. These
newly deposited alluvial fan deposits have become the host rock for the Gas
Hills uranium.

The older fine qrained sands and silts are known as the lower Wind River
Formation and the younger coarser grained material form the upper Wind River
Formation. Both the upper and lower Wind River Formations can be found in the

Federal-American Partners pit areas.

SEISMIC CONDITIONS

Wyoming is a low seismic activity region with most of the activity
occurring in the extreme western portion of the state (S.T. Algermissen, et

al). The seismic risk map of the United States (S.T. Algermissen) indicates



that the Gas Hills area is a Zone 1 seismic area. Zone 1 has been defined as
an area that can expect minor earthquake damage from mild earthquake events.

Recorded earthquakes within a 200 mile radius are tabulated on Table
1. The earthquake epicenter location, date of occurrence, Modified Mercalli
intensity ratirg and the approximate distance from the epicenter to the Gas
Hills arza are included on this table. The information indicates that the
highest intensity event recorded, closest to the site, occurred in southeast
Fremont County, approximately 21 miles southwest of the Gas Hills on April 21,
1973. The Modified Mercalli intensity at the epicenter was reported as V.
Shoshoni, Wyoming reported an intensity of IV for the event. No Modified
Mercalli Intensity was recorded for the Gas Hills area, however, it is reason-
able to assume that an intensity III or IV was realized.

To our knowledge, no damage to any existing structures (i.e., tailing
dams, mill sites, etc.) occurred in the Gas Hills area from this event. A
second close event was recorded approximately 31 miles west of the Gas Hills
on March 25, 1975 with an intensity 111 reported at Jeffery City and Riverton,
Wyominag.

The Hebaen lLake, Montana earthquake in Auqust of 1959 was the largest
recorded, reqgional earthquake in the Wyomina area. The event was recorded at
7.1 on the Richter Magnitude Scale and has been assigned a Modified Mercalli
intensity of X at the epicenter. Refer to Table 2 for recorded intensities
reported at various distances away from the Hebgen Lake epicenter. Lander,
Wyoming (62 miles from the Gas Hills) and Casper, Wyoming (59 miles from the
Gas Hills) reported intensities of IV and I1I, respectively. A maximun
intensity of IV is postulated to have occurred in the Gas Hills area from this

event.
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REGIONAL EARTHOUAKE HISTARY (200 mile radius)

MODIFIED  APPROX. DISTANCE

APPROX. EPICENTER MERCALLI TO EPICENTER
DATE LOCATION LAT.  LONG. INTENSITY (miles)
1894  7-25 Casper, Wyoming 42 9N 106. 3W v 61
1897 11-14 Casper, Wyoming 42 . 9N 106. 3W VI 61
1910 7-26 Rock Sprinas, Wyo. 41 .5N 109. 3W v 128
1917 12-12 Gray, Idaho 43.0N 111.3W v 193
1923 3-24 Keliy, Wyoming 43 .6N 110.6W v 166
1925 11-18 %. Central Wyo. 44 (6N 107.0W v 127
1928 2-13 “entral Wyoming 43.5N 108.2W v 60
1930 6-12 Grover, Wyoming 42 .6N 111.0W Vi 178
1932 1-26 Western Wyoming 43.6N 110.8W V-VI 176
1933 '1-02 Gray, Idaho 43.0N 111.3W v 193
1934 11-23 Lander, Wyoming 43.0N 109.0W v 62
1948 2-24 N.W. Wyoming 43 .5N 111,00 VI 183
1951 2-21 W. Central Wyoming 43.0N 110.0W IT1 127
1953 6-04 N.W. Wyoming 44 5N 110.5W Vi 191
1954 1-20 S.E. Wyoming 41 .5N 105.5W Vv 135
1955  2-10 N.W. Wyoming 40, 5N 107 .0W v 108
1956 10-03 S.W. Wyoming 41.5N 110. W v 160
1957 11-03 W. Central Wyoming 42 .5N 111.0W v 179
1958  8-07 Fox Park, Wyoming 41.IN 106.0W v 140
1959 12-25 Fox Park, Wyoming 41.1N 106.0W v 140
1960 8-20 S.E. Idaho 42 .3N 111,30 v 196
1962 10-06 Western Wyoming 43.6N 110, 8W v 176
1963 2-25 Western Wyoming 42 6N 109.2W Vv 87
1963  3-05 S.E. Idaho 42 .6N 1171.3W IT1 194
1963 3-08 Yellowstone Nat'l

Park, Wyoming 44 BN 110.2W V] 193
1963 4-18 Yellowstone Nat'l

Park, Wyoming 44 8N 110.3W v 197
1964 8-22 Eastern Wyoming 42 .9\ 104.7W v 142
1967 2-14 Rangely, Colorado 40. 1IN 109.0W v 195
1968 1-09 Central Wyoming 42 . 7N 106.8W I11-1v 36
1969 8-27 W. Central Wyoming 42 .9N 110.8W 111 168
1970 4-21 Rangely, Colorado 40, N 108. 9w Vv 199
1972 11-24 Idaho 42 5N 1171.2W Iv 187
1873 4-22 S.E. Fremont

County, Wyoming 42 . 6N 107.9W v 21
1974  3-3] Northern Colorado 40.7N 107.1W 11 145
1974 9-19 N. Central Wvoming 44 N 107 .4W v 9]
1975  3-25 Central Wyoming 42.7N 108.1W 111 31
1975  5-16 S.W. So. Dakota 43.2N 103.7W v 196
1976 1-27 Rawlins, Wyoming 41,9\ 107.2W FELT 60
1976 9-03 Kaycee, Wyoming 44 0N 106.2W FELT 109

Data compiled with the help of U.S. Department of Commerce,
National Oceanic and Atmospheric Administration.

TABLE 1



HEBGEN LAKE, MONTANA EVENT AUGUST 17, 1959

EPICENTER - 44 .83N, 111.08W
RICHTER MAGNITUDE - 7.1
MERCALLT INTERSITY - X

Earthquake intensity file - selected locations and Mercalli intensity
at that location.

DISTANCE FROM DISTANCE FROM

LOCATION MERCALLI INT. EPICENTER (miles) GAS HILLS(miles
Hebgen Lake, Montana X 0 216
Yellowstone Nat'l Park, Wyoming VITI 51 177
Cooke City, Wyoming VI 57 196
Jackson Lake Dam, Wyoming V1 112 150
Buffalo, Wyoming Vv 220 115
Cody, Wyoming 'l 101 143
Jackson, Wyoming v 95 171
Pinedale, Wyoming v 150 118
Thermopolis, Wyoming v 164 69
Lander, Wyomina IV 181 62
Worland, Wyoming 1V 163 88
Casper, Wyoming I11 275 59

Data obtained from 1959 addition of:

"United States Earthguakes", U.S. Dept. of Commerce,
National Oceanic and Atmospheric Administration

TABLE 2



Historical information, such as that discussed above and tabulated
in Tables 1 and 2 for the Gas Hills area and the Wyoming region, indicates
that the Gas Hills area probably has experienced a disturbance no greater than
an intensity of IV. The largest earthquake which is likely to occur, based
on the existing seismic data, is not expected to exceed a Modified Mercalli

intensity of IV.

SURFACE WATER HYDROLOGY

In order to estimate the volume of surface run-off water that the pro-
posed Saaebrush-Tablestakes pit area will receive a preliminary hydrology
study was conducted.

The drainage area that will contribute to the proposed pit is approx-
imately 0.2 square miles. This is a preliminary number because of the contin-
ual topographic changes in the mining area. It assumes that the Union
Carbide K-1 pit will be backfilled and that drainage from that area will be
re-directed to drainages located east of the pit. In addition, it assumes
that drainage in the area of a pit under excavation immediately northwest of
the Sagebrush-Tablestakes pit will also be re-directed away from the site.

The retention volume for the Sagebrush-Tablestakes pit was determined
using volumes that could be expected from the Probable Maximum Flood series.
The Probable Maximum Flood series is made up of two floods: the Probable
Maximum Flood (PMF) and a flood equivalent to 40 percent of the PMF occurring
a few days prior to the main flood.

The water volume generated by the PMF will be approximately 96 acre-feet
for the drainage area. The total volume to be retained (above the normal pool
elevation) will be 96 + .40 (96) = 134.4 acre-feet. This assumed negligible

evaporation during the time between the two flood events.



The volume of the PMF was determined by adjusting the probable maximum
one-hour thunderstorm value of 9.8 inches to a runoff value of 8.83 inches
(curve number=92; Antecedent Moisture Condition 111). These values were
obtained from rainfall maps and charts presented in the Bureau of Reclamation
publication "Design of Small Dams" and from charts presented in the Soil
Conservation Service Technical Release No. 55 "Urban Hydrology for Small
Watersheds". The runoff value of 8.83 inches was used for 90 percent of the
drainage area. Since the retention pond in the disposal area will cover
approximately 10 percent of the total area, the total 9.8 inch value was used
for this water surface. The runoff curve number was obtained by adjustinc the
normal curve number of 81, which has been found to be satisfactory for the
area, to 92 for the saturated antecedent moisture condition (AMC-II1I). A
saturated value is used because it is anticipated that a major portion of the

area will be continuously sprayed with water to control fugitive dust.

FIELD INVESTIGATION

The field investigation for the proposed disposal areas consisted of 21
exploration borings drilled around the perimeters of the proposed Bullrush and
Saqebrush-Tablestakes pit areas. Refer to Plate 1 (in pocket) for boring
locations. Borings were advanced with two CME 55 drill rigs, capable of auger
drilling and sampling, in-situ permeability testing and core drilling. The
borings were drilled into corable bedrock with four inch diameter solid
augers. The soils, fill and/or bedrock above core point were sampled with
either a two inch diameter California Sampler or a Split Spoon Standard
Sampler. Standard Penetration tests were conducted at each sample location.
When corable bedrock was encountered, continuous core was retrieved with an NX

wire line core barrel. In-situ packer type permeabiity tests were conducted



in most of the borings. The tests were conducted at different depths and in
different lithological zones, to determine horizontal permeabilities for each
litholoagy. The tests were conducted by using a three or a four inch diameter
rubber packer, set in a four inch diameter auger hole or a "NX" size core
hole. In most cases the packer tests were conducted at more than one hydrau-
lic head to verify the permeability test results. Upon completion of each
boring, the hole was qeophysically logaed by logging equipment supplied by
Federal-American Partners. Resistivity logs are, in most cases, limited to
the lower portions of the borings because drilling fluid could not be retained
in the holes. Boring ST-F8 was not geophysically legged due to caving pro-
blems. Borinas ST-F2 and ST-F3 were eliminated from the drilling program due
to the availability of Federal-American Partners geophysical logs in that
. area, Upon completion of drilling and logging, each boring was cased with two
inch diameter slotted PVC for water level monitoring. Detailed lithologic
boring logs and aeophysical logs can be found in Appendicies " and B respect-
jvely.
In addition to the drilling program, representative tailing samples
were obtained from the mill discharge line. These samples were obtained for

use in subseauent laboratory investigations.

LABORATORY INVESTIGATION

Upon completion of the field investigation, all samples obtained during
the drilling operations and representative tailing samples were returned to
our Denver laboratory and inspected by the project engineer. Field class-

ifications were then verified and the laboratory testing program was formulated.



The laboratory testing program was divided into two sections. The
first section was composed of material classification tests, including sieve
analysis and Atterberg Limit determinations, on undisturbed samples from each
lithologqy and on samples of mill tailing. The second section consisted of
enaineering property tests including standard P.octor determinations, one-
dimensional time-rate consolidation tests, and falling-head permeability
tests. Time-rate consolidation tests were conducted on undisturbed foundation
soils and remolded samples of mill tailing and overburden material. Falling-
head permeability tests were conducted on undisturbed samples from each
lithology and on remolded samples of mill tailing and overburden material.

A1l of the laboratory tests were conducted in accordance with appropriate

ASTM specifications. Laboratory test results are presented in Appendix D.

SUBSOIL CONDITIONS

Borinas BUL-F1 through BUL-F8 were drilled in the Bullrush mineralized
area. Borings ST-F1 through ST-F13 were drilled in the Sagebrush-Tablestakes
mineralized area. Cross sections have been constructed through both areas
by combining data obtained from this investication and previously obtained
exploration data suppiied by Federal-American Partners. Refer to Plate 1 (in
pocket) for boring locations and cross section lines. Refer to Appendix A and
B for lithologic and geophysical borina logs respectively. Refer to Appendix
C for cross section profiles. '

Subsoil conditions are similar across both the Sagebrush-Tablestakes
and Bullrush areas but vary with depth. Refer to Appendix C, Figure 2,

section B-B' for typical vertical and horizontal lithology changes across the




site. Typically 0 to 90 feet of pit backfill or stockpiled overburden over-
lies a residual sand (weathered bedrock materials) that varies in thickness
from 0 to 50 feet. The bedrock encountered consists of a homogeneous white to
yellow brown, fine to coarse grained sandstone over light to dark green, fine
to medium grained silty sandstone. This sandstone unit is generally inter-
bedded with mudstone lenses varying from 0 to 40 feet in thickness. A 30 foot
thick, continuous mudstone lens was encountered in the Sagebrush-Tablestakes
area as is indicated on the cross sections. The bedrock units in the Sage-
brush-Tablestakes area are capped with a silty sandstone conglomerate bedrock
varying in thickness from 0 to 25 feet. It shouid be noted that the sub-
surface conditions are qreatly affected by the presence of a high angle normal
fault striking approximately east-west and having an average displacement of

' approximately 110 feet, down to the north. This fault roughly divides the
Sagebrush-Tablestakes and Bullrush areas.

Existing fill permeabilities average 5 x 1004 centimeters per second
in both the vertical and horizontal directions. Conqlomerate permeabilities
could not accurately be determined due to poor sample recovery and hole
cavinag. Conglomerate permeabilities are estimated to be approximately 10°3
CM/SEC in both the vertical and horizontal directions. The homogeneous fine to
coarse grained sandstone has an average permeability of 2 x 1()'4 CM/SEC in
both directions. The interbedded fine to medium grained sandstone and mud-

stone has an average horizontal permeability of 4 x 10°° CM/SEC and an average

vertical permeability controlled by the mudstone lenses, of 3 x 1077 CM/SEC.




GROUNDWATER CONDITIONS

Refer to Plate 2 (in pocket) for piezometric surface contours within
the study area. It can be seen from Plate 2 that the aroundwater flow con-
ditions are extremely complicated. Generally, flow is from north to south at
aradients corresponding to lithologic dips (refer to north south cross sec-
tions). Within the project area, groundwater flow is being controlled by the
east-west fault, and by pumping withdrawals from Union Carbide K-1 pit and the
Federal-American Partners existing Bullrush pit. The presence of pumping in
both pits is indicated very clearly on the piezometric surface contour map,
however, the fault effects can be interpreted in two ways:

1. The fault is beina recharged to the east and is recharaing in the area of
investigation to the north and south.

2. The fault has displaced the thick mudstone lens in the Sagebrush-Table-
stakes area upward and created a "perched" water surface on top of the
mudstone creating two water surfaces.

Usina either of these interpretations it is estimated that upon termin-
ation of pumping in the Sagebrush-Tablestakes area the aroundwater surface
will recharae to approximately 30 feet above the top of the continuous mud-
stone lens. Flow in this area will be qenerally from north to south with a
aradient of -~pproximately 0.015 feet per foot.

Groundwater quality data has not been compiled, however, borings dr®iled
for this investigation have been cased in ¢ manner that will allow for sample
collection. It is recommended that water quality data collection be initiated

as soon as possible.
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DESIGN PERFORMANCE OBJECTIVES

Prior to final design of the subsurface disposal system, performance
objectives must be established. The objectives should meet the requirements

to satisfy both geotechnical and operational constraints, and to provide an

environmentally acceptable disposal plan. Operational objectives are as
follows:
1. Design a system to minimize maintenance, and eliminate 2nv continual

construction in the system,

2. Design a system that is not generally affected by modifications in the
mill circuit.

3. Desian a system where pond water can be controlled in the disposal area
(i.e., such as sprinkler systems to control fugitive dust), and minimize
and amount of water that would be returned to the mill circuit.

4. Design a system that will initially be located in the proposed Sagebrush-
Tablestakes area, with the possibility of extending this area to handle
future disposal.

5. Design a system to prevent immediate contamination of the Federal-.
American Partners village well.

6. Desian a system that could utilize the existing Tailing Pond No. 1 as an
evaporation pond if needed.

7. Design a system where the millwaste can be deposited with or without the
use of cyclone separators.

8. Complete final disposal pian for submittal to the NRC and the Wyoming
Department of Environmental Ouality (DEQ), for final review by March 5,
1979,

9. Initiate subsurface disposal by Auqust 1, 1981,

The geotechnical performance objectives which need to be addressed as a

result of this investigation include the following:

<11~



1. Reduce to an acceptable level or eliminate groundwater contaminate migra-
tion from the proposed storage impoundment.

2. Reduce to an acceptable level or eliminate wind blown contaiminate migra-
tion from the proposed storage impoundment.

3. Provide for tailing drainage and subsequent drying prior to site reclama-
tion.

4. Control or predict tailing settlement in such a manner to allow for
stable impoundment cover placement.

5. Provide sufficient cover upon completion of tailing deposition, drying
and settlement to reduce gamma radiation to near background and randon
radiation to twice background.

€. Eliminate the need for extended monitoring subsequent to reclamation.

7. Perform all of the above in a cost effective manner by maximizing the

storage volume and minimizing cost.

SAGEBRUSH-TABLESTAKES AREA PIT

The following is a list of deisgn criteria relative to the proposed
Sagebrush-Tablestakes pit to be used in the preparation of a design that will
meet performence objec:ives listed above.

Water Balance Criteria

1) Tailing will be slurried to the proposed pit. The water portion of the
slurry will be approximately 1,000 gallons per minuce upon completion of
mill expansion.

2) An evaporation rate of 42 inches per year.

3) Sprinkler irrigation losses for standard rainbird type sprinklers of
approximately 25 percent of the total sprinkled volume. (Could be in-

creased by finer spray sprinklers).

=l @



4, Zero seepage losses.

5. Possible pit discharge as mill make-up water.

6. A probable maximum flood storage of 96 acre-feet of water and an average
rainfall recharge of 9.8 inches per year.

Material Properties Criteria

1. Subsurface conditions as indicated on Figure C-1 through C-5 (Appendix A

2. Pit sidewall and foundation permeabilities - refer to Figure 1 for
average values,

3. Material classifications - refer to Figures D-1 through D-18 (Appendix D)

4. Remolded overburden and tailina permeability as a function of depth of
burial - refer to Fiqure 2.

5. Remolded overburden, tailing and natural foundation material consolidation
characteristics - refer to Figure D-21 through D-32 (Appendix D).

6. Natural static water level at 30 feet above the top of the mudstone layer
in the bottom of the proposed pit.

7. A maximum seismic event on the order of IV on the Modified Mercalli
intensity scale.

Based upon the results of this investigation, we have formulated six
disposal schemes which could be used in the final design to meet both geotech-
nical and operational performance objectives. The final disposal plan should
be based on one of these schemes that will be compatible with the operation of
mill circuit. The data qenerated in this report can be used to design any of
the systems and justify the final plan to the reviewing agencies. It is our
opinion that the geotechnical data presented provides justification for the
use of either scheme presented on Fiqures E-5 and E-6, and that these schemes

~an be justified to the NRC and Wyoming DEQ. We emphasize that the NRC has
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not approved the disposal of millwaste below any "regional" ground water. The
use of the scheme presented on Figure E-1 has already been approved but will
result in a severe loss of storage capacity. We conclude however, that enough
data has been generated, and the technical support can be compiled to justify
the use of any of the systems.

The key design features of each scheme are included in Appendix E.
The final disposal plan and justification will be initiated by this firm

after review of these schemes with you.

REVIEW

This report presents design objectives and the design data required to
prepare a final subsurface disposal system impoundment design.

Prior to preparation of the final disposal system design it is very
important that operational aspects be discussed with Federal-American Partners.
A thorough review and discussion of the preliminary designs is recommended,
after which the final desian task can be undertaken.

If you have any questions or desire further consultation please do not

hesitate to contact us.

F. M, FOX & ASSOCIATES, INC.
o W
Donald L. Taylor, Jr.

Staff Engineer

Reviewed by:

SSR0F ESS/'[;';;,;;,,,'

S ) eqgan A. Heath
e Project Engineer

%y ;
%, a.,,m“" & & anglq R. Clark, P.E.
"o:?'l/’[ 0F W“\!\\:&-‘ Division Manager

T

DLT/RH/t1
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F. M. FOX & ASSOCIATES, INC.
SUBSURFACE EXPLORATION LOG

- SHEEY _! _OFf_3

‘ PROJECT: F.AP. Millwaste Subsurface Disposal Investigation ppoJect NO. 1-1371-3774 BORING NO. _ST -]

COLLAR ELEVATION: 8583 feet TOTAL DEPTH: 299.5 feet

DATE BEQUN: October 19, 1978 pATE FINISHED: . October 24, 1978 | 6GGED OY: Larrest knabel . REVIEWED BY: 22

. > - i :
L‘ - Zw ® 2l > > | 8 - [ 8
S 1z gl Col=1¥ Jol & - B T B <
o o > =8 » > pod - o - e
wlo o LITHOLOGY Fzl2 dJo|l 3ol o |FILE | >
oaloplze o « < ° |HMazal sul 2 2 3 ~
3::&:5 2 2 AND £e : 3;§&';2=29 a |lol3|@ NOTES
> w T e cWoldugl @ 8]
wolatlawl & | ¥ PHYSICAL CONDITION 200e|w |o|“23[ 28 2|5 |5 |4
by w « < o @ w o
- 5 |3 BEl e R R L3082
o
s‘ - - L
& ] 3 o FILL, SAND, fine to coarse grained with
] :‘ traces of gravel, silty and clayey in
b 9 part, loose to medium dense, medium
b 9 meist, green to brown
Jesra| 10N ol
] 3 b
] p: 14210
3 3
T 3 -
8563 ”_:\ \\ 8/12
3
:
3
e
6569| 30 Wi B
: 28] 4
: o Hes12 s Yot
6643 40 Trace of gravel
i 3
]
3
R -
16533| 60 52! 22
] TR Gravel with possible cobbles
3 3
p 3 L.
Jes23| 663 4712
: ]
b 3
-4 B
: bR 80/10
—8513] 70 -Fs
1 L
3 oS 76"
b = Mudstone chips
- E
“ 8805 "
. i 50/4.5
-]6503 w‘i wWhite to yellow brown, fine to coarse
b b 3¢ ?ralned. poorly to moderately cemented
4 b clay), quartz sandstone, with traces
p i of silt and gravel
s 1 03
~{8483| 90
b 3.
] ] 96' - 106
b b Fine grained, silty lense with some iron
1 | 1 staining "
0482100 4 Lol
EXPLANATION
. HOLE TYPES * STANDARQ PENETBATION TEST.
SA - INDICATES SOLID AUGER INDICATES BLOWS/FOOT: RECORDED AS, NUMBER
CORE RECOVERY i, ''DICATES WATER OF BLOWS WITH A <40 POUND
HA - INDICATES HOLLOW AUGER WM EUEL AND DATE : UND HAMMER,
C - INDICATES CORE NOLE RECORDED FALLING 30 INCHES, REQUIRED TO DRIVE
INDICATES A 2 INCH DIAMETER SAMPLER ONE FOOT,
A - INDICATES ROTARY HOLE CORE LOSS

A-1




F. M FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG

SHEEY _2__ OF_1

- |

PROJECTY: AP Millwaste Subsuirface Disposal Investigation PROJECT NO. 1-1371-3241 BORING MO, ST F-1
. COLLAR ELEVATION: 658) feet o TOTAL DEPTH: 299.5 feet
DATE BEGUN: October 19, 1978 paATE FiNisHED: . October 25, 1978 | 0GGED BY: farrest suabel _ REVIEWED BY: 244
* > = & "
g o o~ z [} « : > > 8 e ! 2
3 ulz oy TIFRE R TEFTEE N M B
§g:z; alz LITHOLOGY rz|e 8 FlaZ8l 361 o [3 |5 |2
gx :m:z g : AND 3~ g u g gg\:ggE{f B : 3 g NOTES
M ERE PHYSICAL CONDITION 281 wWeEE753 2 | E e |@
E g |2 e § lo| 29| &9l & [w [ 3 |°
> o w
. o | = 8 bl Y o | # ;; S 1k
o
] .
R K
1 ] 5025
-:“73!"0-: N
] ]
R e -
R R
i
“ e
Je4ea /1203 80/2.8
1 .
3
1130 o
: 2.6x10 .
. 3.8110| 20 108.5
T 137 - 143,58 §0/3.8
1 Gravelly with possible cobbles
1404
3
148
J Light to dark green, fine to medium - - A
grained, silty, poorly to well sorted, |50/2.6 149.5% - started coring
150 very weakly to moderately cemented with revert, 100,
] (clay), quartz sandstone, with coarse 08 08 circulation
o, rajned_sandstone and mudstone lense
Fes fEgined pnds sl o
Fine grained, silty, slightly arqgille- 100 100
b O ceous, moderately to well cemented lense
4231604 .0 " S
b DS 100 B 1
o :L- -
kY
it 170" ~ 1915 UL M '
6413170+ - - Coarse grained lense
o 100 B 100
- ’
S 100
e403180 1 . 7 e
10 100
‘.‘AJ‘ 100 s ‘6‘
- “ K
8383190 7 191.5' - 199.§' ]
s BELe Fine grained, silty, slightly argilla- 100 I 192* - 10/22/78 water
b AT ceous, moderately to well cemented lense tevel 180 down from
e e tap of collar, lost
e 80 80 all circulation
200 Fas i
EXPLANATI
HOLE TYPES * STANDAHD PEMETRATION JEST
SA - INDICATES SOLID AUGER INDICATES BLOWS/FOOT: RECORDED AS, NUMBER
CORE RECOVERY = [INDICATES WATER OF BLOWS WITH A 140 POUND HAMMER
MA - INDICATES HOLLOW AUGER M EVEL AND DATE .
¢ NDICATES CORE HOLE RECORDED FALLING 30 INCHES, REQUIRED TO DRIVE
Ot L SR A 2 INCH DIAMETER SAMPLER ONE FOOT,

R = INDICATES ROTARY HOLE CORE LOSS

"A-1



F. M. FOX & ASSOCIATES, INC.
SUBSURFACE EXPLORATION LOG

SHEEY ) oF_)

PROJECT: [ AP, Milluaste Subsurface Disposal Investigation ppoOJECT NO. 1-1371-311 BORING NO, ST F-]
. COLLAR ELEVATION: _ 658, feet - TOTAL DEPTH: 299.5 feet
DATE BEQUN: October 19, 1978 pATE FINISHED: __ October 25, 1976 | 0GGED BY: fareest Knahel . REVIEWED BY: __£24
- ™
r ® > e o | # 7 o
W z o 3 - -
Ny e |d HPIEREEN I ER R P B
@ 4o Qs LITHOLOGY Fzle > [E 36l G0l o |F | E |2
aol=r|x e “ *¥lalo.lo|Sableasl 2 |5 |2 | &
Zxlewl-w € |2 AND = uwalula<?l<<?® 5 3!l @& NOTES
4._,...3...&‘ « :;go g!ﬂ:;‘ij‘uin g la X
wo weio < |k PHYSICAL CONDITION 5= «lw |o &0 25 |5 3 s
w
- o |z - o W e |B|e|S|51]2Z
o o a
3 . 200" - drilling without
] ;o 100 100 any revert
3 T ..
1 205 Jashd (] o
31210 3-tem
ROTI210 Jrre 211.5" - 10/24/78
- : 04 94 water level 189' down
ey 215.7" - 220 from top of coliar
"o Coarse grained lense
R 90 .
e 0 0
h BStA 224.5' - 10% circulatior
y B 228.5' - 242" 45| | 45
I fine grained, silty, slightly argilla-
230 - ceous, moderately to well cemented lense
1 100 100
R SRS -
L Rk ]
¥ 100 100
6343 /240 ~}acss 242" - 248.5
. AL Slightly arenaceous (fine grained),
. Ayt mudstone lense with secondary pyrite 100 100
% —
‘ e 100 & 100
250 T s
I 100 [ 100 | | [20516°
‘."' ‘-,‘v 100 100
P
- . 173 g 260 - 10/25/78
P LERRY water level 189" down
P o 264.5' - 299.%' 415 415 from top of collar
I Coarse grained lense il
E .‘-&". 0 0
6313 1270 i " 270" - 5J% circulation
- .‘-. - V211 100 -
S i h6x0| 15 1059
. 100
6303|260+ '
£% 2 s v 0
- }————‘
p S ¢ 0
- ¥ E 290' - lu/26/78
g 2 vater leve! at 192
. v 60 50 293" - 22y
T end of . itric log
B ".','. [¢] /]
n283 52008 - e e - l
Bottom of hole
XPLANATI
HOLE TYPES % STANDARD PENETRATION YEST:
‘ SA - INDICATES SOLID AUGER INDICATES o DISATES BATSR BLOWS/FOOT: RECORDED AS, AUMBER
HA - INDICATES HOLLOW AUGER CORE RECOVERY B iaum ave Same OF BLOWS WITH A 140 POUND HAMMER,
RECORDED FALLING 30 INCHES, REQUIRED [0 DRIVE
C ~ INDICATES CORE HOLE inishsan A 2 INCH DIAMETER SAMPLZA ONE FOOT,
R - INDICATES ROTARY HOLE CORE LOSS

. A'l



F. M. FOX & ASSOCIATES, INC.
SUBSURFACE EXPLORATION LOG

BHEEY | __ OF_3

———

PROJECT: AP, Millwaste Subsurfage Disposal Investigation PROJECT NO. 1-1371-3771 BORING NO. ST F-4
COLLAR ELEVATION: _ 6552 feet . TOTAL DEPTH: 284.0 feet

DATE BEGUN: Septenber 28, 1978 pAvE FiNiSHED: __ October 10, 1978 | oaaED BY: focreat Koobel  REVIEWED BY: P24

» > » # - w
N o | sy RN RN AL
3 ulz S |u Solal¥ ol B el v e -
b 8 -3 LITHOLOGY czld1> 12 36| 56|l o [51] >
SOIEEIEEl & |5 gnle|c.[o|lSadleak 2z |S |2 | &
- R 4] 1§ ile AND Folo |GFulassice® 5 |5 13 | @ NOTES
w - v ' X
wolukloLl & ¥ PHYSICAL CONDITION 81l T HEHER R R o
E T & |2 4 S Bl w|s|se|2
»- © x 8 - & o » e a3 ;
o a
SA 3 oy :
4" ] 4 FILL, SAND, fine to coarse grained with L
g ] traces of gravel, silty and clayey in 18412
R x part, loose to medium dense, medium
3 3 laoisgé gre‘%n to brown
R o - A ty
'jm 0 1
p 4 " Trace cf gravel
b 3 M16/12
4 4 ‘-‘2.
Jos| 20 FEE
] ]
3 . 28/12
b 4
: -
~{8522] 30 5%
s o % ol 3¢ 1266
- " ! i - H.6x10
3 ] ) Trace of gravel 2312
ol o]
. 12| 40
(47112
6502/ 60
=
'-' 34112
3
]
6402/ 60
3
] L
. 68" - 92 4712
3 Muds tone chips
6482 70
4 ks
. 26/12
1
6472/ 80
p:
B .
3 36/12
3
6462 50
3 o
] gﬁ B0
3 A & D.hld‘
,'ﬂ |m-|'- A'.‘:‘
EXPLANATION
HOLE TYPES * CSTANDARO PENETRATION TESY.
. SA - INDICATES SOLID AUGER INDICATES BLOWS/FOOT: RECORDED AS, NUMBER
CORE REC ¥ INDICATES WATER OF BLOWS WITH A 140 POUND HAMM
HA - INDICATES HNOLLOW AUGESR OVERY W2 | EUEL AND DATE UND HAMMER,
CATES CORE HOLE SEOONMED FALLING 30 INCHES, REQUIRED TO DRIVE
C - INDICATE Gl A 2 INCH DIAMETER SAMPLER ONE FOOT.
T - INDICATES ROTARY HOLE s

CORE LOSS




F. M. FOX & ASSOCIATES, INC.
SUBSURFACE EXPLORATION LOG

SHEEY _2 of 3

PROJECT: isposal [nyestigation PROJECT NO. 1-1371-3771 BORING NO. ST F-4
. COLLAR ELEVATION: _ 6552 feat . TOTAL DEPTH: 284.0 feet
DATE BEQUN: __Septeuber 28, 1978, OATE FINiSHED: __October 10, 1978 | 0GGED BY: farrest Loahel REVIEWED BY: A4~
g '2 : o % o ; ; ; 5
3 A
S ls g |@ o8|zl Bl = lEJS |8
“ ¥lo - I - LITHOLOGY ~Fz1 218 [Fl.29] 39 o |5 |E | >
edl=E|EEl o | Y crlo|o. (0|28 leakl 2 (5 | 2 | &
<Isilall 7 | = AND rolo |uglulExS)eet G | D |5 | @ NOTES
wolwelguwl a | PHYSICAL CONDITION zo w|“221733) 0 | E |2 | w
3 2 s | < w = & » 50 g% o | o 3 o
a
- o |z 8 bod B ol ;, & -
[3)
. . - -
- h¥ 45110
1 B - 104.5' - started coring
] % 60/3 with revert, lost
3 o circulation at 112.5°
4 . ) tried tri-cone bit
R ~]6442( 110 o 1M2.%' - 127 100. circulation
3'd 5 Trace of gravel
3 p 114" - 10/2/78
1 B water level from top
] ook of collar was 80' down
o432 120 3R
] ]
] JR
] I
] ] o -
] 8424 120 ““—v- 50/4.5(
={8422/130-3- Light to dark green, finge to medium
b b grained, silty, poorly to well sorted,
4 e s very weakly to moderately cemented
P p M. (clay), quartz sandstone, with coarse
] grained sandstone and mudstone lenses
1 128* - 139.5'
P tine grained, silty, slightly argilla-
b ceous, moderately to well cemented lense [
4 60/.5
]
] .
] . 156' - 157"
b j BN Trace of small gravel
p P AN 157" wore out tri-cone
’ b i 50/2.5 bit so changed to
~16382[160 =~ drag bit
5 b
B P Al
p F BT 169" - 170
3 e Trare of smal} arave)
—{6382/170 on 170.5" - 176'
3 Jenr Fine grained, silty, slightly argilla- [,
] - TR ceous, moderately to well cewented lense | 60/3
1 1.
b P 725
- o1 11,8 - 186.5°
'5‘372 “c:"_;'-: Fine grained, silty, slightly argilla-
ey ceous, moderately to well cemented lense
3 b A ne
: R
1 1= | 1905 - 190 (6018
103;2 190+~ 23| Fine gratned, silty, sli?h(\y argill:
4 e ceous , moderately to well cemented 1 =
- R -
E b aond’
] >
183921200
EXPLANATION
HOLE TYPES * -
8A - INDICATES SOLID AUQER INDICATES W INDICATES S4TSR BLOWS/FOOT: RECORDED A8, NUMBER
MA - INDICATES HOLLOW AUGER CORE RECOVERY = i prniin OF BLOWS WITH A 140 POUND HAMMER,
FALLING 30 INCHES, REQUIRED TO DRIVE
- AT RECORDED
C - INDICATES CORE HOLE NEISA VS A 2 INCHDIAMETER SAMPLER ONE FOOT,
R - INDICATES ROTARY HOLE CORE LOSS

A-2




F. M. FOX & ASSOCIATES. INC.

SUBSURFACE EXPLORATION LOG

sHEEY _3 _oF_!
. PROJECT: face Disposal lnvestigation PROJECT NO. 1-1371-31 BORING KO, ST F-4
COLLAR ELEVATION: 6557 feet YOTAL DEPTH: 284 .0 feet
DATE BEQUN: __ Septesber 28, 1978 pave FINISHED: __ October 10, 1978 | oqaED 8Y: _forrest Knobe) . REVIEWED BY: 44/
» > @ 3 & 8
B s 12 Zuw £zl > | > sl=-1%]s
= |z ™ SE12 1% 0 Bl ea ™ j & ., °
o wld o |5 LITHOLOGY 21213 |Ela20l 30 e |2 |5 |2
agleelzel o | Y g~ o lol%8%e3%l 2 |3 |2 | %
ix:m::. y B 5 AND Eo : wa =w:‘23=\ AP ERE NOTES
>widwl x w3 T - LYy |Pugl @ = o
whlabloL) & | ¥ PHYSICAL CONDITION solelw |-|°23| 23| 2|5 |38
> (W = « o = © vl w < o >
rily o z (o} - o o " b o =
Q o o
] ¥ - )
4 4 50/4
s . 8x10*
Jeaeazo 212.8' - 27’
E Fine grained, silty, slightly argilla-
3 Ga0us, mdeqtely to well cemented lense
b Fine gruned silty, moderately cemented 217" - 504 circulation
1 it lense EE
K i e S 223.5' - 221.5*
3 o AEATT Fine grained, silty, slightly argilla-
b b AR ceous, moderately to well cemented lense
b T
oot 230‘::& - 232" - B80% circulation
I 50/1
®
3 eatalyen Jinsctd 242.5' - 247.5'
] b ALK Traces of gravel
: : g 247" - 90% circulation
6302260173
] B
K - .
B Sl
] b (e e 259" - 262'
b e Fine grained, silty, modzrately cemented
16282 26017 lense
] p SRS 262" - 284° "
3 y SECRA Slightly arenaceous (fine grained),
] b S mudstone lense
16282 27045
b h TR
] ]
] - ROy
R qh\o'—.vq
Je272/ 2801+~
- b 4
Jeze8) 2843 W - o R.OX10 14 | 27 | 1184
p 3 Bottom of hele
1|
3 ]
] ]
] ]
3 3
- !
EKPLANAT!Q!

.tmu_mn

SA - INDICATES SOLID AUGER

HA - INDICATES HOLLOW AUGER

C - INDICATES CORE HOLE
R - INDICATES ROTARY HOLE

INDICATES

CORE RECOVERY w7 INDICATES WATER

KV | EVEL AND DATE
RECORDED
INDICATES
CORE LOSS

* STANDARD PEMETHATION TEST

BLOWS/FOOT: RECORDED AS, NUMBER
OF BLOWS WITH A 140 POUND HAMMER,
FALLING 30 INCHES, REQURED YO DRIVE
A 2 INCH DIAMETER BAMPLER ONE FOOT.

A-2




F. M. FOX & ASSOCIATES, INC.
SUBSURFAZE EXPLORATION LOG

SHEEY _! of 3

————

PROJECT: ion PROJECT NO. 1-1371-31n BORAING MO, ST F-§
a < ULLAR ELEVATION: __ 6589 feut TOTAL DEPTH: 249.25 feet
DATE BEQUN: _September 29, 1970 = DATE FINISHED: __October 8, 1973 LOGGED gy: _Pon Taylor REVIEWED BY: _P4W
- > = - «
~ " Zw e 12 > |»]|8 (% 218
5wz 8 |u 2ol ¥ ol 5.0l & | & el B
slel. 1S |2 LITHOLOGY “:il%e [Fla28] 39 0 |5 |5 | »
SOIEEIEEl o | 4 g-lo |0 _Jolieglagnl 2 | 5 | 2 | &
<TisBlEy F s - Lplole¥@IBSIsEs 8 (o 2| 2 s
Wy T - s 3 (YWsl 0 =
wolutlge) & | PHYSICAL CONDITION Zhlelw [H|“23|33| % 1Sy
W o« < « @ w O
v o |2 . S ¥l s |2 eSS |2
18] o o
SA 4 r ”“, !mu. fine to coarse grained with
P R traces of gravel, silty and clayey in
1 B part, loose to medium dense, medium 10/12
: E moist, green to brown .
- . -
1 T 7 jeoxiol 20 103.3
-Je579| 10 e
E R 3
5 .
iy 4, White to yellow brown, fine to coarse ari12
] p rained, poorly to moderately cemented
] ?clay). quartz sandstone, with traces
; of silt and gravel 50/8
20 18' - 23
3 Traces of gravel with some iron staining L
. 50/8
; 28" - 42' &
30 Trace of pyrite and iron staining §0/8.
1 7411‘3 16 1002
3 S0/s. ;
: s0rs
40 3
] Eo/ Started coring at 45*
i & using revert, 1003
b » a7 41 J circulation
50 n-—- 12110
1 o[ s
] oi|0 §9° - drilled faster
6528{ 60 ~{-
3 ° pushed casing down
3 0 3 more feet
1. 30 30
70 mwore coarse grained and iron staining 0 o B T g
b f -8 ‘e dr ng firme
; towards end of 20ne - 60 kom0 1o 1100 -4 9
74
3 Light to dark green, fine to medium — 75.%" drilled faster
B grained, silty, poorly to well sorted, 100 B 100 76' - water oressure up
- 1 very weakly to moderately cemented
B0 <pwiee (clay), quartz sandstone, with coarse g
grained sandstone and mudstone lenses 100
Jeis a' - 9
pr B 3S Coarse grained lense 86' - 951 circulation
S 100 B 100 drilling firmed up and
of e e water pressure up
r i 9’ - 19’ . 91.5'« water pressure
y D Fine gratned, sflty, slightly argilla- 100 100 surge and drilling
e ceous, moderately to well cemented lense firmed up
e 100 {4 100
ga89ij004. T - o
EXPLANATION
HOLE TYPES * g
. SA - INDICATES SOLID AUGER INDICATES BLOWS/FOOT: RECORDED AS, NUMBER
¥ INDICATES WATER
CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER,
HA - INDICATES HOLLOW AUGER e
” :Z:?a AND DATE FALLING 30 INCHES, REQUIRED TO DRIVE
C - INDICATES CORE MOLE = DED A 2 INCH DIAMETER SAMPLER ONE FOOT.

R - INDICAYES ROTARY HOLE CORE LOSS

A-3




F. M, FOX & ASSOCIATES, INC.
SUBSURFACE EXPLORATION LOG

SHEEY _2_ oOF_3 _
PROJECT: aurface Nisposal Investigation PROJECT NO. 1-1371-3m BORING NO, ST F-5
COLLAR ELEVATION: 6599 feet TOTAL DEPTH: 249.25 feet
OATE BEQUN: _September 29, 1978 pATE FiNISHED: _October B, 1978 LOGGED BY: __Dun Taylor REVIEWED BY: _Px
» > P " - .
" = =l |2 lol 2 |>]8 (2|28
= = e l& otz o] Sl bd ™ | -
#wlo S1z LITHOLOGY 2|2 |3 [Fle28 3¢ e [ |5 | 2
golEEIZEl o | 5 fflajlo joj3nglesl] 2 |3 |2 | &
Tlew|twl € AMD " w3 lulu<lil<e?] 5 3 7 NOTES
< wtul x | & ESlolet o|zu g Swg e« |elalz
oluklal] & | ¥ PHYSICAL CONDITION z90! o BBl B € |+ | R |9
£012 : |5 cel|y lal EOfe°| 3 |a |3 |°
- ° |* s S e |&]|*|3|35]%
o
C TR 102" - driiling firmed
2% b 100 il 100 “w
1 5 i el 104" - getting water
b % back flow up hole
] i 82 B 0
18479 110 Fiar
AL 92 B8 100
T 114.5' - drilled faster
: : 100 '0‘3_ 119" - water oressure
9120 o up and bit trying to
o 100 [l 100 plug
== 77x10] 13 116.3
 SEDAF 127" - 14.8° 127" - water pressure
1o Traces of grave! 80 60 surge and drilling
6459130 firmed up
E Sl &8 100
p K 100 8 100
6449 140 4+t b
i ,l".'_' . 100 100
3 ;": 100 100 ot
! plinf — 50" - drilled faster
winay R 55 10% circulation
P de e 100 100 lost 380 gallans
T ' B "5“6. water level 83' down
; from top of collar
B 158" - 162" 60 60 185" - lost all circu.
! v LAY Slightly arenaceous (fine grained), 1 lost 140 gallons
0429160 <ot o v Mudstone lense 54 | 27 | 30 | 1388 joct 200 gellons
E B8R 83 100 162" - drilled faster
T — lost 200 gallans
1. ; : 100 100 L] 168" - barrel started
8419170 . s 1 to freeze
e Coarse grained lense lost 240 gallons
T 10 10 170" - used some borax
3- - Tost 190 gallons
E :, - 60 60
8408 180 FRE lost 220 gallons
of 100 10C
T 185.5' - 191"
e Traces of gravel
p M 100 Bl 100
b, b B gATE) i
399 1190 —-£rrs
298 | 191 TR TR L k& 61 27| 38 Tost 480 gallons
2;20‘\:’:‘: :;:r’\:ceous (fine grained), -y 1nst 350 gallons
60 100
10389 200 W———
EXPLANATION
HOLE TYPES * STANDABD PENETRATION YEST:
SA - INDICATES SOLID AUGER INDICATES W SHDICATES WATER BLOWS/FOOT: RECORDED AS, NUMBER
MA - INDICA TES HOLLOW AUGER CORE RECOVERY S g o Siee OF BLOWS WITH A 140 POUND HAMMER,
8 Ss P " RECORDED FALLING 30 INCHES, REQUIRED TO DRIVE
DICATES C HOL i das A 2 INCH DIAMETER SAMPLER ONE FOOT,
R -~ INDICATES ROTARY HOLE CORE LOSS

A-3



F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG

SHEEY _) _ OF_3
PROJECY: £ AP, Millwaste Subsurface Disposal lnvestigation PROJECT NO. 1-1371-3m BORING MO, _ST F-5
. COLLAR ELEVATION: 6589 feet TOTAL DEPTH: 249.25 feet
DATE BEGUN: S tember 29, 1978 = pATE FiNiSHED: _October B, 1978 LOGGED BY: ._lon Taylor REVIEWED BY: ___ 244
* L 2 | 2 .
x © - g w : 3 > » g 0 g 2
= .|z o |w =gl2iS o] & .| &=, & = & ~
-l - |12 LiITHOLOGY ~zl2 12 |gl.30]l 3Vl e |3 |E | >
20lEFIEE| o | 8 csf¥lalo.o|SsYleal 2 |5 |2 | &
it;‘:tg 3 5 AND ol g w :u‘f‘\‘(\ 8 b a3 : NOTES
= ® S Wl ue
woluslgde] & | @ PHYSICAL CONDITION 29| ¢ SeEEITSE 2 I le |
Lo g |« w E |of %l 2% a2 e | 3| °
- ° | ¥ ad o M & 18l lS|5|2
(8] o o
a3
[ <00’
2%s With secondary pyrite and more sand 100 B 100
] with depth 204" - water pressure
. surge and bit trying
3 100 gy 100 to plug
b 209" - running straight
—6378.210
] 100 B 100 water - no revert
Jeare] 2187 o
3 VR 100 B 100
] p SR Light to dark green, fine to medium
3692204~ - v grained, silty, poorly to well sorted, i,
bt very weakly to moderately cemented 80 60
I, {clay), quartz sandstone, with coarse
> AR grained sandstone and mudstone lenses
oo 100 B8 100
359/230+ -, - .
40, 100 100 8110
RN
T
T 100 §Ml 100
92404 " ——
F i 100 100
~ . 4
4
100 100 b -
T
arebeas e 50| 32 1169
Bottom of hole
EXPLANATION
HOLE TYPES * STANDARD PENETRATION TESI:
. SA - INDICATES SOLID AUGER INDICATES W NDICATES WATER BLOWS/FOOT: RECORDED AS, NUMBER
MA - INDICATES HOLLOW AUGER CORE RECOVERY WL run AND DATS OF BLOWS WITH A 140 POUND HAMMER,
RECORDED FALLING 30 INCHES, REQUIRED TO DRIVE
C - INDICATES CORE HOLE S A 2 INCH DIAMETER SAMPLER ONE FOOT,
A - INDICATES ROTARY HOLE CORE LOSS
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F. M. FOX & ASSOCIATES, INC.
SUBSURFACE EXPLORATION LOG

SHEET _| _OF_3

PROJECT: LA, Millaaste Subsurface Disposal Investigation PROJECT NO. 1-1371-3770 BORING NO. __ ST F-6
. COLLAR ELEVATION: B804 feet TOTAL DEPTH: 217 feet
DATE BEaQun: Uctover 76, 1978 DATE FiNisHED: _October 30, 1678 LOGGED By: oo Taylor REVIEWED BY: __&gwe’
» > @ ; - i
~N o |~ sul. | & Iz & ri81=12 g
@ w3 R =218l I8 Sl ™ 18] w
“lo ! LITHOLOGY rz|212 (5] 36|36l o |5 |E] >
ooc:x; :H‘ « « o og;wo-w z = 3 |
Zzilewl|-wl € AND eclol s lula<?ie%? 5 |2 151 @ HOTES
< |>ulgul x| & E2le g!mzw;-.l:;'a "% z
wowtiasl § | ¥ PHYSICAL CONOITION zUlax|lw = 28128 < | |5 |4
ot o « 2 o o ] W 5 a 2 5
E o |z S Kl s |e|#»|35|35]|¢&
a %)
Y Q::F wiite to yellow Drown, Tine Lo coarse
.*] M T vafoed, poorly to moderately cemented
1 P.;‘.° ?clav). quartz wandstone, with traces
4 of silt and aravel
K
-Euu 10 e
P - Sandstone conglomerate with clean lenses
3
; Bo:s
B .
3 + 18' - 32
1 4= Fine grained, silty lense with some iron
~]6584 20 . staining i
p 4
R 4.
: Ef
R — ] " started rotary at 23
- 4s 50/1.5 1002 circulation
¥ -6s74| 30 -1, using quick qel
p i w statned with depth
:
. 654 co-s
3 4
1 AO/T.8 43" -« drilling firmed
B
up using standard
i barre!
-4
4 -
855 j
:
T 58.5' - 68' [
544 5 Traces of gravel 35044]5
J'.
i 3
6534
1
b [B0/4
p- 7
1
]
<.
24| 80"
T
3. o 88' - drilling firmed
6514] 90 50/3 up
3
8508 -
b = see next page for sample description
6504100
EXPLANATION
HOLE TYPES * STANOARD PEMEIRATION TEAL
‘ SA - INDICATES SOLID AUGER INDICATES ; daed BLOWS/FOOT: RECORDED AS, NUMBER
A « IIDIGATES SULLOW AUSR CORE RECOVERY  “ms L':‘"':L :“o';:':: OF BLOWS WITH A 140 POUND HAMMER,
ARCORDED FALLING 30 INCHES, REQUIRED TO DRIVE
C ~ INDICATES CORE HOLE Statas A 2 INCHDIAMETER SAMPLER OKE FOOT,
R - INDICATES ROTARY MOLE CORE LOSS

A-4



F. M. FOX & ASSOCIATES, INC.
SUBSURFACE EXPLORATION LOG

PROJECT: L AP, Milluaste Subsurface Disposal Inyestigation PROJECT NO.

‘ COLLAR ELEVATION: 6604 feet TOTAL DEPTH

DATE BEOUN: _Qctober 26, 1978 _ DATE FINISHED: _October 30, 1978

1-1371-3711,

BHEETY 2 OF_1

—

BORING MO, ST F-6

217 feet

0aGED ey: _Don Taylor

L REVIEWED BY: -—M—_—_—_
. > o e [# [ 16
z [ 4 > - ”
. e |& 0G|zl 8] .| X8 |x I
awlg Siz LITHOLOGY P25 |Ela28] 38 e [ |5 12
eoler|x g O |oli® plengl Z 3 4 =
22MculEbl ¢ | = AND Ecl® | Sz lRla802%% 2 |3 15 |3 NOTES
< pultul ¥ | wg| Ol oTuilbusl @ |2 | a &
wolwElaL) & | W PHYSICAL CONDITION Zule lw [=|"23| 23| < = 1S |4
Y - < < W o o %] W o o
- = o |= . o M e |8 |a|SIS|2
- o - a -l g
- E T et started coring with
Lise 19 0 dark green, - 3 revert at 103', 95%
¢ —i‘ . S grained, silty, vourly to well sorted, [6w/4 | 100 g circulation :
2 "] - very weakly to moderately cemented " “
] ] {clay), quart2 sandstone, with coarse
_: 8494110 : h; grained sandstone and mudstone lenses
- 43l 43
P [ R
: p 991 ne' - 147¢
] p D Coarse griined lense 40 0 119.8" - lost circu-
]8484/120 }~ lation
- Pt
L -t 0 3
g o 4
3 I B
] :" i » 0 samples being
] B e-—— washed out
E il i 754 wld » 129.5° - drilling
. o e firmed up
] b o o ¥ R
] o]
5 M i 0 0 139" - drilled faster
] I 144.5" - drilling
p 4 firmed up
] h B
~1 6454, 150 -
3 : " 155" - traces of pyrite
1 b gt 154.5' - drilling
b e firmed up
164441180 161" - 188"
] - 150 Coarse grained lense 164.5" - drilled faster
b ] -
6434170 TV 1 ——
] b Eky e | 30 1 174.5"
3 I el P80 a3 10381 drilling firmed up
p tegal 175*
3 :_,' 555 55 smell of qas noted
6424 180 - . -
b b P 0 0
: " ] ——
5 1 €8 o8
6414190 T~ 1
: } 100 il 100 184.8" - 10/29/78
E R ] no water in hole
3 > Blitnd, R 100 B 100 -
. o, e 2
A, 2004 . started rotary
EXPLANATION
HOLE TYPES * ‘
BLOWS/FOOT: RECORDED AS, NUMBER
SA - INDICATES SOLID AUGER INDICATES
. CORE RECOVERY gy |DICATES WATER OF BLOWS WITH A 140 POUND HAMMER,
HA - INDICATES HOLLOW AUGER LEVEL AND DATE FALLING 30 INCHES, REQUIRED TO DRIVE
C - INDICATES CORE HOLE RECOROED A 2 INCH DIAMETER SAMPLER ONE FOCT.
INDICATES
R ~ INDICATES ROTARY HOLE CORE LOSS
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F. M. FOX & ASSOCIATES, INC.
SUBSURFACE EXPLORATION LOG

SHEEY _3 _oF 3

PROJECT: AP, Millwaste Subsurface Disposal lovestigation PROJEST NO. 1-1371-3071 BORING No. _ ST F-6
COLLAR ELEVATION: ___ 6604 feet TOTAL DEPTH: 217 feet
DATE BEQUN: Octoder 26, 1978 pATE FiNisWeDp: _October 30, 1978 | naqep py: _Don Taylor REVIEWED BY: ___ X454
* > - — [P
o " zw wt : > > g 2 * 2
N (o) o - w - - -
=z o | & S0Ig |8 ol Eqkd ™ | &= |,
oMo - LITHOLOGY FZI2 10 [Ela28l 39 e (3 |E |2
QO|=k|EE o - :.- alo u.m':,‘mag z = 2 =
Zyxicwlwl © AND o~ walwu<llecl| @ o ? NOTES
< |pwitwl x = wpl© €< 908 s YWl © & o) z
wolutiok] & | ¥ PHYSICAL CONDITION 20 e |w [=| 25|28 < |E |35 | Y4
&~ fu4 s | < W c |o E e a | » o
4 T o« o & wl @ W < o >
red o 2z s} et R Y " S - &
16 o O
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E”" a%h mudstone lense 17 41 | 1288
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3
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;
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1
.
3
.4
]
3
-
E
-
p
p:
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.
1
b
-
-
3
-
o
E
4
R
4
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]
.
EXPLANATION
HOLE YYPES # STANDARD PENEIRATION TESL
SA - INDICATES SOLID AUGER INDICATES - AN TS BLOWS/FOOT: RECOHDED AS, NUMBER
CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER,
HA - INDICATES HOLLOW AUGER e
:i::?n :"‘: DATE FALLING 30 INCHES, REQUIHED TO DRIVE
C - INDICATES CORE HOLE now 1] A 2 INCH DIAMETER SAMPLER ONE FOOT,
R - INDICATES ROTARY HOLE DORE LOSS

A-4



F. M. FOX & ASSOCIATES, INC,
SUBSURFACE EXPLORATION LOG

SHEETY ! OF_3

PROJECT: LAL, Milluaste Subsyrface Disposal lnvestigation PROJECT NO. 1-1371-377) BORING NO. __sl‘f_z_
. COLLAR ELEVATION: 6608 feet TOTAL DEPTH: 219 feet
OATE BEGUN: _Seplewber 17, |28 DATE FINISHED: Noyember 7, 1978 LOGGED gY: __Don Taylor REVIEWED BY: A%
1 . al.1%
w o o zy & z| > » | 8 213 e
=iz 8 |w Colz ¥ ol E s el |-
B uio 13 LITHOLOGY cz|212 (B3¢ 36l e [ 15| >
e d|Er|Z e “ gflolo.[o|00yleay z (3|2 | &
Zxlawtw| © AND » wa Ww<d|l<c| & - @ NOTES
<;3Ulsd F fa wploleflolTuslSes 8 (e o]z
wolweiok| & E PHYSICAL CONDITION zU0le|w [=|"23 Wl lEl5]8
- 1 € | % o« S & ol w < | 9| »
- o iy o o * -l 3 «
a Q
SA ] SANG, fine to coarse grained with traces
4 g Iof gravel, silty and clayey in part, some j=
] iron staining, loose to medium dense, %6/12
] ledium moist to moist, brown to yellow a2
E hrown
-16508
i - - -
White to yellow brown, fine to coarse
rained, poorly to moderately cemented %015.5
Tc!ay). quartz sandstone, with traces
of silt and gravel =
50/3
s 14 - 35,5
Sands tone conglomerate with clean lenses L.
50/5.5
7.5110°
50/8
78, 30 \
|
10
80/8.5 “
fs‘ou:l
. k3 - coring with revert
= -
SX 50/5.5 bample being washed out
2%
0 0
0 4]
[2* - drilling firmed up
ks’ - 69° ofl o
Traces of gravel with a trace of iron [6' - drilling firmed up
Ktaining e
36418 19
6628] 80 -
i
]
e ¥
1
b
0518 901
8509
508 ——— U RSO
EXPLANATION
HOLE TYPES * STANDARD PEMETRATION TEST
8A - INDICATES SOLID AUGER INDICATES BLOWS/FOOT: RECORDED AS. NUMBER
' A « INDICATES HOLLOW AUGSR CORE RECOVERY  Tiyg ' DIGATES WATER OF BLOWS WITH A 140 POUND HAMMER,
= LEVEL AND DATE FALLING 30 INCHES, REGUIRED TO DRIVE
C - INDICATES CORE HOLE REGORNE0 A 2 INCH DIAMETER SAMPLER ONE FOOT.
INDICATES

R - INDICATES ROTARY HOLE CORE LOSS
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F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG

PROJECT: F AP, Millwiste Subsurfuce Disposal Investigation pROJECT NO. 1.1371 -3/

COLLAR ELEVATION: 66086 feet TOTAL DEPTH: 219 feet

DATE BEQUN: _Septesber 12, 1974 DATE FINISHEO: _ toveasder 7. 1974 LOGGED BY Don laxlar

SHEEY 2 OF )

BORING NO. ST F-7

REVIEWED BY: __pul

. > @ K - b
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adler|zE 4 s5la |8 [o|228|eay 2 |5 |3 (&
Ixjsullw Sx.’ & AND . o|u@ *._._.:25:\‘ 3 (o |3 iz; NOTES
- © =
polusfasl & | M PHYSICAL CONDITION 20le|w [-{*2323| < |E |2 |4
i c | < ¥ e S wlg(*|2]la|
ry o < 8 y“: o o * o | o @«
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C 4 C RERX Light to dark green, fine to wedium
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] s o (clay), quartz sandstone, with coarse 100 B 100 24 | 2r |1214
] i grained sandstone ¢nd mudstone lenses
4 4 st
FHMOTT  Lhoe - 1oa.s ol we
p F E i 5 Slightly arenaccous (fine grained), i
b _‘.A.‘f_ mudstone lense 116.5' - water pressure
- T 100 B8 100 p
18486/ 120 3 trace of pyrite oy v 119.5" - drilled faster
] j ' 00 gl 100 3.9410 1042
] b g g 125" - 140" | lost circulation
1 ——-e Fine grained, silty, slightly argilla- 100 100
p o ceous, moderately to well cemented lense
6478130 —4-sis
] o AL 100 8 100
] b —— 135" - lost circulation
] R LT 100 100 out borax down hole
4 .
Je4ss L BRERS 140" - 187.5' lost 150 gallons
] was i Coarse grained lense 100 Bl 100 L
< " e §
b . . Tost 360 gallons
1 ‘.‘ 0 100 100
] b fyFry lost 90 gallons
‘ul. 1w‘ q
3 3 sof | %
3 ¥ e lost 180 gallons
: L R 0 0
]
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0448|160 -
3 :4 lost 135 gallons
Jeasaliro o B lost 135 gallons
R . SRl
3 g lost 225 gallons
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3 1 180 gall
4 E ost allons
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4 v A
- 9.
] p: Wyl lost 230 gallons
3 - .Tr‘
s PORTS PP Sl did not use revert
4 P Pk
1 » St lost 135 gallons
] o
3 3.5 lost 250 gallons
48408/ 200 ixed sorg reyart
EXPLANATION
HOLE TYPES * STANQARQ PENETBATION TEST:
SA - INDICATES SOLID AUGER INDICATES BLOWS/FOOT: RECORLED AS, NUMBER
¥ INDICATES WATER
CORE RECOVERY [ OF BLOWS WITH A 140 POUND HAMMER,
HA = INDICATES M A »
S NOLLOW 0088 ;:?oln ;‘E"° DATE FALLING 30 INCHES, REQUIRED YO DRIVE
C ~ INDICATES CORHE HOLE asiee D A 2 INCH DIAMETER SAMPLER ONE FOOT,
R - INDICATES ROTARY HOLE CORE LOSS
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PROJECT: £LAP. Millwaste Subsurface Disposa) lavestigation PROJECT NO.

F. M. FOX & ASSOCIATES, INC.

SUBSURFACE EXPLORATION LOG

1-1371-377

SHEET __ 3 _oOF_3

BORING NO. __ ST F-7

COLLAR ELEVATION: 6608 feut TOTAL DEPTH: 218 fegt
DATE BEQUN: ___September 12, 1970 DAYE FINISHED: tovember 7, 1978 LOGGED BY: .__Dan Taglar REVIEWED BY: __ P24
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