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1 .O Introduction

The project described in this report was conducted by personnel from Oak Ridge National Laboratory’s

i‘
Grand Junction  Office (ORNL/GJ). The purpose was to refine tiormation regarding groundwater

contamination emanating from the Atlas Corporation’s former uranium mill in Moab, Utah.

1.1 Project  Planning

The first phase of project planning occurred September 9 in a meeting in the National Park Service (NPS)

offices in Moab, Utah. Attendees included representatives from ORNWGJ,  National Park Service (NPS),
U.S. Fish and Wildlife Service (FWS), the State of Utah (by phone) and the Grand Canyon Trust. The

discussion focused on potential effects of groundwater discharge to the Colorado River. The concern was

prompted by the results of recent “grab” samples of river water collected by personnel from the State of
Utah. Those samples had shown  ammonia, presumably related to the tailings pile. Accordingly, ORNL/GJ

was tasked with developing a sampling scheme to more accurately delineate the content and width of the

contaminant plume. A letter proposal was distributed September 19 and is attached in Appendix A.

On October 23,1997,ORNL/GJ  attended a meeting convened at the FWS offices in Denver, Colorado to

address the status of the proposal. Present at the meeting were staff members from FWS, Nuclear

Regulatory Commission (NRC), Atlas Corporation, Harding Lawson Associates, and ORNL/GJ.

Personnel from FWS indicated that the Council on Environmental Quality (CEQ) had approved the original

proposal and that the purpose of the meeting was to negotiate any remaining issues. Additionally, it was

stated that any change in scope to the proposal would require approval by the CEQ. During the task review

and discussion, ORNL/GJ  agreed to perform the field work and to provide a report 60 days following the

awarding of funds. At adjournment, the group consensus was for ORNL/GJ  to submit a rev&d proposal to

the CEQ to seek approval for changes in scope discussed at the meeting. The revised ORNL /GJ  letter

proposal was distributed on October 29,1997 and is attached in Appendix A.

The ORNL/GJ  proposal presented five tasks that were formulated at the Moab meeting in early September.
The tasks were then refined after the Denver meeting. The tasks and the changes in scope are summarized

below:

Task A: Installing a monitoring well through the pile to determine the connection between the
tailings and the underlying water table. The purpose of this  task was to confirm or deny the
presence of tailings or slimes within the alluvial deposits under the tailings pile. Changes in
the scope for this task included the installation of two boreholes  in lieu of the monitoring

well, the use of a more expensive drilling method to accommodate site conditions, andz . _
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analytical costs for soil samples previously not included.

Task B: Plume delineation: The purpose of this task was to delineate the lateral extent of
groundwater  contamination emanating from the tailings pile. These data were subsequently

used to locate the temporary piezometers proposed to evaluate groundwater quality where

it discharges to the Colorado River (Task C). Changes in scope for this task included the

addition of analytical costs which were originally to be covered by the State of Utah.
Additionally, an equipment mobilization charge was added to cover the costs of mobilizing

ORNL/GJ  equipment that was required to satisfy the schedule.

Task C: Evaluate riverside water quality in the groundwater: The objective of this task was to

provide groundwater quality data adjacent to the Colorado River so that the flux of

contamination into the river could be calculated. Changes in scope for this task were the

addition of analytical costs.

Task D: Install new reference well north of Atlas property. This task was origmally included to

alleviate continuing questions regarding the background water quality. Although Atlas’s

current background well is located in close proximity to a former ore storage area, the

proposed well was regarded as sufficiently upgradient, but felt to be in a different flow

system by NRC and Atlas. Discussion regarding a new background well on Atlas

property was entertained but specification of the NRC licensee’s new background well was
determined to be beyond the scope for FWS and ORNWGJ. However, it was agreed that

the originally proposed location would serve as a new “reference we-h” to establish  ground

water quality between the Atlas site and Arches National Park.
/

Task E: Modeling drainage from the pile: The original objective of this task as proposed by

ORNL/GJ,  was to provide a simple analytical solution to pile drainage using previously

collected data. However, during the October 23 meeting, NRC indicated that a numerical

solution using an unsaturated code would be of greater benefit and would be pursued with
DOE’s Grand Junction office. However, the following day NRC requested ORNL/GJ  to

prepare the model. ORNL/GJ  proposed using a proprietary code (PORFLOW TM)

capable of modeling saturated and unsaturated flow.

On November lo,1997 ORNL/GJ  received budget authorization to proceed with the work outlined in

Tasks A through D. Funding was provided by the U.S. Department of Energy (DOE) at the request of the

CEQ. NRC provided funding for Task E as described in the companion report.

Limited Groundwater Investigation of the Atlas Moab Mill 2
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: il 1.2 Report  Outline

grr
This report presents the findings for Tasks A through D previously discussed. Section 1 provides

background information and the report outline. Section 2 presents a discussion of the various methods used

for data collection and analysis. Section 3 presents the results of Tasks A, B, C, and D. At NRC’s request,

the tailings pile seepage model (Task E) has been prepared under separate cover and is provided as a

companion report.

!- 2.0 Methods

pa
i ;I

The data collection and analytical methods are presented in this section. Where possible, reference is made

to the ORNL/GJ  technical procedure or the instrument manufacturer’s operating procedure. The

discussion is divided into two sections: Field Methods and Laboratory Methods.

mm 2.1 Field Methods

The field methods used for the data collection and field analysis cover a range of equipment and
procedures. Following is a list of the ORNL/GJ  procedures used for the data collection and analysis:

Procedure Number Procedure Title

TE-03 6 Analysis of Radionuclides in Soil

TE-06 1 Measurement of pH in Water Samples

TE-062 Measurement of Electrical Conductivity of Water Samples

TE-064 Measurement of Alkalinity of Water Samples

TE-073

TE-078

Equipment Decontamination

Subsoil Sampling Probe

h*

TE-08 1

Collecting Soil Samples in Brass Sleeves

Water Sampling for Analysis of Inorganic Compounds and Radio nuclides

Field Determination of Gravirnetric Moisture

Drilling Log Preparation and Well Construction, Document@on

TE-09 1

TE-100

Limited Groundwater Investigation of the Atlas Moab Mill 3
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Procedure Number Procedure Title

TE-101

TE-105

TE-106

TE-111

TE-113

TE-120

TE-130

TE-170

Subsurface Sampling Using a 5-a Continuous Sampler and a Split Barrel Sampler

U2CRT  Operation

Solid-Stem Augering Using the U2CRT

Well Development

Well Abandonment

Physical Surveying

Peristaltic Pump Operation

AMS-16000 Drill Rig Operation

TE-173 Soil Samplin for Field Screening Using the Geoprobe @ Sampler and the AMS-
16000 Drill wip

Small Diameter Piezometer Installation Using the Geo-Insighta  Assemblies and
the AMS-16000 Drill Rig

In addition to the ORNL/GJ  procedures, specific methods provided by equipment manufactures were used.
Following is a list of these methods.

Manufacturer/Method Number Method Name

HACHi380

HAcH/70

HAcH/700

Nitrogen Ammonia (0 to 2.5 mg./L  NH&I) Nessler Method

Chloride (0 to 20 mg/L Cl) Mercuric Thiocyanate Method

Sulfur, Sul&te  (0 to 0.45% SO?--S)

The procedures listed above have not been included in th@ report but are available upon request. In

addition project log books were kept and will remain on file.

2.1.1 Field Methods for Plume Delineation

Temporary piezometers were drilled and installed using ORNLIGJ  procedures ‘i;E-073,  TE-078;  TE-100,
TE-105, TE-106 and TE-174. Use of the Geomsightm  assemblies described in TE-174, permitted the

installation of 3/4 in. PVC piezometers. The wells were then developed with a peristaltic pump until clear

water flowed before sampling. Temperature, pH, and conductivity were measured at the wellhead  using a

Hydrolab Scout equipped with a flow-through cell. The conductivity cell in the Hydrolab unit had a range
of 0 to 10,000 umhos/cm.

Limited Groundwater Investigation of the Atlas Moab Mill 4



The plume delineation study was guided by performing  selected analyses in the field: alkalinity, sulfate

(SO,%), chloride (Cl), and ammonium as nitrogen (NJ&-N) using the aforementioned procedures/methods.

Additionally, unfiltered nitric-preserved (HNO;) samples were submitted to the DOE’s Grand Junction

Office (GJO)Analytical Services Laboratory for total uranium analysis.

2.1.2 Field Methods  for Pile Drilling and Reference  Well .lnsta!Jation

The tailings pile borehole  drilling and reference well installations were performed by Layne-Christensen

under contract to ORNL/GJ.  Drilling was performed using a dual-wall reverse-circulation (DWRC)

percussion-hammer rig (Foremost Drills AP-1000) equipped with a wire-line split-spoon for undisturbed

sample collection at designated intervals. The DWRC drilling method permits continuous drill-cuttings
analysis. The cuttings are returned to the surface (with minimal lag time) by compressed air where they

drop out of a cyclone without any screening. Thus, lithologic changes not captured in split-spoon sample

intervals can be readily identified in the cuttings.

The reference monitoring well installation with the DWRC rig was accomplished by setting the 2-m well

screen and casing through the inner 5.5411  diameter drill pipe to the bottom of the boring drilled to 80 ft. A

prepacked  well screen (10 fi) was used to facilitate the installation and we!!.  development process. Annular

material (sand pack [2-16 grade], bentonite seal, and bentonite grout) were added as the drill pipe was
removed from the bore hole. The reference well was then flush-mounted -with the ground surface and

completed in an 8-m.  diameter traBc-rated vault. The wellhead  is also secured with a locking cap equipped

with a combination lock.

2.1.3 Physical Surveying

The surveying process to establish coordinate and elevation control for new sampling locations entailed  a

two-step process. First, the coordinate information was collected with the use of a Trimble PRO XR global

positioning system (GPS) with a guaranteed accuracy of less than 1 ft. The GPS unit was “calibrated” to
the site by collecting coordinate information for previously existing wells and comparing it with the

available coordinate data. This practice enabled a rapid location survey of the piezometers, boreholes and
reference well. The second step (elevation control) required the use of a stadia rod and Nikon automatic .
level to carry elevation control across the site. ORNLIGJ  attempted to use vertical control available for
existing wells at the site, but discrepancies in the existing elevation data were discovered. Additionally, the
broken condition of the surface casings  on several wells (ATP-3, ATP- 1) made the use of these points for

reference questionable. Therefore , ORNWGJ  personnel were required to carry elevation control from the
nearest benchmark, locatedon  J&y: >191  north of the Atlas site. This was performed by carrymg  the

elevation to well ATP-3, where the existing unbroken casing was assigned a new elevation of 3995.13 ft

Limited Groundwater Jnvestigation  of the Atlas Moab Mill 5



and, and then carried  to well AMM-1  which  was  assigned  a new elevation  of 3968.86  ft and.

m* 1 2.1.4 Field Analysis

Water samples were analyzed in the field by ORNL personnel for the following parameters: specific

conductance, pH, temperature, ammonia-nitrogen, sulfate, chloride and alkalinity. Specific conductance,

pH and temperature were measured during sample collection with a Hydrolab Scout equipped with a flow-

through cell. Calibrations for pH and conductance were performed immediately prior to the

measurements. Except for the samples from  RW-1 and ATP3, ammonium-nitrogen, sulfate, chloride and

alkalinity were determined on-site in a field laboratory set up in an existing building. The samples from

RW-1 and ATP3 were analyzed in the GJO analytical laboratory.

I

Sulfate was determined turbidimetrically using the Hach (Loveland, CO) SulfaVer  4 method and a Hach

model DR-2000 spectrophotometer. This is a turbidimetric method that relies on the formation of barium

sulfate. The barium sulfate precipitate is suspended in the water sample. Light is passed through the
barium sulfate suspension and the amount of light scattered is proportional to the amount of precipitate.

Because the method  is turbidimetric, the dynamic range is narrow. Thus, all samples were diluted to a

range of 30-60 ppm for analysis. Although  the spectrophotometer has a standard calibration curve, a 40

ppm sulfate standard, diluted from a 1000 ppm standard freshly purchased from  Hach,  was measured with

each batch of field samples. Acceptance criteria were that the standard, which should read 4Oppm,  read
between 30 and 50 ppm. Laboratory analyses were used to confirm the field analyses. Four samples were

analyzed in the laboratory. The following comparisons, with the field result listed first, were obtained: (TP-

1 = 3330/2660,  TP-9 = 16250/15400,  TP-12= 6666/4710,  and TP-19 =5440/4340).  These results indicate

that the relative difference among the samples was adequately determined with either  method,  but that the
field method has a high bias relative to ion chromatography, the method  used in the laboratory. The high

bias was observed in the field where all 32 standard readings exceeded the expected value. The average for
the high bias was approximately 13%. Adjusting for the 13% bias, the comparisons as above, become:
(T&l= 2920/2660,  TP-9 = 14251/15400,  TP-12= 5846/4710,  and TP-19 =4770/4340). Because of the

consistent bias, the readings used in the report have all been adjusted by 13% as noted.

p*

I

c

m,
: ‘

a

Ammonia was determined in the field with the Nessler method using the Hach model DR-2000

spectrophotometer. Most samples had to be diluted significantly in order for their concentrations to be
within the linear range (0 - 2.5 mgiL). Each batch of samples had a 0.8 ppm ammonia standard as part of

the batch. The acceptance criterion was that the 0.8 ppm standard read between 0.7 and 0.9 ppm. Of 28

results used in the field determinations, the average was 0.83. This error is sufficiently small, that no

adjustment for bias was indicated. Four samples were run in the laboratory by ion chromatography for

comparison purposes. Those results were as follows: Op-1 = 0.4/0.01,  TP-9 = 1895/1850,  TP-12 =
382/322,  and TP-19 = 10.2/3.3). These data show good agreement for the very high results but that the

Limited Groundwater Investigation of the Atlas Moab Mill 6



c ”

a): field method is probably unreliable for values less than 10 ppm. Hence, in all of the reporting of the field

data, values of 10 ppm or less are shown as Cl0 ppm. The ammonia sample from ATP-3 was not analyzed

within the prescribed holding time because of shipping/delivery problems. The sample was, however,
analyzed within 72 hours and the very low result (CO.5 ppm) reported indicates that the area is not

m

contaminated with ammonia.

Chloride was determined with the Hach DR-2090  spectrophotometer and the mercuric thiocyanate method.

Chloride in the sample reacts with mercuric thiocyanate to form mercuric chloride and liberate thiocyanate
ion. Thiocyanate ions react with ferric ions to form * orange ferric-thiocyanate complex, the amount of

which is proportional to the chloride in the sample. A standard was not run with the samples in the field.

Instead, the &tory-derived instrument calibration curve was used for the determin&on,,  of*$e  final result.
Four samples were analyzed in the laboratory with ion chromatography to provide a comparison. Those
results were as follows: (TP-1 = 3490/4850,  TP-9 = 1737/l 130, TP-12 = 696/636,  TP-19 x5760/6070).

The results for TP-1 and TP-9 show percent differences of approximately 30%. The results for TP-12 and

TP-19 are quite good considering the high levels of chloride at the site and the dilutions that have to be

performed during the analysis. It should be noted, that chloride determinations typically show poor

precision because of the high levels of chloride in the environment. A review of the overall da.a shoyed  ,that
the contrast in chloride concentration from one portion of the site to another was so great that the field data

are adequate for representing groundwater  conditions at the site. Consequently, additional comparison

samples were not analyzed.

i- 2.1.5 Laboratory  Analyses

b**
i

I

Fn

I

P
t
i I

The following is the list of analytes for water samples collected during the project: uranium (II), arsenic

(As), selenium (Se), molybdenum (MO), vanadium (V), copper (Cu), ammonia (NH&),  sulfate (SOJ,

nitrate (NO,), nitrite (NO&,  chloride (Cl-), specific conductance, pH and temperature. Soil/tailings samples

were analyzed for As, barium (Ba), Cu, MO, Se, U, V, and radium (Rx~). This list was agreed to by the
project participants (Atlas, FWS, NRC and ORNL) in the meeting that was held in Denver, CO, on

October 23. U, As, Se, MO and V were included because these elements are commonly associated with

uranium in ore deposits on the Colorado plateau. These elements have a similar geochemistry in that each

can form soluble oxyanions under the appropriate conditions. In the case of uranium, a negatively charged
uranyl carbonate complex is likely. The anionic state is important because most soil particles are

negatively- charged. Hence, these oxyanions are not strongly retained by soils, and tend to migrate the
farthest whenever uranium mill tailings are leached with oxygenated  water.

Copper, ammonia and sulfate were included in the analyte list because they were used in the ore-
processing. Nitrate was included because of some use on’ site-and also ,because the ammonia added from,-.
ore-processing might be oxidized to nitrate. Chloride, specific conductance, pH, alkalinity and temperature

Limited Groundwater Investigation of the Atlas Moab Mill 7



were included as general groundwater quality parameters that might be useful markers for different
groundwater regimes that could be encountered.

Gross alpha and gross beta were not measured because uranium  is the mostmobile  radioactive constituent_ .“. n” _-_l_.ia>‘uI  ,_ ‘,Li_ _ ‘l._l,.*ii,l~.,bL  _;__. ,_
in uranium mill tailings. Moreover, the analytical methods for uranium are more sensitive and less subject

to error than those for gross alpha and beta. Uranium analyses, therefore, provide the best assessment for

the extent of the contaminated groundwater.

All of the water sampling was conducted near the pile with most of it occurring between the pile and the
river. Two borings, however, were performed on the pile as a means of evaluating the connection between

the tailings and the underlying groundwater. A few samples of tailings and soil were collected from these

borings.

Samples were preserved in the field and returned to the laboratory facility at the GJO. All of the laboratory

analyses except radium were performed in this  laboratory. The analytical methods used are listed in Table

2.1. Copies of the analytical results for all samples analyzed by the GJO laboratory are provided in

Appendix B. A copy of the State of Utah certification relative to the GJG laboratory can be made available

upon request. Radium analyses were performed by gamma spectrometry at the ORNL facilities in Grand

Junction. The soil samples were sealed in cans to permit ingrowth  of Rn- and Bi2i4  which is measured with

a sodium-iodide detector and related to the radium in the sunple. Laboratory quality assurance data have

not been appended to the report but are available upon request.

Analyte

AsandSe

As

Se

Ba, Cu, and V

UandMo

UandMo(high
concentrations

U and MO (low
concentrations

NH,-N

N02, N03, and SO,

Table 2.1 Analytical Methods

Sample Type Method EPA Reference

soil Axial View ICP-AES SW-846 6010

Water Hydride AA SW-846 7062

Water Hydride AA SW-846 7742

Soil and Water ICP-AES SW-846 6010

Soil ICP-MS SW-846 6020

Water ICP-AES SW-846 6010

Water ICP-MS SW-846 6020

Water Calorimetric MCAWW 350.1

Water Ion Chromatography SW-846 9056
-II ,l..j I_- _). _. .;I_x^*, I. ,..... Ix... .,. _“~I QS. jls.__-“.s,e.  m.“**_  _‘~D,,_*~-~_._^jsl~/I^  ,“e*v _ < 1.1 ~~.~.‘,l,  ” 1, */. “ , ._ I,.^
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3.0 Investigation  Results

c
This section provides the results of the investigation for Tasks A, B, C, and D.

3.1 Tailings  Pile Borehole  Drilling (Task A)

The purpose of this task was to confirm or deny the presence of tailings or slimes within the alluvial
deposits under the tailings pile. The controversy over the presence of tailings in the alluvium resulted from

a summary report (Canonie Environmental 1994) that suggested that the base of the tailings extended into
the native alluvial sediments in the vicinity of wells PW-1 and PW-2. The Canonie (1994) interpretation of

the boring logs placed the bottom of the tailings in PW-1 and PW-2 at a depth of 105 ft (3949.7 ft amsl)

m‘ ;
and 110 ft (3940.9 fi amsl), respectively. Using a water table elevation of 3,953 ft (Canonie Environmental

1994) thus placed a portion of the tailings from 3 to 12 ft below the water table.
.

ORNL originally proposed the installation of a monitoring well through the tailings to address groundwater

hydraulics and quality under the pile. The well installation was proposed to include soil sample collection to

also delineate the tailings/alluvium interface. However, at the October 23 meeting in Denver, Atlas and

NRC personnel insisted that the well would present a conduit for contaminant migration from the tailings to

the groundwater. Therefore, the scope of the task was changed to include two soil borings through the

tailings. Thus, in the revised proposal submitted October 29, two borings were proposed: one adjacent to
PW-2 and the second in the center of the tailings pile.

P

“”
i :

F
i ,

The boring planned for the center of the @lings  pile was added to obtain data in an area of the pile where

no other borings had been drilled. However, the saturated conditions over the center of the tailings pile

(from precipitation and de-watering efforts), combined with field recotissance data mdicating  that the
‘. .

tailings thickness was less than anticipated, precluded angledrrllmg  to intercept the bottom of the tailings

below the center of the pile. Therefore, concurrence was obtained to drill the second borehole  next to PW-1.

m
, i 3.1;1 Task Planning

ORNL/GJ  reviewed the boring log data from  PW-1 and PW-2 and proposed that a better lithologic

evaluation could be achieved with a more @Crete  sampling interval (every 5 fi) through the tailings pile....r , )1
followed by continuous sampling across the tailings/alluvium interface. Additionally, radium analyses
were proposed to create a profile through the ,tailings  and shallow alluvial sediments. Also proposed was
the collection of representative samples of the tailings/alluvial  interface for analyses of U, V, As, Ba, Cu,

Limited Groundwater Investigation of the Atlas Moab Mill 9
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MO and Se. The final comprehensive data evaluation would include review-of new and existing lithologic
data as well as the analytical resuhs.  ”

3.1.2 Data Collection

Two boreholes (PB-1 and PB-2) were drilled on the tailings pile adjacent to PW-1 and PW-2. Samples

were collected at 5 fi intervals beginning at 10 ft below ground surface in each boring using a 24-m split
spoon on a wire-line hammer. Continuous sampling was performed  from 79 to 9 1 ft in PB-1 and from 7 1

to 8 1 ft in PB-2. Lithologic logs for PB-1, PB-2, PW-1 and PW-2 are presented in Appendix C.

3.1.2.1 Lithologic  Analysis

Review of the lithology presented in the boring log for PB-1 (Appendix C) indicates that the tailings
between 10 and 83 ft are comprised of fine to very-fine-grained gray to light-brown, sand occasionally
streaked with thin, brown and gray, silt and clay layers or slimes. The tailings became wet at a depth of 39

ft. A significant lithology change occurs at 83 fi where the predominantly wet sandy tailings changes to a

stiff, dry, gray clay which corresponds with the slime tailings descriptions provided in the “B” series boring

logs (B-l through B-28 prepared by Dames & Moore 1981). The gray, clay unit (slime tailings) is

continuous to a depth of 94.5 ft where a dry, red sand with scattered gravels (alluvium) predominates to a

depth of 99.5 ft. The red sand is underlain by a wet, brown silty-sand that is interbedded with gray and red

clayey silt to a depth of 108 ft. At 108 ft a saturated sandy gravel is encountered which persists to 111 I?,
the total depth of the boring.

,.~_ ,. \

Review of the lithology presented in the boring log for PB-2 (Appendix C) indicates that the tailings

between 10 and 72.5 ft are comprised predominantly of fine-grained, gray to light-brown, sand occasionally

streaked with very thin, brown and gray: silt ‘and clay layers (slime tailings). A thin, perched wet zone was

noted at 23 ft but uniform saturation was not observed until a depth of 39 ft.I, ~. At a depth of 45 ft a black

sand was observed that could denote the change from an acid to alkaline leach process in the null operation,._ ,“. i.*.:x ,,,.WII  i <-‘L.^rr*,.r
(Personal communication between Frank Gardner and DaJe  ,P&vards  on,l2/L2/97).  A significant Urology
change occurs at72.5  fi where the predominantly wet, sandy tailings changes to a stiff, dry, gray clay

which corresponds with the slime tailings descriptions provided in the “B” series boring logs (B-l through

B-28 prepared by Dames & Moore 1981). The gray clay (slime tailings) is continuous to a depth of 88 ft

where a dry, red sand is encountered that grades to a gravelly sand at a depth of 99 ft. At this point, the

lithology changes to a saturated, brown silty sand to a depth of 108 ft. At 108 ft a saturated, sandy, gravel

is observed which persists to 111 ft, the total depth of the boring.

Because a 10-e sampling interval was used during the drilling of PW-1 and PW-2, there are,

Limited Groundwater Investigation of the Atlas Moab Mill 10



unfortunately, no samples that capture any of the sign&cant lithologic changes denoted by the PB borings.
The Canonie report (1994),  however, footnoted the source of the lithologic data for PW-1 and PW-2 as
being from an unreferenced text table rather than the bo,ring  log. The combination of limited discrete

samples and an unreferenced table used as the sourq of the data, may explain why Canonie (1994), .,. ^
reported the bottom of the tailings at 105 and 110 fi in PW-1 and PW-2, respectively.

To evaluate the lithologic data collected in PB-1 and PB-2 (Fig. 3. l), a cross section was constructed (Fig

3.2) along the south end of the pile. Jn addition to the new PB borings, ORNL/GJ  used selected boring logs

presented by Dames & Moore (198 1). The cross section presented in Fig. 3.2 was constructed using the

data presented below:

Borehole  Number
I

Ground Elevation
I

Top of Gray Clay
I

Top of Alluvium
I

Top of Gravel

PB-1 4053.88 3970.88 3959.38 3945.88
I I I

PB-2 4048.41 3975.91 3960.41 3940.41
I I I

B-l 4039.00 3976.50 3957.00 3945 .oo
I I I

B-10 4045.10 3973.10 3959.00 Not found
I I I I

4046.00 3963.00 3960.00 Not found
I I

The above data and the cross-section display the uniform distribution of the gray clay across the southern

side of the pile. ORNL/GJ  has interpreted this unit to be slime tailings from a lithologic perspective for

two reasons. First, existing boring logs (Dames & Moore 198 1) repeatedly referred to the same or similar

fine-grained sediments as slime tailings. And secondly, it is highly unlikely that the deposition of such

uniform, fine-grained ,sediments could take place in the high-energy depositional environment associated

with the naturally-occurring fluvial and alluvial system. In addition, the data and cross-section depict a

relatively uniform conta.ct  of-the  gray clay (slime tailings) with the alluvial sediments, The top of the

alluvial sediments is represented by a reddish-brown sand underlying the slime tailings in the “B” series

borings as well as the PB-1 and PB-2 borings drilled by ORNL/GJ.  Therefore, the lithologic interpretation

of the relevant data do not support the premise that tailings exist within the ahuvial sediments under normal

conditions. However, based on seasonal fluctuations of t&,,river  h@, there is an opportunity for tailings

to be in direct corrtactvith groundwater for limited time intervals (e.g., The river elevation reached 3964 ft

amsl during the 1993 runoff). According to Atlas personnel, during spring runoff, river water has been

Limited Groundwater Investigation of the Atlas Moab Mill 11
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observed extending to the base of the tailings pile. Unfortunately, there are no wells completed withing the

alluvial aquifer to confirm the potentiometric surface beneath the tailings pile. The potentiometric surface

line on the cross section is representative of December 14, 1997 and was determined from the water level

data collected during the plume delineation task (See Sect. 3.2).

3.1.2.2 Radium Analysis

-
Radium analyses were performed following sample preparation: drying, crushing, canning, and weighing

followed by an IS-day ingrowth  period. The analysis is performed using sodium iodide detectors

configured  in a 4-n geometry inside a lead container or pig. The analytical algorithm provides values for

radium (Ra226),  thorium (Th232),  and potassium (Km).

F

i
t

I Tables 3.1 and 3.2 present the results of the Ra226  Th232  and K4’ analyses on all sampling intervals in, ,

boreholes PB-1 and PB-2, respectively. These results are in good agreement with information provided by

the NRC in the Final Technical Evaluation Report for the Atlas site (NRC 1997) which states:“ A

F”,

3

composite analysis of the tailings by Atlas, determined that the average radium activity of the slimes was

1275 picocuries per gram (pCi/g)  and that of the sands was 241 pCi/g.” Review of the radium data concurs

with the lithologic evaluation relative to the tailings/alluvium contact. In other words,  the sharp decrease in

radium concentration between. the red sand  (alh.tvium)  and the gray clay(slime tailings) would support the.,. ” “”

lithologic interpretation previously discussed.

3.1.2.3 Metals Analysis

Analytical results for soil samples from PB-1 and PB-2 are presented in Table 3.3. To facilitate the review,

a descriptor of the sample material is provided. Most significant among the data is the marked decrease in

the concentration of metals constituents .between  the tajhngs  and the alluvial sediments. The uranjum  and..) ,.

vanadium data from sample PB-l-94, however, do suggest that some leaching has occurred through the

slime tailings into the alluvial sediments.
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34 -36 sand tailings with <25% clay 447 8.82 0

39-41 sand tailings with <25% clay 335 7.8 0

44-46 sand tailings with <lOoA  clay 464 13.1 0

49-51 sand tailings 566 23.3 0

54 - 56 slime tailings (gray sandy clay) 849 52.4 0

59-61 sand tailings 236 4.57 8.86

64 - 66 sand tailings with <lo% clay 418 9.89 0

69-71 slime tailings (gray clay) 748 29.9 0

74-76 sand tailings with <lo% clay 605 24.8 0

79-81 sand tailings with <lo% clay 220 3.96 19.2

81-83 sand tailings with  ~10% clay 201 1.14 13.3

83 -85 slime tailings (reddish gray clay) 1600 114 0

85 - 87 slime tailings (reddish gray clay) 2040 185 0

87-89 slime tailings (reddish clay)gray 1640 109 0
. ..,

89-91 slime tailings (sandy clay) 1690 94.5 0

94 - 96 alltium  (red sand) 2.80 0.714 26.9

99 - 101 alluvium (gray brown silt) 2.26 0.986 20.6

104 - 106 alluvium (gray brown silt 1.93 1.06 24.9

109 - 111 alluvium (sandy gravel) 1.62 0.608 23.3
_.. .L_  / ,.. “.>_iilll.. _ _I ..* “*&,_*,  * .,.*a*I..,- I -v_*I/I . .s%--ra*x7 -“+A 1) ~‘fi~~,),~-~~.,~~~,:~VI?~~,~~.~~~~”~~-”,  .,,““~~~r”,~,*,-r~~ s;.“,l. ,&S.YI
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Sample
Interval

9-11

14 -16

19-21

24 - 26

29-31

34 -36

Table 3.2 Radium *& sis  ResGii fir . / .*I>,.‘*“. *,>_, a..pB:il .I” ,.j.-*:.. . s, , . .

Y
Bori”

g

Material Radium (Raz6) Thorium (ThB2) Potassium (K”>
Description @ws> ww ww9

sand tailings with <lo% clay 803 20.7 0

sand tailings 269 2.3 0

sand tailings 150 1.7 7.79

sand tailings 100 1.22 6.11

sand tailings with <lo% clay 192 2.7 17.2

slime tailings (clay) 782 49.1 0

71-73 slime tailings (gray clay) 1390 64.4 0

73 -75 slime tailings (gray clay) 1280 74.5 0

75 -77 slime tailings (gray clay) 1130 52.4 0

77-79 slime tailings (gray clay) 1240 65 0

79-81 slime tailings (gray clay) 1550 112 0

84-86 slime tailings (gray clay) 1620 96.4 0

89-91 alhwhun  (red sand) 1.83 0 27.1

94 - 96 alltimn  (red sand/silt) 2.23 0.626 32.1

99 - 101 alltium  (brown silt) 1 . 5 8 0.912 21.2

104 - 106 alluvium  (brown silt/sand) 1.33 0.921 19.9

109 - 111 alltimn  (gravelly sand) 3.15 1.05 1.88
._ ~_ , - ,^ . _ * e __ cirmr-~a.~“.ua~~~~j.“.dr.~~~~~~.~.~vc*r~~~~.*~~“~,  .,^ “... .,.._,.  ._
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Sample Sample Arsenic Barium* Copper Molybdenum Selenium Uranium Vanadium

Identity Description  (mg/kg)  (mgflrg)  hid%) @x&9 hW @v&9  OwidW

PB-1-83 slime tailings 12.9 343.0 29.4 71.9 0.4 B 103.0 525.0

PB-1-85 slime tailings 13.2 206.0 45.5 65.3 0.2 u 176.0 649.0

PB-l-89 slime tailings 14.8 267.0 95.6 105.0 0.2 u 163.0 15 10.0

PB-1-94 alluvium 3.1 75.8 15.4 20.5 0.62 52.3 1720.0

PB-l-101 alluvium 5.5 187.0 10.7 0.98 B 0.2 u 5.4 31.2

PB-2-45 sand tailings 113.0 1290.0 ‘832.0 78.8 3.7 338.0 597.0

PB-2-74 slime tailings 9.2 340.0 21.5 27.6 0.34 65.8 496.0

PB-2-76 slime tailings 7.7 276.0 36.1 68.3 0.3 B 231.0 489.0

PB-2-78.5 slime tailings 78.9 365.0 306.0 133.0 1.2 158.0 2460.0

PB-2-90 alluvium 2.5 92.4 8.6 1.3 B 0.3 B 3.60 33.20

PB-2-  100 t3J.lUViUU.l 5.5 195.0 10.3 1.3 B 0.3 B 8.3 22.30
.( >.l”.li”, -, ,__ ,.....,_ .r .I ,u.x*.  ..‘.-a”- liel ., AM-r_Os*,.-e%,  .,^c.-;..r..~~~Momi~,~~~~~~~~~~~~~~~~,~~.~  sia~~~~iT#r  ix0 ..mw&a.,-r-,Lp.I  ;~&e#-r

U = detection limit, B = estimated value,* All barium results are flagged E = reported value is estimated because of the
possible presence of interference, and N = spike sample recovery is not within control limits.
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Results of the tailings pile drilling indicate that, except for the possibility of very high river levels, the tailings are not

within the alluvial aquifer. In addition, based on the reported concentrations (Table 3.3), the tailings show little

enrichment with arsenic, copper, and selenium (except two samples) relative to what would be expected for native

soils.

3.2 Plume Delineation  and Riverside  Ground WaterQuality  (Tasks B and C)

The objectives of these tasks were to delineate the lateral extent of groundwater contamination emanating

from the tailings pile (Task B) and to evaluate grotmdwater  quality where it discharges to the Colorado

River (Task C). Locating the riverside piezometers without the lateral extent of the plume defined would be

of limited benefit. Therefore, these tasks were intertwined to satisfy the comprehensive objective of the

testing plan, which was to provide an evaluation of groundwater qua@ between  the tailings pile and the

riverbank. Using the available data, a calculation of the flux of selected contaminants (ammonia, uranium,

sulfate and molybdenum) from the groundwater to the river water has also been prepared.

3.2.1 Task Planning

ORNL/GJ  reviewed the available hthologic  data from the borings on Atlas property and determmed  that the

target depth for the piezometers  would be the uppermost permeable unit identified as a gravel or sandy

gravel in wells ATP-1, ATP-2, and AMM-1, The gravel’s occurrence in these wells suggested that the

unit has a uniform distribution and was ex@s~ve  in its jateral  and vertical extent. To perform the proposed,I .,,>~._  x*l ,,*,.I”> . . *,iyi*lir-;ir  “,,,+rt,b,li* > lx‘- ~_
hydraulic testing, ORNLIGJ  selected well ATP+g for a pump test.

3.2.2 Data Collection

A total of 21 piezometers (TP-1 through TP-21 in Fig. 3.3) were installed to complete the task. In addition,

4 observation we& (Ow-1 through GWa’iii Fig. 3.3) were’instahedfor  hydraulic testing purposes.

Discussion of the various kinds of data collected during this task are presented in the following sections.

Limited Groundwater Investigation of the Atlas Moab Mill 18



Fig. 3.3 Location of the temporary piezometers  installed by ORNL/GJ and existing wells used for the investigation.

4,  \I, Y .Y * \y \y

Scott  Matheson
Wetlands Preserve ly

* *

4, * + * * \L

I Limited Groundwater Investigation
Atlas Corporation

I Moab, Utah
- Cross-section  Lines
l ORNLlGJ  PlerometerlReference  Well Location
0 Existing Atlas Well
n ORNUGJ  Soil Boring  (Tailings  Pile)
+ Dames 8 Moore  Soil Boring
m Process Fffluent  Pit



3.2.2.1 Piez?m$er  Installation  and Sha!!ow,A!!,~vl~!~,.Hydrogeology

m

The piezometers and observation wells in Fig. 3.3 were installed using ORNWGJ  equipment. TPO 1

through TPO5 were in&&d using C&probe@ and”Geohisight m assemblies. This combination of

assemblies allowed for continuous lithologic evaluation with the Geoprobe@  megabore sampler followed by

3/4-in  casing installation with the GeoInsight -IX assemblies. However, a breakdown of ORNL/GJ’s  AMS-

16000 direct-push drilling  rig required a different approach for the installation of wells Tp6 &rough  TP-21

and the four observation wells. Because ORNWGJ’s  backup rig (U2CRT),  lacks the power of the AMS -

16000, the remainder of the piezometers and observation wells were install.ed  by augering a 2-in diameter

hole 2 to 3 fi into the gravel zone. After retracting the augers, the GeoInsight~  assemblies were then used

to drive a stainless steel well-point at least 5 ft into the gravel before exposing the screen and retracting the

drive rod. Table 3.4 presents the construction data (state plane coordinates, casing elevations, depths,

screen size, and current status) for the piezometers and other related boreholes and wells. At the request of

Atlas and FWS, a number of the piezometers were left in place for future sampling.

m

r”-re *
i- ,

6

Although the use of augering and GeoInsight I-N assemblies does not yield the lithologic detail provided by

the continuous GeoprobeO  sampling, the top of the gravel unit was easily detected during drilling by the

sound of gravel grinding against the augers. Thus, the top of the gravel unit is mapped with contldence  in

the cross-sections presented in Figs. 3.4 and 3.5. (The location of the cross-sections is provided in Fig. 3.3)

The lithology above the gravel is presented as undifferentiated sands, silts, and minor gravels based on the

limited data from TP-01 through TP05 as well as the available existing data. A potentiometric surface

map is presented in Fig. 3.6 and the same potentiometric surface is superimposed over the cross-sections.

The water level data used to construct the potentiometric surface is presented in Table 3.5.

3.2.2.2, Pump Test Results

m
i:
, Well ATP-2-S, which is screened from 28 to 38 ft, is an existing 2-in monitoring well that was selected for

the 24-hr  pump test. This well was selected due to its location and to save the cost of.installing  a new

pumping well. Earlier studies (Canome  E&ironmenr. jl24) indicated a hydraulic conductivity value of

approximately 5.1 ft/d in the shallow alluvium. Based on the, visna!_e&@, of the aquifer sediments, I^x

during piezometer installation, this hydraulic  conductivity value appeared to be low for the coarse sands

and gravels comprising the aquifer. Two 3/4-m I.D. temporary observation wells (OW-3 and OW-4) were

installed at 15 and 25 feet radial distance from the pumping well ( see detail area in Fig 3.3) and screened
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Fig. 3.6. Potentiometric surface map for shallow alluvial aquifer, December 14, 1997.



Table 3.5. Water Levels, December 14,1997.



from  28 to 38 ft. Initially, OW-1 and OW-2 had been installedfor.tis  purpose but were improperly

constructed and had to be abandoned and replaced with OW-3 and OW-4.

Prehminary  testing indicated that ATP-2-S was capable of producing over 20 gallons per minute (gpm)  of

water, Consequently, in order to stress the aquifer,  a 3/4 H.P. centrifugal pump was used to pump the well.

This pump yielded a steady flow rate for 6 hr. However, as the water levels dropped in ATP-2-S the

pumping rate declined. Consequently, it was not possible to perform curve-matching analysis to evaluate

the boundary conditions, storativity, and the leakage conditions of the aquifer.

However, after approximately l-hr of pumping, and for the ensuing six hours, water levels in the

observation wells and the pumping rate remained relatively stable suggesting quasi steady-state conditions.

Thus, the first 6-hrs  of the test (Tables 3.6 and 3.7) can be used to calculate the hydraulic conductivity

using the Theim method for steady-state conditions. As show in Fig. 3.7, the data from  the first six hours

of the test yields a hydraulic conductivity (K) of 22 fvd. The field observations are explained by the fact

that the aquifer is initially under confined conditions but, under the influence  of pumping, the water-level in

the pumping well drops below a clayey-silt confining unit located at 15 ft (bgs) resulting in unconfined

conditions for the duration of the test.

There is a fine-to-medium-grained sand layer at a depth of 55ft in ATP-2-S. The fact that there was so little

drawdown  in ATP-2-D during the pumping test indicates that this sand..unit  rest&s flow,f@~he  lower

aquifer such that the two aquifer units are essentially hydraulically isolated. The thickness of the shallow

aquifer at this location, therefore, is interpreted to be 40 ft.

The pump test K value of 22.0 ft/d is significantly higher than the average of 5.1 ft/d as reported by

Canonie (1994) based on the results from open-end casing permeability testing performed  by Dames &

Moore (1973). The pump test-derived K value of 22 ft/d does, however, agree with the upper end of the

range (0.60 to 22 ft./d) reported by Dames & Moore (1973) and Canonie (1994).

To compare the previously reported K value of 5.1 fbd with the pump test-derived K value of 22 ft/d, the

average linear velo&y of the ground water was calculated using both values. Both calculations used an

assumed effective porosity of 30% (Freeze and Cherry 1979) and a hydraulic gradient of 0.004 (from the

potentiometric map in Section 3.2.2.4). Using the lower and higher K values, linear velocities of 24.8 and

107 f&r were calculated. The tailings impoundment began receiving tailings in 1956 resulting in 41 years

for con~ts  tomigrate.~Thus  contaminants could migrate 1017 ft using the lower K value, or 4390 fi

for the higher K value. The Colorado River is approximately 1000 ft from the southern downgradient edge
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Table 3.6. Water-level measurements for observation well OW-3 during pump test

Time At, Water level, Time At, Water level,

min

0

0.25

0 .5

1.5

2

2.5

3

4

4.5

5

6

7

8

11

13

15

18

21

25

30

ft

9.22

9.22

9.23

9.26

9.29

9.31

9.34

9.37

9.41

9.43

9.44

9.48

9.50

9.53

9.58

9.61

9.64

9.67

9.68

9.70

9 . 7 2

mill

35

40

50

60

70

80

90

100

120

140

160

180

210

330

550

640

790

910

1060

1270

1440
;a ” ..~ ,11 .X x ..,. IIx*,IIy.~.bI.yI* L.v~_jf*.e>*

ft
9.73

9.74

9.76

9.76

9.76

9.77

9.78

9.78

9.78

9.78

9.78

9.77

9.77

9.76

9 . 7 5

9.74

9.70

9.68

9.62

9.63

9.55
~~~.vxIIrI*l.xI.*_I  i*““..,ll.^-dl**  ̂W.,~VA”
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Table 3.7. Water-level measurements for observation well OW-4 during pump test

Time At,

0

0.5

1.5

2

2.5
3

3.5

4

4.5

5

6

7

8

9

10

11

13

15

18

21

25

Water level,

ft

8.49

8.49

8.49

8.49

8.50

8.51

8.52

8.53

8.54

8.55

8.57

8.59

8.61

8.63

8.64

8.65

8.67

8.69

8.71

8.73

8.74

8.76_i I, , . . “,_.,. .I-

Time At,

35

40

50

60

70

80

90

100

120

140

160

180

210

330

550

640

790

910

1060

1270

1440

Water level,

fi

8.77

8.79

8.80

8.81

8.82

8.83

8.83

8.84

8.84

8.84

8.82

8.84

8.84

8.85

8.85

8.84

8.82

8.78

8.75

8.78

8.70
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Fig. 3.7. Pump test results.



of the pile. ‘The 1oGer  k value  suggests that the leading edge of the plume is just now reaching the river. In

contrast, the plume distribution maps in Section 3.2.2.4 indicate that the contarnmant  plumes are mature
14
t
I ,

F”r

and have been discharging to the river for a number of years, thereby supporting the higher value  for the

hydraulic conductivity.

cli
j

To summarize, the pump test-derived value appears to be representative of the actual hydraulic

conductivity of the alluvial aquifer based on the following information:

l Visual analysis of the aquifer sediments indicate that the coarse, sand ,& gravel comprising the

alluvial aquifer should have a K value on the order of 1e2 based on published values (Freeze and

Cherry 1979).

,

t?I

l The single-well test data used by Dames & Moore (1973) and Canonie (1994) tend to

underpredict the hydraulic conductivity (Kearl et al. 198 8).

l The distribution of contaminants at the edge of the Colorado River suggest mature plumes that

have been discharging to the river for a number of years.

l Mixing calculations presented in Section 3.2.2.5 indicate that insufficient,re~c&rge  from the. ” ^ -”

pile occurs to the groundwater ifthe lower hydraulic conductivity value is used.

Based on this evidence, the K value of 22 ft./d appears to be representative of the shallow alluvial aquifer.

3.2.2.3 Groundwater  Sampling

Groundwater samples were collected from the temporary piezometers and selected existing wells using the

methods described in Section 2.1.1. The plume delineation study was guided by performing  field analysis

of akalinity, sulfate, chloride, and ammonia. Additionally, samples for expedited uranium analysis were

submitted for plume delineation purposes. Conkmatory groundwater samples for laboratory analysis of

arsenic, selenium, molybdenum, vanadium, copper, and nitrate were also collected. To provide an

additional measure of confidence iq the field- screening_..--” data, a total of four samples were also analyzed for

ammonia, sulfate, and chloride by the GJO analytical laboratory as previously discussed in Section 2.1.5.

The field and laboratory analytical data are presented in Table 3.8.
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Table 3.8. Analytical Results from Groundwater Samples, page 1 of 2.
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Table 3.8. Analytical Results from Groundwater Samples, page 2 of 2.

Wells and Piszomstsrs  Installed by ORNUGJ
Location  1 Sample  Date 1 Uraniums Uraniumw

I @W(mgll) dissolved,  (m@L)
Vanadiumw conductivity PH TMP

@9u (umhoeklcm) CC,

_-. .__
2011997  I 3.79 1

. ._. . .
3n n I 1 I NAI NAI NAi

49
-.- .- 181 13.00_.-._
0.011 0.010 B mnlilY”.” ” , nalv.. 7iMI. .-- 13.05.

TP-18 llR3l1997 0.013 0.012 B *nnlllY”.”  ” I-IRIVW. 7MI. .- . 1:.3.97
l-P-19 llR4llQQ7 0.001 .0005 u 50.0 u OR 6.35 13.35
TP-20 llR4l1997 0.003 0.005 u 50.0 u OR 6.76 17.47
l-P-21 11 R4l1997 0.011 0.010 B 50.0 u OR 8.70 13.03

I
I

I I I I I I I
iI

Existing Atlas Wells
Location  SampleData Umniumw UraniumOJO Vanadiumw Conductivity PH lemp

totiN OwW dissolved,  (mgk) wu (umhoskm) m

I
,lX.i% 47 I

I I
44rnL,.fu37 I LIA I ‘P:@P$ 10.0 u OR 6.60 18.63

20.0 u OR 6.60 18.83
0.005 inn11

.I.” .M
7mn 75fl 18.50

NA NAI
---- . .-- ._.__

ORI A RI31 19.451

. _ _ _ . . . - . . - -
W-9 1 llR4l1997  1

a.- .., . -.. -.--

NA NA OR 6.80 . 16.87
0zI.W” NA NA OR 6.55 . 17.20
25.70 NA NA OR 7.20 . 16.40

Atlasdatxls



3.2.2.4 Ccptgmiqant  Distribution

Groundwater samples collected from the piezometers and existing wells’were used to prepare plume

diagrams for eight constituents (alkalinity, ammonia, chloride, molybdenum, nitrate, selenium, sulfate, and

uranium). Because vanadium copper, and arsenic concentrations do not show de,velopment  of a

contaminant plume, they are not depicted.

The limits imposed on the scope of the investigation (lack of groundwater data under the tailings pile and a

fixed number of piezometers on the flood plain), account for the uncertainties which are denoted with

question marks in the plume diagrams. It should be noted that the,data  from  the tailings pore-water wells

(PW series wells in Table 3.8) were not used in the preparation of the plume diagrams because the tailings

pile is considered to be a separate hydrologic system. However, the connection between groundwater and

tailings pore water is known to exist and is conf%med  by the historically higher constituent concentrations

in the tailings pile wells (e.g. PW-6 in Table 3.8). Therefore, the rationale used for the plume diagrams is

that the tailings pile continues to provide the source of groundwater contamination. The data used in the

plume maps’ preparation are presented in Table 3.8. Following are discussions on the distribution of each

of the aforementioned eight constituents.

Alkalinitv

The distribution of the alkalinity data in Fig. 3.8 suggests that milling operations and the tailings

impoundment have influenced this water quality parameter. The highest alkalinity values are bracketed by

wells ATP-2-S, OW-2, TP-09, TP-14 and TP-15 in Fig. 3.8 and illustrate a band of uniform concentration

of about 1300 mg/L  present between the foot of the tailings pile and the Colorado River.

Ammonia

The ammonia distribution is shown in Fig. 3.9. The highest ammonia values are bracketed by wells ATP-

2-S, OW-2, TP-09, TP-14 and TP-15. The ammonia value in TP-09 is the-  highest measured in the

floodplain piezometers. TPO9, however, is not represented as the focal point of the ammonia plume for two

reasons. First, ammonia data collected from thetailings  pile wells (PW-2 and PW-6 in Table 3.8),

combined with water level data from the tailings pile, suggests that more concentrated ammonia, driven by

the significant head differential  (tailiis water vs. groundwater) may continue to leach into the

groundwater. Secondly, although OW-2 is generally upgradient of TP-09, review of the potentiometric
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Fig. 3.8. Distribution  of alkalinity  concentrations  in groundwater, November 24, 1997.
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Fig. 3.9. Distribution  of ammonia concentrations  in groundwater, November 24, 1997



n
surface map (Fig. 3.6) indicates that GW-2 is south of the flow line, for Tp-09.  Therefore, the higher._^ _..

ammonia in TP-09 could be passing to the north of OW-2.

:
Chloride

6

The distribution of the chlo.idcl.  data in Fig. 3.10 suggests that neither the mill tailings impoundment nor

mill operations have influenced this water quality parameter. In fact, the high chloride concentrations in

groundwater  south of the tailings pile are associated with the salt beds of.the,.Par,ado~,  M’ember~@t~thave,

em either through faulting or dissolution, come in contact with the shallow alluvial system (Blanchard 1990).

Molybdenum

.-L 1

-

/ :

The distribution of molybdenum is shown in Fig.3.11. The broad band of molybdenum concentrations in

the1000 to 2000 ug/L range covers a sizeable  potion of the floodplain in front of the tailings pile. The high

molybdenum value (2060 ug/L)  observed in TP-04 is difficult to evaluate without,,&litional  data. It.̂ , .” ,- . . _ _

should be noted, however, that TP-04 is located at the downgradient edge of the “bone yard”; an area where

many different materials were disposed of during mill decommissioning efforts (personal communication

Irr between Frank Gardner and Dale Edwards on December 16,,.“# _., I 1997).

rrr( Nitrate

The distribution of nitrate data in Fig. 3.12 suggests that the millsite  operation and the mill tailings

impoundment have influenced this  water quality parameter. The higher nitrate value associated with TP-03

could result from the use of nitric acid in the regeneration of the resin used the m.$e uranium milling

pro- (Persod  ~mtnunkdio~ betweefi  ~~..~x~~~  ~~,~~~Edwards,““~~~December”  16, 19?7)-  The
higher values downgradient of the tailings impoundment may be a result of microbial oxidation of

ammonia. The higher nitrate in TP-06 has been contoured to show,a, separate connection with the southwest

corner of the tailings impoundment. It should be noted that well AMM3 is located generally upgradient of.^ -. .“. )_ ,._ ,. .,

TP-06 but is screened in a deeper interval of the gravel and would not yield a good comparison. Therefore,

AMM-3 was not included in the sampling program conducted by ORNL/GJ.

Selenium

C

m

The distribution of selenium is shown in Fig. 3.13. The rather narrow distribution of selenium is cons&tent

with the fact that selenium is not highly enriched in the tailings (Table 3.3). Selenium also tends to be

somewhat less mobile than uranium and molybdenum (DeVoto 1978).

4
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Fig. 3.10.  Distribution  of chloride concentrations  in groundwater, November 24, 1997
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Fig. 3.11.  Distribution  of molybdenum  concentrations in groundwater, December  1, 1997.
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Fig. 3.12.  Distribution of nitrate concentrations in groundwater, December  1, 1997.





Sulfate

The distribution of sulfate in Fig. 3.14 suggests that the mill tailings impoundment has had a significant

effect on this constituent. The broad band of sulfate concentrations greater than 12,000 mg/L  extends to the

Colorado River.

Uranium

The distribution of uranium is shown in Fig. 3.15. The presence of the high uranium values in TP-02 and

TP-03 suggest the presence of a separate source from the tailings pile. A potential souree could be the

former “catch pit” adjacent to TP-02, which was, according to site personnel, the first such pit used during

the early operation of the mill. Reportedly, the pit received effluent from the mill operations such as the

nitric acid used during resin regeneration (personal communication between, Frank Gardner and D,ale

Edwards  on December 16, 1997). It is likely that the nitric solution was impregnated with uranium. The

distribution of uranium on the floodplain is consistent with the dist.ribution,,of  the othhr.,r@ile,  coqtituents

(sulfate and ammonia) previously discussed.

3.2.2.5 Contaminant  Mixing Simulations

By comparing contaminant concentrations in the tailings pile, with concentrations in the groundwater

immediately downgradient, and estimating groundwater flux rates, it is possible to calculate the flux of

water being contributed by the pile under present conditions. This estimate provides a baseline for

assessiug  the magnitude of the discharge fi-om  the pile to the groundwater system and the amount of

recharge to the pile from  precipitation. This estimate also provides insight on future contributions of

contamination from the pile to the underlying groundwater system. The accuracy of this estimate relies on

the assumptions of a uniform  flux rate through the aquifer and that contaminant concentrations in the pile

and the downgradient monitoring wells are accurate. Quasi-steady state conditions are also assumed.

A simple mixing equation is used as follows:

C~=&Or+C_.$,

Q, + Q,
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Fig. 3.15.  Distribution of uranium  concentrations  in groundwater, December  1, 1997.
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where:

CDG-- contaminant concentration in groundwater downgradient of the pile
C, = contaminant concentration in tailings pile water
Q, = flux of water discharging from the tailings pile

cw = concentration of contamina@ in groundwater upgradient of tailings pile

QP = flux of groundwater underneath the pile

9

’ ,
It is possible, therefore, to estimate the unknown discharge of contaminated water from the tailings pile

(Q,) to the underlying alluvial aquifer based on the flux of groundwater in the alluvial aquifer beneath the

tailings pile and contaminant concentrations in the,  pile water and downgradient groundwater. Average

concentrations for uranium, sulfate, and ammonia from selected wells completed in the tailings pile and

downgradient within the heart of the contaminant plume are presented in Table 3.9. Background

contaminant concentrations were based orrwater  quality information from well RW-1 (See Table 3.8)

located upgradient of the tailings pile.

cer

Using the above equations for the three analytes, mixing calculations yield a discharge from  the pile of 6.7
(,,‘ ^

gpm for uranium, 66.3 gpm for sulfate and 20.‘9 gpmfor ammonia. The mixing calculation for ura&m

has been provided as an example in Table 3.10. Of these three analytes, uranium is the most reliable based

on the uniformity of concentrations from the tailings pile wells and the conservative nature of the uranyl

carbonate ion in the geochemical environment at the site. Sulfate is not rehable.for  thjspalculation  because

the solubility limits of several of its salts are probably exceeded. Ammonia is probably retarded by aquifer

sediments and also oxidized to nitrate to some extent.

Using the results of the mixing simulations, the volume of water presently in the pile, unsaturated hydraulic

characteristics of the tailings , and the drainage rate of residual water in the pile, it is possible to estimate

the time required for the pile to drain. As discussed in the companion report for the NRC, recharge

through the tailings pile resulting from precipitation and subsequent infiltration is estimated to be 3.7 gpm

for the entire pile. Subtracting the recharge due to precipitation from the total recharge of 6.7 gpm based

on the uranium mixing calculations,
-1.P”.--“.“.._.__ “.

ds~?%iiiua~dmmage  fiomXaterin  the,pile.  of 3 .Xl.-..-.-~wM”..
an estimated tailings volume of 7.5 x lo6 cubic yards (NRC 1997),  a porosity of 0.66 (Klute  and IIeerman.

1978),  and a residual moisture content of&57 (Klute  and IGerman 1978), (percent of pore volume that

will not drain under gravitational or capillary influences), there are approximately 426 million gallons of

water under saturated conditions that~  are available for d&r.qe from the pile. The pile may not be fully

saturated but considering that water from the pumping operation has been discha

and that there is a large lake from recent rains, i$

-~~stimated  above, 270 yearsUsing the vohune of drainable water divided by the
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Table 3.9 Contaminant concentrations frqm se!x$,ed  y,$ll$ ysed in #he m&kg  calc&ahons
.-.” _. .-. -.. -,., _-.a..  .~ me*,.  _,” .1 ,.( ,._.,.  ‘l_..l.ltl  .,,,. ~.“y.i”  .,*/ L_; . ,>a, l_l.._a-  ;

Well

PW-1

PW-2

PW-6

PW-9

Average

Well

Tailings Pile Wells

Uranium (mg/L) Sulfate (mg/L) Ammonia (mg/L)

26.5 15786 1070

19.8 23679 2470

21.9 3 1484 3940

25.7 18505 1800

23.5 22363 2320
.,

Downgradient Wells
I
I

I I

Uranium (mg/L) I Sulfate (mg/L) 1 Ammonia (mg/L)
I II!

I. TP-08 2.67 10250 409

I TP-14 4.79 14909 1285

Average I 4.62 I 15916 I 1005
.._ _,~“r^.  __ ,, / . _. ‘ ““.^ .~ ,,,. I. -- _“j .,i.. s-. _\A.  / _.,~,_^c_c.  _L,-~,,.I
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Table 3.10. Example mixing calculated for estimating discharge

from tailings pile based on uranium concentrations

- .

CDG =
CPQP + %Qw

QP + Qgw

Q = (0.013)(27.4)  - (27.4)(4.62)
P (4.62) - (23.5)

Qp = 6.7gpm

where:

Q, =-KiA

Q, = (22 ft/d)(O.O04)(2000  fi)

Q, = 5,280 ti/d (27.4 gpm)

K = hydraulic conductivity based on pump test

i = hydraulic gradient based on potentiometric map

A = thickness of aquifer (based on borings B-l, B-2, B-3, B-4, B-14, and B-17) multiplied by
the width of the pile (2000 ft)

GG = 4.62 mg/L  (from  Table 3.9)

CP = 23.5 mg/L  (from  Table 3.9)

c&Y = 0.0 13 mg/L  (from  reference well)

Q, = 27.4gpm

QP = ?
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would be required to drain the pile. e represents a maximum rate under

minimum  value.  V~d~~6*&.25&tic~,  the drainagethe assumptions listed above, this time estimate is a

rate would decrease exponentially yielding a significantly higher time estimate for the complete drainage of

the pile.

The results of the mixing simulations can also be used to estimatethe  concentration of contaminants in the-. .~ -~l.“l-.“-“~-“i-.~a-l~.l”.-.~YU,,~,-~,~_  / lh*^>a*l  _.,.. j.L_l”“‘,.*&i.  ., ._ .* j ., ,1

groundwater after the tailing pile has fully drained and steady-state conditions exist. The mixing simulation

calculation used to estimate the concentration of uran&unm  the groundwater downgradient of the pile is

presented in Table 3.10. Using &%ys?rge based on the yearly

recharge from  precipitation, the average concentration of uranium in the groundwater downgradient of the

pile is calculated to be 2.8 mgIl-- xpected  to persist-~ . “‘/_ I ,. .

”4

3.2.2.6 Contaminant  Flux Calculqtign

c
:

?-

Based on the hydraulic properties of the alluvial aquifer and the contaminant di”~~b~~o~s”l~~str~~,in __;_.

Figs. 3.8 through 3.15, it is possible to estimate the flux of contaminants discharging from the groundwater

system into the nearby Colorado River. Groundwater flow rates were. calc,uja*.  uu.ng  results from the

pumping test discussed in Section 3.2.2.2 and the hydraulic gradient determined from the potentiometric

map based on recent water level measurements from existing and recently installed wells. Contaminant

discharge values  are based on the width and concentration of the plume at the river and the thickness of the1 “.. L”*/.\.‘/  .‘ sL-_*“h%

aquifer.

The coarse-grained portion of the shallow aquifer that contains the bulk of contaqi@on,~as  .estn’nated  to

thickness based on the following data:

0 The boring log for well ATP-2-S (Appendix C), indicates that coarse sand and gravel make

up the lithology ‘155Xb%low ground surface.

0 In addition, the pump test discussed in Section 3.2.2.2, inthe

lower completion (ATP-2-D) se
..; “...“..‘:&*;.: xI1 _‘ .M;-<,” .;” ,-> .,.,‘ i ,.,. .^ “~ _/ .” _ , r

@ij&&%r’Y~~rfer  by the fkergramed sandFt deno,ted~ZE’5$$t m the boring

m log for ATP-2-S.

0 It is also assumed that the contamination is dist@u.ed  uniformly with depth. This**..h”“j”F>.“el.“a.s+e

Limited Groundwater Investigation of the Atlas Moab Mill 46



FI. /

I ,

: ,

F-3

i

m

i

F-

/ i
I

m

-
t c
1 .*

F

assumption is supported by we& GW-2 and ATPZS that are screened  m.,he  upper (20 to 30

A) and lower (28 to 38 ft.) portions of the shallow aquifer and show similar contaminant

concentrations. For example, uranium is 4.83 and 3.76 r&l in wells OW-2 and ATP-2-S,

respectively.

ORNL/GJ  is aware that the estimation of aquifer thickness and the use of average concentrations

introduces error. However, the use of average concentrations and an estimate of 40 ft. for the alluvial

aquifer thickness is the most reasonable approach based on ‘the limited data now .ava$able. Table 3.11,

which presents the raw data used m the :flux c&u&& fo~~uran&un,  requires some explanation. First, the

width values presented in Table 3.11 were determined by measuring the width of each concentration range

depicted in Fig. 3.15 where it intersects the Colorado River. Second, the average concentration values

listed in Table 3.1 i are representative of the median value for each of the concentration ranges shown inII. /.a ,. .” l... 1_1. ., ._“.
Fig. 3.15. In other words, for the concentration range shown as 0.1 to 1 mg/L in fig. 3115, the median value

listed in Table 3.11 is 0.5 mg/L:  Lt should be noted that the lowermost concentrauon  range in Fig. 3.15 was

omitted. The mass fhrx of uranium for each of the width values was then calculated using the equation:.._ +._i;  _....  ̂ . “̂dir;_’  i --.T

presented in Table 3.11. All of the resulting flux values were then. added together to yield the total mass

flux of uranium in grams per day (g/d) that is discharging to the Colorado River. The same approach was

used to calculated the flux values for molybdenum, ammonia, and sulfate. The calculated flux values are

presented below:

Analvte

Uranium

Molybdenum

Ammonia

Sulfate

Estimate Mass Flux kramldav)

283

290

11,000,000

3.2.3 Task B/C Conclusion

The results of the plume delineation and riverside groundwater quality assessment tasks indicate that

tailings impoundment

-to the Culorado r. Calculating the effects of the contaminant. ~ ,- .“./l Il”l”.~-.L  _
discharge on river water quality and the river ecology was not included in the scope of the task. It should be

noted that Atlas personnel did collect water samples from the river concurrent to the groundwater samples
‘ ;. ,/ . . ._. .,_, I .,
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Table‘3.11. Example calculation for uranium discharge from
alluvial aqkfer  to the Colorado kiver

Uranium width, Depth, Darcian velocity, Average cont., Mass flu&

ft ft ft/d mg/L gmld

450 40 0.088 0.5 22.4

150 40 0.088 2 2.9

900 40 0.088 4.5 40

850 40 0.088 2 16.9

250 40 0.088 4.5 ‘11.2

11.5 I
1050 40 0.088 15 156

100 40 0.088 11.5 11.5

75 40 0.088 4.5 3.3

125 40 0.088 2 2.5

200 40

Mass flux = widthof  con
Eo

’
ncentratiqn Yr-

ant zone] [aquifer thickness] lparcian grouudwater  velocity] [uranium

Width of contaminant zone: Based on plume map, average concentration of uranium

Aquifer thickness: Assumed to be 40 fi based on well ATP-2-S

Darcian groundwater velocity:

q = (22 ft./d) (0.004)
q = 0.088 Rid
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samples collected by ORNL/GJ.  The river sample results, however, werenotavailable when this report

was completed and, therefore, could not be part of the evaluation

3.3 Reference  Well Installation  (Task D)

The drilling of this well was included based on concerns expressed at the Sept. 9 meeting at NPS offices in

Moab. At that time, meeting participants from FWS, NPS and the State of Utah expressed concerns about

the adequacy of wells being used to assess background conditions at the pile. Apparently, ATP-3 (Fig. 3.6)

had been  installed originally as the background well. At some point, data were obtained that Ied Atlas to

t be contaminated. In addition, the well is apparently dry on occasion.

. Concern was still expressed, however, that AMM-1 was contaminated and that the

northern extent of the plume was not known. Concern was also expressed that contamination might have

migrated to NPS property to the north. To address these concerns, the initial  letter proposal fi-om ORNL-

GJ (Appendix A) proposed installation of a new background well. At the October 23 meeting, however,

participants from Atlas and NRC stated that this well was not necessary from a technical standpoint, but

that they favored installation because of the need to. address criticisms of the existing sampling program._. _ _ .-.. ..., Il~__.L*-._l_m.jl.“~.,-_LI  ~,_*bshh.

The term “background” well, however, was deleted from the revised ORNL statement of work because

Atlas and NRC were skeptical that the well could be installed in the same geologic unit as the alluvium in

question. For that reason, the term “refE%Ee”  well  was applied.

3.3.1 Task Planning

The find location of the referen*+  weg.*@W-1)  was determined after the field work was in progress. To

avoid possible influences from  former uranium ore storage areas, the well was located to the northwest of

the intersection of the Potash Road (Hwy. 279) and the Moab Hwy. (Hwy. 191). The well is located on

land administered by the Bureau of Land Management but currently under a right-of-way agreement with

the NPS. Additionally, a Utah Department of Transportation permit (No. 97-274-44) was obtained as the

well is located within the 200~ft  right-of-way adjacent to Hwy. 191 and is include in Appendix D. Finally,

utility clearances were obtained by contacting Utah Blue Stake (Reference number 3360030) and arranging

for a meeting with various utility representatives. Afer fiualizing the location, the applicant card for

monitoring well 97-O I-00 1-M was filed with the .Smte  of Utah Division  of Water Rights. A copy of the” -....” .“^ . ..., _..-.J ,.,__

well driller’s report filed with the State of Utah Division of Water Rights is included in Appendix D.
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3.34

The reference well was installed using the methods described in section 3.1. Well development efforts

comprised pumping and surging with a Grundfos Rediflo  @ submersible pump. Approximately 350

81
gallons of water and sediment were removed from the well,before  a s,ample of clear water was collected for

the laboratory analyses described in Sections 2.1.5 and 3.2.2.2.

m
1

3.3.2.1 Data Analysis

Water from RW-1 was analyzed, as was water from AMM-1 and ATP3.. A review of the data in Table

C 3.8 and the plume delineation maps presented in Section 3.2, indicates that AlGIK’Kl  @riot  ~nmmmated.
I_

For example, results from TP-O 1 and TP-11 show that the uranium and molybdenum contamination

F”

t ,

associated with TP-02 and TP-03 does not extend to AMM-1. The selenium result for AMM-1 is elevated

but high background concentrations of selenium are common throughout the local area. AMM-1 is located

near Courthouse Wash and the elevated selenium is probably a consequence of natural deposits in that_ ,I

area. The elevated nitrate result is unexpected but, in the absence of other analytes suggestive of the

millsite  operations, cannot be attributed to the tailings pile.

It is also instructive to review data from ATP3. Uranium data provided from  1982 through 1988 (Table

.r-

3.12) revealed rather erratic results that reportedly ranged from approximately 1 to slightly more than 30

pCVl(l.5 to 44 r&L). Data were very erratic in the 1982 - 1984~time  frame but from 1984 until 1988,

results were mostly recorded as between 5 and 10 pCYl(7.3 to 14.6 q/L). These samples were analyzed

at the Atlas in-house laboratory. Although it could not be verified, an inspection of the in-house laboratory

suggests that the samples were run by the pellet flurometric method, This method is prone to erratic results,

especially with low-level samples. The precision of the method is also very operator dependent. Thus, the

few high results are likely to be a consequence of the analytical method. In stmrmary,  the uranium,

ammonia and molybdenum results, all indicate that ATP-3, at least for this sampling period, is not affected

by conditions at the millsite.

*  I The reference well (RW-1) was installed stered by the Bureau of

mm/
f ,Y

Land Management. The well is located between Arches l$Jational  Park and the millsite._‘ A boring log for-“.I_Ixlllli*“x.-xII m,. . ..“‘~J_X_~~/II_X.LIW~F_*~~.~.~~,~~.,,~,..~.‘~..,~,~~.  Il,.~.l,lx*

the reference well is included in Appendix C. Inspection of I&3* d the boring log for RW-1 in

Appendix C, shows that RW-1 is in the same hydrogcologic unit as the wells on the millsite. Analytical
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Table 3.12 Uranium data for well ATP-3 for the period from 1982 to 1988

130 ______________...___..............................................................

25 1 . . . .._______.......

-1
2

; 2(-j  _,.....___...........

3.-
6
5 ,
E 1 5 . . . .._.............

2
z”

1 0
I

. . . . . . . . . . . .

EPA Title I GW MCL = 30 pCi/l

2- 3- 3- 3- 4- 4- 4- l- 2- 3- 4- l- 2- 3- 4- l- 2- 3- 4- l- 2- 3- 4- l- 2- 3- 4- l- 2- 3- 4-

82 82 82 82 82 82 82 83 83 83 83 84 84 84 84 85 85 85 85 86 86 86 86 87 87 87 87 88 88 68 88

Sample Quarter -Year

Source:  Data provided  by Utah Department  of Environmental  Quality



results for RW- 1 (Table 3.8), demonstrate that the well is not contaminated with uranium, ammonia or_. ..__._.  . _ _.-_ ,...., II*tLI

molybdenum.

3.3.3 Task D Conclusion

The above discussion indicates that the reference  well is sampling background and

It should be noted that Rw

witbout  the other tailings-related
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Appendix A

Appendix A presents the initial and final letter proposals prepared by ORNL/GJ. The initial
proposal is dated September 17, 1997 and the final proposal is dated October 29, 1997.



r OAK RIDGE NATIONAL LABORATORY
MANAGED BY LtKMiEEDM4RTlN  ENERGY RE%%RCH  CORPORATION PHONE: (970) 248-6210

F .- FOR THE U.S.  DEPARTMENT OF ENERGY FAx:‘(970) 248-6147

r
INTERNET: kortene@oml.gov

E”* 2kZOf  8‘314  F&ail
..,. *,a ., ,. : _,.

: Grand  Junction,  Colorado  81503

IA

September 17, 1997

bl Mr. R. Bruce Rodgers
b ,’

‘- *
Chief, Division of Resource Management
National Park Service

y Department of the Interior
i 2282 S. West Resource Blvd.

Moab, Utah
E 84532

m Dear Bruce:*

Enclosed please find the requested information regarding our proposed work at the Atlas Millsite. The firstrr4
i s attachment is an annotated task list and cost estimate for the work. We have separated the work into specific
/ tasks such that you can prioritize them if necessary. In addition, we have added narrative discussion to describe

the expected benefit from the proposed work along with some pros and cons. Note our assumption, based onie3
the September 9, 1997 meeting, that the State of Utah will provide the laboratory analytical support. We can
provide the laboratory support at additional cost if necessary.

7 The second attachment is some descriptive material on our group. Our emphasis has been to solve hydrologic
+ and sampling problems that are typically beyond that provided by private contractors. We have also been at the
Lr”l forefront of developing and using on-site analytical capability - although such an approach is now relatively

common.+ I

r, For your information, two grab samples of surface water were collected when the reconnaissance trip was
r J performed on September 15, 1997. River stage was estimated by Park Service personnel in attendance at

approximately 8,000 cfs. Our sample from a seepage face (surface flow) in Moab wash contained 3580 ppm

f”
sulfate and 190 ppm ammonia (as N). A sample collected from the river’s edge at the confluence of the wash

L / arid the river 6ontained 437 ppin sulfate and 2.4 ppm ammonia.

7 As I recall, early next week there will be a meeting in Washington regarding this proposed work. I will be out of
the office Monday through Wednesday but Frank Gardner will be able to answer any questions. In addition,
please keep us appraised of developments regarding timing and funding. Ifwe have advance notice, we can

F ensure that the necessary equipment and personnel are available and, more importantly, we can facilitate the



Mr. R. Bruce Rodgers
2
September 17, 1997

movement of funds by alerting various people within the DOE system. The latter activity can often save a month
or more in initiating a project.

If you have any questions, please feel free to call either me (970-248-6210) or Frank Gardner
who will manage and direct the field work.

Sincerely,

Nit Korte
Group Leader, Restoration Technology

NEK: kah

Enclosures

c: F. G. Gardner (w/o attachment 2)
D. K. Halford  (w/o attachment 2)
B. Hedden (w/o attachment 2)
B. H. Waddell (w/o attachment 2)

(970-248-6238)
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Attachment 1 - Desctiption of P+oposed Tasks/Cost  Estimate

Although the tasks below are inter-related, each could be performed independently. Thus, the cost estimate is
F
I ’

provided on a task-by-task basis. A final report is not shown as a specific task but is included in the cost
estimate through the project management functions. That report will encompass all of the tasks and include all,..? “, _li.  .,,,_ .-
documentation that is typiciiliy  expected for a pioje&of this type.

P?>
Task A:, Installing  a well through the pile to determine  the connection between tine tailings and the

underlying water table.
F*

:
b Drilling through a waste site is often avoided because of the fear .of cross-~~.~~~~~nat~~n. U.nf&tun~aaely,  drilling

methods that provide assurance that cross-contamination cannot .occur make,. sampling difficult and expensive.
- We have addressed this problem on numerous occasions and have provided two approaches for the Atlas site.
I Our preferred approach is to use a conventional auger rig. Hollow-stem augering with a continuous sampler

F
provides the best samples and will yield the most assurance in determining the tailings/water table interface.
Augering will cause a small amount of cross-contamination, but the quantity will be incidental and dwarfed by the
amount of contamination already leached (and continuing to leach) through the pile.

An alternate approach is to use a dual-wall, reverse-circulation air rotary rig instead of augering. With this
method, we can prevent cross-contamination but drilling and sampling are more expensive - approximately

m double the cost of using a hollow-stem auger. Our experience, however, has shown that the cost and time
: required for the dual-wall approach is not justified for a site such as this. Whichever drilling method is used, the

visual and analytical data will be augmented with borehole gamma logging to verify the results from other
FI measurement and visual techniques. In addition, in either case, the well will be constructed such that there will

not be a conduit for cross-contamination down the borehole.

- The attached cost estimate for this task assumes a single, 150-R well on the pile. Additional wells would cost
approximately 20K each. If the dual-wall method were needed, the drilling cost shown in the cost estimate
would increase from 12K to 24K.

Before drilling is initiated, existing data (photos, maps) will be reviewed extensively in order to determine the
optimum location for the well(s).

rrrs

1 \ Pros:

7: 1) Provides direct observation of the relationship of the water table and the base of the tailings.
,a

cI* Cons:

1) Expensive.

”
2) Requires equipment not owned by ORNL. Thus, project initiation cannot be immediate because of the need

to establish a drilling contract.



* . ,-,, ;, ,..

w! ‘4 *
i

F 3) The bottom of the pile is probably not uniform. Because only a liited number of boreholes can be drilled,
the data obtained may not be conclusive.I . ,, _

F 4) Many of the tailings contaminants are mobile in oxygenated groundwater. Leaching from rainfall and the
tb spraying on top of the pile may have redistributed considerable quantities of the contaminants to the

underlying aquifer whether or not tailings lie below ‘the water table. These” @cumstances  are ,difficult  to
- prove or disprove with a limited number of boreholes.

5) Health, safety, and access requirements that might be added by Atlas or NRC are unknown. Their
CT requirements may be above and beyond OIWL rules and procedures and increase cost.

Task B: Plume delineation  (Fig. 1).
0

- Using an approximate spacing of 500 R, we can delineate the plume with approximately 15 to 20 temporary
piezometers using our small, mobile drilling rig. Two or three 2-inch permanent wells will be installed to obtain

T some data regarding the hydraulic conductivity. The permanent well locations will be selected based on field
observations. Existing data will be reviewed initially. This review could result in some modification to the

F
sampling plan. In addition, wells already present at the site may be sufficient for obtaining the necessary
hydrologic data - assuming access is permitted.

II), P ros :

I 1) The width of the plume can be accurately determined while in the field using ammonia and sulfate as
mm indicators.

2) The hydraulic connection of the plume and the river can be more accurately described.
F

: * l The hydraulic conductivity can be accurately measured.
l A potentiometric surface can be obtained that is much more accurate,th.an  those.obt+ned previously.

F
(The latter two activities provide the gradient and flow rate of the plume. In addition, preferential pathways
will be identified.)

41
!
t 4 3) The work can be initiated on short notice-because personnel and equipment are resident in Grand Junction.

e 4) Subsequent analyses of the groundwater, to be performed by the State of Utah, will show which
B d contaminants are migrating and permit a more accurate calculation of the mass tlu$ into the.river,.

F: Cons :
I .3

F” 1) The proposed plan would provide a limited number of permanent wells. (More of them could be installed
permanently if desired.)



**I
t :

# ,.

p Task C: Evaluate  riverside water quality  in the grotindwater.
I
’ . Seepage meters or mini-piezometers (3/4 in. ID) will be installed along the riverbank as a means of obtaining the
4 quality of the water where it enters the river.F
; _

P r o s :
*41

r ’i 1) These data will contirm (or not) the “grab” river samples collected by the State of Utah.

T 2) These samples will provide direct evidence of the location and quantity of contamination entering the river.
i

3) Rapid and inexpensive.
m
i

, 4) Because the sampling is through a well-casing, standard, approved sampling and analysis procedures can be
used.

mmt
Cons:

? N o n e

c) Task D: Install new background well northeast  of Atlas property.
:F ’
’ - Pros:
-4
i” , 1) The installation of this well would alleviate continuing questions regarding the background water quality.

Atlas believes that the background water has some of the same contaminants as those contributed by the pile.
F”a However, Atlas’s background well is located in close proximity to a former ore storage area. The new well

would be sufficiently upgradient, yet still in the same flow system to ensure an accurate description of
badkground Water quality.

F
Cons:

7 1) ORNL’s mobile rigs may not be capable of drilling this hole because the location may contain too many
/- cobbles. To ensure successful completion of the hole, a drilling contract is necessary. (If Task A is included,

drilling this well can be added easily and at relatively low additional cost.)

6 , Task E: Modeling drainage  from the pile.

7 This task was not discussed during the scoping meeting held in Moab. However, upon review of the data and
’ the site, we learned that Atlas has been pumping water on top of the pile for sometime. Thus, the pile will

r
continue to drain contaminated water even after it is capped. This drainage can continue for many years or even
decades. Thus, we are proposing site specific calculations to show the long-term effects of the pile drainage. In
other words, even if the pile is isolated from the groundwater by a cap, downward leaching of water within the

P unsaturated pile remains a source of contamination to the groundwater.
k *



Pros:

1) Inexpensive estimate of the length of time that the pile will continue to contaminate the groundwater tier
capping is completed.

Cons:

None
. .
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Attachment 2 - Description  of ORNL Gtiand Junction Offke Capabilities

Appended are examples of work we have performed that is relevant to the problem posed by the Atlas Millsite.
4

[ i Following those examples are sonie fact sheets that highlight other mill tailings related projects and the diversity
of geohydrologic  projects with which we have been involved.



OAK RIDGE NATIONAL LABORATORY
MANAGED BY LOCKHEED MARTIN ENERGY RESEARCH CORPORATION
FOR THE U.S.  DEPARTMENT OF ENERGY

INTERNET: gardnerfg@oml.gov

2597  B 314 Road
Grand Junction,  Colorado  81503

October 29, 1997

Mr. Reed Harris
U.S. Fish and Wildlife Service
Lincoln Plaza, Suite 404
Salt Lake City, Utah 84 115

Dear Reed:

Enclosed please find the requested information regarding our revised proposed work at the Atlas Millsite. The
first attachment is an annotated task list and cost estimate for the work. We have separated the work into
specific tasks such that you can prioritize them if necessary. In addition, we have added narrative discussion to
describe the expected benefit from the proposed work along with changes to the scope resulting from the
meeting held in Denver last Thursday, October 23.

You will notice a marked increase in the attached cost estimate. This results from increasing scope of drilling
activities on the tailings pile, use of more expensive drilling methods, and increased scope for the tailings pile
drainage model. The latter task was included at the request of NRC following the meeting last week. Increased
costs also result from a new fiscal year cost center rate which reflects an increase of $6 per hour.

We find ourselves in a tenuous situation as the players and agendas unfold. While it is our intent to deliver the
findings  of the testing program with unbiased objectivity, we also feel our credibility is at risk due to factors
beyond our control at this point. We made verbal commitments to a 60-day schedule last week in Denver
assuming a relatively quick starting date (i.e., a week or two). However, the outstanding or unresolved issues
(off site access, funding source, approval of expanded scope, etc.) looming in light of the existing commitments
we have in December will require that we caveat the schedule. We will need to be activated (i.e., ORNL charge
number in hand) by November 10 in order to meet the mid-January time frame for report delivery. We are
hopeful that these issues will be worked through so that we may get into the field by November 10. Please keep
us appraised of developments regarding timing and funding. If we have advance notice, we can facilitate the
movement of funds by alerting various people within the DOE system.



Reed Harris
2
October 29, 1997

If you have any questions, please feel free to call either me (970-248-6238) or Nit Korte (970-248-6210).

Sincerely,

l?r&PJh
Group Leader, Characterization Technology
Environmental Technology Section
Life Sciences Division

FGG: kah

Enclosures

c: R. E. ,Blubaugh (Atlas Corporation),
B. M. Campbell (CEQ)
M. H. Fliegel (NRC)
D. K. Halford  (ORNL)
N. E. Korte (ORNL)” ‘1 ‘- :-
M. McUsrc @OI)
G. L. Ohland (HLA)
R. B. Rodgers (NPS)
B. H. Waddell (FWS)
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Attachment l,- Description of Proposed Tasks/Cost  Estimate

Although the tasks below are inter-related, each could be performed independently. Thus, the cost estimate is
*lr

: :
L

mL

t :

d
r :
’

provided on a task-by-task basis. A final report is not shown as a specific task but is included in the cost
estimate through the project management functions. That report will encompass all of the tasks and include all
documentation that is typically expected for a project of this type.

The following tasks reflect modifications resulting from a meeting held October 23, 1997 where representatives
from interested parties (Atlas, NRC, FWS, and ORNL) were present.

Task A: Installing  borehole through the pile to determine  the connection between the tailings and the
underlying  water table.

The purpose of this task is to confirm or deny the presence of tailings or slimes within the alluvial deposits under
the tailings pile. The originally proposed well in the center of the tailings pile was changed by group consensus to
a borehole to meet this objective and thus prevent the potential for a contamination conduit into the alluvial
aquifer presented by a well. The presence of a pond in the center of the tailings pile may require an angled drilling
approach where the rig would be better supported by drier sediments along the periphery. Following additional
group discussion, a second borehole in the tailings pile was proposed to verify the validity of an earlier allegation
placing tailings in the alluvium. If the review of the existing data do not support the allegation, the second
borehole will not be drilled. However, the task is included in the cost estimate at this time.

” Research and discussion carried out since the submittal of the original proposal has determined that drilling will
CI
i

,

h
k ;

c”
L

d”

(”
L
b

be performed using the more expensive option (dual wall reverse circulation) for several reasons. Primarily,
drilling in saturated tailings with a hollow stem auger could lead to problems associated with fine sands flowing
up into the auger string. If this occurs, soil sampling and angle drilling is not feasible with hollow stem augers to
the projected depth. Secondly, review of data on the alluvial composition has determined the presence of
boulders and cobbles that would hinder auger drilling. Therefore, the drilling will be performed with a dual wall
reverse circulation (DWRC) rig to prevent foreseeable problems associated with auger drilling. Soil samples
(wire line split spoon) will be collected on 5R intervals and the samples will be analyzed in the field for radium
using ORNL’s opposed crystal scanning (OCS) system. Two or three samples of the alluvial material below the
tailings will additionally be analyzed for uranium (U), vanadium (V),  arsenic (As), Copper (Cu), molybdenum
(MO), and selenium (Se) as an additional measure of potential slimes migration, A lithologic log of the borehole
using the United Soil Classification System will be prepared by the field geologist. Based on the results of the
group discussion, gamma logging of the borehole will not be performed as the tailings material should be readily
distinguished from the underlying alluvium by visual examination and the OCS radium analysis. All drilling and
sampling generated waste (solid and liquid) will be recharged to the top of the tailings pile. Finally, a
location/elevation survey will deliver state-plane coordinate data and ground surface elevations for the borehole
location(s).

@- The attached cost estimate for this task assumes two, 150-R boreholes on the pile using a DWRC rig.
Additional line items required for site access are grouped under training /medical requirements in the cost
estimate. Atlas will require approximately one half of one day for site orientation for all personnel in addition to

F- urinalysis testing for uranium for those working directly on the tailings pile. Lastly, analytical costs were also
i
6, , included to cover soil sample analyses previously discussed.



Fe* Before drilling is initiated, existing data (photos, maps) will be reviewed extensively in order to determine the
. optimum location for the boreholes. ORNL is working the Health and Safety issues with Atlas so that the field

work can begin without delay.

, Task B: Plume delineation  (Fig. 1).

m
*
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The purpose of this task is to delineate the lateral extent of groundwater contamination emanating from the
tailings pile. These data will subsequently be used to locate the temporary piezometers proposed to evaluate
groundwater quality where it discharges to the Colorado River (Task C). Locating the riverside piezometers
without the lateral extent of the plume defined would be of limited benefit. Therefore, these tasks are inter-
related and required to provide the comprehensive objective of the testing plan which is to assess contaminant
flux into the Colorado River.

As a result of the group meeting on October 23, the first phase of plume delineation effort will begin on Atlas
property as issues related to access to the adjoining private property to the south are resolved. ORNL is looking
to NRC and the licensee for assistance with the property access issue as we are not in a position to negotiate
with a private land owner. However, if the access issue is not pursued and the first phase of plume delineation
indicates an off site problem, the comprehensive objective of the testing plan will be thwarted. Therefore, the
temporary piezometers (1 in. OD) illustrated in Figure 1 have been grouped into two categories: those on Atlas
property and those on private property. Review of existing data may result in some modification to the
delineation approach by reducing the number of temporary piezometers proposed between the tailings pile and
the river. Field screening parameters for plume delineation will include testing for ammonium (N) sulfate (SO,)
alkalinity , conductivity, PH., and temperature. Confirmatory groundwater sample analysis will be limited to U,
V, As, Cu, MO, and Se. One round of groundwater sampling is proposed. All drilling and sampling generated
waste (solid and liquid) will be recharged to the top of the tailings pile. Permitting issues related to clearing of
vegetative cover on the flood plain are also being resolved by FWS personnel.

! ’
As part of the plume delineation effort, two or three 2-inch permanent wells will be installed to obtain some data
regarding the hydraulic conductivity of the alluvium. While ORNL recognizes that some existing data on aquifer

- characteristics (permeability and conductivity) has been collected in the past, we want to have utmost confidence
on the basis used for groundwater/contaminant discharge calculations to the Colorado River. Additionally, use
of existing hydraulic conductivity data collected using a variety of methods (slug tests and lab measurements)

c* creates a range that can vary by an order of magnitude or more. Therefore, ORNL will collect hydraulic*
conductivity measurements based on pumping tests performed on the proposed two inch wells. The permanent
well locations will be selected based on field observations and a review of existing data. This review could result.,I. *_._“~...~,CI
in reducing the number of two inch wells if existing wells can be used to obtain the hydraulic conductivity data.

.I ORNL has requested access to the most recent data from Atlas and Harding Lawson Associates. We do not have
these data in hand and cannot make the necessary adjustments in the sampling plan until they are available.

: “, Finally, a location/elevation survey will deliver state-plane coordinate data, ground surface and top of casing
m elevations for the piezometers and wells.

I
Mobilization charges for ORNL equipment (direct push drill rig) had previously not been included because it was

f- originally felt that our equipment currently in Ohio could be brought back to Grand Junction by leveraging

6 3 associated travel costs with other projects. However, in light of the uncertainty in this project schedule and the



~ potential conflict with planned December field work in Ohio, a line item for mobilization has been added to the
/ I cost estimate.L1 ,

m Task C: Evaluate  riverside water quality  in the groundwater.

rr,

ma
I

F*
L-  1

: ,

t-*r

The objective of this task is to provide groundwater quality data as it discharges to the Colorado River. The final
location of the proposed piezometers in Figure 1 will be determined by the results of the plume delineation effort.
This may result in a different spacing than shown in Figure i . As previously discussed, if access to the proposed
sampling points along the river on the private property is denied, the comprehensive objective of the testing plan
is jeopardized..

Temporary piezometers (1 in.) will be installed along the riverbank as a means of evaluating the quality of the
water where it enters the river. It was agreed at the October 23 meeting that FWS personnel would coordinate
permitting issues associated with the clearing of vegetation to allow access to all sampling points on the flood
plain. Furthermore, as a result of the group meeting, the number of sampling points along the river bank
northeast of Moab Wash has been expanded to address potential impacts to groundwater quality from milling
operations. (Fig. 1). It should be noted that the riverside sampling locations northeast of Moab Wash will be
located on a 500 ft spacing and will not benefit from the plume delineation efforts associated with the other
riverside piezometer locations to the southwest of Moab Wash.

m Field screening parameters for plume delineation will include testing for ammonium (N) sulfate (SO, ) alkalinity,
II i conductivity, pH, and temperature. Confirmatory groundwater sample analysis will be limited to U, V, As, Cu,
+ MO, and Se. One round of groundwater sampling is proposed. All drilling and sampling generated waste (solid
bll, and liquid) will be recharged to the top of the tailings pile. Finally, a location/elevation survey will deliver state-

plane coordinate data, ground surface and top of casing elevations for the piezometers.

ELIc 1 Overall, the scope of this task has increased but the cumulative scope of plume delineation and riverside quality
assessment remains the same as a total of 23 temporary sampling points are still being proposed between both,
tasks. Analytical costs have also been included in the attached cost estimate for this task.

!-

Task D: Install  new reference well north of Atlas property.
cn

This task was originally included to alleviate continuing questions regarding the background water quality.
z Although Atlas’s current background well is located in close proximity to a former ore storage area, the

proposed well would be sufficiently upgradient, but in a different flow system. Discussion regarding a new
background well on Atlas property was entertained but location of the NRC licensee’s new background well was
determined to be beyond the scope for FWS and ORNL. However, it was agreed that the proposed location

b i would serve as a new “reference well” to establish ground water quality between the Atlas site and Arches
rc* National Park.

I The cost estimate for this well also reflects an increase due to the selection of DWRC.  drilling methods for
PI! reasons previously stated. Additionally, analytical costs have also been included in the cost estimate for this task.



Task E: Modeling drainage  from the pile.

The original objective of this task was to provide a simple analytical solution to pile drainage using previously
collected data. However, during the October 23 meeting, NRC indicated that a numerical solution using an
unsaturated code would be of greater benefit and would be pursued with DOE’s Grand Junction office.
However, the most recent dialogue with NRC has ORNL preparing a the model. Therefore, the cost estimate for
this task has increased dramatically to accommodate NRC modeling requirements. ORNL is proposing to use a
proprietary code (PORFLO)  capable of saturated and‘unsaturated flow modeling.
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e , Appendix B

This appendix presents the analytical results for all soil and water samples submitted to the U.S.
Department of Energy’s Grand Junction Offke Analytical Laboratory. To facilitate review, a
sample cross reference sheet and a definition of data qualifiers sheet have been included. The
water sample data have been grouped by sampling location and are presented in sequential order.
Thus all of the water sample data for sample location TP-01 is shown first followed by TP02,
TP03, etc. The soil sample data is presented in the same fashion. Thus soil sample data from PB-

01 is presented first followed by PB-02 data.

arri



GRAND JUNCTION

REQUISITION(S): 15769

CUSTOMER ID
=============e=
TP-1
TP-2
TP-3 (DUP)
TP-3
TP-4
TP-5
TP-6
TP-7
TP-8
TP-9
T P - 1 0
TP-11
TP-12
TP-13
TP-14
TP-14 (DUP)
TP-15
TP-16
TP-17
TP-18
TP-19
TP-20
TP-21
ATP-2-S
AMM-1
FB-01
Rw-I
A+-3

SAMPLE CROSS REFERENCE V2.05
3FFICE mALY?'fm ‘mo~To~y,.", .

LAB ID
==P======== --____------
248567
248568
248569
248570
248571
248572
248573
248574
248575
248576
248577
248578
248579
248580
248581
248582
248583
248584
248585
248586
248587
248588
248589
248590
248591
248592
Z4864l
pv8'&%l



DEFINITION OF QUALIFIERS

C (Concentration) Qualifiers

B The  reported  value  was obtained  from a reading  that  was less than the Required Detection
Limit(RDL)  but”greater  than or equal to the actual  Detection  Limit (DL).

U The  analyte  was not detected.  The value  reported  is the DL corrected  for any dilution  in the

sample preparation  process and for percent  solids if the sample  is a solid.

Q Qualifiers

.r

M

E The  reported  value  is estimated  because  of the possible  presence  of interference.  The E
qualifier  is present  if the result  for the ICP serial  dilution  is not within control  limits or if the
analytical  (post-digestion)  spike recovery  for graphite  furnace  is less than 40°h on both the
original  and the diluted  sample.

M Duplicate  injection  precision  for graphite  furnace  was not met. This  qualifier  is present  if the
result  is greater than the RDL and the relative  standard  deviation  of the duplicate  injections
was greater  than 20% for both the original  analysis  and the repeated  analysis.

N Spiked sample  recovery  is not within control  limits.

S The reported  value  was obtained  by the Method of Standard  Additions  (MSA).

w Analytical  (post-digestion)  spike  recovery  for graphite  furnace  analysis  is out of the control
limits  (85-i  15%) while  the sample  concentration  is less than 50% of spike  concentration.

1 Duplicate  analysis  is not within control  limits.

* Correlation  coefficient  for the MSA is less than 0.995.

The  “S”, “W”, and *+” qualifiers  are mutually  exclusive.  No combination  of these qualifiers  can
appear  in the same field for an analyte.

(Method)  Qualifiers

P ICP Atomic  Emission  Spectroscopy  or Optima ICP-AES
PM ICP Mass  Spectrometry
F Graphite  Furnace  Atomic  Absorption  Spectrcscopy

cv Cold Vapor Atomic  Absorption  Spectrcscopy
A Flame  Atomic  Absorption  Spectroscopy  or Hydriie
C Spectrophotometric
IC Ion Chromatography
IR Infrared  Spectrophotometer
M Microwave  Digestion

MC Miscellaneous
NR The  analysis  is not required.



GJO ANALYTICAL LABQw$!ORY - INORGANIC ANALYSIS  REPORT)I, .j ...I. -, _,l,n_ __.,.‘, T,,.< /- -,II*-.._J"..~YI~.,,"-(  ir_/n* ,.,. a*<, ,s*:.‘,*i..",.>.i  &._<( _).  ,.

F FORM 1 LAB SAMPLE NO.
I INORGANIC ANALYSES DATA,SjjEET-_."

248567
T-if-lFrill

b9SDG No.: -248567- Matrix: WATER-

Date Received: -12/02/97 % Solids: 0.0-Pm,
Concentration  Units (ug/L or mg/kg dry weight): UG/L-

rr,
/
I

-

Irr

/

i
r ”

F*
6 P

m
: I

F”

:AS No. Analyte

7440-38-2
7440-39-3
7440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

ksenic
3arium  -
:opper
1olybdenum
selenium
Jranium -
Janadic-

:oncentration

1.5
26.5
4.9

Q I
r>-
,-
6i
L
?iI>‘-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
‘-



GJO ANALYTICAL LABORATORY  - INORGANIC AN+LYSIS  REPORT

f”i FORM 1 LAB SAMPLE NO.
i- 2 INORGANibW4LYSES  DATA SHEET

I
II)
f SDG No.: -248567- Matrix;. m!?R~

Date Received: -12/02/97 % Solids: 0.0-

Concentration Units (ug/L or mg/kg dry weight): ug/L-

:AS No. Analyte !oncentration
" "

Q

?H3-N
:hlorlde
qo3 -
JO2
sulfateLI”/

’ ,
-
-
-

&”
i
: ,

-

-

,
L,

mConunents:
;i

-
r 3



/ GJO ANALYTICAL LABORATORY  -.INORG!$CANALYSIS  REPORTa.,.l%  I -.."1_ *.sllyj_ /^-- ,. . . . A y* ,,. mk.__,,*, __ , _ ""_
a ).$6m i i LAB SAMPLE NO.

. INORGANIC ANALYSES DATA SHEET

a
: SDG No.: -248567-

-Date Received: -12/02/97

Matrix: WATER-

% Solids: 0.0-

Concentration  Units (ug/L or mg/kg dry weight): UG/Li

c*

!.
,

ZAS No. I Analyte I Concentration  C QI I I M

7440-38-2
7440-39-3
7440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

Arsenic
Barium -.

Copper
Molybdenum
Selenium
Uranium -
Vanadic-

4.0 T5 A
30.5 B P-
8.0 U P-
250 PH
3.6 i? A

26000 P-
20.0 is p::

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

y Comments:
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GJO ANALYTICAL LABORATORY  - INOJ$wIC  AJ?+x,$.IS  .-gEFORT

itm FORM 1 LAB SAMPLE NO.
INORGANIC ANALYSES DATA SHEET'(

248568
TSDG No.: -248567- Matrix: WATER-

Date Received: -12/02/97 % Solids: 0.0-.#m
Concentration  Units (ug/L or mg/kg dry weight): ug/L-

-

!I

RR
NR
IC
IC
NR
-
-
-
-
-
-
-
-
-

-

-
-

Concentration  C Q
I I:AS No. Analyte

IH3-N
!hlorlde -

I-I
8290 -I I103

102
;ulfate

56.3
1

-1

-

r*Comments:
i

m
I

Pm

,



c*

I GJO ANALYTICAL LABORATORY - INCjRGANIC  ANALYSIS  RFFpRT._ . ._-. ; ,_, I _ ^ .."^" , "_^. .,

FORM 1.. LAB SAMPLE NO.P INORGANIC ANALYSES DATA SHEET
7

248570
'-SDG No.: -248567- Matrix: WATER-

Date Received: -12/02/97 % Solids: 0.0-

Concentration  Units (ug/L or lug/kg dry weight): UG/L-

:’ :

-
i

e!

br,

’ :

:AS No.

r440-38-2
r440-39-3
r440-50-8
7439-98-7
1782-49-2
7440-61-l
7440-62-2

-

. -
A
E
C
I!
C

;
I

-
I
-

.

.

.

.

lolybdenura
ielenium-
Jranium
lanadiu7-

concentration

1.0
12.1
8.0
598

18.9
16100
20.0

: -

. -

. -

. -

. a

I

. -

. -

_ -

- -

_ -

- -

- -

- -

- -

- -

- I

- .

- .

- .

- .

- .

- .

- I

- %

-

Q

-

[

-
L
I-

I-

,-

L
,-

>-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-I_
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I GJO ANALYTICAL LABORATORY  - INORGANIC +J'W>YSIS  REPORT: "̂. -- -L.i.i_ll"...‘  j‘~ .3.& . . ..._.,,  *( ,.,._  ".. j( \ ..*

sq FORM 1 LAB SAMPLE NO.
INORGANIC  ANALYSES DATA SHEET9 I I

?sDG  N O . : -248567- Matrix: WATER- I 248570
I

Date Received: -12/02/97 % Solids: 0.0-n
Concentration  Ufiits (ug/L or mg/kg dry weight): ug/L-

F-

!

C

i ,
r

,

trAS No. Analyte Concentration

-

826000
60.0

Q

-

rl

E
m
CC
CC
m
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-



mm

GJO ANALYTICAL  LABORATORY  - IJW~G+IC +??qySIS.  RIJ?.$FT i

n FORM 1 LAB SAMPLE NO.<
INORGANIC ANALYSES DATA SHEET

248569n
i SDG No.: -248567- Matrix: -WATER q+jk-?i &jr

Date Received: -12/02/97 % Solids: 0.0-mm
: : Concentration  Units (ug/L or mg/kg dry weight): UG/L-

c4

am-3

.

Ir*

; I

: >

”
i /
i /

”

3AS No. Analyte

7440-38-2
7440-39-3
7440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

Arsenic 1.0
Barium - 9.5
Copper-
Molybdzziiii
Selenium
Uranium -
Vanadic-

-

Zoncentration

8.0
595

19.2
16800
20.0

Q

. . . ,_ ,

-

!I

ri-
P-
P-
P-
A-
P-
pz
+

-
-
-

F

i ,



ma
!

GJO ANALYTICAL LABORATORY  - INORGANIC ANA&YSIS  REPORT
mm* FORM 1 LAB SAMPLE NO.
i INORGANIC  ANALYSES DATA SHEET

ma
t( SDG No.: -248567- Matrix: WATER-

gate Received: -12/02/97 % Solids: 0.0-f /
Concentration  Units (ug/L or mg/kg dry weight): us/L-

b*

j

r ’,

;

; :

i 2

p”

c

rr
t, :

3AS No. Analyte Zoncentration

$H3-N
Zhloride
NO3 -
NO2
Sulfate

809000
6 0 . 0

Q

-

!I

m
NR
IC
IC
NR
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-



GJO ANALYTICAL LABORATORY  - INORGANIC ANALYSIS  REPORT
m

FORM 1 LAB SAMPLE NO.I
INORGANIC ANALYSES DATA SHEET

Fs.
SDG No.: -248567 -

-Date Received: -12/02/97

Matrix: WATER-

% Solids: 0.0-

248571
-r-f- 4

Concentration  Units (ug/L or mg/kg dry weight): UG/L-

m
: >

CAS No.

7440-38-2
7440-39-3
7440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

Analyte

Selenium
Uranium -
Vanadiur-

Zoncentration

6.3
19.6
4.0

2060
19.9
3330

2 0 8

(

. .
1
1
1

.

.
/

. .

. .

. .

. .

. .

. .

. .

. ,

. ,

. #

.

.

.
w
m
I
I
-
m
m

m

-

C

-

-

, .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. I

. .

. *

. *

. <

. G

. <

.

-

-

Q 1

:
A
I

1
1

i
1
1

.

.

.
, .
. .
. .
. .
. .
. .
. .
. .
. .
. .
. .
. .
. .
. .
. .
. I
. I
. ,
.
.
.

!4

ii-
I?-
e-
e-
\--
e-
c

-

-Comments:



GJO ANALYTICAL LABORATORY  - INORGANIC ANAI$@IS.R,E???FT, ‘

Rm

i

m

m
I
/ ,

m

ti

”

t . .

”

i J

m -
b ‘4 ,. -
*cd -

-
1”1 -
i -

-
-
-

I , -
-

m FORM 1 LAB SAMPLE NO.i ‘
INORGANIC ANALYSES DATA SHEET

" 248571
1 SDG No.: -248567- Matrix: WATER rj- 4-1 <
-Date Received: -12/02/97 %. Solids: 0.0-

Concentration  Units (ug/L or mg/kg dry weight): us/L-

CAS No. . Analyte Concentration  C Q M

NH3-N NR
Chloride NR
NO3 - 534000 I: IC
NO2 8050 IC
Sulfate

. - NR
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

? :
,



. . ,

ni 1I I i;Jd ANALYT‘ICAL LABOR&TORY  - INtiRG$NIC  ++LySIS REPORT

” FORM 1 LAB SAMPLE NO.
L INORGANIC ANA&YSES DA'FA Se$EF,

*
248572

?SDG No.: -248567- Matrix.: WATER ~p,$--/
Date Received: -12/02/97 % Solids: 0.0-
m

Concentration  Units (ug/L or mg/kg dry weight): UG/L-

la

13.

,

m

L. “.

LII

1 .,
L. ,

?-

m

: ,

-

I

i I

!AS No.

'440-38-2
'440-39-3
1440-50-8
r439-98-7
r782-49-2
1440-61-l
7440-62-2

Analyte

barium
:opper'---
IolybdG
;elenium
Jranium  -
Tanadiur-

Zoncentration

31.5
35.8
4.0
778

24.8
1450
529

-

, -

. -

. -

. -

. -

. -

. -

. -

- -

- -

- -

- -

m -

- -

- -

- v

- m

- I

- .

- .

0 .

- .

0 .

- I

-

0

0

I.

Q I

-

Comments:
p

n
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GJO ANALYTICAL LABORATORY  - INORG,ANIC  ANALyS?S,,REpoRT

F&M 1 LAB SAMPLE NO.
Y INORGANIC  ANALYSES DATA SHEET I I

r
i 3DG No.: -248567- Matrix: WATER-

248572
--r-P- 7

f
ate Received: -12/02/97 % Solids: 0.0-

%
- I Concentration  Units (ug/L or mg/kg dry weight): ug/L-

? ,,

”
:

3AS No. Analyte Zoncentration

JH3-N
Zhloride
IJo -
502
sulfate

262000
30.0

Q 1

ii?
JR
CC
cc
?R

-

r,Comments:
L,



GJO ANALYTICAL LABORATORY  - INORGANIC ANALYSIS  REPORT

~DG No.:b T -248567- Matrix: WATER 6-

Date Received: -12/02/97 % Solids: 0.0-
c*t :

Concentration  Units (ug/L or mg/kg dry weight): UG/L-/ ,

m
:!r , :AS No. Analyte Zoncentration Q

*rsenic
barium -
:opper
tolybdenum
;elenium-
Jranium
ranadiur-

1.01
20.4'
8.1

'440-38-2
1440-39-3
r440-50-8
7439-98-7
1782-49-2
1440-61-l
7440-62-2

h

‘

334
2.9

5640
20.0

. -
,

. -
I

_ -

_ -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- .

- .

- .

- .

- .

- .

- I

-. s

-

m
8
.

C
-

r*

r”“l

i !

f-

”

Irr
i

L14

i

i _,I



FORM 1 LAB SAMPLE NO.
INORGANIC ANALYSES DATA SHEET

I
!m

i "SDG No.: -248567- Matrix: WATER-
248573
Tzw

aate Received: -12/02/97
i :

% Solids: 0.0-
1 Concentration  Units (ug/L or mg/kg dry weight): ug/L-

-

4

iii?
!n?
IC
IC
NR
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Y

F?

:AS No. Analyte Zoncentration Q

!Ui3-N
Zhloride
903 -
NO2
Sulfate

LI

i I

:
I I

F-

f I

I?-?

F”

-

ca
;

13

F :

.“(

FComments:



GJO ANALYTICA& LABORATORY  - INORGANIC ANALYSIS  REPORT,
m

FORM 1 LAB SAMPLE NO.
7 INORGANIC ANALYSES DATA SHEET

mm 248574
: 'SDG No.: -248567- Matrix: WATER,-

FDate Received: -12/02/97 % Solids: 0.0-

Concentration  Units (ug/L or mg/kg dry weight): UG/L-
I)
;
c i 3AS No. Analyte Zoncentration Q

T-
1

‘i
1
I
1
i
1

1
.
_
, .
.
. .
. .
. .
. .
. .
. .
. .
. .
. .
I I
I I
.

:

d

r

i ,

m
,
i

r!

7 4 4 0 - 3 8 - 2
7 4 4 0 - 3 9 - 3
7 4 4 0 - 5 0 - a
7 4 3 9 - 9 8 - 7
7 7 8 2 - 4 9 - 2
7 4 4 0 - 6 1 - l
7440-62-2

bsenic
Barium
Zapper
flolybdenum
Selenium
Uranium -
Vanadiur-

2 . 8
1 6 . 2

a . 0
355
1 . 0

2700
20.0

-

fcomments :



FORM 1 LAB SAMPLE NO.
INORGANIC  ANALYSES DATA SHEET'I I I

mh

r:.SDG No.: -248567 -,

248574
Matrix: WATER T/9--7- I

Received: -12/02/97 % Solids: 0.0-

Concentration  Units (ug/L or mg/kg dry weight): ug/L-

1

ii?
lR
:C
: c
JR
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
7

-

r!

15
6

. ’

. ’

. b

. -
- -
_ -
- -
- -
- -
- -
- -
- -
- -
- e
- -
- -
- I
- .
- .
- .
- .
- .
- .
- a
- I
- I
-

7

:AS No. QAnalyte !oncentration

78.7
3.0

C

-
-

f
I

. -

. a

. -

. -

. -

. -
_ -
. -
- -
m -
- .
- .
- .
- .
- .
- .
- I
w I
- ,
-

m3-N
:hlqride
;103 -
TO2
sulfate

, -

, -

, -

. -

. -

. -

. -

. -

_ -

. -

. -

- -

- .

- .

- .

- .

- .

- .

- .

3 .

- I

- .

-

-

7..

-

.; ‘_’  .-

,Comments:
$~ I

F"b I

. ., ._
:
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s , GJO ANALYTICAL LABORATORY - INoRGANIC ANALYSIS  REPORT_. ,. " -. .~.."~‘  , -3, ..I."._,z".~' _ 6; i-a- a.
m FORM 1 LAB SAMPLE NO.:I / INORGANIC  ANALYSES DATA SHEET

I I
11*
; SDG No.: -248567- Matrix: WATER- I 248575

TP4 I
. I

-Date Received: -12/02/97 % Solids: 0.0-
e :i 1 Concentration  Units (ug/L or mg/kg dry wei*ht): UG/L-

:AS No. Analyte

r440-38-2
r440-39-3
1440-50-a
7439-98-7
7782-49-2
1440-61-l
7440-62-2

irsenic
3arium
Zapper-
qolybdenum
selenium
Jranium -
ilanadiur-

Zoncentration

1.0
12.2
8.6
977
1.0

2590
20.0

Q

-

-
-

-



GJO ANALYTICAL LABORA'JJCJRY -. INORGANIC  ANALYSIS  REPORTI. ., -__ _.__ * .__,~  / ,,_._ _ _.
lm FORM 1 LAB SAMPLE NO.
, INORGANIC ANALYSES J?A'J!& SHE??

I I
pm
! SDG NO.: -248567- Matrix: WATER-

&ate Received: -12/02/97 % Solids: 0.0-
' ::

Concentration  Units (ug/L or mg/kg dry weight): us/L-

!AS No. Analyte

VH3-N
:hlorlde
503 -
(02
sulfate

Zoncentration

Y--

-

-

: -

. -

. -

. -

. -

. B

. -

. .

- .

- .

- .

- .

- .

- .

- .

- .

- .

- I

- I

-

.

Q

-

!I

NR
NR
fC
IC
NR
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-



GJO ANALYTICAL  LABORATORY - INORGANI,C  ANALYSIS  REPORT1_ "." _ -~j ",i, .,_ ..,..ll --.s I
R FORM 1 LAB SAMPLE NO.
k ?

l
INoRGANIC ANALYSES DATA SHEET

~:SDG NO.:
2 4 8 5 7 6

-248567- Matrix: WATER

-Date Received: -12/02/97 % Solids: 0.0-
I Concentration  Units (ug/L or mg/kg dry weight): UG/L-

lh
f
: ;

c”r

! J

”

c !i

b”

I /

,

D
L

m

: ,

:AS No. Analyte Concentration  C Q M

7440-38-2
7440-39-3
7440-50-a
7439-98-7
7782-49-2
7440-61-l
7440-62-2

I ArsenicBarium -

I CopperMolybdenum
Selenium-
Uranium
Vanadiur-

95.3
6700
20.0

A
P-
P-
P-
A-
P-
PI
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-



rr FORM 1 LAB SAMPLE NO.
! Y INORGANIC  ANALYSES DATA SHEET

I I
clr*

g SDG No.:I -248567- Matrix: WATER- I I

-Date Received: -12/02/97 % Solids: d0.0

Concentration  Units (ug/L or rag/kg dry weight): us/L-

& :AS No. Analyte Zoncentration

ia5cgoo
113opoo
715000

60.0
15400000

Q

.



?I*

, I GJO ANALYTICAL LABOI+TOpY - IK)?G&+  ANALYSIS  REPORT:- .,; r:l ".,,a .m ,,,, _,., ( I. ;

FORM 1 LAB SAMPLE NO.I
INORGANIC ANALYSES  DATA SHEET

248577
~sDG NO. : -248567- Matrix: WATER 7p-f0-
I.
bate Received: -12/02/97 % Solids: 0.0-

Pm
Concentration  Units (ug/L or nag/kg dry weight): UG/L-

bn

t
:AS No.

'440-38-2
' 4 4 0 - 3 9 - 3
' 4 4 0 - 5 0 - 8
' 4 3 9 - 9 8 - 7
r782-49-2
1440-61-l
7440-62-2

Analyte

4rsenic
3arium  -
:opper
401ybd=
selenium
Jranium -
Janadic-

:oncentration

3.1
15.2
1 2 . 8
1290
3 8 . 4
2 4 8 0
3 4 . 2

Q

-
ul
K-
e-
P-
P-
l-4-
Psi
p-
-
-
-
-
-
-

-
-
-

-
-

-
-
-
-



GJO ANALYTICAL LABOlZATORy.-  I?JoRGAtJIC  qNqLys1.S  !+TRT

CL” FORM 1 LAB SAMPLE NO.
INORGANIC ANALYSES DATA SHEET

rslrr
i SDG No.: -248567-

248577
Matrix: WATER 7p- /d-

Date Received: -12/02/97
m
,

(

% Solids: 0.0-

Concentrat.ion-Units-  (ug/L or mg/kg dry weight): ug/L-

Q
,

Zoncentration:AS No. Analyte C

-
, -

i

. -

. -

. -

. -

. -

. -

. a

. a

. -

. -
- -
w I
- .
- .
w .
m .
m .
- .
- .
- .
- I
m I
- ,
-

m3-N
Zhloride
VO3 -
NO2
Sulfate

e-3

(r :

I 440000
30.0

!

P-7

f /

-
-

-
-
-
-
-

-
-
-
-

,Comments:
f *



GJO ANALYTICAL LABORATORY  - INORGANIC ANALYSIS,REPORT
m

FORM 1 LAB S&MPLE NO.
t INORGANIC ANALYSES DATA SHEET I

SDG No.: -248567- Matrix: WATER,, -
2 4 8 5 7 8

TP-il

-Date Received: -12/02/97 % Solids: 0.0-

Concentration  Units (ug/L or rag/kg dry weight): UG/L-

CAS No. Analyte

7 4 4 0 - 3 8 - 2
7 4 4 0 - 3 9 - 3
7 4 4 0 - 5 0 - 8
7 4 3 9 - 9 8 - 7
7 7 8 2 - 4 9 - 2
7 4 4 0 - 6 1 - l
7 4 4 0 - 6 2 - 2

Rrsenic
Barium -
Copper
blolybdenum
Selenium
Uranium -
Vanadiur-

Zoncentration

1.0
5 8 . 3

2 3
1
1

10

-

.

f Comments:



r”l
c * GJO ANALYTICAL LABORATORY  - INORGANIC VALYSIS REPORT
rt I

F,
j SDG No.:

FORM 1 LAB SAMPLE NO.
Y INORGANIC ANALYSES DATA SHEET

248578
-248567- Matrix: WATER 77@-1l-

-Date Received: -12/02/9+ % Solids: 0.0-

Concentration  Units (ug/L br mg/kg dry weight): us/L-
m

/
.? :

-

c
F
/

:AS No. Analyte

m3-N
Zhloride
go3 -
go2
Sulfate

-

Zoncentration

63.5
3.0

-

Q

-
[

iii:
I-R
:c
:c
lR

-
-
-
-
-

-
-
-
-

-
-
-

-
-
-



P
GJO ANALYTICAL LABORATORY - INORGANIC ANALYSIS  REPORT

FORM 1 LAB SAMPLE NO.m
, INORGANIC ANALYSES  DATA SHEET

248579
k"SDG No.: -248567- Matrix: WATER TP- ItA-

'Date Received: -12/04/97 % Solids: 0.0-
m
: Concentration  Units (ug/L or mg/kg dry weight): UG/L-

-

I”r

,

!AS No.

'440-38-2
'440-39-3
r440-50-8
r439-98-7
1782-49-2
1440-61-l
1440-62-2

Analyte

irsenic
3arium -
:opper-
3olybdenura
selenium
Jranium -
Janadiur-

Zoncentration

14.3
25.6
5.8

1420
12.5
1460
482

Q
I--i

-



LAB SAMPLE NO.FORM 1
INORGANIC ANALYSES DATA SHEET

lrrr
:

248579
Tfi/ z~SDG NO.: -248567- Matrix: WATER-

Date Received: -12/04/97LII % Solids: 0.0-

Concentration  Units (ug/L or mg/kg dry weight): ug/F-

Zoncentration:AS No. Analyte Q

322,000
696JlOO
315000

713
4710,000

-
-
-
-

rrComments:

",

, . ,. .., ^ _ _ ""̂  ̂.,‘,",_  ._ x. ,,, -._.x.  ._ .._.." " -.__ ,=, ,._,_ _.._ , ‘ ,... - _,. ., ,/ .
". .,

. _ . ,. _, b‘ ,‘ ^. .,



GJO ANALW!ICAL  -QRATORY.  - I!?‘%%‘!~.~.  . ..!i!‘?~~~~~..  !i%??!$?!  ,,,r I, ,j .

FORM 1 LAB SAMPLE NO.
t INORGANIC ANALYSES DATA .SHEET

“r
1 I

! SDG No.: -248567- Matrix: WATER-
248580

VP- (3

Date Received: -12/04/97 % Solids: 0.0-

Concentration  units (ug/L or mg/kg dry weight): UG/L-
,_ _) 1

Analyte

.

ZAS No.

7440-38-2
7440-39-3
7440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

". ,%..

Concentration

msenic
sariurn -
:opper'---
Iolybdziiii
selenium-

8.0
1100
8.3

2530
20..0

Jranium
7anadiuc-m

i !

L *

-



9
* FORM 1 LAB SAMPLE NO.

t INORGANIC ANALYSES  DATA SHEET
Ip

l'"SDG No.: -248567-
248580

Matrix: WATER I --f&P--/_7- r
Received: -12/04/97 % Solids: 0.0-

Concentration  Units (ug/L or mg/kg dry weight): us/L-

3AS No. Analyte

3H3-N
Zhloride
JO3 -
JO2
sulfate

Zoncentration

226000
3080

Q

-

1

rii
rR
:C
EC
JR
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

7 Comments:

F

..L ,. ,. ;/._ ,-_ _ .." . .a i., ,di. -.,
. . ".,

.,. r L.~., "_, . .-. 1.1,. .". .c ,. I._. ._
. ,, ,.



GJO ANALYTICAL LABORATORY  - INORGANIC ~AN)1JI~~;$.RE~"??,,

6”r . .
FORM 1 LAB SAMPLE NO.

INORGANIC AlfALYS@S DATA. SIXgET,,
%

;F"SDG NO.: -248567- Matrix: WATER 24-%%-f 4
Date Received: -12/04/97 % Solids: 0.0-
F
" " Concentration  Units (ug/L or mg/kg dry weight): UG/L-. -.
( ,

c”

F-
.
i
s 1

F

5. .

!AS No.

'440-38-2
'440-39-3
r440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

Analyte

zsenic
barium -
:opper-
1olybdE
;elenium
Jranium  -
ranadiuia'i--

:oncentration

1.8
36.3
8.0
386
3.8

4980
20.0

-

. -

I

. -
I

_ -

. -

- -

- -

- -

- a

m -

- -

- -

- s

- -

- -

- -

- I

- .

- .

- .

- .

- *

0 .

0 s

-

Q

-
I
r>-’
>-
>-‘-4>-*-3--
-
-

-



P FORM 1 LAB SAMPLE NO.8 ! INORGANIC  ANALYSES~  PAT'& $HEJZTI #
248581

@-SDG No.: -248567- Matrix: WATER 7/a/y-i
Date Received.:  -12/04/97
m

% Solids: 0.0-

Concentration  Units (ug/L or nig/kg dry weight): us/L-

%
B :

““!
I
,

rc.

i ”I

P=-
h a

‘ ,

:AS No. Analyte Zoncentration Q

-

1

ii?
JR
cc!
CC
m
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-



G JO ANAL~ICAL LABORATO~*  - INORGtiIC  tiAL+SIS  REPORT^.(a  _ . ..t/.%  _,a_^> __,x -a.~,.>  _>,-sl .,*Tm.‘*dlj  iili.&,al.e  .x,. ,..d&  42,&. LWs*;r ,j,." ‘"

FOI&I  i LAB SAMPLE NO.
INORGANIC ANALYSES  DATA SHEET

,

m
SDG No.: -248567- Matrix: WATER-

Date Received: -12/04/97 % Solids: 0.0-am
:
f ; Concentration  Units (ug/L or rag/kg dry weight): UG/L-

:oncentration!AS No. Analyte

irsenic
3arium -
:opper
8olybdenum
selenium
Jranium -
;Tanadiur-

1.8
31.6
21.5
381
3.8

4710
50.0

r440-38-2
1440-39-3
r440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

F

; ;
. .

-
-
-

!



6
, : . ” FORM1 LAB SAMPLE NO.

7 INORGANIC  ANALYSES DATA SHEET. _.._

P!
; 'SDG No.: -248567- Matrix: WATER-

@Date Received: -12/04/97 % Solids: 0.0-*
d Concentration  Units (ug/L or mg/kg dry weight): ug/L-

b

’ ,

3AS No. Analyte Zoncentration Q



mt- ’

GJO ANALYTICAL LABORATORY - W?WWIc: Z-A=%? .AFORT/ ^ *a._. -, " .,,"__
F. i FORM 1 LAB SAMPLE NO.

INORGANIC ANALYSES DATA SHEET
cllc *
' SDG No.: -248567- Matrix: WATER-

"Date Received: -12/04/97 % Solids: 0.0-

Concentration  Units (ug/L or xtig/kg  dry weight): UG/L-

3AS No.

7440-38-2
7440-39-3
7440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

Analyte

bsenic
3ariurn -
:opper
30lybdenum
3el&ium
3ranium -
iTanadi<-

Zoncentration Q



Frm
i : FORM 1i

INORGANIC ANALYSES  DATA SHEET
LAB SAMPLE NO.

*

2.

: SDG No.: -248567- Matrix: WATER-

CDate Received: -12/04/97 % Solid?: 0.0-
P

248583
77-C

Concentration  Units (ug/L or mg/kg dry weight): us/L-
?
!

-

rl

JR
m
CC
tC
!a?
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
7

Zoncentration:AS No. QAnalyte

QH3-N
Zhloride
IJo -
!Jo2
Sulfate

e

,
h a
<

168000
288

cv
/
i



F
”

, ‘ GJO ANALYTICAL  LABORATORY  - INORGANIC ANA.LY.SIS  REPORT
I9 FORM 1 IJAB SAMPLE NO.k . INORGANIC  ANALYSES DATA SHEET.

I I
me

: ,SDG No.: -248567- Matrix: WATER I 2 4 8 5 8 4
7‘p(6 I

FDate Received: -12/04/97
A I

% Solids: 0.0-

‘Co&entiti&tion  Units (ug/L or mg/kg dry weight): UG/L-

CI,*

13

I

r

“1

d

F”
*

!AS No. Analyte

‘ 4 4 0 - 3 8 - 2
‘440-39-3
r440-50-8
r439-98-7
7782-49-2
r440-61-1
7 4 4 0 - 6 2 - 2

Lrsenic
larium  -
:opper-
rlolybdzizl
;elenium-
Jranium
Janadiuc

-

Zoncentration

2 1 . 6
198
1.0
213

5 0 . 0

-

: -

. -

. -

. -
_ -
. -
. -
m -
- .
- .
_ .
- .
- .
- .
- .
- *
- <
-
-

-.

Q

.I\

I

L
>-
>-
?il
4
?’
3‘-

-

-

-7

^

F
.
E

b Comments:
1 a ,,. . . . ;,, .j,. _ ^.I "\,.. ,)I (i I. ,.. jl. h 1 _.. .

.,. ._ ,. ,, ,̂ _j.__ _.- I ,"_, ,l; , ._;:-' ,,.:,  ;. ‘_ ~>..". '._._'. ,( *. ..-": ":^ :T' " ".



- I

GJO ANALYTICAL.LAB;ORATORY - INORGANIC  AN!&ySI@  eEp?pR,
m

FORM 1 LAB SAMPLE NO.
t INORGANIC ANALYSES DATA SHEET

PI 248584
i 'SDG No.: -248567- Matrix: WATER 7p-id-

CDate Received: -12/04/97 % Solids: 0.0-
:
6 I Concentration  Units (ug/L or kg/kg dry weight): us/L-
+m

t \ :AS No. Analyte Zoncentration Q

-

1

VE
JR
CC
CC
JR



m
; i
r GJO ANALYTICAL LABORATORY  - INGRGQJIC ANALYSIS  REPORT_.-,_..-  ,...~,.al  ‘l, ,_ ,, .,a.^.._*./_  .A- I _*, .(I, _,,," _ ,,

F- FORM 1 LAB SAMPLE NO.
INORGANIC  ANALYSES DATA-SHEET.

:
248585

?SDG NO.: -248567- Matrix: WATER Tpt 7-
I-

Date Received: -12/04/97 % Solids: 0.0-

9-s

i i

*-,

i

b ,

Concentration  Units (ug/L or mg/kg dry weight): UG/L-

:AS No.

7440-38-2
7440-39-3
7440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

Analyte

4rsenic
3arium -
:opper
lolybdenum
selenium
Jranium -
JanadiuK. -

Zoncentration

3.4
63.6
23.6
8.1
1.0
9.5

50.0

Q

-
-
-



Cd0 ANALYTICAL  LAJ3ORATORY  - INORGANIC  ANgY.SIs  REPC?RT
m
! ,

FORM 1 LAB SAMPLE NO.
INORGANIC  ANALYSEF  DAT$,$HEET_.. * .

m

:' SDG No.:
248585
.-l-R+ 17Matrix: WATER--248567-

?Date Received: -12/04/97
t (

% Solids: 0.0-

Concentration  Units (ug/L or mg/kg dry weight): ug/L-
c(

: : 3AS No. Analyte Zoncentration Q

-
9

JR
?R
CC
cc
!JR

JHS-N
:hlorlde
Q03 -
402
sulfate

P
3
f *

-



m FORM 1 LAB SAMPLE NO.
' ; Y INORGANIC ANALYSES DATA SHEET

mm 248586
u SDG No.: -248567 Matrix: WATER Tp-(f- -

*Date Received: -12/04/97 % Solids: 0.0-: f
;. ) Concentration  Units (ug/L or mg/kg dry weight): UG/L-

ZoncentrationJAS No. Analyte

Jrsenic
3arium -
:opper
rIolybd=
selenium
Jranium -
;Tanadiur-

L
>-
>-
??
1
?ii
>.-

7 . 8
8 8 . 8
2 6 . 8

5 . 8
1.0

11.5
5 0 . 0

7 4 4 0 - 3 8 - 2
7 4 4 0 - 3 9 - 3
7440-50-8
7 4 3 9 - 9 8 - 7
7 7 8 2 - 4 9 - 2
7 4 4 0 - 6 1 - l
7 4 4 0 - 6 2 - 2

--
: I



@J?

GJO ANALYTICAL  LABORATPRY - INORGANIC ANeL>F,IS  REPORT,-"

m

PSDG No.:P

FORM 1 LAB SAMPLE NO.
INORGANIC  ANALYSES DATA SHEET

t
248586

-248567- Matrix:. WATER 7P-4r. ..-

Date Received: -12/04/97 % Solids: 0.0-m: Concentration  Units (ug/L or mg/kg dry weight): ug/L-
-
1

E
JR
CC
CC
JR
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

3AS No. Analyte Zoncentration Q44

..

, -, -

. .. .

. .. .

* .* .

. .. .

. .. .

. .. .

. .. .

. .. .

. .. .

. ,. ,

. G. G

mm

..

--

mm

JH3-N
Zhloride
JO3 -
JO2
sulfate

*.  1

r-!
c

‘- I

r3

F

\r I



FORM 1 LAB SAMPLE NO.
w INORGANIC ANALYSES  DATA SHEET

I

"SDG No.: -248567- Matrix: WATER- I 24853
( P-d

GJO ANALYTICAL LABORATORY  -.INo!!~!&&~ ANALYSIS  REPORTj ",",. .,.. ,avir;  ̂ ,.., ,," , / ,_ _li _ ..~ _,.,,  __ .‘ .I /

Date Received: -12/04/97
111

% Solids: 0.0-

Concentration  Units (ug/L or mg/kg dry weight): UG/L-

4

r*
;
, :

F-3

m

m

/

; :

F”

: .

:AS No. Analyte

7440-38-2
7440-39-3
7440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

Lrsenic
3arium  -
:opper
lolybdenum
3elenium
Jranium -
Janadiur-

l- -

C

-

. -
I -
. -
. -
. -
. -
.' -
. -
. -
. -
- -
- -
. .
- .
- .
m .
s .
m .
- .
- .
- a
- G
- s

:oncentration  C
I

-

-

, -

. -

. -

. -

. -

. -

. -

. -

. a

. .

- .

m .

- .

m .

- .

s .

m .

m .

- .

- .

- I

-

-

a,,,

Q

__,+,  ._ . . . . x ,

#

. E

.I

.I

.I
* 1
- I
- -
_ -
- -
- -
- -
- -
- -
- -
- -
- .
- -
- .
- .
- .
- .
- .
- .
- .
0 .
- .
- *
- G
-
Y”..L.

L



In*

FORM 1
INORGANIC ANALYSES DATA SHEET

n 248587
SDG No.: -248567- Matrix: WATER "Tp rq.d

b"Date Received: -12/04/97 % Solids: 0.0-

Concentration  Units (ug/L or mg/kg dry weight): ug/L-

Z!AS No. Analyte Concentration  C Q M

c
IC
IC
IC
IC

3320
60700800

14.0
3.0

434opoo

-
-

-
-
-
-
-
-
-
-
-
-

.I I

YComments:

m



GJO ANALYTICAL LABORATORY  - INORGANIC,.~~YS,I~,,,REP.~~T _
P

FORM 1 LAB SAMPLE NO.. INORGANIC ANALYSES DATA SHEET i
m4

' SDG No.: -248567-
248588

Matrix: WATER --r/3+0-

.F"Date Received: -12/04/97 % Solids: 0.0-

Concentration  Units (ug/L or mg/kg dry weight): UG/L-

??
L 8

;

-
/

mI”

i ,

ZAS No.

7440-38-2
7440-39-3
7440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

Analyte

Prsenic
3arium --
:opper
rlolybdenum
3elenium-
;Tranium
Vanadic-

Zoncentration

1.0
41.7
20.0
5.0
1.0
5.0

50.0

t

i
1
1
1
1
1
1

. .

. .
* .
. .
. .
. .
. .
. .
. I
. <
. <
. *
.
.
.
-
-

m

Q 1

i
I
I
1
1
1
1

.
I .
.
. .
. .
. .
. .
. .
. .
. .
. I
. I
. .
. I
. s
.
.
I
-
-

-

4

-

f-comments:



E

GJO ANALYTICAL LABORATORY  - ZNORGANIC ANWYSIS REPQRT

m FORM 1 LAB SAMPLE NO.
INORGANIC ANALYSES DATA SHEET,. ,.-_

t
248508

'I1lSDG No.: -248567- Matrix: WATER TP- 20-

Date Received: -12/04/97 % Solids: -0.0
F

Concentration  Units (ug/L or mg/kg dry weight): us/L-* j

Pm
‘ !AS No. Analyte

JH3-N
Zhloride
IJo -
102
sulfate

loncentration Q

-

1

VE
JR
EC
CC
JR

-
-



GJO ANALYTICAL LABORATORY  - INORGANIC ANALYSIS  REPORT
i*“i

t 4: : FORM 1 LAB +@?LE NO.
INORGANIC ANALYSES  DATA SHEET I I

Im
‘ADG N O . : -248567- Matrix: WATER-

Date Received: -12/04/97 % Solids: 0.0-

m

1

248589
-cl+3 I

Concentration  Units (ug/L or mg/kg dry weight): UG/L-

CAS No.

7 4 4 0 - 3 8 - 2
7 4 4 0 - 3 9 - 3
7 4 4 0 - 5 0 - 8
7 4 3 9 - 9 8 - 7
7 7 8 2 - 4 9 - 2
7 4 4 0 - 6 1 - l
7 4 4 0 - 6 2 - 2

Analyte

9rsenic
3arium -
Zapper
!¶olybdenum
Selenium
Jranium -
VanadiuEn'ii--

Zoncentration

1.5
71.0
2 0 . 0

7 . 7
1.0

10.3
5 0 . 0

Q

i Comments:



m
P -!
:w‘ > G?O ANALYTICAL  LABORATORY - INORGANIC @ALY$IS.Rl$PqRT

sbs
1 FORM 1 LAB SAMPLE NO.

INORGANIC  ANALYSES DATA SIjEET

Ila,
': fDG No.: -248567-

248589
Matrix: WATER TP-'t l-

p’ate Received: -12/04/97 % Solids: 0.0-
L Concentration  Units (ug/L or mg/kg dry weight): ug/L-

F*
* :

:AS No. Analyte

!TH3-N
Zhloride
go3 -
902
Sulfate

Zoncentration

ii
B

Q

-
4

IJR
gR
tC!
CC
RR
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
7
-
-
-
-
-
-

F-B 1
1 il ,

rcomments:; ,.



p”
GJO ANALYTICAL LABORATORY  - INORGANIC ANALYSIS  REPORT

FORM 1Pa INORGANIC ANALYSES  DATA SHEET
: 1

LAB SAMPLE NO.

h,DG No.: -248567-
"
Date Received: -12/02/97

Matrix: WATER-

% Solids: 0.0-

Concentration  Units (ug/L or mg/kg dry weight):

I

I :AS No. Analyte Zoncentration

In’

nca
r,

P-
! ’

F

r440-38-2
1440-39-3
1440-50-8
7 4 3 9 - 9 8 - 7
7 7 8 2 - 4 9 - 2
7 4 4 0 - 6 1 - l
7440-62-2

Qsenic
3arium
Zapper
Ylolybdenum
3el&ium
Jranium -
iTanadiur-

1.0
18.6

4 . 0
8 . 1

1 8 . 3

248591
Ahh-(

UG/L



P
: I
b

GJO ANALYTICAL LABORATORY - INORGANIC ANA+SIe REPORT_. ., . .
mm FORM 1 LAB SAMPLE NO.t "

I INORGANTC ANALYSES l+T&.SgEX$
I

F
: SDG No.: -248567- Matrix: WATER Cl-

ate Received: -12/02/97 % Solids: 0.0-

Concentration  Units (ug/L or mg/kg dry weight): us/L-

:AS No. Analyte Zoncentration

5 . 0
3 0 8 0 0 0 0

1 2 7 0 0
3 . 0

995000

Q

-
-



pl
: :

GJO ANALYTICAL  LABORATORY - INORGANIC ANALYSIS  REPORT
aah

FORM 1. INORGANIC ANALYSES  DATA SHEET
LAB SAMPLE NO.

7;.
SDG No.: -248567 Matrix: WATER-

""Pate Received: -12/02/97 % Solids: 0.0-

Concentration  Units (ug/L or mg/kg dry weight):

h

r!

F
f

ZAS No.

7440-38-2
7440-39-3
7440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

Analyte

irsenic
3arium -
Zapper
dolybdenum
3elenium
Jranium -
qanadic-

Zoncentration

1.0
17.2
8.0

248590
/7/-d-5

UG/L-

Q !I

ii-
P-
P-
P-
A-
PI:
p-
-
-
-
-
-

-

"Comments:



p;
i y &JO ANALYTICAL LABORATORY -.INORGwxC  e&LYSIS REPORT,_. _x _. _,.._ __. _,_*__, &",

cbl* mm 1 LAB SAMPLE NO.
I INORGANIC ANALYSES DATA SHEETt I

I 248590
& -i/6+-73i SDG No.: -248567- Matrix: WATER-

I

Date Received: -12/02/97
F*"

% Solids: 0.0-
.- Concentration  Units (ug/L or &g/kg dry weight): ug/L-

CAS No. Analyte Zoncentration Q

P
gH3-N
Zhloride
903 -
$02
Sulfate

1270000
1440000

79000
14.8

121400,000

-

I4

c
IE
IC
IC
IC
-
-

.

-
-
-
-
-

-
-

-
-

-
-

rComments:
I



“GJ GJO ANALYTICAL LABORATORY - -,INORGANIC ANALYSIS REPORT. ..".

FCRM 1 LAB SAMPLE NO.
INORGANIC ANALYSES DATA SHEET

I I

-248640- Matrix: WATER- I 248640
d-719-2 I

Date Received: -12/10/97
Fr,

% Solids: 0.0-

Concentration Units (ug/L or mg/kg dry weight): ug/L-

%
‘

I

b i
k ,’

m
p .

:

( /

Comments:

CAS No.

7440-38-2
7440-39-3
7440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

Analyte

lrsenic
3arium
Jopper
vlolybdenum
selenium
Jranium -
ranadium-

Joncentration

6.4
46.5
4.0
4.1
2.4
5.5

10.0

Q Y

F-
I?-
!?--
PM
p-
PM
p-
-
-

-
-

-
-



m .FORM i LAB SAMPLE NO.
; ;i, INORGANIC ANALYSES DATA SHEET

248640
G No.: -24’8640- Matrix: WATER- 4TP-3

late Received: -12/10/97 % Solids: 0.0-

Concentration Units (ug/L or mg/kg dry weight): ug/L--

4k
; .,
i 1

A

; ;

641

I ’

t.
,’

*”

rs
i ,

ClAS No. Analyte

NH3-N
chloride
NO3 -
NO2
Sulfate

(

-

. -

. -

. -

. -

. -

. -

. -

. -

. -

_ -

_ -

_ .

_ .

_ .

. .

- _

_ _

- .

- .

_ .

- .

- .

- .

- .

- .

. .

- *

- G

- .

-

-

loncentratign

216
542000

100
22.0

237000

I

.

. .

. .

. .

. .

. .

.
_
_
_
.
.
.

-

-

-
-
-

.

.

.

.

.

. .

. .

.

. .

. .

. .

. .

. .

. .

_

_

_

.

Q E

7

.

_

.

.

_

. .

_

. .

. .

. .

. .

. .

. .

. .

. .

. ,

_ .

.

-.

_

_

-
-

-
-

-

-
-

-
-
-

Zomments:
PI,
? '



a
* ’ GJO ANALYTICAL LABORATORY - INORGANIC ANALYSIS REPORT

am FCiZM 1 LAB SAMPLE NO.
I a INORGANIC ANALYSES DATA SHEET

I I

TG No.: -248640- Matrix: WATER-

late Received: -12/10/97 % Solids: 0.0-

248641
l?Ihj- 1

Concentration Units (ug/L or mg/kg dry weight): ug/L-

CAS No. Analyte Concentration

7440-38-2
7440-39-3
7440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

Arsenic
Barium
Copper
Molybdenum
Selenium
Uranium -
Vanadium-

3.4
33.7
4.0
4.6
9.9

12.8
12.3 j

_
.
. .
. .
.
. .
. .
. .
. .
. .
. .
. .
. .
. .
. .
. ,
.
-
_
*

Q Yl

F-
P-
P-
PM
P
PM
p-.
-
-

-
-
-

-
-

-

-
-



F?
.i ,

m
,"

GJO,+NALYTICAL LAB&ATORY - INORGANIC titiYSIS REPORT

FORM i LAB SAMPLE NO.
INORGmIC ANALYSES DATA SHEET

I 248641 I
a"c3G No.:t ,

-248640- Matrix: WATER- I Rw-! I
”

Iate Received: -12/10/97 % Solids: 0.0-
s-8 .,
/
c Concentration Units (ug/L or mg/kg dry weight): ug/L-

X3 No. Analyte (Zoncentration Q

-

ul

NH3-N 145
Chloride 156000
NO3 - 10300
NO2 22.0
Sulfate 131000

.

.
_
-
_
_
_
. .
.
.
.
. .
. .
. .
. .
. .
. .
. .
_ .
- 1
_
_
_
_ .
_

_

_

_

_

_

_

_

. .

. .

. .

. .

. .

. .

. .

. .

_ .

_ .

.

_

_

1
&z
IC!
IC!
ICY!
-
-

_

: -

_

_

.

.

. .

. .

. .

. .

. .

. .

. .

. .

. .

- .

. .

.

.

_

.

e

_

- “,

m .(

-
-

-
-
-

-
-

-
-

-
-

f-7

i

Comments:



sari
* , GJO ANALYTICAL LABORATORY  -,IINOR+!!~C .!!%!LY!!:? R!%??1

#
1

*SD& No.:

FORM 1 LAB SAMPLE NO.
INORGANIC ANALYSES  DATA SHEET

l

2 4 8 5 9 2

-248567- Matrix: WATER /=jg-Q 1-

* 'Date Received: % Solids: 0.0--12/04/97

Con&r&ration  Units (ug/L or mg/kg dry weight): UG/L-.

Zoncentration 13AS No. 1

15

. I

. I

I

. 1

. ’

. 1

. -

. -

. -

. -

_ .

. .

. .

. .

. .

. .

- .

s .

m .

m .

- .

- .

- .

-

-

-

aAnalyte

irsenic
3ariuni -
Zapper
3olybdenum
selenium
Jranium -
ilanadiur-

(

i
1
1
1
1
1
1

* .
, .
, .
. .
. .
. .
. .
. .
. .
. .
. I
. #
. <
.
.
.
.
.

-

(

.

.

.

.

-

.

.

8 -

* .

. .

. .

. .

. .

. .

. .

. .

. *

. I

.

.

.

.

s

4
a-.->

1.0
4.0

7440-38-2
7440-39-3
7440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

4.0
1.0
1.0
1.0

10.0

?M
4
?M
3--

.

.

.

.

.

.

, .

. .

. .

. .

. .

. .

. .

. I

. I

. .

I .

. G

.

.

.

.

Comments:
m , ., I ,. ., . " -"i .r st ., .._



:

I

GJO ANALYTICAL LABORATORY  - INORGANIC ANALYSIS  REPORT
me FORM 1 LAB SAMPLE NO.
: v. INORGANIC  ANALYSES DATA SHEET

f-?
L SDG No.: -248567-

248592
Matrix: WATER f&- O(-

-Date Received: -12/04/97
f

% Solids: 0.0-

Concentration  Units (ug/L or &g/kg dry weight): ug/L-

2y1
t ’I *

pr
E LI

m
:

P

3AS No. Analyte

P-

c 4
: d

rr
; ,

NH3-N
Chloride
NO3 -
NO2
Sulfate

t

.

.

* .

, .

. .

. .

. .

. .

. .

. .

. .

. .

. .

_ .

. .

_ #

- ,

. G

.

.

.

.

.

m

Zoncentration

5 . 0
2 4 5 0

(

i

i
1
I

I
.

.

.

.
, .
, .
. .
. .
. .
. .
. .
. .
. .
. .
. .
. I
. ,
. I
.
. s
.
.
.
.

: -

: -

I -

m

,

. -

. -

. -

. -

. *

. .

. .

. .

. .

. .

. .

. .

. .

. .

- .

- .

s .

m .

- .

m .

- I

- <

- .

- ,

-

-

t-2

-

1
i-
iE
CC
CC
cc

-
-

sConuuents:



ST
Grand Junction  Office  Analytical  Laboratory

(I 4 Sample  Login  Sheet
I

Received  by (Print Name): t/.m. H/l/,  C
I\ Page / of / V2.08

pit
*. I Received  by (Signature): 2, m.
# 4

Login date: /a -/697
Requisition/Case  #: 15775 Requestor: NIC KORTE

P Project number: L30105050

< , JdLL edd

m 1. Custody  Seal(s):
Shipping  Container:  Absent/Intact/Broken

c 8 Sample  Container: Absent/Intact/Broken

2. Custody  Seal No(s):

?-
" !

3. Chain  of Custody  Recs: Present/Absent

4. Traffic  Rpt, Pack Lst,
Analytical  Req: Present/Absent

lrrt

5. Freight Bill: Airbill/Sticker
Present/Absent

ip* 6. Freight Bill No(s).:

; 7. Sample  Tags: Present/Absent

8. Sample  Labels on
as? Chain of Cust.: Listed/Not  listed
b 1

9. Does information  on
custody  records,

bs* traffic  reports  &
sample  labels agree?: Yes/No

10. Shipping  Cont. Temp.:
and Condition

c,
t ! 11. Sample  pH: Accept/Not  Accept
j < Not Applicable

c*----------Analysis  Requested  - Data Due .--.......
: # Test-Due  Date
* ;-------------------------------

1AS -
-2BA -
3CL -
i ,4 cu -

5Ml -
6M0 -

r*"7 NH3N -
; 8 NO2 -

9 NO3 -
10SE -

#n-II so4 -
12 SOL -

i13u -
14v -

F

Date Date
o. Ticket Customer  IO Lab # ST Sampled Condition  Received Rec'd
== =========== ===s=========== ------  ------ ---- -______-.---__ ==================== ----we-_______

1 ATP-3 248640 W 03DEC97 GOOD lODEC97

z
RW-1 248641 W lODEC97 GOOD lODEC97
PB-1-83 248717 MD GOOD 15DEC97

4 PB-l-85 248718 MD GOOD 15DEC97
2 PB-1-89 248719 MD GOOD 15DEC97

PB-l-94 248720 MD GOOD 15DEC97
7 PB-l-101 248721 MD GOOD 15DEC97
8 PB-2-45 248722 MD GOOD 15DEC97
9 PB-2-74 248723 MD GOOD 15DEC97
10 PB-2-76 248724 MD GOOD 15DEC97
11 PB-2-78.5 248725 MD GOOD 15DEC97
12 PB-2-90 248726 MD GOOD 15DEC97
13 PB-2-100 248727 MD GOOD 15DEC97

N

=

Reviewed  by:

Date:



GJO ANALYTICAL LABORATORY - INORGANIC A&YSI$, PEPoRT

FORM 1 LAB SAMPLE NO.
INORGANIC ANALYSES DATA SHEET

f-G No.: -248640-
. 4
ate peceived: -12/15/97

Matrix: S O I L -

% Solids: 100.0
p:
: > Concentration units (ug/L or mg/kg dry weight):

248717

”
: :

clt

! *

ci

i!
,

P

i

h

ZAS -No. Analyte

7440-38-2
7440-39-3
7440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

Arsenic
3arium -
Zapper
vlolybdenum
selenium
Jranium -
Vanadir-

Zoncentration

12.9
343

29.4
71.9
0.40
103
525

j

. .

. .

. .

. .

_ *

_  .

_  .

- ,

_

-

*

-

-

_

_

.

_

. _

. .

. .

. .

. .

. .

. .

. .

. .

.

.

.

.

m

-

-

Q

EN- -

16-\-83

WW
-

M

P
PI,
P
PE
p-
PM
P

-
-

-
-

-
-

-
-

-
-

-
-

m
b

Zomments:



m
GJO ANALYTICAL LABORATORY - INORGANIC ANALYSIS REP,ORTI .,.. "" . I. ,. . . _ _ .

r5 FORM 1 LAB SAMPLE NO.
INORGANIC ANALYSES DATA SHEET/ I

@““’ No.: -248640- Matrix: SOIL I 248718
jY!Y-\ -%G

ate Received: -12/15/97 % Solids: 100.0
FT

Concentration Units (ug/L or mg/kg dry weight): mg/kg

21)
i

F-i

”

L

- -
-
-
-
-

- -
-
-
-
-
-
-
-
-
-

- -
- -
- -

w
,

F

i

CAS No. Analyte Concentration C Q M

7440-38-2 Arsenic
Barium -

13.2 1 P
7440-39-3 206 EN P-- -  -
7440-50-8 Copper 45.4 _ P-
7439-98-7 Molybdenum 65.3 PE
7782-49-2 Selenium 0.20 E
7440-61-l Uranium -

p-
176 _ PM

7440-62-2 Vanadi;n';-- 649 _ p-
- -

-
-
-
-
-

&tments:
pa
c i+

14
t ,

. ,.

,.) ., _. _1 .

_I ,.



GJO ANALYTICAL LABORATORY - INORGANIC‘ANALYSIS REPORT.1 .
FORM 1 LAB SAMPLE NO.

INORGANIC ANALYSES DATA SHEET
I

““G No.: -248640- Matrix: S O I L -
,,

-&e Received: -12/X/97 % Solids: 100.0

Concentration Units (ug/L or mg/kg dry weight): mg/kg
-

(
-
-

-

.

.

.
_
8 -
. .
. .
. .
. .
. .
. .
. .
.
.
.

-

-
-

IQ MAnalyte:AS No. Zoncentration

P
EN P-- -

P-
PM
p-
PM
p-

Wsenic
3arium -
Zapper
vlolybdenum
selenium
Jranium -
Vanadic-

14.8
267

95.6
105

0.20
163

1510

7440-38-2
744.0-39-3
7440-50-a
7439-98-7
7782-49-2
7440-61-l
7440-62-2

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

_-

r
;
Zomments:
m
: /

..~.. , . ,



GJO ANALYTICAL LABORATORY - INORGANIC ANALYSIS REPORT

FORM 1
INORGANfC-'-ANAI;YSES  DATA SHEET

LAB SAMPLE NO.
P
,

f-S No.: -248640~
?
ate Received: -12/15/97

Matrix: S O I L -

% Solids: 100.0

Concentration Units (ug/L or mg/kg dry weight): mg/kg

1
.

-

(I

Y-.-
3--
2
?G
3
?F?i
rl--
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

‘T-

C

. -

. -

. -

. -

. _

. -
_ _
_ -
_ -
_ -
_ .
_ .
- .
- .
- .
- .
- .
- .
- .
- .
-
-
-
-

Analyte ZoncentrationIAS No. Q(

-

-

_

_

_

_

. _

. .

. .

. .

. .

. .

. .

. ,

.

.

-

-

-

-
1
I
(
l!
c
i
T

Wsenic
3arium -
Zapper
Jlolybdenum
selenium
Jranium -
Janadic-

3.1
75.8
15 .4
20 .5
0. 62
52 .3
17'20

7440-38-2
7440-39-3
7440-50-a
7439-98-7
7782-49-2
7440-61-l
7440-62-2

m
k 4

EN- -

F

.4-T

i

Zomments:



/ GJO ANALYTICAL LABORATORY - INORGANIC ANALYSIS REPORT

m FORM 1 LAB SAMPLE NO.
b 8 INORGANIC ANALYSES DATA S,RFET

248721
p"G No.! -248640- Matrix: S O I L - -?&1 -Jo\
I- 4,
ate Received: -12/15/97 % Solids: 100.0
m
2* ‘ Concentration Units (ug/L or mg/kg dry weight): mg/kg

T- Analyte
I
loncentration QZAS No. ‘C

,

brsenic
3arium -
Zapper
rlolybdenum
selenium-!
Jranium
Janadic-

5.5
187

10.7
0.98
0.20
5.4

7440-38-2
7440-39-3
7440-50-a
7439-98-7
7782-49-2
7440-61-l
7440-62-2

F

G i

EN- -

31.2

-
-

-
-

h

Zomments:
F?



m:
GJ-0 ANALYTICAL LABORATORY - INORGANIC ANALYSIS REPORT

LAB SAMPLE NO.

?G No. ,: 248640-1\ "
late Received: -12/15/97

Matrix: SOIL-

% Solids: 100.0

248722
P&-Z-~4

Concentration Units (ug/L or mg/kg dry weidht): mg/kg

X3 No. Analyte loncentration Q

-

H

7440-38-2
7440-39-3
7440-50-a
7439-98-7
7782-49-2
7440-61-l
7440-62-2

Wsenic
3arium -
Zapper
vlolybdenum
selenium
Jranium -
iTanadic-

113
1290
832

78.8
3.7
338
597

EN- -
p-
p-
p-
PM
P
PM
p-

-
-

-
-

-
-
-

Zomments:



_ - j-- ._ .._ - - -,.--

F”sL >
" , GJO ANALYTICAL LABORATORY - INORGANIC AB@&YSIS REFORT

FORM 1 LAB SAMPLE NO.
INORGANIC MWWS~S'DATA SHEET

248723
-248640- Matrix: SOIL- Pe -2-74

late Received: -12/15/97 % Solids: 100.0
"!

Concentration Units (ug/L or mg/kg dry weight): mg/kg

ZAS No. Analyte

7440-38-2
7440-39-3
7440-50-a
7439-98-7
7782-49-2
7440-61-l
7440-62-2

\rsenic
Barium -
Zapper
tiolybdx
Selenium
Uranium -
Vanadic-

Zoncentration

9.2
340

21.5
27.6
0.34
65.8
496

Q

EN- -

-
d
r.->.->
iii
3
ii?
3*-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

r-

i
Zomments:



m
” * GJO ANALYTICAL LABORATORY - INORGANIC ANALYSIS REPORTr

P FORM 1
INORGANIC ANALYSES DATA SHEET

LAB SAMPLE NO.

248724
?G No.: -248640- Matrix: SOIL 76 -2-76

ate Received: -12/15/97 % Solids: 100.0
n Concentration Units(ug/L or mg/kg dry weight): mg/kg

p-r

i

6”*
/

P-4

I 1

ii *

F

r

c*

‘

”

X3 No. Analyte

7440-38-2
7440-39-3
7440-50-a
7439-98-7
7782-49-2
7440-61-l
7440-62-2

Arsenic
Barium
Copper
Molybdenum
Selenium
Uranium -
Vanadic-

Zoncentration

7.7
276

36.1
68.3
0.31
231
489

Q

EN- -

-

d i

r_
>
.-
1

Gi
>

iii
>
*-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Zomments:



r”*, : GJO ANALYTICAL LABORATORY - INORGANIC ANALYSIS REPORT

ba FORM 1 LAB SAMPLE NO.
INORGANIC ANALYSES DATA SHEET

I

‘““J No.: -248640- Matrix: S O I L -

ate Received: -12/15/97 % Solids: 100.0

Fli

I

t ,

Concentration Units (ug/L or mg/kg dry weight): mg/kg

CAS No. Analyte Concentration C Q M
'-

7440-38-2 Arsenic 78.9 1 p-
7440-39-3 Barium 365 EN P,- -  -
7440-50-a Copper 306 _ P
7439-98-7 Molybdenum 133 Pi
7782-49-2 Selenium
7440-61-l Uranium -

1.2 1 P
158 PZ

7440-62-2 Vanadic- 2460 z p-
- -.

-
-

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

- -

&ments:



GJO ANALYTICAL LABORATORY - INORGANIC ANALYSIS REPORT

4 FORM 1
INORGANIC ANALYSES DATA SHEET

LAH SAMPLE NO.

f-G No.: -248640-

ate Received: -12/15/97

Matrix: SOIL-

% Solids: 100.0

248726
PB-2-s

Concentration Units (ug/L or mg/kg dry weight): mg/kg

vt 2AS No. Analyte

8-l

m
, /

7440-38-2
7440-39-3
7440-50-a
7439-98-7
7782-49-2
7440-61-l
7440-62-2

Arsenic
Barium -
Copper
flolybdenum
Selenium
Uranium -
Vanadiur-

Zoncentration

2.5
92.4
8.6
1.3

0.31
3 . 6
33.2

C
-

fi
E

. -

. -

. -
_ _
_ _
- _
_ _
_ -
- .
- .
- _
- _
- .
- .
- .
- .
- .
- .
- *
- .
- .
-
-
-

Q

EN- -

-
-

I
Zoxtunents:
611



em

. ,
GJO ANALYTICAL LABORATORY - INORGANIC ANALyS.IS~~~JXpO~T

m FORM 1 LAB SAMPLE NO.
INORGANIC ANALYSES DATA SHEET

I
248727

F No.: -248640 Matrix: SOIL- pi!i -2-lo0-

dte Received: -12/15/97 % Solids: 100.0

Concentration Units (ug/L or mg/kg dry weight): mg/kg

:AS No. Analyte Concentration

7440-38-2
7440-39-3
7440-50-8
7439-98-7
7782-49-2
7440-61-l
7440-62-2

Wsenic
Barium -
Zapper
!4olybdenum
Seleniti
Uranium -
Vanadium-

Q

EN ~- -

H

iF
I?-
P-
PM
I?
PE
p-
-
-

-
-

-



Appendix C

Appendix C presents the boring logs and construction records for all of the drilling performed by
ORNUGJ. These include: 2 soil boring logs (PBOl  and PB02), 21 piezometers logs (TPOl
through TP21), 4 observation well logs (OW-01 through OW-04) and the reference well log
(RW-01). Also attached at the end of the appendix are the relevant soil boring/well logs for
existing locations logs used during the investigation @MM-l, AMM-2, AMM-3,ATP-1,  ATP-2,
ATP3, B-l, B-10, B-18, B-19, B-21, B-24, PW-1, and PW-2).

”



Oak Ridge National Laboratory
” Page 1 of 2

Environmental Technology Section
2597 03/4 Road

Grand Junction, CO 81503

Remarks:

Borehole  S u m m a r y

‘reject  Name: Atlas Groundwater  Investigation

late(s): 12/10/9!  - 12/10/97

bntroctor:  Layne Christensen

Ievation:  4053.88’

itote Plane North:  102467.60

itate Plane East: 2544991.92--

Site Id: PB-01
.

Total Depth: 111 .OO’
. ,~

Drilling  Method: Dual  Wall Reverse Circulation/Percussion  Hammer
_.

Logged  By:M.E. Mumby

Certified  By: F.G. Gardner

4051

404

403

402

Material  Description

_ Fill: Red  fine grained  sand and gravel.
. . . . .,, ,’ :’ ::. :, . ..‘. ;. Tailings

. ;. . .‘:’.. . . :,: .,,.:‘.‘:,‘I SP Sand:
.‘.‘. .‘.

light  gray (2.5Y 7/l) fine grained,  subround,  slightly  moist,  based on cuttings.
.‘,‘. . . :‘: ‘.. ..‘.Z :. 1,
., ,” . 1. . .
:.... .+. SP Sand:
. ..:’ . .‘. ”

light  gray  grading  to a light  yellowish  brown (IOYR 6/4
l

very  fine to fine grained
. . . . . subround,  occasronal  dark  accessory mmerals, slightly  moist, sligh clay content  <10X.

z ‘._Y.  .“:  :;,A‘:
h’. . ‘.: . . :‘. ,,
. . .‘..l .: . : SP Sand: Ii ht yellowish brown (IOYR  6/4), with some light  gray  zones,  fine grained,

3 ., .; .” . . . ..I. ..’ f
.,. . .. : . . .

subround  WI h scattered  medium  round  grains, scattered dark9
1 ..,.’  .‘. . accessory minerals,  slightly  moist, occasional  brown lenses  of fat clay from

, :. . .‘: 15.5 to 16.0 ft, l-3mm occasionally to lcm thick.

SP Sand: yellowish brown
1with scattered  medium wel

10YR  S/4), predominantly  fine grained,  subraund
rounded  grains, sli htly moist,  occasionally slightl

cl ey with clay content  <10X,  sand  is lithifie
difqcult  to pound split  spoon.

B to some degree from 24-2Yrt

:.. ’ . . . ..“. Sp Sand:. . . .-. ,. ,- :
I I

ale
. :;. :. 1,. . clean, slig tlyR brown (IOYR 6/3), very  fine  grained,  subround,  vel;y well sorted,

moist.
. . . ,.‘..’ . . .. _. ,. .,

SP Sand: as above  becomin
9,

light  brownish
cloy is reddish  bmwn to dar reddish  brown
to a clean sand  below 35.0 ft.

clay zone  from 34.5-35.0  ft.
soft,  fat, moist, grades back

SP Sand: light  brownish  gmy (1OYR  6/2), very  fine grained,  subongular  to subround,
very  well sorted, sli htly moist, interbedded sand  and
sand  is wet above 9

cla zone  from 40.5 to 41.0 ft,
he interbedded sand  and clay zone  approx  4”).r

. :.. . . ,.’ :
‘...‘.  :..
. .’ .._ . :.: ‘.,’

..:. ;. .: 1. _. SP Sand: brown (1OYR  5/3), predominantly  fjne p rained with common  very  fine grains,
,. ,.’ . . . submund  to subangular,  slight  y moist,  occaslona zones  with some clay, clay content  <10X.
.:.... .:,: :.
,,.. .‘...

. . . A.‘.‘.
,‘_ . ,, ,.’ .
.:‘. .‘.. . Sp Sand:. ,’ . ,” : as above,  very  fine to fine grained,  clean,  wet entire  interval.
. .‘. : :. :

1: .~~.y::.~,’  ;.:,j Increasing  clay content  at approximately  53’.

CL Sandy  Clay:  gray (5YR  5 l), soft, medium  to low plasticity,  wet, sands  are
very  fine to fine grained.  (s cme tailings).c



Site Id: PB-01 Page 2 of 2
=

g e 3i?? 3g.sE
EP s 0 .$ Material  Description
P 5 eB 4 8-
s cl 8 m is

. . . . .
-,a :. :. . . . . .’ ‘.

a ;e. ,. ,.’ :
::. :. 1,. ,’
. . . . . . .. I ‘,’

i99C ; : ‘,..:l’ :‘,G :
SP Sand::, . ;. : :. as above  with some interbedded  sandy  clay, wet, clay exhibits  medium to

1; . .;,..  .,.,..  ,, ,.,:,. low plasticity.
..7: . . . :.._

1980

1970 Top  of basal slime tailings  83 ft.

3960

dark  grayish  brown (1OYR  4/2), soft, wet,  slighly sandy.

395C

ML Silt:  color ae above  grades to a predominantly  light gray silty clay from  104.5 to 106 ft,
firm to stiff very moist.

GW Sandy Gravel: reddish  brown (5YR  4/3), subrounded  to well rounded
CT

ravels to 6cm in a
sand  matrix,  saturated,  sand  is medium to very coarse grained, subroun , clean.

Pipe  T.D. 109 ft.
3941: Split  Spoon  T.D. 111 ft.

120-

3930

130-

3920

140-

391c

I. _. .., .



Oak Ridge Notional Laboratory
Environmental Technology Section

2597 B3/4 Road
Grand Junction, CO 81503

Remarks:

Borehole  S u m m a r y
reject Name: Atlas Groundwater  Investigation

ate(s):  12/l l/97 - 12/11/97

ontractor:  Lavne Christensen

Site Id: PB-02

Total Depth: 111.00’

Drilling  Method: Dual  Woll Reverse Circulation/Percussion  Hammer

Logged  By:  ME. Mumby

Certified  Bv: F.G. Gardner

levation: 4048.41’

tote  Plane North:  102316.66 ’

tate Plane East: 2544691.94

404

403

402

401

4Of

39!

Material  Description

: Fill: Gravel and sand,  dry,  grades to tailings  sand  from 2 to 4 ft.

4
m

:. Tailings

t:‘.:.;:,): .‘,I;. .{.(I
;;l:  :;.  . . :-.
_,.x.
,* . .’  .___ ,:
.‘..  1,. ..‘,I

. . ,, ,.’
,‘.‘. :. .

. . :‘. ,, . .
: :: . . . . .

yr: ,’  ,”

,.:..-F..‘.
.“.  ., ;’ . 1.
:..  ,,.  .:.

SP Sand: yellowish brown (10YR  5/4), predominantly  fine
grained  sand,  moderately  well sorted, subround,  clean,

. Tined *with common  medium

minerals,  scattered  lenses  of brown fat clay.
slrg  tly morst,  scattered dark accessory

SP Sand:
subrounded.  ve

ra (IOYR 6/2 to brownish  yellow (IOYR 6 6), fine  grained
light  ~r\%is~08e~ clean, slighti /

brown fat clay slime tailings)  ronging  In
moist, occasional lenses o

hickness  from l-2 cm.
brown to grayish

”. ,.’
.‘. ‘_ .‘.

.‘.
. . .: I . : . . ,. SP Sand : as above,  with no visible clays.

. .‘.‘. :. . I1..

SP Sand: yellowish brown (10YR
fine grained.  subround,  moderately

5/6
I’*

predominantly  fine to medium mined with some  very
we I sorted,  clean, becomes interbed ed1 with very  fine

grained  clayey  sand  from 25.5 to 26 ft., sand  above  clayey  sand zone  is wet from
approximately  23 to 26 ft.

dy:  reddish  brown (2.5YR  4/4), soft  wet fat interbedded  thin  lenses of very  fine
g%? gray sand ranging  in thickness from l:Pmm, decreasing with depth  (slime  tailings).

SP Sand: grayish  brown (2.5Y .5/2;.. ve5 fine grained,  subround,  well sorted,  slightly  cla ey
with clay content  < 10X,  occasIona  Inter edded very  fine grained  clayey  sands, saturate  .dy

‘0

CH Clay:  light  olive brown,  (2SY S/4), soft, wet.  fat, evident  laminations,  distinct  layer
of black  sand  (reduced?)  at 45 ft., sand is predominantly  ve
fine grained  sand in a black  cla ey matrix, 7

fine  grained  with scattered

.increosing  sand content  at 46 Y
wet, another smal zone  present right above  46 ft

f . (slime tailings).

fine to fine rained, subrounded.  moderately  well sorted,  failrll
clean with co conten  < 10 to 50 ft., re dish brown fat cla

cqv (5Y 6(l).  “y 8.
grading  back  o a very fine grained  clayey  sand  from 50.5 to % 1

layer from 50 to 50.5 ft.
ft.

.’ . . . . ..I

. . . .;. . : .‘.  :
,. ..’ Sand:
1 1’ soft,  f% clay from 5; to 56 fl,

J SC Clay gra  (2.5Y N6 6).
with

soft, wet,  sand  Is very  fine grained.  grades to a gray.

.’ .: .‘.., ;. . . ,,.,,’ (slime  tailings).
occasianol Tnterbedded  very  fine gracned  sand

_ .L’. :. 1..
. .,,.’  . ;, . .
. ., . . . .‘.‘. :.



3981

397

396

395

394

393

392

391

39(
-

Site Id: PB-02 Page 2 of 2

Material  Description

;P Sand: ra ish brown (2SY 5/2), very  fine grained,  subround,  well sorted, fairly clean
above 60.2 ft!. some interbedded  gray silty  clay from  60.5 to 61 ft., wet.

:L Sandy  Clay: grayish  brown (2SYR.  5/*2).  soft. wet.  exhibits  moderate
~~o~rh brown sand by 65 ft., sand  IS fine grained,  subrounded,  well so r-r

lasticity,  grades to a
cd, skghtly  clayey

;P Sand: as above,  fat clay layer from 70.5 to 71 ft.

-op of basal  slime tailings 72.5 ft.
:L Cloy: predominantly  gra
stiff, slight1 moist, drstrnc Y

(5YR  6/l) with scattered  interbedded  reddish  gray (5YR  5/2),

Y
bedding  planes  visible,  scattered  interbedded  la ers of gray salt

ranging  In hickness  from l-2mm, grades  to a silty clay from 74 to 75 t. (slime  tailings).Y

:L Cla :
Y

as above,  very  stiff, small wet zone  from  77.5 to 78.5 ft., rest  of interval  is only
slighty  moist, grades  to a reddish  gray from 80 to 81 ft. (slime  tailings).

ZL  Silty CloT gra  (SYR  6/l), stiff,  moist, bedding  planes  becoming  less distinct,  occasional
interbedde  very me grained  sand below 86 ft.

):

Top  of red sand  (alluvium)  approximately  86 ft.

3P Sand: red (2.5YR 4/8), predominantly  fine rained
subround,  moderately  well sorted,  scattered darii

with scattered medium  grained.
accessory minerals,  slightly  moist.

SP Sand: as above,  based on cuttings.

ML  Sandy  Silt:
fine to fine

red (2.5YR  4/6), soft, wet,  grades to a silty  sand in some  zones,  sand is ver]
grained.  subrounded.  very  micaceous.

ML  Silt: brown to dark  brown (1OYR  4/3), soft, wet, slightly  sandy,  slightly  micaceous.

ML Silt: as above  grades to a dark  brown sand  at 105.5 ft.. sand  is fine grained  with
scattered medium grains,  subround,  moderately  well sorted, decreasing  silt  content  with depth.

Top of gravel  approximately  108 ft.

SW Gravelly  Sand: reddish  brown
1.5 in., d

SYR  4/3). fine to coarse grained  , subrounded  to round,
with gmvels to saturate  .

Split  Spoon  T.D. 111 ft.
Pipe  T.D. 109 ft.



Oak Ridge’ National Laboratory Page 1 of 2

Environmental Technology Section
2597 B 3/4 Road

Grand Junction, CO 81503

Remarks:  2’ O.D.  0.010’ Slotted  Pre-Packed PVC Screen
Screened  Interval  69-79’,  Pre-Pack  Sand 8-16
Natural  Pack 70-79’,  8-16 Silica Sand to 64’

Monitoring Well Summary
Natural  Pack to 59’, Hole Caving
Bentonite  Seal 56.4-59’,  Grout to 3’ Cone to Surf

rroject  Name:  Atlas Groundwater  Investigation

late(s):  12/09/97 - 12/09/97

:ontractor:  Lavne Christensen

8evation: 4016.63’

itate Plane North:  105651.20

Site Id: RW-01

Total  Depth: 81 .OO’

Borehole  Dia.: 9.00in

Drilling  Method: Dual  Wall Reverse Circulation/Percussion  Hammer

Loqqed  Bv: M.E. Mumbv

itote  Plane East: 2541699.45 1 Certified  By: F.G. Gardner

4oac
20-

399c

3980

3970

Material  Description Well Construction

MP. EL. ,4018.63

SW Gravelly  Sond: red (1OR  4/8), d
7

very  fine to coarse grained,
subround  to subangular.  predommonty  quartz  with common
igneous  and metamorphic  grains,  igneous  and metamorphic  gravels
to 1.3 cm, some limonite  staining  present on the grovels.

SW Sand: as above  occasional very  large  cobbles  > 13 cm, fining
with depth.

SP Sand: color as above,  fine to medium  groined  in upper 1 ft. ‘of
sampler,  interbedded  well
well graded  sand  is fine

raded  sond in bottom  1 ft. of sampler,
9o coarse groined  subangular  to subround

predominantly  quartz  with common  igneous  ond metamorphic
;. . ..,.’ . gmins,  occasional gravels  to 2 cm, gmdes  back to a well graded

sand below 21.5 ft.
. . . .;.. .

: . .
. . :

. .
. . .., .,
,. :’ . ,. ..I. ::.

:. . :
. ,.,.. ;. . .

.. . . . . . .:‘.; . . . . .. : SP Sand: red (2.5YR  4d/6p very  fine  to fine grained,  subongular,
..‘,‘. :.. :.. . well sorted, scattered  or accessory minerals,  limonite  stoined,
.‘, . . . .. .
. . .‘.I :. . 1.:

occasional  grovels  to 7.5 cm, slight  increase in grain  size  ot bottom
of sampler.

. ...’ _..... .

Increasing gravels  and cobbles,  up to 15 cm at cyclone.

SW Sand: red (10R 4/8). fine to coarse
subround,  common  fine gravels,  grovels
with scattered igneous  and metamorphic
in the finer gramed  intervals.

SW Sand:  as above,  interbedded  fine  grained,  well sorted sand  from
49.5 to 50.5 ft., slight increase in moisture  content  in the fine
gmined  sands,  scattered  cobbles  to 12.5cm, grades back to a well
graded sand  at approximately  52 ft.

Water ot Approximately  57 ft.



1 Site id: RW-01 Page 2 of 2

Material  Description Well Construction

. .‘,. “‘.,” . .’ SP Sand: red (2.5YR  4/6), fine  groined  with scattered  medium
gmins subangular  to subround,  scattered  dark accessory minerals,

I I

slight6 micacaous,  wet, increasing  grain  size  below 62 ft.
c

d SW Sand: dark reddish  brown (25YR 3/4),fine to medium grained
with scattered coarse groins,

:;g
I

subround  to subongular,  wet,

.$*.
increasing  gravels  from 67 to 69.5 ft..

.$$
,qqg3gs% SW San+ as above,  becoming  increasingly  coarse grained with
3:%%i.s%h’:~. rnc,reaslng  gravels,  grades to a sandy  gravel  at approximately  72 ft.,

.-. I’.-
LLU
‘-. .-.._..
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Oak Ridge National Laboratory

Environmental Technology Section
2597 B 314 Road

Grand Junction, CO 81503

Natural  Pack from 18-24’
8-12 Sand from 16-18’

Material Description Well  Construction

grayish  brown, slightly  moist,  dry  in some zones, very  fine to fine
groined,  subangulor.

dork  grayish  brown,  soft, moist,  sondy  zone  at approximately  5 ft.,
scattered very  small roots  lmm or less,  sharp  contact  with underlying  sand.

red,  slightly  moist, fine gmined,  with some  very  fine groined,
subround,  moderately  well sot-ted,  occosionol  dark accessory minerols.

very  dark grayish brown, soft, saturnted.  common organic

red,  wet, predominantly  fine  groined  with some very  fine and
medium grains,  subround.  clean.

SW Gravelly  Sand: color OS above,  fine  to coarse grained,  subangulor  to
round,  with ongulor  to round  g m v e l s  to 2cm. grodes  to o sandy  grovel  at
approximately  19.5 ft.

reddish  gray angular  to round  grovels  to 2.5cm in a sand
matrix,  sands  are very  fine to coarse groined,  clean,  saturated,  grades back  to
a red fine grained  sand  from 23.5 to 24 ft.



,(.. “. ,. . . . >, ,) ,,) , Paae 1 of 1
Oak Ridge National Laboratory

Environmental Technology Section
2597 B 3/4 Road

Grand Junction, CO 81503

Remarks:
1” O.D.  Slotted  PVC Screen  27-32’
Natural  Pack from 27-32’

Monitoring Well Summary
6-12 Sand from 27-29’
l/4” Bentonite  Pellets  from 25-27,”

-

E

bt3
B
8
-

397

39E

39:

398

-

20.

30

‘reject  Name: Atlas Groundwater  Investigation

late(s): 1 l/18/97 - 1 l/18/97

iontractor:  ORNL/GJ

Ilevation:  3972.48’

itate Plane North: 103616.19

;tate Plane East: 2546623.91

Site Id: TP-02

Total Depth: 32.00’

Borehole  Dia.: 2.00in

Drilling  Method: Direct  Push

Logged  By: DA.  Pickering

Certified  By:  M.E. Mumby

Material  Description

reddish  brown,  very  fine groined,  subongular,  dry,  occasional  grovel

CL Sandy  Cloy: brownish  groy,  sand  is fine grained,  dry.

.._‘. . . .I..,.

SP Sond: reddish  brown,  very  fine groined,  dry.

I Lost  Recovery

-.-.-.
.-.-.Z CL Silty  Clay: reddish  brown,  slight  plasticity,  wet.-.-,-.-

. . . . . .. . .“: :..... :
..‘. . . . :. .’ . . . .. . . . : . . . .,. :.
.;. . . . .
,, . :;. .“.
., . . ..‘,‘. :.’ Sp Sand.. ..,.’  ;. . . . OS obove,  wet.
:.. 1,. ..‘.‘.

t . . . ,,..’  ;
:‘. :.. . .

: .’ . .- ., :’
. . ..‘.Y :.. 1..
.,. .‘. :. ‘.. .,, ..‘.’ . . . ‘1.

..; . . . L. p.:
* :

. . . . . :-.,:.:.,: ‘C
y., ...*.. T* :.:  :

GW Sandy  Grovel: reddish  brown,  subongular  to subrounded  grovels  to 3.&m
‘.S .v
. . . :;;: ;,, in a sand  matrix,  sand  is very  fine to coarse grained,  saturated.,.
&&L.&  .A. i

Well  Construction



..” .., .,.. I ~., ‘ ,_.  ,. ^ l._. ..,, )_, j1.1,  y&l a./ .,,. ,_ ,.^“_ ,;,_

Oak Ridge National Laboratory
Page  1 of 1

Environmental Technology Section
2597 8 3/4 Road

Grand Junction, CO 81503

O.D.  Slotted PVC Screen 19-24
Natural  Pack from 20-24’
8-12 Sand from 18-20’

Material  Description Well  Construction

sorted,  occasional gravel  to 2.54cm,  some fill debris.

reddish  brown to red , well graded sand  with angular  gravels,  moist

No Samples  Collected: Sampler  stuck, overdrilled  sampler  with hollow stem
augers,  augered to 20 ft, sampled from 20 ft to T.D.

brown to grayish  brown,  very  fine with some medium  grained,  very

SW Gravelly  Sand: brown sand  with well rounded  to angular  gravels  up to
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Oak Ridge National Laboratory

Environmental Technology Section
2597 0 3/4 Road

Grand Junction, CO 81503

Material  Description Well Construction

red  fine grained,  with abundant  fill debris,  debris  is light  gray
sandstone  (ore?).

red,  fine  grained,  slightly  moist.

red,  soft, scattered very silty  zones,  becoming  wet at 15 ft.

brown,  wet, some clay zones,  saturated.

reddish  brown to red, very  fine to fine grained,  well sorted,  wet.

red,  gravels  to 3cm in a very  fine  grained  red sand matrix,

red,  gravels  up to 5cm in a brown sandy  matrix  with lots of fines,
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Oak Ridge National Laboratory

Environmental Technology Section
2597 0 3/4 Road

Grand Junction, CO 81503

1” O.D.  Slotted PVC Screen  11-l 6’

Material  Description Well Construction

SP Sand:  color  as above,  increasing  coarse grained  sand  at 6 ft.

wet at 7.0 ft.

reddish  brown,  grades to a well graded  sand  at 15 ft.
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Oak Ridge National Laboratory

Environmental Technology Section
2597 El 3/4 Road

Grand Junction, CO 81503

O.D. Slotted PVC Screen 27-32
Natural Pack from 25-32’

Sand from 23-25’

Material  Description Well Construction

Auger 2-in hole to top of gravel,  descriptions  based  on auger  cuttings.

ML Clayey  Silt: brownish  gray.

Top  of Gravel  approximately  29 ft.

Pounded  Geo-Insight rod to 32 ft to set well.



Page 1 of 1
Oak Ridge National Laboratory

Environmental Technology Section
2597 8 3/4 Road

Grand Junction, CO 81503

Material  Description Well Construction

Auger 2 in hole to top of gravel,  descriptions  based  on auger cuttings.

ML-SP Clayey  Silt/Sand

Wet at 7 ft.

Top  of Gravel approximately  26 ft, auger  to 27 ft.

Pounded Geo-Insight rod to 29.5 ft to set well.



Oak Ridge National Laboratory
Environmental Technology Section

2597 I3 3/4 Road

Page  1 of 1

Material  Description

Grand Junction, CO 81503

Well Construction

Auger 2 in hole to tap of gravel,  descriptions  based  on auger  cuttings.

Top of Gravel approximately  28 ft, auger to 31 ft.

Pounded  Geo-Insight rod to 31.5 ft to set well.
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Oak Ridge National Laboratory
Page  1 of 1

Environmental Technology Section
2597 B 314 Road

Grand Junction:  CO 81503

Monitoring Well Summary
Yoject Name:  Atlas Groundwater  Investigation

)ate(s):  1 l/20/97 - 1 l/20/97

iontractor: ORNL/GJ

levation: 3964.75’

itate  Plane North: 101671.28

itate Pkane East: 2545526.35

Remarks:
1” O.D.  Slotted  PVC Screen  23-28’
Natural  Pack from 17-28’
8-12 Sand from 15-17’
l/4” Bentonite  Pellets  from 13-15’

Site Id: TP-09

Total Depth:  28.00’

Borehole  Dia.: 2.00in

Drilling Method:  Solid Stem Auger/Direct  Push

Logged  By: J.L Zutman

Material  Description

3961

Certified  Ey: M.E. Mumby

Well Construction

Luger 2 in hole to top of grovel,  descriptions  based  on auger cuttings.

if4 Silt/Sand

kavel Stringer  from  17-18 ft.

Top of Gravel  approximately  19 ft, auger to 21 ft.

‘ounded  Geo-Insight rod to 28 ft to set well.



,. I.

Page 1 of ’
Oak Ridge National Laboratory

Environmental Technology Section
2597 0 3/4 Road

Grand Junction, CO 81503

D. Slotted PVC Screen 21-26’

Material  Description Well Construction

Auger 2 in hole to top of gravel,  descriptions  based  on auger  cuttings.

Scattered  gravel  Stringers  from  15-18 ft.

Top of Gravel approximately  21 ft, auger refusal at 21 ft.

Pounded  Geo-Insight  rod to 26 ft to set well.
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Oak Ridge National Laboratory

Environmental Technology Section
2597 B 3/4 Road

Grand Junction, CO 81503

Material  Description Well Construction

Auger 2 in hole to top of gravel, descriptions  based  on auger cuttings.

SP Sond  with some silt.

Auger refusal at 26 ft.
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Oak Ridge National Laboratory
Environmental Technology Section

2597 B 3/4 Road

Page 1 of 1

Grand Junction, CO 81503

Material  Description Well Construction

Top  of gravel  approximately  15 ft.

Pounded  Geo-Insight rod to 20 ft to set well.
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Oak Ridge National Laboratory
Environmental Technology Section

2597 B 3/4 Road
Grand Junction, CO 81503

Page 1 of 1

Material  Description Well Construction

Auger  2 in hole to top of grovel,  descriptions  based  on auger  cuttings.

Top  of gravel  approximately  15 ft. auger to 16 ft.



Oak Ridge National Laboratory
Environmental Technology Section

2597 f3 3/4 Road

Page 1 of 1

Material  Description

Grand Junction, CO 81503

Well Construction

__ . . .‘: . . .

Auger 2 in hole to top of gravel,  descriptions  based  on auger cuttings.

SP Sand with some silt.

SW Sand,  wet

Top  of gravel  approximately  15 ft, auger  to 16 ft.

Pounded  Geo-Insight rod to 21 ft to set well.
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Oak Ridge National Laboratory
Environmental Technology Section

2597 B 3/4 Road

Page 1 of 1

Material Description

Grand Junction, CO 81503

Well Construction

Auger 2 in hole to top of grovel.  descriptions  based  on auger cuttings.

SM Silty  Sand with some clay.

SW Sand,  coarse gmined,  wet.

Top  of gravel  approximately  27 ft.
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Oak Ridge National Laboratory
Environmental Technology Section

2597 B 314 Road
Grand Junction, CO 81503

Page  1 of 1

Remarks:
1’ O.D. Slotted  PVC Screen  22-27’
Natural  Pack from 22-27’

Monitoring Well Summary
B-12 Sand from 20-22’
l/4” Bentanite  Pellets  from 18-20’

‘raject  Name: Atlas Groundwater  Investigation Site Id: TP-16

late(s):  1 l/23/97 - 1 l/23/97 Total Depth: 27.00’

:antractar:  ORNL/GJ Barehale  Dia.: 2.0Oin

levatian: 3962.77’ 1 Drilling  Method:  Solid Stem Auger/Direct  Push

itate Plane North:  100468.26 I Lagged  By:  J.L Zutman

itate Plane East: 2545580.51 1 Certified  By:  ME. Mumby

3961

3951

394

393

3
A
5
%-cl
-

10

20

3c

-

Material  Description Well Construction

Auger  2 in hole to top of gravel,  descriptions  based on auger cuttings.

SM Silty Sand with some clay.

SW Sand,  coarse grained,  wet.

Top  of gravel  approximately  23 ft.

Pounded  Geo-Insight rod to 27 ft to set well.
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Oak Ridge National Laboratory
Environmental Technology Section

2597 B 3/4 Road

Page 1 of 1

Material  Description

Grand Junction, CO 81503

Well Construction

SP Sand.  fine grained,  some silt.

SW Sand,  coarse grained,  wet.

Top  of gravel  approximately  28 ft.



Oak Ridge National Laboratory
Environmental Technology Section

2597 B 3/4 Road
Grand Junction’, CO 81503

Page 1 of 1

1” Slotted PVC Screen 19-24’
Natural  Pack from 17-24’
8-12 Sand from 15-17’
l/4* Bentanite  Pellets from 13-15’

Site Id: TP-18

Monitoring Well Summary
Vaject Name:  Atlas Groundwater  Investigation

bate(s): 11/23/97  - 11/23/97 Total Depth:  24.00’

:antractar:  ORNL/GJ Barehole  Dia.: 2.00in

3evatian:  3961.25’ Drilling  Method: Solid Stem Auger/Direct  Push

Xate Plane North:  99074.73 Lagged By: J.L Zutman

;tate  Plane East: 2545813.04 Certified  By:  M.E. Mumby
I

3961

Remarks:

Material  Description

kger 2 in hole to top of gravel,  descriptions  based  on auger  cuttings.

5M Silty  Sand

SW Sand, coarse grained.  wet.

Top of gravel  approximately  18 ft.

Pounded  Geo-insight rod to 24 ft to set well.

Well Construction
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Oak Ridge National Laboratory
Environmental Technology Section

2597 B 314 Road

Page 1 of 1

Material  Description

Grand Junction, CO 81503

Well Construction

Auger 2 in hole to top of gravel,  descriptions  based on auger cuttings.

SW Sand,  coarse grained.  wet.

Top  of gravel  approximately  27 ft.



Oak Ridge National Laboratory
Environmental Technology Section

2597 B 3/4 Road
Grand Junction, CO 81503

Page 1 of

Monitoring Well Summary
‘raject  Name:  Atlas Groundwater  Investigation

late(s): 1 l/24/97 - 1 l/24/97

:antractar:  ORNL/GJ

Ilevatian: 3964.51’

Xate Plane North:  100102.40

itate Plane East: 2545007.22

396

395

394

39;

Remarks:
1’ 0.0.  Slatted  WC Screen  31-36’
Natural  Pack from 28-36’
B-12 Sand from 26-28’
l/4” Bentanite  Pellets  from 24-26’

Site Id: TP-20

Total Depth: 36.00’

Borehale  Dia.: 2.00in

Drilling  Method: Solid  Stem Auger/Direct  Push

Lagged By:  M.E. Mumby

Certified  By:  F.G. Gardner

Material  Description Well Construction

4uger 2 in hole to 27 ft., descriptions  based on auger cuttings.

SP Sand, red,  fine  grained.  wet at approximately  14-15 ft.

SM Silty Sand

Tap of gravel  approximately  30 ft.. based  on Geo-Insight penetration  rate.

Pounded  Geo-Insight rod to 32 ft to set well.



Oak Ridge Nationol Laboratory
Environmental Technology Section

2597 B 3/4 Road
Grand Junction, CO 81503

Page 1 of 1

Material  Description Well Construction

Tap of gravel  approximately  22 ft.

Pounded  Gea-Insight rod to 24.5 ft, large  cobble  cannot  pound  through,  set
well at 24.5 ft.



Oak Ridge National Laboratory
Environmental Technology Section

2597 B 3/4 Road

Page 1 of 1

Material  Description

Grand Junction, CO 81503

Well Construction

Auger 2 in hole to top of gravel,  descriptions  based on auger cuttings.

ML/CL  Silt and Clayey Silt.

Top of gravel  approximately  16 ft.



Oak Ridge National Laboratory
Environmental Technology Section

2597 B 314 Road

Page 1 of 1

Material  Description

Grand Junction, CO 81503

Well Construction

Auger  2 in hole to top of gravel,  descriptions  based on auger cuttings.

ML/CL  Silt and Clayey Silt

Top  of gravel  approximately  16 ft.

Pounded  Geo-Insight  rod to 30 ft, to set well.



Monitoring Well Summary
‘raiect  Name:  Atlas Groundwater  Investigation

late(s):  12/02/97  - 12/02/97

iontractor:  ORNL/GJ

levatian:  3963.13’

itate Plane North:  101735.96

Oak Ridae National Laboratorv
Page  1 of 1

Environm&tal Technology Se&on
2597 B 314 Road

Grand Junction, CO 81503

Remarks:
1” O.D. Slotted  PVC Screen  28-38’
Natural  Pack from 16-38’
8-12 Sand from 14-16’
l/4” Bentanite Pellets  from 12-14’

Site Id: OW-03

Total Depth: 38.00’

Barehale  Dia.: 4.00in

Drilling  Method: Solid Stem Auger/Direct  Push

itate Plane East: 2545089.06
-

Logged  By: M.E. Mumby

Certified  By:  F.G. Gardner

Material  Description

396 -1 Auger 4 in hole to 34 ft.

jY+-xrzq ML/CL  Silt and Clayey  Silt

.-.-..-.-..-.-..-.-.
395 ii 3.-.-.._.-..-.A.

Top of gravel  approximately 16 ft.

394

Pounded  Geo-Insight rod to 38 set well.

Well Construction

n
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Oak Ridge National Laboratory
Page 1 of 1

Environmental Technology Section
2597 El 3/4 Road

Grand Junction’, CO 81503

Monitoring Well Summary
‘reject  Name:  Atlas Groundwater  Investigation

late(s): 12/02/97 - 12/02/97

:ontroctor:  ORNL/GJ

Elevation:  3962.43’

Ltate  Plane North:  101735.96

Remarks:
1” 0.0.  Slotted  PCV  Screen  28-38’
Natural  Pack from 16-38’
8-12 Sand from 14-16’
l/4” Bentonite  Pellets  from 12-14’

Site Id: OW-04

Total Oepth:  38.00’

Borehole  Dia.: 4.00in

Drilling  Method:  Solid Stem Auger/Direct  Push

Loqqed  By:  ME. Mumby

Itate Plane East: 2545079.06
-

Certified  By:  F.G. Gardner

Material  Description

396 $+--E-G1 Auger  4 in hole to 36 ft..-.-..-.-..-.-..-.-.E 1.-.-..-.-..-.-..-.-.
-3 ML/CL  Silt and Clayey  Silt

1()-q.-.-..-.-..-.-..-.-.
395

.-.-.E 3.-.A..-.-..-.-..-.-.
Top  of gravel  approximately 16 ft.

394

Pushed  Geo-Insight rod to 38 ft, to set well.

39;

Well  Construction



GEOLOGBT’  DRILL HOLE REPORT
paoeLd4

WESTERN

Ec~ffoLOO’Es.

prcriect:  219-OK-011

asx utah
_’

‘ T .  25s FL 27 E S SW f 27

w Atlas Xinerals 3975.44 N 5885.30 E 1

&&z@z  G .  Cxtiss

IXk R. Sharp

&& started: 3/25/90

m h%hdz 301101-r Stem Auuer (69)

t3ec#@&  @p Pjone

DmH

m 4050.90 FTC /3

m m. Boyles Brothers

m w: 3/26/90

m noininal 10”

c#rmsrts:  c u t t i n g s  descripticrs  u n l e s s
otherwise  designat&

LIEDLOGY

0

2.0

5.0

9.0

10.0

20.0

To

2.0

5.0

9.0

10.0

20.0

25.0

26.5

25.5

-

Fill; brow br reddish-brown sand & gravel, very fine grain, dry.

TXILISGS:
Sand; lighr  brown,  very fine to coarse grain, ‘pocrly  sorted, loos:
& unconcc!idated,  dry.

Sand; dark brown, fine to coarse grain, modera;tly well  sorted,
predominzt:ly fine grained, soft, dry.

Argillacec:s
soft, moisr.

sand; brown, fine srain, abundant clay, balls up,

Sand; brozc,  very fine to medium grain (90-95?3  very fine),
moderate to poor sorting, soft, wet, gets wetter fron 19-X’, grain
size decreases with depth.

Argillaceous sand; light brown to brown, very fice to fine grain
(60.70% fict), wet (not as wet as 15-20’ except from 24-25’).

SPLIT SPOON SAMPLE #PW-21
blow counts - 7 blows (90% recovery)

Sand; light brown, very fine to fine grain, stib-rounded  to sub-
angular, poorly sorted, soft, very wet.
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t-be bb.: pw-2

DEFiH

25.j

26.3

.

26.5

40.0

40.0

30.5

41.2

41.5

50.0

51.5

60.0 61.5

61.5 70.0

26.3

26.5

40.0

41.5

40.5

41.2 ,

41.5

50.0

51.5

60.0

LfTHOLOGY. ,

Sand; light brown, fine grain, sub-rounded, ~~11  sorted, nc:  ns

wet as above.

Sand; light greenish-brown, very fine to fine grain, poorly soitcd,
wet.

Sand; light brown, very fine to fine grain, argillaceous in s;ots,
very soft, very wet (80% fine grain @ 35-40’).

SPLIT SPOON SAMPLE *P\V22
blow counts = 20,23,17  (9O?b recovery)

Sand;light brown, very fine to fine grain (505SO%),  mode;s:cl)
well sorted, very soft, very wet.

Sandy siltstone; gray, argillactous,  somewhat plastic, soft, x:t.

Sandy siltstone as above with slight increase in water, wet.

Sand; brown, fine grain, silty, sub-angular to sub rounded, soft,
wet.

SPLIT SPOON #PW-23
blow counts = 3,4,2 (100% recovery)
Sand; gray, slightly argillaceous (becomes more argillaceous with
depth), very fine grain, sub-rounded to sub-angular, fairly well
sorted, homogeneous sample, no sights of layering in this ssr=.ple,
wet.

Sand; grayish brown, very fin: to fine grain (50%-50%),  mod:;ate
sorting, spft, wet, grain size decreases with depth to 100% very
fine grain.

SPLIT SPOON SAMPLE *PM”-24
blow counts - 3,3,5  (100% recovery)

Sand; light gray, very fine grain, slightly silty, well sorted, sub-
angular, soft and semi-plastic, becomes a silty clay in bottom 4”
inter-layered with sand, wet.

Sand; light brown, very fine to fine grain, moderate sorting, soft,
less than 1% dark grains (black, green and red) in lower ,5 feet.
wet.



GEOLOGIST DRILL HOLE REPORT -3,de

l-60 ND.:  p(q-3

.‘ I.”  _ ”

DEPTH ImiOLOGY/

70.0

71.5 77.5

77.5 80.0

80.0 81.5

81.5

90.0

91.1

100.0

100.0

100.5

101.5

110.0

110.0

To

71.5

110.0

111.5

90.0

91.1

100.0

101.5

100.5

101.5

111.1

SPLIT SPOOS  SA>$PLE #PW-2S
blow counts = 1,1,2  (60% recovery)
Silty sand; very lighy, very fine gr3in with zbund3nt silt.
soft, very wet.

Sand; light brownish-gray to light brown, very fir.: grain, silt)..
soft, wet.

Clay - see PW-26 below

SPLIT SPOOY  SAMPLE wPW-26
blow counts = 40,60,100/
Clay; p with thkinterlayers  of reddish color  throughou:.
stiff, looks very tight, moist.

No samples recovered, driller thought he w3.s still in ~13)
described above.until  88.5’ where drilling rate cht2ged.

SPLIT SPOON SAMPLE *PW-27
blow counts = 70,140,50 1
(Formation hard and resisted split spoon sampler, irove sampler
1.1’)
Alluvium - sand; red and brownish-red, fine grain, fairly well
sorted, sub-angular to sub-rounded, abundant iron  oxide stain,
slightly argillaceous, tit.

No samples rtcovered.

SPLIT SPOON SAMPLE *PW-28
blow counts = 7.14.18  (100% recovery) /

.

Sand; red to brownish-red, very silty and argillaceous, very fine
grained, moderately sorting, fairly tight, wet to moist.

Sandy silt; greenish-grey, argillaceous, 2-3% black streaks, tight,.
moist.
A-

No samples recovered

SPLIT SPOON SAMPLE #PW-29
blow counts = 17,16,20

Sand; light brown, very fine to fine grain (9S% vfg), mostly
quartz with minor feldspar, approx. 3% dark grains increasing to
20% at bottom of interval, soft, very wet.
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we bb.:

DEfTi

1 11.1

11 1.5

120.0

To

111.3

I
120.0

121.1

LlTHoLoGY

Gravel and sand, pinkish-brown with local pebbles (Entrad:! fm.?
and igneous origin), some clay.

No samples recovered.

SPLIT SPOON SAMPLE aPW-2 10
blow counts = 8,60,62  (less than 13% recovery)
Sand; light brown, very fine to :oarse grain, 3% dark grzins,
slight arkosic, wet.

T.D.



WELL COMPLEl-ION  DIAGRAM
Pw-2

BentoMB Pellet seal

NathmsandBaddll 4.5 hch ID Sch 40
Thrrraded,  Flush  J&t PVC

,010 SIotted sch.  40
4.6 kh ID WC Screen

- . .
- . .
- . .

l a -

- *.
44

.

\rs�

BeflwbpeIletsee~

4.6 hch ID Sch. 40
Threeded,RWhJdrdPVC

so10 sotw sch.  40
- 4.6 hclr ID WC Sagen. .
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GEOLOGIST DRILL HOLE REPORT

WESTERN,
~c~NOLOGIES

.

Gec&k G. Curtiss

iMecR.Sharp

m M 3/16/90

v&S None

PeseLdL
Resect 21 g-OK-01 1 I+33  NG: w-1

swx wah Q&y G r a n d
:

-II 25s R 21 E s SW $ 27

orxrdrrates  4142.30 N 6191.99 E

w 4,054.71  (FTC)

me Boyles Brothers

lx0 cfmp&& 3/23/90

l3krWC Naninal 10"

axmrsrts: cuttings description unless
. . . -otherwise designated

To

2.0

4.4  '

9.0

2 1 . 0

21.0 24.0

24.0 25.5

24.0 24.5

Fill, dark brown to red, fine graih, dry

Tailings:
Sand; light tan, dry, fine to medium grain (90% f.g.), sub
rounded, quartz.

Sand; tan, very fine to fine grain, slightly argillaceous, slig:‘.tly
damp, (50% f.g., 50% v.f.g.)

Sand; tan, fine grain, sub-rounded to sub-angular, slightly c!-i:;c)
(less than 2% clay), slightly damp, becomes more fine grziAed
with depth.

COLOR CHANGE; hard, resistant layer
Sand and clay; grey, approx. equal portions and described Mow.
Sand is grey, fine grained,  sub-rounded, argillaceous, modcrztely
hard to soft.
Clay is grey, sandy.

SPLIT SPOON SAMPLE #PW-11 blow counts=61,100,116

Sand; grey, hard and well indurated,  fine grain, sub-angular to
sub-rounded,  dry, less than 3% dark grains.
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mc 2 GEOLOGtST  DRILL HOLE REP&T MGLst
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l-bie No.: pw-1
m!

I

21.5

DEtTF

24.9

25.5

29.0

-43-i

39

40.5

60.5

64.0

To

24.9

25.5

2 9 . 0

34.0

39

40.5

LlTliOLOGY

Sand; reddish-brow, slightly hard, mxh softer  than 24.0 - :: 5,
fine grain, well  sorted, sub-angular to sub-rounded, sljg~.::~,
argillaceous,  slightly dxmp.

Sand; tan, fine grain, weI1 sorted, less than 1% dark grains. ::-
10% Fe Ox stain, soft, slightly damp :J dry.

Sand; light brown, fine grain, well scr:ed, sub-rounded to 5;:.
angular, slightly damp, soft.

HIT WATER BETWEES  29 & 34. Sand, as above, sli;k-::
argillaceous, soft; driller believes he hit water at 31-33: *

Sand, brown, very fine to fine grain (spprox.  50%50%) 5:::.
slightly argillaceous, moC:rate  to poor sorting, wet.

SPLIT SPOON SAMPLE *PW-12
(driller pushed spoon du: to mechan. problems)
Sand; grey, soft, very fin: grain, weli sorted,  sub-rounded, qurr::,
wet.

Sand; brow, very fine grain, well sort:?, sub-rounded, soft, u’::.
._

Sand; as above with less than 20% silt, sub-rounded to s:‘:-
angular, more poorly sorted than above wet.

SPLIT SPOON SAMPLE *PH’-13
(pushed spoon)

Sand; grey, soft, very fine to fine grtined, finer at top, ‘&::I
sorted, quartz, less than 1% dark grains.

Sand; brown, very fine grained, less than 2% black grains, ::I:.
wet.

SPLIT SPOON  SAMPLE  %PW-14
(pushed spoon)

Sand;  light grey, very fine grain,  well sorted, su.b-rounded,  sC:t,
wet, ground water paramettrs: pHt6.34 Conduct.=19,500  CC S/:2
Tt72.9  “F

No sample  recovery.

Sand; light brownish-grey,  very fine grain  to fine grain,  SC%
angular  to sub-rounded,  soft,  less well sorted than above,  wet.
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GEOLOGIST DRILL HOLE REPORT PaQoLa-

Hoie la.: EV-1
Fa

DEPM LFHOLOGY

irml

69.0

lb

7 0 . 5 SPLIT SPOON SAhlPLE *PW-15
(pushed spoon)

Sand and clay as described below:
Sand; light grey, very fine grain, sub-rounded, soft, w:: grades
downward into clay.
Clay; light brownish-grey, silty, plastic, fills bottom 0.5 c: :ube
(70.0' -70.5').

70.5

79.0

79.0 No sample recovery.

80.5 SPLIT SPOON SAMPLE *PW-16
(pushed, spoon)

Top 1.0 is sand; light grey, fine grain with minor vtr; Iice
grains, sub-angular to sub-rounded, soft, moderately we!! &XC&
wet.
Bottom 0.5’ is sandy clay; light grey, moderately soft, n&r:.

80.5 84.0 Sand; light brown, very fine grain, minor fine grains, sli;:?;I>
argillaceous, moderately well sorted, soft, wet.

84.0

89.0

89.0 No sample recovery.

90.5 SPLIT SPOON SAMPLE #PW-17
(pushed spoon)

Sandy clay; gray w/brown oxide streaks, sand is very fin: g:zin,
approx. 30-40% of total sample.
Clay and siltstone - 60-70% of sample, modtrately plastic, ::ist,
soft.

90.5

99.0

100.5

109.0

99.0

100.5

No samples recovered.

SPLIT SPOON SAMPLE ePW-18
(pushed spoon)

Sandy clay;  brownish-grey,  some brown oxide srair.::g,
moderately rigid to plastic, moist to wet, soft.

109.0

110.5

No sample recovery.

SPLIT SPOON SAMPLE cPW-19
( p u s h e d  s p o o n )

Alluvium - sand, brown,  very fine to course grain  with some
gravel, sub-angular  to sub-rounded,  mostly  quartz,  poorly sorted,
soft, very wet, this is the alluvial  material  Which  underlies  the
tailings,  (note: 30% recovery  in split spoon).

. . -



e
GEOLOGIST .DRILL HOLE REPORT PegolldA

l-u3 la: m-1

DEFWI UTikCEY

110.5

120.0

To

120.0

121.5

Alluvium - (gravel  and flowing sands)
No samples recovered; however, driller had trouble making
connections with auger dcc to the flowing sand.

SPLIT SPOON SAMPLE =I 10
(pushed spoon)

Gravel as above - 30% recovery in spoon.

- .

TD

.



WELL COMPLtrlON DIAGRAM
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COORDINATES, N4346.2 E6996.0
EL EVlTlON  4039 FEET

REOOlSH-BROWN  RDCR RUBBLE WITH
LIGHT GRAY SAN0  -IkILL>

t3E00isHGRA~  siL7-f FINE &NO  -
LOOSE (SAND TAILINGS )

GRADES TO MEOIUV  DENSE

_.__.  . . ‘

BORING B-l BORING B-l (CONTINUED)

-REDDISH-GROWN FINE to MEDIUM 9AND-
- MEDIUM DENSE MTURAL  SGIL)

‘LIGHT SRDWN  SILT-Y  FINE SAND -
MEDIUM DENSE @tATURAL  SOIL)

BROWN FIRE TO COARSE  SAND WITH
GRAVEL - DENSE @iATWWL  SDIL)

GRADING WITH MCRE  GRAVEL

FIM To COARSE SANDY  GRAVEL -
VERY DMSS @ATURAL  SOIL)

BORING  COMPLETED AT 113.S’  ON 6-,9-,6
SLOTTED PVC STANDPIPE INSTALLED

UPON SCRING  COMPLETION.  TIP
ELEVATIOH  397S  FEET.

I(EY
A-B8C

D
E

GRADES WITH OCCASIONAL LAYERS
OF GRAY SILT

A FIELD MOISTURE EXPRESSED AS A PERCENTAGE
OF THE DRY WEIGHT OF SOIL

% DRY DENSITY EXPRESSED IN LES. PER CUS,C
FOOT

C GLOWS PER FGDT OF PENETRATION USING A 1‘0
LB.  HAMMER DROPPING 30 INCHES

0 TYPE OF TESTS PERFDF&D’Gk  SAMPLE
A.L. - AlTERBERG  LIMITS
G. 5. -GRAIN  SIZE ANALYSIS
II - PERCOLATIDH (PERMIABlL1l-Y ) TEST
CONSCL - CONSCLIDATICN  TEST
TX - TRIAXIAL  COMPRESSION TEST
0 TX - OYNAMIC  TRIAXIAL MMPRESSION TEST

E TYPEOF  SAMPLER

EY SILT - STIFF
ME TAILINGS ,

(SPT) - STANDARD PENETRATION TEST
(SW) - SHELBY  SAMPLER
PT) -PITCHER SAMPLER

-DAMES  01 MOQRE  PISTON  YMPLER
- DAMES & MOORE  U TYPE SAMPLER

GRAY SILTY FINE SAND-MEDIUM DENSE
(SAND TAILINGS)

CC) -ROTARY WASH CUTTINGS SAMPLED

m DEPTH AT WHICH UNDISTURBED SAMPLE WAS
EXTRACTED

a DEPTH AT WHICH DISTURBED SAMPLE WAS
EXTRACTED

0 UN~iS~8E~  %.?fWNG  ATTEMPT  With No RECOVERY
1 STANOARO PENETRATION TEST
0 STANDARD PENETRATICN  TEST WITH NOT RECOVERY

GRADES WITH OCCASIONAL LAYERS
B

OF GRAY SILT
THE OISCUSSICH IN THE TEXT UNDER THE SECTICN

TITLED. “SITE CONDITIONS. SUBSURFACE”, IS
NECESSARY TO A PROPER UNMRSTAtiditiG  OF THE
NATURE OF THE SUBSURFACE MATERIALS.

LOG OF BORINGS



I BORING B-IO
COORDINATES N3633.6 ES917 3
FI
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EVATION  4045.1 FEET
REDDlBH  -BROWN FINE SAN0  *TTH

TRACE SILT AND SAND AN3 53AVEL
s,ZEO  ROCK FRAGMENTS - XNSE
(FILL)

) m-1,3 3

LIGHT GRAY FINE SAND WIT” 1. AACE
MEOIUM  SAND AND SlLT - ONSE
(SAND TAILINGS)

GRADES TO BROWNISH - GRAY

GRADES WITH MORE SILT AN0 TO
MEDIUM OENSE

BROWN,%  -GRAY SILTY FINE  SAND
WITH SOME CLAY-LOOSE 6At.D
TAILINGS)

CLAY GRADES OUT

GRADES TO MEDIUM DEhSE

GRADES WITH LESS SILT

GRADES TO LOOSE

GRADES TO MEDIUM DENSE

NISH -GRAY CUYEY  SILT Wl7”
A TRACE FINE SAND - HARD SLIME
TAILINGS)

BORING B-IO (CONTINUED)

24nd~m 71
:: ............

1103’ py ..............

120

LOG OF BORINGS

REDDISH-BROWN SILTY FlNE AND
MEDIUM SAND - MEDIUM DENSE
&ATUl?AL  SOIL)

GRADES TO DENSE

GRADES WITH MORE SILT AND A
TRACE TO SOME CLAY

REDDISH -BROWN FINE SANDY SILT WlTH
A TRACE TO SOME SILT - MEDlUM
DENSE

GRADES TO GRAY ,N COLOR

GRAY FINE SAND WlTH  TRACE SlLT AND
MEDIUM SAND - DENSE

BORING COMPLETED AT 115.5 FEET
ON 11-6-78

PIEZOMETER INSTALLEO  UPON BORING
COMPLETION. TIP ELEVATION 3964. I’



BORING B- 18
CC,SCINATES  NJ230 ES625

~4ATION  4046 FEET
REDDISH-BROWN  SILTY FINE SAND WITH

A TRACE OF MEDIUM SAND AND
GRAVEL SIZE ROCN FRAGMENTS -
VERY DENSE (FILL)

SRoWNlSlfCRAY FINE SAND WITH SOME
SILT - MEDIUM  DENSE (SAND
TAILINGS)

GRADES WITH FlNE!? SAND AND
MORE SILT

GRADES TO LOOSE

GRADES TO MEDIUM DENSE TO
DENSE

BORING B-18 (CONTINUED)

L
M

‘z

-
GRAY SlLTY CLAY - MEDIUM STIFF

(SLIME TAILINGS)

BROWNISH-GRAY SILTY FINE SAND -
MEDIUM DENSE (SAND TAILINGS)

~WNISH+RAY  SILT WITH SOME FINE
” SAND ANO CLAY  - MEDIUM  STIFF

(SLIME TAILINGS)

BROWNISH-GRAY SILTY FINE SAND -
,,,ED,UM  DENSE @AND  TAILINGS)

LOG OF BORINGS

GRAY SILT WITH SOME FINE S&SD AND
TRACECLAY - VERY STIFF SLIME
TAILINGS)

REDDISH-BROWN SlLTy  FINE YSD -
DENSE TO VERY DENSE @A: QAL
SOIL)

BROWNISH-GRAY FINE TO ME’UM SANDY
SILT WITH SOME CLAY  - imy
STIFF (NATURAL SOIL)

GORING WAS COMPLETED AT ‘15.5 FEET
ON 16-20-78

GROUNDWATER LEVEL WAS !.zZT  RECCRDEC

P L A T E  A - 5 N



/

I

BORING B-19
COORDINATES N3410  ES755

‘L

EVATION  4046 FEET
REDDISH-BROWN SILW  FINE AND

MEDIUM SAND WITH A TRA2  OF
GRAVELSlZERDCKFRAG.‘ENTS -
VERY DENSE BILL)

GRAY FINE SAND W,TH  SDME  UEOIUM
SAND AND A TRACE OF SET -
MEDIUM DENSE  (SAND TAILINGS)

GRADES TO BROWNISiGRAY
IN COLOR

GRAY SILT WlTkI  SOME FINE SAND -
STIFF (SLIME TAILINGS.

BROWNISH-GRAY SILTY FIM SAND -
MEDlUM  DENSE (UN0 TIILINGS)

GRAY SILT WITH  A TRACE CF FINE SAND
- STIFF (SLIME TAILINGS)

BROWNISI+-GRAY  SILTY FINE SAND -
MEDIUM DENSE GIAND  TAILINGS)

ISH-GRAY  SILT WITF  A TRACE
TO SOME FINE k5AND  - b’ERY  STIFF
(SLIME TAILINGS)

LOG OF

BORING B-19 (CONTINUED)

B O

so ISPTIO 37 f

95 wnn 3 3

GRADES TO HARD AND GRAY IN
QOLOR

REDDISH-BROWN SILTY FINE SAND WITH
A TRACE OF MEDIUM SAND - DENSE
PUTURAL  SOIL)

GRADES TO GRAY IN COLOR

BORING COMPLETED AT 115.5 FEET
ON 10-23-78

GROUNDWATER LEVELWASNOTRECORDEO

BORINGS



BORING B-21
COORDINATES N4570  E6206

5 w1a 60 . ij 1;
j;‘l:

,r*.?4 IS
i;izi  sp
..............

V ........................................................
a*g

.................................................
+

;$,‘a  2 7  --::.;...........................................................................................
mla 19

.......................................................................................................................
W?l3  20 ..............

b ..................................................................................................
a-la 12 ..............

c ...............................................................
~y$i

..........................................I,ma I8 :::::::..................................................................................................
Ir*r>a 29 .................................................................................................................
w............... . . . . . ...................................................................................................
l scalp 16 .............................................................................
--be$l

............................
+ -aa 2,

.......................................................................................................................
c --:a 22

..................................................................................................
:‘,/f:  Ml
,itii:
,i;jj”

,I/
1,,/:,

i!;,’

BORING B-21 (CONTINUED)

EVATION  4046  FEET
REOOISH-BROWN SILTY FINE SAN0 WITH

A TRACE OF MEDIUM UN0 AND
GRAVEL SIZE ROCK FRAGMENTS -
VERY DENSE (FILL)

GRAY FINE SAND WITH A TRACE OF
MEOIUM  SAND AND SILT - MEDIUM
DENSE (SAND TAILINGS)

GRAOES TO LIGHI BROWN IN
COLOR

MEOIUM  SAND GRADES OUT
GRADES WITH MORE SILT

GRADES TO BROWNISH-GRAY
IN COLOR

OWNISH-GRAY SILT WITH A TRACE TO
SOME FINE SAND AN0 CLAY - VERY
STIFF (SLIME TAILINGS)

GRAY S,LTY  FINE SAND WITH A TRACE
OF MEDIUM SAND - MEDIUM DENSE
(5.~~0  TAILINGS)

REOOISH-SROWN  SILTY FINE AND
MEOKIM  SAND - VERY DENSE
INATURAL  SOIL)

GRAMS WITH SOME COARSE SAND
AND GRAVEL SIZE ROCK FRAGMENT6

GRAOES TO GRAY IN COLOR
COARSE SAND GRADES CUT
GRADES WITH SANDY SILT SEAMS

REDDISH-SROWN  SILTY SAND AND GRAVEL
- VERY DENSE (NATURAL  SOIL)

BORING  COMPLETED AT 102.5 FEET
ON 10-26-78

GROUNOWATER LEVELWASNOTRECOROED

-.

LOG OF BORINGS



BORING B-22
ORDINATES  N4795  E4396
.EYAlION 4046 FEET
REDDISH-BROWN SILN  FINE SAND WITH

A TRACE OF MEDIUM SAN0  AND
GRAVEL SIZE ROCK FRAGMENTS -
VERY DENSE (FILL)

BROWNISH-GRAY FINE SAN0 WITH A
TRACE OF SILT - MEDIUM DENSE
(SAND TAILINGS)

GRADES TO BROWN IN COLOR

GRAY SILTY FINE SAND - MEDIUM
DENSE 6~~0  T~i~lffiS)

BORING B-i?i?(CONTINUEDl

SILT WITH A TRACE TO SOME FINE
SAND AND CLAY - VERY STIFF
(SLIME TAILINGS)

REDDISH-BROWN SlLP(  FINE AND MEDIUM
SAND WITH A TRACE OF GRAVEL SIZE
ROCKFRAGMENTS - VERYDENSE
!NA~RAL  soit.)

REDDISH--BROWN FINE AND COARSE
GRAVEL WITH FINE TO COARSE SAND
- VERY  DENSE @ATURAL  50lL)

LOG OF BOR NGS

REDDISH--BROWN  SILTY FINE SAND WITH
A TRACE OFMEDIUM  SAND AND
SOME GRAVEL - DENSE NATURAL
SOIL)

GRADES WITH LAYERS OF GRAY
FINE SANDY SlLi

REDDISH--BROWN SILTY SAND AND
GRAVEL - VERY DENSE @ATURAL
SOIL)

BORING COMPLETED AT 122.5 FEET
ON IO-2Ce-76

GROUNDWATER LEVELWASNOTRECOPDED



BORING B-24
COORDINATES N5517 E 5409

EVATION 4 0 4 6  F E E T  ~-
REDDISH-BROWN SILTY FINE SAN0  WITH

A TRACE OF MEDIUM SAND AND GJ+AVEL
SIZE  ROCK FRAGMENTS - VERY
DENSE @ILL)

BROWNISH+RAY  FINE SAND WITH A
TRACE OF MEDIUM SAND AND SILT -
MEDIUM DENSE  (SAND TAILINGS;

BORING B-24 (CONTINUED)

GRADES  WITH A TRACE OF
GRAVEL

BORING COMPLETED AT 90.5 FEET
ON 10-29-78

GROUNDWATERLEVELWASNOTREUXDED

95

BROWNISN-GRAY  SILTY FINE SAND -
MEDIUM DENSE (SAND TAILINGS!

BORING B-25
COORDINATES NS356.9 E4356

WNISH-GRAY FINE SANDY SILT -
VERY STIFF (SLIME TAILINGS)

REDDISH--BROWN SlL7y FINE TO COARSE
SAND - MEDIUM DENSE TO DENSE
NATURAL SOIL)

GRADES WITH GRAVEL

GRADES TO VERY DENSE

GRAVELGRADESOUT

IO
IsPTIn 49

I5 lSPT10
;;ixj sp

7 .......................................................................................................................
20 rsPrln  3 :::::::.................................................

t;
25

f!

+

E”
b0

LOG OF BORINGS

.EVATION  4046 FEET
REDDlSH--6ROWN  SILTY FINE SAND WIM

A TRACE OF MEDIUM SAND AND
GRAVEL SIZE ROCK FRAGMENTS -
VERY DENSE &ILL)

GRAY FINE TO MEDIUM SAND WlTH  A
TRACE OF SILT - LOOSE (SAND
TAILINGS)

MEDIUM SAND GRADE5 OUT

GRADES TO VERY LDOSE

BROWNISH-GRAY SILTY FINE SAND -
VERY DENSE (SAND  TAILINGS)

BROWNISH-GRAY FINE SANDY SILT -
STIFF TO VERY STIFF (SLIME
TAILINGS)

REDDISH--BROWN SILTY FlNE TO MEDNM
SAND WITH SOME CLAY AND A TRACE
OF CDARSE  SAND AND FINE GRAVEL -
MEDIUM OENSE  %ATURAL  SOIL)

GRADES WITH LESS COARSE
SAN0  AND FINE GRAVEL

BORING COMPLETE0 AT 3S.5 FEET
Ot4 10-29-76

GROUNDWATER LEVELWASNOTREmRDED



FLIJoJwt Atlas Minerals

,ionMoab, Utah

Sarb Ford

well Iruber AMM-1

Date(r) of Inotr~lrtion  9 - 1 4 - 8 8  -. g-15-88

_ripth to ‘Itof 13.(a feet (C.1.) ttevrtion  fra Heoourin~  Point 3 9 6 6 . 5

DRlLltWC  SU+URYr

~~~~~~ Zimmerman Well Service

fig IYP Bucvrl1.c; Eri p
Drilling Pkthod  Cable Tool
Bit(r) Yes
Drilling Fluid Water(  born clpproved SqlLTce)

Surfece  Cmring N o n e
tbllou Stan/Drive  Casing 1.0. (in.1 8
fotml Depth of Boring (ft.1
Borehole  Dim&or (in.)

65
8

Cornplot ion crde
&aim: Gsologicml  Log kph;;$:l L o g;

Total Depth of Well (ft.) 57.25
Cerine  Strina(e)r Ctcorina Sacmen
+ - : 17.25  c-

17.25 - -37.25 T-- .ax=57.25Lx

Cmming:  Schedule
4”- -

80 th&cW, flush-.nt

Centrurrem None
Gr..‘br/“a”, Pay _ 65 _ to I 3
!:

feet
a S

,: -
ica Sand 113-70

Bentonitt  Seal(r, 17I d ,#a 3 C--b-“A’r=b
to

Bentonitt (type) Benseal - arw
Bwkfill (CUtti&jS)
Cmment Seal(m)

f e e t

feet
fret

to . feet
bment  Ccmpoeition  7 %  be-t0 to 92% pnr+lad
Type 2 cement
Prottctivt Cesing to f,tt
Rottctivt C~inp  Type 8 w sfd
Ottrr Concrete pad to. 6 inches above uro\and
surface
#CL DEVELf#‘WNlr .

)(bthod Bailins and Suruinq

Ikretion  2 5
Umttr &ppmri-

h r r  Emtimmtd prodetion  8
rnq,g&y  brown

pm

. .barker PH, conductivitv.  sutv @
temperaturestabilized ' at 7.65, gggSumhos[cm,
6.4%a n d  19oC d u r i n u  mt-



DRILL LDC

PROJECT - Mbds ELEVATION 3966.5 DATE 9-1348 - 9-14-89

UELLmRIffi MM-1 LOCATION Krtf-East  arB af Mi,Jl LOGCER IbthFbd

DRILL METHOD Qhle w PACE 1 n 3

WATER LEVEL flRS1 EKOUNTERED 20 feet FINAL 13.07

C(OISlURE
KPTH SAHPLE CONlENT

.iENT
LITH TYPE WATER
COL KENT. LEVEL LITHOLDGIC #SCRIPTION NOTES

O-2.5 Sx~$fire,ttellsrteddryred
s-d.

2S5 Biitithgmel;red,hsxd
txithhti~

5, 5-25 §rKl witi gauel; pxrly SartEd,
cIwmerym,redSPdwiti
scrretito~m,a
-to-
to 1" in ithE!&

-w

10,

25 _,



D R I L L  LOC

PROJECT  - - ELEVATION  3966.5 DATE P-l?43 - 9-1~

ufLL/BORINc  z-WI-1 LocAl1oN .Iw&g&  af RI11 LffiQR &ph s

DRILL METHO Qble ‘ibol PAGE 2 a 3

WATER LEVEL  FIRST ENCOUNTERED 20 fe FINAL 13.02



CI: OR111  L D C

m*
j --J PROJECT -MirYsds ELEVATION 1p66- 5OATE9-13-88  - 9-14-88
? ;

DRILL METHOD - ‘ibal PAGE 3 of3
WATER LEVEL FIRST ENCOUNTERED 2ofeet FINAL 13.02

PITH
:oL

iAMPLE
TYPE

[DENI.

IOISTURE
‘ONTENT
WATER
LEVEL LITHOLOGIC OfSCRIPT ION

c

NOTES

.



m 3
ojwk Atlas Minerals

1 -
rtion Moab, Utah

F" ..3dogid Barb Ford
well Nuder AMM-2

ato of hotdlrtion g-20-88  - 9-21-88

bpth to W8ter 9.73
I1

Depth (ft.),

fo8t (CA.) Elrvrtlon frro IWrurIng  hint 3961.9

DRILLM  5UWARYr

Ril br Zimmerman Well Service

I
3
1
r
1
5
-i

3

i-
*1

I

3

3-

7.

10.

SC

6;

.

.

WI Type Bucyrus Erie
Drilling Methodwe T n n l
Bit(a) YPS
tklllingfluid Water (from aDDroved SQULC&-

sd~0 cdng None
&~llou Stan/Drive  being I.D. (in.1 8
Total Depth of Borlnp  (ft.)
tbrbolt  Dim&or (in.) 3

ClELL asm:

hW8 Below
Completion crde
B8si.t bolcqical  Log ,,h;;E:, Log::

Total Depth  o f  Yell (ft.) 5 0
bing String(m): C=crring . S=scrcm

. .Owing:  Schedule 80. fhrem fl&-7nlnt
4" Aardvark PVC _ ,. x ". , / ,.Screenr m020 jjjch @t-ted  c~wrle 80, threade
flush-ioint 4" aQTdv=k Pw!
Cmtrrlircr8 None
Grmrl/knd  Pack 62
Colorado Silica Sand 10-20'

7 feet

bntonitt  Seal(s) to 7 6 feat

Backfill (cutti

to feet
Cment Comporition  7 %  Remte t n  Q2P Dnd-l=I~
TVDe 2 few
Protective Coring to feet
Rotective Casing Type 8 inch steel

OttnwConcrete pad to 6 inches &QVC aTalrnA
surface

.^ I_ ‘X I 1,. . . ;. I..
.

ClELL EVELCPMNT t

.kthod  Bailins and s-a

&&ion 1 - 0hrr Eotimtd produiti~  8 Qp
titer Apperrrrccr Mukv Rrnvn

. .~awt~:pH, conductivitv,  sau tmrq-
erature stabilized at 7.24, 23,500 umhos/cm,
7 1 o/o0 and 16OC during develoPment.



PROJECT - hfinzah ELEVATION 3961.9 MT@-16-88  - m-88

WELL/BORIffi NM-2 LOCAlION~~~rtrd LOCCER &idDRrd

DRILL )(ETHOO w ‘Rdl &Road PACE1 OF3

WATER  LEVEL  FIRST EMXUNTERED 18F I N A L 9.73

MOISTURE
KPTH SAHPLE CONTENT

GENr
LITH TYPE WATER
COL I#Nl. LEVEL LITHOLDCIC #SCRIPlION NOTES

0 - o-5 srd;w;yc?2,b33q~~
sJted~witimI3silt

10 _

15 _

a-

25 -'



D R I L L  LOC

CI
1_

111 -
1

*

mL
I

PROXCT  - -

WELL/BORIIC  *2

DRILL MET- -

ELEVATION 3961.9 DATE 946t?$3  -$uja

LOCATION  -&i&d’-- L&R- B&m

bid PACE2 OF3--

WATER  LEVEL  FIRST  EKOUNTEREO 18 FIML 9 . 7 3

MOiSTURE
EPTH SAHPLE  CONTENT

LITH
ET cm

TYPE WATER
IDENT. LEVEL LITHOLUXC  #SCRIPTIfM NOTES

25- @25 cblrrmtow-

@27 lir=rcrtsegravel~torn Zxdct.itiQ:  6%OuHidan@18.~C
l43lErMbW

30, @30 C&yssd~~W~isfinetocmrse  BfUiti~44h1KE/cm@18.~C

45



PROJECT Atlab- ELEVATION 3961.9 ,DATE 9-T= - s-2?-!

WELL/BORING ?m-2 LOCATION ~d%iibJsEtrd L#;nR =Fbd

DRILL METHOD Qhle ‘Ibdl afnxd PAGE  3 P 3
WAlER LEVEL FIRST EKOLJNTERED  18 FIML 9.73

-

4
LITH
COL

SAJ4PLE
TYPE

ICXNT.

HOISTURE
CONTENT

WATER
LEVEL

+

LITHOLOGIC #SCRIPTION

‘ID=&ft.

NOTES

clrdrctivity:  qm l.IrE3x/oll@
18.fpC
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m 1 ‘r0J.c t A t l a s  Minerals
-*i 1

.crt ion Moab, Utah Uell Nu&er AMM-3

f=!
‘. /

3
~ologi~tBarb  Ford

Depth

rrrl  -
: I

’ -Depth  (ft. I4

3-

23-

30-

50:
50

. . .

.:

. I

:..

,.

** .

.*

.

. .

. . . -

. .

-.
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Date(m) of lnetrltmt~on  g-23-88

Chmtion  fra kmuring  Point 3 9 6 2 . 2

Driller Zimmerman Well Service

Rf9 JYpc Bucyrus Erie
Rilling hetbd  Cable Tool
Bit(o) Yes
Rillinp FluidWater

Surface Caning ~1
tbllou stommri ~~~ ~~~ _ _ _ ____vc Casim I . D .  (in.1 R inch
Tote1  (kpth of Borirp (it.1
Bordmle  Dimeter  (in.1 8

hWC &low
Caplotion Qdc X Crdc
earhr bolcqicd Log X Gecphyricrl  Log

fYP
Total  Depth of Yell ( f t . ) 50
tkfng  Strinpfe): S=ecrctn

-

lhing: Schedule 80
4" Aardvark PVC

hreaded, flush-joint,

Ereen:  , 0 2 0  Tsr;hslott 80.
threaded, vk PVCflush-joint 4
Dntrdizer8  N o n e
Q evrl/Sand Pack 5.0
Colorado Silica Sand 10-g

23 feet

Bentonitc  Seal(r) 23 to 20 feet
70

Bentonitt  (type) WV 4" De rn
Bmckfill  bttings)

--T----E 0
feet

&me& setDl(r) tttt
to feet

Cament  Capoeitlon  7% Bentonite to 93%
Portland TYDe 2 Cement
Protective  Casing to feet.Rotective  Caring Type 0 inch steel  locaa c&9

Dthcr Concrete pad to 6 inches above wound
surface

)IELL DEVELOQWENT:

Wctbd Compressed Air

D u r a t i o n  I.5 hrDE.tiaDtcd production  30 PPI
Water Apparrmce CtPa

RsurkotPifficulties enc
completion necessitated development usins
compressed air.



Atlas- ELEVATION 3962.2 DATE  9-22-88

LOCATIffl~ elf s LOGGER  - F&d

DRILL  HETHOD  Qble ‘Rdl p=-a-, ,_ ,i,,x..~‘“~s..ii,  iii , I_L _ . .

WATER LEVEL FIRST  ENCOUNTERED 6 FXNAL 8.85
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1J PROXCT Atb hfirm& ELEVATION  3962_2DATE 9-22-88

uELL/BORINC  ml-3
.

LCCATIOEl  naf-E=iJJt LCCnR BxbFtd

‘9 s DRILL WTWD - ‘Bd ofTa.irqs~ f+=-az

WAIER  LEVEL  FIRST EMXHJNTEREO 6 FINAL 8.85

!-?- J

-‘II
/

-Iv,,

HOXSTURE
EPTH SAXPLE CONTENT

::T
LITH TYPE WATER
COL IlENT. LEVEL LITilOLOCIC  #SCRIPTION NOTES
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T

llrI-m/an  @
1 c

45-
c

@ 47 lYKrss2  glzmel  gzain size tD 1.5”

50- lD=5Oft. u.ladi..w  20,ooo LIIHx/m @ 18



IROWNISH-GRAY  COARSE GRAVEL, GRAINS
b,, IN OIAMETER

iRAY COARSE GRIVEL

IROWNISH-GRAY  FINE GRAVEL

.

LIGHT BROWN FINE GRAVEL WITH SOME
COARSE SAND

DAR~KBAX&NtSH-GRAY  FINE AND OMRSE

ATP--I-ID

DARK BROWN OOARSE  SANG WITH SOME
FINE GRAVEL

DARK GRAYISH-GROWN FINE GRAVEL,
AND WRSE  BAND

W E L L  C O M P L E T I O N  L O G
LOG OF BORING



BORING ATP-I-82 (CONTINUED)
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3ARK  GRAY FINE AND CDARSE GRAVEL

DARK GRAYISH--BROWN FINE GRAVEL
WITH SOME COARSE SAN0

GRADING COARSER

DARK BROWN MEDIUM SAND

DARK BROWNISH-GRAY FlNE GRAVEL

BROWNISH-GRAY COARSE SAN0 WIiH
SOME FINE GRAVEL

REDDISH-BROWN CDARSE SAND WIl’H
SOME FINE GRAVEL

EiRg$&.Sg~R&~  COARSE SAND WITH

TAN MEDlUM  TO CMRSE  SAND

TA~R,,“~t~M~AND WITH SOME LARGE
* I

REDOISH-BROWN COARSE SAND WITH
SOME GRAVEL

DARK BROWNISH-GRAY FINE GRAVEL
WITH SOME CDARSE SAND

t
; . 6

i.
::::  q

: .., .j c
DARK BROWNISH-GRAY  MEDIUM TO .::.

CDARSE SAN0 WlTH SOME FINE GRAVEL i .’ ;’
8

DARK BROWNISH-GRAY FINE GRAVEL I
WITH SOME COARSE SAN0 : ., i.’

LIGHT BROWNISH--GRAY  MEG,UM  TO I
COIRSE SAND WITH SOME GRAVEL.

,
GRAINS TO fcu IN LENGM I

GAMMA  RAY  LOG NE

WELL COMPLETION LOG

LOG OF BORING
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BORING ATP-I-82 (CONTINUED)

E 360
::::.:::e.

MO-

4CG-

LIGHT BROWNISH-GRAY MEDlUM  TO
COARSE SAND WITH SOME GRAVEL,
GRAINS TO k.. IN LENGM

LIGHT BROWNISH-GRAY FINE GRAVEL
WITH SOME COARSE SAND

LIGHT BROWNISH--GRAY FINE GRAVEL

LIGHT BROWNlSH  FINE GRAVEL AND
COARSE SAND

LIGHT BROWNISH-GRAY FlNE GRAVEL
WITH SOME COARSE SAND

DARK BROWN FINE GRAVEL WITH SOME
FINE TO MEMUM  SAND

BORING COMPLETED AT 406.0  FEET
ON l -12-82

2” PVC WELL
- 0.02” SLO

GAMMA  RAY LOG

WELL COMPLETION LOG

LOG OF BORING

PiL5 P R O F E S S I O N A L  L O G G I N G  SERVlCES.INC.
ctdtw.  cobd et520



BORING ATP-2
PVC CAP

Al

REDDISH-BROWN COARSE SAND WITH
BOME  GRAVEL. MAXIMUM GRAVEL
SIZE 2.5 CM. ANGULAR TO ROUNDED BENTONITE

-PELLETS

2” PVC SCHEWL
40 BLANK PIPE

BROWN TO REDDISH AND COARSE  SAND
AN0 GRAVEL, MAXIMUM GRAIN SIZE
Up TO 5 CM. ANGUUR

,
SLOTTED 6 ”2”

m REDCOARSESANOANDANGUURGRAVEL

-[gjq ’DARK GRAYISH COARSE  SAND

DARK GRAYISH FINE GRAVEL

DARK GRAYISH FINE TO MEDIUM SAND
AN0 GRAVEL, MAXIMUM GRAIN SIZE
UPTO 1.5CM

GRAg’d...Y  FINE TO MEDIUM DARK GRAY .;. .-.:tt.:t ,1 :?.. BENTONITE

Id- PELLETS
F-----lnip-: BLACK GRAVEL AND DARK GRAY MEDIUM

SP
TO COARSE SAND. MAXIMUM GRAIN
SIZE UP TO 2 CM.......

iii;;; sp
........................................................I .............................................................................

DARK GRAY MEDIUM TO COARSE SAND .

DARK GRAY MEDtUM  TO COARSE  SAN0
;~pO~gyzsL,  MAXlMUM  GRAIN SIZE

BENTONlTE
PELLETS

SD

tII100
0 20,033 4c@bc

s~ic\FlC CONC
CAVC.8EOREHOLE UYHOS/

6OR,N&39C~k4~-“ED  AT 97.0 FE=

LOG OF BORING WELL COMPLETION LOG

-- --



BORING ATP-3

SM
F

GF

sp-
SF

RED FINE SILTY SAND

RED MEDIUM TO COARSE SAND AN0
GRAVEL. MAxlMUM  GRAIN SIZE UP
TO I CM. ANGULAR

ANGULARGRAVELANDCOARSERED
f^c”M”.  MAXIMUM GRAIN SIZE UP TO

BORING COMPLETED AT 65.0 FEn
ON 6 - 12 - 8.2

PVC UP

? 5’ STICK UP
TO SCALE)

4. PVC SCHEUJL
40 SUNK PIPE GRUJT  SEAL

SENTONITE PELLETS

4’ PVC WELL SCR
O.OZ’SLOT  SIZ

YNDPACK. 4-8-!5AND

BMONITE  PELLETS

PVC CAP

WELL COMPLETION LOG
LOG OF BORING

Dames  & Moore
L

P I  ATF A - I F



- I Appendix D

Appendix D presents copies of the Well Driller’s Report filed with State of Utah Division of
Water Rights for the reference well (RW-1). Also presented is a copy of the highway right of
way permit obtained from the Utah Department of Transportation need to install the RW- 1.

1111
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:
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PRICE DISTRICT

"

Fax:636-1471 Dee 8 ‘97 9:51 P-01

ORiGINAL

UTAH’DEPARTMEN~  OF TRANSPORTATION
T-226( 6197)
HIGHWAY RIGHT OF WAY 0
ENCROACl-lHENT
Region 4
District: Price

‘. Work Order No.

Appllcatlon  of: O A K  RiDGE,NAT&  L A B Phone: 970-218-8238

By: FRANK GARDNER Title: PROJECT MANAGER

Address: 2597 6 3/4 RGAD; GRAND JCT., CO 81503
is hereby granted, subject to UDOT’s  Regulations Fq The Accominodation  of UtiI#ies  on Federal Aid and Non Federal-Aid Highway
Right of Way, Regulations for the Con$rol  and:Protection  of State ;cXighway  Rights of Way, Standard Specifications for Road and
Bridge Construction, Specifications fo,‘-  Excavrition of State Highways, State Occupational Safety and Health Laws, Manual on
U&&m Traffic Cotrtrol  DevicesJnstrtictio~Is  to Flaggers, theappioved plans,  an&,any  special Iimirations  set forth herein, permission

TEST liOlE:FOR 13~M 8 NPS AND PROWDE  TRAFFIC.CONTROL  FOR SAME within  @s right of way
1 Milkpost hlo. 130., in GRAND County, in the following locations: JUST NORTH OF JCT. 191 AND 270.

fee is hem&y  acknowledged.. The work pmitted herewith. shall commence 1219197  and shall be
mpletion. The work shall .bc completed and all dsturbcd surfaces or objects restored on or before 12/15/97.

In the event work is commenced under;  this permit and the pcrmittee  fails or ref&zes.to  complete the work, the Utah Department of
Transportation may, at its election, fill ti or otherwisiz  correct any existing deficiencies at &e expense of and subject to immediate
payment by the permittee.

Permittee  shall execute a bond in the m:.inimum  amotit of $0.00, as determined by the Region Director/District Engineer, to insure
faithful  performance of the permittee’s obligation. The bond sb~ll tiernab  in force for three years a&r completion of work.

Before work permitted herewith is coimenced, the permittee sballinotify  Dale Stapiey’at  636-1402, permits officer, or Keith Kimball
259-7636 , and commencement of said:work is understood to indicate that the per&tee  will comply withall instructions and
regulations ofthe Utah Department of Transportation (as listed above)  with rcspect.to performance of said work, and that he will
properly control and warn the pubIic:oisaid  work to:prevent  accident  and shall indemnify ad hold harmless the Utah DepHnment  of
Transportation from all damages arising out of any tid all operations Performed ,under this Permit.

Permittee shall not perform any wozk & State Hightiay right ofway beyond those areas of operations stipulated on this permit.

If permittee  fails to comply with ‘Utah ilepartment  ofiTransportation  regulations, specifications, or instructions percinent  to this
permit, the Region Dire.ctor/District~Et&ineer  or his duly authorize8  represent&ve,.may  by verb& order, suspend the work until the
violation is corrected If permittee  fail4 or rcfustx  toxomply promptly, the Re ion JXrector/District  Engineer or his authorized
representative may issue a written order stopping all or any part of the work. 4%en satisfactory corrective action is taken, an order
permitting resumption of work may bezissued.

Special Limitations: This agreementjendlor,pennit  is UDOX appt!&&l only; You arexssponsible  to obtain clearances from
raiirqad6.  private prop? owndr6.  aixt the local j@sdiction  that youare wot$l’ng  wlthln.  Warning 6ign6,and  traffic control
requtred  a6 per MUT D. lag er6 required if moving traffic out:of  traffic lane. Orange rhiRo  or veota  required of ail workera
wlthin the ri ht of way. ,Chec fofiother  utilities%!  the area

z

P
rlorto~excavatio~,’ If a 6~#6

paieontolog eal item ozsite is encounted,  cqnstniction  oha 1 be immediately stoped  ana r
cted biatoric,  archeological, or

UDOT notified. Contractor
responsible  for re iring  andlorrs6twing my potion of the roadway damaged during construction. No drill hole6  to be
closer than 30 ft. ram edge of pavementr

Maintenance Station No. 424 Keith Kimball iS9-7636
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1 2 - 3 0 - 1 9 9 7  02:48PM F R O M  L a y n e  C,hristensen - - 1 0 2 6  T O 919702486147 P . 0 2

,

WELL DRILLER’S  REPORT
State of Utafi

Divkion of water Rights

NITOR WELL: 97-01-001-M-01
Owner 1 NPiC unp chun,cr.r ,_ ..‘, . _.,.

Lockheed Martin Energy Research Corporation
2597 B3/4 Road
Grand Junction, CO 81503

Contactperson/Enginccr;  FRANK GARDNER  / L O C K H E E D  MARIAN,

Well Location I NW  uny  c.hunRm
I

SOUTH 100 feet WEST 900 feet from the NE Corner of
SECTION'28, TOWNSH1.P 25S, RANGE 21E, SLB&M.

Lo&on Description;  (ddrow, proximity to buildings, landmarks. ground oiovation,  loCal  weI1 #I - I - . - -
.._.-.... -...----...-- . ---,--,. , /. . _...,, ,. L”__“/

&iilers Activity
Sm7 Date: 1 2 - 9 - 9 7 Completion Date:,, 1 2 - m - 9 7

Check a11 thsl iipply:
@j New 1 JR+& I::] Deqen a Abandon q Repltlur? a Public Nature. of Use:

I -5,y----Y-*. ..WP-“...-r-. ..” ..-. .- -_ ,vm_l-.p..-“Y

.-._- . . .

I-.. ._ .---.
/ 1 “.._ ,.. . -- --- -_._.._ . -. ,. \ . . .-. - -..---.,.. _ ---.- ._.

Well  Log W’ I’
li

UNC:ON~~+!@l’tjD  C’QNSm+l,@TED

T” ::
C S S G C R O
L I A R 0 0 T

fi ti

’ l-

R 2
ALNABU H

COLOR
DESCRIPTIONS AND REMARKS

DEtWi (ket) L.
YTD;;b;  RWKTYPfi (include  comments  on wuuler  ydify if known.)

ti
FROM TO --

L E E
hiCh  low.w.-. ..-. S.-s 22 &W.-r-.

.o 79~. ..--_--..

.x--*
& A..“.

.._---._  .-..-,-....  .  .

.,_..,...-  --. . . . . . ---^ . ..- c.

_.... --.- _..- -- ..-. ..-. .Y..

..-.- d_L . ” a -

-.--. -

--.- .-.,a.,-.-,.-.-

- r.---

Date 1 2 - 9 - 9 7 Water Lmvel 7 2 feet Flowing? 0 Yes htl N o

Mahod  of Water  L&ei’ I!&&&u&crit WLI If Flowing. Capped Possum P S I

Poititr  IO Which Water Lcvcl Measutiment  was Reference&~.

Height  of Wrtrcr  levee reference point above ground surface N/A feet TemPeraturcWA IJOC 001;



12-30-1997  02:49PM F R O M  Layne C h r i s t e n s e n  - - 1 0 2 6  T O 919702486147 P . 0 3
-c.

Construction lnfomration
p-k. ,1..-- --_- ------_ . . . . . . . ..*s ,, .-,, . _._ .._.:L’

PEPrH  (feet) CASlNG DEF’TH (feet) SCREEN I2 PERFORATIONS Cl_-- .I--.-.*I. - -  - -
CASING TYPE SLUT  srm

MZOM  TO M ATTdt!%R  ADE
Ti% Ns!%?
(ill) (ill1 F R O M  I-0 oRPeRPs1zE $$jy&#!( 1 (.&-~~;,gy;&,.

(in) tin) (per round/interwl~-._.... _.-.w -
0 69 2” SCH 40 PVC 2 69 . 79 -010 2 FACTORY._SLOT

PRE PACK .

- - - t - - -

__. ..V.l ..-,b,.,---- -

Well Head Cortfiguration:

Casing Joint Type,
__I.--

DEPTH (fed

F R O M  TO

A B O V E  G R A D E A c c e s s  Yorf Frovidcd? =Yes Cl N o

FLU%  IdREAD Perforator Used:
, I.. , 7 . . --E’

&&R PACK’/  GR;bw / PACKER i ABANDONMENT MATERIAL --__
ANNULAR MATERIAL, ABANDYNmT  MAI-?ZRIAL Quanriry  of Mat&al  Used GROUT DENSITY

wd/or  PACKER DESCRIF’l7ON (if applicable) (lbs./@.#  bag mix. gul./v~k  c(c)____--_.I !

0 -i 60 \ CFWTF 18 BAGS --... _-* I I
-50 6 3 BENTONITE PELLETS _I 3mms -_-- - -  .-._ -.-

6 3 79 SItICA  SAND 3 BAGS .--. -.. ,.

-‘I - -_.-. - . ---.
-. ___---..-.

Units

Yield 7
Check  One

3RM 1 Cl%

TlME
DRAWDOWN YU MPED

m (hrs 81:  min)

i

Pump Description: Horsepower: Pump Intake Depth: feet

Approximate maximum pumping rate: Well disinfect&d upon completion? 0 Yes ITI  No

Comments ml;iption of construction ahvily,  additional matcriais  usr;d, problems encountered, extraordinary
&sums-s, abandon~nr  / procedur’es.  he additkmal  well dQlU farm for more  Space.

- - - -  .  .._-. ,,.

-_---..

.--_  I -I. ..- --  . .___. _,. . ,, .,

. I. -_.._, .-A.-n. -“_.---
. -.  .

--  _ ,._ _ _. .

,NYame Iken@ No- . 6 2 6

Signature Dale 1 2 - 3 0 - 9 7
(LtiWell Ddkd

.” .,

*.  .
8, ?,. i .a _

TOTQL  P . 0 3


