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Mr. Floyde D. Jackson January 30, 1979
Federal-American Partners

| Gas Hills Star Route ,

Riverton, Wyoming 82501 Job No.1-1371-3771 l
|

| Dear Mr. Jackson: l

| 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 |i
' and plans. Design 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 required, |

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 subsurf ace conditions for the porposed subsurf ace

disposal of uranium millwaste at the Federal-American Par tners Gas Hills
,

i

| Project, Gas Hills Mining District, Fremont County, Wyoming. This invest iga-

I tion has been conducted to define geologic and hydrologic conditions, and

material properties that are pertinant' to the geotechnical design of a dispos-
_3

al system that will meet current NRC (Nuclear Regulatory Commission) licensing

requirements for below-grade uranium millwaste impoundments. The major
!

geotechnical design criteria that have been gathered during this investigation i

include the following:

- Foundation and sidewall permeabilities

- Tailing and remolded overburden permeabilities

- Physical Groundwater conditions
,

- Surface water hydrology

- Overall geologic 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-
;

L f ace 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
O-

(/ Appendix E..

.
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PROPOSED PIT REOUIREMENTS, LOCATION & TOP 0 GRAPHY

Federal-American Partners currently processes approximately 1,000 tons of i
!

uranium ore per day and intends to increase its milling capacity to 4,000 tons j

per day within the next 2 years. In order to dispose of the increased mill-

I
waste volume in an environmentally safe manner, and in accordance' with NRC - |

Irequirements, a subsurf ace 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 '

' O 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.
I

Natural topography 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 to the south and southwest of the proposed
,

|- Sagebrush-Tablestakes pit and to the west and northwest of the prcposed

Bu11 rush pit. Refer to Plate 1 for the site topography.,

; O
,

i

|

-2-
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| The Gas Hills area is located in the southern portion of the Wind River
i

!

| Basin ad,iacent to the northern part of' the Sweetwater uplif t. Beaver Divide
I

marks the southern most extention of the Wind River Basin and is located j

1

i approximately three miles south of the Federal-American Partners mill site, i

( )
Lithologies encountered during this investigation are part of the Wind

River Formation. The geologic materials at the site were derived from two
.

|
|

episodes of the Sweetwater uplift. During the first episode, in late Cret- l
1

aceous time, coarse grained material was deposited north of the Gas Hills area
'

;.
i l

'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
4

in erosion of a portion of the fine grained sands and silts followed by a I

| 'O
'

| _ rapid deposition of new coarse grained material in the Gas Hills' area. These |
u

;

newly deposited alluvial f an deposits have become the host rock for the -Gas I
l

Hills uranium.

The older fine grained 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 j
l

Federal-American Partners pit areas.

1
'

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 I
| I

al.) . The seismic risk map of the United States (S.T. Algermissen) indicates'

O
l

|

| -3-
|
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h ithat 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

L 1. - The earthquake epicenter location, date of occurrence, ' Modified Mercalli
|

L intensity rating and the approximate distance from the epicenter to the Gas

Hills arca 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-
i

able to assume that an intensity III or IV was realized.
t

To our knowledge, no damage to any existing structures (i.e., tailing
|O dams, mill sites, etc.) occurred in the Gas Hills area from this event. A >

H
i

second close event was recorded approximately 31 miles west of the Gas Hills |
1

on March 25, 1975 with an intensity III reported at Jeffery City and Riverton, |

Wyoming.
,

1

The Hebgen Lake, Montana earthquake in August of 1959 was the largest |

recorded, regional earthquake in the Wyoming 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 III, respectively. A maximen

j intensity of IV is postulated to have occurred in the Gas Hills area from this

| [] event.

!
-4-
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REGIONAL EARTHOUAKE HISTGRY (200 mile radius) i

' ' ' ' MODIFIED APPR0X. DISTANCf;
lAPPR0X. 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 VII 61
1910 7-26 Rock Springs, Wyo. 41.5N 109.3W V 128
1917 12-12 Gray, Idaho 43.0N ll1.3W V 193
1923 3-24 Kelly, Wyoming 43.6N 110.6W V 166
1925 11-18 *i. Central Wyo. 44.6N 107.0W V 127
1928 2-13 Central Wyoming 43.5N 108.2W V 60
1930 6-12 Grover, Wyoming 42.6N lli.0W VI 178
1932 1-26 Western Wyoming 43.6N 110.8W V-VI 176
1933 :1-02 Gray, Idaho 43.0N lll.3W V 193
1934 11-23 Lander, Wyoming 43.0N 109.0W V 62
1948 2-24 N.W. Wyoming 43.5N lll.0W VI 183
1951 2-21 W. Central Wyoming 43.0N 110.0W III 127
1953 6-04 N.W. Wyoming 44.5N 110.5W VI 191
1954 1-20 S.E. Wyoming 41.5N 105.5W V 135
1955 2-10 N.W. Wyoming 40.5N 107.0W V 108
1956 10-03 S.W. Wyoming 41.5N 110.lW IV 160
1957 11-03 W. Central Wyoming 42.5N lll.0W IV 179
1958 8-07 Fox Park, Wyoming 41.lN 106.0W IV 140
1959 12-25 Fox Park, Wyoming 41.lN 106.0W V 140
1960 8-20 S.E. Idaho 42.3N 111.3W V 196

(m~) 1962 10-06 Western Wyoming 43.6N 110.8W IV 176
1963 2-25 Western Wyoming 42.6N 109.2W V 87
1963 3-05 S.E. Idaho 42.6N 111.3W III 194
1963 3-08 Yellowstone Nat'l

Park, Wyoming 44.8N 110.2W VI 193
1963 4-18 Yellowstone Nat'l

Park, Wyoming 44.8N 110.3W V 197
1964 8-22 Eastern Wyoming 42.9N 104.7W V 142-
1967 2-14 Rangely, Colorado 40.lN 109.0W V 195 |

.

1968 1-09 Central Wyoming 42.7N 106.8W III-IV 36 i

1969 8-27 W. Central Wyoming 42.9N 110.8W III 168
1970 4-21 Rangely, Colorado 40.lN 108.9W V 199
1972 11-24 Idaho 42.5N lll.2W IV 187
1973 4-22 S.E. Fremont

County, Wyoming 42.6N 107.9W V 21
1974 3-31 Northern Colorado 40.7N 107.1W 11 145
1974 9-19 N. Central Wyoming 44.lN 107.4W V 91
1975 3-25 Central Wyoming 42.7N 108.1W III 31
1975 5-16 S.W. So. Dakota 43.2N 103.7W IV 196
1976 1-27 Rawlins, Wyoming 41.9N 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.'

(o)!

! e-
|

TABLE 1

i
| |



HEBGENLAKE,MONTANAEVEM AUGUST 17, 1959~

''
EPICENTER - 44.83N, lll.08W
RICHTER MAGNITUDE - 7.1
MERCALLI INTENSITY - X

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

DISTANCE FROM DISTANCE FROM
LOCATION MERCALLI INT. EPICENTER (miles) GAS HILLS (mileg

Hebgen Lake, Montana X 0 216

Yellowstone Nat'l Park, Wyoming VIII 51 177

Cooke City, Wyoming VI 57 196

Jackson Lake Dam, Wyoming VI 112 150

Buffalo, Wyoming V 220 115

Cody, Wyoming V 101 143

Jackson, Wyoming V 95 171

Pinedale, Wyoming V 150 118

Thermopolis, Wyoming V 164 69

Lander, Wyoming IV 181 62

Worland, Wyoming IV 163 88

Casper, Wyoming III 275 59

Data obtained from 1959 addition of:

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

,

'
w_/

TABLE 2
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HHistorical information, such as that discussed above and tabulated '

h 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. I

I |
,

SURFACE WATER HYDROLOGY

In order to estimate the volume of surf ace run-off water that the pro- )
!

posed Sagebrush-Tablestakes pit area will receive' a preliminary -hydrology

( study was conducted,
t.

| The drainage area that will contribute to the _ proposed pit is approx-
t

i

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
r . l

. 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

j 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,
i

| The retention volume for the Sagebrush-Tablestakes pit was determined i

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 th'e normal pool
;

! elevation) will be 96 + .40 (96) = 134.4 acre-feet. This assumed negligible
i

evaporation during the time between the two flood events.

LO |

-5-
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| The volume of the PMF was determined by adjusting the probable maximum
r~3
V one-hour thunderstorm value of 9.8 inches to a runoff value of 8.83 inches

(curve number =92; Antecedent Moisture Condition III). 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 surf ace. The runoff curve number was obtained by adjusting 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-III). A

saturated value is used because it is anticipated that a major portion of the

n area will be continuously sprayed with water to control fugitive dust,
t i
G

'

FIELD INVESTIGATION

The field investigation for the proposed disposal areas consisted of 21

exploration borings drilled around the perimeters of the proposed Bullrush and

Sagebrush-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

S ampler. Standard Penetration tests were conducted at each sample location.

When corable bedrock was encountered, continuous core was retrieved with an NX
i

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

-6-
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O
in most of the borings. The tests were conducted at different depths and in

different lithological zones, to determine horizontal permeabilities for each

lithology. The tests were conducted by using a three or a four inch diamet'er

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 geophysically logged 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 logged due to caving pro-

blems. Borings 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 geophysical logs can be found in Appendicies A and B respect- :

ively.

In addition to the drilling program, representative tailing samples i

were obtained from the mill discharge line. These samples were obtained for

use in subseouent 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 pro,iect engineer. Field class-

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

O

-7-



O The bor tors testi"a pro 9re= s o' video 4"te two sectio"s- The

first section was composed of material classification tests, including sieve

analysis and Atterberg Limit determinations, on undisturbed samples from each

lithology and on samples of mill tailing. The second section consisted of i

engineering property tests including standard Proctor determinations, one-
,

1

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. F al ling-

head permeability tests were conducted on undisturbed sampics from each

lithology and on remolded samples of mill tailing and overburden material.

All of the laboratory tests were conducted in accordance with appropriate

ASTM specifications. Laboratory test results are presented in Appendix D.
1

O SUBS 0il CONDITIONSV
;

Borings 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 investigation and previously obtained

exploration data supplied 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 S agebrush-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

-8-
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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 should be noted that the sub-

surface conditions are greatly 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 f ault roughly div'; des the

Sagebrush-Tablestakes and Bullrush areas.

Existina fill permeabilities average 5 x 10-4 centimeters .per second ;

in both the vertical and horizontal directions. Conglomerate permeabilities i

|

could not accurately be determined due to poor sample recovery and hole

caving. Conglomerate permeabilities are estimated to be approximately 1(r3

CM/SEC in both the vertical and horizontal directions. The homogeneous fine to
1

coarse grained sandstone has an average permeability of 2 x 10-4 CM/SEC in
'

both directions. The interbedded fine to medium grained sandstone and mud-

stone has an average horizontal permeability of 4 x 10-5 CM/SEC and an average

vertical permeability controlled by the mudstone lenses, of 3 x 10-7 CM/SEC.

p
G

_9-
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h. GROUNDWATER CONDITIONS

! Refer to Plate 2 (in -pocket) for piezometric surf ace contours within i

1 ,

It can be seen from Plate 2 that the groundwater flow con-
*

[ the study area.

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
;

.

. .

j east-west fault, and by pumping withdrawals from Union Carbide K-1 pit and the '

i Federal-American -Partners existing Bullrush pit. The presence of pumping _in

j both pits is indicated very clearly on the piezometric surf ace contour map,.

however, the fault effects can be interpreted in two ways:

1. The fault is being recharged to the east and is recharging 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 surf ace on top of the

mudstone creating two water surf aces.
!

Using either of these interpretations it is estimated that upon termin-

ation of pumping in the Sagebrush-Tablestakes area the groundwater surf ace

will recharge to approximately 30 feet above the top of the continuous mud-

stone lens. Flow in this area will be generally from north to south with a

aradient of 7pproximately 0.015 feet per foot.

Groundwater quality data has not been compiled, however, borings drilled.

for .this investigation have been cased in i manner that will allow for sample

collection. It is- recommended that water quality data collection be initiated
,

as soon as possible.

O

-10-
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DESIGN PERFORMANCE OBJECTIVES

1!O er4er to 14ae) oeeiem er the s#8s"crece oisnoee, sustem. nerror emce

L objectives must be established. The objectives should meet the requirements I
!to satisfy both geotechnical and operational constraints, and to provide an i

environmentally acceptable disposal plan. Operational objectives are as
|

follows:

1. Design a system to minimize maintenance, and eliminate any continual

construction in the system.
.

!

2. Design a system that is not ' generally affected by modifications in the ]

mill circuit.

l
3. Design 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-
O Tablestakes area, with the possibility of extending this area to handl'e

future disposal.

5. Design a system to prevent immediate contamination of the Federal .

American Partners village well.

6. Design a system that could utilize the existing Tailing Pond No. I 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 plan 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 August 1, 1981.

The geotechnical performance objectives which need to be addressed as a

result of this investigation include the following:

-11-
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1. Reduce to an acceptable level or eliminate groundwater contaminate migra-,
,

(v/'

'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.

6. 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 performance objeccives 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 minute upon completion of

mill expansion.

2) An evaporation rate of 42 inches per year.

3) Sprinkler irrigat ion losses for standard rainbird type sprinklers of
.

I

approximately 25 percent of the total sprinkled volume. (Could be in-
' O creased by finer spray sprinklers).

U

-12-
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4. Zero seepage losses.
[]V 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. Subsurf ace conditions as indicated on Figure C-1 through C-5 (Appendix C).

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 tailing permeability as a function of depth of

burial - refer to Figure 2.
j

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 generated 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 Figures E-5 and E-6, and that these schemes

can be justified to the NRC and Wyoming DEO. We emphasize that the NRC has
/N
U
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|

|

not approved the disposal of.millwaste below any " regional" ground water. The

use of the scheme presented on Fiqure 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
l

This report presents design objectives and the design data required to

prepare a final subsurface disposal system impoundment design. !

l

Prior to preparation of the final disposal system . design it - is very

(V3
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 auestions or desire further consultation please do not

hesitate to contact us.

Reviewed by:F. M. FOX & ASSOCIATES, INC.

,,,........,,,,f, h ,f y w / ^.n/&Of /f .

,

VESSlo '<,, ~

N t, egan A. HeathDonald L. Taylor, Jr.
Staff Engineer

[ [jDONALD R., pd Project Engineer

E ."
=csI*

CLARK IE E
m:

2385 .@!
y ([*%, s /

.

t[%, /gg g
Donald R. Clark, P.E.

g# Division Manager

"""
DLT/RH/tl,

'

(.

,
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Mudstone chips ;
26482 70 f l~

U XD-:x
~25/12 l

F
4:<4$

-

:
. .:.v . v<. .

I6472 80h af,I

h.?k,f;.W.j
:

j.- . r .
36/12

, e,k
''/M.w

'

c.,v-

26462 90~ 'U$$s
2

ihIhvY' 60/4.6
![ 0.1x16"

P 452 100k$$$>S f3

E X PL A N ATION

tiQLE TYPES.n 9 iTANDARD PENETRATION TEMTj
f ) S A - INDIC ATES SOLID AUGER INDICATES BLOWS / FOOT: RECORDED AS, NUMBER(/ W INDICATES WATER

HA - INDICATES HOLLOW AU0ER CORE RECOVERY OF DLOWS WITH A 140 POUND HAMMER,
was EVEL AND DATEL

FALLING SO INCHES. REQUIRED TO DRIVEC = INDICATES CORE HOLE RECORDED
A 2 INCH DIAMETER SAMPLER ONE FOOT. i

U- INDICATES ROTARY HOLE INDIC ATE S
CORE LOSS

.

A-2
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F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATlON LOG

SHEET 2 OFL
i

p - Mit hatte toMurface Disposal Investiriation PROJECT NO. * *

50HINO NO.
~PROJECT: fAP

COLLAR ELEVATION: 6552 feet TOTAL DEPTH: 784.0 feet

SATE DEOUN: tentember 28. 197B_ DATE FINISHED: October 10. 1978 LOGGED BY: Forrp<t rn * 1 REVIEWED BY: NM

3 C I, .

b 5 IN E. 2Za W z > >oz W O W '" 'o o H pa

-#$ 9 3 $ LITHOLOGY EZ # e w
$ g yd -,d a g t: > ]g ,.

k Nb E U 9 AND $ O; O ! $ h U h NOTES |
"

Wo $ $ PHYS 6 CAL CONDITION $h $ 9 N j
~

g 'g g a E 4 e 3 0w g < W y
2 o 5 8 g |~ o * g u s

A o 1

!

,(
...

16:10' I:
104.5' - started coring~

-60/3I' with revert. losts

: s circulation at 112.5'
- -. #( tried tri-cone bit

112.S' - 127' 100; circulationR76442 1101
3H :L , Trace of gravel

" y 114' 10/7/78
: water level fne top !

; of collar was 80' down j
,

120 (i6432
'

. .

.- q

:: "

: :

@. : . 4. . :'.
4. .

60/4.6
.

s4a4 eas -.
; 6422 130-- Light to dark green, fine to medium
. :**-% grained, silty, poorly to well sorted.
-

Q very weakly to pioderately cemented-

.h (clay). quart 2 sandstone, with coarse

O -
-g grained sandstone and mudstone lenses:
-a- 128' - 139.5'

l
- 6412 14tM Fine grained, silty, slightly argilla.

\ - -P ceous, moderately to well cemented lense
.60/.6

i

., ; ,r

:;'s,:d;|, *

- ;v;y
. :N ..g-- 6402 160 -

-

|M 156' - 157'
- :@ frace of small gravel

- r . . :.c 157, wore out tri-cone.

. :$ ~50/2.6 bit so changed to
-6392 160 -y drag bit

-&
- 5
-

:M 169' - 170'
. :W Trare of small gravel

- 6382 170-M 170.5' - 176'
' :W Fine grained, silty, slightly argilla-

. _M. . .. - ceous, moderately to well cemented lense ,.60/3:
,

- -h2 is t
,.n. 131,$' - 186.5'

76372 RW Fine grained, silty, slightly argilla-

?,@~~
!

.

ceous, moderately to well cemented lense
. .

: 4...:-

. M E!r 190.5' - 194' 60/6-

-6362 190m?- 12 4 Fine grained, silty slightly argillt
!= ceous, moderately to well cemented 16 4 e

.1 r f .* .e
. :M 4.0:10
- :D

Ie352 200

E XPL AN ATION

HOLE TYPES
* STANDARD PENETRATION TERT;

1 SA -INDICATES SOLID AUOER INDICATES BLOWS / FOOT: RECORDED AS. NUNDERw INDICATES WATER
HA -INDICATES HOLLOW AUGER CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER." LEVEL AND DATE

FALLING 30 INCHES. REOU6 RED TO DRIVEC - IN0lCATES CORE HOLE RECORDED
A 2 INCH DLAMETER SAMP6ER ONE FOOT.INOlCATESR - INDICATES ROTARY HOLE

CORE LOSS

A-2
-



F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG SHEET 3 OF 3

p.,
I*I37I*3711 BORINO NO. ST F-4

k FROJECT: 8' A P. Millante subsurface Disposal investletion PROJECT NO.

COLLAR ELEVATION: 6%2 feat TOTAL DEPTH: 284.0 feet

October 10, 1978 LOOGED BY: Forrest Knobe) REVIEWED BY: ###/DATE BEOUN: September 28. 1978 D ATE FINISHED:

~

b;
-#

* * . .Z K z > > o A-W w
O s 90 "#

OW
!" u.

H - " H ~

d z O > LITHOLOGY H2
pw

s 30 o 3 >o ;;#W o
0 b 's 8g 8 $ $ E NOTES

M AND o o zO4 >w w I E wg g ,,. m g j .aw g e a
g 3 $ ,g go gog

go j$ ob $ U PHYSICAL CONDITION gw <g w g
W E 4 A" $ W w < 0 p jw

o 3: r a # a a eA>
O A. or

!... . . , . .
~ 014:M 6

IIN. '

!N
e n lo* f

.

6342 210 .N;. 212.5' - 217'
.. .v -

*
. W Fine grained, silty, slightly argilla-

.N ceous, modergtely to well cemented lense|

. :f . ';f 217' - 223.5 217' - 50 circulation:p fine grained, silty, moderately cemented . L

.
:g lense 60/3

--6332 220 -D 223.5' - 227.5'
:7 Fine grained, silty, slightly argilla-
g ceous, moderately t2 well cemented lense
-e

.
i

-6322 230-T.r 232' - 80: circulation ;- :;A 4 '

:: + - 60I1
.

(s\ .f,W
-+

. b
- 6312 240-@ 242.5' - 247.5'
' :g Traces of gravel

]@M 247' - 901 circulation

.m
i 6302 2505M

-5. . ...

:m -

~T 259' - 262'
-M fine grained, silty, moderately cemented

i6202 260(p
-6E6

lense
. ..:-.s, a,.

:M 262' - 284,

Slightly arenaceous (fine grained),
.

.G.- mudstone lense
ms'

-

. :
-6282 270--*'-:*-
- ' :4n.

: EN
. :: u

'M26272 260
'

:24~. 2.o rio 14 27 118.4
.,

- '

:6268 264.
Bottom of hole

. 50/2.25

: :

b :

'

. .

. ~.

: :

O E XPL AN ATlON

HOLE TYPES * STAND ARD PENETRATION TERT!

BLOWSIFOOT: RECORDED AS. NUMBER
SA -IN01 CATES SOLIO AUGER INDICATES

W |NDICATES WATER
CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER,

HA -INDICATES HOLLOW AUOER "" LEVEL AND DATE FALUNO 30 INCHES. REQUIRED TO DRIVE
RECORDEDC - INDICATES CORE HOLE A 2 INCH DIAMETER SAMPLER ONE FOOT.

INDIC ATE S
R- INDICATES ROTARY HOLE CORE LOSS

A-2
-
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F. M. FOX & ASSOCIATES. INC.
SUBSURMOE EXPLORATION LOG

,

SHEET I OF 3
_ ut11 eon timrfue Discoul Investf aation PROJECT NO. I*I373*377IPROJECT: rap

80RINO NO. Si F-5ax

(f ) f.tJLLAR ELEVATION: 6%9 feet
v TOTAL DEPTH: 249 26 ff8I '

CATE BEOUN: Sentember ?9. 1973 DATE FINISHED: October B 1978 LOOGEO BY: k n Taylor REVIEWED BY: I'4M

N. W g J I MW >1 wo eo-* O > g O t: . . -
-

a a LITHOLOGY >Z #.,
.

o p !O 30 e 5 D >
Z 9 y g ] $ g 3 hAND 0,

ac >w w z E NOTESg O g, e gW - .sw - e a zO uj b ,o 5 PHYSICAL CONDITION
oy-

h g
j g

> 0 R O ar g g 3 g

SA . {g traces of gravel, silty and clayey in
,10/12

FILL, $MJ, fine to coarse grained neith
_..c

4=: p
.v. part. loose to medium dense, medium

;{. { moist, green to brown,

, ;: ;: -g 6.0:10 20 103.3-6579 10 -:,

: :: '

I **" ' ';* *. White to yellow brown, fine to coarse
~37/12

- liI. .- *:*
grained, poorly to moderately cemented..

- c'MC (clay) quarti sandstone, with traces'

.d..*.C.~ of slit and gravel 30/86669 20 - C* 18' - 23'
.C'*

,*

. 2[5*.
Traces of gravel with some iron staining

,5010: ::, :t .,:.
~4

b.*;EJ.Trace of pyrite and iron statning .-50/6.5
28' 42'

26559 302
*

- - <- s

2dk*v e;?[.=
~50/5.5

- 2 4
,

T.4110 18 1002 |
-

If.0 *. . ,

i
-

e$..?A) --8549 40 - - 50/5

\ - > t

v C .

y;FA

* w*f ',
E0/Ars Started coring at 45'2M: .

using revert, 100t* *; .

37 ,, 4 g circulation
i6539 50 ,

1.2r10
- - .....F

.~dyDa 0 3

: *

t'.'.. 0 0
26529 602

.* 2.4.
$9 - drilled faster

: : i...
*! 0 0 pushed casing down

'.g*f.'
*; ; .,.

3 more feetk;- l
:7.. . e 30 30

$ *t }"i6519 70I. more coarse grained and iron staining E _
: towards end of zone

. -g. . . . : s 72' - drilling firmed48 60 4.9x10 16 110.0
-

es te ta -: '- gp

M"'' tight to dark green, fine to medium - IS.$' drilled faster
|

' grained, silty, poorly to well sorted *;
5' ,- 100 100 76 - water oressure uo
73':-

very weakly to moderately cenented- -

36509 80 - (clay), quartz sandstone, with coarse -

^M grained sandstone and mudstone lenses
100- -M 83' - 91'

: :M Coarse grained lense -

86' - 951 circulation- c.' : .
: W 100 100 drilling firmed up and
- e499 00 ;g 93. 119' water pressure up~

_q fine grained, silty, slightly argilla- 91.5'- water pressure
, 300 100

, ;g ceous, moderately to well cemented lense surge and drilling
firmed op-4 _

- :A,0
- eaes 100- "" im im

E XPL AN ATION
tid.LE TYPES

9 STANDARD PENEfnATION TERT:[ SA -INDICATES SOLID AUGER INDIC ATE S BLOWS / FOOT: RECORDED AS. NUMBER
HA = INDICATES HOLLOW AUGER ORE RECOVERY $3e

L YEL AND DATE
C = INDICATES CORE HOLE RECORDED FALLING 30 INCHES. REOUIRED TO DRIVE

R - INDICATES ROTARY HOLE INDIC ATE S A 2 INCH DIAMETER BAMPLER ONE FOOT.
CORE LOSS

A-3-
,



F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION t.00

SHEET 2 OF 3

- PROJECT: F. A.P Millvente Subiurfate DisDosal investigation PROJECT NO. I*I37I*377I BORINO NO. ST F-5

249.25 feet%. COLLAR ELEVATION: 65'9 feet TOTAL DEPTH:

DATE BEOUM: September 29. 1978 OATE FINISHED: October 8, 1978 LOGGED BY: Don Taylor REVIEWED BY: rW

2* > m o a o
$

$,$
z E z > > o * aa woz w 90 o D. H . a HW -a

O4 o > LITHOLOGY ez f $ p 80 30 e 3 t' >
ON mEU ;z; .2 e NOTESU $$ 3 3 b00 GC *Z C o. AND

Oo;oz x <w w w w w <<-
4 >w $w

-

E ge
I O g e ; y swg e ao zg w-

o 5 o5 PHYSICAL CONDITION g w o o g
0 3: 0 0- t # a 3 e>- o a o

- 102' - driiling firmedC; - 37
- -

. .p y . 100 100 up2 /,. - W - 104' - getting water
-G back flow up hole
- 1.:C- 82 100

. :W
-6479 110 --g

-

:N 02 100
+ - 114.5' - drilled faster. -

- I'4
:4 100 - 100 gjg. - water pressure

. 6469 120 {M
- up and bit trying to

:b E "9100 100

'M -

7.Ta13 13 116.3' - M* 127' - 134.5' 127' ' water pressure
Traces of gravel 90 90

6459 130 '%
-

surge and drilling
f firmed up

:y 89 100
-

M
% :Q 100 100

t ~
.

g
-. . . . . . .

(V) -6449 140 -.
.

-M 100 100
a ~I,

.

. ' . ' .
'

100 100
. :
~

'%y.n. -
- 150' - drilled faster-6439 160 - 101 circulationh

100 100 -a lost 330 gallons-

' . ' . ' " . .- 9.6s to water level 83' down'

" . from too of collar:M 150' - 162' 60 60 155' - lost all circu.

.{6429 160 #
t n 0

sute

- . .,:.. sus
-{ 162' - drilled f aster- -_ , _

93 100:Otr
' lost 200 gallons

goo too _ 168' - barrel started. .p-

~W 169' - 185.5' - to freeze. :
-64t9 170 - Coarse grained lense lost 240 gallons: :M to " 10 170' - used some borax
_

{g lost 190 gallons
-m

: !b
-6409 180 lost 220 gallons

100 100., , . . .

: :D 185.5' .191' -

- ;g Traces of gravel
-TT

.

8f 18,0, -

61 27 36 lost 480 gallons3 191, - 249.5
68 68Slightly arenaceous (fine grained). - Inst 350 gallons- mudstone lense

-

, 60 100
-6389 200. -

E X PL AN A TION

[N HOLE TYPES e STAND ARD PFNFTR ATION TFMT!

( SA - INDIC ATES SOLIO AUGER INDIC ATE S BLOWS / FOOT: RECORDED AS. NUMBERw NDICATES WATERCORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER.HA -INDICAIES HOLLOW AUGER " LEVEL AND DATE FALLlHO 30 INCHES, REOUIRED TO DRIVE
C = INDICATES CORE HOLE RECORDED

A 2 INCH DIAMETER SAMPLER ONE FOOT.
INDICATE S

R- |NDICATES ROTARY HOLE CORE LOSS

A-3
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F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION t.OG

SNEET 1 OF 3

PROJECT: F A P Mill =nte suMueface Diseosal Investietton PROJECT NO.. 1-1371-3771 00RINO NO. ST F-5
/^
[ COLLAR ELEVATION: 6589 feet 249*25 feetTOT AL DEPTH:\

DATE BEQUN 3Cf"'ber 29.197R DATE FINISHED: October 8. 1978 LOGGED BY: fhm Tavlor REVIEWED BY: 9/7M |

< ~ C

$ O i;I bU E U Uz -

3 > LITHOLOGY Ez f. $ p 3d 3d*W o o 3 t >

SS 9 AND 0g 8 h $ NOTES0

4, >w w I E O g. m s O z
yO a$ o5 PHYSICAL CONDITION z" - w [-

- . "
w$ { g

w y-
d gg y

U O E '
E # 3O $ &

C < - 7 200'
21.E

-

With secondary pyrite and more sand 100 100 j
with depth - 204' - water pressure

surge and bit trying
100 100 to plug

k6379 210
~ ~ '""" "S I '''I |

"'t'' * "* I'''#t@ 100

als1 ^

^
sare

:4 100 100
- ?N- Light to dark green, fine to medium

2636922023 grained, silty, poorly to well sorted,
' W very weakly to moderately cemented 60 '60-W (clay). quart 2 sandstone, with coarse

'M grained sandstone and sudstone lenses -

g 100 100
. .m

-6359230 - c;.7 - '
-

.g
'

:$ 100 100 6 10
_w:p -

'h,
100 100

O 2() '6349 2402 ~

f

:M 100 300

:5
*h

:M 100 100 7
- - o. 3 ; 7.5s10 32 116.9
ena3snss2e

Bottom of hole
:
:
.

-

~ :
.

: :
.

.

. .

. .

: :
: -

: *

. .

~' ~

' :
. .~

-

.

. .

. .

E XPL AN ATION

HOLE TYPE 1 9 STANDARD PENETRAff 0N TFMT

r s) SA = INDICATES SOLID AUGER INDICATES BLOWS / FOOT: RECORDED AS. NUMBERi
(/ INDICATES WATERCORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER.HA -INDICATES HOLLOW AUGER was LEVEL AND DATE

FALLING 30 (NCHES. REOUIRED TO DRIVE
C = INDICATES CORE HOLE RECORDED

A 2 INCH DIAMETER SAMPLER ONE FOOT.
INDIC ATE S

R- INDICATES ROTARY HOLE
CORE LOSS

A-3



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

SHEET I OF 3

PRO JE CT: I LP. Millmte SuMurface Disposal investintion PROJECT NO. I'I371 3771 BORING NO. Si F-6
m

'f COLLAR ELEVATION: 6604 feet TOTAL DEPTH: 217 feet

DATE BEOUN; October 26, 1978 D ATE FINISHED: October 30. 1978 LOGOED BY: kn I8F or REVIEWED BY: I'4 Ml

> E h$d Z*

o J w >
- z w O u = W >o n u n -o y LITHOLOGY Ez f g ;- 3d ;d*d O. a a g t- p

,

0; O $ h
U h NOTESk kU U 9 AND 0

g

PHYSICAL CONDITION $h $ h$
~**go 4 W g a E a ew e 4 *g w

- o R o W W 4 9 >3
" ' ps

u | J E

s4 .iobgp unite to yellow brown, fine to coarse

v' 4 * * e,i ged(ned, poorly to suderately cemented
(clay). quartz 1.andstone, with traces- o

.
'

of silt and gravel
,

Id '
6504 10 f[[,,;,, 9 (,* dst

,, e conglomerate with clean lenses
" **

'50/5
77 ji.'

Y.: r 18' - 32'
jy fine grained, silty lense with some fron;g ,g ;,g
P. , staining. - ..

- .a A g

:*t .I!.?a.f..

- . ri.

R- !** ' started rotary at 29''

,6 5, W.
-,50/7.5 M circulation3'*2 574 302 using quick gel.

,m
-O h* 1 'n stained with depth
.

. . ?..-p*...

: bY[h(~\ i858 40 -
:1
.||7..c

~50/7.5 43' . drilling firmed
|

Q -

: .g
. v

. 1

'.I.* 3/ up usinq standard ;
-

. g . .t2 barrel j
18554 50 :$k.$| 'j
: :Q'.*:s i

. .?.'<'.*U. ' i:
. . .

58.5' - 68' !
;e544 60 1)Ni. Traces of gravel .50J4.75 ],

- :. . .yc. 1
. n si

.! ?,*.' '. ' I

* . . - 1. .

| $.. f..j.' =. \-

-
, i

jeS34 - s.@,i I
'

. 2.w .:, '

- |-k. =.'..? 60'4
.

. $
9..,

. . .e;c.. aA
j

. . ..
,

;6524 80 -,GM -
.

. y.A l
. .. ,c: ;

: : h I
*[.*. , 88' - drilling firmed...

k.0.'4
,,#3 "26514

90 .. q:.. .,
.

...a.

9IO-

.so. :m
- Q+: see nest page for sample description:
.6504.100 -

E XPL AN ATION

HOLE TYPES g STAND ARD PENETRATION TF AT:

SA - INDICATES SOLID AUGER INDIC ATE S BLOWStFOOT: RECORDED AS. HUMBER
W INDICATES WATER

HA - INDICATES HOLLOW AUGER CORE RECOVERY OF BLOWS WITH A 140 POUND HAWWER.
"' LEVEL AND DATE

FALLING 30 INCHES. REOUIRED TO DRIVE
C * INDICATES CORE HOLE RECORDED

A 2 INCH DIAMETER SAMPLER ONE FOOT.
INDICATESR- INDICATES ROTARY HOLE

CORE LOSS

A-4 ,

1
j



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

8HEET ? OF 1

PROJECT: F A P. a4111o ste % Ssurfaca Disoasal Invest %ition PROJECT NO. 1-1371 3711. BORING NO. ST F-6

COLL AR ELEVATION: 604 feet
TOTAL DEPTH:

DATE BEOUN: Oc tc'te r 26. 1978 DATE FINISHED: _ October 30, 1978 LOGOED BY: Nn Taylor REVIEWED OY: Pe>d

C* > -
aW m o # o+4 o a Z E z > > o

A-
#w "

OUW O $ a w H w a 9o oO LITHOLOGY EZ #, $ - 3d Ud o 3 U >
8g 3r AND E O

$w NOTES4 >w I E
~ O g, e O Z

w$ g[og swg n oo uj t ab $ d PHYSICAL CONDITION Z g y go < g 3 ap w g 4 gE E Wp o 3: a
O w w < 0

& p
r a # a 3 go a o

- . . . .

C- Light to dark green. fine to medium started coring with
2 %: ".@c Q

grained, silty poorly to well sorted. Isu4 100 [ lg revert at 103'. 95%
very weakly to moderately cemented W circulation

2,: a (clay).quartzsandstone,withcoarse N 40

-[6434110q grained sandstone and mudstone lenses

43 43; .* .y - p**. . * .-

%,,W 116' - 147' t
-~

-

i64a4 120 .
" ' ' . ' Coarse gritned lense 40 40

-

119.5' - lost circu-. . . .W lation:N ~ 3
-

O
-M.....:.

-- 6474 130:9 samples being
washed out-M 15 129.5' - drilling15 ==.

}Q firmed up
.4
...u... 0 0

[m.
. .M

A' ',/,
;6484 140 ;g
- -m 0 0 139' -- drilled faster.A 144.5' - drilling-d firmed up

. .M.1 60:
-

|
60

-- 6454 150 ,
- |W 0 0

:M 155' - traces of pyrite
-w |- , ~ ~

92 100 154.5'' - drilling
76444 1607M 161' - 188' '-~~'-

firmed up. . . , _ ,

-W' Coarse grained lense 10 20.

164.5' - drilled faster..r.... n. .

.A

. :. 0 0
-643* 170
-

:4.c f .r 25 30 ,, y74 52 [@ f 3.8s10 32 103.6 driiling firmed up
'

: b. 65 h 65
. . . s I of gas noted;6424'180-w

- 0 0

. .d. ::..
- : 68 9 68
-6414 190-@

.
-

- :% cmc joo , too
,

;g
.

18).5' - 10/29/73
. .n..y . no _ no water in hole
, ;@ 100 100

a

Rb W POO:
} 9,3,

started roterr

E XPL AN ATION
. HOLE TYPES p * STAND ARD PENETR ATION Tr atT-'

) SA -INDICATES SOLID AUGER E; INDICATES BLOWSIFOOT: RECORDED AS. HUMBERl IN ATES WATER'-- R CORE RECOVERYHA -INDICATES HOLLOW AUGER as OF BLOWS WITH A 140 POUND HAMMER.LEVEL AND DATE
FALLING 30 INCHES. REOUIRED TO DRIVEC = $NDICATES CORE HOLE RECORDED

INOtCATES A 2 |HCH DLAMETER SAMPLER ONE FOOT.
O - INDICATES ROTARY HOLE

CORE LOSS
_

A-4



i| |!j

m* E m0x P yea 5Hmp }o
-

mCQ"C35>Om y ya.o oO
3

.
_ .

,rm" w o, ,

T o mg" y,'3;ie7+5i1% ef3L e*0o% os 3o mod zO- [g7O= so,Eg zo. $ ,;
t

3,+| Os$= m " > doz m$* 71 dow>r gmih ".. ,%''
.

_ -
. f ';i% 2" Emo <* .@'tkoe% ,o $mO$m = O z Rgg,w*.ae* ; " ' Z *Im0~

r ;
;

'* Pooo o md

)
F, Y

I
3S 0 % Cd N G N Y Y 0 P%(L El G O (

i N E I C ) E T T 2 T (OSE O V PG8 oO< TN % V I LC LC G
I

I

S ESm.

O I
.

I TI .

YL ( M I

T
t tIDo YT HI E AA O T DI E IE MT NT C L RT D C C LB BBS I L I_

I SNn AE E I zo E E EA AA1 S L
A VE E H R TSP Q R (% S IE /. C NLEr E EIS FMM M S I D
Eo Er F P E M E
P L A T z4eO$ oO2OQ OZ N RC C A T

IU Dt DI E R E T
R P S

Y E R A E R R S
P E Q

T G W O E E A I

RP Y
T P % L LC P D

,, . *
,

,i :.~
.

,' . . ' . ,', .

,
:. _,

,

- - _

l| U T.j4p lee"* .

. , .4

. - , ._

,
.

. .
/ [. m~ * 27 _,

.
,
3= g ?, . : a:32*%:x35 ~* a2.gS , _

.

ga 08'* ~ :- ; $ .Ko
.

.

. .
g- { ,. .

_

_
, , m$*E % i- _

,

.

_ , ,

<

.

,
_

_
.-

.

.
_

.

s)? .

-
.

, e

_

.
_

_

_

-
.

.
,

. t

.
_ . . _

. _

.
. .

.

.

. -

, i

. .

.

.
-

. -
.

.

.

.

. t

.
_ . .

.

. .
_

. f

.

. .

. .

. .

.

.

.

.

. f

. .

.

_ . .

. .

.

.

. .

. .

mxie z> 2

. q/' U A x ) a> 2 0Z . 3 4"s
-

eg2t4oo 2m8 mom 0 y7 zcgem2st> pg$gu coco > 2 Eog>4. m mo m
Ey $$ g>Nm

oo2m mmoog24 om roe # E~4Z > +O ,0C5 2>ggm3,2> pgQgazoEoE> Cgm 8 rmg ZO O y
igCZO " 8xmvzmoc5$ oo:pEm

O . EgOy# OO m zoh mmgg$ .

a> , Eo2 g>%,m= c>c2>= ozm moo .
Eog>em #-

3 ggQge 3O$24 IOEs
Oo3m Pow #

>8D



F. M. FOX & ASSOCI AYES, INC.

SUBSURFACE EXPLORATION LOG
SHEET. 1 O F ),,,

PROJECT: F A P. Millwnte Subsurf ace Disposal investigation PROJECT NO. 1-1371-3771 BORING NO. ST f-7

j COLLAR ELEVATION: fM8 feet TOTAL DEPTH: 219 feet

D ATE BEGUN: MwN r l'- 14 H1 DATE FINISHED: Nayw ber 7. 1978 LOOLED BY: 0.w Taylor REVIEWED BY: EAM

| C-* * > * Q um o
-

_ a.
w Z E z > >a w o,N c o

o > LITHOLOGY 52
- m 9 ww o o e p -EW O

w << O
- 3d 3df. #

o 3 D >O' >~ ,z -
-I E pe wp w w .

' o u -w z _ y nO > > o .a
AND ge o O O J e amm - J -

M~ NOTESz r <w
$w gwg .s < % e J<4 >w w O g. o O zwg n ow~g

yo uj $ o5 $ PHYSIC AL CONDITION zU ; Eu Eu y a 5 oE w

[ c O W % e 5 E a
'

o a o
lA .. SAM, fine to (carse grained with traces

4** . of gravel, silty and clayey in part, some
f ron staining, loose to medium dense, 38/12

. nedium sioist to a:01st, brown to yellow ~44/12
brown

26598 10M,.'...
:ssu.a it.a:& 'e: :-

White to yellow brown, fine to coarse _

@,;-
,c-.

grained, poorly to moderately cemented

-h. '/.c
50/S.5(clay) quartz sandstone, with traces ,h,3

:w of silt and gravel
-S0/3

)%.

--6588 2R. , , ,] j4, - 35.5'

: Sandstone conglomerate with clean lenses
-60/S.5 '

,

t-,
~ j
''8 ''J 7.5 r l' 'O

. $ ~S0/6~6578 30-; ,

: r 10
- 50/8.5

-b

.
\': :.2

,7 -6568 40 --. 44: -5G6.25
, ;3, - coring with revert

,'/- C- ~. ; ' 50/S.5c, . sample being washed out
- gg ,

2%1 .I0),
1.

-- 6558 60- !.' ',
-

; ,.; a
:-' 0 0

'*..'f.'
.,

:
~

' $' f
jf. ''.;
" . . . 0 0

-

i SS48 60 -
;2 . drilling firmed up:'; .'' 4 65' - 69' O O,

- ' ' 'f * Traces of gravel with a trace of iron
: !R staining '

_ i6' - drilling firnied up

00 wid 19
- -

90 -

-6538 TO -.

-
a. .

' . . F'

'':N.* too b joo:.',0 .
* ' Y:

" '
-:

. . ;;;, = 90 100

5 6528 802-( * ' -

,,'

2 N/r.E. 100 j 100

. .J.C. . ~ ;.:

. .

: - **
100 100

-
7. s .

g!
.

' *

- 6518 90',@.a _

. . Oj', , 100 1 100

lM. . .
-i :

.,..

100 1 100.

esco es . . . .! a.

-%0n to&Arikh 5

E XPL AN ATION

!! OLE TYPES , e ST AND ARD PENETR ATION Tr RT:/m u
| 1 SA - INDICATES 80L1D AUGER INDIC ATE S BLOWS / FOOT: RECORDED AS. NUMBER'

/ INDICATES WATERCORE RECOVERY OF DLOWS WITH A 140 POUND HAMMER.''
HA - |NDICATES HOLLOW AUGER was LEVEL AND DATEi

,

" FALLING 30 INCHES. REQUIRED TO DRIVE
C - |NDICATES CORE HOLE RECORDED

A 2 INCH DIAMETER SAMPLER ONE FOOT.
INOIC ATE S

R- INDICATES ROTARY HOLE CORE LOSS

-

A-5
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F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG

I|SHEET ? OF 3

P%OJECT: F. A.P. Hillwinte Subsurfcce Disposal Investigation PROJECT NO. 1 1371-3771 alORING NO. ST F-7
{

h# COLLAR ELEVATION: 6608 feet TOTAL VEPTH: feeti

DATE BEQUN: W t ab r IL 14M DATE FINISHED: haveter 7.197'f LOGOED BY: Bm Tavler REVIEWED BY: PA*/

*
. g,* > e o * o~d 2 g 2 >

,o, $ e.J y > **
$ 2 W O o a w >= p.o p

0,d h! O > LITHOLOGY E2 $ $ r 3d Ud o 3 D >
$g d $ h9 AND 0

NOTES4 >W I . C
- O g. m '- W - a

,5 $w$ $' PHYSICAL CONDITIOW
O z

wh'w$ jd
e oW { :; ywo gz g w <

>. W E n. E E W w < 0g o 5 0 w a >g e, p a 3 gO g a
C - . . . * - Lignt to dark green, fine to medium
NX '. D grained, silty, poorly to well sorted, 100 100

2'M
-@%

very weakly to moderately cemented -

(clay), quartz sandstone, with coarse 24 27 127.4;
.@. grained sandstone and mudstone lenses 100 100

om stof 102' - 104.5'
100 M0M Slightly arenaceous (fine grained), |- |:M mudstone lense 116.5' - water pressure j

D 100 100 up |- ;.:.4
i

16488 120;M trace of pyrite -

119.5' - drilled faster !

.G. . . . 00 100 3,g/0' 104.2
'

:

:g 125' - 140' -

lost circulation I-m Fine grained, silty, slightly argilla* 100 100-40.;. ceous, moderately to well cemented lense
2H78 130lM ~

l'

:,@ 100 100 '

3M -

135' - lost circulation |:D 100 100 out bores down hole j-w(,-w) ; 140' - 187.5' - lost 150 gallons |

1 -o488 HolM.. . -; io Coarse grained lense
-t .::?. . "

I100 100

:q ~ lost 360 gallons I

'D 100 100

;M58 150
- ost 90 gallons

'

|$S 30 30
.- : e, .

.. , . , . , lost 180 gallons ;
|C 0 0 i-W

5

0 ~%
--

I st 135 gallons
~

35 35
- -@r lost 135 gallons: '

.

.
60 60.W

2Hz 170lM I
- lost 135 gallons

: :a 100 ' 100

: :p.. .. |.

lost 225 gallons
; :@ 22 22
. .-
;g3, 333 ;g g-

lost 180 gallons |' :g to 10

: .. . , . . lost 230 gallons

.-$+: : 38 30
1. .

- 6418 190lkh
~

90 '|
did not use revert

f |k. ' 90

.
W; | - lost 135 gallons..

M.w
-.s* : P . 20 20

lost 250 gallonmixes m re rey.s. yoq go . -

--
rt

E XPL AN ATION

S @lE TYPES e $TAND ARO PENETR ATION ,'M
! ) SA -INDICATES S0!l0 AUGER INDICATES BLOWS / FOOT: RECORf ED AS. NUWSERw/ IN ICATES WATER

HA -INDICATES HOLLOW AUQER CORE RECOVERY OF BLOWS WITH A 140 POUND HAWMER.
** LEVEL AND DATE FALLING 30 INCHES, REOUIRED TO DRIVE

C - INDICATES CORE HOLF. RECORDED
A 2 INCH DIAMETER SAMPLER ONE FOOT.

lHDLC A TE SR- INDICATES ROTARY HOLE
CORE LOS8

A-5
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F. M. FOX & ASSOCIATES. INC.,

SUBSURFACE EXPLORATION LOG
SHEET 3 OF_ 3

PROJECT: F. A.P. Ntilwnte Subsurface Disposal investiostion PROJECT NO. 1-1371-3771 BORING NO. $T F.7
O
'

COLLAR ELEVATION: 6603 feet TOTAL DEPTH: 719 feet

D ATE BEOUN: September 12.19hl DATE FINISHED: hovember 7.1978 LOGOED BY: N Tutu REVIEWED BY: AW
-

e > ; S-

$ NE Sd Zo a w E > > *
O W H

i

- r w u o H a H --
U

o ; Ud 3dJd o s > LITHOLOGY 52 $ o 3 U >

*$ 9 AND 8; O E h
0 NOTES

$ wg O g, m ;; u g .sw g n ou z>w w Ig w
o D o5 PHYSICAL CONDITION g w o o g

I w 0 E
8 > a #b g 3 e

C - r- 202' - 209'
NX : !N Coarse grained lease 40 40 lost 90 gallonsg
2 %': ". y,w'0'4

,y, trace of pyrite
lost 320 gallons: (: ,. 20 20

-Q isis|

-6m2:0-- Fine grained, silty, slightly argilla* up,did not use revert
210' - 214' | 46 22 27 114.8 207' - drilling firmed'

3
22 22"

ceous, moderately to well cemented lense
- lost 190 gallons

.. . .

214' - 219'
: Slightly arenaceous (fine grained). 100 100

_

, ,,- sa s e nn. t enu
_

5.8x1'd 24 32 103.5
_

Bottom of hole

.

.

:
.

f'T _

t%| -

-

- -

* :
'

.

.

~ ~

: :

:
.

_

. .

"

_ _

M

. .

' ~

.

.~ .'

:
'

.

~

.

: :
|-

EXPLANATlON
HOLE TYPESgs e STANDARD PENETRATION TERT

( SA = INDICATES SOLID AUOER INDICATES BLOWS FOOT: RECORDED AS. NUMBER
INDICATES WATER

COME RECOVERY OF BLfsWS WITH A 140 POUNO HAWWER.HA -INDICATES HOLLOW AUOER " LEVEL AND DATE pggg.dQ 30 (NCHES REOutRt!D TO DRIVE
C = INDICATES CORE HOLE RECORDE0

A 2 |NCH DIAMETER SAMPLER ONE FOOT.
INDICATES

R- INDICATES ROTARY HOLE CORE LOSS

A-5
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F. M. FOX & ASSOCIATES, INC.
SUBSURFACE EXPLORATION LOG

, SHEET t OF7

PROJECT: 8 A P fiill,aste Mwrhee Ohmut investiaation PROJECT NO. 1-1371- W 1 BORING NO. ST F8

COLLAR ELEVATION: 6585 Feet TOTAL DEPTH: 111 feet

Forrest Kn t,el REVIEWE0 BY MDATE BEOUN: setember 15,197d DATE FINISHED: Seotember 26, 1973 LOOGED BY:
,

3 - h* > m a
$d Z E > > o "

8 a w z a
"3

0 W * +8 > -z w 0 o~

*d3 # Ud D >> LITHOLOGY 52 $ C$ o 33_w oO o wW << 3 pa

00 EU [ga 9 ANO fy 8; O gj 0 $$0 hU
*' 0 d 3 E NOTES

< >w w z E - O c. n ~jh gh
O x- sw- . nyOwo j h: $5 % U PHYSIC AL CON 0lT40N r; yz g w

,

> w E < e. c a: w o
r o 3: o , w

r e. s 4, 3 g
,

sw
u a a

S A, ' :sDM f ILL, 5Ati0, fine to coarse gratned with
4 - :Q$ traces of gravel, silty and clayey in part

-
u:-g o se to medium dense, medium moist, greenic/12.e * , .Nro tirOwn

S ~h*h .AtO, fine to coarse grained with tracese4Fr a-
26475 102f af gravel, silty and clayey in part, some* 5011.7
'

: oI t ron staining, loose to medium dense, med-
$*J94 ium moist to roht brown }o wellow brown.-

:|d, ,pj i. nite to yellow broom, fine to coarse gra- 60/6ined, poorly to moderately cemented (clay)
'

ease to-

W)"' :Nartz sandstone, with traces of silt arW*3. ...

$6465 20 - .*h.,hb(*
I "I'

Jfd'16' 5andstone conglomerate with clean 50/6.73'-.;
.

lenses.

,". ;:* y{J
.-

*I -60/6C *'

pj,;
.

24' started coring*
'

0 0

'

Q.'*
~~'- 6455 30-

,' 29, added revert
100 100

; .. .y .
3 f 1 '.'

-
,

-

. ;*p,4 100 100~

M445
~

\ -
40

h 45' lost circulation.
is.J,J: .- 100 100

,i pushed casing to 48'.

hh. O a.*)|, 90 90
? 4.s . \?i

.'.(. I6535 60
; 48.2'-53.2* Fine grained, silty lense witt

100 100
.;..|:/h., -

~ sone iron staining.
k

;Y*.g..4, 19 100

-

.

- 48' 10% circulation

. : 8).%':
*

100

9 425 60; f;j$.. 60' set packer.
'

- - J** ; . 100 100
,

::19 1
-

.

eM*
_ ;

100 100
can 7

--6415 707^ Light to dark green, fine to medium grain- 6.4 x10'100 100,y. ed, silty, poorly to well sorted, very
--e ,<eakly to moderately cemented (clay), 9 -

,

~

}N. quart 2 sandstone, with coarse grained
. .6 sandstone and mudstone lenses 100| 100

L8 -78' coarse grained lenses.
18,'.79.5' fine grained, silty, moderately

-

-6405 802;

;,.g 100 100
. . w. . ,: Leriented lense, 1y
- -m. .- -

,

~

'.T 100 I 100
~

m
~

- 6395 902M .

'

M 100 ! 100
. h 1-

-"M 12.5'-103.7' fine grained, silty, moderate. 100 100
. !
-m s 100- ~ If cemented lense. I

_

E X PL A N A TION

f 119tE TYPES e STAND ARD PENETR ATION TERT:
IQ' SA - INDIC ATES SOLID AUOER INDIC ATE S BLOWStFOOT RECORDE0 AS. NUMBER

INDICATES WATER OF BLOWS WITH A 140 POUND HAMMER.CORE RECOVERY wasHA -IMOICATES HOLLOW AUGER LEVEL AND DATE
FALLING 30 INCHES. REQUIRED TO DRIVE

C - INDICATES CORE HOLE RECORDED
A 2 (NCH DIAMETER SAMPLER ONE FOOT.

INDICATES
R. INDICATES ROTARY HOLE

CORE LOSS

A-6



mo g.m0X*>cw >HmC* 3O's D

mcEtg35>Om mx,h"$.Oz OODo
-

=z g* k~

;ONO * '9 w* E:!,*E *&$A* e*EE- 5:E.,o3 ,mO mo** z9 . " y 4O~*
.

"

.O2z zO* $h
)

o$$m @m<>2O2 $5 m2* yo4>r om,h ,%*
:

,

O$"W OCz"gm32{ , * 8* ;4m m EE;- #.u"3g, y. e# mR;#. [K~ 2OO0mO #5 <; E N o * <";c ;:

) T!y Y S 0 s C)E N R N Y Y 0 Psz G L E (
i N E O tE T

L O
I C )

I) L t
I

2 T (O T.
I TSE O V r zorO4 TN t V I ILC LC G
I

I

S Oe.m#

.

M I Y
DO TT H) E AA O T DI E IE N M TT
N H AE E t >zO RT D C) C L8T C L S SBS I L

O R (g S tE /. A A /. S L
I

E E EAA VE E H R TSP
LE C NF EF F P E EIE

FM M M S I DS
A T E<eO>F oOEBg N E R E TEO RC C A T 1 E

e L( D( M
R P S U DE R A E R R Sv E E A I YO

T G W P O E PT P % L L RC P D
o , ,->;1.

,

,
e e,g:. , - ::,,

. , .., ..
,

,
. O O

, 2 g , 1,nE. .C
n*

3e 1,nf.O.b.

.

o , 3~*~ n2a R Eo" 5s O.,8Q O. *, i O E.
3

.S-

,

.

i 1

,

,

i f

,

. _

.

.
_

_
_
_

._
_

/ , t
_

_-
<

_

, t

.

.

.

.

_
_

_, t

_.
_

.

. ,

.

,

.
_

e f

.

. .

. .

. .

.

.

. .

i 1

.

.

.

.

.

. s

e I

. _

_
. _

. . _.
. _

. _

. e

. .

mxmr $ , y Z

5 ;; a ,;

$>zo>3 4 z3D > $ 4,

). .> 1 $ 6>4me noCO >C k m _6 o>emm wrONwqOOU 2QOm0G w zcgE- D

'(k
:

o2m mmoO<m34 faZ0o$"*I>Na O,e , ROE #g4x> .0SO O z>gEhz> 1 $ 5>wm, ,or Og CO$
rM<mP xDO>d" s>rCZO $ _$1m* 3mOg O 4O O m

:

i

o . b o>dmp oOR zorM mmoO2 mD
> N }oz 0; E ,n" .D ( O Zm ' 0*~.

8

; _5 o>dme3 _$5>Wme yod $< zOi ;

o m 'Omm"

@



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

SHEET 1 OF 1

PROJECT: F _ A P. M111uitte %bturface Disposal Investigation PROJECT NO. 1-1371-3??) BORINO NO. ST F-9
'

/ COLLAR ELEVATION: 6414 feet TOTAL DEPTH: 28.3 feet

CATE BEQUN: Auqust 27 1978 D ATE FlWSPED: A"9 dst 77a 19hl LOGGED BY: Don Taylor REVIEWED BY: WV3

_

e > ;
-

S-

d 0 $ 0Zo a w K z > > "

z w 9uo y o
d o > LITHOLOGY HZ $ -

D. H. n Ha -
d a o :f O 30 e 3 D >

<O 9 AND O; O $ h
O e NOTES>w w I E e s$ -- O g" e ~w - o z

h h
*o 5 oD PHYSICAL CONDITION g

w 0 E O L L * g 3 gw

SA - ' ' ' ' ' . FILL, SAND, fine to coarse grained with
4'* : ? ; traces of gravel, silty and clayey in

L .y part, loose to medium dense, medium 11/12
. moist, green to brown-

M'.' e40a e

.6404 10 ;,@ o dad pen, f W H @m M2
.g, grained, silty,poorlytowellsorted.

e4 88 very weakly to moderately cemented: .w, ,3 :- (clay), quart 2 sandstone,withcoarse _40/12

W- +

.'. : grained sandstone and mudstone lenses
.

- 8' - 13' I0s4 Orawing water from this
@ 20! Fine grained, silty, moderately cemented e exio level for water trucksd

- lense
- 22 28 116.8

- 60/3
: 13' - 23'

, 1 Slightly arenaceous (fine grained),
- - N a:udstone lense with traces of pyrtte.

.

Sottom of hole.

:
.

R
f - -

\ .

~ '

.

:
.

~ ~

: :
: :
. .

2
:

: :

:
. .

.

: : |
: : !
. 8

." .'
' :
'

b

: :

E X PL AN ATION

HOLE TYPES e STAND ARD PENETR ATION TFMT

SA -INDICATES SOLID AUGER INDICATES BLOWS / FOOT: RECORDED AS. NUMBER
W INDICATES WATER

HA -INDICATES HOLLOW AUGER CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER.was
LEVEL AND DATE

FALLING 30 INCHES REQUIRED TO DRIVE
C - |NDICATES CORE HOLE RECORDED

A 2 INCH DIAMETER SAMPLER ONE FOOT.
INDIC ATE SR- INDICATES ROTARY HOLE .

CORE LOS8

A-7
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F. M. FOX & ASSOCIATES, INC.
'

SUBSURFACE EXPLOFIATION LOG
SHEET 1 OF 3

PT.OJE CT: r A.P. Millu tto thchre fihnnut f auastiption PROJECT NO. 1 1371-1711 8ORING NO. $T F-10

COLLAR ELEVATION: (616 feet TOTAL DEPTH: 227 feet

DATE BEOUN: $eotember 6, 1978 DATE FINISHED: sentemt ee 14. 1978 LOGOED BY: Forrest knatiel HEVIEWED BY: WM
-

* > 3 ae o od z g g > > o g ,,-y
d z w 208

o y o b. w. n H ~a

OO k b
,

> LITHOLOGY HZ f p do 30 o 3 - >>d$ o a
U AND y 8g 3 $ $ E NO TE S0

4 zw w I E O g. eg w wg gwg awg o ze o
yO wb ob $ PHYSICAL CONDITION g jo go g g 3 ogw a w

E E> w a
- o E O w w og w

a 3
s A # 3 eU & a

SA, : :|W'(;p FILL, SAND, fine to coarse grained with
4 -| v: traces of gravel, silty and clayey in

-8/12
|' part, loose to medium dense, medium

:| moist, green to brown
2.7110' TG 21 82 122.8h.

-' ''
.

i 6606 10

-, m
-

* '

12/12

-| $

H2i 859e 20
- ess4 a2 --

: ' ' ' !'' SAND, fine to coarse grained with traces 1 5/12of gravel, silty and clayey in part, some-'

,*: tron staining, loose to medium dense.
.' medium moist to mois*, brown to yellow* '

t.""'Mp_Ithin |2 esee 30 -
'

: White to yellow brown, fine to coarse
* :7 grained, poorly to moderately cemented '36/12 |

i

(clay) quarti sandstone, with traces
i,,

-
*

..

f : of silt and gravel, with some secondary"

O
"

o sulfates and iron staining;

kj\
.

#g 30' - 53'- f 57e 40 -'
,*8.g Sandstone conglomerate with clean lenses

' ~

e
|

:;
.

38/12-, -:..:
: ;0'

6566 60 'D *

-.G.9 |

: ;'M .. -50/5 !
* 58.5' started coring |

. .,

. ..v. with revert, 10%
* *

A 6556 60 :,,
G6 962'f :

.',Y.
.;

y.- -

)g. 8.t.j-}.,s
. -

' : 100 100

xu :>e
2 6546 70 -
- y*. .'i /

_-

*

- 100 100

-,.E.D(.,b.
*

.... .

-If <'I.' 84 84

I.'6536 80
' ;.E '
.. 4
4"

: 100 100
- ff.
[ [IS[{ $. 100 100 33,$. - porning of 9-9-73
; 6526 90 I .vj - wa er W el W e wn W

-
top of collar.- -

**.r.h. 100 100

;k. -
'

- :
.W' 100 100 1.2 a10.

5-6516 100

E XPL AN A TION

HOLE TYPES * STANDARD PENETRAY10N TERT:s

; SA -INDICATES SOLIO AUGER INDICATES BLOWS / FOOT: RECORDED AS. HUMBER
INDICATES WATER'

CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER.HA -INDICATES HOLLOW AUGER " LEVEL AND DATE
FALLING 30 INCHES. REQUIRED TO DRIVE

C - INDICATES CORE HOLE RECORDED
A 2 INCH DIAMETER SAMPLER ONE FOOT.

INDICATESR= INDICATES ROTARY HOLE
CORE LOS8

A-8



,

F. M. FOX & ASSOCIATES. INC.
SUBSURFAC:" EXPLORATION LOG

SHEET ? O F.. 3

MOJECT: F AP MW .m b. bMubc p Ditmul {nvoutlqst{on PROJECT NO. 1-1171-3771 SORING NO. 5T F-10

O
22I I"tH16 feet TOTAL DEPTH:

(w) COLLAR ELEVATION:
DATE BEQUN: SepteWe 6.1978 DATE FINISHED: September 14, 1978 LOGOED BY: forru t r e wi REVIEWED BY: WM

*
-

69 y

-$$E E > >d we J O W *
- 2 W g O H e8 k *-

.

O > LITH OLOGY Ez $ $ g 30 3d o 3 t' >*d O a

8; O hSO 0 NOTESO AND
Wy O 2- O g- M4 >w .., w I E

C|g ewf e o
wd

g
g 3 ygO db ob $ $ PHYSICAL CONDITION go <z g y g

E E # $ $ $[ $ " *O
o a o

C .!,1,g 100 100NX ,

' .I |j-
- 1.2115g

c...
F/e"-

..

- .- < :
.

- n 100 ; 100

- bh.'. '--

-es06 nogfg> ,oo . ,,,
I- 115.3* - 118.5'

-

$,$
jh@**

fine grained, silty lense with some iron.

staining goo goo
'

,,
'

. , =

i64G6 120h @.l.'.,re- 92 . 92
;7. , 118.5' - sorning of.;. -

-

, , , , ,,, :g_ . - 9-10-78 water levet 11': down from top of collar:M Light to dark green, fine to medium 100 100
-@ grained, silty, poorly to well sorted,

-

26486 130;g very weakiy to moderately cemented
.

- - * (clay), quartz sandstone, with coarse 100- 100
grained sandstone and mudstone lenses

.. . . .D* ' ;: 133.5' - 140' ---

, ; Traces of gravel 100 - 100
,M+-

# 143.5' - 9/11/78 water
^

g level 11' down from topN
' :M -- of collar

i
j

-W.......: .

...r- 1006 100 ;

26466 150UM
~

' }g
- l

100 100 ;

MN.+ --
155.5' - 158.5'
Fine grained, silty, slightly argilla- g4 g4 - |---+

.,;E * ceous, moderately to well cemented lense j

' g[ab
with secondary pyrite

|;6456 160;
100: 100 Flow j

-,y. . . . . wnn
. :T 9 or4

, 88
If,6' - 50% circulation

t
- -m 8'M

.['k6448 IIO' 171' . 175' 170.5' - 201 circula tion |68 88,:W fine grained, silty, rmderately cemented
, ;g lense ,-'

M 100 ' 100
'

e :
- 178.5' - 9/13/78 water- -

level 40' down f rom top
. 6436 180'g.- goo ! goo- of collar
. -@c.

-

184.5' - 101 circulation
- -m
: ist 500 : 200
. e

-M26426 1901 -

i
100 100'

'A. . . 193.5' - 70t circulation
- ..

- :E 1985* 801 ctrculation
,

W traces of secondary pyrite go-

6410 200- -

E XPL AN ATION .

1

ti.QLE TYPES e STAND ARD PENETRATION TEagy;
p

) SA - INDIC ATES SOLID AUGER INDICATES DLOWS/ FOOT: RECORDED AS. NUMBERf
IN I TES WATER

CORE RECOVERY op BLOWS WITH A 140 POUND HAMMER.
HA - INDIC ATES HOLLOW AUGER ** LEVEL AND DATE FALLING 30 |NCHES. REQUIRED TO DRIVE
C - INDICATES CORE HOLE RECORDED !A 2 |NCH DIAMETER SAMPLER ONE FOOT.

INOICATES
R- INDICATES ROTARY HOLE CORE LOSS

1

|

A-8 ,
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I

F. M. FOX & ASSOCIATES. INC.

SUBSURFACE EXPLORATION t.OG __ ,gg,y 3 op 3
>

[ PT.OJECT: F A P Hl11v.1ste subsurface Disposal Investiution PROJECT NO. 1 1371 3771 O ORING NO. 57 F-10

( CCLLAR ELEVATION: 6616 feet TOTAL DEPTH: 227 feet
s

DATE BEQUN; Sectember 6.1978 DATE FINISHED: Sentenber 14,1E LOOGED BY: Forrest rnobel REVIEWED BY: E'/M
,

_

I > y OM ow 2 E Z > > 0 w"N o a 43 AO .
- w >

3 N
o o >d 3 D >

a -

5 $ o LITHOLOGY 5Z d $ ; Ud 3 o

0$ 9 AND $g 3 NOTES
i 4 >w w x E O g, e g g 4;g n 9 a Zg w ;;

wo j$ o5 g $ PHYSICAL CONDITION z g go go g g 3 ow e w
3 w e 4 E E
g o E O w w < 0a w >

r n. # a 3 ea
u a o

SX : 'E 100 100 I

2 '/s* ID -

|
i

t - - w
:$g 100 100
-.c:7/c 209.5' - 50% circulation

, @h -

43 1204
26406210l 213.5' - 9/14/78 water88 88 1.8s10 level at 110'2% left samole in hole and

*

.h to 10 dashed it away
:$,

s*.a mis ; 3 218' - 227
-

219' 201 circulation
; 21 - end of eMtdc

--6396220- Slightly arenaceous (fine grahed), goo too 194 3 26 32 100.3 e t samole in hole !mudstone lense 1
-

i

'
: saae ser;

- -
Bottom of hole

'

,
_ _

%s
'

<

.

~

!

:
"

.

''
I
:
"

.

' :
"

- -

:
. .

.

' :
.

.'. _

.

* :
i

l :
!

j E X PL AN A TION

| p HOLE TYPE 1 e STANDARD PENETRATlaN TFRT?
I SA -INDICATES SOLIO AUGER INDICATES BLOWStFOOT: RECORDED AS. NUMBER
Nj INDICATES WATERCORE RECOVERY OF DLOWS WITH A 140 POUND HAMMER.wasHA a INDICATES HOLLOW AUGERi LEVEL AND DATE FALLING 30 INCHES. REQUIRED TO DRIVE

C = INDICATES CORE HOLE RECORDED
A 2 INCH DIAMETER SAMPLER ONE FOOT.

INDIC ATE S
R= INDICATES ROTARY HOLE CORE LOSS

A-8
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| F. M. FOX & ASSOCIATES, INC.

SUBSURFACE EXPLORATION LOG,

|

| 8HEET 1 OF1 |
,

FROJECT: r a P_ Mit twiste %heirtue bisnnsil Investioitton PROJECT NO. 1 137).3771 80RINO NO. ST F-11 |

C\
j COLLAR ELEVATION: 6392 feet TOTAL DEPTH: 29.5 feet

| DATE BECUN: Auqust ?6.1978 D ATE FINISHED:- Aurius t 26, 1978 LOOGED BY: fn rret t rnchat REVIEWED BY: MN

Ee a

O d OU 8 b $z a

3J$ o > LITHOLOGY PZ f > - Ud 3d o 3 t- > i

! 9 AND 0
; h h U NOTES

$ PHYSICAL CONDITION N
~

o
> 0 3 "

U # 3 |O U L

M; @ FlLL, $NIO, fine to coarse grained with |4" assu n.s:= traces of gravel, silty and clayey in
-11/12

-

-M. .:
'O'*oart, loose to medium dense, medium j:
80'?3 moist, green to t>rown.e

1

:544 4 r.s : Light to dark green, fine to medium
-20/12

J6382 to.' grained, silty, poorly to well sorted,
- - very weakly to sederately cemented 13.5' - started coring

:C "' (clay), quartz sandstone, with coarse with revert
; grained sandstone and mudstone lenses 60/12

NX.- - 2.5' . 7.5' drawing water from this
60 7 83'

' gig ' '

Fine grained, silty, moderately cemented 100 100 area for water trucks
I'"5'26372 20 - -

. 7.5' - 29.5' 100 100 1.1:16'
; Slightlyarenaceous(finegrained),

_ !
mudstone lense e

100 100
nere sand with depth - 48 27 M2:34:2 a -w

. Bottom of hole

.

p)
-

I

- -

\v
i

e

~ :
.

. .

_

:

.

T ~

. .'

.

: :
*

.

.' .

*

.

:
. . ;
. .

| E XPL AN A TION
I tiOLE TYPES * STAND ARD PENETR ATidW TFMT!

SA * INOlC ATE 8 SOLID AVOER INDICATES BLOWS / FOOT: RECORDED AS. HUW8ER( v i TES WATH
HA -INDICATES HOLLOW AUGER CORE RECOVERY OF BLOWS WITH A 140 POUND HAWWER.was LEVEL AND P',' Es

FALLING 30 INCHES. REQUIRED TO CRIVECa INDICATES CORE HOLE RECORDFD
A 2 INCH DIAMETER SAMPLER ONE FOOT.

R= IN0lCATES ROTARY HOLE
CO SS

A-9
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F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG SHEET 1 OF I

FROJECT: rap Mit t oon Ghmt he ni m .1 invm imtion PROJECT NO. 1-1171-1771 BORINO NO. ST F-12

8.6 feetj COLLAR ELEV ATION: 61M feet TOTAL DEPTH:a

N" I8dO'Au< lust S.1978 LOGOED BY: REVIEWED DY: A'##DATE BEOUN; Auqust 26. 1978 DATE FINISHED:

~ 'e > ~

d O a w f OW Z E z > > o 1

z W 90 * * O h. H. N H "

> LITHOLOGY H2 f $ ;; -f O *iu o 3 D >O#$ o s

0$ h h 0; O E. h n NOTESO AND o zL - O g. o ~wz e sw - e o i
< >w

g [h gh g { 3 y
.

y$wo uj h $w$ $ $ PHYSICAL CONOlTION g g w
w < 0 ]( o. E $ yW E pw- >

e t #a 0 o g g ja

M* Light to dark green, fir.e to medium
a, grained, silty, poorly to well sorted.4" "

-M ,ps very weakly to moderately cemented _40/6
MV" (clay). quartz sandstone, with coarse

'"' grained sandstone and rudstone lenses .: * " ' -
sare e

26377 10 ; l' - 8' 60/5
- - Fine grained, silty, moderately cemented

lense _

8" - 28' 35/12 j
!Slightly arenaceous (fine grained).

m dstone lense
W5

f6367 PO

~ 015: -

6

I 4 taking water from this

.
i 2.0:10 27 19 38 123.5 level for water trucks

.etsaa aLa. 60/7

Bottom of hole
:

.

.

.

"
I

' :
* 3

;

; .

:
:
. .

~

: -

:
*

*

. .

'

.

b :

.

"

.

.

"

. .

E X Pt. A N A TIO N

HOLE TYPES e $TAND ARD PENETRATION TERT!
\
/ SA -INDICATES SOLID AUGER ANDICATES BLOWS / FOOT: RECORDED AS. NUMBER

INDICATES WATER OF BLOWS WITH A 140 POUND HAMMER.CORE RECOVERY 8 88HA = INDICATES HOLLOW AUGER LEVEL AND DATE FALLING 30 INCHES. REOUIREO TO DRIVE
C = |HOICATES CORE HOLE RECORDED A 2 |NCH DIAMETER SAMPLER ONE FOOT.

INDIC ATE S
R- |NDICATES ROTARY HOLE CORE LOSS

A-10
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F. M. FOX & ASSOCIATES. INC,

SUBSURFACE EXPLORATION LOG
'SNEET I OF- 1

PROJECT: F. A.P. Hillwaste subsurface Olsposal Investigation PROJECT NO. 1-1371 3771 80 RING NO. _ ST F-13
[D COLLAR ELEVATION: 6387 feet

TOTAL DEPTH: 28 A feet

DATE BEOUN: August 25, 1978 DATE FINISHED: Auqust 25, 1978
LOGOED Sy: Forrest Fnobel REVIEWED BY:-- fW

'z > Iw m ~

w K oN o J ,

fo z > -> o a
d 3 LITHOLOGY { h h d $d h t: -["

g, o
k 3" E h h h U hAND f$ 8; 30 '

NOTES
yo "j b $ U PHYSICAL CONDITION $h $ $ 9 b

~o
3 m a < w a a. to e a to 3 0
* O I

$ d U U # $
' y

-M very weakly to moderately cemented -4202

:M' Light to dark green, fine to medium
A.N - grained, silty, poorly to well sorted.

E

|N* d'oissa (clay), quartz sandstone, with coarse
-M- W W qrained sandstone and mudstone lenses

.60/10.' 6377 to -M iosai84

f
.R / 14.0' 27'

M / Slightly arenaceous (fine grained),; :
- . muostone sense 34412

,

"i 6367 20

~

, 60/5
21' - 28'
fine g 2.441. 20 19 31ceous , rained, silty, slightly argilla. -60/4.5

-sassa n s.t
2

~ \ moderately to well cemented lense

.

-

Bottom of hole
.

C

-

.

:
-

-

7 I

:
"

.

-

. .

: :
.".

.

: :
"

.

2 2
~

.

~

. .

~

'

:

E XPL AN ATION
HOLE TYPES

e STANDARD PENETRAT!ON TFMT!
\ SA * INDICATES SOLID AUGER INDICATES BLOWS / FOOT: RECORDED AS NUMBER\ INDICATES WATER

HA -INDICATES HOLLOW AUCER CORE RECOVERY
"'" LEVEL AND D ATE OF DLOWS WITH A 140 POUND HAMMER.

FALLINO 30 INCHES, REOUIRED TO DRIVEC - INDIC ATES CORE HOLE RECORDED
INDICATES A 2 INCH DIAMETER S AMPLER ONE FOOT.

A* INDICATES HOTARY HOLE
CORE LOSS

A-11
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j F. M. FOX & ASSOCIATES. INC.
! SUBSURFACE EXPLORATION LOGj SHEET I OF ?
|

PROJECT: r.A.P_ Mill..itto tahemchen nismQhettinition PROJECT NO. 1-1371-3771 80 RING NO. . BUL F-1

{T
w COLLAR ELEVATION: f173 feet TOT AL DEPTH: 14 feet

I
DATE BEQUN: Aaqust ??. 1978 DATE FINISHED: Auqust & 1978 LOGOED BY: Forrest.rrM el REVIEWED BY: MM

'

l
r

Z S h
-

d o a w z > >
I

-d3 0
z w O W H-u o e ce 9

i 3 g ; 3d 3d> LITHOLOOY pz 8
a g b >

3 g"00 55 3E
-

E ge 3$ eg z 3 3 t> a u. oofx <W w AND wg w w % <<, g a e NOTESg4 >w w z O g. to

- h g
o z* .aw- em *-o 5 ot PHYSICAL CONDlTION g '

* O E
8

4 A d a 3 gw
a o

3AW, fine tu coarse greined with trec.es iSA
4" : _-

..
** of gravel, silty and clayey in part, sone 1.

- tron staining, loose to medium dense, .,6/12 '

*
medium moist to seist, brown to yellow- .

brown
-

.

h 6/12
i6463 10

. ...
'

'i1112.* ,.
*

.

-
*

,

26453 20 -.N} ;;;f
I

*
; White to yellow brown, fine to coarse |

/ grained, poorly to moderately cemented - 1d'; i, (clay), quartz sandstone, with traces 60/12y. j
: .ji,y of sitt and gravel 4

Ir. P. .f
- 2.8810 15 114.S

i 6443 30
*

.

: f@ 10,S.s
-3, L*.

- - VA : 37' - 41.5'.

W.:*. Fine grained, 511ty lense with some iron
50/5.5F\ $ 6433 40E59- staining j

'fC;,{d
- ;<,

C I 1 013.5 .5' - 5 aded coringi

2 74 ' -%.'..@.
used revert, circulation

,;.. 78 is 100%
;,;;.' .

[d'.|6423 50
4o

.?|P'.T -- \ws~ 61s:-G Light to dark green, fine *o siedium 4

1
92 02- ''' grained, silty, e sorly to well sorted,

, ;g very weakly to moderately cemected | _

- 6413 60 - .";- (clay), quartz sandstone, with e arse I
' ;y grained sandstone and smdstone le3ses 100 100 5.2 s t'0 21 100.0

-% 55' 62*

* -:@"/ ' i
Fine grained, silty, slightly argilla- ~

. :
ceous, moderately to well cemented lense 100 100

:Y 62' - 80'
.: 6403 70 .-M Slightly arenaceous (fine grained),

_

i-'m rudstone lense 100 100

-N
_ :A

_

:g G8 100
.

$6393 80 -- 80' - 103'
_

Fine grained, silty, slightly argilla. 76 76 it' - lost circulationQ, f ceous, moderately to well cemented lense lost 300 gallons,

IN 92 92-m i

. :M |
~"''"~'

3 6383 90 - ' '

B0| 80

fb
'

63| 72-

6373 100 ' 91 | TW
!

| E XPL AN ATION

| HOLE TYPE.1 * STAND ARD PENETR ATtON TE97*
I SA * INDICATES SOLID AUOEH INDIC ATE S BLOWS / FOOT: RECORDED AS. HUM 8ER

| HA -INDICATES HOLLOW AUGER EVEL AND DATE
r FALLING 30 INCHES. REQUIRED TO DRIVE'

C - INDICATES CORE HOLE RECORDED
A 2 INCH DIAMETER SAMPLER ONE FOOT.

INDIC AT E S
R- INDICATES ROTARY HOLE

CORE LOSS

A-12
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F. M. FOX & ASSOCIATES. INC.
j SUBSURFACE EXPLORATION LOG
,

l SHEET l OF L
PROJECT: F AP W h"e n thinrf ace Ottonut levestinition PROJECT NO. 1 1371-3771 BORING NO. BUL F.1/'

COLL AR ELEVATION: 6473 feet TOTAL DEPTH: 148 feet

DATE BEOUN: Auwst 22,1978 DATE FINISHED: August 24, 1974 LOOGED BY: _forrest tr'tal REVIEWED BY: PM
i
i

Ce >' -

% 8 $ 3 EEo a Z a >w >z W O w h
-*U 0; 3 $ LITHOLOGY {g f $ ;- 3d0

>d
ee > -

3 o g b >zg.

| N [w f.#. AND f$ 3; 3 ! ! ,h
" 0 O>w w I NOTES< s w w- O g m gw - s w- o zo 5 o5 PHYSICAL CONDITION h gh gg g

- o B ' o W W < _ >m" ' pu A' ' E
_o

. 6; :M 103' - 125' 87 100
| -A Coarse grained lense -

}@ 0 0

- Hof% 0 0

-@P
:

{ 118' got 11 circula-
. -:: :.

120}D tion back--6363
0 0e

-G 125' - 128' 123' - lost circulation
again:Q Fine grained, silty, slightly argilla- 4a se

.
.q- ceous, sederately to well cemented lense

_
:

. . .

-8343 130 ,
,,

Fine grained, silty, slightly argilla- g~
13)* . 133i g 44

r[+.
-

d-T
V*tos4un ceous, moderately to well cemented lense:-4.i 1 0 0

'.k
, - 6333 140 'M

'

'

' 0 0

2

:m 0 0.

ens 14e.

,

-

- - Bottom of hole

:
.

.

~ ""

. .

. .

'

.

:
. -

| |

.

. .
,

~

:

E XPL AN ATION
HOLE TYPES

* STANDARD PENETRAff 0N TF9f*
SA -INDICATES SOLID AUGER INDIC ATE S BLOWS / FOOT: RECORDED AS. HUMBER'

HA -INDICATES HOLLOW AUGER CORE RECOVERY INDICATES WATER
OF BLOWS WITH A 140 POUND HAMMER.* 28

LEVEL AND DATE
FALLING 30 INCHES. REQUIRED TO DRIVEC * INDICATES CORE HOLE RECORDED

INDIC ATE S A 2 INCH DIAMETER SAMPLER ONE FOOT.
R - INDICATES ROTARY HOLE

CORE LOSS

A-12



- -- .- ~. .. . . . . . . _ . - - .- ~ . - _ - .

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

SHEET. 1 OF 2
'

Ff'OJECT: r A P. Mimwa Wuhe Olmul Investimt,lon PROJECT NO. 1-1U1-1771 80 RING NO. But F-2 |
'

COLL AR ELEVATION: 6481 feet TOTAL DEPTH: 183 feet

OATE BECVN: August 31, 1978 DATE FINISHED: September 11, 'If 78 LOOGED BY: Don Taylor REVIEWED BY: F#Ma
4

a 5 2 h.
*

E I% e a z > >w- 2 W O W >
3 o -

a$ o LiTHotOoY Az e > o p a p>
<< o ; 3d 3d e 5 t' >4 - w

ok $w [:- 9 AND
a w -w s -U d

f $. 8; O d0 $.$ $.
z 0 g 3 5 NOTES< >w .m z e o m. o g - s o zg, ..o 5 o5 PHYSICAL CON 0lTION z g

o oj$ 23 g g
o r *

2 , 5 3 eo = =
"

. '
3A wu,0, fine to coarse graineo with trun

._
o

.

4*
. . ,

of gravel, silty and clayey in part, somi,,10/12
*

*
Iron statning, loose to medium dense,- ..
medium moist to moist, brown to yellow- ,

: brown*
.

l2 6471 10 56 _'O# '
,

: *..

12/12
3 : : .

2 6461 201:9 :0 ~50/11| m sas: j.;- White to yellow brown, fine to coarse
*[.0,- grained, poorly to moderately cemented

'

, -. ./.. '. 6 (clay), quartz sandstone, with traces ,,,38/12*

i .W,. of silt and gravel

2 .

! '6451 30-' 30' - 37' ~50/8a

'

f).|f., Fine grained, silty lense with some iron-

. staining
-50/7.5::f. !. :

-
* * ,

,

-i ..?. .". ;

O i 6441 40 .' '50/1.5
- i:q

~5014
' ~ .W

. 4* ?.3 .,

2 6431 60 -: ~50/5
~

:

fc. .T. . .
4. .

_50/3.5

- .

I . ' , '

%;.q4 : ,K
' *;.

6421 60 -
.

Q./. ;*,.-
-

50/15
..

'Q'i!. 65' - 68.5' -#
, :N y>l Gravelly with possible cobbles

-.h%'.|:.u n.s as
- 6411 70-$ Light to dark green, fine to medlian
* |m grained, silty, poorly to well sorted.

:Q very weakly to moderately cemented 75' - started caving
C - -g (clay),quartzsandstone,withcoarse _50/8.5 used revert, circula-' _

'# I - grained sandstone and mudstone lenses |2'/e**: :M' f,8. 5' ~ 79' 82 82 - tion is 1001
- i 1st 3' drilled slower

' '
6401 80 -W Fine grained, silty, slightly argilla-

~
@e. g5.us, moderately to well cemented lense

ceo I-:
- 102 95 | 95..

,

- IN Fine grained, silty, 5110htly argilla- -- 2.6 a16'1
~

- ceous, moderately to well cemented lense 1
81

i 6391 90 1
-

N,,, , e 100 100

; [[ ( ~~ 95' drilling firmed up
: :d 100 , too
- e,331 100 -- - |

E XPL AN ATION
w HOLE TYPES

e STAND ARD PENETR ATidM TFMT*
- * SA -INDIC ATES SOLIO AUGER INOICATES BLOWS / FOOT: RECORDED AS. HUMBER

HA = INDICATES HOLLOW AUGER CORE RECOVERY INDICATES WATER
was OF BLOWS WITH A 140 POUND HAWWER,

LEVEL ANO OATE
FALLlHO 30 |NCHES. REOUIRED TO ORIVEC * INDICATES CORE HOLE RECORDED

INOICATES A 2 INCH DIAMETER SAMPLER ONE FOOT.
A - INDICATES ROTARY HOLE

CORE LOSS

A-13
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F. M. FOX & ASSOCIATES, INC.

SUBSURFACE EX?LORATION LOG ~ 8HEET * OF ?

PT;OJECT: L A.P. Millwnte subsurf ace Disposal Investiqition PROJECT 10. I'337I*3771 80RINO NO. BUL I-2'

f
, f COLLAR ELEV ATION: 6491 feet TOT AL DEPTH; IM feet
i D ]

DATE BEGUN: Aunc t 31. 197A DATE FINISHED: Septemt er 11, 1978 LOGGED BY: %n Taylor REVIEWED BY: fM |

$ 3NZ Ed > >o a w

h h bd $d h h t [ ]d 3 LITHOLOOY z'

8; O h h h
'"J h

Ia

E [ D NOTESAND

gf $f E h 9 Ngo $b $$ $ U PHYSICAL CONDITION $h [~ [ E
a c. en 3 0

W s 4 Wg e o i

o 3: o w w < 9 >. I8- y>
* * ,a

o g a e Ir
* 1

% :cg 103.5' - drilled faster i2a: ; 102' - 115' 02 100
|;g Coarse grained lense

27 27
.

-6371 110-a'.-i- 110' - slowed drilling-

g::
:tae 115' - 128' 100 100 speed to keep from

-
= ashing out sample*

:T Fine grained, silty, slightly arg111a-
:q ceous, moderately to well cemented lense

100 100-W
$6381 120i%

f
100 100

.

:s'

. :Nh 100 100

- as1 130 -=:,:,-
-

:s.1 j100 100. ''*

. %2It
~

.
%grM Us 100 100'

checked water level j

,fg
- 6341 140.'.M sota

140' - 156.5' morninq of 910-78 ;
i

~ -

"...'s- Coarse grained lense 80 80 found it to be 29.25'<

\,j
'e down from top of collar

100 100;@,

.6331 150--- g _

85 85
:M 156' - 160' 156' - lost circulation
:p'' Fine grained, silty, slightly argilla. drilled faster

- ceous, moderately to well cemented lense t00 1001 lost 425 gallons,

26321 160 ;g::- - :: c 160' - 165'W Slightly arenaceous (fine grained). 85 65
. :M mudstone lense -
- -W 165' - 174* lost 190 gallons,.M% Fine grained, silty, slightly argilla- 94 100 circulation is 101

28311 170"
' ceous, r.oderately to well cemented lense

- - . . . . . lost all circulationW 90 80
again: W

Y N/A 90- ~~ 177' - drilled faster
. M. . e r.'e301 180l 180, - 183,

_ drill rods trying to
0 11 .a freeze upCoarse crained lense:

-~

- sm m. I A s10 11 125.6

. Bottom of hole"

: -

2 ."

:
"

- :
: .

- .

E XPL AN ATION

HOLE TYPES e STANDARD PENETRATION TERT!

1 SA -INDICATES SOLID AUGER INDICATES BLOWSIFOOT: RECORDED AS. NUMBER
bl CORE RECOVERY

INDICATES WATER OF BLOWS WITH A 140 POUND HAMMER,
HA -INDICATES HOLLOW AUGER *** LEVEL AND DATE

FALLING 30 INCHES. REOUIRED TO DRIVE
C - IN01 CATES CORE HOLE RECORDED

A 2 INCH DIAMETER SAMPLER ONE FOOT.
R - INDICATES ROTARY HOLE CO Se

A 13
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F. M. FOX & ASSOCIATED, INC.

SUBSURFACE EXPLORATION LOG
SHEET 1 OF !_

FKOJECT: F A.P. Millwnte 3ubsgpce Disposal investiotion PROJECT NO. 1-1371- U71 BORING NO. PUL F-3

COLLAR ELEVATION: OffT feet TOTAL DEPTH: 149.5 feet
\

D ATE BEOUN; Auw st 27. 1978 DATE FINISHED: $@'"t*" 7. I M LOOGED BY: Don Taylor REVIEWED BY: PMM

I > h "n ow Z K 2 > > 0 Q.
*y **

U 2 w O * '

*W O O D. H. N H "

o > LITHOLOGY HZ f. p
a o ; 80 30 e 3 - >

! h b 9 AND 8g $ ~8 NOTEShw4 >w I E O E- #wg Eyy Jwi e oC Zg
wo b o5 PHYSICAL CONDITION g o o

SA yy.% tlLL, SAM, fine to coarse gratned with .

' u:-X$ traces of gravel, silty and clayey in
_19/12

4' -m ' ' ' * ;- part, loose to medive dense medium
- ** $ , f!o_jst. creen in brown. , ': 3.5' - 12'

SA'10 fine to coarse grained with traces 10/12."6455
to--g; * .- g of gravel, silty and clayey in part, sow

- 3. . Iron staining, loose to meatum dense.
medium moist to moist, brown to yellow 50/11

-,g4 |gf.
: *

c.. 3rgwn

. * ' ite to llow brown, fine to coarse ~50/3*

2ms 20

',$*Y
grained, poorly to moderately cemented

jp'.k.' (clay). quartz sandstone, with traces _.
sample barrel bouncing

,
'

|p. of silt and gravel 50/2.5
.

e :3- .

.. t
- s .,

f
'

- :
Y.m' .:

~30/0
: ** 3% -

- ~50/1.5

~

4.7:10'
. . t '*..*
; 6425 40 fYgf.i

*
~60/4

.s ... . ,- .

. * * _ , ,

,.-'..n .60/4.5
. .

/:',g' ,'
- - . .j :; $y. ,$4,$.76415 50 ;

, ' * ' Fine g' rained, silty lense with some iron _
53.6' = started coring. : '

., i staining 60/4 circulation is 1001; ,_

.y.3!. 48 48
*

-

p,.g' U.'
--A

* 58' . 60'
'~-- 6405 60 :* Fine grained, silty lense with some iron.

:, . " . staining 90 90

Y?.h.
-

[ :
$yi: 100 100 ,,

~

6395 70 $**' . - 1.5m10-

I'.Y!d 33 33

.@g*. y'
l -sofas g ~: eau m:

; p Light to dark green, fine to medium
grained, silty, poorly to well sorted.--

, ;
.M very weakly to moderately cemented:.

; 6385 60 ;.g (clay). quarta sandstone, with coarse -

- t; *. . - grained sandstone and mudstone lenses

@M
. : 74' - 87'

fine grained, silty, moderately cemented.
;

3 lense B7* . lost circulation'--4
.

e.

4'.'.
76375 90 : 90* . added bentonite

circulation is 25%-
: .

94' - 101' 37 99' fractured- . . . .

.
.. Traces of gravel 100' - lost bit and end-

: m3 ion ~b. , af barrel. Moved 15' to-

' '

the north & Started augering

E X PL AN ATION

HOLE TYPES
* STANDARD PENETRAT10M TNTJ

()T
SA -INDICATES SOLIO AVOER |NDICATES BLOWS / FOOT: RECORDED AS. HUM 8ERW INDICATES WATER
HA -INDICATES HOLLOW AUOER CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER." LEVEL AND DATE

FALLING 30 INCHES REQUIRED TO DRIVE
C - lHDICATES CORE HOLE RECORDED

A 2 INCH DIAMETER SAMPLER ONE FOOT.INOlCATESR- INDICATES ROTARY HOLE
CORE LOSS

A-14
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F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG

SHEET ? OF 2

PAOJECT: F. A P. Milluste Sutisurface Disposal Investf ristion PROJECT NO. 1 1371 3771 BORING NO. P9t f-3.

COLLAP ELEVATION: 6465 feet TOTAL DEPTH: 14A.5 feet

DATE BEOUN: August 27. 1978 DATE FINISHED: September 7. 1978 LOOGED BY: Don Taylor REVIEWED BY: IN
~

$* > e a ~

# od Z 8 z > > o a-

5 O .a w ~0 W b H N H "z w o
> LITHOLOGY E2 "#,, $ ;; 30 30 e 5 t: >

o .
0,#$ o

00 h b 9 AND 8; O $ $ $ NOTES0

't , >w $w I E O g m o zgwg awg e aw --
o 2: o5 PHYSICAL CONDITION g w o o {

.- o 3: O a a # .a 3 ero a o
C - - .....a. 10l' = 105' 103.Y - started
2[[: :M Coarse grained lense coring again

-44 10/4 -

..
5.h10 16 109.2[ 100 100

e* " _

- c355 110 "
' %ese 100 100 til' - drt11tng firmed
mais

. - . .-

-N. ____
up:

'N - 113.5' drilled faster
-Na 100 100 -

'

:@ _ 117.5' drilling

i 6345 120iN c5 05

:h -e
-m 6110

'G
-M 120.5' - 138' tested for water level I

g g3n;g Coarse grained lense morning of 9/7/78 found j
- -..: 0 o to be 33 down from top

:M _

of collar. I
l133.5' - lost circulatlo!-N

-.

g 63 y |*

63 lost 75 gallons
. :1 138' - 141' 3:10" lost 260 gallons |Fine grained. silty, slightly argilla- un 69 126.4

.M.c ri.
;

t -6325 140;
'. ceous, moderately to wel' cemented lense N/A | 62

' 'M. with traces of pyrite
-W 141' - 147'

""
'.'f4 | 9.8d0 00 114.7

j [ N H ne gratr.ed, silty, sit 9htly argilla- )'3'** "'

. \ ceous, moderately to well cemented lense i

Bottom of hole

; _

~

.

:
.

. -

~

.

.

_ _

.

: .

:

- :

. :
~

.

:

E X PL AN ATION

( HOLE TYPES 9 STANDARD PENETR ATION TERT:
I SA - INDICATES SOLID AUGER INDIC ATE S BLOWStFOOT: RECORDED AS. NUMBERk IN ICATES WATER OF BLOWS WITH A 140 POUND HAMMER.CORE RECOVERYHA = INDICATES HOLLOW AUGER " LEVEL AND DATE FALLING 30 INCHES. REQUIRED TO DRIVE

C = INDICATES CORE HOLE RECORDED
A 2 INCH DIAMETER SAMPLER ONE FOOT.

R- INDICATES ROTARY HOLE
C S

A-14

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

SHEET I OF 2
P*OJECT: r 1 p. M111ma worfm nisonul InvestientionPROJECT NO. l'I3II-3III SORING NO. BUL I-'.

( COLLAR ELEVATION: 6447 feet TOTAL DEPTH: 150 feet19-
DATE BEOUN: October ?4, 1978 DATE FINISHED: October 24, 1978 LOGGED BY: Don Taylor REVIEWED DY: 748

i

E4 e a

N, 5 $ $ ko J Z > >w
- z w 0o w 6- g a p- o

9 3 LITHOLOGY gz f $ g 3d ;d,_ o 5 t-
-

#
>

EU Ew 9 [ AND $$ 0g O d $h
0 * 3g E NOTES

yo $ PHYSICAL CONDITION h y
~*

N O I O U U # h
? SA - -vg 4 flLL, 5A40, fine to coarse greined with44** :

>.ygf.I
traces of gravel, silty and clayey in

:M; part, loose to medium dense, medium:
4 ;[ " g. moist, g-een to brown;;

- ::
k6437 to;;

,: 3 5/12 20 10s,4
;

- |

:: :

; j 19' - 24' 40/12

i
.

H27 20 . Trace of gravel
. .:$.

.

|i.+.
..

.;.; .-

:::< .
| 29' - 21' ~33/12-

M .,. Trace of gravel; m7 30--
-

:f .q. 33' - 39'
, .-| Gravel with possible cobbles-

- -5
, ,; -60/5 82810 14 11187
/T 6407 4hs; - ,; 4g 44

. V - :. .; Trace of gravel
.-

, >:
,2:S l-,,

3v<$':M'f
I : 35/12i 6397 60 - 50.5' - 62'
kM[:: Trace of gravel- :,A A,.

- :- '; 29/122 6387
60 -:' ^:

.

-;
- 3...k
- -| .,

hh . :|. 3 1/12 12Ath 13 10a8-

6377 70 -- ..

3:!S$$5S
-? :< .

: <$I
: $":. : :

-
73* . 82' 36/12..v ..

63e7 80 --@S.w Mudstone chips with trace of sulfates
nn n-w; Light to dark green, fine to medium

: := grained, silty, poorly to well sorted. -i

4. -
N'B

very weakly to moderately cemented- -

- | (clay) quartz sandstone, with coarse
-60/4

-

2.5x1 13 1108
2 6357 90.-@ grained sandstone and mudstone lenses
: ;p 82' - 95'
, g Traces of gravel-

* |W
.

g347 36M, ~50/2h:

E XPL AN ATION

HOLE TYPES * STAND ARD PENETRATION TrRT!

t SA -INDICATES SOLID AUGER INDICATES BLOW S/ FOOT: RECORDED AS. NUMBER
W |NDICATES WATERV CORE RECOVEb'' O' BLOWS WITH A 140 POUND HAMMER.HA -INDICATES HOLLOW AUGER " LEVI.L AND DATE FALLING 30 INCHES.1;EOUIRED TO ORIVE

C - INDICATES CORE HOLE RECORD EL.
A 2 INCH DIA14ETffl 1 AMPLER ONE FOOT.

INDICATES
R - INDICATES ROTARY HOLE

CORE LOSS

A-15
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F. M. FOX & ASSOCIATES. INC.
'

SUBSURFACE EXPLORATION LOG
8HEET ? OF t

P?.OJECT: F A P. Millwnte Subsurfere Dispoul Investination PROJECT NO. 1-1371 1771 BOnlNO NO. BUL F-4[%4
'

( COLLAR ELEVATIOg: 6447 feet TOTAL DEPTH: 150 feet
4

DATE E 'Ntober 24, 1978 DATE FINISHED: October 24. 1978 LOOGED BY: Don Taylor REVIEWED BV: FAM

$ > > $ h,N - .J Z w
. - z w 0

* "4 O. 3 y LITHOLOGY E2
- W H ,o o ei > -

ed 3 D >8, y ; 3d 3 a,,,

<k $ $ 9 AND 0 0g O "' $ . h
O NOTES>w w I Ew o g~ n '- w 4 o zgo Wb ob $ $ PHYSICAL CONDITION $"_ jh 23 N G h g, g y >

> w e < W E A #e e M w ( p -o> 0 3 4
% & g

3A . -
; 4 .

.
01/29

104' - encountered
4

.%. 108' - 128'
-50/1.8

water. . .

26337 110
' {M

Fine grained, silty slightly argilla-
ceous. moderately to well cemented lense

:W
:c '.

i 6327 12C[ 7,.$
-

.

'' :g
'..M

.

h@% - f, EL6sto 19 104.5
128' - 150'

.

Coarse grained lense-6317 13D
,

:M
'M-

:W -

(b -

:1.t
.M... . . .26307 1402

J
.%

'
c. . ..:

1

.MDT ISD . -50/1.5
p.
.'

.

I ~

," Bottom of hole
. .

~ ~

. .

_

~

_

. _ ;
*

-

1, ."

'
.

: :
- -.

: .

. . .

:'

1 -

.

.

'

: :
. .

E XPL AN A TION

HOLE TYPE.8 e STANDARD PENETR ATION TERT:
i SA -INDICATES SOLIO AUGER INOICATES BLOWS / FOOT: RECORDED AS. NUMBER

w INDICATES WATER
HA -INDICATES HOLLOW AUGER CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER.

was LEVEL ANO DATE
FALLING 30 INCHES. REQUIRED TO DRIVEC - INDICATES CORE HOLE RECORDED
A 2 INCH DIAMETER SAMPLER ONE FOOT.'Ra INDICATES ROTARY HOLE

CO se

A-15
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F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG

SHEET I O F._1_,

I*I b B1 T-5PROJECT: wrm uvnmie . . _ PROJECT NO. BORING MO.

k COLLAH ELEVATION: 6579 feet TOTAL DEPTH: 250 feet

CATE BEGUN: October 10. 1978 DATE FINISHED: October 13, 1978 LOOGED BY: Don Taylor REVIEWED BY: f&#// l
I

E-

N. . J W 2 > > o "

2 W o W- e p a p .n o
3 > LITHOLOGY E2 8 > Ud 3_do ;: a y b >d$ o = << a w w m --

hr NU (x- 9 AND f$ 0g O d& $$" $
_

3 E NOTES
,o

$ # 0 d
4 >w w I E o g. m o z

- w [-
sw - ew-w

{o h o5 PHYSICAL CONDITION g g
> c 5 0 a a # g 3r

a .;- - . .g. ,

4" : :H - FILL, SAND, fine to coarse grained with |
:| .: trates of gravel, silty and clayey in
-' ? part, loose to medium dense, medium
:, . , . moist, green to brown _

k 6569 10

: '!
. .s .

"|*'.
.vv

_'#I
k 6559 20{{

..
i

.a
5.s_

* i

-" .:
:: |d:

2 6549 30
' iid .;̂

!:- .

:: .:

D
~

tj -*538 40
' 10/12

; |v.: g ,

!kk |'

::t ::< ~

119.0

,

|> DI 0.9at0

k6529 60

15. <

||-

6519 60 --
25/12

-

|| ^(
a. ;

f 'f
$6509 T0hf[kof.4,. s;

b ., * ;
: :::4xe

_1TI12
s

-| * %DR.2 6499 80 -.x~ || :$ SAND, fine to coarse grained with trates
: :: N of gravel, silty and clayey in part, som.

' - -'
a. Iron sta1ning, loose to medium dense,

' I esas or leve n. nedium moist to moist, brown to yellow
-60/9.6| :neoca s s.(' M,J brownw

l - 6469 90 -
|

*

~y|d |f".;'

White to yellow brown, fine to coarse-

grained, poorly to noderately cemented..
*

J ,f.,t.6'f.- (*gof slit and gravel
(clay), quartz sandstone, with traces

- ;

.' **h!/..'
-

r

!@ 50/1125e479.100!

EXPLANATlON

p HOLE TYPES e STANDARD PENETRATION TERT!

2 / SA * INDICATES SOLID AU0C3 INDICATES BLOWS / FOOT: RECORDED AS. NUMBER
# w INDICATES WATER OF BLOWS WITH A 140 POUND HAMMER.CORE RECOVERY msHA = INDICATES HOLLOW AUGER LEVEL AND DATE FALLINO 30 INCHES. REQUIRED TO DRIVE

C - INDICATES CORE HOLE RECORDED
A 2 INCH DIAMETER SAMPLER ONE FOOT.

INDIC ATE S
R= INDICATES ROTARY HOLE CORE LOS8

. A-16
,



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

SHEET 2 OF 3
PROJECT: n e v e rtm . uvamin PROJECT NO. 1-1371-3ZJI BORINO NO. mn F-s

|

',n

I COLLAR ELEVATION: 6579 feet TOTAL DEPTH: 250 feat
: x.

D ATE DEOUN: Oc tober 10, 1978 DATE FINISHED: 10-13-78 LOGOEu t;y; Don Taylor REVIEWED BY: WM
-

O d U U $z a Wdd O, 3 > LITHOLOGY E2 #
$ g Ud 3d o 3 t' >

$ W W 9 AND O O; O h-
U

NOTESe

N PHYSICAL CONDITION $h N
~yo o O

g
3 W e < Wg e a E E e
w a C w ay 4 $ 3 ,

o y s
E o

SA ' * * -

r ..

**4"
'

c.
".. y. * '

~60/9
. ...v.- . . = . .

*
. : ' , , . fine grained, stity lense with sone iron

U. staining3fl469 110;
;[YI*' , . <.;

*. ,. ;q '. 60/4

.%*
. : m.

;e469 120 ;N.it
:. .*
,:1.*

-" .k* '$. +<<...

*%*
* ,,

, ; 3Az1C 27 115.4,

;6449 130; .p;, Gravelly with possible cobbles
N.$*h

: .' ;.;.
?.

. .E . .J? Fine crained, silty lense with some iron,
.

~N .6439 140-..*. steining 60/6.6
r -

,
,

*
,

\'~J. .**
. s' *'

e.

."p'# Light to dark green, fine to medium 145' - started coring
C~ ** HS 's -Yic

-

: gritned, silty, poorly to well sorted, 50425 .ithout revert. Circula-* 65 'I
. 6429 150 -g very weakly to roderately cemented y _70 tion 100:- - ..V (clay) quart 2 sandstone, with coarse

g:~T grained sandstone and mudstone lenses 100 100-W 145' - 148'~

~M Coarse grained lense k'
'~'~-

:,@ 149' - 160' 100 W 100

-D" '
Fine grained, silty, slightly arqilla--

3#I ceous, rioderately to well tenented lense | 161' - drilled faster
~

'N. g: 1
. .

with secondary pyrtte 30 30

- 'J,'','.~ -

165' - mixed revert* *- 168.5' - 175' 100 : 100 168.5' water cressure
26409 170 lM Slightly arenaceous (fine grained),

,g mudstone lense y _ surge
q 170' - bit trying to plugv , ;. . 100 4 100: :t.T 175' - 180'
V

--W Coarse grained lense with secondary
- [g"

oyrite 80 80
. 6399 180;g

_

olug aaain
12')' - bit trying to- - =- 180' - 186.5' p

$ lightly arenaceous (fine qralned). 100 J 100: , ,.;p. mudstone lense
. _"

.' i.
-

100 1 100

- - -

190' - drilling firmed
. . .n.. 100 1 100 up
"

N''JU ~

g

I Q 95 95
m379 200

EXPT AN ATION
j 1191E TYPES y ,

4 STAND ARD PENETRATION Tr AT;
SA -INDICATES SOLID AUGER l INDIC ATE S BLOWS / FOOT: RECORDED AS. NUMBER

4

f
L

HA - INDICATES HOLLOW AUOER CORE RECOVERY NDICATES WATER
was OF BLOWS WITH A 140 POUND HAMMER.

W LEVEL AND DATE
FALLING 30 INCHES, REQUIRED TO DRIVEC * INDICATES CORE HOLE RECORDED

R- |NDICATES ROTARY HOLE INOICATES A 2 INCH DIAMETER S AMPLER ONE FOOT.
CORE LOSS

-

A-16
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F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG

SHEET 3 OF 3

PZOJECT: plverton. Wyoming PROJECT NO. 1-1171-3771 SORING NO BUL F.$ '

r~

f ) COLLAR ELEVATION: 6579 feet TOTAL DEPTH: 250 feet
%/

\

DATE BEOUN: October 10, 1978 DATE FINISHED: October 13, 1978 LOGOED BY: Ovin Taylor REVIEWED BY: PAM |

C, a

Z E $ $ E I% O a w E z > >
z w 90 a W o b. 9 . a > -

m$ 3 > LITHOLOGY kz & g ;- yo go o 3 b yd o

<k 9 AND 0; O $ $ h h NOTES |
0

>w w z E O g. m gw aw- e a |o zg w y-
go jb o5 g PHYSICAL CONDITION z$ [ g 3 y ig

1 w E E wa w w < o>
M c k O a g p a 3 g

3
i p

O E o i
C )
2 a5 :%.P

100 100 j.n.
:'2, 'i;. -

:M 207' - 217' goo goo
.ur- Fine gralned. $11ty. Slightly argilla--

-N> ceous, moderately to well cemented lense -
I

4
- 634# 2107

:W 100 100 )
'

:#Qi -

|
: m.'- 217' - 228' goo too i

- -T Traces of gravel 1

-635s 22D-%
| $ 3h.m

-

o o
..

:$ 225' - drill rods trying ,

- W: : to freeze uo '

. :M " "
228' drilling firmed 1

-6349 230;W - un

:M 100 im-m .-%
-:g ,

:e4 5233 100 100

O d63392405 240' 243' s 240' - no revert usedg,ongo
( :q Traces of gravel goo goo

-n
- ./., 24$* . 250' ---.

2% Fine grained $11ty, slightly argilla-
' ,,

. M ceous, moderately to well cemented lense 7.2:10 78 24 30 111T
;6329 250 , -

. .

: Bottom of hole
.

~. :
' :

.

~ :
:

.

: :
" :
: .'

~

.

: '

:
' "

. .

"
.

: :
-

.

:

E XPL AN ATION

HOLE TYPES 9 STAND ARD PDETR ATION Tritt!A

[ )I SA a lNDICATES SOLID AUGER INDICATES BLOWSIFOOT: RECORDED AS. NUMSER
W |NDICATES WATER( CORE RECOVERY OF DLOWS WITH A 140 POUND HAMMER.HA * INDICATES HOLLOW AUGER "'2' LEVEL AND DATE

FALLING 30 INCHES. REQUtRED TO DRIVE
C * |NDICATES CORE HOLE RECORDED

A 2 INCH DIAMETER SAMPLER ONE FOOT.
INDIC ATE SR= INDICATES ROTARY HOLf.

CORE LOSS

A-16



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

SNEET 1 OF ?

PROJECT: L A.P. Millwaste Subsurf ace Disposal Investication PROJECT NO. 1-1371-3771 80 RING NO. . BUL F-6b'
( COLLAR ELEVATION: 6418 feet
% TOTAL DEPTH: 150 fut

CATE DEGUN; _ October 25. 1978 DATE FINISHED: October 26. 1978 LOOGED BY: Don Taylor REVIEWED BY: f#M
-

D d U U Dz U"U 0 y LITHOLOGY E2 f $ ; a]d 3d o y t' >a. ,

N $ 9 AND 0 U; O C| $h . h O h NOTES4 >W W 2 Ew O g~ e -W - O 2s
o b ob PHYSICAL CONDITION N- w[ { gg h

"
gg

* O N O N U W 3A

%. :[.y'l FILL, 5AND, fine to coarse grained with4
-. : traces of gravel. silty and clayey in
:: : part, loose to medium dense, medlun

| : solst, green to brown
:< ,; 8' - 18'

26408 to |. ; Trace of gravel
'

:: :
.y

:!, ::
. :: "- "43/12 d'10 '8 *

-,

" 18' = 33'263sa 20 ,

Mudstone chips

::
'

T . f
;':

J6388 30 --
j

!
, 60/8,3

.':. 4 33.5' - 36.5'-

:
: Trace of gravel

:c g::

.., 'JE
6378 40f ,V - :sy

-'e .: 60/T.T'

k-

:..yX-(:
- 6368 602!I >!
'

' I Y;,

ik
*$ qy,.'. <-

!! rh 9
. : .):X;

b11.5 6.5x10 13 101- 6358 60 -
. 7
- -I !
~ '

'

[{' $-)
26348 Toli.: '!-

: <
-,
in

'

$! ~60/10.

-

3:::!$!::(,a- -

; 6338 80 ;jx/M: 80' - 97' 80' - encountered water- Mudstone chips

f): :
?- -

">',/.,.- :- -

*

(f
- 6328 90-v. '

44/12

- m:v:

: :iism-6318 100-:wM:

E XPL A N A TION

lid 1E TYPES
e STANDARD PENETRATt04 TERE

'\_./ SA = INDICATES SOLID AUGER INDICATES BLOWS / FOOT: RECORDED AS, NUMBER

HA - INDICATES HOLLOW AUGER CORE RECOVERY INDICATES WATER
was OF BLOWS WITH A 140 POUND HAMMER.

LEVEL AND DATE
FALLING 30 INCHES. REOUIRED TO DRIVEC - INDICATES CORE HOLg RECORDED
A 2 INCH DIAMETER 8 AMPLER ONE FOOT.lHOICATESR- INDICATES ROTARY HOLE

CORE LOS8

A-17
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|

| F. M. FOX & ASSOCIATES. INC.
I

SUBSURFACE EXPLORATION LOG
CHEET 2 op 2

PROJECT: F. A P. Millwnte Subsurface Disposal Investigation PROJECT NO. 1-1371 3771 00 RING NO. But F-6
'

COLLAR ELEVATION: 6418 feet TOTAL DEPTH: 150 feet,
b

DATE BEGUN: Octnber 25.197P. DATE FINISHED: October 76. 1978 LOOOED By: 0<w, Ta vlor REVIEWED BY: F4M

E-

> > S h 2$d Zo a w
z w 0 - W H0 o e n F -

-#$ 0 3 > LITHOLOGY Ez f $ ;- UO 3d
.

o j D >
k 9 AND m; O $ h NOTES

0
o >w w I E O g. m g O z

g a[- g. { g
g w y- w n owo W5 ob PHYSICAL CONDITION z g

N O 5 '
$ $ 3 $O N L

h [ !!!j,$ 103* - 117'
-:.. .x Trace of gravel ,60/7.0

B g

:: N,
.

=

26308 110l!

.

|
'

: :
:: .:

. :: 8
3:r7 Light to dark green, fine to medium -

$6298 120."$ grained, silty, poorly to well sorted. 60/3
" 'MM very weakly to moderately cemented .

j-@ (clay), quartz sandstone, with coarse
.4 grained sandstone and mudstone lenses
:$ 117' - 145'

Fine grained, silty, sli htly argilla-
@p.V ceous, moderately to wel cemented lense
:-

26288 130:
a '% -s

Ibl0 40 1114- . . . .' -60/1%,
:T
T

,A f6278 140 5
)

b
'

w

-.' .

6268 150

Bottom of hole

I. I

_-

." .

: :

: :
- -

'

. .

: :
"

.

: :
.

" :
'

. .

" "

E XPL AN ATION

tiQLE TYPES $ STAND ARD PENETRATtOM TretT!
SA -INDICATES SOLID AUGER INDICATES BLOWS / FOOT: RECORDED AS. NUM8ERw INDICATES WATER%j CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER.HA -INDICATES HOLLOW AUGER ms LEVEL AND DATE

FALLIND 30 INCHES. REOUIRED TO DRIVE
C = INDICATES CORE HOLE RECORDED

A 2 INCH DIAMETER S AMPLER ONE FOOT.
INDIC ATE SR - INDICATES ROTARY HOLE

CORE LOSS

A-17
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F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG

SHEET 1 OF 3

j PROJECT: rao felit m t. W n-fm nimul inmaim tion PROJECT NO. 1-1371-3771 80RINO NO. BUL F-7
i

COLLAR ELEVATION: E W feet TOTAL DEPTH: 2M.5 feet

DATE BEGUN: October ??,1978 DATE FINISHED: November 4,1918 LOOGED BY: Don Taylor REYlEWED BY: #/11/

Cp -

h Nd. $ > > $e J Z w
- r w 0
*$ o, 3 y LITHOLOGY E2

- Wo o > > ee > --

8,. $ ;- ,Ud 3d o 3 D >,

k Eb U !#. [ 8; O h h O0AND NOTE 8
~

o o PHYSICAL CONDITION

w 0 3 '
E # 3O N A

,:?]d f!LL. SAND. fine to coarse crained withy, :
-

gg
-

*- traces of gravel, $41ty and clayey in
~ *

part, loose to aiedium dense, medium
: | esist green to brown
. _

26486 10-~:: SAND, fine to coarse grained with traces 15/12*

; ; * of gravel, silty and clayey in part, somi
iron staining, loose to medium dense,,

*
,. medium scist to moist, brown to yellow

t,rown
. . ,

*
7/12i 6476 20$ :

. .-
- .

%Hae
'

White to yellow brown, fine to coarse

- * * + . . -
grained, lioorly to moderately cemented 506.2526466

30--J,'jc *, of silt and gravel
(clay), quart 2 sandstone, with traces.

'

.

27' . 39';
.-[,.,q uf. ' Fine grained, silty lense with some iron

-

'

,
{{/j?ji, staining

O - 6456 40 . a ;?.''Lf-

'.(d,f .,,
*

.

..!'.* %|f'.
;'

!
*

..

*

.-6446 60 -.N.k' 50/3.5.

: : ;.Q.* .
. ..

: .. ! 55.5' - 66'*!-

'

{f..=[?f,t ..h 1Traces of gravel
.

6436 60 .'f.''!,'N'.:

-

E.' -

: : 'i .4*, .-.:'
. - .g

e 4..:-

-$ *::
,

.h; r.A,Y.- -

I 50/3.5
=. 6426 70 ~. . p

.E.: :
- - y?g

,- - . . . . . .

g@g.h
! ! .* .k'I 60/3,5
; 6416 80 ; ;

. : e.
: : cyJ'. 85' - 111.5'
- :."; ;t;, Traces of gravel
. : C

, 7:..* 6013-- 6406 Q a.j f;,
,, ; ,.,

,

. .

: $
~

~ - *
7.01 27 117.8

j -6"M 100 - 's 1_ '. -50/4.6 /1
!

! E XPL AN ATION
HOLE TYPESO e MD ARD PENETR ATION Tr'tT'

.r j SA -INDICATES SOLIO AUGER INDICATES BLOWSIFOOT: RECORDED AS. NUMBER\i U INDICATES WATER
l HA a INDICATES HOLLOW AUGER CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER.: was

LEVEL AND DATE
FALLING 30 INCHES. REQUIRED TO DRIVEC = INDICATES CORE HOLE RECORDED
A 2 INCH DIAMETER SAMPLER ONE FOOT.INOlCATESR- INDICATES ROTARY HOLE

CORE LOSS

A-18
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F. M. FOX & ASSOCIATES. INC.
1

1SUBSURFACE EXPLORATION LOG |

SHEET ? . OF._.Lq
'' PROJECT; F AP. ftilleste Subsurface Disposal Investigation PROJECT NO. 1-1371-3771 BORING NO. BUL F-7

/N
1l COLLAR ELEVATION: 6496 feet TOTAL DEPTH: 236.5 feet

DATE BEQUN: N tober 27. 1978 DATE FtHISHED: November 4. 1978 LOGOED BY: Don Taylor REVIEWED BY: M,

]
-

O d $ U2 ~
O > LITHOLOGY E2 $ $ p 30 3d"d O o y D >

U $U$O 55 EE
-

2 ge w, w w % <<, g a o NOTES3$ miijy 2 3 3 to o. oo
<z <w w ANDg

o 5 $w PHYSICAL CONDITION
- O g~ e

- h h
>w z - aw - o z

$ g

8* O Er A # g 3 g

"
:.6 55' - lli.b'SA - -

4'' : ''0,f p|-
i'; *- Traces of gravel l

$fh.E.
j

: . 1

'[D..'

.|g|* j 1"6,
.

.8386 110 -
;,

'-- . gyy,$. - 123.5'

[k. Gravelly with possible cobbles |
. |

~

P.W. 1

'
'|$ \

. 6376 120'U.h*
- started coring used

"+ revert, circulation 901
- -

, $)6' i|.-

|

C; -, .}.;|| --
'

2% - -::.:;< ;
.

b[, drilling easier af ter |
' '

6366 30
a .; 128.5':saeu m.s:-W Light to dark green, fine to medium

:$ grained, silty, poorly to well sorted, 90 90
i

-< :!.m very weakly to moderately cemented '

'T (clay), quartz sandstone, with coarse
O $6356 140 -U",. grained sandstone and mudstone lenses 100 100 I

/ j 136' - 139'
W'Q ;'. Slightly arenaceous (fine grained),

_(y : :

_Q- mudstone lense 90 90
- 143' - 146.5' I

... yj Coarse grained lense
| 90 |

146.5' - 149.5' 00 g.'6346 150 --W Slightly arenaceous (fine grained),
_

1

-

. . , .

i:W mudstone lense
155.5' - 167.5' 100 100

4. . . .
. :

fine grained, silty, slightly argille--

:M
.,

ceous, moderately to well cemented lense
_

@ 100 , 10026336 160 -
- :n __

-^t-*
. :p 90 90 165' drilling easier

bh 1

-6326 170'N. "|
'

-
172, - 180, 1'-> - - - - -

I:Z Coarse grained lense |

90 |
90 1.6.16' 13 111.0: ;M v

"'22 ,

, :g 175' - added more revert |

-6316 160 :W
100|

-.

.

.gg . .
~

i

,

100 186.5' - slower drilling: ;
. . .
: :E 188* - 19?'
' fy fine grained, silty, slightly argilla- 100 100 |- 6306 190

ceous, moderately to well cemented lense
'4 129' - 195'

~

.

:g Slightly arenaceous (fine grained), 100 100
aiudstone lense |

_-4
*

em m:@ 100| 100

F XPL AN ATION

HOLE TYP{1 9 STAND ARD PENETR ATir1M TF8tT!
I SA -INDICATE 8 SOLID AUOER INDICATES BLOWSIFOOT: RECORDED AS. NUMBER

HA -INDICATES HOLLOW AUGER CORE RECOVERY $3s
LEVEL AND DATE

FALLING 30 INCHES. REQUIRED TO DRIVE
C - INDICATES CORE HOLE RECORDED g, g ,

INDIC ATE SR- INDICATES ROTARY HOLE
CORE LOSS

A-18
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F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG

SHEET 3 OF 3

l Pf OJECT: r a e piih.nte 4Mneface Dhooni Investination PROJECT NO. I*I371-3771 S ORING NO. BA f * ?

COLLAR ELEVATION: 6496 feetd TOTAL DEPTH: 216.5 feet- \,

DATE BEOUN: fk tober 27. 1978 DATE FINISHED: Novemtier 4. 1978 LOGOED BY: Don Taylor REVIEWED DY: f4/

w z > > $ hd .J Zoz w O wa ku o s a > -

3 $ o 3 > LITHOLOGY Pz f, y ;- 3d 3d a g t- >
Sk 9 AND 0; O "0 $ $ UD HOTES< >w w I E - O g. m tw sw-g w o z
yo db oS PHYSICAL CONDITION wO g y h {w

a] $>a E

$ O I O N N # $ 3 $&
L o

= '

:M 100 100

:@ -

!N
i6286 210 -g 100 100

-@ 213.5' 216.5'
-

Fine grained, silty, slightly argilla. 100 100.g ceous, moderately to well cemented lense
_

. IN 90 90-6276 220-W'

2%' 223.5' . 230.5' -

. ' . Fine grained, silty, slightly argilla. 90 90
:C, ceous. Inoderately to well cemented lense _

. 100 100
'6266 234-h- 232' . circulation at:n -

90%:M 90 90
1516' 25 115.0 236.5* rods froze upV'-"

:eassa ans;

^ ~

Bottom of hole~.'v}[,

-

.

~ ~

~ :
'

.

"' ~

~ :
: :

~ ~

I

:
.

. !
: :
: :
.' :

. .

: b

EXPLANATI Q
tigtE TYPES * STAND ARD PENETR ATION TEitT!

i[ SA -INDICATES SOLID AUGER INDICATES BLOWS / FOOT: RECORDED AS. HUMBER
W INDICATES WATERi() CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER.

HA = INDICATES HOLLOW AUGER #''* LEVEL AND DATE FALLING 30 INCHES. REQUIRED TO DRIVE
C * INDICATES CORE HOLE RECORDED

A 2 INCH DLAMETER SAMPLER ONE FOOT.
INDICATES

R= INDICATES ROTARY HOLE CORE LOSS

A-18
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F. M. FOX & ASSOCIATES. INC. j
SUBSURFACE EXPLORATION LOG

BHEET 1 OF 3

FROJECT: r. A P. M11bute tubturf ace Disoosal Investication PROJECT NO. 1 1371 3771 BORING NO. BM.T-8.

( COLLAR ELEVATION: 65% feet TOTAL DEPTH: 2M.5 feet

DATE DEQUN: Sentember 21. 1918 DATE FINISHED: Sentember 28. 1978 LOGOED BY: Don Taylor REVIEWED BY: fA/A#

$ hN o a *w z > >0 a w >2 w
y LITHOLOGY i* 0 d $ - 3d -} d

o e e. p -

-"3 O. a
O

o y b >2

Oy 0 $h . h
U h NOTE 8b 9 [ "AND

~ O g. e ~w .>W w x sw o zg w
w$ 8 2[ $ s' |4 U PHYSICAL CONDITIONyo "j D o5 8 wz g w i

0 ip w e c w e e H E A Hw o
U # 3e O I

@ U A

M., ::DI : f!LL. SAND. fine to coarse grained with
p#: traces of gravel, silty and clayey in -

4 -:
::. : part, loose to medium dense, medium 12/12 j
: .: nuist, green to brown i

5H2 I26548 to;
10,5' - 12'- ::. ,,
Gravel with possible cobbles 5.9:10 42 111Ji-

, ; jgg
:: ":

..,

"2 6538 20
. ; ,

-

:
2

. 3 6/12

h[ D l
..

27/122! : |
& - 30'J 6628 30

-

: Madstone chips |

{{ h 1Sn2
|| ?.;...

f 8518 40 if
,,

43 - 46.5*
d '

g ibdstone chips

-, 6:<.
1.

I
6508 60 f

" Y : 53' - 84.5'
. ::: p Modstone chios 14n2

- 5.1d0 31 110.3

2 6498 60 -'|. k
"

: .::. :
? '23/12

: : -

I: ?
32H2

-
70( jf 8488

:| .<

- ::
.. i.

.3342

:
.

80[.f6478
. :( .!
:uru u.s: .v^
. . Mi- Light to dark green, fine to medium
: :$ grained, silty, poorly to well sorted.
; g;g very weakly to moderately cemented ,,50/7.5
. . ,,.;, c (clay). quartz sandstone, with coarse

,

: :p grained sandstone and mudstone lenses
- -w 84.5' - 110'
~ M Fine grained, silty, slightly argilla-
| |g ceous, moderately to well cemented lense 2.asid 18 22 120.0
-6458 100- "r with seenndary eyrite 50/8

E XPL AN ATION

HOLE TYPES e STANDARD PENETRATtou Trnt
'

SA -INDICATES SOLID AUGER INDICATES BLOWS / FOOT 8 RECORDED AS. NUMBER\,* INDICATES WATER
HA -INDIC ATES HOLLOW AUOER CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMfR." LEVEL AND DATE

FALLING 30 INCHES. REQUIRED TO DRIVE
C = INDICATES CORE HOLE RECORDED

A 2 INCH DIAMETER SAMPLER ONE FOOT.
INDICATESR- INDICATES ROTARY HOLE

CORE LOSS

A-19
__



F. M. FOX & ASSOCIATES. l?4C
SUBSURFACE EXPLORATIO'4 LOG

8HEET ? OF 3

Pf;OJECT: LA P. M111unte Subwrface Distmal Investimtion PROJECT NO. 1-1371-377) 8ORING NO. BUL F-8
m
I COLLAR ELEVATION: 6%H feet TOTAL DEPTH: 290.5 feett
%

D ATE BEGUN. Scoteneer 21.19M sentember 28. 1978 Con TaylorDATE FINIBHED: LOOGED BY REVIEWED BY: #

I > h *M o
O d U b b. 0 bz a

0,ad o .> LITHOLOGY 62 #., o p do 30 o 3 b >
S$ 8g0 AND NOTES'c >w w I E O g m g g wg o ag w w. o z

o 5 oS PHYSICAL CONDITION { $a 6 u o

r o 3 s a # a a eo a
SA . ., i .

'-
o

-W4"

-tr... ..:
:W

2 -N-

C' -4 110' - 118.5' -60/S 110,5' - started coring6448 110
.e traces of pyrite with revert2R :T

:5 114' - loosing appront-

.A@ mately 5 gallons per run-

100 100

8438 120fh ~

r gr lense
:W 100 100

:@ _ 125' - drilling firmed
: 100 100

k 130fg -o428
' :M 0 0

-m
--:m

; g3 g -M 139.5' - 142.5' 100 100.

Coarse grained lense
_

T

h 100 100
' - ' - 145' - 152'~

IM Coarse grained lense -

:M 100 100

150{ ~6408

153' - 160.5' 02 92 154' - changed to car-. . . . . .
-p Coarse grained lense

~ olde bit. 25% circula-

.@M.L
tion, lost 150 gallons;

: 100 100

E8398 160QM 160.P - 164.5' _

face discharge bit
159' - changed to 25k

: ;g Fine grained, silty, sllrrhtly arallia-

-gg ceous, moderately to well ceiu!nted lense 100 100

-

166.5' - easier drilling,. . . . with secondary F/rlte
_

getting backflow un
'

IW 100 100 _ core barrel
.'6388 17pM 169.5' - 197.*,'

_

; ;g Coarse grain 2d lense with secondary
- r. . pyrite 100 100

. .w
" :$ -

. :w 100 iOO
.,

k 1805% - 128136378

.
42 42. . . .

: M
. .@
* ''' ''

100 100 lost 100 gallons

lost 150 gallons. 50%
* |N 100 circulation
: :[$ _

blown out of inner barrel
sample broke up when

: -m" --

100 100 lost 80 gallons
, -use 200 - _ . .

E XPL AN ATION

HOLE TYPES e STANDARD PENETAATION TFRT!

SA -INDICATE 4 SOLIO AUGER INDICATES BLOWS / FOOT: RECORDED AS. NUMSER
INDICATES WATERCORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER.HA * INDICA 1ES HOLLOW AUGER '' LEVEL AND DATE

F ALLINO 30 INCHES. REOUIRED TO DRIVE
C - INDICNTES CORE HOLE RECORDED

A 2 INCH DIAMETER 8 AMPLER ONE FOOT.
INDICATES

R- IND, CATES ROTARY HOLE
CORE LOSS

A-19
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F. M. FOX & ASSOCIATES. lHC.
SUBSURFACE EXPLORATION LOG

8HEET 3 OP 3 ,
I I

PR OJE CT: F. A.P Millatte Sutdurf ace Olsposal Investiq1 tion PROJECT NO. 1-1371-3771 BORING NO. But F-8
[h

, i / COLLAR ELEVATION: 6558 feet TOTAL DEPTH: 290.5 feet
%.J'

DATE BEOUN: September 21. 1978 DATE FINISHED: September 28. 1978 LOOGED BY Don Tayl" REVIEWED DY: sr'.d

O $ p$ ~d
N,z

3#9 o .

g ; 30 30 o 3 h > ,

> LITHOLOGY z

<O 0# 3 E h U9 AND 0
NOTESzw I E

o S $w PHYSICAL CONDITION
- O g~ o -w - sw* O z

b hg

> 0 3 0 A a # 3r

C
-Q; 3.- Traces of gravel with vertical fractures 60 | 78

- . 199.5' - 212' I NT - drilling firmed
2%i': : up

:h r- and secondary pyrite
g 67"W 24 s.;a. .,n lost 35 gallons

M.:i p 2 209.5' - water level 56'
. 48|* r. . 212' - 224' down from too of collar100:M Coarse grained lense with secondary

|
lost 195 gallons

;'-@ pyrite - 214.5' - NT circulation
. lost 150 pilons

. ..; ; , ,.

6338220-- 224' - 229.5' |~ lost 110 gallons
;

:@ Coarse grained lense with secondary 72 100

;7 pyrite
.w

;M28 2W-: ,"; l.: 100 100 Iost 80 gallons.

- .h 229.5* - 234'
~

230' - 20% circulation
lost 65 gallons.7 fine grained, silty, slightly argilla.

:M ceous, moderately to well cemented lense 100 100
-6 234' - 249'

_ 235' - 50 circulation
Coarse grained lense with traces of clay lost 65 gallons

M' /.
Unite and secondary oyrite 100 100:

p ;e318240' d"' -
lost 45 gallons ,*

(

() : :s = i
, ,- :m

N |:? 22 92 1 100
249' - 253' I 250' - water pressure2 6308 26-M.-. Slightly arenaceous (fine grained), surge and drilling

. . . mudstone lense
-

100 100 firmed bp 1.h 255.5' - 264.5'
i

} haces of gravel
8.7m13 11 102A 9' "'

.e 93 100
' ,;6298 260'.":''.' surge a"nd bit trying to

# # # I "#'*

.;

fu.yT 264.5' 269.5'
-

300 100 plug.p fine grained, silty. 5119htly arallia-
| :C ceous, moderately to well cemented lense -

267' - drilling easier

:$ 0 0 269.5' - change to 20K
; 2g 269.5' - 274.5'
. . ac:.- Coarse grained lense P _

M crown step bit

, :M 274.5' - 280'
100] 100 274' - getting very

, :q Traces of gravel
_ little backflow

:TM
. .4 100 100

26278 2% ~ht3y accous(finegrained).
'D mudstone lense with secondary oyrite 50 50 284' - lost all circu-

: ;@
_ lation

- -~'--+--- I
. : Li 93 ! 100 g lost 400 galIons

.-
efaw[me.06 9' "$e8 50 - ~-65-a core barrel started to.

. Bottom of hole freeze uo
"

.

: :

!
E X PL AN A TION, !

hot E TYPES '
* STAND ARD PENETR AYlON TEitT! i

SA -INDICATES 80 LID AUGER INDICATES DLOWS/ FOOT: RECORDED AS. NUMBER

HA -IN0lCATES HOLLOW AUGER ORM RECWERY San *
LEVEL AND DATE

FALLINO 30 INCHES. REOUIRED TO DRIVE '

C - INDICATES CORE HOLE RECORDED,
A 2 INCH DIAMETER SAMPLER ONE FOOT.

R- INDICATES ROTARY HOLE
C 33

A-19
1
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GEOPHYSICAL BORING LOGS :
1

1

O
.

1

.

O

.



F.M. FOX & ASSOCIATES. INC.
|

SUBSURFACE EXPLORATION LOG
SHEET I- OF 2

PXOJECT: FAP Millwieta Gheurf a** Diennut levcitinition PROJECT NO. 1-1371-3771 BORIN3 NO. ST F-1

6583 feet| CROUND ELEVATION: TOTAL DEPTH:
'

DATE BTOUN: October 19. 1918 DATE FINISHED: October 25. 1970 LOGGED BY: Don Taylor REVIEWED BY:. I'v/
,

6
O
.J

NATURAL OAMMA CURVE o RESISTIVITY CURVE
j

| (C.P.S.) [ tOHMS E/w I
<
CC

? ? O.?. ..,. .,. .... ,. ... .,. ,,.. . . . r. ,. ,. ... ... ......,. ,... .

r ,
.

>
'

[' ' gh-10
- .v:
| |

-20
-

p.

r

i .

.30 ,
.- p

. ; -

-40 - 4o-
,

~

.

"h A .
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F.M. FOX & ASSOCIATES. INC.
i

SUBSURFACE EXPLORATION LOG
SHEET 2 OF ?

P7.OJECT: FAP HHimsste Suburface Olsposal Innstigation PROJECT NO. 1-13?I-3?il RORING NO. SI I*I
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F.M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATlON LOG

SHEET I OF 2

PIOJECT: . FAP Millwaste Subsurface Otsposal Inrestigation PROJECT NO. 1 1371-3771 BORINO NO. ST F-4
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<

SUBSURFACE EXPLORATION LOG
1

SHEET 2 OP ?
Y -

PROJECT: FAP Millwaste Subsurface Discosil InvestfH tion PROJECT NO. 1-1371-3771 80 RING NO. $T F-4
I
i CROUNO ELEVATION: 6552 feet TOTAL DEPTH: 284 feet
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_St%ORFACE EXPLORATION LOG
SHECT I OF 1

PROJECT: FAP Millwaste Subsurface Dis;osal Investigation * I
PROJECT NO. BOR4HO NO.
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F.M. FOX & ASSOCIATES. INC.

, SUBSURFACE EXPLORATION LOG
SHEET 1 OP ' 1

PROJECT: FAP M111 waste Subsurface Otsposal Investigation PROJECT NO. I'l371-3771 807lHQ NO. 5T F.6

OROUND ELEVATIOg 6604 feel TOTAL DEPTH: 217 feet

95 in7n DATE FINISHED: nr wa r " mo LOGGED BY; L n;.u . REVIEWED BY! A'AV' DATEBEOUH: ggy

o
O

a

NATURAL OAMMA CURVE o RESISTIV4TY CURVE

(C.P.S.) [ t OHMS E/uI
<
K

k. D.
S 7 S ? D 9 2

.
3 ii. 4' ''6''''4'' 'n' '6' ''i' 'ig.,3 .g. i 3., ,3 ... . ....,.

,

,,

C

- &. ,

to--10 % ..
. 2

:)I'b.'/. '.' * < .
. . ' . . .a...
.b ; *

to-:;{:.-20 -

.

. ..

. . ||.'
-

,y/ 'I.:
30-..

-t.
.

.

d5
'..i,'UX

.
40--40

'.'k.'N.
'IO),I.I

-.

,

#~

.. . .h.. -
*

..

3 '. ' .g'

,

ke .I.$ 60--60
?...
qt;5 .

.

:.'t-

kh,).h.t |70 .<

~/N .).5Q[

V M@.:

LIM.4 so--80
.

aq' i
:T- :.

.'f/ [# 00--90
i'4

N >
-1 M 100-

m. .::~.,g
% 110-~1

W
Wc. ..t..

-1 120-

e
#

-130
__

130-

M

-140 'M 140-.

UmW .-

-150 - 150-
P -

%w % -

100--1601 g
w
M

1

' w:.1
-170 w-

A:,.:
V .. *;.
'W

-160 4:.:; 180'
2 61
. s. . . _

_

-ioO W *

+
M

B-4



_ _ . .. - . . . . - _ _ . . ~ . ~ . - _ . - - - . . - ~ ~ - ~ ~ - - - - - - - - - - - -- - -"n
1! F.M. FOX & ASSOCIATES. INC.l '

.

SUBSURFACE EXPLORATION LOGI

$HEET 1 OP P
|

! . PR 3 JECT: _FAP Millwaste Subsurface Olsposal investigation PROJECT NO. 1 1371-37?I SORIN 3 NO. ST F.7
|

CHOUND ELEVATION: 6608 feet TOT At. DEPTH: 219 feet I
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F. M. FOX & ASSOCI ATES, INC.

SUBSURFACE EXPLORATION LOG
SHEET. 7 OF 2

PROJECT: TAP Millwaste Subsurface Disposal Investigation PROJECT NO. I*I37I*3?II GORING NO. ST F-7
|

CROUND ELEVATION: 6608 feet TOTAL DEPTH: 719 feet
l
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| SUBSURFACE EXPLORATION LOG
| SHEET 1 OF 1
i

PROJECT: ran uit Lao, Gunchre 01stoul Invest 1mtion PROJECT NO. 1-1371-3771 BORINO NO. ST F 9

6414 feetCROUND ELEVAT60N: TOTAL DEPTH:
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SUBSURFACE EXPLORAT10N t.00
CHEET 1 OP 2

PROJECT: FAP Mjllwaste subsurface Disposal Investigation PROJECT NO. I*I37I-3771 BORING NO.5T F-10

OROUND ELEVATION. 6616 feet TOTAL DEPTH: 277 feet
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F. M. FOX & ASSOCIATES. INC,
|

SUBSURFACE EXPLORATION LOG |

SHEET 9 OP 9

PROJECT FAP Millerk %Murface Disoosal lovestication PROJECT NO. 1-1371-3171 BORINO NO. $T F 10

' "CROUND ELEVATION: TOTAL DEPTH:
w

DATE BEOUN: September 6.1978 DATE FINISHED: September 14, 1978 LOOGED BY: Nn Taylor REVIEWED BY: ###
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F. M. FOX & ASSOCI ATES. INC.
SUBSURFACE EXPLORATION LOG SHEET 1 OF 1

PROJECT: FAP Millwaste subsurface Olsposal Investigation PROJECT NO. 1-1371 3*, 80RIN3 NO. $T F-11

(ROUND ELEV ATION: 6392 feet TOTAL DEPTH: *29.5 feet'

, ) DATE BEOUN: August 26. 1978 DATE FINISHED: August 26,1978 LOGOED BY: Don Taylor REVIEWED BY: PA'/'
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F. M. FOX & ASSOCI ATES. INC.
SUBSURFACE EXPLORATION LOG SHEET I OF 1

I*I3 * DORING HO. NFAP Hillwaste subsufscs Olspsal Innstigation PROJECT NO.PIOJECTt

CROUNO ELEVATION: 6387 feet TOTAL DEPTH: 28.6 feet

( DATEETOUN; Annat ?6. 1979 DATE FINISHED: August 25. 1978 LOOGED BY: Don Taylor REVIEWED BY: Ah/
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SUBSURFACE EXPLORATION LUG -
SHEET 1 OF i

PROJECT: JAP Millwnte Subsurface Disposal Investigation PROJECT NO. 1-1371-3771 BORING NO. ST F-13

OROUND ELEVATION: "I
TOTAL DEPTH:
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; F. M. FOX & ASSOCI ATES. INC. ,

SUBSURFACE EXPLORATION LOG,

SHEET I OF 1
*

PAOJECT: FAP Millwete Subsurface Disposal Investletion PROJECT NO. 1-1371-3771 BORINO NO. 81 F-1
i

CF40UND ELEVATION: 6473 feet TOTAL DEPTH: 148 feet
.
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3.8 x 10-4 D-3133 108.5 20 -- --
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-3
ST-F4 34 125.6 34 -- -- 1.5 x 10 D-3

284 118.4 -- 27 14 2.9 x 10-7 D-4
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33 109.2 16 -- -- 7.4 x 10 D-4
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192 -- 61 35 27 -- D-6 7

248 116.9 32 -- -- 7.5 x 10-7 D-6 :.

:
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SUMMARY OF LABORATORY TESTING

.

Depth Natural Vertical *

of Dry Passing Atterberg Limits Pemeability
Hole Sampie Density. 200 Sieve LL PL K, y; No. (ft) (pcf) (%) (%) (O (CM/SEC) Ficure ,

~ST-F6 175 103.5 32 -- -- 3.8 x 10-5 D-6

217 125.5 -- 41 17 -- D-7

ST-F7 35- -- 10 -- -- '- D-7

68 -- 19 -- -- 3.6 x 10-5 D-7
,

'

106 127.4 -- 27 24 -- D-8

123 104.2 -- -- -- 3.9 x 10-4

209 114.8 46 27 22 -- D-8

218 103.5 -- 32 24 5.8 x 10-7 D-8

ST-F9 23 116.8 -- 28 .22 -- D-9

ST-F10 8 122.6 79 32 21 2.7 x 10-6 D-9

211 120.3 43 -- -- 1.8 x 10-4 D-9

222 109.3 -- 32 26 3.9 x 10-8 D-10

ST-F11 28 -- 48 34 - 27 -- D-10

!$
fe
m

.

W

.
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' SUMMARY OF LABORATORY TESTING t

. -

Depth Natural Vertical ,

of Dry Passing Atterberg Limits Permeability
Hole Sample Density 200 Sieve LL PL - Ky .

No. (ft) (pcf) (%) (%) (%) (CM/SEC) Ficur C

ST-F12 28 123.5 -27 38 19 2.6 x 10-4 D-10

ST-F13 28 -- 20 19 '20 2.4 x 10-7 D-11 |
-4

4 BUL-F1 28 114.8 15 -- -- 2.8 x 10 -

62 109.0 21 -- -- 5.2 x 10-6 D-ll i

BUL-F2 183 125.6 11 -- -- 1.6 x 10-3 D-12

BUL-F3 105 109.2 16 -- -- 5.7 x 10-4 D-12 i

139 126.4 69 -- -- -- D-12 ,

147
,

114.7 30 -- -- 9.8 x 10-6 D-13

BUL-F4 8 108.4 20 --
. - -

-- D-13

9.6 x 10-5 D-13 ;38 111.8 14 -- --

6 8. . 100.8 13 -- -- 1.8 x 10-3 D-14

2.5 x 10-6 D-14 -88 110.6 13 -- -.

128 104.5 19 -- -- 6.6 x 10-5 D-14 ;

t

a
-m

? .
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SUMMARY OF LABORATORY TESTING -

.

Depth Natural
^

Vertical
of Dry Passing Atterberg Limits Pemeability

Hole Sample Density 200 Steve LL PL K
No. (ft) (pcf) (%) (%) (%) (CM)SEC1 Ficure -

BUL-F5 48 119.0 -- -- -- 9.9 x 10-5

128 115.4 27 -- -- 3.8 x 10-4 D-15

249 111.7 76 30 24 7.2 x 10-7- D-15

BUL-F6 13 110.4 18 -- -- 4.9 x 10-4 D-15

58 107.0 13 -- -- 5.5 x 10-4 D-16

133 113.4 49 -- -- 1.6 x 10-5 D-16

BUL-F7 98 117.6 27 -- -- 7.0 x 10-5 D-16

178 111.0 13 1.5 x 10-4 D-17-- --

236 -115.0 25 -- -- 1.9 x 10-5 D-17
'

-- -- 5.9 x 10- D-17BUL-f8 13 111.8 42

-4
58 119.3 31 -- -- 5.1 x 10 D-18

98 120.0 -- 22 18 2.8 x 10-4 D-18

257 102.4 11 -- -- 6.7 x 10-5 0-18

-- -- -- 7.4 x 10-6
.

290 114.5

$
#
m

? .

#
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SUMMARY OF LABORATORY TESTING

t

.

Depth Natural Vertical
of ' Dry Passing Atterberg Limits Pemeability *

Hole Sample Density 200 Sieve LL PI K
No. (ft) (pcf) (%) (%) (%) (CM[SEC) Ficure .[

L
Tailing samples fro.. r;ill Discharge I
#1 -- 53 26 24 8.6 x 10-7 D-11 :

#2 -- 43 26 22 D-1

#3 -- 48 26 21 1.3 x 10-6 D-1

#4 -- 52 26 22 2.8 x 10-6 D-2 !
!

#5 -- 49 27 22 4.3 x 10-6 D-2 .[
:

!Overburden material - from ST-F5 45'-95'
#1 (-40 mat'l.) -- -- -- -- 6.5 x 10-7

'

.

#2 (-40 mat'l.) -- -- -- -- 1.7 x 10-6 |
.

1.2 x 10-5 !ii3 (-10 mat'l . ) -- -- -- --

-- -- -- -- 1.3 x 10-5#4 (-10 mat'l.)

#5 (-4 mat'1.) -- -- -- -- 1.1 x 10-4 j
,

i.

'

i
i

d

CD -

E
.

1,

*
? .

O |
;

i
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APPENDIX E

SAGEBRUSH-TABLESTAKES SUBSURFACE DISPOSAL i

SYSTEM PRELIMINARY DESIGN ALTERNATIVES

Six preliminary disposal desian alternatives have been prepared.

Refer to Figures E-1 through E-6. Preliminary design section are taken in a

north-south direction and correspond to Section 8-B, App... dix C, Figure 2 in

report. Each section assumes that the K-1 pit backfill will be placed prior

to or simultaneously with tailing deposition. Each system also assumes that

the natural groundwater surf ace is approximately 30 feet above the mudstone

base. Inspection of the boring logs indicates . that near the K-1 pit the
O
V natrual groundwater surf ace is actually lower then 30 feet above the mudstone;

however, it is our opinion that K-1 pit pumping has created this situation.

Key design features, advantages ane disadvantages and important dec.ign

aspects are presented on each design sheet. It should be noted that the final

pit and deposition design system may be a combination or modification of

any of the six alternatives.
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