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WESTERN 13949 West Colfan Avenue. No.140
TECHNOLOGIES Colden. colorado 80401

003)233 2mINC.

RECENED
Jul. -

Regute,
,

July 5,1990

Mr. Richard 131ubaugh Project No.: 760-0K 041
Atlas Corporation

I 37017th Street, Suite 3150
Denver, Colorado 80203

I Subject: Completion of Field Activities Atlas Mill, Moab, Utah

I Dear Mr.131ubaugh:

The purpose of this letter is to inform you that the field portion of the Corrective Action Plan
has been completed. The program was completed in accordance with our Scope of Work dated
June 13,1990 allowing for the additional activities requested by you and Cindy Sunblad duringI the course of the field operations. Eleven additional wells have been installed in various
locations between the existing pond and the crest of the tailings impoundment. Each well was
constructed using 4 inch diameter PVC with .020 slot screen and sand packed using 8-12 sand.I Upon completion of the.well construction, the wells were developed by bailing with a 3 inch
diameter,10 foot long baller for a minimum of I hour. Gould 1/2 horsepower pumps were

I installed in 10 of the wells. The lith pump installed was a Grundfos 1/2 horsepower pump.
It is our understanding that the pumps were rated at 14 gallons per minute (gpm) at 100 feet of
head (Gould pumps) and 20 gpm at 100 feet of head (Grundfos), respectively.

I The discharge line from the purps are equipped with flow meters that indicate the total
cumulative flow. These were selected due to the problems encountered in the field with low well
yields requiring intermittent pumping and recovery.

The sodium hydroxide treatment equipment Atlas personnel installed, consisted of threc 8 footI diameter by 16 foot high storage tanks connected in series. These tanks were connected to a
stainless steel treatment mixing tank equipped with an impeller type mixer. Intake and outlet
pumps were also installed. The well field manifold main trunk consists of 2 inch diameter

Nypak piping that will be connected to the treatment system intake.
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It is our understanding that each well discharge line will be directly connected to a sprinkler for
spray enhanced evaporation of the discharge, As per Atlas's agreement with the NRC,if the pH

I drops below 6.0 standard units, the effluent will be pumped to the main matiifold line currently
installed and treated with sodium hydroxide at the treatment area.

We are in the process of preparing the field construction observation report at this time, it is
anticipated that this report should be completed by July 31,1990. Please contact our office if
you have any questions concerning the contents of this letter or when further consultation is
necessary.

Sincerely,

'

W S"ERN TEC i O OGIES, INC.

I J
anief F. Sc nIde , P. E,

Senior Project Manager
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Attaa Moab CAP

FIELD CONSTRUCTION OBSERVATION REPORT
,

ATLAS MOAB TAILINGS lh1POUNDMENT
MOAB, UTAll

,

I
1.0 INTRODUCTION

This report presents the results of field c,'struction activities pertaining to the implementation
of the Corrective Action Plan (CAP)(or the tailings p nd imr>oundment nect Moab, Utah.

The purpose of the fi:'d constrection actintie w a install a tailings dewatering systern to
accelerate the dewatering of the tailings material. The system was designed to include a se:rict

I of recovery wells insta'!cd v.ith dedicated pumps .These pumps were designed to discharge to
a treatment and enhanced evapention sptem.

The scope of work includes:

1. Drilling, installation, testing and sampling of recovery wells and well points.
- 2. Installation of the treatment system and connection to the enhanced evaporation system.

3. Preparation of a report on field construction activities including subsurface conditions

E rec very system installati n bservati ns, ree very well yields and the description of the,

g treatment and evaporation system.

2.0 BACKGROUND'

I, Atlas Minerals, a division of Atlas Corporation (Atlas) retained Western Technologies Inc. (WT)
to provide a CAP for their Moab Mill and tailings impoundment. The CAP was prepared by WT
and submitted to Atlas in March,1989 under the title Draft / Final Atlas /Moab Uranium Mill A -
Tallings Corrective Action Plan,Moab, Utah. The CAP was based on a review of previous
geotechnical and engineering studies conducted on site (referenced in the CAP) and WT's
experience with similar projects.

I
I -
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In response to a letter to Atlas from the Nuclear Regulatory Commission (NRC) on May 31,1989
%T was retained by Atlas to complete an Addendum to the Draf t/ Final CAP. This addendum
was submitted in June,1989. The stated objective of the addendum was to test the feasibility of

.

decreasing the time necessary to dewater the tailints material by implementing a well recovery f
and enhanced evaporation system.

'

A pilot recovery well nroject was completed during ths spring of 1990 and included theI installation of two reconry wc!!s and field testing oi th. iquifer characteristics. An additional'

review of existing geot :chnical and engineering 'Audia e, completed to compare the field data

I with historical hydrognological conditions.Th. studies reviewed included geotechnical evalua tions
by Dames and Moore (1975,1979,1981) ano a hydrologic study by Sobtion Engineering, Inc.
(1979) Refer to Apr',ndix *A" fsi a toal list o.* references, j

I |

The field testing dunng the pilot proje-t indicated that the in situ permeability of the tailings
was approximately an order of magnitude less than that deriod in the previous studies. Atlas

I requested that %T perform a reevaluation of the C AP to. reilect the impact of reduced
{

permeabilitics on the CAP's efficiency and related costs. %T submitted a scope of work based |
on the impact of the reevaluation in May,1990. Subsequent meetings with the NRC resulted in
stipulation that a specific technical approach (ALARA demonstration) of the CAP would be
implemented and operational by July 1,1990. A revised scope of work for imple.nentation of the

|CAP was determined in the June 7,1990 meeting with Atlas, WT and the NRC.

On June 22,1990 the NRC, at the request of Atlas, amended Source Material License SUA-917

I by revising License Condition No.17 and adding License Condition NoA9(f). Part C of License
Condition No.17 specifically deals with the CAP (ALARA demonstration) by outlining the
minimum compunents for implementation of the corrective action program.

l

The field activities discussed in this report were completed in general accordance with the Scope
I

of Work as outlined in %Ts Work Plan dated June 13,1990 and by revised license condition no. |

17 of the amended Source Material License SUA 917.

| This report presents the observations noted during fictd activities conducted between June 14 and
i 30,1990 at the tailings impoundment site in Moab, Utah. Field activities included the drilling

and completion of 13 recovery wells and installation of two well points. In addition, two recovery
wells which had been installed during March,1990 are included in the recovery system. DischargeI pumps were installed in ten wells with the greatest projected potential for recovery. Locations
are shown on figure 1.
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I
3.0 SUll5UHFACE CONDITIONS

I
According to r>rev' sus reports by Dames and Moore (1975,1979,1981) the plant and tri ings pond
are situated upon uncorcolidated deposits primarily of windblown, silty fic.c sand interbedded
with stream and slope wash deposited sands. These deposits are generally low to moderatdy
permeable. Adjacent to the Colorado River are rive- deposited sandy gravels of high
permeability. lN 1979, Dames and Moore stated that natu- oils underlying the tailings mate ialsI are composed of medium dense to dense random layers and zones of silt, fine sandy silt, silty
fine sand, fine to medium sand with traces of silt and silty sand with gravel.The apparent
random distribution of soil types is indicative of the various types of soil deposition throughout
the site area.

I The site subsurface conditions were investigated during the recent field program by drilling and
lithologically logging the borehole cuttings during advancement of the augers. Dulk samples were
taken at 5 foot intervals and visually inspected by a field geologist and classified,in addition,
upon advancement of the borehole into the clay zone found below the saturated tailings (as noted
below), a split spoon sample was taken to visually inspect and vulfy the consistency of the clay
material.

I
Four general types of lithology were encountered in the borings drillco across the site during the
recent and March field programs.The lithology was found to vary both laterally and vertically.I The $lte subsurface :onditions can be generalized as follows(in the order they were encountered):

e

Depositional Tailings brown to gray Sand, clayey Sand and Silt; generally dry toI 13 to 30 feet, increasing moisture content with depth;
saturated at a depth of 15 to 30 feet below ground surface,
soft

Gray Clay slightly moist to dry, very resistant

Red Sand and Clay silty Sand and sandy Cla y, slightly
moist to moist, modentel> resistant

el
Colorado River Alluvium brown saturated sands and gravels of

the Colorado RiverI.

I -

, Proinsrk mte.r. 1so-cK m n
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These lithologies are described in more detai' below and their respective thicknesises are
summarized in Table 3.1.

I
3.I Dr.pmjll.qng11r,ilinn

The upper layer of depositional tailings consists of fine to very fine sand, sil' and wndy clays,
ranging in thickness from approximately 50 feet to 90 feet. in locations closer to the existing

I ponded somtlon, the tailings layer tends to be predominantly finer and is characterized by
saturated sacd. clay,'or sitty clay, and very fine silty sand. Somewhat further from the existi g
ponded solution, this material becomes coarser gra!ned and slightly more well sorted (poorly

I graded). In general, the tailings sands in these areas are predominantly brown to gray, very fine
to fine, slightly silty, with variabic moisture contents. . The moisture content qualitatively
increases from dry in " upper 15 30 feet to moist to saturated in the lower zones (greater than

' ,15 to 30 feet).-

3.2 GlaIXiaXI
With the exception of PW 3, a layer of moderately rigid clay was encountered below the tallings
material. This clay was found to have a low moisture content and is thought to have a lowI permeability The clay layer was found to be about 10 to 15 feet thick in two locations on the
southern side of the tallings pile, at borings PW 1 and PW 2. In all other locations this layer was
not completely penetrated.

The low mois.ure content and anticipated low permeability of this clay layer indicate it

I potentially may serv < u an effective barrier or partial barrier to seepage from the impoundment.
Over 40 borehole lob t am previous drilling programs were reviewed to confirm the extent of
the clay layer. Drilling logs in Dames end Moore geotechnical reports (1979,1981) reported a
similar layer below the tallings sands which was usually described as a very stiff gray claycy slit
or slit.

Lithologic logt of three borings drilled outside the tallings embankment show the nature of the
natural deposits northeast, cast and southeast of the tailings (WT,1988). A red clay layer is present

I at the surface and to a depth of 30 feet iti boring AhBi 3 which is located outside the tailings
embankment and south of the recovery well locations. This is also shown on figure 1. The log
of Abbi 3 in the ge;logist's field book indicates that the red color becomes brown to gray with

I depth.

s

i
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I 't his clay layer is considered to be either a natural deposit associated with the local river and
talus deposits or a consolidated slimes layer which was discharged from the mill. A review of

I available drilling logs indicates that the resistant clay layer apparently always lies under the
tailings sands. No logs were observed w here tailini's s:inds were located under the clay layer. The
clay layer also apparently always overlies either the reddin sand and clay layer or the brownishI alluvial gravel deposits.

I It has been suggested that the clay layer may have been deposited as a fine facies during the
acid leach and lime neutralization process used in the early mill operations. The alternative to
this origin is that the clay represents an overbank deposit of the Colorado River.The descriptions
of the clay in boring logs reveals that the clay is very resistant and stiff. This is in sharp
contrast to the descriptions of the sof t tailings sands above the clay. Although the weight of the
overlying tailings sands should cause some compaction of the clay the degree of stiffness is much
higher than would be expected. In addition, if the clay is a natural deposit there should be
evidence that it exists outside the tailings embankment. Luch a deposit is found in boring AMM 3
although it is described in the log book as being very sof t.
Although the findings are not conclusive, the evidence suggests that the resistant gray clay layer
can be a natural deposit. It is very wellindurated compared to the rest of the tailings materials
and there is evidence that it exists outside the embankraent.

3.3 IU31_And & Clav

in PW 2 and PW 3 on the south side of the tailings impoundment a red, silty sand and sandy clay
layer was encountered. In PW 2 this red layer was encountered immediately beneath the clay
described above, in PW 3 thlh layer was encountered immediately beneath the upper aandy
tailings material.

This layer is variable in moisture content generally ranging from dry to moist and comprised of
abundant silly sand and silty, sandy clay. The clay content appears to be high enough in this
layer to indicate a fairly low in situ permeability. The total thickness was measured at 22 feet
in PW 2 which is the only location where it was fully penetrated.

The red sand and clay is thought to be a natural soil composed of slope wash and wind blownI sands of local origin possibly interlayered with alluvial clay.The red color is thought to originate
from the nearby red sandstones and shales cropping out to the west. The abundance of angular

I grains observed in the samples during the recent drilling project indicates transport over
relatively short distances. Alluvial sands which have traveled greater distances are more well
rounded.

I
l'rejnt Numler- 7G4 oK-04 l
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3.4 Colorado.J11ver Alluvium

Based on available information, the tailings and impoundment area is partially underlain with
alluvial sands and gravels. This strata was encountered during the March 1990 field program

{ in two borings (PW 1 and PW 2). It is presumed to be alluvial material associated with stream
'

channel deposition of the Colorado River. This material is highly saturated, and was
encountered at a depth of 105 feet in PW 1 and 110 feet in PW 2. Please note that the log for

I PW 2 identifies the interval from 90 to 110 feet as being alluvium. This lithology is the same as
that described for the red sand and clay layer described above. As corrected, the log for PW 2
should show tailings sands from surface to approximately 88 feet, red sand and clay from 88 to
110 feet and alluvial gravel from 110 to TD.

TABLE 3.1: DEPTils OF MAJOR LITilOLOGIES

I
DEPOSITIONAL GRAY RED SAND ALLUVI AL TOTAL

TAILINGS CLAY AND CLAY SOILS DEPTil

I
105 120 120PW l* 0 90 90 105I -

PW 2' 0 78 78 88 88 110 110 120 120

73 75 75PW 3 0 73 -

I 39PW 40llA 0 39 - - -

70PW 40BB 0 67 67 70 - -

71.5PW 4 0 70 70 71.5 - -

75PW 5 0 71 71 75 - -

75PW 6 0 71 71 75 - -

80.5PW 7 0 73 73 80.5 -- -

71.5PW 8 0 70 70 71.5 -- -

PW 9 0 65 65 71.5 ? 1.5- --

73.5PW 10 0 60 60 73.5I
- -

66.5PW 1I 0 60 60 66.5 -- -

PW 12 0 68 68 71.5 71.5- -

51PW13 0 50 50 51 - -

NOTE: All depths are in feet from ground surface and should be considered
approximate.

* Installed during the March 1990 field program

Prvjnt Numler: 7040K-041

I Augmt 30,1990
l' age 6
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I A conceptual interpretation of the drilling data for the south side of the tailings pond is
presented in figure 2. This is a simplified east west cross section showing the interlayering of
lithologies encountered.

4.0 DRILLING AND RECOVERY SYSTEht INSTALLATION PROGRAM

4.1 Drilline Procram

A total of 15 borings and two well points were completed during this phase of the CAP

I implementation. The wells were located on the southern, eastern, and northern ends of the
tailings impoundment (refer to Figure 1. Recovery System Schematic). The wells were drilled
and installed by Datum Exploration, Ltd. of Wheat Ridge, Colorado. A CME 75 drill rig was

. used to advance the 10 5/8" diameter hollow stem auger. Two of the wells, PW 3 and PW 40DD,
were damaged during completion. Two well points were driven on the northern end of the
tailings impoundment. Drilling operations for the 13 additional wells and two well points began
on June 14,1990 and were completed by June 28,1990.

Dulk samples were collected during advancement of the test holes at five foot intervals and were
visually inspected and lithologically logged. Split spoon samples were obtained to confirm the
presence of the low permeability clay layer below the sandy tailings material.These samples were
taken to determine the saturated thickness of the tallings.

4.2 Well Point Installation

The two well points were installed by pushing a five foot !cngth of 2 inch diameter stainless steel
260 screen attached to a drive point. Five foot lengths of galvanized pipe were threaded to the
well point and pushed into the tailings. The final depth for each well point was approximately
23 feet below ground surface. The well points were installed to determine the feasibility for use
in dewatering the tailings. An economic and technically feasible method for recovery from the
well points continues to be investigated.

4.3 Rteoverv Well construction

Refer to Appendix B for Lithologic Logs of Monitor Wells and Well Completion Diagrams. The
recovery wells were constructed using 4.0 inch 1.D. schedule 40 PVC casing. The screen is .020I inch and was factory slotted. All joints were threaded flush mount. The wells were capped with
a slip cap on the top and a threaded bottom cap. The annulus between the hole and the casing,

'I
Projut Nuttder. 7CS-OK-041

I August a0.1WJO
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was backfilled with 812 Colorado Silica Sand to approximately 2 feet above the top of the
screen. A bentonite seal was then placed above the filter pack and neat cement grout was placed
in the remainder of the hole to surface. A fiberglass (Nipak) protective casing was placed in
each location. Table 4.1 gives casing drpth information for each location.

Wells PW 3 and PW 40DB were damaged during completion. This happened during placement of
the filter pack in the annulus between the casing and boring wall. As the level of the filter pack
rose in the well annulus the augers were pulled to prevent the filter pack from wedging between
the auger and casing. At approximately 32 feet below ground surface, the saturated tailings
flowed into the annulus between the casing and auEer, forcing up and wedging some of the filter

I pack. The casing was broken when the driller attempted to pull the auger. The remainder of
each well was completed with filter pack, bentonite seal and neat cement,and a protective casing
and slip cap. Recovery well PW.400A was completed without filter pack at the request of Atlas
for future comparison of production rates with the wells completed with filter pack.

The two damaged wells have been retained as observation wells; however, the amount of useful
data is limited, Since there are no bottom caps, the depth of each well is expected to change in
response to bottom sediment fillinside the casing. Secondly, the wells penetrate only a shallow
upper zone of the saturated portion of the tailings.

The water table elevations given in Table 4.1 indicate an apparent wide variance in water table
clevations across the impoundment.There are three explanations for this variance.The hydrologicI properties of the tailings material are heterogeneous in response to variable lithologic conditions
across the tailings impoundment (see section 5.0). As a result, irregular perched water zones are
expected to exist at random across the impoundment.

Under the flow conditions which exist in the impoundment, the water level in each of the
recovery wells depends on the length of the screen and its vertical position with respect to the
saturated thickness. The water level is equal to the average potential over the length of the
screen. The vertical position of the screened intervals in the recovery wells is somewhat variable,
in addition, the length of the screens ranges from approximately 20 to 70 feet.
The water table elevations are also expected to decline toward the embankment of the tailings
pond.

I
I

.

|
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TABLE 4.1 1

WELL CONSTRUCTION DATA

RECOVERY SCREENED BOTTOM DEPTil WATER
INTERVAL SATURATED OF CASING TO WATER TABLEI WELL

m (FT. DQ.51' IlllCK NESS (FT. DGS)* (FT. DGS)* DATE ELQ'ATION

49.37 89.44 31.6 9 8.0" ' 66.4 6/21/90 3987.31I PW 1

l'W 2 35.77 75.77 14.4 8 2.0" ' 67.6 6/30/90 3982.25
2P W.3" 8.$ 32.30 18.2 32.3 14.00 6/29/90 4030.20

I PW 40BA 8.3 38.55 16.4 38.55 22.2 6/28/90 4027.80
8PW-40DD" 8.5 30.0 8.8 30.00 21.2 6/29/90 4028.30

PW 4 8.2 68.51 40.0 68.51 28.1 6/21/90 4022.70

PW 5 4.3-74.60 49.3 74.60 25.3 6/29/90 4023.20

PW 6 3.5$ 73.55 45.2 73.55 28.3 6/29/90 4020.10

PW 7 7.8 78.14 11.0 78.14 37.1 6/28/90 4015.60

PW 8 8.8 69.05 35.0 69.05 34.0 6/28/90 4013.70

PW 9 8.6 68.96 32.9 68.96 36.05 6/29/90 4013.35

PW.10 10.0 70.32 34.3 70.32 36.00 6/29/90 4011.70

I l'W.I1 5.0 65.00 34.1 65.00 30.9 6/29/90 4014.80

PW 12 8.61 68.92 40.1 68.92 28.8 6/29/90 4^18.60

PW 13 6.$ 46.80 9.0 46.80 37.75 6/30/90 4015.70

WP1 18.3 23.3 10.6 23.30 12.70 6/29/90 4032.30

WP2 18.34 23.34 10.6 23.34 12.79 6/29/90 4034.25

NOTES:

I* (f t, bas) feet below grou 1 surface

Damaged casing snapped off, no bottom cap"

Dooble screened wells; a packer is in place above the alluvial water at the depths given for bottom of'"

casing

'

I
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I
4.4 Well Development

I
The wells were developed af ter completion with a ten foot dart bailer. Each well was bailed for
approximately one hour or until dry. Initially, the water bailed contained high amounts of silt
and fine sand material. During bailing, the amount of this fine ground material decreased over
time. The wells continue to pump large amounts of silt. PW 1 and PW 8 are fairly clean.

4.5 J'U.tno Installatica

I To estimate the inititti pumping rates, each well was pumped using an electric pump. Time, water
level, and pumping rates were recorded during pumping. Each well was purnped dry, af ter which
time the recovery of the water was recorded.

.

The pumps that were installed were manufactured by Gould and are rated at one half horse-
power and 10 gallon per minute. Ten of the pumps installed were fitted with a set of adjustable
high and low on and off probe controls. In addition, one stainless steel,110 volt, one half horse-
power Grundfos pump was made available. It was decided that the pumps would be placed
approximately five feet above the bottom of each well because of the tendency of some to fill
in with silt. The depths were chosen based on existing water levels, the depths of the wells and
on apparent siltation tendencies.

|I
5.0 RECOVERY WELL Y1 ELD

The production capability of each well is dependant on a number of factors including
i

permeability, saturated thickness, homogeneity and well design.
l .

; When tailings were deposited in the tailings pond, the lithologic properties such as grain size,
angularity and sorting were a function of the nature of the ore being processed and the process
method. Since ore from different deposits was processed at the mill and the milling process was
altered periodically, it was expected that a vertical layering effect would be present in the
tailings, in addition, the horizontal distribution of the tailings material was controlled by the
slurry discharge configuration. This system consisted of spigots spaced at approximately 100 foot
intervals creating a beach wedge of tailings sand between the dam embankment and the ponded
wa t e r. The lighter, finer particles were carried toward the center of the pond (Refer to
Decommissioning Plan for the Moab Mill, Atlas Minerals, November 30, 1987).
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I The vertical and horizontal fluctuations of the lithologic properties of the tailings material
correspond to changes in the permeability from location to location. Because of this the recovery
wells have varying production rates. During the field program it was not possible to choose
favorable well locations.

'
The permeab!!ity of the tailings is largely dependant upon the tailings grain size, shape and
sotting. In general,it was found that the holes drilled close to the poid (i.e. PW 3) had smaller
grain sizes, were more poorly sorted and had high clay content. The holes drilled farthest froraI the existinh pond and closer to the tailings embankment (l.c. PW 1,7,and 13) had larger grain
sizes, with less clay and were more well sorted. The majority of the wells were located about

'

halfway between these two distances and exhibited a range of lithologic characteristics
representative of both extremes.

The production rates of each well did reflect, to a certain extent, the relative permeability
inferred from the lithologic characteristics of the tallings. Table 5.1 Indicates that the highest
initial production came from wells PW 4 and PW 10. The lithologic descriptions for PW 4
indicated predominantly fine grained, well sorted sand in the saturated interval. The tallings
in PW 10 appear to be finer grained and less well sorted. Lowest initial production was in PW 7
and PW 13. The tailings in each of these borings also were found to be predominantly fine
grained and well sorted, llowever, the initial production was extremely low. The water level
in PW 7 is lower than in wells closer to the existing pond; however, the saturated thickness is
relatively high due to thlcker tallings near the edge of the embankment. The saturated thickness
in PW 13 is low.

I. It should be noted that a grain size d|stribution for selected holes is recommended before a
correlation can be attempted between production rate and lithology.There is a drawback to using
these samples for the testing. An undisturbed sample is preferable for grain size distribution tests.
Because of time limitations, the scope of work did not include sampling for this purpose,
however, the bulk samples can be used to draw some relationships between production rates and
lithology. It is recommended that sieve analyses be performed on samples from the worst three
and best three yielding wells. The samples chosen should range from the initial point of
saturation down to and including the gray clay layer.The borings chosen should include PW-
1,4,5,7,8 and 11,

Table 5.1 presents, for each well, the approximate initial volume pumped and subsequent flow
rates based on calculations from the totalizing flow meters and a calibrated volume container.

Project Number- 70&OK-041

I August 30,1WO
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TAllLE 5.1

INITIAL VOLUMES PUMPED AND RECOVERY SYSTEM WELL YlELDS

INITIAL
YOLUME TIME FLOW RATE IN

WELL DATE PUMPED PUMPED GALLONS PER DAY
b'Q. (129901 LGA.LLQtiSJ (MINUTESP FLOW METER CONTAINER

PW 1 5 22 26.0 11.0

I 7 13 600

7 19 1157

J PW 2 52 24.0 4.1,

79 63

PW 4 6 29 38.6 2.7

79 1,357

7 19 1,955

I
PW 5 6 21 37.0 20.3

79 740I 7 19 909

PW 6 6 29 18.0 1.5I 79 374

7 19 558

PW 7 6 30 6.3 0.7

79 147

| 7 19 351

PW 8 6 30 12.7 0.7

79 146

7 19 207

I
I

Projxt Numler: 704-OK-041
- August 30, 1900
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TAllLE 5.1 CONTINUED

INITIAL VOLUMES PilMPED AND RECOVERY SYSTEM WELL YIELDS

INITIAL
YOLUME TIME FLOW R ATE IN

!

WELL DATE PUMPED PUMPED GALLONS PER DAY |
N0, (1990) LQALLONSJ (MINUTES)* FLOW MEIEll CONTAINER

PW9 6 29 22.1 1.8

79 ?i2
9 19 785

I

PW10 6 25 50.0 7.0 l
79 519
7 19 578

PW 11 6 29 20.0 2.5

79 281

7 19 413

PW 12 6 30 17,1 1,4

79 101I 7 19 413

TOTAL

GALLONS PER DAY 4,644 7,326
GALLONS PER MINUTE 3.22 5.08

i

*
Initial volume and time pumped were determined from pumping each well until dry,

i

|I
|

| Projut Nurnten 704-OK-041
| August 30,1,90
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Atlas personnel have periodically monitored the production rates of each well since installation.
It has been determined that the totalizing meters are being adversely affected by the high Total

I Dissolved Solids (TDS) property of the water and are not reliable beyond the first few days of
operation, in some cases the total error is greater than 50% Preduction calculations have since
been conduend by Atlas by pumping into a calibrated volume container for more precise
determinations. Results are given in Table 51.

Total production calculations were made over three 24 hour periods beginning on July 24,1990.
The totalizing meter values were compared with the volumes measured using the calibrated
volume container. Results are given below.

.

TABLE 5.2

FLOW METER INDICATION

D21E ME.IIAS CQb'IMb311L

7/24 1.4 gpm 4.0gpm
7/25 1.4 spm 4.1 gpm
7/26 1.4 gpm 3.9 s p m

The same properties of the water which affected the meters also affected the pressure probes in
each well, rendering them inoperable. A timer system was substituted for the probes. Groups
of wells were hooked to each timer and set at appropriate intervals to pump according to
recovery time.

An initial attempt was made to estimate the production rates for each pumping well after they

I had been developed. A water levelindicator was used to determine the water level in the wells
during and after pumping. Also, an air line was lowered to a specific measured depth in each
well and a pressure gauge was attached to the line. The line was then pressurized uatil a
stabilized gauge reading was obtained.This device works on the principle that the air pressure
required to expel the water from the submerged portion of the line equals the water pressure of
a water column of that height. The gauge was calibrated in pounds per square inch (psi) and
a conversion factor was used to derive the water column in icet. This method of water level
determination is described in the second edition of Ground Water apD' cili edited by Driscoll
and published by Johnson Division.

I -

I'rciect Number. 7Co-OK-041
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There are two characteristics of the recovery wells which were observed in the field program.

that probably will affect the extended production of the recovery system. These characteristics

I are the high TDS levels mentioned in section 5.0 of this report and the siltation tendencies
mentioned in section 4.5.

Due to the relatively high percentage of sitt and clay size particles in the tallinEs material, the
wells have a tendency to fill with this material. Some of this fine materialis pumped out with
the water but in some wells there is such an abundance of the material that it builds up more
quickly than it can be removed. To a certain extent this tendency is expected to diminish with
tlrne as the wells are pumped, lhwever, some wells are expected to experience diminishing yleids
due to siltation in the well, in addition, the high volume of sitt is expected to adversely affect
the longevity of the pumps because of inpellar corrosion.

I The h!gh TDS level may also adversely affect the production of the recovery system with time.
As the pumps are periodically started and stopped in response to recovery intervals for the wells
silts are expected to preelpitate in the pumps and discharge lines. Over time the pumps and lines
may require cleaning or possible replacement.

5.1 Field Tests for nit

The readings for water pliin each well were taken in the field with a portable linch pli meter.
The values were adjusted to a standard calibration blank and verified daily in the field.The pli
readings were generally taken after the wells were developed and during production testing. The
pli values are presented as follows:

1

I
I
I

Project Numtier: 7Co-OK 041
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I
TADLE 5.3

pli YALUES IN RECOVERY WELLS

I RECOVERY
WELL NO. pil DATE

I
PW 1 1 8.37 7/18/90
PW 2 1 8.96 7/18/90
PW 3 7.0 6/16/90
l'W 4 6.6 6/29/90
PW 5 1I 7.28 7/18/90
PW 6 7.1 6/29/90
PW 7 7.3 6/30/90

I PW 8 7.2 6/30/90
PW 9 8.3 6/29/90
PW 10 8.1 6/25/90
PW 11 6.7 6/29/90
PW12 7.0 6/30/90
PW 13 1 6.7 7/09/90
WP1 7.8 6/30/90
WP 2 8.5 6/30/90

NOTES:

1 pli data supplied by Atlas field personnel.

I The pil values are higher than expected based on the low pil of the ponded s'olution.The surface
water in the pond is at a pli of approximately 1.5. The pil of the ' cll water is in excess of 6.5.
There are several reasons for the discrepancies.

The history of milling operations at the site includes alternating acid leach and alkaline process
methods. Early operations used an acid teach process in which the tails were neutralized by
adding time.This was followed with an alkaline teach process in which tailings were neutralized.

I
l'm}nt Numter: 7040K-rul
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I For a period of time both an acid and an ulkaline circuit were operated and tailings were
neutralized. From 1982 through 1984 an acid teach piocess was utilized with no neutrallratior
of process water.

The various process methods have resulted in neutralized tailings and proce:s waters cornprising
the majority of the tailings impoundment until 1982.Thereaf ter, for a period of two years, acidic
process water was recycled with no neutrallration. This resulted in low pil water being added
to the pond. Acidic water percolating downward into the tailings since then has been neutrallred
by the older neutral tails. The acidity of the pond has increased over time with continued
evaporation of the pond.

I
6.0 TIEATMI:NT SYSTDI

I The pumps in each wc!! use an inflexible discharge line fitted with an in line C 700 Series Kent
totalizing flow meter. Problems with the flow meter have made it necessary to use an alternative

I device. This is being investigated at this time. A valve was also installed to allow water quality
sampling. A trunk line consisting of 2 inch Alls plastic piping runs along the perimeter of the
pumping well field and extends along the castern side of the tailings pond to a treatment area.
The trunk line is fitted to connect to the individual pump discharge line as necessary for
independent control for trunk line attachment or detachment. This trunk line runs to the
treatment area which is located in the northeastern side of the pond.

The trentrnent system consists of four 6,000 gallon fiberglass effluent storage tanh onnected in
series to a smaller stainless steel mixing tank. Sodium hydroxide can be added i.. .ixing tank
to raise the pit of the water to the minimum of 6.0 as outlined by Atlas. The t, (ment system
is designed to temporarily store water to treat, prior to evaporation sprinkling. The trunk line

I and tanks are fitted with valve attachments which allow incoming water in the line to be routed
into the mixing tank.The purpose of this tank is for adding lime or soda ash which is at the site.
The lime in solution mixture can then be added to the holding tanks.

!
|

!

!

l
!

|
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I
7.0 SUhth!ARY

The recovery well system is installed and operational. Flow calculations based on the totalizing
flow meters were made on July 9,1990 and July 13, 1990. These calculations are inaccurate
because of the adverse effects of the tailings water on the meter operation. Subsequent
calculations are available based on calculations using a calibrated volume container.The average
total production based on these calculations is 4.0 gallons per minute.

The treatment system equipment is installed and operational. This includes the rnixing und
holding tanks as well as sprinkler system attachment.

The perft: .:ance of the recovery and treatment systems are being monitored daily to establish
optimum system efficiency and to identify and verify problems which occur.'

I
I,

I
I

I
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Solution Engintering Inc. May 19W.
' Uranium Feasibility, Pselin:inary llydrological Study for the Design of a Dewatering
System for the Atlas hhnerah Tailings Pond, Moab, Utah *. Prepared for Atlas Minerals.

Dames & hicore February 16, 1979,
" Report of Supplementary Study, Geotechnical Evaluation of Tailings Pondi -

Embankment System, Mo;b, tJtah, For Atlas hiinerals." Prepared for Atlas Minerals.

I Dames & Moore, May 26,1981.
* Report of Engineering Otsi,n Study Additions to Tailings Pond Embankment System,l
Moab, Utah, for Atlas Minerals." Prepared for Atlas Minerals.

I Western Technoto ,les Inc., Maith 1959.r
"Draf t/ Final, Atlas /Tioab, Uraniurn Mill and Tailings Corrective Action Plan, Moab,
Utah." Prepared for Atlas Minemb.

Western Technologies Inc. June 14, 1989.
" Addendum to Moab Correcthe Action Plan." Prepared for Atlas Minerals.

Western Technologies Inc., May 29,1990.I ' Pilot Dewatering Project Report." Prepared for Atlas Minerals.

I Drhcoll, F.G.,1986.
* Groundwater and Wells", Johnson Division, St. Paul, Minnesota.

Cleary, R.W., Miller, D.W, and Pinder, G.F.1990.
' Groundwater Pollution and llydrology, the Princeton Course," Groundwater Associates
of Priticeton coordinated by Omni Environmental Corporation, The Princeton Corporate
Center, Princeton, New Jersey,

Atlas Mincials,1987.
* Decommissioning Plan for the Moab Mill, Moab Utah." Prepared for the U.S. Nuclear
Rcgulatory Commission, Uranium Recovery Field Office, Denver, Colorado, November
30,1987.

.
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"

Dames & hicore,197$.

* Safety Analysis Report *, Prepared for Atlas hiinerals Division, Atlas Corporation hionb
Uranlurn hill.

Western Technologies Inc.,1988.
' Atlas bioab hiill Ground Water Detection hionitoring Program *, Atlas hiinerals hicab
Uranlum hilli, Grand County, Utah. Prepared for Atlas hiinerals.
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APPENDIX 11

GEOLOGIC LOGS AND WELL COh1PLETION DIAGR AblS
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GEOLOGIC LOG
'

. . m 90, 7Co MCA1 [$dm Js,o 15.1Mpn:Utd Atas * M

wtus:nm _ IW4 icewo4 Se 27, Tcwnthp N, AsNM Lontn Curta
tnu, sq;na FkAw S*.am Arger _ Cce:rdina'oe: 31016 N, 5372.6 E pas 1 cr i__

I
DEPTH

IN FEET DESCRIPTION

nm to l

0 1 Fill, bro 6n sand, dry.

1 10 Silty sand, grey, very 6ne gra! nod, approxima!oy 60% silt, stimyy, mo!st ad 5',

SpDt S
(cpoon pur. hod through interval under its own wofght) d,

10 11.5
Top 0'poonla cand, graf, Ano gra! nod, sub roundod to roundod, woti corto
booom!ng finor w depth, wet. Bottom 0' Is sl!t and c!ay, wot to molst

11.5 23 Silt and clay, groonishgray, s!!mey, very wot

23 30 Clayev s!!! and sand, sand Is very fine to 6no grained, vory slimoy,
abundant sitt whh clay, bocornos stiffor, very wet.I 30 40 Sand and sitt, light gray to gray, sandlor than above, allmoy, very wot

! 40 55 Sand,llo
rnodorate woy,sortvery fno gralnod, sub angular to sub-rounded, slity,

gr
!

-

, very s!!moy, very wot.

65 65 Sand (as abovo) with increase in sitt, very wot.

I 65 73 Sand, light aray, very fino (90 05%) to fino gralnod, s!!ty, sub-angular to
sub-roundod~, very allmey, very wot,

Sand, slit and cla/, dant, dry.ro:f. Sand is very fine to f!no gralnod, sub angu!ar, sitt
73 76i

and clay also abun,

TD = 75.0'

|I
|I
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DEPTH
IN FEET DESCRIPTION

marA to

0 2 RI, rod and brown send and gravel.

2 5 Sand, lig gray to yellow, f,no to rnodium grain, sub rounded to aut> angular,
moderato Well sorted, dry.

5 10 Sand, brown, fine granod, sub angular to sub-roundod, wo|1 cortod, rnoist.

10 15 Sand, light gra/ to groon, angu!u, Ngh ciay content, saturatod.

15 25 Sand, light gray to eroon, poory sorted, angular. Ngh clay content, rnolst.

25 30 Sand, light gray to br.w1, angular, poorty sorted, hi h clay content, rnoist.g

30 40 Sand, light bre.vn, wo!1 sortod, slight clay content, saturated.

40 45 Sand, light brown, well rounded, well sorted, slight clay content, saturatod.

45 50 Sand, licht brown, well rounded wth trna!!or percentago of angular gralns,I extrornofy saturated.

50 00 Sand, light brom1, well rounded to angutar, s!!ght amnunt of clay, Nghy
saturated.I
Sand, ght brown, well rounded to angular, s!!!y, slloht amount of clay, NgNy00 65
saturat

Sand,' git gray to tan, fine oralnod, very s!!ty, modorato clay, NohY65 70
saturat

Spl4 Spoon Sample (pushod)Nnly larninated, moderately rigid, moderatoy
70 71.5

Clay, gray to brown!sh gray, t
piastic, dry to motst.

TD = 71.5'

'
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p.nMCT Attu !4oab 74 po, 7s40(<A1 _ futD JVf* 10.1930

vitu)Donen PW400.A (nw _fac. 27, TcwntNp 253. Range 21E LM3tn Cort!ss

truu, utTHoo HofkMr Sto'n h>;of Coortfinsfat: 4617.77 N, 5fm 2 E peg t cp i

DEPTH
IN FEET DESCRIPTION

HOA TO

O 3 Fill, tsrown sandy clay and gravel, dry

3 5 Sand, ye!kw to light gre/ whh dopth, fine gralnod wth minor medium to
ooarse gra!ns, autrangu'ar, troderatofy woIl sorted, dry,

5 10 Sand, brcwn, fino grejned, sub angular, s!!gh0y clayey, demp,

10 20 Sand, bwn, rnedlurn g'ralnod wth some fine oralns, sub angular, slighty '
clayov, becomes finor wrth depth, clay increases with depth, water at 12.0,

'

20 25 Sand, bwn, fino gralnod, silghUy claycy, wot.

25 29 Silty clay, brtwn, plastic, dry to damp,

Sand, brcwn, fine (50%) to medium (50%) gralned, moderateYop,ol! sorted,
w29 39

sut rounded wth some sub-angular grains, siightiy clayoy at mirer sitt,
very wet.

I
.

I

|
,

!
TD = 39,0'

I
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| GEOLOGIC LOG

Aru . hb x 93, 7tto<o41 & hre 20. tuen n

v.tu.s:ena FW40BD tecAu C*e. 27. TenNp er.s. nante 21E. tco3m ourtes

en u pgtnoo Hofkw S'em Aupor Jorditwas: Af.43 4 N, !S316 E . Paas 1 cr 1

I DEPTH
IN FEET DESCRIPTION

FROM TO

O 2 RI, brcwn to reddist>brcmr. sand and gravol, dry.

2 5 Sand, light oray to yo!!cw, fine to modium gra!ned, sub-rounded to sub-
angular, moderafoy well sorted, dry.

5 10 Sand, brcwn, Sno gra! nod, sub angular to sub rounded, wo!! sortod, damp.

damp nao to medium gralnod, moderato sorting, sub angular,10 13 Sand, b very
minor el

13 15 Sarid, brtwn, very fine to Ano gra! nod, clayoy, water at 13.0'.

15 25 Clayoy sand, brcwn, very fine to medlurn gralned, poorty sorted, ornin s!zo
docrossos with depth, wot.

25 35 Claycy sand, brcwn, fino gralnod, sub rounded, poorty corted, wet.

35 60 Sand brtwn, nne to modlum gralnod, trodorate well s.ortod. sub angular,
to sub rounded, slightt/ clayoy, como s!!! to M, greln s!zo doorensos
with depth to grea:or than 93% fino at 50', very wet.,

60 65 Sand, brtwn, very fino grafnod, silty and clayoy, moderato to pcor sorting,
very wot.

65 67 Sand (as abcuo) very clayoy, wot.

I ,

67 70 Snitt Spoon Sampio pushod at 69.0' . 70.0',
Clay, gray to brtwnish gray, thlnty lamina!od, rnodoratoty rigid and plastlo.

'

I
TD = 70.0'|I

|

WESTERN
TECHNOLOGIES
INC.

DATE July 31,1990 Project !6. 769-oK-041 PLATE: B-4;
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|,| GEOLOGIC LOG

|

| , ;_ > ~ . - _ r-, ra, u. ,r. wo
munwo tw 6 tecum Se 27, bmtJp sq Rance PIE tcom,Sch*ieger | J

.

ma unuaa H*w s.en Asper _ cartfhe'er 37e,.7 N tua? E p.og _1_ cc 1, j

'

,

d

I DEPTH
IN FEET DESCRIPTION

;

mm to |

0 2 Fill, rod to brwm sand and gruel.

'
2 5 Sand, tan, very fine to fino gra! nod, mcdorato$f well corted, sub-angular, dry.

5 10 Sand, becwn, very fino (70%) to rno (30%) gra! nod, sub anguur, water
encountored at 8. }

10 15 Sand (as above) some clay, wet.

15 20 Sand, brtwntr.h gray, very fino gralnod, sub angular, very clayoy and slity,
very wet.

20 25 No samplos.
'

*

! 25 30 Claycy sand, groontshgray, very fino gra! nod, very silty, very wot.

30 65 Cisyey sand, Orson!shoray to brtwntsh gray, very fine oralnod, sub to well
roundod, very o!!ry, rnodorato sorting, very wet.

55 00 Sand (as abwe) loss clay. sHght increase Iri grain alzo.

E 00 71 Sand, brcwn, very fino grafn (90%) to fine graln (10%), modoratoy well

!E * ' tad 'ub ' uadad ' Sub-anou''' '*** c'ax th' ' abwa **t-

71 75 Clay, gray, vwy hard, dramatio increase in formation res!stanco, dry, i

,

' i

|I
1 TD = 75.0' . 3

.

_ t.

WESTERN
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|

GEOLOGIC LOG 1

I |
i

|

I

rnoAct _Atas . M ,og n 70HKt41 [ h Jyie it, IP20 I

wtuAr.sen Pw4 (ccAm4 T.ac. 27, T:wuNp 2?S, Ratge 21E ttnocn C18 tee

tau utwo h/kw man A W _ CcwJira'es: 4250 7 N, fm$ 6 E pAog 1 . cp 19

)

DEF'TH
IN FEET DESCRIPTION

rnaA to ;

O 2 Fill, brownish rod sand and gravo!, dry,

iI
2 3.5 Sand, tan, very fino to medium oralnod, prodominarrJy rnodlum grejnod,

sub angutar to sub rounded, modoratoy wo!! sorted, dry.

3.5 5 Cloy end SDt, brown, abundant tilt, moist.

Sand ll ht brown, fine to very fine grained, cub angular, voty clayoy, molst5 10 0
boco ng wet at 3.0',

10 20 Sand, brown, very fine to f,no gra'ned, vary clayey, poory corted, wot.

20 25 Sand (as abovo) with docreasing clay contont with depth, wot.

Sand brown, very fino 30%) to fino ) sub angular to sub.
tounded moderatoy we{d sortod, wot.(70% Orained,has charactortsdce25 71

I of good,pormoab!Ilty in ro'ative uniformity of grain s!zo.
This intorval

'

71 75 Clay, moderatoty rigid and hard,Ii

| '
|
|
t

TD = 75.0'

-

,

-

I
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| GEOLOGIC LOG
[
l'
>

g, 92 7tacM,41 $ h .Are 19,i mAt'u . Abehpar;r
,,

wtusarJ FW 7 Luw fe. 21. TomeNp 253, Rep,4 21E, temm Ctat!ss ,,

mu. ut N00. Hofo# S1ern Auger yina'oe: 4428 9 N, s2116 E peg l ey 1

l

DEPTH !I IN FEET DESCRINION |
__

rnua To 1

'
0 2 Fill, brownit.Motl sand and gravot.

2 10 Sand, tan, very fbo to modium gralnod, rnoderato porting, sub-angular to
sub-roundod, dry, becomos 11ght brtwn at 3',I )

;

10 15 Sand, brown, very nne to fino grafnod, sub angu!ar, rnodorato'y wo!! sorted,
slightly rnolst. ).

15 10 Sand, brtwn, very fine to rnodlum gralned, sut>angutar to sub rounded,
modorsioY woll to well sortod, sighty trolst

19 20 Sand, brtmn, very fine to fino oralnod, silghty claycy, slightty rnoist to rnolst.,

20 30 Sand, roddebran very fine to fino gralnod (50 60%), inoderately well.

sorted, sut> angular lo sutbrcondod, dry to slighty Nlst

30 65 Send, brwn fine oralned, sub-rounded to sub-angutar, moderatoY woti
sorted, silgt einyrry. Water encountered at 33', samplos wot bolcw that
dopth.

I Sand, ban, very !!!y, wot.fino to fino grafnod, sub-angular, moderatoty well sorted,65 73 .

s!!gh9y cisyoy or s' "

73 70 Clay, gray to ban!rNtay, ros!stant and harder to drill than above, thlny
lamina.od in spots, dry to rnolst.

70 80.5 Split Spoon Sample (pushed)
Clay (as abovo).

|

|

'I,

TD =: 80.5'

I
_ h

WESTERN
TECHNOLOGIESI INC.!
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| GEOLOGIC LOG

i |
'

monet h hb xeno. 7sso m i & un 22, two !

ynun:nua FW4 mw Sec. 27, ToansNp 253, Rance 21E tcoom Sdt*4 scot ,1

cnu ucrHoo Holkw O'am Agot CordirJtiae; 4787.9 N, rA58 2 E pas 1 cr i

{
a DEPTH i

g IN FEET DESCRIPTION :

. 4

fiO4 10 ! -

gl d brun, angu!ar, with groon rock (fill) loss than 0.25 inchos in0 5

5 10 Silty sand, brcwn, well rounded with small amount of angular gra!ns, molst. I

I- '

10 15 Silty sand, brce, fino gralned, uniformly corted, increase in moistuto,
I ,

I 15 25 Slity cand brown, high clay content, fino gralned, wr,11 rounded with small
amount of angular grejns, Saturated.

,

25 30 Slity sand, brtwnish-groon, fine gralned, angular, w Aurated 'than abovo. ;

30 35 Silty sand, brown to groen, well rounded, angular, motst.
s

I
.

35 46 Silty sand, brwnish-groon, fino gralned, well sortod, saturatod.

45 55 Sand, roddish brun, fino gra!ned, mostly rounded, minor angular grains
increasing with depth, lesa saturated than abovo.

55 00 Sand (as abovo), very motst.
"

60 65 Sand, roddish bran, high clay content, significant angular grains, motst.

"
G5 70 Sarv:1, roddishbrown, h!gh clay content, abundant angular gra!ns, st!ff, slightfy !

molst.I .

Spoon Samplo (pushed) hinly latninatod, moderatoly rigid, rnadorately
70 71.5

gray to brwntsn gray, t
- pl c, dr/ to molst.

TD = 71.5'

.

I
WESTERN
TECHNOLOGIESI INC.

DATE: July 31,19 0 Project tb. 769-0X-041 PLATE: B-8 |
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| GEOLOGIC LOG

xe yo, 76W441 g%p Jure 23,199o- enoggy A ts . Moab '

wu unonen FW9 LocmoH _ Sec. 27, Tone.sNp 253. Ra%e 21E teocm.Sch*4 6f ;,0

I ., y 1 )unL utmoo 14alkw Stem Auget Coordnates: 38(4.5 N. E787.3 E peg

i

I DEPTH 1
IN FEET DESCRIPTION j

racu to !

O 5 Sand, fino gralnod, well sortod, dry. j

l 5 10 Sand, brcwn, fino gra! nod, well sortod, high clay, content, molst.
,

anghar gra!ns fmi 1$roon, fino ralnod, wo!! sorted, h'gh clay contont, some
San brtwn to light10 20

.0' 20.0' depth, saturated, j
1

20 25 Sand (as abovo) with minor angutat grains, loss saturated.

25 30 Sand (as abwe) with modorata amount of angular gra!ns, moist,

iE 30 40 Sand, brwiri, fine ora! nod, high clay content with minor angular gra!ns. Also
ig light groon from 35.0' 40.0', saturated.
1

, 40 45 Sand (as abovo), uniform sorting, saturated.

45 55 Sand, brcwn, fino to modium grafnod, moderato angu!ar gra!ns, high clay,

contont, becomes modlum gralnod with depth, rnolst.

55 60 Sand, brown to light groen, fno gralnod, mlnor angu'at grains, h!gh clay
content, slighuy saturated.

1

3 60 65 Sand, groon, high clay contant, minor amount of weathorod shalo, saturatod.

l B
Sand, Unht tan to arayishgroon, fino oralnod, s!!',y,d gh clay content, minor

65 70 hi
flakes of weathorod shaler.laystone, hTghly satura.o

SPDt Spoon Sample (pushod) inatod, highly plastk::, motst.
70 71.5 i

Claystono, light grcry, thinly lam

TD = 71,5'

I
,y <

WESTERN
TECHNOLOGIESI INC,
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GEOLOGIC LOG
|

pnamt Aru . Moad xe m 7e m .04i L Jure 24,1990

wn.uganm _ PN.10 tcccxw .. Sec. 27, TmNp 25S, Acco 21E Lcosta S(*m4000f !

!uuu. usmco h Dwn %w Cmrhates: 3c80.0 N. s610 8 E peg i cp i

%

DEPTH
IN FEET DESCRIPTION

rnou ro

0 5 Sand, light tan, fino grainod, wo!! so tod, dry.

5 10 Sand, bruwn, fine gralnod, small amount of angular grejnc, high clay content,

I moist.

10 20 Sand, light gray to groen, fine gra!ned, rnoderato amount of angular gralns
decreasing to rninor with dopth, high clay contont, slightfy saturatod.

20 30 Sitty clay, gray to groon, Ano grn! nod, well sorted, saturated.

30 35 U clay, gray to groon, fino gralnod, minor angular grains, saturated.

35 45 Silty clay, gray to groon firio gra!ned, poorty r.orted with moderato amount of
angular grains, saturated.

45 00 No cuttings rotum,

60 72 Sitty clay, gray to groen, very fino gralnod, well sorted, rounded, saturated.

I S llt Spoon Samp;o (pushod)72 73.5 P
Sitty clay, gray to groon, highly plastic, molst.

I
I
I

TD = 73.5'I i

y __

WESTERN
TECHNOLOGIES| INC,
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| GEOLOGIC' LOG

1

encowr _ na . uee x, ,,, 7ssog.o4, L aun,2s, iso
mm,mm FW 11 twa Sec. 27, hsNp 259, Rance 21E toootn Sdmiogw

puu. utnco Honew Stem Mw cocr*,ee.a: asc4 o N, 5500.2 E
PAGE i cr 1

i

i jDEPTH
IN FEET DESCRIPTION 1

!
FMOM 70 i
0 5 Sand, light tan, modlum gralnod, wo!! sortod, dry.

5 10 Sandy clay, light gray to groon, medlum gralnod, rounded w!!h moderato
amount of angu!ar grains, poort/ cortod, moist.I 10 15 Sand clay (as above), s!!ghtly saturated. )

"
,

I 'iandy ciay (as abwo) with s!!ght decreaso in the amount of angular grains, j15 30
saturatod.

,,

1

30 45 Sl!ty clay, reddish brcmT), very fino gralned, very saturated, j

45 60 Sl?ty clay, light gray to groen, very f'ino gra! nod, very saharated.

60 G5 Silty clay (as abovo) wth modorato amount of angular grejns, very saturaiod.I }
65 66.5 Spilt Spoon Samplo (pushod)~ , , , ,

Clay, light gray to groon, plastle, ovidence of lamination, molst.
,

I
I
I

:
'
,

I
TD = 66.5'

I

WESTERN
TECHNOLOGIES| INC.

|'DATE: July 31, 1990 Project tb. 769-oK-041 PLATE:B-llI -
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| GEOLOGIC LOG

wer - A!!u Moab am 7CSLolGod1 b kne 27,1990
,

y,mpan PN 12 mw _ Sec. 27, TcesNp 253, Rance 21E tcoom Sch*Jor

tatt utfHOO Holl0# Clem krJ6P Caniinates: 4450.1 N, 6997.9 E re,E 1 ce 1

I DEPTH
IN FEET DESCRIPTION

;

|
men to

0 5 Sand, light gray, fino gralnod, well sortod, dry. I

!
5 10

Sand and clay,lar gralns, mofstlight gray, fino oralnod sand w!!h s!!ty brcwn clay, moderatoIamount of angu
-

)
i

10 30 Clay, sandy, light gray. Sand is medium gre!ned and enoular, moderate 9

amount of coarso gravcl ma!orial (loss than one inch in diamotor), moist
|

I 30 40
Clay,lar gralns, saturatod, gre! nod vnd and silt, rnos'# roundod wth minor

light gray, with fino I
angu

i40 50 Sand'y clay, 1ht ay to redd!sh brevm.' Sand is fino gralnod, mos'h '

J rounded wt ilno, ngular graJns, saturated, j
W

50 65 Clay, roddisi, with fino gralnod sand in a slity matrix, saturatod.
,

65 70 Clay, reddish brcwn, minor amounts of laminated gray clay. Wator contontI slightly loss than above, saturated.
|

.

gra ato rly rigid, well cortod, slfty, molst,

!

I
LI

.

t .

.

TD = 71.5'

E
h
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| GEOLOGIC LOG

a no. ?cacko41 b June 2s,1990Mas h%tw.cr

wavoont.o FW13 tm . Sec. 27. TWp 263. Awe 21E Looctn Sdm489*t

trutt utTHoo _ fkAw Stem Arger Coordha'as: 55o1.1 N, So21.7 E rAag i cp 1

I DEPTH
IN FEET DESCRIPTION

FROM TO

O 5 Sand, light gray, fine gralnod, gravel approx!mato!y 0.5 inch diamotor, dry.

5 10 Sand, !!ght gray, larger gravel material (1.0 - 1.5 inch diameter), sligh'Jy rnolst

10 15 Sand, light gray, gravel (1.5 inch in diamotor), slightly rnoist.

15 24 Sand, roddish, fine grajned, rnostly rounded wt:h small amount of angular
gralns, s!!ghtly motst.

| 24 25
Sandy clay, light gray,!ns, rnolst. Sand is fine gralnod and mostly rounded with minoramount of angular gra

25 30 Sandy clay, fodd!sh brcwn, as abovo, molst

30 60 Clay, light gray to light brwm, stiff, minor amount of angular sand, slightly
saturato .

50 51 Split S Sam I in(pushedClay, li ht gray, ated, s ghtly saturated.

I.

I .

| .

,
'

I
,

TD = 51.0'

I
WESTERN
TECHNCLOGIESI INC.
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17-Aug-90
Dale Edwards
ATLAS MINERALS Page. 1

I P.O. Box 1207 Copy: 1 of 2
Moab, UT 84532 Set : 1

Attn: Received: 19-Jul-90 10:41
Project: PO #: A-7025

Job: 902820E Status: Final

Sample Type: Water

Na Cl SO4 NO3 as N Cr Pb
Dissolved Dissolved Dissolved

_Samnle Id_ ma/l ma/l ma/l ma/_1__ mc/l mc/1

PW Comp. #1 5220 1130 17600 73.3 <0.01 0.34
PW Comp. #2 5100 1160 15600 51.6 <0.01 0.34

Mo Ni Ag V Se TDS
Dissolved Dissolved Dissolved Dissolved Dissolved

Sample Id ma/l _ ma/l mc/l ma/l ma/l ma/l

PW Comp. #1 1.01 0.24 0.02 3.04 0.29 25100
PW Comp. #2 0.73 0.19 0.03 2.94 0.23 22900I pH Gross Alpha Error Gross Beta Error Ra-226 Error

Dissolved Dissolved Dissolved
.

Samole Id unit nCi/l 20* nci/l 20* oCi/l 20*
,

PW Comp. #1 7.39 26000 i1000 16500 400 35 i3
PW Comp. #2 7.35 24000 11000 15000 i400 30 i2

Ra-228 Error U
Dissolved Dissolved'

Samole Id_ oci/l 20* ma/l_

PW Comp. #1 1.8 1.3 22.9
'

PW Comp. #2 2.6 :11.5 22.0
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Page: 1
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ATLAS MINERALS
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Moab, UT 84532 Set : 1

Attn: Received: 2-Oct-90 13:23
Project: PO #: A-7043

J ob,_; 903290E Status: Final

Sample Type: Water

Na Cl SO4 NO3 as N Cr Pb
Disso?.ved Dissolved Dissolved

Sample mc/1 mc/l mc/1 mc/1 mc/1 mc/l

#1 Comp 5100 1260 17200 85.4 <0.1 <0.02

I Mo Ni Ag V Se TDS
Dissolved Dissolved Dissolved Dissolved Dissolved

Samole mc/1 ma/1 ma/l mc/1 mc/1 _ma/1

#1 Comp 1.79 0.25 0.02 0.33 0.23 24300

pH Gross Alpha Error Gross Beta Error Ra-226 Error

I Dissolved Dissolved Dissolved
._iample _ uni _t_ nCi/1 20* oCi/l 20* DCi/l 20*

#1 Comp 7.22 12000 1000 1200 i200 22 2

Ra-228 Error U

I Dissolved Dissolved
Samolo DCi/l 20* ,_ma/l

#1 Comp 1.1 to.8 19.3
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EXilIBIT 4

56 m *. c svt., u ts a

0""""?L ,,,'s,'"

I BARRINGER LABORATORIES INC ..., u - , n ,. u ,, ,,

r=P'"" ,,,, m't:
20-Jul-90

I ATLAS MINERALS
Dale Edwards

Page: 1
P.O. Box 1207 Copyt 1 of 2
Moab, UT 84532 Set i 1

Attnt Received: 15-Jun-90 12 24
Project PO f A-6291

Jobt 90261_4E Statust Final

sample Typet Water

C1 Cr Pb Ho Ni NO3 as NI Dissolved Dissolved Dissolved Dissolved
Samolo Id Mc/l mc/1 mc/1 ne/1 me/1 mc/1

.

FW-1 1440 <0.01 <0.02 4.57 0.10 21.4
North Sump 509 <0.01 <0.02 0.20 0.86 228

I 3e Ag Na TDS S04 V
Dissolved Dissolved Dissolved Dissolved

Samnie Id mc/1 mc/1 mc/1 mc/1 mc/1 mc/1

PW-1 <0.001 0.02 4040 14200 8630 2.50
North Sump <0.001 0.01 3170 30000 22100 0.05

Cross Alpha Error Gross Beta Error Ra-226 Error
Dissolved Dissolved Dissolved

Samelo Td ecl/l 20* u01/1 20* eCi/1 20*

PW-1 7700 d400 3300 1100 46 12
North Sump 2300 $200 1400 A200 63 23

Ra-228 Error U
Dinsolved Disselved

Samble Id eCi/1 20* mc/1I FW-1 0.8 11.1 16.1
North Sump 0.9 do.8 8.13

N S t/rH|0 |Tt/MP|9 6 3 $,5 pj|p,'y
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